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LF155, LF155A, LF255, LF355, LF355A
LOW SUPPLY CURRENT

LF156, LF156A, LF256, LF356, LF356A WIDE BAND
LF157, LF157A, LF257, LF357, LF357A WIDE BAND

UNCOMPENSATED (Ay, \=5)

LF155
LF156
LF157

-

COMMON FEATURES

(LF155A, LF156A, LF157A)

@ Low input bias current S0 pA
® Low Input Offset Current 3pA
@ High input impedance 101292
® Low input offset voltage 1 mV
® Low input offset voltage temperature drift 3[.1V/°C
® Low input noise current 0.01 pA/\/Fl_z
® High common-mode rejection ratio 100 dB
® Large dc voltage gain 106 dB

UNCOMMON FEATURES
LF155A LF156A LF157A(Ay=5) UNITS

® Extremely fast
settling time to

0.01% 4 15 15 Hs
@ Fast slew rate 5 12 50 V/us
® Wide gain

bandwidth 25 5 20 MHz
® Low input

noise voltage 20 12 12 nV/VHz
APPLICATIONS

Precision high speed integrators

Fast D/A and A/D converters

High impedance buffers

Wideband, low noise, low drift amplifiers
Logarithmic amplifiers

Photocell amplifiers

Sample and Hold circuits

SIMPLIFIED SCHEMATIC

GENERAL DESCRIPTION

These monolithic JFET input operational amplifiers incor-
porate well matched, high voltage JFETs on the same chip
with standard bipolar transistors (BIFET Technology). These
amplifiers feature low input bias and offset currents, low
offset voltage and offset voltage drift, coupled with offset
adjust which does not degrade drift or common-mode
rejection. The devices are also designed for high slew rate,
wide bandwidth, extremely fast settling time, low voltage
and current noise and a low 1/f noise corner.

.

ADVANTAGES

® Replace expensive hybrid and module FET op amps

® Rugged JFETs allow blow-out free handling compared
with MOSFET input devices

® Excellent for low noise applications using either high
or low source impedance—very low 1/f corner

® Offset adjust does not degrade drift or common-mode
rejection as in most monolithic amplifie;s

® New output stage allows use of large capacitive loads
(10,000 pF) without stability problems

® Internal compensation and large differential input volt-

age capability
>

“C+2pFonLFIS)
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ABSOLUTE MA/XlMUM RATINGS

LF155A/6A/TA LF355A/6A/7A LF155/6/7 .LF255/6/7 LF355/6/7
Supply Voltage t22v 22v 22v *22v ti8v
Power Dissipation TO-99 (H package) 670 mw 500 mwW 670 mW 570 mw 500 mwW
(Note 1)
Operating Temperature Range  ~56°C 10 +125°C  0°C to +70°C ~56°C 10 +125°C  -25°C 10 +85°C 0°C to +70°C
Ti(MAX) 150°C 100°C 150°C 1o°c 100°C
Differential Input Voltages 140V t40v t40v ta0v +30V
Input Voltage Range (Note 2) t20v 20V t20v t20v 16V
Output Short Circuit Duration Continuous Continuous Continuous Continuous Continuous
Storage Temperature Range -65°C 10 +150°C  -66°C 10 +150°C  —65°C to +150°C  —65°C to0 +150°C —65°C to +150°C
Lead Temperature (Soldering, 300°C 300°C 300°C 300°C 300°C
10 seconds)
DC ELECTRICAL CHARACTERISTICS (Note 3) - .
SYMBOL PARAMETER CONDITIONS SEISCA/SANIA LTISRATSAIIA UNITS
MIN TYP MAX MIN TYP MAX
Vos Input Offset Voltage Rg = 50§ Ta = 25°C 1 2 1 2 mv ’
Over Temperature 25 23 mV "
AVos/AT Average TC of Input Rs = 5052 3 5 3 5 mv |
Offset Voltage
ATC/OVQS | Change in Average TC Rg = 5082, (Note 4) 05 05 u/e
with Vg Adjust per mV
10s Input Offset Current Tj = 25°C. (Notes 3.5) 3 10 3 10 PA
. Ti <STHIGH 10 1 nA
g Input Bias Current Ty= 25°C, (Notes 3,5) 30 50 30 50 pA
T) STHIGH 25 5 nA,
RIN Input Resistance T)-25°C . 1012 1012 Q
AvoL Large Signal Voltage Vs = t15V, Tp = 25°C 50 | 200 50 | 200 V/imv
Gain Vo = £10V, R = 2k
Over Temperature 25 25 V/mvV
Vo Output Voltage Swing Vg = 15V, R = 10k 12 13 2 13 Vv
vcMm Input Common-Mode Vg = £15V o +#15.1 o +15.1 \
Voltage Range -12 -12 v |
CMRR Common-Mode Rejection 85 100 85 100 d8
Ratio
PSRR Supply Voltage Rejection | (Note 6) 85 100 85 100 a8
Ratio
AC ELECTRICAL CHARACTERISTICS Tp =25°C, Vg = 15V
SYMBOL PARAMETER CONDITIONS N LHSS::’SS:AAX M‘:FISxIPJSSAMAX M':HS;I,:I:S“MAX UNITS ‘
SR Slew Rate LFIS5A/6A Ay = 1, 3 5 10 12 40 50 Vips ‘
LFISTA Ay -5
GBW | Gain-Bandwidth 25 4 45 15 20 MH. |
Product |
" Settting Time 10 0.01% (Note 7) 4 15 s s i
en Equivalent Input Nose Rg = 10082
Voltage =100 Hz 25 15 15 v/ Y H:
f = 1000 Hz 20 12 12 avi YRz
n Equivalent Input f=100 Hz 0.01 0.01 001 A/ Hz
Nouse Current { = 1000 Hz 0.01 001 001 pAl YHz
CiN Input Capacitance 3 3 3 pF




DC ELECTRICAL CHARACTERISTICS (Note3)

SYMBOL PARAMETER CONDITIONS Ll f LF255/617 LF355/6/7 UNITS
MIN | TYP | MAX | MIN | TYP | MAX | MIN | TvP | max
Vos 1nput Offset Voltage Rg 5062 Ta 25°C 3 5 3 - 5 3 10 mv
Over Temperature ! 7 65 13, mv
SVOsIAT Average TC of Input Rg 5082 i‘ 5 5 i 5 i uv: C
Offset Voltage . | !
ATC/AVQS | Change n Average TC Rs 5082 (Now 4) 05 05 | | 05 [ wvic
with Vg Adjust R o i B — _‘F"‘" mv
0s Tnput Offset Coreent T, 25°C iNows 3. 5) T 20 1] 2 3 0 I A
T TGk ' 20 i f [ 2 1 »a
I8 Input Bias Current T) 25 C.iNotes 3.5) ©oa0 | 100 30 ‘ 100 | I 30 ’ 200 . wa
Ty THIGH | | 50 5 8 9A
Rin et Revstaner T, sc T wiz | T B r‘lg'ﬁ?‘;k_—hi_vm-' 7572—1”4;*#: O
AvoL | Large Siynal Voitage Vg t15V.TA 25 C 50 200 { | 50 ! 200 25 | 200 ! v mv
Gan Vo 10V R 2k ! ; ' | [
Over Tempergtu: 25 I s | 15 | Vimv
Vo Outbut Voltage Swing Vs 1SV R_ 10k 12 | 3 12 | 3 12 | 3 v
Vem Input Common Mode Vs 15V 151 i ‘151 BTR) v
Voltage Range n 2 Al 12 ‘10 . v
CMRR Common Mode Rejection 8 | 100 | 85 | 100 80 | 100 a8
Rato
PSRR Supply Voltage Rejection (Note 6) 85 100 85 100 80 100 d8
Rano
LY
DC ELECTRICAL CHARACTERISTICS Ta =25°C, Vg = +15V
LF155A/355A Lrass LF156A/356A Lrass LF157A/357A .
PARAMETER LF155/255 LF156/256 LF157/257 UNITS
TYP MAX TYP MAX TYP MAX TYP MAX TYP MAX TYP MAX
Supply Current, 2 4 2 4 5 7 5 10 5 7 5 10 mA
AC ELECTRICAL CHARACTERISTICS Ta =25°C, Vg = t15V
SYMBOL PARAMETER | CONDITIONS LHEz’JL;:SS/ LF156/LF256 I"“ﬁ’i‘::sw LF1S7/LF257 LF'E:Q‘;;ZSH UNITS
| T v TMIN T v MIN TYP
SR Siew Rate TLFisss Ay 1| 5 f 15 | 12 30 50 v
i LF157 Ay 5 ! !
GBW  [Gain Bandwidth : ! 25 | f 5 L 20 | Mh
Product | ! ‘ ! !
' Setthing Tune 100 01% | (Note 7) ! 4 1 | s 15 W
en Equivalent Input Noise l Rg 10082 T o ! T ‘T !
Woitaye L1100 H: ‘ 2 s 15 15 ONTY
|+ 1000 1, i 20 | | 2 2 | oV N
" Equivalent Ingu It 100 Hs ! 00t ! ! 001 oo! L oA VL
Cutrent Noise ! ©1000 b, , 001 : ‘ 001 00 Da VR
Cin ilnuu! Capacitance J i 3 1 1 3 3 L F
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NOTES FOR ELECTRICAL CHARACTERISTICS

NOTE 1: The TO-99 package must be derated based on a thermal resistance of 150 C/W junction to ambient or 45°C/W junction to case.
NOTE 2: Unless otherwise specified the absolute maximum negative input voltage s equal to thé negative power supply voltage.
NOTE 3: These specifications apply for *16V < Vg « +20V, -55°C « Tp & #125'C and T GH = *125°C uniess otherwise stated for the
LF155A/6A/TA and the LF155/6/7. For the LF255/6/7, these specifications apply for 15V « Vg « +20V, —25°C « T < +B5°Cand
THIGH = 85"C unless otherwise stated. For the LF355A/6A/7A. these specifications apply tor ' 15V < Vg < *20V,0°C < T < +70°C
and T GH = +70°C. and for the LF355/6/7 these specifications apply for Vg =15V and 0'C « T4 « +70°C. Vg, Ig and 10s are measured

atVgm = 0.

NOTE 4: The Temperature Coefficient of the adjusted input offset voltage changes only a small amount (0 5uV/ C typically for each mV of
adjustment from its original unadjusted value. Common-mode rejection and open 100p voltage gain are aiso unatfected by offset adjustment
NOTE 5: Theinputbias currents are junction leakage currents which approximately double for every 10 C increase in the junction temperature,
T, Due to limited production test time, the input bias currents measured arc correlated 10 junction temperature. In normal operation the
junction temperature rises above the ambient temperature as a result of internal power dissipation, Pd TI - Ta ¢ 6)A Pd where ©)A is the

thermal resistance from junction to ambient. Use of a heat sink 1s recommended if input bias current is 10 be kept 10 a Mminimum.

NOTE 6: Supply Voltage Rejection is measured for both supply magnitudes increasing or decreasing simultaneously, in accordance with

common practice

NOTE 7: Settling time 1s defined here, for a unity gain inverter connection using 2 k{2 resistors for the LF155/6. It is the time required for
error voltage (the voltage at the inverting input pin on the amplifier) to settle to within 0.01% of its final value from the time a 10V step

input is applied to the inverter. For the LF157, Ay = -5, the teedback resistor from output 10 nput 1s 2 k2 and the output step s 10V

(See Settling Time Test Circuit, page 9).

TYPICAL DC PERFORMANCE CHARACTERISTICS
Curves are for LF155, LF156 and LF157 unless otherwise specified.

PEAK TO PEAK OUTPUT SWING (V] INPUT BIAS CURRENT (pAl

NEGATIVE OUTPUT VOLTAGE SWING (V)

Input Bias Current

100«
0%
W
“20vs
| -\svs\l
T v TS T
| -svs |
0 e
. <o I
! ! LF155
01 - ’ =
55 25 5 3 6 % 12

CASE TEMPERATURE [ C)

Voltage Swing

SUPPLY VOLTAGE (- VI

Negative Current Limit

Vg . 18V

H -85 C

0 s 20 % 3 I

QUTPUT SINK CURRENT (mA)

SUPPLY CURRENT (mA) INPUT BIAS CURRENT (pA)

POSITIVE QUTPUT VOLTAGE SWING (V)

Input Bias Current

LIS ¥ 65 95 12
CASE TEMPERATURE ( C)

Supply Current

SUPPLY VOLTAGE (V)

Positive Current Limit

% +
H Vg 15V
- ~ — ]
; AR S
wiope s d s M for-
| i ! H } 85 C
e A
b Colse
S SRR S SR
i anc { ]
b ;, 1,',‘ ! . ‘ T
P! 1 ‘ |
o s AL} ALY 20 ey 30 3% a0

OQUTPUT SOURLE CUFRENT ImA)

SUPPLY CURRENT ImA| INPUT BIAS CURKENT (pA)

POSITIVE COMMON MODE

INPUT VOLTAGE LIMIT V)

Input Bias Current
Vg 15V
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:
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TYPICAL DC PERFORMANCE CHARACTERISTICS (CON'T)
Negative Common-Mode Input

\ Gai Output Voltage Swi
Voltage Limit Open Loop Voltage Gain ey d tad
_20 10m ¥ n ™7
[ [ s R« 7ui? ¥ 3 3 Vs 18w
N F Re - 501° + ¥ Ta* 25¢C
5 [ 2 Fos o —a s c ] g n 41
E 3-SRl I T | H I3 [%
5§ | Ta-e2sc I ! S M p— _‘—, 2 !
3o Tass125C | 3 —— [ 1
83 z A 3 e ot
- 1< - i H
>0 > < H H
z2 2 1000 ¢ u t .
5 L1 8§ = E /[ H
zZ z — PR T . 41 ++
e T g T
L S ot g L]
0 0. 0 L
-5 20 5 0 5 20 0 to 0
NEGATIVE SUPPLY VOLTS (V) SUPPLY VOLTAGE ( v! OUTPUT LOAD Ry ikil)
TYPICAL AC PERFORMANCE CHARACTERISTICS
Gain Bandwidth Normalized Siew Rate
s s
T T T T T
] I FLT T 1] v AT [
< LE1ss H LF157 CURVES IDENTICAL L I Vs 18V
F N \\ BUT MULTIPLIED B 4 14 \:uwr
: l I P }
8 1 Vg ov T g B ST TPP it e N
Fy | vs sy || F P S\ S i 10 [muese
z i vg+ 20v H ! 7 os
: z i
z S i 0s
z o s 10v
3§ 2 z 20v 4 l 15v 04
T 3, I N 0z
1 [ s 0
$5-35 -15 5 25 45 65 85 105 128 $5-35-15 5 25 45 65 85 105 125 -$5-35 <15 S 25 45 €5 @5 105 125
CASE TEMPERATURE { C} CASE TEMPERATURE ( C) TEMPERATURE { C)
LE155 Small Signal Pulse Response, LF156 Small Signal Pulse Response, LF157 Small Signal Pulse Responsa,
Ay = +1 Ay = +1 Ay = +5

OUTPUT VOLTAGE SWING (50 mV/DIV)
OQUTPUT VOL TAGE SWING (50 mv)

OUTPUT VOLTAGE SWING (50 mV/DIV)

TIME (0 5.3/D1V) TIME {0 Sus/01V) TIME (@ LWLV

LF1S5 Large Signal Pulse Response, LF156 Large Signal Pulse Response, LF157 Large Signal Puise Response,
Ay = +1 Ay = +1 Ay = +6

OUTPUT VOLTAGE SWING (SV/DIV)
OUTPUT VOLTAGE SWING (5V/DIV)
OUTPUT VOLTAGE SWING (5V/DIV)

TIME (1.0/01V) - TIME (1.wDIV) TIME 10 SLw0Iv)



TYPICAL AC PERFORMANCE CHARACTERISTICS (CON'T)
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TYPICAL AC PERFORMANCE CHARACTERISTICS (CON'T)

Output Impedance

OUTPUT IMPEDANCE (1))
OQUTPUT IMPEDANCE (1)

FREQUENCY tHs)

DETAILED SCHEMATIC

Output Impedance Output Impedance

OUTPUT IMPEDANCE (1)

FREQUENCY (Hy)

a1
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e -
” q a
»”
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M
c2 o c
10 pF " A 4 o x
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nr
16
’ 1 » .
o3
s id
n 2
3 2 v » v
Fo o
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d R2 L3} os
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20 30 an
[ ) I
10 uf
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CONNECTION DIAGRAM
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NOTEL 4 PIN 4 CONNECTED TO CASE
TOP viEw
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PRECISION VOLTAGE
COMPARATORS

111
21
3N

FEATURES

Differential Input Voltage.Range — +30V
Input Common Mode Voltage Range — +14V
Operating Power Supplies +5V to +18V
Input Offset Current — 20 nA max

Input Offset Voltage — 3 mV max

Output Flexibility — 35V; 50 mA;

T2L Compatible

e Strobed Output & Input Offset Adjustable

e © 0 0 0 o

CONNECTION DIAGRAMS *

GENERAL DESCRIPTION

The 111 Series comparators are designed for precision appli-
cations where the input and output characteristics of 710
and 106 high speed comparators are not adequate for low
level signal detection and high level output drive capability.
They are designed to operate from supplies up to *18V

and single supplies down to +5V. The output is capable of --

driving TTL, RTL, DTL as well as MOS and lamps or relays.
Input offset voltage balancingand TTL strobe capability are

provided. Outputs can be wire OR’ed. .

Switching speeds to TTL logic levels are typically 250 ns.

[ ]
METAL CAN FLAT PACKAGE DUAL-IN-LINE
[ ]
- NCY 14| NC
crouno[ Jre o[ v = o
TPUT GROUND NC
outry weut B 2 :]omruv = -
3 weut (3] [7]ne
INPUT NC
BALANCE/ C * : weut [T} v
STROBE e E . » [ sacance:
STROBE we[E] ol
vi[ s 6 [ Jeaance
(5) satance C v &} [TJourrur
NOTE Pin § connected 1o bottom of pack sge BALANCE/
saLance[T] 8 sTrone
TP VIEW
NOTE  Pin & connected 10 cose NOTE  Pin 6 connecied 10 bottom of pachage
TOP VIEW *Pin connections shown on schematic diagram TOP VIEW

and typical applications sre for TO-S package.

SCHEMATIC DIAGRAM
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ABSOLUTE MAXIMUM RATINGS

Total Supply Voltage (Vgs)
Output to Negative Supply Voltage (Vo4) 111, 211
mn
Ground to Negative Supply Voltage (V)
Differential Input Voltage
Input Voltage (Note 1)
Power Dissipation (Note 2)
Output Short Circuit Duration
Operating Temperature Range 111
mn
n
Storage Temperature Range
Lead Temperature (Soldering, 10 sec)

36V
S0V

Y

30V

£30V

15V

500 mW

10 sec

-56°C 10 +125°C
-25°C to +85°C
0°Cto +70°C
-65°C to +150°C
300°C

ELECTRICAL CHARACTERISTICS (Note 3)

PARAMETER CONDITIONS MIN 1.:.;’:" MAX | MIN 'IJY‘P‘ MAX UN(TS

Input Offset Voltage (Note 4) | T, =25°C, Rg < 50k 0.7 30 20 4 L%
Input Otfset Current (Note 4) Ta=25°C 40 10 6.0 50 nA
Input Bias Current a=25°C 60 100 100 250 nA
Voltage Gain a=25°C 200 200 V/mV
Response Time (Note 5) Ta=25°C 200 200 s
Saturation Voltage Ta=25°C i

Vin<-5mV, lgyr = 50 mA 0.7% 1.5

Vin <-10mV, lgyr = S0 mA 0.75 1.5 v
Strobe on Current A =25°C 30 3.0 mA
Output Leakage Current Ta=25C

(Note 6)

Vin 25mV, Vour = 35V 0.2 10

Vi 210 mV, Vour = 35V 0.2 50 nA
Input Offset Voltage (Note 4) Rg < 50k 4.0 10 mV
Input Otfset Current (Note 4) 20 70 nA
Ianl Bias Current 150 300 nA
Input Voltage Range 14 t14 Vv
Saturation Voltage v'>4s5v, Vv =0

Vin < -6mV, Igink S 8mA 0.23 04

Vin <-10mV, Igink S 8 mA 0.23 0.4 v
Output Leakage Current Vin 2 5mV, Voyur = 35V 0.1 0.5 HA
P:)':?(li.vles )Supplv Current Ta=25C 5.1 6.0 5.1 15 mA
Negative Supply Current Ta=25°C ° 41 5.0 41 5.0 mA

NOTE 1: This rating spplies for t15V supplies. The positive input voltage hmit :s 30V above the negatve supply  The negative input voltage himit

15 equal to the negative supply voltage or 30V below the positive supply, whichever s less.
NOTE 2: The maximum junction temperature of the 111 s 150°C, that of the 211 is 110°C while that of the 311 s 85°C For operating at ele
veted temperatures, devices in the TO-5 package must be derated based on a thermal resistance of 150°C/W, junction to ambrent, or 45°C/W, junc-

tion to case. For the flat package, the derating

NOTE 3: These specifications apply tor Vg = 15V and over the operaung temperature range, unless otherwise stated The offset voltage, offset

current and biss current specifications apply for any supply voltage trom a single S5V supply up 10 + 15V supplies

NOTE 4: The offset voltages and offset currents given are the maximum values required 10 drive the output within a volt of either supply wath a
1 mA load. Thus, these parameters define an error band and take into account the worst case effects of voltage gain and input impedance

NOTE 5: The response time specified (see definitions) 1s for a 100 mV input step with 5 mV overdrive

NOTE 8: This specification applies for Pin 1 @ -16V. Pin 7 @ +20V

\s based on 8 thermal resistance of 185°C/W when mounted on a 1/16-inch-thick epoxy glsss board
with ten, 0.03-inch-wnde, 2-ounce copper conductor The thermal resistance of the dual-in-line package s 100°C/W, junction to ambient
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@ MOTOROLA

MC145348

CMOS LSI

REAL TIME 5-DECADE COUNTER

The MC 145348 is a complementary MOS circuit composed of
five decade ripple counters that have their respective outputs time
multiplexed using an internal scanner. Qutputs of each counter are
selected by the scanner and appear on four BCD pins. The selected
decade is indicated by a logic high on the appropriate digit select
pin. Both BCD and digit select outputs have three-state controls pro
viding an “open-circuit’” when these controls are high and allowing
time multiplexing. Cascading may be accomplished by using the
carry-out pin. The counters and scanner can be independently reset
by applying a high to the counter master reset (MR) and the scanner
reset (SR). The MC 145348 was specifically designed for application
in real time or event counters where continual updating and multi
plexed displays are used.
® Four Operating Modes (See truth table)

e |nput Error Detection Circuit

(LOW-POWE R COMPLEMENTARY MOS)
REAL TIME

5-DECADE COUNTER

L SUFFIX
CERAMIC PACKAGE
CASE 623

P SUFFIX
PLASTIC PACKAGE
CASE 709

ORDERING INFORMATION

g d

oS 08?2 ALS]
rote

3 state

Yoot Hutter st

}State Digit

T Cantros

@ Clock Conditioning Circuits for Stow Transition Inputs MC1axxx8 Suftit Denotes
e Counter Sequences on Positive Transition of Clock A L Ceramic Package
® Supply Voltage Range = 3.0 Vdc to 18 Vdc P Plastic Package
A Extended Operating
® Capable of Driving Two Low-power TTL Loads, One Low-power Temperature Range
Schottky TTL Load or Two HTL Loads Over the Rated Temper- C Limitea Operating
ature Range Temperature Range
BLOCK DIAGRAM
To Capazitors
273 T\
23
| Cloe sO—— ——————— = 3 Vpp P24
Pulse Putse B10OTL__ G e o Out Vg P12
Clock A Detector
Shaper
4
Master 2 l
o -
Reset Samm N T b 1
. Tens H Am;,m,—-} Thousands Ten
Carry Thousands 13
c 10 Chea Countrot c 10 CoeapeC 10 Chea 10 Chea C 10 Chea Carry Out
| L 0 Qa3 00 a3 | Qo Q3 Q3 Qo Q3
l . T
o
; Moae B Control ———y Ly aa
| | !
R
1 MUY e — ! E i i | 18
! | | \ o
—— B U QRN i S - | | ’ Q2
A D S T T o T \\| 8CO
S+ anner — — — 1t T R— Vo P ou
>V.il. e T_O ar
et g
0 | 20
1 i
’\(_‘I'("""" O —— Canner H— + | L Qo
r | T '
— _Jl i ,|bjxx.uenCD
° Control

Out

0 or OS
Vean mpedance
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MC14534B

MAXIMUM RATINGS (Voltages referenced to Vsg)

This device contains circuitry to

protect

the inputs against damage due to high static

Rating Symbol Value Unit voltages or electric fields. however 1t s
advised that normal precaut:ons be taken
OC Supply Voltage VDD 05t 18 Vde to avoid application of any voltage higher
Input Voltage. All Inputs Vin 05wVpp *t 05 Vdc than maximum rated voltages 10 this high
DC Current Drain per Pin | 10 mAdc impedance circuit For proper operation it
1s recommended that V. and V, be
Operating Temperature Range AL Device TA 8510 4125 °c constrained to the rang: Vgg © R/u..'. or
CL/CP Device -40 10 +85 Voul! € Vpp
Storage Temperature Range Tsig -65 10 +150 °c Unused inputs must dlways be tLizd 1o an
appropaiate logic voltage Ivve' te g either
Vgg or V )
ELECTRICAL CHARACTERISTICS Ss o Voo
O,
Voo Tiow 25°C
Characteristic Symbol Vdc Min Max Min Typ Max Unit
Output Voltage 07 Level VoL 50 005 o 005 Vdc
V.n Vppor0 10 005 0 0.0
15 0.05 . 0 0.05
1 Level VoH 50 495 495 5.0 495 Vdc
Vin 0o0rVpp 10 995 - 9.95 10 - 995
15 14 95 14 95 15 - 14 95
Input Voltage # "0 Level Viu Ve
(Vg 4.5 0r 05 Vdc) 50 10 10 15 e
(Vo 9.00r 1.0 Vdc) 10 20 20 3.0 20
(Vg - 13.5 0r 1.5 Vdc! 15 30 30 45 - 3.0 -
(Vo - 0.50r4.5Vdc) 1 evel ViH 50 4.0 4.0 35 - 4.0 Ve
(Vg 1.00r90 Vdc) 0 8.0 . 8.0 7.0 - 8.0
(Vo - 150r13.5 Vdc! 15 12 12 " - 12
Output Drive Current (AL Devicel loH mAdc
Vo 25 Vdea) Source 50 -1.2 -1.0 -1.7 - -0.7
(Vo4 46 Vdc) 50 -0.25 -0.2 -0.36 -0.14
(Vou 95 Vdc) 10 -062 -05 -09 -0.35
(Vo 135 Vdci 15 -18 - -1.5 -35 -1
VoL 04 Vdc) Sink oL 50 06a | 051 | os88 - 036 mAdc
(VoL 05 Vda) 10 16 13 2.25 09 [
(VoL 15 Vdel 15 42 34 8.8 24 i
Output Drive Current (CL/CP Device) I0H mA«lc‘]l
(VOH 25 Vdc) Source 50 -10 -08 -17 06 H
(VOou - 46 Vdc) 50 02 -0.16 | -0.36 012
(Vo 95 Vel 10 05 -0.4 -09 03
(Vop 135 Vdc! 15 14 -1.2 -3.5 -1.0
(VoL 04 Vvdc) Sink oL 5.0 052 - 0.44 0.88 036 mAdc
(VoL * 0.5 Vdc) 10 13 1 2.25 09 i
(VoL 1.5 Vdcl 15 36 3.0 8.8 24 i
Output Drive Current  Pins 1 and 22 mAde
(AL Device) i
(Von 25 Vdd Souice oK 50 -0 -0.25 -08 017 |
(Vo 95 Vdd) 10 -0 0.25 04 017 |
(Von 135 Vdcl 15 -09 -075 16 -0 51 | ‘
(VoL 04 Vdc) Sink oL 50 0024 002 003 0014 mAade |
(VoL 05 Vdce) 10 0.06 005 009 0035 ]
(VoL 15 Vvdc) 15 13 025 163 0175 1 !
Output Drive Current - Pins 1 and 22 N T A
(CL/CP Device! )
| i
(VoH - 25 Vdc) Source 10H 50 -0 11 -010 08 008 |
(Von - 9.5 Vdce) 10 -0 -010 -04 -0 08
(Voy 135 Vdc) 15 -033 -030 -16 024
(VoL 04 Vvac) Sink 0L 50 0012 0.01 002 4 0.008 - mAdc |
VoL - 05 Vvdc) 0 0.03 0025 | 005 002 I
VoL - 15 Vde 15 014 - 0.12 1.35 0.10 i
tnput Current (AL Device) Lin 15 <01 +0.00001| 01 10 L AdC
Input Current (CL/CP Device) I 15 +03 +0 00001 03 10 L AUC
Iaput Capacitance Cin 50 7% ooof
AT U o B S B Lo
Tion 55°C tor AL Device -40°C tor CL/CP Device ANoise immunity specified 1or worst case input combination
Thigh  *125°C tor AL Device +B5°C for CL/CP Device Noise Margin 10 both 1 and "0 tever 10 Ve mnn 40 v 50 Vi
20 Ve min vy 10 Ve
2O Vde mun e v 1Y Vi
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MC145348

Voo Tiow® 25°C Thgn
Characteristic Symbol Vdc Min Max Min Typ Max Min Max Unit
Quiescent Current (AL Device) 100 5.0 - | so - 0010 5.0 150 | wAdc
(Per Package) 10 - 10 0.020 10 300
15 20 0.030 20 600
Quiescent Current (CL/CP Device) [13%) 50 - 50 - 0.010 50 - 375 wAdc
(Per Package) 10 - 100 - 0.020 100 750
x 15 - 200 - 0.030 200 - 1500
Total Supply Current®*1 T 50 IT (0.5 uA/KHZ) | + 100 wAdc
(Oynamic plus Quiescent, 10 1T (1.0 uA/KH2) f + 100 Scan Oscillator
Per Package) 5 It - (1.5 uA/KH) £+ Ipp Frequency = 1 kH¢
(C = 50 pF on all outputs, all
butfers switching)
Three State Leakage Current Ty 15 “0 -0 00001 ORI .30 LAde
(AL Device)
Thiee State Leakaae Current T 15 10 -0 00001 +10 $15 nAdc
(CL CP Devicel
1To calculate total s«:pplv current at loads other than 50 pF **The formulas given are for the typical charactenistucs only at 25°C

ITICL) 17(S0pF) + 1 10-3 (Cy -501 Vppf where I 510 A (per package), CL n pF . Vpp ' Vdc, and { in kHz s nput frequency

SWITCHING CHARACTERISTICS® (C_ =50 pF, Tp = 25°C)

Characteristic ! Symbol I Voo ‘Min Typ Max Unit ‘I
Output Rise Time [ ovren | ns |
tTLH = (3.0 ns/pF) Cy +95 ns | ‘ 5.0 - 180 360 i
tTLH = (1.5 ns/pF) C + 78 ns [ ! 10 - 90 180
tTLH = (1.1 ns/pF) C + 68 ns | ! 15 - 65 130
OQutput Fa‘Tﬁme T ! 'THVL i o - ns “
tTHL = (1.5 ns/pF) C + 117 ns 5.0 - | 100 200 |
. 'THL = (0.75 ns/pF) C_ + 89 ns |10 - {50 100 |
| tTHL = (0.55 ns/pF) C|_+ 67 ns ‘ 15 - .40 80 !
—— — e — _—
| Propagation Delay Time, " otpLR, 1 us !
i Clock to Q : CotHL | ;
: PLH, tPHL = (1.8 ns/pF) C + 4.0 us | 5.0 - | 4.0 8.0 i
tPLH, tPHL = (0.8 ns/pF) C + 1.5 us | 10 - .18 30 i
; PLH, tPHL = (0.6 ns/pF) C + 1.0 us | 15 - 1.0 225 i
. Clock to Carry Out . tpLH | T us
| tpLH = (1.8 ns/pF) C + 3.3 us | 50 - I 33 6.6
! tpLH = (0.8ns/pF) CL + 1.1 us | 10 - i 1.1 2.2 |
1 tpLH = (0.6 ns/pF) C_ + 0.8 us ; i 15 | - i 0.8 17 1
‘; Master Resel 1o Q | lPHL ‘! o ! D o H '—~——————-—T——A
| tpHL = (1.8 ns/pF) C + 1.8 us : 5.0 ! - 1.8 i 36
| tpHL = (0.8 ns/pF) C + 06 us : ! 10 | - 0.6 12 |
" tpHL = (0.6 ns/pF) C| + 0.5 us 15 - 05 09 47
! Master Reset to Error Out N W(;H( A T R T o - R :s .
[ tPHL - (1.8ns/pF) CL + 057 us so |- o6 1 1S
| tpHL = (0.8 ns/pF) CL +0.19 us 10 ' 0.2 5
" tplL - (0.6 ns/pF) C + 0.11 s 5 012 038 ’
: Scanner Clock to Q LR, i T i us
i PLH. tPHL = (1.8 ns/pF) C + 1.8 us PPHL 5.0 i - 1.8 j 36 |
| tpLH, tpHL - (0.8 ns/pF) C| + 0.6 us 10 I 0.6 12 {
| LM, tPHL = (0.6 ns/pF) C_ + 0.5 us 15 ‘ - 05 09 |
| Scanner Clock to Digit Select ’*_!pL—H'“’_f_—* I f e T
! PHL, tPLH = (1.8 ns/pF) C + 1.5 us PLH, 50 - 1.5 3.0 i
tPHL tPLH = (0.8 ns/pF) C + 0.5 us 10 - os | 10 ‘
tPHL. tPLH = (0.6 ns/pF) C| + 04 us i 15 | - 04 | 075 | ‘
" Clock Pulse Frequency T T s T T T os *1 MHz
w0 b 0 10|
— s L - 80 ot2 |
Clock or Scanner Clock Pulse Width TWH 5.0 ! 1000 i 500 - ns
: 10 | 500 190 -
- . R . LR S T S N
Master Reset Pulse Width TWH(R) 2000 900 _T ns
/ou ' 600 300 |
L L 15 . 450 . 250 i [ B |

. .
The formula given 1s for the typical characteristics only
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Ciock A

Units QO

Units Q1

Units Q2

Units Q3

Unis €070 a

4 5 6 7
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COUNTER TIMING DIAGRAM
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Master Reset l
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MODE CONTROL TRUTH TABLE

Mode A | Mode B First Decade Qutput Carry 10 Second Stage Apphcation
o o Normal Count and Display | At 9 10 O transition of fist decade 5 Decade Counter
0 1 Iinhibited Input Clock Test Mode Clock directly into stages 1.2 and 4
1 1 Inhibited AT 410 5 transition of tirst decade | ¢ decade counter with - 10 and roundott at tront end
1 [ Counts 34,567 - 5 At 7 108 transition of first decade 4 decaoe counter with 172 pence capabiitity
Counts 8,9.0.1.2 0
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SCANNER TIMING DIAGRAM

Clock | S N S I |
. 1
DSt _l I| Units L_

Tens

Dsa

0SS I Ten
Thousands

~

Note Iif Mode B = 1, the first decade is inhibited and S1 will not go high, and
the cycle will be shortened to four stages.

DSS5 is selected automaticslly when Scanner Reset goes high.

ERROR DETECTION TIMING DIAGRAM

Resst —1
conra—a LT 1 | L]

' I |
| ' .
Clock B '
: l l__.l J.__.l .
l 1 v
. tror oo | ; .

Error Good Pulse 1 2 Good Pulse | Error Error

Qut 3 4

Note Error detector looks for inverted pulse on Clock B. Whenever a positive
edge at Clock A is not accompanied by a negative pulse at Clock 8 (or
vice versa) within a time period of the one-shots an error is counted.
Three errors result in Error Out to go to 8 . 1f error detection is not
needed, tie Clock B high or low and leave Pins 1 and 22 unconnected

CLOCK SKEW RANGE

Hady

Notes

1. The skew is the time difference be
tween the low-to-high transition of
Ca to the high-tolow transition of

- i

Skew 1n this range
— results in counted
error

SBEI I

[

ALLOWABLE CLOCK SKEW (ns/pF]

Cg or vice-versa. Capacitors C1 = C22
L4 tied from pins 1 and 22 to Vgg
1 I_: 2 This graph is accurate for C1 = C22 >
= e may or may not TT—::,' 100 pF
: 3 result i counted # 3 When the error detection circuitry 13
S a— ereor —1—! not used. pins 1 and 22 are left open
30 + Skew i this range = S o — )

et

4 results n no error -+
1 counted B

30 50 10 9.0 " 13 15 7
Vpp (Vdo)
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APPLICATIONS INFORMATION

FIGURE 1 - CASCADE OPERATION

Voo

L—‘ En MC145348 | |

12
Y C . +— Clock A
MC148188 m———{>o—cu>c a . oc

MC145348

Clock——C
*Carry Out 1s hugh for a singie clock period when all five BCO decades
go to zero. (Carry Out also goes high when MR is applied.)
|
|
FIGURE 2 — FORCING A DECADE TO THE Q OUTPUTS
Clock Clock A Qo
Q\p—— BCD for
MC145348 a2 (5;"‘:"
— ecade
SC
a3 pb—ro
0Ss1 0S2 D0S3 Ds4 0SS
When the Q outputs of a gven decade are required. this configuration will
lock up the selected decade within four clock cycies The setect hine feed
back may be hardwired or switched
Circuit diagrams utilizing Motorola products are included as a means s believed to be entirely reliable However. no responsibility s
of illustrating typical semiconductor applications consequently assumed for inaccuracies Furthermore. such nformation does not
complete information sufficient for construction purposas 1s not convey 10 the purchaser of the semiconductor devices described any
necessarily given The informauion has been carefully checked and  license under the patent rights of Motorola Inc or others
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MC145288

DUAL MONOSTABLE MULTIVIBRATOR

The MC145288 is a dual, retriggerable, resettable monostable
multivibrator. [t may be triggered from either edge of an input pulse,
and will produce an accurate outpul pulse over a wide range of
widths, the duration and accuracy of which are determined by the

external timing components, Cx and Rx

® Separate Reset Available

Diode Protection on All Inputs

Supply Voltage Range = 3.0 Vdc to 18 Vdc

ature Range
® See MC14538B Data Sheet for Applications Requiring
Precise Control of Output Pulse Width

Quiescent Current = 5.0 nA/package typical @ 5 Vdc

Triggerable from Leading or Trailing Edge Pulse

Capable of Driving Two Low-power TTL Loads, One Low-power
Schottky TTL Load or Two HTL Loads Over the Rated Temper-

MAXIMUM RATINGS (Voltages referenced to Vsg)

Rating Symbol Value Unit
OC Supply Voltage Voo -0510 +18 Vdc
Input Voltage. All Inputs Vin -05t0Vpp+ 05 Vdc
DC Current Drain per Pin | 10 mAdc
Operating Temperature Range - AL Device Ta -55 10 +125 °c
CL/CP Device -40 to +85
Storage Temperature Range T“g -65 10 +150 °c

CMOS MSI

(LOW-POWER COMPLEMENTARY MOS)

DUAL
RETRIGGERABLE/RESETTABLE
MONOSTABLE MULTIVIBRATOR

L SUFFIX P SUFFIX
CERAMIC PACKAGE PLASTIC PACRAGE
CASE 620 CASE 648

ORDERING INFORMATION

MC1axX X X8 Suffix Denotes

L Ceramic Package

P Plastic Package

A Extended Operating
Temperature Range

C Limitea Operating
Temperature Range

Note

LOGIC DIAGRAM
(1/2 of Device Shown)

Laternalty ground gins ) ana 15 to pin 8

BLOCK DIAGRAM

Cx Ry
Voo
1 2
T1 T2

Cx Ry

i

Tr T2

ol

h————OO

Co

Ry and Cx are external components

Voo o P16
VSS P 8

99



MC14528B

ELECTRICAL CHARACTERISTICS

Voo Tiow" 25°C Thigh®
Characteristic Symbol Vdec Min Max Min Typ Max Min Max Unit
Output Voliage 07 Level Vo 50 0.05 - 0 0.05 - 0.0 Vdc
Vin Vppor0 0 0.05 0 0.05 - 0.05
15 005 - V] 0.05 - 0.05
1 Level VOoH 50 495 495 5.0 495 - Vdc
Vin OorVpp 10 9.95 9.95 10 - 9.95
15 14 95 1495 15 - 14.95
Input Voltage” “0" Level ViL Vdc
(Vg - 4.50r 05 Vdc) 5.0 - 15 - 2.25 1.5 - 1.5
(Vo 9.0 0r 1.0 Vdc) 10 - 3.0 - 450 30 - 3.0
(Vg 1350r 15 Vdc) 15 - 4.0 - 6.75 4.0 - 4.0
"1 Level|  Vin
(Vg - 0.5 0r 4.5 Vdc) 5.0 35 35 275 35 - Vdc
(Vg - 1.0 0r 9.0 Vdc) 10 70 - 70 5.50 - 7.0 -
(VO - 1.5 0r 13.5 Vdc) 15 1.0 - 110 825 - 1.0 )
Output Drive Current (AL Device) oK mAdc
(VoH 2.5 Vdc) Source 5.0 -12 - -1.0 -1.7 - -0.7 -
(Von - 4.6 Vdc) 50 -0.25 ~ -0.2 -0.36 - -0.14 -
(VoW = 9.5 Vdc) 10 -062 -05 -09 - -0.35 -
(VoW - 13.5 Vdc) 15 -18 - -1.5 -3.5 - -1.1 -
(VoL - 0.4 Vdc) Sink oL 5.0 0.64 . 0.51 0.88 - 0.36 - mAdc
(Vop = 0.5 Vde) 10 16 - 13 2.2% - 09 -
(Vor = 1.5 Vdc) 15 4.2 - 34 88 - 24 -
Output Drive Current (CL/CP Device) {fe]"] mAdc
(VOH = 2.5 Vdc) Source 5.0 -1.0 -0.8 -7 - -06
(Vou = 4.6 Vdc) 5.0 -0.2 . -016 | -036 - -012
(VOH = 9.5 Vdc) 10 -05 -0.4 -09 - -0.3
(VoK = 135 Vdc 15 -14 - -1.2 -35 - -1.0 -
(Vo - 0.4 vdc) Sink oL 5.0 052 - 0.44 088 - 0.36 - mAdc
(VoL = 0.5 Vdc) 10 13 1 225 - 09 -
(Vo - 15 Vdc) 15 36 3.0 88 - 24
tnput Current (AL Device) lin 15 01 +000001| 01 - 10 uAdc
Input Current (CL/CP Device) hin 15 =03 - +0 00001 | +03 10 wAdc
Input Capacitance Cin - 50 75 oFf
(Vin 0
Quiescent Current (AL Device) 100 50 50 - 0.005 50 150 wAdc
(Per Package) 10 10 0.010 10 - 300
5 20 0.015 20 600
Quiescent Current (CL‘CP Device) [I5)s) 50 20 0.005 20 © 150 uAdc
(Per Pacxaye) 10 40 0.010 40 300
15 80 0.015 80 - 600
**Total Supply Current at an external Ir ITICL.Cx) = [(C +0.36Cx)Vpp! + 2x10~8 RxCx(Vpp—2)2() x 103
load Capacitance (C| ) and at where ITin uA (per circuit), C|and Cx in pF, Ry in megohms,
external timing capacitance (CX" Vpp 'n Vde, fin kHz is input frequency .
use the formula —

*Tlow - -559C tor AL Device. -40°C for CL/CP Device
Thigh = *125°C for AL Device. +85°C for CL/CP Device.
aNoise immunity specified for worst-case input combination
Noise Margin for both "1 and "0 level 10 Vdc min @ Voo 50 Vac
20 Vdc mine Vpp 10 vac
25 Vdc min @ Vpp 15 v

**The tormulas given are for the typical characteristics only at 25°C
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SWITCHING CHARACTERISTICS®® (C| = 50 pF, T = 25°C)

. ] ¢x [Rx [Voo
Characteristic Symbol oF xa Vde Min Typ Max Unit
Output Rise Time TLH - - ns
tTLH = (3.0 ns/pF) C_ +30 ns 5.0 - 180 360
tTLH = (1.5 ns/pF) C_ + 15 ns 10 - 90 180
tTLH = (1.1 ns/pF) C + 10 ns 15 B 65 130
Output Fall Time TTHL - - ns
tTHL = (1.5 ns/pF) C_ + 25 ns 5.0 - 100 200
tTTHL = (0.75 ns/pF) C_+ 125 ns : 10 - 50 100
tTHL = (0.55 ns/pF) C_ +9.5ns 15 - 40 80
Turn-Off, Turn-On Delay Time — A or Bto Q or Q PLH, 15 5.0 ns
tPLH, tPHL = (1.7 ns/pF) C|_ + 240 ns PPHL 6.0 - 325 650
PLH, tPHL = (0.66 ns/pEF C L +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 B to Q or Q tPLH, 1000 10 g ns
tPLH, tPHL = (1.7 ns/pF) C|_ + 620 ns tPHL 5.0 - 705 -
tPLH, tPHL = (0.66 ns/pF) C + 257 ns 10 - 290 -
tPLH, tPHL = (0.5 ns/pF) C|_+ 185 ns 15 - 210 -
Minimum Input Puise Width — A or B tWH 15 5.0 5.0 - 70 150 ns
10 - 30 75
15 - 30 55
twi 1000 10 5.0 - 70 - ns
10 - 30 -
15 - 30 -
Output Pulse Width — Q or O w 15 60 | 5.0 - 550 - ns
(For Cx < 0.01 uF use graph for appropriate Vpp level) 10 - 350 - 1
15 - 300 - !
Output Pulse Width — Q or Q- tw 10,000 | 10 5.0 - 30 +15 us |
(For Cx > 0.01 uF use formula: 10 - 50 +40
tw = 0.2Rx Cx Ln [Vpp — Vgs) It 15 - 55 +40
Pulse Width Match between Circuits in the same package -2 10,000 10 5.0 - 6.0 25 %
10 - 8.0 35
15 - 8.0 35
Reset Propagation Delay — Cp to Q or Q tPLH, 15 5.0 5.0 - 325 600 ns
PHL 10 - 90 2286
16 - 60 170
1000 10 5.0 - 1000 - ns
10 - 300 -
15 - 250 -
Minimum Retrigger Time ter 15 5.0 5.0 - 0 - 1 ons
10 - 0 - .
15 - 0 - P
1000 10 5.0 - 0 - ns |
10 - 0 -
15 - 0 -
Min
External Timing Resistance Ry - - - 5.0 1000 | 1000 kQ
External Timing Capacitance Cx - - - No Limits ufF

*The formula given is for the typical characteristics only.
T Ry is in Ohms, Cy is in farads, VDD and Vg in volts, PW o, in seconds.
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MC14511B |

BCD-TO-SEVEN SEGMENT LATCH/DECODER/DRIVER

The MC14511B BCD-to-seven segment latch/decoder/driver is con-
structed with complementary MOS (CMOS) enhancement mode de-
vices and NPN bipolar output drivers in a single monolithic structure.
The circuit provides the functions of a 4-bit storage latch, an 8421
BCD-to-seven segment decoder, and an output drive capability. Lamp
test (CT), blanking (BI), 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. [t 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.) dis-
play driver, computer/calculator display driver, cock pit display driver,
and various clock, watch, and timer uses.

CMOS MmSI

(LOW-POWER COMPLEMENTARY MOS) N

BCD-TO-SEVEN SEGMENT
LATCH/DECODER/DRIVER

L SUFFIX P SUFFIX
CERAMIC PACKAGE PLASTIC PACKAGE
CASE 620 CASE 648

ORDERING INFORMATION

MCraxXxxe Suffix Denotes

L Ceramic Package

P Plastic Package

A Extended Operating
Temperature Range

C Limited Operating
Temperature Range

7 o— . 013

A
1to—8 bl o112 'l"”
c

2 o— cb—omn .l "
6 0—— D d}—o010

Jo—Qqg LT e—09 N

40— 8! ! ——015 Vpp - Pin 16

5 O— LE gf—o0 14 Vgs = Pin8
DISPLAY

! - 2QaQ

NEEEEEREEE

o 1+ 2 3 4 5 6 7 8 9 i

® Quiescent Current =5.0 nA/package typical @ 5 Vdc
e Low Logic Circuit Power Dissipation /’
® High-Current Sourcing Outputs (Up to 25 mA)
® Latch Storage of Code
® Blanking Input
® Lamp Test Provision
e Readout Blanking on all lllegal Input Combinations
e Lamp Intensity Modulation Capability
® Time Share (Multiplexing) Facility
® Supply Voltage Range = 3.0 Vdc to 18 Vdc
Capable of Driving Two Low-power TTL Loads, One Low-power
Schottky TTL Load or Two HTL Loads Over the Rated
Temperature Range
MAXIMUM RATINGS (Voltages referenced to Vgg). .
Rsting Symbol Value Unit
DC Supply Voltage Voo -0.5to +18 Vdc
Input Voitage, All Inputs Vin 05t Vpp + 0.5 Vdc
DC Current Drain per Input Pin | 10 mAdc
Operating Temperature Range — AL Device Ta -55to +125 - oc
CL/CP Device 40 to +85
Storage Temperature Range T“g -65 to +150
Maximum Output Orive Current 1OHmax 25 mA
(Source) per Output
Maximum Continuous Output Power POHmax 50 mw
(Source) per Output ¥

#POHmax = 10H (VDD ~VOH!

TRUTH TABLE

This device contains circuitry to protect the inputs against damage due to high static
voltages or electric fields: however, it is advised that normal precautions be taken to
avoid spplication of any voltage higher than maximum rated voltages to this high im-
pedance circuit A destructive high current mode may occure if Vi, and Vg is not
constrained to the range Vss < (Vi or Vo) K Vpp

Due to the sourcing capability of this circuit, damage can occur to the device ifVpp s
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!

INPYT; QuTPyYT

LE a1 LT|{D C B8 Als b ¢ 9 ¢ t g|DISPLAY
x x o fx x x x[1v v v [
x 0 " X x x x[0 00 00 0 0 @
o 1 A 0 0 0 O0fy v 1 v v v O o
o v 1 0O 0 0 *fOo r v 0 0 0 O 1
° ' vlo o v ot ro v 0 2
o 1 1 0 0 v 1{r v v v 0O O 3
) l v o ofo v v o0 v o 0
o A} A} o v 0 {1 O v Y O v )
o 1 Al 0O 't v 0fO O v Vv v ooy L)
o 1 1 ?7 Tr 1}y v Y 00 00 7
) 1 t{rv o000t vy oty 1A .
) vihv oo |y vy o0y 9
0 ' V|1 o1 0jlo 0000 0 0f Bl
o ' t 11 0 v 1]/0o 0000 0 0 Bles
o 1 ; "1 1 0o ofooo0o0o0 00 Bronk
o ' v |1 1 0 1fo 00 00 0 0| Ble,
o vt 1l vy 0lo o000 0 0 Bl
) v L vy vy 1|0 00 000 0f slem
A v x x x x - B .
X = Don’t Care

*Depends upon the BCD code previously applied
when LE - 0
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@ MOTOROLA MC 1?5208

CMOS MmSI

(LOW-POWER COMPLEMENTARY MOS)

DUAL UP COUNTERS
The MC145188 dual BCD counter and the MC145208 dual bi-

nary counter are constructed with MOS P-channel and N-channel DUAL BCD UP COUNTER
enhancement mode devices in a single monolithic structure. Each (MC145188B)

consists of two identical, independent, internally synchronous 4- DUAL BINARY UP COUNTER
stage counters. The counter stages are type D flip-flops, with inter- (MC145208B)

changeable Clock and Enable lines for incrementing on either the
positive-going or negative-going transition as required when cascad-

ing multiple stages. Each counter can be cleared by applying a high
level on the Reset line. In addition, the MC 145188 will count out of
all undefined states within two clock periods. These complementary
MOS up counters find primary use in multi-stage synchronous or
ripple counting applications requiring low power dissipation and/or
high noise immunity.
. . FIX P SUFFIX 3
® Quiescent Current = 5.0 nA/package typical @ 5 Vdc CERAMIC PACKAGE PLASTIC PACKAGE
® Noise Immunity = 45% of Vpp typical CASE 620 CASE 648
. . hd
® Diode Protection on All Inputs
ORDERING INFORMATION
® Supply Voltage Range = 3.0 Vdc to 18 Vdc
® Low Input Capacitance = 5.0 pF typical MC14XXX8 Suftix Denotes
® |[nternally Synchronous for High Internal and External Speeds
i R . . L Ceramic Package
® | ogic Edge-Clocked Design — Incremented on Positive Transition P Plastic Package
of Clock or Negative Transition on Enable A Extended Operating
. Temperature Range
°
6.0 MHz Counting Rate € Limited Operating
Capable of Driving Two Low-power TTL Loads, One Low-power Temperature Range
Schottky TTL Load or Two HTL Loads Over the Rated Temper-
ature Range |
BLOCK DIAGRAM
—o 3
MAXIMUM RATINGS (Voltages referenced to Vgg) 4
Rating Symbol Value Unit © 5
OC Supply Voltage Voo -0.51t0 +18 Vdc 6
Input Voltage, All Inputs Vin 0.5t Vpp * 05 Vdc
DC Current Drain per Pin | 10 mAdc
Operating Temperature Range — AL Device Ta -55 to +125 °c Clock
CL/CP Device -40 to +8S 90 />° 1
Storage Temperature Range Tsig -65 to +150 °c 100 o >>“1
Enabie T |
15 O -
TRUTH TABLE
CLOCK ENABLE RESET ACTION
s 1 o Increment CJunter This device contains circuitry 1o protect the
0 N o incramenyf ounter nputs against damage due 10 high static volt-
ages or electric fhields howewver, 1t s adwised
~ X N No Change that normal precautions be taken to avoid
x s o No Change application of any woltage higher than maxi
s 0 0 No Change mum rated voltages to this high impedance
crrcurt. For proper operation 1t is recommended |
! ~ N flo Chanas that V, and Vg, be constramed 10 the range
o X ! Qo0 thru Q3 = 0 Vss =~ (Vin 0ot Voud + Voo
Unused 1nputs must always be tied 1o an
X - DontCare appropriate logic voltage lewel (e g mither Vgg

ot Vpp!
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MC13013B

DUAL TYPE D FLIP-FLOP

The MC140138B 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 comple-
mentary outputs (Q and Q). These devices may be used as shift regis
ter elements or as type T flip-flops for counter and toggle applica-
tions,
® Static Operation
Quiescent Current = 2.0 nA/package typical @ 5 Vdc
Noise Immunity = 45% of Vpp typical
Diode Protection on All Inputs
Supply Voltage Range = 3.0 Vdc to 18 Vdc
Single Supply Operation
Toggle Rate = 4 MHz typical @ 5 Vdc
Logic Edge-Clocked Flip-Flop Design
Logic state is retained indefinitely with clock level either high or
low: information is transferred to the output only on the positive-
going edge of the clock pulse

® Capable of Driving Two Low-power TTL Loads, One Low-power
Schottky TTL Load or Two HTL Loads Over the Rated Temper-
ature Range

e Pin-for-Pin Replacement for CD4013B

CMOS SSI

(LOW-POWER COMPLEMENTARY MOS)

DUAL TYPE D FLIP-FLOP

MAXIMUM RATINGS (Voltages referenced to Vgg)

L SUFFIX P SUFFIX
CERAMIC PACKAGE PLASTIC PACKAGE
CASE 632 CASE 646

ORDERING INFORMATION

MC14XXXB Suttix

k:

A Extended Operating
Temperature Range

C Limited Operating
Temperature Range

Denotes

Ceramic Package
Plastic Package

Rating Symbol Value Unit
OC Supply Voltage Voo -051t0 +18 Vdc
Input Voltage. All Inputs Vin -05tovpp * 05 Vdc
OC Current Drain per Pin 1 10 mAdc
Operating Temperature Range AL Device Ta -55to *125 °c
CL CP Device -40 to -85
LSlouge Temperature Range Tag -65 to +150 oc
TRUTH TABLE
INPUTS OUTPUTS
cLock' |DATA | RESET| SET Q a
—/ 0 [¢] 0 0 1
v 1 [¢] 0 1 [
N x o o Q Q 'g:'““
X x 1 (o] o 1
X X o 1 1 o
x X 1 1 ) 1

X Don't Care
1 Leval Change

BLOCK DIAGRAM

= Pin 14
Pin )

Voo
Vss
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@ MOTOROLA
MC14001B

Quad 2-Input NOR Gate

MC14002B

Dual 4-Input NOR Gate

MC14011B

Quad 2-Input NAND Gate

MC14012B

Dual 4-Input NAND Gate

MC14023B

Triple 3-Input NAND Gate

MC140258B

Triple 3-Input NOR Gate

MC14068B

8-Input NAND Gate

MC14071B

Quad 2-Input OR Gate

MC140728B

Dual 4-Input OR Gate .

MC14073B

Triple 3-Input AND Gate ‘

‘MC14075B

Triple 3-Input OR Gate

MC14078B

8-Input NOR Gate |

B-SUFFIX SERIES CMOS GATES

The B Series logic gates are constructed with P and N channel en-
hancement mode devices in a single monolithic structure (Comple-
mentary MOS) Their primary use is where low power dissipation
and/or high noise immunity is desired

Quiescent Current = 0.5 nA typ/pkg @ 5 Vdc

Noise Immunity = 45% of Vpp typ

Supply Voltage Range = 3.0 Vdc to 18 Vdc

All Outputs Buffered

Capable of Driving Two Low-power TTL Loads, One Low-power
Schottky TTL Load or Two HTL Loads Over the Rated Tempera-
ture Range.

Double Diode Protection on All Inputs

® Pin-for-Pin Replacements for Corresponding CD4000 Series B
Suffix Devices

ORDERING INFORMATION

MC14Xx X XxB Suffix Denotes

L Ceramic Package

P Plastic Package

A Extended Operating
Temperature Range 14

C Limitea Operating 1
Temperature Range

L SUFFIX P SUFFIX
CERAMIC PACKAGE PLASTIC PACKAGE Mc14081B
) 2 SE 64
cast 63 CASE 646 Quad 2-Input AND Gate
MAXIMUM RATINGS iVoituges referenced to Vgg) C1 40828
‘ SS D
ual 4-Input AND Gate
Rating Symbol Value Unit ! pu Ga
OC Supply Voltage Voo 0510 418 Vdc
Input Voltage All Inputs Vin 051w Vpp -0 Ve
OC Current Drain per Pin ] 10 mAdc
Operating Temperature Runae AL Device TA 5510 4125 c
CL CP Device 40 o 85

Storuge Temperature Range Tsra 65 10 + 150 “c

This device contains Circuitry to protect the 'Nputs against damage due to high

static voltages or electric frelds, however it 1s advised that normal precautions bhe CMOS SSI
: taken 10 avoud apphiation of any voltage higher than maximum rated voltages to

1S Igh mpedanc e iU FOr proper operation it s acommanded that V., ana (LOWPOWE R COMPLEMENTARY MOS)
1 Vour be constrained 1o the range Vgg *~ (V,,, or Vout! © Vpp

Unused 1nputs ciust ahvays Le tied 10 an aporopriate logic voltage level (e g B-SERIES GATES

either Vgg or Vi _J

f LOGIC DIAGRAMS
NOR NAND OR AND
MC14001B MC140118 MC140718 MC140818

Quad 2-Input NOR Gate

Quad 2-lnput NAND Gate

Quad 2-Input OR Gate

Quad 2-Input AND Gate

1 1 1 1
3 3 3 3
2 bd 2 2
2
5 5 5 5
6
N 6
p 8 8 8 - 8
10 10 0 10
U 9 9 Q g
T 12 12 \m 12— 12
1 — 1" "
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uF

uF

uF

pF

(35U 4.20)

JFET Input Operational Amplifier
JFET input Operational Amplifier
JFET Input Operational Amplifier

Voltage Comparator

’ L W 5% Carbon film

/

Tenturn pot

Ceramic

NPO
Ceramic
Ceramic
Electrolyte
Electrolyte
Ceramic
Ceramic

Ceramic
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Dual Retriggerable/Resetable Monostable
multivibrator

Dual Type D Flip-Flop

Dual Binary Counter

Dual Binary Counter

BCD-to Sevent Segment Latch/Decoder/Driver
Real Time 5-Decade Counter

Real Time 5-Decade Counter

> % W 5% Carbon film

P4
Tenturn pot.

0.01 uF Tantalum

(3U 4.21)
IC5 MC14528
IC6 MC14013
IC7 MC14520
IC8 MC14520
IC9 MC14511
IclO MC14534

M
Icll C14534
25C458
R_ 100 k§
8
R 00 Qx7
9 100 @
Rlo 1 MQ
Rll 10 kQ
R12 10 kQ
R13 1 kQ
R 00 Q
14 e

RV2 50 kQ
C8
C

47 uF Electrolyte
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