74HC/HCT192

MSt
111
PRESETTABYE$€N6ABNGUS BCD/DECADE UP/DOWN COUNTER
FEATURES TYPICAL
® Synchronous reversible counting SYMBOL PARAMETER CONDITIONS T UNIT
® Asynchronous parallel 1oad HC HC
® Asynchronous reset tpHL/ propagation delay 20 20 ns
® Expandable without external logic tPLH CPp, CPy to Qp CL=15pF
® Output capability: standard Veec=5V
® I category: MSI fmax maximum clock frequency 40 45 MHz
GENERAL DESCRIPTION C input capacitance 3.5 35 pF
The 74HC/HCT 192 are high-speed iesipati
Si-gate CMOS devices and are pin Cpp pzﬁ;ﬂ::'::g;"package notes 1 and 2 24 28 pF
compatible with low power Schottky

TTL (LSTTL). They are specified in
compliance with JEDEC standard no. 7A.
The 74HC/HCT192 are synchronous
BCD up/down counters.

Separate up/down clocks, CPyy and

CPp respectively, simplify operation.
The outputs change state synchronously
with the LOW-to-HIGH transition of
either clock input. If the CPy clock is
pulsed white CPp is held HIGH, the
device will count up. If the CPp clock is
pulsed while CPy is held HIGH, the
device will count down. Only one clock
input can be held HIGH at any time, or
erroneous operation will result. The
device can be cleared at any time by the

GND=0V;Tagmb=25°Citr=tf=6ns

Notes

1. CpD is used to determine the dynamic power dissipation (Pp in uW):

PD =CpPD x Voi? x fi+ = (CL x Vge? x fo) where:

fi = input frequency in MHz CL =
fo = output frequency in MHz vgee =
Z (CL x Vge? x fo) = sum of outputs

2. For HC the condition is V| = GND to VCC
For HCT the condition is V| = GND to Vcc — 1.5V

PACKAGE OUTLINES

16-lead DIL; plastic {SOT382).

16-lead mini-pack; plastic (S016;SOT1 09A).

PIN DESCRIPTION

output load capacitance in pF
supply voltage in V

asynchronous master reset input (MR); PIN NO. SYMBOL NAME AND FUNCTION
it may also be loaded in parallel by
activating the asynchronous parallel load 3267 Qo to Q: flip-flop outputs
input (PL). cer 0 3 ip-tlop P ) .
i 4 CPp count down clock input
The “192" contains four master-slave JK P lock i .
flip-flops with the necessary steering logic 5 CPy count up clock input
to provide the asynchronous reset, load, 8 GND ground (0 V)
and synchronous count up and count 1 PL asynchronous parallel load input {(active LOW)
down functions. = . .
. . 12 TCu terminal count up {carry) output {active LOW)
Each flip-flop contains JK feedback from 13 TC, terminal nt down (borrow) output {active
slave to master, such that a LOW-to-HIGH D fé"v“” cou P!
transition on the CPp input will decrease X
the count by one, while a similar transition | 14 MR asynchronous master reset input {active HIGH)
on the CPyy input will advance the count 15,1, 10,9 Dg to D3 data inputs
by one. .
16 Vv ositive supply volta
(continued on next page) cc P PRy 9°
* LOW-to-HIGH, edge triggered
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Fig. 1 Pin configuration. Fig. 2 Logic symbol. Fig. 3 1EC logic symbol.
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GENERAL DESCRIPTION {Continued)

One clock should be held HIGH while coun-
ting with the other, otherwise the circuit
will either count by two’s or not at all,
depending on the state of the first flip-flop,
which cannot toggle as long as either clock
input is LOW. Applications requiring
reversible operation must make the
reversing decision while the activating clock
is HIGH to avoid erroneous counts.

The terminal count up (ﬁu) and terminal
count down (TCp) outputs are normally
HIGH. When the circuit has reached the
maximum count state of 9, the next HIGH-
to-LOW transition of CPyy will cause TCyy
to go LOW.

TCy will stay LOW until CPyy goes HIGH
again, duplicating the count up clock.

Likewise, the TCp output will go LOW
when the circuit is in the zero state and
the CPp goes LOW. The terminal count
outputs can be used as the clock input
signals to the next higher order circuit in a

FUNCTION TABLE

multistage counter, since they duplicate
the clock waveforms. Multistage counters
will not be fully synchronous, since there
is a slight delay time difference added for
each stage that is added.

The counter may be preset by the
asynchronous parallel load capability of
the circuit. Information present on the
parallel data inputs (Dg to D3) is loaded
into the counter and appears on the
outputs {Qg to Qg) regardless of the
conditions of the clock inputs when the
parallel load (PL} input is LOW. A HIGH
level on the master reset {(MR) input will
disable the parallel load gates, override
both clock inputs and set all outputs

(Qg to Qz) LOW. If one of the clock
inputs is LOW during and after a reset or
load operation, the next LOW-to-HIGH
transition of that clock will be interpreted
as a legitimate signal and will be counted.

INPUTS OUTPUTS
OPERATING MODE — J— —
MR | PL|CPy | CPp | Dg | Dy | Do | D3 Q | @1 | Qz | Q3 | TCy | TCp
reset (clear) H X | X L X X X X L L L L H L
H X [ X H X X X X L L L L H H
L L | X L L L L L L L L L H L
L L IX H L L L L L L L L H H
paraliel foad L ofLfL |[x [H [x|x |H Qn = Dp Lo |H
L L |[H X H X X H Qn =Dy H H
count up L H |1 H X X X X count up H* H
count down L H | H 1 X X X X count down H H**
H = HIGH voltage level
L = LOW voltage level
X = don't care * TCy =CPy at terminal count up (HLLH)
T = LOW-to-HIGH clock transition ** TCp =CPp at terminal count down {LLLL)
15 [+ [10 ]s
_ Dg ]D, Inz |D3
1 TCu) 12
54CPy lo—"1—
COUNTER TCD 13
a|crPp jo—+—
14 | MR
— FLIP FLOPS
Qo |0, |9y |Q3

[ENENCIE

Fig. 4 Functional diagram.
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MR{1I

Dy _J __________________

D, _I __________________

D2J __________________

L
O3

cpyt2)

(2}

CLEAR PRESET

Fig. 5 Typical clear, load and count sequence.

o ] [——[ ,——l [____
o 7] L | I
% 171 1 T
=Y L
Ty
0 7 8 9 0 1 2 1 o 9 8 7
e =l e le——— CcOUNT uP t*————— COUNT DOWN ———=| 7293721

(1} Clear overrides load, data and
count inputs.

(2) When counting up the count down
clock input (CPp) must be HIGH,
when counting down the count up
clock input (CPQy) must be HIGH.

Sequence
Clear (reset outputs to zero)

load (preset) to BCD seven;

count up to eight, nine,
terminal count up, zero,
one and two;

count down to one, zero,
terminal count down, nine,
eight, and seven.

b3

Ty

|

R

R ——[>£»44—

Qg Q4 02

Fig. 6 Logic diagram.
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DC CHARACTERISTICS FOR 74HC

For the DC characteristics see chapter “HCMOS family characteristics”, section ““Family specifications’.

Output capability: standard
lcc category: MSH

AC CHARACTERISTICS FOR 74HC
GND=0V;t,=tf=6ns;C_ =50pF

Tamb (°C) TEST CONDITIONS
74HC
SYMBOL | PARAMETER UNIT | Voo | WAVEFORMS
+25 —40 to +85 | —40t0 +125 v
min. | typ. | max. | min. | max. { min. | max.
tpHL/ propagation delay gg %5 gio 225 121(5) Fig. 7
tPLH CPy, CPp to Q ns - 9.
. n 19 |37 46 55 6.0
tpHL/ propagation delay :1;3 ;gs ;‘:’5 ;28)0 gg Fig. 8
tPLH CPy to TCy ns y 9.
10 |21 26 32 6.0
. 39 | 125 155 190 2.0
tPHL/ Plapagation delay 14 |25 31 38 | ns 45 | Fig.8
PLH D D n |21 26 32 6.0
: . 69 | 215 270 325 2.0
TPHL/ | propagation delay 25 |43 54 65 |ns |45 |Fig.9
PLH n 20 |37 46 55 6.0
) 63 | 200 250 300 2.0
tPHL Propagation delay 23 | 40 50 60 | ns 45 | Fig. 10
n 18 | 34 43 51 6.0
) 91 | 275 345 415 2.0
tPHL Piopagation delay 33 |55 69 83 | ns 45 |Fig.9
n 0 %n 26 | 47 59 71 6.0
i 80 | 240 300 360 2.0
tPLH Propegation delay 29 | a8 60 72 | ns 45 |Fig.9
n o %n 23 | 41 51 61 6.0
oy / propagation delay 102 | 315 395 475 20
tHL PL to TCy, 37 |63 79 95 | ns 45 | Fig. 12
PLH PL to TCp 30 |54 67 81 6.0
N / propagation delay 96 | 285 355 430 2.0
R MR to TCy, 35 |57 71 86 | ns 45 | Fig. 12
PLH MR to TCp 28 | 48 60 73 6.0
1 / propagation delay 83 | 290 365 435 20
oHL Dp to TCy, 30 |58 73 87 | ns 45 | Fig. 12
PLH Dp to TCh 24 | 49 62 74 6.0
vt/ 19 | 75 95 110 2.0
JHL output transition time 7 15 19 22 | ns 45 | Fig. 10
TLH 6 13 16 19 6.0
) 120 | 39 150 180 2.0
tw up clock pulse width 24 |14 30 36 ns |45 |Fig.7
20 |11 26 31 6.0
. 140 | 50 175 210 2.0
tw dg‘?’g;'gfkl_gwe width | 78" | 18 35 42 ns 45 | Fig.7
24 |14 30 36 6.0
432 March 1988
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AC CHARACTERISTICS FOR 74HC (Continued)

Tamb (°C) TEST CONDITIONS
74HC
SYMBOL | PARAMETER UNIT | Vee WAVEFORMS
+25 —40 to +85 | —40to +125 v
min. | typ. | max. | min. | max. | min. | max.
tw master reset pulse width ?g gz ;go ;io ns ig Fig. 10
HIGH 14 |6 17 20 6.0
tw paralle! load pulse width ?(6) §2 ;(0)0 ;‘2‘0 ns ig Fig. 9
Low 14 |6 17 20 6.0
. removal time o |3 It i s |45 |Figo
o PL to CPy, CPD 9 |1 1 13 g0 |
" 50 |0 65 75 20
removal time i
-+ o R - I 0
. 80 22 100 120 20 .
oy set-up time 16 |8 20 24 ns 45 Fig. 11 note:
Dy to PL 12 s 17 20 60 |CPu=CPp=HIGH
. 0 —14 0 ] 2.0
th hod time 0o |-5 0 0 ns |45 |Fig. 1
n 0 -4 [ 0 6.0
. 80 19 100 120 20
hoid time i
th CPy to CPp, CPR to CPU | 19 | 4 20 % e} ab | Fig13
. 40 |12 3.2 2.6 2.0
£ maximum up, down clock | 54" | 36 16 13 MHz |45 |Fig.7
max pulse frequency 24 |43 19 15 6.0

DC CHARACTERISTICS FOR 74HCT

For the DC characteristics see chapter “HCMOS family characteristics”, section ‘Family specifications.

Output capability: standard
lcc category: MS!

Note to HCT types

The value of additional quiescent supply current {Alcc) for a unit load of 1 is given in the family specifications.
To determine Al per input, multiply this value by the unit load coefficient shown in the table below.

UNIT LOAD
INPUT | COEFFICIENT
Dn 0.35

g’u, CPp | 1.40

PL 0.65

MR 1.05

December 1990
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AC CHARACTERISTICS FOR 74HCT
GND=0V;tr=tf=6ns;CL=50pF

Tamb (°C) TEST CONDITIONS
74HCT
SYMBOL | PARAMETER UNIT | Voo | WAVEFORMS
+25 —40 10 +85 | —4010+125 v
min. [ typ. [ max. | min.| max. | min. | max.
:gt'l;/ 9?;3?*3;‘;” geg: 23 | 43 54 65 | ns 45 | Fig.7
:grh/ ‘ 960;’59;“%39'“ 16 | 30 38 45 | ns 45 | Fig.8
:m:/ p(':‘g’;gfgig_g;e'ay 17 |30 38 45 | ns 45 | Fig.8
:::Eh/ P%":‘g”’g:" delay 28 |46 58 69 | ns 45 | Fig. 9
tPHL "L‘I'gaf:‘g’n" delay 24 |40 50 | 60 | ns 45 | Fig. 10
:gth/ pg’::g‘*‘g:" delay 36 62 78 93 | ns 45 |Fig9
:Etll-_:/. p%’:’g*’%’ﬂ"’;{"‘t’o o 36 |64 80 96 | ns 45 |Fig.12
3:!:;/ "L‘I’gatgg‘%‘u‘f‘ﬁg © T 36 | 64 80 9% | ns 45 | Fig. 12
I:;E l'_-l/ pg:iga%z ’dg':‘;o %o 33 |58 73 87 | ns 45 | Fig. 12
:}r—[‘h/ output transition time 7 15 19 22 ns 4.5 Fig. 10
tw ”ﬂé"g"gﬂ‘g&‘f"'“ width | 55 | 14 3 38 ns 45 |Fig.7
W m:lsg;‘reset pulse width 16 |8 20 24 ns 45 Fig. 10
tw paratiel load pulse width | 55 | 19 25 30 ns |45 |Fig.9
trem r(;mLot\:ICtlj’rS?CPD 091 13 15 ns 4.5 Fig.
trom oval é‘g‘: cPp 10 |2 13 15 ns | 45 |Fig. 10
tsu Sel;:gotiPLnEe 16 |8 20 24 ns 45 glr?Q U cnPcE;(: HIGH
h "g‘: t‘(‘)"% o |-s 0 0 ns 45 | Fig. 11
th hglr?l;igecpn, CPp to CPy 20 ° % 30 " 48 Fig. 13
fmax e b downclock | 20 | a1 16 13 MHz | 45 |Fig.7
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AC WAVEFORMS

o 1y

CcPy. CPp
INPUT

Q, OuTPUT

7293735

Fig. 7 Waveforms showing the clock (CPy, CPp) to
output {Qp) propagation delays, the clock pulse width
and the maximum clock pulse frequency.

cPy. CPp
INPUT

TCy. Tp
ouTPUT

7283736

Fig. 8 Waveforms showing the clock (CPy, CPp) to
terminal count output (TCy, TCp) propagation delays.

(1)

D, INPUT Vm ;
PL INPUT vy
tw —»Itrem|
CPy. CPy -t
INPUT

Q, OUTPUT

7293732.2

Fig. 9 Waveforms showing the parallel load input (PL)
and data {Dp) to Qp, output propagation delays and
PL removal time to clock input (CPy, CPp).

MR INPUT vt

oot
L— PHL
Q, OUTPUT
7203733 il TTHL - tTLH

Fig. 10 Waveforms showing the master reset input
(MR) pulse width, MR to Qp, propagation delays, MR
to CPyy, CPp removal time and output transition times.

D, INPUT

PL INPUT

7
Q, OUTPUT

7293730

Fig. 11 Waveforms showing the data input {Dp) to
paralle! load input (PL) set-up and hold times.

Note to Fig. 11

The shaded areas indicate when the input is permitted
to change for predictable output performance.
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AC WAVEFORMS (Continued)

7222438

Fig. 12 Waveforms showing the data input (Dp), parallel
load input (PL) and the master reset input (MR) to the
terminal count outputs {TCy. TCp) propagation delays.

CPy or CPp
INPUT

cPporcp
INPUT

Fig. 13 Waveforms showing the CP to CPp or
CPp to CPy hold times.

Note to AC waveforms

{1} HC : V¢ =50%; V| = GND to Vee.
HCT: Vg =13V;V|=GND to 3 V.

APPLICATION INFORMATION

up clock

down clock

data input

|

Dg Dy Dy
cpy
[+
PL

Q Qy 0y

parailel load
reset

Do Dy
cpy

CPp

PL

D2 D3
TCy

TCp

MR

Qo Q; 9 Qg

carry

borrow

=

-

output

Cascaded up/down counter with paralle! load.
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