MOTOROLA
SEMICONDUCTOR TECHNICAL DATA

8-Bit Serial-Input/Serial or
Parallel-Output Shift Register

with Latched 3-State Outputs
High-Performance Silicon—-Gate CMOS

The MC54/T4HCS95A is identical in pinout to the LS595. The device
inputs are compatible with standard CMOS outputs; with pullup resistors,
they are compatible with LSTTL outputs.

The HC595A consists of an 8-bit shift register and an 8~bit D-type latch
with three-state parallel outputs. The shift register accepts serial data and
provides a serial output. The shift register also provides parallel data to the
8=bit latch. The shift register and latch have independent clock inputs. This
device also has an asynchronous reset for the shift register.

The HC5395A directly interfaces with the Motorola SPI serial data port on
CMOS MPUs and MCUs.

Output Drive Capability: 15 LSTTL Loads

Outputs Directly Interface to CMOS, NMOS, and TTL

Operating Voltage Range: 2.0t0 6.0 V

Low Input Current: 1.0 pA

High Noise Immunity Characteristic of CMOS Devices

In Compliance with the Requirements Defined by JEDEC Standard
No. TA

Chip Complexity: 328 FETs or 82 Equivalent Gates

Improvements over HC595
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— |mproved Propagation Delays
— 50% Lower Quiescent Power
— |mproved Input Noise and Latchup Immunity
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J SUFFIX
CERAMIC PACKAGE
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N SUFFIX
PLASTIC PACKAGE
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D SUFFIX
S0IC PACKAGE
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DT SUFFIX
TSSOP PACKAGE
CASE 948F-01

ORDERING INFORMATION
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MC54/7T4HC595A
MAXIMUM RATINGS*
Symbol Parameter Value Unit This device containe protection
Ve | DC Supply Veltage (Referencad to GND) -05t6+70 v circuitry to guard against damage
due to high static voltages or electric
Vin DC Input Voltage (Referenced to GND) -15WVpo+15 fields. However, precautions must
Vout | DC Output Voltage (Referenced to GND) —05wWVep+05| v be taken to avoid applications of any
voltage higher than maximum rated
lin DC Input Current, per Pin +20 mé veltages to this high-impedance cir-
OC Output Current, Pin +35 =y cuit. For proper operation, Vi, and
fout s pr : Vot Sholld be constrained 1o the
lcc DC Supply Current, Vi and GND Pins +75 m range GND = (Vi or Vout) = Voo,
Pp | Power Dissipation in Still Air, Plastic or Ceramic DIPt 750 W ~Unused inputs must always be
tied to an appropriate logic voltage
S0IC Packaget 500
TSSOP Packaget 450 lavel (e.g., either GND or Vo)
Unused outputs must ba left opan.
Tstg Storage Temperatune — 6510+ 150 G
T Lead Temperature, 1 mm from Case for 10 Seconds “C
(Plastic DIP, SOIC or TSSOP Package) 260
(Ceramic DIP) 300

* Maximum Ratings are those values bayond which damage 1o the device may occur.

Functional operation should be restricted to the Recommendead Operating Conditions.

tDerating — Plastic DIP: = 10 mW/"C from 65" to 125°C

Caramic DIP: = 10 mW/*C from 100° to 125°C
S0IC Package: = 7 mW/“C from 65" to 125°C
TSSOP Package: = 6.1 mW/=C from 65 to 125°C

For high frequency or heavy load considerations, see Chapter 2 of the Motorola High=Speed CMOS Data Book (DL129/D).

RECOMMENDED OPERATING CONDITIONS

Symbol Parameter Min | Max | Unit
Voo DC Supply Voltage (Referenced to GND) 20 6.0 v
Vine Vout | DC Input Veltage, Output Voltage 0 Voo v
(Referancad 1o GND)
Ta Operating Temperature, All Package Types =55 |+125| =C
tr. tf Input Rise and Fall Time Ve =20V 0 1000 | ns
(Figure 1) Vec =45V | 0 500
Vec =60V 0 400
DC ELECTRICAL CHARACTERISTICS (\eltages Referenced to GND)
Guaranteed Limit
Vee =55to
Symbol Parameter Test Conditions v 25-C = 85C | = 125°C Unit
VIH Minimum High=Lewvel Input Vaut =01 VorVep =01V 20 15 15 1.5 v
Voltage louil = 20 pA 45 315 315 315
6.0 4.2 4.2 42
ViL Maximum Low—Level Input Vaut =01 VerVep-01V 20 0.5 05 05 v
Voltage gl = 20 pA 45 1.35 1.35 135
6.0 18 1.8 18
VoH Minimum High-Level Output Vin = Vq or VL 20 19 18 19 v
Voltage, Qp — QH llout] = 20 pA 45 44 4.4 44
6.0 58 58 58
Vin=ViHorVIL lloutl =60mA | 45 398 384 a7
gyl = 7BmA | 6.0 548 534 52
VoL Manirmiuim Low—Level Qutput Vin = Vq or Vi 20 0.1 01 0.1 v
Voltage, Qp - Oy lloutl = 20 pA 45 0.1 0.1 0.1
6.0 0.1 01 0.1
Vin=ViHorVIL lloutl =6.0mA | 45 0.26 0.33 0.4
gyl = 7.BmA | 6.0 0.26 0.33 0.4

NOTE: Information on typical parametric values can be found in Chapter 2 of the Motorola High-Speed CMOS Data Book (DL129D).
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MC54/74HC595A

DC ELECTRICAL CHARACTERISTICS (Continued)

Guaranteed Limit
Vee -55t0
Symbol Parameter Test Conditions v 25°C =85C | =125'C Unit
VoK Minimum High—Lewvel Output Win = VIH or VL 20 19 1.9 1.9 v
Voltage, SOH llg! = 20 pA 45 4.4 4.4 4.4
6.0 59 59 59
Vin=ViHorViL llgyl = 40mA | 45 398 384 ir
lgyl=52mA | 60 548 534 52
VoL Maximum Low—Level Output Vin = VI or V| 20 01 0.1 0.1 v
Voltage, SQH llgygl = 20 pA 45 0.1 0.1 0.1
6.0 0.1 0.1 0.1
Vin=ViHorViL lgy! = 40mA | 45 0.26 0.33 0.4
llgyd=52mA | 6.0 0.26 0.33 0.4
kin Maximum Input Leakage Current | Vi, = Vo or GND 6.0 +01 +1.0 +1.0 uA
loz Maximum Three=State Leakage | Output in High=Impedance State 6.0 +0.5 +50 10 A
Currant, Qa — Qy Vi =V or Viy
Vaut = Voo of GND
Iee Maximum Quiescent Supply Vin=Voc or GND 6.0 40 40 160 wA
Current (per Package) gyt =0 pA
AC ELECTRICAL CHARACTERISTICS (C|_ = 50 pF, Input t; = ty = 6.0 ns)
Guaranteed Limit
Vee =55to
Symbol Parameter v 25°C = 85°C | = 125°C Unit
frnas Maximum Clock Frequency (50% Duty Cycle) 20 6.0 48 4.0 MHz
(Figures 1 and 7) 45 30 24 20
6.0 35 28 24
IpLH. Maximum Propagation Delay, Shift Clock to SQy 20 140 175 210 ns
PHL (Figures 1 and T) 45 28 35 42
6.0 24 30 36
ji="5TH Maximum Propagation Delay, Resat to SO 20 145 180 220 ns
(Figures 2 and T) 45 29 36 44
6.0 25 K1 38
tpLH. Maximum Propagation Delay, Latch Clock to Qp — Qy 20 140 175 210 ns
tpHL (Figuras 3 and 7) 45 28 15 42
6.0 24 30 36
tp 7. Maximum Propagation Delay, Output Enable to Qp — Qy 20 150 180 225 ns
IPHZ (Figures 4 and 8) 45 30 k] 45
6.0 26 i3 38
tPZL. Maximum Propagation Delay, Output Enabla to Qg — QH 20 135 170 205 ns
IpzH (Figures 4 and 8) 45 27 34 41
6.0 23 28 35
TLH- Maximum Output Transition Time, O — Oy 20 60 5 90 ns
tTHL (Figuras 3 and 7) 45 12 15 18
6.0 10 13 15
ITLH. Maximum Qutput Transition Time, SQy 20 75 85 110 ns
tTHL (Figures 1 and 7) 45 15 19 22
6.0 13 16 19
Cin Maximum Input Capacitance — 10 10 10 pF
Cout Maximum Three—State Output Capacitance {Output in — 15 15 15 pF
High-Impadance Stata), Qs — Oy
NOTE: For propagation delays with loads other than 50 pF, and information on typical parametric values, see Chapter 2 of the Motorola High—
Speed CMOS Data Book (DL128/D).
Typical @ 25°C, Ve =50V
Cpp Power Dissipation Capacitance (Per Package)” 300 pF

*Used to determine the no-load dynamic power consumption: Pp = Cpp V2l + loe Vee. For load considerations, see Chapter 2 of the
Motorola High-Speed CMOS Data Book (DL128/D).




MC54/74HC595A

TIMING REQUIREMENTS (Input t; = tf = 6.0 ns)

Guaranteed Limit
Vee 25°Cto
Symbol Parameter v =55"C = 85°C | = 125°C Unit
tsu Minimum Setup Time, Serial Data Input A to Shift Clock 20 50 65 75 ns
(Figura 5) 45 10 13 15
6.0 9.0 1 13
Isui Minimum Setup Time, Shift Clock to Latch Clock 20 75 a5 110 ns
(Figure 6) 45 15 19 22
6.0 13 16 18
ty Minimum Hold Time, Shift Clock to Seral Data Input A 20 50 5.0 50 ns
(Figura 5) 45 5.0 50 50
6.0 50 5.0 5.0
trac Minimum Recovery Time, Reset Inactive to Shift Clock 20 50 65 75 ns
(Figure 2) 45 10 13 15
6.0 9.0 1 13
by Minimum Pulse Width, Reset 20 60 75 a0 ns
(Figure 2) 45 12 15 18
6.0 10 13 15
b Minimum Pulse Width, Shift Clock 20 50 65 75 ns
(Figure 1) 45 10 13 15
6.0 9.0 1 13
b Minimum Pulse Width, Latch Clock 20 50 65 75 ns
(Figure ) 45 10 13 15
6.0 9.0 1 13
tr tbf Maximum Input Rise and Fall Times 20 1000 1000 1000 ns
(Figure 1) 45 500 500 500
6.0 400 400 400
FUMNCTION TABLE
Inputs Resulting Function
Sarial Shift Latch Sarial Parallel
Input Shift Latech | Output Register Register Output Outputs
Operation Reset A Clock | Clock |Enable Contents Contents Say Qp-0Qy
Reset shift register L X x L H ™ L L u L u
Shift data into shift H D a L.H ™ L D — SRy u SRz — SRy u
register SRy — SRN+1
Shift register remains H X LH™]LH ™ L u u u u
unchanged
Transfar shift ragistar H X L. H ™ - L u SRy — LRy u SRy
contents to lalch register
Latch register remains X X X L, H ™ L * u * u
unchanged
Enable parallel outputs X X X X L * - * Enabled
Forca outputs into high X X X X H * - * 2z
impedance stala
SR = shift register contents D = data (L, H) logic level X = don't care * = depends on Reseat and Shift Clock inputs
LR = latch ragister contents U = remains unchanged Z = high impadance ** = dapends on Latch Clock input
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MC54/74HC595A

PIN DESCRIPTIONS

INPUTS

A (Pin 14)

Serial Data Input. The data on this pin is shifted into the
B=-bit serial shift register.
CONTROL INPUTS

Shift Clock (Pin 11)

Shift Register Clock Input. A low— to—high transition on this
input causes the data at the Serial Input pin to be shifted into
the 8=bit shift register.

Reset (Pin 10)

Active—low, Asynchronous, Shift Register Reset Input. A
low on this pin resets the shift register portion of this device
only. The 8-bit latch is not affected.

Latch Clock (Pin 12)

Storage Latch Clock Input. A low—to—high transition on this
input latches the shift register data.

Output Enable (Pin 13)

Active=low Output Enable. A low on this input allows the
data from the latches to be presented at the outputs. A high
on this input forces the outputs (QA=QH) into the high—
impedance state. The serial output is not affected by this
control unit.

OUTPUTS
Qp -0y (Pins 15,1, 2,3,4,5,6,7)
Moninverted, 3-state, latch outputs.
SQH (Pin 9)
Moninverted, Serial Data Output. This is the output of the

eighth stage of the B-bit shift register. This output does not
have three-state capability.
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MC54/74HC595A
SWITCHING WAVEFORMS
r; I b
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v, cc
SHIFT 0% cc 50%
CLOCK 5% RESET P
10% —GND
OUTPUT 50%
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Figure 2
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L
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Figure 5. Figure 6.
TEST CIRCUITS
TEST POINT TEST POINT
. COMNECT TO Vg WHEN
QUTPUT QUTPUT TESTING tpy 7 AND Ipz| -
DEVICE DEVICE CONNECT TO GND WHEN
UNDER . LINDER . TESTING tppz AND tozy.
TEST -|—_ & TEST I £

*Includes all probe and jig capacitance
Figure 7.

*Includes all probe and jig capacitance

Figure 8.
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MC54/74HC595A
EXPANDED LOGIC DIAGRAM
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MC54/74HC595A

TIMING DIAGRAM
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NOTE: [O0q implies that the output is in a high-impedance
slate.
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MC54/74HC595A

OUTLINE DIMENSIONS

J SUFFIX
[CA} | CERAMIC PACKAGE
|,..1 T CASE 620-10 NoTES:
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ANSH Y14 5M, 1080,
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= A ssues
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ﬂHHHHHHE 11‘1:5!1.15‘&:'_
2. CONTROLLING DIMERSION: MLLMETER.
e N i
ParL
4, MAXIMUM MOLD PROTRUSION 0115 (0.008)
[Glespon@[ @ | PERSDE.

:
i
;
:
E

[N EXCESS OF THE D DIMENSION AT
MAXIMUM MATERIAL COMNDITION.

@ 8
H;lr_ltiJ:I_H_H_I:I__ PROTRUSION SWALL B2 017 .005)TOTAL
G

WILLIVETERS | NCHES

J S e

F A | om0 [ 0385 | 0385

K— |-n—R:us° B | 1m0 0.150 | 0.157

-1- [ I I T T

i ] D | 0% | 049 | oow | ams

[ ] c _,f'-L F 10w iz [oow (o
UJZUZUIUZUZUZUZLU_______: {_ % 3 1ZTBSC | MOBUBSC
SETRG L M =iy J | 018 [ oo | ogoe | com
PLANE K 010 325 | 0004 | 0008
DepL M * =1 ¢ &

p | =m0 | & | nzes [ goe

[Slozpen @[] AD] EETARTE O




MC54/74HC595A

OUTLINE DIMENSIONS

DT SUFFIX
PLASTIC TSSOP PACKAGE
CASE 948F-01
ISSUE O

18X K REF
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J 0.25 (0.070) PER SDE.

5 DIMENSION K DOES NOT INCLUDE DAMEAR
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SHALL BE (.08 (0.003) TOTAL IN EXCESS OF THEK
DAMENSION AT MAXIMUM MATERIAL CONDITION.
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Motorola reserves the right o make changes without further notice to any products herein. Motorola makes no , TEr ionor, regarding
the suitability of its products for any particular purpose, nor does Motorola assums any lisbility ansing out of the application or use of any product or circuit,
.and specifically disclaims any and all liability, inchuding without limitation consequential orincidental damages. “Typical® parameters can and do vary in different
‘applications. All operafing parameters, including *Typicals™ must be validated for each customer application by customer's technical experts. Motorola doss
not convey any license under its patent rights nor the rights of others. Motorola products are not designed, intended, or authorized for use as components in
systems intended for surgical implant into the body, or other applications intended to support or sustain life. or for any other application in which the ailure of
the Motorola product could create a situation where personal injury or death may occur. Should Buyer purchase or use Motorola products for any such
unintended or unauthorized applicaton, Buyer shall indemnify and hold Motorola and its officers, employees, subsidiaries, affiliates, and distributors harmless
‘against all claims, costs, damages, and expenses, and reasonable sttomey fees arising out of, directly or indirectly, any claim of personal injury or death
‘associated with such unintended or unauthorized use. even if such claim alleges that Motorola was negligent regarding the design or manufacture of the part.
Motorola and % are registered trademarks of Motorola, Inc. Motorola, Inc. is an Equal OpportunitylAffirmative Action Employer.

How to reach us:
USAEUROPE: Motorola Literature Distribution; JAPAN: Mippon Motorola Lid.: Tetsumi-SPO-JLDC, Toshiketsy Otsuki,
PO. Bow 200912; Phoenix, Arizona B5036. 1-B00-441-2447 6F Seibu—Butsuryu—Center, 3-14-2 Tatsumi Koto—Ku, Tokyo 135, Japan. 03-3521-8315

MFAX: RMFAX0 @email sps.mot.com—TOUCHTONE (802) 2446608  HONG KONG: Motorola Semiconductors HK. Lid; 8B Tai Ping Industrial Park,
INTERNET: htp:/iDesign—NET.com 51 Ting Kok Road, Tai Po, N.T, Hong Kong. 852-26620208
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r ULN2001A-ULN2002A
YL ULN2003A-ULN2004A

SEVEN DARLINGTON ARRAYS

SEVEN DARLINGTONS PER PACKAGE

= OUTPUT CURRENT 500mA PER DRIVER

(BO0MA PEAK)

OUTPUT VOLTAGE 50V

» INTEGRATED SUPPRESSION DIODES FOR
INDUCTIVE LOADS

« OUTPUTS CAN BE PARALLELED FOR

HIGHER CURRENT DIF1E

TTUCMOS/PMOS/DTL COMPATIBLE INPUTS

= INPUTS PINNED OPPOSITE QUTPUTS TO ORDERING NUMBERS: ULM2001AIZAI3AMA

SIMPLIFY LAYOUT

5016

DESCRIPTION ORDERING NUMBERS: LILMN2001 DRDSBDMD
The ULN2001A, ULN20024A, ULN2003 and
ULMN2004A are high voltage, high current darlington
afrays each conlaining seven open collector dar-  PIN CONNECTION
lington pairs with common emitters. Each channed
rated al 500mA and can withetand peak currents of
B00mA. Suppression diodes are included for induc-
tivee load driving and the inputs are pinned opposite

the oulpuls o simplify board layoul. W 16 out 1
:n:.h.wvefﬁm interfacs lo all cormmean logie fami- N2 2 & OUT 2
ULM00 14 General Pu , OTL, TTL, PMOS, 3
rpose N3 3 14 OuT
ULM2002A | 14-25V PMOS A 3 OUT &
ULMA003A 5V TTL, CMOS
ULMZ0048 | 615V CMOS, PMOS NS & 2 OUT 8
Thess versalile devices are useful for driving a wide
range of loads including solenoids, relays DC mo- NE @ 1ot &
tors, LED displays filament lamps, thermal print-
heads and high power buffers. w7 T o out 7
The ULN2001A/2002452003A and 20044 are sup- COMMON
plied in 16 pin plastic DIP packages with a copper GND 8 9 SHEEONG TI0ES
leadirame to reduce thermal resistance. They are
available also in small outline package (S0-16) as S-187201
UL N2001 DF2002 DV 2003002004 0.

Februsry 2002




ULN2001A - ULNZ2002A - ULN2003A - ULN2004A

SCHEMATIC DIAGRAM

Sanes ULN-2001A
(each driver)

M — == ————

DRIVER

Series LILN-20024

{each driver)

Seres ULN-20034 Series LILN-200448
{each driver) {each driver)
ABSOLUTE MAXIMUM RATINGS
Symbsal Parameter Value Unit
Wa Output Violtage 50 W
Via Input Vaoltage (for ULN2002AD - 2003A/D - 2004A/0) 30 v
ke Continuous Colector Cument 500 mé
Continuous Base Cument 25 mé
Tamts Operating Amblent Ternperature Range — 20 o BS °C
Tag Storage Temperatwe Range — 55 to 150 o
T Junction Temperature 150 °C
THERMAL DATA
Symbsol Parameter DIF16 5016 Wit
R jaamts Thermal Resistance Junction-amibsent Max. T 120 TN

%




ULNZ2001A - ULN2002A - ULN2003A - ULN2004A

ELECTRICAL CHARACTERISTICS (Tams = 25°C unless otherwise specified)

Symbsal Parameter Test Conditions Min. Typ.

Mazx.
lcex Output Leakage Cusrent Ve = S0V 50
Tams = TOPC, Vice = 500 100

Tams = T0PC
for ULM2002A

Vo = 500, W = BY
for ULN2004A

Vo = 500, W = 1V

VeE(sary Collector-emitter Saturation Iz = 100mA, Ig = 2
Voltage Ic = 200 m&, la = 3
Ic = 350mé, Iz = S00pA

1]
1
1
Iy Input Current for ULM3002A, V= 1TV g
[i]

Unit | Fig.

1a
1a

s 8
<<<8 5 3%

sl

for ULNZ0034, Vi = 3.85¢
for ULN2D04A, Vs = 5V

W= 12V 1
lom | Input Current Tarm = T0°C, | = S000A 50 &S A

Vigan) Input Voltage E-_-Euthiiv W
r 2002A

gy e
R R
233
B

-
-
n
2

b

b
o | e | Cob Gk G G | B3 RS RS

&

"

M -
e Llle o

DC Forward Current Gain for ULM2D01A
Wi = 2V, Ic = 350ma 1000 2

[»3 Input Capaciance 15
trLH Tum-on Delay Teme 0.5 Vito 0.5 Vs 025
TrHL Turn-off Delay Time 0.5 Wy to 05 Vs 025

ln Clamp Dwde Leaksge Cument | Vg = 50V
Tams = TOPC, Vg = 50V

VE Clamp Dwode Forward Violtage Ir = 350mA 1.7

S EF A PN
=|[EE|[E|E|%
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ULNZ2001A - ULNZ2002A - ULN2003A - ULN2004A

TEST CIRCUITS
Figure 1a.

Figure 1b.

1

Figure 2. Figure 3.
OPEN
OPEM
"! i
Figire 4. Figuire 5.
Ig
%
=T
Figure 6. Figure 7.

%




ULNZ2001A - ULN2002A - ULN2003A - ULN2004A

Figure 8: Collector Current versus Input Curnent
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Figure 9: Collecior Current versies Saturation
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ULN2001A - ULNZ2002A - ULN2003A - ULN2004A

S N [ N N [ Ny N [ N |

DM, o OUTLINE AND
MM | TYP. |macx | M | TYP. | mac MECHANICAL DATA
al | 051 0.020
B |07 165 | 0030 0.065
b 0.5 0.020
b1 0.25 0.010
D 20 0.787
E 8.5 0.335
& 254 0.100
3 17.78 0.700
F 7.1 0.280
1 5.1 0.201
L 3.3 0.130
DIP16
z 1.27 0.050
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ULNZ2001A - ULN2002A - ULN2003A - ULN2004A

Dm. mn neh OUTLINE AND
MIN. | TYP. | MAX. | MIN. | TYP. | MAX. MECHANICAL DATA
A 1.75 0.069
al o1 0.25 | DLDD4 0.008
a2 16 0.083
b 0.35 046 | DLD14 O.0ME
b1 0.19 0.2 | 0.oo7 0.010
[ [+ B 0.020
el 45" {yp.)
D1} =] 10 0.366 0.394
E 58 B2 0.22B 0.244
B 127 0.050
a3 B.B9 0.350
F{1) 38 4 0150 0157
G 4.6 53 0181 0.208
L 04 1.27 | DLOAE 0.050
M nez oo S016 Narrow
5 B (max.)

{1} 0 and F do not include: mald flash or protrusions. Mold Sash or potnosions shall nol excesed 0.1 5mm [ 00Gnch ).
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