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4-Bit Bidirectional Universal Shift Register

General Description

This 4-bit high speed bidirectional shift register utilizes ad-
vanced silicon-gate CMOS technology to achieve the low
power consumption and high noise immunity of standard
CMOS integrated clrcuits, along with the ability to drive 10
LS-TTL loads. This device operates at speeds similar to the
equivalent low power Schottky part. .
This bidirectional shift register is designed to incorporate
virtually all of the features a system designer may want in a
shift register. It features parallel inputs, parallel outputs,
right shift and left shift serial inputs, operating mode control
inputs, and a direct overriding clear line. The register has
four distinct modes of operation: PARALLEL (broadsids)
LOAD; SHIFT RIGHT (in the direction Qa toward Qp);
SHIFT LEFT; INHIBIT CLOCK {do nothing).

Synchronous paralle! loading is accomplished by applying
the four bits of data and taking both mode control inputs, S0
and 81, high. The data are loaded into their respective- fiip
fiops and appear at the outputs after the positive transition
of the CLOCK input. During loading, serial data flow is inhib-
ited. Shift right is accomplished synchronously with the ris-
ing edge of the clock pulse when S0 is high and S1 is low.

Serial data for this mode is entered at the SHIFT RIGHT
data input. When S0 is low and S1 is high, data shifts ieft
synchronously and new data is entered at the SHIFT LEFT
serial input. Clocking of the tiip flops is inhibited when both
mode control inputs are low. The mode control inputs
should be changed only when the CLOCK input is high.
The 54HC/74HC logic family is functionally as well as pin-
out compatible with the standard 54LS/74LS logic family.
All inputs are protected from damage due to static dis-
charge by internal diode clamps to Ve and ground.

Features

| Typical operating frequency: 45 MHz

™ Typical propagation delay: ns (clock to Q)

® Wide operating supply voltage range: 2-6V

® Low input current: 1 pA maximum

W Low quiescent supply current: 160 kA maximum
{74HC Serigs)

& Fanout of 10 LS-TTL loads
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SERIAL PARALLEL INPUTS  SERIAL
NPUT INPUT TLIF/6323-1
Order Number MM54HC 194* or MM74HC 194*
*Pleass lock into Saction 8, Appendix D
Function Table for availability of various package types.
Inputs Outputs H  high tove (steady state
= hign level (steady state]
Mode Serial Paralle!
Clear Clock Q Qg Q Q L = low level (steady state)
s1 52 Left RightlA BC D| ™A ™8 ™€ MD| i mt (any input, inclucing ransitions)
L [X X| X X X IXXXXjtL L L L T = transition from low to high level
H iX X| L X X IX X X X|Qao Qo Qco Qpol  a, b, ¢, d = the level of steady-state input at inputs A, B, C, or D,
H|HH| P IX X l|labcdla b ¢ d respectively.
HIL H T | X H[XXXXIH Qa Qsy Qcnf a0 Qso. Qcg, Qpo = the level of Qa, Qg. Oc, or Qp, respectively,
H L H] T I'X L |[XXXX| L QapQgn Qcq| before the indicated steady-state input condiions were established.
HIH LI T | H X |XXXX{Qgn Qcn Qon H Qan. Qg Qcn. Qpn = the level of O, Qp, Qc, respectively, before
HI|H L] T L X [XXXX|Qp, Qcp Qpn L the most-recent T transition of the clock.
H jL L] X X X X X X X]Qao Qo Qco Qpo
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Absolute Maximum Ratings (votes 12 2) Operating Conditions Ao
It Military/Aerospace specified devices are required, Min Max Units
contact the National Semiconductor Sales Office/ Supply Voltage (Vco) 2 6 A
Distributors for avallability and specifications. DC input or Output Voltage 0 Veo v
Supply Voltage (Vo) ~05t0 +7.0V Vin, Vour)
DG input Voltage (Vi) . —1.510Vgc+1.5V Operating Temp. Range (Ta)
DC Output Voltage (Vo) —~0.5t0 Ve +0.5V MM74HC —~40 +85 °C
Clamp Diode Current {ik, lok) +20 mA MMST‘HC ] —85 +125 C
DG Output Current, per pin (IOL.;T) +25mA " In;z:'t :3'56 o\r/gglg':gss 1000 ns
DC Vg or GND Current, per pin (Icc) +50 mA Voo=4.5V 500 ns
Storage Temperature Range (Tstg) —65°Cto +150°C Vec=6.0V 400 ns
Power Dissipation (Pp)

{Note 3) 600 mW

S.0. Package only 500 mW
Lead Temperature (T|)

(Soldering 10 seconds) 260°C

DC Electrical Characteristics (oto 4)

Te=25C 74HC 54HC
Symbol Parameter Conditions Vee A Ta=—401085°C | To=—5510126°C | units
Typ | Guaranteed Limits
ViH Minimum High Level 20V 1.5 1.5 1.5 \

Input Voltage 4.5V 3.16 3.15 3.15 \'

. 6.0V 4.2 4.2 4.2 \
ViL Maximum Low Level 2.0v 0.5 0.5 0.5 v

Input Voltage** 4.5V 1.35 1.35 1.35 v

6.0V 1.8 1.8 1.8 \
VoH Minimum High Level | ViN=Vjqor V)L

Output Voltage ltoutl<20 pA 20v| 20| 18 1.9 1.9 v
45V | 45 4.4 4.4 4.4 v
60V | 60 { 59 5.9 59 \'

ViN=VigorVi

lloutl<4.0 mA 45V | 42 | 398 3.84 37 v

llout<5.2 mA 60V | 57 | 548 5.34 5.2 v
VoL Maximum Low Level | Vin=Vigy or Vi,

Output Voltage lioutl<20 pA 20V| 0 0.1 0.1 0.1 v
4.5V 0 0.1 ' 0.1 0.1 \'
6,0V 0 0.1 0.1 0.1 \

VIN=Vjor Vi,
lloutl<4.0 mA 45V | 02 | 0.26 0.33 0.4 v
Houtl<5.2mA 60V | 02| 026 0.33 0.4 - v
N Maximum Input VIN=VggorGND | 6.0V +0.1 +1.0 +1.0 pA
Current
icc Maximum Quiescent | Vjy=Vegor GND | 6.0V 8.0 80 160 pA
Supply Current louT=0pA

Note t: Absolute Maximum Ratings are those values beyond which damage 1o the device may occur.
Note 2: Unless otherwise speciffed all voltages are referenced to ground,
Note 3: Power Disslpation temperature derating — plastic "N" package: — 12 mW/*C from 65°C to 85°C; ceramic *J” package: —12 mW/*C from 100°C fo 125°C.

Note 4: For a power supply of SV + 10% the worst case output voltages (Vou, and Vo) occur for HG at 4.5V, Thus the 4.5V values should be used when designing
with this supply. Worst case Vi and Vyi_ occur at Veg=5.5V and 4.5V respectively. (The Viy value at 5.5V Is 3.85V.) The worst case leakage current (I, lec, and
102} occur for CMOS at the higher voltage and so the 6.0V values should be used,

**Vip limits are cumently tested at 20% of V. The above V) specification (30% of Vee) will be implemented no later than Q1, CY'89.
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AC Electrical Characteristics vco=sv, Ta~25C, ¢, =15 pF,{,~ty~6n

S

Symbol Parameter Conditions | Typ Gual:'l?::l!‘eed Units

fMAX Maximum Operating 50 35 MHz
Frequency

tpHL. trey | Maximum Propagation 17 24 ns
Delay, Clock to Q

teHL Maximurn Propagation 19 25 ns
Delay, Resetto Q

tREM Minimum Removal Time, 5 ns
Reset inactive to Clock

ts Minimum Setup Time 20 ns
(A, B, C, D to Clock)

ts Minimum Setup Time 20 ns
Mode Controls to Clock

tw Minimum Pulse Width 9 16 ns
Clock or Reset

tH Minimum Hold Time -3 0 ns
any Input

AC Electrical Characteristics C =50 pF, t,=1;= 6 ns (unless otherwise specified)

7= 46-09-05 ——

Ta=25C 74HC 54HC
Symbol Parameter Conditions | Vge A Ta=—40t085°C | Tao=—5510125°C | Units
Typ Guaranteed Limits
fMAX Maximum Operating 20V | 10 6 5 4
Frequency 45V | 45 30 24 20 MHz
6.0V 50 35 28 24 MHz
teHL, teLy | Maximum Propagation 20V | 70 145 183 216 ns
Delay, Clock to Q 4.5V 15 29 37 45 ns
6.0V | 12 25 31 37 ns
tPHL Maximum Propagation 20V | 80 150 189 216 ns
Delay, Reset to Q 4.5V 15 30 37 45 ns
6.0V 12 26 31 37 ns
tTHL tren | Maximum Qutput Rise 2.0V | 30 75 95 110 ns
and Fall Time 4.5V 8 15 19 22 ns
6.0V 7 13 16 19 ns
tREM Minimum Removal Time 2.0V 5 5 5 ns
Reset Inactive to Clock 4.5V 5 5 5 ns
6.0V 5 5 5 ns
ts Minimum Set Up Time 2.0V 100 125 150 ns
{A, B, G, or D to Clock) 4,5V 20 25 30 ns
6.0V 17 21 25 ns
ts Minimum Set Time 2.0v 100 125 150 ns
Mode Controls to Clock 4.5V 20 25 30 ns
6.0V i7 21 25 ns
tH Minimum Hold Time 20V | —10 0 0 0 ns
any Input 45V | -3 [ 0 0 ns
60V | —3 0 0 0 ns
tw Minimum Pulse Width 20V | 30 80 100 120 ns
Clack or Reset 45V | 89 16 20 24 ns
6.0V 8 14 18 20 ns
tr, 4 Maximum Input Rise and 2.0V 1000 1000 1000 ns
Fall Time 4.5V 500 500 500 ns
6.0V 400 400 400 ns
Cpp Power Dissipation 77 pF
Capacitance (Note 5)
Cin Maximurm Input 5 10 10 10 pF
Capacitance

Note 5: Cpp determines the no load dynamic power consumption, Pp=Cpp Ve f+1cg Ve, and the no load dynamic current consumption, Is=Cpp Ve f+ice.
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Logic and Timing Diagrams =4 O‘l
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