CD40160B, CD40161B, CD40162B, CD40163B Types

CMOS Synchronous
Programmable 4-Bit
Counters

High-Voltage Types (20-Voit Rating)

CD40160B — Decade with Asynchronous
Clear
CD40161B — Binary with Asynchronous

Clear
CD40162B — Decade with Synchronous

Clear
CD40163B — Binary with Synchronous
Clear

RCA-CD401608, CD401618, CD401628B,
and CD401638 are 4-bit synchronous pro-
grammable counters. The CLEAR function
of the CD40162B and CD40163B is synchro-
nous and a low level at the CLEAR input sets
all four outputs low on the next positive
CLOCK edge. The CLEAR function of the
CD401608 and CD401618B is asynchronous
and a low level at the CLEAR input sets alt
four outputs low regardless of the state of
the CLOCK, LOAD, or ENABLE inputs. A
{ow level at the LOAD input disables the
counter and causes the output to agree with
the setup data after the next CLOCK pulse
regardless of the conditions of the ENABLE
inputs.

The carry took-ahead circuitry provides for
cascading counters. for n-bit synchronous
applications without additional gating. Instru-
mental in accomplishing this function are
two count-enable inputs and a carry output
(CoyT)- Counting is enabled when both PE
and TE inputs are high. The TE input is fed
forward to enable Coy. This enabled out-
put produces a positive output pulse with a

Features:

® Internal look-ahead for fast counting
® Carry output for cascading
® Synchronously programmable
u Clear asynchronous input
(CD40160B, CD40161B)
m Clear synchronous input
(CD40162B, CD401638B)
m Synchronous load control input
= Low-power TTL compatibility
® Standardized, symmetrical output
characteristics
® 100% tested for quiescent current at 20 V
» Maximum input current of 1 uA at 18 V
over full package-temperature range;
100 nA at 18 V and 25°C
® Noise margin {over full package-tempera-
ature range): 1VatVpp=5V
2VatVpp=1V 25VatVpp=15V
a 5.V, 10-V, and 15-V parametric ratings
u Meets all requirements of JEDEC
Tentative Standard No. 13A, “Standard
Specifications for Description of ‘B’ Series
CMOS Devices™

duration approximately equal to the positive
portion of the Q1 output. This positive
overflow carry pulse can be used to enable
successive cascaded stages. Logic transitions
at the PE or TE inputs may occur when the
clock is either high or low.

The CD40160B, CD401618, CD40162B, and
CD401638 types are supplied in 16-lead
hermetic dual-in-line ceramic packages (D
and F suffixes), 16-lead dual-in-line plastic
packages (E suffix), 16-lead ceramic flat
packages (K suffix), and in chip form (H
suffix).

The CD40160B through CD40163B types
are functionally equivalent to and pin-com-
patible with the TTL counter series 74LS160
through 74LS1863 respectively.

MAXIMUM RATINGS, Absolute-Maximum Values:

DC SUPPLY-VOLTAGE RANGE, (VpD)

(Voltages referenced to Vgg Termijnal) ............

INPUT VOLTAGE RANGE, ALL INPUTS .

DC INPUT CURRENT, ANY ONE INPUT ...

POWER DISSIPATION PER PACKAGE (Pp):
For T, =-40t0 +60°C (PACKAGE TYPEE) ...
For Ty =+80t0 +85°C (PACKAGE TYPEE) ...

ForTp=-55t% +100°C {(PACKAGE TYPES D, F, K)

For T, =+100 to +125°C (PACKAGE TYPES D, F, K)
DEVICE DISSIPATION PER OUTPUT TRANSISTOR:
= FULL PACKAGE-TEMPERATURE RANGE (All Package Types) ...........covvieennn 100 mwW

For Tp F
OPERATING-TEMPERATURE RANGE (T a):

PACKAGE TYPESD,F,K.H ........cooooviinnn

.................. -0.5t0 +20V
... -05toVpp +0.5V

......................................... +10 mA

.................................... -55 to +125°C

PACKAGETYPEE ......vviviiiieaniineeannns .. —40to +85°C
STORAGE TEMPERATURE RANGE (Tgig) -+ -vvvvvrreeririnriieiraeiennes .... 8510 +150°C
LEAD TEMPERATURE (DURING SOLDE%HNG):

At distance 1/16 £ 1/32 inch (1.59 +£ 0.79 mm) from case for 108 max. ...........ccooviiieeens +265°C
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Functional Diagram

Applications:

# Programmable binary and decade counting
® Counter control/timers

® Frequency dividing
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Fig. 1— Typical output low (sink}
current characteristics.

AMBIENT TEMPERATURE (T3)+25°C
\
<
E
I
PE
o
B
i GATE - TO- SOURCE VOLTAGE (Vgg)ei
g
K] ]
3
H
& rafH g
=
S
=
5
2
‘é v
T
[~

5
DRAIN-TO-SOURCE VOLTAGE {Vps)—V
szcs -zeai3m
Fig. 2— Minimum output low (sink)
current characteristics.

438



*INPUTS PROTECTE! .
BY COS/MOS PROTECTION
NETWORK
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Fig. 3— Logic diagrams for CD401608 and CD401628 BCD decade counters.
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Fig. 4— Logic diagrams for CD401618 and CD401638 binary counters.
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CD40160B, CD40161B, CD40162B, CD40163B Types

RECOMMENDED OPERATING CONDITIONS at T 4 = 25°C, Except as Noted ora-o- souncc VOLTAGE (¥pg)—v
For maximum reliability, nominal operating conditions should be selected so that BT TERPERRTORE (TS EF L FEPEEEE
operation is always within the following ranges: L P ARTRED: . ?
CHARACTERISTIC Vpp Limits UNITS 3
(v} MIN. MAX. 4
Supply Voltage Range (Full T4 = Full Package - g
Temperature Range) - 3 18 v v HH-0
Setup Time: tgy 5 240 - g
Data to Clock 10 90 - ns §
15 60 - s
.
5 240 - H
Load to Clock 10 90 - ns o —
15 60 Fig. 5— Typical output high (source)
5 340 _ current characteristics.
PE or TE tO Clock 10 140 —_ ns DRAIN-TQ- SOURCE VOLTAGE (Ypgi—V
15 100 = AWBERT Irs‘wsnnunz T c%}ﬂ:{—}: o 5
Giowr to Clock lg :1;:8 — : g ,'A‘JJi‘r‘d-’s;:::dp{crz';v'o'&k;sé'&”f.' '5;») , E
—_ ns - T T D o, s
{CD401628B, CD40163B) 15 100 i §
5 0 - : ot T §
HHH FHT t o 1 8
All Hold Times, ty 10 0 - ns e e e A o
15 0 - SRR RN SSiSimas §
~ ey ST 8
Clear Removal Time,  tromy 13 fgg - ns T e et .5
{CD40160B, CD40161B) 15 70 - e Sassssisgeiasee 5
- B
Clear Pulse Width, twi 13 1;8 _ T - secs-2aneime
(CD40160B, CD40161B) ns Fig. 6~ Minimum output high (source)
15 50 - current characteristics.
5 — 2
Clock Input Frequency, fC|_ 10 - 5.5 MHz . |AMBIENT TEMPERATURE (T4 )= 28°C
15 - 8 | R
T R Sgeasaneasn:
5 170 — ¢ R “‘ ! it
Clock Pulse Width, ty 10 70 - ns i : HHHT
15 50 = g : T st wns-svv
5 - 200 - L 3PPy aancan:
Clock Rise or Fall Time, t,CL or tsCL 10 - 70 us é it : T 1 ;:
15 - 15 z 25 T
: ! ]f i
3 ! :
3
o 20“ 40 80 80 -+ 100
LOAD CAPACITANCE (C~pF 92C3-29971
Fig. 7— Typical propagation delay time as a
functi f load it:
TRUTH TABLE (CLOCK 10 0y EAcanee
cLOoCcK cL LOAD PE TE OPERATION
e 1 0 X X | PRESET :
e
va 1 1 0 X NC g
z
va 1 1 X 0 NC M
z
J 1 1 1 1 COUNT g
X 0 X X X RESET (CD40160B, CD40161B) g
_/- 0 X X X RESET (CD40162B, CD40163B)
\_ 1 X X X NC {CD401628B, CD40163B) LOAD CAPACITANCE {C)—pF  ozcs-zadaz

Fig. 8— Typical transition time as a function
1=HIGH LEVEL 0=LOWLEVEL X = DON'T CARE NC = NO CHANGE of load capacitance.
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STATIC ELECTRICAL CHARACTERISTICS

LIMITS AT iNDICATED TEMPERATURES (°C) g
CHARAC- CONDITIONS Values at -585, +25, +125 Apply to D, F, K, H, Packages 1
TERISTIC Values at -40, +25, +85 Apply to E Packages T
+25 S
Vo | Vin|Voo
(v) (V) | (v)}{ 55 | ~40 +85 |+125 |Min. | Typ. |Max.
Qui - 0.5 5 5 5 150 150 | — 0.04 5
uiescent
Devies - Josof [ o] 0] 300 300{ - | 00a[ 10|,
Current, - 0,15 15 20 20 600 600 | — 0.04 20
|DD Max.
- 020| 20 100 100 | 3000) 3000 | — 0.08 ; 100
0,5 5 0.64| 0.61 0.42] 036 0.51 1] -
Output Low 04
(Sink) Current] 0.5 0,10 10 1.6 1.5 1.1 0.9 1.3 26| -
loL Min. 16 (015 15 | 42| 4| 28] 24| 34| e8] -
. -0. -0.61 | —-0.42| -0. -0. - - A
Output High 4.6 0,5 5 0.64( -0 0.36 {—0.51 1 m
(Source) 2.5 0,5 5. -2 -1.8 13| 118 —16] -3.2| -
Fu"eﬁitr'\ 95 [010({ 10| -18( —16| —1.1| —09]| —13] —26] -
OH ' 13.5 0,15( 15 | -4.2 —4 -28| -24| —34; 68| —
Output Voltage:—— 05| & 0.05 — 0]0.05
Low-Levet, — 0,10] 10 0.05 — 0]0.05
Vo Max. - 0,15 ' 15 0.05 - 0{005]
Output — 05] 5 4.95 4,95 5| —
Voltage: _ _
High-Level, 0,104 10 9.95 9.95 10
VoH Min. - 0,15 | 15 14.95 14.95 151 —
0545 - ) 1.5 — - 1.5
Input Low
Voltage 1.9 - |10 3 - -~ 3
ViLMax.  hgi3s| - [ 1s 4 - - v
input High 1 0545] — | 5 35 as| -~ | -
Voltagg, 1,9 - 10 7 7 - -
VinMin. 38 15 11 1 R
Input Current | 018 | 18 |01 | +o +1 +1 +10-5| 0.1} uA
"N Max. ‘ - = . - - - - H
Yoo
Voo
INPUTS i
Voo NOTE: INPUTS OUTPYUTS
MEASURE INPUTS
?°'@' SEQUENTIALLY, M - [: .
Vsg TO BOTH Vpp AND Vgs: -l v?
CONNECT ALL UNUSED V|°|. - 7
NPUTS TO EITHER
Voo OR Vgg- -
Vss r NOTE
Vss TEST ANY COMBINATION
92€5-27402 OF INPUTS

Fig. 12— Input-current test circuit.

92CS-2T44 1R

Fig. 13— Input-voltage test circuit.
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TERMINAL ASSIGNMENT
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CD40160B, CD40161B, CD40162B, CD40163B Types

DYNAMIC ELECTRICAL CHARACTERISTICS at Tp = 25°C;
Input t,, t; = 20 ns, Cy =50 pF, R =200 k2

TEST LIMITS
CHARACTERISTIC CONDITIONS ALL TYPES* UNITS
Vpp (V) Min. I Typ.T Max.
CLOCK OPERATION
X ! 5 - 200 400
Propagation Delay Time, tpyyy .t
ok toa Y PHLAPLH 10 - 80 | 160 ns
15 = 60 120
5 - 225 450
Clock to CoyT 10 - 95 190 ns
15 - 70 140
5 - 125 250
TE to CoyT 10 - 55 110 ns
15 - 40 80
- . 5 - 120 240
Minimum Setup Time, tgy
Data to Clock 10 - 45 90 ns
15 - 30 60
5 - 120 240
Load to Clock 10 - 45 90 ns
15 - 30 60
5 - 170 340
PE to TE to Clock 10 - 70 140 ns
15 - 50 100
5 — - 0
Minimum Hold Time, ty 10 - - 0 ns
15 - - 0
5 - 100 200
Transition Time, TTHLATLH 10 - 50 100 ns
15 - 40 80
5 - 85 170
Minimum Clock Pulse Width, ty 10 — 35 70 ns
15 - 25 50
5 2 3 -
Maximum Clock Frequency, fcor 10 5.5 8.5 - MHz
15 8 12 -
5 200 - -
Maximum Clock Rise or Fall Time,'r 10 70 - - Hs
t,CL, oL 15 15 - -
CLEAR OPERATION
Propagation Delay Time,  tpyy 5 - 250 500
{CD40160B, CD401618B) 10 - 110 220 ns
Clear to Q 15 - 80 160
Minimum Setup Time, tg 5 - 170 340
(CD401628B, CD40163B) 10 - 70 140 ns
Clear to Clock 15 - 50 100
Minimum Hold Time, tY 5 - - 0
(CD40162B, CD40163B) 10 - - 0 ns
Clear to Clock 15 - — 0
Minimum Clear Removal Time, tgom 12 B 1?,3 ?gg ns
(CD40160B, CD401618) 15 _ 15 70
Minimum Clear Pulse Width,  ty "5’ _ gg 1;(0) s
{CD40160B, CD40161B) 185 _ 26 50

* Except as noted.

t If more than one unit is cascaded in the parallel clocked application, t,CL should be made less than or equal
to the sum of the fixed propagation delay at 50 pF and the transition time of the carry output driving stage

for the estimated capacitive load.
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CD40160B, CD40161B, CD40162B, CD40163B Types
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Fig. 14— Timing diagram for CD401608, CD401628.
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CD401608B, CD40161B, CD40162B, CD40163B Types

M ™ o
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Fig. 16— Detail of flip-flops of CO401608 and CD401618 (asynchronous clear).
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Dimensions and pad layout for CD401608H. Dimensions and pad layout
for CD40161BH,CD401628H, and CD40163BH are identical.

Dimensions in parentheses are in millimeters and
are derived from the basic inch dimensions as in-
dicated. Grid graduations are in mils (10~3 inch).

The photographs and dimensions of each CMOS chip
represent a chip when it is part of the wafer. When the
wafer is separated into indjvidual chips, the angle of
cleavage may vary with respect to the chip face for
different chips. The actual dimensions of the isolated
chip, therefore, may diller slightly from the nominal
dimensions shown. The user should consider a tolerance
of —3 mils to +16 mils applicable to the nominal

9 : !
N dimensions shown.
>
92CM- 29227
Fig. 17— Detail of flip-flops for CD40162B and CD401638B (synchronous clear).
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Fig. 18 — C. 2 k in the parallelclocked mode.
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Fig. 19 — Cascaded counter packages in the ripple-clocked mode.
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