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(1 RAP!!

Reliability Audit Program
For Logic Integrated Circuits

1.0 INTRODUCTION

The Reliability Audit Program developed in March 1977 “Reliability and Quality Handbook” which contains data for
is the ON Semiconductor internal reliability audit which is all ON Semiconductor devices (HBD851/D).
designed to assess outgoing product performance under RAP is a system of environmental and electrical tests
accelerated stress conditions. Logic Reliability Engineering performed periodically on randomly selected samples of
has overall responsibility for RAP, including updating its standard products. Each sample receives the tests specified
requirements, interpreting its results, administration at in section 2.0. Frequency of testing is specified per internal
offshore locations, and monthly reporting of results. These document 12MRM15301A.
reports are available at all sales offices. Also available is the

http://onsemi.com
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2.0 RAP TEST FLOW

}

Pull 500* piece sample from lot following Group A

acceptance. I
45+ 340 100
INITIAL
SEAL*
OP LIFE
40 HOURS
PTHB PTH#** TEMP CYCLES
48 HRS 48 HRS 40CYCLES
INTERIM
ELECTRICAL
INTERIM
TEST
OP LIFE
210 HRS (ADDITIONAL)
INTERIM ADD 460 CYCLES |
ELECTRICAL | FINAL
INTERIM INTERIM#
TE|5T ELECTRICAL
ADD 500 CYCLES
FINAL
PTH INTERIM¥
48 HRS TEST
(ADDITIONAL) oP LIFES
750 HRS
TEMP CYCLES #
1000 CYCLES (ADDITIONAL)
(ADDITIONAL)
FINAL FINAL
ELECTRICAL ELECTRICAL
(48 HRS) (96 HRS)
FINAL LECTRIGAL
ELECTRICAL (1000 HRS)
& SEAL*
(2000 CYCLES)
SCRAP SCRAP SCRAP

#0One sample per month for FAST, LS, 10H, 10K, MG CMOS, and HSL CMOS.
*PTHB or PTH not required for hermetic products: reduce total sample size to 450 pcs.
**Seal (Fine & Gross Leak) required only for hermetic products.
***PTH to be used when sockets for PTHB are not available.

3.0 TEST CONDITIONS AND COMMENTS

PTHB — 15 psig/121C/100% RH at rated ¢ or Veg—
to be performed on plastic encapsulated devicesy.

only.

TEMP CYCLING — MIL-STD-883, Method 1010,

(Power plus Reverse Bias), F 145C.

NOTES:

1. All standard 2%C dc and functional parameters will be

Condition C, — 65C/+ 150C.

measured Go/No/Go at each readout.

2. Any indicated failure is first verified and then submitted
to the Product Analysis Lab for detailed analysis.

http://onsemi.com
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3. Sampling to include all package types routinely.

Device types sampled will be by generic type within each

logic I/C product family (CMOS, TTL, etc.) and will

include all assembly locations (Korea, Philippines,

- Malaysia, etc.).

OP LIFE — MIL-STD-883, Method 1005, Condition C 5. 16 hrs. PTHB is equivalent to approximately 800 hours
of 85°C/85% RH THB for \&¢ < 15 V.

6. Only moisture related failures (like corrosion) are criteria
for failure on PTHB test.

7. Special device specifications (48A's) for logic products
will reference 12MRM15301A as source of generic data
for any customer required monthly audit reports.
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B and UB Series Family Data
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B AND UB SERIES FAMILY DATA

The CMOS Devices in this volume which have a B or UB Devices with specialized inputs, such as oscillator
suffix meet the minimum values for the industry— inputs, have unique input specifications.
standardized* family specification. These standardized
values are shown in the Maximum Ratings and Electrical InPut Voltage o
Characteristics Tables. In addition to a standard minimum The input voltage specification is interpreted as the
specification for characteristics the B/UB devices feature; Worstcase input voltage to produce an output level of “1" or
. 3-18 volt operational limits “0”. This “1” or “0” output level is defined as a deviation
e Capable of driving two low—power TTL loads or one from the s_upply_(\é_D) qnd ground (¥g levels. Fora 5.0V

low—power Schottky TTL load over the rated supply, this deviation is 0.5V, fpr alo V supply, 1.0 V; and
for 15V, 1.5 V. As an example, in a device operating ata 5.0
temperature range

i ) V supply, the device with the input starting at ground is
* Direct Interface to High-Speed CMOS guaranteed to switch on or before 3.5 V and not to switch up

* Maximum input current of 1 uA at 15 volt power to 1.5 V. Switching and not switching are defined as within
supply over the temperature range 0.5V of the ideal output level for the example with a 5.0 V
+ Parameters specified at 5.0, 10, and 15 volt supply  supply. The actual switching level referred to the input is
» Noise margins: B Series between 1.5V and 3.5 V.
1.0V min @ 5.0 V supply _ )
2.0V min @ 10 V supply Noise Margin _
2.5V min @ 15 V supply The values for input voltages and the defined output

deviations lead to the calculated noise margins. Noise
margin is defined as the difference betwegn&f V|4 and
. Vout (output deviation). As an example, for a noninverting
Lov min @ 10 V supply buffer at \pp = 5.0 volts: \{L = 1.5 volts and ¥,;= 0.5
1.0 V:min @ 15 V supply volts. Therefore, Noise Margin equalg - Vgut= 1.0 volt.
The industry—standardized maximum ratings are shown atrhjs figure is useful while cascading stages (See Figure 1).
the bottom of this page. Limits for the static characteristics ith the input to the first stage at a worst—case voltage level

are shown in two formats: Table 1 is in the industry format (VIL =15 V), the output is guaranteed to be no greater than
and Table 2 is in the equivalent ON Semiconductor format. 9 5 volts with a 5.0 volt supply. Since the maximum

The ON Semiconductor format is used throughout this datagjlowable logic 0 for the second stage is 1.5 volts, this 0.5
book. Additional specification values are shown on the vt output provides a 1.0 volt margin for noise to the next

UB Series
0.5V min @ 5.0 V supply

individual data sheets. stage.
Switching characteristics for the B and UB series devices
are specified under the following conditions: Output Drive Current
Load Capacitance, Cof 50 pF Devices in the B Series are capable of sinking a minimum
Input Voltage equal to ¥s— Vpp (Rail-to—Rail of 0.36 mA over the temperature range with a 5.0 V supply.
swing) This value guarantees that these CMOS devices will drive
Input pulse rise and fall times of 20 ns one low—power Schottky TTL input.

Propagation Delay times measured from 50% point of
input voltage to 50% point of output voltage
Three different supply voltages: 5, 10, and 15 V

B Series vs UB CMOS
The primary difference between B series and UB series
devices is that UB series gates and inverters are constructed
Exceptions to the B and UB Series Family with a single inverting stage between input and output. The
Specification decreased gain caused by using a single stage results in less
There are a number of devices which have a B or UB suffix N0iSe immunity and a transfer characteristic that s less ideal.
whose inputs and/or outputs vary somewhat from the family ~ The decreased gainis quite useful when CMOS Gates and

specification because of functional requirements. Someinverters are used in a “Linear” mode to form oscillators,
categories of notable exceptions are: monostables, or amplifiers. The decreased gain results in

increased stability and a “cleaner” output waveform. In

addition to linear operation, the UB gates and inverters offer

an increase in speed, since only a single stage is involved.
The B and UB series, and devices with no suffix can be

used interchangeably in digital circuits that interface to other

CMOS devices, such as High—Speed CMOS Logic.

* Specifications coordinated by EIA/JEDEC Solid—State Products Council.

Devices with specialized outputs on the chip, such as
NPN emitter—follower drivers or transmission gates,
do not meet output specifications.
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MAXIMUM RATINGS* (Voltages Referenced to Vgs)

Symbol Parameters Value Unit
Vpp DC Supply Voltage —-0.5t0+18.0 \Y
Vin, Vout | Input or Output Voltage (DC or Transient) -05t0Vpp+0.5 \Y
lins lout Input or Output Current (DC or Transient), per Pin +10 mA
Pp Power Dissipation, per Packaget 500 mw
Tstg Storage Temperature —65to+ 150 °C
T Lead Temperature (8—Second Soldering) 260 °C

* Maximum Ratings are those values values beyond which damage to the device may occur.
tTemperature Derating:

Plastic “P and D/DW” Packages: — 7.0 mW/°C From 65°C To 125°C

Ceramic “L” Packages: — 12 mW/°C From 100°C To 125°C

50V
V=15V N You =08V N Vou
FIRST STAGE Vi =15V | SECOND STAGE
(NONINVERTING BUFFER) (NONINVERTING BUFFER)
Figure 1.

Table 1. EIA/JJEDEC Format for CMOS Industry B and UB Series Specifications
ELECTRICAL CHARACTERISTICS

Limits
Temp | Vop TLow* +25°C THiGH"
Parameter Range | (Vdc) Conditions Min Max Min Max Min Max Units
Ibb Quiescent Mil 5 0.25 0.25 7.5 pAdc
Device Current 10 Vin = Vss or Vpp 0.5 0.5 15
15 1.0 1.0 30
GATES | Comm 5 All valid input 1.0 1.0 7.5 pAdc
10 combinations 2.0 2.0 15
15 4.0 4.0 30
Mil 5 1.0 1.0 30 pHAdc
10 ViN =Vss or Vpp 2.0 2.0 60
15 4.0 4.0 120
BUFFERS, | Comm 5 All valid input 4 4.0 30 pAdc
FLIP-FLOPS 10 combinations 8 8.0 60
15 16 16.0 120
Mil 5 5 5 150 pAdc
10 ViN =Vss or Vpp 10 10 300
15 20 20 600
MSI | Comm 5 All valid input 20 20 150 MAdc
10 combinations 40 40 300
15 80 80 600
VoL | Low-Level All 5 0.05 0.05 0.05 Vdc
Output Voltage 10 VN = Vss or Vpp 0.05 0.05 0.05
15 llo] <1 pA 0.05 0.05 0.05
Voy | High-Level All 5 4.95 4.95 4.95 Vdc
Output Voltage 10 VN = Vss or Vpp 9.95 9.95 9.95
15 |lo] <1 pA 14.95 14.95 14.95
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ELECTRICAL CHARACTERISTICS

Table 1. EIA/JJEDEC Format for CMOS Industry B and UB Series Specifications (continued)

Limits
Temp Vpp TLow™ +25°C ThigH*
Parameter Range | (vdc) Conditions Min Max Min Max Min Max Units
ViL | Input All 5 |Vo=05Vor45V 15 15 15 Vdc
Low Voltage® 10 |Vp =1.0Vor9.0v 3.0 3.0 3.0
B Types 15 |Vo=1.5Vori13.5V 4.0 4.0 4.0
llo] <1 pA
ViL | Input All 5 |Vo=05Vor45V 1.0 1.0 1.0
Low Voltage® 10 |Vp =1.0Vor9.0v 2.0 2.0 2.0
UB Types 15 Vo = 1.5V or 13.5vV 2.5 2.5 2.5
llo] <1 pA
Vig | Input All 5 |Vo=05Vorasv 35 35 35 Vdc
High Voltage® 10 |Vp =1.0Vor9.0v 7.0 7.0 7.0
B Types 15 Vo = 1.5V or 13.5vV 11.0 11.0 11.0
llo] <1 pA
Viy Input All 5 Vo =0.5V or 4.5V 4.0 4.0 4.0 Vdc
High Voltage# 10 Vo =1.0Vor 9.0V 8.0 8.0 8.0
UB Types 15 Vo = 1.5V or 13.5vV 12.5 12.5 125
llo] <1 pA
loL Output Low Mil 5 Vo =0.4V, mAdc
(Sink) Current Viny =0 or 5V 0.64 0.51 0.36
10 Vo =0.5V,
VN =0 or 10V 1.6 1.3 0.9
15 |Vo=15Y,
Vi = 0 or 15V 4.2 34 2.4
Com 5 Vo =0.4V, mAdc
VN =0 or 5V 0.52 0.44 0.36
10 Vo =0.5V,
Vi = 0 or 10V 1.3 1.1 0.9
15 |Vo=15V,
V)N =0 or 15V 3.6 3.0 24
lon | Output High Mil Vo =4.6V, mAdc
(Source) Current 5 Vin=0or 5V -0.25 -0.2 -0.14
Vo =95V,
10 Vin =0 or 10V —-0.62 -05 —-0.35
Vo = 13.5V,
15 VN =0 or 15V -1.8 -15 -11
Com Vo =4.6V, mAdc
5 Viy=0or 5V -02 -0.16 -0.12
Vo =95V,
10 Vin =0 or 10V -05 -04 -0.3
Vo = 13.5V
15 VN =0 or 15V -14 -1.2 -1.0
IIN Input Current Mil 15 V|ny =0 or 15V +0.1 +0.1 +1.0 pAdc
Comm 15 VN = 0 or 15V +0.3 +0.3 +1.0 pAdc
loz 3-State Output Mil 15 VN =0 or 15V +0.4 +0.4 +12 pAdc
Leakage Current Comm 15 VN = 0 or 15V +1.6 +1.6 +12 pAdc
Cin Input Capacitance All — Any Input 7.5 pF
per unit load

*TLow = — 55°C for Military temperature range device, — 40°C for Commercial temperature range device.
ThicH = *+ 125°C for Military temperature range device, + 85°C for Commercial temperature range device.
#Applies for Worst Case input combinations.
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Table 2. ON Semiconductor Format for CMOS Industry B and UB Series Specifications

ELECTRICAL CHARACTERISTICS

Vop -55°C 25°C +125°C
Characteristic Symbol Vdc Min Max Min Max Min Max Unit
Output Voltage “0” Level VoL 5.0 — 0.05 — 0.05 — 0.05 Vdc
Vin =Vpp or0 10 — 0.05 — 0.05 — 0.05
15 — 0.05 — 0.05 — 0.05
“1" Level VoH 5.0 4.95 — 4.95 — 4.95 — Vdc
Vin =0 or Vpp 10 9.95 — 9.95 — 9.95 —
15 14.95 — 14.95 — 14.95 —
Input Voltage B Types “0” Level VL Vdc
(Vo =4.50r 0.5 Vvdc) 5.0 — 15 — 15 — 15
(Vo =9.0 0r 1.0 Vdc) 10 — 3.0 — 3.0 — 3.0
(Vo =13.50r1.5Vdc) 15 — 4.0 — 4.0 — 4.0
“1" Level ViH Vdc
(Vo =0.50r 4.5 Vvdc) 5.0 35 — 35 — 35 —
(Vo =1.0 0or 9.0 Vdc) 10 7.0 — 7.0 — 7.0 —
(Vo =1.50r 13.5 Vdc) 15 11 — 11 — 11 —
Input Voltage UB Types “0” Level VL Vdc
(Vo =4.50r 0.5 Vdc) 5.0 — 1.0 — 1.0 — 1.0
(Vo =9.0 0r 1.0 Vdc) 10 — 2.0 — 2.0 — 2.0
(Vo =13.50r 1.5 Vdc) 15 — 25 — 25 — 25
“1" Level ViH Vdc
(Vo =0.50r 4.5 Vvdc) 5.0 4.0 — 4.0 — 4.0 —
(Vo =1.0 0or 9.0 Vdc) 10 8.0 — 8.0 — 8.0 —
(Vo =1.50r 13.5 Vdc) 15 125 — 125 — 12.5 —
Output Drive Current B Gates loH mAdc
(Von =2.5Vdc) Source 5.0 -3.0 — -24 — -17 —
(Von = 4.6 Vdc) 5.0 -0.64 — -0.51 — -0.36 —
(Von = 9.5 Vdc) 10 -16 — -13 — -0.9 —
(Von = 13.5 Vdc) 15 -4.2 — -34 — -24 —
(VoL = 0.4 vdc) Sink loL 5.0 0.64 — 0.51 — 0.36 —
(VoL = 0.5 Vvdc) 10 1.6 — 1.3 — 0.9 —
(VoL = 1.5 Vdc) 15 4.2 — 3.4 — 24 —
Output Drive Current UB Gates loH mAdc
(Von = 2.5 Vdc) Source 5.0 -1.2 — -1.0 — -0.7 —
(Von = 4.6 Vdc) 5.0 -0.25 — -0.2 — -0.14 —
(Von = 9.5 Vdc) 10 —-0.62 — -05 — -0.35 —
(Von = 13.5 vdc) 15 -18 — -15 — -11 —
(VoL = 0.4 Vdc) Sink loL 5.0 0.64 — 0.51 — 0.36 —
(VoL = 0.5 Vvdc) 10 1.6 — 1.3 — 0.9 —
(VoL =1.5Vdc) 15 4.2 — 3.4 — 24 —
Output Drive Current Other Devices loH mAdc
(Von = 4.6 Vdc) Source 5.0 -0.64 — -0.51 — -0.36 —
(Von = 9.5 Vdc) 10 -16 — -13 — -0.9 —
(Von = 13.5 Vdc) 15 -4.2 — -3.4 — -24 —
(VOL =04 VdC) Sink loL 5.0 0.64 — 0.51 — 0.36 —
(VoL = 0.5 Vdc) 10 1.6 — 1.3 — 0.9 —
(VoL =1.5Vdc) 15 4.2 — 3.4 — 24 —
Input Current lin 15 — +0.1 — +0.1 — +1.0 pAdc
Input Capacitance (Vi, = 0) Cin — — — — 7.5 — — pF
Gate Quiescent Current Ibp 5.0 — 0.25 — 0.25 — 7.5 pAdc
(Per Package) 10 — 0.5 — 0.5 — 15
15 — 1.0 — 1.0 — 30
Flip—Flop and Buffer Quiescent Current Ibb 5.0 — 1.0 — 1.0 — 30 HAdc
(Per Package) 10 — 2.0 — 2.0 — 60
15 — 4.0 — 4.0 — 120
MSI Quiescent Current Ibb 5.0 — 5.0 — 5.0 — 150 HAdc
(Per Package) 10 — 10 — 10 — 300
15 — 20 — 20 — 600
LSI Quiescent Current Ibp See Individual Data Sheets.
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CHAPTER 5
CMOS Handling and Design Guidelines
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HANDLING AND DESIGN GUIDELINES

HANDLING PRECAUTIONS

All MOS devices have insulated gates that are subject to
voltage breakdown. The gate oxide for ON Semiconductor
CMOS devices is about 900 A thick and breaks down at a
gate—source potential of about 100 volts. To guard against
such a breakdown from static discharge or other voltage
transients, the protection networks shown in Figures 1A and
1B are used on each input to the CMOS device.

Static damaged devices behave in various ways,
depending on the severity of the damage. The most severely
damaged inputs are the easiest to detect because the input
has been completely destroyed and is either shorteggo V
shorted to g or open—circuited. The effect is that the
device no longer responds to signals present at the damaged ™
input. Less severe cases are more difficult to detect because
they show up as intermittent failures or as degraded
performance. Another effect of static damage is that the
inputs generally have increased leakage currents.

Although the input protection network does provide a
great deal of protection, CMOS devices are not immune to
large static voltage discharges that can be generated during
handling. For example, static voltages generated by a person
walking across a waxed floor have been measured in the
4-15 kV range (depending on humidity, surface conditions,
etc.). Therefore, the following precautions should be
observed:

1. Do not exceed the Maximum Ratings specified by the

data sheet.

2. Allunused device inputs should be connecteddg V
or Vss
All low—impedance equipment (pulse generators,
etc.) should be connected to CMOS inputs only after
the device is powered up. Similarly, this type of
equipment should be disconnected before power is
turned off.

Circuit boards containing CMOS devices are merely
extensions of the devices, and the same handling
precautions apply. Contacting edge connectors wired
directly to device inputs can cause damage. Plastic
wrapping should be avoided. When external
connections to a PC board are connected to an input of

3.
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a CMOS device, a resistor should be used in series
with the input. This resistor helps limit accidental
damage if the PC board is removed and brought into
contact with static generating materials. The limiting
factor for the series resistor is the added delay. This is
caused by the time constant formed by the series
resistor and input capacitance. Note that the maximum
input rise and fall times should not be exceeded. In
Figure 2, two possible networks are shown using a
series resistor to reduce ESD (Electrostatic
Discharge) damage. For convenience, an equation for
added propagation delay and rise time effects due to
series resistance size is given.

All CMOS devices should be stored or transported in
materials that are antistatic. CMOS devices must not
be inserted into conventional plastic “snow”,
styrofoam, or plastic trays, but should be left in their
original container until ready for use.

All CMOS devices should be placed on a grounded

bench surface and operators should ground

themselves prior to handling devices, since a worker
can be statically charged with respect to the bench
surface. Wrist straps in contact with skin are strongly
recommended. See Figure 3 for an example of a
typical work station.

Nylon or other static generating materials should not
come in contact with CMOS devices.

If automatic handlers are being used, high levels of
static electricity may be generated by the movement
of the device, the belts, or the boards. Reduce static
build—up by using ionized air blowers or room
humidifiers. All parts of machines which come into
contact with the top, bottom, or sides of IC packages
must be grounded to metal or other conductive
material.

Cold chambers using GCfor cooling should be
equipped with baffles, and the CMOS devices must be
contained on or in conductive material.

When lead-straightening or hand-soldering is
necessary, provide ground straps for the apparatus
used and be sure that soldering ties are grounded.



INPUT PROTECTION NETWORK

CMOS

INPUT © » TO CIRCUIT

A
=
23
S
O <
e}

<

g 1P

Figure 1a. Input Protection Network
Double Diode

11. The following steps should be observed during wave
solder operations:

a. The solder pot and conductive conveyor system of
the wave soldering machine must be grounded to
an earth ground.

b. The loading and unloading work benches should
have conductive tops which are grounded to an
earth ground.

c. Operators must comply with precautions
previously explained.

d. Completed assemblies should be placed in
antistatic containers prior to being moved to
subsequent stations.

12. The following steps should be observed during
board—cleaning operations:

a. Vapor degreasers and baskets must be grounded to

an earth ground.
b. Brush or spray cleaning should not be used.

Vop
O
CMOS
INPUT 3000

Figure 1b. Input Protection Network
Triple Diode

13. The use of static detection meters for production line
surveillance is highly recommended.

14. Equipment specifications should alert users to the
presence of CMOS devices and require
familiarization with this specification prior to
performing any kind of maintenance or replacement
of devices or modules.

15. Do not insert or remove CMOS devices from test
sockets with power applied. Check all power supplies
to be used for testing devices to be certain there are no
voltage transients present.

16. Double check test equipment setup for proper polarity
of Vpp and \kg before conducting parametric or
functional testing.

17. Do not recycle shipping rails or trays. Repeated use
causes deterioration of their antistatic coating.

c. Assemblies should be placed into the vapor RECOMMENDED FOR READING:

degreaser immediately upon removal from the
antistatic container.

d. Cleaned assemblies should be placed in antistatic

“Total Control of the Static in Your Business”

containers immediately after removal from the Available by writing to:

cleaning basket.

e. High velocity air movement or application of
solvents and coatings should be employed only
when assembled printed circuit boards are

3M Company

Static Control Systems
P.O. Box 2963

Austin, Texas 78769—-2963

grounded and a static eliminator is directed at the Or by Calling:

board.

1-800-328-1368
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CMOS D1 CMOS
< TO OFF-BOARD R1 INPUT < TO OFF-BOARD R2 INPUT
CONNECTION [ YW1 oRr CONNECTION OR
OUTPUT OUTPUT
D2
Advantage: Requires minimal board area Advantage: R2 <R1 forthe same = Vss
level of protection.
Disadvantage: R1 > R2 for the same level of Impactonacanddc
protection, therefore rise and fall characteristics is minimized
times, propagation delays, and output
drives are severely affected. Disadvantage: More board area, higher initial cost
Note: These networks are useful for protecting the following
A digital inputs and outputs C 3-state outputs
B analog inputs and outputs D bidirectional (1/0) ports

PROPAGATION DELAY AND RISE TIME
vs. SERIES RESISTANCE

R~ _t
where: C-k
R = the maximum allowable series resistance in ohms
t = the maximum tolerable propagation delay or rise time in seconds
C = the board capacitance plus the driven device’s
input capacitance in farads
k = 0.7 for propagation delay calculations
k = 2.3 for rise time calculations

Figure 2. Networks for Minimizing ESD and Reducing
CMOS Latch Up Susceptibility
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NOTES: 1. 1/16 inch conductive sheet stock covering bench
top work area.
2. Ground strap.
. Wrist strap in contact with skin.

f) 4. Static neutralizer. (lonized air blower directed at
work.) Primarily for use in areas where direct

w

grounding is impractical.

5. Room humidifier. Primarily for use in areas where
the relative humidity is less than 45%. Caution:
building heating and cooling systems usually dry
the air causing the relative humidity inside of
buildings to be less than outside humidity.

1 MEGAOHM
Figure 3. Typical Manufacturing Work Station

POWER SUPPLIES the possibility of latch—up related failures. This system

rotection can be provided by the power supply filter and/or
CMOS devices have low power requirements and the\F/)oltage regulator P yihep PPy
ability to operate over a wide range of supply voltages. = ~\155 devices can be used with battery or battery backup

These two chargcter[stlcs allqw CMOS d¢3|gns to be systems. A few precautions should be taken when designing
implemented using inexpensive, conventional power battery—operated systems:

supplies, instead of switching power supplies and power 1. The recommended power supply voltage should be
supplies with cooling fans. In addition, batteries may be used observed. For battery backup systems such as the one
as either a primary power source or for emergency backup. in Figure 5, the battery voltage must be at least 3.7

Theabsolutemaximum power supply \{oltage for 14000 \Volts (3 \Wolts from the minimum power supply
Series Metal-gate CMOS is 18.0 Vdc. Figure 4 offers some voltage and 0.7 Volts to account for the voltage drop

insight as to how this specification was derived. In the across the series diode)

figure, Vsis the maximum power supply voltage agds| Inputs that might go above the battery backup voltage
the sustaining current of the latch—up mode. The valug of V should either use a series resistor fo limit the input
was chosen so that the secondary breakdown effect may be . .ant to less than 10 mA or use the MC14049UB or

avoided. MC14050B high—to—low voltage translators.

In_ an ideal system design, a power S“F’P'y should be Outputs that are subject to voltage levels abayg V
designed to deliver only enough current to insure proper or below \ssshould be protected with a series resistor

operation of all devices. The obvious benefit of this type to limit the current to less than 10 mA or with
design is cost savings; an added benefit is protection against clamping diodes

Ipp A

LATCH
UP MODE

SECONDARY
BREAKDOWN

\ LOW CURRENT
JUNCTION

\
/ AVALANCHE
|

Vs Vb
Vg = DATA SHEET MAXIMUM SUPPLY RATING

Figure 4. Secondary Breakdown Characteristics
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POWER SUPPLY

N 'i Lo T _____BETEW_B/EKUP]
LINE POWER ONLY W BATTERY BACKUP A 4 RECHARGE
: SYSTEM - : : SYSTEM vy :
I | ¢ |
| ” : l MC14049UB !
| cmos . CMOS = |
| | | MC140508B |
I SYSTEM /] I I = SYSTEM I I
| — - = |
| J_ \_DIMC14049UB I T |
| L - MC14050B | | = |
I | L - 4
Figure 5. Battery Backup Interface
INPUTS Vpp=5.0 Vdc
All inputs, while in the recommended operating range
(Vss<Vin<Vpp) can be modeled as shown in Figure 6. For _
input voltages in this range, diodes D1 and D2 are modeledf SINGLE INPUT NAND, AND
as resistors, representing the reverse bias impedance of th§ 50 MULTIPLE INPUT NOR, OR
diodes. The maximum input current is worst caspAl § ' h | |
when the inputs are aipy or Vss and \bp = 15.0 V. This 5 40 v <l SINGLE INPUT NOR, OR
model does not apply to inputs with pull-up or pull-down % 20 MULTIPLE INPUT NAND, AND
resistors. S
=1
320
10
A
0] N
Voo 0 10 20 30 40 50

R1=R2=HIGHZ

7.5 pF

1
1

Figure 6. Input Model for V- g5 < Vi, < Vpp

When left open—circuited, the inputs may self-bias at or

near the typical switchpoint, where both the P—channel and
N—channel transistors are conducting, causing excessive

current drain. Due to the high gain of the inverters (see
Figure 7), the device may also go into oscillation from any

noise in the system. Since CMOS devices dissipate the most

power during switching, this oscillation can cause very large
current drain and undesired switching.

Vin, INPUT VOLTAGE (V)

Figure 7. Typical Transfer Characteristics
for Buffered Devices

For these reasons, all unused inputs should be connected
either to \pp or Vsg For applications with inputs going to
edge connectors, a 100 kilohm resistor ts'8hould be
used, as well as a series resistor for static protection and
current limiting (Figure 8). The 100 kilohm resistor will help
eliminate any static charges that might develop on the
printed circuit board. See Figure 2 for other possible
protection arrangements.

FROM R

S CMOS

EDGE M DEVICE
CONNECTOR

100 k

Figure 8. External Protection
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For input voltages outside of the recommended operatinglo,:= OpJA. The output drives for all buffered CMOS devices
range, the CMOS input is modeled as in Figure 9. Theare such that 1 LSTTL load can be driven across the full
resistor—diode protection network allows the user greatertemperature range.
freedom when designing a worst case system. The device CMOS outputs are limited to externally forced output
inputs are guaranteed to withstand voltages freyg-\0.5 voltages of \§s— 0.5V =< Vgt =< Vpp + 0.5 V. When
V to Vpp + 0.5 V and a maximum current of 10 mA. With voltages are forced outside of this range, a silicon controlled
the above input ratings, most designs will require no specialrectifier (SCR) formed by parasitic transistors can be
terminations or design considerations. triggered, causing the device to latch up. For more

information on this, see the explanation of CMOS Latch Up
in this section.
The maximum rated output current for most outputs is
D1 10 mA. The output short—circuit currents of these devices
~ 15k typically exceed these limits. Care must be taken not to
MW ! exceed the maximum ratings found on every data sheet.

For applications that require driving high capacitive loads
where fast propagation delays are needed (e.g., driving
power MOSFETS), two or more outputs on the same chip
may be externally paralleled.

D2 75pF

t——

Figure 9. Input Model for V i, > Vpp or Vi, <Vssg CMOS LATCH UP

Other specifications that should be noted are the Latch up will not be a problem for most designs, but the
maximum input rise and fall times. Figure 10 shows the designer should be aware of it, what causes it, and how to
oscillations that may result from exceeding the {5 prevent it.
maximum rise and fall time atpb = 5.0 V, 5us at 10 V, or Figure 11 shows the cross—section of a typical CMOS
4 s at 15 V. As the voltage passes through the switchinginverter and Figure 12 shows the parasitic bipolar devices.
threshold region with a slow rise time, any noise that is on The circuit formed by the parasitic transistors and resistors
the input is amplified, and passed through to the output,is the basic configuration of a silicon controlled rectifier, or
causing oscillations. The oscillation may have a low enoughSCR. In the latch up condition, transistors Q1 and Q2 are
frequency to cause succeeding stages to switch, givingturned ON, each providing the base current necessary for the
unexpected results. If input rise or fall times are expected toother to remain in saturation, thereby latching the devices in
exceed 15us at 5.0 V, 5us at 10 V, or 4us at 15 V, the ON state. Unlike a conventional SCR, where the device
Schmitt-trigger devices such as the MC14093B, is turned ON by applying a voltage to the base of the NPN
MC14584B, MC14106B, HC14, or HC132 are transistor, the parasitic SCR is turned ON by applying a
recommended for squaring—up these slow transitions. voltage to the emitter of either transistor. The two emitters
that trigger the SCR are the same point, the CMOS output.
Therefore, to latch up the CMOS device, the output voltage

Voo must be greater thanpy + 0.5 V or less than§— 0.5 V

and have sufficient current to trigger the SCR. The latch—up
Vin // \\ mechanism is similar for the inputs.

Ves Once a CMOS device is latched up, if the supply current
is not limited, the device will be destroyed. Ways to prevent
such occurrences are listed below:

Von 1. Insure that inputs and outputs are limited to the

I maximum rated values, as follows:
Vout —0.5 V< Vi of Vout = Vpp + 0.5 V (referenced to
Vo, Vs9 [lin Of loyd = 10 mA (unless otherwise indicated

on the data sheet)

2. lIfvoltage transients of sufficient energy to latch up the
device are expected on the inputs or outputs, external
protection diodes can be used to clamp the voltage.
Another method of protection is to use a series resistor

Figure 10. Maximum Rise and Fall Time Violations

OUTPUTS to limit the expected worst case current to the
All CMOS B-Series outputs are buffered to insure maximum rating of 10 mA. (See Figure 2).

consistent output voltage and current performance. All 3. Sequence power supplies so that the inputs or outputs

buffered outputs have guaranteed output voltagegpfV of CMOS devices are not active before the supply pins

0.05 V and \bn = Vpp — 0.05 V for \f, = Vpp or Vssand are powered up (e.g., recessed edge connectors and/or
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series resistors may be used in plug—in board 5.

applications).

Voltage regulating or filtering should be used in board
design and layout to insure that power—supply lines

are free of excessive noise.

P-CHANNEL

SRR B

Limit the available power supply current to the
devices that are subject to latch—up conditions. This
can be accomplished with the power supply filtering
network or with a current-limiting regulator.

Voo

N - SUBSTRATE

OUTPUT 1

N-CHANNEL

INPUT
P-CHANNEL  ouTpuT N-CHANNEL Vss
OUTPUT Q

FIELD OXIDE

\N_'/l |N+ N FIELD OXIDE

P - WELL

Figure 11. CMOS Wafer Cross Section

Vss =

N-CHANNEL OUTPUT Q1
N+ N+ N- N-SUBSTRATE RESISTANCE
AN O Vpp
—L N—
P_
P+
AN P7_ O Voo

Vss = P-WELL RESISTANCE

Q2 Pt P-CHANNEL OUTPUT

Figure 12. Latch Up Circuit Schematic
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CHAPTER 6
CMOS Logic Data Sheets

http://onsemi.com
31



MC14001B Series
B-Suffix Series CMOS Gates

MC14001B, MC14011B, MC14023B,
MC14025B, MC14071B, MC14073B,
MC14081B, MC14082B

The B Series logic gates are constructed with P and N channel
enhancement mode devices in a single monolithic structure
(Complementary MOS). Their primary use is where low power

dissipation and/or high noise immunity is desired.
* Supply Voltage Range = 3.0 Vdc to 18 Vdc

¢ All Outputs Buffered

ON Semiconductor

wam
¢ Capable of Driving Two Low—power TTL Loads or One Low—power

Schottky TTL Load Over the Rated Temperature Range.
¢ Double Diode Protection on All Inputs Except: Triple Diode
Protection on MC14011B and MC14081B

¢ Pin—for—Pin Replacements for Corresponding CD4000 Series B

Suffix Devices

MAXIMUM RATINGS (Voltages Referenced to Vss) (Note 1.)

Symbol Parameter Value Unit
Vpp DC Supply Voltage Range -0.5t0 +18.0 \
Vin, Vout | Input or Output Voltage Range —-0.5t0 Vpp + 0.5 \%
(DC or Transient)
lins lout Input or Output Current +10 mA
(DC or Transient) per Pin
Pp Power Dissipation, 500 mwW
per Package (Note 2.)
Ta Ambient Temperature Range —-55to0 +125 °C
Tstg Storage Temperature Range —65 to +150 °C
T Lead Temperature 260 °C
(8—Second Soldering)

1. Maximum Ratings are those values beyond which damage to the device
may occur.

2. Temperature Derating:
Plastic “P and D/DW" Packages: — 7.0 mW/°C From 65°C To 125°C

This device contains protection circuitry to guard against damage due to high
static voltages or electric fields. However, precautions must be taken to avoid
applications of any voltage higher than maximum rated voltages to this
high—-impedance circuit. For proper operation, Vi, and Vq; should be constrained

to the range Vgs < (Vi or Vout) < Vpp.

Unused inputs must always be tied to an appropriate logic voltage level (e.g.,

either Vgg or Vpp). Unused outputs must be left open.

[ Semiconductor Components Industries, LLC, 2000
March, 2000 — Rev. 1
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MARKING
DIAGRAMS
14
PDIP-14
P SUFFIX b MCL40XXBCP
CASE 646 [0 AWLYYWW
1
:IL_Lll miminininin
soIC-14 200
DSUFFIX | aWiyww
CASE 751A oo
1
14
AAAAA
TSSOP-14 14
DT SUFFIX OXXB
CASE 948G o ALYW
HHHHH
1
14
minininininin
SOEIAJ-14
 SUFFIX MC140XXB
CASE 965 |[o AWLYWW

N
1

= Specific Device Code
= Assembly Location

= Wafer Lot

= Year

WW or W = Work Week

DEVICE INFORMATION

Device Description
MC14001B Quad 2—Input NOR Gate
MC14011B Quad 2—Input NAND Gate
MC14023B Triple 3—Input NAND Gate
MC14025B Triple 3—Input NOR Gate
MC14071B Quad 2—-Input OR Gate
MC14073B Triple 3—Input AND Gate
MC14081B Quad 2—-Input AND Gate
MC14082B Dual 4—-Input AND Gate

ORDERING INFORMATION

Seedetailed ordering and shipping information in the package
dimensions section on page 39 of this data sheet.

Publication Order Number:
MC14001B/D




NOR

MC14001B
Quad 2—-Input NOR Gate

3
2
5
= 4
Z 6
=
N

10

12
13

1

Py

MC14025B
Triple 3—-Input NOR Gate

B w o

o

12
13

10

MC14001B
Quad 2-Input NOR Gate
N1, [ 10 14 1 vpp
IN25 ] 2 13 [ IN2p
outpll 3 12 1IN 1p
ouTg [ 4 11 [1 0UTp
IN1g [ 5 10 [l oute
IN2g [] 6 91 IN2c
Vss [ 7 8 [1IN1c
MC14071B
Quad 2-Input OR Gate
N1, [ 1@ 14 [1 Vpp
IN24 [ 2 13[1IN2p
ouTa [l 3 12 1IN1p
outg [ 4 11 [1 0UTp
IN1g [ 5 10 [1 ouTe
IN25 [ 6 91 IN2¢
Vss [ 7 8 [ IN1c

MC14001B Series

LOGIC DIAGRAMS

NAND

MC14011B
Quad 2-Input NAND Gate

] —
b—3

2 —
=D

4
6 — ]
8 0
9 — | 1
12 — )

1
13 —

MC14023B
Triple 3—-Input NAND Gate

1 —
2 b 9
8§ —
[Cjp—
5 —
11—
12 p 10
13—

OR

MC14071B
Quad 2-Input OR Gate

[N

3
2
5

4
6

©

[,
N

-

=

i

[,
w

MC14073B
Triple 3—Input AND Gate

PIN ASSIGNMENTS

MC14011B
Quad 2-Input NAND Gate
N1, [ 10 14 1 Vpp
IN25 [] 2 13 [JIN2p
OUTA [] 3 12 JIN1p
ouTg [ 4 11 [10UTp
IN1g [] 5 10 [J oute
IN25 [] 6 9IN2¢
Vss [ 7 8 [1IN1c
MC14073B
Triple 3—Input AND Gate
IN1p, [ 10 14 [1vpp
IN25 [ 2 13 [1IN3¢
IN1g [ 3 12 1IN2¢
IN2g [] 4 1 1IN
IN3g ] 5 10 [1 ouTe
ouTg [ 6 9 [10UT,
Vss [ 7 8 [1IN3,

http://onsemi.com

AND

MC14081B
Quad 2—-Input AND Gate

—

slalel

3
2
5_

4
6

10

12 —
13

1

MC14082B
Dual 4—Input AND Gate

1 — 2
= =
4
3 — 5—07
= — | ; —
10
1 — 1 13
13 —— NC=6,8
Vpp = PIN 14
Vg =PIN7
FOR ALL DEVICES
MC14023B MC14025B
Triple 3—Input NAND Gate Triple 3—Input NOR Gate
IN1,[] 10 14 [ vpp IN1p [ 10 14 1 vpp
IN25 [] 2 13 [ IN3¢ IN25 [] 2 13 [0 IN3e
IN1g [] 3 12 1IN2¢ IN15 [ 3 122 1IN2¢
IN2g [] 4 1IN IN2g [] 4 1IN
IN3g [] 5 10  oute IN3g ] 5 10 I oute
ouTg [ 6 9 [1 OUT, ouTg [ 6 9 [1 oUT,
Vss [ 7 8 [1IN3, Vss [] 7 8 [1IN3,
MC14081B MC14082B
Quad 2—Input AND Gate Dual 4—Input AND Gate
IN1,[] 1@ 14 [ vpp outp ] 10 14 [1 vpp
IN25 [] 2 13 [0 IN2p IN15 [ 2 13 [1 ouTy
ouTx [] 3 12 1IN1p IN25 ] 3 12 [1 IN4g
ouTg [] 4 11 JouTp IN3p [] 4 11 [1IN3g
IN1g[] 5 10 fJoute IN4y [ 5 10 1IN 25
IN2g [] 6 9 [IIN2¢ NC[ 6 91 IN1g
Vss [] 7 8 [1IN1c Vss [ 7 8 [INC

NC = NO CONNECTION



MC14001B Series

ELECTRICAL CHARACTERISTICS (Voltages Referenced to Vgg)

Voo -55°C 25°C 125°C
Characteristic Symbol | Vdc Min Max Min Typ @) Max Min Max Unit
Output Voltage “0” Level VoL 5.0 — 0.05 — 0 0.05 — 0.05 Vdc
Vin = Vpp or 0 10 — 0.05 — 0 0.05 — 0.05
15 — 0.05 — 0 0.05 — 0.05
“1”" Level Vou 5.0 4.95 — 4.95 5.0 — 4.95 — Vdc
Vin =0 or Vpp 10 9.95 — 9.95 10 — 9.95 —
15 14.95 — 14.95 15 — 14.95 —
Input Voltage “0” Level VL Vdc
(Vo = 4.5 or 0.5 Vdc) 5.0 — 15 — 2.25 1.5 — 15
(Vo =9.0 or 1.0 Vdc) 10 — 3.0 — 4.50 3.0 — 3.0
(Vo = 13.5 or 1.5 Vdc) 15 — 4.0 — 6.75 4.0 — 4.0
“1"Level | Vi Vdc
(Vo = 0.5 or 4.5 Vdc) 5.0 35 — 35 2.75 — 35 —
(Vo =1.0 0r 9.0 Vdc) 10 7.0 — 7.0 5.50 — 7.0 —
(Vo = 1.5 or 13.5 Vdc) 15 11 — 11 8.25 — 11 —
Output Drive Current loH mAdc
(Von = 2.5 Vdc) Source 5.0 -3.0 — -24 —-4.2 — -1.7 —
(Von = 4.6 Vdc) 5.0 -0.64 — -051 -0.88 — -0.36 —
(Von = 9.5 Vdc) 10 -1.6 — -1.3 -2.25 — -09 —
(Von = 13.5 vdc) 15 —-4.2 — -34 -8.8 — —-24 —
(VoL = 0.4 Vvdc) Sink loL 5.0 0.64 — 0.51 0.88 — 0.36 — mAdc
(VoL = 0.5 Vdc) 10 1.6 — 1.3 2.25 — 0.9 —
(VoL = 1.5 Vdc) 15 4.2 — 3.4 8.8 — 2.4 —
Input Current lin 15 — +0.1 — +0.00001 | 0.1 — +1.0 pAdc
Input Capacitance Cin — — — — 5.0 7.5 — — pF
(Vin=0)
Quiescent Current Ibp 5.0 — 0.25 — 0.0005 0.25 — 7.5 pAdc
(Per Package) 10 — 0.5 — 0.0010 0.5 — 15
15 — 1.0 — 0.0015 1.0 — 30
Total Supply Current (4) (5) Ir 5.0 I+ = (0.3 pA/kHz) f + Ipp/N pAdc
(Dynamic plus Quiescent, 10 It = (0.6 pA/kHz) f + Ipp/N
Per Gate, C_ = 50 pF) 15 IT = (0.9 pA/kHz) f + Ipp/N

3. Data labelled “Typ” is not to be used for design purposes but is intended as an indication of the IC’s potential performance.
4. The formulas given are for the typical characteristics only at 25°C.
5. To calculate total supply current at loads other than 50 pF:

IT(CL) = I1(50 pF) + (C, — 50) Vfk

where: It is in pA (per package), C in pF, V = (Vpp — Vsg) in volts, fin kHz is input frequency, and k = 0.001 x the number of exercised gates
per package.

http://onsemi.com
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MC14001B Series

B-SERIES GATE SWITCHING TIMES

SWITCHING CHARACTERISTICS 6 (C| =50 pF, Ta = 25°C)

Vbb
Characteristic Symbol vdc Min Typ (7) Max Unit
Output Rise Time, All B-Series Gates trLH ns
trip = (1.35 ns/pF) C + 33 ns 5.0 — 100 200
tr .y = (0.60 ns/pF) C + 20 ns 10 — 50 100
triy = (0.40 ns/PF) C_ + 20 ns 15 — 40 80
Output Fall Time, All B-Series Gates tTHL ns
truL = (1.35 ns/pF) C + 33 ns 5.0 — 100 200
tru = (0.60 ns/pF) C + 20 ns 10 — 50 100
tryL = (0.40 ns/pF) CL +20ns 15 — 40 80
Propagation Delay Time tpLHs tPHL ns
MC14001B, MC14011B only
tpLHs tpHL = (0.90 ns/pF) C + 80 ns 5.0 — 125 250
tpLH, tPHL = (0.36 ns/pF) CL+32ns 10 — 50 100
tpLHs tpHL = (0.26 ns/pF) C + 27 ns 15 — 40 80
All Other 2, 3, and 4 Input Gates
tpLH, tpHL = (0.90 ns/pF) C, + 115 ns 5.0 — 160 300
tpLHs tpHL = (0.36 ns/pF) C + 47 ns 10 — 65 130
tF’LHv tPHL = (026 ns/pF) CL +37ns 15 —_ 50 100
8—Input Gates (MC14068B, MC14078B)
tpLHs teHL = (0.90 ns/pF) C + 155 ns 5.0 — 200 350
tpLHs tpHL = (0.36 ns/pF) C + 62 ns 10 — 80 150
tpLH, tpHL = (0.26 ns/pF) C_ + 47 ns 15 — 60 110
6. The formulas given are for the typical characteristics only at 25°C.
7. Data labelled “Typ” is not to be used for design purposes but is intended as an indication of the IC’s potential performance.
14 O Vpp 20 ns —>| ‘<— 20 ns —>‘ -~
T INPUT / 90% N\ Yoo
INPUT 50% N\, oV
PULSE ~ 10%
GENERATOR © O I O OuTPUT tHL —>  <—  fpy | |
« O—— 90% Von
I “ OUTPUT S0 '
L INVERTING | [ P iy o oL
iy —Te—> oL T
70 Vss OUTPUT 90% OH
) NON-INVERTING 50%
*All unused inputs of AND, NAND gates must be connected to Vpp. 10% VoL
All unused inputs of OR, NOR gates must be connected to Vsg. T —> |=— THL = |=—

Figure 1. Switching Time Test Circuit and Waveforms

http://onsemi.com
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MC14001B Series

CIRCUIT SCHEMATIC
NOR, OR GATES

MC14001B, MC14071B MC14025B
One of Four Gates Shown One of Three Gates Shown
VDD VDD
14 Vpp

1,6,8,13 o—<>—| 1,311 0—0—|
7 = g
2,5,9,120 | | 2,4,120
I

I
:}—0 3,4,10,11

*Inverter omitted in MC14001B
8,5,13 D{

Vss

*Inverter omitted in MC14025B

CIRCUIT SCHEMATIC
NAND, AND GATES

MC14023B, MC14073B MC14011B, MC14081B
One of Three Gates Shown One of Four Gates Shown

Vbp

*

2,4,120 140 Vpp 2,59, 120

1,3,110—¢ 1,6,8 130—¢

*Inverter omitted in MC14011B

8,5,13
L_i_l
79 Vss

*Inverter omitted in MC14023B

http://onsemi.com
36



ID, DRAIN CURRENT (mA)

ID, DRAIN CURRENT (mA)

ID, DRAIN CURRENT (mA)

5.0

4.0

3.0

2.0

1.0

20
18
16
14
12
10
8.0
6.0
4.0
2.0

50
45
40
35
30
25
20
15
10
5.0

MC14001B Series

TYPICAL B-SERIES GATE CHARACTERISTICS

N-CHANNEL DRAIN CURRENT (SINK)

Ty = 55°C
A A0

y/Z s8¢ *25°C

L : o

/ z ~ +125°C

7
/4

10 2.0 3.0 4.0 5.0

Vps, DRAIN-TO-SOURCE VOLTAGE (Vdc)

Figure 2. V gs = 5.0 Vdc

Ty - _55°C
|
7 5

yas

+25°C

// +85°C
|

,,4 +125°C |

Va

//
e

10 20 30 40 50 60 70 80 90 10
Vps, DRAIN-TO-SOURCE VOLTAGE (Vdc)

Figure 4.V g5 =10 Vdc

Tp=-55°C
L
7, -40°C
+25°C
/,r — +85°C
/) g7 +125°C
/|
20 40 60 80 10 12 14 16 18 20

Vps, DRAIN-TO-SOURCE VOLTAGE (Vdc)

Figure 6. V gg = 15 Vdc

ID, DRAIN CURRENT (mA)

ID, DRAIN CURRENT (mA)

ID, DRAIN CURRENT (mA)

P—CHANNEL DRAIN CURRENT (SOURCE)

-10
-90
-80 Tp=-55°C
-7.0 — B
6.0 T awc
-0 / =~
50 pard
// _—— T +25°C
—40 +85°C
-30 ‘,/ ] — — +125°C —
-20 Z %
-10
0
0 -10 -20 -30 -40 -5.0
Vps, DRAIN-TO-SOURCE VOLTAGE (Vdc)
Figure 3.V gs =—-5.0 Vdc
-50
-45
-40
-35
-30 Tp=-55°C ——
-25 —
—— 1 -40°C
_20 ] +25°C |
/
p | — +85°C
-15 — -
“10 A ﬁ’f, — +125°C_|
_50 /4/
0
0 -10 -20 -30 -40 -50 -60 -7.0 -80 -9.0 -10
Vps, DRAIN-TO-SOURCE VOLTAGE (Vdc)
Figure 5.V g5 =—10 Vdc
-100
-9
-80
-70
-60
Ta=-55°C
~50 ————+ -40°C
_40 ,/ +25°C __|
- LT
_ , — :
H +125°C
-20
-10
0
0 -20 -40 -60 -80 -10 -12 -14 -16 -18 -20

Vps, DRAIN-TO-SOURCE VOLTAGE (Vdc)

Figure 7.V gg =— 15 Vdc

These typical curves are not guarantees, but are design aids.
Caution: The maximum rating for output current is 10 mA per pin.
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Vout, OUTPUT VOLTAGE (Vdc)

Vout, OUTPUT VOLTAGE (Vdc)

MC14001B Series

TYPICAL B-SERIES GATE CHARACTERISTICS (cont'd)

VOLTAGE TRANSFER CHARACTERISTICS

SINGLE INPUT NAND, AND § SINGLE INPUT NAND, AND
MULTIPLE INPUT NOR, OR w MULTIPLE INPUT NOR, OR
5.0 L o 10 -
<
/ r /
4.0 > 2 80 P>
SINGLE INPUT NOR, OR 5 SINGLE INPUT NOR, OR
3.0 MULTIPLE INPUT NAND, AND ™| % 6.0 MULTIPLE INPUT NAND, AND™_|
20 — < 40 =
e 3 re
10 > 20
0 0
0 10 20 30 40 50 0 20 40 60 80 10
Viy, INPUT VOLTAGE (Vdc) Vig, INPUT VOLTAGE (Vdc)
Figure 8. V pp = 5.0 Vdc Figure 9. V pp = 10 Vdc
16 T 1 T DC NOISE MARGIN
SINGLE INPUT NAND, AND
14 MULTIPLE INPUT NOR, OR The DC noise margin is defined as the input voltage range
12 | from an ideal “1” or “0” input level which does not produce
| SINGLE INPUT NOR, OR output state (_:hange(s). The typical and guaranteed limit
10 MULTIPLE INPUT NAND, AND values of the input values)Vand \{y for the output(s) to
80 . — be at a fixed voltage Y are given in the Electrical
Characteristics table.vand \{y are presented graphically
6.0 in Figure 11.
40 Guaranteed minimum noise margins for both the “1” and
' “0” levels =
2.0 1.0V witha 5.0 V supply
0

2.0 V with a2 10.0 V supply
20 40 60 8.0 10 2.5V witha 15.0 V |
Vi, INPUT VOLTAGE (Vdlc) = Vwitha 5.0V supply

Figure 10. V pp = 15 Vdc

Vout Vo Vout Vb

" wrl [y

Vo Vo
0 Vin 0 Vin
ViL Vin ViL Vin
Vgg = 0VOLTS DC
(a) Inverting Function (b) Non—Inverting Function

Figure 11. DC Noise Immunity

http://onsemi.com
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MC14001B Series

ORDERING & SHIPPING INFORMATION:

ORDERING & SHIPPING INFORMATION:

Device Package Shipping Device Package Shipping
MC14001BCP PDIP-14 2000 Units per Box MC14071BCP PDIP-14 2000 Units per Box
MC14001BD SOIC-14 2750 Units per Box MC14071BD SOIC-14 55 Units per Rall
MC14001BDR2 SOIC-14 2500 Units / Tape & Reel MC14071BDR2 SOIC-14 2500 Units / Tape & Reel
MC14001BDT TSSOP-14 96 Units per Rail MC14071BDT TSSOP-14 96 Units per Rall
MC14001BDTR2 | TSSOP-14 96 Units per Rail MC14071BDTR2 | TSSOP-14 96 Units per Rall
MC14011BCP PDIP-14 2000 Units per Box MC14073BCP PDIP-14 2000 Units per Box
MC14011BD SOIC-14 2750 Units per Box MC14073BD SOIC-14 55 Units per Rail
MC14011BDR2 SOIC-14 2500 Units / Tape & Reel MC14073BDR2 SOIC-14 2500 Units / Tape & Reel
MC14011BDT TSSOP-14 96 Units per Rail
MC14011BDTEL | TSSOP-14 | 2000 Units / Tape & Reel MC14081BCP PDIP-14 2000 Units per Box
MC14011BDTR2 | TSSOP-14 50 Units per Rail MC14081BD SOIC-14 55 Units per Rail

MC14081BDR2 SOIC-14 2500 Units / Tape & Reel
MC14023BCP PDIP-14 2000 Units per Box MC14081BDT TSSOP-14 96 Units per Rail
MC14023BD SOIC-14 2750 Units per Box MC14081BDTR2 | TSSOP-14 | 2500 Units / Tape & Reel
MC14023BDR2 SOIC-14 2500 Units / Tape & Reel

MC14082BCP PDIP-14 2000 Units per Box
MC14025BCP PDIP-14 2000 Units per Box MC14082BD SOIC-14 55 Units per Rail
MC14025BD SOIC-14 2750 Units per Box MC14082BDR2 SOIC-14 2500 Units / Tape & Reel
MC14025BDR2 SOIC-14 2500 Units / Tape & Reel For ordering information on the EIAJ version of the SOIC pack-

ages, please contact your local ON Semiconductor representa-

tive.

http://onsemi.com
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MC14001UB, MC14011UB

UB-Suffix Series
CMOS Gates

The UB Series logic gates are constructed with P and N channel
enhancement mode devices in a single monolithic structure
(Complementary MOS). Their primary use is where low power
dissipation and/or high noise immunity is desired. The UB set of
CMOS gates are inverting non—buffered functions.
¢ Supply Voltage Range = 3.0 Vdc to 18 Vdc
¢ Linear and Oscillator Applications
¢ Capable of Driving Two Low—power TTL Loads or One Low—power

Schottky TTL Load Over the Rated Temperature Range
* Double Diode Protection on All Inputs
¢ Pin—for—Pin Replacements for Corresponding CD4000 Series UB

Suffix Devices

MAXIMUM RATINGS (Voltages Referenced to Vgs) (Note 1.)

Symbol Parameter Value Unit
Vpp DC Supply Voltage Range —0.5t0 +18.0 \Y,
Vin, Vout | Input or Output Voltage Range —-0.5t0 Vpp +0.5 \Y
(DC or Transient)
lins lout Input or Output Current +10 mA
(DC or Transient) per Pin
Pp Power Dissipation, 500 mw
per Package (Note 2.)
Ta Ambient Temperature Range —55t0 +125 °C
Tstg Storage Temperature Range —65 to +150 °C
T Lead Temperature 260 °C
(8—Second Soldering)

1. Maximum Ratings are those values beyond which damage to the device
may occur.

2. Temperature Derating:
Plastic “P and D/DW” Packages: — 7.0 mW/°C From 65°C To 125°C

ON Semiconductor

http://onsemi.com

MC14001UB

Quad 2—Input NOR Gate
MC14011UB

Quad 2—Input NAND Gate

XX

A

WL or L
YY orY
WW or W = Work Week

P SUFFIX
CASE 646

SOIC-14
D SUFFIX
CASE 751A

MARKING
DIAGRAMS
14

MC140XXUBCP
o AWLYYWW

14
miminininininl

140XXU
o AWLYWW

I
1

= Specific Device Code
= Assembly Location

= Wafer Lot
= Year

ORDERING INFORMATION

This device contains protection circuitry to guard against damage due to high
static voltages or electric fields. However, precautions must be taken to avoid

applications of any voltage higher than maximum rated voltages to this
high—impedance circuit. For proper operation, Vi, and Vq; should be constrained

to the range Vgs < (Vih or Vout) < Vpp.
Unused inputs must always be tied to an appropriate logic voltage level (e.g.,

either Vgg or Vpp). Unused outputs must be left open.

Device Package Shipping
MC14001UBCP PDIP-14 2000/Box
MC14001UBD SOIC-14 55/Rail
MC14001UBDR2 [ SOIC-14 | 2500/Tape & Reel
MC14011UBCP PDIP-14 2000/Box
MC14011UBD SOIC-14 55/Rail
MC14011UBDR2 [ SOIC-14 | 2500/Tape & Reel

40

[ Semiconductor Components Industries, LLC, 2000

March, 2000 — Rev. 3

Publication Order Number:

MC14001UB/D




MC14001UB, MC14011UB

LOGIC DIAGRAMS

MC14001UB
Quad 2—Input
NOR Gate

10

1

e

13

MC14011UB
Quad 2—Input
NAND Gate

SUES

10

1

Vpp=PIN 14
Vss=PIN7
FOR ALL DEVICES

PIN ASSIGNMENTS

MC14001UB

Quad 2—-Input NOR Gate
N1 [ 1 14 1 vpp

IN25 ] 2 130 IN2p
ouTa [] 3 12 1 IN1p
ouTg ] 4 11 [1 ouTy
IN1g [} 5 10 [J ouTe
IN2g [] 6 9 IN2c

Vss [ 7 8 [1IN1c

http://onsemi.com
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MC14011UB

Quad 2—-Input NAND Gate

IN14 [
IN 24 [0
OUTA []
0UTg [
IN1g []
IN 25 []

Vss ] 7

oo o AW N

14
13
12
1
10

o ©

[l Voo

0 IN2p
0IN1p
[l OUTp
[ ouTc
[ IN2¢

0IN1g




MC14001UB, MC14011UB

ELECTRICAL CHARACTERISTICS (Voltages Referenced to Vgg)

Voo —-55°C 25°C 125°C
Characteristic Symbol | Vdc Min Max Min Typ @) Max Min Max Unit
Output Voltage “0” Level VoL 5.0 — 0.05 — 0 0.05 — 0.05 Vdc
Vin = Vpp or 0 10 — 0.05 — 0 0.05 — 0.05
15 — 0.05 — 0 0.05 — 0.05
Vin = 0 or Vpp “1" Level | Vou 5.0 4.95 — 4.95 5.0 — 4.95 — vdc
10 9.95 — 9.95 10 — 9.95 —
15 14.95 — 14.95 15 — 14.95 —
Input Voltage “0” Level Vi Vdc
(Vo = 4.5 Vdc) 5.0 — 1.0 — 2.25 1.0 — 1.0
(Vo = 9.0 Vdc) 10 — 2.0 — 4.50 2.0 — 2.0
(Vo = 13.5 Vdc) 15 — 25 — 6.75 25 — 25
(Vo = 0.5 Vdc) “1” Level (1 5.0 4.0 — 4.0 2.75 — 4.0 — Vdc
(Vo = 1.0 Vdc) 10 8.0 — 8.0 5.50 — 8.0 —
(Vo =1.5Vdc) 15 125 — 12.5 8.25 — 125 —
Output Drive Current loH mAdc
(Von = 2.5 Vdc) Source 5.0 -1.2 — -1.0 -1.7 — -0.7 —
(Von = 4.6 Vdc) 5.0 -0.25 — -0.2 -0.36 — -0.14 —
(Von = 9.5 Vdc) 10 -0.62 — -05 -09 — -0.35 —
(Von = 13.5 Vdc) 15 -1.8 — -15 -35 — -11 —
(VoL = 0.4 vdc) Sink loL 5.0 0.64 — 0.51 0.88 — 0.36 — mAdc
(VoL = 0.5 Vdc) 10 1.6 — 1.3 2.25 — 0.9 —
(VoL = 1.5 Vdc) 15 4.2 — 3.4 8.8 — 2.4 —
Input Current lin 15 — +0.1 — +0.00001 | 0.1 — +1.0 | pAdc
Input Capacitance Cin — — — — 5.0 7.5 — — pF
(Vin=0)
Quiescent Current Ibb 5.0 — 0.25 — 0.0005 0.25 — 7.5 HAdc
(Per Package) 10 — 0.5 — 0.0010 0.5 — 15
15 — 1.0 — 0.0015 1.0 — 30
Total Supply Current (4) (5) It 5.0 It = (0.3 pA/kHzZ) f + Ipp/N pAdc
(Dynamic plus Quiescent, 10 It = (0.6 pA/kHz) f + Ipp/N
Per Gate C_ =50 pF) 15 IT = (0.8 pA/kHz) f + Ipp/N

3. Data labelled “Typ” is not to be used for design purposes but is intended as an indication of the IC’s potential performance.
4. The formulas given are for the typical characteristics only at 25°C.
5. To calculate total supply current at loads other than 50 pF:

IT(CL) = |T(50 pF) + (CL - 50) Vik

where: It is in pH (per package), C, in pF, V = (Vpp — Vss) in volts, f in kHz is input frequency, and k = 0.001 x the number of exercised gates
per package.
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SWITCHING CHARACTERISTICS (6) (C, =50 pF, Ta = 25°C)

MC14001UB, MC14011UB

Vbp
Characteristic Symbol Vdc Min Typ (7) Max Unit
Output Rise Time tTLH ns
trLn = (3.0 ns/pF) C + 30 ns 5.0 — 180 360
trn = (1.5 ns/pF) C_ + 15 ns 10 — 90 180
trun = (1.1 ns/pF) C_ + 10 ns 15 — 65 130
Output Fall Time tTHL ns
trHL = (1.5 ns/pF) C_ + 25 ns 5.0 — 100 200
tryL = (0.75 ns/pF) C_ + 12.5 ns 10 — 50 100
tryL = (0.55 ns/pF) C + 9.5 ns 15 — 40 80
Propagation Delay Time tpLHs tPHL ns
tpLHs tpHL = (1.7 ns/pF) C + 30 ns 5.0 — 90 180
tpLHs tPHL = (066 ns/pF) C_+22ns 10 — 50 100
tpLHs tpHL = (0.50 ns/pF) C + 15 ns 15 — 40 80
6. The formulas given are for the typical characteristics only at 25°C.
7. Data labelled “Typ” is not to be used for design purposes but is intended as an indication of the IC’s potential performance.
T— 20 ns
Vbp
14 Vo
PULSE INIiUT ~ OU;I;PUT oV
GENERATOR e e _L tpLH
* 0— CL 90% Von
1 R
= 0
70 Vss 10%

*All unused inputs of AND, NAND gates must be
connected to Vpp.
All unused inputs of OR, NOR gates must be
connected to Vgs.

L

Figure 1. Switching Time Test Circuit and Waveforms
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MC14001UB, MC14011UB

MC14001UB CIRCUIT SCHEMATIC

30

Voo
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ID, DRAIN CURRENT (mAdc)
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Figure 2. Typical Voltage and
Current Transfer Characteristics
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Figure 4. Typical Output Source
Characteristics
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Characteristics versus
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Figure 5. Typical Output Sink
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MC14007UB

Dual Complementary Pair
Plus Inverter

The MC14007UB multi-purpose device consists of three
N—channel and three P—channel enhancement mode devices packaged ON Semiconductor
to provide access to each device. These versatile parts are useful in
inverter circuits, pulse—shapers, linear amplifiers, high input
impedance amplifiers, threshold detectors, transmission gating, and
functional gating.

http://onsemi.com

MARKING
DIAGRAMS

¢ Diode Protection on All Inputs

14
* Supply Voltage Range = 3.0 Vdc to 18 Vdc , PDIP—14
afg MC14007UBCP

¢ Capable of Driving Two Low—power TTL Loads or One Low—powe P SUFFIX AWLYYWW
CASE 646 Lo
Schottky TTL Load Over the Rated Temperature Range
* Pin—for—Pin Replacement for CD4007A or CD4007UB
* This device has 2 outputs without ESD Protection. Anti—static [

precautions must be taken. DSO'CF‘:I‘)‘( 14007U
SV o AWLYWW

CASE 751A OO

1
MAXIMUM RATINGS (Voltages Referenced to Vgs) (Note 2.) 14H AEAH
- TSSOP-14 14
Symbol Paramete Value Unit
y ar ' . : *\Q@ DT SUFFIX 007U
Vpp DC Supply Voltage Range —-0.5t0 +18.0 \Y, CASE 948G o ALYW
Vin, Vout Input or Output Voltage Range —-0.5toVpp +0.5 \% 1 LLLLY
(DC or Transient) 14
lim lout | Input or Output Current +10 mA SOEIA]-14 Onoomnm
(DC or Transient) per Pin F SUFFIX MC14007U
AWLYWW
Pp Power Dissipation, 500 mw CASE 965 O
per Package (Note 3.) I]TI HUUUUd
Ta Ambient Temperature Range —55to +125 °C A = Assembly Location
Tstg Storage Temperature Range —65 to +150 °C WLorL =Wafer Lot
YYorY = Year
T Lead Temperature 260 °C WW or W = Work Week
(8—Second Soldering)
2. Maximum Ratings are those values beyond which damage to the device
may occur. ORDERING INFORMATION
3. Temperature Derating:
Plastic “P and D/DW" Packages: — 7.0 mW/°C From 65°C To 125°C Device Package Shipping
This device contains protection circuitry to guard against damage due to high MC14007UBCP PDIP-14 2000/Box
static voltages or electric fields. However, precautions must be taken to avoid
applications of any voltage higher than maximum rated voltages to this MC14007UBD SOIC-14 55/Rail

high—impedance circuit. For proper operation, Vi, and Vq; should be constrained

to the range Vss < (Vin Of Vou) < Vpp. MC14007UBDR2 | SOIC-14 |2500/Tape & Reel

Unused inputs must always be tied to an appropriate logic voltage level (e.g., MC14007UBDT TSSOP-14 96/Rail

either Vgg or Vpp). Unused outputs must be left open.
MC14007UBF SOEIAJ-14 See Note 1.

MC14007UBFEL | SOEIAJ-14 See Note 1.

1. For ordering information on the EIAJ version of
the SOIC packages, please contact your local
ON Semiconductor representative.

0 Semiconductor Components Industries, LLC, 2000 45 Publication Order Number:
March, 2000 — Rev. 3 MC14007UB/D



MC14007UB

PIN ASSIGNMENT

DpPgl] 1 14 [1vpp
S-Pg [ 2 13 [1 D-Py
GATEg [] 3 12 [1 oUT
SNg [ 4 11 [] S-Pc
DNg [ 5 10 [1 GATE:
GATEA[] 6 9 [15-N¢
Vss [} 7 8 [1 D-Np
D = DRAIN
S = SOURCE
SCHEMATIC
14 13 2 1 1
o O o O [o]
> -
6 | —— — 12
O—¢
— —
Ji= |~ Id I:-—l
o O J) o O J) o]
7 8 3 4 5 10 9
Vpp = PIN 14
VSS =PIN7
I—" Y\ ® A
12 9
B —O T}
1 B
0
| c , || 14 2
o1
INPUT o——[>o— -
Vbp >[I T%
Lo
14 c
i LI
13
INPUT | OUTPUT CONDITION INPUT
1 A=C,B=0PEN 8 10
0 A=B,C=0PEN H
70 Vgg

Substrates of P—channel devices internally
connected to Vpp; substrates of N—channel
devices internally connected to Vgs.

Figure 1. Typical Application: 2—Input Analog Multiplexer
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MC14007UB

ELECTRICAL CHARACTERISTICS (Voltages Referenced to Vgg)

Voo —-55°C 25°C 125°C
Characteristic Symbol | Vdc Min Max Min Typ 4) Max Min Max Unit
Output Voltage “0” Level VoL 5.0 — 0.05 — 0 0.05 — 0.05 Vdc
Vin= Vppor0 10 — 0.05 — 0 0.05 — 0.05
15 — 0.05 — 0 0.05 — 0.05
Vin=0or Vpp “1" Level Vou 5.0 4.95 — 4.95 5.0 — 4.95 — Vdc
10 9.95 — 9.95 10 — 9.95 —
15 14.95 — 14.95 15 — 14.95 —
Input Voltage “0” Level VL Vdc
(Vo =4.5Vdc) 5.0 — 1.0 — 2.25 1.0 — 1.0
(Vo =9.0 Vdc) 10 — 2.0 — 4.50 2.0 — 2.0
(Vo =13.5 Vdc) 15 — 25 — 6.75 25 — 25
(Vo = 0.5 Vdc) “1” Level V4 5.0 4.0 — 4.0 2.75 — 4.0 — Vdc
(Vo =1.0 Vdc) 10 8.0 — 8.0 5.50 — 8.0 —
(Vo = 1.5 Vdc) 15 125 — 125 8.25 — 12.5 —
Output Drive Current loH mAdc
(Von =2.5Vdc) Source 5.0 -3.0 — -24 -5.0 — -17 —
(Von = 4.6 Vdc) 5.0 -0.64 — -051 -10 — —-0.36 —
(Von = 9.5 Vdc) 10 -16 — -13 -25 — -0.9 —
(Von = 13.5 Vdc) 15 -4.2 — -34 -10 — -2.4 —
(VOL =04 VdC) Sink loL 5.0 0.64 — 0.51 1.0 — 0.36 — mAdc
(VoL = 0.5 Vdc) 10 1.6 — 1.3 25 — 0.9 —
(VoL = 1.5 Vdc) 15 4.2 — 3.4 10 — 24 —
Input Current lin 15 — +0.1 — +0.00001 | £0.1 — +1.0 HAdc
Input Capacitance Cin — — — — 5.0 7.5 — — pF
(Vin=0)
Quiescent Current Ibp 5.0 — 0.25 — 0.0005 0.25 — 7.5 HAdc
(Per Package) 10 — 0.5 — 0.0010 0.5 — 15
15 — 1.0 — 0.0015 1.0 — 30
Total Supply Current () (6-) It 5.0 It = (0.7 pA/kHZ) f + Ipp/6 pAdc
(Dynamic plus Quiescent, 10 It = (1.4 pA/kHz) f + Ipp/6
Per Gate) (C =50 pF) 15 It = (2.2 pA/kHZ) f + Ipp/6

4. Data labelled “Typ” is not to be used for design purposes but is intended as an indication of the IC’s potential performance.
5. The formulas given are for the typical characteristics only at 25°C.
6. To calculate total supply current at loads other than 50 pF:

I1(C) = I+(50 pF) + (C__ - 50) Vfk
where: It is in HA (per package), C, in pF, V = (Vpp — Vgg) in volts, f in kHz is input frequency, and k = 0.003.
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MC14007UB

SWITCHING CHARACTERISTICS (7)) (C_ =50 pF, Ta = 25°C)

Vbp
Characteristic Symbol Vdc Min Typ (8) Max Unit
Output Rise Time trLH ns
trLn = (1.2 ns/pF) C + 30 ns 5.0 — 90 180
trn = (0.5 ns/pF) C + 20 ns 10 — 45 90
trLq = (0.4 ns/pF) C_ + 15 ns 15 — 35 70
Output Fall Time tTHL ns
try = (1.2 ns/pF) C + 15 ns 5.0 — 75 150
tryL = (0.5 ns/pF) C_ + 15 ns 10 — 40 80
tryL = (0.4 ns/pF) C_ + 10 ns 15 — 30 60
Turn-Off Delay Time tpLH ns
tpry = (1.5 ns/pF) C_ + 35 ns 5.0 - 60 125
tpLy = (0.2 ns/pF) C + 20 ns 10 - 30 75
tpLy = (0.15 ns/pF) C_ + 17.5 ns 15 - 25 55
Turn—On Delay Time tPHL ns
tpuL = (1.0 ns/pF) C__+ 10 ns 5.0 — 60 125
tpyL = (0.3 ns/pF) C_ + 15 ns 10 - 30 75
tpyL = (0.2 ns/pF) C_ + 15 ns 15 - 25 55
7. The formulas given are for the typical characteristics only. Switching specifications are for device connected as an inverter.
8. Data labelled “Typ” is not to be used for design purposes but is intended as an indication of the IC’s potential performance.
Vpp =-Ves Vop = Ves
O Vps = Vor -~ Vb
All unused inputs connected to ground. All unused inputs connected to ground.
0 20 —
P a/‘é#;é, Vs = 15 Vdc
e/ '
T —40 ¢ 6 y/ < 16 / // /C //
g 2 /L
£ Ves=-5.0Vvde {[D 7/ / £ of ovic
z a Tp=-55C o /)] = )
g -80F = 4950 < 7 g o12 ¥
& | D Ta=+25°C paw.iii « 1 /4D _
o ¢ Ta=+125°C y/ /b / O / a Tp=-55°C
Z -1 - Z 80 b Ty=+25°C —
o / V/C Vi o ¢ Ta=+125C |
- / -
T -10vd § -15Vdc =
© -16 > /— Ik < 40 - b}SOVdc
—— a .
// y/, -
-20 ‘/ Z / / 0
-10 -8.0 -6.0 -4.0 -2.0 -0 0 2.0 4.0 6.0 8.0 10

Vps, DRAIN VOLTAGE (Vdc)

Figure 2. Typical Output Source Characteristics

Vps, DRAIN VOLTAGE (Vdc)

Figure 3. Typical Output Sink Characteristics

These typical curves are not guarantees, but are design aids.
Caution: The maximum current rating is 10 mA per pin.
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MC14007UB

20 ns |<— 20 ns
Vbp

90%

500 pF Vin 500
10% Vss
tpHL tpLH
PULSE 90% VOH
GENERATOR Vout ?832 y
oL
HL b —’I I‘—
Figure 4. Switching Time and Power Dissipation Test Circuit and Waveforms
APPLICATIONS
The MC14007UB dual pair plus inverter, which has Voo
access to all its elements offers a number of unique circuit 14 OUT =AtBeC
applications. Figures 1, 5, and 6 are a few examples of the <]
device flexibility.
13
+Vpp u 2
2
>
DISABLE 3 »—? L L
II—D 10 12 1
B 0— @ OUTPUT
1 8?_‘
1 | =i
—Il—b 9 7
INPUT 10 0—4 3—0 12 OUTPUT 5
oyl
||~ c
9 4
Ao
DISABIE 60—
1
= Substrates of P—channel devices internally connected to Vpp;

Substrates of N—channel devices internally connected to Vss.

INPUT DISABLE OUTPUT
1 0 0 Figure 6. AOI Functions Using Tree Logic
0 0 1
X 1 OPEN
X =Don'’t Care

Figure 5. 3—State Buffer

http://onsemi.com
49



MC14008B
4-Bit Full Adder

The MC14008B 4-bit full adder is constructed with MOS
P—channel and N-channel enhancement mode devices in a single
monolithic structure. This device consists of four full adders with fast
internal look—ahead carry output. It is useful in binary addition and
other arithmetic applications. The fast parallel carry output bit allows
high—speed operation when used with other adders in a system.

¢ Look—Ahead Carry Output

ON Semiconductor

http://onsemi.com

¢ Diode Protection on All Inputs
¢ All Outputs Buffered

MARKING
DIAGRAMS
16

¢ Supply Voltage Range = 3.0 Vdc to 18 Vdc PDIP_16
* Capable of Driving Two Low—power TTL Loads or One Low—powe P SUFFIX vati%%s\?vp
0
Schottky TTL Load Over the Rated Temperature Range CASE 648
* Pin—for—Pin Replacement for CD4008B 1
]-F?Fl imininininin
soce [ o
MAXIMUM RATINGS (Voltages Referenced to Vgs) (Note 2.) CASE 7518  E2 AWLYWW
- NN EIN|E|Eun|
Symbol Parameter Value Unit 1
Vpp DC Supply Voltage Range -0.5t0 +18.0 \
Vin, Vout Input or Output_VoItage Range —-0.5toVpp +0.5 \ 1F|6F|F|F|F|I‘IF|F|
(DC or Transient) SOEIAJ-16
MC14008B
lins lout Input or Output Current +10 mA EASSUEFg(lifS AWLYWW
. . o
(DC or Transient) per Pin OO
Pp Power Dissipation, 500 mwW 1
per Package (Note 3.)
Ta Ambient Temperature Range —-55to0 +125 °C A = Assembly Location
WL orL = Wafer Lot
Tstg Storage Temperature Range —65 to +150 °C YYorY =Year
T Lead Temperature 260 °C WW or W= Work Week
(8—Second Soldering)

2. Maximum Ratings are those values beyond which damage to the device
may occur.
3. Temperature Derating:

ORDERING INFORMATION

Plastic “P and D/DW” Packages: — 7.0 mW/°C From 65°C To 125°C Device Package Shipping
This device contains protection circuitry to guard against damage due to high MC14008BCP PDIP-16 2000/Box
static voltages or electric fields. However, precautions must be taken to avoid
applications of any voltage higher than maximum rated voltages to this MC14008BDR2 SOIC-16 | 2500/Tape & Reel
high—impedance circuit. For proper operation, Vi, and Vo should be constrained
o the range Vss = (Vi of Vour) < Vop. MC14008BF SOEIAJ-16|  See Note 1.

Unused inputs must always be tied to an appropriate logic voltage level (e.g.,

either Vgg or Vpp). Unused outputs must be left open.

[ Semiconductor Components Industries, LLC, 2000

March, 2000 — Rev. 3

50

1. For ordering information on the EIAJ version of
the SOIC packages, please contact your local
ON Semiconductor representative.

Publication Order Number:

MC14008B/D




B4
A4

B3
A3

B2
A2

B1
Al

MC14008B

TRUTH TABLE
(One Stage)

Cin B A | Cou S
0 0 0 0 0
0 0 1 0 1
0 1 0 0 1
0 1 1 1 0
1 0 0 0 1
1 0 1 1 0
1 1 0 1 0
1 1 1 1 1
PIN ASSIGNMENT
A4l Le 16 [] Vpp
B3 [] 2 15 []1 B4
A3l 3 14 [1 Cout
B2[] 4 13 1 s4
A2[] 5 1213
B1[] 6 1[s2
ALl 7 10 [] S1
Vss[] 8 9 [lcp
BLOCK DIAGRAM
HIGH-SPEED
———————— o
] PARALLEL CARRY 14 Cou
15 o
ADDER -
1o 4
o
20
ADDER b 3
30 3
}cs
40
ADDER s
50 2
f c2
60
ADDER 0 s1
70 1
A Vpp = PIN 16
9o Vgs = PIN 8
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MC14008B

ELECTRICAL CHARACTERISTICS (Voltages Referenced to Vgg)

(CL =50 pF on all outputs, all
buffers switching)

Voo —-55°C 25°C 125°C
Characteristic Symbol | Vdc Min Max Min Typ 4) Max Min Max Unit
Output Voltage “0” Level VoL 5.0 — 0.05 — 0 0.05 — 0.05 Vdc
Vin= Vppor0 10 — 0.05 — 0 0.05 — 0.05
15 — 0.05 — 0 0.05 — 0.05
Vin =0 or Vpp “1" Level Vou 5.0 4.95 — 4.95 5.0 — 4.95 — Vdc
10 9.95 — 9.95 10 — 9.95 —
15 14.95 — 14.95 15 — 14.95 —
Input Voltage “0” Level VL Vdc
(Vo =4.50r 0.5 Vdc) 5.0 — 15 — 2.25 15 — 15
(Vo =9.0 0r 1.0 Vdc) 10 — 3.0 — 4.50 3.0 — 3.0
(Vo =13.50r 1.5 Vdc) 15 — 4.0 — 6.75 4.0 — 4.0
(Vo=0.50r4.5Vvdc) “1"Level V4 5.0 35 — 35 2.75 — 35 — Vdc
(Vo =1.00r 9.0 Vdc) 10 7.0 — 7.0 5.50 — 7.0 —
(Vo =1.50r 13.5 Vdc) 15 11 — 11 8.25 — 11 —
Output Drive Current loH mAdc
(Von =2.5Vdc) Source 5.0 -3.0 — -24 —-4.2 — -17 —
(Von = 4.6 Vdc) 5.0 -0.64 — -0.51 -0.88 — —-0.36 —
(Von = 9.5 Vdc) 10 -16 — -1.3 -2.25 — -0.9 —
(Von = 13.5 Vdc) 15 -42 — -34 -8.8 — -24 —
(VoL = 0.4 Vdc) Sink loL 5.0 0.64 — 0.51 0.88 — 0.36 — mAdc
(VoL = 0.5 Vdc) 10 1.6 — 1.3 2.25 — 0.9 —
(VoL = 1.5 Vdc) 15 4.2 — 34 8.8 — 24 —
Input Current lin 15 — +0.1 — +0.00001 | +0.1 — +1.0 HAdc
Input Capacitance Cin — — — — 5.0 7.5 — — pF
(Vin=0)
Quiescent Current Ibp 5.0 — 5.0 — 0.005 5.0 — 150 HAdc
(Per Package) 10 — 10 — 0.010 10 — 300
15 — 20 — 0.015 20 — 600
Total Supply Current () (6-) It 5.0 It = (1.7 pA/kHZ) f + Ipp pAdc
(Dynamic plus Quiescent, 10 I+ = (3.4 pA/kHz) f + Ipp
Per Package) 15 It = (5.0 pA/KHZ) f + Ipp

4. Data labelled “Typ” is not to be used for design purposes but is intended as an indication of the IC’s potential performance.
5. The formulas given are for the typical characteristics only at 25°C.
6. To calculate total supply current at loads other than 50 pF:

IT(CL) = I+(50 pF) + (C__ - 50) Vfk
where: It is in A (per package), C, in pF, V = (Vpp — Vgg) in volts, f in kHz is input frequency, and k = 0.005.
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MC14008B

SWITCHING CHARACTERISTICS (7)) (C_ =50 pF, Ta = 25°C)

Vop
Characteristic Symbol Vdc Min Typ (8) Max Unit
Output Rise and Fall Time tTLH, ns
trLH, tre = (3.5 ns/pF) C + 25 ns tHL 5.0 - 100 200
trLHs trHe = (0.75 ns/pF) C + 12.5 ns 10 - 50 100
trLH, ttHL = (0.55 ns/pF) C + 9.5 ns 15 — 40 80
Propagation Delay Time tpLH, tPHL ns
Sum in to Sum Out
tpLH, tpHL = (1.7 ns/pF) C_ + 315 ns 5.0 — 400 800
tpLHs tPHL = (066 ns/pF) CL + 127 ns 10 — 160 320
tpLHs tpHL = (0.5 ns/pF) C + 90 ns 15 — 115 230
Sum In to Carry Out
tpLHs tPHL = (17 ns/pF) C_ +220ns 5.0 - 305 610
tpLHs tpHL = (0.66 ns/pF) C + 112 ns 10 - 145 290
tpLH, tpHL = (0.5 ns/pF) C + 85 ns 15 - 110 220
Carry In to Sum Out
tpLH, tpHL = (1.7 ns/pF) Cp + 290 ns 5.0 - 375 750
tpLH, tpHL = (0.66 ns/pF) C + 122 ns 10 - 155 310
tpLH, tpHL = (0.5 ns/pF) C_ + 90 ns 15 - 115 230
Carry In to Carry Out
tpLHs tpHL = (1.7 ns/pF) C_ + 85 ns 5.0 - 170 340
tpLH, tPHL = (0.66 ns/pF) CL+42ns 10 - 75 150
tpLH, tpyL = (0.5 ns/pF) C_ + 30 ns 15 - 55 110

7. The formulas given are for the typical characteristics only at 25°C.
8. Data labelled “Typ” is not to be used for design purposes but is intended as an indication of the IC’s potential performance.

Vpp =-Vas Vout Vbp = Ves Vout
® ®
16 16
—O—— B4 S4 —O— B4 S4
—O0— A4 —O0— A4

—0— B3 S3 —Oj —O0—— B3 S3 —oj
—0— A3 —0— A3
—0—— B2 S2 p—0— B2 S2

—0—o0 ] —O0—o0 p
—o0— A2 —0—— A2
—o0—B1  S1 —o—? T lon b—0—B1 Sl —o—? T loL
—o0 —o0

—O— Al
—0—Cin  Cout

EXTERNAL EXTERNAL
8 Ve POWER 80 Vg POWER
SUPPLY SUPPLY

Figure 1. Typical Source Current Figure 2. Typical Sink Current
Characteristics Test Circuit Characteristics Test Circuit
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MC14008B

Vbp
16

¢——0—B4 S4|—o
—o— A4

o0—|B3 S3|—o
20 ns 20 ns —0— A3

|<— o—|B2 S2—o
—O0—— A2

v 90% Voo Bl s1 T~CL
n 10% V :: C|_
s PULSE Al ~C
: LU
GENERATOR 0—1Cn_ Couj—0 | c.
500 uF A= Iop - - - -

Figure 3. Dynamic Power Dissipation Test Circuit and Waveform

Vop
16
L o8Bt Sil—o
—o—{a
o—B3  s3—o
o—1 A3
o— sf—o—
o— A2 1
o—Bl Sl 1L 7T C
L o—|A1 -~ C|_
PULSE =c
GENERATOR % Cou[—0 | c.
|y TC I
D = =

|<— 20 ns —>| l«—20 s
Voo
90%
Cin - *33
— 10% e — A
—»]

tpHL —> tpLH
90% — Vo
50%
S1-S4 10% v
oL
. trHL ——>| e— Iy

Von
Cout 50%
— 7Ii VoL
—> tpLH —> tpHL

Figure 4. Switching Time Test Circuit and Waveforms
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MC14008B
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Figure 5. Logic Diagram

TYPICAL APPLICATION
WORD A + B INPUTS

A
r )
Al ——— B4 Al ——— B4 Al ——— B4 Al —— — B4
CHIP CHIP CHIP CHIP
Cin Cout [ Cin Cout {Cin Cout [ Cin Cout
| 1 2 3 4
ST ——— S4 SI ——— S4 SI ——— S4 SI ——— S4
“ J
g
SUM OUTPUTS

Calculation of 16-bit adder speed:

tp total = tp (Sum to Carry) + tp (Carry to Sum) + 2 tp (Carry to Carry)
The guaranteed 16—bit adder speed at 10 V, 25°C, C|_ =50 pF is:

tp total = 290 + 310 + 300 = 900 ns

Figure 6. Using the MC14008B in a 16—Bit Adder Configuration
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MC14013B
Dual Type D Flip-Flop

The MC14013B dual type D flip—flop is constructed with MOS

P—channel and N-channel enhancement mode devices in a single

monolithic structure. Each flip—flop has independent Data, (D), Direct

Set, (S), Direct Reset, (R), and Clock (C) inputs and complementary

outputs (Q and R These devices may be used as shift register

elements or as type T flip—flops for counter and toggle applications.

¢ Static Operation

Diode Protection on All Inputs

Supply Voltage Range = 3.0 Vdc to 18 Vdc

Logic Edge—Clocked Flip—Flop Design

Logic state is retained indefinitely with clock level either high or lo
information is transferred to the output only on the positive—going
edge of the clock pulse

Schottky TTL Load Over the Rated Temperature Range
Pin—for—Pin Replacement for CD4013B

MAXIMUM RATINGS (Voltages Referenced to Vss) (Note 2.)

Symbol Parameter Value Unit
Vpp DC Supply Voltage Range —-0.5t0 +18.0 \Y
Vin, Vout Input or Output Voltage Range —-0.5toVpp +0.5 \
(DC or Transient)
lins lout Input or Output Current +10 mA
(DC or Transient) per Pin
Pp Power Dissipation, 500 mw
per Package (Note 3.)
Ta Ambient Temperature Range —551t0 +125 °C
Tstg Storage Temperature Range —65 to +150 °C
T Lead Temperature 260 °C
(8-Second Soldering)
2. Maximum Ratings are those values beyond which damage to the device

may occur.
Temperature Derating:
Plastic “P and D/DW” Packages: — 7.0 mW/°C From 65°C To 125°C

This device contains protection circuitry to guard against damage due to high
static voltages or electric fields. However, precautions must be taken to avoid
applications of any voltage higher than maximum rated voltages to this
high—impedance circuit. For proper operation, Vi, and Vg should be constrained
to the range Vgs < (Vin or Vout) < Vpp-

Unused inputs must always be tied to an appropriate logic voltage level (e.g.,
either Vgg or Vpp). Unused outputs must be left open.
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Capable of Driving Two Low—power TTL Loads or One Low—power

o

WL or L
YYorY

PDIP-14
P SUFFIX
CASE 646

SOIC-14
D SUFFIX
CASE 751A

TSSOP-14
DT SUFFIX
CASE 948G

SOEIAJ-14
F SUFFIX
CASE 965

ON Semiconductor
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MC14013BCP
o AWLYYWW

14
minininininin

14013B
o AWLYWW

I
1

1

4

AAAARA
14

013B

o ALYW
ghobh
1

14
minininininin

MC14013B
o AWLYWW

I
1

= Assembly Location

= Wafer Lot
= Year

WW or W = Work Week

ORDERING INFORMATION

Device Package Shipping
MC14013BCP PDIP-14 2000/Box
MC14013BD SOIC-14 55/Rail
MC14013BDR2 SOIC-14 | 2500/Tape & Reel
MC14013BDT TSSOP-14 96/Rail
MC14013BDTR2 | TSSOP-14 | 2500/Tape & Reel
MC14013BF SOEIAJ-14 See Note 1.
MC14013BFEL SOEIAJ-14 See Note 1.

1.

For ordering information on the EIAJ version of

the SOIC packages, please contact your local
ON Semiconductor representative.

Publication Order Number:

MC14013B/D




MC14013B

TRUTH TABLE

Inputs Outputs
ClockT | Data | Reset Set Q Q
va 0 0 0 0 1
va 1 0 0 1 0
A No
X 0 0
S Q Q Change
X X 1 0 0 1
X X 0 1 1 0
X X 1 1 1 1
X =Don't Care
T = Level Change
PIN ASSIGNMENT
oall 10 14 1 Vpp
Ql2 1311 Qg
call 3 121 Qg
RA [ 4 11 :I CB
Dpll 5 10 I Rg
Spll 6 9 [1 Dg
Vss [ 7 8 [1Sg
BLOCK DIAGRAM
T ]
S
5—1D Qfb——1
3——C QF——2
R Q
i |
]
S
9 D Q 13
11 ——C QF——12
. Q
w— |
Vpp = PIN 14
Vss =PIN7
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MC14013B

ELECTRICAL CHARACTERISTICS (Voltages Referenced to Vgg)

(CL =50 pF on all outputs, all
buffers switching)

Voo —-55°C 25°C 125°C
Characteristic Symbol | Vdc Min Max Min Typ 4) Max Min Max Unit
Output Voltage “0” Level VoL 5.0 — 0.05 — 0 0.05 — 0.05 Vdc
Vin= Vppor0 10 — 0.05 — 0 0.05 — 0.05
15 — 0.05 — 0 0.05 — 0.05
Vin =0 or Vpp “1" Level Vou 5.0 4.95 — 4.95 5.0 — 4.95 — Vdc
10 9.95 — 9.95 10 — 9.95 —
15 14.95 — 14.95 15 — 14.95 —
Input Voltage “0” Level VL Vdc
(Vo =4.50r 0.5 Vdc) 5.0 — 15 — 2.25 15 — 15
(Vo =9.0 0r 1.0 Vdc) 10 — 3.0 — 4.50 3.0 — 3.0
(Vo =13.50r1.5Vdc) 15 — 4.0 — 6.75 4.0 — 4.0
(Vo=0.50r4.5Vvdc) “1"Level V4 5.0 35 — 35 2.75 — 35 — Vdc
(Vo =1.00r 9.0 Vdc) 10 7.0 — 7.0 5.50 — 7.0 —
(Vo =1.50r 13.5 Vdc) 15 11 — 11 8.25 — 11 —
Output Drive Current loH mAdc
(Von =2.5Vdc) Source 5.0 -3.0 — -24 —-4.2 — -17 —
(Von = 4.6 Vdc) 5.0 -0.64 — -0.51 -0.88 — —-0.36 —
(Von = 9.5 Vdc) 10 -16 — -1.3 -2.25 — -0.9 —
(Von = 13.5 Vdc) 15 -42 — -34 -8.8 — -24 —
(VoL = 0.4 Vdc) Sink loL 5.0 0.64 — 0.51 0.88 — 0.36 — mAdc
(VoL = 0.5 Vdc) 10 1.6 — 1.3 2.25 — 0.9 —
(VoL = 1.5 Vdc) 15 4.2 — 34 8.8 — 24 —
Input Current lin 15 — +0.1 — +0.00001 | +0.1 — +1.0 HAdc
Input Capacitance Cin — — — — 5.0 7.5 — — pF
(Vin=0)
Quiescent Current Ibp 5.0 — 1.0 — 0.002 1.0 — 30 HAdc
(Per Package) 10 — 2.0 — 0.004 2.0 — 60
15 — 4.0 — 0.006 4.0 — 120
Total Supply Current () (6-) It 5.0 It = (0.75 pA/KHZ) f + Ipp pAdc
(Dynamic plus Quiescent, 10 I+ = (1.5 pA/kHz) f + Ipp
Per Package) 15 It = (2.3 pA/kHZ) f + Ipp

4. Data labelled “Typ” is not to be used for design purposes but is intended as an indication of the IC’s potential performance.
5. The formulas given are for the typical characteristics only at 25°C.
6. To calculate total supply current at loads other than 50 pF:

IT(CL) = I+(50 pF) + (C__ - 50) Vfk
where: It is in A (per package), C, in pF, V = (Vpp — Vgg) in volts, f in kHz is input frequency, and k = 0.002.
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MC14013B

SWITCHING CHARACTERISTICS (7)) (C_ =50 pF, Ta = 25°C)

Characteristic Symbol Vop Min Typ ®) Max Unit
Output Rise and Fall Time trLm, ns
trLHs trHe = (1.5 ns/pF) C + 25 ns tTHL 5.0 — 100 200
try, tree = (0.75 ns/pF) CL + 12.5 ns 10 — 50 100
trLHs trHe = (0.55 ns/pF) CL + 9.5 ns 15 — 40 80
Propagation Delay Time tpLH ns
Clockto Q, Q tpHL
tpLH, tPHL = (1.7 ns/pF) CL+90ns 5.0 - 175 350
tpLH, tpHL = (0.66 ns/pF) C + 42 ns 10 - 75 150
tpLHs teHL = (0.5 ns/pF) C + 25 ns 15 - 50 100
Setto Q, Q
tPLHv tPHL = (1.7 ns/pF) CL +90ns 5.0 —_ 175 350
tpLH, tPHL = (066 ns/pF) CL+42ns 10 — 75 150
tpLHs tpHL = (0.5 ns/pF) C + 25 ns 15 — 50 100
Resetto Q, Q
tpLH, tpHL = (1.7 ns/pF) C_ + 265 ns 5.0 — 225 450
tpLHs tpHL = (0.66 ns/pF) C + 67 ns 10 — 100 200
tpLH, tPHL = (0.5 ns/pF) C_+50ns 15 — 75 150
Setup Times (9 tsu 5.0 40 20 — ns
10 20 10 —
15 15 75 —
Hold Times () th 5.0 40 20 — ns
10 20 10 —
15 15 7.5 —
Clock Pulse Width twi, twH 5.0 250 125 — ns
10 100 50 —
15 70 35 —
Clock Pulse Frequency fel 5.0 — 4.0 2.0 MHz
10 — 10 5.0
15 — 14 7.0
Clock Pulse Rise and Fall Time trLH 5.0 — — 15 us
trHL 10 — —_— 5.0
15 — — 4.0
Set and Reset Pulse Width twi, twH 5.0 250 125 — ns
10 100 50 -
15 70 35 -
Removal Times trem ns
Set 5 80 0 —
10 45 5 —
15 35 5 —
Reset 5 50 —35 —
10 30 -10 —
15 25 -5 —

7. The formulas given are for the typical characteristics only at 25°C.

8. Data labelled “Typ” is not to be used for design purposes but is intended as an indication of the IC’s potential performance.
9. Data must be valid for 250 ns with a 5 V supply, 100 ns with 10 V, and 70 ns with 15 V.

LOGIC DIAGRAM (1/2 of Device Shown)
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MC14013B

20 ns |<— —>| l«— 20 ns

20 ns ~«—20 ns
Y Vss Voo
~—200s seTor 0%
90% x| Yoo RESET
ty
—— Vss
CLOCK
tpHL tpLH
Vor o
VoH
VoL QORQ 50%
VoL
triH tTHL
Inputs R and S low.
Figure 1. Dynamic Signal Waveforms Figure 2. Dynamic Signal Waveforms
(Data, Clock, and Output) (Set, Reset, Clock, and Output)
TYPICAL APPLICATIONS
n—-STAGE SHIFT REGISTER
1 2 nth
D——D Q D Qp—— ————»{D Q——>20
C Q c Q C Q
CLOCK o —_——
BINARY RIPPLE UP-COUNTER (Divide—by—2")
1 2 nth
D Q D Q D QF——o0Q
CLOCK c Q _| c Q _| I___ c 0
—
T FLIP-FLOP

MODIFIED RING COUNTER (Divide—by—(n+1))
1 2 nth

|—>C Q C Q J—VC Q
CLOCK o . —_——
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MC14014B, MC14021B

8-Bit Static Shift Register

The MC14014B and MC14021B 8-bhit static shift registers are
constructed with MOS P—channel and N—channel enhancement mode
devices in a single monolithic structure. These shift registers find
primary use in parallel-to—serial data conversion, synchronous and
asynchronous parallel input, serial output data queueing; and other
general purpose register applications requiring low power and/or high

noise immunity.

¢ Synchronous Parallel Input/Serial Output (MC14014B)
* Asynchronous Parallel Input/Serial Output (MC14021B)

ON Semiconductor

http://onsemi.com

MARKING

DIAGRAMS
16

¢ Synchronous Serial Input/Serial Output b 'fg'LTF_Fl& MC140XXBCP
* Full Static Operation CASE 648 Lo AWLYYWW
* “Q” Outputs from Sixth, Seventh, and Eighth Stages 1
* Double Diode Input Protection 16
e Supply Voltage Range = 3.0 Vdc to 18 Vdc SOIC-16 ””EE‘{)‘(‘;‘””
e Capable of Driving Two Low—power TTL Loads or One Low—power D SUFFIX | 0 awLyww
Schottky TTL Load Over the Rated Temperature Range CASE 7518 If OOooOooox
* MC14014B Pin—for—Pin Replacement for CD4014B
. PSR 16
MC14021B Pin—for—Pin Replacement for CD4021B [
SOEIAJ-16
F SUFFIX MC140XXB
CASE966 [o AWLYWW
NN EIN|E|Eun|
MAXIMUM RATINGS (Voltages Referenced to Vss) (Note 2.) 1
Symbol Parameter Value Unit XX = Specific Device Code
Vbp DC Supply Voltage Range —-0.5t0 +18.0 \Y A = Assembly Location
WL orL = Wafer Lot
Vin, Vout | Input or Output Voltage Range —-0.5t0 Vpp + 0.5 \ YYorY =Year
(DC or Transient) WW or W = Work Week
lins lout Input or Output Current +10 mA
(DC or Transient) per Pin
— ORDERING INFORMATION
Pp Power Dissipation, 500 mwW
per Package (Note 3.) Device Package Shipping
Ta Ambient Temperature Range —-55to0 +125 °C MC14014BCP PDIP-16 2000/Box
Tstg Storage Temperature Range —65 to +150 C MC14014BD SOIC-16 48/Rail
T Lead Temperature 260 °C
(8-Second Soldering) MC14014BDR2 SOIC-16 | 2500/Tape & Reel
2. Maximum Ratings are those values beyond which damage to the device MC14014BF SOEIAJ-16 See Note 1.
may occur.
3. Temperature Derating: MC14014BFEL SOEIAJ-16 See Note 1.
Plastic “P and D/DW" Packages: — 7.0 mW/°C From 65°C To 125°C
MC14021BCP PDIP-16 2000/Box
This device contains protection circuitry to guard against damage due to high ]
static voltages or electric fields. However, precautions must be taken to avoid MC14021BD SOIC-16 48/Rai
apphc_atlons of apy yoltage higher thap maximum rated voltages to .thIS MC14021BDR2 SOIC-16 | 2500/Tape & Reel
high—-impedance circuit. For proper operation, Vi, and Vq; should be constrained
to the range Vss < (Vin O Vour) < Vpp. MC14021BF SOEIAJ-16| See Note 1.
Unused inputs must always be tied to an appropriate logic voltage level (e.g.,
either Vgg or Vpp). Unused outputs must be left open. MC14021BFEL SOEIAJ-16 See Note 1.

[ Semiconductor Components Industries, LLC, 2000
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1. For ordering information on the EIAJ version of
the SOIC packages, please contact your local
ON Semiconductor representative.

Publication Order Number:
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MC14014B, MC14021B

TRUTH TABLE
SERIAL OPERATION:

Q6 Q7 Q8
t | Clock |Dg| P/S|| t=n+6 | t=n+7 | t=n+8
n e 0 0 0 ? ?
n+l| -/ 1 0 1 0 ?
n+2| -/ 0 0 0 1 0
n+3| 1 0 1 0 1
N~ | x| o Q6 Q7 Q8
PARALLEL OPERATION:
Clock
MC14014B | MC14021B [Dg | PIS| P, | *Qn
e X X 1 0 0
e X X 1 1 1
*Q6, Q7, & Q8 are available externally
X =Don't Care
PIN ASSIGNMENT
P8[ 1e 16 [] Vpp
Q6 [ 2 15 [] P7
Q8] 3 14 1 P6
P4l 4 13 [1 P5
P3[] 5 121Q7
P2[] 6 11 [1 Dg
P[] 7 10fc
Vss [ 8 9flPis
LOGIC DIAGRAM
P1 P2 P3 P6 P7 P8
9 o7 06 05 014 o015 ol
PIS o—[>o——|>c _— |
1
Dso—[>o——[>o—D ol—p oo ol—-——p o}—bp ol—p
I_C I_C I_C I_C Q_II_C Q_II_C :
10 o _ _ ——— - _
CLOCK
Vpp=PIN16  P4=PIN4
Vss=PIN8  P5=PIN13 2 12
Q6 Q7
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MC14014B, MC14021B

ELECTRICAL CHARACTERISTICS (Voltages Referenced to Vgg)

(CL =50 pF on all outputs, all
buffers switching)

Voo —-55°C 25°C 125°C
Characteristic Symbol | Vdc Min Max Min Typ 4) Max Min Max Unit
Output Voltage “0” Level VoL 5.0 — 0.05 — 0 0.05 — 0.05 Vdc
Vin= Vppor0 10 — 0.05 — 0 0.05 — 0.05
15 — 0.05 — 0 0.05 — 0.05
Vin =0 or Vpp “1" Level Vou 5.0 4.95 — 4.95 5.0 — 4.95 — Vdc
10 9.95 — 9.95 10 — 9.95 —
15 14.95 — 14.95 15 — 14.95 —
Input Voltage “0” Level VL Vdc
(Vo =4.50r 0.5 Vdc) 5.0 — 15 — 2.25 15 — 15
(Vo =9.0 0r 1.0 Vdc) 10 — 3.0 — 4.50 3.0 — 3.0
(Vo =13.50r 1.5 Vdc) 15 — 4.0 — 6.75 4.0 — 4.0
(Vo=0.50r4.5Vvdc) “1"Level V4 5.0 35 — 35 2.75 — 35 — Vdc
(Vo =1.00r 9.0 Vdc) 10 7.0 — 7.0 5.50 — 7.0 —
(Vo =1.50r 13.5 Vdc) 15 11 — 11 8.25 — 11 —
Output Drive Current loH mAdc
(Von =2.5Vdc) Source 5.0 -3.0 — -24 —-4.2 — -17 —
(Von = 4.6 Vdc) 5.0 -0.64 — -0.51 -0.88 — —-0.36 —
(Von = 9.5 Vdc) 10 -16 — -1.3 -2.25 — -0.9 —
(Von = 13.5 Vdc) 15 -42 — -34 -8.8 — -24 —
(VoL = 0.4 Vdc) Sink loL 5.0 0.64 — 0.51 0.88 — 0.36 — mAdc
(VoL = 0.5 Vdc) 10 1.6 — 1.3 2.25 — 0.9 —
(VoL = 1.5 Vdc) 15 4.2 — 34 8.8 — 24 —
Input Current lin 15 — +0.1 — +0.00001 | +0.1 — +1.0 HAdc
Input Capacitance Cin — — — — 5.0 7.5 — — pF
(Vin=0)
Quiescent Current Ibp 5.0 — 5.0 — 0.005 5.0 — 150 HAdc
(Per Package) 10 — 10 — 0.010 10 — 300
15 — 15 — 0.015 15 — 600
Total Supply Current () (6-) It 5.0 It = (0.75 pA/KHZ) f + Ipp pAdc
(Dynamic plus Quiescent, 10 It = (1.50 pA/kHZ) f + Ipp
Per Package) 15 It =(2.25 pA/kHz) f + Ipp

4. Data labelled “Typ” is not to be used for design purposes but is intended as an indication of the IC’s potential performance.
5. The formulas given are for the typical characteristics only at 25°C.
6. To calculate total supply current at loads other than 50 pF:

IT(CL) = I+(50 pF) + (C__ - 50) Vfk
where: It is in pA (per package), C, in pF, V = (Vpp — Vsg) in volts, f in kHz is input frequency, and k = 0.0015.
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MC14014B, MC14021B

SWITCHING CHARACTERISTICS (7)) (C_ =50 pF, Ta = 25°C)

Vbb
Characteristic Symbol Vdc Min Typ (8) Max Unit
Output Rise and Fall Time tTLH ns
tTLHs trHL = (1.5 ns/pF) C + 25 ns tTHL 5.0 — 100 200
tTLH, ttHL = (0.75 ns/pF) C + 12.5 ns 10 — 50 100
trLH, trHe = (0.55 ns/pF) CL + 9.5 ns 15 — 40 80
Propagation Delay Time (Clock to Q, P/S to Q) tPLH ns
tpHL, tpLn = (1.7 ns/pF) C|_ + 315 ns tpHL 5.0 — 400 800
tpHL, tpLH = (0.66 ns/pF) C_ + 137 ns 10 — 170 340
tpHL, tpLH = (0.5 ns/pF) C + 90 ns 15 — 115 230
Clock Pulse Width twH 5.0 400 150 — ns
10 175 75 —
15 135 40 —
Clock Frequency fel 5.0 — 3.0 15 MHz
10 — 6.0 3.0
15 — 8.0 4.0
Parallel/Serial Control Pulse Width twH 5.0 400 150 — ns
10 175 75 —
15 135 40 —
Setup Time tsu 5.0 200 100 — ns
P/S to Clock 10 100 50 —
15 80 40 —
Hold Time th 5.0 20 -25 — ns
Clock to P/S 10 20 -10 —
15 25 0 —
Setup Time tsu 5.0 350 150 — ns
Data (Parallel or Serial) to 10 80 50 —
Clock or P/S 15 60 30 —
Hold Time th 5.0 45 0 — ns
Clock to Dg 10 35 0 —
15 35 5 —
Hold Time th 5.0 50 25 — ns
Clock to P, 10 45 20 —
15 45 20 —
Input Clock Rise Time tr(cn) 5.0 — — 15 us
10 — — 5
15 — — 4

7. The formulas given are for the typical characteristics only at 25°C.
8. Data labelled “Typ” is not to be used for design purposes but is intended as an indication of the IC’s potential performance.

0 Vpp Vout
PULSE E’S Q6
GENERATOR o6
7
E pr Q°°
P8 I loH
—Ds Q8
EXTERNAL
L POWER
- SUPPLY

Preset output under test to a logic “1” level.

Figure 1. Output Source Current Test Circuit
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GENERATOR

o Vpp Vout
Lp/s Q6
C
—P6 o0
7
— P7 Q
— P8 i loL
—Ds Q8
EXTERNAL
- POWER
- SUPPLY

Figure 2. Output Sink Current Test Circuit




MC14014B, MC14021B

PULSE

O VDD

0.01 pF

PIS

GENERATOR 1

PULSE

Q6
P1
P2
P3
P4
P5
P6
P7
P8

Q7

Q8

GENERATOR 2

CLOCK

I CERAMIC

AY|

PAl

(@]
<

- o0———

~C

s

50%

—l =

1.
T

SN

Figure 3. Power Dissipation Test Circuit and Waveform

Sw1
)
PULSE Vb
GENERATOR1 [O+ Q
| | 5 |
i | | PIS
| | i o—|c Q6 }—o—
¥ [P PR R i |
PULSE | o— -0—
GENERATOR 2 :‘J‘_ -0—\P3
1 1 —-0—{ P4 Q7 p—o0—o0
= —-0—P5 ol
o—P6 I C|_
o, O—1P7 I I
|o—o—Ps  @sfo— | =
I —1—0—Dg I
SWITCH POSITION 1= PARALLELIN | |
SWITCH POSITION 2= SERIALIN | H_Vss swal
L -

20 ns «— 20 NS

PARALLEL OR Voo
SERIAL DATA 200 *\‘S
INPUT 10% Vg
twH tTHL
CLOCK OR P/S Voo
INPUT

Vss

tpLH tpHL
o A

0

OUTPUT 200 Vo,

tTHL
twe = twH = 50% DUTY CYCLE

triH

Figure 4. Switching Time Test Circuit and Waveforms
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MC14015B

Dual 4-Bit Static
Shift Register

The MC14015B dual 4-bit static shift register is constructed with
MOS P-channel and N-channel enhancement mode devices in a
single monolithic structure. It consists of two identical, independent
4—state serial-input/parallel-output registers. Each register has
independent Clock and Reset inputs with a single serial Data input.
The register states are type D master—slave flip—flops. Data is shifted
from one stage to the next during the positive—going clock transition.
Each register can be cleared when a high level is applied on the Reset

ON Semicondu
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MARKING
DIAGRAMS

16

i i i i i i PDIP-16
line. These complemen_tary MOS shift reg|sters find primary use in b SUEFIX MC14015BCP
buffer storage and serial-to—parallel conversion where low power CASE 648 Lo AWLYYWW
dissipation and/or noise immunity is desired. -
¢ Diode Protection on All Inputs
¢ Supply Voltage Range = 3.0 Vdc to 18 Vdc cole16 o T T ——
¢ Logic Edge—Clocked Flip—Flop Design — 140158
: . S ) . . < D SUFFIX 15 awLyww
Logic state is retained indefinitely with clock level either high or low; CASE 751B  brooooo
information is transferred to the output only on the positive going 1
edge of the clock pulse. 16
¢ Capable of Driving Two Low—power TTL Loads or One Low—power MRARAR
Schottky TTL Load Over the Rated Temperature Range. @\0 TSSOP-16 14
X @ DT SUFFIX 015B
CASE 948F o ALYW
LEEELE!
1
MAXIMUM RATINGS (Voltages Referenced to Vss) (Note 2.) 16
- O00000M00
Symbol Parameter Value Unit SOEIAJ-16
v DC Supply Voltage R 0.5t0 +18.0 v F SUFFIX e
t —0.5t0 +18.
DD upply Voltage range 0 CASE 966 o AWLYWW
Vin, Vout | Input or Output Voltage Range -0.5t0 Vpp + 0.5 Y Loyl
(DC or Transient) 1
lim lout | Input or Output Current +10 mA A - Assembly Location
(DC or Transient) per Pin WLorlL = Wafer Lot
YYorY =Year
Pp Power Dissipation, 500 mw WW or W = Work Week
per Package (Note 3.)
Ta Ambient Temperature Range —55t0 +125 °C
ORDERING INFORMATION
Tstg Storage Temperature Range —65 to +150 °C
T Lead Temperature 260 °C Device Package Shipping
(8-Second Soldering) MC14015BCP PDIP-16 2000/Box
2. Maximum Ratings are those values beyond which damage to the device
may occur. MC14015BD SOIC-16 48/Rail
3. Temperature Derating:
Plastic “P and D/DW" Packages: — 7.0 mW/°C From 65°C To 125°C MC14015BDR2 SOIC-16 | 2500/Tape & Reel
This device contains protection circuitry to guard against damage due to high MC14015BDT TSSOP-16 | 2000/Tape & Reel
statl_c vqltages or electric flelds._ However, preca_utlons must be taken to av0|_d MC14015BF SOEIAJ-16 See Note 1.
applications of any voltage higher than maximum rated voltages to this
high—impedance circuit. For proper operation, Vi, and Vq; should be constrained MC14015BFEL SOEIAJ-16 See Note 1.

to the range Vgs < (Vi or Vout) < Vpp.
Unused inputs must always be tied to an appropriate logic voltage level (e.g.,

either Vgg or Vpp). Unused outputs must be left open.
ON Semiconductor representai
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MC14015B

TRUTH TABLE

C D R Qo Qn

va 0 0 0 Qn-1
Ve 1 0 1 Qn1
A X 0 No Change | No Change
X X 1 0 0

X =Don't Care
Qn=Q0, Q1, Q2, or Q3, as applicable.
Qn_1 = Output of prior stage.

PIN ASSIGNMENT

Cgl]1e 16 [ Voo
Q3 [] 2 15 [1 Dg
Q22 (] 3 14 1 Rg
Q1 ll 4 13 [1 Q0
Q0a [} 5 1211 Q1

Ral] 6 1[1Q2%

Dall 7 10 [1 Q34
Vss [ 8 9[lca

BLOCK DIAGRAM

Q0 |— 5
7——D
Qll— 4
Q2 }—3
9—C
R Q3}l— 10
6— 1
Q0 — 13
15——D
Qlp— 12
Q2b— 11
1—C
R BF—2
14—|
Vpp = PIN 16
V53=P|N8
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MC14015B

ELECTRICAL CHARACTERISTICS (Voltages Referenced to Vgg)

(CL =50 pF on all outputs, all
buffers switching)

Voo —-55°C 25°C 125°C
Characteristic Symbol | Vdc Min Max Min Typ 4) Max Min Max Unit
Output Voltage “0” Level VoL 5.0 — 0.05 — 0 0.05 — 0.05 Vdc
Vin= Vppor0 10 — 0.05 — 0 0.05 — 0.05
15 — 0.05 — 0 0.05 — 0.05
Vin =0 or Vpp “1"Level | Von 5.0 4.95 — 4.95 5.0 — 4.95 — vdc
10 9.95 — 9.95 10 — 9.95 —
15 14.95 — 14.95 15 — 14.95 —
Input Voltage “0” Level VL Vdc
(Vo = 4.5 or .05 Vdc) 5.0 — 15 — 2.25 15 — 15
(Vo =9.00r 1.0 Vdc) 10 — 3.0 — 4.50 3.0 — 3.0
(Vo = 13.5 or 1.5 Vdc) 15 — 4.0 — 6.75 4.0 — 4.0
(Vo=0.50r4.5vdc) “1"Level Viy 5.0 35 — 35 2.75 — 35 — Vdc
(Vo = 1.0 or 9.0 Vdc) 10 7.0 — 7.0 5.50 — 7.0 —
(Vo =1.50r13.5Vdc) 15 11 — 11 8.25 — 11 —
Output Drive Current loH mAdc
(Von = 2.5 Vdc) Source 5.0 -3.0 — -24 -4.2 — -17 —
(Vou = 4.6 Vdc) 50 | -064 — -051 | -0.88 — -0.36 —
(Von = 9.5 vdc) 10 -1.6 — -13 -2.25 — -0.9 —
(Von = 13.5 Vdc) 15 -42 — -34 -88 — -24 —
(VoL = 0.4 vdc) Sink loL 5.0 0.64 — 0.51 0.88 — 0.36 — mAdc
(VoL = 0.5 Vdc) 10 1.6 — 1.3 2.25 — 0.9 —
(VoL = 1.5 Vdc) 15 4.2 — 3.4 8.8 — 2.4 —
Input Current lin 15 — +0.1 — +0.00001 | +0.1 — +1.0 HAdc
Input Capacitance Cin — — — — 5.0 7.5 — — pF
(Vin=0)
Quiescent Current Ibb 5.0 — 5.0 — 0.005 5.0 — 150 pAdc
(Per Package) 10 — 10 — 0.010 10 — 300
15 — 20 — 0.015 20 — 600
Total Supply Current () (6.) It 5.0 It = (1.2 pA/KHZ)f + Ipp pAdc
(Dynamic plus Quiescent, 10 IT = (2.4 pA/kHz)f + Ipp
Per Package) 15 IT = (3.6 pA/kHZ)f + Ipp

4. Data labelled “Typ” is not to be used for design purposes but is intended as an indication of the IC’s potential performance.
5. The formulas given are for the typical characteristics only at 25°C.
6. To calculate total supply current at loads other than 50 pF:

I7(Cp) = I+(50 pF) + (C_ — 50) Vfk
where: It is in YA (per package), C in pF, V = (Vpp — Vsg) in volts, f in kHz is input frequency, and k = 0.002.
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MC14015B

SWITCHING CHARACTERISTICS (7)) (C_ =50 pF, Ta = 25°C)

Characteristic Symbol Vbb Min Typ &) Max Unit
Output Rise and Fall Time tTLH ns
tTLHs trHe = (1.5 ns/pF) C + 25 ns trHL 5.0 — 100 200
trLH, trHe = (0.75 ns/pF) CL + 12.5 ns 10 — 50 100
trLHs trHe = (0.55 ns/pF) CL + 9.5 ns 15 — 40 80
Propagation Delay Time tpLH, ns
Clock, Data to Q tPHL
tpLH, tpHL = (1.7 ns/pF) C + 225 ns 5.0 — 310 750
tpLH, tpHL = (0.66 ns/pF) C + 92 ns 10 — 125 250
tPLH| tF’HL = (05 ns/pF) CL +65ns 15 —_ 90 170
Resetto Q
tpLH, tpHL = (1.7 ns/pF) C + 375 ns 5.0 — 460 750
tpLH, tpHL = (0.66 ns/pF) C + 147 ns 10 — 180 250
tpLH, tpHL = (0.5 ns/pF) C + 95 ns 15 — 120 170
Clock Pulse Width twH 5.0 400 185 — ns
10 175 85 —
15 135 55 —
Clock Pulse Frequency fel 5.0 — 2.0 15 MHz
10 — 6.0 3.0
15 — 7.5 3.75
Clock Pulse Rise and Fall Times trim, trHL 5.0 — — 15 us
10 — — 5
15 — — 4
Reset Pulse Width twH 5.0 400 200 — ns
10 160 80 —
15 120 60 —
Setup Time tsu 5.0 350 100 — ns
10 100 50 —
15 75 40 —

7. The formulas given are for typical characteristics only at 25°C.

8. Data labelled “Typ” is not to be used for design purposes but is intended as an indication of the IC’s potential performance.
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Figure 1. Power Dissipation Test Circuit and Waveform
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MC14015B
CIRCUIT SCHEMATICS
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MC14015B

LOGIC DIAGRAMS

SINGLE BIT

e

TODOF

DATA 7 _[>o_ %

(@]
(@]

:) | IE NEXT BIT

o
R

o
RESET
C
C
C
COMPLETE DEVICE
5 4 3 10
Q0 Q1 Q2 Q3
DATA INPUT BUFFER f S 2 } 2 }
D
70—Do—>c D 0 D 0 0 D Q
c o}~ c o 01— cC 0
CLOCK INPUT BUFFER I_C R I_C R R I_c R C
90 >c . .
R
S -
13 12 1 2
RESET INPUT BUFFER Qo0 Q1 Q2 Q3
DATA INPUT BUFFER f 5 f 5 f 5
D
15 o—>o—>c D 0 D 0 Q D 0
CLOCKINPUTBUFFERI_CCRQ_ I_OCRQ_ RQ_ I_QCRQ

14

Vpp =PIN 16
VSS =PIN8

VY

RESET INPUT BUFFER
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MC14016B

Quad Analog Switch/
Quad Multiplexer

The MC14016B quad bilateral switch is constructed with MOS
P—channel and N-channel enhancement mode devices in a single
monolithic structure. Each MC14016B consists of four independent
switches capable of controlling either digital or analog signals. The
quad bilateral switch is used in signal gating, chopper, modulator,
demodulator and CMOS logic implementation.

ON Semiconductor

http://onsemi.com

MARKING
DIAGRAMS
14

¢ Diode Protection on All Inputs
* Supply Voltage Range = 3.0 Vdc to 18 Vdc

, PDIP-14

* Linearized Transfer Characteristics T. P SUEFIX MC14016BCP
* Low Noise — 12 nWCycle f = 1.0 kHz typical CASE 646 Lo AWLYYWW
* Pin—for—Pin Replacements for CD4016B, CD4066B (Note improved 1
transfer characteristic design causes more parasitic coupling 14
capacitance than CD4016) SOIC-14 minininininis]
. . 14016B
* For Lower Ry, Use The HC4016 High—Speed CMOS Device or DSUFFIX [, awLyww
The MC14066B CASESIA - aoooooo
¢ This Device Has Inputs and Outputs Which Do Not Have ESD 1
Protection. Antistatic Precautions Must Be Taken. 14
minininininin]
SOEIAJ-14
F SUFEIX MC14016B
CASE965 |o AWLYWW
MAXIMUM RATINGS (Voltages Referenced to Vss) (Note 2.) '1—' duotyd
Symbol Parameter Value Unit .
A = Assembly Location
Vpp DC Supply Voltage Range —-0.5t0 +18.0 \Y WL orL = Wafer Lot
YYorY =Year
Vin, Vout | Input or Output Voltage Range —-0.5t0 Vpp + 0.5 \% B
(DC or Transient) WW or W= Work Week
lin Input Current (DC or Transient) +10 mA
per Control Pin
ORDERING INFORMATION
Isw Switch Through Current +25 mA
—— Device Package Shipping
Pp Power Dissipation, 500 mwW
per Package (Note 3.) MC14016BCP PDIP-14 2000/Box
TA Ambient Temperature Range —551t0 +125 °C MC14016BD SOIC-14 55/Rail
Tstg Storage Temperature Range —65to +150 C MC14016BDR2 SOIC-14 | 2500/Tape & Reel
T Lead Temperature 260 °C
(8-Second Soldering) MC14016BF SOEIAJ-14 See Note 1.
2. Maximum Ratings are those values beyond which damage to the device MC14016BFEL SOEIAJ-14 See Note 1.

may occur.
3. Temperature Derating:
Plastic “P and D/DW” Packages: — 7.0 mW/°C From 65°C To 125°C

1. For ordering information on the EIAJ version of
the SOIC packages, please contact your local
ON Semiconductor representative.

This device contains protection circuitry to guard against damage due to high

static voltages or electric fields. However, precautions must be taken to avoid

applications of any voltage higher than maximum rated voltages to this

high—impedance circuit. For proper operation, Vj, and Vq; should be constrained

to the range Vgs < (Vi, or Vout) < Vpp.

Unused inputs must always be tied to an appropriate logic voltage level (e.g.,
either Vgg or Vpp). Unused outputs must be left open.
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MC14016B

PIN ASSIGNMENT

IN1[| 10 14 [ vpp
out1l] 2 13 [] CONTROL 1
outz2[] 3 12 [1 CONTROL 4

IN2[] 4 niNg

CONTROL2[] 5 10 [1 ouT 4
CONTROL3[] 6 9[louts
vss [ 7 81IN3

BLOCK DIAGRAM

13
CONTROL1 o— 2
1 —o0 OUT1
IN1 0—
5
CONTROL 2 0— 3
4 —o0 OUT 2
IN2 0—
6
CONTROL 3 o— 9
8 ——o0 OUT 3
IN3 00—
12
CONTROL 4 0— 10
1 —o OUuT4
IN4 O—
Vpp = PIN 14
Vgg =PIN7
Control Switch
0= VSS Off
1=Vpp On

LOGIC DIAGRAM
(1/4 OF DEVICE SHOWN)

out
CONTROL
LOGIC DIAGRAM RESTRICTIONS I IN
Vss < Vin<Vpp

Vss < Vout < Vop
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MC14016B

ELECTRICAL CHARACTERISTICS (Voltages Referenced to Vgg)

Voo —-55°C 25°C 125°C
Characteristic Figure | Symbol | Vdc | Min | Max | Min Typ @) | Max | Min | Max | Unit
Input Voltage 1 VL 5.0 — — — 15 0.9 — — Vdc
Control Input 10 — — — 1.5 0.9 — —
15 — — — 1.5 0.9 — —
10 — — 8.0 6.0 — — —
15 — — 13 11 — — —
Input Current Control — lin 15 — | 0.1 — | £0.00001 | £0.1 — +1.0 | pAdc
Input Capacitance — Cin pF
Control — — — — 5.0 — — —
Switch Input — — — — 5.0 — — —
Switch Output — — — — 5.0 — — —
Feed Through — — — — 0.2 _ _ _
Quiescent Current 2,3 Ibp 5.0 — 0.25 — 0.0005 0.25 — 7.5 pAdc
(Per Package) () 10 — 0.5 — 0.0010 0.5 — 15
15 — 1.0 — 0.0015 1.0 — 30
“ON" Resistance 4,5,6 Ron — — Ohms
(VC = VDD! RL =10 kQ) — —
(Vin = + 5.0 Vdc) — | 600 | — 300 660 | — | 840
(Vin =—5.0 Vdc) Vgs = - 5.0 Vdc — | 600 | — 300 660 | — | 840
(Vin =+ 0.25 Vdc) 5.0 — 600 — 280 660 — 840
(Vin = + 7.5 Vdc) — |30 | — 240 400 | — | 520
(Vin == 7.5 Vdc) Vgg = - 7.5 Vdc — | 360 | — 240 400 | — | s20
(Vin =+ 0.25 Vdc) 75 | — [ 360 | — 180 400 | — | 520
(Vin = + 10 Vdc) — | 600 | — 260 660 | — | 840
(Vin = +0.25 Vdc) Vsg = 0 Vdc — 600 — 310 660 — 840
(Vin =+ 5.6 Vdc) 10 [ — [600 | — 310 660 | — | 840
(Vin = + 15 Vdc) — | 360 | — 260 400 | — | 520
(Vin =+ 0.25 Vdc) Vss = 0 Vdc — 360 — 260 400 — 520
(Vin = + 9.3 Vdc) 15 — | 360 | — 300 400 | — | 520
A "ON” Resistance — ARoN Ohms
Between any 2 circuits in a common
package
(Vc = Vop)
(Vin =+ 5.0 Vdc, Vgg = - 5.0 Vdc) 5.0 — — — 15 — — —
(Vin = + 7.5 Vdc, Vgg = — 7.5 Vdc) 75 — — — 10 _ _ _
Input/Output Leakage Current — — HAdc
(Vc = Vss)
(Vin =+ 7.5, Vgt =— 7.5 Vdc) 7.5 — | 01 — +0.0015 | #0.1 — | zx10
(Vin == 7.5, Vou = + 7.5 Vdc) 75 | — [+01 | — | %00015 |+01 | — [%1.0

NOTE: All unused inputs must be returned to Vpp or Vsg as appropriate for the circuit application.

4. Data labelled “Typ” is not to be used for design purposes but is intended as an indication of the IC’s potential performance.

5. For voltage drops across the switch (AVgyitch) > 600 mV (> 300 mV at high temperature), excessive Vpp current may be drawn; i.e., the
current out of the switch may contain both Vpp and switch input components. The reliability of the device will be unaffected unless the
Maximum Ratings are exceeded. (See first page of this data sheet.) Reference Figure 14.
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MC14016B

ELECTRICAL CHARACTERISTICS (6) (C, =50 pF, T5 = 25°C)

Vbp
Characteristic Figure | Symbol Vdc Min Typ (7) Max Unit
Propagation Delay Time (Vsg = 0 Vdc) 7 tpLH, 5.0 — 15 45 ns
Vin to Vout tpHL 10 — 7.0 15
(Vc = Vpp, R =10 kQ) 15 — 6.0 12
Control to Output 8 tpHz, ns
(Vin < 10 Vdc, R = 10 kQ) tpLz, 5.0 — 34 90
tpzH, 10 — 20 45
tpzL 15 — 15 35
Crosstalk, Control to Output (Vgs = 0 Vdc) 9 — 5.0 — 30 — mV
(Ve = Vpp, Rin = 10 kQ, Rgyt = 10 kQ, 10 — 50 —
f=1.0 kHz) 15 — 100 —
Crosstalk between any two switches (Vgg = 0 Vdc) — — 5.0 — -80 — dB
(RL=1.0kQ, f=1.0 MHz,
Voutl
crosstalk = 20log )
0 Vour
Noise Voltage (Vsg = 0 Vdc) 10,11 — 5.0 — 24 — nV/VCycle
(Vc = Vpp, f =100 Hz) 10 — 25 —
15 — 30 —
(Ve = Vpp, f =100 kHz) 5.0 — 12 —
10 — 12 —
15 — 15 —
Second Harmonic Distortion (Vsg = — 5.0 Vdc) — — 5.0 — 0.16 — %
(Vin =1.77 Vdc, RMS Centered @ 0.0 Vdc,
R =10 kQ, f=1.0 kHz)
Insertion Loss (V¢ = Vpp, Vin = 1.77 Vdc, 12 — 5.0 dB
Vgg =—5.0 Vdc, RMS centered = 0.0 Vdc, f = 1.0 MHz)
Vout
lloss = 20log1g V—.u) _ 23 _
(R =100 kQ) — 0.05 —
(RL=1.0MQ)
Bandwidth (- 3.0 dB) 12,13 BW 5.0 MHz
(Vc = Vpp, Vin =1.77 Vdc, Vgs = — 5.0 Vdc,
RMS centered @ 0.0 Vdc)
(RL=1.0kQ) — 54 _
(RL =10 kQ) — 40 _
(RL =100 kQ) J— 38 _
(RL=1.0MQ) — 37 —
OFF Channel Feedthrough Attenuation — — 5.0 kHz
(Vss =—5.0 Vdc)
_ Vout _
(Vc=Vss,20logyp ~— = —50dB)
_ Vin — 1250 —
(RL=1.0kQ) 140
(RL = 10 kQ) o 18 o
(RL =100 kQ) - 20 -
(RL=1.0 MQ) - ' -

6. The formulas given are for typical characteristics only at 25°C.

7. Data labelled “Typ” is not to be used for design purposes but is intended as an indication of the IC’s potential performance.
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MC14016B

O Vin

Vi Ve is raised from Vgg until Ve = V..
at Ve = V)i Is = £10 pA with Vi, = Vss, Vout = Vop 0f Vin = Vpp, Vout = Vss-

Is

Vout

V|n: When V¢ = V)4 to Vpp, the switch is ON and the Rgy specifications are met.

Figure 1. Input Voltage Test Circuit

10,000 ==
Vpp = 15 Vidc 3 10 vde 55
Il
[l - [ [
Vpp = Tpa=25°C o
= 1000 / 50Vdc | |
o 7
=
= Pz
o A
() 3 100 Ay
(=)
I &
Vop @ Vout = o
TOALL ok < A e
PULSE 4CIRCUITS [ CONTROL EY ===
GENERATOR f INPUT - =
C —
Vss _+_ Vin{ 10
- 50k 10k 100 k 1.0M 10M 50 M
Po=Vpp XIp -
f, FREQUENCY (Hz)
Figure 2. Quiescent Power Dissipation Figure 3. Typical Power Dissipation per Circuit
Test Circuit (1/4 of device shown)
TYPICAL Ry versus INPUT VOLTAGE
700 — 700 —
R =10kQ — Vgg=0Vde —
Tpo=25°C — = —
g 600 A g 600 RL=10k0
= = Tpo=25°C —f
S 500 © 500
L L
2 400 V¢ = Vpp =5.0 Vde Z 0
< 4 c=Vpp = =4 — \ _ _
E VSS =_5.0Vdc Z | VC = VDD =10 Vdc
é 300 B e g 300 -~ \—/\\
= = pm—
% B . % h /'/
© 200 © 200 = \/c = Vpp = 15 Vdc
= Ve =Vpp=7.5Vde __| =
5 ol
o 100 VSS =-7.5Vdc o 100
| | |
0 | [ 0
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Vi, INPUT VOLTAGE (Vdc)

Figure4.Vgg=—-50Vand-75V
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Figure 6. R on Characteristics

Test Circuit

Figure 8. Turn—On Delay Time Test Circuit

and Waveforms
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Figure 10. Noise Voltage Test Circuit
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Figure 7. Propagation Delay Test Circuit
and Waveforms
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Figure 9. Crosstalk Test Circuit
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Figure 11. Typical Noise Characteristics



TYPICAL INSERTION LOSS (dB)

MC14016B

20 TTTTIT T T T 1117
RL =1 MQ AND 100 kQ
0 - s N
W
10 kQ N
20 [N u \
10kQ TN >\|_
-40 -300dB (R, =10MQ) il
[ e A I R R N R >
-60 -3048(7,=10k0) ||
-3.0dB (R =1.0kQ)
-8.0
-10
-12
10k 100 k 1.0M 10M 100 M
fin, INPUT FREQUENCY (Hz)
Figure 12. Typical Insertion Loss/Bandwidth
Characteristics
CONTROL
SECTION
OFIC
SOURCE

Vco—

— +2.5Vdc
Vin —%— 0.0 vdc
— -2.5Vdc

Figure 13. Frequency Response Test Circuit

ON SWITCH
/

LOAD

Figure 14. AV Across Switch
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MC14016B

APPLICATIONS INFORMATION

Figure Alillustrates use of the Analog Switch. The 0-to-5 The example shows a 5p\4, signal which allows no
V Digital Control signal is used to directly control a 5 Y

analog signal.

The digital control logic levels are determined byp/
and Vss The \pp voltage is the logic high voltage; the ¥
voltage is logic low. For the examplep¥ = +5 V logic high
at the control inputs; ¥s= GND = 0 V logic low.

The maximum analog signal level is determined by V
and Vss The analog voltage must not swing higher than 15V which is therecommendednaximum difference
Vpp or lower than \§g

margin at either peak. If voltage transients abovg V
and/or below \és are anticipated on the analog channels,
external diodes (J) are recommended as shown in Figure
B. These diodes should be small signal types able to absorb
the maximum anticipated current surges during clipping.
The absolute maximum potential difference between
Vpp and \ssis 18.0 V. Most parameters are specified up to

between \bp and Vss

oY — 1
Vpp Vss
+50V
+5V 5 Vp—p SWITCH
ANALOG SIGNAL IN
SWITCH 5Vp_p o 25V
out ANALOG SIGNAL '
EXTERNAL
CMOS 0-TO-5 V DIGITAL oD
DIGITAL CONTROL SIGNALS MC140168
CIRCUITRY
Figure A. Application Example
Vbp Vop
_'_ Dx _'_ Dy
SWITCH SWITCH
° IN ouT °

Figure B. External Germanium or Schottky Clipping Diodes
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MC14017B

Decade Counter

The MC14017B is a five—stage Johnson decade counter with
built—-in code converter. High speed operation and spike—free outputs

are obtained by use of a Johnson decade counter design. The ten ON Semiconductor

decoded outputs are normally low, and go high only at their

appropriate decimal time period. The output changes occur on the
positive—going edge of the clock pulse. This part can be used in
frequency division applications as well as decade counter or decimal

http://onsemi.com

decode display applications. MARKING
_ _ DIAGRAMS
¢ Fully Static Operation %
* DC Clock Input Circuit Allows Slow Rise Times PDIP-16
* Carry Out Output for Cascading P SUFFIX MC14017BCP
iy : CASE 648 Lo AWLYYWW
¢ Divide—by—N Counting
1
* Supply Voltage Range = 3.0 Vdc to 18 Vdc
¢ Capable of Driving Two Low—power TTL Loads or One Low—power 16
Schottky TTL Load Over the Rated Temperature Range soic—16 HH TBEB” n
* Pin—for—Pin Replacement for CD4017B C?égl;?lXB o AWLYWW
¢ Triple Diode Protection on All Inputs TUUUUUUU
16
SOEIAIL6 mininininininls
MAXIMUM RATINGS (Voltages Referenced to Vss) (Note 2.)  CUREIX MC14017B
Symbol Parameter Value Unit CASE 966 o AWLYWW
Vpp DC Supply Voltage Range —-0.5t0 +18.0 V Tuuuuuuu
Vin, Vout In%l;tcor OTutput_Voit)age Range —-0.5t0 Vpp + 0.5 \% A = Assembly Location
or fransien WL orL = Wafer Lot
lins lout Input or Output Current +10 mA YYorY =Year
(DC or Transient) per Pin WW or W = Work Week
Pp Power Dissipation, 500 mwW
per Package (Note 3.)
Ta Ambient Temperature Range —-55to0 +125 °C ORDERING INFORMATION
Tetg Storage Temperature Range —65to +150 °C Device Package Shipping
T Lead Temperature 260 °C MC14017BCP PDIP-16 2000/Box
(8—Second Soldering)
MC14017BD SOIC-16 48/Rail

2. Maximum Ratings are those values beyond which damage to the device
may occur.

MC14017BDR2 SOIC-16 |2500/Tape & Reel

3. Temperature Derating:
Plastic “P and D/DW” Packages: — 7.0 mW/°C From 65°C To 125°C

MC14017BF SOEIAJ-16 See Note 1.

This device contains protection circuitry to guard against damage due to high

MC14017BFEL SOEIAJ-16 See Note 1.

static voltages or electric fields. However, precautions must be taken to avoid
applications of any voltage higher than maximum rated voltages to this
high—impedance circuit. For proper operation, Vi, and Vg should be constrained
to the range Vgs < (Vin Or Vout) < Vpp-

Unused inputs must always be tied to an appropriate logic voltage level (e.g.,
either Vgg or Vpp). Unused outputs must be left open.

[ Semiconductor Components Industries, LLC, 2000 81
March, 2000 — Rev. 3

1. Fororderinginformation on the EIAJ version of the
SOIC packages, please contact your local ON
Semiconductor representative.

Publication Order Number:
MC14017B/D




MC14017B

PIN ASSIGNMENT

Q5 [
Q1]
Qo [
Q2]
Q6 []
Q7 [
Q3 [
Vss [}

0 ~N oo o B W N

16
15
14
13
12
11
10

9

[ Voo

[] RESET
[] CLOCK
[ ce

[ Cout

[ Q9
[1Q4

Q8

FUNCTIONAL TRUTH TABLE BLOCK DIAGRAM
(Positive Logic)
CLOCK 14 0— Q0F—o03
Clock Decode 01 0?2
Clock | Enable | Reset| Output=n Q2 o4
0 X 0 n Q3—o7
X 1 0 n S Q4f—o010
X X 1 Q0 ;\lj_p(\)BCLKE 13 0— Q5—o1
va 0 0 n+1 Q6—o05
N X 0 n Q7—o06
X va 0 n Q8}—o09
1 ~~ 0 n+1 Q9f—o 11
X = Don't Care. If n <5 Carry = “1", RESET 15 0— Coutf—0 12
Otherwise = “0".
Vpp = PIN 16
Vss =PIN 8
LOGIC DIAGRAM
Q5 Q1L Q7 Q3 Q9
1 2 6 7 1
14
CLOCK ﬁ% -
CLOCK 12
ENABLE | 1, LC o—* LC QT LC o Lé Claw LC Q {>°“
—C —C —C —C —C
D Q] D QI | D Q7 D Q[ D Q[
R R R R R R R R R R
e i = H - ]
M- — 1
I El ; I
1 ] |
3 sg 4 9 10
Q0 06 Q2 Q3 Q4
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MC14017B

ELECTRICAL CHARACTERISTICS (Voltages Referenced to Vgg)

(CL =50 pF on all outputs, all
buffers switching)

Voo —-55°C 25°C 125°C
Characteristic Symbol | Vdc Min Max Min Typ 4) Max Min Max Unit
Output Voltage “0” Level VoL 5.0 — 0.05 — 0 0.05 — 0.05 Vdc
Vin= Vppor0 10 — 0.05 — 0 0.05 — 0.05
15 — 0.05 — 0 0.05 — 0.05
“1" Level Vou 5.0 4.95 — 4.95 5.0 — 4.95 — Vdc
Vin =0 or Vpp 10 9.95 — 9.95 10 — 9.95 —
15 14.95 — 14.95 15 — 14.95 —
Input Voltage “0” Level VL Vdc
(Vo = 4.5 or 0.5 Vdc) 5.0 — 15 — 2.25 1.5 — 15
(Vo =9.0 or 1.0 Vdc) 10 — 3.0 — 4.50 3.0 — 3.0
(Vo = 13.5 or 1.5 Vdc) 15 — 4.0 — 6.75 4.0 — 4.0
“1” Level V4 Vdc
(Vo =0.50r 4.5 Vvdc) 5.0 3.5 — 35 2.75 — 35 —
(Vo =1.0 0r 9.0 Vdc) 10 7.0 — 7.0 5.50 — 7.0 —
(Vo =1.50r 13.5Vdc) 15 11 — 11 8.25 —_ 11 —
Output Drive Current loH mAdc
(Von =2.5Vdc) Source 5.0 -3.0 — -24 —-4.2 — -17 —
(Von = 4.6 Vdc) 5.0 -0.64 — -051 —-0.88 — —-0.36 —
(Vo = 9.5 Vdc) 10 -16 — -13 -2.25 — -09 —
(Von = 13.5 Vdc) 15 —42 — -34 -88 — —2.4 —
(VoL = 0.4 vdc) Sink loL 5.0 0.64 — 0.51 0.88 — 0.36 — mAdc
(VoL = 0.5 Vdc) 10 1.6 — 1.3 2.25 — 0.9 —
(VoL = 1.5 Vdc) 15 4.2 — 3.4 8.8 — 24 —
Input Current lin 15 — +0.1 — +0.00001 | *0.1 — +1.0 HAdc
Input Capacitance Cin — — — — 5.0 7.5 — — pF
(Vin=0)
Quiescent Current Ibb 5.0 — 5.0 — 0.005 5.0 — 150 HAdc
(Per Package) 10 — 10 — 0.010 10 — 300
15 — 20 — 0.015 20 — 600
Total Supply Current () (6-) It 5.0 It = (0.27 pA/KHZ) f + Ipp pAdc
(Dynamic plus Quiescent, 10 It =(0.55 pA/kHz) f + Ipp
Per Package) 15 IT =(0.83 pA/kHz) f + Ipp

4. Data labelled “Typ” is not to be used for design purposes but is intended as an indication of the IC’s potential performance.
5. The formulas given are for the typical characteristics only at 25°C.
6. To calculate total supply current at loads other than 50 pF:

IT(CL) = I+(50 pF) + (C__ - 50) Vfk
where: It is in pA (per package), C, in pF, V = (Vpp — Vsg) in volts, f in kHz is input frequency, and k = 0.0011.
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MC14017B

SWITCHING CHARACTERISTICS (7)) (C_ =50 pF, Ta = 25°C)

Vbp
Characteristic Symbol Vdc Min Typ (8) Max Unit
Output Rise and Fall Time tTLH, ns
trHs trhe = (3.5 ns/pF) C + 25 ns tTHL 5.0 — 100 200
tTLH| tTHL = (075 ns/pF) CL +12.5ns 10 — 50 100
tTLHs trHL = (0.55 ns/pF) C + 9.5 ns 15 — 40 80
Propagation Delay Time tpLH, ns
Reset to Decode Output tpHL
tpLHs tPHL = (17 ns/pF) CL +415ns 5.0 — 500 1000
tpLH, tpHL = (0.66 ns/PF) C + 197 ns 10 — 230 460
tpLHs teHL = (0.5 ns/pF) C + 150 ns 15 — 175 350
Propagation Delay Time tPLH, ns
Clock to Cqyt tPHL
tPLH! tPHL = (17 ns/pF) CL + 315 ns 5.0 — 400 800
tpLH, tpHL = (0.66 ns/pF) C + 142 ns 10 — 175 350
tpLHs teHL = (0.5 ns/pF) C + 100 ns 15 — 125 250
Propagation Delay Time tpLH, ns
Clock to Decode Output tpHL
tpLns teHL = (1.7 ns/pF) C + 415 ns 5.0 — 500 1000
tpLH, tpHL = (0.66 ns/pF) C_ + 197 ns 10 — 230 460
tpLH, tPHL = (0.5 ns/pF) C_+150ns 15 — 175 350
Turn—Off Delay Time tpLH ns
Reset to Cqyt
tpLy = (1.7 ns/pF) C_ + 315 ns 5.0 — 400 800
tpLH = (0.66 ns/pF) C_ + 142 ns 10 — 175 350
tpLH = (0.5 ns/pF) C + 100 ns 15 — 125 250
Clock Pulse Width by 5.0 250 125 — ns
10 100 50 —
15 75 35 —
Clock Frequency fel 5.0 — 5.0 2.0 MHz
10 — 12 5.0
15 — 16 6.7
Reset Pulse Width ty(H) 5.0 500 250 — ns
10 250 125 —
15 190 95 —
Reset Removal Time trem 5.0 750 375 — ns
10 275 135 —
15 210 105 —
Clock Input Rise and Fall Time tTLH, 5.0 —
tTHL 10 No Limit
15
Clock Enable Setup Time tsu 5.0 350 175 — ns
10 150 75 —
15 115 52 —
Clock Enable Removal Time trem 5.0 420 260 — ns
10 200 100 —
15 140 70 —

7. The formulas given are for the typical characteristics only at 25°C.
8. Data labelled “Typ” is not to be used for design purposes but is intended as an indication of the IC’s potential performance.
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% Vbp
0 Vout

— Output Output
Vss o— Ekligll_(E Q0 Sink Drive | Source Drive
Q; —° | Clock to
Qo Decode S11o0 A desired
Q—o Outputs ( ) outputs
Voo o st Q4o QD) (S1to B)
<«——0—{RESET Q5f}—0 Clock to 5
Vss lo S1 Q6—o Carry thru 9 S1to A
Q7—o (S1toB)
Q8 l—o
Vgs = \Y -V,
Qo EXTERNAL es bo Do
__—1_——0—CLOCK Cou[—0 POWER Vps = Vout Vout = Vbb
SUPPLY
_+_Vss
Figure 1. Typical Output Source and Output Sink Characteristics Test Circuit
T Vo
1 oorprF
500 pF () I CERAMIC
O =
Q0—o
Ql—o
CLOCK 02l
ENABLE 03—
Q4}—o
—O—— RESET Q5o
Q6}—o
PULSE fe Q7o
GENERATOR e CLocK Q8
Q9
Cout _01 |
{)Vss TCL’T\CL’T\CLTCLTCLTCL;I:CL;I:CL;I:CL;FCL;I:CL
L

Figure 2. Typical Power Dissipation Test Circuit
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APPLICATIONS INFORMATION

Figure 3 shows a technique for extending the number of decoded output states for the MC14017B. Decoded outputs are
sequential within each stage and from stage to stage, with no dead time (except propagation delay).

CLOCK RESET _leclock RESET CLOCK RESET
__dce MC14017B dcE MC14017B CE MC14017B
Q0 Ql+e+ Q8 Q9 QUQL« + + Q8 Q9 [ Tt - s
J | =
] I I \I_,_IJ .
—-— -
9 DECODED 8 DECODED 8 DECODED
OUTPUTS :}_ OUTPUTS :}_ OUTPUTS
CLOCK I_ I_ _— —
FIRST STAGE INTERMEDIATE STAGES LAST STAGE
Figure 3. Counter Expansion
PCP — = | Nep 90% Vi
CLOCK 50% v
0,
tep ] ] bty 20ns = R~ 207 1
ENABLE . . — Vss
tfem_’I i ‘ 20ns-“¢ ~—“—-—20ns 20ns—>||<— v
RESET _%_ | | _zz— . DD
20 ns Ss
Qo —!'1_"‘ tPHL ] |‘__,—\tPLH o _’L _,__|<_ — Vou
I \
tpLH —> I‘- | I“tPHL
90% | Von
o 1007 550% | v,
toLH |* > = tere trin > }" f=<trhe
| | Von
Q2 —%]N‘ f X —_ VOL
tpLH "I I‘_ tPHL tTLH —>| |<_tTHL
Von
| <
Q3 mk A = Vou
tpLH I‘ ’I I‘_IPHL i = f=trHe
/—\ | Von
) o L
PLH I‘ PHL TLH ¢
Q5 4,‘ | jﬁl{_ _ - V\c;.
tpLH I* '>| |<—0tPH|_ f1LH = H [t v
o | 10% ‘ZL -%30/0 | | . OH
trHL —>1 L"_‘tTHL o
| tPLH > tPHI VOH
Q7 ZL — VoL
‘ trHL —>| = | |
tpLH }7_ Von
8 -V
Q try ket |<—>| L o
‘ tpLH ‘Ji oL VoH
Q9 = Voo
—>| tPHL tLH | --ﬁ* tTHL —>‘ tPHL
Cout tpLH > )l(“ } — Vou

n VoL
‘ l: THL
TLH

Figure 4. AC Measurement Definition and Functional Waveforms
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MC14018B
Presettable Divide-By-N

Counter
The MC14018B contains five Johnson counter stages which are
asynchronously presettable and resettable. The counters are ON Semiconductor
synchronous, and increment on the positive going edge of the clock. .
Presetting is accomplished by a logic 1 on the preset enable input. http://onsemi.com
Data on the Jam inputs will then be transferred to their respective Q
outputs (inverted). A logic 1 on the reset input will cause alliuts MARKING
to go to a logic 1 state. DIAGRAMS
Division by any number from 2 to 10 can be accomplished by 16
connecting appropriate Qutputs to the data input, as shown in the PDIP-16
Function Selection table. Anti-lock gating is included in the P SUFFIX M,::V\lli%?/s\?vp
MC14018B to assure proper counting sequence. CASE648 L2
. . 1
¢ Fully Static Operation
e Schmitt Trigger on Clock Input 16
* Capable of Driving Two Low—power TTL Loads or One Low—power SOIC-16 HHT4:)|1HBBHHH
Schottky TTL Load Over the Rated Temperature Range Cigg';?lXB o AWLYWW
* Pin—for—Pin Replacement for CD4018B Tuuuuuuu
16
sogiA1e  [oHHOON
MAXIMUM RATINGS (Voltages Referenced to Vgg) (Note 2.) i MC14018B
Symbol Parameter Value Unit CASE 966 o AWLYWW
Vbb DC Supply Voltage Range —0.51t0 +18.0 v 'fU Huuuuy
Vin, Vout |nlz;t(:0;?19rt§:;i:;)gage Range —0.5t0 Vpp + 0.5 \Y A _ Assembly Location
WL orL = Wafer Lot
lin, lout Input or Output Current +10 mA YYorY =Year
(DC or Transient) per Pin WW or W = Work Week
Pp Power Dissipation, 500 mw

per Package (Note 3.)

ORDERING INFORMATION

Ta Ambient Temperature Range —-551t0 +125 °C
Tstg Storage Temperature Range —65to +150 °C Device Package Shipping
T Lead Temperature 260 °C MC14018BCP PDIP-16 2000/Box
(8—Second Soldering)
- - - - MC14018BD SOIC-16 48/Rail
2. Maximum Ratings are those values beyond which damage to the device
may occur. MC14018BDR2 SOIC-16 | 2500/Tape & Reel
3. Temperature Derating:
Plastic “P and D/DW” Packages: — 7.0 mW/°C From 65°C To 125°C MC14018BF SOEIAJ-16 See Note 1.
This device contains protection circuitry to guard against damage due to high MC14018BFEL SOEIAJ-16 See Note 1.

static voltages or electric fields. However, precautions must be taken to avoid
applications of any voltage higher than maximum rated voltages to this
high—impedance circuit. For proper operation, Vi, and Vgt should be constrained
to the range Vgs < (Vin or Vout) < Vpp.

Unused inputs must always be tied to an appropriate logic voltage level (e.g.,
either Vgg or Vpp). Unused outputs must be left open.

1. For ordering information on the EIAJ version of
the SOIC packages, please contact your local
ON Semiconductor representative.

0 Semiconductor Components Industries, LLC, 2000 87 Publication Order Number:
March, 2000 — Rev. 3 MC14018B/D
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PIN ASSIGNMENT

D[ 1e 16 [ Vpp
JAM1] 2 150R
JAM2T] 3 14{lc

Q210 4 13 [1Q5

QL[ 5 12 [] JAM5

Q3 6 1104
JAM3 ] 7 10 [] PE

Vss[] 8 9 [1JAM 4

FUNCTIONAL TRUTH TABLE

Preset | Jam
Clock | Reset |Enable [Input [Q n
. 0 0 X Qn
Vs 0 0 X | Dy
X 0 1 0 1
X 0 1 1 0
X 1 X X 1

*D,, is the Data input for that stage. Stage 1
has Data brought out to Pin 1.
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MC14018B

ELECTRICAL CHARACTERISTICS (Voltages Referenced to Vgg)

(CL =50 pF on all outputs, all
buffers switching)

Voo —-55°C 25°C 125°C
Characteristic Symbol | Vdc Min Max Min Typ 4) Max Min Max Unit
Output Voltage “0” Level VoL 5.0 — 0.05 — 0 0.05 — 0.05 Vdc
Vin= Vppor0 10 — 0.05 — 0 0.05 — 0.05
15 — 0.05 — 0 0.05 — 0.05
Vin =0 or Vpp “1" Level Vou 5.0 4.95 — 4.95 5.0 — 4.95 — Vdc
10 9.95 — 9.95 10 — 9.95 —
15 14.95 — 14.95 15 — 14.95 —
Input Voltage “0” Level VL Vdc
(Vo =4.50r 0.5 Vdc) 5.0 — 15 — 2.25 15 — 15
(Vo =9.0 0r 1.0 Vdc) 10 — 3.0 — 4.50 3.0 — 3.0
(Vo =13.50r 1.5 Vdc) 15 — 4.0 — 6.75 4.0 — 4.0
(Vo=0.50r4.5Vvdc) “1"Level V4 5.0 35 — 35 2.75 — 35 — Vdc
(Vo =1.00r 9.0 Vdc) 10 7.0 — 7.0 5.50 — 7.0 —
(Vo =1.50r 13.5 Vdc) 15 11 — 11 8.25 — 11 —
Output Drive Current loH mAdc
(Von =2.5Vdc) Source 5.0 -3.0 — -24 —-4.2 — -17 —
(Von = 4.6 Vdc) 5.0 -0.64 — -0.51 -0.88 — —-0.36 —
(Von = 9.5 Vdc) 10 -16 — -1.3 -2.25 — -0.9 —
(Von = 13.5 Vdc) 15 -42 — -34 -8.8 — -24 —
(VoL = 0.4 Vdc) Sink loL 5.0 0.64 — 0.51 0.88 — 0.36 — mAdc
(VoL = 0.5 Vdc) 10 1.6 — 1.3 2.25 — 0.9 —
(VoL = 1.5 Vdc) 15 4.2 — 34 8.8 — 24 —
Input Current lin 15 — +0.1 — +0.00001 | +0.1 — +1.0 HAdc
Input Capacitance Cin — — — — 5.0 7.5 — — pF
(Vin=0)
Quiescent Current Ibp 5.0 — 5.0 — 0.005 5.0 — 150 HAdc
(Per Package) 10 — 10 — 0.010 10 — 300
15 — 20 — 0.015 20 — 600
Total Supply Current () (6-) It 5.0 I+ = (0.3 pA/kHZ) f + Ipp pAdc
(Dynamic plus Quiescent, 10 I+=(0.7 pA/kHz) f + Ipp
Per Package) 15 It = (1.0 pA/KHZ) f + Ipp

4. Data labelled “Typ” is not to be used for design purposes but is intended as an indication of the IC’s potential performance.
5. The formulas given are for the typical characteristics only at 25°C.
6. To calculate total supply current at loads other than 50 pF:

IT(CL) = I+(50 pF) + (C__ - 50) Vfk
where: It is in A (per package), C, in pF, V = (Vpp — Vgg) in volts, f in kHz is input frequency, and k = 0.001.
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MC14018B

SWITCHING CHARACTERISTICS (7)) (C_ =50 pF, Ta = 25°C)

All Types
Vop
Characteristic Symbol vdc Min Typ (8) Max Unit
Output Rise and Fall Time tTLH tTHL ns
triH, trhe = (.35 ns/pF) CL + 32 ns 5.0 — 100 200
trLH, ttHL = (0.6 ns/pF) C + 20 ns 10 — 50 100
trLH, trhe = (0.4 ns/pF) C + 20 ns 15 — 40 80
Propagation Delay Time tpLH, ns
Clock to 6 tPHL
tpLHs tpHL = (0.90 ns/pF) C_ + 265 ns 5.0 — 310 620
tpLH, tpHL = (0.36 ns/pF) C + 102 ns 10 — 120 240
tPLHv tPHL = (026 ns/pF) C|_ +72ns 15 —_ 85 170
Reset to Q ns
tpLy = (0.90 ns/pF) C| + 325 ns 5.0 — 370 740
tpLy = (0.36 ns/pF) C_ + 132 ns 10 — 150 300
tpLy = (0.26 ns/pF) C_ + 81 ns 15 — 100 200
Preset Enable to Q ns
tpLHs tpHL = (0.90 ns/pF) C + 325 ns 5.0 — 370 740
tpLHs teHL = (0.36 ns/pF) C + 132 ns 10 — 150 300
tpLHs tpHL = (0.26 ns/pF) C + 81 ns 15 — 100 200
Setup Time tsu ns
Data (Pin 1) to Clock 5.0 200 0 —
10 100 0 —
15 80 0 —
Jam Inputs to Preset Enable 5.0 200 0 — ns
10 100 0 —
15 80 0 —
Data (Jam Inputs)—to—Preset th 5.0 540 270 — ns
Enable Hold Time 10 500 250 —
15 480 240 —
Clock Pulse Width twH 5.0 400 200 — ns
10 200 100 —
15 160 80 —
Reset or Preset Enable twH 5.0 290 145 — ns
Pulse Width 10 130 65 —
15 110 55 —
Clock Rise and Fall Time trLHs trHL 5.0 ns
10 No Limit
15
Clock Pulse Frequency fel 5.0 — 25 1.25 MHz
10 — 6.5 3.25
15 — 8.0 4.0

7. The formulas given are for the typical characteristics only at 25°C.

8. Data labelled “Typ” is not to be used for design purposes but is intended as an indication of the IC’s potential performance.

ANY INPUT

ANY OUTPUT 50%
10%

20 ns

r— —ﬂ l«—20ns

90%

tPHL

F90%

triH trHL

Figure 1. Switching Time Waveforms
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1
CLOCK
e
1
RESET ;
PRESET ENABLE '| ;
1
IAM 1 [l .
1
JAM 2
[ 0
, 1
TIMING DIAGRAM JAM 3 DON'T CARE [l .
(Q5 Connected to Data Input) UNTIL PRESET ENABLE 1
GOES HIGH
JAM 4 L] 0
1
JAM 5 L 0
_ 1
Q | )
_ 1
@ I I LL,
_ 1
Qs I I .
_ 1
o7 | I I 0
B 1
Q5 0
FUNCTION SELECTION
Connect
Counter Data Input
Mode (Pin 1) to: Comments
Divide by 10 Q5
Divide by 8 Q4
Divide by 6 Q3 com I\I)?Igr)II:rr?:Lded
Divide by 4 Q2 P :
Divide by 2 Q1 LOGIC DIAGRAM
Divide by 9 §5 . §4 Gate package needed
Divide by 7 Q4+ Q3 to provide AND JAM 1 JAM 2 JAM 3 JAM 4 JAM 5
Divide by 5 Q3+ Q2 function. Counter 2 ti) 3 7 9 ti) 12?
Divide by 3 Q2-0Q1 Skips all 1’s state
CLOCK 3; 3;
CLOCK 14 0——— it é 2 I I I I
DATA 1o—>o—<I 0 Sg 0Soh| o S0 ) 0 Soh
- Rik: . ¢
Q -
R P R P R P R P R P
RESET 150—>o—o—<{ - L . L | H
I"D— R
PRESET ENABLE 10 o—><k—o I—o
Vpp =PIN 16
Vss =PIN 8
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14-Bit Binary Counter

The MC14020B 14-stage binary counter is constructed with MOS

P—channel and N-channel enhancement mode devices in a single

monolithic structure. This part is designed with an input wave shaping
circuit and 14 stages of ripple—carry binary counter. The device

advances the count on the negative—going edge of the clock pulse.

Applications include time delay circuits, counter controls, and

frequency—dividing circuits.

¢ Fully Static Operation

* Diode Protection on All Inputs

¢ Supply Voltage Range = 3.0 Vdc to 18 Vdc

¢ Capable of Driving Two Low—power TTL Loads or One Low—powe
Schottky TTL Load Over the Rated Temperature Range

¢ Buffered Outputs Available from stages 1 and 4 thru 14

e Common Reset Line

* Pin—for—Pin Replacement for CD4020B

MAXIMUM RATINGS (Voltages Referenced to Vgs) (Note 2.)

Symbol Parameter Value Unit
Vpp DC Supply Voltage Range -0.5t0 +18.0 \%
Vin, Vout | Input or Output Voltage Range —-0.5t0 Vpp + 0.5 \%
(DC or Transient)
lin, lout Input or Output Current +10 mA
(DC or Transient) per Pin
Pp Power Dissipation, 500 mwW
per Package (Note 3.)
Ta Ambient Temperature Range —55to +125 °C
Tstg Storage Temperature Range —65 to +150 °C
T Lead Temperature 260 °C
(8—Second Soldering)

2. Maximum Ratings are those values beyond which damage to the device
may occur.

3. Temperature Derating:
Plastic “P and D/DW” Packages: — 7.0 mW/°C From 65°C To 125°C

This device contains protection circuitry to guard against damage due to high
static voltages or electric fields. However, precautions must be taken to avoid
applications of any voltage higher than maximum rated voltages to this
high—impedance circuit. For proper operation, Vi, and Vq; should be constrained
to the range Vgs < (Vin or Vou) < Vpp-

Unused inputs must always be tied to an appropriate logic voltage level (e.g.,
either Vgg or Vpp). Unused outputs must be left open.
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A

WL or L
YYorY
WW or W = Work Week

PDIP-16
P SUFFIX
CASE 648

SOIC-16
D SUFFIX
CASE 751B

TSSOP-16
DT SUFFIX
CASE 948F

SOEIAJ-16
F SUFFIX
CASE 966

MARKING
DIAGRAMS

16

MC14020BCP
o AWLYYWW

16
mininininininin|

14020B
o AWLYWW

M
1

16
AnAaagg
14

020B
o ALYW
LLEELE
1

16
mininininininin

MC14020B
o AWLYWW

W
1

= Assembly Location

= Wafer Lot
= Year

ORDERING INFORMATION

Device Package Shipping
MC14020BCP PDIP-16 2000/Box
MC14020BD SOIC-16 48/Rail
MC14020BDR2 SOIC-16 | 2500/Tape & Reel
MC14020BDT TSSOP-16 96/Rail
MC14020BF SOEIAJ-16 See Note 1.
MC14020BFEL SOEIAJ-16 See Note 1.

1. For ordering information on the EIAJ version of
the SOIC packages, please contact your local
ON Semiconductor representative.

Publication Order Number:

MC14020B/D




MC14020B

PIN ASSIGNMENT

Q12 ]
Q13 ]
Q14 ]
Q6 []
Q5 ]
Q7 [
Q41
Vs [l

0 ~N o o B W N -

16 [1 Vpp
15 ] Qu1
14 [1 Q10
131 Q8
12 1 Q9
1R

wfc

9l Q1

TRUTH TABLE

Clock | Reset Output State
e 0 No Change
N 0 Advance to Next State
X 1 All Outputs are Low
X =Don't Care

LOGIC DIAGRAM

01

Q6=PIN4
Q7=PIN6
Q8=PIN 13

Q9=PIN12 Vpp = PIN 16
Q10=PIN 14 Vss=PIN8
Q1L =PIN15
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MC14020B

ELECTRICAL CHARACTERISTICS (Voltages Referenced to Vgg)

(CL =50 pF on all outputs, all
buffers switching)

Voo —-55°C 25°C 125°C
Characteristic Symbol | Vdc Min Max Min Typ 4) Max Min Max Unit
Output Voltage “0” Level VoL 5.0 — 0.05 — 0 0.05 — 0.05 Vdc
Vin= Vppor0 10 — 0.05 — 0 0.05 — 0.05
15 — 0.05 — 0 0.05 — 0.05
“1" Level Vou 5.0 4.95 — 4.95 5.0 — 4.95 — Vdc
Vin =0 or Vpp 10 9.95 — 9.95 10 — 9.95 —
15 14.95 — 14.95 15 — 14.95 —
Input Voltage “0” Level VL Vdc
(Vo = 4.5 or 0.5 Vdc) 5.0 — 15 — 2.25 1.5 — 1.5
(Vo =9.0 or 1.0 Vdc) 10 — 3.0 — 4.50 3.0 — 3.0
(Vo = 13.5 or 1.5 Vdc) 15 — 4.0 — 6.75 4.0 — 4.0
“1” Level V4 Vdc
(Vo =0.50r 4.5 Vvdc) 5.0 3.5 — 3.5 2.75 — 35 —
(Vo =1.0 0r 9.0 Vdc) 10 7.0 — 7.0 5.50 — 7.0 —
(Vo =1.50r 13.5Vdc) 15 11 — 11 8.25 — 11 —
Output Drive Current loH mAdc
(Von =2.5Vdc) Source 5.0 -3.0 — -24 —-4.2 — -17 —
(Von = 4.6 Vdc) 5.0 -0.64 — -0.51 —-0.88 — -0.36 —
(Vo = 9.5 Vdc) 10 -16 — -13 -2.25 — -0.9 —
(Von = 13.5 Vdc) 15 —42 — -34 -88 — —24 —
(VoL = 0.4 vdc) Sink loL 5.0 0.64 — 0.51 0.88 — 0.36 — mAdc
(VoL = 0.5 Vdc) 10 1.6 — 1.3 2.25 — 0.9 —
(VoL = 1.5 Vdc) 15 4.2 — 34 8.8 — 24 —
Input Current lin 15 — +0.1 — +0.00001 | £0.1 — +1.0 HAdc
Input Capacitance Cin — — — — 5.0 7.5 — — pF
(Vin=0)
Quiescent Current Ibb 5.0 — 5.0 — 0.005 5.0 — 150 HAdc
(Per Package) 10 — 10 — 0.010 10 — 300
15 — 20 — 0.015 20 — 600
Total Supply Current () (6-) It 5.0 It = (0.42 pA/KHZ)f + Ipp pAdc
(Dynamic plus Quiescent, 10 It = (0.85 pA/kHz)f + Ipp
Per Package) 15 IT = (1.43 pA/kHZ)f + Ipp

4. Data labelled “Typ” is not to be used for design purposes but is intended as an indication of the IC’s potential performance.
5. The formulas given are for the typical characteristics only at 25°C.
6. To calculate total supply current at loads other than 50 pF:

IT(CL) = I+(50 pF) + (C__ - 50) Vfk
where: It is in pA (per package), C, in pF, V = (Vpp — Vgg) in volts, f in kHz is input frequency, and k = 0.001.
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MC14020B

SWITCHING CHARACTERISTICS (7)) (C_ =50 pF, Ta = 25°C)

Vbb
Characteristic Symbol Vdc Min Typ &) Max Unit
Output Rise and Fall Time tTLH, ns
trHs trhe = (3.5 ns/pF) C + 25 ns tTHL 5.0 — 100 200
tTLH| tTHL = (075 ns/pF) CL +12.5ns 10 — 50 100
tTLHs trHL = (0.55 ns/pF) C + 9.5 ns 15 — 40 80
Propagation Delay Time tPLH, ns
Clock to Q1 tPHL
tpHL, tpLn = (1.7 ns/pF) C + 175 ns 5.0 — 260 520
tpHL, tPLH = (0.66 ns/pF) CL+82ns 10 — 115 230
tpHL, teLn = (0.5 ns/pF) C + 55 ns 15 — 80 160
Clock to Q14 ns
tpHL, tpeH — (1.7 ns/pF) C + 1735 ns 5.0 — 1820 3900
tPHL! tPLH = (066 ns/pF) C|_ + 772 ns 10 — 805 1725
tpHL, tpLH = (0.5 ns/pF) C| + 535 ns 15 — 560 1200
Propagation Delay Time tPHL ns
Reset to Qp
tpHL = (1.7 ns/pF) C_ + 285 ns 5.0 — 370 740
tpyL = (0.66 ns/pF) C| + 122 ns 10 — 155 310
tpyL = (0.5 ns/pF) C_ + 90 ns 15 — 115 230
Clock Pulse Width twH 5.0 500 140 — ns
10 165 55 —
15 125 38 —
Clock Pulse Frequency fel 5.0 — 2.0 1.0 MHz
10 — 6.0 3.0
15 — 8.0 4.0
Clock Rise and Fall Time triHs trHL 5.0 —
10 No Limit
15
Reset Pulse Width twi 5.0 3000 320 — ns
10 550 120 —
15 420 80 —
Reset Removal Time trem 5.0 130 65 — ns
10 50 25 —
15 30 15 —

7. The formulas given are for the typical characteristics only at 25°C.

8. Data labelled “Typ” is not to be used for design purposes but is intended as an indication of the IC’s potential performance.

http://onsemi.com
95




MC14020B
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Figure 1. Power Dissipation Test Circuit Figure 2. Switching Time Test Circuit
and Waveform and Waveforms
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MC14022B

Octal Counter

The MC14022B is a four—stage Johnson octal counter with built—in

code converter. High—speed operation and spike—free outputs are

obtained by use of a Johnson octal counter design. The eight decoded

outputs are normally low, and go high only at their appropriate octal

time period. The output changes occur on the positive—going edge of
the clock pulse. This part can be used in frequency division

applications as well as octal counter or octal decode display
applications.

ON Semiconductor

http://onsemi.com

¢ Fully Static Operation MARKING
L . . DIAGRAMS
¢ DC Clock Input Circuit Allows Slow Rise Times 16
¢ Carry Out Output for Cascading PDIP-16
MC14022BCP
* Supply Voltage Range = 3.0 Vdc to 18 Vdc P SUFFIX AWLYYWW
L. CASE 648 o
* Capable of Driving Two Low—power TTL Loads or One Low—powe -
Schottky TTL Load Over the Rated Temperature Range
* Pin—for—Pin Replacement for CD4022B %
* Triple Diode Protection on All Inputs mininininininlsl
SOIC-16 140228
D SUFFIX o AWLYWW
CASE 751B OO T oo
1
MAXIMUM RATINGS (Voltages Referenced to Vgg) (Note 1.)
- A = Assembly Location
| P Val
Symbo arameter alue Unit WLorL = Wafer Lot
Vpp DC Supply Voltage Range —-0.5t0 +18.0 \Y, YYorY =Year
Vin, Vout | Input or Output Voltage Range —-0.5t0 Vpp +0.5 Vv WW or W = Work Week
(DC or Transient)
lins lout Input or Output Current +10 mA
(DC or Transient) per Pin
Pp Power Dissipation, 500 mw ORDERING INFORMATION
per Package (Note 2.) Device Package Shipping
T, Ambient T R — +12 °
A mbient Temperature Range 5510 +125 ¢ MC14022BCP PDIP-16 2000/Box
Tstg Storage Temperature Range —65 to +150 °C
MC14022BD SOIC-16 2400/Box
T Lead Temperature 260 °C
(8—Second Soldering) MC14022BDR2 SOIC-16 [2500/Tape & Reel
1. Maximum Ratings are those values beyond which damage to the device

may occur.
Temperature Derating:
Plastic “P and D/DW” Packages: — 7.0 mW/°C From 65°C To 125°C

This device contains protection circuitry to guard against damage due to high
static voltages or electric fields. However, precautions must be taken to avoid
applications of any voltage higher than maximum rated voltages to this
high—impedance circuit. For proper operation, Vi, and Vg should be constrained
to the range Vgs < (Vin or Vout) < Vpp-

Unused inputs must always be tied to an appropriate logic voltage level (e.g.,
either Vgg or Vpp). Unused outputs must be left open.
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BLOCK DIAGRAM

Q0
Q1
Q2
Q3
Q4
Q5
Q6
Q7
Cout

—o 2
—o 1
—o0 3
—o 7
0 11
—o0 4
o5
0 10
o 12

CLOCK 14 o0—oI
COK
ENABLE 180
RESET 15 0—
Vpp = PIN 16
VSS =PIN8
NC =PIN 6,9
CcLOCK
14
13
CLOCK
ENABLE
15
RESET

MC14022B

PIN ASSIGNMENT

Qi 1e 16 [ Vpp
Qo[ 2 15 R
Q[ 3 1flc
Q5[] 4 13 [ICE
Q6 [ 5 12 [] Cout
NC[] 6 unpao4
Q3[] 7 10 ] Q7
Vss [ 8 9fINC

NC =NO CONNECTION

FUNCTIONAL TRUTH TABLE
(Positive Logic)

Clock
Clock | Enable | Reset | Output=n
0 X 0 n
X 1 0 n
e 0 0 n+1
N X 0 n
1 N 0 n+1
X va 0 n
X X 1 Qo0
X =Don't Care. Ifn<4 Carry =1,
Otherwise = 0.
LOGIC DIAGRAM
1 5 7

i

C QHAIYHC
C B C
DRQ DRQ

C

4 Q1 Q6 Q3
re

T

D

11

Q

VD CQ-1
DRR

2 4 3
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MC14022B

ELECTRICAL CHARACTERISTICS (Voltages Referenced to Vgg)

(CL =50 pF on all outputs, all
buffers switching)

Voo -55°C 25°C 125°C
Characteristic Symbol | Vdc Min Max Min Typ &) Max Min Max | Unit
Output Voltage “0” Level VoL 5.0 — 0.05 — 0 0.05 — 0.05 Vdc
Vin= Vppor0 10 — 0.05 — 0 0.05 — 0.05
15 — 0.05 — 0 0.05 — 0.05
“1" Level | Von 5.0 4.95 — 4.95 5.0 — 4.95 — Vdc
Vin =0 or Vpp 10 9.95 — 9.95 10 — 9.95 —
15 14.95 — 14.95 15 — 14.95 —
Input Voltage “0” Level Vi Vdc
(Vo = 4.5 or 0.5 Vdc) 5.0 — 15 — 2.25 15 — 15
(Vo =9.0 or 1.0 Vdc) 10 — 3.0 — 4.50 3.0 — 3.0
(Vo = 13.5 or 1.5 Vdc) 15 — 4.0 — 6.75 4.0 — 4.0
“1” Level V4 Vdc
(Vo =0.50r 4.5 Vvdc) 5.0 3.5 — 3.5 2.75 — 35 —_
(Vo =1.0 0r 9.0 Vdc) 10 7.0 — 7.0 5.50 — 7.0 —
(Vo =1.50r 13.5Vdc) 15 11 — 11 8.25 — 11 —_
Output Drive Current loH mAdc
(Von =2.5Vdc) Source 5.0 -3.0 — -24 —-4.2 — -17 —
(Von = 4.6 Vdc) 5.0 -0.64 — -051 —-0.88 — -0.36 —
(Vo = 9.5 Vdc) 10 -16 — -13 -2.25 — -09 —
(Von = 13.5 Vdc) 15 —42 — -34 -88 — —2.4 —
(VoL = 0.4 vdc) Sink loL 5.0 0.64 — 0.51 0.88 — 0.36 — mAdc
(VoL = 0.5 Vdc) 10 1.6 — 1.3 2.25 — 0.9 —
(VoL = 1.5 Vdc) 15 4.2 — 3.4 8.8 — 24 —
Input Current lin 15 — +0.1 — +0.00001 | £0.1 — +1.0 HAdc
Input Capacitance Cin — — — — 5.0 7.5 — — pF
(Vin=0)
Quiescent Current Ibb 5.0 — 5.0 — 0.005 5.0 — 150 HAdc
(Per Package) 10 — 10 — 0.010 10 — 300
15 — 20 — 0.015 20 — 600
Total Supply Current (4-) (5-) It 5.0 It = (0.28 pA/KHZ)f + Ipp pAdc
(Dynamic plus Quiescent, 10 It = (0.56 pA/kHZ)f + Ipp
Per Package) 15 IT = (0.85 pA/kHZ)f + Ipp

3. Data labelled “Typ” is not to be used for design purposes but is intended as an indication of the IC’s potential performance.
4. The formulas given are for the typical characteristics only at 25°C.
5. To calculate total supply current at loads other than 50 pF:

IT(CL) = I+(50 pF) + (C__ - 50) Vfk
where: It is in A (per package), C, in pF, V = (Vpp — Vsg) in volts, f in kHz is input frequency, and k = 0.00125.
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MC14022B

SWITCHING CHARACTERISTICS (6) (C| = 50 pF, Ta = 25°C)

Vbb
Characteristic Symbol Vdc Min Typ (7) Max Unit
Output Rise and Fall Time tTLH, ns
trHs trhe = (3.5 ns/pF) C + 25 ns tTHL 5.0 — 100 200
tTLH| tTHL = (075 ns/pF) CL +12.5ns 10 — 50 100
tTLHs trHL = (0.55 ns/pF) C + 9.5 ns 15 — 40 80
Propagation Delay Time tpLH, ns
Reset to Decode Output tpHL
tpLHs tPHL = (17 ns/pF) CL +415ns 5.0 — 500 1000
tpLH, tpHL = (0.66 ns/pF) C_ + 197 ns 10 — 230 460
tpLHs teHL = (0.5 ns/pF) C + 150 ns 15 — 175 350
Propagation Delay Time tpLH, ns
Clock to Cqyt tPHL
tPLH! tPHL = (17 ns/pF) CL + 315 ns 5.0 — 400 800
tpLH, tpHL = (0.66 ns/pF) C + 142 ns 10 — 175 350
tpLHs teHL = (0.5 ns/pF) C + 100 ns 15 — 125 250
Propagation Delay Time tpLH, ns
Clock to Decode Output tpHL
tpLHs tPHL = (17 ns/pF) C_+415ns 5.0 — 275 1000
tpLH, tpHL = (0.66 ns/pF) C_ + 197 ns 10 — 125 460
tpLH, tPHL = (0.5 ns/pF) C_+150ns 15 — 95 350
Turn-Off Delay Time tpLH ns
Reset to Cqyt
tpLy = (1.7 ns/pF) C_ + 315 ns 5.0 — 400 800
tpLy = (0.66 ns/pF) C| + 142 ns 10 — 175 350
tpLH = (0.5 ns/pF) C + 100 ns 15 — 125 250
Clock Pulse Width twH 5.0 250 125 — ns
10 100 50 —
15 75 35 —
Clock Frequency fel 5.0 — 5.0 2.0 MHz
10 — 12 5.0
15 — 16 6.7
Reset Pulse Width twH 5.0 500 250 — ns
10 250 125 —
15 190 95 —
Reset Removal Time trem 5.0 750 375 — ns
10 275 135 —
15 210 105 —
Clock Input Rise and Fall Time tTLHy tTHL 5.0 —
10 No Limit
15
Clock Enable Setup Time tsu 5.0 350 175 — ns
10 150 75 —
15 115 52 —
Clock Enable Removal Time trem 5.0 420 260 — ns
10 200 100 —
15 140 70 —

6. The formulas given are for the typical characteristics only at 25°C.

7. Data labelled “Typ” is not to be used for design purposes but is intended as an indication of the IC’s potential performance.
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Figure 1. Typical Output Source and Output Sink Characteristics Test Circuit

500 uF L
—O———
p—-O—
PULSE fe

T Vbb

0.01 pF

L
T CERAMIC

CLOCK

GENERATOR

o

Q0

Q1

Q2

03

Q4
Q5

Q6
Q7

PLLLLLL

Cout

Figure 3 shows a technique for extending the number of decoded output states for the MC14022B. Decoded outputs are
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Figure 2. Typical Power Dissipation Test Circuit

APPLICATIONS INFORMATION

sequential within each stage and from stage to stage, with no dead time (except propagation delay).

CLOCK
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Figure 3. Counter Expansion
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MC14024B

7-Stage Ripple Counter

The MC14024B is a 7—stage ripple counter with short propagation

delays and high maximum clock rates. The Reset input has standard

noise immunity, however the Clock input has increased noise

immunity due to Hysteresis. The output of each counter stage is

buffered.

¢ Diode Protection on All Inputs

¢ OQutput Transitions Occur on the Falling Edge of the Clock Pulse

* Supply Voltage Range = 3.0 Vdc to 18 Vdc

¢ Capable of Driving Two Low—power TTL Loads or One Low—powe

Schottky TTL Load Over the Rated Temperature Range
* Pin—for—Pin Replacement for CD4024B

MAXIMUM RATINGS (Voltages Referenced to Vgs) (Note 2.)

Symbol Parameter Value Unit
Vpp DC Supply Voltage Range —-0.5t0 +18.0 \Y,
Vin, Vout | Input or Output Voltage Range -0.5to Vpp + 0.5 \
(DC or Transient)
lins lout Input or Output Current +10 mA
(DC or Transient) per Pin
Pp Power Dissipation, 500 mw
per Package (Note 3.)
Ta Ambient Temperature Range —55to +125 °C
Tstg Storage Temperature Range —65 to +150 °C
T Lead Temperature 260 °C
(8—Second Soldering)

2. Maximum Ratings are those values beyond which damage to the device
may occur.

3. Temperature Derating:
Plastic “P and D/DW” Packages: — 7.0 mW/°C From 65°C To 125°C

This device contains protection circuitry to guard against damage due to high
static voltages or electric fields. However, precautions must be taken to avoid
applications of any voltage higher than maximum rated voltages to this
high—impedance circuit. For proper operation, Vi, and Vg should be constrained

to the range Vgs < (Vin or Vout) < Vpp.

Unused inputs must always be tied to an appropriate logic voltage level (e.g.,

either Vgg or Vpp). Unused outputs must be left open.

[ Semiconductor Components Industries, LLC, 2000

March, 2000 — Rev. 3
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MARKING
DIAGRAMS
14

]fﬁ P SUFFIX MC14024BCP
CASE 646 Lo AWLYYWW
1
Bonnnon
Soic-14 14024B
DSUFFIX | awLyww
CASE 751A S oo
1
14
minininininls!
SOEIAJ-14
E SUFFIX MC14024B
CASE965 |o AWLYWW
OO0 OO
1
A = Assembly Location
WL orL = Wafer Lot
YYorY =Year

WW or W = Work Week

ORDERING INFORMATION

Device Package Shipping
MC14024BCP PDIP-14 2000/Box
MC14024BD SOIC-14 2750/Box
MC14024BDR2 SOIC-14 | 2500/Tape & Reel
MC14024BF SOEIAJ-14 See Note 1.
MC14024BFEL SOEIAJ-14 See Note 1.

1. For ordering information on the EIAJ version of
the SOIC packages, please contact your local
ON Semiconductor representative.

Publication Order Number:

MC14024B/D




MC14024B

TRUTH TABLE

Clock Reset State

0 0 No Change

All Outputs Low

No Change

All Outputs Low

No Change

All Outputs Low

Advance One Count

4RI IEEE

All Outputs Low

PIN ASSIGNMENT

cLock [] 1 14 1 vpp
RESET[] 2 13 [InC
Q7 [ 3 2
Q6 4 11 [0 Q2
Q5[ 5 10 InC
Q4[] 6 91Q3
Vss [] 7 8 [INC
Vpp = PIN 14
Vgs=PIN7

NC = NO CONNECTION

LOGIC DIAGRAM

CLOCK c 0 cC Q——c 0 c

Ql
Ql

Ql

[T [T

RESET

v J

12 1 4

Q Q2 Q6
Q3=PIN9
Q4=PIN6
Q5=PIN5
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MC14024B

ELECTRICAL CHARACTERISTICS (Voltages Referenced to Vgg)

(CL =50 pF on all outputs, all
buffers switching)

Voo —-55°C 25°C 125°C
Characteristic Symbol | Vdc Min Max Min Typ 4) Max Min Max Unit
Output Voltage “0” Level VoL 5.0 — 0.05 — 0 0.05 — 0.05 Vdc
Vin= Vppor0 10 — 0.05 — 0 0.05 — 0.05
15 — 0.05 — 0 0.05 — 0.05
Vin=0or Vpp “1" Level Vou 5.0 4.95 — 4.95 5.0 — 4.95 — Vdc
10 9.95 — 9.95 10 — 9.95 —
15 14.95 — 14.95 15 — 14.95 —
Input Voltage “0” Level VL Vdc
(Vo =4.50r 0.5 Vdc) 5.0 — 15 — 2.25 15 — 15
(Vo =9.0 0r 1.0 Vdc) 10 — 3.0 — 4.50 3.0 — 3.0
(Vo =13.50r1.5Vdc) 15 — 4.0 — 6.75 4.0 — 4.0
(Vo=0.50r4.5Vvdc) “1"Level V4 5.0 35 — 35 2.75 — 35 — Vdc
(Vo =1.00r 9.0 Vdc) 10 7.0 — 7.0 5.50 — 7.0 —
(Vo =1.50r 13.5 Vdc) 15 11 — 11 8.25 — 11 —
Output Drive Current loH mAdc
(Von =2.5Vdc) Source 5.0 -3.0 — -24 —-4.2 — -17 —
(Von = 4.6 Vdc) 5.0 -0.64 — -0.51 -0.88 — —-0.36 —
(Von = 9.5 Vdc) 10 -1.6 — -13 -2.25 — -0.9 —
(Von = 13.5 Vdc) 15 -42 — -34 -8.8 — -2.4 —
(VoL = 0.4 Vdc) Sink loL 5.0 0.64 — 0.51 0.88 — 0.36 — mAdc
(VoL = 0.5 Vdc) 10 1.6 — 1.3 2.25 — 0.9 —
(VoL = 1.5 Vdc) 15 4.2 — 3.4 8.8 — 24 —
Input Current lin 15 — +0.1 — +0.00001 | £0.1 — +1.0 HAdc
Input Capacitance Cin — — — — 5.0 7.5 — — pF
(Vin=0)
Quiescent Current Ibp 5.0 — 5.0 — 0.005 5.0 — 150 HAdc
(Per Package) 10 — 10 — 0.010 10 — 300
15 — 20 — 0.015 20 — 600
Total Supply Current () (6-) It 5.0 It = (0.31 pA/KHZ) f + Ipp pAdc
(Dynamic plus Quiescent, 10 IT =(0.60 pA/kHZ) f + Ipp
Per Package) 15 I+ =(1.89 pA/kHz) f + Ipp

4. Data labelled “Typ” is not to be used for design purposes but is intended as an indication of the IC’s potential performance.
5. The formulas given are for the typical characteristics only at 25°C.
6. To calculate total supply current at loads other than 50 pF:

IT(CL) = I+(50 pF) + (C__ - 50) Vfk
where: It is in A (per package), C, in pF, V = (Vpp — Vgg) in volts, f in kHz is input frequency, and k = 0.001.
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MC14024B

SWITCHING CHARACTERISTICS (7)) (C_ =50 pF, Ta = 25°C)

Characteristic Symbol Vbb Min Typ &) Max Unit
Output Rise and Fall Time trLH, ns
tTLHs trHL = (1.5 ns/pF) C + 25 ns tTHL 5.0 - 100 200
trin, ttHL = (0.75 ns/pF) C|_ +12.5ns 10 - 50 100
tTLH, ttHL = (0.55 ns/pF) C + 9.5 ns 15 - 40 80
Propagation Delay Time teLH, ns
Clock to Q1 tPHL
tpLH, tpHL = (1.7 ns/pF) C + 295 ns 5.0 — 380 600
tpLHs tpHL = (0.66 ns/pF) C_ + 117 ns 10 — 150 230
tpLH, tpHL = (0.5 ns/pF) C + 85 ns 15 — 110 175
Clock to Q7
tpLH, tpHL = (1.7 ns/pF) C + 915 ns 5.0 — 1000 2000
tpLH, tpHL = (0.66 ns/pF) C + 367 ns 10 — 400 750
tpLH, tpHL = (0.5 ns/pF) C + 275 ns 15 — 300 565
Reset to Q,
tpLH, tpHL = (1.7 ns/pF) C + 415 ns 5.0 — 500 800
tpLH, tpHL = (0.66 ns/pF) C + 217 ns 10 — 250 400
tpLHs tpHL = (0.5 ns/pF) C + 155 ns 15 — 180 300
Clock Pulse Width twH 5.0 500 200 — ns
10 165 60 —
15 125 40 —
Reset Pulse Width twH 5.0 600 375 — ns
10 350 200 —
15 260 150 —
Reset Removal Time trem 5.0 625 250 — ns
10 190 75 —
15 145 50 —
Clock Input Rise and Fall Time tTLHy tTHL 5.0 — — 1.0 s
10 — — 8.0 ms
15 — — 200 us
Input Pulse Frequency fal 5.0 — 25 1.0 MHz
10 — 8.0 3.0
15 — 12 4.0

7. The formulas given are for the typical characteristics only at 25°C.

8. Data labelled “Typ” is not to be used for design purposes but is intended as an indication of the IC’s potential performance.
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MC14024B

Vb VoL = Vout Vb Von = Vout
Vb
C Qn C Qn
R L ek
q EXTERNAL EXTERNAL
COUNTQ,TOA |Vss | POWER Vss | POWER
LOGIC*“1"LEVEL. = SUPPLY = SUPPLY
Figure 1. Typical Output Source Figure 2. Typical Output Sink
Characteristics Test Circuit Characteristics Test Circuit
Voo
0.01 pF
500 uF rl: ( Ip ) I CERAMIC
PULSE f
GENERATOR ¢ 8; :cc cLJI_
CL==
Q-0 CL I =
Wo———=1 T =
5 _oﬁ —
86 ok L~
oL T =
R Q7 —Oj_ I =

Figure 3. Power Dissipation Test Circuit
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MC14027B
Dual J-K Flip-Flop

The MC14027B dual J-K flip—flop has independent J, K, Clock (C),
Set (S) and Reset (R) inputs for each flip—flop. These devices may be
used in control, register, or toggle functions.

ON Semiconductor

* Diode Protection on All Inputs
¢ Supply Voltage Range = 3.0 Vdc to 18 Vdc
¢ Logic Swing Independent of Fanout

* Logic Edge—Clocked Flip—Flop Design — MARKING
Logic state is retained indefinitely with clock level either high or low; DIAGRAMS
information is transferred to the output only on the positive—going 16

http://onsemi.com

edge of the clock pulse PDIP-16
. P SUFFIX MC14027BCP
* Capable of Driving Two Low—power TTL Loads or One Low—powe AWLYYWW
o)
Schottky TTL Load Over the Rated Temperature Range CASE 648
* Pin—for—Pin Replacement for CD4027B !
]-F?Fl imininininin
Sl
MAXIMUM RATINGS (Voltages Referenced to Vgg) (Note 2.) CASE 7518  E2 AWLYWW
- NN EIN|E|Eun|
Symbol Parameter Value Unit 1
Vpp DC Supply Voltage Range -0.5t0 +18.0 \
Vin, Vout | Input or Output Voltage Range —0.5t0 Vpp + 0.5 v 1r|6r|r|r|r||‘|r|r|
(DC or Transient) SOEIAJ-16
MC14027B
lins lout Input or Output Current +10 mA EASSUEFg(lifS AWLYWW
(DC or Transient) per Pin Buuuuuuu
Pp Power Dissipation, 500 mw 1
per Package (Note 3.)
Ta Ambient Temperature Range —55to +125 °C A = Assembly Location
WL orL = Wafer Lot
Tstg Storage Temperature Range —65to +150 °C YYorY =Year
T Lead Temperature 260 °C WW or W = Work Week
(8—Second Soldering)

2. Maximum Ratings are those values beyond which damage to the device

may occur. ORDERING INFORMATION

3. Temperature Derating:
Plastic “P and D/DW" Packages: — 7.0 mW/°C From 65°C To 125°C Device Package Shipping
This device contains protection circuitry to guard against damage due to high MC14027BCP PDIP-16 2000/Box
static voltages or electric fields. However, precautions must be taken to avoid
applications of any voltage higher than maximum rated voltages to this MC14027BD SOIC-16 2400/Box
high—-impedance circuit. For proper operation, Vi, and Vq; should be constrained
to the range Vss =< (Vin Or Vour) < Vpp. MC14027BDR2 SOIC-16 | 2500/Tape & Reel
_ Unused inputs must always be tied to an appropriate logic voltage level (e.g., MC14027BF SOEIAJ-16 See Note 1.
either Vgg or Vpp). Unused outputs must be left open.
MC14027BFEL SOEIAJ-16 See Note 1.
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MC14027B

TRUTH TABLE

Inputs Outputs*
ct J K S R | @ [ Q1 | Qnua
-/ 1 X 0 0 0 1 0
-/ X 0 0 0 1 1 0
-/ 0 X 0 0 0 0 1
s X 1 0 0 1 0 1
Va 1 1 0 0 Qo Qo Qo
N X X 0 0 X Qn [oN

X X X 1 0 X 1 0

X X X 0 1 X 0 1

X X X 1 1 X 1 1
X = Don't Care * = Present State

T = Level Change

* = Next State

PIN ASSIGNMENT

Qul] 1o
Q[
Call
Ra [}
Ka [
Ja [
Sa ]
Vss []

N

o ~N o o B~ W

16 [1 Vop

151 Qe
14 [1 Qg
13f1¢y
12 [1Rg
1 [ Kg
10 1 3

9[1sg

BLOCK DIAGRAM

—

6—Js S ob—1

3—C

5 —K o Ql—2

s— |

R

10—y S Q

13—C

11 —K o Q

lZ—I
Vpp = PIN 16
Vg =PIN 8
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MC14027B

ELECTRICAL CHARACTERISTICS (Voltages Referenced to Vgg)

Voo —-55°C 25°C 125°C
Characteristic Symbol | Vdc Min Max Min Typ 4) Max Min Max Unit
Output Voltage “0” Level VoL 5.0 — 0.05 — 0 0.05 — 0.05 Vdc
Vin= Vppor0 10 — 0.05 — 0 0.05 — 0.05
15 — 0.05 — 0 0.05 — 0.05
Vin=0or Vpp “1" Level Vou 5.0 4.95 — 4.95 5.0 — 4.95 — Vdc
10 9.95 — 9.95 10 — 9.95 —
15 14.95 — 14.95 15 — 14.95 —
Input Voltage “0” Level VL Vdc
(Vo =4.50r 0.5 Vdc) 5.0 — 15 — 2.25 15 — 15
(Vo =9.0 0r 1.0 Vdc) 10 — 3.0 — 4.50 3.0 — 3.0
(Vo =13.50r1.5Vdc) 15 — 4.0 — 6.75 4.0 — 4.0
(Vo=0.50r4.5Vvdc) “1"Level V4 5.0 35 — 35 2.75 — 35 — Vdc
(Vo =1.0 0or 9.0 Vdc) 10 7.0 — 7.0 5.50 — 7.0 —
(Vo =1.50r 13.5 Vdc) 15 11 — 11 8.25 — 11 —
Output Drive Current loH mAdc
(Von =2.5Vdc) Source 5.0 -3.0 — -24 —-4.2 — -17 —
(Von = 4.6 Vdc) 5.0 -0.64 — -0.51 —-0.88 — —-0.36 —
(Von = 9.5 Vdc) 10 -1.6 — -13 -2.25 — -0.9 —
(Von = 13.5 Vdc) 15 -42 — -34 -8.8 — -24 —
(VoL = 0.4 Vdc) Sink loL 5.0 0.64 — 0.51 0.88 — 0.36 — mAdc
(VoL = 0.5 Vdc) 10 1.6 — 1.3 2.25 — 0.9 —
(VoL = 1.5 Vdc) 15 4.2 — 34 8.8 — 24 —
Input Current lin 15 — +0.1 — +0.00001 | +0.1 — +1.0 HAdc
Input Capacitance Cin — — — — 5.0 7.5 — — pF
(Vin=0)
Quiescent Current Ibp 5.0 — 1.0 — 0.002 1.0 — 30 HAdc
(Per Package) 10 — 2.0 — 0.004 2.0 — 60
15 — 4.0 — 0.006 4.0 — 120
Total Supply Current () (6-) It 5.0 I+ = (0.8 pA/kHZ) f + Ipp pAdc
(Dynamic plus Quiescent, 10 I+ = (1.6 pA/kHz) f + Ipp
Per Package) 15 It = (2.4 pA/kHZ) f + Ipp
(CL =50 pF on all outputs, all
buffers switching)

4. Data labelled “Typ” is not to be used for design purposes but is intended as an indication of the IC’s potential performance.
5. The formulas given are for the typical characteristics only at 25°C.
6. To calculate total supply current at loads other than 50 pF:

IT(CL) = I+(50 pF) + (C__ - 50) Vfk
where: It is in A (per package), C, in pF, V = (Vpp — Vgg) in volts, f in kHz is input frequency, and k = 0.002.
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MC14027B

SWITCHING CHARACTERISTICS (7)) (C_ =50 pF, Ta = 25°C)

Characteristic Symbol Vbb Min Typ (8) Max Unit
Output Rise and Fall Time trLH, ns
tTLHs trHe = (1.5 ns/pF) C + 25 ns tTHL 5.0 - 100 200
trin, ttHL = (0.75 ns/pF) C|_ +12.5ns 10 - 50 100
trLH, ttHL = (0.55 ns/pF) C + 12.5 ns 15 - 40 80
Propagation Delay Times** tpLH, ns
Clockto Q, Q tPHL
tpLHs teHL = (1.7 ns/pF) C + 90 ns 5.0 — 175 350
tpLHs tpHL = (0.66 ns/pF) C + 42 ns 10 — 75 150
tpLH, tpHL = (0.5 ns/pF) C| + 25 ns 15 — 50 100
Setto Q, Q
tpLH, tpHL = (1.7 ns/pF) C_ + 90 ns 5.0 — 175 350
tpLH, tpHL = (0.66 ns/pF) C + 42 ns 10 — 75 150
tpLHs tpHL = (0.5 ns/pF) C + 25 ns 15 — 50 100
Reset to Q, Q
tpLH, tpHL = (1.7 ns/pF) C|_ + 265 ns 5.0 — 350 450
tpLHs tpHL = (0.66 ns/pF) C + 67 ns 10 — 100 200
tpLH, tpHL = (0.5 ns/pF) C_ + 50 ns 15 — 75 150
Setup Times tsu 5.0 140 70 — ns
10 50 25 —
15 35 17 —
Hold Times th 5.0 140 70 — ns
10 50 25 —
15 35 17 —
Clock Pulse Width twH» twi 5.0 330 165 — ns
10 110 55 —
15 75 38 —
Clock Pulse Frequency fel 5.0 — 3.0 15 MHz
10 — 9.0 4.5
15 — 13 6.5
Clock Pulse Rise and Fall Time tTLHy tTHL 5.0 — — 15 us
10 — — 5.0
15 — — 4.0
Removal Times trem ns
5 90 10 —
Set 10 45 5 —
15 35 3 —
5 50 -30 —
Reset 10 25 -15 —
15 20 -10 —
Set and Reset Pulse Width twH 5.0 250 125 — ns
10 100 50 —
15 70 35 —

7. The formulas given are for the typical characteristics only at 25°C.

8. Data labelled “Typ” is not to be used for design purposes but is intended as an indication of the IC’s potential performance.
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20 ns

MC14027B

l«— 20 ns

twH

Inputs R and S low.

SET OR
. RESET
> PHL

= Vou
CLOCK

VoL

trL

For the measurement of typ, I/f), and Pp QorQ

the Inputs J and K are kept high.

Figure 1. Dynamic Signal Waveforms
(J, K, Clock, and Output)

So

LOGIC DIAGRAM
(1/2 of Device Shown)

20 ns

|<—>| le— 20 NS
7 Vbp
50% .
10% Vss
\ fep 20 ns
20ns —> [~
90% Voo
/ °0% 10%
7 LA Vss
ety

50%

VoH

0>

ol

>

VoL

Figure 2. Dynamic Signal Waveforms
(Set, Reset, Clock, and Output)

O

oK%

Ro

s
o
=

%
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MC14028B

BCD-To-Decimal Decoder
Binary-To-Octal Decoder

The MC14028B decoder is constructed so that an 8421 BCD code
on the four inputs provides a decimal (one—of-ten) decoded output,
while a 3-bit binary input provides a decoded octal (one—of—eight)
code output with D forced to a logic “0”. Expanded decoding such as

binary—to—hexadecimal (one—0f—16), etc., can be achieved by using

other MC14028B devices. The part is useful for code conversion,
address decoding, memory selection control, demultiplexing, or
readout decoding.

ON Semiconductor

http://onsemi.com

MARKING
DIAGRAMS
16

¢ Diode Protection on All Inputs PDIP-16
MC14028BCP
e Supply Voltage Range = 3.0 Vdc to 18 Vdc P SUFFIX AWLYYWW
L CASE 648 Q
* Capable of Driving Two Low—power TTL Loads or One Low—powe 1
Schottky TTL Load Over the Rated Temperature Range
¢ Positive Logic Design %
¢ Low Outputs on All lllegal Input Combinations SOIC-16 mininininininis
* Similar to CD4028B D SUFFIX 140288
’ o AWLYWW
CASE 751B OO oo
1
MAXIMUM RATINGS (Voltages Referenced to Vgs) (Note 2.) 16
mininininininin
Symbol Parameter Value Unit SOEIAJ-16
F SUFEIX MC14028B
Vpp DC Supply Voltage Range -0.5t0 +18.0 \% CASE 966 o AWLYWW
Vin, Vout Input or Output Voltage Range —-0.5toVpp +0.5 \% ?uuuuuuu
(DC or Transient)
lins lout Inp;tcor O_IEJtput.Cutrrent o +10 mA A = Assembly Location
(DC or Transient) per Pin WL orL = Wafer Lot
Po Power Dissipation, 500 mw YYyorY =Year
per Package (Note 3) WW or W = Work Week
Ta Ambient Temperature Range —55to +125 °C
Tstg Storage Temperature Range —65 to +150 °C
ORDERING INFORMATION
T Lead Temperature 260 °C
(8-Second Soldering) Device Package Shipping
2. Maximum Ratings are those values beyond which damage to the device MC14028BCP PDIP-16 2000/Box
may occur.
3. Temperature Derating: MC14028BD SOIC-16 2400/Box
Plastic “P and D/DW” Packages: — 7.0 mW/°C From 65°C To 125°C
. ) ) . o ) ) MC14028BDR2 SOIC-16 [2500/Tape & Reel
This device contains protection circuitry to guard against damage due to high
static voltages or electric fields. However, precautions must be taken to avoid MC14028BF SOEIAJ-16 See Note 1.
applications of any voltage higher than maximum rated voltages to this
high—impedance circuit. For proper operation, Vi, and Vg should be constrained MC14028BFEL SOEIAJ-16 See Note 1.

to the range Vss < (Vin or Vout) < Vpp-
Unused inputs must always be tied to an appropriate logic voltage level (e.g.,
either Vgg or Vpp). Unused outputs must be left open.
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MC14028B

PIN ASSIGNMENT

Q4[] 10 16 [1 Vpp
Q2] 2 151 Q3
Q03 “aQ
Q71 4 1308
Q5 zpc
05[] 6 uflo
6 [ 7 10[0A
Vss [ 8 911 Q8
TRUTH TABLE
DC B A [Q9Q8Q7 Q6 Q5Q4 Q3 Q2 Q1 Q0
00000 OO OO OO OU OO 1
00010 0 0 00O O OO 10
00100 0 0O0O0OOT1TO0O0
00 11(0 000001000
01000 00 O0OOT1O0UO0TO0 O
01 01(0 0 001 00 OO0 O
01 100 00 1 0O0O0O0UO0 O
01 11(0 01 00 O0O0O0UO0 O
10 00|(0 1 0 0 0 O0O0 OO0 O
10011 0 0 0 0 0 O0 OO0 O
10 10|(0 000 O0O0O0UOUO0O
101 1|(0 000 0O OO0 OO
11 00(0 0 00 0 O0O0OOO
11010 0 00 0 O0O0 OO0 O
11 10[/0 000 O0O0O0O0O0O
11110 00 0 0 O0O0O0O0 O
BLOCK DIAGRAM
r 10 0—A Qf—o03 A
Ql}—o 14
3-BIT Q2—o02
gaor | BINARY 4 130—1B Q@ |—o 15 | OCTAL
INPUTS o 1 DECODED | DECIMAL
BCD { © OUTPUTS { pECODED
INPUTS QP06 OUTPUTS
[ 120—C Qbr—o7
Q7f—o04
Q8—o09
L 11 0—{D Q—o05 J
VDD=P|N16
VSS:P|N8

http://onsemi.com
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MC14028B

ELECTRICAL CHARACTERISTICS (Voltages Referenced to Vgg)

Voo —-55°C 25°C 125°C
Characteristic Symbol | Vdc Min Max Min Typ 4) Max Min Max Unit
Output Voltage “0” Level 5.0 — 0.05 — 0 0.05 — 0.05 Vdc
Vin= Vppor0 VoL 10 — 0.05 — 0 0.05 — 0.05
15 — 0.05 — 0 0.05 — 0.05
“1" Level 5.0 4.95 — 4.95 5.0 — 4.95 — Vdc
Vin =0 or Vpp VoH 10 9.95 — 9.95 10 — 9.95 —
15 14.95 — 14.95 15 — 14.95 —
Input Voltage “0” Level Vdc
(Vo = 4.5 or 0.5 Vdc) v 5.0 — 15 — 2.25 1.5 — 15
(Vo =9.0 0r 1.0 Vdc) It 10 — 3.0 — 4.50 3.0 — 3.0
(Vo = 13.5 or 1.5 Vdc) 15 — 4.0 — 6.75 4.0 — 4.0
“1” Level Vdc
(Vo =0.50r 4.5 Vvdc) v 5.0 3.5 — 3.5 2.75 — 35 —_
(Vo = 1.0 or 9.0 Vdc) IH 10 7.0 — 7.0 5.50 — 7.0 —
(Vo =1.50r 13.5Vdc) 15 11 — 11 8.25 — 11 —_
Output Drive Current mAdc
(Von =2.5Vdc) Source 5.0 -3.0 — -24 —-4.2 — -17 —
(Von = 4.6 Vdc) loH 5.0 -0.64 — -0.51 -0.88 — -0.36 —
(Vo = 9.5 Vdc) 10 -16 — -13 -2.25 — -09 —
(Von = 13.5 Vdc) 15 -42 — -34 -88 — —24 —
(VoL = 0.4 vdc) Sink 5.0 0.64 — 0.51 0.88 — 0.36 — mAdc
(VoL = 0.5 Vdc) loL 10 1.6 — 1.3 2.25 — 0.9 —
(VoL = 1.5 Vdc) 15 4.2 — 34 8.8 — 24 —
Input Current lin 15 — +0.1 — +0.00001 | £0.1 — +1.0 HAdc
Input Capacitance Cin — — — — 5.0 7.5 — — pF
(Vin=0)
Quiescent Current Ibb 5.0 — 5.0 — 0.005 5.0 — 150 HAdc
(Per Package) 10 — 10 — 0.010 10 — 300
15 — 20 — 0.015 20 — 600
Total Supply Current () (6-) It 5.0 I+ = (0.3 pA/kHZ) f + Ipp pAdc
(Dynamic plus Quiescent, 10 I+ = (0.6 pA/kHZ) f + Ipp
Per Package) 15 It = (0.9 pA/kHZ) f + Ipp
(CL =50 pF on all outputs, all
buffers switching)

4. Data labelled “Typ” is not to be used for design purposes but is intended as an indication of the IC’s potential performance.
5. The formulas given are for the typical characteristics only at 25°C.
6. To calculate total supply current at loads other than 50 pF:

IT(CL) = I+(50 pF) + (C__ - 50) Vfk
where: It is in pA (per package), C, in pF, V = (Vpp — Vgg) in volts, f in kHz is input frequency, and k = 0.001.

SWITCHING CHARACTERISTICS (7)) (C__ =50 pF, Ta = 25°C)

Characteristic Symbol Vbb Min Typ &) Max Unit

Output Rise and Fall Time tTLH ns
trLH, tre = (3.5 ns/pF) C + 25 ns tTHL 5.0 — 100 200
trin, ttHL = (075 ns/pF) C_+125ns 10 — 50 100
trLH, trHe = (0.55 ns/pF) CL + 9.5 ns 15 — 40 80

Propagation Delay Time tpLH, ns
tpLHs tpHL = (1.7 ns/pF) C + 215 ns tPHL 5.0 — 300 600
tpLHs teHL = (0.66 ns/pF) C + 97 ns 10 — 130 260
tpLH, tpHL = (0.5 ns/pF) C + 65 ns 15 — 90 180

7. The formulas given are for the typical characteristics only at 25°C.
8. Data labelled “Typ” is not to be used for design purposes but is intended as an indication of the IC’s potential performance.
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Inputs B, C, and D
switching in respect
to a BCD code.

Inputs A, B, and D low.

MC14028B

20ns 20 ns
Vb
INPUT A
10% /
Vss
1/
20 ns —»I e—20 NS
INPUT C I‘;)% Yoo
50%
10% L
Vss
tpLH <ty
F90% ‘ Von
Q4 10% 50%
VoL
trim trHL

Figure 1. Dynamic Signal Waveforms

LOGIC DIAGRAM
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Q1
Q2
Q3
Q4
Q5
Q6
Q7
Q8
Q9

All outputs connected
to respective C loads.
fin respect to a system
clock.



MC14028B

APPLICATIONS INFORMATION

Expanded decoding can be performed by using the
MC14028B and other CMOS Integrated Circuits. The
circuit in Figure 2 converts any 4—bit code to a decimal or
hexadecimal code. The accompanying table shows the input
binary combinations, the associated “output numbers” that
go ‘“high” when selected, and the “redefined output
numbers” needed for the proper code. For example: For the
combination DCBA = 0111 the output number 7 is redefined
for the 4—bit binary, 4—bit gray, excess—3, or excess—3 gray
codes as 7, 5, 4, or 2, respectively. Figure 3 shows a 6-bit
binary 1-0f—64 decoder using nine MC14028B circuits and
two MC14069UB inverters.

The MC14028B can be used in decimal digit displays,
such as, neon readouts or incandescent projection indicators
as shown in Figure 4.

Figure 2. Code Conversion Circuit and Truth Table

INPUTS
————
D C B A
| |
D C B A D C B A
MC14028B MC14028B
Q ———— Q0 QW ———— Q0
N e 15 ———— 0,
OUTPUT NUMBERS

Code and Redefined
Output Numbers
Hexadecimal Decimal
Inputs Output Numbers @ |
22l o lox] € | d
No|T| 0 |n® [} N
Tl Al O [of5] X N
<q@ < O] g g(.') P <
D|C|B |A |15(14 |13 }|12111 )10 9 8 7 6 5 (4 3 2 1 0 [N
0 0 0 0 0 otlo 0 0 0 0 0 otlo 0 0 0 0 0 1 0 0 0 0
0 0 0 1 0 oo 0 0 0 0 0 oo 0 0 0 0 1 0 1 1 1 1
0 0 1 0 0 0|0 0 0 0 0 0 0|0 0 0 0 1 0|0 2 3 0 2 2
0 0 1 1 0 oo 0 0 0 0 0 oo 0 0 1 0 oo 3 2 0 3 3
0 1 0 0 0 otlo 0 0 0 0 0 otlo 0 1 0 0 otlo 4 7 1 4
0 1 0 1 0 0o|o 0 0 0 0 0 0|o 1 0 0 0 0|oO 5 6 2 3
0 1 1 0 0 oo 0 0 0 0 0 0 1 0 0 0 0 oo 6 4 3 1 4
0 1 1 1 0 oo 0 0 0 0 0 1 0 0 0 0 0 oo 7 5 4 2
1 0 0 0 0 oo 0 0 0 0 1 otlo 0 0 0 0 otlo 8 15| 5
1 0 0 1 0 01]o0 0 0 0 1 0 0|0 0 0 0 0 01]o0 9 |14 ]| 6 5
1 0 1 0 0 oo 0 0 1 0 0 oo 0 0 0 0 0OlO0|10]|212] 7 9 6
1 0 1 1 0 oo 0 1 0 0 0 oo 0 0 0 0 0|0 |121]113] 8 5
1 1 0 0 0 01lo0 1 0 0 0 0 01O 0 0 0 0 0|0 ||12] 8 9 5 6
1 1 0 1 0 0 1 0 0 0 0 0 oo 0 0 0 0 0|0 |13] 9 6 7 7
1 1 1 0 0 1 0 0 0 0 0 0 01]o0 0 0 0 0 0|l]0 |14)11 8 8 8
1 1 1 1 1 oo 0 0 0 0 0 oo 0 0 0 0 0|0 |15]10 7 9 9
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MC14028B

Figure 4. Decimal Digit Display Application
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INPUTS
, N
A B C D E F INHIBIT
o000 0o o o (NO SELECTION)
A B C -D
MC14028B
Q0 — — — Q9
| | UL
hd hd hd hd hd hd hd
hd 1 hd 1 hd 1 hd 1 hd 1 hd 1 hd 1
h S | h S | h S | h S | h S | h S | I 1 1 I||
ABCD|[ABCD|[ABCOD|/[ABCD|[ABCD|I|ABCD|[ABCD|[ABCD
MC140288 || MC14028B MC14028B || MC14028B || MC14028B || MC14028B || MC14028B MC14028B
Q0 — —Q9|Q0 — —Q9| [Q0 — —Q9f|Q0 — — Q9] |Q0 — —Q9|Q0 — —Q9][Q0 — —Q9] |Q0 — —Q9
—— I T——TIm T— I T—— I T— I ——TIm ——TIT [—_—_Jm
O 7 8 15 16 23 24 31 32 39 40 47 48 55 56 63
*1/6 MC14069UB 64 OUTPUTS (SELECTED OUTPUT IS HIGH)
Figure 3. Six—Bit Binary 1-0f—64 Decoder
APPROPRIATE APPROPRIATE
Q0 —o VOLTAGE VOLTAGE
o—A Ql—o A NEON INCANDESCENT
Q2F—o DISPLAY - DISPLAY
o—B Q3 —o
Q4 —o OR
MC140288 Q5 }—o
o—C Q6 —o
Q7 }—o
Q8 }l—o 9 2 1 0
o—D Q9 —o— — _ —



MC14029B

Binary/Decade Up/Down
Counter

The MC14029B Binary/Decade up/down counter is constructed

with MOS P—channel and N—channel enhancement mode devices in a

single monolithic structure. The counter consists of type D flip—flop

stages with a gating structure to provide toggle flip—flop capability.

The counter can be used in either Binary or BCD operation. This
complementary MOS counter finds primary use in up/down and

difference counting and frequency synthesizer applications where low
power dissipation and/or high noise immunity is desired. It is also
useful in A/D and D/A conversion and for magnitude and sign

generation.

¢ Diode Protection on All Inputs

¢ Supply Voltage Range = 3.0 Vdc to 18 Vdc

* Internally Synchronous for High Speed

¢ Logic Edge—Clocked Design — Count Occurs on Positive Going
Edge of Clock

¢ Asynchronous Preset Enable Operation

¢ Capable of Driving Two Low—power TTL Loads or One Low—power
Schottky TTL Load Over the Rated Temperature Range
¢ Pin for Pin Replacement for CD4029B

MAXIMUM RATINGS (Voltages Referenced to Vss) (Note 2.)

ON Semiconductor

http://onsemi.com

PDIP-16
P SUFFIX
CASE 648

SOIC-16
D SUFFIX
CASE 751B

SOEIAJ-16
F SUFFIX
CASE 966

MARKING
DIAGRAMS
16

MC14029BCP
o AWLYYWW

16
mininininininin

14029B
o AWLYWW

ooy
1

16
mininininininin

MC14029B
o AWLYWW

[N NNE NN
1

Symbol Parameter Value Unit
A = Assembly Location
Vpp DC Supply Voltage Range 0.5to0 +18.0 \% WLorL = Wafer Lot
Vin, Vout | Input or Output Voltage Range —-0.5t0 Vpp + 0.5 \% YYorY =Year
(DC or Transient) WW or W = Work Week
lins lout Input or Output Current +10 mA
(DC or Transient) per Pin
Pp Power Dissipation, 500 mw ORDERING INFORMATION
per Package (Note 3.)
Device Package Shipping
Ta Ambient Temperature Range —551t0 +125 °C
MC14029BCP PDIP-16 2000/Box
Tstg Storage Temperature Range —65 to +150 °C
T, Lead Temperature 260 °C MC14029BD SOIC-16 2400/Box
(8-Second Soldering) MC14029BDR2 | SOIC-16 |2500/Tape & Reel
2. Maximum Ratings are those values beyond which damage to the device
may occur. MC14029BF SOEIAJ-16 See Note 1.
3. Temperature Derating:
Plastic “P and D/DW” Packages: — 7.0 mW/°C From 65°C To 125°C MC14029BFEL | SOEIAJ-16| See Note 1.

This device contains protection circuitry to guard against damage due to high
static voltages or electric fields. However, precautions must be taken to avoid
applications of any voltage higher than maximum rated voltages to this
high—impedance circuit. For proper operation, Vi, and Vg should be constrained
to the range Vgs < (Vin or Vout) < Vpp-

Unused inputs must always be tied to an appropriate logic voltage level (e.g.,
either Vgg or Vpp). Unused outputs must be left open.
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MC14029B

PIN ASSIGNMENT

PE[| 1@ 16 [ Vpop
TRUTH TABLE 0 2 15 [] CLK
Preset
Carry In’ Up/Down Enable Action P3[] 3 14 Q2
1 X 0 No Count Po ] 4 13 P2
0 1 0 Count Up Cn ] 5 12Q1p1
0 0 0 Count Down Qe 1ot
X X 1 Preset Cout ] 7 10 Jum
X = Don’t Care Vss [] 8 9 [1BID
ELECTRICAL CHARACTERISTICS (Voltages Referenced to Vgg)
—-55°C 25°C 125°C
Vbp
Characteristic Symbol | Vdc Min Max Min Typ 4) Max Min Max Unit
Output Voltage “0” Level VoL 5.0 — 0.05 — 0 0.05 — 0.05 Vdc
Vin= Vppor0 10 — 0.05 — 0 0.05 — 0.05
15 — 0.05 — 0 0.05 — 0.05
“1" Level Vou 5.0 4.95 — 4.95 5.0 — 4.95 — Vdc
Vin =0 or Vpp 10 9.95 — 9.95 10 — 9.95 —
15 14.95 — 14.95 15 — 14.95 —
Input Voltage “0” Level Vi Vdc
(Vo =4.50r 0.5 Vdc) 5.0 — 15 — 2.25 15 — 15
(Vo = 9.0 or 1.0 Vdc) 10 — 3.0 — 4.50 3.0 — 3.0
(Vo = 13.5 or 1.5 Vdc) 15 — 4.0 — 6.75 4.0 — 4.0
“1” Level ViH Vdc
(Vo =0.50r 4.5 Vdc) 5.0 3.5 — 3.5 2.75 — 35 —
(Vo = 1.0 or 9.0 Vdc) 10 7.0 — 7.0 5.50 — 7.0 —
(Vo = 1.5 or 13.5 Vdc) 15 11 — 1 8.25 — 1 —
Output Drive Current lon mAdc
(Von =2.5Vdc) Source 5.0 -3.0 — -24 —-4.2 — -17 —
(Von = 4.6 Vdc) 5.0 -0.64 — -0.51 -0.88 — —-0.36 —
(Vo = 9.5 Vdc) 10 -16 — -13 -2.25 — -0.9 —
(Von = 13.5 Vdc) 15 -42 — -34 -8.8 — —24 —
(VoL = 0.4 Vdc) Sink loL 5.0 0.64 — 0.51 0.88 — 0.36 — mAdc
(VoL = 0.5 Vdc) 10 1.6 — 1.3 2.25 — 0.9 —
(VoL = 1.5 Vdc) 15 4.2 — 34 8.8 — 2.4 —
Input Current lin 15 — +0.1 — +0.00001 | +£0.1 — +1.0 HAdc
Input Capacitance Cin — — — — 5.0 7.5 — — pF
(Vin=0)
Quiescent Current Ibb 5.0 — 5.0 — 0.005 5.0 — 150 HAdc
(Per Package) 10 — 10 — 0.010 10 — 300
15 — 20 — 0.015 20 — 600
Total Supply Current () (6-) It 5.0 It = (0.58 pA/KHZ) f + Ipp pAdc
(Dynamic plus Quiescent, 10 IT =(1.20 pA/kHZ) f + Ipp
Per Package) 15 I+ =(1.70 pA/kHz) f + Ipp
(CL =50 pF on all outputs, all
buffers switching)

4. Data labelled “Typ” is not to be used for design purposes but is intended as an indication of the IC’s potential performance.
5. The formulas given are for the typical characteristics only at 25°C.
6. To calculate total supply current at loads other than 50 pF:

I1(CL) = 17(50 pF) + (C — 50) Vfk

where: It is in A (per package), C, in pF, V = (Vpp — Vgg) in volts, f in kHz is input frequency, and k = 0.001.
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MC14029B

SWITCHING CHARACTERISTICS (7)) (C_ =50 pF, Ta = 25°C)

All Types
Characteristic Symbol Vpp Min Typ &) Max Unit
Output Rise and Fall Time tTLH ns
trLH, trhe = (3.5 ns/pF) C + 25 ns trHL 5.0 — 100 200
trin, ttHL = (075 ns/pF) C_+125ns 10 — 50 100
trLH, trHe = (0.55 ns/pF) CL + 9.5 ns 15 — 40 80
Propagation Delay Time tPLH: ns
ClktoQ tPHL
tpLH, tpHL = (1.7 ns/pF) C_ + 230 ns 5.0 — 200 400
tpLH, tpHL = (0.66 ns/pF) C + 97 ns 10 — 100 200
tpLH, tpHL = (0.5 ns/pF) C + 75 ns 15 — 90 180
Clk to Coyt tPLH, ns
tpLHs tpHL = (1.7 ns/pF) C + 230 ns tPHL 5.0 — 250 500
tpLH, tpHL = (0.66 ns/pF) C + 97 ns 10 — 130 260
tpLHs tpHL = (0.5 ns/pF) C + 75 ns 15 — 85 190
C_in to C0ut tpLH, ns
tpLH, tpHL = (1.7 ns/pF) C + 95 ns tpHL 5.0 — 175 360
tpLHs tpHL = (0.66 ns/pF) C + 47 ns 10 — 50 120
tpLHs tpHL = (0.5 ns/pF) C_ + 35 ns 15 — 50 100
PEto Q tpLH, ns
tpLH, tpyL = (1.7 ns/pF) C_ + 230 ns tpHL 5.0 — 235 470
tpeH, tprL = (0.66 ns/pF) C + 97 ns 10 — 100 200
tpir, tpHi = (0.5 ns/pF) C + 75 ns 15 — 80 160
PE to Cout tpLH, ns
tpLH, tpyL = (1. 7 ns/pF) C_ + 465 ns tpHL 5.0 — 320 640
tpLH, tpL = (0.66 ns/pF) Cp + 192 ns 10 — 145 290
tpLH, tpyL = (0.5 ns/pF) Cp + 125 ns 15 — 105 210
Clock Pulse Width tw(cl) 5.0 180 90 — ns
10 80 40 —
15 60 30 —
Clock Pulse Frequency fel 5.0 — 4.0 2.0 MHz
10 — 8.0 4.0
15 — 10 5.0
Preset Removal Time trem 5.0 160 80 — ns
The Preset Signal must be low prior to a positive—going 10 80 40 —
transition of the clock. 15 60 30 —
Clock Rise and Fall Time tr(cl) 5.0 — — 15 us
t(cl) 10 — — 5
15 — — 4
Carry In Setup Time tsu 5.0 150 75 — ns
10 60 30 —
15 40 20 —
Up/Down Setup Time 5.0 340 170 — ns
10 140 70 —
15 100 50 —
Binary/Decade Setup Time 5.0 320 160 — ns
10 140 70 —
15 100 50 —
Preset Enable Pulse Width tw 5.0 130 65 — ns
10 70 35 —
15 50 25 —

7. The formulas given are for the typical characteristics only at 25°C.

8. Data labelled “Typ” is not to be used for design purposes but is intended as an indication of the IC’s potential performance.
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MC14029B
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Figure 1. Power Dissipation Test Circuit and Waveform
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MC14029B

TIMING DIAGRAM
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Figure 3. Divide by N BCD Down Counter and Timing Diagram

(Shown for N = 123)

http://onsemi.com
124

OUTPUT



MC14029B

LOGIC DIAGRAM
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MC14040B

12-Bit Binary Counter

The MC14040B 12-stage binary counter is constructed with MOS

P—channel and N-channel enhancement mode devices in a single

monolithic structure. This part is designed with an input wave shaping
circuit and 12 stages of ripple—carry binary counter. The device

advances the count on the negative—going edge of the clock pulse.

Applications include time delay circuits, counter controls, and
frequency—driving circuits.

¢ Fully Static Operation

* Diode Protection on All Inputs

¢ Supply Voltage Range = 3.0 Vdc to 18 Vdc

¢ Capable of Driving Two Low—power TTL Loads or One Low—powe
Schottky TTL Load Over the Rated Temperature Range

e Common Reset Line
* Pin—for—Pin Replacement for CD4040B

MAXIMUM RATINGS (Voltages Referenced to Vgs) (Note 2.)

Symbol Parameter Value Unit
Vpp DC Supply Voltage Range —0.5t0 +18.0 \%
Vin: Vout | Input or Output Voltage Range —-0.5t0 Vpp + 0.5 \
(DC or Transient)
lins lout Input or Output Current +10 mA
(DC or Transient) per Pin
Pp Power Dissipation, 500 mwW
per Package (Note 3.)
Ta Ambient Temperature Range —55t0 +125 °C
Tstg Storage Temperature Range —65 to +150 °C
T Lead Temperature 260 °C
(8—Second Soldering)

2. Maximum Ratings are those values beyond which damage to the device
may occur.

3. Temperature Derating:
Plastic “P and D/DW” Packages: — 7.0 mW/°C From 65°C To 125°C

This device contains protection circuitry to guard against damage due to high
static voltages or electric fields. However, precautions must be taken to avoid
applications of any voltage higher than maximum rated voltages to this
high—-impedance circuit. For proper operation, Vj, and Vq; should be constrained
to the range Vgs < (Vij, or Vout) < Vpp.

Unused inputs must always be tied to an appropriate logic voltage level (e.g.,
either Vgg or Vpp). Unused outputs must be left open.
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WL or L
YYorY
WW or W = Work Week

PDIP-16
P SUFFIX
CASE 648

SOIC-16
D SUFFIX
CASE 751B

TSSOP-16
DT SUFFIX
CASE 948F

SOEIAJ-16
F SUFFIX
CASE 966

MARKING
DIAGRAMS
16

MC14040BCP
o AWLYYWW

16
mininininininin|

14040B
o AWLYWW

M
1

16
IEEERT]
14
040B

o ALYW
LEELLL!
1

16
mininininininin

MC14040B
o AWLYWW

W
1

= Assembly Location

= Wafer Lot
= Year

ORDERING INFORMATION

Device Package Shipping
MC14040BCP PDIP-16 2000/Box
MC14040BD SOIC-16 2400/Box
MC14040BDR2 SOIC-16 |2500/Tape & Reel
MC14040BDT TSSOP-16 96/Rail
MC14040BF SOEIAJ-16 See Note 1.
MC14040BFEL SOEIAJ-16 See Note 1.

1. For ordering information on the EIAJ version of
the SOIC packages, please contact your local
ON Semiconductor representative.

Publication Order Number:
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MC14040B

PIN ASSIGNMENT

Q12 ]
Q6 ]
Q5 [
Q7 [
Q4
Q3 ]
Q2 [

Vss [}

0 ~N o o B W N -

16 [1 Vop
15 [ Q11
14 [1 Q10
13 [1 Q8
12 ] Q9
1R

1wpc

9l1qQ1

TRUTH TABLE

Q12

Clock | Reset Output State
va 0 No Change
N 0 Advance to next state
X 1 All Outputs are low
X =Don't Care
LOGIC DIAGRAM
Q1 Q2 Q3 Q10 Q11
9 7 IG 14 15
CLOCK | | | |
10 —0 Q cC Q C Qp¢s--- Q c Q c Q
R © CgrQ N g R
RESETo—[>o—[>c . T T T - T T T
11 Dc
Q4=PIN5 Q7=PIN4 Vpp =PIN 16
Q5=PIN3 Q8=PIN 13 Vss=PIN 8
Q6=PIN2 Q9=PIN12
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MC14040B

ELECTRICAL CHARACTERISTICS (Voltages Referenced to Vgg)

(CL =50 pF on all outputs, all
buffers switching)

Voo —-55°C 25°C 125°C
Characteristic Symbol | Vdc Min Max Min Typ 4) Max Min Max Unit
Output Voltage “0” Level VoL 5.0 — 0.05 — 0 0.05 — 0.05 Vdc
Vin= Vppor0 10 — 0.05 — 0 0.05 — 0.05
15 — 0.05 — 0 0.05 — 0.05
“1" Level VoH 5.0 4.95 — 4.95 5.0 — 4.95 — Vdc
Vin =0 or Vpp 10 9.95 — 9.95 10 — 9.95 —
15 14.95 — 14.95 15 — 14.95 —
Input Voltage “0” Level VL Vdc
(Vo = 4.5 or 0.5 Vdc) 5.0 — 15 — 2.25 1.5 — 15
(Vo =9.0 or 1.0 Vdc) 10 — 3.0 — 4.50 3.0 — 3.0
(Vo = 13.5 or 1.5 Vdc) 15 — 4.0 — 6.75 4.0 — 4.0
“1” Level V4 Vdc
(Vo =0.50r 4.5 Vvdc) 5.0 3.5 — 3.5 2.75 — 35 —_
(Vo =1.0 0r 9.0 Vdc) 10 7.0 — 7.0 5.50 — 7.0 —
(Vo =1.50r 13.5Vdc) 15 11 — 11 8.25 — 11 —_
Output Drive Current loH mAdc
(Von =2.5Vdc) Source 5.0 -3.0 — -24 —-4.2 — -17 —
(Von = 4.6 Vdc) 5.0 -0.64 — -051 [ -0.88 — —-0.36 —
(Von =9.5 Vdc) 10 -1.6 —_ -1.3 —-2.25 — -0.9 —
(Von = 13.5 Vdc) 15 -42 — -34 -88 — —24 —
(VoL = 0.4 Vdc) Sink loL 5.0 0.64 — 0.51 0.88 — 0.36 — mAdc
(VoL = 0.5 Vdc) 10 1.6 — 1.3 2.25 — 0.9 —
(VoL = 1.5 Vdc) 15 4.2 — 34 8.8 — 24 —
Input Current lin 15 — +0.1 — +0.00001 | £0.1 — +1.0 HAdc
Input Capacitance Cin — — — — 5.0 7.5 — — pF
(Vin=0)
Quiescent Current Ibb 5.0 — 5.0 — 0.005 5.0 — 150 HAdc
(Per Package) 10 — 10 — 0.010 10 — 300
15 — 20 — 0.015 20 — 600
Total Supply Current () (6-) It 5.0 It = (0.42 pA/kHZ) f + Ipp pAdc
(Dynamic plus Quiescent, 10 I+ =(0.85 pA/kHz) f + Ipp
Per Package) 15 IT = (1.43 pA/kHz) f + Ipp

4. Data labelled “Typ” is not to be used for design purposes but is intended as an indication of the IC’s potential performance.
5. The formulas given are for the typical characteristics only at 25°C.
6. To calculate total supply current at loads other than 50 pF:

IT(CL) = I+(50 pF) + (C__ - 50) Vfk
where: It is in pA (per package), C, in pF, V = (Vpp — Vgg) in volts, f in kHz is input frequency, and k = 0.001.
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MC14040B

SWITCHING CHARACTERISTICS (7)) (C_ =50 pF, Ta = 25°C)

Vbb
Characteristic Symbol vde Min Typ (8) Max Unit
Output Rise and Fall Time tTLH, ns
T1LHs TTHL = (1.5 ns/pF) C_ + 25 ns tTHL 5.0 — 100 200
TTLH! TTHL = (075 ns/pF) CL +12.5ns 10 — 50 100
T1LH, TTHL = (0.55 ns/pF) C_ + 9.5 ns 15 — 40 80
Propagation Delay Time tpLH,
Clock to Q1 tPHL ns
tpHL, tpLn = (1.7 ns/pF) C + 315 ns 5.0 — 260 520
tpHL, tpLH = (0.66 ns/pF) C_ + 137 ns 10 — 115 230
tpHL, teLn = (0.5 ns/pF) C + 95 ns 15 — 80 160
Clock to Q12 ns
tpHL, tPLH = (17 ns/pF) C|_ + 2415 ns 5.0 —_— 1625 3250
tpHL, tpLy = (0.66 ns/pF) C + 867 ns 10 — 720 1440
tpHL, tpLH = (0.5 ns/pF) C| + 475 ns 15 — 500 1000
Propagation Delay Time tPHL ns
Reset to Qp,
tpyL = (1.7 ns/pF) C_ + 485 ns 5.0 — 370 740
tpyL = (0.86 ns/pF) C| + 182 ns 10 — 155 310
tpyL = (0.5 ns/pF) C_ + 145 ns 15 — 115 230
Clock Pulse Width twH 5.0 385 140 — ns
10 150 55 —
15 115 38 —
Clock Pulse Frequency fel 5.0 — 2.1 15 MHz
10 — 7.0 35
15 — 10.0 45
Clock Rise and Fall Time triHs tTHL 5.0 ns
10 No Limit
15
Reset Pulse Width twH 5.0 960 320 — ns
10 360 120 —
15 270 80 —
Reset Removal Time trem 5.0 130 65 — ns
10 50 25 —
15 30 15 —

7. The formulas given are for the typical characteristics only at 25°C.
8. Data labelled “Typ” is not to be used for design purposes but is intended as an indication of the IC’s potential performance.

PULSE
GENERATOR

20 ns le— 20 ns
S 90% — Voo
CLOCK 50%
10% Vg
50% DUTY CYCLE

Figure 1. Power Dissipation Test Circuit
and Waveform
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MC14040B
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Figure 3. Timing Diagram

APPLICATIONS INFORMATION

TIME-BASE GENERATOR outputs Q5, Q10, Q11, and Q12 division by 3600 is
A 60 Hz sinewave obtained through a 1.0 Megohm accomplished. The MC14012B decodes the counter
resistor connected directly to a standard 120 Vac power linegutputs, produces a single output pulse, and resets the binary
is applied to the clock input of the MC14040B. By selecting counter. The resulting output frequency is 1.0 pulse/minute.

% Vbp

LOM MC14040B

o—/\/\/\,l—o—c C Q5 —o—\_ 1.0 PULSE/MINUTE
(> > 20 pF I QUfF—o—___ 1 12 12 OUTPUT
120 Vac L Q11 b—o—r——{ MC140128 MC140128 ©
60 Hz

Vss

|
L 0—

1H
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MC14042B

Quad Transparent Latch

The MC14042B Quad Transparent Latch is constructed with MOS

P—channel and N-channel enhancement mode devices in a single

monolithic structure. Each latch has a separate data input, but all four

latches share a common clock. The clock polarity (high or low) used to

strobe data through the latches can be reversed using the polarity

input. Information present at the data input is transferred to outputs O
and Qduring the clock level which is determined by the polarity input.
When the polarity input is in the logic “0” state, data is transferred
during the low clock level, and when the polarity input is in the logic

ON Semiconductor
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MARKING
DIAGRAMS

“1” state the transfer occurs during the high clock level. SoIP16 16
* Buffered Data Inputs P SUFFIX M,::V\llisizvs\?vp
e Common Clock CASE648 LD
* Clock Polarity Control 1
* Q and QOutputs 16
e Double Diode Input Protection SOIC-16 ””TBEB”””
* Supply Voltage Range = 3.0 Vdc to 1 8 Vdc DSUFFIX | 5 awLyww
. CASE 751B
¢ Capable of Driving Two Low—power TTL Loads or One Low—power TU SNSRI
Schottky TTL Load Over the Rated Temperature Range
16
mininininininin
SOEIAJ-16
MAXIMUM RATINGS (Voltages Referenced to Vss) (Note 2.) CASE 966 o AWLYWW
Symbol Parameter Value Unit If HouuUu
Vpp DC Supply Voltage Range -0.5t0 +18.0 \
A = Assembly Location
Vin, Vout Input or Output Voltage Range —-0.5toVpp +0.5 \ WLorL = Wafer Lot
(DC or Transient) YYorY =Year
lim lout | Input or Output Current +10 mA WW or W = Work Week
(DC or Transient) per Pin
Pp Power Dissipation, 500 mwW
per Package (Note 3.) ORDERING INFORMATION
Ta Ambient Temperature Range —55to +125 °C Device Package Shipping
TSlg Storage Temperature Range —65 to +150 °C MC14042BCP PDIP-16 2000/Box
T Lead Temperature 260 c MC14042BD SOIC-16 2400/Box
(8—Second Soldering)
2. Maximum Ratings are those values beyond which damage to the device MC14042BDR2 SOIC-16 | 2500/Tape & Reel
may occur.
3. Temperature Derating: MC14042BF SOEIAJ-16 |  See Note 1.
Plastic “P and D/DW” Packages: — 7.0 mW/°C From 65°C To 125°C MC14042BFEL SOEIAJ-16 See Note 1
This device contains protection circuitry to guard against damage due to high
static voltages or electric fields. However, precautions must be taken to avoid MC14042BFR1 SOEIAJ-16 See Note 1.
applications of any voltage higher than maximum rated voltages to this MC14042BFR2 SOEIAJ-16 See Note 1.

high—impedance circuit. For proper operation, Vi, and Vg should be constrained
to the range Vss < (Vin Oor Vout) < Vpp-

Unused inputs must always be tied to an appropriate logic voltage level (e.g.,
either Vgg or Vpp). Unused outputs must be left open.
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MC14042B

PIN ASSIGNMENT
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MC14042B

ELECTRICAL CHARACTERISTICS (Voltages Referenced to Vgg)

Voo —-55°C 25°C 125°C
Characteristic Symbol | Vdc Min Max Min Typ 4) Max Min Max Unit
Output Voltage “0” Level VoL 5.0 — 0.05 — 0 0.05 — 0.05 Vdc
Vin= Vppor0 10 — 0.05 — 0 0.05 — 0.05
15 — 0.05 — 0 0.05 — 0.05
“1" Level Vou 5.0 4.95 — 4.95 5.0 — 4.95 — Vdc
Vin =0 or Vpp 10 9.95 — 9.95 10 — 9.95 —
15 14.95 — 14.95 15 — 14.95 —
Input Voltage “0” Level VL Vdc
(Vo =4.50r 0.5 Vdc) 5.0 — 15 — 2.25 15 — 15
(Vo =9.0 or 1.0 Vdc) 10 — 3.0 — 4.50 3.0 — 3.0
(Vo =13.50r 1.5 Vdc) 15 — 4.0 — 6.75 4.0 — 4.0
“1” Level V4 Vdc
(Vo =0.50r 4.5 Vvdc) 5.0 35 — 35 2.75 — 35 —
(Vo =1.0 0r 9.0 Vdc) 10 7.0 — 7.0 5.50 — 7.0 —
(Vo =1.50r13.5Vdc) 15 11 — 11 8.25 — 11 —
Output Drive Current loH mAdc
(Von =2.5Vdc) Source 5.0 -3.0 — -24 —-4.2 — -17 —
(Von = 4.6 Vdc) 5.0 -0.64 — -0.51 —-0.88 — —-0.36 —
(Von = 9.5 Vdc) 10 -1.6 — -13 -2.25 — -0.9 —
(Von = 13.5 Vdc) 15 -42 — -34 -8.8 — -24 —
(VoL = 0.4 Vdc) Sink loL 5.0 0.64 — 0.51 0.88 — 0.36 — mAdc
(VoL = 0.5 Vvdc) 10 1.6 — 1.3 2.25 — 0.9 —
(VoL = 1.5 Vdc) 15 4.2 — 34 8.8 — 24 —
Input Current lin 15 — +0.1 — +0.00001 | £0.1 — +1.0 HAdc
Input Capacitance Cin — — — — 5.0 7.5 — — pF
(Vin=0)
Quiescent Current Ibb 5.0 — 1.0 — 0.002 1.0 — 30 HAdc
(Per Package) 10 — 2.0 — 0.004 2.0 — 60
15 — 4.0 — 0.006 4.0 — 120
Total Supply Current () (6-) It 5.0 It = (1.0 pA/kHZ) f + Ipp pAdc
(Dynamic plus Quiescent, 10 I+ = (2.0 pA/kHZ) f + Ipp
Per Package) 15 It = (3.0 pA/kHZ) f + Ipp
(CL =50 pF on all outputs all
buffers switching)

4. Data labelled “Typ” is not to be used for design purposes but is intended as an indication of the IC’s potential performance.
5. The formulas given are for the typical characteristics only at 25°C.
6. To calculate total supply current at loads other than 50 pF:

IT(CL) = I+(50 pF) + (C__ - 50) Vfk
where: It is in pA (per package), C, in pF, V = (Vpp — Vgg) in volts, f in kHz is input frequency, and k = 0.004.
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MC14042B

SWITCHING CHARACTERISTICS (7)) (C_ =50 pF, Ta = 25°C)

Characteristic Symbol Vbb Min Typ &) Max Unit
Output Rise and Fall Time tTLH ns
tTLHs trHe = (1.5 ns/pF) C + 25 ns trHL 5.0 — 100 200
trLH, trHe = (0.75 ns/pF) CL + 12.5 ns 10 — 50 100
trLHs trHe = (0.55 ns/pF) CL + 9.5 ns 15 — 40 80
Propagation Delay Time, D to Q, Q tpLH, no
tpLH, tpHL = (1.7 ns/pF) C + 135 ns tPHL 5.0 — 220 440
tpLHs tpHL = (0.66 ns/pF) C + 57 ns 10 — 90 180
tpLH, tpHL = (0.5 ns/pF) C + 35 ns 15 — 60 120
Propagation Delay Time, Clock to Q, Q tpLH, ns
tpLH, tpHL = (1.7 ns/pF) C + 135 ns tPHL 5.0 — 220 440
tpLHs tpHL = (0.66 ns/pF) C + 57 ns 10 — 90 180
tpLH, tpHL = (0.5 ns/pF) C + 35 ns 15 — 60 120
Clock Pulse Width twH ns
5.0 300 150 —
10 100 50 —
15 80 40 —
Clock Pulse Rise and Fall Time tTLH, us
tTHL 5.0 — — 15
10 — — 5.0
15 — — 4.0
Hold Time th ns
5.0 100 50 —
10 50 25 —
15 40 20 —
Setup Time tsu ns
5.0 50 0 —
10 30 0 —
15 25 0 —

7. The formulas given are for the typical characteristics only at 25°C.
8. Data labelled “Typ” is not to be used for design purposes but is intended as an indication of the IC’s potential performance.

Vop
16 ©
5
CLOCK Q0—o2
6 00—o DATA INPUT
POLARITY 82 io
PULSE 4 > °
GENERATOR 1 °7 bo Ql—o9
D1 QR2pP—ol Q OUTPUT
13 ) Q2}l—o12
o D Q3l—o1
D3 Q3}—o 15 QOUTPUT

8 0 Vss
For Power Dissipation test, each output
is loaded with capacitance C, . =

Figure 1. AC and Power Dissipation Test Circuit and Timing Diagram
(Data to Output)
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MC14042B

Vop
16 ©
PULSE :"?— CLOCK 0 2
GENERATOR 1 6 Qo
0— POLARITY Qg © io
PULSE 4 Do Q ©
GENERATOR 2 2 Ql—o09
D1 Ql—o1
13 Rl—o12
o b2 Ql—o1
D3 Q3l—o015
NOTE: C, connected to output under test. 8‘{\/35

20* ns

CLOCKINPUT
PG. 1

DATA INPUT
PG.2

QOUTPUT

*Input clock rise time is 20 ns except for maximum rise time test.

Figure 2. AC Test Circuit and Timing Diagram
(Clock to Output)

http://onsemi.com
135



MC14043B, MC14044B

CMOS MSI
Quad R-S Latches

The MC14043B and MC14044B quad R-S latches are constructed

ON Semiconductor

with MOS P—channel and N—channel enhancement mode devices in a

single monolithic structure. Each latch has an independent Q output
and set and reset inputs. The Q outputs are gated through three—st

http://onsemi.com

At~
(TR

buffers having a common enable input. The outputs are enabled with a

logical “1” or high on the enable input; a logical “0”" or low
disconnects the latch from the Q outputs, resulting in an open circuit at

the Q outputs.

¢ Double Diode Input Protection
* Three—State Outputs with Common Enable

¢ Qutputs Capable of Driving Two Low—power TTL Loads or One
Low—Power Schottky TTL Load Over the Rated Temperature Range

* Supply Voltage Range = 3.0 Vdc to 18 Vdc

MAXIMUM RATINGS (Voltages Referenced to Vss) (Note 2.)

XX

A

WL or L
YYorY
WW or W = Work Week

PDIP-16
P SUFFIX
CASE 648

SOIC-16
D SUFFIX
CASE 751B

SOEIAJ-16
F SUFFIX
CASE 966

MARKING

DIAGRAMS
16

MC140XXBCP
o AWLYYWW

16
mininininininin

140XXB
o AWLYWW

M N
1

16
mininininininin

MC140XXB
o AWLYWW

ooy
1

= Specific Device Code
= Assembly Location

= Wafer Lot
= Year

ORDERING INFORMATION

Symbol Parameter Value Unit
Vpp DC Supply Voltage Range —-0.5t0 +18.0 \Y,
Vin, Vout | Input or Output Voltage Range -0.5t0 Vpp +0.5 \Y
(DC or Transient)
lins lout Input or Output Current +10 mA
(DC or Transient) per Pin
Pp Power Dissipation, 500 mw
per Package (Note 3.)
Ta Ambient Temperature Range —55to +125 °C
Tstg Storage Temperature Range —65 to +150 °C
T Lead Temperature 260 °C
(8—Second Soldering)

2. Maximum Ratings are those values beyond which damage to the device
may occur.

3. Temperature Derating:
Plastic “P and D/DW” Packages: — 7.0 mW/°C From 65°C To 125°C

This device contains protection circuitry to guard against damage due to high
static voltages or electric fields. However, precautions must be taken to avoid
applications of any voltage higher than maximum rated voltages to this
high—impedance circuit. For proper operation, Vi, and Vot should be constrained

to the range Vgs < (Vin or Vout) < Vpp.

Unused inputs must always be tied to an appropriate logic voltage level (e.g.,

either Vgg or Vpp). Unused outputs must be left open.

[ Semiconductor Components Industries, LLC, 2000
March, 2000 — Rev. 3
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Device Package Shipping
MC14043BCP PDIP-16 2000/Box
MC14043BD SOIC-16 2400/Box
MC14043BDR2 SOIC-16 | 2500/Tape & Reel
MC14043BF SOEIAJ-16 See Note 1.
MC14043BFEL SOEIAJ-16 See Note 1.
MC14044BCP PDIP-16 2000/Box
MC14044BD SOIC-16 2400/Box
MC14044BDR2 SOIC-16 | 2500/Tape & Reel

1. For ordering information on the EIAJ version of
the SOIC packages, please contact your local
ON Semiconductor representative.

Publication Order Number:

MC14043B/D




MC14043B, MC14044B

PIN ASSIGNMENT

MC14043B MC14044B
Q3[] 10 16 {1 Vpp Q3[] 1e 16 [ Vpp
Qo[ 2 15 1 R3 NC [ 2 15S3
ROQ 3 14 [1 83 s0([ 3 14 1 R3
So[] 4 13 [INC ROQ 4 13 [1 Qo0
E[ 5 12 ]2 EQ 5 12 1 R2
si[] 6 1 [1R2 RI[] 6 nQs2
R1[] 7 10 1 Q2 s1[ 7 10 1 Q2
Vss [ 8 91 Vss [ 8 90Q1

NC = NO CONNECTION

MC14043B MC14044B

SO
Q0

=8 9
—o Q1 ! o Q1
Vpp = PIN 16 s 7 Vpp = PIN 16

VSS:P|N8 VSS=P|N8
NC =PIN 13 __12 10 NC=PIN 2

—o Q2

RO

o Jm EA

e} N
g |
(= 3

Tw T
Q&;_‘
w

o]

S

S1

R1

S2
—o Q2

1 _n
R2
S3 1 TRUTH TABLE R3 ¢1)4_ 1 TRUTH TABLE
— & sTr[E o) — B STR(E o)
| X|x|o| High | X|Xx|o| High
5 Impedance 15 Impedance
R3 o[ o] 1|Nochange S3 o—— olof2 0
o[1(1 0 0|1]1 1
1({0]|1 1 5 1({0]|1 0
ENABLE (1)1 1 ENABLEO |>c °|> 1|1(1|NoChange

X =Don’t Care X = Don’t Care
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MC14043B, MC14044B

ELECTRICAL CHARACTERISTICS (Voltages Referenced to Vgg)

Voo —-55°C 25°C 125°C
Characteristic Symbol | Vdc Min Max Min Typ 4) Max Min Max Unit
Output Voltage “0” Level VoL 5.0 — 0.05 — 0 0.05 — 0.05 Vdc
Vin= Vppor0 10 — 0.05 — 0 0.05 — 0.05
15 — 0.05 — 0 0.05 — 0.05
“1" Level Vou 5.0 4.95 — 4.95 5.0 — 4.95 — Vdc
Vin =0 or Vpp 10 9.95 — 9.95 10 — 9.95 —
15 14.95 — 14.95 15 — 14.95 —
Input Voltage “0” Level VL Vdc
(Vo =4.50r 0.5 Vvdc) 5.0 — 15 — 2.25 15 — 15
(Vo =9.0 or 1.0 Vdc) 10 — 3.0 — 4.50 3.0 — 3.0
(Vo =13.50r1.5Vdc) 15 — 4.0 — 6.75 4.0 — 4.0
“1” Level V4 Vdc
(Vo =0.50r 4.5 Vvdc) 5.0 35 — 35 2.75 — 35 —
(Vo =1.0 0r 9.0 Vdc) 10 7.0 — 7.0 5.50 — 7.0 —
(Vo =1.50r13.5Vdc) 15 11 — 11 8.25 — 11 —
Output Drive Current loH mAdc
(Von =2.5Vdc) Source 5.0 -3.0 — -24 —-4.2 — -17 —
(Von = 4.6 Vdc) 5.0 -0.64 — -0.51 —-0.88 — —-0.36 —
(Von = 9.5 Vdc) 10 -1.6 — -13 -2.25 — -0.9 —
(Von = 13.5 Vdc) 15 -42 — -34 -8.8 — -24 —
(VoL = 0.4 Vdc) Sink loL 5.0 0.64 — 0.51 0.88 — 0.36 — mAdc
(VoL = 0.5 Vvdc) 10 1.6 — 1.3 2.25 — 0.9 —
(VoL = 1.5 Vdc) 15 4.2 — 34 8.8 — 24 —
Input Current lin 15 — +0.1 — +0.00001 | £0.1 — +1.0 HAdc
Input Capacitance Cin — — — — 5.0 7.5 — — pF
(Vin=0)
Quiescent Current Ibb 5.0 — 1.0 — 0.002 1.0 — 30 HAdc
(Per Package) 10 — 2.0 — 0.004 2.0 — 60
15 — 4.0 — 0.006 4.0 — 120
Total Supply Current () (6-) It 5.0 It = (0.58 pA/kHZ) f + Ipp pAdc
(Dynamic plus Quiescent, 10 It =(1.15 pA/kHZ) f + Ipp
Per Package) 15 It =(1.73 pA/kHZ) f + Ipp
(CL =50 pF on all outputs all
buffers switching)
Three—State Output Leakage I 15 — + 0.1 — +0.0001 +0.1 — + 3.0 | pAdc
Current

4. Data labelled “Typ” is not to be used for design purposes but is intended as an indication of the IC’s potential performance.
5. The formulas given are for the typical characteristics only at 25°C.
6. To calculate total supply current at loads other than 50 pF:

I1(CL) = 11(50 pF) + (C — 50) Vfk

where: It is in YA (per package), C in pF, V = (Vpp — Vsg) in volts, f in kHz is input frequency, and k = 0.004.
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MC14043B, MC14044B

SWITCHING CHARACTERISTICS (7)) (C_ =50 pF, Ta = 25°C)

Vbp
Characteristic Symbol vdc Min Typ (8) Max Unit
Output Rise Time tTLH ns
trLn = (1.35 ns/pF) C + 32.5 ns 5.0 — 100 200
trn = (0.60 ns/pF) C + 20 ns 10 — 50 100
trLy = (0.40 ns/pF) C + 20 ns 15 — 40 80
Output Fall Time tTHL ns
tryL = (1.35 ns/pF) C +32.5 ns 5.0 — 100 200
tryL = (0.60 ns/pF) C| + 20 ns 10 — 50 100
trHL = (0.40 ns/pF) C_ + 20 ns 15 — 40 80
Propagation Delay Time tpLH ns
tpLy = (0.90 ns/pF) C_ + 130 ns 5.0 — 175 350
tpry = (0.36 ns/pF) C + 57 ns 10 — 75 175
tpry = (0.26 ns/pF) C_ + 47 ns 15 — 60 120
tpyL = (0.90 ns/pF) C, + 130 ns tPHL 5.0 — 175 350 ns
tpyL = (0.90 ns/pF) C_ + 57 ns 10 — 75 175
tpyL = (0.26 ns/pF) C_ + 47 ns 15 — 60 120
Set, Set Pulse Width tw 5.0 200 80 — ns
10 100 40 —
15 70 30 —
Reset, Reset Pulse Width tw 5.0 200 80 — ns
10 100 40 —
15 70 30 —
Three—State Enable/Disable Delay tpLz, 5.0 — 150 300 ns
tpHz, 10 — 80 160
tpzL, 15 — 55 110
tpzH
7. The formulas given are for the typical characteristics only at 25°C.
8. Data labelled “Typ” is not to be used for design purposes but is intended as an indication of the IC’s potential performance.
AC WAVEFORMS
MC14043B MC14044B
20 ns [<«—20ns 20 ns —| ‘<— 20ns
—_— VDD JX VDD
0, 0,
SET 90% 50% SET 50% 0%
0,
10% Vss ‘ Y/ 10% Ves
l«— 20 ns 20 ns —ﬂ 20 ns
Voo N 0% Voo
BESET 50%
RESET 0
10% Vss
}<— trLH —% L Y
OH
90%
Q 50%

d VOL
L* tpLH
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MC14043B, MC14044B

THREE-STATE ENABLE/DISABLE DELAYS

Set, Reset, Enable, and Switch Conditions for 3—State Tests

MC14043B MC14044B
Test Enable S1 S2 Q S R S R
tpzH va Open Closed A Vpp Vss Vss Vpp
tpzL va Closed Open B Vss Vpp Vpp Vssg
tpHZ N Open Closed A Vpp Vsg Vss Vpp
tpLz N Closed Open B Vss | Voo | Voo | Vss

ENABLE

/ 50% \

—> <—lpzy

— tpLz —> Von
QB \
10%

http://onsemi.com
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. 90%
Qa 0
1% tpHz —> Vou

OUTPUT
UNDER

Vb

SS

Vb

Vss

TO

TEST




MC14046B

Phase Locked Loop

The MC14046B phase locked loop contains two phase comparators,
a voltage—controlled oscillator (VCO), source follower, and zener
diode. The comparators have two common signal inputs, P&
PCBy. Input PCAy, can be used directly coupled to large voltage
signals, or indirectly coupled (with a series capacitor) to small voltage
signals. The self-bias circuit adjusts small voltage signals in the linear
region of the amplifier. Phase comparator 1 (an exclusive OR gate)
provides a digital error signal P&, and maintains Qphase shift at
the center frequency between PgAand PCR, signals (both at 50%

duty cycle). Phase comparator 2 (with leading edge sensing logic) PDIP-16

provides digital error signals, Pgg and LD, and maintains & 0 P SUFFIX

phase shift between PGAand PCR, signals (duty cycle is CASE 648
immaterial). The linear VCO produces an output signal YO

whose frequency is determined by the voltage of input },@@d the

capacitor and resistors connected to ping,&llg, R1, and R2. The

source—follower output $f; with an external resistor is used where O/ DaIOSI(L:J—FlFGIX
the VCQy, signal is needed but no loading can be tolerated. The inhibit W CASE 751G
input Inh, when high, disables the VCO and source follower to

minimize standby power consumption. The zener diode can be used to

assist in power supply regulation.

Applications include FM and FSK modulation and demodulation, .
frequency synthesis and multiplication, frequency discrimination, E SUFFIX
tone decoding, data synchronization and conditioning, CASE 966
voltage—to—frequency conversion and motor speed control.
¢ Buffered Outputs Compatible with MHTL and Low—Power TTL A = Assembly
* Diode Protection on All Inputs \\’(V\'(-é’r”; f‘\’(\gfr Lot

Supply Voltage Range = 3.0to 18 V
Pin—for—Pin Replacement for CD4046B
Phase Comparator 1 is an Exclusive Or Gate and is Duty Cycle Limited

ON Semiconductor
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DIAGRAMS
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MC14046B
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M
1

Location

WW or W = Work Week

ORDERING INFORMATION

Phase Comparator 2 switches on Rising Edges and is not Duty Cycle

o Device Package Shipping
Limited
MC14046BCP PDIP-16 2000/Box
MAXIMUM RATINGS (Voltages Referenced to Vss) (Note 2) MC14046BDW SOIC-16 2350/Box
Symbol Parameter Value Unit MC14046BDWR2 | SOIC-16 |1000/Tape & Reel
Vpp DC Supply Voltage Range —-0.5t0 +18.0 \Y,
MC14046BF SOEIAJ-16 See Note 1.
Vin Input Voltage Range (All Inputs) | —0.5to Vpp + 0.5 \Y,
MC14046BFEL EIAJ-1 Note 1.
lin DC Input Current, per Pin +10 mA C14046 SOEIA)-16 See Note
e 1. For ordering information on the EIAJ version of
Po POV:?PZ:E;D&:I?S&e 3) 500 mw the SOIC packages, please contact your local
P 9 ) ON Semiconductor representative.
Ta Operating Temperature Range —55to +125 °C
. This device contains protection circuitry to guard
Tstg Storage Temperature Range —6510 +150 C against damage due to high static voltages or electric

Maximum Ratings are those values beyond which damage to the device
may occur.

Temperature Derating:

Plastic “P and D/DW” Packages: — 7.0 mW/°C From 65°C To 125°C

fields. However, precautions must be taken to avoid ap-
plications of any voltage higher than maximum rated
voltages to this high—impedance circuit. For proper
operation, Vi, and Vg should be constrained to the
range Vgs < (Vi or Vout) < Vpp.

Unused inputs must always be tied to an appropriate
logic voltage level (e.g., either Vgg or Vpp). Unused out-

puts must be left open.
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MC14046B

BLOCK DIAGRAM

PIN ASSIGNMENT

r—-———————_—————— A
LD[| 1o 16 [V,
pCA, 14 | [SELFBIAS PHASE L 02 PClyy O 1 Voo
: CIRCUIT COMPARATOR L[ | PCLoy [ 2 15 [] ZENER
PHASE H—0 13 PC2y¢ _ ‘
PCB;, 3o COMPARATOR2 H—o01 LD PCBin [} 3 14 11 PCAy,
Veo, 90 | VOLTAGE - o il ¥(l:oom VCOqy [] 4 13 [1 PC2qy
: CONTROLLED f 12 R2 INH[] 5 12 JR2
Vpp = PIN 16 OSCILLATOR 6 Cla
Vss = PIN 8 | (veo) 7 Cly Ciall 6 u Rt
I Clg ] 7 10 [] SFoyt
| SOURCE FOLLOWER 10 SFqut
INH 50 S i ]
| Vgso—P }—o0 15 ZENER Vss Lf 8 9 H VCOiy
| IR N 4
ELECTRICAL CHARACTERISTICS (Voltages Referenced to Vgs)
Vbp —-55°C 25°C 125°C
Characteristic Symbol Vdc Min Max Min Typ Max Min Max Unit
Output Voltage “0” Level VoL 5.0 — 0.05 — 0 0.05 — 0.05 Vdc
Vin = Vpp or 0 10 — 0.05 — 0 0.05 — 0.05
15 — 0.05 — 0 0.05 — 0.05
“1" Level VoH 5.0 4.95 — 4.95 5.0 — 4.95 — Vdc
Vin =0 or Vpp 10 9.95 — 9.95 10 — 9.95 —
15 14.95 — 14.95 15 — 14.95 —
Input Voltage (4-) “0” Level VL Vvdc
(Vo = 4.5 or 0.5 Vdc) 5.0 — 15 — 2.25 15 — 15
(Vo = 9.0 or 1.0 Vdc) 10 — 3.0 — 450 3.0 — 3.0
(Vo = 13.5 or 1.5 Vdc) 15 — 4.0 — 6.75 4.0 — 4.0
(Vo =0.50r 4.5 Vvdc) “1" Level Vi 5.0 35 — 3.5 2.75 — 35 — Vdc
(Vo =1.0 0or 9.0 Vdc) 10 7.0 — 7.0 5.50 — 7.0 —
(Vo = 1.5 or 13.5 Vdc) 15 1 — 1 8.25 — 1 —
Output Drive Current loH mAdc
(Von =2.5Vdc) Source 5.0 -1.2 — -1.0 -1.7 — -0.7 —
(Vou = 4.6 Vdc) 50 |[-025| — -02 | -0.36 — |-o014 | —
(Vou = 9.5 Vdc) 10 |-062 | — -05 -09 — |-03 | —
(Von = 13.5 vdc) 15 -1.8 —_ -15 -35 — -11 —
(VoL = 0.4 Vdc) Sink [ oL 5.0 0.64 — 0.51 0.88 — 0.36 — | mAde
(VoL = 0.5 Vdc) 10 1.6 — 1.3 2.25 — 0.9 —
(VoL = 1.5 Vdc) 15 4.2 — 3.4 8.8 — 2.4 —
Input Current lin 15 — +0.1 — +0.00001 | £0.1 — +1.0 HAdc
Input Capacitance Cin — — — — 5.0 7.5 — — pF
Quiescent Current Ibb 5.0 — 5.0 — 0.005 5.0 — 150 HAdc
(Per Package) Inh = PCAj, = Vpp, 10 — 10 — 0.010 10 — 300
Zener = VCO;, = 0V, PCBjp = Vpp 15 — 20 — 0.015 20 — 600
or0V, lgyt =0 pA
Total Supply Current () It 5.0 It = (1.46 pA/kHZ) f + Ipp mAdc
(Inh =*0”, f, = 10 kHz, C, = 50 pF, 10 It = (2.91 pA/kHZ)  + Ipp
R1=1.0MQ, R2 = @ Rgg = o, 15 It = (4.37 pA/kHZ) f + Ipp
and 50% Duty Cycle)

4. Noise immunity specified for worst—case input combination.

Noise Margin for both “1” and “0” level = 1.0 Vdc min @ Vpp = 5.0 Vdc
2.0 Vdc min @ Vpp = 10 Vdc
2.5Vdc min @ Vpp =15 Vdc

5. To Calculate Total Current in General:

It =22x VDD(

R1 R2

100% Duty Cycle of PCA;,

VCOj,-1.65 Vpp-—1.35\3/4
+ ) +1.6

1x 1071 Vpp2 (

100

)+1q

( VCOj, - 1.65
o[ =i = 265

Rsr

)3/4

+1x103(C +9) Vppf+

where: It in pA, Cp in pF, VCOj,, Vpp in Vdc, f in kHz, and
R1, R2, Rgr in MQ, CL on VCOgqyt.
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MC14046B

ELECTRICAL CHARACTERISTICS (6) (C_ =50 pF, T = 25°C)

v Minimum Maximum
DD
Characteristic Symbol Vdc Device Typical Device Units

Output Rise Time tTLH ns
trLn = (3.0 ns/pF) C + 30 ns 5.0 — 180 350
trun = (1.5 ns/pF) C_ + 15 ns 10 — 90 150
trin = (2.1 ns/pF) CL + 10 ns 15 — 65 110

Output Fall Time tTHL ns
tryL = (1.5 ns/pF) C_ + 25 ns 5.0 — 100 175
tryL = (075 ns/pF) C|_ +12.5ns 10 — 50 75
trHL = (0.55 ns/pF) C_ + 9.5 ns 15 — 37 55

PHASE COMPARATORS 1 and 2
Input Resistance — PCAj, Rin 5.0 1.0 2.0 — MQ
10 0.2 0.4 —
15 0.1 0.2 —
— PCBjj Rin 15 150 1500 — MQ

Minimum Input Sensitivity Vin 5.0 — 200 300 mV p—p
AC Coupled — PCAj, 10 — 400 600
C series = 1000 pF, f = 50 kHz 15 — 700 1050

DC Coupled — PCAj,, PCBj, — 5to 15 See Noise Immunity

VOLTAGE CONTROLLED OSCILLATOR (VCO)

Maximum Frequency frnax 5.0 0.5 0.7 — MHz
(VCOijn = Vpp, C1 =50 pF 10 1.0 14 —
R1=5.0kQ, and R2 = «) 15 1.4 1.9 —

Temperature — Frequency Stability — 5.0 — 0.12 — %/°C
(R2=) 10 — 0.04 —

15 — 0.015 —
Linearity (R2 =) — %
(VCOjp, =25V +0.3V,R1>10kQ) 5.0 — 1.0 —
(VCOj, =5.0V £2.5V, R1 > 400 kQ) 10 — 1.0 —
(VCOjp, =7.5V+5.0V, R1>1000 kQ) 15 — 1.0 —
Output Duty Cycle — 5to 15 — 50 — %
Input Resistance — VCOj, Rin 15 150 1500 — MQ
SOURCE-FOLLOWER

Offset Voltage — 5.0 — 1.65 2.2 \%

(VCOjp, minus SFqt, RSF > 500 kQ) 10 — 1.65 2.2
15 — 1.65 2.2
Linearity — %
(VCOjp, =2.5V +0.3V, Rgg > 50 kQ) 5.0 — 0.1 —
(VCOj, =5.0V £2.5V, Rgr >50 kQ) 10 — 0.6 —
(VCOjp, =75V 5.0V, Rgr > 50 kQ) 15 — 0.8 —
ZENER DIODE
Zener Voltage (I, = 50 pA) Vyz — 6.7 7.0 7.3 \Y
Dynamic Resistance (I, = 1.0 mA) Rz — — 100 — Q

6. The formula given is for the typical characteristics only.
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MC14046B

PHASE COMPARATOR 1
Input Stage I
(00 i -G
» | «
©, | (9
PCA;, PCBj, I
PCloyt 0 1
PHASE COMPARATOR 2
Input Stage !
(Gt _—)
3-State
PC2out 0 Output Disconnected !
LD (Lock Detect) 0 1 0

Refer to Waveforms in Figure 3.

Figure 1. Phase Comparators State Diagrams

Characteristic

Using Phase Comparator 1

Using Phase Comparator 2

No signal on input PCA;jp.

VCO in PLL system adjusts to center
frequency (fp).

VCO in PLL system adjusts to minimum
frequency (frmin)-

Phase angle between PCA;, and PCB;,.

90° at center frequency (fp), approaching
0° and 180° at ends of lock range (2f)

Always 0° in lock (positive rising edges).

Locks on harmonics of center frequency.

Yes

No

Signal input noise rejection.

High

Low

Lock frequency range (2f)).

The frequency range of the input signal on which the loop will stay locked if it was
initially in lock; 2f_ = full VCO frequency range = fmax — fmin-

Capture frequency range (2fc).

The frequency range of the input signal on which the loop will lock if it was initially

out of lock.

Depends on low—pass filter characteristics
(see Figure 3). fc < f_

fC=fL

Center frequency (fg).

The frequency of VCOqy, when VCO;, = 1/2 Vpp

VCO output frequency (f).

Note: These equations are intended to be

a design guide. Since calculated component
values may be in error by as much as a
factor of 4, laboratory experimentation may
be required for fixed designs. Part to part
frequency variation with identical passive
components is typically less than £ 20%.

1
fmin= —————
R,(Cq + 32 pF)
1
fmax = —————— +fmin
R1(Cq + 32 pF)
Where: 10K = R; <= 1M
I0K=Ry; =1M
100pF < Cy = .01 pF

(Vco input = Vss)

(Vco input = Vpp)

Figure 2. Design Information
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MC14046B

9[ source |10 SFout
FOLLOWER
VCO;, Rsr
PCA;, 14 EXTERNAL =
@ FREQUENCY f PHASE L 2ORIS] | owopass . veo - = e
»| COMPARATOR [ pC1,,, FILTER 112 6 7 @FREQ i
PCB;, OR Chh [Cls
PC2y Rl < R2
- cl
i- EXTERNAL | = =
| com
L COUNTER |
Typical Low—Pass Filters
Typically:
(a) RS OUTPUT @ v OUTPUT RyCp = N __N__
|NPUT°—W"1_° INPUT 42 T fhax 2 Af
2R 1 [2af R4
= Z2c=3 Jrz oo (Rg + 3,0000) Cp = 100MNAT _ g, ¢y
ICZ max

Af=fmax = fmin

NOTE: Sometimes R3 is split into two series resistors each R3 + 2. A capacitor C¢ is then placed from the midpoint to ground. The value for
Cc should be such that the corner frequency of this network does not significantly affect wy,. In Figure B, the ratio of R3 to R4 sets the

damping, R4 = (0.1)(R3) for optimum results.

N = Total division ratio in feedback loop
K@ = Vpp/mtfor Phase Comparator 1
K@= Vpp/4 mtfor Phase Comparator 2

K _ 2z Afyco

for a typical design wy, =
{ = 0.707

Definitions:

zﬂfr

Phase Comparator 1

—_—V,
PCA;, I | I | oo
Vss
Vou
S e T
oL
— Vou

PCloy I | I | I | I |
oui VO|_
— Vou
VCOip \/\/\/\/\
— VoL

Note: for further information, see:

(at phase detector input)

LOW-PASS FILTER

Waveforms

Filter A Filter B
_ [KgKvco ~ KoKvVCO
“n =/ NR3C; | “" T y/NCa(R3 + Ra)
N()Jn N
t=o—1n T =05 wpy (RCoy + ——)
2KpKvCo N2 T KeKveo
_ 1 _ R3C2S + 1
FO =rac,s+1 | T = 5Rac, + Ry 71
Phase Comparator 2
V,
PCA, | | | | o
| | Vss
1 T [
PCB,
n | | VOL
0 I_l Von
| VoL
PC20ut [ ———— Vor
- VOL
—V
VCO, oH
— VoL

(1) F. Gardner, “Phase—Lock Techniques”, John Wiley and Son, New York, 1966.

(2) G.S. Moschytz, “Miniature RC Filters Using Phase—Locked Loop”, BSTJ, May, 1965.
(3) Garth Nash, “Phase—Lock Loop Design Fundamentals”, AN-535, Motorola Inc.

(4) A. B. Przedpelski, “Phase—Locked Loop Design Articles”, AR254, reprinted by Motorola Inc.

Figure 3. General Phase—Locked Loop Connections and Waveforms
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MC14049B, MC14050B

Hex Buffer

The MC14049B Hex Inverter/Buffer and MC14050B Noninverting
Hex Buffer are constructed with MOS P-Channel and N-Channel

enhancement mode devices in a single monolithic structure. These ON Semiconductor

complementary MOS devices find primary use where low power
dissipation and/or high noise immunity is desired. These devices
provide logic level conversion using only one supply voltagg,.V

The input-signal high level (M) can exceed the pbH supply
voltage for logic level conversions. Two TTL/DTL loads can be driven
when the devices are used as a CMOS—to—-TTL/DTL convertgs (V

http://onsemi.com

MARKING

DIAGRAMS
16

= PDIP-16
50V, VoL S_ 0.4 V,lgL = 3.2 mA). . b b SURFIX MC140XXBCP
N_ote that pins 13 and 16 are not connected _mternal_ly on thes CASE 648 o AWLYYWW
devices; consequently connections to these terminals will not affect ]
circuit operation. 16
X . mininininininin
* High Source and Sink Currents DS‘;'UCF‘:& 140XXB
* High—to—Low Level Converter o _AWLYWW
CASE 751B OO oo
* Supply Voltage Range =3.0 Vto 18 V 1 16
* V)N can exceed AnAAAR
IN L TSSOP-16 14
* Meets JEDEC B Specifications w DT SUEEIX OXXB
* Improved ESD Protection On All Inputs CASE 948F o ALYW
LELLLL
MAXIMUM RATINGS (Voltages Referenced to Vss) (Note 2.) 16
- mininininininin
Symbol Parameter Value Unit SOEIAJ-16
v DC Supply Voltage R 0510 +18.0 v F SUFFIX Mo
u oltage Range —0.5to +18.
DD pply g ¢} CASE 966 o AWLYWW
Vin Input Voltage Range -0.5t0 +18.0 \ [
(DC or Transient) 1
XX = Specific Device Code
Vout Output Voltage _Range —-0.5t0 Vpp + 0.5 \% A = Assembly Location
(DC or Transient) WLorL = Wafer Lot
YYorY =Year
lin Input Current +10 mA B
(DC or Transient) per Pin WW or W = Work Week
lout Output Current +45 mA ORDERING INFORMATION
(DC or Transient) per Pin
Device Package Shipping
Pp Power Dissipation, mwW
per Package (Note 3.) MC14049BCP PDIP-16 2000/Box
(Plastic) 825
(SOIC) 740 MC14049BD SOIC-16 2400/Box
Ta Ambient Temperature Range —55to +125 °C MC14049BDR2 SOIC-16 |2500/Tape & Reel
Tstg Storage Temperature Range —65 to +150 °C MC14049BF SOEIAJ-16 See Note 1.
L Lead Temperature 260 ¢ MC14050BCP PDIP-16 2000/Box
(8—Second Soldering)
2. Maximum Ratings are those values beyond which damage to the device MC14050BD SOIC-16 2400/Box
may occur.
3. Temperature Derating: See Figure 3. MC14050BDR2 SOIC-16 |2500/Tape & Reel
This device contains protection circuitry to protect the inputs against damage MC14050BDTEL | TSSOP-16 | 2000/Tape & Reel
due to high static voltages or electric fields referenced to the Vgg pin only. Extra
precautions must be taken to avoid applications of any voltage higher than the MC14050BF SOEIAJ-16 See Note 1.
maximum rated voltages to this high—impedance circuit. For proper operation, the MC14050BFEL SOEIAJ-16 See Note 1.
ranges Vgs < Vi, <18 V and Vggs < Vg < Vpp are recommended. — . .
Unused inputs must always be tied to an appropriate logic voltage level (e.g., 1. For ordering information on the EIAJ version of

either Vgg or Vpp). Unused outputs must be left open.

0 Semiconductor Components Industries, LLC, 2000 146
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MC14049B, MC14050B

PIN ASSIGNMENT

Vop [l 1@ 16 [I NC
ouTA [] 2 15 [] OUTE
INo O 3 14 [1 INg

OUTg [] 4 13 [I NC
INg [ 5 12 [] OUT

ouTe [] 6 11 [ INg
INc[] 7 10 [] OUTp
Vss [] 8 9 [1INp

MC14049B

10
1 12

14 15

[TV

NC =PIN 13, 16
VSS =PIN8
VDD =PIN1

LOGIC DIAGRAM
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MC14050B

TV

NC =PIN 13, 16
VSS =PIN8
VDD =PIN1

10

12

15



MC14049B, MC14050B

ELECTRICAL CHARACTERISTICS (Voltages Referenced to Vgg)

Voo —-55°C +25°C +125°C
Characteristic Symbol | Vdc Min Max Min Typ 4) Max Min Max Unit
Output Voltage “0” Level VoL 5.0 — 0.05 — 0 0.05 — 0.05 Vdc
Vin = Vpp 10 — 0.05 — 0 0.05 — 0.05
15 — 0.05 — 0 0.05 — 0.05
“1" Level Vou 5.0 4.95 — 4.95 5.0 — 4.95 — Vdc
Vin =0 10 9.95 — 9.95 10 — 9.95 —
15 14.95 — 14.95 15 — 14.95 —
Input Voltage “0” Level VL Vdc
(Vo =4.5Vdc) 5.0 — 15 — 2.25 15 — 15
(Vo =9.0 Vdc) 10 — 3.0 — 4.50 3.0 — 3.0
(Vo =13.5 Vdc) 15 — 4.0 — 6.75 4.0 — 4.0
“1” Level V4 Vdc
(Vo = 0.5 Vdc) 5.0 35 — 35 2.75 — 35 —
(Vo = 1.0 Vdc) 10 7.0 — 7.0 5.50 — 7.0 —
(Vo =1.5Vdc) 15 11 — 11 8.25 — 11 —
Output Drive Current loH mAdc
(Von = 2.5 Vdc) Source 5.0 -1.6 — -1.25 -25 — -1.0 —
(Von = 9.5 Vdc) 10 -16 — -1.30 -2.6 — -1.0 —
(Von = 13.5 Vdc) 15 -47 — -3.75 -10 — -3.0 —
(VoL = 0.4 Vdc) Sink loL 5.0 3.75 — 3.2 6.0 — 2.6 — mAdc
(VoL = 0.5 Vvdc) 10 10 — 8.0 16 — 6.6 —
(VoL = 1.5 Vdc) 15 30 — 24 40 19 —
Input Current lin 15 — +0.1 — +0.00001 | +0.1 — +1.0 pHAdc
Input Capacitance (Vj, = 0) Cin — — — — 10 20 — — pF
Quiescent Current (Per Package) Ibb 5.0 — 1.0 — 0.002 1.0 — 30 HAdc
10 — 2.0 — 0.004 2.0 — 60
15 — 4.0 — 0.006 4.0 — 120
Total Supply Current () (6-) It 5.0 It = (1.8 pA/kHzZ) f + Ipp pAdc
(Dynamic plus Quiescent, 10 It = (3.5 pA/kHZ) f + Ipp
per package) 15 It = (5.3 pA/kHZ) f + Ipp
(CL =50 pF on all outputs, all
buffers switching

4. Data labelled “Typ” is not to be used for design purposes but is intended as an indication of the IC’s potential performance.
5. The formulas given are for the typical characteristics only at + 25°C
6. To calculate total supply current at loads other than 50 pF:

I7(CL) = I+(50 pF) + (C_ — 50) Vfk
Where: It is in YA (per Package), C, in pF, V = (Vpp — Vss) in volts, fin kHz is input frequency and k = 0.002.
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MC14049B, MC14050B

AC SWITCHING CHARACTERISTICS (7) (C_ =50 pF, T = + 25°C)

Vpp
Characteristic Symbol Vdc Min Typ (8) Max Unit

Output Rise Time tTLH ns

trLy = (0.7 ns/pF) C_ + 65 ns 5.0 — 100 160

trLn = (0.25 ns/pF) C + 37.5 ns 10 — 50 80

trLn = (0.2 ns/pF) C + 30 ns 15 — 40 60
Output Fall Time tTHL ns

trHL = (0.2 ns/pF) C_ + 30 ns 5.0 — 40 60

trHL = (0.06 ns/pF) C|_ + 17 ns 10 — 20 40

tryL = (0.04 ns/pF) C| + 13 ns 15 — 15 30
Propagation Delay Time tpLH ns

tpLH = (0.33 ns/pF) C + 63.5 ns 5.0 — 80 140

tpLy = (0.19 ns/pF) C +30.5 ns 10 — 40 80

tpry = (0.06 ns/pF) C + 27 ns 15 — 30 60
Propagation Delay Time tPHL ns

tpyL = (0.2 ns/pF) C_ + 30 ns 5.0 — 40 80

tpyL = (0.1 ns/pF) C_ + 15 ns 10 — 20 40

tpyL = (0.05 ns/pF) C + 12.5 ns 15 — 15 30

7. The formulas given are for the typical characteristics only at 25°C.

8. Data labeled “Typ” is not to be used for design purposes but is intended as an indication of the IC’s potential performance.

MC14049B

Vps =Von-Vop

MC14050B

. 160
] T LA
:EE’ 10 Vgs=5.0 Vdc //// ;E
= A/ = 120
& ¥ 4
= A/ &
20 ~ =)

w
&) y g 80
& =
3 -30| Ves=10Vdc e
5 z
.é © / 3 40
= Vs =15 vdc MAXIMUM CURRENT LEVEL o

i CLT ] 0

~10 -8.0 -6.0 -4.0 -20 0

Vps, DRAIN-TO-SOURCE VOLTAGE (Vdc)

Figure 1. Typical Output Source Characteristics
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MC14050B

Vs =15 VdC_

T

yd

<

/|

/

V

Vs =10 Vdc

7

/

MAXIMUM CURRENT LEVEL

———'————————————

|| /
/

I
Vs =5.0 Vdc

L~

0 2.0

4.0

6.0

8.0 10

Vps, DRAIN-TO-SOURCE VOLTAGE (Vdc)

Figure 2. Typical Output Sink Characteristics




MC14049B, MC14050B

I~
=]
SO
/,

N

Pp. MAXIMUM POWER DISSIPATION (mW)
PER PACKAGE
(2]
]

Na& — — + —

< — — | —

—— 175 mW (P)
— — 120 mW (D)

25 50 75

100

125 150

Ta, AMBIENT TEMPERATURE (°C)

175

Figure 3. Ambient Temperature Power Derating

o VDD

[oX}
#

PULSE
GENERATOR

B V4

in Vout

BIVSS I C|_

#Invert on MC14049B only

20 ns —» j [«— 20 ns
INPUT 90% —1& Voo
- 50%
10% g Ves
tpHL — <~ —> tpLH
90% — Von
OUTPUT 50%
MC14049B - ’
10% Vo
L
tpLH |<— o r<— tTLH
tPHL—] tPHL v
oH
OUTPUT 902/0
MC140508 — 50%
10% VoL
g —> =< tTHL

Figure 4. Switching Time Test Circuit and Waveforms
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MC14049UB

Hex Buffers

The MC14049UB hex inverter/buffer is constructed with MOS

P—channel and N-channel enhancement mode devices in a single

monolithic structure. This complementary MOS device finds primary

use where low power dissipation and/or high noise immunity is
desired. This device provides logic—level conversion using only one

supply voltage, ¥p. The input-signal high level () can exceed the

ON Semiconductor

http://onsemi.com

Vpp supply voltage for logic—level conversions. Two TTL/DTL MARKING
Loads can be driven when the device is used as CMOS-to-TTL/DTL DIAGRAMS
converters (Wp =5.0V, \pL = 0.4V, oL = 3.2 mA). Note that pins 16
13 and 16 are not connected internally on this device; consequently PDIP-16
connections to these terminals will not affect circuit operation. P SUFFIX HMC14049UBCP
. . CASE 64g [o AWLYYWW
¢ High Source and Sink Currents -
¢ High—to—Low Level Converter
* Supply Voltage Range = 3.0 Vto 18 V 1|_|6|_”_”_”_”_”_”_|
. . SOIC-16
* Meets JEDEC UB Specifications D SUFFIX 14049V
o AWLYWW
* Vy can exceed Mp CASE 751B  S9oooooD
¢ Improved ESD Protection on All Inputs 1
16
108008
MAXIMUM RATINGS (Voltages Referenced to Vss) (Note 2.) "Q TSSOP-16 14
Symbol Parameter Value Unit \@ gZSSEU gg)é gf\?\tfv
(o]
Vbp DC Supply Voltage Range —-0.5t0 +18.0 Y, HOHHH G
1
Vin Input Voltage Range -0.5t0 +18.0 \
(DC or Transient) 1r(|5r|r|r|r||‘|r|r|
Vout Output Voltage Range —-0.5t0 Vpp +0.5 \Y; S'?SELIJA;F—I]).(G MC14049U
(DC or Transient) CASE 966 o AWLYWW
lin Input Current +10 mA ?UUUUUUU
(DC or Transient) per Pin
lout Output Current +45 mA A = Assembly Location
(DC or Transient) per Pin WLorlL = Wafer Lot
YYorY =Year
Pp Power Dissipation, mw WW or W = Work Week
per Package (Note 3.)
Plastic 825
soic 740 ORDERING INFORMATION
Ta Ambient Temperature Range —-55t0 +125 °C - .
Device Package Shipping
Tstg Storage Temperature Range —65 to +150 °C
MC14049UBCP PDIP-16 2000/Box
T Lead Temperature 260 °C
(8—Second Soldering) MC14049UBD SOIC-16 2400/Box
2. Maximum Ratings are those values beyond which damage to the device MC14049UBDR2 | SOIC-16 |2500/Tape & Reel
may occur.
3. Temperature Derating: MC14049UBDT | TSSOP-16 96/Rail
All Packages: See Figure 4.
. ) . o . . . MC14049UBDTR2| TSSOP-16 | 2500/Tape & Reel
This device contains circuitry to protect the inputs against damage due to high
static voltages or electric fields referenced to the Vgg pin, only. Extra precautions MC14049UBF SOEIAJ-16 See Note 1.
must be taken to avoid applications of any voltage higher than the maximum rated
voltages to this high—impedance circuit. For proper operation, the ranges Vss < MC14049UBFEL [SOEIAJ-16 See Note 1.

Vin = 18 Vand Vss =< Vgut = Vpp are recommended.
Unused inputs must always be tied to an appropriate logic voltage level (e.g.,
either Vgg or Vpp). Unused outputs must be left open.
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PIN ASSIGNMENT

MC14049UB

LOGIC DIAGRAM

CIRCUIT SCHEMATIC

MC14049UB (1/6 OF CIRCUIT SHOWN)
Vpp [ 10 16 [I NC
3 —I>o— 2 0 Vop
OUTA [] 2 15 [] OUTE
INA ] 3 14 11 IN 5 D — 4 MC14049UB
ouTg [] 4 13 [I NC —
INg [] 5 12 [] OUT, _I>0_ o
B d I E 7 6 'l:
OUTc [] 6 11 1IN mn
i i 9 10 )
INo [ 7 10 1 oUTp —[>0— ] —|_|—°
Vss [] 8 9 [ INp
n—T>o—1
NC = NO CONNECTION NC = PIN 13, 16
- £
Vss=PIN8 =
-V
u—T> 15 Voo = PIN1 ss
ELECTRICAL CHARACTERISTICS (Voltages Referenced to Vgg)
v —-55°C 25°C 125°C
DD
Characteristic Symbol | Vdc Min Max Min Typ 4) Max Min Max Unit
Output Voltage “0” Level VoL 5.0 — 0.05 — 0 0.05 — 0.05 Vdc
Vin = Vpp or 0 10 — 0.05 — 0 0.05 — 0.05
15 — 0.05 — 0 0.05 — 0.05
“1” Level Von 5.0 4.95 —_ 4.95 5.0 — 4.95 — Vdc
Vin =0 or Vpp 10 9.95 — 9.95 10 — 9.95 —
15 14.95 — 14.95 15 — 14.95 —
Input Voltage “0” Level Vi Vdc
(Vo = 4.5 Vdc) 5.0 — 1.0 — 2.25 1.0 — 1.0
(Vo =9.0 Vdc) 10 — 2.0 — 4.50 2.0 — 2.0
(Vo = 13.5 Vdc) 15 — 25 — 6.75 25 — 25
“1” Level Viy Vdc
(Vo = 0.5 Vdc) 5.0 4.0 — 4.0 2.75 — 4.0 —
(Vo =1.0 Vdc) 10 8.0 — 8.0 5.50 — 8.0 —
(Vo = 1.5 Vdc) 15 12.5 — 12.5 8.25 — 12.5 —
Output Drive Current loH mAdc
(Von =2.5Vdc) Source 5.0 -1.6 — -1.25 -25 — -1.0 —
(Von = 9.5 vdc) 10 -16 — -13 -26 — -1.0 —
(Von = 13.5 Vdc) 15 -47 — -3.75 -10 — -3.0 —
(VoL = 0.4 Vdc) Sink loL 5.0 3.75 — 3.2 6.0 — 2.6 — mAdc
(VoL = 0.5 Vvdc) 10 10 — 8.0 16 — 6.6 —
(VoL = 1.5 vdc) 15 30 — 24 40 — 19 —
Input Current lin 15 — +0.1 — +0.00001 | +0.1 — +1.0 pAdc
Input Capacitance (Vj, = 0) Cin — — — — 10 20 — — pF
Quiescent Current Ibp 5.0 — 1.0 — 0.002 1.0 — 30 pAdc
(Per Package) 10 — 2.0 — 0.004 2.0 — 60
15 — 4.0 — 0.006 4.0 — 120
Total Supply Current () (6)) It 5.0 I+ = (1.8 pA/KHZ) f + Ipp pAdc
(Dynamic plus Quiescent, 10 It = (3.5 pA/kHzZ) f + Ipp
Per Package) 15 It = (5.3 pA/kHz) f + Ipp
(CL =50 pF on all outputs, all
buffers switching)

4. Data labelled “Typ” is not to be used for design purposes but is intended as an indication of the IC’s potential performance.
5. The formulas given are for the typical characteristics only at 25°C.
6. To calculate total supply current at loads other than 50 pF:

IT(CL) = |T(5O pF) + (CL - 50) Vik
where: It is in A (per package), C, in pF, V = (Vpp — Vgg) in volts, f in kHz is input frequency, and k = 0.002.
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MC14049UB

SWITCHING CHARACTERISTICS (7)) (C_ =50 pF, Ta = 25°C)

Vbb
Characteristic Symbol Vdc Min Typ (8) Max Unit

Output Rise Time tTLH ns

triy = (0.8 ns/pF) C_ + 60 ns 5.0 — 100 160

trin = (0.3 ns/pF) C_ +35ns 10 — 50 100

trn = (0.27 ns/pF) C_ + 26.5 ns 15 — 40 60
Output Fall Time tTHL ns

trHL = (0.3 ns/pF) C_ + 25 ns 5.0 — 40 60

tryL = (0.12 ns/pF) C + 14 ns 10 — 20 40

tryL = (0.1 ns/pF) C_ + 10 ns 15 — 15 30
Propagation Delay Time tpLH ns

tpLy = (0.38 ns/pF) C| + 61 ns 5.0 — 80 120

tpLy = (0.20 ns/pF) C + 30 ns 10 — 40 65

tpry = (0.11 ns/pF) C_ + 24.5 ns 15 — 30 50
Propagation Delay Time tPHL ns

tpyL = (0.38 ns/pF) C + 11 ns 5.0 — 30 60

tpyL = (0.12 ns/PF) C. + 9 ns 10 — 15 30

tpyL = (0.11 ns/pF) C + 4.5 ns 15 — 10 20

7. The formulas given are for the typical characteristics only at 25°C.

8. Data labelled “Typ” is not to be used for design purposes but is intended as an indication of the IC’s potential performance.

18
BN
= Vpp = 15 Vdc
§ 15 DD
: [TTTTT\-
5 Vpp = 10 Vdc ™~
Q10 (oo = -55°C
= 1]
=)
E B
3 Vpp =5 Vdc N
5 | | H—— +125°C
>8 j | —] |
\
5 10 15 18

Vin, INPUT VOLTAGE (Vdc)

Figure 1. Typical Voltage Transfer Characteristics versus Temperature
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MC14049UB

Vop = VoL
S - = Vgs = 15 Vde
b Ves=50Vde |4~ I/ 8 cs —
£ _10 s E T
= A/ = 120 -
o =4 L~
= a4 & /
o / / [a
20 v s 7
S S / Vs =10Vd
& / <~ 80 GS = C_|
= = y
'% 30} Ves=10Vdc it / e
-]
2 5 // MAXIMUM CURRENT LEVEL
3 40 pd 3 40__7 ___’____________
5 Vos 19V MAXIMUM CURRENT LEVEL 3 Vgs =50 Vde
< —
W T T ] 0 —
10 -80 -60 —40 -20 0 0 2.0 40 6.0 8.0 10

Vs, DRAIN-TO-SOURCE VOLTAGE (Vdc)

Figure 2. Typical Output Source Characteristics

PER PACKAGE

\\\‘

N —
< —

175 mW (P)
120 mW (D)

Pp. MAXIMUM POWER DISSIPATION (mW)

50 75 100 125

Ta, AMBIENT TEMPERATURE (°C)

150 175

Figure 4. Ambient Temperature Power Derating
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Vps, DRAIN-TO-SOURCE VOLTAGE (Vdc)

Figure 3. Typical Output Sink Characteristics

Voo
1
PULSE _ ) oV
GENERATOR M J_ out
n
8 0 Vss I CL
20 ns —> l— 20 ns
INPUT 0% Voo
4 50%
10% c Vss
tpHL —> |<_ tpLH
90% — Vou
OUTPUT
50%
10% v
oL
—> |<— tTHL —>| re— trLH

Figure 5. Switching Time Test Circuit

and Waveforms



MC14051B, MC14052B,
MC14053B

Analog
Multiplexers/Demultiplexers

The MC14051B, MC14052B, and MC14053B analog multiplexers
are digitally—controlled analog switches. The MC14051B effectively

implements an SP8T solid state switch, the MC14052B a DP4T, anc

the MC14053B a Triple SPDT. All three devices feature low ON

impedance and very low OFF leakage current. Control of analog

signals up to the complete supply voltage range can be achieved.

¢ Triple Diode Protection on Control Inputs

* Switch Function is Break Before Make

¢ Supply Voltage Range = 3.0 Vdc to 18 Vdc

* Analog Voltage Range b — Veg) =3.0t0 18 V

PDIP-16
\ P SUFFIX
CASE 648

1

ON Semiconductor

http://onsemi.com

MARKING
DIAGRAMS

16

MC140XXBCP

o AWLYYWW

Note: VEg must be< Vgg 16
¢ Linearized Transfer Characteristics soic-16 - 1H45|XF)|(II;I —
* Low-noise — 12 nW/Cycle, f > 1.0 kHz Typical DSUFFIX |5 awLyww
. . CASE 751B OO oo
* Pin—for—Pin Replacement for CD4051, CD4052, and CD4053 1
* For 4PDT Switch, See MC14551B
* For Lower Ryn, Use the HC4051, HC4052, or HC4053 High—Speed 1%HHHHH
CMOS Devices TSSOP-16 14
\\‘ DT SUFFIX OXXB
MAXIMUM RATINGS (Note 1.) @ CASE 948F L ALYW
Symbol Parameter Value Unit ELELL
1
Vpp DC Supply Voltage (Referenced -0.5t0 +18.0 \
to Veg, Vss 2 Veg) 16
mininininininin
Vin, Vout | Input or Output Voltage Range —-0.5t0 Vpp + 0.5 \% SOEIAJ-16
(DC or Transient) (Referen— F SUFFIX MC140XXB
ced to Vgg for Control Inputs CASE 966 o AWLYWW
and Vg for Switch 1/0) ?uuuuuuu
lin Input Current (DC or Transient) +10 mA
per Control Pin
Isw Switch Through Current +25 mA XX = Specific Device Code
A = Assembly Location
Pp Power Dissipation, 500 mwW WL orL = Wafer Lot
per Package (Note 2.) YYorY =Year
Ta Ambient Temperature Range —55t0 +125 °C WW or W = Work Week
Tstg Storage Temperature Range —65 to +150 °C
T Lead Temperature 260 °C
(8=Second Soldering) ORDERING INFORMATION

1. Maximum Ratings are those values beyond which damage to the device
may occur.

2. Temperature Derating:
Plastic “P and D/DW" Packages: — 7.0 mW/°C From 65°C To 125°C

This device contains protection circuitry to guard against damage due to high
static voltages or electric fields. However, precautions must be taken to avoid
applications of any voltage higher than maximum rated voltages to this
high—impedance circuit. For proper operation, Vi, and Vo should be constrained
to the range Vgs < (Vj, or Vout) < Vpp.

Unused inputs must always be tied to an appropriate logic voltage level (e.g.,
either Vss, Vgg or Vpp). Unused outputs must be left open.

0 Semiconductor Components Industries, LLC, 2000 155
March, 2000 — Rev. 3

Seedetailed ordering and shipping information in the package
dimensions section on page 163 of this data sheet.

Publication Order Number:
MC14051B/D



MC14051B
8—Channel Analog
Multiplexer/Demultiplexer

6 o—]INHIBIT 60— INHIBIT 6 o—{INHIBIT o
11 o—A CONTROLS{ 100— A 11 0—A X
CoNTROLS § -0 1o 90— B X |—o 13 CONTROLS § o |
9 o—{C 120— X0 90—{C
13 o—X0 140—{X1 COMMONS 120—X0  y|—o15 | COMMONS
14 o—IX1 | 5 150— X2 OUTIN 13 o—{X1 OUT/IN
5o—x2 % CON‘T’M oN SWITCHES | 110—{X3 SWITCHES } 2 o—{Y0
SWITCHES ) 12 o—X3 OUT/IN INJOUT 10— Y0 INJOUT 10—Y1
INJOUT 1 o—|x4 so—y1 Y[©3 5020 Z—o4
5 0—{X5 20— Y2 3o0—Z1
2 0—{X6 40— Y3
4 o—X7
Vpp = PIN 16 Vpp = PIN 16 Vpp = PIN 16
V55=P|N8 V55=P|N8 V55=P|N8
VEE=P|N7 VEE=P|N7 VEE=P|N7
Note: Control Inputs referenced to Vgg, Analog Inputs and Outputs reference to Vgg. Vgg must be < Vgs.
PIN ASSIGMENT
MC14051B MC14052B MC14053B
X4[ 10 16 [1 Vpp YO[ 1e 16 [1 Vpp Yi[ 1@ 16 [ Vpp
X6 [] 2 15 [] x2 Y2 2 15 [] X2 Yo 2 150Y
x0O3 14 1 X1 Y[ 3 14 [ X1 z1[] 3 14 [1 X
X7 [ 4 13 [1 X0 Y3 [ 4 13 [1 x Z[] 4 13 [1 x1
X5 5 12 [1 X3 Yi[ s 12 [ X0 20[ 5 12 [] X0
INH] 6 A INH[] 6 11 [1x3 INH[] 6 A
Vee [ 7 1008 Vee [ 7 100A Vee [] 7 1008
Vss [ 8 9flc Vss [ 8 9B Vss [ 8 9flc

MC14051B, MC14052B, MC14053B

MC14052B
Dual 4—-Channel Analog
Multiplexer/Demultiplexer

http://onsemi.com
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MC14053B
Triple 2—Channel Analog
Multiplexer/Demultiplexer




ELECTRICAL CHARACTERISTICS

MC14051B, MC14052B, MC14053B

—-55°C 25°C 125°C
Characteristic Symbol | Vpp Test Conditions Min | Max | Min | Typ ) | Max | Min | Max | Unit
SUPPLY REQUIREMENTS (Voltages Referenced to Vgg)
Power Supply Voltage Vbp — |Vpbp—-3.0=Vgs = Vee 3.0 18 3.0 — 18 3.0 18 \%
Range
Quiescent Current Per Ibb 5.0 [ Control Inputs: — 5.0 — 0.005 5.0 — 150 pA
Package 10 Vin = Vss or Vpp, — 10 — 0.010 10 — 300
15 | Switch /O: Vgg < Vo | — 20 — 0.015 20 — 600
< Vpp, and AVgyiich
< 500 mv (*#)
Total Supply Current Ipav) 5.0 | Ta=25°Conly (The (0.07 PAKHZ) f + Ipp HA
(Dynamic Plus 10 channel component, .
. ) Typical (0.20 pA/kHz) f + Ipp
Quiescent, Per Package 15 (Vin — Voud)/Ron, is (0.36 PA/KHZ)  + |
not included.) SO b
CONTROL INPUTS — INHIBIT, A, B, C (Voltages Referenced to Vgs)
Low-Level Input Voltage Vi 5.0 | Ron = per spec, — 15 — 2.25 15 — 15 \%
10 | lof = per spec — 3.0 — 4.50 3.0 — 3.0
15 — 4.0 — 6.75 4.0 — 4.0
High-Level Input Voltage ViH 5.0 [ Ron = per spec, 3.5 — 3.5 2.75 — 3.5 — \Y
10 | loff = per spec 7.0 — 7.0 5.50 — 7.0 —
15 11 — 11 8.25 — 11 —
Input Leakage Current lin 15 |Vip=0o0rVpp — |01 | — |+0.00001 | 0.1 | — 1.0 HA
Input Capacitance Cin — — — — 5.0 7.5 — — pF
SWITCHES IN/OUT AND COMMONS OUTI/IN — X, Y, Z (Voltages Referenced to Vgg)
Recommended VI/O — Channel On or Off 0 VDD 0 — VDD 0 VDD Vpp
Peak-to—Peak Voltage
Into or Out of the Switch
Recommended Static or AVgpitch | — | Channel On 0 600 0 — 600 0 300 | mV
Dynamic Voltage Across
the Switch (4) (Figure 5)
Output Offset Voltage Voo — | Vih=0V, No Load — — — 10 — — — pv
ON Resistance Ron 50 |AVgyitch = 500mv @) | — | 800 | — 250 1050 | — [ 1200 | Q
10 Vin = V)L or Viy — 400 — 120 500 — 520
15 (Control), and Vj, = — 220 — 80 280 — 300
0 to Vpp (Switch)
AON Resistance Between ARgp 5.0 — 70 — 25 70 — 135 Q
Any Two Channels in the 10 — 50 — 10 50 — 95
Same Package 15 — 45 — 10 45 — 65
Off-Channel Leakage loff 15 |Vip =V orVy — |+£100 | — +0.05 +100 | — |+1000| nA
Current (Figure 10) (Control) Channel to
Channel or Any One
Channel
Capacitance, Switch 1/0 Ciio — | Inhibit = Vpp — — — 10 — — — pF
Capacitance, Common O/I Coi — | Inhibit = Vpp pF
(MC14051B) — — — 60 — — —
(MC14052B) — — — 32 — — —
(MC14053B) — — — 17 — — —
Capacitance, Feedthrough Ciio — | Pins Not Adjacent — — — 0.15 — — — pF
(Channel Off) — | Pins Adjacent — — — 0.47 — — —

3. Data labeled “Typ” is not to be used for design purposes, but is intended as an indication of the IC’s potential performance.

4. For voltage drops across the switch (AVsyitch) > 600 mV (> 300 mV at high temperature), excessive Vpp current may be drawn, i.e. the
current out of the switch may contain both Vpp and switch input components. The reliability of the device will be unaffected unless the
Maximum Ratings are exceeded. (See first page of this data sheet.)

http://onsemi.com
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MC14051B, MC14052B, MC14053B

ELECTRICAL CHARACTERISTICS () (C_ =50 pF, T4 = 25°C) (Veg < Vss unless otherwise indicated)

Vop - VEE Typ &)
Characteristic Symbol Vdc All Types Max Unit
Propagation Delay Times (Figure 6) tpLHs tPHL ns
Switch Input to Switch Output (R = 10 kQ)
MC14051
tpLHs tPHL = (017 ns/pF) C_+26.5ns 5.0 35 90
tpLH, tpHL = (0.08 ns/pF) C + 11 ns 10 15 40
tpLHs teHL = (0.06 ns/pF) C. + 9.0 ns 15 12 30
MC14052 ns
tpLH, tpHL = (0.17 ns/pF) C + 21.5 ns 5.0 30 75
tpLHs teHL = (0.08 ns/pF) C + 8.0 ns 10 12 30
tpLH, tpHL = (0.06 ns/pF) C + 7.0 ns 15 10 25
MC14053 ns
tpLHs tPHL = (017 ns/pF) C_+16.5ns 5.0 25 65
tpLH, tpHL = (0.08 ns/pF) C + 4.0 ns 10 8.0 20
tpLHs teHL = (0.06 ns/pF) C. + 3.0 ns 15 6.0 15
Inhibit to Output (R = 10 kQ, Vgg = Vsg) tpHz: tpLZ, ns
Output “1” or “0” to High Impedance, or tpzH, tpzL
High Impedance to “1” or “0” Level
MC14051B 5.0 350 700
10 170 340
15 140 280
MC14052B 5.0 300 600 ns
10 155 310
15 125 250
MC14053B 5.0 275 550 ns
10 140 280
15 110 220
Control Input to Output (R = 10 kQ, Vgg = Vsg) tpLHs tPHL ns
MC14051B 5.0 360 720
10 160 320
15 120 240
MC14052B 5.0 325 650 ns
10 130 260
15 90 180
MC14053B 5.0 300 600 ns
10 120 240
15 80 160
Second Harmonic Distortion — 10 0.07 — %
(RL = 10KQ, f =1 kHz) Vi, =5 Vpp
Bandwidth (Figure 7) BW 10 17 — MHz
(RL =1 kQ, Vin =1/2 (VDD_VEE) P—p, C|_ = 50pF
20 Log (Vout/Vin) = — 3 dB)
Off Channel Feedthrough Attenuation (Figure 7) — 10 -50 — dB
RL = 1KQ, Vin = 1/2 (Vpp — VEE) p—P
fin = 4.5 MHz — MC14051B
fin =30 MHz — MC14052B
fin = 55 MHz — MC14053B
Channel Separation (Figure 8) — 10 -50 — dB
(RL=1KQ, Vin =1/2 (Vpp—VEE) PP,
fin = 3.0 MHz
Crosstalk, Control Input to Common O/I (Figure 9) — 10 75 — mV
(R =1kQ, R =10kQ
Control tt g = tryL = 20 ns, Inhibit = Vgg)

5. The formulas given are for the typical characteristics only at 25°C.
6. Data labelled “Typ” is not lo be used for design purposes but In intended as an indication of the IC’s potential performance.
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MC14051B, MC14052B, MC14053B

L
11
—  Vop Voo vpy L—
INJOUT TY_4 4y 197 OUTI/IN
o o
e g
— Vee
Lyl
=
LEVEL
Lo |
CONVERTED
CONTROL —T INJOUT OUT/IN
1 CONTROL

Vee

Figure 1. Switch Circuit Schematic

TRUTH TABLE

Control Inputs
Select ON Switches
Inhibit | C* B A | MC14051B | MC14052B MC14053B
0 0O 0 O X0 YO X0 |zZz0 YO XO
0 0O 0 1 X1 Y1 X1 1zZ0 YO X1
0 0O 1 0 X2 Y2 X2 1Z0 Y1 XO
0 0o 1 1 X3 Y3 X3 1Z0 Y1 X1
0 1 0 O X4 Z1 YO XO
0 1 0 1 X5 Z1 YO X1
0 1 1 0 X6 Z1 Y1 XO
0 1 1 1 X7 Zl1 Y1 X1
1 X X X None None None
*Not applicable for MC14052
x = Don't Care
16$VDD
INH 60— LEveL [ ] BINARYTO1-OF—4
A 10 0— CONVERTER [ DEC|C,)\‘IID_|IIZ§|¥VITH
B 90— —
L e L1 ]|
X0 120 qu lga | |
X1l 140
[k | ¢o13x
X2 150 | | ]
X3 11o &1 | : %—
YO 10 R
Y1 50 K3 305 v
Y2 20 b
Y3 40 %—

Figure 3. MC14052B Functional Diagram

16 ? Vpp

INH 6 0—
A 11 o—
B 10 o—
C 90—

LEVEL
CONVERTER [

BINARY TO 1-OF-8
DECODER WITH

INHIBIT

X0 130

X1 140
X2 150

X3 120

O3 X

X4 10
X5 50

X6 20

X7 40

Figure 2. MC14051B Functional Diagram

16$ Voo

INH 60—
A 11 0—
B 10 0—
C 90—

CONVERTER |

LEVEL

BINARY TO 1-OF-2

DECODER WITH
INHIBIT

X0 120

Boves 78V LU

X1l 130

2]

$—O 14 X

YO 20
Y1 10

2
il

$—o15 Y

20 50

71 30

N&_*—CM z

Figure 4. MC14053B Functional Diagram
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MC14051B, MC14052B, MC14053B

TEST CIRCUITS

J ON SWITCH
secrion s oo s
GENERATOR
OFIC o—c
LOAD
L O—{INH
SOURCE

Voo Vee Vee Vo

Figure 5. AV Across Switch Figure 6. Propagation Delay Times,
Control and Inhibit to Output

A, B, and C inputs used to turn ON

or OFF
the switch.undertest. R
L
o—B Oo—]A
o—c o—B ON L
Vout o—Ic =
INH CL =50 pF
VSS_L_O_ RS T INH | OFF
= = | Vout
Vin = _|_ R Iq:so pF
Vop - Vee N\ S = =
2 Y Voo-Vee N Vin
2 |V
Figure 7. Bandwidth and Off-Channel Figure 8. Channel Separation
Feedthrough Attenuation (Adjacent Channels Used For Setup)
OFF CHANNEL UNDER TEST
Vop
oV,
o—a CONTROL |
o—8 SECTION OTHER |
[ o—C OFIC 4~ CHANNEL(S) Vee
_L_O_ INH | | ©Voo
L |
COMMON Sy Vee
Figure 9. Crosstalk, Control Input to Figure 10. Off Channel Leakage
Common O/l

NOTE: See also Figures 7 and 8 in the MC14016B
data sheet.

http://onsemi.com
160



RoN. "ON’ RESISTANCE (OHMS)

Ron. "ON’ RESISTANCE (OHMS)

MC14051B, MC14052B, MC14053B

Voo

10k

VDD O—Do—t

KEITHLEY 160
DIGITAL
MULTIMETER
1kQ
RANGE xX=Y
| PLOTTER

Vee =Vss

Figure 11. Channel Resistance (R oy) Test Circuit

TYPICAL RESISTANCE CHARACTERISTICS

350
300
250
200
150
Tp=125°C
100 - |
T~ 5°C
50 — —— _55°C
0
210 -80 —60 —40 —20 0 02 40 60 80 10
Viy, INPUT VOLTAGE (VOLTS)
Figure 12.Vpp =75V, Vgg =— 7.5V
700
600
500
400 ~
/
300 //'\\
A ANCK Ta = 125°C
200 ’/ /\ \\ I
/NN s
7 L
100 ™ _55oc
|
0 |
Z10 -80 —60 -40 -20 0 02 40 60 80 10

Vin, INPUT VOLTAGE (VOLTS)
Figure 14.V DD — 25V, VEE =-25V

RonN: “ON" RESISTANCE (OHMS)

RonN: “ON" RESISTANCE (OHMS)

350
300
250
200
150 L N Tp=125°C
|
I
100 N N~ 25°C
= ~= _55°C
50
0
-10 -80 -60 -40 -20 0 02 40 60 80 10
Vi, INPUT VOLTAGE (VOLTS)
Figure 13.Vpp=5.0V, Vgg = - 5.0 V
350 T T
— Tp=25°C
300 ”\
250 I \VDD=2-5V
/ \
200 /
150
100 P e 20 _
——_— —T~— 75V
50
0
-10 -80 -60 -40 -20 0 02 40 60 80 10
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Vin, INPUT VOLTAGE (VOLTS)
Figure 15. Comparison at 25 °C, Vpp =—Vgg



MC14051B, MC14052B, MC14053B

APPLICATIONS INFORMATION

Figure A illustrates use of the on—chip level converter peak. If voltage transients abovegyand/or below g are
detailed in Figures 2, 3, and 4. The 0-to—5 V Digital Control anticipated on the analog channels, external diodes (Dx) are

signal is used to directly control a §\j analog signal.
The digital control logic levels are determined byp/
and Vss The \pp voltage is the logic high voltage; thg ¥
voltage is logic low. For the examplepy = + 5 V = logic
high at the control inputs; 3= GND = 0 V = logic low.
The maximum analog signal level is determined by,V
and Vee. The \pp voltage determines the maximum
recommended peak abovesy The \gg voltage
determines the maximum swing belowsy For the
example, \bp — Vss=5 V maximum swing above 34
Vss— VEg =5V maximum swing below & The example

below.

shows & 4.5V signal which allows a 1/2 volt margin at each

+5V—|

+5V

EXTERNAL
CMOS
DIGITAL
CIRCUITRY

1

Vbp
9 Vpp SWITCH

ANALOG SIGNAL Ilo
0-TO-5 V/ DIGITAL INHIBIT,
CONTROL SIGNALS AB,C

I—_L I—'SV
Vss E

Vg

recommended as shown in Figure B. These diodes should be
small signal types able to absorb the maximum anticipated
current surges during clipping.
The absolute maximum potential difference between
Vpp and Vegis 18.0 V. Most parameters are specified up to
15 V which is therecommendednaximum difference
between \bp and Vg
Balanced supplies are not required. Howeveyg Must
be greater than or equal tg¥ For example, ¥p = + 10
V,Vss=+ 5V, and \tg— 3 V is acceptable. See the Table

+45V
MMON 9V
como e ) GND
Mcl40518 Ol ANALOG SIGNAL
MC14052B
MC14053B
—— 45V

Figure A. Application Example

Vbb

Dx

Dx

ANALOG

COMMON
10 ol

Vb

Dx

Vee

Dx

Vee

Figure B. External Germanium or Schottky Clipping Diodes

POSSIBLE SUPPLY CONNECTIONS

Control Inputs

Vpp Vss Veg Logic High/Logic Low Maximum Analog Signal Range
In Volts In Volts In Volts In Volts In Volts

+8 0 -8 +8/0 +8t0-8=16Vpp

+5 0 -12 +5/0 +5t0-12=17Vp

+5 0 0 +5/0 +5t00=5Vp,

+5 0 -5 +5/0 +5t0-5=10Vpp

+10 +5 -5 +10/+5 +10to-5=15Vp

http://onsemi.com
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MC14051B, MC14052B, MC14053B

ORDERING & SHIPPING INFORMATION:

ORDERING & SHIPPING INFORMATION:

Device Package Shipping MC14053BCP PDIP-16 2000 Units per Box
MC14051BCP PDIP-16 2000 Units per Box MC14053BD SOIC-16 48 Units per Rail
MC14051BD SOIC-16 48 Units per Rail MC14053BDR2 SOIC-16 2500 Units / Tape & Reel
MC14051BDR2 SOIC-16 2500 Units / Tape & Reel MC14053BDT TSSOP-16 96 Units per Rall
MC14051BDT TSSOP-16 96 Units per Rail MC14053BDTEL | TSSOP-16 2000 Units / Tape & Reel
MC14051BDTEL | TSSOP-16 2000 Units / Tape & Reel MC14053BDTR2 | TSSOP-16 2500 Units / Tape & Reel
MC14051BDTR2 | TSSOP-16 2500 Units / Tape & Reel MC14053BF SOEIAJ-16 See Note 7.
MC14051BF SOEIAJ-16 See Note 7. MC14053BFEL SOEIAJ-16 See Note 7.
MC14051BFEL SOEIAJ-16 See Note 7. 7. For ordering information on the EIAJ version of the SOIC
packages, please contact your local ON Semiconductor rep-
resentative.

MC14052BCP PDIP-16 2000 Units per Box

MC14052BD SOIC-16 48 Units per Rail

MC14052BDR2 SOIC-16 2500 Units / Tape & Reel

MC14052BDT TSSOP-16 96 Units per Rail

MC14052BDTR2 | TSSOP-16 | 2500 Units / Tape & Reel

MC14052BF SOEIAJ-16 See Note 7.

MC14052BFEL SOEIAJ-16 See Note 7.
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MC14060B

14-Bit Binary Counter and
Oscillator

The MC14060B is a 14—stage binary ripple counter with an on—chip

oscillator buffer. The oscillator configuration allows design of either ON Semiconductor
RC or crystal oscillator circuits. Also included on the chip is a reset
function which places all outputs into the zero state and disables the http://onsemi.com
oscillator. A negative transition on Clock will advance the counter to
the next state. Schmitt trigger action on the input line permits very MARKING
slow input rise and fall times. Applications include time delay circuits, DIAGRAMS
counter controls, and frequency dividing circuits. SoIP16 16
* Fully static operation P SUFFIX MC14060BCP
- - CASE 648 Lo AWLYYWW
¢ Diode Protection on All Inputs
* Supply Voltage Range = 3.0 Vto 18 V !
* Capable of Driving Two Low—power TTL Loads or One Low—power 16
minininininininl
Schottky TTL Load Over the Rated Temperature Range SOIC-16 140608
. D SUFFIX
¢ Buffered Outputs Available from Stages 4 Through 10 and o AWLYWW
CASE 751B oD
12 Through 14 1
¢ Common Reset Line 16
* Pin—for—Pin Replacement for CD4060B R
TSSOP-16 14
*\Q@ DT SUFFIX 0608
CASE 948F o ALYW
EELLLL]
MAXIMUM RATINGS (Voltages Referenced to Vgs) (Note 2.) 1
i 16
Symbol Parameter Value Unit S aialalalalalals
Vpp DC Supply Voltage Range —0.5t0 +18.0 \Y F SUFF_IX MC14060B
Vin, Vout | Input or Output Voltage Range —-0.5t0 Vpp + 0.5 \% CASE 966 °) AWLYWW
(DC or Transient) OOo0O0O0O0O04d
1
lins lout Input or Output Current +10 mA
(DC or Transient) per Pin A = Assembly Location
— WLorL = Wafer Lot
Pp Power Dissipation, 500 mw YYorY =Year
per Package (Note 3.) WW or W = Work Week
Ta Ambient Temperature Range —551t0 +125 °C
Tstg Storage Temperature Range —65 to +150 °C ORDERING INFORMATION
T Lead Temperature 260 °C - .
(8-Second Soldering) Device Package Shipping
2. Maximum Ratings are those values beyond which damage to the device MC14060BCP PDIP-16 2000/Box
may occur.
MC14060BD SOIC-16 2400/Box

3. Temperature Derating:

Plastic “P and D/DW” Packages: — 7.0 mW/°C From 65°C To 125°C
MC14060BDR2 SOIC-16

2500/Tape & Reel

This device contains protection circuitry to guard against damage due to high

static voltages or electric fields. However, precautions must be taken to avoid MC14060BDT TSSOP-16

96/Rail

applications of any voltage higher than maximum rated voltages to this MC14060BDTR2 | TSSOP-16 | 2500/Tape & Reel

high—impedance circuit. For proper operation, Vi, and Vot should be constrained

to the range Vss = (Vin or Vout) < Vpp- MC14060BF SOEIAJ-16| See Note 1.
Unused inputs must always be tied to an appropriate logic voltage level (e.g.,

either Vgg or Vpp). Unused outputs must be left open. MC14060BFEL SOEIAJ-16 See Note 1.

1. For ordering information on the EIAJ version of
the SOIC packages, please contact your local

ON Semiconductor representa

tive.

0 Semiconductor Components Industries, LLC, 2000 164 Publication Order Number:

March, 2000 — Rev. 3
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OouT 2
90

MC14060B

PIN ASSIGNMENT

Q12 [
Q13 ]
Qu4 ]
Q6 []
Q5[]
Q7 ]
Q4
Vss [}

Lo ~N o O B~ W N -

16 [1 Voo
15 [1 Q10
14 [1 Q8
131 Q9
12 [] RESET
11 [] CLOCK
10 JouT1
9lout2

TRUTH TABLE

Clock | Reset Output State
va L No Change
N L Advance to next state
X H All Outputs are low
X =Don't Care

ouT1
10

CLOCK
10

> oo

LOGIC DIAGRAM

Q4 Q5 Q12

013 Q14

C

T ealeal,
c 0 c 0 c 0

Q

Vit

CRC CRC

R

CRQ

I

RESET
120 {>c

>—D>
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Q6=PIN4 Q8=PIN14 Q10=PIN15 Vpp=PIN16

Q7=PIN6 Q9=PIN13

VSS =PIN8



MC14060B

ELECTRICAL CHARACTERISTICS (Voltages Referenced to Vgg)

Vbp -55°C 25°C 125°C
Characteristic Symbol | Vdc Min Max Min Typ 4) Max Min Max | Unit

Output Voltage “0” Level VoL 5.0 — 0.05 — 0 0.05 — 0.05 \Y

Vin= Vppor0 10 — 0.05 — 0 0.05 — 0.05
15 — 0.05 — 0 0.05 — 0.05

Vin = 0 or Vpp “1"Level | Von 5.0 4.95 — 4.95 5.0 — 4.95 — Y,
10 9.95 — 9.95 10 — 9.95 —
15 14.95 — 14.95 15 — 14.95 —

Input Voltage “0” Level \n \%
(Vo=4.50r0.5V) 5.0 — 15 — 2.25 15 — 15
(Vo=9.00r1.0V) 10 — 3.0 — 4.50 3.0 — 3.0
(Vo=13.50r1.5V) 15 — 4.0 — 6.75 4.0 — 4.0
(Vo=0.50r4.5V) “1” Level V4 5.0 35 — 35 2.75 — 35 — \Y
(Vo =1.00r9.0V) 10 7.0 — 7.0 5.50 — 7.0 —
(Vop=150r13.5V) 15 11.0 — 11.0 8.25 — 11.0 —

Input Voltage “0” Level VL Vdc
(Vo =4.5Vdc) (For Input 11 5.0 — 1.0 — 2.25 1.0 — 1.0
(Vp=9.0Vvdc) and Output 10) 10 — 2.0 — 4.50 2.0 — 2.0
(Vo = 13.5 Vdc) 15 — 25 — 6.75 25 — 25
(Vo =0.5Vdc) “1” Level ViH 5.0 4.0 — 4.0 2.75 — 4.0 — Vdc
(Vo =1.0 Vdc) 10 8.0 — 8.0 5.50 — 8.0 —

(Vo = 1.5 Vdc) 15 12,5 — 12,5 8.25 — 12.5 —
Output Drive Current loH mA
(Mon=2.5V) (Except Source 5.0 -3.0 — -24 -4.2 — -17 —
(Von =4.6V) Pins 9 and 10) 50 | -064 — -051 | -0.88 — -0.36 —
(Vo =9.5V) 10 -16 — -13 -2.25 — -0.9 —
(Von = 13.5 V) 15 —42 — -34 -88 — —2.4 —
VoL =0.4V) Sink loL 5.0 0.64 — 0.51 0.88 — 0.36 — mA
(VoL =0.5V) 10 1.6 — 1.3 2.25 — 0.9 —
(VoL=15V) 15 4.2 — 3.4 8.8 — 2.4 —

Input Current lin 15 — +0.1 — +0.00001 | +£0.1 — +1.0 HA

Input Capacitance (Vj, = 0) Cin — — — — 5.0 7.5 — — pF

Quiescent Current Ibb 5.0 — 5.0 — 0.005 5.0 — 150 pA
(Per Package) 10 — 10 — 0.010 10 — 300

15 — 20 — 0.015 20 — 600

Total Supply Current () (6.) It 5.0 It = (0.25 pA/kHZ) f + Ipp HA
(Dynamic plus Quiescent, 10 It =(0.54 pA/kHZ) f + Ipp
Per Package) 15 IT =(0.85 pA/kHz) f + Ipp
(CL =50 pF on all outputs,
all buffers switching)

4. Data labelled “Typ” is not to be used for design purposes but is intended as an indication of the IC’s potential performance.
5. The formulas given are for the typical characteristics only at 25°C.
6. To calculate total supply current at loads other than 50 pF:

I7(Cp) = I1(50 pF) + (C_ — 50) Vfk
where: It is in A (per package), C, in pF, V = (Vpp — Vgg) in volts, f in kHz is input frequency, and k = 0.002.
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MC14060B

SWITCHING CHARACTERISTICS (C, = 50 pF, T = 25°C)

Vbp
Characteristic Symbol Vdc Min Typ (7) Max Unit
Output Rise Time (Counter Outputs) tTLH 5.0 — 40 200 ns
10 — 25 100
15 — 20 80
Output Fall Time (Counter Outputs) tTHL 5.0 — 50 200 ns
10 — 30 100
15 — 20 80
Propagation Delay Time tpLH 5.0 — 415 740 ns
Clock to Q4 tpHL 10 — 175 300
15 — 125 200
Clock to Q14 5.0 — 15 2.7 us
10 — 0.7 1.3
15 — 0.4 1.0
Clock Pulse Width twH 5.0 100 65 — ns
10 40 30 —
15 30 20 —
Clock Pulse Frequency fo 5.0 — 5 3.5 MHz
10 — 14 8
15 — 17 12
Clock Rise and Fall Time trLH 5.0 ns
tTHL 10 No Limit
15
Reset Pulse Width tw 5.0 120 40 — ns
10 60 15 —
15 40 10 —
Propagation Delay Time tPHL 5.0 — 170 350 ns
Reset to On 10 — 80 160
15 — 60 100

7. Data labelled “Typ” is not to be used for design purposes but is intended as an indication of the IC’s potential performance.

PULSE CLOCK

GENERATOR ° Q4
NC -{ouTt g5

ne JouTt2 |
Qn

PULSE

GENERATOR _O—J
NC —OUTL Q5
NC—{ouT2 g, |

r—ZOns —ﬂ r—ZOns

CLOCK o 0%
10% Ves Q 10%
50% DUTY CYCLE trLH traL
Figure 1. Power Dissipation Test Circuit Figure 2. Switching Time Test Circuit
and Waveform and Waveforms
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FREQUENCY DEVIATION (%)

MC14060B

CLOCK 11
o o Dx 2 fo_ 1
23 RtCCtC

if 1 kHz < f <100 kHz

RESET 10 ouT1 9 0UT2 and 2R, < Rs < 10Ry¢
Rie (fin Hz, R in ohms, C in farads)
I The formula may vary for other frequencies. Recommended
MV O €

maximum value for the resistors in 1 MQ.
RS th

Figure 3. Oscillator Circuit Using RC Configuration

TYPICAL RC OSCILLATOR CHARACTERISTICS

8.0 | 100 E f
Vpp=10V
——  Vop=15V IRESS VI
40 z NC N fAS A FUNCTION ]
e —_ \ > h OF Rrc i
[ — — e s e — o
) e e —_— e Z 10 S £ (C=1000pF) =
K E—-:_ =} : = i (Rs = 2Rre) e
A 1.0V~ — u ~ H
R [T e e =, 1AS A FUNCTION 77 N
T ———] 2 OFC 3 C
-80 50V 3 1 (Rrc =56 kQ)
\ 8 05 (RS =120 k) ~N ~
-12 P— O.
Rrc=56kQ —— Rg=0,f=10.15kHz @ Vpp =10, Ty =25°C 0.2 NS
1 C=1000pF ___ Rs=120kO. 1= 7.8 kHz @ Vop =10V, T =25°C o1 N
-5 =25 0 25 50 75 100 125 1.0k 10k 100k 1.0M
Ta, AMBIENT TEMPERATURE (°C) Rrc, RESISTANCE (OHMS)
0.0001 0.001 0.01 0.1
C, CAPACITANCE (uF)
Figure 4. RC Oscillator Stability Figure 5. RC Oscillator Frequency as a
Function of R tc and C
CLOCK
1 500 kHz |32 kHz
o Dc . 2 Characteristic Circuit | Circuit | Unit
Crystal Characteristics
RESET J:
¢ 10 outl 9 ourz Resonant Frequency 500 32 kHz
18M Equivalent Resistance, Rg 1.0 6.2 kQ
MWV - -
External Resistor/Capacitor Values
Ro Ro 47 750 | kQ
_'__| Cr 82 82 | pF
TCs TC Cs 20 20 | pF

Frequency Stability
Frequency Changes as a
Function of Vpp (Ta = 25°C)

Vpp Change from 5.0 Vto 10V | +6.0 +2.0 |ppm

Vpp Change from 10 V to 15V +2.0 +2.0 | ppm
Frequency Change as a Function
of Temperature (Vpp = 10 V)

Figure 6. Typical Crystal Oscillator Circuit

Ta Change from —55°C to +100 | +120 |ppm
+25°C Complete Oscillator (8"
Ta Change from + 25°C to - 160 —-560 |ppm

+125°C Complete Oscillator (8"

8. Complete oscillator includes crystal, capacitors, and resistors.

Figure 7. Typical Data for Crystal Oscillator Circuit
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MC14066B

Quad Analog Switch/Quad
Multiplexer

The MC14066B consists of four independent switches capable of
controlling either digital or analog signals. This quad bilateral switch
is useful in signal gating, chopper, modulator, demodulator and
CMOS logic implementation.

The MC14066B is designed to be pin—for—pin compatible with the
MC14016B, but has much lower ON resistance. Input voltage swings
as large as the full supply voltage can be controlled via each
independent control input.

ON Semiconductor

http://onsemi.com

MARKING
DIAGRAMS
14

. . . , PDIP-14
* Triple Diode Protection on All Control Inputs ]fg P SUFEIX MC14066BCP
¢ Supply Voltage Range = 3.0 Vdc to 18 Vdc CASE 646 Lo AWLYYWW
* Linearized Transfer Characteristics 1
i WCvale i 14
* Low Noise — 12 nWCycle, f> 1.0 kHz typical colegs  [AOOOOonn
¢ Pin—for—Pin Replacement for CD4016, CD4016, MC14016B D SUFFIX 14066B
. . o AWLYWW
* For Lower Ryn, Use The HC4066 High—Speed CMOS Device CASE 751A "o
1
14
AAAAA
TSSOP-14 14
MAXIMUM RATINGS (Voltages Referenced to Vss) (Note 2.) %@ DT SUFFIX 0668
Symbol Parameter Value Unit CASE 948G OHAHIT:IYHVI:I/
Vpp DC Supply Voltage Range -0.5t0 +18.0 \ 1
Vin, Vout Input or Output Voltage Range —-05toVpp +0.5 \ 1|—|4 mininininisl
DCorT ient SOEIAJ-14
( r Transient) F SUFFIX MC14066B
lin Input Current (D_C or Transient) +10 mA CASE 965 o AWLYWW
per Control Pin OOO0O0O0O0O
1
Isw Switch Through Current +25 mA
— A = Assembly Location
Pp Power Dissipation, 500 mw WLorlL = Wafer Lot
per Package (Note 3.) YYorY =Year
Ta Ambient Temperature Range —55 to +125 °C WW or W = Work Week
Tstg Storage Temperature Range —65to +150 °C
T, Lead Temperature 260 °C ORDERING INFORMATION
(8-Second Soldering) Device Package Shipping
2. Maximum Ratings are those values beyond which damage to the device
may occur. MC14066BCP PDIP-14 2000/Box
3. Temperature Derating: ]
Plastic “P and D/DW” Packages: — 7.0 mW/°C From 65°C To 125°C MC14066BD SOIC-14 S5/Rail
This device contains protection circuitry to guard against damage due to high MC14066BDR2 SOIC-14 | 2500/Tape & Reel
statlp vqltages or electric flelds.‘ However, precaytlons must be taken to avo[d MC14066BDT TSSOP_14 96/Rail
applications of any voltage higher than maximum rated voltages to this
high—impedance circuit. For proper operation, Vi, and V,;; should be constrained MC14066BDTEL | TSSOP-14 | 2000/Tape & Reel
to the range Vss < (Vin Or Vout) < Vpp-
Unused inputs must always be tied to an appropriate logic voltage level (e.g., MC14066BDTR2 | TSSOP-14 | 2500/Tape & Reel
either Vgg or Vpp). Unused outputs must be left open.
MC14066BF SOEIAJ-14 See Note 1.
MC14066BFEL SOEIAJ-14 See Note 1.
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MC14066B

PIN ASSIGNMENT

IN1[] 1 14 [1 vpp
ouT1l] 2 13 [ CONTROL 1
outz2( 3 12 [] CONTROL 4
IN2[] 4 1IN
CONTROL2 [] 5 10 [ OUT 4
CONTROL3 [] 6 9 JouT3
Vss [f 7 8 IN3
BLOCK DIAGRAM LOGIC DIAGRAM AND TRUTH TABLE
13 (1/4 OF DEVICE SHOWN)
CONTROL 10— >
1 °0UTL INJOUT 0—, OUT/IN
IN 10—
5
CONTROL 2 0— 3 CONTROL D
4 —O0 0UT 2
IN2 6 Control | Switch Logic Diagram Restrictions
0=V OFF Vss < Vin < Vpp
CONTROL 3 0—] ss
8 —g OuUT 3 1=Vpp ON Vss < Vout < Vbp
IN 30—
12
CONTROL 4 0—] 10
IN 40— Vpp = PIN 14
Vgs=PIN7
CIRCUIT SCHEMATIC
(1/4 OF CIRCUIT SHOWN)
I VDD ‘ VDD VET
'IL R
= Vss
1v[
Vop
Vop ; Vop Vob ?
CMOS _l
INPUT 6 :_ D—
fim U U8

1l;
<
[%2]
w

1]
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MC14066B

ELECTRICAL CHARACTERISTICS

-55°C 25°C 125°C
Characteristic Symbol | Vpp Test Conditions Min | Max | Min | Typ 4) | Max | Min | Max [ Unit
SUPPLY REQUIREMENTS (Voltages Referenced to Vgg)
Power Supply Voltage Vpp — 3.0 18 3.0 — 18 3.0 18 \%
Range
Quiescent Current Per Ibb 5.0 [Control Inputs: — 1025 | — 0.005 0.25 — 7.5 pA
Package 10 Vin = Vss or Vpp, — 0.5 — 0.010 0.5 — 15
15 |[Switch I/O: Vss < V)0 — 1.0 — 0.015 1.0 — 30
< Vpp, and
AVgpitch < 500 mV (5)
Total Sup.ply Curreqt Ipav) 5.0 | Ta=25°Conly The (0.07 PAKHZ) f + Ipp HA
(Dynamic Plus Quiescent, 10 channel component, .
Per Package 15 | (Vin— Voud/Ron, is Typical  (0.20 pA/kH2) T+ Ipp
in — “out”on: 0.36 PA/KHZ) f +
not included.) ( K 2) bb
CONTROL INPUTS (Voltages Referenced to Vsg)
Low-Level Input Voltage \in 5.0 | Ron = per spec, — 15 — 2.25 15 — 15 \%
10 | loff = per spec — 3.0 — 4.50 3.0 — 3.0
15 — 4.0 — 6.75 4.0 — 4.0
High-Level Input Voltage ViH 5.0 [ Ron = per spec, 3.5 — 3.5 2.75 — 3.5 — \Y
10 | loff = per spec 7.0 — 7.0 5.50 — 7.0 —
15 11 — 11 8.25 — 11 —
Input Leakage Current lin 15 [ Vin=0o0rVpp — |01 | — ]£0.00001 | £0.1 — +1.0 [ pA
Input Capacitance Cin — — — — 5.0 7.5 — — pF

SWITCHES IN AND OUT (Voltages Referenced to Vgs)

Recommended Peak—to— Vo — | Channel On or Off 0 Vpp 0 — Vpp 0 Vop | Vpp
Peak Voltage Into or Out
of the Switch

Recommended Static or AVgpitch | — | Channel On 0 600 0 — 600 0 300 | mV
Dynamic Voltage Across
the Switch (5.) (Figure 1)

Output Offset Voltage Voo — | Vin=0V, No Load — — — 10 — — — pv
ON Resistance Ron 5.0 | AVspitch =< 500mv &), [ — | 800 | — 250 1050 | — | 1200 | Q
10 Vin = VL orViy — 400 — 120 500 — 520
15 (Control), and Vj, = — 220 — 80 280 — 300
0 to Vpp (Switch)
AON Resistance Between ARgn 5.0 — 70 — 25 70 — 135 Q
Any Two Channels 10 — 50 — 10 50 — 95
in the Same Package 15 — 45 — 10 45 — 65
Off-Channel Leakage loff 15 | Vip =V orVy — | #100 | — +0.05 +100 — |£1000| nA
Current (Figure 6) (Control) Channel to
Channel or Any One
Channel
Capacitance, Switch 1/0 Ciio — | Switch Off — — — 10 15 — — pF
Capacitance, Feedthrough Ciio — — — — 0.47 — — — pF
(Switch Off) —
4. Data labeled “Typ” is not to be used for design purposes, but is intended as an indication of the IC’s potential performance.
5. For voltage drops across the switch (AVgyitch) > 600 mV (> 300 mV at high temperature), excessive Vpp current may be drawn; i.e. the

current out of the switch may contain both Vpp and switch input components. The reliability of the device will be unaffected unless the
Maximum Ratings are exceeded. (See first page of this data sheet.)
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MC14066B

ELECTRICAL CHARACTERISTICS (6) (C, =50 pF, Ta = 25°C unless otherwise noted.)

Vbp
Characteristic Symbol Vdc Min Typ 7) Max Unit
Propagation Delay Times Vss=0Vdc | tpp, tPHL ns
Input to Output (R = 10 kQ)
tpLHs teHL = (0.17 ns/pF) C + 15.5 ns 5.0 — 20 40
tpLH, tpHL = (0.08 ns/pF) C + 6.0 ns 10 — 10 20
tpLH, tpHL = (0.06 ns/pF) C. + 4.0 ns 15 — 7.0 15
Control to Output (R = 1 kQ) (Figure 2) tpHz ns
Output “1” to High Impedance 5.0 — 40 80
10 — 35 70
15 — 30 60
Output “0” to High Impedance tpLz 5.0 — 40 80 ns
10 — 35 70
15 — 30 60
High Impedance to Output “1” tpzH 5.0 — 60 120 ns
10 — 20 40
15 — 15 30
High Impedance to Output “0” tpzL 5.0 — 60 120 ns
10 — 20 40
15 — 15 30
Second Harmonic Distortion Vsg=-5Vdc — 5.0 — 0.1 — %
(Vin =1.77 Vdc, RMS Centered @ 0.0 Vdc,
R_ =10 kQ, f= 1.0 kHz)
Bandwidth (Switch ON) (Figure 3) Vsg =-5Vdc — 5.0 — 65 — MHz
(R = 1KkQ, 20 Log (Vout/Vin) = — 3 dB, C_ = 50 pF,
Vin =5 Vp_p)
Feedthrough Attenuation (Switch OFF) Vsg=-5Vdc — 5.0 — -50 — dB
(Vin =5 Vp_p, RL = 1 kQ, fi, = 1.0 MHZ) (Figure 3)
Channel Separation (Figure 4) Vsgs=-5Vdc — 5.0 — -50 — dB
(Vin =5 Vp_p, RL =1 kQ, fi, = 8.0 MHz)
(Switch A ON, Switch B OFF)
Crosstalk, Control Input to Signal Output (Figure 5) mVp_p
Vsg =—5 Vdc — 5.0 — 300 —
(Ry =1kQ, R =10 kQ, Control ty y = tyyL = 20 ns)

6. The formulas given are for the typical characteristics only at 25°C.
7. Data labelled “Typ” is not to be used for design purposes but is intended as an indication of the IC’s potential performance.
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MC14066B

TEST CIRCUITS

ON SWITCH
e

CONTROL
SECTION
OF IC

LOAD

SOURCE

Figure 1. AV Across Switch

V¢ = Vpp FOR BANDWIDTH TEST
V¢ = Vs FOR FEEDTHROUGH TEST

Vop-Vss f\
2 \Vj

Vih©

CL

' 0 Vout

I

Ve
o
Vpp  Vss

Figure 3. Bandwidth and
Feedthrough Attenuation

YW/ Vout
1k
R C_L=50pF
o> 0y L

Ve =-5.0VTO +5.0 V SWING

Figure 5. Crosstalk,
Control to Output

Vin=VpD
Vx=Vss

Vin=Vss
Vx=Vbp

Figure 2. Turn—On Delay Time Test Circuit
and Waveforms

Vop - Vss A

Figure 4. Channel Separation

OFF CHANNEL UNDER TEST

CONTROL
SECTION
OFIC

Figure 6. Off Channel Leakage
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Ron: “ON” RESISTANCE (OHMS)

Ron: “ON’ RESISTANCE (OHMS)

MC14066B

Vbp
KEITHLEY 160
DIGITAL
MULTIMETER
10k S= =
1kQ
VDD0—| >0 RANGE X=Y
N _|PLOTTER
Vss - -
L
Figure 7. Channel Resistance (R oy) Test Circuit
TYPICAL RESISTANCE CHARACTERISTICS
350 350
300 — 300
wn
=
T
250 S 250
L
S
200 = 200
(2}
wn
150 @ 150 = e NG T, = 125°C
Tp=125°C = |
e —
100 — | © 100 P N eec
" 05°C > - :35 c
— ——— o] —= -55°
50 -55°C @ g
0 0
-10 -80 -60 -40 -20 O 02 40 60 80 10 -10 -80 -60 -40 -20 O 02 40 60 80 10
Vin, INPUT VOLTAGE (VOLTS) Vin, INPUT VOLTAGE (VOLTS)
Figure 8.V DD = 75V, VSS =-75V Figure 9.V DD = 50V, VSS =-50V
700 350 T T
— Ty =25°C
600 . 300 AN
7 |
=
5 /
500 S 250 Vpp=25V
o \
2 / \
400 P § 200 /
/ 2
)
300 V4 /’\_\\ & 150
Ta=125°C = 50V
200 /AN S 100 e N -
VNN ¢ B — =T 75V
7 N | o
100 ™ _5gec & 50
|
0 I 0
-10 -80 -60 -40 -20 O 02 40 6.0 80 10 -10 -80 -6.0 -40 -20 O 02 40 60 80 10

Vin, INPUT VOLTAGE (VOLTS)

Figure 10. V DD — 25V, VSS =-25V

Vin, INPUT VOLTAGE (VOLTS)

Figure 11. Comparison at 25 °C, Vpp =—Vgg
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MC14066B

APPLICATIONS INFORMATION

Figure A illustrates use of the Analog Switch. The 0— Vpp and/or below s are anticipated on the analog
to—5 volt digital control signal is used to directly control a channels, external diodesyare recommended as shown
5 volt peak—to—peak analog signal. in Figure B. These diodes should be small signal types able

The digital control logic levels are determined byp/ to absorb the maximum anticipated current surges during
and Vss The \pp voltage is the logic high voltage, they clipping.
voltage is logic low. For the examplepy = + 5 V = logic The absolute maximum potential difference between
high at the control inputs; 3= GND = 0 V = logic low. Vpp and Vssis 18.0 volts. Most parameters are specified up

The maximum analog signal level is determined yV  to 15 volts which is theecommendethaximum difference
and Vss The analog voltage must not swing higher than between \bp and Vss
Vpp or lower than \§s

The example shows a 5 volt peak—to—peak signal which
allows no margin at either peak. If voltage transients above

i

Vb Vss
—— 450V
5Vpp SWITCH
ANALOG SIGNAL IN SWITCH 5Vpp
ouT o +25V
+5V ANALOG SIGNAL \/

—— GND

EXCTE?)’\SIAL 0-TO-5 V DIGITAL MC140668

DIGITAL CONTROL SIGNALS
CIRCUITRY

1

Figure A. Application Example

Vbp Vbp

Dx Dx

SWITCH SWITCH
IN ouT °

Dx Dx

Vss Vss

Figure B. External Germanium or Schottky Clipping Diodes
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MC14067B

Analog Multiplexers /
Demultiplexers

The MC14067 multiplexer/demultiplexer is a digitally controlled
analog switch featuring low ON resistance and very low leakage
current. This device can be used in either digital or analog

applications.

The MC14067 is a 16—channel multiplexer/demultiplexer with an
inhibit and four binary control inputs A, B, C, and D. These control
inputs select 1-0f—16 channels by turning ON the appropriate analog

switch (see MC14067 truth table.)

* Low OFF Leakage Current
* Matched Channel Resistance

¢ Low Quiescent Power Consumption
e |Low Crosstalk Between Channels

* Wide Operating Voltage Range: 3to 18 V
* Low Noise

¢ Pin for Pin Replacement for CD4067B

MAXIMUM RATINGS (Voltages Referenced to Vss) (Note 1.)

ON Semiconductor
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MARKING
DIAGRAMS
24

PDIP-24
P SUFFIX MC14067BCP
CASE 709 Lo AWLYYWW
1
%%nnnnnnnnnn
SOIC-24 140678
DW SUFFIX o AWLYYWW
CASE 751 Smnpmoooooooo
1
A = Assembly Location

WL orL = Wafer Lot
YYorY =Year
WW or W = Work Week

ORDERING INFORMATION

Device Package Shipping
MC14067BCP PDIP-24 15/Rail
MC14067BDW SOIC-24 30/Rail
MC14067BDWR2 | SOIC-24 | 1000/Tape & Reel

Symbol Parameter Value Unit
Vpp DC Supply Voltage Range —-0.5t0+18.0 \
Vin, Vout | Input or Output Voltage Range —0.5t0 Vpp + 0.5 \%
(DC or Transient)
lin Input Current (DC or Transient), +10 mA
per Control Pin
lsw Switch Through Current +25 mA
Pp Power Dissipation, 500 mw
per Package (Note 2.)
Ta Ambient Temperature Range —-55t0 + 125 °C
Tstg Storage Temperature Range —65to + 150 °C
T Lead Temperature 260 °C
(8—Second Soldering)

1. Maximum Ratings are those values beyond which damage to the device
may occur.

2. Temperature Derating:
Plastic “P and D/DW” Packages: — 7.0 mW/°C From 65°C To 125°C

This device contains protection circuitry to guard against damage due to high
static voltages or electric fields. However, precautions must be taken to avoid
applications of any voltage higher than maximum rated voltages to this
high—impedance circuit. For proper operation, Vi, and Vg should be constrained

to the range Vgs < (Vin or Vout) < Vpp-

Unused inputs must always be tied to an appropriate logic voltage level (e.g.,

either Vgg or Vpp). Unused outputs must be left open.

0 Semiconductor Components Industries, LLC, 1999

March, 2000 — Rev. 3
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MC14067B

MC14067 TRUTH TABLE

Control Inputs Selected
A B C D Inh Channel
X X X X 1 None
0 0 0 0 0 X0
1 0 0 0 0 X1
0 1 0 0 0 X2
1 1 0 0 0 X3
0 0 1 0 0 X4
1 0 1 0 0 X5
0 1 1 0 0 X6
1 1 1 0 0 X7
1 0 0 1 0 X9
0 1 0 1 0 X10
n 1 0 1 0 X11
0 0 1 1 0 X12
1 0 1 1 0 X13
0 1 1 1 0 X14
1 1 1 1 0 X15
MC14067B
PIN ASSIGNMENT
x[1e 24 [1 vpp
X710 2 231 x8
X6 ] 3 22 [1 X9
x5 [] 4 21 [1 X10
X4 5 20 ] x11
X3 [] 6 19 [1 x12
x2 []7 18 {1 x13
X108 17 [] X14
X0 [ 9 16 [] X15
AT 10 15 [] INHIBIT
B[ 1 uflc
Vss [] 12 o
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MC14067B

MC14067B

16—Channel Analog

Multiplexer/Demultiplexer

15 — INHIBIT
10 —{A
CONTROLS £ 11 —B
14 —|c
83—Db __ __ _
> 9 —Ix0
8 —x1
7 —X2
6 —X3
S — COMMON
b—% —1 outin
3 —X6
SWITCHES 2 —X7
NouT N 23 —{xs
22 —{X9
21 —X10 Vpp = PIN 24
20 —X11 Vss =PIN 12
19 —X12
18 —X13
17 — X14
16 —X15
N
MC14067 FUNCTIONAL DIAGRAM
INHIBIT <
CONTROL A—
INPUTS g - 1-OF-16 DECODER
D —
o
X2 ™
X3 ]
Y
X4 B
X5 £
X6 £
X < X7 £ o X
INJOUT §g 2 OUT/IN
X10 Egu
X11 B
X12 £ v
X13 B
X14 £
N XI5 B
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MC14067B

ELECTRICAL CHARACTERISTICS

—-55°C 25°C 125°C
Characteristic Symbol | Vpp Test Conditions Min | Max | Min | Typ &) | Max | Min | Max | Unit
SUPPLY REQUIREMENTS (Voltages Referenced to Vgg)
Power Supply Voltage Vpp — 3.0 18 3.0 — 18 3.0 18 \Y
Range
Quiescent Current Per Ibb 5.0 |Control Inputs: Vj, = — 5.0 — 0.005 5.0 — 150 pA
Package 10 Vgs or Vpp, — 10 — 0.010 10 — 300
15 |Switch I/O:Vgg < Vo = | — 20 — 0.015 20 — 600
Vpp, and
AVgpitch < 500 mV 4)
Total Supply Current Ipav) 5.0 | Ta=25°Conly (The (0.07 PAKHZ) f + Ipp HA
(Dynamic Plus 10 channel component, .
. ) Typical (0.20 pA/kHz) f + Ipp
Quiescent, 15 (Vin — Vou)/Ron, is (0.36 UAKKHZ) T + I
Per Package not included.) ' b
CONTROL INPUTS — INHIBIT, A, B, C, D (Voltages Referenced to Vsg)
Low-Level Input Voltage ViL 5.0 | Ron = per spec, — 15 — 2.25 15 — 15 \
10 | loff = per spec — 3.0 — 4.50 3.0 — 3.0
15 — 4.0 — 6.75 4.0 — 4.0
High—Level Input Voltage ViH 5.0 | Ron = per spec, 3.5 — 3.5 2.75 — 3.5 — \%
10 | loff = per spec 7.0 — 7.0 5.50 — 7.0 —
15 11 — 11 8.25 — 11 —
Input Leakage Current lin 15 |Vip=0o0rVpp — |01 | — |[+0.00001 (+£0.1 | — 1.0 HA
Input Capacitance Cin — — — — 5.0 7.5 — — pF
SWITCHES IN/OUT AND COMMONS OUT/IN — X, Y (Voltages Referenced to Vggs)
Recommended Peak—to— Vo — | Channel On or Off 0 Vpp 0 — Vpp 0 Vop | Vpp
Peak Voltage Into or
Out of the Switch
Recommended Static or AVgywitch | — | Channel On 0 600 0 — 600 0 300 | mVv
Dynamic Voltage
Across the Switch (4.)
(Figure 1)
Output Offset Voltage Voo — | Vih=0V, No Load — — — 10 — — — pv
ON Resistance Ron 5.0 | AVgpitch < 500 mV 4, — | 800 [ — 250 1050 | — [ 1300 | Q
10 Vin = V)L or Viy — 400 — 120 500 — 550
15 (Control), and Vj, — 220 — 80 280 — 320
0 to Vpp (Switch)
AON Resistance Between | ARgp 5.0 — 70 — 25 70 — 135 Q
Any Two Channels 10 — 50 — 10 50 — 95
in the Same Package 15 — 45 — 10 45 — 65
Off-Channel Leakage loff 15 | Vip=VLorViy — |[+100 | — +0.05 +100 | — |+1000( nA
Current (Figure 2) (Control) Channel to
Channel or Any One
Channel
Capacitance, Switch /O Cio — | Inhibit = Vpp — — — 10 — — — pF
Capacitance, Common O/I| Cqy — | Inhibit = Vpp pF
(MC14067B) — — — 100 — — —
(MC14097B) — — — 60 — — —
Capacitance, Feedthrough Cio — | Pins Not Adjacent — — — 0.47 — — — pF
(Channel Off) — | Pins Adjacent

3. Data labeled “Typ” is not to be used for design purposes, but is intended as an indication of the IC’s potential performance.

4. For voltage drops across the switch (AVgyitch) > 600 mV (> 300 mV at high temperature), excessive Vpp current may be drawn; i.e.
the current out of the switch may contain both Vpp and switch input components. The reliability of the device will be unaffected unless the
Maximum Ratings are exceeded. (See first page of this data sheet.)
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MC14067B

ELECTRICAL CHARACTERISTICS (C_ =50 pF, To=25°C)

Vbp — Vss
Characteristic Symbol vde Typ ) Max Unit
Propagation Delay Times tpLH, tPHL ns
Channel Input-to—Channel Output (R, = 200 kQ)
MC14067B (Figure 3) 5.0 35 90
10 15 40
15 12 30
Control Input-to—Channel Output tpzH, tPzL ns
Channel Turn—On Time (R = 10 kQ)
MC14067B (Figure 4) 5.0 240 600
10 115 290
15 75 190
Channel Turn—Off Time (R = 300 kQ) tpHz, tPLZ ns
MC14067B
(Figure 4) 5.0 250 625
10 120 300
15 75 190
Any Pair of Address Inputs to Output tpLH, tPHL ns
MC14067B
5.0 280 700
10 115 290
15 85 215
Second Harmonic Distortion — 10 0.3 — %
(RL=10KQ, f=1KkHz, Viy =5V, p)
ON Channel Bandwidth BW MHz
[RL = 1KQ, Vin =1/2 (Vpp — Vss) p_p(sine-wave)]
20 Log10 (Voui/Vin) =—3 dB MC14067B | (Figure 5) 10 15 —
Off Channel Feedthrough Attenuation — 10 -40 — dB
[RL = 1KQ, Vi = 1/12 (Vpp—Vss) p-p(sine-wave)]
fin = 20 MHz — MC14067B | (Figure 5)
Channel Separation — 10 —-40 — dB
[RL = 1KQ, Vin = 1/12 (Vpp—Vss) p—p (Sine-wave)]
fin=20MHz | (Figure 6)
Crosstalk, Control Inputs—to—Common O/I — 10 30 — mV
(R1=1kQ, R =10kQ,
Control t, = t= 20 ns, Inhibit = Vgg) (Figure 7)

5. Data labelled “Typ” is not to be used for design purposes but is intended as an indication of the IC’s potential performance.

http://onsemi.com

180




MC14067B

OFF CHANNEL UNDER TEST
L ON SWITCH O Vpp
CONTROL : O Vss
SECTION —qu ’ O CONTROL |
OFIC SECTION OTHER I
OFIC
LOAD
SOURCE
Figure 1. AV Across Switch Figure 2. Off Channel Leakage
Ve
A
PULSE
GENERATOR -/— (B;
Vbp 5
L {a
B INH
c =
D
INH
Vop Vss Vss Vop
= |<—20 ns —> 20 ns
90%
Ve 50%

20 ns |<— 20 ns —>| -— 10%

v 90% Voo
in 50% 0 90% Vo=V
10% Vss Vout 50% |n: DD
Vx =Vss
tpLH tpHL

tpzH, tpzL

~<—1lpHz, Iz

Vout Vout 50% Vin = Vss
10% VX = VDD
Figure 3. Propagation Delay Test Circuit Figure 4. Turn—On and Delay Turn—Off
and Waveforms V i, to Vgt Test Circuit and Waveforms
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MC14067B

Vop
A, B, and C inputs used to turn ON or OFF |_ RL
he switch . A
the switch under test B ON
C =
—A D
—B
—|c INH | OFF v
—{D Vout —| out
INH

1|

)

=
(@)

RS
"
[}
o

h=]
=

J_ | RL ICL:SOpF

Vin Vin
Figure 5. Bandwidth and Off—-Channel Figure 6. Channel Separation
Feedthrough Attenuation (Adjacent Channels Used for Setup)
—A
—B
—C
—D

Ve ||
Vout
J_ INH RL ICL=5O pF

= R1

Figure 7. Crosstalk, Control to Common O/I

T B
NS

o0 w>

Vbp L=

KEITHLEY 160 = Vo
DIGITAL
MULTIMETER Vi 50%
10k >= —>
Vbp
1kQ
I-Do- RANGE X-Y Vg 50%
PLOTTER
Vss > tpHL tpLH
Vout 50%
L
Figure 8. Channel Resistance (R o) Test Circuit Figure 9. Propagation Delay, Any Pair of

Address Inputs to Output
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Ron: "ON’ RESISTANCE (OHMS)

RoN. "ON’ RESISTANCE (OHMS)

MC14067B

TYPICAL RESISTANCE CHARACTERISTICS

350

300

250

200

150

100

Tp=125°C

[~ 25°C

50

-
et
am—

—— —55°C

0
-10

-80 -6.0 -40 -20 O 02 40

Vin, INPUT VOLTAGE (VOLTS)

6.0

80 10

Figure 10. V opp=75V,Vgg=—-75V

700

600

500

400

300

SN\
™\

200

Tp=125°C
N\

N\ \‘\\ ~N
>\

AN 25°€:

100

N
~ -55°C

0
-10

-80 -60 -40 -20 0 02 40

Vip, INPUT VOLTAGE (VOLTS)

6.0

80 10

Figure 12. Vpp =25V, Vgg = — 2.5V

RoN: “ON’ RESISTANCE (OHMS)

RoN: “ON” RESISTANCE (OHMS)

350
300
250
200
150 AT NS T, = 125°C
|
— T
100 //\ ] N 25°C
- ~= _55°C
50
0
-10 -80 -6.0 -40 -20 O 02 40 60 80 10
Vi, INPUT VOLTAGE (VOLTS)
Figure 11. V pp=50V,Vgg=-5.0V
350 T T
— Ty =25°C
300 ’l\
250 I \ Vpp=2.5V
200 / \
/
150
100 P i 20 _
" = 7.5V
50
0
-10 -80 -6.0 -40 -20 O 02 40 60 80 10
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MC14067B

APPLICATIONS INFORMATION

Figure A illustrates use of the Analog signal which allows no margin at either peak. If voltage
Multiplexer/Demultiplexer. The 0O—to—5 volt Digital Control  transients above pyp and/or below ésare anticipated on
signal is used to directly control a ), analog signal. the analog channels, external diodeg) @e recommended

The digital control logic levels are determined bypV as shown in Figure B. These diodes should be small signal
and Vss The \pp voltage is the logic high voltage; they types able to absorb the maximum anticipated current surges
voltage is logic low. For the exampleph = + 5 V = logic during clipping.
high at the control inputs; 5= GND = 0 V = logic low. The absolute maximum potential difference betwegn V

The maximum analog signal level is determined by  and Vssis 18.0 volts. Most parameters are specified up to
and Vss The analog voltage must swing neither higher than 15V which is the recommended maximum difference

Vpp nor lower than ¥s The example shows a 5\ between Wp and Vsg
+5V —| Ij—
Vbp Vss
+50V
5Vpp SWITCH
ANALOG SIGNAL o COMMON 5Vpp
ol o +25V
+5V ANALOG SIGNAL \/
—— GND
MC14067B
Exgag';AL 0-TO-5 V DIGITAL
DIGITAL CONTROL SIGNALS
CIRCUITRY

1

Figure A. Application Example

Vbp Vbp

Dx Dx

SWITCH COMMON
110 oIl

Dx Dx

Vss Vss

Figure B. External Germanium or Schottky Clipping Diodes
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MC14069UB

Hex Inverter

The MC14069UB hex inverter is constructed with MOS P—channel

and N-channel enhancement mode devices in a single monolithic

structure. These inverters find primary use where low power
dissipation and/or high noise immunity is desired. Each of the six

inverters is a single stage to minimize propagation delays.
¢ Supply Voltage Range = 3.0 Vdc to 18 Vdc

ON Semiconductor

http://onsemi.com

¢ Capable of Driving Two Low—Power TTL Loads or One Low—Power

Schottky TTL Load Over the Rated Temperature Range
* Triple Diode Protection on All Inputs
* Pin—for—Pin Replacement for CD4069UB
* Meets JEDEC UB Specifications

MAXIMUM RATINGS (Voltages Referenced to Vgs) (Note 2.)

Symbol Parameter Value Unit
Vpp DC Supply Voltage Range —-0.5t0 +18.0 \Y,
Vin, Vout | Input or Output Voltage Range -0.5to Vpp + 0.5 \
(DC or Transient)
lins lout Input or Output Current +10 mA
(DC or Transient) per Pin
Pp Power Dissipation, 500 mw
per Package (Note 3.)
Ta Ambient Temperature Range —55to +125 °C
Tstg Storage Temperature Range —65 to +150 °C
T Lead Temperature 260 °C
(8—Second Soldering)

2. Maximum Ratings are those values beyond which damage to the device
may occur.

3. Temperature Derating:
Plastic “P and D/DW” Packages: — 7.0 mW/°C From 65°C To 125°C

This device contains protection circuitry to guard against damage due to high
static voltages or electric fields. However, precautions must be taken to avoid
applications of any voltage higher than maximum rated voltages to this
high—impedance circuit. For proper operation, Vi, and Vg should be constrained
to the range Vgs < (Vin or Vout) < Vpp.

Unused inputs must always be tied to an appropriate logic voltage level (e.g.,
either Vgg or Vpp). Unused outputs must be left open.

0 Semiconductor Components Industries, LLC, 2000 185
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MARKING
DIAGRAMS
14
V PDIP-14
]f. b SUFFIX b MC14069UBCP
CASE 646 Lo AWLYYWW
1
Bononno
solc-14 120690
DSUFFIX | awLyww
CASE 751A S oo
1
14
fAAAA
TSSOP-14 14
9 DT SUFFIX 069U
S CASE 948G b ALYW
HHHHH
1
14
minininininis
SOEIAJ-14
E SUFFIX MC14069U
CASE 965 [o AWLYWW
T OO
1
A = Assembly Location
WL or L = Wafer Lot
YYorY =Year

WW or W = Work Week

ORDERING INFORMATION

Device Package Shipping
MC14069UBCP PDIP-14 2000/Box
MC14069UBD SOIC-14 2750/Box
MC14069UBDR2 | SOIC-14 |2500/Tape & Reel
MC14069UBDT | TSSOP-14 96/Rail

MC14069UBDTEL | TSSOP-14

2000/Tape & Reel

MC14069UBDTR2| TSSOP-14

2500/Tape & Reel

MC14069UBF SOEIAJ-14

See Note 1.

MC14069UBFEL | SOEIAJ-14

See Note 1.

1. For ordering information on the EIAJ version of
the SOIC packages, please contact your local
ON Semiconductor representative.

Publication Order Number:

MC14069UB/D




MC14069UB

PIN ASSIGNMENT

N1 1@ 14 [ vpp
outi( 2 13[IN6
IN2[] 3 12 ] OUT 6
out2[] 4 11 IN5
IN3[ 5 10 J ouT5
out3f[ 6 9 IN4
vss [ 7 8 [l ouT4
LOGIC DIAGRAM CIRCUIT SCHEMATIC
(1/6 OF CIRCUIT SHOWN)
1 _>°_ 2 Vop
Vpp = PIN 14 :j)
3—>°—4 Vss=PIN7
5 —>o— 6 INPUT* }—o OUTPUT
9 —>o— 8
1 —>o— 10 q Ves
*Double diode protection on all
13— >° 12 inputs not shown.
20 ns l«—20 NS
T
14 90% Voo
GENERATOR 10% N Vss
tPHL tpLH
90% — Vo
OUTPUT 50%
= - 10% vV,
oL
— ]
tTHL triH

Figure 1. Switching Time Test Circuit and Waveforms
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MC14069UB

ELECTRICAL CHARACTERISTICS (Voltages Referenced to Vgg)

—-55°C 25°C 125°C
Symbo | Vpp
Characteristic I vdc Min Max Min Typ 4) Max Min Max Unit
Output Voltage “0” Level VoL 5.0 — 0.05 — 0 0.05 — 0.05 Vdc
Vin = Vpp 10 — 0.05 — 0 0.05 — 0.05
15 — 0.05 — 0 0.05 — 0.05
Vin =0 “1" Level | Von 5.0 4.95 — 4.95 5.0 — 4.95 — Vdc
10 9.95 — 9.95 10 — 9.95 —
15 14.95 — 14.95 15 — 14.95 —
Input Voltage “0” Level Vi Vdc
(Vo =4.5Vdc) 5.0 — 1.0 — 2.25 1.0 —_ 1.0
(Vo = 9.0 Vdc) 10 — 2.0 — 450 2.0 — 2.0
(Vo = 13.5 Vdc) 15 — 25 — 6.75 25 — 25
“1” Level V4 Vdc
(Vo =0.5Vdc) 5.0 4.0 — 4.0 2.75 — 4.0 —_
(Vo =1.0 Vdc) 10 8.0 — 8.0 5.50 — 8.0 —
(Vo =1.5Vdc) 15 125 — 125 8.25 — 125 —_
Output Drive Current loH mAdc
(Von =2.5Vdc) Source 5.0 -3.0 — -24 —-4.2 — -17 —
(Von = 4.6 Vdc) 50 | -0.64 — -051 -0.88 — -0.36 —
(Vo = 9.5 Vdc) 10 -16 — -1.3 -2.25 — -0.9 —
(Von = 13.5 Vdc) 15 —42 — -34 -88 — —24 —
(VoL = 0.4 Vdc) Sink loL 5.0 0.64 — 0.51 0.88 — 0.36 — mAdc
(VoL = 0.5 Vdc) 10 1.6 — 1.3 2.25 — 0.9 —
(VoL = 1.5 Vdc) 15 4.2 — 34 8.8 — 24 —
Input Current lin 15 — +0.1 — +0.00001 | £0.1 — +1.0 HAdc
Input Capacitance Cin — — — — 5.0 7.5 — — pF
(Vin=0)
Quiescent Current Ibb 5.0 — 0.25 — 0.0005 0.25 — 7.5 HAdc
(Per Package) 10 — 0.5 — 0.0010 0.5 — 15
15 — 1.0 — 0.0015 1.0 — 30
Total Supply Current () (6-) It 5.0 It = (0.3 pA/kHZ) f + Ipp/6 pAdc
(Dynamic plus Quiescent, 10 It = (0.6 pA/kHZ) f + Ipp/6
Per Gate) (C_ =50 pF) 15 It = (0.9 pA/kHz) f + Ipp/6
Output Rise and Fall Times (5 tTLH, ns
(CL =50 pF) tTHL 5.0 — — — 100 200 — —
trLHs trae = (.35 ns/pF) C + 33 ns 10 — — — 50 100 — —
tTLH, ttHL = (0.60 ns/pF) C + 20 ns 15 — — — 40 80 — —
trLH, trHe = (0.40 ns/pF) C + 20 ns
Propagation Delay Times (5.) tpLH, ns
(CL=50pF) tpHL
tpLHs tpHL = (0.90 ns/pF) C + 20 ns 5.0 — — — 65 125 — —
tpLH, tpHL = (0.36 ns/pF) C + 22 ns 10 — — — 40 75 — —
tpLHs tpHL = (0.26 ns/pF) C + 17 ns 15 — — — 30 55 — —

4. Data labelled “Typ” is not to be used for design purposes but is intended as an indication of the IC’s potential performance.
5. The formulas given are for the typical characteristics only at 25°C.
6. To calculate total supply current at loads other than 50 pF:

I1(CL) = 11(50 pF) + (C| - 50) Vfk

where: It is in A (per package), C, in pF, V = (Vpp — Vgg) in volts, f in kHz is input frequency, and k = 0.002.
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MC14070B, MC14077B

CMOS SSI
Quad Exclusive “OR” and “NOR” Gates

The MC14070B quad exclusive OR gate and the MC14077B quad
exclusive NOR gate are constructed with MOS P-channel and
N-channel enhancement mode devices in a single monolithic
structure. These complementary MOS logic gates find primary use
where low power dissipation and/or high noise immunity is desired.

¢ Supply Voltage Range = 3.0 Vdc to 18 Vdc

ON Semiconductor

http://onsemi.com

* All Outputs Buffered ,
\

¢ Capable of Driving Two Low—Power TTL Loads or One Low—Powﬂf.

Schottky TTL Load Over the Rated Temperature Range
¢ Double Diode Protection on All Inputs
* MC14070B — Replacement for CD4030B and CD4070B Types
* MC14077B — Replacement for CD4077B Type

MAXIMUM RATINGS (Voltages Referenced to Vgs) (Note 2.)

Symbol Parameter Value Unit
Vpp DC Supply Voltage Range -0.5t0 +18.0 \%
Vin, Vout Input or Output Voltage Range —-0.5toVpp +0.5 \
(DC or Transient)
lins lout Input or Output Current +10 mA
(DC or Transient) per Pin
Pp Power Dissipation, 500 mw
per Package (Note 3.)
Ta Ambient Temperature Range —55to0 +125 °C
Tstg Storage Temperature Range —65 to +150 °C
T Lead Temperature 260 °C

XX

A

WL or L
YY orY
WW or W = Work Week

PDIP-14
P SUFFIX
CASE 646

SOIC-14
D SUFFIX
CASE 751A

SOEIAJ-14
F SUFFIX
CASE 965

MARKING
DIAGRAMS
14

MC140XXBCP
o AWLYYWW

14
minininininin

140XXB
o AWLYWW

I
1

14
minininininin

MC140XXB

o AWLYWW

N
1

= Specific Device Code
= Assembly Location

= Wafer Lot
= Year

ORDERING INFORMATION

(8-Second Soldering)

2. Maximum Ratings are those values beyond which damage to the device
may occur.

3. Temperature Derating:
Plastic “P and D/DW” Packages: — 7.0 mW/°C From 65°C To 125°C

This device contains protection circuitry to guard against damage due to high
static voltages or electric fields. However, precautions must be taken to avoid
applications of any voltage higher than maximum rated voltages to this

high—impedance circuit. For proper operation, Vi, and Vg should be constrained
to the range Vss < (Vin or Vout) < Vpp-

Unused inputs must always be tied to an appropriate logic voltage level (e.g.,
either Vgg or Vpp). Unused outputs must be left open.

0 Semiconductor Components Industries, LLC, 2000 188
March, 2000 — Rev. 3

Device Package Shipping
MC140XXBCP PDIP-14 2000/Box
MC140XXBD SOIC-14 2750/Box
MC140XXBDR2 SOIC-14 [ 2500/Tape & Reel
MC140XXBF SOEIAJ-14 See Note 1.
MC140XXBFEL SOEIAJ-14 See Note 1.

1. For ordering information on the EIAJ version of
the SOIC packages, please contact your local
ON Semiconductor representative.

Publication Order Number:

MC14070B/D




MC14070B, MC14077B

PIN ASSIGNMENT

IN1,[] 10 14 [ vpp
IN25 [ 2 13[1IN2p
ouTA [] 3 122 [1IN1p
ouTg [ 4 11 [1 OUTp
IN1g[] 5 10 [1 oUTe
IN2g [] 6 91IN2¢
Vss [ 7 8 [1IN1c
MC14070B MC14077B
QUAD Exclusive OR  QUAD Exclusive NOR
Gate Gate

1

T
SDS
1o
T

Vpp = PIN 14
Vgs=PIN7
(BOTH DEVICES)

20ns —»

/— Vbp

— Vss

Vin

1f
50% DUTY CYCLE

*Inverted output on MC14077B only.

Figure 1. Power Dissipation Test Circuit and Waveform

20 ns |<7 20 ns
Vbp
90%
PULSE INPUT
GENERATOR 10%
Vss
tpHL tpLH
B 90% — Vou
OUTPUT 50%
10% VoL
trp —> <ty

*Inverted output on MC14077B only.
#Connect unused input to Vpp for MC14070B, to Vgg for MC14077B.

Figure 2. Switching Time Test Circuit and Waveforms
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MC14070B, MC14077B

ELECTRICAL CHARACTERISTICS (Voltages Referenced to Vgg)

Vop -55°C 25°C 125°C
Characteristic Symbol | Vdc Min Max Min Typ 4) Max Min Max | Unit
Output Voltage “0” Level VoL 5.0 — 0.05 — 0 0.05 — 0.05 Vdc
Vin= Vppor0 10 — 0.05 — 0 0.05 — 0.05
15 — 0.05 — 0 0.05 — 0.05
“1" Level VoH 5.0 4.95 — 4.95 5.0 — 4.95 — Vdc
Vinh =0 or Vpp 10 9.95 — 9.95 10 — 9.95 —
15 14.95 — 14.95 15 — 14.95 —
Input Voltage “0” Level Vi Vdc
(Vo =4.50r 0.5 Vvdc) 5.0 — 15 — 2.25 15 — 15
(Vo =9.0 or 1.0 Vdc) 10 — 3.0 — 4.50 3.0 — 3.0
(Vo =13.50r1.5Vdc) 15 — 4.0 — 6.75 4.0 — 4.0
“1” Level V4 Vdc
(Vo =0.50r 4.5 Vvdc) 5.0 35 — 35 2.75 — 35 —
(Vo =1.0 0r 9.0 Vdc) 10 7.0 — 7.0 5.50 — 7.0 —
(Vo =1.50r13.5Vdc) 15 11 — 11 8.25 — 11 —
Output Drive Current loH mAdc
(Von =2.5Vdc) Source 5.0 -3.0 — -24 —-4.2 — -17 —
(Von = 4.6 Vdc) 50 | -0.64 — -051 -0.88 — -0.36 —
(Von =9.5 Vdc) 10 -1.6 — -1.3 -2.25 — -0.9 —
(Von = 13.5 Vdc) 15 -4.2 — -34 -8.8 — -24 —
(VoL = 0.4 Vdc) Sink loL 5.0 0.64 — 0.51 0.88 — 0.36 — mAdc
(VoL = 0.5 Vvdc) 10 1.6 — 1.3 2.25 — 0.9 —
(VoL = 1.5 Vdc) 15 4.2 — 34 8.8 — 24 —
Input Current lin 15 — +0.1 — +0.00001 | +0.1 — +1.0 | pAdc
Input Capacitance Cin — — — — 5.0 7.5 — — pF
(Vin=0)
Quiescent Current Ibb 5.0 — 0.25 — 0.0005 0.25 — 7.5 HAdc
(Per Package) 10 — 0.5 — 0.0010 0.5 — 15
15 — 1.0 — 0.0015 1.0 — 30
Total Supply Current () (6-) It 5.0 It = (0.3 pA/kHZ) f + Ipp pAdc
(Dynamic plus Quiescent, 10 I+ = (0.6 pA/kHZ) f + Ipp
Per Package) 15 It = (0.9 pA/kHZ) f + Ipp
(CL =50 pF on all outputs, all
buffers switching)
Output Rise and Fall Times (5 tTLH, ns
(CL=50pF) triL
trLHs trhe = (2.35 ns/pF) C + 33 ns 5.0 — — — 100 200 — —
trLH, trHL = (0.60 ns/pF) C + 20 ns 10 — — — 50 100 — —
tTLHv tTHL = (0.40 ns/pF) CL +20ns 15 — — — 40 80 —_— —_—
Propagation Delay Times (5 tpLH, ns
(CL=50pF) tpHL
tPLHv tPHL = (0.90 ns/pF) C|_ +130ns 5.0 — — — 175 350 —_— —
tpLH, tPHL = (036 ns/pF) C|_ +57ns 10 — — — 75 150 — —
tPLHv tPHL = (0.26 ns/pF) C|_ +37ns 15 — — — 55 110 — —

4. Data labelled “Typ” is not to be used for design purposes but is intended as an indication of the IC’s potential performance.
5. The formulas given are for the typical characteristics only at 25°C.
6. To calculate total supply current at loads other than 50 pF:

I1(CL) = 11(50 pF) + (C - 50) Vfk

where: It is in pH (per package), C in pF, V = (Vpp — Vsg) in volts, fin kHz is input frequency, and k = 0.002.
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MC14076B

4-Bit D-Type Register
with Three-State Outputs

The MC14076B 4-Bit Register consists of four D-type flip—flops
operating synchronously from a common clock. OR gated ON Semiconductor
output—disable inputs force the outputs into a high—impedance state
for use in bus organized systems. OR gated data—disable inputs cause http://onsemi.com
the Q outputs to be fed back to the D inputs of the flip—flops. Thus they
are inhibited from changing state while the clocking process remains MARKING
undisturbed. An asynchronous master root is provided to clear all four DIAGRAMS
flip—flops simultaneously independent of the clock or disable inputs. 16

* Three—State Outputs with Gated Control Lines ;gf;lzl& MCL4076BCP
. . q
¢ Fully Independent Clock Allows Unrestricted Operation for the Two| CASE 648 Lo AWLYYWW
Modes: Parallel Load and Do Nothing 1
¢ Asynchronous Master Reset
. 1
¢ Four Bus Buffer Registers SOIC_16 r?nrmrmrm
* Supply Voltage Range = 3.0 Vdc to 18 Vdc D SUFFIX A\lA‘/‘BZSV?N
¢ Capable of Driving Two Low—Power TTL Loads or One Low—Power "% CASE 751B " Hroooo
Schottky TTL Load Over the Rated Temperature Range 1
A = Assembly Location
WL orL = Wafer Lot
YYorY =Year
MAXIMUM RATINGS (Voltages Referenced to Vsg) (Note 1.) WW or W = Work Week
Symbol Parameter Value Unit
Vbp DC Supply Voltage Range —-0.5t0+18.0 \4 ORDERING INFORMATION
Vin, Vout | Input or Output Voltage Range —-0.5t0 Vpp + 0.5 \ . .
(DC or Transient) Device Package Shipping
lim lout | Input or Output Current +10 mA MC14076BCP PDIP-16 2000/Box
(BC or Transient) per Pin MC14076BD SOIC-16 2400/Box
Po Power Dissipation, 500 mw MC14076BDR2 | SOIC-16 |2500/Tape & Reel
per Package (Note 2.)
Ta Ambient Temperature Range —55t0 +125 °C
Tstg Storage Temperature Range —65to +150 °C
T Lead Temperature 260 °C
(8—Second Soldering)
1. Maximum Ratings are those values beyond which damage to the device
may occur.
2. Temperature Derating:
Plastic “P and D/DW" Packages: — 7.0 mW/°C From 65°C To 125°C
This device contains protection circuitry to guard against damage due to high
static voltages or electric fields. However, precautions must be taken to avoid
applications of any voltage higher than maximum rated voltages to this
high—impedance circuit. For proper operation, Vi, and Vo should be constrained
to the range Vgg < (Vij, or Vout) < Vpp.
Unused inputs must always be tied to an appropriate logic voltage level (e.g.,
either Vgg or Vpp). Unused outputs must be left open.
0 Semiconductor Components Industries, LLC, 2000 191 Publication Order Number:

March, 2000 — Rev. 3 MC14076B/D



MC14076B

PIN ASSIGNMENT

outputy Al Le 16 {1 Voo
DISABLE™ B[] 2 15R
Qf 3 14 [1 Do
1[] 4 13 D1
Q2[5 12 [] D2
Q3[ 6 11 [1D3
cgzv 108 DATA

BLOCK DIAGRAM

15 —RESET Q0 —3
14 — DO
13 —D1
12 —D2 Qlf—14
11 — D3
10 —{B | DATA
9 — A | DISABLE Q2}—>5
7 —CLOCK
2 —B | OUTPUT
1 —A DISABLE Q3}—6
Vpp = PIN 16
VSS =PIN8

FUNCTION TABLE

Inputs
Data Disable Data | Output

Reset | Clock A B D Q

1 X X X X 0

0 0 X X X Qn

0 va 1 X X Qn

0 e X 1 X Qn

0 va 0 0 0 0

0 va 0 0 1 1

When either output disable A or B (or both) is (are) high the
output is disabled to the high—impedance state; however
sequential operation of the flip—flops is not affected.

X = Don't Care.
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MC14076B

ELECTRICAL CHARACTERISTICS (Voltages Referenced to Vgg)

Voo —-55°C 25°C 125°C
Characteristic Symbol | Vdc Min Max Min Typ @) Max Min Max Unit
Output Voltage “0” Level VoL 5.0 — 0.05 — 0 0.05 — 0.05 Vdc
Vin= Vppor0 10 — 0.05 — 0 0.05 — 0.05
15 — 0.05 — 0 0.05 — 0.05
“1" Level Vou 5.0 4.95 — 4.95 5.0 — 4.95 — Vdc
Vin =0 or Vpp 10 9.95 — 9.95 10 — 9.95 —
15 14.95 — 14.95 15 — 14.95 —
Input Voltage “0” Level VL Vdc
(Vo = 4.5 or 0.5 Vdc) 5.0 — 15 — 2.25 1.5 — 15
(Vo =9.0 or 1.0 Vdc) 10 — 3.0 — 4.50 3.0 — 3.0
(Vo = 13.5 or 1.5 Vdc) 15 — 4.0 — 6.75 4.0 — 4.0
“1” Level V4 Vdc
(Vo =0.50r 4.5 Vvdc) 5.0 3.5 — 3.5 2.75 — 35 —_
(Vo =1.0 0r 9.0 Vdc) 10 7.0 — 7.0 5.50 — 7.0 —
(Vo =1.50r 13.5Vdc) 15 11 — 11 8.25 — 11 —_
Output Drive Current loH mAdc
(Von =2.5Vdc) Source 5.0 -3.0 — -24 —-4.2 — -17 —
(Von = 4.6 Vdc) 5.0 -0.64 — -0.51 —-0.88 — —-0.36 —
(Von = 9.5 Vdc) 10 -16 — -13 -2.25 — -09 —
(Von = 13.5 Vdc) 15 -42 — -34 -88 — —24 —
(VoL = 0.4 Vdc) Sink loL 5.0 0.64 — 0.51 0.88 — 0.36 — mAdc
(VoL = 0.5 Vdc) 10 1.6 — 1.3 2.25 — 0.9 —
(VoL = 1.5 Vdc) 15 4.2 — 34 8.8 — 24 —
Input Current lin 15 — +0.1 — +0.00001 | £0.1 — +1.0 HAdc
Input Capacitance Cin — — — — 5.0 7.5 — — pF
(Vin=0)
Quiescent Current Ibb 5.0 — 5.0 — 0.005 5.0 — 150 HAdc
(Per Package) 10 — 10 — 0.010 10 — 300
15 — 20 — 0.015 20 — 600
Total Supply Current (4-) (5-) It 5.0 It = (0.75 pA/kHZ) f + Ipp pAdc
(Dynamic plus Quiescent, 10 I = (1.50 pA/kHz) f + Ipp
Per Package) 15 IT =(2.25 pA/kHz) f + Ipp
(CL =50 pF on all outputs, all
buffers switching)
Three—State Leakage Current I 15 — |01 | — [zoo001 | 01 | — | +30 [ pAde

3. Data labelled “Typ” is not to be used for design purposes but is intended as an indication of the IC’s potential performance.
4. The formulas given are for the typical characteristics only at 25°C.
5. To calculate total supply current at loads other than 50 pF:

I1(CL) = I11(50 pF) + (C| - 50) Vfk

where: It is in A (per package), C, in pF, V = (Vpp — Vsg) in volts, f in kHz is input frequency, and k = 0.002.
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MC14076B

SWITCHING CHARACTERISTICS (6) (C, =50 pF, Ta = 25°C)

Vbb
Characteristic Symbol Vdc Min Typ (7) Max Unit
Output Rise and Fall Time tTLHs tTHL ns
trHs trhe = (3.5 ns/pF) C + 25 ns 5.0 — 100 200
tTLH| tTHL = (075 ns/pF) CL +12.5ns 10 — 50 100
tTLHs trHL = (0.55 ns/pF) C + 9.5 ns 15 — 40 80
Propagation Delay Time tpLHs tPHL ns
Clock to Q
tpLy, tpuL = (1.7 ns/pF) C + 215 ns 5.0 — 300 600
tpLH, tpHL = (0.66 ns/pF) C + 92 ns 10 — 125 250
tpLH, tpHL = (0.5 ns/pF) C| + 65 ns 15 — 90 180
Resetto Q
tpLHs tpHL = (1.7 ns/pF) C + 215 ns 5.0 — 300 600
tpLH, tpHL = (0.66 ns/pF) C + 92 ns 10 — 125 250
tpLHs tpHL = (0.5 ns/pF) C + 65 ns 15 — 90 180
3-State Propagation Delay, Output “1” or “0” tpHz, tpLZ 5.0 — 150 300 ns
to High Impedance 10 — 60 120
15 — 45 90
3-State Propagation Delay, High Impedance tpzH, thzL 5.0 — 200 400 ns
to “1” or “0” Level 10 — 80 160
15 — 60 120
Clock Pulse Width twH 5.0 260 130 — ns
10 110 55 —
15 80 40 —
Reset Pulse Width twH 5.0 370 185 — ns
10 150 75 —
15 110 55 —
Data Setup Time tsu 5.0 30 15 — ns
10 10 5 —
15 4 2 —
Data Hold Time th 5.0 130 65 — ns
10 60 30 —
15 50 25 —
Data Disable Setup Time tsu 5.0 220 110 — ns
10 80 40 —
15 50 25 —
Clock Pulse Rise and Fall Time tTLHs tTHL 5.0 — — 15 us
10 — — 5
15 — — 4
Clock Pulse Frequency fel 5.0 — 3.6 1.8 MHz
10 — 9.0 4.5
15 — 12 6.0

6. The formulas given are for the typical characteristics only at 25°C.

7. Data labelled “Typ” is not to be used for design purposes but is intended as an indication of the IC’s potential performance.
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MC14076B

20 ns l«—20 NS
OUTPUT f 90";>|\ Vpp
DISABLE 50% 50% N 10%
INPUT RISE AND FALL 20 ns AORB Y Vss
INPUT 90% —tpz i tpzL
INFORMATION 50%

10%

V,
ANY Q 90% o
OUTPUT Tov \ { =25V@Vpp=5Y,
p— 0 10V,AND 15V
—tpHz tozH =2V@Vpp=5V
ANY Q W /_ =6V@Vpp=10V
OUTPUT 10% =10V @ VDD =15V

Vou
OUTPUTS —><— QUTPUTS —>f«¢———— QUTPUTS
; _,I CONNECTED  DISCONNECTED CONNECTED
PLH
OUTPUT OAU’\'IF\IZST
o—>] -
friH tTHL f,z‘LTJETF; {82 RL=1kQ Vpp FOR tp 7 AND tpz
0—>] MC14076B Ve FOR tpyz AND tposy
RESET =0 OUTPUT o—] a
DATA DISABLE AAND B =0 DISABLE ;
OUTPUT DISABLE AAND B =0 AORB =
Figure 1. Timing Diagram Figure 2. Three—State Propagation Delay
Waveshape and Circuit
EQUIVALENT

FUNCTIONAL BLOCK DIAGRAM

OUTPUTDISABLEA 1 g:D)_(D
OUTPUTDISABLEB 2

DTN S— D Q J
DATADISABLEA 9 —9° <Q —&—03 Q0
DATADISABLEB 10 g:D"'D‘ j’
D1 130 'I_-'%:D D Q J
9c r Q —@—04 Q1
CLOCK 7 O—Dc ) j’
D2 12O %:D b Q J
9¢ R Q —%—05 Q2
I 7
D3 11 O— _LD-L:D D Q J
— )]
9c¢ r Q @—oe 03
RESET 150—Dc T
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MC14093B

Quad 2-Input “NAND”
Schmitt Trigger

The MC14093B Schmitt trigger is constructed with MOS
P—channel and N-channel enhancement mode devices in a single

monolithic structure. These devices find primary use where low power

dissipation and/or high noise immunity is desired. The MC14093B

ON Semiconductor

http://onsemi.com

may be used in place of the MC14011B quad 2—-input NAND gate for

enhanced noise immunity or to “square up” slowly changing

waveforms.
* Supply Voltage Range = 3.0 Vdc to 18 Vdc

¢ Capable of Driving Two Low—Power TTL Loads or One Low—

Schottky TTL Load Over the Rated Temperature Range

* Triple Diode Protection on All Inputs

¢ Pin—for—Pin Compatible with CD4093

¢ Can be Used to Replace MC14011B

* Independent Schmitt—Trigger at each Input

MAXIMUM RATINGS (Voltages Referenced to Vgs) (Note 2.)

Symbol Parameter Value Unit
Vpp DC Supply Voltage Range —-0.5t0 +18.0 \Y,
Vin, Vout | Input or Output Voltage Range -0.5t0 Vpp + 0.5 \Y
(DC or Transient)
lins lout Input or Output Current +10 mA
(DC or Transient) per Pin
Pp Power Dissipation, 500 mwW
per Package (Note 3.)
Ta Ambient Temperature Range —551t0 +125 °C
Tstg Storage Temperature Range —65 to +150 °C
T Lead Temperature 260 °C
(8—Second Soldering)

2. Maximum Ratings are those values beyond which damage to the device
may occur.

3. Temperature Derating:
Plastic “P and D/DW” Packages: — 7.0 mW/°C From 65°C To 125°C

This device contains protection circuitry to guard against damage due to high
static voltages or electric fields. However, precautions must be taken to avoid
applications of any voltage higher than maximum rated voltages to this
high—impedance circuit. For proper operation, Vi, and Vq; should be constrained

to the range Vgs < (Vih or Vout) < Vpp.

Unused inputs must always be tied to an appropriate logic voltage level (e.g.,

either Vgg or Vpp). Unused outputs must be left open.

[ Semiconductor Components Industries, LLC, 2000

March, 2000 — Rev. 3

196

WL or L
YYorY

MARKING
DIAGRAMS
14

PDIP-14
P SUFFIX MC14093BCP
CASE 646 Lo AWLYYWW

1
:Il_lll mininininin

SOIC-14 140938

D SUFFIX o AWLYWW
CASE 751A T CTOT O
1

14
R
TSSOP-14 14
DT SUFFIX 093B
CASE 948G o ALYW
LEELL
1
14
minininininin
SOEIAJ-14

F SUFEIX MC14093B

CASE965 |o AWLYWW
NN NN ..
1

= Assembly Location

= Wafer Lot

= Year

WW or W = Work Week

ORDERING INFORMATION

Device Package Shipping
MC14093BCP PDIP-14 2000/Box
MC14093BD SOIC-14 2750/Box
MC14093BDR2 SOIC-14 | 2500/Tape & Reel
MC14093BDT TSSOP-14 96/Rail
MC14093BDTEL | TSSOP-14 | 2000/Tape & Reel
MC14093BDTR2 | TSSOP-14 | 2500/Tape & Reel
MC14093BF SOEIAJ-14 See Note 1.
MC14093BFEL SOEIAJ-14 See Note 1.

1. For ordering information on the EIAJ version of
the SOIC packages, please contact your local
ON Semiconductor representative.

Publication Order Number:
MC14093B/D




MC14093B

PIN ASSIGNMENT

IN1,[] 10 14 [ vpp
IN25 [ 2 13[1IN2p
ouTa ] 3 12 [1IN1p
ouTg [ 4 11 [] OUTy
IN1g[] 5 10 [1 ouTe
IN2g [] 6 9 [1IN2¢
Vs [ 7 8l IN1C

LOGIC DIAGRAM

D

5 —|

D

D

9 —1

12 —

” _@o— 1
Vpp = PIN 14
VSS=P|N7

EQUIVALENT CIRCUIT SCHEMATIC
(1/4 OF CIRCUIT SHOWN)

B
C_N:} >
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MC14093B

ELECTRICAL CHARACTERISTICS (Voltages Referenced to Vgg)

Voo —-55°C 25°C 125°C
Characteristic Symbol | Vdc Min Max Min Typ 4) Max Min Max Unit
Output Voltage “0” Level VoL 5.0 — 0.05 — 0 0.05 — 0.05 Vdc
Vin= Vppor0 10 — 0.05 — 0 0.05 — 0.05
15 — 0.05 — 0 0.05 — 0.05
“1" Level VoH 5.0 4.95 — 4.95 5.0 — 4.95 — Vdc
Vin =0 or Vpp 10 9.95 — 9.95 10 — 9.95 —
15 14.95 — 14.95 15 — 14.95 —
Output Drive Current loH mAdc
(Von =2.5Vdc) Source 5.0 -3.0 — -24 -4.2 — -17 —
(Vou = 4.6 Vdc) 5.0 -0.64 — -051 -0.88 — -0.36 —
(Von = 9.5 vdc) 10 -1.6 — -13 -2.25 — -0.9 —
(Von = 13.5 Vdc) 15 —-42 — -34 -88 — —2.4 —
(VoL = 0.4 Vdc) Sink loL 5.0 0.64 — 0.51 0.88 — 0.36 — mAdc
(VoL = 0.5 Vdc) 10 1.6 — 1.3 2.25 — 0.9 —
(VoL = 1.5 Vdc) 15 4.2 — 3.4 8.8 — 2.4 —
Input Current lin 15 — +0.1 — +0.00001 | +0.1 — +1.0 pAdc
Input Capacitance Cin — — — — 5.0 7.5 — — pF
(Vin=0)
Quiescent Current Ibb 5.0 — 0.25 — 0.0005 0.25 — 7.5 pAdc
(Per Package) 10 — 0.5 — 0.0010 0.5 — 15
15 — 1.0 — 0.0015 1.0 — 30
Total Supply Current () (6-) It 5.0 It = (1.2 pA/kHz) f + Ipp pAdc
(Dynamic plus Quiescent, 10 It = (2.4 pA/KHZ) f + Ipp
Per Package) 15 It = (3.6 pA/kHZ) f + Ipp
(CL =50 pF on all outputs, all
buffers switching)
Hysteresis Voltage vyt 5.0 0.3 2.0 0.3 11 2.0 0.3 2.0 Vdc
10 1.2 34 1.2 1.7 3.4 1.2 34
15 1.6 5.0 1.6 2.1 5.0 1.6 5.0
Threshold Voltage Vdc
Positive—Going VT4 5.0 2.2 3.6 2.2 29 3.6 2.2 3.6
10 4.6 7.1 4.6 5.9 7.1 4.6 7.1
15 6.8 10.8 6.8 8.8 10.8 6.8 10.8
Negative—Going Vo 5.0 0.9 2.8 0.9 1.9 2.8 0.9 2.8 Vdc
10 2.5 5.2 2.5 3.9 5.2 2.5 5.2
15 4.0 7.4 4.0 5.8 7.4 4.0 7.4

4. Data labelled “Typ” is not to be used for design purposes but is intended as an indication of the IC’s potential performance.
5. The formulas given are for the typical characteristics only at 25°C.
6. To calculate total supply current at loads other than 50 pF:

I7(CL) = I+(50 pF) + (C_ — 50) Vfk
where: It is in A (per package), C, in pF, V = (Vpp — Vgg) in volts, f in kHz is input frequency, and k = 0.004.
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MC14093B

SWITCHING CHARACTERISTICS (C, = 50 pF, T = 25°C)

Vbp
Characteristic Symbol Vdc Min Typ (7) Max Unit
Output Rise Time tTLH 5.0 — 100 200 ns
10 — 50 100
15 — 40 80
Output Fall Time tTHL 5.0 — 100 200 ns
10 — 50 100
15 — 40 80
Propagation Delay Time tpLHs tPHL 5.0 — 125 250 ns
10 — 50 100
15 — 40 80

7. Data labeled “Typ” is not to be used for design purposes but is intended as an indication of the IC’s potential performance.

Figure 1. Switching Time Test Circuit and Waveforms

Vbp
14
PULSE T
GENERATOR INPUT c
7 VSS I L
VH

Vout

(a) Schmitt Triggers will square up

Vss

inputs with slow rise and fall times.

20ns

INPUT

OUTPUT
tPHL

OUTPUT

r; T l«—20 ns
50% Voo
50%
10% , V. ss
tpLH
90% — VoH
0
V,
P oL
tTHL tiLH

Vout

Vbb

Vss

(b) A Schmitt trigger offers maximum
noise immunity in gate applications.

Figure 2. Typical Schmitt Trigger Applications

http://onsemi.com
199




loH, DRAIN CURRENT (mAdc)

MC14093B

14 | 14 |
OH Ves oL
= Vout | | Vout
. 7 7
All' unused inputs All unused inputs
connected to ground. ;. connected to ground. =
0 10 T T T
( ; a/ / b ¢ 15 Vdc
- a, ~—|
-2.0 Vgs=-5.0 Vdce {_ a g 8.0 } / b/ Vgs = 10 Vde
<<
L a Ty=-55°C / £
e
_aol b Ta=+25°C // /’/ % - /l .
' Tp=+125° '
b Ta=+125%C e // & / aTp=-5°C __
c_— /] o b Ta=+25°C
-60 7 )/ = 40 ¢ Ty=+125°C
10Vvd [V ’d 2
Jovee ¢ |b -15Vd =
-8.0 >/ /[ ]> Y S 20 ~ - b} 5.0 Vdc
;__‘—-"'/ / / /
-10 Z /IA /a 0
-10 -8.0 -6.0 -4.0 -2.0 0 0 2.0 4.0 6.0 8.0 10
Vps, DRAIN VOLTAGE (Vdc) Vps, DRAIN VOLTAGE (Vdc)
Figure 3. Typical Output Source Figure 4. Typical Output Sink
Characteristics Test Circuit Characteristics Test Circuit
Vbp
— J
8
=
L
2
5
@)
>
=
) - L
o
—
-]
©
3
= I I
[ [
. |
0 Vi Vs Vbp
— Wy

Vin, INPUT VOLTAGE (Vdlc)

Figure 5. Typical Transfer Characteristics
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MC14094B

8-Stage Shift/Store Register
with Three-State Outputs

The MC14094B combines an 8—stage shift register with a data latch

for each stage and a three—state output from each latch.

Data is shifted on the positive clock transition and is shifted from the
seventh stage to two serial outputs. TheoQtput data is for use in
high—speed cascaded systems. ThedQtput data is shifted on the

ON Semiconductor

Formerly a Dhvsion of Molonh

http://onsemi.com

following negative clock transition for use in low—speed cascaded MARKING
systems. DIAGRAMS
Data from each stage of the shift register is latched on the negative PDIP_16 16
transition of the strobe input. Data propagates through the latch whil P SUF_FIX MC14094BCP
strobe is high. _ CASE 648 [ o AWLYYWW
Outputs of the eight data latches are controlled by three—state 1
buffers which are placed in the high—impedance state by a logic Low
on Output Enable. 16
wininininlininlis]
* Three-State OUtpUtS DSgIL?F_Fl& 140948
e Capable of Driving Two Low—Power TTL Loads or One Low—Power CASE 751p LS AWLYWW
Schottky TTL Load Over the Rated Temperature Range o
* Input Diode Protection 16
¢ Data Latch AAAAAA
. TSSOP-16 14
¢ Dual Outputs for Data Out on Both Positive and w DT SUEFIX 0948
Negative Clock Transitions CASE 948F o ALYW
* Useful for Serial-to—Parallel Data Conversion LLLLLLL
* Pin—for—Pin Compatible with CD4094B 16
winlnininininlis]
SOEIAJ-16
MAXIMUM RATINGS (Voltages Referenced to Vss) (Note 1.) E SUEEIX MC14094B
Symbol Parameter Value Unit CASE966 |o AWLYWW
OOoOoOoOoox
Vpp DC Supply Voltage Range -0.5t0 +18.0 \ 1
i You Inrfgtcoffi’fgﬁéﬁgage Range | Z08to Voo oS Y A = Assembly Location
WL orL = Wafer Lot
lin, lout Input or Output Current +10 mA YYorY =Year
(DC or Transient) per Pin WW or W = Work Week
Pp Power Dissipation, 500 mwW
per Package (Note 2.) ORDERING INFORMATION
Ta Ambient Temperature Range —55to0 +125 °C Device Package Shipping
Tstg Storage Temperature Range —65 to +150 °C MC14094BCP PDIP—16 2000/Box
T Lead T t 260 °C
L eé_si?gfézzﬁe”ng) MC14094BD SOIC-16 48/Rail
2. Maximum Ratings are those values beyond which damage to the device MC14094BDR2 SOIC-16 | 2500/Tape & Reel
may occur.
3, Terxperature Derating: MC14094BDT TSSOP-16 96/Rail
Plastic “P and D/DW" Packages: — 7.0 mW/°C From 65°C To 125°C
' g MC14094BDTR2 | TSSOP-16 | 2500/Tape & Reel
This device contains protection circuitry to guard against damage due to high
static voltages or electric fields. However, precautions must be taken to avoid MC14094BF SOEIAJ-16 See Note 1.

applications of any voltage higher than maximum rated voltages to this
high—-impedance circuit. For proper operation, Vj, and Vq; should be constrained

to the range Vgs < (Vi, or Vout) < Vpp.

Unused inputs must always be tied to an appropriate logic voltage level (e.g.,

either Vgg or Vpp). Unused outputs must be left open.

[ Semiconductor Components Industries, LLC, 2000

March, 2000 — Rev. 3

1. Fororderinginformation on the EIAJ version of the
SOIC packages, please contact your local ON

Semiconductor representative.

Publication Order Number:

MC14094B/D



MC14094B

PIN ASSIGNMENT

STROBE[| 1@ 16 [ Vpp
DATA [] 2 15 [1 VA
CLocK [] 3 14 [1 Q5
QL[] 4 130Q6
Q2[] 5 121Q7
Q3[ 6 11 ] Q8
Q4f 7 10Q's
Vss [ 8 9 [1Qs
Output Parallel Outputs Serial Outputs
Clock | Enable | Strobe | Data Q1 Qn Qs* Q's
Ve 0 X X z z Q7 No Chg.
A 0 X X z z No Chg. Q7
e 1 0 X No Chg. | No Chg. Q7 No Chg.
va 1 1 0 0 On-1 Q7 No Chg.
va 1 1 1 1 On-1 Q7 No Chg.
N 1 1 1 No Chg. | No Chg. | No Chg. Q7

Z = High Impedance X =Don't Care
* At the positive clock edge, information in the 7th shift register stage is transferred to Q8 and Qs.
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MC14094B

ELECTRICAL CHARACTERISTICS (Voltages Referenced to Vgg)

Voo —-55°C 25°C 125°C
Characteristic Symbol | Vdc Min Max Min Typ 4) Max Min Max Unit
Output Voltage “0” Level VoL 5.0 — 0.05 — 0 0.05 — 0.05 Vdc
Vin= Vppor0 10 — 0.05 — 0 0.05 — 0.05
15 — 0.05 — 0 0.05 — 0.05
“1" Level Vou 5.0 4.95 — 4.95 5.0 — 4.95 — Vdc
Vin =0 or Vpp 10 9.95 — 9.95 10 — 9.95 —
15 14.95 — 14.95 15 — 14.95 —
Input Voltage “0” Level VL Vdc
(Vo = 4.5 or 0.5 Vdc) 5.0 — 15 — 2.25 15 — 15
(Vo =9.0 or 1.0 Vdc) 10 — 3.0 — 4.50 3.0 — 3.0
(Vo = 13.5 or 1.5 Vdc) 15 — 4.0 — 6.75 4.0 — 4.0
“1” Level V4 Vdc
(Vo =0.50r 4.5 Vvdc) 5.0 3.5 — 3.5 2.75 — 35 —
(Vo =1.0 0r 9.0 Vdc) 10 7.0 — 7.0 5.50 — 7.0 —
(Vo =1.50r 13.5Vdc) 15 11 — 11 8.25 — 11 —
Output Drive Current loH mAdc
(Von =2.5Vdc) Source 5.0 -3.0 — -24 —-4.2 — -17 —
(Von = 4.6 Vdc) 5.0 -0.64 — -051 —-0.88 — -0.36 —
(Vo = 9.5 Vdc) 10 -16 — -13 -2.25 — -0.9 —
(Von = 13.5 Vdc) 15 —42 — -34 -88 — —24 —
(VoL = 0.4 Vdc) Sink loL 5.0 0.64 — 0.51 0.88 — 0.36 — mAdc
(VoL = 0.5 Vdc) 10 1.6 — 1.3 2.25 — 0.9 —
(VoL = 1.5 Vdc) 15 4.2 — 34 8.8 — 24 —
Input Current lin 15 — +0.1 — +0.00001 | £0.1 — +1.0 HAdc
Input Capacitance Cin — — — — 5.0 7.5 — — pF
(Vin=0)
Quiescent Current Ibb 5.0 — 5.0 — 0.005 5.0 — 150 HAdc
(Per Package) 10 — 10 — 0.010 10 — 300
15 — 20 — 0.015 20 — 600
Total Supply Current () (6-) It 5.0 It = (4.1 pA/kHZ) f + Ipp pAdc
(Dynamic plus Quiescent, 10 It = (14 pA/kHz) f + Ipp
Per Package) 15 IT = (140 pA/kHz) f + Ipp
(CL =50 pF on all outputs, all
buffers switching)
3-State Output Leakage Current L 15 — | + 0.1 | — | +0.0001 | +0.1 | — | +30 | pA

4. Data labelled “Typ” is not to be used for design purposes but is intended as an indication of the IC’s potential performance.
5. The formulas given are for the typical characteristics only at 25°C.
6. To calculate total supply current at loads other than 50 pF:

IT(C) = I+(50 pF) + (C__ - 50) Vfk
where: It is in A (per package), C, in pF, V = (Vpp — Vgg) in volts, f in kHz is input frequency, and k = 0.001.

http://onsemi.com
203



MC14094B

SWITCHING CHARACTERISTICS (7) (C_ = 50 pF, T = 25°C)

Vop
Characteristic Symbol vdc Min Typ &) Max Unit
Output Rise and Fall Time tTLH ns
trLH, trHe = (2.35 ns/pF) C + 33 ns tTHL 5.0 — 100 200
trLH, ttHL = (0.6 ns/pF) C + 20 ns 10 — 50 100
trLH, trhe = (0.4 ns/pF) C + 20 ns 15 — 40 80
Propagation Delay Time tpLH, ns
Clock to Serial out QS tPHL
tpLHs tpHL = (0.90 ns/pF) C + 305 ns 5.0 — 350 600
tpLH, tpHL = (0.36 ns/pF) C,_ + 107 ns 10 — 125 250
tF’LHv tPHL = (026 ns/pF) CL+82ns 15 —_ 95 190
Clock to Serial out Q'S
tpLHs teHL = (0.90 ns/pF) C + 350 ns 5.0 — 230 460
tpLHs tpHL = (0.36 ns/pF) C + 149 ns 10 — 110 220
tpLH, tpHL = (0.26 ns/pF) C + 62 ns 15 — 75 150
Clock to Parallel out
tpLH, tpHL = (0.90 ns/pF) C + 375 ns 5.0 — 420 840
tpLH, tpHL = (0.35 ns/pF) C + 177 ns 10 — 195 390
tpLHs teHL = (0.26 ns/pF) C + 122 ns 15 — 135 270
Strobe to Parallel out
tpLH, tPHL = (090 ns/pF) CL + 245 ns 5.0 - 290 580
tpLH, tpuL = (0.36 ns/pF) C L + 127 ns 10 — 145 290
tpLH, tPHL = (026 ns/pF) CL +87ns 15 — 100 200
Output Enable to Output
tpHz, tpzL = (0.90 ns/pF) C| + 95 ns tPHZ, 5.0 - 140 280
tpHz, tpzL = (036 ns/PF) C_+57ns tpzL 10 - 75 150
tpHz, tpzL = (0.26 ns/pF) C + 42 ns 15 - 55 110
tpLz, tpzH = (0.90 ns/pF) C + 180 ns tpLz, 5.0 — 225 450
tpLz, tpzH = (0.36 ns/pF) C + 77 ns tpzH 10 — 95 190
tpLz, tpzn = (0.26 ns/pF) C + 57 ns 15 — 70 140
Setup Time tsu 5.0 125 60 — ns
Data in to Clock 10 55 30 —
15 35 20 —
Hold Time th 5.0 0 —40 — ns
Clock to Data 10 20 -10 —
15 20 0 —
Clock Pulse Width, High twH 5.0 200 100 — ns
10 100 50 —
15 83 40 —
Clock Rise and Fall Time tr(cl) 5 — — 15 us
ticl) 10 — — 5.0
15 — — 4.0
Clock Pulse Frequency fel 5.0 — 25 1.25 MHz
10 — 5.0 25
15 — 6.0 3.0
Strobe Pulse Width twi 5.0 200 100 — ns
10 80 40 —
15 70 35 —

7. The formulas given are for the typical characteristics only at 25°C.
8. Data labelled “Typ” is not to be used for design purposes but is intended as an indication of the IC’s potential performance.

http://onsemi.com
204



MC14094B

3-STATE TEST CIRCUIT

FOR tpyz AND tpzy FOR tp 7 AND tpz.
Vss 4 &Voo
0.E. o— 1K
DATA o—
ST OUTPUT
ISO pF
CLOCK 0— 1

BLOCK DIAGRAM

REGISTER STAGE 1 LATCH 1 3-STATE BUFFER 1
MLock CLOCK 1 Tstrose 1 Voo
2 > |
SERIAL |
DATAIN %
! CLOCK CLoCK | | STROBE B |
e ————— il 1) U [ [ I
& >
2
OUTPUT REGISTER STAGE 2 = LATCH 2 ] 3-STATE BUFFER 2
ENABLE | 3 ||
REGISTER STAGE 3 = LATCH 3 [ | 3-STATEBUFFER 3
4 REGISTER STAGE 4 = LATCH 4 | 3-STATEBUFFER 4
> REGISTER STAGE 5 = LATCH 5 | 3-STATEBUFFER 5
6 REGISTER STAGE 6 = LATCH 6 | 3-STATEBUFFER 6
! REGISTER STAGE 7 = LATCH 7 | 3-STATE BUFFER 7
8 REGISTER STAGE 8 LATCH 8 3-STATE BUFFER 8
[ [ I cLock
CLOCK CLOCK STROBE STROB :{>
3 4> CLOCK il
CLOCK
ook CLOCK
CLOCK
o TROBE *Input Protection Diodes
1 “|>— STRO P CLOCK
STROBE — :{>
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MC14094B

DYNAMIC TIMING DIAGRAM

twh L I<— —»I .
I I I
(@) cLock 50% V_ \_/_\ / \ 50% _|L JY 90%
1 10%

tsy - th—| | | |

W

(© sTROBE

OUTPUT 50% 50%
ENABLE
—> |<— Ly —> |<— toHL toLH '

@ 1 ; 90%
L—Q 10%

tTLH L L— tpLH —>| |

® s 50% 50%

—> tpLH _>| tPHL
Qs 50% 50%
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MC14099B
8-Bit Addressable Latches

The MC14099B is an 8-hit addressable latch. Data is entered in
serial form when the appropriate latch is addressed (via address pins
A0, Al, A2) and write disable is in the low state. For the MC14099B
the input is a unidirectional write only port.

The data is presented in parallel at the output of the eight latches
independently of the state of Write Disable, Write/R@adChip
Enable.

A Master Reset capability is available on both parts.

Serial Data Input

ON Semiconductor

http://onsemi.com

MARKING
DIAGRAMS
16

* Parallel Output PDIP-16
P P SUFFIX MC14099BCP
¢ Master Reset CASE 648 Lo AWLYYWW
¢ Supply Voltage Range = 3.0 Vdc to 18 Vdc 1
* Capable of Driving Two Low—power TTL Loads or One Low—Power 16
Schottky TTL Load over the Rated Temperature Range AOAAAAESA
e MC14099B pin for pin compatible with CD4099B SoICc-16 140998
DW SUFFIX \ /
CASE 751G o AWLYTWW
HEHHEEHHH
MAXIMUM RATINGS (Voltages Referenced to Vgs) (Note 2.) 1
Symbol Parameter Value Unit 1|‘(|5F| iainlalals
Vpp DC Supply Voltage Range —0.5t0 +18.0 \Y SFOSELIJAFJF_I;G MC14099B8
Vin, Vout | Input or Output Voltage Range —-0.5t0 Vpp + 0.5 \% CASE 966 °) AWLYWW
(DC or Transient) OO0 ooT
1
lins lout Input or Output Current +10 mA
(DC or Transient) per Pin A = Assembly Location
Pb Power Dissipation, 500 mw WLorL - Wafer Lot
per Package (Note 3.) YyoryY =Year
WW or W = Work Week
Ta Ambient Temperature Range —55to +125 °C
Tstg Storage Temperature Range —65 to +150 °C
T Lead Temperature 260 °C ORDERING INFORMATION
(8—Second Soldering) ) .
Device Package Shipping
2. Maximum Ratings are those values beyond which damage to the device
may occur. MC14099BCP PDIP-16 2000/Box
3. Temperature Derating:
Plastic “P and D/DW" Packages: — 7.0 mW/°C From 65°C To 125°C MC14099BDW | SOIC-16 2350/Box
This device contains protection circuitry to guard against damage due to high MC14099BDWR2 | SOIC-16 | 1000/Tape & Reel
static voltages or electric fields. However, precautions must be taken to avoid MC14099BF SOEIAJ-16 See Note 1
applications of any voltage higher than maximum rated voltages to this .
high—-impedance circuit. For proper operation, Vi, and Vq; should be constrained MC14099BFEL SOEIAJ-16 See Note 1.

to the range Vss =< (Vin or Vour) < Vpp-
Unused inputs must always be tied to an appropriate logic voltage level (e.g.,
either Vgg or Vpp). Unused outputs must be left open.

1.
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PIN ASSIGNMENT

MC14099B

Q7] 1e 16 [1 Vop
RESET [] 2 15 11 Q6 MC140998
J— 19
W%T:lr—é 03 14 1 Q5 WRITE DISSEIT_E ﬂ 8(1J
E=—Q2
pisABLE U 4 13 104 0 A =5
2 b= Q4
ols  whos o il e R =
ALl 6 111Q2 RESET 2 H—a
Vpp =16
A2[] 7 10 [] Q1 Vss =8
Vss [ 8 9[1Qo
ELECTRICAL CHARACTERISTICS (Voltages Referenced to Vgg)
-55°C 25°C 125°C
Vbp
Characteristic Symbol | Vdc Min Max Min Typ 4) Max Min Max Unit
Output Voltage “0” Level VoL 5.0 — 0.05 — 0 0.05 — 0.05 Vdc
Vin= Vppor 0 10 — 0.05 — 0 0.05 — 0.05
15 — 0.05 — 0 0.05 — 0.05
“1" Level Vou 5.0 4.95 — 4.95 5.0 — 4.95 — Vdc
Vin = 0 or Vpp 10 9.95 — 9.95 10 — 9.95 —
15 14.95 — 14.95 15 — 14.95 —
Input Voltage “0” Level Vi Vdc
(Vo = 4.5 or 0.5 Vdc) 5.0 — 15 — 2.25 15 — 15
(Vo =9.0 or 1.0 Vdc) 10 — 3.0 — 4.50 3.0 — 3.0
(Vo =13.50r1.5Vdc) 15 — 4.0 — 6.75 4.0 — 4.0
“1” Level ViH Vdc
(Vo =0.50r 4.5 Vdc) 5.0 3.5 — 3.5 2.75 — 3.5 —
(Vo =1.0 0or 9.0 Vdc) 10 7.0 — 7.0 5.50 — 7.0 —
(Vo = 1.5 or 13.5 Vdc) 15 11 — 11 8.25 — 1 —
Output Drive Current loH mAdc
(Von = 2.5 Vdc) Source 5.0 -3.0 — -24 -4.2 — -1.7 —
(Von = 4.6 Vdc) 5.0 -0.64 — -051 [ -0.88 — —-0.36 —
(Vo = 9.5 Vdc) 10 -16 — -13 —-2.25 — -09 —
(Von = 13.5 Vdc) 15 -42 — -34 -88 — -2.4 —
(VoL = 0.4 Vdc) Sink loL 5.0 0.64 — 0.51 0.88 — 0.36 — mAdc
(VoL = 0.5 Vdc) 10 1.6 — 1.3 2.25 — 0.9 —
(VoL = 1.5 Vdc) 15 4.2 — 3.4 8.8 — 2.4 —
Input Current lin 15 — +0.1 — +0.00001 | +0.1 — +1.0 pHAdc
Input Capacitance (Vj, = 0) Cin — — — — 5.0 7.5 — — pF
Input Capacitance Cin — — — — 15 22.5 — — pF
MC14599B — Data (pin 3)
(Vin=0)
Quiescent Current Ibb 5.0 — 5.0 — 0.005 5.0 — 150 HAdc
(Per Package) 10 — 10 — 0.010 10 — 300
15 — 20 — 0.015 20 — 600
Total Supply Current () (6) It 5.0 It = (1.5 uA/kHz) f + Ipp pAdc
(Dynamic plus Quiescent, 10 It = (3.0 pA/KHZ) f + Ipp
Per Package) 15 It = (4.5 pA/kHz) f + Ipp
(CL =50 pF on all outputs, all
buffers switching)

4. Data labelled “Typ” is not to be used for design purposes but is intended as an indication of the IC’s potential performance.

5. The formulas given are for the typical characteristics only at 25°C.

6. To calculate total supply current at loads other than 50 pF:
|'|'(C|_) = |T(50 pF) + (CL - 50) Vik
where: It is in A (per package), C, in pF, V = (Vpp — Vgg) in volts, f in kHz is input frequency, and k = 0.004.
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MC14099B

SWITCHING CHARACTERISTICS (7)) (C_ =50 pF, Ta = 25°C)

Vbb
Characteristic Symbol Vdc Min Typ (8) Max Unit
Output Rise and Fall Time tTLH, ns
triH, trhe = (.35 ns/pF) CL + 32 ns tTHL 5.0 — 100 200
tTLH| tTHL = (06 ns/pF) C|_ + 20 ns 10 — 50 100
tTLHs trHL = (0.4 ns/pF) C + 20 ns 15 — 40 80
Propagation Delay Time tPHL, ns
Data to Output Q tpLH 5.0 — 200 400
10 — 75 150
15 — 50 100
Write Disable to Output Q 5.0 — 200 400 ns
10 — 80 160
15 — 60 120
Reset to Output Q 5.0 — 175 350 ns
10 — 80 160
15 — 65 130
CE to Output Q (MC14599B only) 5.0 — 225 450 ns
10 — 100 200
15 — 75 150
Propagation Delay Time, MC14599B only tPHL, ns
Chip Enable, Write/Read to Data tpLH 5.0 — 200 400
10 — 80 160
15 — 65 130
Address to Data 5.0 — 200 400 ns
10 — 920 180
15 — 75 150
Pulse Widths to(H) ns
Reset tw() 5.0 150 75 —
10 75 40 —
15 50 25 —
Write Disable 5.0 320 160 — ns
10 160 80 —
15 120 60 —
Set Up Time tsu ns
Data to Write Disable 5.0 100 50 —
10 50 25 —
15 35 20 —
Hold Time th ns
Write Disable to Data 5.0 150 75 —
10 75 40 —
15 50 25 —
Set Up Time tsu 5.0 100 45 — ns
Address to Write Disable 10 80 30 —
15 40 10 —
Removal Time trem 5.0 0 -80 — ns
Write Disable to Address 10 0 -40 —
15 0 —40 —

7. The formulas given are for the typical characteristics only at 25°C.

8. Data labelled “Typ” is not to be used for design purposes but is intended as an indication of the IC’s potential performance.
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MC14099B

MC14099B
FUNCTION DIAGRAM

r— — = — — — — —
RESET 20—>o—>c | :)D_\_ —i
| —Do# Do——l>o—o 9 Qo
DATA 30—>o—>c ! |
>
| XX |
WRITE _
DisABLE 4 © >: > _D |
vy EACH LATCH 3<}
TO I |
OTHER
LATCHES | ZERO
SELECT
01001
A0 50 >c 1 Q2
—————— 012 Q3
ADDRESS
OTHER LATCHES ——0 13 Q4
AL bo > DECODER —> Q
—— 0 14 Q5
——————01
A2 To >c > @
(M.S.B) ————————01 Q7
TRUTH TABLE
Write Addressed | Unaddressed
Disable Reset Latch Latches
0 0 Data Qn* CAUTION: To avoid unintentional data changes in the latches, Write
0 1 Data Reset T Disable must be active (high) during transitions on the
address inputs A0, Al, and A2.
1 0 Qn* Qn*
1 1 Reset Reset

*Qp, is previous state of latch.
tReset to zero state.
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MC14099B

SWITCHING WAVEFORMS

Vbp
DATA OR .
WRITE DISABLE 50%
Vss
tin [ oL <
90% 3&
50%
OUTPUT Q /| Lo N
—> <—1Iny —> et

e—— ty(H)

RESET 7 50%

—> tPHL

OUTPUT Q

Vbb

Vss

http://onsemi.com
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ADDRESS 50%

Vbp

Vss

trem «

WRITE
DISABLE
Vss
tsu —> th
Vbp
DATA 50%
Vss




MC14106B

Hex Schmitt Trigger

The MC14106B hex Schmitt Trigger is constructed with MOS
P—channel and N-channel enhancement mode devices in a single
monolithic structure. These devices find primary use where low power
dissipation and/or high noise immunity is desired. The MC14106B
may be used in place of the MC14069UB hex inverter for enhanced

ON Semiconductor

http://onsemi.com

noise immunity or to “square up” slowly changing waveforms.

¢ Increased Hysteresis Voltage Over the MC14584B
* Supply Voltage Range = 3.0 Vdc to 18 Vdc

¢ Capable of Driving Two Low—power TTL Loads or One Low—powe

Schottky TTL Load Over the Rated Temperature Range
* Pin—for—Pin Replacement for CD40106B and MM74C14
¢ Can Be Used to Replace the MC14584B or MC14069UB

MAXIMUM RATINGS (Voltages Referenced to Vsg) (Note 1.)

Symbol Parameter Value Unit
Vpp DC Supply Voltage Range —-0.5t0 +18.0 \Y
Vin, Vout Input or Output Voltage Range —-05toVpp +0.5 \
(DC or Transient)
lins lout Input or Output Current +10 mA
(DC or Transient) per Pin
Pp Power Dissipation, 500 mw
per Package (Note 2.)
Ta Ambient Temperature Range —551t0 +125 °C
Tstg Storage Temperature Range —65 to +150 °C
T Lead Temperature 260 °C
(8-Second Soldering)

1. Maximum Ratings are those values beyond which damage to the device
may occur.

2. Temperature Derating:
Plastic “P and D/DW” Packages: — 7.0 mW/°C From 65°C To 125°C

This device contains protection circuitry to guard against damage due to high
static voltages or electric fields. However, precautions must be taken to avoid
applications of any voltage higher than maximum rated voltages to this
high—impedance circuit. For proper operation, Vi, and Vg should be constrained
to the range Vgs < (Vin or Vout) < Vpp-

Unused inputs must always be tied to an appropriate logic voltage level (e.g.,
either Vgg or Vpp). Unused outputs must be left open.

0 Semiconductor Components Industries, LLC, 2000 212
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MARKING
DIAGRAMS
14

r
V PDIP-14
CASE 646 Lo AWLYYWW
1
:Il_lll mimimiminin
SOIC-14 141068
D SUFFIX o AWLYWW
CASE 751A T CTOT O
1
14
gonnf
TSSOP-14 14
9 DT SUFFIX 106B
e CASE 948G b ALYW
HHHEH
1
A = Assembly Location
WL orL = Wafer Lot
YYorY =Year

WW or W = Work Week

ORDERING INFORMATION

Device Package Shipping
MC14106BCP PDIP-14 2000/Box
MC14106BD SOIC-14 55/Rail
MC14106BDR2 SOIC-14 [ 2500/Tape & Reel
MC14106BDT TSSOP-14 96/Rail
MC14106BDTR2 | TSSOP-14 | 2500/Tape & Reel

Publication Order Number:
MC14106B/D




MC14106B

LOGIC DIAGRAM

1 10

IRARA

13 12

Vpp = PIN 14
VSS =PIN7

EQUIVALENT CIRCUIT SCHEMATIC
(1/6 OF CIRCUIT SHOWN)
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MC14106B

ELECTRICAL CHARACTERISTICS (Voltages Referenced to Vgg)

Voo —-55°C 25°C 125°C
Characteristic Symbol | Vdc Min Max Min Typ @) Max Min Max Unit
Output Voltage “0” Level VoL 5.0 — 0.05 — 0 0.05 — 0.05 Vdc
Vin = Vpp 10 — 0.05 — 0 0.05 — 0.05
15 — 0.05 — 0 0.05 — 0.05
“1" Level VoH 5.0 4.95 — 4.95 5.0 — 4.95 — Vdc
Vih =0 10 9.95 — 9.95 10 — 9.95 —
15 14.95 — 14.95 15 — 14.95 —
Hysteresis Voltage Vy 6) 5.0 0.3 2.0 0.3 1.1 2.0 0.3 2.0 vdc
10 1.2 34 1.2 1.7 3.4 1.2 34
15 1.6 5.0 1.6 2.1 5.0 1.6 5.0
Threshold Voltage
Positive—Going VT4 5.0 2.2 3.6 2.2 2.9 3.6 2.2 3.6 Vdc
10 4.6 7.1 4.6 59 7.1 4.6 7.1
15 6.8 10.8 6.8 8.8 10.8 6.8 10.8
Negative—Going Vo 5.0 0.9 2.8 0.9 1.9 2.8 0.9 2.8 Vdc
10 2.5 5.2 2.5 3.9 5.2 2.5 5.2
15 4.0 7.4 4.0 5.8 7.4 4.0 7.4
Output Drive Current lon mAdc
(Von =2.5Vdc) Source 5.0 -3.0 — -24 —-4.2 — -17 —
(Von = 4.6 Vdc) 5.0 -0.64 — -051 -0.88 — —-0.36 —
(Von = 9.5 Vdc) 10 -1.6 — -1.3 -2.25 — -0.9 —
(Von = 13.5 Vdc) 15 -42 — -3.4 -88 — -2.4 —
(VoL = 0.4 Vdc) Sink loL 5.0 0.64 — 0.51 0.88 — 0.36 — mAdc
(VoL = 0.5 Vdc) 10 1.6 — 1.3 2.25 — 0.9 —
(VoL = 1.5 Vvdc) 15 42 — 3.4 8.8 — 2.4 —
Input Current lin 15 — +0.1 — +0.00001 | £0.1 — +1.0 HAdc
Input Capacitance Cin — — — — 5.0 7.5 — — pF
(Vin=0)
Quiescent Current Ibb 5.0 — 0.25 — 0.0005 0.25 — 7.5 HAdc
(Per Package) 10 — 0.5 — 0.0010 0.5 — 15
15 — 1.0 — 0.0015 1.0 — 30
Total Supply Current (4-) (5-) It 5.0 It = (1.8 pA/KHZ) f + Ipp pAdc
(Dynamic plus Quiescent, 10 It = (3.6 pA/kHZ) f + Ipp
Per Package) 15 It = (5.4 pA/kHz) f + Ipp
(CL =50 pF on all outputs, all
buffers switching)

3. Data labelled “Typ” is not to be used for design purposes but is intended as an indication of the IC’s potential performance.
4. The formulas given are for the typical characteristics only at 25°C.
5. To calculate total supply current at loads other than 50 pF:

I7(CL) = I+(50 pF) + (C_ — 50) Vfk
where It is in pA (per package), C in pF, V = (Vpp — Vgg) in volts, f in kHz is input frequency, and k = 0.001.
6. Vy = V14— V1_ (But maximum variation of V is specified as less that V14 max — VT— min)-
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MC14106B

SWITCHING CHARACTERISTICS (C, = 50 pF, T = 25°C)

Vop
Characteristic Symbol vdc Min Typ (79 Max Unit
Output Rise Time trLH 5.0 — 100 200 ns
10 — 50 100
15 — 40 80
Output Fall Time tTHL 5.0 — 100 200 ns
10 — 50 100
15 — 40 80
Propagation Delay Time tpLHs tPHL 5.0 — 125 250 ns
10 — 50 100
15 — 40 80

7. Data labelled “Typ” is not to be used for design purposes but is intended as an indication of the IC’s potential performance.

Vout, OUTPUT VOLTAGE (Vdc)

OUTPUT

20 ns

INPUT

tpHL

[

«— 20 ns

90%
50%
10%

90%
50%
10%

Vbp

—_— VSS

tpLH

— Vou

Figure 1. Switching Time Test Circuit and Waveforms

Vop
14
PULSE ~ ~ OUTPUT o
GENERATOR INPUT -
7 Vss CL
Vop

4+ [+
[
|
| |
0 ! !
0 Voo Vg Vbp
— Wy =

Vin, INPUT VOLTAGE (Vdc)

Figure 2. Typical Transfer Characteristics
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MC14106B

APPLICATIONS

Vin Vout

Vout

(a) Schmitt Triggers will square up
inputs with slow rise and fall times.

Voo

Useful as Pushbutton/Keyboard Debounce Circuit.

Vout

Figure 3.

Vss

(b) A Schmitt trigger offers maximum
noise immunity in gate applications.

Vo

AY|
PAl
(@)

Figure 4. Monostable Multivibrator
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MC14106B

AJ_ @C Vout
B> —f e [o— 1 Voo

AY

J1

(@]
<
=1

VT, v
*t1 = RCIn DD
VT- Vi — — — —
= v A
Vpp — VT- v
*fp =~ RCIN ———— SS
VDD - VT+
1 RCl Vpp - VT1- VT+ Vop
T 0 \Vpp —vrs )\ v Vou \\,/; |_|

g+t >ty + tory Useful in discriminating against short pulse durations.

Figure 5. Astable Multivibrator Figure 6. Integrator

C
y— {@c - M
Vin
[ T B
R +EDGE | 11
CE
—epce | ({1 |[! Cc c c
-EDGE +EDGE 3| Iu>o 9| Iu>° 9
T_OVDD 4’{}“ Vin ! !
tw R R R
) w=RCh 2
= n V‘|'+
Useful as an edge detector circuit. = = =
Figure 7. Differentiator Figure 8. Positive Edge Time Delay Circuit
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MC14174B
Hex Type D Flip-Flop

The MC14174B hex type D flip—flop is constructed with MOS
P—channel and N-channel enhancement mode devices in a single
monolithic structure. Data on the D inputs which meets the setup time
requirements is transferred to the Q outputs on the positive edge of the
clock pulse. All six flip—flops share common clock and reset inputs.
The reset is active low, and independent of the clock.

¢ Static Operation
¢ All Inputs and Outputs Buffered
¢ Diode Protection on All Inputs

ON Semiconductor

http://onsemi.com

MARKING
DIAGRAMS
16

¢ Supply Voltage Range = 3.0 Vdc to 18 Vdc 1 ;Es):f;':l& MC14174BCP
* Capable of Driving Two Low—Power TTL Loads or One Low—Powe CASE 648 Lo AWLYYWW
Schottky TTL Load over the Rated Temperature Range 1
* Functional Equivalent to TTL 74174 16
mininininininin
SOIC-16 141748
D SUFFIX o AWLYWW
CASE 751B OO oo
MAXIMUM RATINGS (Voltages Referenced to Vss) (Note 2.) 1
Symbol Parameter Value Unit 16
mininininininin
Vpp DC Supply Voltage Range -0.5t0 +18.0 \ SOEIAJ-16
Vin, Vout | Input or Output Voltage Range —0.5t0 Vpp + 0.5 \Y F SUFFIX ,\,:\(ljvll_il\lzl‘\t\?
(DC or Transient) CASE 966 o
NN |E|N NN
lins lout Input or Output Current +10 mA 1
(DC or Transient) per Pin .
A = Assembly Location
Pp Power Dissipation, 500 mwW WL orL = Wafer Lot
per Package (Note 3.) YYorY =Year
- WW or W = Work Week
Ta Ambient Temperature Range —-55to0 +125 °C or orkyvee
Tstg Storage Temperature Range —65 to +150 °C
T Lead Temperature 260 °C ORDERING INFORMATION
(8-Second Soldering) Device Package Shipping
2. Maximum Ratings are those values beyond which damage to the device
may occur. MC14174BCP PDIP-16 2000/Box
3. Temperature Derating: ]
Plastic “P and D/DW” Packages: — 7.0 mW/°C From 65°C To 125°C MC14174BD SOIC-16 48/Rail
This device contains protection circuitry to guard against damage due to high MC14174BDR2 SOIC-16 | 2500/Tape & Reel
i I lectric fields. H i k i
static voltages or electric fie ds‘ owever, precautions must be taken to aVOI‘d MC14174BF SOEIAJ-16 See Note 1.
applications of any voltage higher than maximum rated voltages to this
high—-impedance circuit. For proper operation, Vj, and Vout should be constrained MC14174BFEL SOEIAJ-16 See Note 1.

to the range Vss < (Vin Or Vout) < Vpp-
Unused inputs must always be tied to an appropriate logic voltage level (e.g.,
either Vgg or Vpp). Unused outputs must be left open.
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MC14174B

PIN ASSIGNMENT

RI]
Q0 ]
DO ]
D1
QL[
D2 [
Q2 [
Vss [}

Lo ~N o o B W N -

16 [1 Vop
15[ Q5
14 ] D5
13 [1 D4
12 1 Q4
11 [ D3
10103
9flc

BLOCK DIAGRAM

90— CLOCK Q0 f—02
1 0— RESET
QL5
30— DO
40— p1 Qo7
6 0— D2 Q3 010
11 0— D3
Q4 012
13 0— D4
14 o—{ b5 Q5 015
Vpp = PIN 16
V55=P|N8

TRUTH TABLE
(Positive Logic)

Inputs Output
Clock Data Reset Q
a 0 1 0
va 1 1 1
A X 1 Q
X X 0 0
X = Don't Care

http://onsemi.com
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MC14174B

ELECTRICAL CHARACTERISTICS (Voltages Referenced to Vgg)

Voo —-55°C 25°C 125°C
Characteristic Symbol | Vdc Min Max Min Typ 4) Max Min Max Unit
Output Voltage “0” Level VoL 5.0 — 0.05 — 0 0.05 — 0.05 Vdc
Vin= Vppor0 10 — 0.05 — 0 0.05 — 0.05
15 — 0.05 — 0 0.05 — 0.05
“1" Level Vou 5.0 4.95 — 4.95 5.0 — 4.95 — Vdc
Vin =0 or Vpp 10 9.95 — 9.95 10 — 9.95 —
15 14.95 — 14.95 15 — 14.95 —
Input Voltage “0” Level VL Vdc
(Vo =4.50r 0.5 Vdc) 5.0 — 15 — 2.25 15 — 15
(Vo =9.0 or 1.0 Vdc) 10 — 3.0 — 4.50 3.0 — 3.0
(Vo =13.50r 1.5 Vdc) 15 — 4.0 — 6.75 4.0 — 4.0
“1” Level V4 Vdc
(Vo =0.50r 4.5 Vvdc) 5.0 35 — 35 2.75 — 35 —
(Vo =1.0 0r 9.0 Vdc) 10 7.0 — 7.0 5.50 — 7.0 —
(Vo =1.50r13.5Vdc) 15 11 — 11 8.25 — 11 —
Output Drive Current loH mAdc
(Von =2.5Vdc) Source 5.0 -3.0 — -24 —-4.2 — -17 —
(Von = 4.6 Vdc) 5.0 -0.64 — -0.51 —-0.88 — —-0.36 —
(Von = 9.5 Vdc) 10 -1.6 — -13 -2.25 — -0.9 —
(Von = 13.5 Vdc) 15 -42 — -34 -8.8 — -24 —
(VoL = 0.4 Vdc) Sink loL 5.0 0.64 — 0.51 0.88 — 0.36 — mAdc
(VoL = 0.5 Vvdc) 10 1.6 — 1.3 2.25 — 0.9 —
(VoL = 1.5 Vdc) 15 4.2 — 34 8.8 — 24 —
Input Current lin 15 — +0.1 — +0.00001 | £0.1 — +1.0 HAdc
Input Capacitance Cin — — — — 5.0 7.5 — — pF
(Vin=0)
Quiescent Current Ibb 5.0 — 5.0 — 0.005 5.0 — 150 HAdc
(Per Package) 10 — 10 — 0.010 10 — 300
15 — 20 — 0.015 20 — 600
Total Supply Current () (6-) It 5.0 It = (1.1 pA/kHZ) f + Ipp pAdc
(Dynamic plus Quiescent, 10 It = (2.3 pA/kHZ) f + Ipp
Per Package) 15 It = (3.7 pA/kHZ) f + Ipp
(CL =50 pF on all outputs, all
buffers switching)

4. Data labelled “Typ” is not to be used for design purposes but is intended as an indication of the IC’s potential performance.
5. The formulas given are for the typical characteristics only at 25°C.
6. To calculate total supply current at loads other than 50 pF:

IT(CL) = I+(50 pF) + (C__ - 50) Vfk
where: It is in pA (per package), C, in pF, V = (Vpp — Vgg) in volts, f in kHz is input frequency, and k = 0.003.
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MC14174B

SWITCHING CHARACTERISTICS (7)) (C_ =50 pF, Ta = 25°C)

VNS All Types
Characteristic Symbol Vdc Min Typ ©) Max Unit
Output Rise and Fall Time tTLHs tTHL ns
trLH, trHL = (.35 ns/pF) CL + 32 ns 5.0 — 100 200
tTLHs trHL = (0.6 ns/pF) C + 20 ns 10 — 50 100
trLn, ttHL = (04 ns/pF) C|_ +20ns 15 — 40 80
Propagation Delay Time — Clock to Q tpLHs tPHL ns
tpLHs tpHL = (0.9 ns/pF) C + 165 ns 5.0 — 210 400
tPLH! tPHL = (036 ns/pF) C|_ + 64 ns 10 — 85 160
tpLH, tpHL = (0.26 ns/pF) C + 52 ns 15 — 65 120
Propagation Delay Time — Reset to Q tPHL ns
tpHL = (0.9 ns/pF) C_ + 205 ns 5.0 — 250 500
tpyL = (0.36 ns/pF) C_ + 79 ns 10 — 100 200
tpyL = (0.26 ns/pF) C| + 62 ns 15 — 75 150
Clock Pulse Width twH 5.0 150 75 — ns
10 90 45 —
15 70 35 —
Reset Pulse Width twi 5.0 200 100 — ns
10 100 50 —
15 80 40 _
Clock Pulse Frequency fel 5.0 — 7.0 2.0 mHz
10 — 12 5.0
15 — 15.5 6.5
Clock Pulse Rise and Fall Time tTLHs tTHL 5.0 — — 15 us
10 — — 5.0
15 — — 4.0
Data Setup Time tsu 5.0 40 20 — ns
10 20 10 —
15 15 0 —
Data Hold Time th 5.0 80 40 — ns
10 40 20 —
15 30 15 —
Reset Removal Time trem 5.0 250 125 — ns
10 100 50 —
15 80 40 —

7. The formulas given are for the typical characteristics only at 25°C.
8. Data labelled “Typ” is not to be used for design purposes but is intended as an indication of the IC’s potential performance.
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MC14174B

TIMING DIAGRAM
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FUNCTIONAL BLOCK DIAGRAM
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MC14175B
Quad Type D Flip-Flop

The MC14175B quad type D flip—flop is constructed with MOS
P—channel and N-channel enhancement mode devices in a single
monolithic structure. Each of the four flip—flops is positive—edge ON Semiconductor
triggered by a common clock input (C). An active—low reset input (R)
asynchronously resets all flip—flops. Each flip—flop has independent
Data (D) inputs and complementary outputs (Q and Q). These devices

http://onsemi.com

may be used as shift register elements or as type T flip—flops for
s MARKING
counter and toggle applications.
DIAGRAMS
* Complementary Outputs 16

¢ Static Operation PDIP-16
* All Inputs and Outputs Buffered \ PSURFIX o M oW
| nputs an . utputs Buffere CASE 648 Lo AWLYYWwW
* Diode Protection on All Inputs 1
* Supply Voltage Range = 3.0 Vdc to 18 Vdc .
. . 1
¢ Qutput Compatible with Two Low—Power TTL Loads or One solc_1g OO0
= 141758
Low—Power Schottky TTL Load D SUFFIX o AWLYWW
¢ Functional Equivalent to TTL 74175 CASE 751B oo
1
16
minlnininininls]
MAXIMUM RATINGS (Voltages Referenced to Vgg) (Note 2.) SFOSELIJAFJF_Ii(e MC14175B
Symbol Parameter Value Unit CASE 966 0 AWLYWW
OO
Vpp DC Supply Voltage Range —-0.5t0 +18.0 \Y, 1
Vin, Vout lnp;tcor O;_Jtput_Voitage Range | —0.5toVpp+0.5 Y A - Assembly Location
(DC or Transient) WL orL = Wafer Lot
lin lout | Input or Output Current +10 mA YYorY =Year

(DC or Transient) per Pin WW or W = Work Week

Pp Power Dissipation, 500 mw
er Package (Note 3.
P ge ) ORDERING INFORMATION
Ta Ambient Temperature Range —55to +125 °C
Device Package Shipping
Tstg Storage Temperature Range —65 to +150 °C
T Lead Temperature 260 c MC14175BCP PDIP-16 2000/Box
(8-Second Soldering) MC14175BD SOIC-16 48/Rail
2. Maximum Ratings are those values beyond which damage to the device MC14175BDR2 S0IC-16 | 2500/Tape & Reel
may occur. P
3. Temperature Derating: »
Plastic “P and D/DW" Packages: — 7.0 mW/°C From 65°C To 125°C MC14175BF SOEIAJ-16|  See Note 1.
This device contains protection circuitry to guard against damage due to high MC14175BFEL SOEIAJ-16 See Note 1.

static voltages or electric fields. However, precautions must be taken to avoid 1. For ordering information on the EIAJ version of
applications of any voltage higher than maximum rated voltages to this the SOIC packages, please contact your local
high—impedance circuit. For proper operation, Vi, and Vg should be constrained ON Semiconductor representative.

to the range Vgs < (Vin or Vout) < Vpp-
Unused inputs must always be tied to an appropriate logic voltage level (e.g.,
either Vgg or Vpp). Unused outputs must be left open.

0 Semiconductor Components Industries, LLC, 2000 223 Publication Order Number:
March, 2000 — Rev. 3 MC14175B/D




MC14175B

PIN ASSIGNMENT

R 1e

Qo [
Q0 ]
DO [
D1
QI [l
Q1
Vss [}

N

Lo N o o B ow

16
15
14
13
12
1
10

9

[ Voo
Q3
Q3
[1 D3
0 D2
[ Q2
Q2
lc

BLOCK DIAGRAM

90— CLOCK Q002
I Qo3
10— RESET ¢
Ql—o7
40— DO ol o6
50— D1 Q010
orou
120— D2
Q3015
130—{ D3 Q3o14
Vpp = PIN 16
VSS:P|N8

TRUTH TABLE

Inputs Outputs
Clock Data Reset Q Q
/ 0 1 0 1
/ 1 1 1 0
N X 1 Q Q
X X 0 0 1
X = Don't Care
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MC14175B

ELECTRICAL CHARACTERISTICS (Voltages Referenced to Vgg)

Voo —-55°C 25°C 125°C
Characteristic Symbol | Vdc Min Max Min Typ 4) Max Min Max Unit
Output Voltage “0” Level VoL 5.0 — 0.05 — 0 0.05 — 0.05 Vdc
Vin= Vppor0 10 — 0.05 — 0 0.05 — 0.05
15 — 0.05 — 0 0.05 — 0.05
“1" Level Vou 5.0 4.95 — 4.95 5.0 — 4.95 — Vdc
Vin =0 or Vpp 10 9.95 — 9.95 10 — 9.95 —
15 14.95 — 14.95 15 — 14.95 —
Input Voltage “0” Level VL Vdc
(Vo =4.50r 0.5 Vdc) 5.0 — 15 — 2.25 15 — 15
(Vo =9.0 or 1.0 Vdc) 10 — 3.0 — 4.50 3.0 — 3.0
(Vo =13.50r 1.5 Vdc) 15 — 4.0 — 6.75 4.0 — 4.0
“1” Level V4 Vdc
(Vo =0.50r 4.5 Vvdc) 5.0 35 — 35 2.75 — 35 —
(Vo =1.0 0r 9.0 Vdc) 10 7.0 — 7.0 5.50 — 7.0 —
(Vo =1.50r13.5Vdc) 15 11 — 11 8.25 — 11 —
Output Drive Current loH mAdc
(Von =2.5Vdc) Source 5.0 -3.0 — -24 —-4.2 — -17 —
(Von = 4.6 Vdc) 5.0 -0.64 — -0.51 —-0.88 — —-0.36 —
(Von = 9.5 Vdc) 10 -1.6 — -13 -2.25 — -0.9 —
(Von = 13.5 Vdc) 15 -42 — -34 -8.8 — -24 —
(VoL = 0.4 Vdc) Sink loL 5.0 0.64 — 0.51 0.88 — 0.36 — mAdc
(VoL = 0.5 Vvdc) 10 1.6 — 1.3 2.25 — 0.9 —
(VoL = 1.5 Vdc) 15 4.2 — 34 8.8 — 24 —
Input Current lin 15 — +0.1 — +0.00001 | £0.1 — +1.0 HAdc
Input Capacitance Cin — — — — 5.0 7.5 — — pF
(Vin=0)
Quiescent Current Ibb 5.0 — 5.0 — 0.005 5.0 — 150 HAdc
(Per Package) 10 — 10 — 0.010 10 — 300
15 — 20 — 0.015 20 — 600
Total Supply Current () (6-) It 5.0 It = (1.7 pA/kHZ) f + Ipp pAdc
(Dynamic plus Quiescent, 10 It = (3.4 pA/kHz) f + Ipp
Per Package) 15 It = (5.0 pA/kHZ) f + Ipp
(CL =50 pF on all outputs, all
buffers switching)

4. Data labelled “Typ” is not to be used for design purposes but is intended as an indication of the IC’s potential performance.
5. The formulas given are for the typical characteristics only at 25°C.
6. To calculate total supply current at loads other than 50 pF:

IT(CL) = I+(50 pF) + (C__ - 50) Vfk
where: It is in pA (per package), C, in pF, V = (Vpp — Vgg) in volts, f in kHz is input frequency, and k = 0.004.
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MC14175B

SWITCHING CHARACTERISTICS (7)) (C_ =50 pF, Ta = 25°C)

VNS All Types
Characteristic Symbol Vdc Min Typ ©) Max Unit
Output Rise and Fall Time tTLHs tTHL ns
trLH, trHL = (.35 ns/pF) CL + 32 ns 5.0 — 100 200
tTLHs trHL = (0.6 ns/pF) C + 20 ns 10 — 50 100
trLn, ttHL = (04 ns/pF) C|_ +20ns 15 — 40 80
Propagation Delay Time — Clock to Q, Q tpLHs tPHL ns
tpLHs tpHL = (0.9 ns/pF) C + 175 ns 5.0 — 220 400
tPLH! tPHL = (036 ns/pF) C|_ +72ns 10 — 90 160
tpLH, tpHL = (0.26 ns/pF) C_ + 57 ns 15 — 70 120
Propagation Delay Time — Reset to Q, Q tpHLs tPLH ns
tpHL = (0.9 ns/pF) C_ + 280 ns 5.0 — 325 500
tpyL = (0.36 ns/pF) C_ + 112 ns 10 — 130 200
tpyL = (0.26 ns/pF) C| + 87 ns 15 — 100 150
Clock Pulse Width twH 5.0 250 110 — ns
10 100 45 —
15 75 35 —
Reset Pulse Width twi 5.0 200 100 — ns
10 80 40 —
15 60 30 —
Clock Pulse Frequency fel 5.0 — 4.5 2.0 mHz
10 — 11 5.0
15 — 14 6.5
Clock Pulse Rise and Fall Time tTLHs tTHL 5.0 — — 15 us
10 — — 5.0
15 — — 4.0
Data Setup Time tsu 5.0 120 60 — ns
10 50 25 —
15 40 20 —
Data Hold Time th 5.0 80 40 — ns
10 40 20 —
15 30 15 —
Reset Removal Time trem 5.0 250 125 — ns
10 100 50 —
15 80 40 _

7. The formulas given are for the typical characteristics only at 25°C.

8. Data labelled “Typ” is not to be used for design purposes but is intended as an indication of the IC’s potential performance.
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MC14175B

TIMING DIAGRAM
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MC14490

Hex Contact Bounce
Eliminator

The MC14490 is constructed with complementary MOS
enhancement mode devices, and is used for the elimination of
extraneous level changes that result when interfacing with mechanical
contacts. The digital contact bounce eliminator circuit takes an input
signal from a bouncing contact and generates a clean digital signal
four clock periods after the input has stabilized. The bounce eliminator
circuit will remove bounce on both the “make” and the “break” of a
contact closure. The clock for operation of the MC14490 is derived
from an internal R—C oscillator which requires only an external

ON Semiconductor

http://onsemi.com

capacitor to adjust for the desired operating frequency (bounce delay)}{

The clock may also be driven from an external clock source or the
oscillator of another MC14490 (see Figure 5).

NOTE: Immediately after power—up, the outputs of the MC14490
are in indeterminate states.
* Diode Protection on All Inputs
¢ Six Debouncers Per Package
* Internal Pullups on All Data Inputs

¢ Can Be Used as a Digital Integrator, System Synchronizer, or Delay

Line

¢ Internal Oscillator (R—C), or External Clock Source

e TTL Compatible Data Inputs/Outputs

¢ Single Line Input, Debounces Both “Make” and “Break” Contacts

* Does Not Require “Form C” (Single Pole Double Throw) Input
Signal

¢ Cascadable for Longer Time Delays

e Schmitt Trigger on Clock Input (Pin 7)

* Supply Voltage Range = 3.0 Vto 18 V

WL or L
YYorY

PDIP-16
P SUFFIX
CASE 648

SOIC-16
DW SUFFIX
CASE 751G

SOEIAJ-16
F SUFFIX
CASE 966

MARKING
DIAGRAMS
16

MC14490P
o AWLYYWW

1

RAAAAAAEA

14490

\ /

O AWLYYWW

LEEEEEEL

16
minininininininl
MC14490

o AWLYWW

M
1

= Assembly Location

= Wafer Lot
= Year

WW or W = Work Week

ORDERING INFORMATION

¢ Chip Complexity: 546 FETs or 136.5 Equivalent Gates Device Package Shipping
MAXIMUM RATINGS (Voltages Referenced to Vss) (Note 2.) MC14490DW SOIC-16 47/Rail
Symbol Parameter Value Unit MC14490DWR2 SOIC-16 [ 1000/Tape & Reel
Vop DC Supply Voltage Range -0.51t0 +18.0 v MC14490F SOEIAJ-16 | See Note 1.
Vin: Vout lnrzgtCogrOTurtg;J;\e/ﬁgage Range | -0510Vpp+0.5 v MC14490FEL SOEIAJ-16| See Note 1.
lin Input Current +10 mA MC14490P PDIP-16 25/Rail
(DC or Transient) per Pin 1. For ordering information on the EIAJ version of
P Power Dissipation 500 mw the SOIC packages, please contact your local
b per Package (N’ote 3) ON Semiconductor representative.
Ta Ambient Temperature Range 5510 +125 °C This device contains protection circuitry to guard
against damage due to high static voltages or electric
Tstg Storage Temperature Range —651t0 +150 °C fields. However, precautions must be taken to avoid ap-
T Lead Temperature 260 °C plications of any voltage higher than maximum rated
L (8-Second Soldering) voltages to this high—impedance circuit. For proper
operation, Vi, and Vg should be constrained to the

2. Maximum Ratings are those values beyond which damage to the device
may occur.

3. Temperature Derating:
Plastic “P and D/DW” Packages: — 7.0 mW/°C From 65°C To 125°C
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range Vgs < (Vi or Vout) < Vpp.

Unused inputs must always be tied to an appropriate
logic voltage level (e.g., either Vgg or Vpp). Unused out-
puts must be left open.

Publication Order Number:
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MC14490

PIN ASSIGNMENT

Anll 1e 16
Bout [ 2 15
Cn 3 14
Dout [] 4 13
Enl 5 12
Fout [] 6 n
0SCi, [ 7 10
Vss [ 8 9
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MC14490

ELECTRICAL CHARACTERISTICS (Voltages Referenced to Vgg)

Vob —-55°C 25°C 125°C
Characteristic Symbol | Vdc Min Max Min Typ 4) Max Min Max Unit
Output Voltage “0” Level VoL 5.0 — 0.05 — 0 0.05 — 0.05 Vdc
Vin = Vpp Or 0 10 — 0.05 — 0 0.05 — 0.05
15 — 0.05 — 0 0.05 — 0.05
“1” Level Vou 5.0 4.95 —_ 4.95 5.0 — 4.95 — Vdc
Vin =0 or Vpp 10 9.95 — 9.95 10 — 9.95 —
15 14.95 — 14.95 15 — 14.95 —
Input Voltage “0” Level Vi Vdc
(Vo = 4.5 or 0.5 Vdc) 5.0 — 15 — 2.25 15 — 15
(Vo =9.00r 1.0 Vdc) 10 — 3.0 — 4.50 3.0 — 3.0
(Vo = 13.5 or 1.5 Vdc) 15 — 4.0 — 6.75 4.0 — 4.0
(Vo=0.50r4.5Vdc) “1Level ViH 5.0 3.5 — 35 2.75 — 35 — Vdc
(Vo = 1.0 or 9.0 Vdc) 10 7.0 — 7.0 5.50 — 7.0 —
(Vo =1.50r13.5Vdc) 15 11 — 11 8.25 — 11 —
Output Drive Current loH mAdc

Oscillator Output Source
(Von=25V) 5.0 -06 — -05 -15 — -04 —
(Von=4.6V) 5.0 -0.12 — -01 -03 — —-0.08 —
(Von=9.5V) 10 | -0.23 — -0.2 -08 — -0.16 —

(Vou = 13.5V) 15 -14 — -12 -3.0 — -1.0 —

Debounce Outputs
(Von=25V) 5.0 -0.9 — -0.75 -22 — -0.6 —

(Von =4.6V) 50 | -0.19 — -0.16 | -0.46 — -0.12 —
(Von=9.5V) 10 -0.6 — -05 -1.2 — -0.4 —
(Von=13.5V) 15 1.8 — -15 —-45 — -12 —

Oscillator Output Sink loL mAdc
(VoL =0.4V) 5.0 0.36 — 0.3 0.9 — 0.24 —
(VoL=0.5V) 10 0.9 — 0.75 2.3 — 0.6 —

(VoL =1.5V) 15 4.2 — 35 10 — 2.8 —

Debounce Outputs
(VoL =0.4V) 5.0 2.6 — 2.2 4.0 — 1.8 —

(VoL =0.5V) 10 4.0 — 3.3 9.0 — 2.7 —
(VoL =1.5V) 15 12 — 10 35 — 8.1 —
Input Current I 15 — 2.0 — 0.2 2.0 — 11 pAdc
Debounce Inputs (Vi = Vpp)
Input Current Oscillator — Pin 7 lin 15 — + 620 — + 255 + 400 — +250 | pAdc
(Vin = Vss or Vpp)
Pullup Resistor Source Current I 5.0 175 375 140 190 255 70 225 pAdc
Debounce Inputs 10 340 740 280 380 500 145 440
(Vin = Vss) 15 505 1100 415 570 750 215 660
Input Capacitance Cin — — — — 5.0 7.5 — — pF
Quiescent Current Iss 5.0 — 150 — 40 100 — 90 pAdc
(Vin = Vs 0f Vpp, lout = 0 HA) 10 — 280 — 90 225 — 180
15 — 840 — 225 650 — 550

4. Data labelled “Typ” is not to be used for design purposes but is intended as an indication of the IC’s potential performance.
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MC14490

SWITCHING CHARACTERISTICS () (C| =50 pF, Ta = 25°C)

Vop
Characteristic Symbol vdc Min Typ € Max Unit
Output Rise Time trLH 5.0 — 180 360 ns
All Outputs 10 — 90 180
15 — 65 130
Output Fall Time Oscillator Output 5.0 — 100 200 ns
tTHL 10 — 50 100
15 — 40 80
Debounce Outputs tTHL 5.0 - 60 120
10 — 30 60
15 — 20 40
Propagation Delay Time tpHL 5.0 — 285 570 ns
Oscillator Input to Debounce Outputs 10 — 120 240
15 — 95 190
tpLH 5.0 — 370 740
10 — 160 320
15 — 120 240
Clock Frequency (50% Duly Cycle) fel 5.0 — 2.8 1.4 MHz
(External Clock) 10 — 6 3.0
15 — 9 45
Setup Time (See Figure 1) tsu 5.0 100 50 — ns
10 80 40 —
15 60 30 —
Maximum External Clock Input tr t 5.0 ns
Rise and Fall Time 10 No Limit
Oscillator Input 15
Oscillator Frequency fosc typ Hz
OSCgqyt 5.0
Cext 2 100 pF*
10
Note: These equations are intended to be a design guide.
Laboratory experimentation may be required. Formulas 15
are typically £ 15% of actual frequencies.

5. The formulas given are for the typical characteristics only at 25°C.
6. Data labelled “Typ” is not to be used for design purposes but is intended as an indication of the IC’s potential performance.
*POWER-DOWN CONSIDERATIONS

Large values of g may cause problems when powering down the MC14490 because of the amount of energy stored in the
capacitor. When a system containing this device is powered down, the capacitor may discharge through the input protection
diodes at Pin 7 or the parasitic diodes at Pin 9. Current through these internal diodes must be limited to 10 mA, therefore the
turn—off time of the power supply must not be faster than tzp (¥ Vsg e Cext/ (10 mA). For example, If ¥p — Vss= 15
V and Gx:= 1UF, the power supply must turn off no faster than t = (16(¥uF)/10 mA = 1.5 ms. Thisis usually not a problem
because power supplies are heavily filtered and cannot discharge at this rate.

When a more rapid decrease of the power supply to zero volts occurs, the MC14490 may sustain damage. To avoid this
possibility, use external clamping diodes, D1 and D2, connected as shown in Figure 2.
— Voo
oV

D1 Cext D2
t Voo ‘l‘ {| N— Vbp
T

7 9
0SCj,  OSCout

— Vop
0SCj, 50% T MC14490
ov

Figure 1. Switching Waveforms Figure 2. Discharge Protection During Power Down
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MC14490

THEORY OF OPERATION

The MC14490 Hex Contact Bounce Eliminator is  After some time period of N clock periods, the contact is
basically a digital integrator. The circuit can integrate both opened and at N+1 alow is loaded into the first bit. Just after
up and down. This enables the circuit to eliminate bounce onN+ 1, when the input bounces low, all bits are set to a high.
both the leading and trailing edges of the signal, shown in theAt N+2 nothing happens because the input and output are
timing diagram of Figure 3. low and all bits of the shift register are high. At time N+3

Each of the six Bounce Eliminators is composed of a and thereafter the input signal is a high, clean signal. At the
4-1/2—-bit register (the integrator) and logic to compare the positive edge of N +6 the output goes high as a result of four
input with the contents of the shift register, as shown in lows being shifted into the shift register.

Figure 4. The shift register requires a series of timing pulses Assuming the input signal is long enough to be clocked
in order to shift the input signal into each shift register through the Bounce Eliminator, the output signal will be no
location. These timing pulses (the clock signal) are longer or shorter than the clean input signal plus or minus
represented in the upper waveform of Figure 3. Each of theone clock period.

six Bounce Eliminator circuits has an internal resistor as The amount of time distortion between the input and
shown in Figure 4. A pullup resistor was incorporated rather output signals is a function of the difference in bounce
than a pulldown resistor in order to implement switched characteristics on the edges of the input signal and the clock
ground input signals, such as those coming from relayfrequency. Since most relay contacts have more bounce
contacts and push buttons. By switching ground, rather thanwhen making as compared to breaking, the overall delay,
a power supply lead, system faults (such as shorts to groundounting bounce period, will be greater on the leading edge
on the signal input leads) will not cause excessive currentsof the input signal than on the trailing edge. Thus, the output
in the wiring and contacts. Signal lead shorts to ground aresignal will be shorter than the input signal — if the leading
much more probable than shorts to a power supply lead. edge bounce is included in the overall timing calculation.

When the relay contact is closed, (see Figure 4) the low The only requirement on the clock frequency in order to
level is inverted, and the shift register is loaded with a high obtain a bounce free output signal is that four clock periods
on each positive edge of the clock signal. To understand thedo not occur while the input signal is in a false state.
operation, we assume all bits of the shift register are loadedReferring to Figure 3, a false state is seen to occur three times
with lows and the output is at a high level. at the beginning of the input signal. The input signal goes

At clock edge 1 (Figure 3) the input has gone low and alow three times before it finally settles down to a valid low
high has been loaded into the first bit or storage location ofstate. The first three low pulses are referred to as false states.
the shift register. Just after the positive edge of clock 1, the If the user has an available clock signal of the proper
input signal has bounced back to a high. This causes the shiftrequency, it may be used by connecting it to the oscillator
register to be reset to lows in all four bits — thus starting the input (pin 7). However, if an external clock is not available
timing sequence over again. the user can place a small capacitor across the oscillator

During clock edges 3 to 6 the input signal has stayed low.input and output pins in order to start up an internal clock
Thus, a high has been shifted into all four shift register bits source (as shown in Figure 4). The clock signal at the
and, as shown, the output goes low during the positive edgescillator output pin may then be used to clock other
of clock pulse 6. MC14490 Bounce Eliminator packages. With the use of the

It should be noted that there is a 3-1/2 to 4-1/2 clock MC14490, a large number of signals can be cleaned up, with
period delay between the clean input signal and outputthe requirement of only one small capacitor external to the
signal. In this example there is a delay of 3.8 clock periodsHex Bounce Eliminator packages.
from the beginning of the clean input signal.

1 2 3 4 5 6 N+1 N+3 N+5 N+7

oscnor0sCo [ | [ [ LT LT LI LI |;;| L LT LT LT LT
weut| LTI | (5||| L
J

OUTPUT |—$‘ [

CONTACT CONTACT CLOSED P CONTACT OPEN

OPEN (VALID TRUE SIGNAL)
CONTACT CONTACT

BOUNCING BOUNCING

Figure 3. Timing Diagram

http://onsemi.com
232



MC14490

+Vpp
PULLUP RESISTOR l
(INTERNAL) AT
Ain 12BIT 15
10 4-BIT STATIC SHIFT REGISTER Pout
"FORM A" DELAY
SHIFT  LOAD

= CONTACT T T K
0SCh [ OSCLLATOR | _ o, I oL ¢2

[ © AND oL ol @2

Cex 9 TWO-PHASE
CLOCK GENERATOR [~ 2

Figure 4. Typical “Form A” Contact Debounce Circuit
(Only One Debouncer Shown)

OPERATING CHARACTERISTICS

The single most important characteristic of the MC14490 paralleled standard gates or by the MC14049 or MC14050
is that it works with a single signal lead as an input, making buffers.
it directly compatible with mechanical contacts (Form A The clock input circuit (pin 7) has Schmitt trigger shaping
and B). such that proper clocking will occur even with very slow

The circuit has a built—in pullup resistor on each input. clock edges, eliminating any need for clock preshaping. In
The worst case value of the pullup resistor (determined fromaddition, other MC14490 oscillator inputs can be driven
the Electrical Characteristics table) is used to calculate thefrom a single oscillator output buffered by an MC14050 (see
contact wetting current. If more contact current is required, Figure 5). Up to six MC14490s may be driven by a single

an external resistor may be connected betwegnand the buffer.
input. The MC14490 is TTL compatible on both the inputs and

Because of the built—in pullup resistors, the inputs cannotthe outputs. Whenp is at 4.5V, the buffered outputs can
be driven with a single standard CMOS gate whep sink 1.6 mA at 0.4 V. The inputs can be driven with TTL as
below 5 V. At this voltage, the input should be driven with a result of the internal input pullup resistors.

NO CONNECTION
0SCiy 7 & <59 0SCoy

1/6 MC14050

‘. [
‘ [

FROM TO SYSTEM

0SCin © 7 9<¥OSCout CONTACTSI:> MC14490 :> LOGIC

~

TO SYSTEM
FROM CONTACTS |:> MC14490 :> LOGIC
0SCiy 7
FROM CONTACTS MC14490 TOSYSTEM
LOGIC

Cext

NO CONNECTION
<F9 0SCoyt

Figure 5. Typical Single Oscillator Debounce System
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ASYMMETRICAL TIMING

MC14490

TYPICAL APPLICATIONS

MULTIPLE TIMING SIGNALS

In applications where different leading and trailing edge  As shown in Figure 8, the Bounce Eliminator circuits can
delays are required (such as a fast attack/slow release timere connected in series. In this configuration each output is
Clocks of different frequencies can be gated into the delayed by four clock periods relative to its respective input.
MC14490 as shown in Figure 6. In order to produce a slow This configuration may be used to generate multiple timing
attack/fast release circuit leads A and B should be signals such as a delay line, for programming other timing
interchanged. The clock out lead can then be used to feeaperations.
clock signals to the other MC14490 packages where the One application of the above is shown in Figure 9, where

asymmetrical input/output timing is required.

MC14490

it is required to have a single pulse output for a single
operation (make) of the push button or relay contact. This

ouT only requires the series connection of two Bounce
O—o>

Eliminator circuits, one inverter, and one NOR gate in order
to generate the signaBfas shown in Figures 9 and 10. The

MC14011B

> 0SC X - _ . . .
o signal AB is four clock periods in length. If the inverter is

switched to the A output, the pulséBAwill be generated
upon release or break of the contact. With the use of a few
additional parts many different pulses and waveshapes may

be generated.

! 1 15
L= —— ] _L—oXo—o—c BE1 [P—O0—— Ay
A B = Ain
EXTERNAL fe] (
CLOCK N o 1 )
L o0—qd BE2 p—o—— By
Bin
Figure 6. Fast Attack/Slow Release Circuit
3 13
—o0— b—o—— C
LATCHED OUTPUT s BE3 ou
The contents of the Bounce Eliminator can be latched by
using several extra gates as shown in Figure 7. If the latch
lead is _high the clock will be stopped when the output goes _g_c B.E. 4 o_ﬁ_ Dout
low. This will hold the output low even though the input has Din
returned to the high state. Any time the clock is stopped the
outputs will be representative of the input signal four clock 5 1
periods earlier. —0—qd BE5 pP—O0—— Euy
Ein
>( IN our . o i
= L—o0—qd BEG6 p—o—— Fyit
MC14490 Fin
0SCiy
> OSCoyt
vcuoits — |
7 9
CLOCK _-,— 0SCjy 0——{ CLOCK |——0 OSCqy
LATCH=1
UNLATCH =0 Figure 8. Multiple Timing Circuit Connections

Figure 7. Latched Output Circuit
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MC14490

IN ouT
BE 1
" A i
= AB
IN ouT B
BE 2
B
A=ACTIVE LOW
B = ACTIVE LOW

Figure 9. Single Pulse Output Circuit

0SCj, OR

OSCUUtI||||||||||||||||||||||||LJ|||||||||||||||||||||||||||||
INPUT ||||| 2I”“

J)
«

)
«

J)

AB | | J)

1SS

. " L

«

Figure 10. Multiple Output Signal Timing Diagram
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MC14503B

Hex Non-Inverting 3-State
Buffer

The MC14503B is a hex non—inverting buffer with 3—state outputs,
and a high current source and sink capability. The 3—state outputs
make it useful in common bussing applications. Two disable controls
are provided. A high level on the Disable A input causes the outputs of
buffers 1 through 4 to go into a high impedance state and a high level

ON Semiconductor

http://onsemi.com

on the Disable B input causes the outputs of buffers 5 and 6 to go into a MARKING

high impedance state.

¢ 3-State Outputs

e TTL Compatible — Will Drive One TTL Load Over Full
Temperature Range

* Supply Voltage Range = 3.0 Vdc to 18 Vdc

¢ Two Disable Controls for Added Versatility

* Pin for Pin Replacement for MM80C97 and 340097

MAXIMUM RATINGS (Voltages Referenced to Vss) (Note 2.)

DIAGRAMS

16

PDIP-16
b P SUFFIX MC14503BCP
CASE 648 Lo AWLYYWW
1
1F|6F| mininininin
SOIC-16 145038
cD gu':':'x o AWLYWW
ASE 751B [HjE NN NN
1
16
(Hininininininin
SOEIAJ-16
F SUFFIX MC14503B
CASE 966 |o AWLYWW
[HjE NN NN
1
A = Assembly Location

WL or L = Wafer Lot
YYorY =Year
WW or W = Work Week

ORDERING INFORMATION

Symbol Parameter Value Unit
Vpp DC Supply Voltage Range -0.5t0 +18.0 \%
Vin, Vout | Input or Output Voltage Range —-0.5t0 Vpp + 0.5 \
(DC or Transient)
lin Input Current +10 mA
(DC or Transient) per Pin
lout Output Current +25 mA
(DC or Transient) per Pin
Pp Power Dissipation, 500 mw
per Package (Note 3.)
Ta Ambient Temperature Range —55to +125 °C
Tstg Storage Temperature Range —65to +150 °C
T Lead Temperature 260 °C

(8—Second Soldering)

Device Package Shipping
MC14503BCP PDIP-16 2000/Box
MC14503BD SOIC-16 48/Rail

2. Maximum Ratings are those values beyond which damage to the device
may occur.

3. Temperature Derating:
Plastic “P and D/DW" Packages: — 7.0 mW/°C From 65°C To 125°C

This device contains protection circuitry to guard against damage due to high
static voltages or electric fields. However, precautions must be taken to avoid
applications of any voltage higher than maximum rated voltages to this
high—-impedance circuit. For proper operation, Vi, and Vq; should be constrained
to the range Vgs < (Vij, or Vout) < Vpp.

Unused inputs must always be tied to an appropriate logic voltage level (e.g.,
either Vgg or Vpp). Unused outputs must be left open.

0 Semiconductor Components Industries, LLC, 2000 236
March, 2000 — Rev. 3

MC14503BDR2 SOIC-16 |2500/Tape & Reel

MC14503BF SOEIAJ-16 See Note 1.

MC14503BFEL SOEIAJ-16 See Note 1.

1. For ordering information on the EIAJ version of
the SOIC packages, please contact your local
ON Semiconductor representative.

Publication Order Number:
MC14503B/D




TRUTH TABLE

MC14503B

PIN ASSIGNMENT

DISA[] 1e 16 [1 Vpp
IN1] 2 15 [] DISB
out1(] 3 14[0IN6
IN2[] 4 13 1ouTe
out2[] 5 121IN5
IN3[ 6 11 [T oUT 5
ouTsf[ 7 100 IN4
Vss [ 8 91 ouT4

LOGIC DIAGRAM

Appropriate 15
Disable DISABLE Bo—Do—Rq
In Input Out
d P 0 IN 5022 Loouts
0 0 0 | [
1 0 1 IN 6 022 350Ut
X ! High IN10-2 So0uT1
Impedance 24
4 5
X =Don’t Care IN20O o O OUT 2
IN30-2 > ToouT3
IN 402 % o0uT4
DISABLE Aoi[>o—c|>—
Vpp = PIN 16
Vgs=PIN 8
CIRCUIT DIAGRAM ONE OF TWO/FOUR BUFFERS
Vo |
o :‘ |
*IN,

*DISABLE [ |

INPUT

v

TO OTHER BUFFERS L

2y
1

*Diode protection on all inputs (not shown)
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MC14503B

ELECTRICAL CHARACTERISTICS (Voltages Referenced to Vgg)

Current

Voo —-55°C 25°C 125°C
Characteristic Symbol | Vdc Min Max Min Typ 4) Max Min Max Unit
Output Voltage “0” Level VoL 5.0 — 0.05 — 0 0.05 — 0.05 Vdc
Vinr=0 10 — 0.05 — 0 0.05 — 0.05
15 — 0.05 — 0 0.05 — 0.05
“1" Level Vou 5.0 4.95 — 4.95 5.0 — 4.95 — Vdc
Vin= Vpp 10 9.95 — 9.95 10 — 9.95 —
15 14.95 — 14.95 15 — 14.95 —
Input Voltage “0” Level VL Vdc
(Vo =3.6 0r 1.4 Vdc) 5.0 — 15 — 2.25 15 — 15
(Vo =7.2 0r 2.8 Vdc) 10 — 3.0 — 4.50 3.0 — 3.0
(Vo =11.50r 3.5 Vdc) 15 — 4.0 — 6.75 4.0 — 4.0
“1” Level V4 Vdc
(Vo =1.4 or 3.6 Vdc) 5.0 35 — 35 2.75 — 35 —
(Vo =2.80r7.2Vdc) 10 7.0 — 7.0 5.50 — 7.0 —
(Vo =3.50r 11.5 Vdc) 15 11 — 11 8.25 — 11 —
Output Drive Current loH mAdc
(Von =2.5Vdc) Source 4.5 -4.3 — -3.6 -5.0 — -25 —
(Von = 2.5 Vdc) 5.0 -58 — -438 -6.1 — -3.0 —
(Von = 4.6 Vdc) 5.0 -1.2 — -1.02 -14 — -0.7 —
(Von = 9.5 Vdc) 10 -31 — -26 -37 — -18 —
(Von = 13.5 Vdc) 15 -8.2 — -6.8 -14.1 — -4.8 —
(VoL = 0.4 Vdc) Sink | IoL 45 2.2 — 1.8 2.1 — 1.2 — | mAdc
(VoL = 0.4 Vdc) 5.0 2.6 — 21 2.3 — 1.3 —
(VoL = 0.5 Vvdc) 10 6.5 — 55 6.2 — 3.8 —
(VoL =1.5Vdc) 15 19.2 — 16.1 25 — 11.2 —
Input Current lin 15 — +0.1 — +0.00001 | £0.1 — +1.0 HAdc
Input Capacitance Cin — — — — 5.0 7.5 — — pF
(Vin=0)
Quiescent Current lo 5.0 — 1.0 — 0.002 1.0 — 30 HAdc
(Per Package) 10 — 2.0 — 0.004 2.0 — 60
15 — 4.0 — 0.006 4.0 — 120
Total Supply Current () (6-) It 5.0 It = (2.5 pA/kHZ) f + Ipp pAdc
(Dynamic plus Quiescent, 10 I+ = (6.0 pA/kHz) f + Ipp
Per Package) 15 It = (10 pA/kHz) f + Ipp
(CL =50 pF on all outputs)
(All outputs switching,
50% Duty Cycle)
Three—State Output Leakage L 15 — + 0.1 — +0.0001 +0.1 — + 3.0 | pAdc

4. Data labelled “Typ” is not to be used for design purposes but is intended as an indication of the IC’s potential performance.
5. The formulas given are for the typical characteristics only at 25°C.
6. To calculate total supply current at loads other than 50 pF:

I7(CL) = I+(50 pF) + (C_ — 50) Vfk
where: It is in A (per package), C in pF, V = (Vpp — Vgg) in volts, f in kHz is input frequency, and k = 0.006.
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MC14503B

SWITCHING CHARACTERISTICS (72 (C, = 50 pF, Ta = 25°C)

All Types
Vob yp
Characteristic Symbol Vee Typ @) Max Unit
Output Rise Time trLH ns
trLy = (0.5 ns/pF) C_ + 20 ns 5.0 45 90
trun = (0.3 ns/pF) C. + 8.0 ns 10 23 45
triy = (0.2 ns/pF) C_ + 8.0 ns 15 18 35
Output Fall Time tTHL ns
trHL = (0.5 ns/pF) C_ + 20 ns 5.0 45 90
trHL = (0.3 ns/pF) C_ + 8.0 ns 10 23 45
trHL = (0.2 ns/pF) C_ + 8.0 ns 15 18 35
Turn—Off Delay Time, all Outputs tpLH ns
tpLy = (0.3 ns/pF) C_ + 60 ns 5.0 75 150
tpLH = (0.15 ns/pF) C_ + 27 ns 10 35 70
tpry = (0.1 ns/pF) C + 20 ns 15 25 50
Turn—-On Delay Time, all Outputs tPHL ns
tpuL = (0.3 ns/pF) C_ + 60 ns 5.0 75 150
tpyL = (0.15 ns/pF) C_ + 27 ns 10 35 70
tpyL = (0.1 ns/pF) C + 20 ns 15 25 50
3-State Propagation Delay Time tpyz 5.0 75 150 ns
Output “1” to High Impedance 10 40 80
15 35 70
Output “0” to High Impedance tpLz 5.0 80 160 ns
10 40 80
15 35 70
High Impedance to “1” Level tpzH 5.0 65 130 ns
10 25 50
15 20 40
High Impedance to “0” Level tpzL 5.0 100 200 ns
10 35 70
15 25 50
7. The formulas given are for the typical characteristics only at 25°C.
8. Data labelled “Typ” is not to be used for design purposes but is intended as an indication of the IC’s potential performance.
DISABLE 20ns le— 20 ns
INPUT L N
= VDD 90% . DD
16 INPUT SO% K| 100
———— Vss
INPUT t
PULSE ——O 0 OUTPUT " | k_tPHLv
GENERATOR 90% 500 OH
0

OUTPUT

Vss ICL
trLH
= tpLH ‘J

Figure 1. Switching Time Test Circuit and Waveforms
(trLH, trHL, tpHL, @nd tppy)
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PULSE
GENERATOR

tpHz, tpzy CIRCUIT

DISABLE INPUT

INPUT

MC14503B

0 OUTPUT

1k
g Q Vss

OUTPUT FOR tpzy, tpz CIRCUIT

¥

20 ns

DISABLE INPUT

tpHz

OUTPUT FOR tpyz, tp z CIRCUIT

DISABLE INPUT

PULSE
GENERATOR

I: I: tpLz, tpz1 CIRCUIT
v,

% 1
O OUTPUT

«— 20 ns
0% Voo
10%
UL

90%

J\goui i
=Vo_+0.05V

tpzH
=Voy-0.15V

10%

VoL

Figure 2. 3—State AC Test Circuit and Waveforms
(tpLz, tPHZ, tPzH, tPZL)
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MC14504B

Hex Level Shifter for TTL to
CMOS or CMOS to CMOS

The MC14504B is a hex non—inverting level shifter using CMOS
technology. The level shifter will shift a TTL signal to CMOS logic
levels for any CMOS supply voltage between 5 and 15 volts. A control
input also allows interface from CMOS to CMOS at one logic level to
another logic level: Either up or down level translating is
accomplished by selection of power supply levals\and \cc. The MARKING
Vcc level sets the input signal levels whilgyy selects the output DIAGRAMS
voltage levels. 16

ON Semiconductor

http://onsemi.com

¢ UP Translates from a Low to a High Voltage or DOWN Translates PP 25':}1& MC14504BCP
from a High to a Low Voltage CASE 648 Lo AWLYYWW

* Input Threshold Can Be Shifted for TTL Compatibility 1
* No Sequencing Required on Power Supplies or Inputs for Power Up

16
or Power Down mininininininin
) SOIC-16 145048
[ ]
3 _to 18 Vdc Operation for pyp and e DSUFFIX | awLyww
* Diode Protected Inputs tog¢ CASE751B ‘oo
. 1
¢ Capable of Driving Two Low—Power TTL Loads or One Low—Power
Schottky TTL Load Over the Rated Temperature Range 16
1688668
TSSOP-16 14
“\Q@l DT SUFFIX 504B
CASE 948F o ALYW
MAXIMUM RATINGS (Voltages Referenced to Vsg) (Note 2.) LRELLL!
1
Symbol Parameter Value Unit
_ 16
Vee DC Supply Voltage Range 0.5to +18.0 \Y, S ininiaininlnls
\Y DC Supply Voltage Range —0.5t0 +18.0 \Y ~
DD pply 9 9 F SUFEIX MC14504B
Vin Input Voltage Range —0.5t0 +18.0 \Y CASE 966 o AWLYWW
(DC or Transient) ?uuuuuuu
Vout Output Voltage Range —-0.5t0 Vpp + 0.5 \ ]
(DC or Transient) A = Assembly Location
WL orL = Wafer Lot
lins lout Input or Output Current +10 mA YYorY =Year
(DC or Transient) per Pin WW or W = Work Week
Pp Power Dissipation, 500 mwW
per Package (Note 3.)
ORDERING INFORMATION
Ta Ambient Temperature Range —551t0 +125 °C
Tstg Storage Temperature Range —65 to +150 °C Device Package Shipping
T Lead Temperature 260 °C MC14504BCP PDIP-16 2000/Box
8-S d Solderi .
(8-Second Soldering) MC14504BD SOIC-16 48/Rail
2. Maximum Ratings are those values beyond which damage to the device
may occur. MC14504BDR2 SOIC-16 | 2500/Tape & Reel
3. Temperature Derating: ]
Plastic “P and D/DW” Packages: — 7.0 mW/°C From 65°C To 125°C MC14504BDT TSSOP-16 96/Rail
This device contains protection circuitry to guard against damage due to high MC14504BF SOEIAJ-16|  See Note 1.
static voltages or electric fields. However, precautions must be taken to avoid
applications of any voltage higher than maximum rated voltages to this MC14504BFEL SOEIAJ-16 See Note 1.

high—impedance circuit. For proper operation, Vi, and Vg should be constrained
to the range Vgs < (Vin Or Vout) < Vpp-

Unused inputs must always be tied to an appropriate logic voltage level (e.g.,
either Vgg or Vpp). Unused outputs must be left open.

1. For ordering information on the EIAJ version of
the SOIC packages, please contact your local
ON Semiconductor representative.

Publication Order Number:
MC14504B/D

0 Semiconductor Components Industries, LLC, 2000 241
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MC14504B

PIN ASSIGNMENT

Vec ] 1@ 16
Ao [ 2 15
Anll 3 14
Bout [ 4 13
B[ 5 12
Coul] 6 11
Cnl7 10
Vss [ 8 9

[ Voo

[ Fout

1 Fin

11 MODE
[l Eout

[ Ein

[l Dout
[ Diy

LOGIC DIAGRAM

Vee Vb
INPUT LEVEL OUTPUT
SHIFTER
TTL/CMOS
or—
MODE MODE SELECT
Input Logic Output Logic
Mode Select Levels Levels
1 (Vce) TTL CMOS
0 (Vss) CMOS CMOS

1/6 of package shown.
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MC14504B

ELECTRICAL CHARACTERISTICS (Voltages Referenced to Vgg)

-55°C 25°C 125°C
Vee | Vob
Characteristic Symbol | Vvdc | vdc | Min | Max | Min | Typ ®) | Max | Min [ Max | Unit
Output Voltage “0” Level VoL — 5.0 — 0.05 — 0 0.05 — 0.05 | Vdc
Vih=0V — 10 — 0.05 — 0 0.05 — 0.05
— 15 — 0.05 — 0 0.05 — 0.05
“1” Level
Vin = Vee VoH — 5.0 4.95 — 4.95 5.0 — 4.95 — Vdc
n — | 10 995 | — | 995 10 — | 995 | —
— 15 1495| — 14.95 15 — 1495| —
Input Voltage “0” Level Vi Vdc
(VoL = 1.0 Vdc) TTL-CMOS 50 | 10 — 0.8 — 1.3 0.8 — 0.8
(VoL = 1.5 Vdc) TTL-CMOS 5.0 15 — 0.8 — 1.3 0.8 — 0.8
(VoL = 1.0 Vdc) CMOS-CMOS 5.0 10 — 15 — 2.25 1.5 — 14
(VoL = 1.5 Vdc) CMOS-CMOS 50 | 15 — 15 — 2.25 1.5 — 15
(VoL = 1.5 vdc) CMOS-CMOS 10 15 — 3.0 — 45 3.0 — 2.9
Input Voltage “1” Level ViH Vdc
(Von = 9.0 Vdc) TTL-CMOS 50 | 10 2.0 — 2.0 15 — 2.0 —
(Von = 13.5 Vdc) TTL-CMOS 5.0 15 2.0 — 2.0 15 — 2.0 —
(Von = 9.0 Vdc) CMOS-CMOS 50 | 10 | 36 — 35 2.75 — 35 —
(Voy = 13.5 Vdc) CMOS-CMOS 5.0 15 3.6 — 35 2.75 — 35 —
(Von = 13.5 Vdc) CMOS-CMOS 10 15 7.1 — 7.0 55 — 7.0 —
Output Drive Current loH mAdc
(Von =2.5Vdc) Source — 50 | -3.0 | — -24 -4.2 — -17| —
(Von = 4.6 Vdc) — 50 (-064| — |[-051( -0.88 — |-036| —
(Von = 9.5 vdc) — 10 |[-16| — | -13| -2.25 — | -09 ]| —
(Von = 13.5 Vdc) — | 15 |-42| — | -34| -88 — | -24| —
(VoL = 0.4 Vdc) Sink loL — | 50 064 | — | o051 0.88 — |03 | — [ mAdc
(VoL = 0.5 Vdc) — | 10 [ 16 | — | 13 2.25 — | o9 | —
(VoL = 1.5 Vdc) — | 15 | 42 | — | 34 8.8 — | 24 | —
Input Current lin — 15 — +0.1| — |+£0.00001 | +0.1 — +1.0 | pAdc
Input Capacitance (Vj, = 0) Cin — — — — — 5.0 7.5 — — pF
Quiescent Current Ipp or — 5.0 — 0.05 — 0.0005 0.05 — 15 HAdc
(Per Package) lcc — 10 — 0.10 — 0.0010 | 0.10 — 3.0
CMOS-CMOS Mode — 15 — 0.20 — 0.0015 | 0.20 — 6.0
Quiescent Current Ibb 5.0 5.0 — 0.5 — 0.0005 0.5 — 3.8 HAdc
(Per Package) 5.0 10 — 1.0 — 0.0010 1.0 — 7.5
TTL-CMOS Mode 5.0 15 — 2.0 — 0.0015 2.0 — 15
Quiescent Current lcc 5.0 5.0 — 5.0 — 25 5.0 — 6.0 | mAdc
(Per Package) 5.0 10 — 5.0 — 2.5 5.0 — 6.0
TTL-CMOS Mode 5.0 15 — 5.0 — 25 5.0 — 6.0

4. Data labelled “Typ” is not to be used for design purposes but is intended as an indication of the IC’s potential performance.
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MC14504B

SWITCHING CHARACTERISTICS (C, = 50 pF, T = 25°C)

Vee Vbb Limits
Characteristic Symbol Shifting Mode vdc Vvdc Min Typ &) Max Unit
Propagation Delay, High to Low tpHL TTL - CMOS 5.0 10 — 140 280 ns
Vbp > Vee 5.0 15 — 140 280
CMOS - CMOS 5.0 10 — 120 240
Vop > Vee 5.0 15 — 120 240
10 15 — 70 140
CMOS — CMOS 10 5.0 — 185 370
VCC > VDD 15 5.0 — 185 370
15 10 — 175 350
Propagation Delay, Low to High tpLH TTL - CMOS 5.0 10 — 170 340 ns
Vpp > Vee 5.0 15 — 160 320
CMOS - CMOS 5.0 10 — 170 340
Vpp > Vce 5.0 15 — 170 340
10 15 — 100 200
CMOS - CMOS 10 5.0 — 275 550
Vee > Vop 15 5.0 — 275 550
15 10 — 145 290
Output Rise and Fall Time tTLHs tTHL ALL — 5.0 — 100 200 ns
— 10 — 50 100
— 15 — 40 80

5. Data labelled “Typ” is not to be used for design purposes but is intended as an indication of the IC’s potential performance.
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MC14504B

Vgp, INPUT SWITCHPOINT VOLTAGE (Vdc)

| | |
0 i i i

0 5 10 15 20
Vpp, SUPPLY VOLTAGE (Vdc)

Figure 1. Input Switchpoint CMOS to CMOS Mode
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VDD, SUPPLY VOLTAGE (Vdc)

| | |
0 T T T

0 5 10 15 20
Vce, SUPPLY VOLTAGE (Vdc)

Figure 3. Operating Boundary CMOS to CMOS Mode
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Figure 2. Input Switchpoint TTL to CMOS Mode
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Figure 4. Operating Boundary TTL to CMOS Mode
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MC14511B

BCD-To-Seven Segment
Latch/Decoder/Driver

The MC14511B BCD-to—seven segment latch/decoder/driver is

constructed with complementary MOS (CMOS) enhancement mode ON Semiconductor
devices and NPN bipolar output drivers in a single monolithic structure. .
The circuit provides the functions of a 4-bit storage latch, an 8421 http://onsemi.com
BCD-to—seven segment decoder, and an output drive capability. Lamp
test (L), blanking (B), and latch enable (LE) inputs are used to test the MARKING
display, to turn—off or pulse modulate the brightness of the display, and 15 IAGRAMS
to store a BCD code, respectively. It can be used with seven-segment PDIP-16
light-emitting diodes (LED), incandescent, fluorescent, gas discharge P SUFFIX MC14511BCP
or liquid crystal readouts either directly or indirectly. CASE 648 [0 AWLYYWW
Applications include instrument (e.g., counter, DVM, etc.) display 1
driver, computer/calculator display driver, cockpit display driver, and 16
various clock, watch, and timer uses. SOIC-16 ””Tgl”lg'””
* Low Logic Circuit Power Dissipation DSUFFIX 1 5 awLyww
) i CASE 751B " ooooD
¢ High—Current Sourcing Outputs (Up to 25 mA) 1
¢ Latch Storage of Code 16
* Blanking Input AAAAAAAR
* Lamp Test Provision SOIC-16 145118
. . N / DW SUFFIX
Readout Blanking on all lllegal Input Combinations \ CASE 751G N\
* Lamp Intensity Modulation Capability EI)LIAVL\I/TJYJ\IIJV\I,JVH
* Time Share (Multiplexing) Facility 1
* Supply Voltage Range = 3.0 Vto 18 V 16
.« C - minlnlninininlisl
apable of Driving Two Low—power TTL Loads, One Low—power SOEIAJ-16
Schottky TTL Load or Two HTL Loads Over the Rated Temperature , F SUFFIX MC145118
CASE 966 AWLYWW
Range o
. . . OO
* Chip Complexity: 216 FETs or 54 Equivalent Gates 1
* Triple Diode Protection on all Inputs A - Assembly Location
WL orL = Wafer Lot
MAXIMUM RATINGS (Voltages Referenced to Vgg) () YYorY =Year
Symbol Parameter Value Unit WW or W = Work Week
Vpp DC Supply Voltage Range —-0.5t0 +18.0 \%
Vin Input Voltage Range, All Inputs | —0.5to Vpp + 0.5 \Y ORDERING INFORMATION
| DC Current Drain per Input Pin 10 mA Device Package Shipping
Pp Power Dissipation, 500 mw
per Package (3) MC14511BCP PDIP-16 2000/Box
Ta Operating Temperature Range —55to +125 °C MC14511BD SOIC-16 48/Rail
Tstg Storage Temperature Range —65 to +150 °C MC14511BDW SOIC-16 47/Rall
loHmax | Maximum Output Drive Current 25 mA MC14511BDWR2 | SOIC-16 | 1000/Tape & Reel
(Source) per Output
MC14511BF SOEIAJ-16 | See Note 1.
PoHmax Maximum Continuous Output 50 mA
Power (Source) per Output () MC14511BFEL SOEIAJ-16 See Note 1.
2. Maximum Ratings are those values beyond which damage to the device 1. For ordering information on the EIAJ version of
may occur. ) the SOIC packages, please contact your local
3. Temperature Derating: ON Semiconductor representative.

Plastic “P and D/DW” Packages: — 7.0 mW/°C From 65°C To 125°C
4. Ponmax = lon (Vbb — Vor)

0 Semiconductor Components Industries, LLC, 2000 246
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This device contains protection circuitry to protect the inputs against damage due to high static voltages or electric fields. However, itis advised
that normal precautions be taken to avoid application of any voltage higher than maximum rated voltages to this high—impedance circuit. A
destructive high current mode may occur if Vi, and Vg, are not constrained to the range Vsg < (Vin or Vout) < Vpp-

Due to the sourcing capability of this circuit, damage can occur to the device if Vpp is applied, and the outputs are shorted to Vgg and are at a

logical 1 (See Maximum Ratings).

Unused inputs must always be tied to an appropriate logic voltage level (e.g., either Vgs or Vpp).

MC14511B

PIN ASSIGNMENT

B[ 1e 16 [] Vpp
cp2 150f
omQ 3 1401y 2
_ f b
BI[] 4 13[]a /_g/
LE[ 5 120b ¢ - ¢
D[] 6 11 [c
Al 7 1000d
VSS I: 8 9 :I e
DISPLAY
o I W A O O O W 1 b | Wy |
i | = | 1 [}
0 1 2 3 4 5 6 7 8 9
TRUTH TABLE
Inputs Outputs
LE|BI[LT|D C B A |Ja b ¢ d e f g [Display
X[X|[0o] X X X XJ|1 1 1 1 1 1 1 8
X|0|1]|X X X X|0 0 O O O 0 O Blank
o|j12f12f0 o o0 Of1 1 1 1 1 1 O 0
o|j12f12f0 0o 0O 1j0 1 1 0o O 0 O 1
of1y2{0 0 1 11 1 1 1 o0 o0 1 2
oj1y1y0 o0 1 1}]1 1 1 1 0 0 1 3
o|j14f12f0 1 0o O0OjO0O 1 1 o0 0 1 1 4
o|j14f12f0 1 o 11 0 1 1 0 1 1 5
o|j14f12f0 1 1 O0ojO0 O 1 1 1 1 1 6
oj1j12y0 1 1 1]1 1 1 0O 0 0 © 7
of1y2{1 o0 o Of1 1 1 1 1 1 1 8
o|1412f2 o o0 11 1 1 o0 0 1 1 9
o|1f12f212 o0 1 0|0 O O O O o0 O Blank
0|1)/1f1 0 1 1]0 O O O 0O 0 O Blank
o|1412f121 1 o 0|0 O O O O o0 O Blank
o|1412f2 1 0o 10 O O O O o0 O Blank
o|j1412f212 1 1 0j0 O O O O O0 O Blank
o0j1J1f1 1 1 1]0 0O O O O 0 © Blank
1]1]1] X X X X * *
X = Don't Care

*Depends upon the BCD code previously applied when LE =0
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MC14511B

ELECTRICAL CHARACTERISTICS (Voltages Referenced to Vgg)

Voo —-55°C 25°C 125°C
Characteristic Symbol | Vdc Min Max Min Typ ) Max Min Max Unit
Output Voltage “0” Level VoL 5.0 — 0.05 — 0 0.05 — 0.05 Vdc
Vin = Vpp or 0 10 — 0.05 — 0 0.05 — 0.05
15 — 0.05 — 0 0.05 — 0.05
“1” Level Vou 5.0 4.1 — 4.1 457 — 4.1 — Vdc
Vin = 0 or Vpp 10 9.1 — 9.1 9.58 — 9.1 —
15 14.1 — 141 14.59 — 14.1 —
Input Voltage # “0” Level Vi Vdc
(Vo = 3.8 or 0.5 Vdc) 5.0 — 15 — 2.25 15 — 15
(Vo = 8.8 or 1.0 Vdc) 10 — 3.0 — 4.50 3.0 — 3.0
(Vo = 13.8 or 1.5 Vdc) 15 — 4.0 — 6.75 4.0 — 4.0
“1” Level ViH Vdc
(Vo = 0.5 or 3.8 Vdc) 5.0 3.5 — 35 2.75 — 35 —
(Vo =1.0 0r 8.8 Vdc) 10 7.0 — 7.0 5.50 — 7.0 —
(Vo =1.50r13.8 Vdc) 15 11 — 11 8.25 — 11 —
Output Drive Voltage VoH Vdc
(loy =0 mA) Source 5.0 4.1 — 4.1 4.57 — 4.1 —
(lon = 5.0 mA) — — — 4.24 — — —
(lon = 10 mA) 3.9 — 3.9 4.12 — 35 —
(lon = 15 MA) — — — 3.94 — — —
(lon =20 mA) 34 — 34 3.70 — 3.0 —
(lon = 25 MA) — — — 3.54 — — —
(lon = 0 MA) 10 9.1 — 9.1 9.58 — 9.1 — Vdc
(lon =5.0 mA) — — — 9.26 — — —
(lop =10 mA) 9.0 — 9.0 9.17 — 8.6 —
(lon = 15 mA) — — — 9.04 — — —
(lon =20 mA) 8.6 — 8.6 8.90 — 8.2 —
(lon =25 mA) — — — 8.70 — — —
(lon = 0 MA) 15 14.1 — 14.1 14.59 — 14.1 — vdc
(lon = 5.0 mA) — — — 14.27 — — —
(lon = 10 MA) 14 — 14 14.18 — 13.6 —
(lon = 15 mA) — — — 14.07 — — —
(lon = 20 mA) 13.6 — 13.6 13.95 — 13.2 —
(lon = 25 MA) — — — 13.70 — — —
Output Drive Current loL mAdc
(VoL =0.4V) Sink 5.0 0.64 — 0.51 0.88 — 0.36 —
(VoL =0.5V) 10 1.6 — 1.3 2.25 — 0.9 —
(VoL =1.5V) 15 4.2 — 34 8.8 — 2.4 —
Input Current lin 15 — +0.1 — +0.00001 | +0.1 — +1.0 pAdc
Input Capacitance Cin — — — — 5.0 7.5 — — pF
Quiescent Current Ibp 5.0 — 5.0 — 0.005 5.0 — 150 pAdc
(Per Package) Vi, = 0 or Vpp, 10 — 10 — 0.010 10 — 300
lout = O HA 15 — 20 — 0.015 20 — 600
Total Supply Current (6-) (7)) It 5.0 It = (1.9 pA/KHZ) f + Ipp pAdc
(Dynamic plus Quiescent, 10 It = (3.8 pA/kHZ) f + Ipp
Per Package) 15 It = (5.7 pA/kHz) f + Ipp
(CL =50 pF on all outputs, all
buffers switching)

5. Noise immunity specified for worst—case input combination.
Noise Margin for both “1” and “0” level =
1.0 Vdc min @ Vpp = 5.0 Vdc
2.0 Vdc min @ Vpp = 10 Vdc
2.5Vdc min @ Vpp = 15 Vdc
6. The formulas given are for the typical characteristics only at 25°C.
7. To calculate total supply current at loads other than 50 pF:

I7(C) = 17(50 pF) + 3.5 x 103 (C_ - 50) Vppf
where: It is in pA (per package), C, in pF, Vpp in Vdc, and f in kHz is input frequency.

http://onsemi.com
248



MC14511B

SWITCHING CHARACTERISTICS (&) (C_ =50 pF, Ta=25°C)

Vbb
Characteristic Symbol Vdc Min Typ Max Unit
Output Rise Time tTLH ns
trn = (0.40 ns/pF) C + 20 ns 5.0 — 40 80
trin = (0.25 ns/pF) C_ + 17.5 ns 10 — 30 60
trn = (0.20 ns/pF) C + 15 ns 15 — 25 50
Output Fall Time tTHL ns
trHL = (1.5 ns/pF) C_ + 50 ns 5.0 — 125 250
tryL = (0.75 ns/pF) C_ + 37.5 ns 10 — 75 150
tryL = (0.55 ns/pF) C + 37.5ns 15 — 65 130
Data Propagation Delay Time tpLH ns
tpLy = (0.40 ns/pF) C|_ + 620 ns 5.0 — 640 1280
tpLH = (0.25 ns/pF) C + 237.5 ns 10 — 250 500
tpLy = (0.20 ns/pF) C + 165 ns 15 — 175 350
tpHL = (1.3 I’lS/pF) CL+655ns tPHL 5.0 — 720 1440
tpyL = (0.60 ns/pF) C + 260 ns 10 — 290 580
tpyL = (0.35 ns/pF) C + 182.5 ns 15 — 200 400
Blank Propagation Delay Time tpLH ns
tpLn = (0.30 ns/pF) C_ + 585 ns 5.0 — 600 750
tpLy = (0.25 ns/pF) C_ + 187.5 ns 10 — 200 300
tpLy = (0.15 ns/pF) C| + 142.5 ns 15 — 150 220
tpyL = (0.85 ns/pF) C +442.5ns tpHL 5.0 — 485 970
tpyL = (0.45 ns/pF) C_ + 177.5 ns 10 — 200 400
tpyL = (0.35 ns/pF) C| + 142.5 ns 15 — 160 320
Lamp Test Propagation Delay Time tpLH ns
tpLH = (0.45 ns/pF) C_ + 290.5 ns 5.0 — 313 625
tpLy = (0.25 ns/pF) C| + 112.5 ns 10 — 125 250
tpLH = (0.20 ns/pF) C_ + 80 ns 15 — 90 180
tpyL = (1.3 ns/pF) C_ + 248 ns tpHL 5.0 — 313 625
tpyL = (0.45 ns/pF) C,_ + 102.5 ns 10 — 125 250
tpyL = (0.35 ns/pF) C + 72.5 ns 15 — 90 180
Setup Time tsy 5.0 100 — — ns
10 40 — —
15 30 — —
Hold Time th 5.0 60 — — ns
10 40 — —
15 30 — —
Latch Enable Pulse Width twi 5.0 520 260 — ns
10 220 110 —
15 130 65 —

8. The formulas given are for the typical characteristics only.
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MC14511B

Input LE low, and Inputs D, Bl and LT high.
fin respect to a system clock.
All outputs connected to respective C, loads.

20 ns 20 ns

50% Voo

A, B,ANDC
1
= V
N ss
50% DUTY CYCLE
Vou
50%
ANY OUTPUT
VoL

Figure 1. Dynamic Power Dissipation Signal Waveforms

20 ns 20 ns
Vbb
INPUT C
Vss
tpLH tpHL
— Vou
OUTPUT g

trin tTHL

(a) Inputs D and LE low, and Inputs A, B, Bl and LT high.

20 ns
Vb
LE
Vss
f tSU
Voo
INPUT C S0%
Vss
Vou
OUTPUT g \
VoL
(b) Input D low, Inputs A, B, B and LT high.
20ns
Vbp
LE
Vss

(c) Data DCBA strobed into latches.

Figure 2. Dynamic Signal Waveforms
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MC14511B

CONNECTIONS TO VARIOUS DISPLAY READOUTS

LIGHT EMITTING DIODE (LED) READOUT

Vbp Vbp
A
: I : I [ COMMON
L n——l COMMON _In——| ANODELED
CATHODE LED
— —
1= A il
Jiﬂ Y— — =17V J"
— L —
1 1 = Vss
= Vss =
INCANDESCENT READOUT FLUORESCENT READOUT
Vbp Vop Vb
A \ A
_II——K b § _II——K DIRECT
(LOW BRIGHTNESS)
— — -
—1J":: o —1’J: 2%
|| - | | —
FILAMENT
i J) SUPPLY
= Vss = =V = Vg5 OR APPROPRIATE
= Vss —= Vss
VOLTAGE BELOW Vgg.
(CAUTION: Maximum working voltage = 18.0 V)
GAS DISCHARGE READOUT LIQUID CRYSTAL (LCD) READOUT
EXCITATION
APPROPRIATE (SQUARE WAVE,
Vpp VOLTAGE Vsg TO VDD)

A

"
b
1

[ l_l —
AT _T3T 71?_|

OAM—] -1
1/4 OF MC14070B
= Vss = Vss
** Afilament pre—warm resistor is recommended to reduce filament Direct dc drive of LCD’s not recommended for life of
thermal shock and increase the effective cold resistance of the LCD readouts.

filament.
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MC14511B

LOGIC DIAGRAM
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Vpp = PIN 16
Vg =PIN 8
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MC14512B

8-Channel Data Selector

The MC14512B is an 8-channel data selector constructed with

MOS P-—channel and N-channel enhancement mode devices in a

single monolithic structure. This data selector finds primary
application in signal multiplexing functions. It may also be used for
data routing, digital signal switching, signal gating, and number
sequence generation.

Diode Protection on All Inputs

Single Supply Operation

3-State Output (Logic “1”, Logic “0”, High Impedance)

Supply Voltage Range = 3.0 Vdc to 18 Vdc

Capable of Driving Two Low—power TTL Loads or One Low—powe
Schottky TTL Load Over the Rated Temperature Range

MAXIMUM RATINGS (Voltages Referenced to Vss) (Note 2.)

Symbol Parameter Value Unit
Vpp DC Supply Voltage Range —-0.5t0 +18.0 \Y
Vin, Vout Input or Output Voltage Range —-05toVpp +0.5 \
(DC or Transient)
lins lout Input or Output Current +10 mA
(DC or Transient) per Pin
Pp Power Dissipation, 500 mw
per Package (Note 3.)
Ta Ambient Temperature Range —551t0 +125 °C
Tstg Storage Temperature Range —65 to +150 °C
T Lead Temperature 260 °C
(8-Second Soldering)
2. Maximum Ratings are those values beyond which damage to the device

may occur.
Temperature Derating:
Plastic “P and D/DW” Packages: — 7.0 mW/°C From 65°C To 125°C

ON Semiconductor

http://onsemi.com

A

WL or L
YYorY
WW or W = Work Week

MARKING
DIAGRAMS
16

PDIP-16
b SUFFIX b MC14512BCP
CASE 648 Lo AWLYYWW

1
]-r?n mininininin
Solc-16 145128
cD gUFF'X o AWLYWW
ASE 751B |HNjNNNIN]N] N
1
16
mininininininin
SOEIAJ-16

E SURFIX MC14512B

CASE 966 |[o AWLYWW
OOOOOooo
1

= Assembly Location
= Wafer Lot
= Year

ORDERING INFORMATION

This device contains protection circuitry to guard against damage due to high

static voltages or electric fields. However, precautions must be taken to avoid
applications of any voltage higher than maximum rated voltages to this

high—impedance circuit. For proper operation, Vi, and Vg should be constrained

to the range Vgs < (Vin or Vout) < Vpp-
Unused inputs must always be tied to an appropriate logic voltage level (e.g.,
either Vgg or Vpp). Unused outputs must be left open.

253

[ Semiconductor Components Industries, LLC, 2000

March, 2000 — Rev. 3

Device Package Shipping
MC14512BCP PDIP-16 2000/Box
MC14512BD SOIC-16 48/Ralil
MC14512BDR2 SOIC-16 [2500/Tape & Reel
MC14512BF SOEIAJ-16 See Note 1.
MC14512BFL1 SOEIAJ-16 See Note 1.

1. For ordering information on the EIAJ version of
the SOIC packages, please contact your local
ON Semiconductor representative.

Publication Order Number:
MC14512B/D




MC14512B

TRUTH TABLE

C B A Inhibit Disable z
0 0 0 0 0 X0
0 0 1 0 0 X1
0 1 0 0 0 X2
0 1 1 0 0 X3
1 0 0 0 0 X4
1 0 1 0 0 X5
1 1 0 0 0 X6
1 1 1 0 0 X7
X X X 1 0 0
X X X X 1 High
Impedance
X =Don't Care

PIN ASSIGNMENT

X0[ 1e 16 [1 Voo
X1 2 15 []DIS
x2[] 3 1z
X3[| 4 13cC
X4 [ 5 12[18B
X5[] 6 nA
X6 7 10 ] INH
Vss [] 8 9 [1x7

http://onsemi.com
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MC14512B

ELECTRICAL CHARACTERISTICS (Voltages Referenced to Vgg)

Voo -55°C 25°C 125°C
Characteristic Symbol | Vdc Min Max Min Typ 4) Max Min Max Unit
Output Voltage “0” Level VoL 5.0 — 0.05 — 0 0.05 — 0.05 Vdc
Vin= Vppor0 10 — 0.05 — 0 0.05 — 0.05
15 — 0.05 — 0 0.05 — 0.05
“1" Level Vou 5.0 4.95 — 4.95 5.0 — 4.95 — Vdc
Vin =0 or Vpp 10 9.95 — 9.95 10 — 9.95 —
15 14.95 — 14.95 15 — 14.95 —
Input Voltage “0” Level VL Vdc
(Vo = 4.5 or 0.5 Vdc) 5.0 — 15 — 2.25 1.5 — 1.5
(Vo =9.0 or 1.0 Vdc) 10 — 3.0 — 4.50 3.0 — 3.0
(Vo = 13.5 or 1.5 Vdc) 15 — 4.0 — 6.75 4.0 — 4.0
“1” Level V4 Vdc
(Vo =0.50r 4.5 Vvdc) 5.0 3.5 — 3.5 2.75 — 35 —
(Vo =1.0 0r 9.0 Vdc) 10 7.0 — 7.0 5.50 — 7.0 —
(Vo =1.50r 13.5Vdc) 15 11 — 11 8.25 — 11 —
Output Drive Current loH mAdc
(Von =2.5Vdc) Source 5.0 -3.0 — -24 —-4.2 — -17 —
(Von = 4.6 Vdc) 5.0 -0.64 — -051 —-0.88 — -0.36 —
(Von = 9.5 Vdc) 10 -16 — -13 -2.25 — -0.9 —
(Von = 13.5 Vdc) 15 -42 — -34 -88 — —24 —
(VoL = 0.4 Vdc) Sink loL 5.0 0.64 — 0.51 0.88 — 0.36 — mAdc
(VoL = 0.5 Vdc) 10 1.6 — 1.3 2.25 — 0.9 —
(VoL = 1.5 Vdc) 15 4.2 — 34 8.8 — 24 —
Input Current lin 15 — +0.1 — +0.00001 | £0.1 — +1.0 HAdc
Input Capacitance Cin — — — — 5.0 7.5 — — pF
(Vin=0)
Quiescent Current Ibb 5.0 — 5.0 — 0.005 5.0 — 150 HAdc
(Per Package) 10 — 10 — 0.010 10 — 300
15 — 20 — 0.015 20 — 600
Total Supply Current () (6-) It 5.0 It = (0.8 pA/kHZ) f + Ipp pAdc
(Dynamic plus Quiescent, 10 It = (1.6 pA/kHZz) f + Ipp
Per Package) 15 It = (2.4 pA/kHZz) f + Ipp
(CL =50 pF on all outputs, all
buffers switching)
Three—State Leakage Current I 15 — | zo1 | — [zoooo1 | x01 [ — | £30 [ pAde

4. Data labelled “Typ” is not to be used for design purposes but is intended as an indication of the IC’s potential performance.
5. The formulas given are for the typical characteristics only at 25°C.
6. To calculate total supply current at loads other than 50 pF:

IT(CL) = I+(50 pF) + (C__ - 50) Vfk
where: It is in pA (per package), C_ in pF, V = (Vpp — Vgg) in volts, fin kHz is input frequency, and k = 0.001.

http://onsemi.com
255



MC14512B

SWITCHING CHARACTERISTICS (7-) (C_ =50 pF, T4 = 25°C, See Figure 1)

All Types

Characteristic Symbol Vob Typ &) Max Unit

Output Rise and Fall Time trLH, ns
trLHs trHe = (1.5 ns/pF) C + 25 ns tTHL 5.0 100 200
trLH, trHe = (0.75 ns/pF) CL + 12.5 ns 10 50 100
tTLH, ttHL = (0.55 ns/pF) C + 9.5 ns 15 40 80

Propagation Delay Time (Figure 2) tpLH ns
Inhibit, Control, or Data to Z 5.0 330 650
10 125 250
15 85 170

Propagation Delay Time (Figure 2) tpHL ns
Inhibit, Control, or Data to Z 5.0 330 650
10 125 250
15 85 170

3-State Output Delay Times (Figure 3) tpHz, tPLZ, 5.0 60 150 ns
“1” or “0” to High Z, and tpzH, tpzL 10 35 100
High Z to “1” or “0” 15 30 75

© N

The formulas given are for the typical characteristics only at 25°C.
. Data labelled “Typ” is not to be used for design purposes but is intended as an indication of the IC’s potential performance.

VDD

GENERATOR

DISABLE
INHIBIT
A

B

C

X0

X1

X2

X3

X4

X5

X6

X7

z

Lo
::EL

J__Vss

Figure 1. Power Dissipation Test Circuit and Waveform
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MC14512B

Vbp
DISABLE
(o} INHIBIT z
O A
B CL
c I
PULSE ° X0
GENERATOR —O X1 TEST CONDITIONS:
X; INHIBIT = Vsg
X AB,C=V
X4 58
X5 20 ns 20 ns
X6 INHIBIT, — Vpp
X7 A B, ORC v
ss
Vss Parameter Test Conditions
= Inhibit to Z A, B, C =Vss, Xo = Vpp
A B, CtoZ Inh = Vss, XO = VDD
Figure 2. AC Test Circuit and Waveforms
Vbp %
PULSE 20 ns
vV 20 ns
GENERATOR DD
Lo—{oisasLe i oo
VDDi —O— INHIBIT z C DISABLE V.
-0—A L INPUT sS
N 1o B Tk s1 t
-0—{ C = PLZ VoH
—o— X0 =25V@Vpp=5V
S2 . DD )
wup to—{xt ouTPUT Vou { ™ Jov.anp 15 v
-0—] X2 i = 2V@Vpp= 5V
-T_ -0— X3 = Vss OUTPUT ————— 6V@Vpp=10V
Vgs = —-O0— X4 10V@Vpp=15V
- ¢&0—{X5 ) i
L o—1 X6 Switch Positions for 3—State Test
-0— X7 Test s1 S2 S3 S4
Open | Closed | Closed | Open

Closed | Open Open | Closed
tpzL | Closed | Open Open | Closed
tpzH Open | Closed | Closed | Open

lli
<
n
7]
el
- I
N N

Figure 3. 3—State AC Test Circuit and Waveform
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MC14512B

LOGIC DIAGRAM

L(>»~—[>»——«<1—-1?

¢——=>=1 LOAD

L

) DISABLE
DATA
! 10 SELECTED BUS
INHIBIT DEVICE
b [ Voo lop
o
- MC145128 F—=
Ds

J
:3_%,4
Z I
| f—y MC14512B
— — 3

|

I

MC14512B

z% l Vg
L
T

1 1
ouT
IN - N o—%ﬂj—o out
2 RY.
TRANSMISSION
GATE

3-STATE MODE OF OPERATION

Output terminals of several MC14512B 8-Bit Data (including fanout to other device inputs), and can be
Selectors can be connected to a single date bus as shownalculated by:
One MC14512B is selected by the 3—state control, and the lop — I
remaining devices are disabled into a high—impedance “off” N = T +1
state. The number of 8—bit data selectors, N, that may be
connected to a bus line is determined from the output driveN must be calculated for both high and low logic state of the
current, bp, 3—state or disable output leakage currept, | bus line.
and the load current | required to drive the bus line
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MC14513B

BCD-To-Seven Segment
Latch/Decoder/Driver

CMOS MSI
(Low—Power Complementary MOS)

The MC14513B BCD-to-seven segment latch/decoder/driver is
constructed with complementary MOS (CMOS) enhancement mode
devices and NPN bipolar output drivers in a single monolithic structure.
The circuit provides the functions of a 4-hit storage latch, an 8421
BCD-to—seven segment decoder, and has output drive capability. Lamp
test (L), blanking (B), and latch enable (LE) inputs are used to test the
display, to turn—off or pulse modulate the brightness of the display, and
to store a BCD code, respectively. The Ripple Blanking Input (RBI) and
Ripple Blanking Output (RBO) can be used to suppress either leading
or trailing zeroes. It can be used with seven—-segment light emitting
diodes (LED), incandescent, fluorescent, gas discharge, or liquid crystal
readouts either directly or indirectly.

Applications include instrument (e.g., counter, DVM, etc.) display
driver, computer/calculator display driver, cockpit display driver, and
various clock, watch, and timer uses.

¢ Low Logic Circuit Power Dissipation

¢ High—current Sourcing Outputs (Up to 25 mA)

* Latch Storage of Binary Input

¢ Blanking Input

* Lamp Test Provision

* Readout Blanking on all lllegal Input Combinations
* Lamp Intensity Modulation Capability

ON Semiconductor
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MARKING
DIAGRAMS
oo nn
PDIP-18 MC14513BCP
P SUFFIX D
o AWLYYWW
1
A = Assembly Location

WL or L = Wafer Lot
YYorY =Year
WW or W = Work Week

ORDERING INFORMATION

¢ Time Share (Multiplexing) Capability

Device Package Shipping

* Adds Ripple Blanking In, Ripple Blanking Out to MC14511B MC14513BCP PDIP-18 20/Rail

e Supply Voltage Range = 3.0 Vto 18 V
¢ Capable of Driving Two Low—Power TTL Loads, One Low—|

This device contains protection circuitry to protect
power ne inputs against damage due to high static voltages

Schottky TTL Load to Two HTL Loads Over the Rated Temperaturer electric fields. However, it is advised that normal

Range. precautions be taken to avoid application of any volt-
1) age higher than maximum rated voltages to this high—

MAXIMUM RATINGS (Voltages Referenced to Vss) - impedance circuit. A destructive high current mode
Symbol Parameter Value Unit may occur if Vi, and Vgt are not constrained to the

range Vgs < (Vi or Vout) < Vpp.

Vop DC Supply Voltage Range -0.51t0+18.0 v Due to the sourcing capability of this circuit, dam-
Vin Input Voltage Range, All Inputs —0.5t0 Vpp + 0.5 Vv age can occur to the device if Vpp is applied, and the
- - outputs are shorted to Vgg and are at a logical 1 (See
| DC Current Drain per Input Pin 10 mA Maximum Ratings).
Pp Power Dissipation 500 mw Unused inputs must always be tied to an appropri-
per Package () ate logic voltage level (e.g., either Vgg or Vpp).
Ta Operating Temperature Range —55t0 +125 °C
Tstg Storage Temperature Range —6510+150 ¢ 1. Maximum Ratings are those values beyond which
lodmax | Maximum Continuous Output 25 mA damage to the device may occur.
Drive Current (Source) per Output 2. Temperature Derating:
Plastic “P and D/DW" Packages: — 7.0 mW/°C
PoHmax | Maximum Continuous Output 50 mwW From 65°C To 125°C
Power (Source) per Output (3 3. PoHmax = loH (Vbb = Vor)
0 Semiconductor Components Industries, LLC, 2000 259 Publication Order Number:

March, 2000 — Rev. 3
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MC14513B

PIN ASSIGNMENT

bc
~ 2
ag
=]
-~
f,
@
a o
=) o)
> - o ® o o v o
e T s A s N e Y e Y s O s A s A o
W N~ © I S M N o O
e B B B T D e B o |
°
— N ®»m ¥ 1 © N~ o o
| NN [ S R N R S R S R SN R SN R SN Ry —
— = = 0
o O 5 B WY o< g
[

DISPLAY

|

(N

-~

AN

-

N

M

TRUTH TABLE

> X [ X X | X X X X X
< clc clcccctg
S|P|B[BO|TNOILTWOONDO B8 E8CB|*
@ m|m mommmaMmaA
o
ol |eleo|lodddd|dOodd0/l0o0 00O
w||ojlod|locO0odd|dOdH0|O0 00O
wlo|T|e|ed|oteoo|doHdo0|ooo000O
2
alo|d|o|lod|odtdOd|dO0O 410|000 O O|*
g
8lo|-|o|lod|doddd|ddwdo|looooo
o|ld|lolod|ldddd0/OddHdO0O|OO0OO0O0O
g||o|lod|lOoddO0Od|ddddO0O|lOO0OOOO
m +|+|H1O0O0000|0O000O0|0O0O0O0O|+
o
< | X|X|oo|dOoOHOA|OHOdAO|HO O —|X
M(X|X|O0|OA 10O |dHO0O |00 d-|x
O[X|X|O0|loOOdAA|dHOOO|O d - |x
A(X|X|O0|looo 00|00 ddd|ddddd|x
2
£
B|X|o|dd|cdddddddddd|ddddd|d
E X|X|oo|looooolooooo|looooo|d
% XIX[HO|X XXX XX XXXX|XXXXX|X

Don'’t Care

X=

RBI (D C B A), indicated by other rows of table
*Depends upon the BCD code previously applied when LE

tRBO

=0
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ELECTRICAL CHARACTERISTICS (Voltages Referenced to Vgg)

MC14513B

Voo —-55°C 25°C 125°C
Characteristic Symbol | Vdc Min Max Min Typ 4) Max Min Max | Unit
Output Voltage — Segment Outputs VoL Vdc
“0” Level 5.0 — 0.05 — 0 0.05 — 0.05
Vin = Vpp or 0 10 — 0.05 — 0 0.05 — 0.05
15 — 0.05 — 0 0.05 — 0.05
“1” Level VoH 5.0 4.1 — 4.1 5.0 — 4.1 — Vdc
Vin=0o0r Vpp 10 9.1 — 9.1 10 — 9.1 —
15 141 — 141 15 — 14.1 —
Output Voltage — RBO Output VoL Vdc
“0” Level 5.0 — 0.05 — 0 0.05 — 0.05
Vin = Vpp or 0 10 — 0.05 — 0 0.05 — 0.05
15 — 0.05 — 0 0.05 — 0.05
“1" Level Vou 5.0 4.95 — 4.95 5.0 — 4.95 — Vdc
Vin =0 or Vpp 10 9.95 — 9.95 10 — 9.95 —
15 14.95 — 14.95 15 — 14.95 —
Input Voltage () “0" Level Vi Vdc
(Vo = 3.8 or 0.5 Vdc) 5.0 — 15 — 2.25 15 — 15
(Vo =8.8 0r 1.0 Vdc) 10 — 3.0 — 4.50 3.0 — 3.0
(Vo = 13.8 or 1.5 Vdc) 15 — 4.0 — 6.75 4.0 — 4.0
(Vo=0.50r3.8Vvdc) “1"Level V4 5.0 35 — 35 2.75 — 35 — Vdc
(Vo =1.0 or 8.8 Vdc) 10 7.0 — 7.0 5.50 — 7.0 —
(Vo = 1.5 or 13.8 Vdc) 15 1 — 1 8.25 — 1 —
Output Drive Voltage — Segments VoH Vdc
(loy = 0mA) Source 5.0 4.1 — 4.1 4.57 — 4.1 —
(lon = 5.0 MA) — — — 4.24 — — —
(lon = 10 mA) 3.9 — 3.9 4.12 — 35 —
(lon = 15 mA) — — — 3.94 — — —
(lon = 20 mA) 34 — 3.4 3.70 — 3.0 —
(lon =25 mA) — — — 3.54 — — —
(lon = 0 MA) 10 9.1 — 9.1 9.58 — 9.1 — Vdc
(IOH =5.0 mA) — — — 9.26 — — —
(lon =10 mA) 9.0 — 9.0 9.17 — 8.6 —
(IOH =15 mA) — — — 9.04 — — —
(lon = 20 mA) 8.6 — 8.6 8.90 — 8.2 —
(lon =25 mA) — — — 8.75 — — —
(lon = 0 MA) 15 14.1 — 14.1 14.59 — 14.1 — vdc
(loq =5.0mA) — — — 14.27 — — —
(lon = 10 mMA) 14 — 14 14.18 — 13.6 —
(lon=15mA) — — — 14.07 — — —
(lon = 20 mA) 13.6 — 13.6 13.95 — 13.2 —
(lon =25 mA) — — — 13.80 — — —
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MC14513B

ELECTRICAL CHARACTERISTICS — continued (Voltages Referenced to Vgg)

Voo -55°C 25°C 125°C
Characteristic Symbol | Vdc Min Max Min Typ 4) Max Min Max Unit
Output Drive Current — RBO Output loH mAdc
(Von=25V) Source 5.0 —-0.40 — -0.32 -0.64 — -0.22 —
(VMo =9.5V) 10 -0.21 — -0.17 -0.34 — -0.12 —
(Von =13.5V) 15 -0.81 — —0.66 -1.30 — —0.46 —
(VoL =0.4V) Sink loL 5.0 0.18 — 0.15 0.29 — 0.10 — mAdc
(VoL=0.5V) 10 0.47 — 0.38 0.75 — 0.26 —
(VoL =1.5V) 15 1.80 — 1.50 2.90 — 1.0 —
Output Drive Current — Segments loL mAdc
(VoL =0.4V) Sink 5.0 0.64 — 0.51 0.88 — 0.36 —
(VoL =0.5V) 10 1.6 — 1.3 2.25 — 0.9 —
(VoL=15V) 15 4.2 — 3.4 8.8 — 2.4 —
Input Current lin 15 — +0.1 — +0.00001 | 0.1 — +1.0 pAdc
Input Capacitance Cin — — — — 5.0 7.5 — — pF
Quiescent Current Ibp 5.0 — 5.0 — 0.005 5.0 — 150 pAdc
(Per Package) Vi, =0 or Vpp, 10 — 10 — 0.010 10 — 300
lout = 0 HA 15 — 20 — 0.015 20 — 600
Total Supply Current () (6.) It 5.0 It = (1.9 pA/KHZ) f + Ipp pAdc
(Dynamic plus Quiescent, 10 It = (3.8 pA/kHZ) f + Ipp
Per Package) 15 It = (5.7 pA/kHz) f + Ipp
(CL =50 pF on all outputs, all
buffers switching)

4. Noise immunity specified for worst—case input combination.
Noise Margin for both “1” and “0” level =

1.0 Vdc min @ Vpp = 5.0 Vdc

2.0 Vdc min @ Vpp = 10 Vdc

2.5Vdc min @ Vpp =15 Vdc
5. The formulas given are for the typical characteristics only at 25°C.
6. To calculate total supply current at loads other than 50 pF:

I1(Cp) = I+(50 pF) + 3.5 x 1073 (CL-50) Vppf

where: It is in pA (per package), C, in pF, Vpp in Vdc, and f in kHz is input frequency.

Input LE and RBI low, and Inputs D, Bl and LT high.
fin respect to a system clock.
All outputs connected to respective C loads.

20 ns

A B,ANDC

50% DUTY CYCLE

Von
ANY OUTPUT W
VoL

Figure 1. Dynamic Power Dissipation Signal Waveforms
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MC14513B

SWITCHING CHARACTERISTICS (7)) (C_ =50 pF, Ta = 25°C)

All Types
Vop
Characteristic Symbol Vdc Min Typ Max Unit
Output Rise Time — Segment Outputs tTLH ns
5.0 — 40 80
10 — 30 60
15 — 25 50
Output Rise Time — RBO Output trLH ns
5.0 — 480 960
10 — 240 480
15 — 190 380
Output Fall Time — Segment Outputs (7*) tTHL ns
truL = (1.5 ns/pF) C_ + 50 ns 5.0 — 125 250
ttHL = (0.75 ns/pF) C_ + 37.5 ns 10 — 75 150
truL = (0.55 ns/pF) C + 37.5 ns 15 — 65 130
Output Fall Time — RBO Outputs tTHL ns
truL = (3.25 ns/pF) Cp + 107.5 ns 5.0 — 270 540
ttHL = (.35 ns/pF) C_ + 67.5 ns 10 — 135 270
tryL = (0.95 ns/pF) C| + 62.5 ns 15 — 110 220
Propagation Delay Time — A, B, C, D Inputs (/") tpLH ns
tpLH = (0.40 ns/pF) C_ + 620 ns 5.0 — 640 1280
tpLH = (0.25 ns/pF) C + 237.5 ns 10 — 250 500
tpLy = (0.20 ns/pF) C| + 165 ns 15 — 175 350
tpyL = (1.3 ns/pF) C| + 655 ns tpHL 5.0 — 720 1440 ns
tpyL = (0.60 ns/pF) C_ + 260 ns 10 — 290 580
tpyL = (0.35 ns/pF) C + 182.5 ns 15 — 200 400
Propagation Delay Time — RBI and BI Inputs (72 tpLH ns
tpLy = (1.05 ns/pF) C|_ +547.5ns 5.0 - 600 750
tpLy = (0.45 ns/pF) C_ + 177.5ns 10 — 200 300
tpLH = (0.30 ns/pF) C_ + 135 ns 15 — 150 220
tpyL = (0.85 ns/pF) C_ + 4425 ns tpHL 5.0 — 485 970 ns
tpyL = (0.45 ns/pF) C_ + 177.5 ns 10 — 200 400
tpyr = (0.35 ns/pF) C| + 142.5 ns 15 — 160 320
Propagation Delay Time — LT Input (7) tpLH ns
tpLH = (0.45 ns/pF) C +290.5 ns 5.0 — 313 625
tpLy = (0.25 ns/pF) C + 112.5 ns 10 — 125 250
tpLHy = (0.20 ns/pF) C, + 80 ns 15 — 90 180
tpHL = (1.3 ns/pF) C_ +248ns tpHL 5.0 - 313 625 ns
tpyL = (0.45 ns/pF) C| + 102.5 ns 10 — 125 250
tpyL = (0.35 ns/pF) C_ + 72.5 ns 15 — 90 180
Setup Time tsu 5.0 100 — — ns
10 40 — _
15 30 — —
Hold Time th 5.0 60 — — ns
10 40 — —
15 30 — —
Latch Enable Pulse Width twi(LE) 5.0 520 260 — ns
10 220 110 —
15 130 65 —

7. The formulas given are for the typical characteristics only.
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MC14513B

20 ns 20 ns
Vb

INPUT C
Vss

tpLH tpHL
— Von

OUTPUT g

VoL

trLH tTHL

a. Data Propagation Delay: Inputs RBI, D and LE low, and Inputs A, B, Bl ~ and LT high.

20 ns
INPUT C

tpLH tpHL

OUTPUT RBO 90%

10% VoL

trim trHL

b. Inputs A, B, D and LE low, and Inputs RBI, Bl and LT high.

20ns
v,
90% bb
LE 50%

Vbp
INPUT C 50% l\

VoH
OUTPUT g \

VoL

c. Setup and Hold Times: Input RBI and D low, Inputs A, B, BI ~— and LT high.

20ns —»l |<—_>| — 20ms

90% : : Voo
0,
5% K] 100,
LE Vss
5 —>! l—

twi(LE

d. Pulse Width: Data DCBA strobed into latches.

Figure 2. Dynamic Signal Waveforms
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MC14513B

CONNECTIONS TO VARIOUS DISPLAY READOUTS

LIGHT EMITTING DIODE (LED) READOUT

Vpp Vbp
A A
p D
:ﬁ_‘ COMMON t
[ ] COMMON [ ANODE LED
CATHODE LED >—K ¥ =17V
e O—AAA —e
J :}'_ \ 4 =17V J — L
- 1
J:_ Vss = J__ Vss
INCANDESCENT READOUT FLUORESCENT READOUT
Vbp Vbp Voo
A A L]
ﬂ_‘- FI
b |: § K DIRECT
(LOW BRIGHTNESS)
—e — O
1
| a —
=2 FILAMENT
J_ J_ (SUPPLY)
— Vss = — Vss X\ OR APPROPRIATE
—  VOLTAGE BELOW Vsgg.
GAS DISCHARGE READOUT LIQUID CRYSTAL (LC) READOUT
EXCITATION
v APPROPRIATE (SQUARE WAVE,
DD VOLTAGE Vop Vss TO Vpp)
A A A A
:ﬁ—o I !
[ ! I: ‘.P ] :ﬁ—l\/A 111111/
§ J a ) -
} | 1/4 OF MC14070B
J',:} = J:}
— Vss J_— Vss
** A filament pre—warm resistor is recommended to reduce
filament thermal shock and increase the effective cold Direct dc drive of LC’s not recommended for life of LC readouts.

resistance of the filament.
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MC14513B

LOGIC DIAGRAM

I 4

i

TS IR
DD
1) >
10> @% D>
! i, De
) >
c 20> L1 > =) >
5 T 30
s o> EH [ H[ =Rl 8 10 RBO
LE5°'D°—4D°J
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MC14513B

TYPICAL APPLICATIONS FOR RIPPLE BLANKING
LEADING EDGE ZERO SUPPRESSION

DISPLAYS

EELELL]

PO T
i

i1t

ELLELL]

CONNECTTO| 27777~ g a-mo g a-----0 a-----9 a-----0

—»{ RBI RBO RBI RBO RBI RBO|—»| RBI RBO RBI RBO[—»! RBI RBO

Vo@D c B A|ll[DcBA|[Y[DcBA|O|lDCcBA|O[DCcBA|O|DCB A

R

MC145138 MC145138 MC145138 MC145138 MC145138 MC145138

INUT 0 0 0 0 000 0 01 0 1 0000 000 1 00 1 1
CODE ©) )

TRAILING EDGE ZERO SUPPRESSION

(©)

DISPLAYS

©)

)

@)

[
_

|
|

et

fittts

et

fHttt

a-----g¢

a-----¢

a-----¢

@

@)
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©)

©)

0 CONNECT TO
<— RBO RBI RBO RBI| f«<— RBO RBI l«<— RBO RBI j«— RBO RBI }«— RBO RB| |=—
DbcBA|O[DcBA[O]DCOB A DcBA|l|DCB A D C B A|Voo()
R R
MC14513B MC14513B MC145138 MC14513B MC145138 MC145138
010 1 00 00 00 0 1 00 1 1 00 00 0000
©) 0 INPUT CODE



MC14514B, MC14515B

4-Bit Transparent
Latch/4-to-16 Line Decoder

The MC14514B and MC14515B are two output options of a 4 to 16
line decoder with latched inputs. The MC14514B (output active high
option) presents a logical “1” at the selected output, whereas the
MC14515B (output active low option) presents a logical “0” at the
selected output. The latches are R-S type flip—flops which hold the
last input data presented prior to the strobe transition from “1” to “0”.
These high and low options of a 4—bit latch/4 to 16 line decoder are
constructed with N—channel and P—channel enhancement mode
devices in a single monolithic structure. The latches are R-S type
flip—flops and data is admitted upon a signal incident at the strobe
input, decoded, and presented at the output.

These complementary circuits find primary use in decoding
applications where low power dissipation and/or high noise immunity
is desired.

* Supply Voltage Range = 3.0 Vdc to 18 Vdc

¢ Capable of Driving Two Low—power TTL Loads or One Low—power
Schottky TTL Load Over the Rated Temperature Range

ON Semiconductor
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PDIP-24
P SUFFIX
CASE 709

MARKING
DIAGRAMS
mininininininininininis|

MC145XXBCP
AWLYYWW
(@)
fuuuuuuuuuuu

MAXIMUM RATINGS (Voltages Referenced to Vgs) (Note 1.) 2_|4|_| Sinininisiainlainls
Symbol Parameter Value Unit SOIC—24 145XXB
Vbo DC Supply Voltage Range —0.51t0 +18.0 Y% DW SUFFIX AWLYYWW
CASE 751E
Vin: Vout Input or Output Voltage Range —-0.5t0 Vpp + 0.5 \% NN EE|EE]E ]
(DC or Transient) 1
lins lout Input or Output Current +10 mA _ . )
(DC or Transient) per Pin XX = Specific Device _Code
A = Assembly Location
Pp Power Dissipation, 500 mwW WLorL = Wafer Lot
per Package (Note 2.) YYorY = Year
- WW or W = Work Week
Ta Ambient Temperature Range —55to0 +125 °C
Tstg Storage Temperature Range —65 to +150 °C
T Lead Temperature 260 °C ORDERING INFORMATION
(8—Second Soldering) - —
Device Package Shipping
1. Maximum Ratings are those values beyond which damage to the device
may occur. MC14514BCP PDIP-24 15/Rail
2. Temperature Derating:
Plastic “P and D/DW” Packages: — 7.0 mW/°C From 65°C To 125°C MC14514BDW SOIC-24 30/Rail
This device contains protection circuitry to guard against damage due to high MC14514BDWR2 | SOIC-24 |1000/Tape & Reel
static voltages or electric fields. However, precautions must be taken to avoid ]
applications of any voltage higher than maximum rated voltages to this MC14515BCP PDIP-24 15/Rail
high—-impedance circuit. For proper operation, Vj, and Vq; should be constrained MC14515BDW SOIC-_24 30/Rail
to the range Vss < (Vin or Vour) < Vpp-
Unused inputs must always be tied to an appropriate logic voltage level (e.g., MC14515BDWR2 | SOIC-24 |1000/Tape & Reel

either Vgg or Vpp). Unused outputs must be left open.

0 Semiconductor Components Industries, LLC, 2000 268
March, 2000 — Rev. 3

Publication Order Number:
MC14514B/D




MC14514B, MC14515B

PIN ASSIGNMENT

sT(1e 24
p1(]2 23
D2[3 22
s7[4 21
S6[5 20
S5[] 6 19
saf]7 18
s3] s 17
sifl9 16
s2 (] 10 15
sof]u 14
Vss [ 12 13

[ Vop
[ INH
] D4
] D3
] 510
] s11
] s8
] s9
] s14
] 515
] s12
] 513

DECODE TRUTH TABLE (Strobe = 1)*

Data Inputs

Inhibit

@
>

Selected Output

MC14514 = Logic “1”
MC14515 = Logic “0”

o

SO
S1
S2
S3

S4
S5
S6
S7

S8
S9
S10
S11

S12
S13
S14
S15

rloooo|loooo|loooo|ooo
X|lrrrr[lFrrRr|locooo|oooo]|D
Xkrrrr|locooo|lrrkrr|locoool©
X|kprroo|rroo|lrprroo|lrroo
X|rpOroOo|lrPoOoro|rFORrO|FROR O

All Outputs = 0, MC14514
All Outputs = 1, MC14515

X =Don't Care
*Strobe = 0, Data is latched

BLOCK DIAGRAM

Vpp = PIN 24
Vgg = PIN 12

DATA1

DATA2 TRANSPARENT

DATA 3

Tm Tﬁ T«» TN

DATA 4

STROBE 01—'

47016
LATCH c DECODER

SO
S1
S2
S3
S4
S5
S6
S7
S8
S9
S10
S11
S12
S13
S14
S15

| |
[eNeNe
| Ol O Ol

23

INHIBIT ©
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MC14514B, MC14515B

ELECTRICAL CHARACTERISTICS (Voltages Referenced to Vgg)

(CL =50 pF on all outputs, all
buffers switching)

Voo —-55°C 25°C 125°C
Characteristic Symbol | Vdc Min Max Min Typ @) Max Min Max Unit
Output Voltage “0” Level VoL 5.0 — 0.05 — 0 0.05 — 0.05 Vdc
Vin= Vppor0 10 — 0.05 — 0 0.05 — 0.05
15 — 0.05 — 0 0.05 — 0.05
“1" Level Vou 5.0 4.95 — 4.95 5.0 — 4.95 — Vdc
Vin =0 or Vpp 10 9.95 — 9.95 10 — 9.95 —
15 14.95 — 14.95 15 — 14.95 —
Input Voltage “0” Level VL Vdc
(Vo = 4.5 or 0.5 Vdc) 5.0 — 15 — 2.25 1.5 — 15
(Vo =9.0 or 1.0 Vdc) 10 — 3.0 — 4.50 3.0 — 3.0
(Vo = 13.5 or 1.5 Vdc) 15 — 4.0 — 6.75 4.0 — 4.0
“1” Level V4 Vdc
(Vo =0.50r 4.5 Vvdc) 5.0 3.5 — 3.5 2.75 — 35 —_
(Vo =1.0 0r 9.0 Vdc) 10 7.0 — 7.0 5.50 — 7.0 —
(Vo =1.50r 13.5Vdc) 15 11 — 11 8.25 — 11 —
Output Drive Current loH mAdc
(Von =2.5Vdc) Source 5.0 -12 — -10 -17 — -0.7 —
(Vou = 4.6 Vdc) 50 | -025 — -0.2 -0.36 — -0.14 —
(Vo = 9.5 Vdc) 10 -0.62 — -05 -09 — -0.35 —
(Von = 13.5 Vdc) 15 -1.8 — -15 -35 — -11 —
(VoL = 0.4 Vdc) Sink loL 5.0 0.64 — 0.51 0.88 — 0.36 — mAdc
(VoL = 0.5 Vdc) 10 1.6 — 1.3 2.25 — 0.9 —
(VoL = 1.5 Vdc) 15 4.2 — 34 8.8 — 24 —
Input Current lin 15 — +0.1 — +0.00001 | £0.1 — +1.0 HAdc
Input Capacitance Cin — — — — 5.0 7.5 — — pF
(Vin=0)
Quiescent Current Ibb 5.0 — 5.0 — 0.005 5.0 — 150 HAdc
(Per Package) 10 — 10 — 0.010 10 — 300
15 — 20 — 0.015 20 — 600
Total Supply Current (4-) (5-) L 5.0 It = (1.35 pA/kHZ) f + Ipp pAdc
(Dynamic plus Quiescent, 10 It =(2.70 pA/kHZ) f + Ipp
Per Package) 15 IT = (4.05 pA/kHz) f + Ipp

3. Data labelled “Typ” is not to be used for design purposes but is intended as an indication of the IC’s potential performance.
4. The formulas given are for the typical characteristics only at 25°C.
5. To calculate total supply current at loads other than 50 pF:

IT(CL) = I+(50 pF) + (C__ - 50) Vfk
where: It is in pA (per package), C, in pF, V = (Vpp — Vgg) in volts, f in kHz is input frequency, and k = 0.002.
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MC14514B, MC14515B

SWITCHING CHARACTERISTICS (6) (C, =50 pF, Ta = 25°C)

All Types
Characteristic Symbol Vpp Min Typ (79 Max Unit
Output Rise Time tTLH ns
trLn = (3.0 ns/pF) C + 30 ns 5.0 — 180 360
trun = (1.5 ns/pF) C + 15 ns 10 — 90 180
triy = (1.1 ns/pF) CL + 10 ns 15 — 65 130
Output Fall Time tTHL ns
tryL = (1.5 ns/pF) C_ + 25 ns 5.0 — 100 200
tryL = (0.75 ns/pF) C + 12.5 ns 10 — 50 100
trHL = (0.55 ns/pF) C + 9.5 ns 15 — 40 80
Propagation Delay Time; Data, Strobe to S tPLH, ns
tpLHs tpHL = (1.7 ns/pF) C + 465 ns tPHL 5.0 — 550 1100
tpLH, tpHL = (0.86 ns/pF) C + 192 ns 10 — 225 450
tpLHs tpHL = (0.5 ns/pF) C + 125 ns 15 — 150 300
Inhibit Propagation Delay Times tpLH, ns
tpLHs tpHL = (1.7 ns/pF) C + 315 ns tPHL 5.0 — 400 800
tpLH, tpHL = (0.66 ns/pF) C + 117 ns 10 — 150 300
tpLHs tpHL = (0.5 ns/pF) C_ + 75 ns 15 — 100 200
Setup Time tsu ns
Data to Strobe 5.0 250 125 —
10 100 50 —
15 75 38 —
Hold Time th 5.0 -20 —100 — ns
Strobe to Data 10 0 -40 —
15 10 -30 —
Strobe Pulse Width twH ns
5.0 350 175 —
10 100 50 —
15 75 38 —

6. The formulas given are for the typical characteristics only at 25°C.
7. Data labelled “Typ” is not to be used for design purposes but is intended as an indication of the IC’s potential performance.

Vbp

For MC14514B

1. For P—channel: Inhibit = Vgg
and D1-D4 constitute
binary code for “output
under test.”

2. For N—channel: Inhibit = Vpp

T T T 717

STROBE

INHIBIT

D1

D2

D3

D4

o Vps

EXTERNAL
POWER SUPPLY

1

Figure 1. Drain Characteristics Test Circuit
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1. For P—channel: Inhibit = Vpp

2. For N—channel: Inhibit = Vgg
and D1-D4 constitute binary
code for “output under test.”




MC14514B, MC14515B

o Vpp
o 200 ICERAMIC
pEo L
24 Q VoD =
— |<— 20n5‘>| <— 20ns
PULSE o V
GENERATOR 0—| D1 S0 | ° | 90% DD
D2 Is Vin
L 10%
D3 | —_— 0 N— VSS
D4 =
——O— STROBE
INHIBIT s15
CL
T
Figure 2. Dynamic Power Dissipation Test Circuit and Waveform
? Vb
<00
[ o STROBE 1 o o 0 OUTPUTSO
st —o OUTPUT S1 . .
TLH THL
O<—0—0—] INHIBIT | | 1
) CL C
o LT
PROGRAMMABLE I 0=<—0—0— D1 - -
PULSE 1179 |
GENERATOR [ 1 O<—0—0 D2
] —O 500 Vbp
o | OUTPUT L 500;)
_‘ _301—0—0— D3 —_ 1T 10% Vss
Ll o 1
OUTPUT S15
_%‘—0—0— D4 st trin tTHL

i Vss ;I: CL

Figure 3. Switching Time Test Circuit and Waveforms
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MC14514B, MC14515B

COMPLEX DATA ROUTING

Two MC14512 eight—channel data selectors are used herg¢imes faster then the shift frequency of the input registers,
with the MC14514B four-bit latch/decoder to effect a the most significant bit (MSB) from each register could be
complex data routing system. A total of 16 inputs from data selected for transfer to the data bus. Therefore, all of the
registers are selected and transferred via a 3—state data busost significant bits from all of the registers can be
to a data distributor for rearrangement and entry into 16transferred to the data bus before the next most significant
output registers. In this way sequential data can be re—routedit is presented for transfer by the input registers.
or intermixed according to patterns determined by data Information from the 3—state bus is redistributed by the
select and distribution inputs. MC14514B four-bit latch/decoder. Using the four—bit

Data is placed into the routing scheme via the eight inputsaddress, D1 thru D4, the information on the inhibit line can
on both MC14512 data selectors. One register is assigned tbe transferred to the addressed output line to the desired
each input. The signals on A0, Al, and A2 choose one ofoutput registers, A thru P. This distribution of data bits to the
eight inputs for transfer out to the 3—state data bus. A fourthoutput registers can be made in many complex patterns. For
signal, labelled Dis, disables one of the MC14512 selectors,example, all of the most significant bits from the input
assuring transfer of data from only one register. registers can be routed into output register A, all of the next

In addition to a choice of input registers, 1 thru 16, the ratemost significant bits into register B, etc. In this way
of transfer of the sequential information can also be varied.horizontal, vertical, or other methods of data slicing can be
That s, if the MC14512 were addressed at a rate that is eighimplemented.

DATA ROUTING SYSTEM

INPUT DATA 3-STATE DATA OUTPUT
REGISTERS TRANSFER DATA BUS DISTRIBUTION REGISTERS
A A
It \ ST ( \
DI
REGISTER 1 po P g
| —D1
— D2
s o DI D2 D3 D4
| dos F S0 REGISTER A
e —{sTROBE  s1f—
| — D5 ol |
—1 D6 sl
REGISTER 8 D7 al_ |
A0 Al A2
S5 F— |
g S6 }—
DATA ) B os7— |
SELECT S S8l—
=
S9 |— |
A0 Al A2 S10—
REGISTER 9 Do Q SH— |
Y s12 f—
| o2 S13|— |
| —{p3 g INHIBIT S14 b—
—ps Z S15 REGISTER P
| —os =
— D6
REGISTER 16 D7
DIS ]
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MC14516B

Binary Up/Down Counter

The MC14516B synchronous up/down binary counter is
constructed with MOS P—channel and N—-channel enhancement mode
devices in a monolithic structure. ON Semiconductor

This counter can be preset by applying the desired value, in binary,
to the Preset inputs (PO, P1, P2, P3) and then bringing the Preset
Enable (PE) high. The direction of counting is controlled by applying
a high (for up counting) or a low (for down counting) to the

http://onsemi.com

UP/DOWN input. The state of the counter changes on the positive D“f:ggLNhfS

transition of the clock input. 6
Cascading can be accomplished by connecting the CarripGhe PDIP_16

Carry Inof the next stage while clocking each counter in parallel. The §§ P SUFFIX MC14516BCP

outputs (Q0, Q1, Q2, Q3) can be reset to a low state by applying a hig CASE 64g Lo AWLYYWW

to the reset (R) pin. 1

This CMOS counter finds primary use in up/down and difference

counting. Other applications include: (1) Frequency synthesizer 1r(|3r|r|r|r|r|r|r|

applications where low power dissipation and/or high noise immunity sg'ucF‘Fllf( 145168

is desired, (2) Analog—to—digital and digital-to—analog conversions, CASE 7518 L2 AWLYWW

and (3) Magnitude and sign generation. ki

¢ Diode Protection on All Inputs 16

* Supply Voltage Range = 3.0 Vdc to 18 Vdc SOEIAJ—16 mininininininis

* Internally Synchronous for High Speed ) \ F SUFFIX MC14516B

* Logic Edge—Clocked Design — Count Occurs on Positive Going N CASE 966 BHAI\LVLY:V:VHH
Edge of Clock

* Single Pin Reset A = Assembly Location

* Asynchronous Preset Enable Operation WLorlL = Wafer Lot

¢ Capable of Driving Two Low—Power TTL Loads or One Low—Power W;:W z x;rk Week

Schottky Load Over the Rated Temperature Range

ORDERING INFORMATION

MAXIMUM RATINGS (Voltages Referenced to Vsg) (Note 2.) Device Package Shipping
Symbol Parameter Value Unit MC14516BCP PDIP-16 2000/Box
Vpp DC Supply Voltage Range —-0.5t0 +18.0 \Y,
MC14516BD SOIC-16 48/Rail
Vin, Vout Input or Output Voltage Range —-0.5toVpp +0.5 \%
(DC or Transient) MC14516BDR2 SOIC-16 |2500/Tape & Reel
lin, lout | Input or Output Current +10 mA MC14516BF SOEIAJ-16 |  See Note 1.
(DC or Transient) per Pin
— MC14516BFEL SOEIAJ-16 See Note 1.
Pp Power Dissipation, 500 mw
per Package (Note 3.) 1. For ordering information on the EIAJ version of
- the SOIC packages, please contact your local
Ta Ambient Temperature Range —-551t0 +125 °C ON Semiconductor representative.
Tstg Storage Temperature Range —6510+150 ¢ This device contains protection circuitry to guard
T Lead Temperature 260 °C against damage due to high static voltages or electric
(8—Second Soldering) fields. However, precautions must be taken to avoid ap-

2. Maximum Ratings are those values beyond which damage to the device plications of any vpltage higher thap mgxmum rated
may occur. voltages to this high—impedance circuit. For proper

3. Temperature Derating: operation, Vj, and Vg should be constrained to the
Plastic “P and D/DW” Packages: — 7.0 mW/°C From 65°C To 125°C range Vss = (Vin or Voup) < VDD._ _
Unused inputs must always be tied to an appropriate

logic voltage level (e.g., either Vgg or Vpp). Unused out-

puts must be left open.

0 Semiconductor Components Industries, LLC, 2000 275 Publication Order Number:
March, 2000 — Rev. 3 MC14516B/D



MC14516B

PIN ASSIGNMENT

PE[] 10 16 [1 Vpp
03[ 2 15]¢C
P3[| 3 141Q2
PO 4 13[1P2
CARRYIN [] 5 12[1P1
Q[ 6 1ot
CARRYOUT [] 7 10 [] UD
Vss [ 8 9[IR

BLOCK DIAGRAM

1 o——PE QUF—o0 6
5 o—— CARRYIN
90 RESET Q1 O 11
10 o—— UP/DOWN
15 o—— CLOCK Q2}——o0 14
4 o—— PO
12 o——P1 Q3p—o02
13 o—— P2 o
3 0—P3 CA% —o0 7
Vpp =PIN 16
Vss=PIN8

TRUTH TABLE

Preset

CarryIn | Up/Down Enable Reset Clock Action
1 X 0 0 X No Count
0 1 0 0 va Count Up
0 0 0 0 va Count Down
X X 1 0 X Preset
X X X 1 X Reset

X =Don't Care

NOTE: When counting up, the Carry Out signal is normally high and is low only
when QO through Q3 are high and Carry Inis low. When counting down,
Carry Out is low only when QO through Q3 and Carry In are low.
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MC14516B

ELECTRICAL CHARACTERISTICS (Voltages Referenced to Vgg)

(CL =50 pF on all outputs, all
buffers switching)

Voo —-55°C 25°C 125°C
Characteristic Symbol | Vdc Min Max Min Typ 4) Max Min Max Unit
Output Voltage “0” Level VoL 5.0 — 0.05 — 0 0.05 — 0.05 Vdc
Vin= Vppor0 10 — 0.05 — 0 0.05 — 0.05
15 — 0.05 — 0 0.05 — 0.05
“1" Level Vou 5.0 4.95 — 4.95 5.0 — 4.95 — Vdc
Vin =0 or Vpp 10 9.95 — 9.95 10 — 9.95 —
15 14.95 — 14.95 15 — 14.95 —
Input Voltage “0” Level VL Vdc
(Vo = 4.5 or 0.5 Vdc) 5.0 — 15 — 2.25 1.5 — 15
(Vo =9.0 or 1.0 Vdc) 10 — 3.0 — 4.50 3.0 — 3.0
(Vo = 13.5 or 1.5 Vdc) 15 — 4.0 — 6.75 4.0 — 4.0
“1” Level V4 Vdc
(Vo =0.50r 4.5 Vvdc) 5.0 3.5 — 3.5 2.75 — 35 —_
(Vo =1.0 0r 9.0 Vdc) 10 7.0 — 7.0 5.50 — 7.0 —
(Vo =1.50r 13.5Vdc) 15 11 — 11 8.25 — 11 —
Output Drive Current loH mAdc
(Von =2.5Vdc) Source 5.0 -3.0 — -24 —-4.2 — -17 —
(Von = 4.6 Vdc) 5.0 -0.64 — -0.51 —-0.88 — —-0.36 —
(Vo = 9.5 Vdc) 10 -16 — -13 -2.25 — -09 —
(Von = 13.5 Vdc) 15 -42 — -34 -88 — —24 —
(VoL = 0.4 Vdc) Sink loL 5.0 0.64 — 0.51 0.88 — 0.36 — mAdc
(VoL = 0.5 Vdc) 10 1.6 — 1.3 2.25 — 0.9 —
(VoL = 1.5 Vdc) 15 4.2 — 34 8.8 — 24 —
Input Current lin 15 — +0.1 — +0.00001 | £0.1 — +1.0 HAdc
Input Capacitance Cin — — — — 5.0 7.5 — — pF
(Vin=0)
Quiescent Current Ibb 5.0 — 5.0 — 0.005 5.0 — 150 HAdc
(Per Package) 10 — 10 — 0.010 10 — 300
15 — 20 — 0.015 20 — 600
Total Supply Current () (6-) It 5.0 It = (0.58 pA/kHZ) f + Ipp pAdc
(Dynamic plus Quiescent, 10 IT =(1.20 pA/kHZ) f + Ipp
Per Package) 15 IT = (1.70 pA/kHZ) f + Ipp

4. Data labelled “Typ” is not to be used for design purposes but is intended as an indication of the IC’s potential performance.
5. The formulas given are for the typical characteristics only at 25°C.
6. To calculate total supply current at loads other than 50 pF:

IT(CL) = I+(50 pF) + (C__ - 50) Vfk
where: It is in pA (per package), C, in pF, V = (Vpp — Vgg) in volts, f in kHz is input frequency, and k = 0.001.
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MC14516B

SWITCHING CHARACTERISTICS (7)) (C_ =50 pF, Ta = 25°C)

All Types
Characteristic Symbol Vbb Min Typ ) Max Unit
Output Rise and Fall Time tTLH, ns
trin, ttHL = (15 ns/pF) C_+25ns tTHL 5.0 — 100 200
trLHs trHe = (0.75 ns/pF) CL + 12.5 ns 10 — 50 100
trLH, trHe = (0.55 ns/pF) CL + 9.5 ns 15 — 40 80
Propagation Delay Time tPLH, ns
Clock to Q tPHL
tpLHs tpHL = (1.7 ns/pF) C + 230 ns 5.0 — 315 630
tpLHs tPHL = (066 nS/pF) CL+97ns 10 — 130 260
tpLH, tpHL = (0.5 ns/pF) CL + 75 ns 15 — 100 200
Clock to Carry Out tpLH, ns
tpLH, tpHL = (1.7 ns/pF) C_ + 230 ns tPHL 5.0 —_ 315 630
tpLHs tpHL = (0.66 ns/pF) C + 97 ns 10 — 130 260
tpLHs tpHL = (0.5 ns/pF) C_ + 75 ns 15 — 100 200
Carry In to Carry Out tpLH, ns
tpLHs tpHL = (1.7 ns/pF) CL + 230 ns tPHL 5.0 — 180 360
tpLHs tpHL = (0.66 ns/pF) C + 97 ns 10 — 80 160
tpLH, tpHL = (0.5 ns/pF) C + 75 ns 15 — 60 120
Preset or Reset to Q tPLH, ns
tpLHs teHL = (1.7 ns/pF) C + 230 ns tpHL 5.0 — 315 630
tpLH, tpHL = (0.66 ns/pF) C + 97 ns 10 — 130 360
tpLHs tpHL = (0.5 ns/pF) C_ + 75 ns 15 — 100 200
Preset or Reset to Carry Out tPLH; ns
tpLH, tPHL = (1.7 ns/pF) C_ +465ns tpHL 5.0 — 550 1100
tpLHs tpHL = (0.66 ns/pF) C + 192 ns 10 — 225 450
tpLH, tPHL = (0.5 ns/pF) CL +125ns 15 — 150 300
Reset Pulse Width tw 5.0 380 190 — ns
10 200 100 —
15 160 80 —
Clock Pulse Width twH 5.0 350 200 — ns
10 170 100 —
15 140 75 —
Clock Pulse Frequency fel 5.0 — 3.0 15 MHz
10 — 6.0 3.0
15 — 8.0 4.0

7. The formulas given are for the typical characteristics only at 25°C.
8. Data labelled “Typ” is not to be used for design purposes but is intended as an Indication of the IC’s potential performance.
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MC14516B

SWITCHING CHARACTERISTICS (®) (C_ =50 pF, Ta = 25°C) (continued)

All Types
Characteristic Symbol Vpb Min Typ (10) Max Unit
Preset or Reset Removal Time trem 5.0 650 325 — ns
The Preset or Reset signal must be low prior to a 10 230 115

positive—going transition of the clock. 15 180 20 —

Clock Rise and Fall Time tTLH, 5.0 — — 15 us
15 — — 4

Setup Time tsy 5.0 260 130 — ns
Carry In to Clock 10 120 60 —
15 100 50 —

Hold Time th 5.0 0 - 60 — ns
Clock to Carry In 10 20 -20 —
15 20 0 —

Setup Time tsu 5.0 500 250 — ns
Up/Down to Clock 10 200 100 —
15 150 75 —

Hold Time th 5.0 -70 - 160 — ns
Clock to Up/Down 10 -10 - 60 —
15 0 —-40 —

Setup Time tsu 5.0 -40 —120 — ns
Pn to PE 10 -30 —-70 —
15 -25 -50 —

Hold Time th 5.0 480 240 — ns
PE to Pn 10 420 210 —
15 420 210 —

Preset Enable Pulse Width twH 5.0 200 100 — ns
10 100 50 —
15 80 40 —

9. The formulas given are for the typical characteristics only at 25°C.

10.Data labelled “Typ” is not to be used for design purposes but is intended as an Indication of the IC’s potential performance.
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MC14516B

V
11 q Voo
Al J_
500 pF Ip 0.01 pF
I CERAMIC
—o0—— PE Q0 o
p—o0——— CARRY IN
20 ns 20 ns
—o0—R Q1 o I 7 Vop
o UPIDOWN = cLock 50% 90%
PULSE o—Jclock  Q2l—o AN L 10% Ves
GENERATOR =C VARIABLE
o PO [~ WIDTH
—O0—— P1 Q3 1
—o0—— P2 T“
CARRY
—O— P3 ouT 1 ICL
CLI
Figure 1. Power Dissipation Test Circuit and Waveform
LOGIC DIAGRAM
PO QO P1 Q1 P2 Q2 P3 Q3
4 6 12 1 13 14 3 2
o o o o o o o
RESET 9
O—
PRESET 1
ENABLE o
CLOCK 15 fo fo fo
L 1pe P g~ L peP gl L peP gl pe P g|—
C —— C —C —C
CARRYOUT 7
— QR —T  Qf —1T QI —1T Q[
JOX l
CARRYIN 5 T
UP/DOWN 10 |D |> v
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MC14516B

TOGGLE FLIP-FLOP FLIP-FLOP FUNCTIONAL TRUTH TABLE
PARALLELIN Preset
Oﬁ Enable Clock T Qn+1
P ~
O—PE" Q—o° 1 X X Parallel In
o—C 0 / 0 Qn
oO—|T Q—™o° 0 e 1 Qn
0 N X Qn
X =Don't Care
tsy <— trem —> - 1
CARRY TN OR ™ th e R v
UP/DOWN 0% \ o
Vss
/ \ - 50% - \ Vo
CLOCK T T ] 7 \ Vss
by > e tW(H)—>L J<_ Vbp
PRESET ENABLE ] L Vss
| CARRY OUT ONLY T e
Qo OR CARRY OUT = SE——— L _z,_ i Von
10% - 10% VoL
- tpHL
triL tpy —>1 > < tpLH
trem = [
x Vbp
50% / (
RESET Vss
fy
Figure 2. Switching Time Waveforms
PIN DESCRIPTIONS
INPUTS CONTROLS
PO, P1, P2, P3, Preset Inputs (Pins 4, 12, 13;-3)Data PE, Preset Enable, (Pin 13- Asynchronously loads data
on these inputs is loaded into the counter when PE is takeron the Preset Inputs. This pin is active high and inhibits the
high. clock when high.

Carry In, (Pin 5)— This active—low input is used when R, Reset, (Pin 9— Asynchronously resets the Q out—
Cascading stages. Carryisrusually connected to Carry Out  puts to a low state. This pin is active high and inhibits the
of the previous stage. While high, Clock is inhibited. clock when high.

Clock, (Pin 15) — Binary data is incremented or Up/Down, (Pin 10)— Controls the direction of count,
decremented, depending on the direction of count, on thehigh for up count, low for down count.
positive transition of this input.

SUPPLY PINS

OUTPUTS Vss Negative Supply Voltage, (Pin 8 This pin is
QO0, Q1, Q2, Q3, Binary outputs (Pins 6, 11, 14, 2} usually connected to ground.

Binary data is present on these outputs with QO Vpp, Positive Supply Voltage, (Pin 16— This pin is

corresponding to the least significant bit. connected to a positive supply voltage ranging from 3.0
Carry Out, (Pin 7)— Used when cascading stages, Carry volts to 18.0 volts.

Outis usually connected to Carry &f the next stage. This

synchronous output is active low and may also be used to

indicate terminal count.
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MC14516B

| TERMINAL COUNT
INDICATOR

WM

Q0 Q1 Q2 Q3 Q4 Q5 Q6
PRESET
ENABLE
0= COUNT Q0 Q1 Q2 Q3 Qo Q1 Q2
PE PE
1=PRESET - — -
N Cin out Cin
= CLOCK L.S.D. CLOCK M.S.D.
1=Up MC145168 MC145168
uD uD
0=DOWN g
PO P1 P2 P3 PO P1 P2
? ? ? ? P? [ P?
) )
I +Vpp I +Vpp
THUMBWHEEL SWITCHES
(OPEN FOR*0")
CcLOCK RESISTORS = 10 kQ
Y
—/RESET
+ DD -
OPEN = COUNT A

NOTE: The Least Significant Digit (L.S.D.) counts from a preset value once Preset Enable (PE) goes low. The Most Significant
Digit(M.S.D.) is disabled while Cj, is high. When the count of the L.S.D. reaches 0 (count down mode) or reaches 15 (count
up mode), Co; goes low for one complete clock cycle, thus allowing the next counter to decrement/increment one count.
(See Timing Diagram) The L.S.D. now counts through another cycle (15 clock pulses) and the above cycle is repeated.

Figure 3. Presettable Cascaded 8-Bit Up/Down Counter
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TIMING DIAGRAM FOR THE PRESETTABLE CASCADED 8-BIT UP/DOWN COUNTER
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MC14516B

BUFFER
Q4 Q5 Q6 Q7

Q0 Q1 Q2 Q3
PE
| [ Cout
= CLOCK LSD.
- MC145168
uiD
J—_ R
- PO P1 P2 P3
VMYV TYWML
? ? PZ{ ?
)
[
+Vpp
THUMBWHEEL SWITCHES
CLOCK (fin) (OPEN FOR “07)
i
—/RESET
+Vpp
OPEN = COUNT VvV

Qo0 Q1 Q2 Q3
PE
[ Cout —
M.S.D.
cLock MC14516B
u/iD
R
PO P1 P2 P3

+Vpp

RESISTORS = 10 k2

f
fout = %

fout

NOTE: The programmable frequency divider can be set by applying the desired divide ratio, in binary, to the preset inputs. For example,
the maximum divide ratio of 255 may be obtained by applying a 1111 1111 to the preset inputs PO to P7. For this divide operation,
both counters should be configured in the count down mode. The divide ratio of zero is an undefined state and should be avoided.

Figure 4. Programmable Cascaded Frequency Divider
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MC14517B
Dual 64-Bit Static Shift

Register
The MC14517B dual 64-bit static shift register consists of two

identical, independent, 64-bit registers. Each register has separate clock ON Semiconductor

and write enable inputs, as well as outputs at bits 16, 32, 48, and 64. Data

at the data input is entered by clocking, regardless of the state of the write http://onsemi.com

enable input. An output is disabled (open circuited) when the write enable

input is high. During this time, data appearing at the data input as well as MARKING

the 16-bit, 32—-bit, and 48-bit taps may be entered into the device by DIAGRAMS

application of a clock pulse. This feature permits the register to be loaded 16

with 64 bits in 16 clock periods, and also permits bus logic to be used. PDIP-16

This device is useful in time delay circuits, temporary memory storag P SUFFIX M/fvtﬁ%ﬁvcvp
CASE648 Lo

circuits, and other serial shift register applications.

1

¢ Diode Protection on All Inputs
¢ Fully Static Operation 1ﬁeﬁ AAAAAR
e Qutput Transitions Occur on the Rising Edge of the Clock Pulse ! SOIC_16 145178

¢ Exceedingly Slow Input Transition Rates May Be Applied to the DW SUFFIX
Clock Input \@1 CASE 751G \J

O AWLYYWW
¢ 3-State Output at 64th—Bit Allows Use in Bus Logic Applications THOTIOHE
¢ Shift Registers of any Length may be Fully Loaded with 16 Clock 1

Pulses .
* Supply Voltage Range = 3.0 Vdc to 18 Vdc CVL orL :C\f;g"fg Location
¢ Capable of Driving Two Low—power TTL Loads or One Low—power YYorY =Year

Schottky TTL Load Over the Rated Temperature Range WW or W = Work Week

MAXIMUM RATINGS (Voltages Referenced to Vgs) (Note 1.)

Symbol Parameter Value Unit ORDERING INFORMATION
Vpp DC Supply Voltage Range -0.5t0 +18.0 \% Device Package Shipping
Vin, V, Input or Output Voltage Range —-0.5t0 Vpp +0.5 \Y
e o Transieny op MC14517BCP PDIP-16 2000/Box
lim lout | Input or Output Current +10 mA MC14517BDW SOIC-16 47/Rail
(DC or Transient) per Pin
MC14517BDWR2 | SOIC-16 | 1000/Tape & Reel
Pp Power Dissipation, 500 mwW
per Package (Note 2.)
Ta Operating Temperature Range —-551t0 +125 °C
Tstg Storage Temperature Range —65 to +150 °C
T Lead Temperature 260 °C

(8—Second Soldering)

1. Maximum Ratings are those values beyond which damage to the device
may occur.

2. Temperature Derating:
Plastic “P and D/DW” Packages: — 7.0 mW/°C From 65°C To 125°C

This device contains protection circuitry to guard against damage due to high
static voltages or electric fields. However, precautions must be taken to avoid
applications of any voltage higher than maximum rated voltages to this
high—-impedance circuit. For proper operation, Vj, and Vq should be constrained
to the range Vgs < (Vi or Vout) < Vpp.

Unused inputs must always be tied to an appropriate logic voltage level (e.g.,
either Vgg or Vpp). Unused outputs must be left open.

0 Semiconductor Components Industries, LLC, 2000 285 Publication Order Number:
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MC14517B

PIN ASSIGNMENT

Q16 []
Q484 ]
WEA [
Ca [l
Q64 ]
Q32 []
Da [
Vss [}

N

Lo N o o B~ w

16 [1 Vop
15 [1 Q165
14 [] Q485
13 [] WEg
2[cs

11 ] Qb4g
10 [] Q325
9[1Dg

FUNCTIONAL TRUTH TABLE (X = Don’t Care)

Write
Clock | Enable Data 16-Bit Tap 32-Bit Tap 48-Bit Tap 64-Bit Tap
0 0 X Content of 16-Bit Content of 32-Bit Content of 48-Bit Content of 64-Bit
Displayed Displayed Displayed Displayed
0 1 X High Impedance High Impedance High Impedance High Impedance
1 0 X Content of 16-Bit Content of 32-Bit Content of 48-Bit Content of 64-Bit
Displayed Displayed Displayed Displayed
1 X High Impedance High Impedance High Impedance High Impedance
e Data entered Content of 16-Bit Content of 32-Bit Content of 48-Bit Content of 64-Bit
into 1st Bit Displayed Displayed Displayed Displayed
e 1 Data entered Data at tap Data at tap Data at tap High Impedance
into 1st Bit entered into 17-Bit | entered into 33-Bit | entered into 49-Bit
v 0 X Content of 16-Bit Content of 32-Bit Content of 48-Bit Content of 64-Bit
Displayed Displayed Displayed Displayed
N 1 X High Impedance High Impedance High Impedance High Impedance

http://onsemi.com
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MC14517B

ELECTRICAL CHARACTERISTICS (Voltages Referenced to Vgg)

Voo —-55°C 25°C 125°C
Characteristic Symbol | Vdc Min Max Min Typ @) Max Min Max Unit
Output Voltage “0” Level VoL 5.0 — 0.05 — 0 0.05 — 0.05 Vdc
Vin= Vppor0 10 — 0.05 — 0 0.05 — 0.05
15 — 0.05 — 0 0.05 — 0.05
“1" Level Vou 5.0 4.95 — 4.95 5.0 — 4.95 — Vdc
Vin =0 or Vpp 10 9.95 — 9.95 10 — 9.95 —
15 14.95 — 14.95 15 — 14.95 —
Input Voltage “0” Level VL Vdc
(Vo = 4.5 or 0.5 Vdc) 5.0 — 15 — 2.25 1.5 — 15
(Vo =9.0 or 1.0 Vdc) 10 — 3.0 — 4.50 3.0 — 3.0
(Vo = 13.5 or 1.5 Vdc) 15 — 4.0 — 6.75 4.0 — 4.0
“1” Level V4 Vdc
(Vo =0.50r 4.5 Vvdc) 5.0 3.5 — 3.5 2.75 — 35 —_
(Vo =1.0 0r 9.0 Vdc) 10 7.0 — 7.0 5.50 — 7.0 —
(Vo =1.50r 13.5Vdc) 15 11 — 11 8.25 — 11 —_
Output Drive Current loH mAdc
(Von =2.5Vdc) Source 5.0 -3.0 — -24 —-4.2 — -17 —
(Von = 4.6 Vdc) 5.0 -0.64 — -051 —-0.88 — —-0.36 —
(Von = 9.5 Vdc) 10 -16 — -13 -2.25 — -09 —
(Von = 13.5 Vdc) 15 -42 — -34 -88 — —24 —
(VoL = 0.4 Vdc) Sink loL 5.0 0.64 — 0.51 0.88 — 0.36 — mAdc
(VoL = 0.5 Vdc) 10 1.6 — 1.3 2.25 — 0.9 —
(VoL = 1.5 Vdc) 15 4.2 — 34 8.8 — 24 —
Input Current lin 15 — +0.1 — +0.00001 | £0.1 — +1.0 HAdc
Input Capacitance Cin — — — — 5.0 7.5 — — pF
(Vin=0)
Quiescent Current Ibb 5.0 — 5.0 — 0.005 5.0 — 150 HAdc
(Per Package) 10 — 10 — 0.010 10 — 300
15 — 20 — 0.015 20 — 600
Total Supply Current (4-) (5-) It 5.0 It = (4.2 pA/kHZ) f + Ipp pAdc
(Dynamic plus Quiescent, 10 I+ = (8.8 uA/kHZ) f + Ipp
Per Package) 15 IT = (13.7 pA/kHz) f + Ipp
(CL =50 pF on all outputs, all
buffers switching)
Three—State Leakage Current I 15 — |01 | — [zoo001 | +01 | — | #30 | pAde

3. Data labelled “Typ” is not to be used for design purposes but is intended as an indication of the IC’s potential performance.
4. The formulas given are for the typical characteristics only at 25°C.
5. To calculate total supply current at loads other than 50 pF:

I1(CL) = I11(50 pF) + (C| - 50) Vfk

where: It is in A (per package), C, in pF, V = (Vpp — Vgg) in volts, f in kHz is input frequency, and k = 0.004.
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MC14517B

SWITCHING CHARACTERISTICS (6) (C, =50 pF, Ta = 25°C)

Characteristic Symbol Vbb Min Typ (7) Max Unit
Output Rise and Fall Time tTLH tTHL ns
tTLHs trHe = (1.5 ns/pF) C + 25 ns 5.0 — 100 200
trLH, trHe = (0.75 ns/pF) CL + 12.5 ns 10 — 50 100
trLHs trHL = (0.65 ns/pF) CL + 9.5 ns 15 — 40 80
Propagation Delay Time tpLHs tPHL ns
tpLH, tpHL = (1.7 ns/pF) C + 390 ns 5.0 — 475 770
tpLH, tpHL = (0.66 ns/pF) C + 177 ns 10 — 210 300
tpLH, tpHL = (0.5 ns/pF) C + 115 ns 15 — 140 215
Clock Pulse Width twH 5.0 330 170 — ns
10 125 75 —
15 100 60 —
Clock Pulse Frequency fel 5.0 — 3.0 15 MHz
10 — 6.7 4.0
15 — 8.3 5.3
Clock Pulse Rise and Fall Time tTLH tTHL 5.0 —
10 See Note (8)
15
Data to Clock Setup Time tsu 5.0 0 —40 — ns
10 10 -15 —
15 15 0 —
Data to Clock Hold Time th 5.0 150 75 — ns
10 75 25 —
15 35 10 —
Write Enable to Clock Setup Time tsu 5.0 400 170 — ns
10 200 65 —
15 110 50 —
Write Enable to Clock Release Time trel 5.0 380 160 — ns
10 180 55 —
15 100 40 —

The formulas given are for the typical characteristics only at 25°C.

Data labelled “Typ” is not to be used for design purposes but is intended as an indication of the IC’s potential performance.

8. When shift register sections are cascaded, the maximum rise and fall time of the clock input should be equal to or less than the rise and fall
time of the data outputs, driving data inputs, plus the propagation delay of the output driving stage.

~No

Voo
[ T
5 Q6 Q32 Q48 Q&4 T
REPETITIVE WAVEFORM co o— ¢ IEL
v WE
DD e
SN\ S :
c Vss t
Vpp 0— D =
I\ / o— C
b Vss —o— WE
(f=1121,) L o
Q16 Q32 Q48 Q64

Vss
SOk

Figure 1. Power Dissipation Test Circuit and Waveform
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MC14517B

Vout = VoH Vout = VoL
Vbp = Ves o Vpp = Vs o
16 Q32 Q48 Q64 16 Q32 Q48 Q64
o—{ b Q16 Q32 Q48 Q o— b Q16 Q32 Q48 Q
—O0— C —O0— C
O— WE S S —O— WE 5 “
) ) 0o 0o
—O— D —O— D
o—|C : —0— C I
¢——Oo— WE OH L o— WE oL
+——o— —0—
Q16 Q32 Q48 Q64 Q16 Q32 Q48 Q64
% EXTERNAL { EXTERNAL
POWER POWER
& Vg SUPPLY O Vgg SUPPLY

(Output being tested should be in the high—logic state)

Figure 2. Typical Output Source Current
Characteristics Test Circuit

(Output being tested should be in the low-logic state)

Figure 3. Typical Output Sink Current

Characteristics Test Circuit

twH
: f 90% Vbp
PINNO'S / 1\ 2 16 17 18 19 °7 33 .
/ \__/ 10% 50%
CLOCK 4 (12) —_ —= Vss
trel tsy
WRITE 3 (13) %VDD
th1 tho — v
20ns f— s
tsu1 I < fsuo — - Voo
DATAIN7 (9) 50% U Xg 90% 50%2z
L 10% — Ve
tou1 «— ~two . tpHL—> —> v
DD
16-BIT OUTPUT 1 (15) . tho a‘ Vop :F%f
17-BIT INPUT ht Vss
tsul = tsuO | .*20 " | tPHL_» VDD
32-BIT OUTPUT 6 (mi;ll N tho Voo :]%EZZL
33-BIT INPUT ~ v
<t - SF .<-20 ns . tpHL—> VSS
48-BIT OUTPUT 2 (14) Vop :]%EZZL o
49-BIT INPUT
<20ns tpHL—> trLH <t Vou Vss
- - - - = — tPLH ‘ma— VDD
64-BIT OUTPUT 5 (11) _,Zz y
- - - - - — = — — t SS
I‘_ TLH _,I <t
Figure 4. AC Test Waveforms
EXPANDED BLOCK DIAGRAM (1/2 OF DEVICE SHOWN)
oo - _ _
CLOCK
o D D D H D D D —-| D - D D
DATA ClQ CZQ_C 16Q L c 17Q_C 32Q L 1c 33Q L 1c 48Q e 49Q (:64Q
— 3-STATE | | WE  3-STATE || H{WE — 3-STATE || WE J 3-STATE
o~ — J— —_
WRITE _ )\ )\ )\
ENABLE WRITE ENABLE = 0, 16-BIT OUTPUT 32-BIT OUTPUT 48-BIT OUTPUT 64-BIT OUTPUT

WRITE ENABLE =1, 17-BIT INPUT 33-BIT INPUT
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MC14518B

Dual Up Counters

The MC14518B dual BCD counter and the MC14520B dual binary
counter are constructed with MOS P-channel and N-channel
enhancement mode devices in a single monolithic structure. Each ON Semiconductor
consists of two identical, independent, internally synchronous 4—stage
counters. The counter stages are type D flip—flops, with
interchangeable Clock and Enable lines for incrementing on either the
positive—going or negative—going transition as required when

http://onsemi.com

cascading multiple stages. Each counter can be cleared by applying a MARKING

high level on the Reset line. In addition, the MC14518B will count out DIAGRAMS
of all undefined states within two clock periods. These complementary 16

MOS up counters find primary use in multi-stage synchronous or ;g:;z‘lzl& MCL4518BCP
ripple counting applications requiring low power dissipation and/or CASE 648 Lo AWLYYWW
high noise immunity. 1

¢ Diode Protection on All Inputs 16
* Supply Voltage Range = 3.0 Vdc to 18 Vdc AAOAAAAAA

¢ [nternally Synchronous for High Internal and External Speeds Q SOIC-16 145188
¢ Logic Edge—Clocked Design — Incremented on Positive Transition \W@m DW SUFFIX )
of Clock or Negative Transition on Enable CASETSIG o awlyyww

* Capable of Driving Two Low—power TTL Loads or One Low—power HEHHEHHH
Schottky TTL Load Over the Rated Temperature Range 1

16
OO0000000
SOEIAJ-16
F SUFFIX “ﬁ\?ﬁgﬁ?
\ ASE
MAXIMUM RATINGS (Voltages Referenced to Vgs) (Note 2.) > CASE 966 B OO
Symbol Parameter Value Unit 1
Vpp DC Supply Voltage Range -0.5t0 +18.0 \% A = Assembly Location
Vin, Vout | Input or Output Voltage Range | —0.5to Vpp + 0.5 v WLorL =Wafer Lot
(DC or Transient) YYorY =Year
WW or W = Work Week
lin, lout Input or Output Current +10 mA
(DC or Transient) per Pin
Pp Power Dissipation, 500 mw ORDERING INFORMATION
per Package (Note 3.)
Ta Operating Temperature Range —55to +125 °C Device Package Shipping
Tstg Storage Temperature Range —65 to +150 °C MC14518BCP PDIP-16 2000/Box
T Lead Temperature 260 °C MC14518BDW SOIC-16 47/Rail

(8—-Second Soldering)

MC14518BDWR2 | SOIC-16 | 1000/Tape & Reel

2. Maximum Ratings are those values beyond which damage to the device

may occur. MC14518BF SOEIAJ-16 See Note 1.
3. Temperature Derating:
Plastic “P and D/DW” Packages: — 7.0 mW/°C From 65°C To 125°C MC14518BFEL SOEIAJ-16 See Note 1.
This device contains protection circuitry to guard against damage due to high 1. For ordering information on the EIAJ version of

the SOIC packages, please contact your local

static voltages or electric fields. However, precautions must be taken to avoid - )
ON Semiconductor representative.

applications of any voltage higher than maximum rated voltages to this
high—-impedance circuit. For proper operation, Vi, and Vq should be constrained
to the range Vss =< (Vin or Vour) < Vpp-

Unused inputs must always be tied to an appropriate logic voltage level (e.g.,
either Vgg or Vpp). Unused outputs must be left open.

0 Semiconductor Components Industries, LLC, 2000 290 Publication Order Number:
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MC14518B

PIN ASSIGNMENT

Call 10 16 [1 Vop
Exll 2 15 [IRg
Qoa [] 3 14 [1Q3g
Qlal] 4 13 [1 Q2
Q2 [} 5 12 1Qlp
Q3al] 6 11 [1Qog
Rall 7 10 [ Eg
Vss [] 8 901 Cg

BLOCK DIAGRAM

CLOCK
1 |> Q003
D s
20— Q205
ENABLE Q306
R
70 |
CLOCgK Qo1
|: L c QLfo12
10 o0—— Qo1
ENABLE R Q3o 14
150 I
Vpp =PIN 16
VSS =PIN8

TRUTH TABLE

Clock | Enable | Reset Action

v 1 0 Increment Counter
0 ~ 0 Increment Counter
N X 0 No Change

X va 0 No Change
va 0 0 No Change

1 N 0 No Change

X X 1 QO thruQ3=0

X =Don't Care
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MC14518B

ELECTRICAL CHARACTERISTICS (Voltages Referenced to Vgg)

(CL =50 pF on all outputs, all
buffers switching)

Voo —-55°C 25°C 125°C
Characteristic Symbol | Vdc Min Max Min Typ 4) Max Min Max Unit
Output Voltage “0” Level VoL 5.0 — 0.05 — 0 0.05 — 0.05 Vdc
Vin= Vppor0 10 — 0.05 — 0 0.05 — 0.05
15 — 0.05 — 0 0.05 — 0.05
“1" Level Vou 5.0 4.95 — 4.95 5.0 — 4.95 — Vdc
Vin =0 or Vpp 10 9.95 — 9.95 10 — 9.95 —
15 14.95 — 14.95 15 — 14.95 —
Input Voltage “0” Level VL Vdc
(Vo = 4.5 or 0.5 Vdc) 5.0 — 15 — 2.25 1.5 — 15
(Vo =9.0 or 1.0 Vdc) 10 — 3.0 — 4.50 3.0 — 3.0
(Vo = 13.5 or 1.5 Vdc) 15 — 4.0 — 6.75 4.0 — 4.0
“1” Level V4 Vdc
(Vo =0.50r 4.5 Vvdc) 5.0 3.5 — 3.5 2.75 — 35 —_
(Vo =1.0 0r 9.0 Vdc) 10 7.0 — 7.0 5.50 — 7.0 —
(Vo =1.50r 13.5Vdc) 15 11 — 11 8.25 — 11 —
Output Drive Current loH mAdc
(Von =2.5Vdc) Source 5.0 -3.0 — -24 —-4.2 — -17 —
(Von = 4.6 Vdc) 5.0 -0.64 — -0.51 —-0.88 — —-0.36 —
(Vo = 9.5 Vdc) 10 -16 — -13 -2.25 — -09 —
(Von = 13.5 Vdc) 15 -42 — -34 -88 — —24 —
(VoL = 0.4 Vdc) Sink loL 5.0 0.64 — 0.51 0.88 — 0.36 — mAdc
(VoL = 0.5 Vdc) 10 1.6 — 1.3 2.25 — 0.9 —
(VoL = 1.5 Vdc) 15 4.2 — 34 8.8 — 24 —
Input Current lin 15 — +0.1 — +0.00001 | £0.1 — +1.0 HAdc
Input Capacitance Cin — — — — 5.0 7.5 — — pF
(Vin=0)
Quiescent Current Ibb 5.0 — 5.0 — 0.005 5.0 — 150 HAdc
(Per Package) 10 — 10 — 0.010 10 — 300
15 — 20 — 0.015 20 — 600
Total Supply Current () (6-) It 5.0 I+ = (0.6 pA/kHZ) f + Ipp pAdc
(Dynamic plus Quiescent, 10 It = (1.2 pA/kHZz) f + Ipp
Per Package) 15 It = (1.7 pA/kHZz) f + Ipp

4. Data labelled “Typ” is not to be used for design purposes but is intended as an indication of the IC’s potential performance.
5. The formulas given are for the typical characteristics only at 25°C.
6. To calculate total supply current at loads other than 50 pF:

IT(CL) = I+(50 pF) + (C__ - 50) Vfk
where: It is in pA (per package), C, in pF, V = (Vpp — Vgg) in volts, f in kHz is input frequency, and k = 0.002.
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MC14518B

SWITCHING CHARACTERISTICS (7)) (C_ =50 pF, Ta = 25°C)

All Types
Characteristic Symbol Vpp Min Typ &) Max Unit
Output Rise and Fall Time tTLH ns
trLH, trhe = (3.5 ns/pF) C + 25 ns trHL 5.0 — 100 200
trin, ttHL = (075 ns/pF) C_+125ns 10 — 50 100
trLH, trHe = (0.55 ns/pF) CL + 9.5 ns 15 — 40 80
Propagation Delay Time tPLH: ns
Clock to Q/Enable to Q tpHL
tpLHy tPHL = (1.7 ns/pF) C_+215ns 5.0 — 280 560
tpLHs tpHL = (0.66 ns/pF) C + 97 ns 10 — 115 230
tpLH, tpHL = (0.5 ns/pF) C + 75 ns 15 — 80 160
Reset to Q tpHL ns
tpyL = (1.7 ns/pF) C__+ 265 ns 5.0 — 330 650
tpyL = (0.66 ns/pF) C_ + 117 ns 10 — 130 230
tpyL = (0.66 ns/pF) C + 95 ns 15 — 90 170
Clock Pulse Width ty(H) 5.0 200 100 — ns
tw(L) 10 100 50 —
15 70 35 —
Clock Pulse Frequency fal 5.0 — 25 15 MHz
10 — 6.0 3.0
15 — 8.0 4.0
Clock or Enable Rise and Fall Time tTHL, tTLH 5.0 — — 15 us
10 — — 5
15 — — 4
Enable Pulse Width twH(E) 5.0 440 220 — ns
10 200 100 —
15 140 70 —
Reset Pulse Width twH(R) 5.0 280 125 — ns
10 120 55 —
15 90 40 —
Reset Removal Time trem 5.0 -5 —-45 — ns
10 15 -15 —
15 20 -5 —

7. The formulas given are for the typical characteristics only at 25°C.
8. Data labelled “Typ” is not to be used for design purposes but is intended as an indication of the IC’s potential performance.

?VDD

1 oorpr

500 uF T CERAMIC

PULSE

GENERATOR o1
| Q20— 1 ~C
EQ3—01 . C t
5 T |
= Vss

20 ns

20 ns

90%

50%

VARIABLE
WIDTH

Figure 1. Power Dissipation Test Circuit and Waveform
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MC14518B

o Vpp 20 ns
CLOCK
PULSE o C QOF—o INPUT
GENERATOR
Q1
1 LT
—~—% o o O T
4 % T2 T 0—
1 ° ° —> { — —>{ {
Figure 2. Switching Time Test Circuit and Waveforms
1(2|3|4|5|6|7[8|9|10/11]12|13|14|15|16/|17|18
ctock — UL YUYLA
ENABLE
A AR RN —
RESET —l I_
. 112|3(4|5(6(|7(8]|9(0[1|2|3|4|5|6[7|8]9 0
oo e
MC14518B < QL
Q2
- Q3 I
_ 1(2|3|4|5(6|7(8[9|10/11]12|13|14|15(0|1|2|3 4
wo—0o U
Q1 I
MC14520B <
Q2
- @3

Figure 3. Timing Diagram
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0 Q1 Q2 Q3

— 0
— O
—

RESET —M

A ~ ~ ~ V
FNABLE —DOJ_D: ) |

CLOCK

-0
O
Figure 4. Decade Counter (MC14518B) Logic Diagram
(1/2 of Device Shown)
Qo Q1 Q2 Q3
D Qp —D Q- D QF D QM
~9c ;M ¢ ¢ o] ¢ ¢ M ¢ ;M
RESET —[>oc| \ \ l |

A ] | )

CLOCK

ENABLE ————— )

Figure 5. Binary Counter (MC14520B) Logic Diagram
(1/2 of Device Shown)
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MC14521B

24-Stage Frequency Divider

The MC14521B consists of a chain of 24 flip—flops with an input
circuit that allows three modes of operation. The input will function as
a crystal oscillator, an RC oscillator, or as an input buffer for an
external oscillator. Each flip—flop divides the frequency of the
previous flip—flop by two, consequently this part will count upab=2

16,777,216. The count advances on the negative going edge of the

ON Semiconductor

clock. The outputs of the last seven—stages are available for added

http://onsemi.com

flexibility. MARKING
DIAGRAMS
* All Stages are Resettable 16
¢ Reset Disables the RC Oscillator for Low Standby Power Drain PDIP-16 MC145218CP
* RC and Crystal Oscillator Outputs Are Capable of Driving Externali§ P SUFFIX AWLYYWW
CASE 648 Lo
Loads -
¢ Test Mode to Reduce Test Time
* Vpp' and \s< Pins Brought Out on Crystal Oscillator Inverter to 1r(|3r| anonnn
Allow the Connection of External Resistors for Low—Power sg’lﬁ:‘:& 14521B
Operation CASE 7515 EOAWLYWW
OO0
* Supply Voltage Range = 3.0 Vdc to 18 Vdc 1
¢ Capable of Driving Two Low—power TTL Loads or One Low—power 16
Schottky TTL Load over the Rated Temperature Range. COEIALL6 mininlninininls!
F SUFEIX MC14521B
CASE 966 |o AWLYWW
OO0
MAXIMUM RATINGS (Voltages Referenced to Vgs) (Note 2.) 1
Symbol Parameter Value Unit A = Assembly Location
WL orL = Wafer Lot
Vpp DC Supply Voltage Range -0.5t0 +18.0 \% YYorY =Year
Vin, Vout | Input or Output Voltage Range —-0.5t0 Vpp + 0.5 \% WW or W= Work Week
(DC or Transient)
lins lout Input or Output Current +10 mA ORDERING INFORMATION
(DC or Transient) per Pin
Pp Power Dissipation, 500 mwW Device Package Shipping
per Package (Note 3.) MC14521BCP PDIP-16 2000/Box
Ta Ambient Temperature Range —-551t0 +125 °C MC14521BD SoIC-16 48/Rail
Tstg Storage Temperature Range —65 to +150 °C
MC14521BDR2 SOIC-16 |2500/Tape & Reel
T Lead Temperature 260 °C
(8-Second Soldering) MC14521BF SOEIAJ-16 See Note 1.
2. Maximum Ratings are those values beyond which damage to the device MC14521BFEL SOEIAJ-16 See Note 1.
may occur.
3. Temperature Derating: MC14521BFR2 SOEIAJ-16 See Note 1.

Plastic “P and D/DW” Packages: — 7.0 mW/°C From 65°C To 125°C

This device contains protection circuitry to guard against damage due to high
static voltages or electric fields. However, precautions must be taken to avoid
applications of any voltage higher than maximum rated voltages to this
high—impedance circuit. For proper operation, Vi, and Vq; should be constrained
to the range Vgs < (Vi or Vout) < Vpp.

Unused inputs must always be tied to an appropriate logic voltage level (e.g.,
either Vgg or Vpp). Unused outputs must be left open.
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MC14521B

PIN ASSIGNMENT

Q4[] 10 16 [1 Vpp
RESET [| 2 15 [] Q23
Vss' [ 3 14 [1 Q22
ouT2 | 4 13 [1 Q21
Vo' [] 5 12 [1 Q20
IN2[] 6 11 [1Q19
07 10 [1 Q18

Vss [] 8 9fINL

BLOCK DIAGRAM

RESET
2
o
Output Count Capacity
| Q18 | 218= 262,144
STAGES STAGES Q19 | 219=524288
9 6 1THRU17 [ 18 THRU 24 822 gz‘; = ;,ggsyi;g
IN1 IN 2 Q18 Q19 Q20 021 Q22 Q23 Q24 & |
Voo PR l l l Q23 | 223=8,388,608
5 87 Q24 | 224=16,777,216
7 Vpp 3 OUT2 0 1 12 13 14 15 1
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MC14521B

ELECTRICAL CHARACTERISTICS (Voltages Referenced to Vgg)

Voo —-55°C 25°C 125°C
Characteristic Symbol | Vdc Min Max Min Typ 4) Max Min Max Unit
Output Voltage “0” Level VoL 5.0 — 0.05 — 0 0.05 — 0.05 Vdc
Vin= Vppor0 10 — 0.05 — 0 0.05 — 0.05
15 — 0.05 — 0 0.05 — 0.05
“1" Level VoH 5.0 4.95 — 4.95 5.0 — 4.95 — Vdc
Vin =0 or Vpp 10 9.95 — 9.95 10 — 9.95 —
15 14.95 — 14.95 15 — 14.95 —
Input Voltage “0” Level VL Vdc
(Vo = 4.5 or 0.5 Vdc) 5.0 — 15 — 2.25 1.5 — 15
(Vo =9.0 or 1.0 Vdc) 10 — 3.0 — 4.50 3.0 — 3.0
(Vo = 13.5 or 1.5 Vdc) 15 — 4.0 — 6.75 4.0 — 4.0
“1” Level V4 Vdc
(Vo =0.50r 4.5 Vvdc) 5.0 3.5 — 3.5 2.75 — 35 —_
(Vo =1.0 0r 9.0 Vdc) 10 7.0 — 7.0 5.50 — 7.0 —
(Vo =1.50r 13.5Vdc) 15 11 — 11 8.25 — 11 —_
Output Drive Current loH mAdc
(Von =2.5Vdc) Source 5.0 -12 — -10 -17 — -0.7 —
(Vou = 4.6 Vdc) Pins 4 & 7 50 | -025 — -0.2 -0.36 — -0.14 —
(Vo = 9.5 Vdc) 10 -0.62 — -05 -09 — -0.35 —
(Von = 13.5 Vdc) 15 -1.8 — -15 -35 — -11 —
(Von = 2.5 Vdc) Source 5.0 -3.0 — -24 -4.2 — -17 — | mAdc
(Von = 4.6 Vdc) Pins 1, 10, 5.0 —-0.64 — -0.51 -0.88 — -0.36 —
(Voy=9.5Vvdc) 11,12,13,14 10 -16 — -13 -2.25 — -0.9 —
(Von = 13.5 Vdc) and 15 15 —-42 — -34 -88 — -2.4 —
(VoL = 0.4 Vdc) Sink loL 5.0 0.64 — 0.51 0.88 — 0.36 — mAdc
(VoL = 0.5 Vdc) 10 1.6 — 1.3 2.25 — 0.9 —
(VoL = 1.5 Vdc) 15 4.2 — 3.4 8.8 — 2.4 —
Input Current lin 15 — +0.1 — +0.00001 | +£0.1 — +1.0 HAdc
Input Capacitance Cin — — — — 5.0 7.5 — — pF
(Vin=0)
Quiescent Current Ibb 5.0 — 5.0 — 0.005 5.0 — 150 HAdc
(Per Package) 10 — 10 — 0.010 10 — 300
15 — 20 — 0.015 20 — 600
Total Supply Current () (6-) It 5.0 It = (0.42 pA/KHZ) f + Ipp pAdc
(Dynamic plus Quiescent, 10 IT =(0.85 pA/kHZ) f + Ipp
Per Package) 15 It =(1.40 pA/kHz) f + Ipp
(CL =50 pF on all outputs, all
buffers switching)

4. Data labelled “Typ” is not to be used for design purposes but is intended as an indication of the IC’s potential performance.
5. The formulas given are for the typical characteristics only at 25°C.
6. To calculate total supply current at loads other than 50 pF:

IT(CL) = |T(5O pF) + (CL - 50) Vik
where: It is in A (per package), C, in pF, V = (Vpp — Vgg) in volts, f in kHz is input frequency, and k = 0.003.
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MC14521B

SWITCHING CHARACTERISTICS (7)) (C_ =50 pF, Ta = 25°C)

Vbb
Characteristic Symbol Vdc Min Typ &) Max Unit
Output Rise and Fall Time (Counter Outputs) tTLHs tTHL ns
trLH, trae = (1.5 ns/pF) C + 25 ns 5.0 — 100 200
tTLH| tTHL = (075 ns/pF) CL +12.5ns 10 — 50 100
tTLHs ttHL = (0.55 ns/pF) C + 12.5 ns 15 — 40 80
Propagation Delay Time tPHL, tPLH us
Clock to Q18
tpHL, tpLH = (1.7 ns/pF) C_ + 4415 ns 5.0 — 4.5 9.0
tpHLs tpLH = (0.66 ns/pF) C| + 1667 ns 10 — 1.7 35
tpHL, tpLH = (0.5 ns/pF) C + 1275 ns 15 — 1.3 2.7
Clock to Q24
tpHL, tpLn = (1.7 ns/pF) C + 5915 ns 5.0 — 6.0 12
tpHL, tpLH = (0.66 ns/pF) C| + 2167 ns 10 — 2.2 4.5
tpHL, tpLn = (0.5 ns/pF) C + 1675 ns 15 — 1.7 3.5
Propagation Delay Time tPHL ns
Reset to Qp
tpyL = (1.7 ns/pF) C_ + 1215 ns 5.0 — 1300 2600
tpyL = (0.66 ns/pF) C_ + 467 ns 10 — 500 1000
tpHL = (0.5 ns/pF) C_ + 350 ns 15 — 375 750
Clock Pulse Width twH(cl) 5.0 385 140 — ns
10 150 55 —
15 120 40 —
Clock Pulse Frequency fel 5.0 — 35 2.0 MHz
10 — 9.0 5.0
15 — 12 6.5
Clock Rise and Fall Time tTLHs tTHL 5.0 — — 15 us
10 — — 5.0
15 — — 4.0
Reset Pulse Width twH(R) 5.0 1400 700 — ns
10 600 300 —
15 450 225 —
Reset Removal Time trem 5.0 30 —200 — ns
10 0 —160 —
15 —-40 -110 —

7. The formulas given are for the typical characteristics only at 25°C.

8. Data labelled “Typ” is not to be used for design purposes but is intended as an indication of the IC’s potential performance.

Vpp
500 7 1 oo1pr
CERAMIC
O VDD-
PULSE oL
GENERATOR 1
o T
L I =
L —
1T =
—— 3
cL -
o= I =
— ] I =

Figure 1. Power Dissipation Test Circuit and Waveform
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Vbp
Vbp Vop'
Q18 —o
PULSE CL==
GENERATOR o—IN2 Q9|0 o LI
Q20 |—o J-LI =
Q1 —o—_|CLI =
Q22 fo——— I =
w W TS
Q24 —Oj_ I =
CL —
Vss Vss' I =
Figure 2. Switching Time Test Circuit and Waveforms
500 kHz | 50 kHz
Characteristic Circuit Circuit Unit
Crystal Characteristics
Resonant Frequency 500 50 kHz
Equivalent Resistance, Rg 1.0 6.2 kQ
v External Resistor/Capacitor Values
bo R, 47 750 kQ
Ro C 82 82 F
AA T p
_ll]"' R* Cs 20 20 pF
> V| V
§ 18 M by 'bo Frequency Stability
Y —o—IN1 OUT1}|-o Frequency Change as a Function
ouT 2 of Vpp (Ta = 25°C)
Q18 o Vpp Change from 5.0 V to 10 V 6.0 20
Q19 o Vpp Change from 10 V to 15 V *o. e ppm
o—IN2 Q2 }-o . +2.0 +2.0 ppm
Q21 |o Frequency Change as a Function
of Temperature (Vpp =10 V
02 |o p ( DD = ) ) _40 _20 ppm
_ Q23 -0 Ta Change from — 55°C to + 25°C +100 +120 m
TGC TCr —0— R Q24 o MC14521 only pp
Complete Oscillator*
j_ %R* Ta Change from +25°C to+125°C
MC14521 only
— — . —-2.0 -2.0 ppm
= = C lete Oscillator*
omplete Oscillator _ 160 _ 560 ppm

*Optional for low power operation,
10 kQ < R <70 kQ.

Figure 3. Crystal Oscillator Circuit

*Complete oscillator includes crystal, capacitors, and resistors.

Figure 4. Typical Data for Crystal Oscillator Circuit
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FREQUENCY DEVIATION (%)

MC14521B

100 T =5
- = Vpp =10V = TEST CIRCUIT
e ! TEST CIIRCUIT 3 [FIGURET
\\\ Vop=15V | TR LeES > N f AS A FUNCTION HH
0 ~— T 10 ™ p © ¢ EO%BCpF) i
) = u
e e X\"“ S 501 as AFUNCTION HES (Rs=2Rr0) HA
R-ﬁ:'-_'- L [ ~
- OFC
0V \\ % 20} _ K \\‘
40 . = [ (Rrc=56kQ)
: ___.__________1_ S 10l (Rs=120K) N ™N
- e ——— [ NS
-80 50V / 8 0.5
\ 02
12 ! e 0.1 N
Rrc = 56 kQ, {—R5=0,f=10.15kHz@VDD=1OV,TA=25°C 1ok 0K 100K om
16| C=1000pF 1-=-Rs=120kQ f=7.8kHz @ Vpp =10V, Ta=25°C Rrc, RESISTANCE (OHMS)
-55 25 0 25 50 75 100 125 0.0001 0,001 0.01 01
Ta, AMBIENT TEMPERATURE (°C), DEVICE ONLY C, CAPACITANCE (uF)
Figure 5. RC Oscillator Stability Figure 6. RC Oscillator Frequency as a
Function of R yc and C
RS RT(i VDD VDD
~C
q Voo’
{VDD YVDDI ? +
—o—IN1  Q18(o0
——0—IN1 OUT1 Q19 fo
ouT 2 -o—— Q20 }—o
Q18 o0 Q1o
O—{IN2  Q20—© GENERATOR Q23[—0
Qo Q4o
Q220 OuT 1|0
Q23[—° o—R OUT2
R Qo
y Vew }_Vss Vss
SS SS -

Figure 7. RC Oscillator Circuit
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FUNCTIONAL TEST SEQUENCE

A test function (see Figure 8) has been
included for the reduction of test time required to
exercise all 24 counter stages. This test function
divides the counter into three 8—stage sections,
and 255 counts are loaded in each of the
8-stage sections in parallel. All flip—flops are
now at a logic “1”. The counter is now returned
to the normal 24—stages in series configuration.
One more pulse is entered into Input 2 (In 2)
which will cause the counter to ripple from an all
“1” state to an all “0” state.

Inputs Outputs Comments
Reset | In2 | Out2 | Vss' | Vpp' Q18 thru | Counter is in three 8—stage
Q24 sections in parallel mode
Counter is reset. In 2 and
1 0 0 Vpp | Gnd 0 Out 2 are connected
together
0 1 1 First “0” to “1” transition
on In 2, Out 2 node.
0 0 255 “0” to “1” transitions
1 1 are clocked into this In 2,
— Out 2 node.
1 1 1 The 2_55th 0" to “1
transition.
0 0 1
0 0 \/ 1
1 0 Gnd Y 1 Counter converted back to
Vbp 24-stages in series mode.
1 0 1 Out 2 converts back to an
output.
Counter ripples from an all
v 0 1 0 1" state to an all “0” stage.
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MC14521B

LOGIC DIAGRAM

T
o> ~

RESET
2

6 4
o IN2 o OUT2
7 3
OUT1 \Vss
r—" gl
w5 .
9 10 +STAGES-|_C 16 q
I 11 THRU 15|
L] ‘X;‘
—Q —0 —O —O —q —0 —Q
17 18 19 20 21 22 23 24
—— o] o1 o 9| o1 o1 ]
10 1 12 13 14 15 1 Vpp =PIN 16
Q18 Q19 Q20 Q21 Q22 Q23 Q24 Vss=PIN 8
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Presettable 4-Bit Down
Counters

The MC14526B binary counter is constructed with MOS P—channel
and N-channel enhancement mode devices in a monolithic structure.

This device is presettable, cascadable, synchronous down counter
with a decoded “0” state output for divide—by—N applications. In
single stage applications the “0” output is applied to the Preset Enable
input. The Cascade Feedback input allows cascade divide—by—N
operation with no additional gates required. The Inhibit input allows
disabling of the pulse counting function. Inhibit may also be used as a

ON Semiconductor

http://onsemi.com

MARKING

DIAGRAMS
16

negative edge clock. PDIP-16
Thi i P SUFFIX MC14526BCP
is complementary MOS counter can be used in frequency ANLYYWW
synthesizers, phase—locked loops, and other frequency divisio CASEG48  LE
applications requiring low power dissipation and/or high noise 1
immunity. 16
. _ AAOAAAAAA
Supply Voltage Range = 3.0 Vdc to 18 Vdc 195268
* Logic Edge—Clocked Design — Incremented on Positive Transition Q Divoé%_plsx 22
of Clock or Negative Transition of Inhibit w CASE 751G N
* Asynchronous Preset Enable EI)LIAVLIVIIJYJVHV\I,JVH
¢ Capable of Driving Two Low—power TTL Loads or One Low—power 1
Schottky TTL Load Over the Rated Temperature Range 16
mininininininis]
SOEIAJ-16
F SUEFIX MC14526B
CASE966 |o AWLYWW
MAXIMUM RATINGS (Voltages Referenced to Vsg) (Note 2.) 'fu SIS =e
Symbol Parameter Value Unit
V DC Supply Voltage Range —0.5t0 +18.0 \% A = Assembly Location
oo PPy 9 9 WL orL = Wafer Lot
Vin, Vout | Input or Output Voltage Range —-0.5t0 Vpp + 0.5 \% YYorY =Year
(DC or Transient) WW or W = Work Week
lins lout Input or Output Current +10 mA
(DC or Transient) per Pin
Pp Power Dissipation, 500 mwW ORDERING INFORMATION
per Package (Note 3.) Device Package Shipping
Ta Operating Temperature Range —55to +125 °C
MC14526BCP PDIP-16 2000/Box
Tstg Storage Temperature Range —65 to +150 °C
MC14526BDW SOIC-16 47/Rail
T Lead Temperature 260 °C
(8-Second Soldering) MC14526BDWR2 | SOIC-16 | 1000/Tape & Reel
2. Maximum Ratings are those values beyond which damage to the device MC14526BE SOEIAJ-16 See Note 1.

may occur.

3. Temperature Derating:
Plastic “P and D/DW” Packages: — 7.0 mW/°C From 65°C To 125°C

1. For ordering information on the EIAJ version of
the SOIC packages, please contact your local

ON Semiconductor representative.

This device contains protection circuitry to guard against damage due to high
static voltages or electric fields. However, precautions must be taken to avoid
applications of any voltage higher than maximum rated voltages to this
high—impedance circuit. For proper operation, Vi, and Vgt should be constrained
to the range Vgs < (Vin or Vour) < Vpp.

Unused inputs must always be tied to an appropriate logic voltage level (e.g.,
either Vgg or Vpp). Unused outputs must be left open.
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Q3

PE []
INHIBIT []

CLOCK []

Vss [l

MC14526B

PIN ASSIGNMENT

P3 [l 2

PO ]

q

co ~N o o B~ W

16
15
14
13
12
1
10

9

[Q2
[ P2
[l cF
0"
0 P1

1 Q1

FUNCTION TABLE

[ Voo

[ RESET

Inputs Output
Preset | Cascade Resulting
Clock | Reset [ Inhibit | Enable | Feedback “0” Function
X H X L L L Asynchronous reset*
X H X H L H Asynchronous reset
X H X X H H Asynchronous reset
X L X H X L Asynchronous preset
va L H L X L Decrement inhibited
L L v L X L Decrement inhibited
~~ L L L L L No change** (inactive edge)
H L e L L L No change** (inactive edge)
e L L L L L Decrement**
H L N L L L Decrement**
X =Don't Care
NOTES:

* Qutput “0” is low when reset goes high only it PE and CF are low.
** Qutput “0” is high when reset is low, only if CF is high and count is 0000.
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MC14526B

ELECTRICAL CHARACTERISTICS (Voltages Referenced to Vgg)

(CL =50 pF on all outputs, all
buffers switching)

Vbb —-55°C 25°C 125°C
Characteristic Symbol | Vdc Min Max Min Typ 4) Max Min Max Unit
Output Voltage “0” Level VoL 5.0 — 0.05 — 0 0.05 — 0.05 Vdc
Vin= Vppor0 10 — 0.05 — 0 0.05 — 0.05
15 — 0.05 — 0 0.05 — 0.05
“1" Level Vou 5.0 4.95 — 4.95 5.0 — 4.95 — Vdc
Vin =0 or Vpp 10 9.95 — 9.95 10 — 9.95 —
15 14.95 — 14.95 15 — 14.95 —
Input Voltage “0” Level VL Vdc
(Vo = 4.5 or 0.5 Vdc) 5.0 — 15 — 2.25 1.5 — 15
(Vo =9.0 or 1.0 Vdc) 10 — 3.0 — 4.50 3.0 — 3.0
(Vo = 13.5 or 1.5 Vdc) 15 — 4.0 — 6.75 4.0 — 4.0
“1” Level V4 Vdc
(Vo =0.50r 4.5 Vvdc) 5.0 3.5 — 3.5 2.75 — 35 —_
(Vo =1.0 0r 9.0 Vdc) 10 7.0 — 7.0 5.50 — 7.0 —
(Vo =1.50r 13.5Vdc) 15 11 — 11 8.25 — 11 —
Output Drive Current loH mAdc
(Von =2.5Vdc) Source 5.0 -3.0 — -24 —-4.2 — -17 —
(Von = 4.6 Vdc) 5.0 -0.64 — -0.51 —-0.88 — —-0.36 —
(Vo = 9.5 Vdc) 10 -16 — -13 -2.25 — -09 —
(Von = 13.5 Vdc) 15 -42 — -34 -88 — —24 —
(VoL = 0.4 Vdc) Sink loL 5.0 0.64 — 0.51 0.88 — 0.36 — mAdc
(VoL = 0.5 Vdc) 10 1.6 — 1.3 2.25 — 0.9 —
(VoL = 1.5 Vdc) 15 4.2 — 34 8.8 — 24 —
Input Current lin 15 — +0.1 — +0.00001 | £0.1 — +1.0 HAdc
Input Capacitance Cin — — — — 5.0 7.5 — — pF
(Vin=0)
Quiescent Current Ibb 5.0 — 5.0 — 0.005 5.0 — 150 HAdc
(Per Package) 10 — 10 — 0.010 10 — 300
15 — 20 — 0.015 20 — 600
Total Supply Current () (6-) It 5.0 It = (1.7 pA/kHZ) f + Ipp pAdc
(Dynamic plus Quiescent, 10 It = (3.4 pA/kHz) f + Ipp
Per Package) 15 It = (5.1 pA/kHZ) f + Ipp

4. Data labelled “Typ” is not to be used for design purposes but is intended as an indication of the IC’s potential performance.
5. The formulas given are for the typical characteristics only at 25°C.
6. To calculate total supply current at loads other than 50 pF:

IT(CL) = I+(50 pF) + (C__ - 50) Vfk
where: It is in pA (per package), C, in pF, V = (Vpp — Vgg) in volts, f in kHz is input frequency, and k = 0.001.
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MC14526B

SWITCHING CHARACTERISTICS (7)) (C_ =50 pF, Ta = 25°C)

Characteristic Symbol Vbb Min Typ &) Max Unit
Output Rise and Fall Time tTLH, ns
tTLHs trHe = (1.5 ns/pF) C + 25 ns trHL 5.0 — 100 200
trLH, trHe = (0.75 ns/pF) CL + 12.5 ns (Figures 4, 5) 10 — 50 100
trLHs trHe = (0.55 ns/pF) CL + 9.5 ns 15 — 40 80
Propagation Delay Time (Inhibit Used as Negative tPLH ns
Edge Clock) tPHL
Clock or Inhibit to Q (Figures 4, 5, 6)
tPLHr tPHL = (1.7 ns/pF) C|_ + 465 ns 5.0 —_ 550 1100
tpLH, tpHL = (0.66 ns/pF) C_ + 197 ns 10 — 225 450
tpLH, tpHL = (0.5 ns/pF) C + 135 ns 15 — 160 320
Clock or Inhibit to “0”
tpLHs tPHL = (17 ns/pF) C_ +155ns 5.0 — 240 480
tpLHs tpHL = (0.66 ns/pF) C + 87 ns 10 — 130 260
tpLH, tpHL = (0.5 ns/pF) C_ + 65 ns 15 — 100 200
Propagation Delay Time tPLH 5.0 — 260 520 ns
Pnto Q tpuL 10 — 120 240
(Figures 4, 7) 15 — 100 200
Propagation Delay Time tPHL 5.0 — 250 500 ns
Reset to Q 10 — 110 220
(Figure 8) 15 — 80 160
Propagation Delay Time tPHL, 5.0 — 220 440 ns
Preset Enable to “0” tpLH 10 — 100 200
(Figures 4, 9) 15 — 80 160
Clock or Inhibit Pulse Width tw 5.0 250 125 — ns
10 100 50 —
(Figures 5, 6) 15 80 40 —
Clock Pulse Frequency (with PE = low) frmax 5.0 — 2.0 15 MHz
10 — 5.0 3.0
(Figures 4, 5, 6) 15 — 6.6 4.0
Clock or Inhibit Rise and Fall Time tr 5.0 — — 15 us
t 10 — — 5
(Figures 5, 6) 15 — — 4
Setup Time tsu 5.0 90 40 — ns
Pn to Preset Enable 10 50 15 —
(Figure 10) 15 40 10 —
Hold Time th 5.0 30 -15 — ns
Preset Enable to Pn 10 30 -5 —
(Figure 10) 15 30 0 —
Preset Enable Pulse Width tw 5.0 250 125 — ns
10 100 50 —
(Figure 10) 15 80 40 —
Reset Pulse Width tw 5.0 350 175 — ns
10 250 125 —
(Figure 8) 15 200 100 —
Reset Removal Time trem 5.0 10 —110 — ns
10 20 -30 —
(Figure 8) 15 30 -20 —

7. The formulas given are for the typical characteristics only at 25°C.

8. Data labelled “Typ” is not to be used for design purposes but is intended as an indication of the IC’s potential performance.
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Vo VoL
% VDD :_VGS Q % VDD:VGS [o]

o CF Q0 —0—0\0_ o CF Qo0 —o—o\)_
—O— PE _o_l-O q —0—— PE _O_I-O p
—O0—1 PO Q1 ¢——O0— PO Q1
—0—— P1 o Pl
—O0——{ P2 Q2 O P2 Q2
—o0—— P3 C) low ¢———o0—P3 C) oL

o RESET Q3 o RESET Q3

o INHIBIT O INHIBIT

O CLOCK “0"—o©0 o CLOCK “0"p—o

v EXTERNAL v EXTERNAL
Ss POWER SS POWER
= SUPPLY = SUPPLY

Figure 1. Typical Output Source Figure 2. Typical Output Sink

Characteristics Test Circuit Characteristics Test Circuit
3 Vbp
—O—CF QI —o©
—O—— PE
—O—— PO Q1 o
—O——o P1
—O0— P2 Q2 o
—O0——| p3 CT™
—0— RESET Q3 e TEST POINT
—o0——] INHIBIT |C 4 ?
wn LT

oO—— CLOCK “0 c Qor o’

i U DEVICE

{Vss CL UNDER
nd 111 TEST = C*
PULSE - - - 0 7
GENERATOR | 20 ns f— —>{ f=— 20ns
90% Voo L
CLOCK 50% —
10% VSS
VARIABLE
WIDTH 50% DUTY CYCLE *Includes all probe and jig capacitance.
Figure 3. Power Dissipation Figure 4. Test Circuit
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SWITCHING WAVEFORMS

INHIBIT

ANY
OR*0”
Figure 5. Figure 6.
| tW
Vbp
RESET 50%
VY V55
tpHL
ANY Q 50%
trem 1
Vbp
CLOCK 50%
Vss
Figure 7. Figure 8.
< VALID »>
[ Vb
YV ANY P > 0
PRESET oo <50A} ><
ENABLE Vss
GND
tsy I th
Voo
PRESET .
ENABLE 50%
o Vss
ty
Figure 9. Figure 10.
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MC14526B

PIN DESCRIPTIONS

Preset Enable (Pin 3) —f Reset is low, a high level on  other than all zeroes, the “0” output is valid after the rising
the Preset Enable input asynchronously loads the counteedge of Preset Enable (when Cascade Feedback is high). See
with the programmed values on PO, P1, P2, and P3. the Function Table.

Inhibit (Pin 4) — A high level on the Inhibit input pre— Cascade Feedback (Pin 13) 4fthe Cascade Feedback
vents the Clock from decrementing the counter. With Clock inputis high, a high level is generated at the “0” output when
(pin 6) held high, Inhibit may be used as a negative edgethe count is all zeroes. If Cascade Feedback is low, the “0”
clock input. output depends on the Preset Enable input level. See the

Clock (Pin 6) —The counter decrements by one for each Function Table.
rising edge of Clock. See the Function Table for level PO, P1, P2, P3 (Pins 5, 11, 14, 2) Fhese are the preset
requirements on the other inputs. data inputs. PO is the LSB.

Reset (Pin 10) —A high level on Reset asynchronously  QO0, Q1, Q2, Q3 (Pins 7, 9, 15, 1) —Fhese are the
forces QO, Q1, Q2, and Q3 low and, if Cascade Feedback isynchronous counter outputs. QO is the LSB.
high, causes the “0” output to go high. Vss(Pin 8) —The most negative power supply potential.

“0” (Pin 12) — The “0” (Zero) output issues a pulse one This pin is usually ground.
clock period wide when the counter reaches terminal count Vpp (Pin 16) — The most positive power supply
(Q0=Q1=0Q2=Q3=low) if Cascade Feedback is high andpotential. \bp may range from 3to 18 V with respect tes/
Preset Enable is low. When presetting the counter to a value

STATE DIAGRAM

MC14526B
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MC14526B LOGIC DIAGRAM (Binary Down Counter)

PO Q0 P1 o1 P2 Q2 P3 3
s £7 u 2&9 Q14 2&15 Tz 1
? ? ? |
| | |
| LR Lo Rol L[5 Rol bRl
— C ——q C ——q C ——Q C
e Tl e Pqreed | TpeQ
= VDD VDD

¢
=

CLOCK 6
10

cF o2
PE 0—> l l
A D,_Ag::D
12
le _Do_o o
)

RESET ©
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MC14526B

APPLICATIONS INFORMATION

Divide—By—N, Single Stage Cascaded, Presettable Divide—By—N
Figure 11 shows a single stage divide—by—N application. Figure 12 shows a three stage cascade application. Taking
To initialize counting a number, N is set on the parallel Reset high loads N. Only the first stage’'s Reset pin (least
inputs (PO, P1, P2, and P3) and reset is taken highsignificant counter) must be taken high to cause the preset
asynchronously. A zero is forced into the master and slavefor all stages, but all pins could be tied together, as shown.
of each bit and, at the same time, the “0” output goes high. When the first stage’s Reset pin goes high, the “0” output
Because Preset Enable is tied to the “0” output, preset iss latched in a high state. Reset must be released while Clock
enabled. Reset must be released while the Clock is high sds high and time allowed for Preset Enable to load N into all
the slaves of each hit may receive N before the Clock goesstages before Clock goes low.
low. When the Clock goes low and Reset is low, the “0” When Preset Enable is high and Clock is low, time must
output goes low (if PO through P3 are unequal to zero).  be allowed for the zero digits to propagate a Cascade
The counter downcounts with each rising edge of the Feedback to the first non—zero stage. Worst case is from the
Clock. When the counter reaches the zero state, an outpumost significant bit (M.S.B.) to the L.S.B., when the L.S.B.
pulse occurs on “0” which presets N. The propagation delaysis equal to one (i.e. N = 1).
from the Clock’s rising and falling edges to the “0” output's  After N is loaded, each stage counts down to zero with
rising and falling edges are about equal, making the “0” each rising edge of Clock. When any stage reaches zero and
output pulse approximately equal to that of the Clock pulse.the leading stages (more significant bits) are zero, the “0”
The Inhibit pin may be used to stop pulse counting. Whenoutput goes high and feeds back to the preceding stage.
this pin is taken high, decrementing is inhibited. When all stages are zero, the Preset Enable automatically
loads N while the Clock is high and the cycle is renewed.

—P0 Q—
N {— P1 QLb—
—P2 Q2 —
P3 QB — BUFFER
Voo | CF ap N fiV
RESET | N
Vss F INHIBIT
fin = cLOCK

+

Figure 11. = N Counter

LSB MSB
NO N1N2 N3 N4 N5 N6 N7 N8 N9 N10 N11
UL L ‘ LI T ‘ L L,
POPIPZP3 Q0010203 POPIPZP3 Q00L02Q3 POPIPZP3 Q00QI02Q3 | VPO
fin —— cLock CLOCK CLOCK _T
INHIBIT FI] INHIBIT I INHIBIT CF
Vs —i-_ RESET ‘0" PE Vss = | RESET 0" PE Ves== | RESET 0" PE
Vbp |
Lk -
LOAD
N im - BUFFER
— Vss {>%

Figure 12. 3 Stages Cascaded
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MC14528B

Dual Monostable
Multivibrator

The MC14528B is a dual, retriggerable, resettable monostable
multivibrator. It may be triggered from either edge of an input pulse,

and produces an output pulse over a wide range of widths, the duration

of which is determined by the external timing componenisatd
Rx.

* Separate Reset Available

¢ Diode Protection on All Inputs

ON Semiconductor

http://onsemi.com

MARKING
DIAGRAMS
16

¢ Triggerable from Leading or Trailing Edge Pulse PDIP-16
¢ Supply Voltage Range = 3.0 Vdc to 18 Vdc N P SUFFIX M:vti\%gvs\?vp
o CASE 648 Q
¢ Capable of Driving Two Low—power TTL Loads or One Low—powe -
Schottky TTL Load Over the Rated Temperature Range
* Pin—for—Pin Replacement with the MC14538B 1r€|3r| oonnnn
SOIC-16 145288
D SUFFIX o AWLYWW
CASE 751B OO oo
1
MAXIMUM RATINGS (Voltages Referenced to Vss) (Note 2.)
Symbol Parameter Value Unit 1F(|5F| ainlnininls
Vpp DC Supply Voltage Range -0.5t0 +18.0 \ SSSELA';];;G MC14528B
Vin: Vout | Input or Output Voltage Range —-0.5t0 Vpp + 0.5 \% CASE 966 e AWLYWW
(DC or Transient) ?uuuuuuu
lins Tout Input or Output Current +10 mA _ .
(DC or Transient) per Pin A = Assembly Location
WLorL = Wafer Lot
Pp Power Dissipation, 500 mwW YYorY =Year
per Package (Note 3.) WW or W = Work Week
Ta Ambient Temperature Range —55to0 +125 °C
Tstg Storage Temperature Range —65 to +150 °C ORDERING INFORMATION
T Lead Temperature 260 °C . "
! D Pack h
(8—Second Soldering) evice ackage Shipping
2. Maximum Ratings are those values beyond which damage to the device MC14528BCP PDIP-16 2000/Box
may occu ; MC14528BD SOIC-16 48/Rail
3. Temperature Derating: — al
Plastic “P and D/DW" Packages: — 7.0 mW/°C From 65°C To 125°C MC14528BDR2 SOIC-16 | 2500/Tape & Reel
T_h|s device contains _pro_tecnon circuitry to guard_agalnst damage due to hlgh MC14528BF SOEIAJ-16 See Note 1.
static voltages or electric fields. However, precautions must be taken to avoid
applications of any voltage higher than maximum rated voltages to this MC14528BFEL SOEIAJ-16 See Note 1.

high—-impedance circuit. For proper operation, Vi, and Vq; should be constrained
to the range Vgs < (Vij, or Vout) < Vpp.

Unused inputs must always be tied to an appropriate logic voltage level (e.g.,
either Vgg or Vpp). Unused outputs must be left open.
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MC14528B
MC14536B
MC14538B
MC14541B
MC4538A*

MC14528B

PIN ASSIGNMENT

Vss[] 1@ 16 [1 Vpp
Cxl/Ry1 ] 2 15 [] Vss
RESET1[] 3 14 [] Cx2IRy2

ALT| 4 13 [ RESET 2

B1[] 5 12 ] A2

QL[] 6 1 [1B2

o1fl 7 10 1 Q2

Vss [] 8 91Q2

BLOCK DIAGRAM
Cxl Ryl

WA o
= _L—|1 2

Alg S 6 Q1
B1 0—7@

3 I
RESET 1

Cx2 Rx2

W

15 |14

10
o > @
B2 o— o
RESET 2 u)

Vpp =PIN 16
Vss=PIN 1, PIN 8, PIN 15
Rx AND Cx ARE EXTERNAL COMPONENTS

ONE-SHOT SELECTION GUIDE

lus 10wus 100us 1ms 10ms 100ms 1s 10s
—
% X 23HR
<t Z D>
< X 5MIN.
)I( >

*LIMITED OPERATING VOLTAGE (2-6 V)

TOTAL OUTPUT PULSE WIDTHRANGE =~ 4¢——8 >

RECOMMENDED PULSE WIDTH RANGE %
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MC14528B

ELECTRICAL CHARACTERISTICS (Voltages Referenced to Vgg)

Vbb —-55°C 25°C 125°C
Characteristic Symbol | Vdc Min Max Min Typ 4) Max Min Max Unit
Output Voltage “0” Level VoL 5.0 — 0.05 — 0 0.05 — 0.05 Vdc
Vin= Vppor0 10 — 0.05 — 0 0.05 — 0.05
15 — 0.05 — 0 0.05 — 0.05
“1" Level VoH 5.0 4.95 — 4.95 5.0 — 4.95 — Vdc
Vin =0 or Vpp 10 9.95 — 9.95 10 — 9.95 —
15 14.95 — 14.95 15 — 14.95 —
Input Voltage “0” Level VL Vdc
(Vo = 4.5 or 0.5 Vdc) 5.0 — 15 — 2.25 1.5 — 15
(Vo =9.0 or 1.0 Vdc) 10 — 3.0 — 4.50 3.0 — 3.0
(Vo = 13.5 or 1.5 Vdc) 15 — 4.0 — 6.75 4.0 — 4.0
“1” Level V4 Vdc
(Vo =0.50r 4.5 Vvdc) 5.0 3.5 — 3.5 2.75 — 35 —_
(Vo =1.0 0r 9.0 Vdc) 10 7.0 — 7.0 5.50 — 7.0 —
(Vo =1.50r 13.5Vdc) 15 11 — 11 8.25 — 11 —_
Output Drive Current mAdc
(Von =2.5Vdc) Source 5.0 -12 — -10 -17 — -0.7 —
(Von = 4.6 Vdc) IoH 5.0 -0.64 — -0.51 -0.88 — —-0.36 —
(Vo = 9.5 Vdc) 10 -16 — -13 -2.25 — -09 —
(Von = 13.5 Vdc) 15 -42 — -34 -88 — —24 —
(VoL = 0.4 vdc) Sink 5.0 0.64 — 0.51 0.88 — 0.36 — mAdc
(VoL = 0.5 Vdc) loL 10 1.6 — 1.3 2.25 — 0.9 —
(VoL = 1.5 Vdc) 15 4.2 — 34 8.8 — 24 —
Input Current lin 15 — +0.1 — +0.00001 | £0.1 — +1.0 HAdc
Input Capacitance Cin — — — — 5.0 7.5 — — pF
(Vin=0)
Quiescent Current Ibb 5.0 — 5.0 — 0.005 5.0 — 150 HAdc
(Per Package) 10 — 10 — 0.010 10 — 300
15 — 20 — 0.015 20 — 600
Total Supply Current at an IT — IT(C, Cx) = [(CL + 0.36Cx)Vppf + 2x10~8 pHAdc
external load Capacitance (C|) RxCx(Vpp~2)?] x 103
and at external timing where: It in pA (per circuit), C; and Cy in pF, Ry in megohms,
capacitance (Cy), use the Vpp in Vdc, fin kHz is input frequency.
formula — (5

4. Data labelled “Typ” is not to be used for design purposes but is intended as an indication of the IC’s potential performance.
5. The formulas given are for the typical characteristics only at 25°C.
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MC14528B

SWITCHING CHARACTERISTICS () (C_ =50 pF, T = 25°C)

Cx Rx Vbp
Characteristic Symbol pF kQ Vdc Min Typ ©) Max Unit

Output Rise and Fall Time tTLH — — ns
trLHs trhe = (3.5 ns/pF) C + 25 ns tTHL 5.0 — 100 200
trLH, ttHL = (0.75 ns/pF) CL + 12.5 ns 10 — 50 100
trLH, trHe = (0.55 ns/pF) CL + 9.5 ns 15 — 40 80

Turn—Off, Turn—-On Delay Time — A or Bto Q or Q tpLH, 15 5.0 ns
tpLHs tpuL = (1.7 ns/pF) Cp + 240 ns tpHL 5.0 — 325 650
tpLHs tpHL = (0.66 ns/pF) C + 87 ns 10 — 120 240
tpLH, tpHL = (0.5 ns/pF) C| + 65 ns 15 — 90 180

Turn—Off, Turn—On Delay Time — A or Bto Q or Q tpLH, 1000 10 ns
tpLHs tpHL = (1.7 ns/pF) C + 620 ns tpHL 5.0 — 705 —
tPLHv tPHL = (066 ns/pF) C|_ + 257 ns 10 —_— 290 —_—
tpLH, tpHL = (0.5 ns/pF) C + 185 ns 15 — 210 —

Input Pulse Width — A or B twH 15 5.0 5.0 150 70 — ns

10 75 30 —
15 55 30 —
twi 1000 10 5.0 — 70 — ns
10 — 30 —
15 — 30 —

Output Pulse Width — Q or Q tw 15 5.0 5.0 — 550 — ns
(For Cx < 0.01 pF use graph for 10 — 350 —
appropriate Vpp level.) 15 — 300 —

Output Pulse Width — Q or Q tw 10,000 10 5.0 15 30 45 Us
(For Cx > 0.01 pF use formula: 10 10 50 20
tw = 0.2 Ry Cx Ln [Vpp — Vsg]) (6) 15 15 55 95

Pulse Width Match between Circuits in the same tl—t2 10,000 10 5.0 — 6.0 25 %
package 10 — 8.0 35

15 — 8.0 35
Reset Propagation Delay — Resetto Q or Q tPLH: 15 5.0 5.0 — 325 600 ns
tpHL 10 — 90 225
15 — 60 170
1000 10 5.0 — 1000 — ns
10 — 300 —
15 — 250 —
Retrigger Time ter 15 5.0 5.0 0 — — ns
10 0 — —
15 0 — —
1000 10 5.0 0 — — ns
10 0 — —
15 0 — —
External Timing Resistance Ryx — — — 5.0 — 1000 kQ
External Timing Capacitance Cx — — — No Limits (7) uF

Ry is in Ohms, Cy is in farads, Vpp and Vgg in volts, PWg,; in seconds.
If Cx > 15 pF, Use Discharge Protection Diode Dy, per Fig. 9.
The formulas given are for the typical characteristics only at 25°C.

©o~No
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MC14528B

FUNCTION TABLE

Inputs Outputs
Reset A B Q Q
H e H IL 1
H L N JL gup
H /7 L Not Triggered
H H /7 Not Triggered
H L H H Not Triggered
H L L, H, / Not Triggered
L X X L H
N /S X X Not Triggered
—O OPEN
VoH :
lon
Figure 1. Output Source Current Test Circuit Figure 2. Output Sink Current Test Circuit
Vop
0.1 uF
S00pF T o CERAMIC
Rx Ry’
Cx Cx'
_|__Ta GT__L 20ns ‘T l«— 20ns
= = V.
Vin 90% oD
Oo—— A
B Q s Vin 10% NV——— oV
CL
RESET Q i DUTY CYCLE = 50%
C|_ -
X 0 T
C, =
2 oo T

T
é Vss
Re

Figure 3. Power Dissipation Test Circuit and Waveforms
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MC14528B

Vbp
Q INPUT CONNECTIONS
*Cy = 15 pF
Ry Ry *C_ =15 pF Characteristics Reset A B
Ry =5.0 kQ2
Cx Cy X tPLH, tPHLy TTLH, tTHL Vbp PG1 Voo
|__T9 ET__| tw
- - tpLH, tPHL, tTLH, tTHL Vbp Vss PG2
PULSE oA w
—o
GENE:ATOR o B o) o tPLH(R)r tPHL(R)r tw PG3 PG1 PG2
CL
PULSE 5 O—| RESET Q _O—CL_I_ ;
GENERATOR o—A QFo—_ 1: *Includes capacitance of probes, PGL= _,_|_
{ CLI - wiring, and fixture parasitic.
—® oL - LI
. PULSEO L o Q c = NOTE: AC test waveforms for pe2=
ENERATOR O—{RESET T PG1, PG2, and PG3 on
_‘:)_V = next page. PG3 = | I
ss
= Figure 4. AC Test Circuit
90% — Vo
A Vss
—> twh triy — e trut
trHL triH
B \ 90_0/>| - Vop
50% 0
10% E— Vss
— twi
tTHL tLH
RESET ] - Vop
90% X 50%\
10% Vss
. twi
- ™ toyL < tr
VoH
5% Y 50% / 50%
Q— Vou
L tpHL > tPHL
= V,
0 OH
50% 50% \ 50%
VoL

1000

ty, PULSE WIDTH (us)
. =
o o

[y
o

01

Figure 5. AC Test Waveforms

Vpp=15V A
HE 10 V5 Pt 15 V)
50V '5 10 VI 222
s g Soit
= Ry =100 kQ H
11
L Ry =10kQ AT
I 1T TT11 ~
Ry = 5.0 kQ
T 15V
10V
20V,
10 100 1000 10,000 100,000

Cx, EXTERNAL CAPACITANCE (pF)

Figure 6. Pulse Width versus C
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MC14528B

TYPICAL APPLICATIONS
Cx Ry & Ry
= Vbp =
RISING EDGE 0 RISING EDGE o—
TRIGGER A TRIGGER A
B o— B 5
v, RESET RESET
DD I I
VDD VDD
Cx R
Cy Ry y
L = VDD
= Vop
— oF— A Q
B A FALLING EDGE B o—
FALLING EDGE B o— TRIGGER RESET
TRIGGER RESET I
Vbp
Figure 7. Retriggerable Figure 8. Non—Retriggerable
Monostables Circuitry Monostables Circuitry
Dx
LT I
C Vop —
- NC
Ry 1,15 | 214
= Vbp
W\ Q NC
Q e
B B QF—nNe
QF— RESET
RESET
Vop <|: - |
Vop Voo Vop
Figure 9. Use of a Diode to Limit Figure 10. Connection of Unused Sections

Power Down Current Surge

http://onsemi.com
319



MC14532B

8-Bit Priority Encoder

The MC14532B is constructed with complementary MOS (CMOS)
enhancement mode devices. The primary function of a priority

encoder is to provide a binary address for the active input with the ON Semiconductor
highest priority. Eight data inputs (DO thru D7) and an enable input
(Ein) are provided. Five outputs are available, three are address outputs htip:Hfonsemi.com
(QO thru Q2), one group select (GS) and one enable outguix (E ) '
¢ Diode Protection on All Inputs MARKING
* Supply Voltage Range = 3.0 Vdc to 18 Vdc DIAGRAMS
¢ Capable of Driving Two Low—power TTL Loads or One Low—Power 16
Schottky TTL Load over the Rated Temperature Range PDIP-16
N P SUFFIX MC14532BCP
CASE 648 Lo AWLYYWW
1
MAXIMUM RATINGS (Voltages Referenced to Vgs) (Note 2.) 16
SOIC-16 mininininininin
Symbol Parameter Value Unit b SUF_FIX 14532B
Vpp DC Supply Voltage Range —-0.5to0 +18.0 V CASE 751B BHALVIZYIXV:VH O
Vin, Vout | Input or Output Voltage Range —-0.5t0 Vpp + 0.5 \% 1
(DC or Transient) 16
lins lout Input or Output Current +10 mA SOEIAJ-16 annnoonn
(DC or Transient) per Pin F SUFFIX MC14532B
AWLYWW
Pb Power Dissipation, 500 mw CASE966 |o
per Package (Note 3.) ?uuuuuuu
Ta Ambient Temperature Range —-55to0 +125 °C A = Assembly Location
Tstg Storage Temperature Range —65 to +150 °C WLorL = Wafer Lot
YYorY =Year
T Lead Temperature 260 °C WW or W = Work Week
(8—Second Soldering)
2. Maximum Ratings are those values beyond which damage to the device
may occur. . ORDERING INFORMATION
3. Temperature Derating:
Plastic “P and D/DW” Packages: — 7.0 mW/°C From 65°C To 125°C Device Package Shipping
This device contains protection circuitry to guard against damage due to high MC14532BCP PDIP-16 2000/Box
static voltages or electric fields. However, precautions must be taken to avoid
applications of any voltage higher than maximum rated voltages to this MC14532BD SOIC-16 48/Rail

high—-impedance circuit. For proper operation, Vj, and Vq; should be constrained
to the range Vgs < (Vi, or Vout) < Vpp.

_ Unused inputs must always be tied to an appropriate logic voltage level (e.g., MC14532BF SOEIAJ-16 See Note 1.
either Vgg or Vpp). Unused outputs must be left open.

MC14532BDR2 SOIC-16 | 2500/Tape & Reel

MC14532BFEL SOEIAJ-16 See Note 1.

MC14532BFR1 SOEIAJ-16 See Note 1.

1. For ordering information on the EIAJ version of
the SOIC packages, please contact your local
ON Semiconductor representative.

0 Semiconductor Components Industries, LLC, 2000 320 Publication Order Number:
March, 2000 — Rev. 3 MC14532B/D




MC14532B

PIN ASSIGNMENT

Q =]

a a3 NV v o +4 o O
> W O o Ao o o ©
o I e A e O s A s A s O s A o
© IO S O N d O o
i — A i i — —

[ ]

— N ™M < 1O © M~ ©
T 7 T 7 7 T T I
< W00 © I~ S o o 9]
o o0 o o wuw oo VS

TRUTH TABLE

Output

Input
D6 | D5 | D4 | D3 | D2 | D1

D0 | GS [ Q2 [ Q1 [ Q0 | Eou

D7

Ein

Don't Care

X =
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MC14532B

ELECTRICAL CHARACTERISTICS (Voltages Referenced to Vgg)

(CL =50 pF on all outputs, all
buffers switching)

Voo —-55°C 25°C 125°C
Characteristic Symbol | Vdc Min Max Min Typ 4) Max Min Max Unit
Output Voltage “0” Level VoL 5.0 — 0.05 — 0 0.05 — 0.05 Vdc
Vin= Vppor0 10 — 0.05 — 0 0.05 — 0.05
15 — 0.05 — 0 0.05 — 0.05
“1" Level Vou 5.0 4.95 — 4.95 5.0 — 4.95 — Vdc
Vin =0 or Vpp 10 9.95 — 9.95 10 — 9.95 —
15 14.95 — 14.95 15 — 14.95 —
Input Voltage “0” Level VL Vdc
(Vo = 4.5 or 0.5 Vdc) 5.0 — 15 — 2.25 1.5 — 15
(Vo =9.0 or 1.0 Vdc) 10 — 3.0 — 4.50 3.0 — 3.0
(Vo = 13.5 or 1.5 Vdc) 15 — 4.0 — 6.75 4.0 — 4.0
“1” Level V4 Vdc
(Vo =0.50r 4.5 Vvdc) 5.0 3.5 — 3.5 2.75 — 35 —_
(Vo =1.0 0r 9.0 Vdc) 10 7.0 — 7.0 5.50 — 7.0 —
(Vo =1.50r 13.5Vdc) 15 11 — 11 8.25 — 11 —_
Output Drive Current loH mAdc
(Von =2.5Vdc) Source 5.0 -3.0 — -24 —-4.2 — -17 —
(Von = 4.6 Vdc) 5.0 -0.64 — -0.51 —-0.88 — —-0.36 —
(Vo = 9.5 Vdc) 10 -16 — -13 -2.25 — -09 —
(Von = 13.5 Vdc) 15 -42 — -34 -88 — —24 —
(VoL = 0.4 Vdc) Sink loL 5.0 0.64 — 0.51 0.88 — 0.36 — mAdc
(VoL = 0.5 Vdc) 10 1.6 — 1.3 2.25 — 0.9 —
(VoL = 1.5 Vdc) 15 4.2 — 34 8.8 — 24 —
Input Current lin 15 — +0.1 — +0.00001 | £0.1 — +1.0 HAdc
Input Capacitance Cin — — — — 5.0 7.5 — — pF
(Vin=0)
Quiescent Current Ibb 5.0 — 5.0 — 0.005 5.0 — 150 HAdc
(Per Package) 10 — 10 — 0.010 10 — 300
15 — 20 — 0.015 20 — 600
Total Supply Current () (6-) It 5.0 It = (1.74 pA/KHZ) f + Ipp pAdc
(Dynamic plus Quiescent, 10 It =(3.65 pA/kHz) f + Ipp
Per Package) 15 It =(5.73 pA/kHz) f + Ipp

4. Data labelled “Typ” is not to be used for design purposes but is intended as an indication of the IC’s potential performance.
5. The formulas given are for the typical characteristics only at 25°C.
6. To calculate total supply current at loads other than 50 pF:

IT(CL) = I+(50 pF) + (C__ - 50) Vfk
where: It is in pA (per package), C, in pF, V = (Vpp — Vgg) in volts, f in kHz is input frequency, and k = 0.005.
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MC14532B

SWITCHING CHARACTERISTICS (7)) (C_ =50 pF, Ta = 25°C)

Characteristic Symbol Vbb Min Typ &) Max Unit
Output Rise and Fall Time tTLH ns
tTLHs trHe = (1.5 ns/pF) C + 25 ns trHL 5.0 — 100 200
trLH, trHe = (0.75 ns/pF) CL + 12.5 ns 10 — 50 100
trLHs trHe = (0.55 ns/pF) CL + 9.5 ns 15 — 40 80
Propagation Delay Time — Ej, to Eqyt tpLH, ns
tpLH, tpHL = (1.7 ns/pF) C + 120 ns tPHL 5.0 — 205 410
tpLHs tpHL = (0.66 ns/pF) C + 77 ns 10 — 110 220
tpLH, tpHL = (0.5 ns/pF) C| + 55 ns 15 — 80 160
Propagation Delay Time — Ej, to GS tpLH, ns
tpLH, tpHL = (1.7 ns/pF) C + 90 ns tPHL 5.0 — 175 350
tpLHs tpHL = (0.66 ns/pF) C 57 ns 10 — 90 180
tpLH, tpHL = (0.5 ns/pF) C| + 40 ns 15 — 65 130
Propagation Delay Time — Ej, to Qp, tPHL, ns
tpLH, tpHL = (1.7 ns/pF) C + 195 ns tPLH 5.0 — 280 560
tpLHs tpHL = (0.66 ns/pF) C_ + 107 ns 10 — 140 280
tpLH, tpHL = (0.5 ns/pF) C + 75 ns 15 — 100 200
Propagation Delay Time — D, to Q, tpLH, ns
tpLHs tpHL = (1.7 ns/pF) C + 265 ns tPHL 5.0 — 300 600
tpLH, tpHL = (0.66 ns/pF) C + 137 ns 10 — 170 340
tpLH, tpHL = (0.5 ns/pF) C + 85 ns 15 — 110 220
Propagation Delay Time — D, to GS tPLH, ns
tpLHs tpHL = (1.7 ns/pF) Cp + 195 ns tPHL 5.0 — 280 560
tpLHs tpHL = (0.66 ns/pF) C + 107 ns 10 — 140 280
tpLH, tpHL = (0.5 ns/pF) C + 75 ns 15 — 100 200
7. The formulas given are for the typical characteristics only at 25°C.
8. Data labelled “Typ” is not to be used for design purposes but is intended as an indication of the IC’s potential performance.
Vout
o
Ein
DO
D1 Eout
SWITCH 02 © ©
MATRIX b3 Qt —o
D4 Q2 o Vop
5 wsl—o  (b) S
D6 500 pF /=< Io I 0.01 pF
D7 L
EXTERNAL -
POWER
SUPPLY —O] Ein Eout 1
—O— DO CL/~
Ves = Vbp Ves = - Vop b1 Q0 |
Output Vbs = Vout Vbs = Vout — VoD 10 b2 G
utpu Sink Current Source Current —0—{ D3 Q1
Under C ]
Test DOthruD7 | Ej, [DOthruDe | D7 | Ejy 1o p4 L
—0— D5
Eout X 0 0 0 1 Q2 C 1
Qo0 X 0 0 1|1 PULSE s t
1 X 0 0 1 1 GENERATOR O—{ D7 GS —]
9 (fo) C
Q2 X 0 0 1 1 {, Ves T
GS X 0 0 1 1
= c

Figure 1. Typical Sink and Source
Current Characteristics

Figure 2. Typical Power Dissipation Test Circuit
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MC14532B

Vbp

——O0— Ein EOUI —O
———o0— Do o

————0— D1 QO—O—-L

_O_
PROGRAMMABLE D2 =~
PULSE ——O— D3 01 _O—_L
GENERATOR | o 1p, o
———O0— D5 Q2

——O— D6

———O— D7 GS —Oj_CL’I‘

é Vss
— NOTE: Input rise and fall times are 20 ns
PIN
NO.
/ \ 7L 50%
DO 10
/
50%
DI 11 —/_\ /
-
0%
/
50%
D3 13 —/_\ /"
.
%
D4 1 _/_\ /| 50%
[ 50%
D5 2 —/_\ y
/
50%
D6 3 —/_\ />
————
50%
D7 4 —/_\ /7
Y
50%
E, 5 N>
tpLH > e tpHL
90% =
50%
10% L
Eout 15 I-
— ety
Ty —> e } tpLH
GS 14 -
triH —nt tpLH — tpLH — tpLH —
teLy ' = tpHL toHL tonL
Q 9
tpLH —! tpLH — trim
tpHL ]
QL 7
trin
tpLH —
Q2 6
triy —

Figure 3. AC Test Circuit and Waveforms
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DO

D1

D4

D5

D6

D7

Ein

MC14532B

LOGIC DIAGRAM
(Positive Logic)

LOGIC EQUATIONS

Eout = Ein® DO e D1 e D2 e D3 e D4 ¢ D5 ¢ D6 ¢ D7

QO =Ej,e(D1eD2eD4eD6+D3eD4eD6+D5eD6+ D7)
Ql=Ej,e(D2eD4eD5+D3eD4eD5+D6+D7)

Q2 =Ej, e (D4 + D5 + D6 + D7)
GS=Ej,e(DO+D1+D2+D3+D4+05+D6 + D7)

9
D

R

O+

o~

O w

V |Y |V

—¢

Y vV YV YV Y YV V¥V VY

TR AL

.

15

Eout

VAVAVAV

»

]
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MC14532B

D15 D14 D13 D12 DIl D10 D9 D8 D7 D6 D5 D4 D3 D2 DI DO
D7 D6 D5 D4 D3 D2 DI DO D7 D6 D5 D4 D3 D2 DI DO
Vpp O— Ei Eout Ein Eout [— Eoue = 1"
WITH Dj, = “0”
GS Q2 Q1 QO Q2 Q1 Q0
% @ 3/4 MC140718
Q3 Qo
Figure 4. Two MC14532B’s Cascaded for 4—Bit Output
Vbp Vss
(o]
CLOCK
INPUT | |
E R c E R
DIGITAL TO ANALOG CONVERSION 12 MC145208 112 MC145208
The digital eight—bit word to be converted is applied to the o1 _|Q2 3 Q4 ot Q2 Q3 o4

inputs of the MC14512 with the most significant bit at
X7 and the least significant bit at X0. A clock input of up to
2.5MHz (at \bp = 10 V) is applied to the MC14520B.

A compromise betweenyiks for the MC1710 andAR

between N and P—channel outputs gives a value of R of

33 k ohms. In order to filter out the switching frequencies,

RC should be about 1.0 ms (if R = 33 k ohms; ©.03pF). |

DIGITAL INPUT/OUTPUT

The analog 3.0 dB bandwidth would then be dc to 1.0 kHz. | D0 D1 D2D3 D4 D5 D6 D7 8-BIT WORD
o— E;, TO BE CONVERTED
ANALOG TO DI.GITAL.CONVI-ERSION . Voo 02 01 Q0 | | | | | | | |
An analog signal is applied to the analog input of the TR

MC1710. A digital eight—bit word known to represent a dig- A
itized level less than the analog input is applied to the g MC14512
MC14512 as in the D to A conversion. The word is increm- Z
ented at rates sufficient to allow steady state to be reached
between incrementations (i.e. 3.0 ms). The output of the MC1710 R
MC1710 will change when the digital input represents the ANALOG
first digitized level above the analog input. This word is the \?\;FS:D . ouTPUT
digital representation of the analog word. INCREMENTATION —l I

ANALOG

INPUT

Figure 5. Digital to Analog and Analog to Digital Converter
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Programmable Timer

The MC14536B programmable timer is a 24—stage binary ripple
counter with 16 stages selectable by a binary code. Provisions for an
on—chip RC oscillator or an external clock are provided. An on—chip
monostable circuit incorporating a pulse—-type output has been
included. By selecting the appropriate counter stage in conjunction
with the appropriate input clock frequency, a variety of timing can be
achieved.

e 24 Flip-Flop Stages — Will Count From & 224
* Last 16 Stages Selectable By Four—Bit Select Code

ON Semiconductor

http://onsemi.com

MARKING

DIAGRAMS
16

¢ 8-Bypass Input Allows Bypassing of First Eight Stages PDIP-16
¢ Set and Reset Inputs P SUFFIX WNTrinr
& p _ N CASE 648 Lo AWLYYWW
¢ Clock Inhibit and Oscillator Inhibit Inputs 1
* On-Chip RC Oscillator Provisions -
* On—Chip Monostable Output Provisions AARARAARRAAR
¢ Clock Conditioning Circuit Permits Operation With Very Long Rise SOIC-16 145368
and Fall Times DW SUFFIX )
N \ CASE 751G
Test Mode Allows Fast Test Sequence o AWLYYWW
* Supply Voltage Range = 3.0 Vdc to 18 Vdc HOHUNHOH
* Capable of Driving Two Low—power TTL Loads or One Low—power !
Schottky TTL Load Over the Rated Temperature Range [T
SOEIAJ-16
F SUEFIX MC14536B
CASE966 |o AWLYWW
OOooOoooo
MAXIMUM RATINGS (Voltages Referenced to Vss) (Note 2.) 1
Symbol Parameter Value Unit .
A = Assembly Location
Vpp DC Supply Voltage Range -0.5t0 +18.0 \ WL orL = Wafer Lot
YYorY =Year
Vin, Vout Input or Output_VoItage Range —-0.5toVpp +0.5 \ WW or W = Work Week
(DC or Transient)
lins Tout Input or Output Current +10 mA
(DC or Transient) per Pin ORDERING INFORMATION
Pp Power Dissipation, 500 mwW - —
per Package (Note 3.) Device Package Shipping
Ta Operating Temperature Range —-55to0 +125 °C MC14536BCP PDIP-16 2000/Box
Tstg Storage Temperature Range —65to +150 °C MC14536BDW SOIC-16 47/Rail
T Lead Temperature 260 ¢ MC14536BDWR2 | SOIC-16 | 1000/Tape & Reel
(8—Second Soldering)
2. Maximum Ratings are those values beyond which damage to the device MC14536BF SOEIAJ-16|  See Note 1.

may occur.
3. Temperature Derating:
Plastic “P and D/DW” Packages: — 7.0 mW/°C From 65°C To 125°C

This device contains protection circuitry to guard against damage due to high
static voltages or electric fields. However, precautions must be taken to avoid
applications of any voltage higher than maximum rated voltages to this
high—impedance circuit. For proper operation, Vi, and Vg should be constrained
to the range Vgs < (Vin or Vout) < Vpp-

Unused inputs must always be tied to an appropriate logic voltage level (e.g.,
either Vgg or Vpp). Unused outputs must be left open.
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MC14536B

PIN ASSIGNMENT

SET []
RESET []
IN1]
ouT1]
ouT2 ]
8-BYPASS ]
CLOCK INH []

Vss [l

Lo ~N o o B W N -

16
15
14
13
12
1
10

9

1 Voo

] MONO IN
11 OSC INH
1] DECODE
D

c

1B

1A

BLOCK DIAGRAM

CLOCK INH. RESET SET 8BYPASS
70 20 1060
OSC. INHIBIT 14 "
1 ]
N _l STAGES STAGES 9 THRU 24
13 1THRU 8 QQ QQ QQ QQ QQ QQ QQ Q Q
9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24
4 s HEEEEEEEEEEEEEN
OUT,  OUT, A 90+
B 100
C 1104 DECODER
Vpp = PIN 16 D 120+
Vgs=PIN 8 |
MONOSTABLE DECODE
MONO-IN 15 0— 1) ivigraTOR out
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MC14536B

ELECTRICAL CHARACTERISTICS (Voltages Referenced to Vgg)

Voo —-55°C 25°C 125°C
Characteristic Symbol | Vdc Min Max Min Typ 4) Max Min Max Unit
Output Voltage “0” Level VoL 5.0 — 0.05 — 0 0.05 — 0.05 Vdc
Vin = Vpp or 0 10 — 0.05 — 0 0.05 — 0.05
15 — 0.05 — 0 0.05 — 0.05
“1” Level Vou 5.0 4.95 — 4.95 5.0 — 4.95 — Vdc
Vin =0 or Vpp 10 9.95 — 9.95 10 — 9.95 —
15 14.95 — 14.95 15 — 14.95 —
Input Voltage “0” Level VL Vdc
(Vo = 4.5 or 0.5 Vdc) 5.0 — 15 — 2.25 1.5 — 15
(Vo =9.0 or 1.0 Vdc) 10 — 3.0 — 4.50 3.0 — 3.0
(Vo = 13.5 or 1.5 Vdc) 15 — 4.0 — 6.75 4.0 — 4.0
“1"Level | V4 Vdc
(Vo = 0.5 or 4.5 Vdc) 5.0 35 — 35 2.75 — 35 —
(Vo =1.0 0r 9.0 Vdc) 10 7.0 — 7.0 5.50 — 7.0 —
(Vo = 1.5 or 13.5 Vdc) 15 11 — 11 8.25 — 11 —
Output Drive Current lon mAdc
(Von =2.5Vdc) Source 5.0 -12 — -10 -17 — -0.7 —
(Von = 4.6 Vdc) Pins4 &5 50 | -0.25 — -025 | -0.36 — -0.14 —
(Von = 9.5 Vdc) 10 -0.62 — -05 -0.9 — -0.35 —
(Von = 13.5 vdc) 15 -1.8 — -15 -35 — -11 —
(Von =2.5Vdc) Source 5.0 -3.0 — -24 —-4.2 — -17 — mAdc
(Von = 4.6 Vdc) Pin 13 50 | -0.64 — -051 | -o0.88 — -0.36 —
(Vo = 9.5 Vdc) 10 -16 — -13 -2.25 — -0.9 —
(Von = 13.5 Vdc) 15 -42 — -34 -8.8 — -24 —
(VoL = 0.4 vdc) Sink loL 5.0 0.64 — 0.51 0.88 — 0.36 — mAdc
(VoL = 0.5 Vdc) 10 1.6 — 1.3 2.25 — 0.9 —
(VoL =1.5Vdc) 15 4.2 — 34 8.8 — 24 —
Input Current lin 15 — +0.1 — +0.00001 | 0.1 — +1.0 pAdc
Input Capacitance Cin — — — — 5.0 7.5 — — pF
(Vin=0)
Quiescent Current Ibp 5.0 — 5.0 — 0.010 5.0 — 150 pAdc
(Per Package) 10 — 10 — 0.020 10 — 300
15 — 20 — 0.030 20 — 600
Total Supply Current ) (6.) It 5.0 It = (1.50 pA/kHZ) f + Ipp pAdc
(Dynamic plus Quiescent, 10 I+ =(2.30 pA/kHzZ) f + Ipp
Per Package) 15 It = (3.55 pA/kHzZ) f + Ipp
(CL =50 pF on all outputs, all
buffers switching)

4. Data labelled “Typ” is not to be used for design purposes but is intended as an indication of the IC’s potential performance.
5. The formulas given are for the typical characteristics only at 25°C.
6. To calculate total supply current at loads other than 50 pF:

I7(Cp) = I+(50 pF) + (C_ — 50) Vfk
where: It is in YA (per package), C, in pF, V = (Vpp — Vsg) in volts, f in kHz is input frequency, and k = 0.003.
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SWITCHING CHARACTERISTICS (7)) (C_ =50 pF, Ta = 25°C)

Characteristic Symbol Vpbb Min Typ &) Max Unit
Output Rise and Fall Time (Pin 13) tTLH ns
tTLHs trHe = (1.5 ns/pF) C + 25 ns trHL 5.0 — 100 200
trLH, trHe = (0.75 ns/pF) CL + 12.5 ns 10 — 50 100
trLHs trHe = (0.55 ns/pF) CL + 9.5 ns 15 — 40 80
Propagation Delay Time tpLH, ns
Clock to Q1, 8-Bypass (Pin 6) High tPHL
tpLH, tpHL = (1.7 ns/pF) C_ + 1715 ns 5.0 — 1800 3600
tpLH, tpHL = (0.66 ns/pF) C + 617 ns 10 — 650 1300
tPLH! tPHL = (05 ns/pF) CL +425ns 15 —_ 450 1000
Clock to Q1, 8-Bypass (Pin 6) Low teLH, us
tpLHs tpHL = (1.7 ns/pF) C + 3715 ns tPHL 5.0 — 3.8 7.6
tpLHs tPHL = (066 ns/pF) C_ + 1467 ns 10 — 1.5 3.0
tpLH, tpHL = (0.5 ns/pF) C + 1075 ns 15 — 1.1 2.3
Clock to Q16 teLH, us
tpHL, tpLn = (1.7 ns/pF) C + 6915 ns tPHL 5.0 — 7.0 14
tpHL, tpLH = (0.66 ns/pF) C + 2967 ns 10 — 3.0 6.0
tpHL, tpLy = (0.5 ns/pF) C + 2175 ns 15 — 2.2 4.5
Reset to Qn, tPHL ns
tpyL = (1.7 ns/pF) C_ + 1415 ns 5.0 — 1500 3000
tpyL = (0.66 ns/pF) C| + 567 ns 10 — 600 1200
tpyL = (0.5 ns/pF) C| + 425 ns 15 — 450 900
Clock Pulse Width twH 5.0 600 300 — ns
10 200 100 —
15 170 85 —
Clock Pulse Frequency fel 5.0 — 1.2 0.4 MHz
(50% Duty Cycle) 10 — 3.0 15
15 — 5.0 2.0
Clock Rise and Fall Time trLmH, 5.0 —
tTHL 10 No Limit
15
Reset Pulse Width twH 5.0 1000 500 — ns
10 400 200 —
15 300 150 —

7. The formulas given are for the typical characteristics only at 25°C.

8. Data labelled “Typ” is not to be used for design purposes but is intended as an indication of the IC’s potential performance.
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PIN DESCRIPTIONS

INPUTS OSC INHIBIT (Pin 14) — A high level on this pin stops

SET (Pin 1) — A high on Set asynchronously forces the RC oscillator which allows for very low—power standby
Decode Out to a high level. This is accomplished by settingoperation. May also be used, in conjunction with an external
an output Conditioning latchto a h|gh level while at the same clock, with essentially the same results as the Clock Inhibit
time resetting the 24 flip—flop stages. After Set goes low input.

(inactive), the occurrence of the first negative clock MONO-IN (Pin 15) — Used as the timing pin for the
transition on IN causes Decode Out to go low. The on—chip monostable multivibrator. If the Mono—In input is
counter’s flip—flop stages begin counting on the second connected to ¥s the monostable circuit is disabled, and

negative clock transition of IN When Set is high, the Decode Out is directly connected to the selected Q output.
on—chip RC oscillator is disabled. This allows for very The monostable circuit is enabled if a resistor is connected

low—power standby operation. between Mono-In andpp. This resistor and the device’s
RESET (Pin 2) — A high on Reset asynchronously internal capacitance will determine the minimum output
forces Decode Out to a low level; all 24 flip—flop stages are Pulse widths. With the addition of an external capacitor to

also reset to a low level. Like the Set input, Reset disablesVss the pulse width range may be extended. For reliable
the on—chip RC oscillator for standby operation. operation the resistor value should be limited to the range of

IN 1 (Pin 3)— The device’s internal counters advance on 5 kQ to 100 K2 and the capacitor value should be limited to
the negative—going edge of this inputy iINay be usedasan & maximum of 1000 pf. (See figures 3, 4, 5, and 10).
external clock input or used in conjunction with Ofihd A, B, C,D (Pins 9, 10, 11, 12)- These inputs select the
OUTS,, to form an RC oscillator. When an external clock is flip—flop stage to be connected to Decode Out. (See the truth
used, both OUT and OUTR may be left unconnected or tables.)
used to drive 1 LSTTL or several CMOS loads. OUTPUTS

8—BYPASS (Pin 6)}— A high on this input causes the first ) ) ) )

8 flip-flop stages to be bypassed. This device essentially OUT1, OUT2 (Pin 4, 5)— Outputs used in conjunction
becomes a 16-stage counter with all 16 stages selectabldith IN1 to form an RC oscillator. These outputs are
Selection is accomplished by the A, B, C, and D inputs. (SeePuffered and may be used fdt Requency division of an
the truth tables.) external clock. _ _

CLOCK INHIBIT (Pin 7) — A high on this input DECOD_E OUT (Pin 13)—Outputfu_nct|(_)r_1 depends on
disconnects the first counter stage from the clocking source configuration. When the monostable circuit s disabled, this
This holds the present count and inhibits further counting. OUtPut is @ 50% duty cycle square wave during free run.
However, the clocking source may continue tq run. 1eST MODE
Therefore, when Clock Inhibit is brought low, no oscillator
start—up time is required. When Clock Inhibit is low, the
counter will start counting on the occurrence of the first
negative edge of the clocking source at.IN

The test mode configuration divides the 24 flip—flop
stages into three 8-stage sections to facilitate a fast test
sequence. The test mode is enabled when 8-Bypass, Set and
Reset are at a high level. (See Figure 8.)
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TRUTH TABLES

Input Stage Selected Input Stage Selected
8-Bypass D C B A for Decode Out 8-Bypass D c B A for Decode Out
0 0 0 0 0 9 1 0 0 0 0 1
0 0 0 0 1 10 1 0 0 0 1 2
0 0 0 1 0 11 1 0 0 1 0 3
0 0 0 1 1 12 1 0 0 1 1 4
0 0 1 0 0 13 1 0 1 0 0 5
0 0 1 0 1 14 1 0 1 0 1 6
0 0 1 1 0 15 1 0 1 1 0 7
0 0 1 1 1 16 1 0 1 1 1 8
0 1 0 0 0 17 1 1 0 0 0 9
0 1 0 0 1 18 1 1 0 0 1 10
0 1 0 1 0 19 1 1 0 1 0 11
0 1 0 1 1 20 1 1 0 1 1 12
0 1 1 0 0 21 1 1 1 0 0 13
0 1 1 0 1 22 1 1 1 0 1 14
0 1 1 1 0 23 1 1 1 1 0 15
0 1 1 1 1 24 1 1 1 1 1 16
FUNCTION TABLE
Clock osc Decode
Inq Set Reset Inh Inh Out 1 Out 2 Out
e 0 0 0 0 va ~~ No
Change
N 0 0 0 0 N v Advance to
next state
1 0 0 0 0 1 1
0 1 0 0 0 1 0
0 0 1 0 — — No
Change
X 0 0 0 1 0 1 No
Change
0 0 0 0 X 0 1 No
Change
1 0 0 0 va ~ e Advance to
next state
X =Don't Care
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LOGIC DIAGRAM
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FREQUENCY DEVIATION (%)

tw, PULSE WIDTH (ps)

MC14536B

TYPICAL RC OSCILLATOR CHARACTERISTICS
(For Circuit Diagram See Figure 11 In Application)

8.0 | T 100 ~ =
—— Vpp =15V 50 ~ Vpp =10V H———FH
\
40 ~—~—— / = . fAS A FUNCTION 7]
- S AN OFRrc ]
e ey~ =S S =~—— & h S (C=1000pF) TTTT]
\g-——-— o (Rs=2Rrc) 3
WV T—————0 ¥ 50 HENG
-4.0 o N
—— T —r— ; 20_ fAS A FUNCTION N
¥ ——+—— oS | OFcC N ~
S osF (Rs=120k ~ N
‘IA g osp_ G100
-12 T —— S
Ric=56kQ, [ —— Rg=0,1=10.15 kHz @ Vpp = 10V, Ty= 25°C 0.2
C=1000pF | ——=Rs=120kQ, f=7.8kHz @ Vpp =10V, Tp= 25°C 01 §
-55 -25 0 25 50 75 100 125 1.0k 10k 100 k 1.0M
; o Ryc, RESISTANCE (OHMS)
*Device Only. T, AMBIENT TEMPERATURE (°C)* TC
4 A (C) 0.0001 0.001 0.01 0.1
C, CAPACITANCE (uF)
Figure 1. RC Oscillator Stability Figure 2. RC Oscillator Frequency as a
Function of R tc and C
MONOSTABLE CHARACTERISTICS
(For Circuit Diagram See Figure 10 In Application)
100 E 100 F
F FORMULA FOR CALCULATING ty IN F FORMULA FOR CALCULATING ty IN ~
- MICROSECONDS IS AS FOLLOWS: — A - MICROSECONDS IS AS FOLLOWS:
[ t,=0.00247 Ry » Cy 0.85 [ t,,=0.00247 Ry * Cx 0.85
0 - WHERE R IS IN kQ, Cx IN pF. ‘/‘ ~ g 10 WHERE R IS IN kQ, Cx IN pF. i 7
>~ u T
[
= - =]
L P = P
Ry =100 kQ 4,,/ ~T & w Ry =100 kQ [ ~ ,/ < A
50 kQ == SIS = 50 kQ T
L ol el o [ atli=
10 10kQ z 10 =
5 kQ T H - 10kQ =
Tp=25°C 1] 51O = Ta=25°C ]
Vpp=5V 1 i Vpp =10 V1
01 111 01 | [T
1.0 10 100 1000 1.0 10 100 1000
Cy, EXTERNAL CAPACITANCE (pF) Cy, EXTERNAL CAPACITANCE (pF)
Figure 3. Typical C y versus Pulse Width Figure 4. Typical C y versus Pulse Width
@VDDZS.OV @VDD:].OV
100 A
FORMULA FOR CALCULATING ty IN .
MICROSECONDS IS AS FOLLOWS: i
ty = 0.00247 Ry » Cx 0.85 Dz
— P
Z 5 WHERE R IS IN kQ, Cy IN pF. s i
T Z
= >
Q
L=
= [Re=100kQ — " =
3 50 kQ T — . =
2 10 — T
= —
= 10k e
5 kQ jme=r Tp = 25°C TTT]
VDD =15 V::::
0.1 | 111
1.0 10 100 1000

Cy, EXTERNAL CAPACITANCE (pF)

Figure 5. Typical C x versus Pulse Width
@ VDD =15V
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0.01 pF
S00uF I CERAMIC
——O—{ SET 20 ns le— 20ns
p——O— RESET OUT1 -o:l
O 8-BYPASS TG Voo -
GE:EIF-;?OR oM = ! =
¢——0- CINH SET tw —=— —>— twH
¢——O-{MONOIN OUT OUT1rOo
p -O:L \: ——O- RESET ouT 90% 50%
——0-| OSCINH TG I\ 0 8-BYPASS 10%
——O0- A = PULSE o, t t
GENERATOR PLH —21 > PHL
_z E DECODE oo ouT e T
-OIO ¢———O- MONO IN -O
—° T Ra o osc INH
Vs = ——O0-{A
——o-B
= ——o0C DECODE
20ns 20 ns \)——0— D ouT -OIg
T
?Vss =
=
DUTY CYCLE =
Figure 6. Power Dissipation Test Figure 7. Switching Time Test Circuit and Waveforms
Circuit and Waveform
FUNCTIONAL TEST SEQUENCE ?VDD
Test function (Figure 8) has been included for the ——O SET
reduction of test time required to exercise all 24 counter e _EZ :E;f;ASSUTl M
stages. This test function divides the counter into three Ny
8—stage sections and 255 counts are loaded in each of the — odemn
8—stage sections in parallel. All flip—flops are now at a “1". $——O-{MONOIN OUT|
The counter is now returned to the normal 24-stages in ¢——O-{OSCINH 2
series configuration. One more pulse is entered info In '_°'g
which will cause the counter to ripple from an all “1” state ) ° ¢ ecooe |
to an all “0” state. —odp out
iVss

Figure 8. Functional Test Circuit
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FUNCTIONAL TEST SEQUENCE

Inputs Outputs Comments
Decade Out
Iny Set Reset | 8-Bypass | Q1thruQ24 All 24 stages are in Reset mode.
1 0 1 1 0
1 1 1 0 Counter is in three 8 stage sections in parallel mode.
0 1 1 1 0 First “1” to “0” transition of clock.
1
0
— 1 1 1 255 “1” to “0” transitions are clocked in the counter.
1 1 The 255 “1” to “0” transition.
0 0 0 1 Counter converted back to 24 stages in series mode.
Set and Reset must be connected together and simultaneously
go from “1” to “0".
In1 Switches to a “1”.
0 0 Counter Ripples from an all “1” state to an all “0” state.
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PULSE
GEN.

MC14536B

WV
A
16
6 fgBypass VoD
9 {a out1|—2
10 |
i .
12,
2_1RESET ouT2}—3
14 10scINH
15 | MONO-IN
L lser
7 lcLocK INH
PULSE S Vg DECODE OUT 13
GEN. -
CLOCK
IN;
| | |
SET ! ! !
1 1 1
| | |
| | |
CLOCKINHJ
DECODE OUT
POWER UP

NOTE: When power is first applied to the device, Decode Out can be either at a high or low state.

On the rising edge of a Set pulse the output goes high if initially at a low state. The output
remains high if initially at a high state. Because Clock Inh is held high, the clock source on
the input pin has no effect on the output. Once Clock Inh is taken low, the output goes low
on the first negative clock transition. The output returns high depending on the 8—-Bypass,
A, B, C, and D inputs, and the clock input period. A 2" frequency division (where n = the
number of stages selected from the truth table) is obtainable at Decode Out. A 20—divided
output of IN7 can be obtained at OUT and OUT»,.

Figure 9. Time Interval Configuration Using an External Clock, Set,
and Clock Inhibit Functions
(Divide—by—2 Configured)
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4V
A
16
§ 6 lggypass /oD
R
X 9 1a ouT1l—4
10 |
u |,
2|,
PULSE ) s
RESET ouT2|—2
oEt 1 fser
_{cLock INH
15 1 MoNo-IN
14 1 cLocK INH
cLOCK 8 i, /.. DECODEOUT(—18
SS
Cx:l: 3
IN;
| |
RESET : :
| |

*t, = 00247 « Ry * Cx0.85

|
pECODE OUT | |_| |_| by in psec
Ry in kQ

N Cx in pF
POWER UP " _>| |<_

NOTE: When Power is first applied to the device with the Reset input going high, Decode Out initializes low. Bringing the Reset
input low enables the chip’s internal counters. After Reset goes low, the 2"/2 negative transition of the clock input causes
Decode Out to go high. Since the Mono-In input is being used, the output becomes monostable. The pulse width of the
output is dependent on the external timing components. The second and all subsequent pulses occur at 2" x (the clock
period) intervals where n = the number of stages selected from the truth table.

Figure 10. Time Interval Configuration Using an External Clock, Reset,
and Output Monostable to Achieve a Pulse Output
(Divide—by—4 Configured)
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+V

16

10

11

12

PULSE

GEN.

14

15

g-BYPASS  'OD

A ouT1
B

c

D

RESET ouT?2
SET

CLOCK INH

MONO-IN

CLOCK INH

IN; DECODE OUT

>

13

RESET

ouT1

ouT 2

DECODE OUT

POWER UP

—»itwl<—

_ 1
fosc = 53 RicC
RS > Ric

E=Hz
R = Ohms
C = FARADS

NOTE: This circuit is designed to use the on—chip oscillation function. The oscillator frequency is deter-
mined by the external R and C components. When power is first applied to the device, Decode Out
initializes to a high state. Because this output is tied directly to the Osc—Inh input, the oscillator is
disabled. This puts the device in a low—current standby condition. The rising edge of the Reset pulse
will cause the output to go low. This in turn causes Osc—Inh to go low. However, while Reset is high,
the oscillator is still disabled (i.e.: standy condition). After Reset goes low, the output remains low
for 2M/2 of the oscillator’s period. After the part times out, the output again goes high.

Figure 11. Time Interval Configuration Using On—Chip RC Oscillator and

Reset Input to Initiate Time Interval
(Divide—by—2 Configured)
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MC14538B

Dual Precision
Retriggerable/Resettable
Monostable Multivibrator

The MC14538B is a dual, retriggerable, resettable monostable

ON Semiconductor

multivibrator. It may be triggered from either edge of an input pulse, http://onsemi.com

and produces an accurate output pulse over a wide range of widths, the

duration and accuracy of which are determined by the external timing MARKING
components, ¢and K. DIAGRAMS

MC14538BCP
o AWLYYWW

Output Pulse Width = (Cx) (Rx) where: poiP-16 0
Rxis in kKQ P SUFFIX
Cx is inuF CASE648 -

* Unlimited Rise and Fall Time Allowed on the A Trigger Input SOIC-16 16|_”_|T4|;|?I>_ISBHHH
* Pulse Width Range = ];(Ds to 10 s D SUFFIX o AWLYWW

* Latched Trigger Inputs = CASE751B oo
* Separate Latched Reset Inputs TSSOP-16 16 HHHIEHH

¢ 3.0 Vdc to 18 Vdc Operational Limits "\Q@& DT SUFFIX 538B

* Triggerable from Positive (A Input) or Negative—Going Edge CASE 948F 1%%};‘6‘6

(B-inputy 16 A AR
¢ Capable of Driving Two Low—power TTL Loads or One Low—power

SOIC-16 145388
Schottky TTL Load Over the Rated Temperature Range DW SUFFIX
° W \ /

Pin—for—pin Compatible with MC14528B and CD4528B (CD4098) CASET751G |\ Sww
¢ Use the MC54/74HC4538A for Pulse Widths Less Thapsl@ith NN
Supplies Upto 6 V.

e

iGlnininininininls!
SOEIA)- 16 MC14538B
MAXIMUM RATINGS (Voltages Referenced to Vgs) (Note 2.) ; EASSUEFg(IS)é o AWLYWW
Symbol Parameter Value Unit OOO0O000O
Vpp DC Supply Voltage Range —-0.5t0 +18.0 Y, A = Assembly Location
WL orL = Wafer Lot
Vin, Vout | Input or Output_VoItage Range —-0.5t0 Vpp +0.5 \Y, YYorY =Year
(DC or Transient) WW or W = Work Week
lins lout Input or Output Current +10 mA
(DC or Transient) per Pin ORDERING INFORMATION
Ppb Power Dissipation, 500 mw Device Package Shipping
per Package (Note 3.)
MC14538BCP PDIP-16 2000/Box
Ta Operating Temperature Range —55to +125 °C -
MC14538BD SOIC-16 48/Rail
Tstg Storage Temperature Range —65 to +150 °C
MC14538BDR2 SOIC-16 | 2500/Tape & Reel
T Lead Temperature 260 °C P
(8—Second Soldering) MC14538BDT TSSOP-16 96/Rail
2. rl\}/lq:;?cucrnrRatmgs are those values beyond which damage to the device MC14538BDTR2 | TSSOP-16 | 2500/Tape & Reel
3. Temperature Derating: MC14538BDW SOIC-16 47/Rail

Plastic “P and D/DW” Packages: — 7.0 mW/°C From 65°C To 125°C

MC14538BDWR2 | SOIC-16 | 1000/Tape & Reel

This device contains protection circuitry to guard against damage due to high

static voltages or electric fields. However, precautions must be taken to avoid MC14538BF SOEIAJ-16 See Note 1.
applications of any voltage higher than maximum rated voltages to this
high—-impedance circuit. For proper operation, Vj, and Vq¢ should be constrained MC14538BFEL SOEIAJ-16 See Note 1.

to the range Vss < (Vin O Vouy) = Vpp- : ) 1. For ordering information on the EIAJ version of
Unused inputs must always be tied to an appropriate logic voltage level (e.g., the SOIC packages, please contact your local

either Vg or Vpp). Unused outputs must be left open. ON Semiconductor representative.

0 Semiconductor Components Industries, LLC, 2000 340 Publication Order Number:
March, 2000 — Rev. 3 MC14538B/D
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MC14528B
MC14536B
MC14538B
MC14541B
MC4538A*

lps  10ps 100 ps

MC14538B

PIN ASSIGNMENT

Vss [
CylRyA [l
RESETA [
Ap ]

Ba ]

Qn

Qa ]

Vs [l

o ~N o o B oW N e

16
15
14
13
12
1
10

9

[ Voo

[ Vss

[ Cx/RyB
[l RESETB
[ As

[ Bs

[ Qs

[ Qs

BLOCK DIAGRAM

Ry AND Cx ARE EXTERNAL COMPONENTS.

Vpp = PIN 16

Vss =PIN 8, PIN 1, PIN 15

ONE-SHOT SELECTION GUIDE

1ms

10ms 100ms 1s

10s

23HR

*LIMITED OPERATING VOLTAGE (2-6V)

TOTAL OUTPUT PULSE WIDTH RANGE
RECOMMENDED PULSE WIDTHRANGE ¢——————X
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MC14538B

ELECTRICAL CHARACTERISTICS (Voltages Referenced to Vgs)

Vbp -55°C 25°C 125°C
Characteristic Symbol | Vdc Min Max Min Typ 4) Max Min Max Unit
Output Voltage “0” Level VoL 5.0 — 0.05 — 0 0.05 — 0.05 Vdc
Vin = Vpp or 0 10 — 0.05 — 0 0.05 — 0.05
15 — 0.05 — 0 0.05 — 0.05
“1" Level Vou 5.0 4.95 — 4.95 5.0 — 4.95 — Vdc
Vin =0 or Vpp 10 9.95 — 9.95 10 — 9.95 —
15 14.95 — 14.95 15 — 14.95 —
Input Voltage “0” Level Vi Vdc
(Vo = 4.5 or 0.5 Vdc) 5.0 — 15 — 2.25 15 — 15
(Vo =9.0 or 1.0 Vdc) 10 — 3.0 — 4.50 3.0 — 3.0
(Vo = 13.5 or 1.5 Vdc) 15 — 4.0 — 6.75 4.0 — 4.0
“1” Level Vi Vdc
(Vo = 0.5 or 4.5 Vdc) 5.0 35 — 35 2.75 — 35 —
(Vo =1.0 or 9.0 Vdc) 10 7.0 — 7.0 5.50 — 7.0 —
(Vo = 1.5 or 13.5 Vdc) 15 11 — 11 8.25 — 11 —
Output Drive Current loH mAdc
(Von = 2.5 Vdc) Source 5.0 -3.0 — —-2.4 —-4.2 — -1.7 —
(Von = 4.6 Vdc) 5.0 -0.64 — -0.51 -0.88 — —-0.36 —
(Von = 9.5 Vdc) 10 -16 — -13 -2.25 — -09 —
(Von = 13.5 Vdc) 15 -4.2 — -3.4 -88 — -24 —
(VoL = 0.4 Vdc) Sink loL 5.0 0.64 — 0.51 0.88 — 0.36 — mAdc
(VoL = 0.5 Vdc) 10 1.6 — 1.3 2.25 — 0.9 —
(VoL =1.5 Vdc) 15 4.2 — 3.4 8.8 — 2.4 —
Input Current, Pin 2 or 14 lin 15 — +0.05 — +0.00001 [ +£0.05 — +0.5 MAdc
Input Current, Other Inputs lin 15 — +0.1 — +0.00001 | 0.1 — +1.0 MAdc
Input Capacitance, Pin 2 or 14 Cin — — — — 25 — — — pF
Input Capacitance, Other Inputs Cin — — — — 5.0 7.5 — — pF
(Vin=0)
Quiescent Current Ibb 5.0 — 5.0 — 0.005 5.0 — 150 pAdc
(Per Package) 10 — 10 — 0.010 10 — 300
Q = Low, Q = High 15 — 20 — 0.015 20 — 600
Quiescent Current, Active State Ibb 5.0 — 2.0 — 0.04 0.20 — 2.0 mAdc
(Both) (Per Package) 10 — 2.0 — 0.08 0.45 — 2.0
Q = High, Q = Low 15 — 2.0 — 0.13 0.70 — 2.0
Total Supply Current at an external I+ 5.0 It = (3.5 x 1072) RxCxf + 4Cxf + 1 x 1075 C f HAdc
load capacitance (C|) and at 10 It = (8.0 x 1072) RyCxf+ 9Cxf+2x 1075 Cf

external timing network (Ry, Cx) ()

It = (1.25 x 1071) RyCxf + 12Cxf + 3 x 10> Cf
where: It in pA (one monostable switching only),

Cx in pF, Cpin pF, Ry in k ohms, and
fin Hz is the input frequency.

4. Data labelled “Typ” is not to be used for design purposes but is intended as an indication of the IC’s potential performance.
5. The formulas given are for the typical characteristics only at 25°C.
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MC14538B

SWITCHING CHARACTERISTICS (6) (C, =50 pF, Ta = 25°C)

All Types
Vbb
Characteristic Symbol vdc Min Typ (7) Max Unit
Output Rise Time tTLH ns
triy = (1.35 ns/pF) C_ + 33 ns 5.0 — 100 200
trn = (0.60 ns/pF) C + 20 ns 10 — 50 100
trLy = (0.40 ns/pF) C + 20 ns 15 — 40 80
Output Fall Time tTHL ns
tryL = (.35 ns/pF) C + 33 ns 5.0 — 100 200
tryL = (0.60 ns/pF) C_ + 20 ns 10 — 50 100
trHL = (0.40 ns/pF) C_ + 20 ns 15 — 40 80
Propagation Delay Time tpLH, ns
AorBtoQorQ tpHL
tpLHs teHL = (0.90 ns/pF) C_ + 255 ns 5.0 — 300 600
tpLH, tpHL = (0.36 ns/pF) C + 132 ns 10 — 150 300
tpLHs tPHL = (026 ns/pF) C|_ +87ns 15 — 100 220
Resetto Q or Q ns
tpLHs tpHL = (0.90 ns/pF) C_ + 205 ns 5.0 — 250 500
tpLH, tpHL = (0.36 ns/pF) C + 107 ns 10 — 125 250
tpLHs tpHL = (0.26 ns/pF) C + 82 ns 15 — 95 190
Input Rise and Fall Times tp tf 5 — — 15 us
Reset 10 — — 5
15 — — 4
B Input 5 — 300 1.0 ms
10 — 1.2 0.1
15 — 04 0.05
A Input 5 —
10 No Limit
15
Input Pulse Width tWH» 5.0 170 85 — ns
A, B, or Reset twiL 10 90 45 —
15 80 40 —
Retrigger Time Yy 5.0 0 — — ns
10 0 — —
15 0 — —
Output Pulse Width — Q or Q T Us
Refer to Figures 8 and 9
Cyx = 0.002 pF, Ry = 100 kQ 5.0 198 210 230
10 200 212 232
15 202 214 234
Cx = 0.1 yF, Rx =100 kQ 5.0 9.3 9.86 105 ms
10 9.4 10 10.6
15 9.5 10.14 10.7
Cyx =10 pF, Rx =100 kQ 5.0 0.91 0.965 1.03 s
10 0.92 0.98 1.04
15 0.93 0.99 1.06
Pulse Width Match between circuits in 100 5.0 — +1.0 +5.0 %
the same package. [(Ty = To)T4] 10 — +1.0 +5.0
Cx = 0.1 yF, Rx =100 kQ 15 — +1.0 +5.0

6. The formulas given are for the typical characteristics only at 25°C.

7. Data labelled “Typ” is not to be used for design purposes but is intended as an indication of the IC’s potential performance.
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OPERATING CONDITIONS

MC14538B

External Timing Resistance

Rx 5.0

8.) kQ

External Timing Capacitance

Cx

No
Limit ()

MUF

8. The maximum usable resistance Ry is a function of the leakage of the capacitor Cy, leakage of the MC14538B, and leakage due to board
layout and surface resistance. Susceptibility to externally induced noise signals may occur for Ry > 1 MQ..

9.

If Cx > 15 pF, use discharge protection diode per Fig. 11.

Voo @ J Vb
L PL
Rx <> "’_
3
2 (14
;L_ 2w | '\+c1 +C2ENABLE
- v _lh v = _D— R ———06 (10
Cx = 15) reft ( ENABLE fef2 ( R et (10)
LATCH
S Q o7 (9)
CONTROL
Qr Qr NOTE: Pins 1, 8 and 15 must
ds RESET LATCH R be externally grounded
Figure 1. Logic Diagram
(1/2 of Devlce Shown)
Vbp
0.1pF
500 pF
P T E'DS T ceramic
Rx Rx'
Vss  Cx Cx
7 -l
Vin - Cx/Rx =
o———1—0—
° Q 1 20 20
CL ns —DI ns
—O—RESET Q —0—_L I r_ Vpp
Cms = 90%
o—A' Q' —01 j_:
_ CL = . 10%
o8 o] T Vi oV
C =
o {RESET ‘T
? Vss

=

Figure 2. Power Dissipation Test Circuit and Waveforms
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Vop
? INPUT CONNECTIONS
Ry Ry’ *C_ =50 pF Characteristics Reset A B
Cx Cx’ tpLH, tPHL, tTLH, tTHL, Vpp PG1 Vbp
Vss_,_—ﬁ GT__LVSS T, twhs twi
- Cx/Rx - tpLH, tPHL: tTLH, tTHL, Vbp Vss PG2
Puse | o * T, twhs tw
GENERATOR
+ o—B Q _Oﬁc_ tPLH(R)s tPHL(R): PG3 PG1 PG2
_ L
o—{RESET 0 T fwH: twi
PULSE | o L=
GENERATOR o—{A Q —O—_L LI *Includes capacitance of probes, PGl = I |
Y o 7 CLI = wiring, and fixture parasitic.
PULSE Lo 1 = NOTE: Switching test waveforms PG2 =
GENERATOR G
O—{RESET' I for PG1, PG2, PG3 are shown
_?_Vss - In Figure 4. PG3= | I
Figure 3. Switching Test Circuit
90% 4L
—> tyh tTLH —>| I‘— trhL }
. rHL—>] (< tnx {
X 50% 90% Vop
10% ¥ J
— tWL *
b i tpHL {
RESET 0
N
—> twi A
T tpLH fTHL triH
tpLH —> —> ;()_(y tpHL
0
50% 50% 50% 10%
Q tTLH trhL
L tPHL—> - toLH

Ql

50%

50%

Figure 4. Switching Test Waveforms

Lo [ ] S
Ll <
o — Ta=25°C T T T T >
=
|- Re=100kQ 0% POINT PULSE WIDTH—| oS Ry = 100kQ
E - Cx=01pF Vpp=50V,T=98ms — £ !l Cx=0.1uF
3 10 Vpp=10V,T=10ms | S & Xm-
O = 2
S m Vpp=15V, T=102ms _| Bk .
S 08 =u —
o [ ZES -
w06 I \ S5 "
3 [ \ a :: P
o N2
w04 i
= (/ =4
= o
< 0.2 [OR==
I =z =
& 4 \\ =

0
-4 -2 0 2 4 5 6 7 8 9 10 1 12 13 14 15

T, OUTPUT PULSE WIDTH (%)

Figure 5. Typical Normalized Distribution
of Units for Output Pulse Width

Vpp, SUPPLY VOLTAGE (VOLTS)

Figure 6. Typical Pulse Width Variation as
a Function of Supply Voltage V. pp
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TOTAL SUPPLY CURRENT (pA)

TYPICAL NORMALIZED ERROR

MC14538B

1000 —= T
— —
|| Ry =100 kQ, C, =50 pF
100 | ONE MONOSTABLE SWITCHING ONLY
A
ol
7 T
10 = 5.0Vay
10V H
_/'
Sy |
Y
1.0 =
11/
0.1 o
0.001 0.1 1.0 10 100
OUTPUT DUTY CYCLE (%)
Figure 7. Typical Total Supply Current
versus Output Duty Cycle
g
>
S
" Ry =100 kQ o
a [~
=) Cx=0.1uF Vpp =15V e
= 2 o
< — ] 5
W | o
3 Vpp =10V N
Z>‘) 0 T ?%:'
§ — Vpp=5V
g 1= S B S
- =
(SR — | 2
G - o
L o
a >
%) [l
L
[a
T
E
=

-60 -40 -20 O

20 40 60 80 100 120 140

Ta, AMBIENT TEMPERATURE (°C)

Figure 8. Typical Error of Pulse Width
Equation versus Temperature

FUNCTION TABLE

Inputs Outputs
Reset A B Q Q
H va H IL r
H L R IL 1
H /7 L Not Triggered
H H / Not Triggered
H L, H, H Not Triggered
H L L, H, / Not Triggered
L X X L H
N /S X X Not Triggered

g T T

> Ry =100 kQ

o _

1 20 Cx =.002 pF | —

. 7

f 20 —

<

W o0l Vpp=15V e — —

o /

S — /,/

© Vpp =10V

9 1.0 f———| —

o —

F 20

Vpp=5.0V

g _30 _— pp =5.0

%]

Ll

o

T

=

=

-60 -40 -20 0 20 40 60
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MC14538B

THEORY OF OPERATION
® ®
A [ ] 1] [ ]
: L
®
RESET | I
Vief 2 Veet 2 Vref 2 Vref2
I G TR U T G N
S I R I L[]

e T— e T— e T—
@ Positive edge trigger @ Positive edge re—trigger (pulse lengthening)
(@ Negative edge trigger (® Positive edge retrigger (pulse lengthening)

(® Positive edge trigger

Figure 10. Timing Operation

TRIGGER OPERATION RETRIGGER OPERATION
The block diagram of the MC14538B is shown in  The MC14538B is retriggered if a valid trigger occurs
Figure 1, with circuit operation following. followed by another valid trigger  before the Q output has

As shown in Figure 1 and 10, before an input trigger returned to the quiescent (zero) state. Any retrigger, after the
occurs, the monostable is in the quiescent state with the Qiming node voltage at pin 2 or 14 has begun to rise from
output low, and the timing capacitog Completely charged  V(ef 1, but has not yet reacheggyo, will cause an increase
to Vpp. When the trigger input A goes fromg¥to Vpp in output pulse width T. When a valid retrigger is initiated
(while inputs B and Resate held to p) a valid trigger is , the voltage at /Ry will again drop to Yef 1 before
recognized, which turns on comparator C1 and N—channelprogressing along the RC charging curve towagg\The
transistor N1 . Atthe same time the output latchis set. WithQ output will remain high until time T, after the last valid
transistor N1 on, the capacitog €pidly discharges toward  retrigger.

Vss until Viefq is reached. At this point the output of

comparator C1 changes state and transistor N1 turns off RESET OPERATION _ _
Comparator C1 then turns off while at the same time The MC14538B may be reset during the_ genera_ltlon of the
comparator C2 turns on. With transistor N1 off, the capacitor ©UtPut pulse. In the reset mode of operation, an input pulse
Cx begins to charge through the timing resister, ®ward on Resesets the reset Ia'_cch and causes the capacitor to be
Vpb. When the voltage across @quals Vefo, comparator fast charged to Mp by t_urmng ontransistor P1 . When_the
C2 changes state, causing the output latch to reset (Q goe¥Pltage on the capacitor reachegry, the reset latch will

low) while at the same time disabling comparator C2 . This €léar, and will then be ready to accept another pulse. It the

ends at the timing cycle with the monostable in the quiescentX€Seinputis held low, any trigger inputs that occur will be
state, waiting for the next trigger. inhibited and the Q and Qutputs of the output latch will not

In the quiescent statex@s fully charged to W¥p causing f:hange. Since the Q output is reset when an input low level
the current through resistoxRo be zero. Both comparators IS detécted onthe Reseput, the output pulse T can be made
are “off” with total device current due only to reverse Significantly shorter than the minimum pulse width
junction leakages. An added feature of the MC14538B is SPecification.
that the output latch is set via the input trigger without regard 5 4\ v Er _DOWN CONSIDERATIONS

to the capacitor voltage. Thus, propagation delay from | 546 capacitance values can cause problems due to the

trigger to Q is independent of the value f &, orthe duty 5146 amount of energy stored. When a system containing
cycle of the input waveform.
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MC14538B

the MC14538B is powered down, the capacitor voltage may
discharge from ¥p through the standard protection diodes
at pin 2 or 14. Current through the protection diodes should
be limited to 10 mA and therefore the discharge time of the
Vpp supply must not be faster thangy). (C)/(10 mA).
For example, if \p =10V and G = 10uF, the \bp supply
should discharge no faster than (10 V) x (E)/(10 mA)
= 10 ms. This is normally not a problem since power
supplies are heavily filtered and cannot discharge at this rate.
When a more rapid decrease gfy/to zero volts occurs,
the MC14538B can sustain damage. To avoid this possibility
use an external clamping diodey [Zonnected as shown in
Fig. 11.

TYPICAL APPLICATIONS

CX R)(

RISING-EDGE =| | Vbp

TRIGGER

A —Q
B O—— 20

B=Vpp ﬁ)

RESET = Vpp
CX RX
A=Vsg = | | Vb
= Q
B O——0Q
FALLING-EDGE ﬁ)
TRIGGER 1

RESET = Vpp

Figure 12. Retriggerable
Monostables Circuitry

NC

NC

Dx
Cx R, VoD
Vss
- Vb
Q I
i £ ol—
RESET

I

Figure 11. Use of a Diode to Limit
Power Down Current Surge

= Vbp
RISING-EDGE A Q
TRIGGER
B O——Q
RESET = Vpp
CX Rx
= | | Vbp
A Q

FALLING-EDGE

TRIGGER

oO—Q

RESET = Vpp

Figure 13. Non—Retriggerable
Monostables Circuitry

Figure 14. Connection of Unused Sections
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Programmable Timer

The MC14541B programmable timer consists of a 16—stage binary

counter, an integrated oscillator for use with an external capacitor and

two resistors, an automatic power—on reset circuit, and output control

logic.

Timing is initialized by turning on power, whereupon the power—on

reset is enabled and initializes the counter, within the specifigd V
range. With the power already on, an external reset pulse can be

applied. Upon release of the initial reset command, the oscillator wil
oscillate with a frequency determined by the external RC network. Th
16-stage counter divides the oscillator frequengy)(fvith the ih
stage frequency beingg{/2".

Available Outputs &, 210, 213 or 216

Increments on Positive Edge Clock Transitions

Built—in Low Power RC Oscillator{ 2% accuracy over temperature
range and: 20% supply and 3% over processing at < 10 kHz)
Oscillator May Be Bypassed if External Clock Is Available (Apply
external clock to Pin 3)

External Master Reset Totally Independent of Automatic Reset
Operation

Operates as"@requency Divider or Single Transition Timer

Q/Q Select Provides Output Logic Level Flexibility

Reset (auto or master) Disables Oscillator During Resetting to

ON Semiconductor

http://onsemi.com

Provide No Active Power Dissipation

Clock Conditioning Circuit Permits Operation with Very Slow Clock
Rise and Fall Times

Automatic Reset Initializes All Counters On Power Up

MARKING
I DIAGRAMS
e,, PDIP-14
ml. P SUFFIX MC14541BCP
CASE 646 Lo AWLYYWW
1
I nininininininl
Solc-14 14541B
DSUFFIX | awLyww
CASE 751A ToToooo
1400AAAA
TSSOP-14 14
9 DT SUFFIX 541B
N CASE 948G o ALYW
1HHHHEH
ininininininls
SOEIAJ-14
F SUFFIX MC14541B
CASE 965 [o AWLYWW
[OoOooooo
A = Assembly Location
WL or L = Wafer Lot
YYorY =Year

WW or W = Work Week

ORDERING INFORMATION

[ ] = 1
Supply Voltage Range _3.0 Vdc tc_J 18 Vdc with Auto Reset Device Package Shipping
Disabled (Pin 5 = ¥p)
= 8.5 Vdc to 18 Vdc with Auto Reset MC14541BCP PDIP-14 2000/Box
Enabled (Pin 5 = ¥9 MC14541BD soic-14 55/Rail
MAXIMUM RATINGS (Voltages Referenced to Vss) (Note 2.) MC14541BDR2 SOIC-14 | 2500/Tape & Reel
Symbol P t Val Unit
ymbo aramerer aue n MC14541BDT | TSSOP-14 96/Rail
Vpp DC Supply Voltage Range -0.5t0 +18.0 \%
MC14541BDTR2 | TSSOP-14 | 2500/Tape & Reel
Vin, Vout | Input or Output Voltage Range —-0.5t0 Vpp + 0.5 \%
(DC or Transient) MC14541BF SOEIAJ-14 See Note 1.
lin Input Current (DC or Transient) +10 (per Pin) mA MC14541BFEL  |SOEIAJ-14| See Note 1.
lout Output Current (DC or Transient) +45 (per Pin) mA 1. For ordering information on the EIAJ version of
Po Power Dissipation, 500 mw the SOI(_: packages, please cqntact your local
ON Semiconductor representative.
per Package (Note 3.)
- This device contains protection circuitry to guard
Ta Ambient Temperature Range —-5510 +125 °C against damage due to high static voltages or electric
Tetg Storage Temperature Range _65to +150 °C fle_lds_. However, precautlon_s must be taken _to avoid ap-
plications of any voltage higher than maximum rated
T Lead Temperature 260 °C voltages to this high-impedance circuit. For proper
(8—Second Soldering) operation, Vi, and Vg should be constrained to the
2. Maximum Ratings are those values beyond which damage to the device range Vss = (Vin O Vouy) = Vpp-

may occur.

Temperature Derating:

Plastic “P and D/DW” Packages: — 7.0 mW/°C From 65°C To 125°C

[ Semiconductor Components Industries, LLC, 2000

March, 2000 — Rev. 6
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Unused inputs must always be tied to an appropriate
logic voltage level (e.g., either Vgg or Vpp). Unused out-
puts must be left open.

Publication Order Number:

MC14541B/D



MC14541B

PIN ASSIGNMENT

Rel 10 14 1 Vpp
Cell 2 13018
Rs[] 3 12[1A

NC [ 4 11 [INC
AR[ 5 10 {1 MODE
MR T[] 6 9 [1 Q/Q SEL
Vss [ 7 sflQ

NC = NO CONNECTION

ELECTRICAL CHARACTERISTICS (Voltages Referenced to Vgs)

Vbb —-55°C 25°C 125°C
Characteristic Symbol | Vdc Min Max Min Typ 4) Max Min Max Unit
Output Voltage “0” Level VoL 5.0 — 0.05 — 0 0.05 — 0.05 Vdc
Vin= Vppor0 10 — 0.05 — 0 0.05 — 0.05
15 — 0.05 — 0 0.05 — 0.05
“1” Level Vou 5.0 4.95 — 4.95 5.0 — 4.95 — Vdc
Vin =0 or Vpp 10 9.95 — 9.95 10 — 9.95 —
15 14.95 — 14.95 15 — 14.95 —
Input Voltage “0” Level VL Vdc
(Vo = 4.5 or 0.5 Vdc) 5.0 — 15 — 2.25 15 — 15
(Vo =9.0 0r 1.0 Vdc) 10 — 3.0 — 4.50 3.0 — 3.0
(Vo = 13.5 or 1.5 Vdc) 15 — 4.0 — 6.75 4.0 — 4.0
“1” Level VIH Vdc
(Vo =0.5 or 4.5 Vdc) 5.0 35 — 3.5 2.75 — 35 —
(Vo = 1.0 or 9.0 Vdc) 10 7.0 — 7.0 5.50 — 7.0 —
(Vo = 1.5 or 13.5 Vdc) 15 11 — 11 8.25 — 11 —
Output Drive Current loH mAdc
(Von = 2.5 Vdc) Source 5.0 —7.96 — -6.42 | —12.83 — —4.49 —
(Von = 9.5 Vdc) 10 -4.19 — -3.38 -6.75 — -2.37 —
(Von = 13.5 vdc) 15 —-16.3 — —-13.2 —26.33 — —-9.24 —
(VoL = 0.4 Vdc) Sink loL 5.0 1.93 — 1.56 3.12 — 1.09 — mAdc
(VoL = 0.5 Vdc) 10 4.96 — 4.0 8.0 — 2.8 —
(VoL = 1.5 Vdc) 15 19.3 — 15.6 31.2 — 10.9 —
Input Current lin 15 — +0.1 — +0.00001 | +0.1 — +1.0 HAdc
Input Capacitance Cin — — — — 5.0 7.5 — — pF
(Vin=0)
Quiescent Current Ibp 5.0 — 5.0 — 0.005 5.0 — 150 HAdc
(Pin 5 is High) 10 — 10 — 0.010 10 — 300
Auto Reset Disabled 15 — 20 — 0.015 20 — 600
Auto Reset Quiescent Current IDDR 10 — 250 — 30 250 — 1500 | pAdc
(Pin 5 is low) 15 — 500 — 82 500 — 2000
Supply Current (5 (6.) Ib 5.0 Ip = (0.4 uA/kHz) f + Ipp pAdc
(Dynamic plus Quiescent) 10 Ip = (0.8 pA/kHz) f + Ipp
15 Ip = (1.2 pA/kHz) f + Ipp

Data labelled “Typ” is not to be used for design purposes but is intended as an indication of the IC’s potential performance.

The formulas given are for the typical characteristics only at 25°C.

When using the on chip oscillator the total supply current (in pAdc) becomes: It = Ip + 2 Cic Vpp f x 10-3 where Ip is in UA, Cyc is in pF,
Vpp in Volts DC, and f in kHz. (see Fig. 3) Dissipation during power—on with automatic reset enabled is typically 50 pA @ Vpp = 10 Vdc.

o o s
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MC14541B

SWITCHING CHARACTERISTICS (7)) (C_ =50 pF, Ta = 25°C)

Characteristic Symbol Vpbb Min Typ ®) Max Unit
Output Rise and Fall Time tTLH ns
tTLHs trHe = (1.5 ns/pF) C + 25 ns trHL 5.0 — 100 200
trLH, trHe = (0.75 ns/pF) CL + 12.5 ns 10 — 50 100
trLHs trHe = (0.55 ns/pF) CL + 9.5 ns 15 — 40 80
Propagation Delay, Clock to Q (28 Output) tpLH us
tpLH, tpHL = (1.7 ns/pF) C_ + 3415 ns tPHL 5.0 — 35 10.5
tpLH tpHL = (0.66 ns/pF) C + 1217 ns 10 — 1.25 3.8
tpLH, tpHL = (0.5 ns/pF) C| + 875 ns 15 — 0.9 2.9
Propagation Delay, Clock to Q (216 Output) tpHL us
tpHL, tpLH = (1.7 ns/pF) C + 5915 ns tPLH 5.0 — 6.0 18
tpHL, tpLH = (0.66 ns/pF) C + 3467 ns 10 — 3.5 10
tpHL, tpLH = (0.5 ns/pF) C + 2475 ns 15 — 25 7.5
Clock Pulse Width twHcl) 5.0 900 300 — ns
10 300 100 —
15 225 85 —
Clock Pulse Frequency (50% Duty Cycle) fel 5.0 — 15 0.75 MHz
10 — 4.0 2.0
15 — 6.0 3.0
MR Pulse Width twH(R) 5.0 900 300 — ns
10 300 100 —
15 225 85 —
Master Reset Removal Time trem 5.0 420 210 — ns
10 200 100 —
15 200 100 —
7. The formulas given are for the typical characteristics only at 25°C.
8. Data labelled “Typ” is not to be used for design purposes but is intended as an indication of the IC’s potential performance.
Vbp Vbp
A
PULSE PULSE
Rs Rs
GENERATOR GENERATOR
— AR AR
— Q/Q SELECT Q/Q SELECT
p— MODE Q MODE Q
s [ Lo, A EX
o T B T
— MR = MR =
Vss Vss

(Ric AND Cc OUTPUTS ARE LEFT OPEN)

20 ns 20 ns

50%
DUTY CYCLE

Figure 1. Power Dissipation Test Circuit

and Waveform
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MC14541B

EXPANDED BLOCK DIAGRAM

Al2o
B 130 I
10F4
| MUX
[ 8Q
Rp 107 8-STAGE IJQ 20 28 2
~ 8
Ci 20 0SC C COUNTER 2 C (?(_)fJTNATGEER
Rs 3 0
s RESET RESET RESET
AUTOSRESET POWER-ON
O RESET
[e) o
6 10 9
MASTER RESET MODE QQ
SELECT
Vpp = PIN 14
VSS =PIN7
FREQUENCY SELECTION TABLE TRUTH TABLE
Number of State
Counter St Count .
A . oun ern ages 2n Pin 0 1
0 0 13 8192 Auto Reset, 5 | Auto Reset Auto Reset Disabled
Operating
0 1 10 1024 - -
Master Reset, 6 | Timer Operational Master Reset On
1 0 8 256 — — — -
Q/Q, 9 | Output Initially Low | Output Initially High
1 1 16 65536 After Reset After Reset
Mode, 10 | Single Cycle Mode Recycle Mode
T
|
S |
| ¢ TOCLOCK
| ) CIRCUIT
|
| INTERNAL
|_ RESET _S
'AAY
Rs Rre

Figure 3. Oscillator Circuit Using RC Configuration
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MC14541B

TYPICAL RC OSCILLATOR CHARACTERISTICS

8.0 I i
[ — _
Vpp =15V
4.0 \\ / oD
S — — \
PR S
= T S
< 10V T —
=
w -4.0
E [ ———— ——
LZ) — —? — —_—
g -80 5.ov<‘
3 |
LU T ——
T - |
Rrc=56kQ, [ —— Rg=0,f=10.15kHz @ Vpp = 10V, T = 25°C
_1gLC=1000pF 1 ———Rs=120k0f=78KkHz @ Vpp =10V, Ty = 25°C

-55 -25 0 25 50 75

Ta, AMBIENT TEMPERATURE (°C)

100 125

Figure 4. RC Oscillator Stability

f, OSCILLATOR FREQUENCY (kHz)

100
50

~ VDD =10V
I
fAS AFUNCTION 7
OF Rrc ]

(C = 1000 pF)
(Rs = 2Rrc)

20
10 ~

50 NG
f AS A FUNCTION
2.0 OFC NG
10k (Rrc=56kQ)

(Rs = 120 kQ)
05 ~

0.2 N

0.1 A
1.0k 10k 100k 1.0m

Rrc, RESISTANCE (OHMS)

0.001 0.01
C, CAPACITANCE (1F)

0.0001 0.1

Figure 5. RC Oscillator Frequency as a
Function of R . and Cy,

OPERATING CHARACTERISTICS

With Auto Reset pin set to a “0” the counter circuit is
initialized by turning on power. Or with power already on,

when B is “0”, normal counting is interrupted and the 9th
counter stage receives its clock directly from the oscillator

the counter circuit is reset when the Master Reset pin is sefi.e., effectively outputting®.

to a “1”. Both types of reset will result in synchronously

The Q/Qselect output control pin provides for a choice of

resetting all counter stages independent of counter stateoutput level. When the counter is in a reset condition and
Auto Reset pin when set to a “1” provides a low power Q/Q select pin is set to a “0” the Q output is a “0”,

operation.
The RC oscillator as shown in Figure 3 will oscillate with
a frequency determined by the external RC network i.e.,
f= ;
2.3 RcCic
and Rg=2 Ry

if (1 kHz < f < 100 kHz)

where Rg = 10 kQ

correspondingly when Q/@elect pin is set to a “1” the Q
output is a “1”.

When the mode control pin is set to a “1”, the selected
count is continually transmitted to the output. But, with
mode pin “0” and after a reset condition thgflip—flop (see
Expanded Block Diagram) resets, counting commences,
and after 21 counts the Bflip—flop sets which causes the

The time selectinputs (A and B) provide a two—bit address output to change state. Hence, after anotfer@unts the

to output any one of four counter stage% @9, 213 and

output will not change. Thus, a Master Reset pulse must be

216). The 2 counts as shown in the Frequency Selection applied or a change in the mode pin level is required to reset

Table represents the Q output of tHe$dage of the counter.
When A is “1”, 26is selected for both states of B. However,

the single cycle operation.

DIGITAL TIMER APPLICATION

Ric
'\N\VC 1 14 Vpp
tc
e 1, B——s
Rs
NC 4 11p—N.C.
AR 5 10 MODE
— oY —
— MR 5 9 9/9 = Voo
L INPUT ; g
i ——O
_’| |<_ = OUTPUT
MR |_|
| |
| [
t+tyr

When Master Reset (MR) receives a positive pulse, the
internal counters and latch are reset. The Q output goes high
and remains high until the selected (via A and B) number of
clock pulses are counted, the Q output then goes low and
remains low until another input pulse is received.

This “one shot”is fully retriggerable and as accurate as the
input frequency. An external clock can be used (pin 3 is the
clock input, pins 1 and 2 are outputs) if additional accuracy
is needed.

Notice that a setup time equal to the desired pulse width
output is required immediately following initial power up,
during which time Q output will be high.
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MC14543B

BCD-to-Seven Segment
Latch/Decoder/Driver for
Liquid Crystals

The MC14543B BCD-to—seven segment latch/decoder/driver is
designed for use with liquid crystal readouts, and is constructed with
complementary MOS (CMOS) enhancement mode devices. The
circuit provides the functions of a 4-bit storage latch and an 8421

ON Semiconductor

http://onsemi.com

BCD-to—seven segment decoder and driver. The device has the

capability to invert the logic levels of the output combination. The
phase (Ph), blanking (Bl), and latch disable (LD) inputs are used to

reverse the truth table phase, blank the display, and store a BCD cod{jy

respectively. For liquid crystal (LC) readouts, a square wave is applied
to the Ph input of the circuit and the electrically common backplane of
the display. The outputs of the circuit are connected directly to the

segments of the LC readout. For other types of readouts, such as

light—-emitting diode (LED), incandescent, gas discharge, and

fluorescent readouts, connection diagrams are given on this data sheet.

Applications include instrument (e.g., counter, DVM etc.) display
driver, computer/calculator display driver, cockpit display driver, and
various clock, watch, and timer uses.

MARKING
DIAGRAMS
16

¢ Latch Storage of Code
* Blanking Input
¢ Readout Blanking on All lllegal Input Combinations

¢ Direct LED (Common Anode or Cathode) Driving Capability

* Supply Voltage Range = 3.0 Vto 18 V

* Capable of Driving 2 Low—power TTL Loads, 1 Low—power Schottky
TTL Load or 2 HTL Loads Over the Rated Temperature Range
* Pin—for—Pin Replacement for CD4056A (with Pin 7 Tied &xV

PDIP-16
P SUFEIX MC14543BCP
CASE 648 Lo AWLYYWW
1
1F|6F| mininininin]
SOIC-16 145438
D SUFFIX o AWLYWW
CASE 751B OO
1
16
mininininininin
SOEIAJ-16
F SUEFIX MC14543B
CASE 966 |o AWLYWW
NN NN
1
A = Assembly Location
WL or L = Wafer Lot
YYorY =Year

WW or W = Work Week

ORDERING INFORMATION

¢ Chip Complexity: 207 FETs or 52 Equivalent Gates : —
Device Package Shipping
MAXIMUM RATINGS (Voltages Referenced to Vgs) (Note 2.) MC14543BCP PDIP—16 2000/Box
Symbol Parameter Value Unit
MC14543BD SOIC-16 48/Rail
Vpp DC Supply Voltage Range —-0.5t0 +18.0 \Y,
MC14543BDR2 SOIC-16 |2500/Tape & Reel
Vin Input Voltage Range, All Inputs —-0.5t0 Vpp + 0.5 \Y,
|in DC |npUt Current per Pin +10 mA MC14543BF SOEIAJ-16 See Note 1.
Pp Power Dissipation, 500 mw MC14543BFEL SOEIAJ-16 See Note 1.
per Package (Note 3.) 1. For ordering information on the EIAJ version of
Ta Operating Temperature Range —55t0 +125 °C the SOIC packages, please contact your local
ON Semiconductor representative.
Tstg Storage Temperature Range —65 to +150 °C
loHmax Maximum Continuous Output 10 mA This device contains protection circuitry to guard
loLmax Drive Current (Source or Sink) (per Output) against damage due to high static voltages or electric
Porma Maximum Confinuous Output 70 Yy flle_lds_. Howefver, pre(I:autlorrll_s rrr:ustrt:e taken _to avoid apci
P Power (Source or Sink) () (per Output) plications of any voltage higher than maximum rate
OLmax voltages to this high—impedance circuit. For proper

2. Maximum Ratings are those values beyond which damage to the device
may occur.

3. Temperature Derating:
Plastic “P and D/DW” Packages: — 7.0 mW/°C From 65°C To 125°C

4. Ponmax = lon (Von — Vpp) and PoLmax = loL (VoL — Vss)

[ Semiconductor Components Industries, LLC, 2000

March, 2000 — Rev. 3
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operation, Vj, and Vg should be constrained to the
range Vgs < (Vin or Vout) < Vpp.

Unused inputs must always be tied to an appropriate
logic voltage level (e.g., either Vgg or Vpp). Unused out-
puts must be left open.

Publication Order Number:
MC14543B/D



MC14543B

PIN ASSIGNMENT

D[] 1@ 16 [1 Vpp
cp?2 150f
B[ 3 141 g
D[l 4 13fe
Al S5 1200d
PH[] 6 1nfc
BI[]7 1000b
Vss [] 8 9] a

TRUTH TABLE

Inputs Outputs

LD |BI|[Ph* | D C B Alja b c d e f g |Display
X 11 0| X X X X|00O0OOU ODPO Blank
1 o(0|0 0O OO|2 111110 0

1 o(0|0 O O1|0 1 1 0O0O0O 1

1 0] 0 0 0 10|21 01101 2

1 0| 0 0 0 111111001 3

1 0O 01 00|01 10011 4

1 0O 01 01|21 01 1011 5

1 0O 01 10|12 011111 6

1 0O 01 1 1|11 10000 7

1 0O 1 0 00|21 11111 8

1 0O 10 0112 111011 9

1 0o(0f1 0o 1 0/0O0O0O0O0OO0OTGO Blank
1 0o(0f1 0 1 1|0 00 O0O0OO0OTGO Blank
1 0o(0f1 1 0 0|0 O0OO0OO0OOOO Blank
1 0O 11 010 0 00 O OO Blank
1 0o(0f1 1 1 0/0 0 O0O0O0O0OTGO Blank
1 0O 11 1 1{0 0 0 0 0 O0 O Blank
0 0|0 (X X XX * *

T Tt T Inverse of Output Display

Combinations as above
Above

X =Don't care
t = Above Combinations

* = For liquid crystal readouts, apply a square wave to Ph

For common cathode LED readouts, select Ph =0
For common anode LED readouts, select Ph =1

** = Depends upon the BCD code previously applied when LD =1

http://onsemi.com
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MC14543B

ELECTRICAL CHARACTERISTICS (Voltages Referenced to Vgg)

buffers switching)

(CL =50 pF on all outputs, all

Vbb —-55°C 25°C 125°C
Characteristic Symbol | Vdc Min Max Min Typ (5) Max Min Max Unit
Output Voltage “0” Level VoL 5.0 — 0.05 — 0 0.05 — 0.05 Vdc
Vin = Vpp or 0 10 — 0.05 — 0 0.05 — 0.05
15 — 0.05 — 0 0.05 — 0.05
“1”" Level Vou 5.0 4.95 — 4.95 5.0 — 4.95 — Vdc
Vin =0 or Vpp 10 9.95 — 9.95 10 — 9.95 —
15 14.95 — 14.95 15 — 14.95 —
Input Voltage “0” Level VL Vdc
(Vo = 4.5 or 0.5 Vdc) 5.0 — 15 — 2.25 1.5 — 15
(Vo =9.0 or 1.0 Vdc) 10 — 3.0 — 4.50 3.0 — 3.0
(Vo = 13.5 or 1.5 Vdc) 15 — 4.0 — 6.75 4.0 — 4.0
“1"Level | Vi Vdc
(Vo = 0.5 or 4.5 Vdc) 5.0 35 — 35 2.75 — 35 —
(Vo =1.0 0r 9.0 Vdc) 10 7.0 — 7.0 5.50 — 7.0 —
(Vo = 1.5 or 13.5 Vdc) 15 11 — 11 8.25 — 11 —
Output Drive Current loH mAdc
(Von = 2.5 Vdc) Source 5.0 -3.0 — -24 —-4.2 — -1.7 —
(Von = 4.6 Vdc) 5.0 -0.64 — -0.51 -0.88 — —-0.36 —
(Von = 0.5 Vdc) 10 — — — -10.1 — — —
(Von = 9.5 Vdc) 10 -16 — -13 -2.25 — -0.9 —
(Von = 13.5 Vdc) 15 -42 — -34 -88 — -24
(VoL = 0.4 vdc) Sink loL 5.0 0.64 — 0.51 0.88 — 0.36 — mAdc
(VoL = 0.5 Vdc) 10 1.6 — 1.3 2.25 — 0.9 —
(VoL =9.5 Vvdc) 10 — — — 10.1 — — —
(VoL = 1.5 Vdc) 15 4.2 — 34 8.8 — 2.4
Input Current lin 15 — +0.1 — +0.00001 | *0.1 — +1.0 pAdc
Input Capacitance Cin — — — — 5.0 7.5 — — pF
Quiescent Current Ibb 5.0 — 5.0 — 0.005 5.0 — 150 HAdc
(Per Package) Vi, =0 or Vpp, 10 — 10 — 0.010 10 — 300
lout = 0 HA 15 — 20 — 0.015 20 — 600
Total Supply Current (6-) (7)) It 5.0 It = (1.6 uA/kHZ) f + Ipp pAdc
(Dynamic plus Quiescent, 10 It = (3.1 pA/kHz) f + Ipp
Per Package) 15 I+ = (4.7 pA/kHz) f + Ipp

5. Noise immunity specified for worst—case input combination.
Noise Margin for both “1” and “0” level = 1.0 Vmin @ Vpp =5.0V
2.0V min @ Vpp =10V
25V min @ Vpp =15V
6. To calculate total supply current at loads other than 50 pF:
|'|'(C|_) = IT(5O pF) + 3.5 x 103 (CL —50) VDDf

where: It is in pA (per package), C, in pF, Vpp in V, and fin kHz is input frequency.
7. The formulas given are for the typical characteristics only at 25°C.
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MC14543B

SWITCHING CHARACTERISTICS (&) (C_ =50 pF, Ta=25°C)

Characteristic Symbol Vpp Min Typ Max Unit
Output Rise Time tTLH ns
trLn = (3.0 ns/pF) C + 30 ns 5.0 — 100 200
trin = (1.5 ns/pF) C_ + 15 ns 10 — 50 100
trun = (1.1 ns/pF) C_ + 10 ns 15 — 40 80
Output Fall Time tTHL ns
tryL = (1.5 ns/pF) C_ + 25 ns 5.0 — 100 200
tryaL = (0.75 ns/pF) C + 12.5 ns 10 — 50 100
tryL = (0.55 ns/pF) C_ + 12.5 ns 15 — 40 80
Turn—=Off Delay Time tpLH ns
tpLn = (1.7 ns/pF) C_ + 520 ns 5.0 — 605 1210
tpLy = (0.66 ns/pF) C| + 217 ns 10 — 250 500
tpLH = (0.5 ns/pF) C_ + 160 ns 15 — 185 370
Turn—On Delay Time tPHL ns
tpHL = (1.7 ns/pF) C__ + 420 ns 5.0 — 505 1650
tpyL = (0.66 ns/pF) C| + 172 ns 10 — 205 660
tpHL = (0.5 ns/pF) C_ + 130 ns 15 — 155 495
Setup Time tsu 5.0 350 — ns
10 450 —
15 500 —
Hold Time th 5.0 40 — ns
10 30 —
15 20 —
Latch Disable Pulse Width (Strobing Data) twH 5.0 250 125 — ns
10 100 50 —
15 80 40 —
8. The formulas given are for the typical characteristics only.
LOGIC DIAGRAM
BI 7 o—[>_|—
Vpp = PIN 16
Vss=PIN 8 :})—
_ W 0 a

A5

B3

C2

JUUC

D4

ERER,

LD 1
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MC14543B

oL, SINK CURRENT (mAdc)

0
Vpp =5.0 Vdc 7,
= P =70 mwd
g ~— “OHmax mwac //
£ 60 —~ 1 //
]
T Vpp=10Vde N\ /
3 -12 F\
L
(@)
% / / \
U;: -18 /7/
© | Vpp=15vde
| | Vs =0 Vde \
—24 f !
-16 -12 -80 -40 0

(Vor - Vpp), SOURCE DEVICE VOLTAGE (Vdc)

Figure 1. Typical Output Source

Characteristics

Inputs Bl and Ph low, and Inputs D and LD high.
fin respect to a system clock.

All outputs connected to respective C_ loads.

20 ns

A,B,ANDC
10%

50% DUTY CYCLE

ANY OUTPUT N

Vo

VoL

Figure 3. Dynamic Power Dissipation
Signal Waveforms

2

18

12

6.0

(VoL - Vss), SINK DEVICE VOLTAGE (Vdc)

Figure 2. Typical Output Sink
Characteristics

| |
\ / Vpp=15Vde ——
/\
// \ VDD =10 Vdc
/A N N
N~
/ / S~
/ ~—
~—
// Vpp = 5.0 Vde PoLmax = 70 randc
Ik | Vgg =0 Vde
4.0 8.0 12 T

(a) Inputs D, Ph, and Bl low, and Inputs A, B, and LD high.

20 ns f— 20ns —»f  |je—
90% Voo
C 50%
10% Vg
tPHL tpLH v
90% ) - OH
50%
g 10% VoL
[y S -
(b) Inputs D, Ph, and Bl low, and Inputs A and B high.
20 ns
_>| |<_ VDD
Vss
th
Vbp
50%
Vss

(c) Data DCBA strobed into latches
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LD 50%
twh

Figure 4. Dynamic Signal Waveforms

Vbp

Vss



MC14543B

CONNECTIONS TO VARIOUS DISPLAY READOUTS

LIQUID CRYSTAL (LC) READOUT

MC14543B ONE OF SEVEN SEGMENTS
OUTPUT f~o— /
Ph COMMON
BACKPLANE
/////// A A
SQUARE WAVE
(Vss TO Vpp)

LIGHT EMITTING DIODE (LED) READOUT

COMMON COMMON 1 Voo
— CATHODELED ANODE LED o
MC14543B
OUTPUT —O—MA— ===
Ph

MC14543B
Y - ouTPUT —o—'\/\/vJ

Ph
= Vss

NOTE: Bipolar transistors may be added for gain (for Vpp < 10 V or Iyt = 10 mA).

CONNECTIONS TO SEGMENTS

fj’b
el [c

d

Vpp = PIN 16

VSS=P|N8

DISPLAY
=0 2 2|t o
T2 1 e Y e 1 Y B b B |
01 2 3 4 5 6 7 8 9

http://onsemi.com
359

INCANDESCENT READOUT

APPROPRIATE
VOLTAGE
— — ———
MC14543B
OUTPUT
Ph
— Vss -

GAS DISCHARGE READOUT

MC14543B

OUTPUT OV

Ph

-

— Vss

APPROPRIATE
VOLTAGE

a’;
1




MC14549B, MC14559B

Successive Approximation

Registers
The MC14549B and MC14559B successive approximation
registers are 8-bit registers providing all the digital control and storage ON Semiconductor
necessary for successive approximation analog—to—digital conversion .
systems. These parts differ in only one control input. The Master Reset http://onsemi.com

(MR) on the MC14549B is required in the cascaded mode when more
than 8 bits are desired. The Feed Forward (FF) of the MC14559B is

used for register shortening where End—of—-Conversion (EOC) is MARKING
required after less than eight cycles. DIAGRAMS
Applications for the MC14549B and MC14559B include 16

MC145XXBCP
o AWLYYWW

analog-to—digital conversion, with serial and parallel outputs. PDIP-16
: P SUFFIX
¢ Totally Synchronous Operation W CASE 648

¢ All Outputs Buffered 1
* Single Supply Operation
¢ Serial Output
* Retriggerable 1Hﬁﬁ ARAARRA
¢ Compatible with a Variety of Digital and Analog Systems such as the SOIC-16 145XXB
MC1408 8—Bit D/A Converter Q DW SUEFIX -
¢ All Control In itive— i \/ CASE 751G \J
puts Positive—Edge Triggered 0 AWLYYWW
¢ Supply Voltage Range = 3.0 Vdc to 18 Vdc 'R
* Capable of Driving 2 Low—Power TTL Loads, 1 Low—Power Schottky 1
TTL Load or 2 HTL Loads Over the Rated Temperature Range
* Chip Complexity: 488 FETs or 122 Equivalent Gates
XX = Specific Device Code
A = Assembly Location
WL orL = Wafer Lot
YYorY =Year
MAXIMUM RATINGS (Voltages Referenced to Vgs) (Note 1.) WW or W = Work Week
Symbol Parameter Value Unit
Vpp DC Supply Voltage Range -0.5t0 +18.0 \%
Vin Input Voltage Range, All Inputs —-0.5t0 Vpp + 0.5 \% ORDERING INFORMATION
lin DC Input Current, per Pin +10 mA Device Package Shipping
Po Power Dissipation, 500 mw MC14549BCP PDIP-16 25/Rail

per Package (Note 2.)

- MC14549BDWR2 | SOIC-16 |1000/Tape & Reel
Ta Operating Temperature Range —55to +125 °C

Tstg Storage Temperature Range —65 to +150 °C MC14559BCP PDIP-16 25/Rail

1. Maximum Ratings are those values beyond which damage to the device MC14559BDWR2 | SOIC-16 | 1000/Tape & Reel

may occur.
2. Temperature Derating:
Plastic “P and D/DW” Packages: — 7.0 mW/°C From 65°C To 125°C

This device contains protection circuitry to guard against damage due to high
static voltages or electric fields. However, precautions must be taken to avoid
applications of any voltage higher than maximum rated voltages to this
high—impedance circuit. For proper operation, Vi, and Vg should be constrained
to the range Vgs < (Vin or Vout) < Vpp.

Unused inputs must always be tied to an appropriate logic voltage level (e.g.,
either Vgg or Vpp).

0 Semiconductor Components Industries, LLC, 2000 360 Publication Order Number:
March, 2000 — Rev. 3 MC14549B/D



MC14549B, MC14559B

Sout []

Vss [

PIN ASSIGNMENT

Q4 [}
Q5[]
Q6 []
Q7]

D]
cl

Lo N o o B W N

16
15
14
13
12
1
10

9

1 Voo
Q3
1 Q2
Q1
1 Qo
1] EOC
] «
1sc

*For MC14549B Pin 10 is MR input.
For MC14559B Pin 10 is FF input.

TRUTH TABLES

MC14549B MC14559B
SC| SC(t1) [IMR| MR(—1) [ Clock | Action SC | SC(1) | EOC| Clock Action
X X X X N None X X | ™~ [None
X X 1 X e Reset 1 0 0 /- | Start
1 0 0 0 s Start Conversion
Conversion X 1 0 | -/ |Continue
1 X 0 1 S Start Conversion
Conversion 0 0 0 —/~ | Continue
1 1 0 0 va Continue Conversion
Conversion 0 X 1 -/~ | Retain
0 X 0 X va Continue Conversion
Previous Result
Operation 1 X 1 | / |Start
X = Don’'t Care t-1 = State at Previous Clock _/~ Conversion
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MC14549B, MC14559B

ELECTRICAL CHARACTERISTICS (Voltages Referenced to Vgg)

Vbp —-55°C 25°C 125°C
Characteristic Symbol | Vdc Min Max Min Typ () Max Min Max Unit
Output Voltage “0” Level VoL 5.0 — 0.05 — 0 0.05 — 0.05 Vvdc
Vin= Vpp or 0 10 — 0.05 — 0 0.05 — 0.05
15 — 0.05 — 0 0.05 — 0.05
“1" Level Vou 5.0 4.95 — 4.95 5.0 — 4.95 — Vdc
Vin =0 or Vpp 10 9.95 — 9.95 10 — 9.95 —
15 14.95 — 14.95 15 — 14.95 —
Input Voltage () “0” Level ViL Vvdc
(Vo = 4.5 or 0.5 Vdc) 5.0 — 15 — 2.25 1.5 — 1.5
(Vo =9.0 or 1.0 Vdc) 10 — 3.0 — 4.50 3.0 — 3.0
(Vo = 13.5 or 1.5 Vdc) 15 — 4.0 — 6.75 4.0 — 4.0
“1"Level [ vy Vdc
(Vo = 0.5 or 4.5 Vdc) 5.0 35 — 35 2.75 — 35 —
(Vo =1.0 or 9.0 Vdc) 10 7.0 — 7.0 5.50 — 7.0 —
(Vo = 1.5 or 13.5 Vdc) 15 11 — 11 8.25 — 11 —
Output Drive Current loH mAdc
(Von = 2.5 Vdc) Source 5.0 -1.2 — -1.0 -1.7 — -0.7 —
(Von = 4.6 Vdc) 5.0 -0.25 — -0.2 —-0.36 — -0.14 —
(Von = 9.5 Vdc) 10 -0.62 — -05 -0.9 — -0.35 —
(Vou = 13.5 Vdc) 15 -1.8 — -15 -35 — -11 —
(VoL = 0.4 Vdc) Sink loL 5.0 1.28 — 1.02 1.76 — 0.72 — mAdc
(VoL = 0.5 Vdc) Q Outputs 10 3.2 — 2.6 45 — 1.8 —
(VoL = 1.5 Vdc) 15 8.4 — 6.8 17.6 — 48 —
(VoL = 0.4 Vdc) Sink 5.0 0.64 — 0.51 0.88 — 0.36 — mAdc
(VoL =0.5Vdc) Pin5, 11 only 10 1.6 — 1.3 2.25 — 0.9 —
(VoL = 1.5 Vdc) 15 4.2 — 3.4 8.8 — 2.4 —
Input Current lin 15 — +0.1 — +0.00001 | 0.1 — +1.0 pAdc
Input Capacitance Cin — — — — 5.0 7.5 — — pF
Quiescent Current Ibp 5.0 — 5.0 — 0.005 5.0 — 150 pAdc
(Per Package) 10 — 10 — 0.010 10 — 300
(Clock=0V, 15 — 20 — 0.015 20 — 600
Other Inputs = Vpp
or 0V, lgyt = 0 pA)
Total Supply Current (4.) (5.) I 5.0 It = (0.8 pA/kHz) f + Ipp pAdc
(Dynamic plus Quiescent, 10 It = (1.6 pA/kHZ) f + Ipp
Per Package) 15 It = (2.4 pA/kHz) f + Ipp
(CL =50 pF on all outputs, all
buffers switching)

3. Noise immunity specified for worst—case input combination.

Noise Margin for both “1” and “0” level = 1.0 Vmin @ Vpp =5.0 V
2.0V min @ Vpp =10V
2.5V min @ Vpp = 15 V

4. To calculate total supply current at loads other than 50 pF:
I7(C) = 17(50 pF) + 3.5 x 103 (C|_ = 50) Vppf
where: It is in pA (per package), C, in pF, Vpp in V, and fin kHz is input frequency.

5. The formulas given are for the typical characteristics only at 25°C.
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MC14549B, MC14559B

SWITCHING CHARACTERISTICS (6) (C, =50 pF, Ta = 25°C)

Characteristic Symbol Vbp Min Typ Max Unit
Output Rise Time tTLH ns
trLn = (3.0 ns/pF) C + 30 ns 5.0 — 180 360
trin = (1.5 ns/pF) C_ + 15 ns 10 — 90 180
trun = (1.1 ns/pF) C_ + 10 ns 15 — 65 130
Output Fall Time tTHL ns
tryL = (1.5 ns/pF) C_ + 25 ns 5.0 — 100 200
tryaL = (0.75 ns/pF) C + 12.5 ns 10 — 50 100
tryL = (0.55 ns/pF) C_ + 9.5 ns 15 — 40 80
Propagation Delay Time tPLH, ns
Clock to Q tPHL
tpLHs tpHL = (1.7 ns/pF) C + 415 ns 5.0 — 500 1000
tpLH, tpHL = (0.66 ns/pF) C + 177 ns 10 — 210 420
tF’LHv tPHL = (05 nS/pF) CL + 130 ns 15 — 155 310
Clock to Soyt
tpLHs teHL = (1.7 ns/pF) C + 665 ns 5.0 — 750 1500
tpLHs tpHL = (0.66 ns/pF) C + 277 ns 10 310 620
tpLH, tpHL = (0.5 ns/pF) C + 195 ns 15 — 220 440
Clock to EOC
tpLH, tPHL = (1.7 ns/pF) C_+215ns 5.0 — 300 600
tpLHs tpHL = (0.66 ns/pF) C + 97 ns 10 — 130 260
tpLH, tpHL = (0.5 ns/pF) C + 75 ns 15 — 100 200
SC, D, FF or MR Setup Time tsu 5.0 250 125 — ns
10 100 50 —
15 80 40 —
Clock Pulse Width twHer) 5.0 700 350 — ns
10 270 135 —
15 200 100 —
Pulse Width — D, SC, FF or MR twH 5.0 500 250 — ns
10 200 100 —
15 160 80 —
Clock Rise and Fall Time trLmH, 5.0 — 15 us
tTHL 10 — 1.0
15 — — 0.5
Clock Pulse Frequency fel 5.0 — 15 0.8 MHz
10 — 3.0 15
15 — 4.0 2.0

6. The formulas given are for the typical characteristics only.
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MC14549B, MC14559B

SWITCHING TIME TEST CIRCUIT AND WAVEFORMS

% Vb

Q7
Q6 J_
—o0—{C 05 J_ J_CL ICL
PROGRAMMABLE [—°—15C o G I -
Q3 I =

PULSE

2
GENERATOR  |—0—FF(MR) Q

Q1

—o
—o
—o
—o
—o
—o
—o
—o—D 0 |
EOC

1.
S 1. 7" -

c N\
SC T
5 ’.~ tey =] WHO)
4" 50%
tpLH —> tPHL
o7 50%7| 90% 10%
T [~ trL
Sout

NOTE: Pin 10 = Vsg

TIMING DIAGRAM

cockJ L LUy yoye
sc—I L]
° LI I | O 1
Qn /LA |
w7ZZA_ [ | L
Qs 7771 |
o 7771
Q3 7771
Q2 7771
Q1 7771
Q 7771
Eoc 7771
Sou ZZZ1INH_Q7[qQ6 IINH[ Q7 1.Q6 Q5 1.Q4 19319211 1. Q0 [Qer|INH

7/7] — Don't care condition

INH — Indicates Serial Out is inhibited low.
* — Q8 is ninth—bit of serial information available from 8—bit register.
NOTE: Pin 10 = Vgg
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MC14549B, MC14559B

OPERATING CHARACTERISTICS

Both the MC14549B and MC14559B can be operated in conversion, tie Q1 to FF; the part will respond as shown in
either the “free run” or “strobed operation” mode for the timing diagram less two bit times. Not that Q1 and QO
conversion schemes with any number of bits. Reliable will still operate and must be disregarded.
cascading and/or recirculating operation can be achieved if For 8-bit operation, FF is tied tos¥
the End of Convert (EOC) output is used as the controlling For applications with more than 8 but less than 16 bits, use
function, since with EOC = 0 (and with SC = 1 for the basic connections shown in Figure 1. The FF input of the
MC14549B but either 1 or 0 for MC14559B) no stable state MC14559B is used to shorten the setup. Tying FF directly
exists under continual clocked operation. The MC14559B to the least significant bit used in the MC14559B allows
will automatically recirculate after EOC = 1 during EOC to provide the cascading signal, and results in smooth

externally strobed operation, provided SC = 1. transition of serial information from the MC14559B to the
All data and control inputs for these devices are triggeredMC14549B. The Serial Out {g) inhibit structure of the

into the circuit on the positive edge of the clock pulse. MC14559B remains inactive one cycle after EOC goes high,
Operation of the various terminals is as follows: while St of the MC14549B remains inhibited until the

C = Clock— A positive—going transition of the Clock is  second clock cycle of its operation.

required for data on any input to be strobed into the circuit. Qp = Data Outputs— After a conversion is initiated the
SC = Start Convert— A conversion sequence isinitiated Q’s on succeeding cycles go high and are then conditionally

on the positive—going transition of the SC input on reset dependent upon the state of the D input. Once

succeeding clock cycles. conditionally reset they remain in the proper state until the
D = Data in — Data on this input (usually from a circuit is either reset or reinitiated.

comparator in A/D applications) is also entered into the EOC = End of Convert— This output goes high on the

circuit on a positive—going transition of the clock. Thisinput negative—going transition of the clock following FF = 1 (for

is Schmitt triggered and synchronized to allow fast responsethe MC14559B) or the conditional reset of QO. This allows

and guaranteed quality of serial and parallel data. settling of the digital circuitry prior to the End of Conversion
MR = Master Reset (MC14549B Only)— Resets all indication. Therefore either level or edge triggering can

output to 0 on positive—going transitions of the clock. If indicate complete conversion.

removed while SC = 0, the circuit will remain reset until SC Syt = Serial Out — Transmits conversion in serial

= 1. This allows easy cascading of circulits. fashion. Serial data occurs during the clock period when the
FF = Feed Forward (MC14559B Only)— Provides corresponding parallel data bit is conditionally reset. Serial

register shortening by removing unwanted bits from a Out is inhibited on the initial period of a cycle, when the

system. circuitis reset, and on the second cycle after EOC goes high.
For operation with less than 8 bits, tie the oufpllbwing This provides efficient operation when cascaded.

the least significant bit of the circuit to EOC. E.qg., for a 6-bit

FROM AID EXTERNAL LA MC14001
COMPARATOR CLOCK
o o
SERIAL OUT
(CONTINUAL
UPDATE EVERY
e P Sl e P Sout 13 CLOCK CYCLES)
SC MC145598 sc MC145498
{FF —MR
Q7.Q6 Q5 Q4 * Q_EOC Q7 06 Q5 Q4 Q3 Q2 Q1 Q0 EOC
O O O O
~—~— c ~ _/
MSB v LSB
TO DIA AND PARALLEL DATA
TO DIA AND
PARALLEL DATA

T FREE RUN MODE

EXTERNAL STROBE
*FF allows EOC to activate as if in 4—stage register.
**Cascading using EOC guaranteed; no stable unfunctional state.
‘tCompletion of conversion automatically re—initiates cycle in free run mode.

Figure 1. 12-Bit Conversion Scheme
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MC14549B, MC14559B

TYPICAL APPLICATIONS

Externally Controlled 6-Bit ADC (Figure 2) Continuously Cycling 12-Bit ADC (Figure 4)
Several features are shown in this application: Because each successive approximation register (SAR)
» Shortening of the register to six bits by feeding the has a capability of handling only an eight—bit word, two
seventh output bit into the FF input. must be cascaded to make an ADC with more than eight bits.
« Continuous conversion, if a continuous signal is applied When it is necessary to cascade two SAR’s, the second
to SC. SAR must have a stable resettable state to remain in while
« Externally controlled updating (the start pulse must be awaiting a subsequent start signal. However, the first stage
shorter than the conversion Cyc|e)_ must not have a stable resettable state while recyCling,

The EOC output indicating that the parallel data are valid P&cause during switch—on or due to outside influences, the
and that the serial output is complete. first stage has entered a reset state, the entire ADC will

remain in a stable non—functional condition.

Continuously Cycling 8-Bit ADC (Figure 3) This 12-bit ADC is continuously recycling. The serial as

This ADC is running continuously because the EOC well as the parallel outputs are updated every thirteenth

signal is fed back to the SC input, immediately initiating a clock pulse. The EOC pulse indicates the completion of the
new cycle on the next clock pulse. 12-bit conversion cycle, the end of the serial output word,

and the validity of the parallel data output.

C
—SC
MC145598 Sout—>
Q7 Q6 Q5 Q4 Q3 Q2 Q1 Q0 FF EOC
L ) l
—~—
TODAC
Figure 2. Externally Controlled 6-Bit ADC
C
SC

> MC14559B Soutf—=

Q7 Q6 Q5 Q4 Q3 Q2 QL Q0 FF EOC

RERRERRES

— _/
—

TO DAC

Figure 3. Continuously Cycling 8-Bit ADC
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MC14549B, MC14559B

- Ebe
C S C
sC out sC Sout

MC145598 e MC14549B
Q7 06 Q5 Q4 Q3 Q2 Q1 Q0 FF EOC Q7 Q6 Q5 Q4 Q3 Q2 Q1 Q0 EOC
vvvi ] THTH] [ EEXERRE)
TODAC TO DAC
\
EOC

Figure 4. Continuously Cycling 12—-Bit ADC

Externally Controlled 12-Bit ADC (Figure 5) Additional Motorola Parts for Successive
In this circuit the external pulse starts the first SAR and Approximation ADC
simultaneously resets the cascaded second SAR. When Q4 Monolithic  digital-to—analog converters — The
of the first SAR goes high, the second SAR starts MC1408/1508 converter has eight—bit resolution and is
conversion, and the first one stops conversion. EOCavailable with 6, 7, and 8-bit accuracyThe
indicates that the parallel data are valid and that the seriapmplifier—comparator block — The MC1407/1507
output is complete. Updating the output data is started withcontains a high speed operational amplifier and a high speed
every external control pulse. comparator with adjustable window.
With these two linear parts it is possible to construct
SA-ADCs with an accuracy of up to eight bits, using as the
register one MC14549B or one MC14559B. An additional
CMOS block will be necessary to generate the clock
frequency.
Additional information on successive approximation
ADC is found in Motorola Application Note AN—716.

l |

sc c Sout sC ¢ Sout
MC145598 MC145498
—» MR
Q7 Q6 Q5 Q4 Q3 Q2 Q1 Q0 FF EOC Q7 Q6 Q5 Q4 Q3 Q2 Q1 Q0 EOC
vvvy | 1] I EXEREED)
— o
TODAC TO DAC
EOC Sout

Figure 5. Externally Controlled 12—-Bit ADC
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MC14551B

Quad 2-Channel Analog
Multiplexer/Demultiplexer

The MC14551B is a digitally—controlled analog switch. This device

implements a 4PDT solid state switch with low ON impedance and ON Semiconductor

very low OFF Leakage current. Control of analog signals up to the

complete supply voltage range can be achieved. http://onsemi.com

* Triple Diode Protection on All Control Inputs

¢ Supply Voltage Range = 3.0 Vdc to 18 Vdc D'\f:ggg\"\fs

* Analog Voltage Range b — Veg) =3.0t0 18 V 16

Note: Veg must be< Vgg PDIP_16 wininininininin

MC14551BCP

¢ Linearized Transfer Characteristics P SUFFIX VLYW
* Low Noise — 12 nWCycle f = 1.0 kHz typical CASE648 L3

. 1
* For Low Ron, Use The HC4051, HC4052, or HC4053 High—Speed
CMOS Devices 16
¢ Switch Function is Break Before Make SOIC-16 '_'”T4r5'5”lg'””
D SUFFIX o AWLYWW
CASE 751B OO OO
1
MAXIMUM RATINGS (2) 16
SOEIAL16 mininininininis]
Symbol Parameter Value Unit ~
d F SUFEIX MC14551B
Vpp | DC Supply Voltage Range -0.5t0+18.0 v 5 CASE 966 |o AWLYWW
(Referenced to Vg, Vgs = Vgg) OOO0OO0O00
1
Vin, Vout | Input or Output Voltage (DC or -05t0Vpp+05 | V
Transient) (Referenced to Vgg for A = Assembly Location
Control Input & Vgg for Switch 1/0) WL or L = Wafer Lot
lin Input Current (DC or Transient), +10 mA Yvory =vear
per Control Pin WW or W = Work Week
lsw Switch Through Current +25 mA
Pb Power Dissipation, per Package (3. 500 mw ORDERING INFORMATION
Ta Ambient Temperature Range —55to +125 °C Device Package Shipping
Tstg Storage Temperature Range - 65to + 150 °C MC14551BCP PDIP-16 2000/Box
T Lead Temperature 260 °C MC14551BD SOIC-16 48/Rail

(8-Second Soldering)

MC14551BDR2 SOIC-16 | 2500/Tape & Reel

2. Maximum Ratings are those values beyond which damage to the device

may occur. MC14551BF SOEIAJ-16 See Note 1.
3. Temperature Derating: 1. For ordering information on the EIAJ version of
Plastic “P and D/DW” Packages: — 7.0 mW/°C From 65°C To 125°C the SOIC packages, please contact your local

ON Semiconductor representative.
This device contains protection circuitry to guard against damage due to high
static voltages or electric fields. However, precautions must be taken to avoid
applications of any voltage higher than maximum rated voltages to this
high—impedance circuit. For proper operation, Vi, and Vg should be constrained
tothe range Vsg < (Vin Or Vout) < Vpp for control inputs and Veg < (Vip or Vout) <
Vpp for Switch 1/0.
Unused inputs must always be tied to an appropriate logic voltage level (e.g.,
either Vgg, VEg or Vpp). Unused outputs must be left open.

0 Semiconductor Components Industries, LLC, 2000 368 Publication Order Number:
March, 2000 — Rev. 3 MC14551B/D



MC14551B

PIN ASSIGNMENT

Wi[| 1e 16 [ Vop
X0 2 15 [Jwo
X1 3 140w
X[ 4 1300z
Y[ 5 120zt
YO 6 1120
Vee [ 7 10 ] v1
Vss [] 8 9 [1 CONTROL
9 0— CONTROL
W0 14
[ 150— W0
10—{w1 Xl-o 4
2 0—X0 COMMONS
SWITCHES | 3 0—X1 OUT/IN
INOUT 6 0— YO Yo 5
10 0— Y1
11020 Z}o13
\ 12021
Vpp = Pin 16 Control ON
Vss =Pin 8 0 WO X0 YO Z0
Veg =Pin7
1 W1 X1 Y1 71

NOTE: Control Input referenced to Vgg, Analog Inputs and
Outputs reference to Vgg. Vgg must be < Vgs.
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ELECTRICAL CHARACTERISTICS

MC14551B

—-55°C 25°C 125°C
Characteristic Symbol | Vpp Test Conditions Min | Max [ Min | Typ 4 | Max | Min Max Unit
SUPPLY REQUIREMENTS (Voltages Referenced to Vgg)
Power Supply Voltage Vpp — | Vpp—-3.02Vgg2 3.0 18 3.0 — 18 3.0 18 \Y
Range VEE
Quiescent Current Per Ibb 5.0 [ Control Inputs: Vi = — 5.0 — 0.005 5.0 — 150 HA
Package 10 Vgs or Vpp, — 10 — 0.010 10 — 300
15 | Switch /O: Vgg = Vijo | — 20 — 0.015 20 — 600
< Vpp. and AVgyjich
< 500 mv (%)
Total Supply Current Ipav) 5.0 | Ta=25°Conly (The (0.07 PAKHZ) f + Ipp HA
(Dynamic Plus 10 channel component, .
. ) Typical  (0.20 pA/kHz) f + Ipp
Quiescent, Per Package) 15 (Vin — Voud)/Ron, is (0.36 PA/KHZ)  + |
not included.) SO b
CONTROL INPUT (Voltages Referenced to Vgg)
Low-Level Input Voltage Vi 5.0 | Ron = per spec, — 15 — 2.25 15 — 15 \Y
10 | loff = per spec — 3.0 — 4.50 3.0 — 3.0
15 — 4.0 — 6.75 4.0 — 4.0
High—Level Input Voltage Vi 5.0 [ Ron = per spec, 35 — 35 2.75 — 35 — \%
10 | lof = per spec 7.0 — 7.0 5.50 — 7.0 —
15 11 — 11 8.25 — 11 —
Input Leakage Current lin 15 | Vih=0o0rVpp — | 01 — | £0.00001 | £0.1 — +1.0 HA
Input Capacitance Cin — — — — 5.0 7.5 — — pF
SWITCHES IN/OUT AND COMMONS OUT/IN — W, X, Y, Z (Voltages Referenced to Vgg)
Recommended Peak-to— Viio — | Channel On or Off 0 Vpbp 0 — Vpp 0 Voo | Vpp
Peak Voltage Into or Out
of the Switch
Recommended Static or AVgyitch | — | Channel On 0 600 0 — 600 0 300 mV
Dynamic Voltage Across
the Switch ) (Figure 3)
Output Offset Voltage Voo — | Vih=0V, No Load — — — 10 — — — puv
ON Resistance Ron 50 | AVgpich < 500mv &), [ — 800 — 250 1050 | — 1200 Q
10 Vin =VjLor Viy — 400 — 120 500 — 520
15 (Control), and Vj, = 220 — 80 280 — 300
0 to Vpp (Switch)
AON Resistance Between ARgn 5.0 — 70 — 25 70 — 135 Q
Any Two Channels 10 — 50 — 10 50 — 95
in the Same Package 15 — 45 — 10 45 — 65
Off-Channel Leakage loff 15 |Vip =V orVy — | £100 [ — +0.05 +100 | — | £1000 | nA
Current (Figure 8) (Control) Channel to
Channel or Any One
Channel
Capacitance, Switch 1/0 Cio — | Switch Off — — — 10 — — — pF
Capacitance, Common O/I Coy — — — — 17 — — — pF
Capacitance, Feedthrough Cio — | Pins Not Adjacent — — — 0.15 — — — pF
(Channel Off) — | Pins Adjacent — — — 0.47 — — —

Data labeled “Typ” is not to be used for design purposes, but is intended as an indication of the IC’s potential performance.

5. For voltage drops across the switch (AVgwitch) > 600 mV (> 300 mV at high temperature), excessive Vpp current may be drawn; i.e. the
current out of the switch may contain both Vpp and switch input components. The reliability of the device will be unaffected unless the
Maximum Ratings are exceeded. (See first page of this data sheet.)
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MC14551B

ELECTRICAL CHARACTERISTICS (C_ =50 pF, Ta = 25°C, Vgg < Vss)

R1=1kQ, R_=10kQ,
Control t, = t; = 20 ns

Vop - Ve
Characteristic Symbol Vdc Min Typ (6) Max Unit
Propagation Delay Times tpLHs tPHL ns
Switch Input to Switch Output (R = 10 kQ)
tF’LHv tPHL = (017 ns/pF) CL + 26.5 ns 5.0 — 35 90
tpLH, tpHL = (0.08 ns/pF) C. + 11 ns 10 — 15 40
tpLHs teHL = (0.06 ns/pF) C. + 9.0 ns 15 — 12 30
Control Input to Output (R = 10 kQ) tpLHs tPHL ns
VEeg = Vsg (Figure 4) 5.0 — 350 875
10 — 140 350
15 — 100 250
Second Harmonic Distortion — 10 — 0.07 — %
RL=10kQ, f=1kHz, Vip =5Vp_,
Bandwidth (Figure 5) BW 10 — 17 — MHz
RL=1 kQ, Vin = 1/2 (VDD - VEE) p—p
20 Log (Vout/ Vin) =—3dB, C_ =50 pF
Off Channel Feedthrough Attenuation, Figure 5 — 10 — -50 — dB
R.=1 kQ, Vin = 1/2 (VDD - VEE) p—ps
fin = 55 MHz
Channel Separation (Figure 6) — 10 — -50 — dB
R|_ =1kQ, Vin =1/2 (VDD - VEE) p—p
fin = 3 MHz
Crosstalk, Control Input to Common O/I, Figure 7 — 10 — 75 — mV

6. Data labelled “Typ” is not to be used for design purposes but is intended as an indication of the IC’s potential performance.
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Vb
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INJOUT o
= VEE
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1
Vbp
LEVEL j
CONVERTED —¢ l
CONTROL J — INOUT
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Figure 1. Switch Circuit Schematic
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Figure 2. MC14551B Functional Diagram

372

http://onsemi.com

0 OUT/IN

OUT/IN

14 W



Voo-Vee o~

MC14551B

TEST CIRCUITS

ON SWITCH
CONTROL
SECTION
OF IC
LOAD

SOURCE

Figure 3. AV Across Switch

Control input used to turn ON or OFF
the switch under test.

CONTROL

2

Figure 5. Bandwidth and Off—-Channel
Feedthrough Attenuation

CONTROL

Figure 7. Crosstalk, Control Input
to Common O/l

Vb

PULSE

GENERATOR [ ™\ Q

CONTROL

(o] (o]
Voo Vee Vee Vob

Figure 4. Propagation Delay Times,
Control to Output

R
ON
° controL -
OFF
Vout

|_ R, Iq:so DF
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Vin

Voo-Vee o~

10k o=

2 N\

Figure 6. Channel Separation
(Adjacent Channels Used for Setup)

OFF CHANNEL UNDER TEST
Vbp
CONTROL
SECTION OTHER |
OFIC CHANNEL(S) Vee

| oV
-|_ I DD

Figure 8. Off Channel Leakage

KEITHLEY 160
DIGITAL
MULTIMETER
1kQ
RANGE XY
PLOTTER

VEE =Vss

L

Figure 9. Channel Resistance (R oy) Test Circuit
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RoN; “ON” RESISTANCE (OHMS)

RoN, “ON" RESISTANCE (OHMS)

MC14551B

TYPICAL RESISTANCE CHARACTERISTICS
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200
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Ty = 125°C]
— |
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T— _550Q

|

8.0

100

|\ 1\
|
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0
-10 -80 -60 -40 -20 0 20 40

Vi, INPUT VOLTAGE (VOLTS)

6.0

Figure 10. Vpp @ 7.5V, VeEg @ - 7.5V
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Figure 12. VvV DD @ 25V, VEE @ -25V
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Figure 11. Vpp @ 5.0 V, VEg @ - 5.0 V
350 —
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/
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Figure 13. Comparison at 25 °C, Vpp @ — Vgg
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MC14551B

APPLICATIONS INFORMATION

Figure A illustrates use of the on—chip level converter margin at each peak. If voltage transients abqyg ahd/or
detailed in Figure 2. The 0-to—5 volt Digital Control signal below Veg are anticipated on the analog channels, external
diodes () are recommended as shown in Figure B. These

is used to directly control a 9\, analog signal.

The digital control logic levels are determined byp/
and Vss The \pp voltage is the logic high voltage; thg ¥
voltage is logic low. For the examplepy = + 5 V = logic
high at the control inputs; 3= GND = 0 V = logic low.

The maximum analog signal level is determined by,V
and Vee. The \pp voltage determines the maximum
recommended peak abovesy The \gg voltage
determines the maximum swing belowsy For the
example, \bp — Vss= 5 volt maximum swing abovedg
Vss — VEg = 5 volt maximum swing below 85 The

example shows 4 4.5 volt signal which allows a 1/2 volt

diodes should be small signal types able to absorb the
maximum anticipated current surges during clipping.

The absolute maximum potential difference between
Vpp and kg is 18.0 volts. Most parameters are specified
up to 15 volts which is the recommended maximum
difference between yp and \Eg.

Balanced supplies are not required. Howeveyg Must
be greater than or equal togd For example, ¥p =
+ 10 volts, \§s=+ 5 volts, and ¥g=—3 volts is acceptable.
See the table below.

+5V J__ -5V
Vop  Vss Vee
+45V
+5V 9Vp-p SWITCH
o]
ANALOG SIGNAL COMMON 9Vpp
ol GND
ANALOG SIGNAL
EXTERNAL 0705V DIGITAL MC14551B
cMOs CONTROL — 45V
DIGITAL CONTROL SIGNAL
CIRCUITRY
J_— Figure A. Application Example
Vbp Vbp
Dy Dy
SWITCH COMMON °
110 o/l
Dy Dy
Vee Vee

POSSIBLE SUPPLY CONNECTIONS

Figure B. External Schottky or Germanium Clipping Diodes

Control Inputs

Vpp Vsg Vee Logic High/Logic Low Maximum Analog Signal Range
In Volts In Volts In Volts In Volts In Volts

+8 0 -8 +8/0 +810-8=16 Vpp

+5 0 -12 +5/0 +5t0-12=17Vp,
+5 0 0 +5/0 +5t00=5Vp

+5 0 -5 +5/0 +51t0-5=10Vpp
+10 -5 +10/+5 +10t0-5=15Vp,
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MC14553B
3-Digit BCD Counter

The MC14553B 3-digit BCD counter consists of 3 negative edge
triggered BCD counters that are cascaded synchronously. A quad latch
at the output of each counter permits storage of any given count. The ON Semiconductor
information is then time division multiplexed, providing one BCD
number or digit at a time. Digit select outputs provide display control.
All outputs are TTL compatible.

An on—chip oscillator provides the low—frequency scanning clock
which drives the multiplexer output selector.

http://onsemi.com

This device is used in instrumentation counters, clock displays, MARKING
digital panel meters, and as a building block for general logic 1£'AGRAMS
applications. PDIP_16
e TTL Compatible Outputs P SUFFIX vatﬁif(ﬁ:vp

. . CASE 648 Lo
* On-Chip Oscillator .
e Cascadable
* Clock Disable Input
* Pulse Shaping Permits Very Slow Rise Times on Input Clock 1ﬁﬁﬁ RAARAR
* Output Latches
v F; Reset Q SOIC-16 145538
¢ Master Rese DW SUFFIX
J\W@m CASE 751G \/
0 AWLYYWW
IiH HEHHHEH
MAXIMUM RATINGS (Voltages Referenced to Vsg) (Note 1.)
Symbol Parameter Value Unit A = Assembly Location
WL orL = Wafer Lot
Vpbp DC Supply Voltage Range -0.5t0 +18.0 \% YYorY =Year
Vin, Vout | Input or Output Voltage Range | —0.5to Vpp + 0.5 Y, WW or W = Work Week

(DC or Transient)

lin Input Current +10 mA

(DC or Transient) per Pin ORDERING INFORMATION

lout Output Current +20 mA
(DC or Transient) per Pin Device Package Shipping
Pp Power Dissipation, 500 mw MC14553BCP PDIP-16 25/Rail
per Package (Note 2.)
MC14553BDW SOIC-16 47/Rail
Ta Ambient Temperature Range —-551t0 +125 °C
Tstg Storage Temperature Range —65 to +150 °C
T Lead Temperature 260 °C
(8—Second Soldering)
1. Maximum Ratings are those values beyond which damage to the device
may occur.
2. Temperature Derating:
Plastic “P and D/DW” Packages: — 7.0 mW/°C From 65°C To 125°C
This device contains protection circuitry to guard against damage due to high
static voltages or electric fields. However, precautions must be taken to avoid
applications of any voltage higher than maximum rated voltages to this
high—impedance circuit. For proper operation, Vi, and Vq; should be constrained
to the range Vgs =< (Vin or Voup) < Vpp-
Unused inputs must always be tied to an appropriate logic voltage level (e.g.,
either Vgg or Vpp). Unused outputs must be left open.
0 Semiconductor Components Industries, LLC, 2000 376 Publication Order Number:

March, 2000 — Rev. 3 MC14553B/D



MC14553B

BLOCK DIAGRAM

il

CIA  CB Q0l—o9
12 0— CLOCK Ql}—o7
Q2|—o06
o—LE
10 Q3|—o05
OFF—o014
11 o—DIS 051 9
DS2|—o1
130—MR DS3}—o15
Vpp =PIN 16
VSS =PIN8
TRUTH TABLE
Inputs
Master
Reset Clock Disable LE Outputs
0 va 0 0 No Change
0 s 0 0 Advance
0 X 1 X No Change
0 1 e 0 Advance
0 1 N 0 No Change
0 0 X X No Change
0 X X va Latched
0 X X 1 Latched
1 X X 0 Q0=0Q1=0Q2=Q3=0
X =Don't Care
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MC14553B

ELECTRICAL CHARACTERISTICS (Voltages Referenced to Vgg)

(CL =50 pF on all outputs, all
buffers switching)

Voo —-55°C 25°C 125°C
Characteristic Symbol | Vdc Min Max Min Typ @) Max Min Max Unit
Output Voltage “0” Level VoL 5.0 — 0.05 — 0 0.05 — 0.05 Vdc
Vin= Vppor 0 10 — 0.05 — 0 0.05 — 0.05
15 — 0.05 — 0 0.05 — 0.05
“1”" Level Vou 5.0 4.95 — 4.95 5.0 — 4.95 — Vdc
Vin =0 or Vpp 10 9.95 — 9.95 10 — 9.95 —
15 14.95 — 14.95 15 — 14.95 —
Input Voltage “0” Level VL Vdc
(Vo = 4.5 or 0.5 Vdc) 5.0 — 15 — 2.25 15 — 15
(Vo =9.0 or 1.0 Vdc) 10 — 3.0 — 4.50 3.0 — 3.0
(Vo = 13.5 or 1.5 Vdc) 15 — 4.0 — 6.75 4.0 — 4.0
“1"Level | V4 Vdc
(Vo = 0.5 or 4.5 Vdc) 5.0 35 — 35 2.75 — 35 —
(Vo =1.0 0r 9.0 Vdc) 10 7.0 — 7.0 5.50 — 7.0 —
(Vo = 1.5 or 13.5 Vdc) 15 11 — 1 8.25 — 11 —
Output Drive Current lon mAdc
(Von = 4.6 Vdc) Source — 5.0 -0.25 — -0.2 -0.36 — 0.14 —
(Vo = 9.5 Vdc) Pin 3 10 -0.62 — -05 -0.9 — 0.35 —
(Vou = 13.5 Vdc) 15 -18 — -15 -35 — 1.1 —
(Voy = 4.6 Vdc) Source — 5.0 -0.64 — -051 -0.88 — -0.36 — mAdc
(Vou = 9.5 Vdc) Other 10 -16 — -13 -2.25 — -0.9 —
(Von = 13.5 Vdc) Outputs 15 -42 — -34 -8.8 — -2.4 —
(VoL = 0.4 Vdc) Sink — loL 5.0 0.5 — 0.4 0.88 — 0.28 — mAdc
(VoL = 0.5 Vdc) Pin 3 10 1.1 — 0.9 2.25 — 0.65 —
(VoL = 1.5 Vdc) 15 1.8 — 15 8.8 — 1.20 —
(VoL =0.4Vdc)  Sink — Other 5.0 3.0 — 25 4.0 — 1.6 — mAdc
(VoL = 0.5 Vdc) Outputs 10 6.0 — 5.0 8.0 — 35 —
(VoL = 1.5 Vdc) 15 18 — 15 20 — 10 —
Input Current lin 15 — +0.1 — +0.00001 | 0.1 — +1.0 pAdc
Input Capacitance Cin — — — — 5.0 7.5 — — pF
(Vin=0)
Quiescent Current Ibp 5.0 — 5.0 — 0.010 5.0 — 150 pAdc
(Per Package) 10 — 10 — 0.020 10 — 300
MR = Vpp 15 — 20 — 0.030 20 — 600
Total Supply Current (4-) (5-) It 5.0 It = (0.35 pA/KHZ) f + Ipp pAdc
(Dynamic plus Quiescent, 10 I =(0.85 pA/kHz) f + Ipp
Per Package) 15 IT = (1.50 pA/kHZ) f + Ipp

3. Data labelled “Typ” is not to be used for design purposes but is intended as an indication of the IC’s potential performance.
4. The formulas given are for the typical characteristics only at 25°C.
5. To calculate total supply current at loads other than 50 pF:

I1(C) = I+(50 pF) + (C__ - 50) Vfk
where: It is in YA (per package), C in pF, V = (Vpp — Vsg) in volts, f in kHz is input frequency, and k = 0.004.
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MC14553B

SWITCHING CHARACTERISTICS () (C, =50 pF, Ta = 25°C)

Characteristic Figure Symbol Vbb Min Typ (7) Max Unit
Output Rise and Fall Time 2a trLHs ns
tTLHs trHe = (1.5 ns/pF) C + 25 ns tTHL 5.0 — 100 200
trLH, trHe = (0.75 ns/pF) CL + 12.5 ns 10 — 50 100
trLHs trHe = (0.55 ns/pF) CL + 9.5 ns 15 — 40 80
Clock to BCD Out 2a tPLH» 5.0 — 900 1800 ns
tpHL 10 — 500 1000
15 — 200 400
Clock to Overflow 2a tPHL 5.0 — 600 1200 ns
10 — 400 800
15 — 200 400
Reset to BCD Out 2b tPHL 5.0 — 900 1800 ns
10 — 500 1000
15 — 300 600
Clock to Latch Enable Setup Time 2b tsu 5.0 600 300 — ns
Master Reset to Latch Enable Setup Time 10 400 200 —
15 200 100 —
Removal Time 2b trem 5.0 -80 —200 — ns
Latch Enable to Clock 10 -10 -70 —
15 0 -50 —
Clock Pulse Width 2a twH(cl) 5.0 550 275 — ns
10 200 100 —
15 150 75 —
Reset Pulse Width 2b twH(R) 5.0 1200 600 — ns
10 600 300 —
15 450 225 —
Reset Removal Time — trem 5.0 -80 —180 — ns
10 0 -50 —
15 20 -30 —
Input Clock Frequency 2a fel 5.0 — 15 0.9 MHz
10 — 5.0 25
15 — 7.0 35
Input Clock Rise Time 2b trLH 5.0 No ns
10 Limit
15
Disable, MR, Latch Enable — trLHs 5.0 — — 15 ps
Rise and Fall Times tTHL 10 — — 5.0
15 — — 4.0
Scan Oscillator Frequency 1 fosc 5.0 — 1.5/C1 — Hz
(C1 measured in pF) 10 — 4.2/C1 —
15 — 7.0/C1 —

6. The formulas given are for the typical characteristics only at 25°C.

7. Data labelled “Typ” is not to be used for design purposes but is intended as an indication of the IC’s potential performance.
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MC14553B

o
CUAMT IO~ OO ANNINORDNDD T PO ORI DDD D D> D DS
A NMITOON~OO A v~ v v v v [celicolicclicoNorNeorNerllerNeorNorNeorierNorNer R B | [celo>NerNerNerNerNerNeo e lerNorNerNop R |
uniTs cLock UMM Ui Ui iU i Ui UriUeT UL rUnUrUrururUnUnUUnY
[ | [ | .IIIIIIII [ | .II . [ [ |
UNITSQo LI L LI Lo oy Lo o
| | | |1 | | | .I [ | | | [ | | | [
UNTsQL _ [ L[ L 1 I L I I 1L [ 1 1l
I | [ | [ I | [
UNITS Q2 I LIl | . [ LI L L
|| || [ || [
UNITS Q3 [ [ | R A [ 1]
I Il |1 |1 Il
TENS CLOCK N N M .71 n_
| | || || ||
TENS Q0 | ", | ) I | .
Il Il Il
TENS Q3 [ 1
N UP AT 80 1 Ll \UPAT980 |!_
HUNDREDS n n n
CLOCK | |
HUNDREDS Q0 I | L
HUNDREDS Q3 L
UP AT 800
DISABLE ] (DISABLES CLOCK WHEN HIGH)
OVERFLOW n
MASTER
RESET-I ,r
|
e T 1L L LT T
| | | | | | | | | | |
DIGITSELECT1 | ~——— | 1 | I 1 | I 1 [
DIGIT SELECT2 — oo ' ' ' ' ' ' ' b
TTL_TENS | | 1 | | 1 I | LI
| | | | | | |
DIGIT SELECT 3 HUNDREDS I I I
Figure 1. 3-Digit Counter Timing Diagram (Reference Figure 3)
@ lG?VDD
PULSE Q3l—o 20 NS —»| = o twLcl
GENERATOR | ¢ 02— :-IISCL ] 20ns g 8 Lo
Q1 J‘CL: cLock 0% 50%
LE o1 c T 10%
OQFO—o—_l Lo T o 4
. i L - =~ PHL
-0 DIS DSt ol = BCDOUT  1q95 /90% W 50% o
DS2f—0 = triy — et
—o0— MR DS3}—o OVERFLOW 50%
8ivss
(b) ?VDD
GENERATOR c Q3

o
1 Q2f—o CL
o1 Lo T o 50%
GENERATOR —O————_ T
) L o-{LE Wfo—— TGT ENABLE
— touL,
OFF0— TG = PHL TPLH — tgy

GENERATOR

—0— MR DSif—o CL =
3 — T BCD OUT 50%
DS2—o0 =
—o—{ DIS DS3|—o ‘
= PHL
Vss
MASTER RESET 7 50%
fwH(R) —

Figure 2. Switching Time Test Circuits and Waveforms
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MC14553B

OPERATING CHARACTERISTICS

The MC14553B three—digit counter, shown in Figure 3, The Master Reset input, when taken high, initializes the
consists of three negative edge—triggered BCD countersthree BCD counters and the multiplexer scanning circuit.
which are cascaded in a synchronous fashion. A quad latchWhile Master Reset is high the digit scanner is set to digit
at the output of each of the three BCD counters permitsone; but all three digit select outputs are disabled to prolong
storage of any given count. The three sets of BCD outputsdisplay life, and the scan oscillator is inhibited. The Disable
(active high), after going through the latches, are time input, when high, prevents the input clock from reaching the
division multiplexed, providing one BCD number or digitat counters, while still retaining the last count. A pulse shaping
a time. Digit select outputs (active low) are provided for circuit at the clock input permits the counters to continue
display control. All outputs are TTL compatible. operating on input pulses with very slow rise times.

An on—chip oscillator provides the low frequency Information present in the counters when the latch input
scanning clock which drives the multiplexer output selector. goes high, will be stored in the latches and will be retained
The frequency of the oscillator can be controlled externally while the latch input is high, independent of other inputs.
by a capacitor between pins 3 and 4, or it can be overriddernformation can be recovered from the latches after the
and driven with an external clock at pin 4. Multiple devices counters have been reset if Latch Enable remains high
can be cascaded using the overflow output, which providesduring the entire reset cycle.
one pulse for every 1000 counts.

Cla
LATCH ENABLE ]
010 _»dr SCAN —O0 <€ PULSE
OSCILLATOR B0 «—~C1 | GENERATOR
* ClB
CLOCK
le R SCANNER
Q0
dr .0 & LATCH
»qR =10 03 o
l UNITS Qo
1
DISABLE
(ACTIVE
HIGH) MULTIPLEXER
,
1
[ o S
Q1 QUAD 8CD
R 20 LATCH OUTPUTS
o TENS Q3 (ACTIVE
HIGH)
u —c{>—gQZ
+—>QqC Q0
Q1 QUAD 5 ;
»dr Q2 LATCH Q
o +10 Q3
HUNDREDS
20 10 150
DS1 DS2 DS3
13 I 1 (LSD) DIGIT SELECT (MSD)
MR OVERFLOW (ACTIVE LOW)
(ACTIVE HIGH)

Figure 3. Expanded Block Diagram

http://onsemi.com
381



MC14553B

(LN3IWO3S ¥3d vw 0T > feed )
SQ37INIYIND MO 34V SAV1dSIA

— — — — VW0 _mﬂnﬂl

— — — — BAATL 9U|o
| ] | O O o o | oG [ -
A Yy O A RV N WG N

— — —— — 1)3&(dﬂg g T

_— _— _— — .>\<<|m@ <m

ada

¢ T ST 6 L |9 |s

T
7T w 917 w
Gl N I ~D)
G idg
gersyTon  d
a , S v Ao
T z
o] HE
5L v ml_
e It Jstle |z ]9 |s
7Sd2zsd €sd 00 10 2O €0 _
A sofeT
819 8ESSYTON
¢ 310
710w £y °a
€T o1

1Sd2Sd €sd 00 10 2O €0

7717 © SId [
19 8ESSPTON
IR - LNdNI
00TV - Oz 0010
¥
€T o1
1353y

38041S

Figure 4. Six—Digit Display
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MC14555B, MC14556B

Dual Binary to 1-of-4
Decoder/Demultiplexer

The MC14555B and MC14556B are constructed with
complementary MOS (CMOS) enhancement mode devices. Each
Decoder/Demultiplexer has two select inputs (A and B), an active low
Enable input (E), and four mutually exclusive outputs (QO, Q1, Q2,
Q3). The MC14555B has the selected output go to the “high” state,
and the MC14556B has the selected output go to the “low” state.

Expanded decoding such as binary—-to—hexadecimal (1-0f-16), etc.,

can be achieved by using other MC14555B or MC14556B devices.
Applications include code conversion, address decoding, memory

ON Semiconductor

http://onsemi.com

selection control, and demultiplexing (using the Enable input as a dataW

input) in digital data transmission systems.

¢ Diode Protection on All Inputs

¢ Active High or Active Low Outputs

¢ Expandable

¢ Supply Voltage Range = 3.0 Vdc to 18 Vdc
¢ All Outputs Buffered

* Capable of Driving Two Low—Power TTL Loads or One Low—Power

Schottky TTL Load Over the Rated Temperature Range

PDIP-16
P SUFFIX
CASE 648

SOIC-16
D SUFFIX

CASE 751B

SOEIAJ-16

F SUFFIX
CASE 966

MARKING
DIAGRAMS
16

MC1455XBCP
o AWLYYWW

1

16
mininininininin

1455XB
o AWLYWW

M
1

16
mininininininin

MC1455XB
o AWLYWW

M
1

MAXIMUM RATINGS (Voltages Referenced to Vss) (Note 2.) X = Specific Device Code
A = Assembly Location
Symbol Parameter Value Unit WL or L = Wafer Lot
YYorY =Year
-0. +18.
Vpp DC Supply Voltage Range 0.5to +18.0 \% WW or W = Work Week
Vin, Vout | Input or Output Voltage Range —-0.5t0 Vpp + 0.5 \%
(DC or Transient)
lins Tout Input or Output Current +10 mA ORDERING INFORMATION
(DC or Transient) per Pin A .
Device Package Shipping
Pp Power Dissipation, 500 mwW
per Package (Note 3) MC14555BCP PDIP-16 2000/Box
Ta Ambient Temperature Range —-55to0 +125 °C MC14555BD SOIC-16 48/Rail
Tstg Storage Temperature Range —651t0 +150 °C MC14555BDR2 SOIC-16 | 2500/Tape & Reel
s Lead Temperature 260 °C MC14555BF SOEIAJ-16|  See Note 1.
(8—Second Soldering)
2. Maximum Ratings are those values beyond which damage to the device MC14555BFEL SOEIAJ-16 See Note 1.
3. Tomperature Derafing: MC14556BCP PDIP-16 2000/Box
Plastic “P and D/DW” Packages: — 7.0 mW/°C From 65°C To 125°C MC14556BD SOIC-16 48/Rail
T_his device contains _pro_tection circuitry to guard_against damage due to high MC14556BDR2 SOIC-16 | 2500/Tape & Reel
static voltages or electric fields. However, precautions must be taken to avoid
applications of any voltage higher than maximum rated voltages to this MC14556BE SOEIAJ-16 See Note 1.
high—-impedance circuit. For proper operation, Vj, and Vq; should be constrained
to the range Vss < (Vin or Vout) < Vpp- MC14556BFEL SOEIAJ-16 See Note 1.

Unused inputs must always be tied to an appropriate logic voltage level (e.g.,
either Vgg or Vpp). Unused outputs must be left open.
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1. For ordering information on the EIAJ version of
the SOIC packages, please contact your local
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MC14555B, MC14556B

PIN ASSIGNMENTS

MC14555B MC14556B
Enl] 10 16 [1 Vpp Enll Lo 16 [1 Vop
Al 2 15 1 Ep Al 2 15 1B
Ball 3 14 [] Ag Ball 3 14 1 Ag
Q05 [ 4 13 [1Bg Q0p [ 4 13 [1Bg
Qla[] 5 12 [1QOg Qlall 5 12 [1 Q0
Q2p [ 6 u Qi Q2a[] 6 11 [1Qlg
Q3 ll 7 10 [1 Q2 Q] 7 10 [1Q2g
Vss [ 8 9 [ Q3 Vss [ 8 9 [1Q3g

TRUTH TABLE

Inputs Outputs
Enable | Select MC14555B MC145568
E [B| A |Q3|Q2|0Q1|Q0(Q3[02|Q1| %0
o [o|lo |o|lo|lo|la|la]a]1]o
o o1 |oflo|l1|lofl1|l1|of1
0 1 0 0 1100|120 1] 1
0 1 1 1 ojojojof1f12]1
1 X X 0 ojojoj1f{1f12]1
X =Don't Care
BLOCK DIAGRAM
MC14555B MC145568
2—A QF—4 2—A Q—14
3—|B QL 5 3—|B Q 5
Q2}—6 Q2—6
1—dE 03 ; 1—dE % ;
14 ——A QEF—12 14—A Q——12
13—B Ql—11 13—B Q—1
5 Q2—10 5 Q2F—10
—qE Bl—09 s forc) M-
Vpp =PIN 16

VSS =PIN8
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MC14555B, MC14556B

ELECTRICAL CHARACTERISTICS (Voltages Referenced to Vgg)

Voo —-55°C 25°C 125°C
Characteristic Symbol | Vdc Min Max Min Typ 4) Max Min Max Unit
Output Voltage “0” Level VoL 5.0 — 0.05 — 0 0.05 — 0.05 Vdc
Vin = Vpp or 0 10 — 0.05 — 0 0.05 — 0.05
15 — 0.05 — 0 0.05 — 0.05
“1” Level Vou 5.0 4.95 — 4.95 5.0 — 4.95 — Vdc
Vin =0 or Vpp 10 9.95 — 9.95 10 — 9.95 —
15 14.95 — 14.95 15 — 14.95 —
Input Voltage “0” Level VL Vdc
(Vo = 4.5 or 0.5 Vdc) 5.0 — 15 — 2.25 1.5 — 15
(Vo =9.0 or 1.0 Vdc) 10 — 3.0 — 4.50 3.0 — 3.0
(Vo = 13.5 or 1.5 Vdc) 15 — 4.0 — 6.75 4.0 — 4.0
“1"Level | Vi Vdc
(Vo = 0.5 or 4.5 Vdc) 5.0 35 — 35 2.75 — 35 —
(Vo =1.0 0r 9.0 Vdc) 10 7.0 — 7.0 5.50 — 7.0 —
(Vo = 1.5 or 13.5 Vdc) 15 11 — 11 8.25 — 11 —
Output Drive Current loH mAdc
(Von = 2.5 Vdc) Source 5.0 -3.0 — -24 —-4.2 — -1.7 —
(Von = 4.6 Vdc) 5.0 -0.64 — -051 [ -0.88 — -0.36 —
(Von = 9.5 Vdc) 10 -1.6 — -1.3 -2.25 — -09 —
(Von = 13.5 vdc) 15 -4.2 — -34 -8.8 — —-24 —
(VoL = 0.4 Vvdc) Sink loL 5.0 0.64 — 0.51 0.88 — 0.36 — mAdc
(VoL = 0.5 Vdc) 10 1.6 — 1.3 2.25 — 0.9 —
(VoL = 1.5 Vdc) 15 4.2 — 3.4 8.8 — 2.4 —
Input Current lin 15 — +0.1 — +0.00001 +0.1 — +1.0 pAdc
Input Capacitance Cin — — — — 5.0 7.5 — — pF
(Vin=0)
Quiescent Current Ibp 5.0 — 5.0 — 0.005 5.0 — 150 pAdc
(Per Package) 10 — 10 — 0.010 10 — 300
15 — 20 — 0.015 20 — 600
Total Supply Current () (6) Ir 5.0 I+ = (0.85 pA/kHz) f + Ipp pAdc
(Dynamic plus Quiescent, 10 I+ =(1.70 pA/kHz) f + Ipp
Per Package) 15 IT =(2.60 pA/KHZ) f + Ipp
(CL =50 pF on all outputs, all
buffers switching)

4. Data labelled “Typ” is not to be used for design purposes but is intended as an indication of the IC’s potential performance.
5. The formulas given are for the typical characteristics only at 25°C.
6. To calculate total supply current at loads other than 50 pF:

I7(Cp) = I+(50 pF) + (C_ — 50) Vfk
where: It is in YA (per package), C in pF, V = (Vpp — Vsg) in volts, f in kHz is input frequency, and k = 0.002.
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MC14555B, MC14556B

SWITCHING CHARACTERISTICS (7)) (C_ =50 pF, Ta = 25°C)

Characteristic Symbol Vbp Min Typ &) Max Unit

Output Rise and Fall Time tTLH ns
tTLHs trHe = (1.5 ns/pF) C + 25 ns trHL 5.0 — 100 200
trLH, trHe = (0.75 ns/pF) CL + 12.5 ns 10 — 50 100
trLHs trHe = (0.55 ns/pF) CL + 9.5 ns 15 — 40 80

Propagation Delay Time — A, B to Output tpLH, ns
tpLH, tpHL = (1.7 ns/pF) C + 135 ns tPHL 5.0 — 220 440
tpLHs tpHL = (0.66 ns/pF) C + 62 ns 10 — 95 190
tpLH, tpHL = (0.5 ns/pF) C + 45 ns 15 — 70 140

Propagation Delay Time — E to Output tpLH, ns
tpLH, tpHL = (1.7 ns/pF) C + 115 ns tPHL 5.0 — 200 400
tpLHs tpHL = (0.66 ns/pF) C + 52 ns 10 — 85 170
tpLH, tpHL = (0.5 ns/pF) C| + 40 ns 15 — 65 130

7. The formulas given are for the typical characteristics only at 25°C.
8. Data labelled “Typ” is not to be used for design purposes but is intended as an indication of the IC’s potential performance.
INPUT E LOW
20 ns —>| 20 ns INPUT A HIGH, INPUT E LOW
20 ns «— 20 ns
]
/9% X Voo
AINPUTS 1 Vss INPUT B 50% N
(50% DUTY CYCLE) o v — 10% Y Vss
oD tpHL —> —> tpLH
OUTPUT Q3 0% Yo
BINPUTS Vss " 4556QB gggf
(50% DUTY CYCLE) 0 VoL
VoH trHL . re—trLy
/ \ tpLH tpHL v
OUTPUT Q1 VoL OUTPUT Q3 oy o
MC145558 ;

All 8 outputs connect to respective C; loads.
fin respect to a system clock.

Figure 1. Dynamic Power Dissipation Signal Waveforms

LOGIC DIAGRAM
(1/2 of Dual)

A

E

oot >
oo >
o

*Eliminated for MC14555B
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Qo

01
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Figure 2. Dynamic Signal Waveforms




MC14557B

1-to-64 Bit Variable Length
Shift Register

The MC14557B is a static clocked serial shift register whose length

may be programmed to be any number of bits between 1 and 64. The ON Semiconductor
number of bits selected is equal to the sum of the subscripts of the .
enabled Length Control inputs (L1, L2, L4, L8, L16, and L32) plus http://onsemi.com

one. Serial data may be selected from the A or B data inputs with the
A/B select input. This feature is useful for recirculation purposes. A

Clock Enable (CE) input is provided to allow gating of the clock or MARKING
negative edge clocking capability. DIAGRAMS
The device can be effectively used for variable digital delay lines or 16
simply to implement odd length shift registers. ;g:j’l;':l& MCL4557BCP
 1-64 Bit Programmable Length CASE 648 Lo AWLYYWW
* Q and QSerial Buffered Outputs 1
* Asynchronous Master Reset
16
¢ All Inputs Buffered ARAAAARAA
* No Limit On Clock Rise and Fall Times SOIC-16 145578
* Supply Voltage Range = 3.0 Vdc to 18 Vdc W DW SUFFIX )
* Capable of Driving Two Low—power TTL Loads or one Low—power CASETRIG o awlyyww
Schottky TTL Load Over the Rated Temperature Range HHEHHHHHHE
1
16
minininininininl
MAXIMUM RATINGS (Voltages Referenced to Vss) (Note 2.) SI?ISE:JAI‘:‘JI;&G MC145578B
Symbol Parameter Value Unit CASE 966 o AWLYWW
OO
Vpp DC Supply Voltage Range —0.5t0 +18.0 \% 1
Vin, Vout | Input or Output Voltage Range —-0.5t0 Vpp + 0.5 \ .
(DC or Transient) A = Assembly Location
WL orL = Wafer Lot
lins lout Input or Output Current +10 mA YYorY =Year
(DC or Transient) per Pin WW or W = Work Week

Pp Power Dissipation, 500 mw

per Package (Note 3.)
ORDERING INFORMATION

Ta Ambient Temperature Range —55to +125 °C
Tstg Storage Temperature Range —65to +150 °C Device Package Shipping
T Lead Temperature 260 oC MC14557BCP PDIP-16 2000/Box
(8-Second Soldering) MC14557BDW SOIC-16 47/Rail
2. Maximum Ratings are those values beyond which damage to the device
may occur. MC14557BDWR2 SOIC-16 1000/Tape & Reel
3. Temperature Derating:
Plastic “P and D/DW" Packages: — 7.0 mW/°C From 65°C To 125°C MC14557BF SOEIAJ-16|  See Note 1.
This device contains protection circuitry to guard against damage due to high MC14557BFEL | SOEIAJ-16|  See Note 1.

staug vqltages or electric f|elds.‘ However, preca_utlons must be taken to av0{d 1. For ordering information on the EIAJ version of
applications of any voltage higher than maximum rated voltages to this the SOIC packages, please contact your local
high—-impedance circuit. For proper operation, Vi, and Vq; should be constrained ON Semiconductor representative.
to the range Vgs < (Vij, or Vout) < Vpp.

Unused inputs must always be tied to an appropriate logic voltage level (e.g.,
either Vgg or Vpp). Unused outputs must be left open.

0 Semiconductor Components Industries, LLC, 2000 387 Publication Order Number:
March, 2000 — Rev. 3 MC14557B/D



RESET ]
CLOCK []
CE[]

Vss [l

MC14557B

PIN ASSIGNMENT

12 10

EN

B
Al

o ~N o O B~ W

16
15
14
13
12
1
10

9

[l Voo
L4
N8
0L16

0 L32
0Q

0Q

[ A/B SEL

BLOCK DIAGRAM

3 —— RESET

4 —— CLOCK

5 ——CE

6——B QF——10

7—A

9 —— A/B SELECT

2—L1

1—lL2
15— L4 Qb—1u
14 — L8
13 ——L16
12— 132

Vpp = PIN 16
Vgs=PIN 8
TRUTH TABLE
Inputs Output
Rst | AIB | Clock | CE Q

0 0 e 0 B
0 1 va 0 A
0 0 1 N B
0 1 1 N A
1 X X X 0

Q is the output of the first selected shift
register stage.

X =Don't Care

LENGTH SELECT TRUTH TABLE

L32 (L16 | L8 L4 L2 L1 Register Length
0 0 0 0 0 0 1 Bit
0 0 0 0 0 1 2 Bits
0 0 0 0 1 0 3 Bits
0 0 0 0 1 1 4 Bits
0 0 0 1 0 0 5 Bits
0 0 0 1 0 1 6 Bits
1 0 0 0 0 0 33 Bits
1 0 0 0 0 1 34 Bits
1 1 1 1 0 0 61 Bits
1 1 1 1 1 1 62 Bits
1 1 1 1 1 0 63 Bits
1 1 1 1 0 1 64 Bits

NOTE: Length equals the sum of the binary length control
subscripts plus one.

http://onsemi.com
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MC14557B

ELECTRICAL CHARACTERISTICS (Voltages Referenced to Vgg)

Voo —-55°C 25°C 125°C
Characteristic Symbol | Vdc Min Max Min Typ 4) Max Min Max Unit
Output Voltage “0” Level VoL 5.0 — 0.05 — 0 0.05 — 0.05 Vdc
Vin = Vpp or 0 10 — 0.05 — 0 0.05 — 0.05
15 — 0.05 — 0 0.05 — 0.05
“1” Level Vou 5.0 4.95 — 4.95 5.0 — 4.95 — Vdc
Vin =0 or Vpp 10 9.95 — 9.95 10 — 9.95 —
15 14.95 — 14.95 15 — 14.95 —
Input Voltage “0” Level VL Vdc
(Vo = 4.5 or 0.5 Vdc) 5.0 — 15 — 2.25 1.5 — 15
(Vo =9.0 or 1.0 Vdc) 10 — 3.0 — 4.50 3.0 — 3.0
(Vo = 13.5 or 1.5 Vdc) 15 — 4.0 — 6.75 4.0 — 4.0
“1"Level | V4 Vdc
(Vo = 0.5 or 4.5 Vdc) 5.0 35 — 35 2.75 — 35 —
(Vo =1.0 0r 9.0 Vdc) 10 7.0 — 7.0 5.50 — 7.0 —
(Vo = 1.5 or 13.5 Vdc) 15 11 — 11 8.25 — 11 —
Output Drive Current loH mAdc
(Von =2.5Vdc) Source 5.0 -3.0 — -24 —-4.2 — -17 —
(Von = 4.6 Vdc) 50 | -064 — -051 | —-0.88 — -0.36 —
(Von = 9.5 Vdc) 10 -16 — -13 -2.25 — -0.9 —
(Von = 13.5 Vdc) 15 -42 — -34 -88 — -24 —
(VoL = 0.4 Vvdc) Sink loL 5.0 0.64 — 0.51 0.88 — 0.36 —
(VoL = 0.5 Vdc) 10 1.6 — 1.3 2.25 — 0.9 —
(VoL = 1.5 Vdc) 15 4.2 — 34 8.8 — 2.4 —
Input Current lin 15 — +0.1 — +0.00001 | 0.1 — +1.0 pAdc
Input Capacitance Cin — — — — 5.0 7.5 — — pF
(Vin=0)
Quiescent Current Ibp 5.0 — 5.0 — 0.010 5.0 — 150 pAdc
(Per Package) 10 — 10 — 0.020 10 — 300
15 — 20 — 0.030 20 — 600
Total Supply Current ) (6.) It 5.0 It = (1.75 pA/kHz) f + Ipp pAdc
(Dynamic plus Quiescent, 10 It =(3.50 pA/kHz) f + Ipp
Per Package) 15 IT=(5.25 pA/kHZ) f + Ipp
(CL =50 pF on all outputs, all
buffers switching)

4. Data labelled “Typ” is not to be used for design purposes but is intended as an indication of the IC’s potential performance.
5. The formulas given are for the typical characteristics only at 25°C.
6. To calculate total supply current at loads other than 50 pF:

I7(Cp) = I+(50 pF) + (C_ — 50) Vfk
where: It is in YA (per package), C in pF, V = (Vpp — Vsg) in volts, f in kHz is input frequency, and k = 0.001.
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MC14557B

SWITCHING CHARACTERISTICS (7)) (C_ =50 pF, Ta = 25°C)

Characteristic Symbol Vpb Min Typ &) Max Unit
Rise and Fall Time, Q or Q Output trLH, ns
trLHs trHe = (1.5 ns/pF) C + 25 ns tTHL 5 — 100 200
tTLHs ttHL = (0.75 ns/pF) C + 12.5 ns 10 — 50 100
trLH, ttHL = (0.55 ns/pF) C + 9.5 ns 15 — 40 80
Propagation Delay, Clock or CE to Q or Q tpLH» ns
tpLHs teHL = (1.7 ns/pF) C + 215 ns tpHL 5 — 300 600
tpLH, tpHL = (0.66 ns/pF) C + 97 ns 10 — 130 260
tpLHs tPHL = (05 ns/pF) CL +65ns 15 — 90 180
Propagation Delay, Reset to Q or Q tPLH, ns
tpLns teHL = (1.7 ns/pF) C + 215 ns tpHL 5 — 300 600
tpLH, tpHL = (0.66 ns/pF) C + 97 ns 10 — 130 260
tpLHs teHL = (0.5 ns/pF) C + 70 ns 15 — 95 190
Pulse Width, Clock twH(cl) 5 200 95 — ns
10 100 45 —
15 75 35 —
Pulse Width, Reset twH(rst) 5 300 150 — ns
10 140 70 —
15 100 50 —
Clock Frequency (50% Duty Cycle) fel 5 — 3.0 1.7 MHz
10 — 7.5 5.0
15 — 13.0 6.7
Setup Time, A or B to Clock or CE tsu ns
Worst case condition: L1 =1L2=1L4=1L8= 5 700 350 —
L16 = L32 = Vgg (Register Length = 1) 10 290 130 —
15 145 85 —
Best case condition: L32 = Vpp, L1 through L16 = 5 400 45 —
Don’t Care (Any register length from 33 to 64) 10 165 5 —
15 60 0 —
Hold Time, Clock or CE to A or B th ns
Best case condition: L1=1L2=1L4=18=L16= 5 200 - 150 —
L32 = Vgg (Register Length = 1) 10 100 - 60 —
15 10 -50 —
Worst case condition: L32 = Vpp, L1 through L16 = 5 400 50 —
Don’t Care (Any register length from 33 to 64) 10 185 25 —
15 85 22 —
Rise and Fall Time, Clock tr 5 —
tf 10 No Limit
15
Rise and Fall Time, Reset or CE ty, 5 — — 15 us
t 10 — — 5
15 — — 4
Removal Time, Reset to Clock or CE trem 5 160 80 — ns
10 80 40 —
15 70 35 —

7. The formulas given are for the typical characteristics only at 25°C.

8. Data labelled “Typ” is not to be used for design purposes but is intended as an indication of the IC’s potential performance.
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MC14557B

TIMING DIAGRAM

50%
CLOCK ——| _ twH(l
«—— 1/f) ———>
50%
AINPUT
tSU
—
RESET
1-bit length:
CE=0
AB=1 Q f
tpLH —>

L1=12=14=18=L16=1L32=0
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MC14562B

128-Bit Static Shift
Register

The MC14562B is a 128-bit static shift register constructed with
MOS P-channel and N-channel enhancement mode devices in a
single monolithic structure. Data is clocked in and out of the shift
register on the positive edge of the clock input. Data outputs are
available every 16 bits, from 16 through bit 128. This complementary
MOS shift register is primarily used where low power dissipation
and/or high noise immunity is desired.

* Diode Protection on All Inputs
¢ Fully Static Operation

V PDIP-14

ON Semiconductor

http://onsemi.com

MARKING
DIAGRAMS
14

¢ Cascadable to Provide Longer Shift Register Lengths ml. P SUFEIX MC14562BCP
* Supply Voltage Range = 3.0 Vdc to 18 Vdc CASE 646 Lo AWLYYWW
* Capable of Driving Two Low—power TTL Loads or One Low—power 1
Schottky TTL Load Over the Rated Temperature Range
A = Assembly Location
WL orL = Wafer Lot
YYorY =Year

WW or W = Work Week

MAXIMUM RATINGS (Voltages Referenced to Vss) (Note 1.)

Symbol Parameter Value Unit
Vpp DC Supply Voltage Range -0.5t0 +18.0 \%
Vin, Vout | Input or Output Voltage Range —-0.5t0 Vpp + 0.5 \
(DC or Transient)
lins lout Input or Output Current +10 mA
(DC or Transient) per Pin
Pp Power Dissipation, 500 mw
per Package (Note 2.)
Ta Ambient Temperature Range —-551t0 +125 C ORDERING INFORMATION
Tstg Storage Temperature Range —65 to +150 °C
Device Package Shipping
T Lead Temperature 260 °C
(8—Second Soldering) MC14562BCP PDIP-14 25/Rail

1. Maximum Ratings are those values beyond which damage to the device
may occur.

2. Temperature Derating:
Plastic “P and D/DW" Packages: — 7.0 mW/°C From 65°C To 125°C

This device contains protection circuitry to guard against damage due to high
static voltages or electric fields. However, precautions must be taken to avoid
applications of any voltage higher than maximum rated voltages to this
high—impedance circuit. For proper operation, Vi, and Vo should be constrained
to the range Vgg < (Vj, or Vout) < Vpp.

Unused inputs must always be tied to an appropriate logic voltage level (e.g.,
either Vgg or Vpp). Unused outputs must be left open.
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cLOCK SO—W

MC14562B

PIN ASSIGNMENT

Qe4l] 10 14 [1 vpp
Q96 [ 2 131 Q32
Q128 (] 3 12 [1 DATA
NC [ 4 11 [INC
cLock ] 5 10 [1 Q16
Qu2[ 6 9148
Vs [} 7 8 [1 Q8o

NC = NO CONNECTION

BLOCK DIAGRAM

Q16
Q32
Q48
Q64
Q80
Q96
Q112
Q128

—O 10
—0 13
—o0 9
—O 1
—O 8
—O 2
—O 6
—O 3

12 0—— DATA

5 O—— CLOCK

Pins 4 and 11
not used.

Vpp = PIN 14
Vss=PIN7

LOGIC DIAGRAM

DATAIN 12
« . . C
J ) 2 P4
—D Q DQ D Q[$TD Q D Q%D Q D Q%D Q D Q%D Q
otc | He | He ["He || Ye [He | [He [ YHe || YHe | Ye
1 2 3 16 w7 32 33 18 49 64
5 s 5 5 —>—o10 s
D Qf$TD Q D Qi5D Q D Q[$1D Q D QBSTD Qf
c |"Ye || Ye [THe | Ye |"He | [YHe | TYe 13 Q32
65 80 81 % 97 w2 || |ms| |28
9 Qa8
> o1 ou
=[>—os Q80
{>—2 oo
=[>—°6 Q112
>3 qus
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MC14562B

ELECTRICAL CHARACTERISTICS (Voltages Referenced to Vgg)

Voo —-55°C 25°C 125°C
Characteristic Symbol | Vdc Min Max Min Typ @) Max Min Max Unit
Output Voltage “0” Level VoL 5.0 — 0.05 — 0 0.05 — 0.05 Vdc
Vin = Vpp or 0 10 — 0.05 — 0 0.05 — 0.05
15 — 0.05 — 0 0.05 — 0.05
“1” Level Vou 5.0 4.95 — 4.95 5.0 — 4.95 — Vdc
Vin =0 or Vpp 10 9.95 — 9.95 10 — 9.95 —
15 14.95 — 14.95 15 — 14.95 —
Input Voltage “0” Level VL Vdc
(Vo = 4.5 or 05 Vdc) 5.0 — 15 — 2.25 1.5 — 15
(Vo =9.0 or 1.0 Vdc) 10 — 3.0 — 4.50 3.0 — 3.0
(Vo = 13.5 or 1.5 Vdc) 15 — 4.0 — 6.75 4.0 — 4.0
“1"Level | Vi Vdc
(Vo = 0.5 or 4.5 Vdc) 5.0 35 — 35 2.75 — 35 —
(Vo =1.0 0r 9.0 Vdc) 10 7.0 — 7.0 5.50 — 7.0 —
(Vo = 1.5 or 13.5 Vdc) 15 11 — 11 8.25 — 11 —
Output Drive Current loH mAdc
(Von = 2.5 Vdc) Source 5.0 -3.0 — -24 —-4.2 — -1.7 —
(Von = 4.6 Vdc) 5.0 -0.64 — -051 [ -0.88 — -0.36 —
(Von = 9.5 Vdc) 10 -1.6 — -1.3 -2.25 — -09 —
(Von = 13.5 vdc) 15 -4.2 — -34 -8.8 — —-24 —
(VoL = 0.4 Vvdc) Sink loL 5.0 0.64 — 0.51 0.88 — 0.36 — mAdc
(VoL = 0.5 Vdc) 10 1.6 — 1.3 2.25 — 0.9 —
(VoL = 1.5 Vdc) 15 4.2 — 3.4 8.8 — 2.4 —
Input Current lin 15 — +0.1 — +0.00001 +0.1 — +1.0 pAdc
Input Capacitance Cin — — — — 5.0 7.5 — — pF
(Vin=0)
Quiescent Current Ibp 5.0 — 5.0 — 0.010 5.0 — 150 pAdc
(Per Package) 10 — 10 — 0.020 10 — 300
15 — 20 — 0.030 20 — 600
Total Supply Current (4) (5) Ir 5.0 It = (1.94 pA/kHz) f + Ipp pAdc
(Dynamic plus Quiescent, 10 I+ =(3.81 pA/kHz) f + Ipp
Per Package) 15 IT = (5.52 pA/kHZ) f + Ipp
(CL =50 pF on all outputs, all
buffers switching)

3. Data labelled “Typ” is not to be used for design purposes but is intended as an indication of the IC’s potential performance.
4. The formulas given are for the typical characteristics only at 25°C.
5. To calculate total supply current at loads other than 50 pF:

I7(Cp) = I+(50 pF) + (C_ — 50) Vfk
where: It is in YA (per package), C in pF, V = (Vpp — Vsg) in volts, f in kHz is input frequency, and k = 0.004.
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MC14562B

SWITCHING CHARACTERISTICS (6) (C, =50 pF, Ta = 25°C)

Characteristic Symbol Vbb Min Typ (7) Max Unit
Output Rise and Fall Time tTLH ns
tTLHs trHe = (1.5 ns/pF) C + 25 ns trHL 5.0 — 100 200
trLH, trHe = (0.75 ns/pF) CL + 12.5 ns 10 — 50 100
trLHs trHe = (0.55 ns/pF) CL + 9.5 ns 15 — 40 80
Propagation Delay Time tpLH, ns
Clock to Q tPHL
tpLHs tpHL = (1.7 ns/pF) C + 515 ns 5.0 — 600 1200
tpLH, tpHL = (0.66 ns/pF) C| + 217 ns 10 — 250 500
tF’LHv tPHL = (05 ns/pF) CL + 145 ns 15 —_ 170 340
Clock Pulse Width twH 5.0 600 300 — ns
(50% Duty Cycle) 10 220 110 —
15 150 75 —
Clock Pulse Frequency fel 5.0 — 1.9 11 MHz
10 — 5.6 3.0
15 — 8.0 4.0
Data to Clock Setup Time tsu(n) 5.0 -20 - 170 — ns
10 -10 - 64 —
15 0 - 60 —
tsu(0) 5.0 -20 -91 — ns
10 -10 —-58 —
15 0 —48 —
Data to Clock Hold Time th() 5.0 350 263 — ns
10 165 109 —
15 155 100 —
th(o) 5.0 350 267 — ns
10 200 140 —
15 140 93 —
Clock Input Rise and Fall Times ty tf 5.0 — — 15 us
10 — — 5
15 — — 4

6. The formulas given are for the typical characteristics only at 25°C.

7. Data labelled “Typ” is not to be used for design purposes but is intended as an indication of the IC’s potential performance.
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MC14562B

o—— DATA 032

o—| cLock Q9%

Vbb
Vss

Vb

Vss

Figure 1. Power Dissipation Test Circuit and Waveforms
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MC14562B

TIMING DIAGRAM

PIN PULSE 1 PULSE 16 PULSE 32 PULSE 128

NO.'S |<—>| |‘—’| |‘—’| |<—'|

DATAIN 12_/_\_5( I I
J ) D))
Q16 10 (« / \__ I

) ))) )

Q32 13 « «« / \__ (C
»)) ))) »))

Q28 3 (« « « /_\_
»)) ))) »))

AC TEST WAVEFORMS

<«— PULSE 1 —>|<«— PULSE 2 -<«— PULSE 16 —>|<«— PULSE 17
CLOCK 50% 50% /507\__’ \90% Yoo
0 0 0
10%
\_7 _OS VSS
~—> 1wy t— |e—
twi 1
/ SS Voo
DATAIN 50% 7 50%
Vss
tsu(0) t
h(
= SS Voo
Q16
Vss
tPHL—<—> ¢
THL
~<— PULSE 1 —>|<=— PULSE 2 <— PULSE 16 —>|<— PULSE 17
Vop
50% 50% 50%
CLOCK
N/ Ves
> tyH
< >—twi
SS Vbp
DATAIN 50% 50%
Vss
tsu(l)
tha)
16
Q (C
J) t
PLH—

tTHL—>| |<—

NOTE: The remaining Data—Bit Outputs (Q32, Q48, Q64, Q80, Q96, Q112 and Q128) will occur at Clock Pulse 32, 48, 64, 80,
96, 112, 128 in the same relationship as Q16.
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MC14569B

Programmable Divide-By-N
Dual 4-Bit Binary/BCD
Down Counter

The MC14569B is a programmable divide—by—N dual 4—bit binary
or BCD down counter constructed with MOS P-channel and http://onsemi.com
N—channel enhancement mode devices (complementary MOS) in &
monolithic structure.

ON Semiconductor

This device has been designed for use with the MC14568B phase MARKING
comparator/counter in frequency synthesizers, phase—locked loops, DIAGRAMS
and other frequency division applications requiring low power 16

dissipation and/or high noise immunity. PDIP-16
N . P SUFEIX MC14569BCP
¢ Speed-up Circuitry for Zero Detection CASE 648 Lo AWLYYWW
* Each 4-Bit Counter Can Divide Independently in BCD or Binary 1
Mode
* Can be Cascaded With MC14526B for 16
Frequency Synthesizer Applications TSSOP-16 HHHIZHH
¢ All Outputs are Buffered “\Q@@ DT SUFFIX 5698
L I CASE 948F o ALYW
¢ Schmitt Triggered Clock Conditioning T
1

16
AAAAAARA

MAXIMUM RATINGS (Voltages Referenced to Vss) (Note 1.)

: SOIC-16 145698
Symbol Parameter Value Unit \@ DW SUFFIX

Vpp DC Supply Voltage Range —0.5t0 +18.0 \% CASE 751G OAW\LYY/WW
Vin: Vout | Input or Output Voltage Range -0.5to Vpp + 0.5 \ HOOOOOED
(DC or Transient) 1
lin, lout Input or Output Current +10 mA A = Assembly Location

(DC or Transient) per Pin WL orL = Wafer Lot

YYorY =Year

Pp Power Dissipation, 500 mwW WW or W = Work Week
per Package (Note 2.)
Ta Ambient Temperature Range —-55to0 +125 °C
Tstg Storage Temperature Range —65to +150 °C ORDERING INFORMATION
T Lead Temperature 260 °C Device Package Shipping
(8—Second Soldering)
- - - - MC14569BCP PDIP-16 2000/Box
1. Maximum Ratings are those values beyond which damage to the device
may occur. MC14569BDT TSSOP-16 96/Rail
2. Temperature Derating:
Plastic “P and D/DW” Packages: — 7.0 mW/°C From 65°C To 125°C MC14569BDW SOIC-16 47/Rail
This device contains protection circuitry to guard against damage due to high MC14569BDWR2 | SOIC-16 |1000/Tape & Reel
static voltages or electric fields. However, precautions must be taken to avoid
applications of any voltage higher than maximum rated voltages to this
high—-impedance circuit. For proper operation, Vi, and Vq; should be constrained
to the range Vgs < (Vij, or Vout) < Vpp.
Unused inputs must always be tied to an appropriate logic voltage level (e.g.,
either Vgg or Vpp). Unused outputs must be left open.
0 Semiconductor Components Industries, LLC, 2000 399 Publication Order Number:

March, 2000 — Rev. 3 MC14569B/D



MC14569B

PIN ASSIGNMENT

ZERO
petect [ 1@ 16 [ Voo
cTLL(] 2 150
PO[] 3 140 P7
PL[] 4 13 1 P6
P2[] 5 12[P5
P3[ 6 11 [ P4
CASCADE
FEEDBACK a7 10 fj CTL,
Vss [ 8 9 [] cLock

BLOCK DIAGRAM

PO P1 P2 P3 CTL; CTLp P4 P5 P6 P7
CTL = Low for Binary Count 3l 4] 5] 6 5T 10 117127137 14 )
CTL = High for BCD Count Vpp =PIN 16
Vss =PIN 8
CLOCK 9 BINARY/BCD CLOCK BINARY/BCD 15
C COUNTER #1 LOAD COUNTER #2 °Q
CASCADE 7 1 7ERO
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MC14569B

ELECTRICAL CHARACTERISTICS (Voltages Referenced to Vgg)

(CL =50 pF on all outputs, all
buffers switching)

Voo —-55°C 25°C 125°C
Characteristic Symbol | Vdc Min Max Min Typ @) Max Min Max Unit
Output Voltage “0” Level VoL 5.0 — 0.05 — 0 0.05 — 0.05 Vdc
Vin = Vpp or 0 10 — 0.05 — 0 0.05 — 0.05
15 — 0.05 — 0 0.05 — 0.05
Vin = 0 or Vpp “1" Level | Vou 5.0 4.95 — 4.95 5.0 — 4.95 — vdc
10 9.95 — 9.95 10 — 9.95 —
15 14.95 — 14.95 15 — 14.95 —
Input Voltage “0” Level VL Vdc
(Vo = 4.5 or 0.5 Vdc) 5.0 — 15 — 2.25 1.5 — 15
(Vo =9.0 or 1.0 Vdc) 10 — 3.0 — 4.50 3.0 — 3.0
(Vo = 13.5 or 1.5 Vdc) 15 — 4.0 — 6.75 4.0 — 4.0
(Vo=0.50r4.5Vvdc) “1"Level V4 5.0 35 — 35 2.75 — 35 — Vdc
(Vo = 1.0 or 9.0 Vdc) 10 7.0 — 7.0 5.50 — 7.0 —
(Vo =1.50r13.5Vdc) 15 11 — 11 8.25 — 11 —
Output Drive Current loH mAdc
(Von = 2.5 Vdc) Source 5.0 -3.0 — -24 -4.2 — -1.7 —
(Von = 4.6 Vdc) 5.0 -0.64 — -0.51 —-0.88 — -0.36 —
(Von = 9.5 Vdc) 10 -1.6 — -1.3 -2.25 — -09 —
(Von = 13.5 Vdc) 15 -42 — -34 -8.8 — -24 —
(VoL = 0.4 vdc) Sink loL 5.0 0.64 — 0.51 0.88 — 0.36 — mAdc
(VoL = 0.5 Vdc) 10 1.6 — 1.3 2.25 — 0.9 —
(VoL = 1.5 Vdc) 15 4.2 — 3.4 8.8 — 2.4 —
Input Current lin 15 — +0.1 — +0.00001 | *0.1 — +1.0 pAdc
Input Capacitance Cin — — — — 5.0 7.5 — — pF
(Vin=0)
Quiescent Current Ibb 5.0 — 5.0 — 0.005 5.0 — 150 HAdc
(Per Package) 10 — 10 — 0.010 10 — 300
15 — 20 — 0.015 20 — 600
Total Supply Current (4) (5) It 5.0 It = (0.58 pA/kHz) f + Ipp pAdc
(Dynamic plus Quiescent, 10 I+ =(1.20 pA/kHz) f + Ipp
Per Package) 15 IT = (1.95 pA/kHZ) f + Ipp

3. Data labelled “Typ” is not to be used for design purposes but is intended as an indication of the IC’s potential performance.
4. The formulas given are for the typical characteristics only at 25°C.
5. To calculate total supply current at loads other than 50 pF:

I7(C) = I+(50 pF) + (C_ — 50) Vfk
where: It is in YA (per package), C in pF, V = (Vpp — Vsg) in volts, f in kHz is input frequency, and k = 0.001.
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MC14569B

SWITCHING CHARACTERISTICS* (C| =50 pF, Ta = 25°C)

All Types
Vbb
Characteristic Symbol vdc Min Typ (6) Max Unit
Output Rise Time trLH 5.0 — 100 200 ns
10 — 50 100
15 — 40 80
Output Fall Time tTHL 5.0 — 100 200 ns
10 — 50 100
15 — 40 80
Turn—-On Delay Time tpLH ns
Zero Detect Output 5.0 — 420 700
10 — 175 300
15 — 125 250
Q Output 5.0 — 675 1200 ns
10 — 285 500
15 — 200 400
Turn—Off Delay Time tpHL ns
Zero Detect Output 5.0 — 380 600
10 — 150 300
15 — 100 200
Q Output 5.0 — 530 1000 ns
10 — 225 400
15 — 155 300
Clock Pulse Width twH 5.0 300 100 — ns
10 150 45 —
15 115 30 —
Clock Pulse Frequency fel 5.0 — 35 2.1 MHz
10 — 9.5 5.1
15 — 13.0 7.8
Clock Pulse Rise and Fall Time trLHs tTHL 5.0 NO LIMIT us
10
15

6. Data labelled “Typ” is not to be used for design purposes but is intended as an indication of the IC’s potential performance.

http://onsemi.com
402




MC14569B

SWITCHING WAVEFORMS

<«— 20 ns

CLOCK L fin = fnax
~—tpLH tPHL <~
Q 105 /1 |20
——
tLH trH —>

Figure 1.

<«<—— 20 ns

_DI

90%

20 ns —|

CLOCK  10%
—]

ZERO DETECT 10%

trin [ L

Figure 2.
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MC14569B

PIN DESCRIPTIONS

INPUTS CONTROLS

PO, P1, P2, P3 (Pins 3, 4, 5, 6% Preset Inputs. Cascade Feedback (Pin A This pin is normally set
Programmable inputs for the least significant counter. May high. When low, loading of the preset inputs (PO through P7)
be binary or BCD depending on the control input. is inhibited, i.e., PO through P7 are “don’t cares.” Refer to

P4, P5, P6, P7 (Pins 11, 12, 13, 14) Preset Inputs.  Table 1 for output characteristics.
Programmable inputs for the most significant counter. May CTL 1 (Pin 2)— This pin controls the counting mode of

be binary or BCD depending on the control input. the least significant counter. When set high, counting mode
Clock (Pin 9) — Preset data is decremented by one on is BCD. When set low, counting mode is binary.
each positive transition of this signal. CTL 2 (Pin 10)— This pin controls the counting mode of
the most significant counter. When set high, counting mode
OUTPUTS is BCD. When set low, counting mode is binary.

Zero Detect (Pin 1)— This output is normally low and
goes high for one clock cycle when the counter hasSUPPLY PINS
decremented to zero. Vss (Pin 18) — Negative Supply Voltage. This pin is
Q (Pin 15) — Output of the last stage of the most usually connected to ground.
significant counter. This output will be inactive unless the  Vpp (Pin 16) — Positive Supply Voltage. This pin is
preset input P7 has been set high. connected to a positive supply voltage ranging from 3.0
volts to 18.0 volts.

OPERATING CHARACTERISTICS

The MC14569B is a programmable divide—by—N dual one pulse appears on the Zero Detect output. (See Timing
4-bit down counter. This counter may be programmed (i.e.,Diagram.) The Q output is the output of the last stage of the
preset) in BCD or binary code through inputs PO to P7. Formost significant counter (See Tables 1 through 5, Mode
each counter, the counting sequence may be chosei€Controls.)
independently by applying a high (for BCD count) or alow  When cascading the MC14569B to the MC14526B, the
(for binary count) to the control inputs CThnd CTlp. Cascade Feedback input, Q, and Zero Detect outputs must

The divide ratio N (N being the value programmed on the be respectively connected to “0”, Clock, and Load of the
preset inputs PO to P7) is automatically loaded into thefollowing counter. If the MC14569B is used alone, Cascade
counter as soon as the count 1 is detected. Therefore, &eedback must be connected fgpV
division ratio of one is not possible. After N clock cycles,

18 T
\ C_ =50 pF
16
. \\
3 14 ~—
o \ \; _ —
= 12 ~— Vpp=15V
- \
F 10 P~ —
S —
% 80 \\‘ 10V
i T
S 6.0
o
E 4.0 —— 50V |
2.0
0
-40 -20 0 +20 +40 +60 +80 +100

Ta, AMBIENT TEMPERATURE (°C)
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MC14569B

Table 1. Mode Controls (Cascade Feedback = Low)

Counter Control Values Divide Ratio

CTLq CTL, Zero Detect Q
0 0 256 256
0 1 160 160
1 0 160 160
1 1 100 100

NOTE: Data Preset Inputs (PO—P7) are “Don’t Cares” while Cascade Feedback is

Low.

Table 2. Mode Controls (CTL; = Low, CTL, = Low, Cascade Feedback = High)

Preset Inputs Divide Ratio
Zero
pP7 P6 P5 P4 P3 P2 P1 PO Detect Q Comments
0 0 0 0 0 0 0 0 256 256 Max Count
0 0 0 0 0 0 0 1 X X lllegal State
0 0 0 0 0 0 1 0 2 X Min Count
0 0 0 0 0 0 1 1 3 X
. . . . . . . . X
. . . . . . . . . X
. . . . . . . . . X
0 0 0 0 1 1 1 1 15 X
0 0 0 1 0 0 0 0 16 X
. o . o o o o . . X
. . . . . . . . . X
. . . . . . . . . X
0 0 1 0 0 0 0 0 32 X
. . . . . . . . . X
. . . . . . . . . X
. . . . . . . . . X
0 1 0 0 0 0 0 0 64 X
. . . . X
. . . . . . . . . X
. . . . . . . . . X
0 1 1 1 1 1 1 1 127 X
1 0 0 0 0 0 0 0 128 128 Q Output Active
1 0 0 0 1 0 0 0 136 136
1 1 1 1 1 1 1 1 255 255 v
27 26 25 24 23 22 21 20
128 64 32 16 8 4 2 1 Bit Value
Counter #2 Counter #1 Counting
Binary Binary Sequence

X = No Output (Always Low)
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MC14569B

Table 3. Mode Controls (CTL; = High, CTL, = Low, Cascade Feedback = High)

Preset Inputs Divide Ratio
Zero

P7 P6 P5 P4 P3 P2 P1 PO Detect Q Comments
0 0 0 0 0 0 0 0 160 160 Max Count
0 0 0 0 0 0 0 1 X X lllegal State
0 0 0 0 0 0 1 0 2 X Min Count
0 0 0 0 0 0 1 1 3 X

. . . . . . . . X

. . . . . . . . . X

. . . . . . . . . X

0 0 0 0 1 0 0 1 9 X

0 0 0 1 0 0 0 0 10 X

. . . . . . . . . X

. . . . . . . . . X

. . . . . . . . . X

0 0 0 1 1 0 0 1 19 X

0 0 1 0 0 0 0 0 20 X

. . . . . . . . . X

. . . . . . . . . X

. . . . . . . . . X

0 0 1 1 0 0 0 0 30 X

. . . . . . . . . X

. . . . . . . . . X

. . . . . . . . . X

0 1 0 0 0 0 0 0 40 X

. . . . . . . . . X

. . . . . . . . . X

. . . . . . . . . X

0 1 0 1 0 0 0 0 50 X

. . . . . . . . . X

. . . . . B . . . X

. . . . . . . . . X

0 1 1 0 0 0 0 0 60 X

. . . . . B . . . X

. . . . . . . . . X

. . . o o o o . . X

0 1 1 1 0 0 0 0 70 X

. . . . . . . . . X

. . . . . . . . . X

. . . . . . . . . X

1 0 0 0 0 0 0 0 80 80 Q Output Active
1 0 0 1 0 0 0 0 90 90

1 1 1 1 0 0 0 0 150 150

1 1 1 1 1 0 0 159 159 \J

80 40 20 10 8 4 Bit Value

Counter #2 Counter #1 Counting
Binary BCD Sequence

X = No Output (Always Low)
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MC14569B

Table 4. Mode Controls (CTL; = Low, CTL, = High, Cascade Feedback = High)

Preset Values Divide Ratio
Zero
P7 P6 P5 P4 P3 P2 P1 PO Detect Q Comments
0 0 0 0 0 0 0 0 160 160 Max Count
0 0 0 0 0 0 0 1 X X lllegal State
0 0 0 0 0 0 1 0 2 X Min Count
0 0 0 0 0 0 1 1 3 X
. . . . L] . Ll L x
B . . . . . . B . X
B . . . . . . . . X
0 0 0 0 1 1 1 1 15 X
0 0 0 1 0 0 0 0 16 X
. . . . . . . . . X
. . . . . . . . . X
B . . . . . . B . X
0 0 0 1 1 1 1 1 31 X
0 0 1 0 0 0 0 0 32 X
. . . . . . . B . X
. . . . . . . B . X
. . . . . . . . . X
0 0 1 1 0 0 0 0 48 X
0 1 0 0 0 0 0 0 64 X
0 1 0 1 0 0 0 0 80 X
0 1 1 1 0 0 0 0 112 X
1 0 0 0 0 0 0 0 128 128 Q Output Active
1 0 0 1 0 0 0 0 144 144
1 0 0 1 1 1 1 1 159 159 v
27 26 25 24 23 22 21 20
128 64 32 16 8 4 2 1 Bit Value
Counter #2 Counter #1 Counting
BCD Binary Sequence

X = No Output (Always Low)
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MC14569B

Table 5. Mode Controls (CTL; = High, CTL, = High, Cascade Feedback = High)

Preset Values Divide Ratio
Zero
P7 P6 P5 P4 P3 P2 P1 PO Detect Q Comments
0 0 0 0 0 0 0 0 100 100 Max Count
0 0 0 0 0 0 0 1 X X illegal state
0 0 0 0 0 0 1 0 2 X Min Count
0 0 0 0 0 0 1 1 3 X
. . . . . L] . Ll L x
. . . . . . . . B X
. . . . . . . o B X
0 0 0 0 1 0 0 1 9 X
0 0 0 1 0 0 0 0 10 X
. . . . . . . . B X
. . . . . . . . . X
. . . . . . . . . X
0 0 1 1 0 0 0 0 30 X
. . . . . . . . . X
. . . . . . . . . X
. . . . . . . B X
0 1 0 0 0 0 0 0 40 X
. . . . . . . . . X
. . . . . . . . . X
. . . . . . . . . X
0 1 0 1 0 0 0 0 50 X
. . . . . . . o . X
. . . . . . . . . X
. . . . . . . . . X
0 1 1 1 0 0 0 0 70 X
. . . . . . . . . X
. . . . . . . o . X
. . . . . . . . . X
1 0 0 0 0 0 0 0 80 80 Q Output Active
1 0 0 1 0 0 0 0 90 90
1 0 0 1 1 0 0 1 99 99 v
80 40 20 10 8 4 Bit Value
Counter #2 Counter #1 Counting
BCD BCD Sequence
X = No Output (Always Low)
TIMING DIAGRAM MC14569B
CLOCK 1 2 5 6 7 9 13 14
(ovoe [ ] L1 L I I | L
BY 2
DIVIDE | | | | | | | | | |
ZERO BY 3
DETECT<
OUTPUT | DIVIDE
¥4 [ 1 [ 1 [ ] [ ]
DIVIDE ,—I ,—I
\_BY 12
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MC14569B

LOGIC DIAGRAM
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MC14569B

TYPICAL APPLICATIONS

| | |
fin O— € - Q ¢ MClz(l:stzB Q4 ¢ Mc1z(1:5FzzB Q4 Qu/ez
MC145698 OR OR MC145688B
ZERO DETECT PE MC14526B | PE MC14526B |1 {pE “Q"
WAL | BRRL | BRED | geee
& & o
LSD MSD fout

Figure 3. Cascading MC14568B and MC14522B or MC14526B with MC14569B

e

VCO

fout

(40 kHz) [ PCin PCout
O C1 G ——0 Vsg
o CcTL F—o0 Vss
Vss "0 Quc2
DP0 - - - - DP3

I

CF

MC14569B
ZERO DETECT

c-'roC:{

Frequencies shown in parenthesis are given as an example

(144 - 146 MHz)

Vbp
o
MC14011
_———
|
iR
I |
i i MIXER
______________ 1 2k
MV
2M
CRYSTAL
OSCILLATOR
(143.5 MHz)

Figure 4. Frequency Synthesizer with MC14568B and MC14569B Using a Mixer
(Channel Spacing 10 kHz)
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MC14572UB

Hex Gate

The MC14572UB hex functional gate is constructed with MOS
P—channel and N-channel enhancement mode devices in a single
monolithic structure. These complementary MOS logic gates find
primary use where low power dissipation and/or high noise immunity
is desired. The chip contains four inverters, one NOR gate and one

ON Semiconductor

http://onsemi.com

NAND gate.
¢ Diode Protection on All Inputs MARKING
¢ Single Supply Operation DIAGRAMS

Supply Voltage Range = 3.0 Vdc to 18 Vdc

16

* NOR Input Pin Adjacent to ¥ Pin to Simplify Use As An Inverter ;’2{'}3':":1& MC145712UBCP
* NAND Input Pin Adjacent to ¥p Pin to Simplify Use As An CASE 648 Lo AWLYYWW
Inverter 1
* NOR Output Pin Adjacent to Inverter Input Pin For OR Application 16
. . . mininlninininls!
* NAND Output Pin Adjacent to Inverter Input Pin For AND SOIC-16 145720
Application CDAgE';';'fB o AWLYWW
e Capable of Driving Two Low—power TTL Loads or One Low—Power TUUUUUUU
Schottky TTL Load over the Rated Temperature Range 16
mininlninininls!
SOEIAJ-16
E SUFFIX MC14572UB
CASE966 |o AWLYWW
MAXIMUM RATINGS (Voltages Referenced to Vsg) (Note 2.) lf M
Symbol Parameter Value Unit
A = Assembly Location
Vpp DC Supply Voltage Range -0.5t0 +18.0 \ WLorL = Wafer Lot
Vin, Vout | Input or Output Voltage Range -0.5t0 Vpp + 0.5 \% YYoryY =Year
(DC or Transient) WW or W = Work Week
lins lout Input or Output Current +10 mA
(DC or Transient) per Pin ORDERING INFORMATION
Pp Power Dissipation, 500 mw ) .
per Package (Note 3.) Device Package Shipping
Ta Ambient Temperature Range —55to +125 °C MC14572UBCP PDIP-16 2000/Box
Tstg Storage Temperature Range —65 to +150 °C MC14572UBD SOIC-16 48/Rail
T Lead Temperature 260 °C MC14572UBDR2 | SOIC-16 |2500/Tape & Reel
(8—Second Soldering)
2. Maximum Ratings are those values beyond which damage to the device MC14572UBF SOEIAJ-16 See Note 1.
5 e MC14572UBFEL |SOEIAJ-16| See Note 1.

Temperature Derating:
Plastic “P and D/DW” Packages: — 7.0 mW/°C From 65°C To 125°C

1. For ordering information on the EIAJ version of

the SOIC packages, please contact your local

This device contains protection circuitry to guard against damage due to high

static voltages or electric fields. However, precautions must be taken to avoid
applications of any voltage higher than maximum rated voltages to this
high—impedance circuit. For proper operation, Vi, and Vg should be constrained
to the range Vgs < (Vin or Vout) < Vpp-

Unused inputs must always be tied to an appropriate logic voltage level (e.g.,

either Vgg or Vpp). Unused outputs must be left open.

411

[ Semiconductor Components Industries, LLC, 2000

March, 2000 — Rev. 3

ON Semiconductor representative.

Publication Order Number:

MC14572UB/D




L
[;

MC14572UB

PIN ASSIGNMENT

OUTA[] 1@ 16 [ Vpp
INA ] 2 15 ] IN2¢
ouTg ] 3 14 [1 IN1¢
INs [] 4 13 [] OUTg
oute [l 5 12 [1 INg
IN1c [] 6 11 [1 OUTE
IN2c ] 7 10 [1 INp
Vss [ 8 9 [1 outp

LOGIC DIAGRAM

N}
-

~

@\/\/

w

10 >¢ 9
12 >¢ 1
14 ——
13
Vpp = PIN 16
VSS =PIN8

CIRCUIT SCHEMATIC

Vbp

TI_T ]

o0
ml
=0

<
(92}
w
]
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MC14572UB

ELECTRICAL CHARACTERISTICS (Voltages Referenced to Vgg)

(CL =50 pF on all outputs, all
buffers switching)

Vbb —-55°C 25°C 125°C
Characteristic Symbol | Vdc Min Max Min Typ 4) Max Min Max Unit
Output Voltage “0” Level VoL 5.0 — 0.05 — 0 0.05 — 0.05 Vdc
Vin = Vpp or 0 10 — 0.05 — 0 0.05 — 0.05
15 — 0.05 — 0 0.05 — 0.05
Vin = 0 or Vpp “1" Level | Vou 5.0 4.95 — 4.95 5.0 — 4.95 — vdc
10 9.95 — 9.95 10 — 9.95 —
15 14.95 — 14.95 15 — 14.95 —
Input Voltage “0” Level VL Vdc
(Vo = 4.5 or 0.5 Vdc) 5.0 — 1.0 — 2.25 1.0 — 1.0
(Vo = 9.0 or 1.0 Vdc) 10 — 2.0 — 4.50 2.0 — 2.0
(Vo = 13.5 or 1.5 Vdc) 15 — 25 — 6.75 25 — 25
“1"Level | Vi Vdc
(Vo = 0.5 or 4.5 Vdc) 5.0 4.0 — 4.0 2.75 — 4.0 —
(Vo =1.0 0r 9.0 Vdc) 10 8.0 — 8.0 5.50 — 8.0 —
(Vo = 1.5 or 13.5 Vdc) 15 12.5 — 12.5 8.25 — 12.5 —
Output Drive Current loH mAdc
(Von = 2.5 Vdc) Source 5.0 -1.2 — -1.0 -1.7 — -0.7 —
(Von = 4.6 Vdc) 50 | -0.25 — -02 -0.36 — -0.14 —
(Von = 9.5 Vdc) 10 -0.62 — -05 -0.9 — -0.35 —
(Vou = 13.5 Vdc) 15 -18 — -15 -35 — -1.1 —
(VoL = 0.4 Vdc) Sink loL 5.0 0.64 — 0.51 0.88 — 0.36 — mAdc
(VoL = 0.5 Vdc) 10 1.6 — 1.3 2.25 — 0.9 —
(VoL = 1.5 Vdc) 15 4.2 — 3.4 8.8 — 2.4 —
Input Current lin 15 — +0.1 — +0.00001 +0.1 — +1.0 pAdc
Input Capacitance Cin — — — — 5.0 7.5 — — pF
(Vin=0)
Quiescent Current Ibp 5.0 — 0.25 — 0.0005 0.25 — 7.5 pAdc
(Per Package) 10 — 0.5 — 0.0010 0.5 — 15
15 — 1.0 — 0.0015 1.0 — 30
Total Supply Current () (6) Ir 5.0 It = (1.89 pA/kHz) f + Ipp pAdc
(Dynamic plus Quiescent, 10 I =(3.80 pA/kHz) f + Ipp
Per Package) 15 IT = (5.68 pA/kHZ) f + Ipp

4. Data labelled “Typ” is not to be used for design purposes but is intended as an indication of the IC’s potential performance.
5. The formulas given are for the typical characteristics only at 25°C.
6. To calculate total supply current at loads other than 50 pF:

I7(Cp) = I+(50 pF) + (C_ — 50) Vfk
where: It is in YA (per package), C in pF, V = (Vpp — Vsg) in volts, f in kHz is input frequency, and k = 0.006.
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MC14572UB

SWITCHING CHARACTERISTICS (7)) (C_ =50 pF, Ta = 25°C)

Characteristic Symbol Vpbb Min Typ &) Max Unit
Output Rise Time tTLH ns

trLn = (3.0 ns/pF) C + 30 ns 5.0 — 180 360

trLn = (1.5 ns/pF) C + 15 ns 10 — 90 180

trun = (1.1 ns/pF) C_ + 10 ns 15 — 65 130
Output Fall Time tTHL ns

tryL = (1.5 ns/pF) C_ + 25 ns 5.0 — 100 200

tryL = (0.75 ns/pF) C + 12.5 ns 10 — 50 100

tryL = (0.55 ns/pF) C_ + 9.5 ns 15 — 40 80
Propagation Delay Time tpLH, ns

tpLH, tpHL = (1.7 ns/pF) C + 5 ns tPHL 5.0 — 90 180

tpLHs tpHL = (0.66 ns/pF) C + 17 ns 10 — 50 100

tpLH, tpHL = (0.5 ns/pF) C + 15 ns 15 — 40 80

7. The formulas given are for the typical characteristics only at 25°C.
8. Data labelled “Typ” is not to be used for design purposes but is intended as an indication of the IC’s potential performance.
Vbp
PULSE PULSE
GENERATOR
GENERATOR OUTPUT OUTPUT
Vbp
20ns 20 ns
16 90% 90% Voo
14 INPUT 50% 50%
INPUT —H{10% 10% Ne—— Vg
PULSE 1’5 OUTPUT ; .
GENERATOR = 13 PHL PLH
8 O Vss C | 90% 90% |4/ Von
I OUTPUT 50% 50%
= = 10% 10%
Vou
—> |t tr —»|  |—

Figure 1. Switching Time Test Circuits and Waveforms
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MC14584B

Hex Schmitt Trigger

The MC14584B Hex Schmitt Trigger is constructed with MOS

P—channel and N-channel enhancement mode devices in a single

monolithic structure. These devices find primary use where low power
dissipation and/or high noise immunity is desired. The MC14584B
may be used in place of the MC14069UB hex inverter for enhanced
noise immunity to “square up” slowly changing waveforms.

¢ Supply Voltage Range = 3.0 Vdc to 18 Vdc

* Capable of Driving Two Low—power TTL Loads or One Low—power

o

Schottky TTL Load over the Rated Temperature Range

¢ Double Diode Protection on All Inputs

* Can Be Used to Replace MC14069UB

¢ For Greater Hysteresis, Use MC14106B which is Pin—for—Pin
Replacement for CD40106B and MM74Cl4

MAXIMUM RATINGS (Voltages Referenced to Vgs) (Note 2.)

Symbol Parameter Value Unit
Vpp DC Supply Voltage Range —0.5t0 +18.0 V
Vin, Vout | Input or Output Voltage Range —-0.5t0 Vpp + 0.5 \%
(DC or Transient)
lins lout Input or Output Current +10 mA
(DC or Transient) per Pin
Pp Power Dissipation, 500 mw
per Package (Note 3.)
Ta Ambient Temperature Range —-551t0 +125 °C
Tstg Storage Temperature Range —65 to +150 °C
T Lead Temperature 260 °C
(8—-Second Soldering)

2. Maximum Ratings are those values beyond which damage to the device
may occur.

3. Temperature Derating:
Plastic “P and D/DW” Packages: — 7.0 mW/°C From 65°C To 125°C

ON Semiconductor

http://onsemi.com

A

WL or L
YYorY
WW or W = Work Week

PDIP-14
P SUFFIX
CASE 646

SOIC-14
D SUFFIX
CASE 751A

TSSOP-14
DT SUFFIX
CASE 948G

SOEIAJ-14
F SUFFIX
CASE 965

MARKING
DIAGRAMS
14

MC14584BCP
o AWLYYWW

1

14
minininininin

14584B
o AWLYWW

N
1

1

4
AAAARA
14
584B
o ALYW
HHHHH
1

14
minininininin

MC14584B
o AWLYWW

N
1

= Assembly Location

= Wafer Lot
= Year

ORDERING INFORMATION

This device contains protection circuitry to guard against damage due to high
static voltages or electric fields. However, precautions must be taken to avoid

applications of any voltage higher than maximum rated voltages to this

high—-impedance circuit. For proper operation, Vi, and Vq should be constrained
to the range Vgs < (Vi or Vout) < Vpp.

Unused inputs must always be tied to an appropriate logic voltage level (e.g.,
either Vgg or Vpp). Unused outputs must be left open.

Device Package Shipping
MC14584BCP PDIP-14 2000/Box
MC14584BD SOIC-14 55/Rail
MC14584BDR2 SOIC-14 [ 2500/Tape & Reel
MC14584BDT TSSOP-14 96/Rail
MC14584BDTEL | TSSOP-14 | 2000/Tape & Reel
MC14584BF SOEIAJ-14 See Note 1.
MC14584BFEL SOEIAJ-14 See Note 1.
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MC14584B

PIN ASSIGNMENT

IN1[| 1@ 14 1 vpp
out1l] 2 13[0IN6
IN2[] 3 12 [1ouT6
out2 [ 4 1 [1IN5
IN3[ 5 10 [l ouTs
out3[] 6 9[lINg
Vss ] 7 g [Jout4

LOGIC DIAGRAM

1 10

13 12

VY YNYYY

Vpp=PIN 14
Vgs=PIN7

EQIVALENT CIRCUIT SCHEMATIC
(1/6 OF CIRCUIT SHOWN)
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MC14584B

ELECTRICAL CHARACTERISTICS (Voltages Referenced to Vgg)

Voo —-55°C 25°C 125°C
Characteristic Symbol | Vdc Min Max Min Typ 4) Max Min Max Unit
Output Voltage “0” Level VoL 5.0 — 0.05 — 0 0.05 — 0.05 Vdc
Vin = Vbb 10 — 0.05 — 0 0.05 — 0.05
15 — 0.05 — 0 0.05 — 0.05
Vin=0 “1" Level Vou 5.0 4.95 — 4.95 5.0 — 4.95 — Vdc
10 9.95 — 9.95 10 — 9.95 —
15 14.95 — 14.95 15 — 14.95 —
Output Drive Current loH mAdc
(Von = 2.5 Vdc) Source 5.0 -3.0 — -24 -4.2 — -1.7 —
(Von = 4.6 Vdc) 5.0 -0.64 — -0.51 -0.88 — -0.36 —
(Von = 9.5 Vdc) 10 -1.6 — -13 -2.25 — -0.9 —
(Von = 13.5 Vdc) 15 -42 — -34 -88 — —2.4 —
(VoL = 0.4 vdc) Sink loL 5.0 0.64 — 0.51 0.88 — 0.36 — mAdc
(VoL = 0.5 Vdc) 10 1.6 — 1.3 2.25 — 0.9 —
(VoL = 1.5 Vdc) 15 4.2 — 34 8.8 — 2.4 —
Input Current lin 15 — +0.1 — | £0.00001 | *0.1 — +1.0 | pAdc
Input Capacitance Cin — — — — 5.0 7.5 — — pF
(Vin=0)
Quiescent Current Ibb 5.0 — 0.25 — 0.0005 0.25 — 7.5 HAdc
(Per Package) 10 — 0.5 — 0.0010 0.5 — 15
15 — 1.0 — 0.0015 1.0 — 30
Total Supply Current () (6) It 5.0 It = (1.8 uA/kHz) f + Ipp pAdc
(Dynamic plus Quiescent, 10 It = (3.6 HA/KHZ) f + Ipp
Per Package) 15 It = (5.4 pA/kHz) f + Ipp
(CL =50 pF on all outputs, all
buffers switching)
Hysteresis Voltage vy (7)) 5.0 0.27 1.0 0.25 0.6 1.0 0.21 1.0 vdc
10 0.36 1.3 0.3 0.7 1.2 0.25 1.2
15 0.77 1.7 0.6 11 15 0.50 1.4
Threshold Voltage VT4 Vdc
Positive—Going 5.0 1.9 3.5 1.8 2.7 3.4 1.7 3.4
10 34 7.0 3.3 5.3 6.9 3.2 6.9
15 5.2 10.6 5.2 8.0 10.5 5.2 10.5
Negative—-Going V1o 5.0 1.6 3.3 1.6 2.1 3.2 15 3.2 Vdc
10 3.0 6.7 3.0 4.6 6.7 3.0 6.7
15 4.5 9.7 4.6 6.9 9.8 4.7 9.9

4. Data labelled “Typ” is not to be used for design purposes but is intended as an indication of the IC’s potential performance.
5. The formulas given are for the typical characteristics only at 25°C.
6. To calculate total supply current at loads other than 50 pF:

I7(C) = I+(50 pF) + (C_ — 50) Vfk
where: It is in YA (per package), C in pF, V = (Vpp — Vsg) in volts, f in kHz is input frequency, and k = 0.001.
7. Vy = V14 — V1_ (But maximum variation of V is specified as less than V1 + max — VT — min)-
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MC14584B

SWITCHING CHARACTERISTICS (C_ =50 pF, Tpo=25°C)
Vbb
Characteristic Symbol vdc Min Typ (8) Max Unit
Output Rise Time trLH 5.0 — 100 200 ns
10 — 50 100
15 — 40 80
Output Fall Time tTHL 5.0 — 100 200 ns
10 — 50 100
15 — 40 80
Propagation Delay Time tpLH» tPHL 5.0 — 125 250 ns
10 — 50 100
15 — 40 80

8. Data labelled “Typ” is not to be used for design purposes but is intended as an indication of the IC’s potential performance.
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MC14584B

20 ns l«—20 ns
= ™ Vo
INPUT 90%
PULSE 50%
GENERATOR 10% ———— Vgg
tPHL
— 90% v

OUTPUT

Vout

Vout

Vss
(a) Schmitt Triggers will square up inputs with slow (b) A Schmitt trigger offers maximum noise immunity
rise and fall times. in gate applications.

Figure 2. Typical Schmitt Trigger Applications

<
o
o

Vout, OUTPUT VOLTAGE (Vdc)

I I
| |
| AN

0 Vio o Vi Vbp
W e
Vin, INPUT VOLTAGE (Vdc)
Figure 3. Typical Transfer Characteristics
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MC14585B

4-Bit Magnitude
Comparator

The MC14585B 4-Bit Magnitude Comparator is constructed with
complementary MOS (CMOS) enhancement mode devices. The
circuit has eight comparing inputs (A3, B3, A2, B2, Al, B1, A0, BO),
three cascading inputs (A< B, A =B, and A > B), and three outputs (A
< B, A=B, and A > B). This device compares two 4-bit words (A and
B) and determines whether they are “less than”, “equal to”, or “greater
than” by a high level on the appropriate output. For words greater than

4—-bits, units can be cascaded by connecting outputs (A > B), (A < B),

ON Semiconductor
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MARKING
DIAGRAMS
16

and (A = B) to the corresponding inputs of the next significant PDIP-16 MC14585BCP
comparator. Inputs (A < B), (A = B), and (A > B) on the least W P SUFFIX
. : - CASE 648 Lo AWLYYWW
significant (first) comparator are connected to a low, a high, and a low,
respectively. 1
~ Applications include logic in CPU's, correction and/or detection of SR faTulu aTalala
instrumentation conditions, comparator in testers, converters, and " 145858
controls. CDAgE';';'fB o AWLYWW
. . OO0 OooO
¢ Diode Protection on All Inputs 1
° 16
Expa_mdable _ mininininininls
¢ Applicable to Binary or 8421-BCD Code SOEIAJ-16
MC14585B
* Supply Voltage Range = 3.0 Vdc to 18 Vdc F SUFFIX AWLYWW
pply g g ' CASE 966 | o
¢ Capable of Driving Two Low—power TTL Loads or One Low—power ?uuuuuuu
Schottky TTL Load over the Rated Temperature Range
* Can be Cascaded — See Fig. 3 A = Assembly Location
WL orL = Wafer Lot
YYorY =Year
MAXIMUM RATINGS (Voltages Referenced to Vgs) (Note 2.) WW or W = Work Week
Symbol Parameter Value Unit
Vpp DC Supply Voltage Range —0.5t0 +18.0 \Y ORDERING INFORMATION
Vin, Vout | Input or Output Voltage Range —0.5t0 Vpp + 0.5 \% : —
(DC or Transient) Device Package Shipping
lins lout Input or Output Current +10 mA MC14585BCP PDIP-16 2000/Box
(DC or Transient) per Pin
MC14585BD SoIC-16 48/Rail
Pp Power Dissipation, 500 mwW
per Package (Note 3.) MC14585BDR2 SOIC-16 |2500/Tape & Reel
Ta Ambient Temperature Range —-551t0 +125 °C MC14585BF SOEIAJ-16 See Note 1.
Tstg Storage Temperature Range —651t0 +150 °C 1. For ordering information on the EIAJ version of
T Lead Temperature 260 °c the SOIC packages, please contact your local
L (8-Second Soldering) ON Semiconductor representative.

2. Maximum Ratings are those values beyond which damage to the device
may occur.

3. Temperature Derating:
Plastic “P and D/DW” Packages: — 7.0 mW/°C From 65°C To 125°C

This device contains protection circuitry to guard against damage due to high
static voltages or electric fields. However, precautions must be taken to avoid
applications of any voltage higher than maximum rated voltages to this
high—impedance circuit. For proper operation, Vi, and Vq; should be constrained
to the range Vss < (Vin or Vour) < Vpp.

Unused inputs must always be tied to an appropriate logic voltage level (e.g.,
either Vgg or Vpp). Unused outputs must be left open.
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MC14585B

PIN ASSIGNMENT

B2[] 1@
A2[] 2
(A=B)ou [ 3
(A>B)[] 4
(A<B)[] 5
(A=B), [] 6
NN
Vss [] 8

16
15
14
13
12
1
10

9

1 Voo

A3

11 B3

1 (A > B)out
[ (A < B)ou
11 BO

] A0

1 B1

BLOCK DIAGRAM

4 o—(

6 o——(A=B)p
5 0—(

10 o— A0
11 0—B0
70— Al
90— Bl
2 0—A2
1 0—B2
15 0— A3
14 0——B3

(A>B)oy [—013

(A=B)out[—o03

(A< B)gyt f—o0 12

Vpp =PIN 16

Vgg = PIN 8

TRUTH TABLE (x = Don't Care)

Inputs

Comparing

Cascading

Outputs

A3, B3

A2, B2

Al, Bl A0, BO

w

A=B |A

w

o]

A=B

w

A3 >B3
A3 =B3
A3 =B3
A3 =B3

X
A2 > B2
A2 =B2
A2 =B2

X X
X X

Al>B1 X

Al1=B1 | AO>B0

o

A3 =B3
A3 =B3
A3 =B3
A3 =B3

A2 =B2
A2 =B2
A2 =B2
A2 =B2

Al1=B1 | AO=B0
Al=B1 | AO=B0
Al=B1 | AO=B0
Al1=B1 | AO=B0

A3 =B3
A3 =B3
A3 =B3

A2 =B2
A2 =B2
A2 < B2

Al1=B1 | AO<BO
Al<B1 X

A3 <B3

X

XX X X|FP PP OOfIX X X X|A

XX X X|P OPFP OfX X X X
XX X XX X X X[X X X X|V

Rl R R, OO0 OOO|A

O|O0 O O|Fkr OFr O|J]O OO

O|lo o olo o o r|(kFrkrPEFRrR|V
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MC14585B

ELECTRICAL CHARACTERISTICS (Voltages Referenced to Vgg)

Voo —-55°C 25°C 125°C
Characteristic Symbol | Vdc Min Max Min Typ 4) Max Min Max Unit
Output Voltage “0” Level VoL 5.0 — 0.05 — 0 0.05 — 0.05 Vdc
Vin = Vpp or 0 10 — 0.05 — 0 0.05 — 0.05
15 — 0.05 — 0 0.05 — 0.05
“1” Level Vou 5.0 4.95 — 4.95 5.0 — 4.95 — Vdc
Vin =0 or Vpp 10 9.95 — 9.95 10 — 9.95 —
15 14.95 — 14.95 15 — 14.95 —
Input Voltage “0” Level VL Vdc
(Vo = 4.5 or 0.5 Vdc) 5.0 — 15 — 2.25 1.5 — 15
(Vo =9.0 or 1.0 Vdc) 10 — 3.0 — 4.50 3.0 — 3.0
(Vo = 13.5 or 1.5 Vdc) 15 — 4.0 — 6.75 4.0 — 4.0
“1"Level | Vi Vdc
(Vo = 0.5 or 4.5 Vdc) 5.0 35 — 35 2.75 — 35 —
(Vo =1.0 0r 9.0 Vdc) 10 7.0 — 7.0 5.50 — 7.0 —
(Vo = 1.5 or 13.5 Vdc) 15 11 — 11 8.25 — 11 —
Output Drive Current loH mAdc
(Von = 2.5 Vdc) Source 5.0 -3.0 — -24 —-4.2 — -1.7 —
(Von = 4.6 Vdc) 5.0 -0.64 — -051 —-0.88 — -0.36 —
(Von = 9.5 Vdc) 10 -1.6 — -1.3 -2.25 — -09 —
(Von = 13.5 vdc) 15 -4.2 — -34 -8.8 — —-24 —
(VoL = 0.4 Vvdc) Sink loL 5.0 0.64 — 0.51 0.88 — 0.36 — mAdc
(VoL = 0.5 Vdc) 10 1.6 — 1.3 2.25 — 0.9 —
(VoL = 1.5 Vdc) 15 4.2 — 3.4 8.8 — 2.4 —
Input Current lin 15 — +0.1 — +0.00001 +0.1 — +1.0 pAdc
Input Capacitance Cin — — — — 5.0 7.5 — — pF
(Vin=0)
Quiescent Current Ibp 5.0 — 5.0 — 0.005 5.0 — 150 pAdc
(Per Package) 10 — 10 — 0.010 10 — 300
15 — 20 — 0.015 20 — 600
Total Supply Current () (6) It 5.0 IT = (0.6 pA/kHz) f + Ipp pAdc
(Dynamic plus Quiescent, 10 It = (1.2 pA/kHz) f + Ipp
Per Package) 15 It = (1.8 pA/kHZ) f + Ipp
(CL =50 pF on all outputs, all
buffers switching)

4. Data labelled “Typ” is not to be used for design purposes but is intended as an indication of the IC’s potential performance.
5. The formulas given are for the typical characteristics only at 25°C.
6. To calculate total supply current at loads other than 50 pF:

I7(Cp) = I+(50 pF) + (C_ — 50) Vfk
where: It is in YA (per package), C in pF, V = (Vpp — Vsg) in volts, f in kHz is input frequency, and k = 0.001.
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MC14585B

SWITCHING CHARACTERISTICS (7)) (C_ =50 pF, Ta = 25°C)

Characteristic Symbol Vbb Min Typ &) Max Unit
Output Rise and Fall Time tTLH ns
tTLHs trHe = (1.5 ns/pF) C + 25 ns trHL 5.0 — 100 200
trLH, trHe = (0.75 ns/pF) CL + 12.5 ns 10 — 50 100
trLHs trHe = (0.55 ns/pF) CL + 9.5 ns 15 — 40 80
Turn—0On, Turn—Off Delay Time tpLH, ns
tpLH, tpHL = (1.7 ns/pF) C + 345 ns tPHL 5.0 — 430 860
tpLH, tpHL = (0.66 ns/pF) C + 147 ns 10 — 180 360
tpLH, tpHL = (0.5 ns/pF) C + 105 ns 15 — 130 260
7. The formulas given are for the typical characteristics only at 25°C.
8. Data labelled “Typ” is not to be used for design purposes but is intended as an indication of the IC’s potential performance.
4-‘ l«— 20 ns
20ns r—
Vbp
A3
1 Vss
2f Vpp
- /_\_
Vss
20 ns— <>—20ns
Vo v
(A> B)out/ \ 90% b bb
VoL BO 50%
Vou —10% Y \Vgg
(A=B)out / \ tpLH tpHL
V \Y
o 90% o
Von 50%
(A <B)out !
(A <Bout v - 710% VoL
oL

Inputs (A>B) and (A=B) high, and inputs B2, A2, B1,
Al, BO, AO and (A<B) low.
fin respect to a system clock.

Figure 1. Dynamic Power Dissipation
Signal Waveforms
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tLH —<—J

Inputs (A>B) and (A=B) high, and inputs B3, A3, B2,
A2, B1, Al, A0, and (A<B) low.

tTHL

Figure 2. Dynamic Signal Waveforms




MC14585B

WORD
B= Bl B0 B9 B8  B7 B6  BS B4 B3 B2 Bl BO
WORD
A= AL | A0 | a0 | a8 | A7 | me | A5 | a4 | a3 | a2 | AL | a0
l l l l Vss Vop st
B3 A3 B2 A2 BL AL B0 A0 @ @ @
OUTPUT 145858 S
o @ ag INPUTS
< < 2
MC145858
Y Y Y Y Y YVYYVYYY
MC145858
{ { { WORD B = B11, B10, -, BO.
T o @ WORD A = Al1, A10, -, AQ.
L <2
OUTPUTS

Figure 3. Cascading Comparators

LOGIC DIAGRAM

vy,

12
[>So—d >0 <80

TS

. B2l

B = -

—

BOG- },_
(A<B)o {>¢ ] )
(r=Bo—] >o
(3> Blo—] >o 5
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MC14598B

8-Bit Bus-Compatible
Latches

The MC14598B is an 8—bit latch addressed with an external binary
address. The 8 latch—outputs are high drive, three—state and bus line
compatible. The drive capability allows direct applications with MPU
systems such as the Motorola 6800 family.

The latches of the MC14598B are accessed via the Address pins,
A0, Al, and A2.

All 8 outputs from the latches are available in parallel when Enable
is in the low state. Data is entered into a selected latch from the Data
pin when the Strobe is high. Master reset is available on both parts.

¢ Serial Data Input

ON Semiconductor

http://onsemi.com

* Three—State Bus Compatible Parallel Outputs
e Three-State Control Pin (EnaplETL Compatible Input
e Open Drain FulFlag (Multiple Latch Wire—O Ring)
* Master Reset
* Level Shifting Inputs on All Except Enable
* Diode Protection — All Inputs
* Supply Voltage Range — 3.0 Vdc to 18 Vdc

* Capable of Driving TTL Over Rated Temperature Range
With Fanout as Follows:

1 TTL Load
4 LSTTL Loads

MAXIMUM RATINGS (Voltages Referenced to Vgs) (Note 1.)

MARKING
DIAGRAMS
OO Oon
PDIP-18 MC14598BCP
P SUFFIX D
¢) AWLYYWW
1
A = Assembly Location
WL or L = Wafer Lot
YYorY =Year

WW or W = Work Week

ORDERING INFORMATION

1. Maximum Ratings are those values beyond which damage to the device
may occur.

2. Temperature Derating:
Plastic “P and D/DW” Packages: — 7.0 mW/°C From 65°C To 125°C

[ Semiconductor Components Industries, LLC, 2000

March, 2000 — Rev. 3
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Symbol Parameter Value Unit
Device Package Shippin
Vpp DC Supply Voltage Range —0.5t0 +18.0 \ 9 PPIng
Vin Input Voltage Range, —0.5t0 Vpp + 0.5 \% MC14598BCP PDIP-18 20/Rail
Enable (DC or Transient)
Vin Input Voltage Range, All Other —-0.5t0 Vpp + 12 \Y
Inputs (DC or Transient)
Vout Output Voltage Range, —-0.5t0 Vpp +0.5 \Y,
(DC or Transient)
lins lout Input or Output Current +10 mA
(DC or Transient) per Pin
Pp Power Dissipation, 500 mw
per Package (Note 2.)
T, Ambient Temperature Range 5510 +125 c Thls device contains protectlpn circuitry to guar‘d
against damage due to high static voltages or electric
Tstg Storage Temperature Range —65to +150 °C fields. However, precautions must be taken to avoid ap-
- plications of any voltage higher than maximum rated
s Lead Tempeorlatuﬁ ) 260 c voltages to this high—-impedance circuit. For proper
(8-Second Soldering) operation, Vi, and Vg should be constrained to the

range Vgs < (Vin or Vout) < Vpp.

Unused inputs must always be tied to an appropriate
logic voltage level (e.g., either Vgg or Vpp). Unused out-
puts must be left open.

Publication Order Number:
MC14598B/D



RESET
DATA
STROBE

RESET [
DATA[]
ENABLE []

STROBE [

MC14598B

PIN ASSIGNMENT

DO ]

NC ]

A0 [
AL[]
Vss [

© oo ~N o g B w N

18
17
16
15
14
13
12
1
10

1 Voo
[ D1
[ D2
[ D3
[l D4
[ D5
[ D6
[ b7
0 A2

BLOCK DIAGRAMS

MC14598B ENABLE
4
2
3 —_—
6 17
THREE [—~
1] 8 STATE B
8| ADDRESS [—\| LATCHES ? OUTPLT =
10| DECODER —|/ BUFFERS =
2
VDD:18 i
Vss=9

DO
D1
D2
D3
D4
D5
D6
D7
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OUTPUT
TRUTH TABLE

Enable Outputs

High Impedance

Dn

Dy, = State of nth latch

NC =NO CONNECTION




MC14598B

ELECTRICAL CHARACTERISTICS (Voltages Referenced to Vgg)

130 pF 4)

It = (6.0 pA/kHZ) f + Ipp

Vbp —-55°C 25°C 125°C
Characteristic Symbol | Vdc Min Max Min Typ 3) Max Min Max Unit
Output Voltage “0” Level VoL 5.0 — 0.05 — 0 0.05 — 0.05 Vdc
Vin= Vppor0 10 — 0.05 — 0 0.05 — 0.05
15 — 0.05 — 0 0.05 — 0.05
“1” Level Von 5.0 4.95 — 4.95 5.0 — 4.95 — Vdc
Vin =0 or Vpp 10 9.95 — 9.95 10 — 9.95 —
15 14.95 — 14.95 15 — 14.95 —
Input Voltage (4) — Enable “0” Level Vi vdc
(Vo =4.50r 0.5 Vdc) 5.0 — 0.8 — 1.1 0.8 — 0.8
(Vo =9.00r 1.0 Vdc) 10 — 1.6 — 2.2 1.6 — 1.6
(Vo =13.50r 1.5 Vdc) 15 — 2.4 — 3.4 2.4 — 2.4
“1" Level V4 Vdc
(Vo =0.50r 4.5 Vvdc) 5.0 2.0 — 2.0 1.9 — 2.0 —
(Vo =1.0 0or 9.0 vVdc) 10 6.0 — 6.0 31 — 6.0 —
(Vo =1.50r 13.5 Vdc) 15 10 — 10 43 — 10 —
Input Voltage “0” Level ViL Vdc
Other Inputs
(Vo =4.50r 0.5 Vdc) 5.0 — 15 — 2.25 15 — 15
(Vo =9.0 or 1.0 Vdc) 10 — 3.0 — 4.50 3.0 — 3.0
(Vo =13.50r1.5Vdc) 15 — 4.0 — 6.75 4.0 — 4.0
(Vo=0.50r45Vvdc) “1"Level ViH 5.0 35 — 35 2.75 — 35 — Vdc
(Vo =1.0 0r 9.0 Vdc) 10 7.0 — 7.0 5.50 — 7.0 —
(Vo =1.50r 13.5Vdc) 15 11 — 11 8.25 — 11 —
Output Drive Current Source loH mAdc
(Full — Sink Only)
(Vou = 4.6 Vdc) 5.0 -1.0 - -1.0 -2.0 — -1.0 —
(Von = 9.5 Vdc) 10 — — -6.0 — — —
(Von = 13.5 Vdc) 15 — — — -12 — — —
(VOL =04 VdC) Sink loL 5.0 1.6 — 1.6 3.2 — 1.6 — mAdc
(VoL = 0.5 Vdc) 10 — — — 6.0 — — —
(VoL =1.5Vdc) 15 — — — 12 — — —
Input Current lin 15 — +0 — +0.00001 | 0 — HAdc
Three—State Leakage Current L 15 — + — +0.00001 | =+ — + pAdc
Input Capacitance (Vj, = 0) Cin — — — — 5.0 7.5 — — pF
Quiescent Current Ibb 5.0 — 5.0 — 0.005 5.0 — 150 pAdc
(Per Package) 10 — 10 — 0.010 10 — 300
15 — 20 — 0.015 20 — 600
Total Supply Current at an IT 5.0 It = (2.0 pA/kHZ) f + Ipp pHAdc
External Load Capacitance of 10 It = (4.0 pA/kHZ) f + Ipp

3. Data labelled “Typ” is not to be used for design purposes but is intended as an indication of the IC’s potential performance.
4. The formulas given are for the typical characteristics only at 25°C.
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MC14598B

SWITCHING CHARACTERISTICS () (T4 = 25°C, C,_ = 130 pF + 1 TTL Load)

All Types
Vop
Characteristic Symbol vdc Min Typ (6) Max Unit
Output Rise and Fall Time tTLH ns
trLH, trhe = (0.5 ns/pF) C + 35 ns trHL 5.0 — 100 200
trin, ttHL = (02 ns/pF) C_+25ns 10 — 50 100
trLH, ttHe = (0.16 ns/pF) C + 20 ns 15 — 40 80
Propagation Delay Time tpLH, ns
Enable to Output tpHL 5.0 — 160 320
10 — 125 250
15 — 100 200
Strobe to Output 5.0 — 200 400
10 — 100 200
15 — 80 160
Reset to Output 5.0 — 175 350
10 — 90 180
15 — 70 140
Pulse Width twH, ns
Enable twi 5.0 320 160 —
10 240 120 —
15 160 80 —
Strobe 5.0 200 100 —
10 100 50 —
15 80 40 —
Increment 5.0 200 100 —
10 100 50 —
15 80 40 —
Reset 5.0 300 150 —
10 160 80 —
15 100 50 —
Setup Time tsu ns
Data 5.0 100 50 —
10 50 25 —
15 35 20 —
Address 5.0 200 100 —
10 100 50 —
15 70 35 —
Hold Time th ns
Data 5.0 100 50 —
10 50 25 —
15 35 20 —
Address 5.0 100 50 —
10 50 25 —
15 35 20 —
Reset Removal Time trem 5.0 20 -25 — ns
10 20 -15 —
15 20 -10 —

5. The formulas given are for the typical characteristics only at 25°C.

6. Data labelled “Typ” is not to be used for design purposes but is intended as an indication of the IC’s potential performance.
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MC14598B

MC14598B FUNCTION DIAGRAM

I_ 1
RESET 2 o—>o—>c | Voo |
ok s Do Do——11 D8
Lr
TO OTHER 1
LATCHES °<}
e 1o oo S |, -5 |
ENABLE 4o—>o—>c | Vs |
l" L EACH LATCH |
TO OTHER
LATCHES ZERO
SELECT —o0 17
—o0 16
A0 7o—>o— 15
ADDRESS N\ 014
Al 80_>°_ CECODER ADDITIONAL 7 LATCHES 4
4 —0 12
11
A2 10 o—>o— —o0
(M.S.B)
MC14598B TIMING DIAGRAM
%
50% R 7t
L~ —> lpiy
D7 /1 50% \L {?83)
0
tpLH —> —> tpHL triy —>
RESET
A0, AL, A2
DATA
STROBE
-
ENABLE 5( R .
tw |

*1.4'V with Vpp = 5.0 V

NOTES:

1. High-impedance output state (another device controls bus).
2. Output Load as for MC14597B.
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MC14598B

LATCH TRUTH TABLE TRUTH TABLE FOR MC14597B
Address Other Address
Strobe Reset Latch Latches Increment Enable Reset Counter Full”
0 1 * * " X 1 Count Up —
1 1 Data * / X 1 No Change —
X 0 0 0 X 1 0 Reset to Zero Set to One
*= No change in state of latch X 0 1 No Change Set to One
X =Don't care If at To Zero on
X 1 1 ADDRESS 7 Falling Edge
of STROBE

X =Don't care

TEST LOAD
ALL OUTPUTS
+50V
% R =25k
D, O g Kk
130 pF 1.7k %

Circuit diagrams external to or containing Motorola  The information contained herein is for guidance only,
products are included as a means of illustration only. with no warranty of any type, expressed or implied.
Complete information sufficient for construction purposes Motorola reserves the right to make any changes to the
may not be fully illustrated. Although the information herein information and the product(s) to which the information
has been carefully checked and is believed to be reliableapplies and to discontinue manufacture of the product(s) at
Motorola assumes no responsibility for inaccuracies. any time.

Information herein does not convey to the purchaser any
license under the patent rights of Motorola or others.
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CHAPTER 7
CMOS Reliability
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RELIABILITY usually expressed in percent failures per thousand hours.
Paramount in the mind of every semiconductor user is theOther forms include FIT (Failures in Time = (%71s) x
question of device performance versus time. After the 10~#= 10 failures per hour) and MTTF (Mean Time To
applicability of a particular device has been established, itsFailure) or MTBF (Mean Time Between Failures), both
effectiveness depends on the length of troublefree service i€ing equal to M and having units of hours.
can offer. The reliability of a device is exactly that — an ~ Since reliability evaluations usually involve only samples
expression of how well it will serve the customer. The Of an entire population of devices, the concepts of the
following discussion will attempt to present an overview of Central Limit Theorem apply andis calculated using

ON Semiconductor’s reliability efforts. distribution through the equation:
X2 (X, 2r + 2)
BASIC CONCEPTS A= o
It is essential to begin with an explanation of the various

S . 100 -CL
parameters of Reliability. These are probably summarized where x = 00
best in the Bathtub Curve (Figure 1). The reliability L
performance of a device is characterized by three phases: CL = Confidence Limit in percent
infant mortality, useful life, and wearout. When a device is r = Number of rejects
produced, there is often a small distribution of failure n = Number of devices
mechanisms which will exhibit themselves under relatively t = Duration of test

moderate stress levels and therefore appear early. This
period of early failures, termed infant mortality is reduced
significantly through proper manufacturing controls and
screening techniques. The most effective period is that in
which only occasional random failure mechanisms appear.
The useful life typically spans a long period of time with a
very low failure rate. The final period is that in which the
devices literally wear out due to continuous phenomena
which existed at the time of manufacture. Using strictly
controlled design techniques and selectivity in applications
this period is shifted well beyond the lifetime required by the

The confidence limitis the degree of conservatism desired
in the calculation. The Central Limit Theorem states that the
values of any sample of units out of a large population will
produce a normal distribution. A 50% confidence limit is
termed the best estimate and is the mean of this distribution.
A 90% confidence limit is a very conservative value and
results in a higherwhich represents the point at which 90%
of the area of the distribution is to the left of that value
(Figure 2). Theterm (2r + 2) is called the degrees of freedom
'and is an expression of the number of rejects in a form
suitable to X tables.

user.
50% CL
s}
= 90% CL
L
INFANT MORTALITY / > | |
ke / (SUCH AS EARLY 2
= \,/ BURN-IN FAILURES) / | |
[a
2 \\ / |
E -
N — -
WEAROUT ), FAILURE RATE
USEFUL LIFE FAILURES Figure 2
The number of rejects is a critical factor since the
10 100 1000 10,000 100,000 1,000,000

definition of rejects often differs between manufacturers.
While ON Semiconductor uses data sheet limits to
Figure 1. determine failures, sometimes rejects are counted only if
they are catastrophic. Due to the increasing chance of a test
not being representative of the entire population, as sample
size and test time are decreased, #eaiculation produces
surprisingly high values of for short test durations even
though the true long term failure rate may be quite low. For
Po=eM this reason relatively large amounts of data must be gathered
whereh is the failure rate and t is time. Sincés changing ~ to demonstrate the real long term failure rate.
rapidly during infant mortality, the expression does not  Since this would require years of testing on thousands of
become useful until the random period, wheierelatively devices, methods of accelerated testing have been
constant. In this equationis failures per unit of time. Itis  developed.

TIME (HOURS)

Both the infant mortality and random failure rate regions
can be described through the same types of calculations
During this time the probability of having no failures to a
specific point in time can be expressed by the equation:
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Years of semiconductor device testing has shown thatdevices will be used (Figure 3). For Discrete products, 0.7
temperature will accelerate failures and that this behavioreV is generally applied.
fits the form of the Arrhenius equation: To accomplish this, the time in device hours (t1) and
R (t) = Ro(t)e — B/KT temperature (T1) of the test are plotted as point P1. A vertical
line is drawn at the temperature of interest (T2) and a line

where R(t) = Reaction rate as a function of time and with a 1.0 eV’ slope is drawn through point P1.

R, = t:Tc?r?sr?zatz{e Its intersection with the vertical line defines point P2, and
i 0 _ Time determines the number of equivalent device hours (t2). This

number may then be used with tHformula to determine

ﬁ f ggﬁ\éig:ysegggﬁnntelectron volts the failure rate at the temperature of interest. Assuming T1
: . . of 125°C at t1 of 10,000 hours, a t2 of 7.8 million hours
T = Temperature in degrees Kelvin

S ) ) _ . results at a T2 of 5. If one reject results in the 10,000
To provide time—temperature equivalents this equation is gavice hours of testing at 125, the failure rate at that

applied to failure rate calculations in the form: temperature will be 0.1%/1,000 hours using a 60%
t=toe B/KT confidence level. One reject at the equivalent 7.8 million
where t = time device hours at 5@ will result in a 0.0008%/1,000 hour
top = A constant failure rate, as illustrated in Figure 4.

The Arrhenius equation essentially states that reaction Three parameters determine the failure rate quoted by the
rate increases exponentially with temperature. This manufacturer: the failure rate at the test temperature, the
produces a straight line when plotted in log-linear paperactivation energy employed, and the difference between the
with a slope expressed b§. ©® may be physically testtemperature and the temperature of the qaoteterm
interpreted as the energy threshold of a particular reaction offten used in this manipulation is the “acceleration factor”
failure mechanism. The activation energy exhibited by Which is simply the equivalent device hours at the lower
semiconductors varies from about 0.3 eV. Although the temperature divided by the actual test device hours.
relationships do not prohibit devices from having poor ~Every device will eventually fail, but with the present
failure rates and high activation energies, good performancel€chniques in Semiconductor design and applications, the
usually does not imply a high. Studies by Bell Telephone ~ Wearout phase is extended far beyond the lifetime required.
Laboratories have indicated that an overé&l for During Wearout, as in infant mortality, the failure rate is

semiconductors is 1.0 eV. This value has been accepted bghanging rapidly and therefore loses its value. The
the Rome Air Development Command for Parameter used to describe performance in this area is

time—temperature acceleration in powered burn—in. Data Median Life” and is the point at which 50% of the devices
taken by ON Semiconductor on Integrated Circuits have have failed. There are currently only few significant wearout
verified this number and it is therefore applied as our mechanisms: electromigration of circuit metallization,
standard time—temperature regression for extrapolation ofelectrolytic corrosion in plastic devices and metal fatigue for
high temperature failure rates to temperatures at which the®ower devices.

1000k]'2 16 2.0 /2.4 v 28 v 3.2/ /3.6 1001.2 16 2.0 24 28 3.2 36
/ N 100k
[/ /) S AN
100 k INAVAYA 4 / \
[/ /S S/ / 10 AN
/17 177 / \C
10k 17 777 7] 7 2 AN
e = A A S 10 N
& / /// / // ”pz T \
8 10k // /// / / / | § \\
z TAVIIS . AVAD AR V.4 S Nf=— —[— =\
= I/INI/ VAV A AN
0 I/ 7 7 | = =
/N VA 4 prad & 001 = \\
1/ ¥/ 4 99 AVA4 x \
10 L7z 7 ' = | N\
tl /77 7 - | T 1 N\
Y/ p el ! R T e N
L0 77 7 /1 10ev I ™\
' /o /T 1 SLOPE 0.0001 | AN
7 7 1 : | T\
oL '/ Tll ' T2 0.00001 = \\
500 200 100 50 0 ‘ T T T
TEMPERATURE (°C) 500 200 100 50 0
Figure 3. Normalized Time—Temperature TEMPERATURE (°C)
Regressions for Various Activation Energy Values Figure 4. Failure Rate
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For increased flexibility in working with a broad range of where
device hours, the time—temperature regression lines have T;

maximum junction temperature

been normalized to 50C and the time scale omitted, Ta = maximum ambient temperature
permitting the user to define the scale based on his own Pp = calculated maximum power dissipation
requirements. including effects of external loads (see

Power Dissipation in section IlI).

- S B;c = average thermal resistance, junction to case
Circuit performance and long-term circuit reliability are  g., = average thermal resistance, case to ambient

keeping the IC junction temperatures low. ambient
Electrical power dissipated in any integrated circuit is a . .
source of heat. This heat source increases the temperature %f Tf:gs S(;\leeFrznAcS) gdsrcg)ég%?grgzad?;?m;lf‘largzts.ct;?,,en
the die relative to some reference point, normally the pprov y . . . ulating a "practi
. S maximum  operating  junction  temperature  for
ambient temperature of 26 in still air. The temperature IL—M—38510 (JAN) devices
increase, then, depends on the amount of power dissipatet'yI :

in the circuit and on the net thermal resistance between th% aﬁggy éwotgzrrﬂze?n_thfhre'gg:nst')?eentoieer?]u2?221 r(el) ;‘23 ?ﬁe
heat source and the reference point. y P '

The temperature at the junction is a function of the device case t(.) ambient ther_mal_ resistafigg, (To some
. . ) . extent the device power dissipation can also be controlled,
packaging and mounting system’s ability to remove heat .
. L . . . but under recommended use thed\supply and loading
generated in the circuit — from the junction region to the . . L .
. . . . dictate a fixed power dissipation.) Both system air flow and
ambient environment. The basic formula for converting

power dissipation to estimated junction temperature is: the. package m_°“r1“”9 technlqug affect b, ther.mal
resistance ternB;c is essentially independent of air flow

Ty=Ta+Pp@sc +6ca) 1) and external mounting method, but is sensitive to package
or Ty=Ta+Pp(@3p) 2 material, die bonding method, and die area.

THERMAL MANAGEMENT

Thermal Resistance in Still Air

Package Description

No. Body Body Body Die Die Area Flag Area Oic (*Ciwaty)
Leads Style Material W x L Bonds (Sqg. Mils) (Sq. Mils) Avg. Max.
14 DIL Epoxy 1/4" x 3/4" Epoxy 4096 6,400 38 61
16 DIL Epoxy 1/4" x 3/4" Epoxy 4096 12,100 34 54
NOTES:

1. All plastic packages use copper lead frames.
2. Body style DIL is “Dual-In—Line.”
3. Standard Mounting Method: Dual-In—Line Socket or P/C board with no contact between bottom of package and socket or P/C board.

Figure 5. Thermal Resistance Values for Standard I/C Packages

For applications where the case is held at essentially aThese figures show the proportionate increase in the
fixed temperature by mounting on a large or junctiontemperature of each dual in—line package as the air
temperature—controlled heat sink, the estimated junctionpasses over each device. For higher rates of air flow the

temperature is calculated by: change in junction temperature from package to package
Ty=Te + Pp®@;c) ©) down the airstream will be lower due to greater cooling.
where Tc = maximum case temperature and the other — , .
. . Power Dissipation Junction Temperature Gradient
parameters are as previously defined. (mW) (°ClPackage)
The maximum and averad®c resistance values for
standard IC packages are given in Figure 5. 200 04
250 0.5
AIR FLOW
o . 300 0.63
The majority of users employ some form of air—flow 200 088
cooling. As air passes over each device on a printed circuit '

board, it absorbs heat from each package. This heat gradientPevices mountedon 0.062" PC board with Z axis spacing of 0.5".
from the first package to the last package is a function of the A" 1oV 1S 500 Ifpm along the Z axis.

air flow rate and individual package dissipations. Figure 6 Figure 6. Thermal Gradient of Junction Temperature
provides gradient data at power levels of 200 mW, 250 mW, (16—Pin Dual-in-Line Package)

300 mW, and 400 mW with an air flow rate of 500 Ifpm.
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OPTIMIZING THE LONG TERM RELIABILITY OF Table 1 is graphically illustrated in Figure 7 which shows
PLASTIC PACKAGES that the reliability for plastic and ceramic devices are the

Todays plastic integrated circuit packages are as reliables@me until elevated junction temperatures induces
as ceramic packages under most environmental conditionsintermetallic failures in plastic devices. Early and mid-life
However when the ultimate in system reliability is required, failure rates of plastic devices are not effected by this
thermal management must be considered as a prime systefftermetallic mechanism.
design goal.

Modern plastic package assembly technology utilizes
gold wire bonded to aluminum bonding pads throughout the
electronics industry. When exposed to high temperatures for
protracted periods of time an intermetallic compound can
form in the bond area resulting in high impedance contacts

T
| FAILURE RATE OF PLASTIC = CERAMIC
UNTIL INTERMETALLIC FAILURES OCCUR

and degradation of device performance. Since the formationg

of intermetallic compounds is directly related to device g

junction temperature, it is incumbent on the designer to = o | o o o o o

determine that the device junction temperatures areé — TSRS 8 T1gTlg

consistent with system reliability goals. N o=t
<§( = = = = = II—

Predicting Bond Failure Time: g ¢

Based on the results of almost ten (10) years of ¥@25 < 1

operating life testing, a special arrhenius equation has been

developed to show the relationship between junction

temperature and reliability. 1 10 . e

TIME, YEARS

Eq. (1) T = (6.376 x 109)e [M]

273.15+T; Figure 7. Failure Rate versus Time
Where: T = Time in hours to 0.1% bond failure Junction Temperature
(1 failure per 1,000 bonds).
T3 = Device junction temperaturéC.

And:
Eq (2) TJ = TA + PDGJA = TA + ATJ Procedure
Where: Ty = Device junction temperaturéc. After the desired system failure rate has been established
Ta = Ambient temperaturéC. for failure mechanisms other than intermetallics, each
Pp = Device power dissipation in watts. ~ device in the system should be evaluated for maximum
65a= Device thermal resistance, junction to air, junction temperature. Knowing the maximum junction
°C/Watt. temperature, refer to Table 1 or Equation 1 to determine the
AT;= Increase in junction temperature due to  continuous operating time required to 0.1% bond failures
on—chip power dissipation. due to intermetallic formation. At this time, system

Table 1 shows the relationship between junction reliability departs from the desired value as indicated in
temperature, and continuous operating time to 0.1%. bondFigure 7.

failure, (1 failure per 1,000 bonds). Air flow is one method of thermal management which
. . . should be considered for system longevity. Other commonly
Table 1. Device JU“CE'O“ Temperature versus Time used methods include heat sinks for higher powered devices,
t0 0.1% Bond Failures refrigerated air flow and lower density board stuffing. Since
Junction Bca is entirely dependent on the application, it is the
Temperature °C Time, Hours Time, Years responsibility of the designer to determine its value. This can
80 1,032,200 117.8 be achieved by various techniques including simulation,
90 419,300 47.9 modeling, actual measurement, etc.
100 178,700 20.4 The material presented here emphasizes the need to
110 79.600 94 con;ider thermal management as an intggral part of system
design and also the tools to determine if the management
120 37,000 4.2 i :
50 7500 5 methods being considered are adequate to produce the
. i desired system reliability.
140 8,900 1.0
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Figure 8. Junction Temperature for Worst Case
CMOS Logic Device

This graph illustrates junction temperature for the worst case CMOS
Logic device (MC14007UB) — smallest die area operating at
maximum power dissipation limit in still air. The solid line indicates
the junction temperature, T3, in a Dual-In-Line (PDIP) package and
in a Small Outline IC (SOIC) package versus ambient temperature,
Ta. The dotted line indicates maximum allowable power dissipation
derated over the ambient temperature range, 25°C to 125°C.

Pp, MAXIMUM POWER DISSIPATION PER PACKAGE (mW)
Ty, JUNCTION TEMPERATURE (°C)

s
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Figure 9. Junction Temperature for Typical
CMOS Logic Device

This graph illustrates junction temperature for a CMOS Logic device
(MC14053B) — average die area operating at maximum power
dissipation limit in still air. The solid line indicates the junction
temperature, T3, in a Dual-In—Line (PDIP) package and in a Small
Outline IC (SOIC) package versus ambient temperature, Ta. The
dotted line indicates maximum allowable power dissipation derated
over the ambient temperature range, 25°C to 125°C.
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CHAPTER 8
Equivalent Gate Count
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DEVICE

MC14001B
MC14001UB
MC14007UB
MC14008B
MC14011B
MC14011UB
MC14012B
MC14013B
MC14014B
MC14015B
MC14016B
MC14017B
MC14018B
MC14020B
MC14021B
MC14023B
MC14024B
MC14025B
MC14028B
MC14029B
MC14040B
MC14042B
MC14046B
MC14049UB
MC14049B
MC14050B
MC14051B
MC14052B
MC14053B
MC14060B
MC14066B
MC14067B
MC14069UB
MC14071B
MC14073B
MC14076B

EQUIVALENT GATE COUNT

The following is a list of equivalent gate counts for some of ON Semiconductor’s CMOS devices. In general for CMOS,
the number of equivalent gates is equal to the total number of transistors on chip divided by four. This list includegonly tho
devices with equivalent gate counts known at the time of this printing.

EQUIVALENT
GATE COUNT DEVICE
8 MC14081B
4 MC14082B
15 MC14093B
40 MC14094B
8 MC14099B
4 MC14174B
7 MC14175B
16 MC14490
74 MC14503B
53 MC14504B
8 MC14511B
62.5 MC14512B
38.25 MC14514B
84 MC14515B
74 MC14516B
9 MC14517B
59 MC14518B
9 MC14520B
26 MC14526B
65.5 MC14528B
73 MC14532B
175 MC14536B
35 MC14538B
3 MC14541B
9 MC14543B
6 MC14549B
48.5 MC14551B
38.5 MC14553B
38 MC14555B
73.5 MC14556B
13 MC14557B
65 MC14559B
3 MC14562B
10 MC14569B
10.5 MC14572UB
325 MC14584B
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EQUIVALENT
GATE COUNT

10
8
18
79
70
43.5
39.5
136.5
17
375
54
17.25
59
67
61
119
43.5
43.5
86
24
38.5
103
38
93
52
122
35
147.5
21
25
232.5
122
206
156

18



CHAPTER 9
Packaging Information Including Surface Mounts
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PACKAGE DIMENSIONS

The standard package availability for each device is indicated on the front page of the individual data sheets. Dimensions
for the packages are given in this chapter. Surface mount packages may be special ordered by specifying the following suffixes:
“D” (narrow SOIC), “DW” (wide SOIC), or “DT” (TSSOP). For example, to order a quad NOR gate, use MC14001BD.

14-Pin Packages

PDIP-14
P SUFFIX
PLASTIC PACKAGE
CASE 646-06
ISSUE M NOTES:
1. DIMENSIONING AND TOLERANCING PER ANSI
AAALAAN Vidsi, 1982
14 8 T , 2. CONTROLLING DIMENSION: INCH.
\ 3. DIMENSION L TO CENTER OF LEADS WHEN
B FORMED PARALLEL.
O * 4. DIMENSION B DOES NOT INCLUDE MOLD FLASH.
1 7 5. ROUNDED CORNERS OPTIONAL.
ATARTARTERTERTARTARYe
INCHES MILLIMETERS
- A o |DIM| MIN | MAX | MIN | MAX
A | 0715 | 0770 | 18.16 | 18.80
—> [ fe— L B [ 0240 | 0260 [ 610 [ 6.60
C [ 0145 | 0185 [ 369 [ 469
. 1. \ A D [ 0015 | 0021 [ 038 [ 053
F ] 0040 [0070 [ 102 ] 178
N i C G 0.100 BSC 2.54 BSC
L\ Y H [ 0052 [ 0095 [ 132 [ 241
-T- | 1| 4 J | 0008 [ 0015 [ 020] 038
y K [ 0115 [ 0135 [ 292 [ 343
SEATING —
L [ 0290 [0310 ] 737 [ 787
PLANE JL LK J—le M — [ 10°] — | 10°
—>1H G D14apPL M N | 0015 [ 0039 | 038 [ 1.01
013 (0.005) | ® |
SOIC-14
D SUFFIX
PLASTIC PACKAGE
CASE 751A-03
ISSUE F
NOTES:

=

DIMENSIONING AND TOLERANCING PER ANSI
Y14.5M, 1982.
CONTROLLING DIMENSION: MILLIMETER.

—
S

N

A—
H H H H H H H 3. DIMENSIONS A AND B DO NOT INCLUDE
MOLD PROTRUSION.
14 8 4. MAXIMUM MOLD PROTRUSION 0.15 (0.006)
PER SIDE.
-B=] p7pL /‘I\ 5. DIMENSION D DOES NOT INCLUDE DAMBAR
PROTRUSION. ALLOWABLE DAMBAR
® 7 |€B| 0.25 (0.010)®| B M) | D‘—L PROTRUSION SHALL BE 0.127 (0.005) TOTAL
.H_m_m_ﬂ_m IN EXCESS OF THE D DIMENSION AT
MAXIMUM MATERIAL CONDITION.
_>| |<_ _J L MILLIMETERS INCHES
G R x 45° F | DIM[ MIN | MAX | MIN | MAX
-C 4" I‘_ A | 855 | 875 | 0337 | 0344
I ] \ B | 380 | 400 | 0150 | 0.157
EEEEUEUEUE' ¥ c | 135 | 175 [ 0054 | 0.068
— l D | 035 | 049 | 0.014 | 0019
_‘L_ K N4 F | 040 ] 1.25 | 0016 | 0.049
SEATING —>| L— D 14 PL K M J G 1.7 BSC 0.050 BSC
PLANE J | 019 [ 025 | 0.008 [ 0.009
|€B| 0.25 (0.010)®| T| B @| A@| K | 010 | 025 | 0.004 | 0.009
M o°] 7°] o°| 7°
P | 580 | 620 0228 [ 0244
R | 025 | 050 0010 | 0019
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14-Pin Packages (continued)

TSSOP-14
DT SUFFIX
PLASTIC PACKAGE
CASE 948G-01

ISSUE O
14x K REF NOTES:
N 1. DIMENSIONING AND TOLERANCING PER ANSI
—>H<—{$|010 0004@|T|U©|V@| \ Y14.5M, 1982,
2. CONTROLLING DIMENSION: MILLIMETER.
|Q| 0.15 (0. 006 T U @| 3. DIMENSION A DOES NOT INCLUDE MOLD
FLASH, PROTRUSIONS OR GATE BURRS. MOLD
T H H H H H H H N FLASH OR GATE BURRS SHALL NOT EXCEED 0.15
0.25(0.010) (0.006) PER SIDE.
4. DIMENSION B DOES NOT INCLUDE INTERLEAD
FLASH OR PROTRUSION. INTERLEAD FLASH OR
M PROTRUSION SHALL NOT EXCEED
0.25 (0.010) PER SIDE.
B B 5. DIMENSION K DOES NOT INCLUDE DAMBAR
U= N PROTRUSION. ALLOWABLE DAMBAR
PROTRUSION SHALL BE 0.08 (0.003) TOTAL IN
F EXCESS OF THE K DIMENSION AT MAXIMUM
MATERIAL CONDITION.
6. TERMINAL NUMBERS ARE SHOWN FOR
DETAILE REFERENCE ONLY.
7. DIMENSION A AND B ARE TO BE DETERMINED
K AT DATUM PLANE ~W-.
MILLIMETERS INCHES
L —TI K1 F— DIM| MIN | MAX | MIN | MAX
i — A | 490 | 510 | 0193 | 0.200
7 B | 430 | 450 | 0169 | 0.177
JJ1 ‘//A C 120 | — | 0047
1 ~~ D | 005 045 0002 | 0.006
F | 050 | 075 0020 | 0,030
—1_ SECTION N-N G | 0658sC 0.026 BSC
H | 050 | 060 | 0.020 | 0.024
I J | 009 [ 020 0004 | 0.008
[ L~ W] J1| 009 | 016 | 0004 | 0.006
l C ; ¥ AN K | 019 [ 030 | 0.007 | 0012
UHHAAHAR no) rTo1s 028 Taoor T oo
0,10 (0.004) T _ L | 640BsC 0252 BSC
M 0° ] 8° 0° ] 8°
—TlsEe b —>IGI<— <—H  DETALE

PLANE

SOEIAJ-14
F SUFFIX
PLASTIC PACKAGE NOTES:

1. DIMENSIONING AND TOLERANCING PER ANSI
CASE 965-01 Y14.5M, 1982.
2. CONTROLLING DIMENSION: MILLIMETER.
ISSUE O 3. DIMENSIONS D AND E DO NOT INCLUDE
MOLD FLASH OR PROTRUSIONS AND ARE
MEASURED AT THE PARTING LINE. MOLD FLASH
OR PROTRUSIONS SHALL NOT EXCEED 0.15
(0.006) PER SIDE.
L ¢ 4. TERMINAL NUMBERS ARE SHOWN FOR
E

REFERENCE ONLY.
Q 5. THE LEAD WIDTH DIMENSION (b) DOES NOT
1 INCLUDE DAMBAR PROTRUSION. ALLOWABLE
DAMBAR PROTRUSION SHALL BE 0.08 (0.003)
M2 TOTAL IN EXCESS OF THE LEAD WIDTH
DIMENSION AT MAXIMUM MATERIAL CONDITION.
(N — DAMBAR CANNOT BE LOCATED ON THE LOWER
RADIUS OR THE FOOT. MINIMUM SPACE
_>| L |<_ BETWEEN PROTRUSIONS AND ADJACENT LEAD

TO BE 0.46 (0.018).
DETAIL P MILLIMETERS INCHES

MIN | MAX | MIN | MAX
— [ 205 — [ o081
005 | 020 | 0.002 | 0.008
035 | 050 | 0.014 | 0,020
018 | 027 | 0007 | 0.011

c 9.90 | 1050 | 0.390 | 0.413
510 | 545 | 0201 | 0215
| ¢ 1.27BSC 0.050 BSC

= — \ 7 1 He | 740 | 820 [ 0201 [ 0.323

~— 050 050 | 085 | 0.020 | 0.033

Lg 110 150 | 0.043 | 0.059

—{|l<—b g g
&S] 010(0.000)] oo o w00

z — 142 — | 0.056

>

mmonc-.?)>|§

VIEW P
o A 2
{
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16-Pin Packages

le— g —>

PDIP-16
P SUFFIX
PLASTIC PACKAGE
CASE 648-08
J— ISSUE R
—A—
RN W W N W N
16 9

NOTES:
DIMENSIONING AND TOLERANCING PER ANSI
Y14.5M, 1982.

CONTROLLING DIMENSION: INCH.
DIMENSION L TO CENTER OF LEADS WHEN
FORMED PARALLEL.

1.

2.
3.

. DIMENSION B DOES NOT INCLUDE MOLD FLASH.

E_H_H_H_H_H_H_ﬂ

_f

P spPL

- SEATING
PLANE

v

[@]0250010®][T[B ®[AG)]

. _{ [@]0.250010@[B O
ﬁj_lr;H_H_H_H_H |
G

—-“4— R x45°

R

s

http://onsemi.com

443

el

J

1

2.
3.

5. ROUNDED CORNERS OPTIONAL.

INCHES | MILLIMETERS
DIM[_MIN_| WAX | MIN | WAX
—C - L —>] A | 0.740 | 0.770 | 18.80 | 1955
B | 0250 [ 0270 | 635 | 685
s 4 C [ 0445 [ 0475 | 369 | 444
{ \ D | 0015 [ 0021 | 039 | 053
/ SEATING \ F | 0.040 0.70 1.02 177
} PLANE G |__0100BSC 254BSC
e \1 H | 0050BSC 127BSC
3 M J | 0008 [ 0015 | 021 | 038
J K | 0110 [ 0130 | 280 | 330
L | 0295 | 0305 | 750 | 7.74
D 16 PL M 0° ] 10° 05| 10°
|€B|0.25(0.010)®|T|A@| S [ 0020 [ 0040 | 051 | 101

SOIC-16

D SUFFIX

PLASTIC PACKAGE
CASE 751B-05
1
< “A— > ISSUE J
NOTES:

DIMENSIONING AND TOLERANCING PER ANSI
Y14.5M, 1982.

CONTROLLING DIMENSION: MILLIMETER.
DIMENSIONS A AND B DO NOT INCLUDE
MOLD PROTRUSION.

. MAXIMUM MOLD PROTRUSION 0.15 (0.006)

PER SIDE.

. DIMENSION D DOES NOT INCLUDE DAMBAR

PROTRUSION. ALLOWABLE DAMBAR
PROTRUSION SHALL BE 0.127 (0.005) TOTAL
IN EXCESS OF THE D DIMENSION AT
MAXIMUM MATERIAL CONDITION.

MILLIMETERS INCHES
DIM| MIN MAX MIN | MAX
A 9.80 | 10.00 | 0.386 | 0.393
B 3.80 4.00 | 0.150 | 0.157
C 135 1.75 | 0.054 | 0.068
D 0.35 049 | 0.014 | 0.019
F 0.40 125 | 0.016 | 0.049
G 1.27BSC 0.050 BSC
J 0.19 0.25 | 0.008 | 0.009
K 0.10 0.25 | 0.004 | 0.009
M 0° 7° 0° 7°
P 5.80 6.20 | 0.229 | 0.244
R 0.25 050 | 0.010 | 0.019




16-Pin Packages (continued)

SOEIAJ-16
F SUFFIX NOTES:
1. DIMENSIONING AND TOLERANCING PER ANSI
PLASTIC PACKAGE V145M, 1982,
CASE 966—-01 2. CONTROLLING DIMENSION: MILLIMETER.
ISSUE O 3. DIMENSIONS D AND E DO NOT INCLUDE

MOLD FLASH OR PROTRUSIONS AND ARE
MEASURED AT THE PARTING LINE. MOLD FLASH
OR PROTRUSIONS SHALL NOT EXCEED 0.15
I (0.006) PER SIDE.

1 , 9 LE 4. TERMINAL NUMBERS ARE SHOWN FOR

LI A B | 1 1 1 REFERENCE ONLY.

Q1 5. THE LEAD WIDTH DIMENSION (b) DOES NOT
INCLUDE DAMBAR PROTRUSION. ALLOWABLE

+ E HE M ° T DAMBAR PROTRUSION SHALL BE 0.08 (0.003)

|
<

TOTAL IN EXCESS OF THE LEAD WIDTH
DIMENSION AT MAXIMUM MATERIAL CONDITION.
DAMBAR CANNOT BE LOCATED ON THE LOWER

@ Ll | T R |
1 ) g —>| L |<— RADIUS OR THE FOOT. MINIMUM SPACE
E— BETWEEN PROTRUSIONS AND ADJACENT LEAD
-z

DETAIL P TO BE 0.46 (0.018).
—
MILLIMETERS INCHES
D | DIM[ MIN [ MAX [ MIN [ MAX
A — [ 205 — [ o081
VIEW P A | 005 | 020 0002 | 0008
IEL" |<_ A— \— b 035 | 050 [ 0.014 | 0.020
N c c 018 | 0.27 [ 0.007 | 0.011
[ | / D | 990 | 1050 [ 0.390 | 0.413
_L \ ¢ E 510 | 545 [ 0.201 | 0215
e e | \ 4 i e 1.27BSC 0.050 BSC
T ~— T He | 740 | 820 [ 0.201 | 0.323
—’I |<_ b Aq L 050 | 0.85 [ 0.020 | 0.033
Le | 110 | 150 [ 0.043 | 0.059
M 0°] 10° 0° | 10°
EH 0.13 (0.005) Qi | 070 | 090 | 0028 | 0.03
z — [ o[ —Tfo03
TSSOP-16
DT SUFFIX
PLASTIC PACKAGE NOTES:
CASE 948F-01 1. DIMENSIONING AND TOLERANCING PER ANSI
Y14.5M, 1982.
ISSUE O 2. CONTROLLING DIMENSION: MILLIMETER.
3. DIMENSION A DOES NOT INCLUDE MOLD
16X K REE FLASH. PROTRUSIONS OR GATE BURRS. MOLD
FLASH OR GATE BURRS SHALL NOT EXCEED 0.15
— (0.006) PER SIDE.
$| 0.10 (0'004)®| T| u® | v ©| 4. DIMENSION B DOES NOT INCLUDE INTERLEAD
|Q| 0.15 (0.006)| T| u® | FLASH OR PROTRUSION. INTERLEAD FLASH OR

> K PROTRUSION SHALL NOT EXCEED

0.25 (0.010) PER SIDE.
:| |:| |:| |:| |:| |:| |:| |: L | K1 ) 5. DIMENSION K DOES NOT INCLUDE DAMBAR

16 A N PROTRUSION. ALLOWABLE DAMBAR

9 @ PROTRUSION SHALL BE 0.08 (0.003) TOTAL IN
1 EXCESS OF THE K DIMENSION AT MAXIMUM

MATERIAL CONDITION.

J
6. TERMINAL NUMBERS ARE SHOWN FOR
| _ o | B SECTION N-N REFERENCE ONLY.
I ,

7. DIMENSION A AND B ARE TO BE DETERMINED

AT DATUM PLANE -W-.
PIN 1

IDENT. E

MILLIMETERS INCHES
MIN MAX MIN | MAX

O
2
=

_Y A [ 49 | 510 | 0193 | 0.200
N B | 430 | 450 | 0169 | 0177
0.25(0.010) c| — T 120 — o047
D | 005 | 045 0002 | 0.006
|Q| 0.15 (0-006)| T| U ©| M F | 050 | 075 0020 | 0030
G 0.65 BSC 0.026 BSC
- H | 048 | 028 | 0007 | 0011
J | 009 [ 020 | 0.004 | 0008
J1 | 009 | 016 | 0.004 | 0006
= L_ K | 049 | 030 | 0007 | 0.012
KL| 019 | 025 [ 0007 | 0010
L 6.40 BSC 0.252 BSC
DETAIL E M 0° | 8° 0° | 8o
[ [ L~ W]
c - AN
FAAAAAA N o)
©0.10 (0.004) T —
—T—| SEATING —4 <— H DETAIL E
PLANE D - G
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16-Pin Packages (continued)

SOIC-16
DW SUFFIX
PLASTIC PACKAGE
CASE 751G-03

D ISSUE B ”Vxe
SHAAAARAAA -
i)}
?_(\q/l

SEATING -
PLANE

el

e

NOTES:

1
2.

3.

4,
5

DIMENSIONS ARE IN MILLIMETERS.
INTERPRET DIMENSIONS AND TOLERANCES
PER ASME Y14.5M, 1994.

DIMENSIONS D AND E DO NOT INLCUDE MOLD
PROTRUSION.

MAXIMUM MOLD PROTRUSION 0.15 PER SIDE.

. DIMENSION B DOES NOT INCLUDE DAMBAR

PROTRUSION. ALLOWABLE DAMBAR
PROTRUSION SHALL BE 0.13 TOTAL IN EXCESS
OF THE B DIMENSION AT MAXIMUM MATERIAL
CONDITION.

MILLIMETERS
| DIM[ MIN_ | MAX
A | 235 | 265
AL | 010 | 025
B | 035 [ 049
c [ 0] 03
D [ 1015 | 1045
E | 740 [ 760
e 1.27BSC
H [ 1005 [ 1055
h | 025 [ 075
L | 050 [ 090
0 0°] 7°

18-Pin Package

PDIP-18
P SUFFIX
PLASTIC PACKAGE
CASE 707-02
ISSUE C

AN NANAN AN NAN AN ]
18 10

e o >

D
Oy 9
LY TR EYRNEYRYEY

A

LM —>j<J

http://onsemi.com
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NOTES:

1. POSITIONAL TOLERANCE OF LEADS (D),
SHALL BE WITHIN 0.25 (0.010) AT MAXIMUM
MATERIAL CONDITION, IN RELATION TO
SEATING PLANE AND EACH OTHER.

2. DIMENSION L TO CENTER OF LEADS WHEN
FORMED PARALLEL.

3. DIMENSION B DOES NOT INCLUDE MOLD

FLASH.
MILLIMETERS INCHES
| DIM[_MIN | MAX | MIN | MAX
A | 2222 | 2324 | 0875 | 0.915
B | 610 | 660 | 0.240 | 0.260
C | 356 | 457 | 0140 | 0.180
D | 036 056 0014 | 0,022
F | 127 1.78 [ 0050 | 0.070
G 2.54 BSC 0.100BSC
H | 102 | 152 | 0.040 | 0.060
J | 020 030 0008 | 0.012
K | 292 | 343 0115 | 0135
L 7.62 BSC 0.300BSC
M 0°] 15° 0°] 15°
N [ o051 [ 1.02 ] 002 [ 0040




24-Pin Packages

S e
24 13

D)

10 12

A AT R R R R R R R R R R

le—— g —>

PDIP-24
P SUFFIX
PLASTIC PACKAGE
CASE 709-02
ISSUE C

NOTES:

1. POSITIONAL TOLERANCE OF LEADS (D),
SHALL BE WITHIN 0.25 (0.010) AT MAXIMUM
MATERIAL CONDITION, IN RELATION TO
SEATING PLANE AND EACH OTHER.

2. DIMENSION L TO CENTER OF LEADS WHEN
FORMED PARALLEL.

3. DIMENSION B DOES NOT INCLUDE MOLD
FLASH.

MILLIMETERS INCHES
DIM| MIN | MAX | MIN | MAX
A | 31.37 | 3213 | 1235 | 1.265
A c le— | —> B | 13.72 | 1422 | 0540 | 0.560
C | 394 508 0155 | 0.200
N I \ D | 036 | 056 0.014 | 0.022
i 1 F | 102 | 152 | 0040 | 0.060
J L & G 254 BSC 0.100 BSC
H | 1.65 | 203 | 0.065 | 0.080
H—> |<— M J—*\\“ J | 020 ] 038 [ 0008 [ 0015
gfﬁng‘@ K | 202 | 343 0115 [ 0135
L 15.24 BSC 0.600 BSC
M 0°] 15° 0°] 15°
N | 051 ] 102 [ 002 [ 0.040
SOIC-24
DW SUFFIX
PLASTIC PACKAGE
CASE 751E-04
ISSUE E
[=A-}
MHHHHHHHHHHHHB ‘ NoTES:
1. DIMENSIONING AND TOLERANCING PER ANSI
Y14.5M, 1982.
-(3|3- 2. CONTROLLING DIMENSION: MILLIMETER.
3. DIMENSIONS A AND B DO NOT INCLUDE
- - —B—|12x P MOLD PROTRUSION.
. MAXIMUM MOLD PROTRUSION 0.15 (0.006
& |$|o.010(o.25)@|3®| MUY ©.006)
5. DIMENSION D DOES NOT INCLUDE DAMBAR

rHHHHHH

24x D

|90.010025®[ 1] A ®[BO |

HEHHHHH =2

o

O <

iy

SEATING
PLANE

h

—>| L—zzx G K

pa—

Lol
i
h

M
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PROTRUSION. ALLOWABLE DAMBAR
PROTRUSION SHALL BE 0.13 (0.005) TOTAL IN
EXCESS OF D DIMENSION AT MAXIMUM

MATERIAL CONDITION.
MILLIMETERS INCHES
| DIM| MIN MAX MIN | MAX
A | 1525 | 1554 | 0.601 | 0.612
B 7.40 7.60 | 0.292 | 0.299
C 2.35 265 | 0.093 | 0.104
D 0.35 049 | 0.014 | 0.019
F 041 0.90 | 0.016 | 0.035
G 1.27BSC 0.050 BSC
J 0.23 0.32 | 0.009 | 0.013
K 0.13 0.29 | 0.005 | 0.011
M 0° 8° 0° 8°
P | 1005 | 1055 | 0.395 | 0.415
R 0.25 0.75 | 0.010 | 0.029




ON SEMICONDUCTOR MAJOR WORLDWIDE SALES OFFICES

UNITED STATES

ALABAMA

Huntsville .................. (256)464-6800
CALIFORNIA

Irvine ... (949)753-7360

SanJose ... (408)749-0510
COLORADO

Denver ............ooiii... (303)337-3434
FLORIDA

St. Petersberg .............. (813)524-4177
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Atlanta .................... (770)338-3810
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INTERNATIONAL
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KOREA

Seoul ...
MALAYSIA

Penang ..................
MEXICO

Guadalajara ..............
PHILIPPINES

Manila ...................
PUERTO RICO

SanJuan ................
SINGAPORE

Singapore . ...............
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Madrid . ..................
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Taipei
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INTERNATIONAL (continued)
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ON SEMICONDUCTOR STANDARD DOCUMENT TYPE DEFINITIONS

REFERENCE MANUAL

A Reference Manual is a publication that contains a comprehensive system or device—specific description of the struntii@and fu
(operation) of a particular part/system; used overwhelmingly to describe the functionality of a microprocessor, microaursather
other sub—micron sized device. Procedural information in a Reference Manual is limited to less than 40 percent (usuas).much le

USER'’S GUIDE

A User’s Guide contains procedural, task—oriented instructions for using or running a device or product. A User’s Guiendiffers
a Reference Manual in the following respects:
* Majority of information (> 60%) is procedural, not functional, in nature
* Volume of information is typically less than for Reference Manuals
* Usually written more in active voice, using second—person singular (you) than is found in Reference Manuals
* May contain photographs and detailed line drawings rather than simple illustrations that are often found in Reference Manuals

POCKET GUIDE

A Pocket Guide is a pocket—sized document that contains technical reference information. Types of information commonly found in
pocket guides include block diagrams, pinouts, alphabetized instruction set, alphabetized registers, alphabetized teimdepaemd/
their products, etc.

ADDENDUM

A documentation Addendum is a supplemental publication that contains missing information or replaces preliminary infothetion in
primary publication it supports. Individual addendum items are published cumulatively. Addendums end with the next rekision of
primary document.

APPLICATION NOTE

An Application Note is a document that contains real-world application information about how a specific ON Semiconductor
device/product is used with other ON Semiconductor or vendor parts/software to address a particular technical issuer Baftwaired/
must already exist and be available.

A document called “Application—Specific Information” is not the same as an Application Note.

SELECTOR GUIDE

A Selector Guide is a tri—fold (or larger) document published on a regular basis (usually quarterly) by many, if notaall, dhas
contains key line—item, device—specific information for particular product families. Some Selector Guides are publishefimabok
and contain previously published information.

PRODUCT PREVIEW

A Product Preview is a summary document for a product/device under consideration or in the early stages of developméuattThe Pro
Preview exists only until an “Advance Information” document is published that replaces it. The Product Preview is oftethei$iest as
section or chapter in a corresponding reference manual. The Product Preview displays the following disclaimer at thehmftsh of
page: “ON Semiconductor reserves the right to change or discontinue this product without notice.”

ADVANCE INFORMATION

The Advance Information document is for a device that is NOT fully MC—qualified. The Advance Information document is replaced
with the Technical Data document once the device/part becomes fully MC—qualified. The Advance Information document displays the
following disclaimer at the bottom of the first page: “This document contains information on a new product. Specificaitidmsraatibn
herein are subject to change without notice.”

TECHNICAL DATA

The Technical Data document is for a product/device that is in full production (i.e., fully released). It replaces thelAfdvaration
document and represents a part that is M, X, XC, or MC qualified. The Technical Data document is virtually the same ddatement as
Product Preview and the Advance Information document with the exception that it provides information that is unavailatddifotr a
in the early phases of development (such as complete parametric characterization data). The Technical Data documerdres also a m
comprehensive document that either of its earlier incarnations. This document displays no disclaimer, and while it mayalbe infor
referred to as a “data sheet,” it is not labeled as such.

ENGINEERING BULLETIN

An Engineering Bulletin is a writeup that typically focuses on a single specific solution for a particular engineeringuompiegissue
involving one or several devices.
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ON Semiconductor and I\n.oare trademarks of Semiconductor Components Industries, LLC (SCILLC). SCILLC reserves the right to make changes without further
notice to any products herein. SCILLC makes no warranty, representation or guarantee regarding the suitability of its products for any particular purpose, nor does
SCILLC assume any liability arising out of the application or use of any product or circuit, and specifically disclaims any and all liability, including without limitation
special, consequential or incidental damages. “Typical” parameters which may be provided in SCILLC data sheets and/or specifications can and do vary in different
applications and actual performance may vary over time. All operating parameters, including “Typicals” must be validated for each customer application by
customer’s technical experts. SCILLC does not convey any license under its patent rights nor the rights of others. SCILLC products are not designed, intended, or
authorized for use as components in systems intended for surgical implant into the body, or other applications intended to support or sustain life, or for any other
application in which the failure of the SCILLC product could create a situation where personal injury or death may occur. Should Buyer purchase or use SCILLC
products for any such unintended or unauthorized application, Buyer shall indemnify and hold SCILLC and its officers, employees, subsidiaries, affiliates, and
distributors harmless against all claims, costs, damages, and expenses, and reasonable attorney fees arising out of, directly or indirectly, any claim of personal
injury or death associated with such unintended or unauthorized use, even if such claim alleges that SCILLC was negligent regarding the design or manufacture of

the part. SCILLC is an Equal Opportunity/Affirmative Action Employer.

PUBLICATION ORDERING INFORMATION

NORTH AMERICA Literature Fulfillment:
Literature Distribution Center for ON Semiconductor
P.0. Box 5163, Denver, Colorado 80217 USA
Phone: 303-675-2175 or 800-344-3860 Toll Free USA/Canada
Fax: 303-675-2176 or 800-344-3867 Toll Free USA/Canada
Email: ONlit@hibbertco.com
Fax Response Line: 303-675-2167 or 800-344-3810 Toll Free USA/Canada

N. American Technical Support: 800-282-9855 Toll Free USA/Canada

EUROPE: LDC for ON Semiconductor - European Support
German Phone: (+1) 303-308-7140 (M-F 1:00pm to 5:00pm Munich Time)
Email: ONlit-german@hibbertco.com
French Phone: (+1) 303-308-7141 (M-F 1:00pm to 5:00pm Toulouse Time)
Email: ONlit-french@hibbertco.com
English Phone: (+1) 303-308-7142 (M-F 12:00pm to 5:00pm UK Time)
Email: ONlit@hibbertco.com

EUROPEAN TOLL-FREE ACCESS*: 00-800-4422-3781
*Available from Germany, France, Italy, England, Ireland

CENTRAL/SOUTH AMERICA:
Spanish Phone: 303-308-7143 (Mon-Fri 8:00am to 5:00pm MST)
Email: ONlit-spanish@hibbertco.com

ASIA/PACIFIC: LDC for ON Semiconductor - Asia Support
Phone: 303-675-2121 (T-F 9:00am to 1:00pm Hong Kong Time)
Toll Free from Hong Kong & Singapore:
001-800-4422-3781
Email: ONlit-asia@hibbertco.com

JAPAN: ON Semiconductor, Japan Customer Focus Center
4-32-1 Nishi-Gotanda, Shinagawa-ku, Tokyo, Japan 141-8549
Phone: 81-3-5740-2745
Email: r14525@onsemi.com

ON Semiconductor Website: http://onsemi.com

For additional information, please contact your local Sales
Representative
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