oo (I XBLW SN74HC/HCT165
xineote - O D b 8-bit Parallel-in, Serial out Shift Register

General Description

The SN74HC/HCT165 is 8-bit serial or parallel-in/serial-out shift registers. The device features a serial data input

(DS), eight parallel data inputs (DO to D7) and two complementary serial outputs (Q7 and (37). When the parallel
load input (PL) is LOW the data from DO to D7 is 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 74HC165N Tube 1000/Box
SN74HC165DTR SOP-16 74HC165 Tape 2500/Reel
SN74HCT165DTR SOP-16 T4HCT165 Tape 2500/Reel
SN74HCT165TDTR TSSOP-16 T4HCT165 Tape 3000/Reel
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2 . Block Diagram And Pin Description
2.1\ Block Diagram
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Figure 1. Logic symbol
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Figure 3. Functional diagram
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Figure 4. Timing diagram
2.2, Pin Configurations
0] 18] Vec
cr [2] [15] TE
D4 [3] 4] D3
Ds [4] 13] D2
pa [5] [12] D1
07 11] Do
@ [7] 10] DS
GND (6] a7
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2.3, Pin Description

Pin No. Pin Name Description
1 PL asynchronous parallel load input (active LOW)
2 CP clock input (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
8 GND ground (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 input (active LOW)
16 Vee supply voltage

2.4, Function Table

Operating Input Qn register Output
mode PI CE Ccp DS DO to D7 Q0 | QltoQ6 | Q7 Q7
L X X X L L LtoL L H
parallel load

L X X X H H Hto H H L
H L t 1 X L q0 to q5 q6 q6
H L t h X H q0 to g5 q6 6

serial shift —
H t L 1 X L q0to g5 q6 96
H t L h X H q0 to g5 q6 q6
nothing" H X H X X q0 ql to g6 q7 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.

XBLWversionl.0 AN S, BRI A A v
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3 . Electrical Parameter

3.1, Absolute Maximum Ratings

Parameter Symbol Conditions Min. Max. Unit
supply voltage Vee ) -0.5 +7 \Y
input _clamping I Vi< 0.5V or Vi> Vect0.5V ] 20 | mA

current
oupur chmping |-y Vo< -0.5V or Vo> Vect0.5V ] 20 | mA
output current Io -0.5V < Vo< Vcct0.5V _ +25 mA
supply current Icc . - 50 mA
ground current Ionp . -50 - mA
total power

dissipation Puot - - 500 mwW

storage

temperature Tag - 65 150 C

soldering T 10s DIP 245 °C
temperature t 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. ‘ Max. ‘ Unit
SN74HC165
supply voltage Ve . 2.0 5.0 6.0 v
input voltage Vi . 0 - Ve \Y
output voltage Vo . 0 . Vee vV
input transition Veem2.0V - - 625 | ns/V
rise and fall rate AVAV Vec=4.5V - 1.67 139 | ns/V
Vee=6.0V . - 83 ns/V
ambient
temperature Tamb B 40 B 83 C
SN74HCT165

supply voltage Ve . 4.5 5.0 5.5 \Y

input voltage Vi } 0 . Vee vV

output voltage Vo - 0 - Vee \
input transition Veem2.0V - - " ns/v
rise and fall rate At/AV Vece=4.5V - 1.67 139 | ns/V
Vee=6.0V . - ; ns/V

ambient
temperature Tamb } 40 . 8 c
XBLWversion1.0 SRS, SER N I %570 318 1T
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3.3. Electrical Characteristics

3.3.1. DC Characteristics 1

(Tamv=25C, voltages are referenced to GND (ground=0V), unless otherwise specified.)

Parameter Symbol ‘ Conditions ‘ Min. ‘ Typ. ‘ Max. ‘ Unit
SN74HC165
HIGH.level Vec=2.0V 1.5 1.2 B A%
UUEREVe Vi Vec=4.5V 315 | 24 ] v
input voltage
Vcc:6.0V 4.2 3.2 - \%
LOW-level Vec=2.0V . 0.8 0.5 \%
-leve
. N Vit Ve=4.5V 21 | 135 Vv
input voltage
Vee=6.0V R 2.8 1.8 A%
Io=-20uA; Vcc=2.0V 1.9 2.0 _ A/
HIGH.level Io=-20uA; Vcc=4.5V 4.4 4.5 - v
meve Vou Vi=Vior ViL Io=-20uA; Vcc=6.0V 5.9 6.0 ; A%
output voltage
lo=-4.0mA; Vcc=4.5V 398 | 432 - \%
Io=-5.2mA; Vcc=6.0V 5.48 5.81 _ A/
10=20uA; Vcc=2.0V _ 0 0.1 \Y
LOW-level 10=20uA; Vcc=4.5V _ 0 0.1 \%
meve VoL Vi=Vmor ViL 10=20uA; Vcc=6.0V _ 0 0.1 AV
output voltage
Io=4.0mA; Vcc=4.5V . 0.15 0.26 \%
I0=5.2mA; Vcc=6.0V _ 0.16 0.26 \%
input leakage Vi= Vcc or GND;
+H
current I Vee=6.0V - - 0.1 uA
supply current Vi= Vee or GND; Ip=0A; B A
PPLY Lec Vee=6.0V - - u
input
capacitance G - - 3.5 . pF
SN74HCT165
HIGH- level _
input Voltage Vu—[ VCC—4.5V to 5.5V 2.0 1.6 _ AV
LOW- level Vi Vee=4.5V 10 5.5V ) 12 08 | v
input voltage
HIGH-level Vi= Vwor Vi_; IOZ-ZOHA 4.4 4.5 _ Vv
output voltage Vou Vee=4.5V [o=-4.0mA 398 | 4.32 . A%
LOW-level Viz Veror V [0=20uA; Vcc=4.5V } 0 0.1 \Y%
output voltage Vou I T =5.2mA; Vee=6.0V ) 0.16 | 026 A
input leakage Vi=Vcc or GND;
current I Vee=6.0V - - 40.1 uA
V]ZVCC or GND; IOZOA’
supply current ’ ’
upply cu Ice Vece=6.0V - - 8.0 uA
per input pin; .
N VieVee2. 1V Dn and DS inputs ) 35 126 uA
additional .
Alcc other inputs at Vcc
supply current or GND- B - 65 234 A
) 3 _ u
Vec=4.5V 10 5.5V CP, CE, and PL inputs
input
capacitance G - - 3.5 - pF
XBLWversionl.0 SRS, S BRI i F6T 18T
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3.3.2. DC Characteristics 2
(T.mp=-40C to +85C, voltages are referenced to GND (ground=0V), unless otherwise specified.)

Parameter Symbol ‘ Conditions ‘ Min. ‘ Typ. ‘ Max. ‘ Unit
SN74HC165
Vee=2.0V 1.5 A%
HIGH-level <« - -
. Vi Vec=4.5V 3.15 _ _ \%
input voltage
Vcc:6.0V 4.2 _ - \%
Vee=2.0V - - 0.5 A%
LOW-level <
. Vi Vec=4.5V - - 1.35 \%
input voltage
Vece=6.0V _ - 1.8 v
Io=—20uA; VCC=2.0V 1_9 _ _ V
HIGH 1 1 Io=—20uA; VCC=4.5V 4_4 _ _ V
meve Vou Vi=Vmor Vi, Io=-20uA; Vcc=6.0V 5.9 _ _ A/
output voltage
Io=-4.0mA; Vcc=4.5V | 3.84 - _ VvV
Io=-5.2mA; Vcc=6.0V | 534 . - A%
[0=20uA; Vcc=2.0V _ . 0.1 VvV
LOW-level 10=20uA; Vcc=4.5V _ _ 0.1 A\
sleve VoL Vi=Vmor Vi | 10=20uA; Vcc=6.0V _ _ 01 | Vv
output voltage
Io=4.0mA; Vcc=4.5V _ _ 0.33 A/
I0=5.2mA; Vcc=6.0V _ _ 0.33 Vv
input leakage L Vi=Vcc or GND; ] ] +1 UA
current Vee=6.0V
V]ZVCC or GND; IOZOA’
supply current ’ ’
pply Icc Vee=6.0V - - 80 uA
SN74HCT165
HIGH- level _
input voltage Vi Vec=4.5V to 5.5V 2.0 . - v
LOW- level _
input voltage Vi Vec=4.5V to 5.5V _ - 0.8 v
HIGH-level Vi= Vior Vi ; Io=—20uA 4.4 _ _ AV
output voltage Vou Vee=4.5V lo=-4.0mA 3.84 - - \
LOW_level V _ V or V IO:20uA; VCC:4.5V _ _ 0.1 V
output voltage Vou o * [0=5.2mA; Vcc=6.0V ) 3 0.33 Y,
input leakage Vi=Vcc or GND;
current L Vec=6.0V ) ) 1 uA
1 t V[= VCC or GND; I():OA;
supply curren Icc Ve=6.0V _ - 80 uA
per input pin; .
- VieVee2. 1V Dn and DS inputs _ . 157.5 | uA
additional .
Alcc other inputs at Vcc
supply current or GND: _ _ 2025 A
s 1 - - . u
Vee=4.5V to 5.5V CP, CE, and PL inputs
XBLWversion1.0 SR Bt S, SR T A i 57 I 18 T
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3.3.3. DC Characteristics 3
(Tamv=25°C, GND=0V, C.=50pf, unless otherwise specified.)

Parameter Symbol ‘ Conditions ‘ Min. ‘ Typ. ‘ Max. ‘ Unit
SN74HC165
Vee=2.0V _ 52 165 ns
CP, CE to Q7, Q7; Vee=4.5V - 19 | 33 ns
see Figure 6 Vee=5.0V;Cr=15pF i 16 i ns
Vec=6.0V - 15 28 ns
Vec=2.0V - 50 165 ns
propagation ” PL to Q7, Q7; Vee=4.5V B} 18 33 ns
delay see Figure 7 Vee=5.0V;C=15pF N 15 B} ns
Vece=6.0V - 14 28 ns
Vec=2.0V - 36 120 ns
D7 to Q7, QT: Vec=4.5V . 13 24 ns
see Figure 8 Vec=5.0V;C=15pF - 11 - ns
Vee=6.0V . 10 20 ns
B Vec=2.0V - 19 75 ns
transition time t; Qs7e’e ?:Zgzgpgt; Vec=4.5V _ 7 15 ns
Vee=6.0V . 6 13 ns
CP input HIGH or Vee=2.0V 80 17 - ns
LOW; Vee=4.5V 16 . ns
pulse width tw see Fleure © Veem6.0V 14 > - ns
B Vee=2.0V 80 14 B ns
PL input LOW; Vec=4.5V 16 5 - ns
see Figure 7 Vee=6.0V 14 ] s
B B Vee=2.0V 100 22 i ns
recovery time tee PL to CP’ CE; Vec=4.5V 20 8 - ns
see Figure 7 Ve=6.0V 17 ) s
B Vec=2.0V 80 11 - ns
Vee=6.0V 14 3 - ns
CE to CP and CP to Vee=2.0V 80 17 - ns
set-up time to, CE: Vee=4.5V 16 6 - ns
see Figure 9 Vee=6.0V 14 5 . ns
B Vec=2.0V 80 22 - ns
sele)r;itgoufeL;l 0 Veemd.5V 16 8 = ns
Vece=6.0V 14 6 - ns
DS to CP, CE and Vec=2.0V 5 2 - ns
Dn to PL; Vee=4.5V 5 2 - ns
hold time t - see Figure 9 Vee=6.0V 5 2 - ns
CE to CP and CP to Vece=2.0V 5 -17 - ns
CE: Vec=4.5V 5 -6 - ns
see Figure 9 Vee=6.0V 5 -5 - ns
maximum ¢ CP input; Vece=2.0V 6 17 _ MHz
frequency e see Figure 6 Vee=4.5V 30 51 - MHz
XBLWversion1.0 SR HES T, BRI R v #8118 I
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Vee=5.0V;C=15pF _ 56 - MHz
Vee=6.0V 35 61 . MHz
power )
S per package;
dissipation Crp _ 35 _ pF
capacitance V= GND to Vee
SN74HCT165
CP, CE to Q7, Q7; Vee=4.5V - 17 34 ns
see Figure 6 Vec=5.0V;CL=15pF ) 14 ) ns
propagation ” PL to Q7, Q7; Vee=4.5V i 20 40 ns
delay see Figure 7 Vee=5.0V;C=15pF . 17 ; ns
D7 to Q7. Q7: Vee=4.5V - 14 28 ns
see Figure 8 Vee=5.0V;C=15pF - 11 R ns
transition time t Q7. Q? output; Vec=4.5V B 7 15 ns
see Figure 6
CP input;
Pt Vee=4.5V 6 | 6 | . | ms
. see Figure 6
pulse width tyy —
PL input; Vee=4.5V 20 9 i ns
see Figure 7
recovery time tee PL to CP’ CE; Vcc=4.5V 20 8 i, ns
see Figure 7
DS to .CP’ CE; Vcc=4.5V 20 2 - ns
see Figure 9
CE to CP and CP to
set-up time to, CE: Vce=4.5V 20 7 i, ns
see Figure 9
bn t© PL; Vec=4.5V 20 10 - ns
see Figure 10
DS to CP, CE and
Dn to PL; Vee=4.5V 7 -1 - ns
hold time th — see Figure 9
CE to CP and CP to
CE: Vec=4.5V 0 -7 } ns
see Figure 9
maximum ¢ CP input; Vee=4.5V 26 44 - MHz
frequency e see Figure 6 Vee=5.0V;CL=15pF B 48 B MHz
dissipation | © per package; 35 ¢
PD _ - - p
capacitance Vi=GND to V¢e- 1.5V
Note:
[1] tpais the same as tpry and tppr.
[2] tiis the same as tryr and trop.
[3] Cppis used to determine the dynamic power dissipation (Ppin uW).
Pp=(Cpp XV xE XN (Cp x Ve x£,) where:
fi=input frequency in MHz;
f,=output frequency in MHz;
Cr=output load capacitance in pF;
Vcce=supply voltage in V;
N=number of inputs switching;
S(Cp XV xf,)=sum of outputs.
XBLWversion1.0 SR HES T, BRI R v H9 18T
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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. ‘ Typ. ‘ Max. ‘ Unit
SN74HC165
B B Vcc=2.0V - - 205 ns
CP, CE to Q7, Q7; Vee=4.5V ] _ 41 | ns
see Figure 6 Vee=6.0V ] ] 35 ns
. _ _ Vee=2.0V - . 205 ns
propagation a PL to Q7, Q7; Vee=4.5V 41 ns
delay see Figure 7 Ve=6.0V - - 35 s
B Vee=2.0V - - 150 ns
D710 Q7. Q73 Vee=4.5V ) ] 30 | ns
see Figure § Vec=6.0V ] ] 26 | ns
B Vec=2.0V B - 95 ns
transition time t Q7. Q? output; Vece=4.5V ; . 19 ns
see Figure 6 Vec=6.0V ) ) 16 s
CP input HIGH or Vee=2.0V 100 ; ; ns
LOW; Vec=4.5V 20 . . ns
pulse width tw see Fleure © Vecm6.0V 17 = = 1S
Vec=2.0V 100 - - ns
PL input LOW; Vee=4.5V 20 ) ) ns
see Figure 7 Vee=6.0V 17 ] ] ns
B B Vee=2.0V 125 - - ns
recovery time (. PL to CP’ CE; Vee=4.5V 25 - - ns
see Figure 7 Vee=6.0V 1 ) ) ns
B Vec=2.0V 100 - - ns
DS to CP, CE; Vee=4.5V 20 ] ) s
see Figure 9 Vec=6.0V 17 ] ) s
CE to CP and CP to Vee=2.0V 100 | . - ns
set-up time te, CE: Vee=4.5V 20 - - ns
see Figure 9 Vec=6.0V 17 - i, ns
B Vee=2.0V 100 - - ns
se]e)I;itO PL;I 0 Veemd.5V 20 = = ns
gure Vec=6.0V 17 - - ns
DS to CP, CE and Vee=2.0V 5 - i ns
Dn to PL; Vee=4.5V 5 - - ns
hold time th see Figure 9 VecT6.0V > - - =
CE to CP and CP to Vee=2.0V 5 - - ns
GE; Vcec=4.5V 5 _ _ ns
see Figure 9 Vcc=6.0V 5 . . ns
XBLWversion1.0 SR Bt S, SR T A i %10 7T 3L 18 1T
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) CP inout: VCC:2.0V 5 _ - MHz
I;:X:Erlll:l Finax see Fi pre’6 MiCichd 2 - . MHz
quency g Vee=6.0V 28 ] .| MHz
SN74HCT165
CP, CE to Q7, Q7; Vee=4.5V 43 | ns
see Figure 6 ) )
propagation - PL to Q7, Q7; Vee=4.5V i i 50 ns
delay see Figure 7
D7 to Q7, Q7; Vee=4.5V ] ] 35 | ns
see Figure 8
transition time t; Q7. Q? output; Vee=4.5V - - 19 ns
see Figure 6
CP input;
see F;nire 6 Veemd.5v 20 . - e
pulse width ty _ :
PL input; Vee=4.5V 25 - - ns
see Figure 7
recovery time e PL to CP’ CE; Vee=4.5V 25 ns
see Figure 7 ) )
DS to CP’ CﬁE; VCC=4.5V 25 ns

see Figure 9

CE to CP and CP to
set-up time to CE: Vec=4.5V 25 ns

see Figure 9

Dn to PL;
see Figure 10

DS to CP, CE and
Dn to PL; Vee=4.5V 9 ns

VCC=4.5V 25 ns

see Figure 9
CE to CP and CP to
GE; Vee=4.5V 0 ns
see Figure 9

hold time th

maximum CP input;
frequency max see Figure 6
Note:

[1] tpais the same as tpry and tppy.

Vee=4.5V 21 MHz

[2] t:is the same as tryr and trip .
[3] Cppis used to determine the dynamic power dissipation (Ppin uW).
Pp=(Cpp ¥V xE xN)+Y(Cp x Ve xf,) where:
fi=input frequency in MHz;
f,=output frequency in MHz;
Cr=output load capacitance in pF;
Vcc=supply voltage in V;
N=number of inputs switching;
3(CL ¥V xf,)=sum of outputs.

XBLWyversionl.0 AN S, BRI A A v FA1 T 18 |
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4 . Testing Circuit

4.1. AC Testing Circuit

ey |
i 0%y O
FEGAL v e .
pulse i v
10 %
owv

I . -
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aﬁ\

Vi

positive
pulse

A

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

18mzx
Vi
CPorCE input ?(Ju
GND
p— gy
bty — —lp y —
Vi ———
B0 % K 80 %
Q7 or O7 output Vi
Vo 10% 10 %
e L—t*ﬂ T —'-I

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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gl'_-mpl.d: |

GHD I\
Wy

CE. CPinput
GHD
Vion

GFW_TJJI::A..:
Vo

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

W

o \ /

=—— 1pLH _"'| = P,
VioH
C7 output /M’u
Vol
— tpp = e [P e
Vom
Q7 output Vi
VoL

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

W i

CP CE input ;I |-| %"-‘u f
GHD
" -

~| -

R

-— gy —

W

— gy

W I||’
CP EE inpust ?'Uu % il
GHD

(1) TE may change onty from HIGH-to-LOW while CF is LOWY.

T

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 input (CE) -
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PL input ? Vi
GHD

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
SN74HCI165 Vee 0.5% Ve 0.5xVee
SN74HCT165 3V 1.3V 1.3V
4.4 « Test Data
Input Load S1 position
Type
Vi tr, t CL Ry tenr, ten
SN74HC165 Vee 6.0ns 15pF, 50pF 1kQ open
SN74HCT165 3.0V 6.0ns 15pF, 50pF 1kQ open

XBLWyversionl.0
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5 . Package Information

5.1\ DIP16
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Dimensions in Millimeters

Symbol Min Nom Max

A 431

Al 3.15 3.30 3.65

B 0.50

Bl 1.6

C - 027

D 19.00 19.20 19.60

E 6.20 6.50 6.60

El 8.0

e 23

L 3.00 3.20 3.60
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5.2, SOP16

[ ] /

asd 228 L { 0.254 5
VAT i = = = 0/ — )\ €
T wd T 8
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E

T

T
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__Ib l,_

MILLIMETER
SYMBOL
MIN NOM MAX
150 1.60 170
T Al 0.10 0.15 025
—L
= a2 140 1.45 150
A3 0.60 0.65 070
b 030 0.40 050
[ 0.5 0.20 025
D a80 230 10.00
E 5.80 6.00 6.20
E1 3.85 390 395
e 1.27BSC
L 050 060 070
u 105B5C
5 o & 8
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5.3,TSSOP16
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Statement:

< Shenzhen xinbole electronics co., Itd. reserves the right to change the product specifications, without notice!
Before placing an order, the customer needs to confirm whether the information obtained is the latest version,
and verify the integrity of the relevant information.

< Any semiconductor product is liable to fail or malfunction under certain conditions, and the buyer shall be
responsible for complying with safety standards in the system design and whole machine manufacturing using
Shenzhen xinbole electronics co., Itd products, and take appropriate security measures to avoid the potential risk
of failure may result in personal injury or property losses of the situation occurred!

< Product performance is never ending, Shenzhen xinbole electronics co., Itd will be dedicated to provide

customers with better performance, better quality of integrated circuit products.
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