EM74HC4094; EM74HCT4094 N\ EnergyMath

8-stage shift-and-store bus register
Draft datasheet, Rev. 0.9 Oct 11, 2024

1.General Description

The EM74HC4094; EM74HCT4094 is an 8-bit serial-in/serial or parallel-out shift register with a
storage register and 3-state outputs. Both the shift and storage register have separate clocks.
The device features a serial input (D) and two serial outputs (QS1 and QS2) to enable cascading.
Data is shifted on the LOW-to-HIGH transitions of the CP input. Data is available at QS1 on the
LOW-to-HIGH transitions of the CP input to allow cascading when clock edges are fast. The same
data is available at QS2 on the next HIGH-to-LOW transition of the CP input to allow cascading
when clock edges are slow. The data in the shift register is transferred to the storage register
when the STR input is HIGH. Data in the storage register appears at the outputs whenever the
output enable input (OE) is HIGH. A LOW on OE causes the outputs to assume a high-impedance
OFF-state. Operation of the OE input does not affect the state of the registers. Inputs include
clamp diodes. This enables the use of current limiting resistors to interface inputs to voltages in
excess of Vcc.

2.Features and Benefits

B Complies with JEDEC standard JESD7A
M ESD protection:
* HBM JESD22-A114F exceeds 2000 V
e MM JESD22-A115-A exceeds 200 V
B Multiple package options
B Specified from -40 °C to +85 °C and from -40 °C to +125 °C

3.Applications

B Serial-to-parallel data conversion

B Remote control holding register
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4.0rdering Information

Table 1. Ordering information

Package
Type number

Name Description Quantity
EM74HC4094D plastic small outline package; 16 leads;

SOP-16L bodv width 3.9 3000
EM74HCT4094D ody width 3.9 mm
EM74HC4094PW plastic thin shrink small outline package;

TSSOP-16L | 16 leads; body width 4.4 3000
EM74HCT4094PW eads; body width 4.4 mm

5.Function Diagram

2 D
QSs2 10
3 | cp 8-STAGE SHIFT REGISTER
QSs1 9
1 (SR 8-STAGE STORAGE REGISTER
1> | Ok 3-STATE OUTPUTS
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Fig. 1. Functional diagram
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Fig. 4. Logic diagram
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6.Pinning Information

6.1. Pinning

(O )
STR 1 16
D 2 15
CP 3 14
QPO 4 13
QP1 5 12
QP2 | 6 11
QP3 | 7 10
GND | 8 9

g J

Vee
OE
QP4
QP5
QP6
QP7
QS2

QSs1

Fig. 5. Top view pin configuration SOP and TSSOP

6.2. Pin description
Table 2. Pin description

Symbol Pin Description

STR 1 Strobe input

D 2 Data input

CpP 3 Clock input

QPO, QP1, QP2, QP3, QP4, QP5, QP6, QP7 | 4,5,6,7,14,13,12,11 Parallel output

GND 8 Ground supply voltage
QS1, QS2 9,10 Serial output

OE 15 Output enable input
Vee 16 Supply voltage
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7.Functional Description

8-stage shift-and-store bus register

Table 3. Function table

H = HIGH voltage level; L = LOW voltage level; X = don’t care; Z = HIGH-impedance OFF-state;

NC = no change; 1 = positive-going transition; |, = negative-going transition;
Q6S = the data in register stage 6 before the LOW to HIGH clock transition;
Q7S =the data in register stage 7 before the HIGH to LOW clock transition.

Inputs Parallel outputs Serial outputs
CP OE STR D QPO QPn Qs1 QSs2
™ L X X YA YA Q6S NC
J L X X YA YA NC Q7S
T H L X NC NC Q6S NC
T H H L L QPn-1 Q6S NC
T H H H H QPn-1 Q6S NC
N% H H H NC NC NC Q7s
cockineut [ [ ]| [ | LT L L L L L
DATA INPUT | | | | |
STROBE INPUT
OUTPUT ENABLE INPUT
INTERNAL QOS (FF 0) | | | | |
Z-state
ouTPUT QPO [ 1 L -1 o 0 T N
INTERNAL Q6S (FF 6) | | |
Z-
IR TR I B N
SERIAL OUTPUT QS1 | | | |
SERIAL OUTPUT QS2 | | | | | | | | ,_

Fig. 6. Timing diagram

At the positive clock edge, the information in the 7th register stage is transferred to the 8th register
stage and the QSn outputs.

Rev. 0.9-Oct 11, 2024




EM74HC4094; EM74HCT4094

-

N\‘, EnergyMath

8.Absolute Maximum Ratings

8-stage shift-and-store bus register

Stresses exceeding the absolut’e maximum ratings may damage the device. The device may not function
or be operable above the recommended operating conditions and stressing the parts to these levels is not
recommended. In addition, extended exposure to stresses above the recommended operating conditions

may affect device reliability. The absolute maximum ratings are stress ratings only.

Table 4. Absolute Maximum Ratings
In accordance with the Absolute Maximum Rating System (IEC 60134). Voltages are referenced to GND.

Symbol | Parameter Conditions Min Max Unit
Ve supply voltage -0.5 7 \"

lik input clamping current Vi<-05VorVi>Vec+0.5V 120 mA
lok output clamping current Vo<-0.5VorVo>Vcc+0.5V +20 mA
lo output current Vo =-0.5Vto (Vcc+0.5V) 125 mA
lcc supply current 50 mA
lenD ground current -50 mA
Ptot total power dissipation Tamb =-40 °Cto + 125 °C 500 mwW
Tstg storage temperature -65 150 °C

[1] The input and output voltage ratings may be exceeded if the input and output current ratings are observed.

9.Recommended Operating Conditions

The Recommended Operating Conditions table defines the conditions for actual device operation.
Recommended operating conditions are specified to ensure optimal performance to the datasheet
specifications. EnergyMath does not recommend exceeding them or designing to Absolute Maximum

Ratings.
Table 5. Recommended Operating Conditions
EM74HC4094 EM74HCT4094 Unit
Symbol | Parameter Conditions
Min Typ Max Min Typ Max
Vee supply voltage 2.5 5.0 6.0 4.5 5.0 5.5 \Y
Vi input voltage 0 Vee 0 Vee \Y
Vo output voltage 0 Vee 0 Vee \Y
Tamb ambient temperature -40 25 125 -40 25 125 °C
Vec=2.5V 625 ns/V
at/ay | Inputtransition rise Vec=4.5V 167 | 139 1.67 | 139 | ns/v
and fall rate
Vec=6.0V 83 ns/V
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10. Static Characteristics

8-stage shift-and-store bus register

Table 6. Static characteristics

At recommended operating conditions. Voltages are referenced to GND (ground =0 V).

-40 °C to +85 °C -40 °C to +125 °C
Symbol | Parameter | Conditions Unit
Min Typ Max Min Max
EM74HC4094
HIGH-level Vee=2.5V 1.5 1.5 \Y
Vi input Vec=4.5V 3.15 3.15 Y
voltage Vee=6.0V 4.2 42 v
LOW-level Vee=2.5V 0.5 0.5 \
Vi input Vece=4.5V 1.35 1.35 \
voltage Vee=6.0V 18 1.8 v
Vi=Vior Vi
lo=-20 pA; Vcc=2.5V 2.4 2.4 \
HIGH-level | | = 20 pA; Vec= 4.5V 4.4 4.4 Vv
Vou output
voltage lo = -20 pA; Ve = 6.0 V 5.9 5.9 v
lo=-4.0 mA;Vcc=4.5V 3.84 3.7 \Y
lo=-5.2mA;Vcc=6.0V 5.34 5.2 \Y
Vi=Vior Vi
lo=-20 pA; Vcc=2.5V 0.1 0.1 \Y
LOW-level | |, = 20 uA; Vec = 4.5V 0.1 0.1 v
Vo output
voltage lo = -20 PA; Vec = 6.0 V 0.1 0.1 v
lo=-4.0 mA; Vcc=4.5V 0.33 0.4 \
lo=-5.2mA;Vcc=6.0V 0.33 0.4 \
input
Vi=Vccor GND;
+ +
h leakage Vec= 6.0V +1 +1 MA
current
| OOEI-Zttate Vi=ViorVi;Vecc=6.0V; 45 +10 A
oz P Vo = Vcc or GND - - H
current
supply Vi=VccorGND; lo=0A;
lec current Vec=6.0V 20 40 KA
C nput 4 oF
capacitance
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-40 °C to +85 °C -40 °C to +125 °C
Symbol | Parameter | Conditions Unit
Min Typ Max Min Max
EM74HCT4094
HIGH-level
Vin input Vec=4.5Vto 5.5V 2.0 2.0 v
voltage
LOW-level
Vie input Vec=4.5Vto55V 0.8 0.8 \Y
voltage
HIGH-level Vi=VimorVi; Vec=4.5V
Vou output lo=-20 pA 4.4 4.4
voltage lo = -4.0 mA 3.84 3.7
LOW-level Vi=ViyorVi; Vec=4.5V
Vo output lo=20pA 0.1 0.1
voltage lo = 4.0 mA 0.33 0.4
input
Vi=Vccor GND;
+ +
h leakage Vee=5.5V +1 +1 MA
current
OFF-stat
| out zta € Vi=ViorVi; Vec=5.5V; +5 +10 A
o P Vo = Ve or GND * . a
current
supply Vi=VccorGND;lo=0A;
lec current Vec=5.5V 20 40 HA
Vi=Vcc-2.1V; other
inputs at Vcc or GND;
Vec=4.5Vto5.5V;
additional | 10=0A
Alcc supply per input pin; STR input 450 490 MHA
current per input pin; OE input 675 735 HA
per input pin; CP input 675 735 MHA
per input pin; D input 180 196 [SVAN
C input 4 oF
capacitance
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11. Dynamic Characteristics

Table 7. Dynamic characteristics
Voltages are referenced to GND (ground = 0 V); for test circuit see Fig. 11.

-40 °C to +85 °C -40 °C to +125 °C
Symbol Parameter | Conditions Unit
Min Typ Max Min Max
EM74HC4094
CP to QS1; see Fig. 7 [1]
Vee=2.5V 190 225 ns
Vec=4.5V 38 45 ns
Vee=6.0V 33 38 ns
CP to QS2; see Fig. 7 [1]
Vee=2.5V 170 205 ns
Vec=4.5V 34 41 ns
propagation | Vec=6.0V 29 35 ns
tpd
delay CP to QPn; see Fig. 7 [1]
Vec=2.5V 245 295 ns
Vec=4.5V 49 59 ns
Vec=6.0V 42 50 ns
STR to QPn; see Fig. 8 [1]
Vee=2.5V 225 270 ns
Vec=4.5V 45 54 ns
Vee=6.0V 38 46 ns
OE to QPn; see Fig. 9 [1]
Vee=2.5V 220 265 ns
ten enable time
Vec=4.5V 44 53 ns
Vec=6.0V 37 45 ns
OE to QPn; see Fig. 9 [1]
Vec=2.5V 155 190 ns
tdis disable time
Vec=4.5V 31 38 ns
Vec=6.0V 26 32 ns
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-40 °C to +85 °C -40 °C to +125 °C
Symbol Parameter | Conditions Unit
Min Typ Max Min Max
QPn and QSn; see Fig. 7 [1]
transition Vec=2.5V 95 110 ns
“ time Vee=4.5V 19 22 ns
Vec=6.0V 16 19 ns
CP HIGH or LOW; see Fig. 7
Vec=2.5V 100 120 ns
Vec=4.5V 20 24 ns
Vec=6.0V 17 20 ns
tw pulse width
STR HIGH; see Fig. 8
Vee=2.5V 100 120 ns
Vec=4.5V 20 24 ns
Vec=6.0V 17 20 ns
D to CP; see Fig. 10
Vec=2.5V 65 75 ns
Vec=4.5V 13 15 ns
) Vec=6.0V 11 13 ns
tsu set-up time
CP to STR; see Fig. 8
Vec=2.5V 125 150 ns
Vec=4.5V 25 30 ns
Vec=6.0V 21 26 ns
D to CP; see Fig. 10
Vee=2.5V 3 3 ns
Vec=4.5V 3 3 ns
Vec=6.0V 3 3 ns
th hold time
CP to STR; see Fig. 8
Vec=2.5V 0 0 ns
Vec=4.5V 0 0 ns
Vec=6.0V 0 0 ns
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-40 °C to +85 °C -40 °C to +125 °C
Symbol Parameter | Conditions Unit
Min Typ Max Min Max
CP; see Fig. 7
; maximum Vee=2.5V 4.8 4.0 MHz
max
frequency | yec=45YV 24 20 | MHz
Vec=6.0V 28 24 MHz
power
L CL=50pF; f=1MHz
Crp d|55|p§t|on Vi = GND to Vec 2] 83 pF
capacitance
EM74HCT4094
CP to QS1; see Fig. 7 [1]
Vec=4.5V 49 59 ns
CP to QS2; see Fig. 7 [1]
propagation | Vec=4.5V 45 54 ns
tpd
delay CP to QPn; see Fig. 7 [1]
Vec=4.5V 54 65 ns
STR to QPn; see Fig. 8 [1]
Vec=4.5V 49 65 ns
OE to QPn; see Fig. 9 [1]
ten enable time
Vec=4.5V 44 53 ns
OE to QPn; see Fig. 9 [1]
tdis disable time
Vec=4.5V 44 53 ns
. transition QPn and QSn; see Fig. 7 [1]
t .
time Vee=4.5V 19 22 ns
CP HIGH or LOW; see Fig. 7
Vec=4.5V 20 24 ns
tw pulse width
STR HIGH; see Fig. 8
Vec=4.5V 20 24 ns
Dn to CP; see Fig. 10
Vec=4.5V 13 15 ns
tsu set-up time
CP to STR; see Fig. 8
Vec=4.5V 25 30 ns
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-40 °C to +85 °C

-40 °C to +125 °C

Symbol Parameter | Conditions Unit
Min Typ Max Min Max
Dn to CP; see Fig. 10
Vec=4.5V 4 4 ns
th hold time
CP to STR; see Fig. 8
Vec=4.5V 0 0 ns
; maximum CP; see Fig. 7
max
frequency | yec=45Yy 24 20 | MHz
power B f )
Crp dissipation CL=50pF; f =1 MHz; 92 pF

capacitance

Vi=GNDtoVcc-1.5V

(2]

[1] tpa is the same as tein and teui; ten is the same as tezn and tezi; tais is the same as triz and tewz; teis the same as tru and trun.
[2] Ceo is used to determine the dynamic power dissipation (Po in pW).

Po = Cep % Vee? x fi x N + 5(Cu x Vec? x fo) where:
fi = input frequency in MHz;

fo = output frequency in MHz;

C. = output load capacitance in pF;
Ve = supply voltage in V;

N = number of inputs switching;

3(Cu x Vee? x fo) = sum of outputs.
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11.1. Waveforms and test circuit

Vi—
CP input lVM \ l 5
GND—/

‘—tPLH_" e—tpHL
vi | 90%ﬁ£
QPn, QS1 output Vm
GND 10% .
trH trhe

Von i tPLH‘" F—tpp>

QS2 output
Vm
Vor

Measurement points are given in Table 8.
VoL and Von are typical output voltage levels that occur with the output load.

Fig. 7. Propagation delay input (CP) to output (QPn, QS1, QS2), output transition time, clock input
(CP) pulse width and the maximum frequency (CP)

\
CP input
GND
tsu

Vi

STR input Vm
GND

~tw—™

tpL—>] tohc
Von
QPn output Vm
VoL

Measurement points are given in Table 8.
VoL and Vo are typical output voltage levels that occur with the output load.

Fig. 8. Propagation delay strobe input (STR) to output (QPn), strobe input (STR) pulse width and the
clock set-up and hold times for strobe input
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Vv
OE input S Vi Vi
GND \
*~—tpiz ™ tpzL
Vee

Output
LOW-to-OFF Vi
OFF-to-LOW Vv
vV X
Vcc))rLi = terz = tpzn
Output Vy
HIGH-to-OFF Vm
OFF-to-HIGH
GND Outputs __ |l Outputs Outputs
enabled disabled enabled

Measurement points are given in Table 8.
VoL and Vo are typical voltage output levels that occur with the output load.

Fig. 9. Enable and disable times

Vi

CP input Vi

GND

ﬂ tou [
Vi

L
D input Vm \
GND

tsu
t

&

VoH

QPn, QS1,

QS2 output
VoL

_—

Measurement points are given in Table 8.
VoL and Vo are typical voltage output levels that occur with the output load.

Fig. 10. The data input (D) to clock input (CP) set-up times and clock input (CP) to data input (D) hold
times
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Table 8. Measurement points

Input Output
Type
Vm Vm Vx Vy
EM74HC4094 0.5Vcc 0.5Vcc 0.1Von 0.9Von
EM74HCT4094 1.3V 1.3V 0.1Von 0.9Von
90%
Negative
pulse Vm Vu
GND 10%
N ts |~ - t,
-t ‘¢ - tf
o Vi 90%
Positive
pulse Vwm Vm
GND—19%4 tw
Vext
Ve 1
| R,
V, \Y
G o
LR N T {
Rt I C. Re

Test data is given in Table 9.

Definitions for test circuit:

RL = Load resistance.

CL = Load capacitance including jig and probe capacitance.

Rt = Termination resistance should be equal to the output impedance Z, of the pulse generator.
Vext = External voltage for measuring switching times.

Fig. 11. Test circuit for measuring switching times

Table 9. Test data

Input Load Vexr
Type

Vi tr=t¢ C Ru tein, teHL tezn, teuz tezt, triz
EM74HCA4094 Vee 2.0ns 50 pF 500 Q open GND 2 x Vce
EM74HCT4094 3V 2.0ns 50 pF 500 Q open GND 2 x Vce
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12. Package Outline

SOP-16L
0.250
D GAUGE PLANE
1000007 £
D D -
g5 T+ G i
~—
IR =
e b| e
<
SIS
L . Ji
|
svmbol Dimensions In Millimeters Dimensions In Inches
v Min. Max. Min. Max.
A - 1.750 I 0.069
Al 0.150 0.250 0.006 0.010
A2 1.400 1.500 0.055 0.059
b 0.330 0.510 0.013 0.020
c 0.170 0.250 0.007 0.010
D 9.800 10.000 0.386 0.394
e 1.270(BSC) 0.050(BSC)
E 5.900 6.100 0.232 0.240
El 3.800 4.000 0.150 0.157
0.400 1.270 0.016 0.050
0° 8° 0° 8°
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TSSOP-16L
0.250
D GAUGE PLANE
1™
tul W
~
PIN#1 1 b - &
c
T ERW
ininlnininininls
<
Symbol Dimensions In Millimeters Dimensions In Inches
y Min. Max. Min. Max.
A - 1.200 I 0.047
Al 0.020 0.100 0.001 0.004
A2 0.800 1.000 0.031 0.039
b 0.190 0.300 0.007 0.012
c 0.090 0.200 0.004 0.008
D 4.900 5.100 0.193 0.201
e 0.650(BSC) 0.026(BSC)
E 6.250 6.550 0.252(BSC)
E1l 4.300 4.500 0.169 0.177
L 0.500 0.700 0.020 0.028
1° 7° 1° 7°
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13. Abbreviations

Table 10. Abbreviations

Acronym Description

CMOS Complementary Metal-Oxide Semiconductor
DUT Device Under Test

ESD ElectroStatic Discharge

HBM Human Body Model

CDM Charged Device Model

TTL Transistor-Transistor Logic

14. Revision History

Table 11. Revision history

Release .
Document ID Date Data sheet status Change notice Supersedes

EM74HC_HCT4094 Rev. 0.9 Oct 11, 2024 | Draft datasheet
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