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General Description

The SN74HC/HCT165 1s 8-bit serial or parallel-in/serial-out shift registers. The device features a serial data imnput

(DS), eight parallel data inputs (DO to D7) and two complementary serial outputs (Q7 and Q7). When the parallel

load mmput (PL) 1s LOW the data from DO to D7 1s loaded into the shift register

asynchronously. When PL is HIGH data enters the register serially at DS. When the clock enable input (

CE) is LOW data is shifted on the LOW-to-HIGH transitions of the CP input. A HIGH on CE will disable the CP
input. Inputs are overvoltage tolerant to 15V. This enables the device to be used in HIGH-to-LOW level shifting

applications.

Features

® Input levels:

For SN74HC165: CMOS level

For SN74HCT165: TTL level

Asynchronous 8-bit parallel load

Synchronous serial input

Specified from -40°C to +85°C

Packaging information: DIP16/SOP16/TSSOP16

Ordering Information

DEVICE Package Type MARKING Packing Packing QTY
SN74HC165N DIP-16 (4HC160N Tube 1000/Box
SN74HC165DTR SOP-16 74HC165 Tape 2500/Reel
SN74HCT160DTR SOP—16 (4HCT 160 Tape 2500/Reel
SNT74HCT160TDTR TSS0P-16 (4HCT160 Tape 3000/Reel
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2 « Block Diagram And Pin Description

2.1+ Block Diagram

A ERF EmE"

- 1Ch

Figure 2. Functional diagram
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Figure 3. Functional diagram
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S

s

S INDIt —o senal shift

Figure 4. Timing diagram

2.2~ Pin Configurations

L 18] Vee
cPl2 15| CE
D4 (3 14| D2
D5 |4 13| D2
D8 |5 12] D1
D7 |8 | 11| DO
Q7|7 10| DS
GND | 8 | 9| Q7
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SN74HC/HCT165 wiEM Tz 3-bit Parallel-in, Serial out Shift Register
2.3+ Pin Description
Pin No. Pin Name Description
1 PL asynchronous parallel load mput (active LOW)
2 CP clock mput (LOW-to- HIGH, edge- triggered)
3 D4 parallel data input (also referred to as Dn)
4 D5 parallel data input (also referred to as Dn)
5 D6 parallel data input (also referred to as Dn)
6 D7 parallel data input (also referred to as Dn)
7 Q7 complementary output from the last stage
3 GND ecround (0V)
9 Q7 serial output from the last stage
10 DS serial data input
11 DO parallel data input (also referred to as Dn)
12 D1 parallel data input (also referred to as Dn)
13 D2 parallel data input (also referred to as Dn)
14 D3 parallel data input (also referred to as Dn)
15 CE clock enable mput (active LOW)
16 Ve supply voltage
2.4\ Function Table
Operating input Qn register Output
mode P CP DS Q0 | QltoQ6 | Q7 Q7
parallel load t s A A L L LtolL L H
L X X X H H H to H H L
H L t 1 X L q0 to g5 q6 q6
serial shift . - t " A o 9010 @5 q6 q6
H t L ] X L q0 to g5 q6 q6
H t L h X H q0 to g5 q6 216
hold "do H . & X & q0 | qltead | g7 q7
nothing" H X H X X q0 | qltoq6 | g7 q7

Note: H=HIGH voltage level;
h=HIGH voltage level one set-up time prior to the LOW-to-HIGH clock transition;
L=LOW voltage level; t=LOW-to-HIGH clock transition;
I=LOW voltage level one set-up time prior to the LOW-to-HIGH clock transition;
g=state of the referenced output one set-up time prior to the LOW-to-HIGH clock transition;
X=don’t care;
t=LOW-to-HIGH clock transition.
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3 . Electrical Parameter
3.1. Absolute Maximum Ratings
Parameter Symbol Conditions Min. Max. Unit
supply voltage Ve _ 0.5 +7 Vv
input  clamping Ic Vi< -0.5V or V> Veet0.5V ] +20) mA
current
output clamping | Vo< -0.5V or Vo> Vect0.5V _ 20 | mA
current
output current I -0.5V < Vo< Vcct0.5V i +25 mA
supply current [cc ) ) 50 mA
ground current [enp _ -50 i mA
total power 500 W
dissipation Pro ] ] =
storage 1150 .
temperature Lste - i C
soldering 0 DIP 245 °C
temperature I > SOP 250 °C

(Voltages are referenced to GND (ground=0V), unless otherwise specified.)

Note:

[1] For DIP16 packages: above 70°C the value ofP,. derates linearly with 12mW/K.
[2] For SOP16 packages: above 70°C the value ofP,, derates linearly with 8mW/K.

[3] For (T)SSOP16 packages: above 60°C the value ofP,, derates linearly with 5.5mW/K.

3.2, Recommended Operating Conditions

Parameter Symbol Conditions Min. | Typ. Unit
SN74HC165
supply voltage Ve _ 20 | 50 | 6.0 \Y
input voltage V; _ 0 - Ve \
output voltage Vo ) 0 ) Ve V
Input transition Yo iy - - 625 | ns/V
rise and fall rate SVAY bl - 167 139 | ns/V
Vec=6.0V _ _ 83 ns/V
ambient
temperature Lamb } =i ) 63 C
_ SN74HCT165
supply voltage Ve _ 45 | 50 | 55 \%
input voltage V; ) 0 _ Ve V
output voltage Vo ) 0 ) Ve V
Input transition Lot - - - ns/v
rise and fall rate AVAV Ve tay - 181 o2 B
Vec=6.0V _ _ _ ns/V
ambient
temperature Lamb ] 40 i 85 C
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3.3. Electrical Characteristics

3.3.1. DC Characteristics 1
(T.mpv=25C, voltages are referenced to GND (ground=0V), unless otherwise specified.)

Parameter Symbol Conditions Min. | Typ. Unit
SN74HC165
HIGT leve] Vee=2.0V 1.5 1.2 _ Vv
-leve
_ Vg Vcc=4.5V 3.15 2.4 ) Vv
input voltage
Vcce=6.0V 4.2 3.2 _ V
Vee=2.0V i 0.8 0.5 Vv
LOW-level
- Vi Vece=4.5V _ 2.1 1.35 V
input voltage
Vcce=6.0V _ 2.8 1.8 \Y%
[o0=-20uA; Vcc=2.0V 1.9 2.0 _ V
HIGH-level lo=-20uA; Vcc=4.5V 4.4 4.5 i Vv
TIeve Von Vi= Vmyor Vi [o=-20uA; Vcc=6.0V 590 6.() - V
output voltage
[o=-4.0mA; Vcc=4.5V 3.98 | 4.32 _ V
[o=-5.2mA; Vcc=6.0V 5.48 5.81 _ Vv
[o0=20uA; Vcc=2.0V i 0 0.1 V
[ OW. 1 [0=20uA; Vcc=4.5V . () 01 V
e Vor | Vi=Vmor Vi | I10=20uA; Vec=6.0V _ 0 | 01 | V
output voltage
[o=4.0mA; Vcc=4.5V _ 0.15 | 0.26 \Y
[0=5.2mA; Vcc=6.0V _ 0.16 0.26 Vv
input leakage Vi= Vcce or GND;
m
current L Vee=6.0V - _ 0.1 uA
- 1 current VIZ VCC or GND, I(): 0 A;
PPy ICC VCC: 6 0V _ _ 8 uA
Input
capacitance G - - 3.5 i pk
SN74HCT165
HIGH- level B
et voltage Vg Vee=4.5V to 5.5V 2.0 1.6 ) V
RS e Vi Vee=4.5V t0 5.5V _ 12 08 |V
input voltage
HIGH-level Vi= Vior Vi ; lo=-20uA 4.4 4.5 _ V
output voltage Vo Vee=4.5V [o=-4.0mA 3 O] 432 _ Vv
LOW-level [o=20uA; Vcc=4.5V _ 0 0.1 \Y%
Vor Vi= Vmor Vi
output voltage [0=5.2mA; Vcc=6.0V i 0.16 0.26 V
iput leakage Vi=Vcce or GND;
current L Vee=6.0V - _ +0. 1 uA
V1= VCC or GND: IOZOA'
supply current ’ ’
pply Icc VCC=6.0V _ _ 3.0 uA
per input pin; |
N Vi=Vee2. 1V: Dn and DS mputs ) 35 126 uA
additional _
Alce other 1nputs at Vcc
supply current or GND: B B . -~ A
’ " N u
Veee4.5V to 5.5V CP, CE, and PL 1nputs
input
capacitance G - - 3.5 . pr
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3.3.2. DC Characteristics 2
(T,m=-40C to +85C, voltages are referenced to GND (ground=0V), unless otherwise specified.)

Parameter Symbol Conditions Min. | Typ. | Max. | Unit
SN74HC165
Vcce=2.0V 1.5 _ i \Y
HIGH-level =
: VIH VCC:45V 315 _ _ V
input voltage
VCC=6.0V 42 _ _ V
¢ O L] Vce=2.0V i i 0.5 V
-1CVC
- ViL Vcc=4.5V i i 1.35 V
input voltage
Vce=6.0V i i 1.8 Vv
IOZ-ZOU.A; Vece=2.0V 1.9 _ - \Y
FIICH level [o0=-20uA; Vcc=4.5V 4.4 i i V
TEvE Vou Vi= Vmor Vi lo=-20uA; Vcc=6.0V 5.9 3 } V
output voltage
10:—4.01’1’1A; VCC:4.5V 3.84 _ _ V
[o0=-5.2mA; Vcc=6.0V 5.34 _ _ V
Io=20uA; Vcc=2.0V _ ~ 0.1 \Y
LOW.I 1 [o=20uA; Vcc=4.5V . ) 0.1 V
Teve Vor Vi= Vmior Vii IOZZOUA; Vee=6.0V . . 01 V
output voltage
Io=4.0mA; Vcc=4.5V _ _ 0.33 Vv
[0=5.2mA; Vcc=6.0V i i 0.33 Vv
input leakage 1 Vi=Vcce or GND; _ _ L1 TA
current VCC: 6 _ () V
VIZ Vcc or GND: IQZOA'
supply current ’ ’
PpLy Icc VCC: 6 0V _ _ 30 uA
SN74HCT165
HIGH- level Vi Vee=4.5V 10 5.5V 0 | Y
input voltage
LOW- level B
dovput okt Vi Vce=4.5V to 5.5V i i 0.8 V
HIGH-level Vi= Vmor Vi ; lo=-20uA 4.4 _ i V
output voltage Vo Vee=4.5V [o=-4.0mA 3.84 - _ \Y
LOW-level Vie Ve or V [0=20uA; Vcc=4.5V _ _ 0.1 V
output voltage VoL I . - [0=5.2mA; Vcc=6.0V i i 0.33 V
input leakage Vi= Ve or GND;
current b Vee=6.0V - _ +1 uA
1 " Vi=Vce or GND; IOZOA;
SUpply Currcin Icc Vee= 6 0V _ _ 80 U.A
per input pin; |
. Vi=Vee2. 1V: Dn and DS mputs ) ) 1575 | uA
additional ,
Alcc other 1mnputs at Vcc
supply current or GND: B B 07 5 A
” P, CE PL 1 _ _ . u
Ve—4.5V 10 5.5 | 2 CF-and PLinputs
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3.3.3. DC Characteristics 3

™
=

(Tamp=25"C, GND=0V, C.=50pf, unless otherwise specified.)

SN74HC/HCT165
wmiEiM B 8-bit Parallel-in, Serial out Shift Register

Parameter Symbol Conditions Typ. | Max. | Unit
SN74HC165
Vee=2.0V _ 52 165 ns
CP, CE to Q7, Q7; Vee=4.5V i 19 33 ns
see Figure 6 Vee=35.0V;C=15pF i 16 i ns
Vce=6.0V _ 15 28 ns
Vcee=2.0V _ 50 165 ns
propagation by PL to Q7, Q7: Vee=4.5V _ 18 33 ns
delay see Figure 7 Vee=5.0V;C=15pF _ 15 _ ns
Vce=6.0V i 14 28 ns
Vee=2.0V _ 36 120 ns
D7 to Q7. Q7: Vec=4.5V _ 13 24 ns
see Figure 8 Vee=5.0V;C=15pk _ 11 _ ns
Vece=6.0V _ 10 20 ns
3 Vee=2.0V _ 19 75 ns
transition time t; 7 Q? Output Vcec=4.5V i 7 15 ns
see Figure 6 Vere6.0V _ ” 13 e
CP input HIGH or Vece=2.0V 80 17 _ ns
LOW:; Vee=4.5V 16 6 _ ns
pulse width ty el Vee=0.0V 14 : " 2
- Vee=2.0V 80 14 _ ns
PL mput LOW; Vee=4.5V 16 5 i ns
see Figure 7 Ver=6.0V 14 4 _ N
_ B Vcee=2.0V 100 22 _ ns
recovery time U o PL to (_jP’ CE; Vcec=4.5V 20 3 _ ns
see Figure 7 Vee=6.0V 17 . _ iy
3 Vee=2.0V 80 11 _ ns
o bigwes | etV L d6 | 4 [ . |
Vce=6.0V 14 3 _ ns
CE to CP and CP to Vee=2.0V 80 17 - ns
set-up time t., CE: Vec=4.5V 16 6 _ ns
see Figure 9 Vce=6.0V 14 S _ ns
B Vece=2.0V 80 22 _ ns
se?l;it;ufeL;i 0 i 8 S - e
Vee=6.0V 14 6 _ ns
DS to CP, CE and Vee=2.0V 5 2 : ns
Dn to PL; Vee=4.5V D 2 - ns
hold time th % Figure 9 Lk > : - =
CE to CP and CP to Vee=2.0V 5 -17 : ns
CE: Vee=4.5V 5 -6 ) ns
see Figure 9 Vcce=6.0V 5 -5 _ ns
maximum " CP input; Vee=2.0V 6 17 _ MHz
frequency o see Figure 6 Vcece=4.5V 30 51 _ MHz
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Vece=5.0V;Ci=15pF i 56 i MHzZ
Vcc=6.0V 35 61 _ MHz
power .
R per package;
dissipation Crp _ 35 ) pF
capacitance Vi= GND o Ve
SN74HCT165
CP, CE to Q7, Q7; Vec=4.5V _ 17 34 ns
see Figure 6 Vee=3.0V;C=15pF ] 14 _ ns
propagation by PL to Q7, Q7 Vec=4.5V _ 20 40 ns
delay see Figure 7 Vee=3.0V;C=15pF _ 17 _ ns
D7 to Q7. Q7 Vec=4.5V _ 14 28 ns
see Figure & Vee=5.0V;C=15pF _ 11 _ ns
transition time t; Q7 Q? output Vece=4.5V _ 7 15 ns
see Figure 6
CP 1nput;
?npu Vece=4.5V 16 6 ) ns
. see Figure 6
pulse width tw —
PL 1.nput; Vce=4.5V 20 9 _ ns
see Figure 7
recovery time Lo Pl to (_:P’ e Vece=4.5V 20 8 _ ns
see Figure 7
DS 1o .CP’ 5 Vcec=4.5V 20 2 ] ns
see Figure 9
CE to CP and CP to
set-up time t., CE- Vec=4.5V 20 7 _ ns
see Figure 9
on 0 P Vec=4.5V 20 10 ) ns
see Figure 10
DS to CP, CE and
Dn to PL; Vcec=4.5V 7 -1 _ ns
hold time t - see Figure 9
CE to CP and CP to
C_E; Vcee=4.5V () iy . ns
see Figure 9
maximum " CP 1nput; Vcee=4.5V 26 44 _ MHz
frequency e see Figure 6 Vee=5.0V;C=15pF _ 48 i MHz
dissipation C per package; 35 F
PD _ - - P
capacitance VI— GND to Vcc- 1.5V
Note:

[ 1] tya1s the same as tpry and tpyy.

[2] tr1s the same as tryr and troy .

[3] Cpp 1s used to determine the dynamic power dissipation (Ppin uW).
Pp=(Cpp xVee *f; <N)+2 (Cp XVee: <1,) where:

f=1nput frequency in MHz;

f,=output frequency in MHz;

C.=output load capacitance in pF;

Vce=supply voltage in V;

N=number of imnputs switching;

> (Cr XV oo X ,)=sum of outputs.
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3.3.4. AC Characteristics 2
(Tamb=-40"C to +85°C, GND=0V, C.=50pf, unless otherwise specified.)

Parameter Symbol Conditions Min. Max. | Unit
SN74HC165
- - Vce=2.0V i 205 ns
CP, CE ‘[.O Q7, Q7; Vee=4.5V _ 41 ns
see Figure 6 Vee=6.0V _ 15 o
| B B Vcce=2.0V _ 205 ns
prolc)ialgatlon o PL to Q7, Q7; Vee=4.5V ] 41 ns
clay see Figure 7 Vee=6.0V _ 15 o
B Vee=2.0V _ 150 1S
DS;”F;Z;@QEZ; Vee=4.5V _ 30 | ns
Vee=6.0V _ 26 ns
B VCCZZ.OV _ 95 1S
transition time t; Q7. Q? Ompgt; Vcec=4.5V _ 19 ns
see Higure Vee=6.0V _ 16 | ns
CP input HIGH or Vece=2.0V 100 _ ns
LOW:; Vcec=4.5V 20 _ ns
pulse width ty ee Heure € VN L7 - =
N Vee=2.0V 100 _ ns
PL inpl}t LOW; Voc=4.5V 20 _ ns
see Figure 7 Vee=6.0V 17 _ s
B B Vee=2.0V 125 ] ns
recovery time t . PL to (_jP’ CE; Vcec=4.5V 25 _ ns
see Figure 7 Vee=6.0V 1 _ iy
B Vee=2.0V 100 _ ns
AT i T R
Vee=6.0V 17 _ ns
CE to CP and CP to Vee=2.0V 100 : ns
set-up time t., CE: Vee=4.5V 20 _ ns
see Figure 9 Vce=6.0V 17 _ ns
B Vee=2.0V 100 _ ns
seIe)r;it;ufeLi 0 btk 20 - =
Vce=6.0V 17 ) ns
DS to CP, CE and Vece=2.0V 5 _ ns
Dn to PL; Vcec=4.5V 5 _ ns
hold time th ——— Figure 9 Vo0 IV > - =
CE to CP and CP to Vee=2.0V > - nS
CE: Vee=4.5V 5 _ ns
see Figure 9 Vcce=6.0V 5 _ ns
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. CP inout: Vcee=2.0V 5 _ _ MHz
rfl;‘llellfllllfl s see Fi I1),11‘6')6 btk - - - ViHZ
q Y S Vce=6.0V 28 - - MHz
SN74HCT 1635
LA L ta L2, U Vee=4.5V _ | 43 | ns
see Figure 6
propagation thd PL o (_27’ Q7 Vec=4.5V ) _ 50 ns
delay see Figure 7
D7 to Q7, Q7; Vee=4.5V _ _ 35 | s
see Figure &
transition time t; Q7. Q? output; Vec=4.5V _ _ 19 ns
see Figure 6
CP 1mput;
ST Vee=4.5V 20 _ _ ns
_ see Figure 6
pulse width ty B
PL mput; Vee=4.5V 25 _ _ ns
see Figure 7/
recovery time t . L0 CP’ 5 Vec=4.5V 25 _ _ ns
see Figure 7
DS to _CP’ A Vee=4.5V 25 _ ) ns
see Figure 9
CE to CP and CP to
set-up time t.. CE- Vcc=4.5V 25 _ ) ns
see Figure 9
on 'to P Vcec=4.5V 25 _ _ ns
see Figure 10
DS to CP, CE and
Dn to PL; Vec=4.5V 9 i i ns
hold time th - See Tigure 9
CE to CP and CP to
CE: Vec=4.5V 0 ) ] ns
see Figure 9
maximum CP input; _
fmax . Vcee=4.5V 21 ) . MHz7
frequency see Figure 6
Note:

[1] tpd iS the same as tpry and tpyr .

[2] ti1s the same as tryr and troy.
3] Cpp 1s used to determine the dynamic power dissipation (Pp1n uW).
Pp=(Crp xVee xf; XN)+2 (CL XV x1,) where:
f;=1nput frequency in MHz;
f,=output frequency in MHz;
C;=output load capacitance in pF;
Vec=supply voltage 1n V;
N=number of inputs switching;

Y (Cy XVCC2 xf,)=sum of outputs.
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4 . Testing Circuit

4.1. AC Testing Circuit

Sey
Vi

negative
pulse

OV

DOstive

pulse i

oV

L

|
o
b

— Vi YO RL

n DUT - —
rrr Frr Fr’ rry’ I 'y
Figure 5. Test circuit for measuring switching times

Definitions for test circuit:
C.=load capacitance including jig and probe capacitance.

Rr=termination resistance should be equal to the output impedance Z, of the pulse generator. RL=Load

resistance.

S1=Test selection switch.
4.2 AC Testing Waveforms

33
V: '
CP or CE input Vu
GND
->-— !‘.‘ —
O — S LM -
Y™
U %
Q7 or Q7 output
vy 10 %
oL
TLH

Figure 6. The clock (CP) or clock enable (CE) to output (Q7 or Q7) propagation delays, the clock pulse width, the

maximum clock frequency and the output transition times
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)

;Empu Vy
GND
W ey 3
’
OND
e
> cr?ouw Vi

Figure 7. The parallel load (PL) pulse width, the parallel load to output (Q7 or Q7) propagation delays, the
parallel load to clock (CP) and clock enable (CE) recovery time

o7 input Vi

SGND

G? QU!:DO.K 'i.r'v

VoL

Figure 8. The data input (D7) to output (Q7 or Q7) propagation delays when PL is LOW

Iv-} | )

CP CE mnput ‘ Ve
GND l
lv'l
oND

CP CE nput

GND

(1) CTE may change only from HIGH-to-LOW while CP 1s LOW.

Figure 9. The set-up and hold times from the serial data input (DS) to the clock (CP) and clock enable (CE) inputs,

from the clock enable input (CE) to the clock input (CP) and from the clock input (CP) to the clock
enable mput (CE) .
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1
v

Dn input

OND

L input

A 4
v

.
-

GN

Vi

™
=

SN74HC/HCT165

wiEM Tz 3-bit Parallel-in, Serial out Shift Register

*1.,' v

Figure 10. The set-up and hold times from the data inputs (Dn) to the parallel load input (PL)

4.3 « Measurement Points

Input Output
Type
Vi Vm Vm
SN74HC165 Ve 0.5XVc 0.5%XVcc
SN74HCT1635 3V 1.3V 1.3V
4.4 - Test Data
Input Load S1 position
Type
V, te, tr C, R, teur, teLH
SN74HC165 Ve 6.0ns 15pF, 50pF 1kQ open
SN74HCTI165 3.0V 6.0ns 15pF, 50pF 1kQ open

HE[ BDOION. GBS

EX

LN

(]

WRBERIRBIRAG

WWW.ICKc.net



NWRDERRBRAT -("\;__ SN74HC/HCT165
SN74HC/HCT165 iRz 8-bit Parallel-in, Serial out Shift Register

5 . Package Information

S5.1. DIP16

D

feh ey o _

T
J

-
Symbol
I R N T
B | - Jooeso | -
T N BT
¢ | - fom | -
D | 1900 | 1920 | 1960
B | 620 | 650 | 660
I N T
e | - |23 ] -
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5.2. SOP16

MILLIMETER

_ ‘ ] -
-._-_-_-_-_-_-—-- Al A c — 1.70
| ik \ i
- T

‘.-------------.'J | _- -
8 e

L1

SYMBOL

150

A3 0.60 0.65 0.70

k5 - £ 3 b ol i Al =]
I I s S O A B B
- O
E

I 1.27BSC

L 050 0.60 0.70

L1 1.05B5C
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5.3, TSSOP16

3 MILLIMETER
. Sy MM
W R 11 [

A3 (.49
— 0 3%
J .25
? c _Jon] _ Jon]
' ¢ 012 1 013 ] 0.4
BASE METAL | D | 490 | 500 | 510 |
] l 620 | 630 | 680
WITH PLATING [ E1 | 430 | 440 | a0
SECTION B-B o 0.65SHSC i
| . 045 | 060 | 078
| | 1 IHASE
[ 0 _ K
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