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5 Pin Configuration and Functions

Q10 16 Ve luﬂ, TCD'
Qe 2 15 G, Q: [ 2 ‘\1] JE' (15 | Qa
Qs o 3 14 SER @ [3) 1 | {(alser
Qs 14 13 D RCIR a ! | 3| rerR
Qr 1 5 1213 ROLK o [ 1 PaD | e
LAY f LRl - SROLK F == | I l:,::J]
Qi 7 10 spER Qe | 001 W fSRCLK
GND | 8 9 o Qw Qu |1}~ ¢~ ‘10 SRCIR
18l ol
D, PW, or DYY Package, GHD Qy
16-Pin SOIC, TSSOP, or SOT BQB or WBQB Package,
(Top View) 16-Pin WQFN
(Top View)
Pin Functions
PIN
TYPE®@ DESCRIPTION
NAME NO.
Qg 1 (0] Qg output
Q¢ 2 (0] Qg output
Qp 3 (0] Qp output
Qe 4 (o] Qg output
Qr 5 (0] Qf output
Qg 6 o Qg output
Qy 7 o Qp output
GND 8 — Ground
Qyr 9 (0] Serial output, can be used for cascading
SRCLR 10 I Shift register clear, active low
SRCLK 11 | Shift register clock, rising edge triggered
RCLK 12 | Output register clock, rising edge triggered
RCLR 13 I Storage register clear, active low
SER 14 | Serial input
Qa 15 o Qp output
Ve 16 — Positive supply
Thermal Pad® . ;gi;Tzrrn;lepgle;d can be connected to GND or left floating. Do not connect to any other

(1)
@)

BQB and WBQB Package, only.
| =input, O = output
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6 Specifications

6.1 Absolute Maximum Ratings
over operating free-air temperature range (unless otherwise noted)(")

MIN MAX| UNIT

Vee Supply voltage -0.5 7 \Y
Ik Input clamp current(?) Vi<-0.5VorV,>Vec+05V +20 mA
lok Output clamp current(@ V|<-0.5VorV,>Vec+05V +20 mA
lo Continuous output current Vo =0to Ve +35 mA

Continuous current through Ve or GND 170 mA
T, Junction temperature(®) 150 °C
Tstg Storage temperature -65 150 °C

(1)  Operation outside the Absolute Maximum Ratings may cause permanent device damage. Absolute maximum ratings do not imply
functional operation of the device at these or any other conditions beyond those listed under Recommended Operating Conditions. If
briefly operating outside the Recommended Operating Conditions but within the Absolute Maximum Ratings, the device may not
sustain damage, but it may not be fully functional. Operating the device in this manner may affect device reliability, functionality,
performance, and shorten the device lifetime.

(2) The input and output voltage ratings may be exceeded if the input and output current ratings are observed.

(3) Specified by design.

6.2 ESD Ratings

VALUE UNIT

Human body model (HBM), per AEC Q100-002(") HBM ESD Classification +4000
Level 2 -
V(Esp) Electrostatic discharge - — \
Charged device model (CDM), per AEC Q100-011 CDM ESD Classification +1500
Level C6 -

(1) AEC Q100-002 indicate that HBM stressing shall be in accordance with the ANSI/ESDA/JEDEC JS-001 specification.

6.3 Recommended Operating Conditions
over operating free-air temperature range (unless otherwise noted)

MIN NOM MAX UNIT
Vee Supply voltage 2 5 6 \%
\ Input voltage 0 Vee \%
Vo Output voltage 0 Vee \Y
Ta Ambient temperature —40 125 °C
Copyright © 2023 Texas Instruments Incorporated Submit Document Feedback 5
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6.4 Thermal Information

SN74HCS594-Q1
) WBQB
THERMAL METRIC PW (TSSOP) D (SOIC) BQB (WQFN) | DYY (SOT) (WQFN) UNIT
16 PINS 16 PINS 16 PINS 16 PINS 16 PINS
Roya | -unction-to-ambient thermal 141.2 122.2 108.4 186.2 97.3 °CIW
resistance
Rg Jun_ction-to-case (top) thermal 78.8 80.9 773 109.1 938 CW
JC(top) | Fesistance
Rog | >unction-to-board thermal 85.8 80.6 74.4 11.0 66.4 °CIW
resistance
. Junction-to-top characterization 277 404 126 18.0 14.6 oC/W
parameter
g, |Junction-to-board 85.5 80.3 745 110.9 66.4 °CIW
characterization parameter
Rg |Junction-to-case (bottom) N/A N/A 54.3 N/A 443 °CW
Jcboty |thermal resistance

M

For more information about traditional and new thermal metrics, see the Semiconductor and IC Package Thermal Metrics application

report.

6.5 Electrical Characteristics
over operating free-air temperature range; typical values measured at T = 25°C (unless otherwise noted).

PARAMETER TEST CONDITIONS Vee MIN TYP MAX| UNIT
2V 0.7 1.5
Vs Positive switching threshold 45V 1.7 3.15| V
6V 2.1 4.2
2V 0.3 1.0
V. Negative switching threshold 45V 0.9 22|V
6V 1.2 3.0
2V 0.2 1.0
AVy  |Hysteresis (V4 - V1)) 45V 0.4 14| V
6V 0.6 1.6
lon = -20 A 2Vto6V Vec—0.1 Ve —0.002
Voy | High-level output voltage Vi=ViorV, |loy=-6 mA 45V 4.0 4.3 V
loy=-78mA |6V 54 5.75
loL =20 pA 2Vto6V 0.002 0.1
VoL |Low-level output voltage Vi=ViyorV |lor=6mA 45V 0.18 0.30| V
loL =7.8 mA 6V 0.22 0.33
I Input leakage current V|=Vgcor0 6V +100 +1000| nA
lec Supply current Vi=Vcgcor0,lp=0 6V 0.1 2| pA
G Input capacitance 2Vto6V 5| pF

(1)

Specified by design.
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6.6 Timing Characteristics

C. = 50 pF; over operating free-air temperature range (unless otherwise noted). See Parameter Measurement Information.

Operating free-air temperature (T,)
PARAMETER Vece 25°C —40°C to 125°C UNIT
MIN MAX MIN MAX
2V 32 17
folock Clock frequency 45V 100 54
6V 115 68
2V 8 12
S.RCLK or RCLK 45V 6
high or low
. 6V 6
tw Pulse duration ns
2V 7 12
SRCLR or RCLR 45V 6
low
6V 6
2V 11 16
STER before SRCLK 45V 2
6V 4 5
2V 15 24
SRCLK T before
RCLK T 45V 5
6V 5 7
2V 16 27
tsu . SRCLR low before
Setup time RCLK 1 45V 7 10 ns
6V 5 8
SRCIR high 2V 5 °
(inactive) before 45V 3 5
RCLR high 2V 8 12
(inactive) before 45V 4 5
2V 0 0
th Hold time SER after SRCLK T |4.5V 0 0 ns
6V 0 0

Copyright © 2023 Texas Instruments Incorporated
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6.7 Switching Characteristics

C. = 50 pF; over operating free-air temperature range (unless otherwise noted). See Parameter Measurement Information.

Operating free-air temperature (T,)
PARAMETER FROM TO Vee 25°C —40°C to 125°C UNIT
MIN TYP MAX MIN TYP MAX
2V 32 17
fax Max switching frequency 45V 100 54 MHz
6V 115 68
2V 19 30 45
SRCLK Qy 45V 7 1 17
) 6V 6 9 12
tod Propagation delay 3V, 9 ™ 25 ns
RCLK Qp-Qy |45V 7 1 17
6V 6 9 12
2V 18 27 55
SRCLR Qn 45V 7 11 17
) 6V 6 9 15
tpHL Propagation delay YV 18 27 55 ns
RCLR Qa-Qy |45V 1 17
6V 9 15
2V 9 16
t Transition-time Any output 4.5V 5 9| ns
6V 4 8

6.8 Operating Characteristics
over operating free-air temperature range; typical values measured at T = 25°C (unless otherwise noted).

PARAMETER TEST CONDITIONS Vce MIN TYP MAX| UNIT
o Power dissipation capacitance No load 2Vito6V 40 oF
per gate
8 Submit Document Feedback Copyright © 2023 Texas Instruments Incorporated
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6.9 Typical Characteristics
Ta=25°C

Output Sink Current (mA)

B 6-1. Output Driver Resistance in LOW State

46 70
— Vee=2V — Vee=2V
44 — Ve =33V 65 / — Voo =33V
42 Voo = 45V / Voo = 4.5V
& — Veo=6V o 60 A — Vee=6V
S 40 <)
S 28 S 55 =~
L) L)
@ 36 @ 50
T T
5 34 5 45
9 _—_____// 9 //
S 32 = | —
) O 40 —]
30
o8 35
26 30
0 25 5 75 10 125 15 175 20 225 25 0 25 5 75 10 125 15 175 20 225 25

Ed 6-2. Output Driver Resistance in HIGH State

Output Source Current (mA)

V, - Input Voltage (V)

2.5-, and 3.3-V Supply

6-3. Supply Current Across Input Voltage, 2-,

0.2 0.65

018 /] — Vge =2V 0.6 /4 — Voo =45V
_ods / Ve =25V 058 / Vec =5V
< / < 05
E o014 — Vec =33V E 045 — Ve =6V
£ \ € AN
2012 g 04
3 o1 4 \ 3 035 V4 \
_z : / \ _Z 0.3
2 0.08 2 025 ) ( \
3 \ 30 ¥ \
i 0.06 \ Y 02 N
£ 004 / \ 8015 7/

/ \ 0.1
0.02 N\ 0.05 ,/
0 /‘ ‘ 0 Z \\ i \\
0 05 1 15 2 25 3 35 0 05 1 15 2 25 3 35 4 45 5 55 6

6-4. Supply Current Across Input Voltage, 4.5-,

V, — Input Voltage (V)

5-, and 6-V Supply
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7 Parameter Measurement Information

Phase relationships between waveforms were chosen arbitrarily. All input pulses are supplied by generators
having the following characteristics: PRR <1 MHz, Z5 =50 Q, {; < 2.5 ns.

For clock inputs, fax is measured when the input duty cycle is 50%.

The outputs are measured one at a time with one input transition per measurement.

Test
Point

‘ tW .
| | Voo
Input X‘SO% X‘SO%
From Output oV

Under Test

- B 7-2. Voltage Waveforms, Pulse Duration

|||—|

(1) CL includes probe and test-fixture capacitance.

7-1. Load Circuit for Push-Pull Outputs

e

Clock o
Input /i/ 50%
oV

|
|
Vee

[}
tsu th
| |
| l}
IDa‘a ><50% ><50%
nput
oV

7-3. Voltage Waveforms, Setup and Hold Times

| | Von
| |
Output 50% 50%
— — — Vo

(1) The greater between tp; y and tpy_ is the same as tpg.

B4 7-4. Voltage Waveforms Propagation Delays

90% g0~ — — — Vee
Input | |

10% £ | |\ 10% ov

= e ey g
90% g%~ Vo

Output | |
10% 10%

I I Voo

> e ey ey
(1) The greater between t; and t; is the same as t;.
7-5. Voltage Waveforms, Input and Output Transition Times
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8 Detailed Description

8.1 Overview

The SN74HCS594-Q1 is an 8-bit shift register that feeds an 8-bit D-type storage register. Both the shift register
clock (SRCLK) and storage register clock (RCLK) are positive-edge triggered. If both clocks are connected

together, the shift register always is one clock pulse ahead of the storage register. All inputs include Schmitt-
triggers allowing for slow input transitions and providing more noise margin.

8.2 Functional Block Diagram

RCLK
10
SRCLR }c
11
SRCLK >
14
SER — [ >—7T7—D Q D
’_L 15
7> L > QI Qa
R R
|:D Q D |
M [ > QI Qs
R R
. 2
[ : : — Qc
[ 3
[ [ 1°
[ . [ . 4 Qo
[ [
o ® o ® Qe
[ . [ . 5
[ [ — Qf
[ [ 6
[ 1 — Q¢
=

o vV
» Vo
o)
~
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Ed 8-1. Logic Diagram (Positive Logic) for SN74HCS594-Q1

8.3 Feature Description
8.3.1 E#i/x CMOS Fv a7V A

DT AR, FHi7e CMOS 7y v a7 VI BN S VTV ET, TR LV JFE 13, 7 A AR RO E
a7 BRI —ATELIEERLET, ZOT A ATERENRE ) 2 H 2 TR BARM IS E Ty R ERSND
7o VX T o BT OB E AR DR A B T DMENRHVET, SHIT, ZOT A ZADHIT, T/ A%
G DT LipHERFCED U RICRE R B A BRE) CE £, MBRICEDBREGE LY 135720 T A A0 N E %
HIR DT EANEE T, T i RIER ] TE RSN TODEXA B I OB HIRAH IIET L TTZS N,

KM DT v 270 CMOS T, RESFHO ERIZTDMENHVET,
8.3.2 CMOS Schmitt-Trigger Inputs

This device includes inputs with the Schmitt-trigger architecture. These inputs are high impedance and are
typically modeled as a resistor in parallel with the input capacitance given in the Electrical Characteristics table
from the input to ground. The worst case resistance is calculated with the maximum input voltage, given in the
Absolute Maximum Ratings table, and the maximum input leakage current, given in the Electrical Characteristics
table, using Ohm's law (R =V + ).
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The Schmitt-trigger input architecture provides hysteresis as defined by AVt in the Electrical Characteristics
table, which makes this device extremely tolerant to slow or noisy inputs. While the inputs can be driven much
slower than standard CMOS inputs, it is still recommended to properly terminate unused inputs. Driving the
inputs with slow transitioning signals will increase dynamic current consumption of the device. For additional
information regarding Schmitt-trigger inputs, please see Understanding Schmitt Triggers.

8.3.3 Clamp Diode Structure

As shown in [X] 8-2, the inputs and outputs to this device have both positive and negative clamping diodes.

EE

Voltages beyond the values specified in the Absolute Maximum Ratings table can cause damage to
the device. The input and output voltage ratings may be exceeded if the input and output clamp-
current ratings are observed.

[ 8-2. Electrical Placement of Clamping Diodes for Each Input and Output

8.3.4 Wettable Flanks

This device includes wettable flanks for at least one package. See the Features section on the front page of the
data sheet for which packages include this feature.

Package Package

Solder
Wettable Flank Lead Standard Lead

8-3. Simplified Cutaway View of Wettable-Flank QFN Package and Standard QFN Package After
Soldering

Wettable flanks help improve side wetting after soldering, which makes QFN packages easier to inspect with
automatic optical inspection (AOI). As shown in 8-3, a wettable flank can be dimpled or step-cut to provide
additional surface area for solder adhesion which assists in reliably creating a side fillet. See the mechanical
drawing for additional details.
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8.4 Device Functional Modes
¢ 8-1 lists the functional modes of the SN74HCS594-Q1.
£ 8-1. Function Table

INPUTS(")
FUNCTION
SER |SRCLK | SRCLR | RCLK | RCLR
X X X X L Output register is cleared
X X L X X Internal shift register is cleared
H/L 1 H X X SER Data is loaded into first shift bit as H/L, data shifts
from bit to bit within the internal shift register
X X H 1 H Data is transferred from internal shift register to output
register
H/L 1 H i H When SRCLK and RCLK are synchronous, Data is
transferred from internal shift register to output register,
internal shift register first bit is loaded with SER data H/L
and data shifts from bit to bit within internal shift register
X L, L H H X X Internal shift register remains in previous state
X X H l,LH H Output register remains in previous state

(1) H=High Voltage Level, L = Low Voltage Level, X = Do Not Care
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9 Application and Implementation

&
LIFo7 7V r—vaAFiid, T o EARRICE EN56 O TIERL, Tl TIEEOIEMIEE 37w etz
PRAEVZLE A, fll 2 O BB 2 - OBEAVEIC DN TR, BERROEETHMTL TV e72<Zeic
MFET, BERITIAF ORI RIELHFEL T AN DL T, VAT AOKREEZHERR T DM BERHY ET,

9.1 Application Information

In this application, the SN74HCS594-Q1 is used to control seven-segment displays. Utilizing the serial output
and combining a few of the input signals, this implementation reduces the number of I/O pins required to control
the displays from sixteen to four. Unlike other 1/O expanders, the SN74HCS594-Q1 does not need a
communication interface for control. It can be easily operated with simple GPIO pins.

There is no practical limitation to how many SN74HCS594-Q1 devices can be cascaded. To add more, the serial
output will need to be connected to the following serial input and the clocks will need to be connected
accordingly. With separate control for the shift registers and output registers, the desired digit can be displayed
while the data for the next digit is loaded into the shift register.

At power-up, the initial state of the shift registers and output registers are unknown. To give them a defined state,
both registers need to be cleared. An RC can be connected to the SRCLR and RCLR pins as shown in the [X|
9-1 to initialize the shift and output registers to all zeros.

9.2 Typical Application

VCC
Vee Seven Segment
R1 rsRaR Qa J g a
ClI T RCLR Qs f ; )
= Qc A a
7 SER Qp b g
MCU T SRCLK Qe DP
T RCLK QF c e c
Qg d
Qu . d DP
In GND Qn —‘
Vee
Vee Seven Segment
R2 ﬂ@ Qa g a
CZI T RCLR Qs f ; )
= Q¢ AM a
7 SER Qo b .
7 SRCLK Qc P
7 RCLK Qr c o c
Qg d
an—w—I e d oP
J__ GND Qn -
9-1. Typical Application Block Diagram
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9.2.1 Design Requirements
9.2.1.1 Power Considerations

Ensure the desired supply voltage is within the range specified in the Recommended Operating Conditions. The
supply voltage sets the device's electrical characteristics as described in the Electrical Characteristics section.

The positive voltage supply must be capable of sourcing current equal to the total current to be sourced by all
outputs of the SN74HCS594-Q1 plus the maximum static supply current, Icc, listed in the Electrical
Characteristics, and any transient current required for switching. The logic device can only source as much
current that is provided by the positive supply source. Be sure to not exceed the maximum total current through
V¢ listed in the Absolute Maximum Ratings.

The ground must be capable of sinking current equal to the total current to be sunk by all outputs of the
SN74HCS594-Q1 plus the maximum supply current, Icc, listed in the Electrical Characteristics, and any
transient current required for switching. The logic device can only sink as much current that can be sunk into its
ground connection. Be sure to not exceed the maximum total current through GND listed in the Absolute
Maximum Ratings.

The SN74HCS594-Q1 can drive a load with a total capacitance less than or equal to 50 pF while still meeting all
of the data sheet specifications. Larger capacitive loads can be applied; however, it is not recommended to
exceed 50 pF.

The SN74HCS594-Q1 can drive a load with total resistance described by R, = Vg / lp, with the output voltage
and current defined in the Electrical Characteristics table with Vo and Vo . When outputting in the HIGH state,
the output voltage in the equation is defined as the difference between the measured output voltage and the
supply voltage at the V¢ pin.

Total power consumption can be calculated using the information provided in CMOS Power Consumption and
Cpd Calculation.

Thermal increase can be calculated using the information provided in Thermal Characteristics of Standard Linear
and Logic (SLL) Packages and Devices.

The maximum junction temperature, T jmay) listed in the Absolute Maximum Ratings, is an additional
limitation to prevent damage to the device. Do not violate any values listed in the Absolute Maximum
Ratings. These limits are provided to prevent damage to the device.

9.2.1.2 Input Considerations

Input signals must cross Vi min) to be considered a logic LOW, and Vi+(max) to be considered a logic HIGH. Do
not exceed the maximum input voltage range found in the Absolute Maximum Ratings.

Unused inputs must be terminated to either V¢ or ground. The unused inputs can be directly terminated if the
input is completely unused, or they can be connected with a pull-up or pull-down resistor if the input will be used
sometimes, but not always. A pull-up resistor is used for a default state of HIGH, and a pull-down resistor is used
for a default state of LOW. The drive current of the controller, leakage current into the SN74HCS594-Q1 (as
specified in the Electrical Characteristics), and the desired input transition rate limits the resistor size. A 10-kQ
resistor value is often used due to these factors.

The SN74HCS594-Q1 has no input signal transition rate requirements because it has Schmitt-Trigger inputs.

Another benefit to having Schmitt-Trigger inputs is the ability to reject noise. Noise with a large enough
amplitude can still cause issues. To know how much noise is too much, please refer to the AVyqyy in the
Electrical Characteristics. This hysteresis value will provide the peak-to-peak limit.

Unlike what happens with standard CMOS inputs, Schmitt-Trigger inputs can be held at any valid value without
causing huge increases in power consumption. The typical additional current caused by holding an input at a
value other than V¢ or ground is plotted in the Typical Characteristics.
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Refer to the Feature Description section for additional information regarding the inputs for this device.
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9.2.1.3 Output Considerations

The positive supply voltage is used to produce the output HIGH voltage. Drawing current from the output will
decrease the output voltage as specified by the Vqu specification in the Electrical Characteristics. The ground
voltage is used to produce the output LOW voltage. Sinking current into the output will increase the output
voltage as specified by the Vo specification in the Electrical Characteristics.

Push-pull outputs that could be in opposite states, even for a very short time period, should never be connected
directly together. This can cause excessive current and damage to the device.

Two channels within the same device with the same input signals can be connected in parallel for additional
output drive strength.

Unused outputs can be left floating. Do not connect outputs directly to V¢ or ground.

Refer to the Feature Description section for additional information regarding the outputs for this device.
9.2.2 Bz =T FIR

1. Vee & GND ORNCT o7V 7 ear T o B a8l Ed, Z0Oar7 I T A ADIEL, 7> Ve
v L GND B DOl FICEKMNIT DT TRE TAOLERHVET, VAT UMIE L AT B7 a iRLE
7,

2. WIIOFEEMATRD 50pF LLF ChHAZEEMRLET, ZAUTEEZRHIR TIEHO AN, 25t . MERE A
feEivET, Ziud, SN74HCS594-Q1 5 1 DFEIEEDZAE T A AETOENE YR A XD — 2%
T AL THIATEET,

3. HADOWHMEAR D (Voo / lomax) Q FVRENWZLEMERLET, ZHEITIL, TH i KIER | DR KU ER
\ENRTHOEFSZENTEET, 1FEALED CMOS AN, MQ THIESNAIEIIEARAHVET, Zh
L BNCEHE LR/ MEXDBIZ DT REL ARV E T,

4. B\ORBENRa Y =N THBEERAZLITIFIEAEDVER A, 7272 HEE I LB LHIT, 77—
vay - LAR—KCMOS %8 /& CPD Ot R NI T D FIEZ M AL CiHE c&Ed,

9.2.3 Application Curves

SER [ 1 a SER —— > —
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2 = c | «
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@ 5 3 | 5
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[P+ o (Pt a
Iy e I By ™
- Qy H '7 Qu
Qu — Qu
SRCLK rising edge shifts data RCLK rising edge shifts data
in the serial registers only to the output registers

BJ 9-2. Simplified Functional Diagram Showing Clock Operation
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10 Power Supply Recommendations

The power supply can be any voltage between the minimum and maximum supply voltage rating located in the
Recommended Operating Conditions. Each V¢ terminal should have a good bypass capacitor to prevent power
disturbance. A 0.1-pyF capacitor is recommended for this device. It is acceptable to parallel multiple bypass
capacitors to reject different frequencies of noise. The 0.1-yF and 1-yF capacitors are commonly used in
parallel. The bypass capacitor should be installed as close to the power terminal as possible for best results, as
shown in the following layout example.

11 Layout
11.1 Layout Guidelines

When using multiple-input and multiple-channel logic devices, inputs must never be left floating. In many cases,
functions or parts of functions of digital logic devices are unused; for example, when only two inputs of a triple-
input AND gate are used or only 3 of the 4 buffer gates are used. Such unused input pins must not be left
unconnected because the undefined voltages at the outside connections result in undefined operational states.
All unused inputs of digital logic devices must be connected to a logic high or logic low voltage, as defined by the
input voltage specifications, to prevent them from floating. The logic level that must be applied to any particular
unused input depends on the function of the device. Generally, the inputs are tied to GND or V¢, whichever
makes more sense for the logic function or is more convenient.

11.2 Layout Example

GND Ve
Recommend GND flood il for
improved signal isolation, naise
reduction, and thermal diis sjpation
Bypass capacitor
- ; E.] placedclose to
Unused inputs tie to GND or Ve 0.1 uF the device
QT 1 o 16— Ve
Q1] 2 1511 Qa
QT 3 14T SER
Q1T 4 13T RCLR
Q1] 5 12T RCLK
Q1T 6 11T SRCLK
Avaid 90 Q. 7 10T SRCLR
voi °
ND |
comers for GNDCTT] 8 9 11Qy Unused output
signal lines left floating

B9 11-1. Example Layout for the SN74HCS594-Q1 in the PW Package
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12 Device and Documentation Support

Tl offers an extensive line of development tools. Tools and software to evaluate the performance of the device,
generate code, and develop solutions are listed below.

12.1 Documentation Support

12.1.1 Related Documentation

For related documentation, see the following:

» Texas Instruments, HCMOS Design Considerations application report
+ Texas Instruments, CMOS Power Consumption and Cpq Calculation application report
» Texas Instruments, Designing With Logic application report
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13 Mechanical, Packaging, and Orderable Information

The following pages include mechanical, packaging, and orderable information. This information is the most
current data available for the designated devices. This data is subject to change without notice and revision of
this document. For browser-based versions of this data sheet, refer to the left-hand navigation.
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PACKAGING INFORMATION

rderable Device tatus ackage e Package Pins Package co Plan ead finis eak Tem em evice Markin amples
Orderable Devi S Package Type Package Pi Packag Eco PI Lead finish/ MSL Peak Temp Op Temp (°C) Device Marking Sampl
@ Drawing Qty @ Ball material ®3) (4/5)
(6)
SN74HCS594QBQBRQ1 ACTIVE WQFN BOB 16 3000 RoHS & Green NIPDAU Level-1-260C-UNLIM -40 to 125 CS594Q
SN74HCS594QDRQ1 ACTIVE SoIC D 16 2500 RoOHS & Green NIPDAU Level-1-260C-UNLIM -40 to 125 HCS594Q
SN74HCS5940QDYYRQ1 ACTIVE SOT-23-THIN DYY 16 3000 RoHS & Green NIPDAU Level-1-260C-UNLIM -40 to 125 HCS594Q
SN74HCS594QPWRQ1 ACTIVE TSSOP PW 16 2000 RoHS & Green NIPDAU Level-1-260C-UNLIM -40 to 125 HCS594Q
SN74HCS594QWBQBRQ1 ACTIVE WQFN BOB 16 3000 RoOHS & Green NIPDAU Level-1-260C-UNLIM -40 to 125 CS594Q

® The marketing status values are defined as follows:

ACTIVE: Product device recommended for new designs.

LIFEBUY: Tl has announced that the device will be discontinued, and a lifetime-buy period is in effect.

NRND: Not recommended for new designs. Device is in production to support existing customers, but Tl does not recommend using this part in a new design.
PREVIEW: Device has been announced but is not in production. Samples may or may not be available.

OBSOLETE: Tl has discontinued the production of the device.

@ RoHS: Tl defines "RoHS" to mean semiconductor products that are compliant with the current EU RoHS requirements for all 10 RoHS substances, including the requirement that RoHS substance
do not exceed 0.1% by weight in homogeneous materials. Where designed to be soldered at high temperatures, "RoHS" products are suitable for use in specified lead-free processes. Tl may
reference these types of products as "Pb-Free".

RoHS Exempt: Tl defines "RoHS Exempt" to mean products that contain lead but are compliant with EU RoHS pursuant to a specific EU RoHS exemption.

Green: Tl defines "Green" to mean the content of Chlorine (Cl) and Bromine (Br) based flame retardants meet JS709B low halogen requirements of <=1000ppm threshold. Antimony trioxide based
flame retardants must also meet the <=1000ppm threshold requirement.

® MsL, Peak Temp. - The Moisture Sensitivity Level rating according to the JEDEC industry standard classifications, and peak solder temperature.
@ There may be additional marking, which relates to the logo, the lot trace code information, or the environmental category on the device.

® Multiple Device Markings will be inside parentheses. Only one Device Marking contained in parentheses and separated by a "~" will appear on a device. If a line is indented then it is a continuation
of the previous line and the two combined represent the entire Device Marking for that device.

© Lead finish/Ball material - Orderable Devices may have multiple material finish options. Finish options are separated by a vertical ruled line. Lead finish/Ball material values may wrap to two
lines if the finish value exceeds the maximum column width.
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Important Information and Disclaimer:The information provided on this page represents TlI's knowledge and belief as of the date that it is provided. Tl bases its knowledge and belief on information
provided by third parties, and makes no representation or warranty as to the accuracy of such information. Efforts are underway to better integrate information from third parties. Tl has taken and
continues to take reasonable steps to provide representative and accurate information but may not have conducted destructive testing or chemical analysis on incoming materials and chemicals.
Tl and Tl suppliers consider certain information to be proprietary, and thus CAS numbers and other limited information may not be available for release.

In no event shall TI's liability arising out of such information exceed the total purchase price of the Tl part(s) at issue in this document sold by Tl to Customer on an annual basis.
OTHER QUALIFIED VERSIONS OF SN74HCS594-Q1 :

o Catalog : SN74HCS594

NOTE: Qualified Version Definitions:

o Catalog - TI's standard catalog product
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PACKAGE MATERIALS INFORMATION

I3 TEXAS
INSTRUMENTS
www.ti.com 16-Jun-2023
TAPE AND REEL INFORMATION
REEL DIMENSIONS TAPE DIMENSIONS
4 [¢ KO [« P1L—>
LR ey R g T
o| |e e Bo W
el |
. Diameter ' '
Cavity —>| AO |<—
A0 | Dimension designed to accommodate the component width
B0 | Dimension designed to accommodate the component length
KO | Dimension designed to accommodate the component thickness
A W | Overal width of the carrier tape
i P1 | Pitch between successive cavity centers
[ [ ]
_f Reel Width (W1)
QUADRANT ASSIGNMENTSFOR PIN 1 ORIENTATION IN TAPE
O O O OO0 O 00 Sprocket Holes
| |
T T
St N Il )
H4-—q--4 t--1--1
Q3 1 Q4 Q3 | User Direction of Feed
[ & A |
T T
N
Pocket Quadrants
*All dimensions are nominal
Device Package |Package|Pins| SPQ Reel Reel A0 BO KO P1 w Pinl
Type |Drawing Diameter| Width | (mm) | (mm) | (mm) [ (mm) [ (mm) |Quadrant
(mm) |W1(mm)
SN74HCS5940QBQBRQ1 | WQFN BQB 16 3000 180.0 12.4 2.8 3.8 1.2 4.0 12.0 Q1
SN74HCS594QDRQ1 SOIC D 16 2500 330.0 16.4 6.5 103 | 21 8.0 16.0 Q1
SN74HCS5940QDYYRQ1 | SOT-23- DYY 16 3000 330.0 12.4 4.8 3.6 1.6 8.0 12.0 Q3
THIN
SN74HCS594QPWRQ1 | TSSOP PW 16 2000 330.0 12.4 6.9 5.6 1.6 8.0 12.0 Q1
SN74HCS594QWBQBRQ1Y WQFN BQB 16 3000 180.0 12.4 2.8 3.8 1.2 4.0 12.0 Q1
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PACKAGE MATERIALS INFORMATION

I} TEXAS
INSTRUMENTS
www.ti.com 16-Jun-2023
TAPE AND REEL BOX DIMENSIONS
*All dimensions are nominal
Device Package Type |Package Drawing| Pins SPQ Length (mm) | Width (mm) | Height (mm)
SN74HCS594QBQBRQ1 WQFN BOB 16 3000 210.0 185.0 35.0
SN74HCS594QDRQ1 SoIC D 16 2500 356.0 356.0 35.0
SN74HCS594QDYYRQ1 SOT-23-THIN DYY 16 3000 336.6 336.6 31.8
SN74HCS594QPWRQ1 TSSOP PW 16 2000 356.0 356.0 35.0
SN74HCS594QWBQBRQ1 WQFN BOB 16 3000 210.0 185.0 35.0
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PACKAGE OUTLINE
DYY0016A SOT-23-THIN - 1.1 mm max height
PLASTIC SMALL OUTLINE

3.36
3.16
PIN 1 INDEX
AREA
| / 14X(0.5
JE ==
——
]
43 [ ] ox
4.1
NOTE3 [ | ] @
]
[ ] ] L
8[| ="+
TE 0.31 |
16X 0.11
E 21 "$"01®‘C‘A©‘B©‘ 1.1 MAX
1.9

/// f\\\ \ 0.2, TYP
“\ J\ ] JE[0.0S
\\\“//\\ SEE DETAIL A !

0.25 3
GAUGE PLANE

0°- 8° %

!
Lo
0.0

DETAIL A
TYP

4224642/B 07/2021

NOTES:

1. Alllinear dimensions are in millimeters. Any dimensions in parenthesis are for reference only. Dimensioning and tolerancing
per ASME Y14.5M.

2. This drawing is subject to change without notice.

3. This dimension does not include mold flash, protrusions, or gate burrs. Mold flash, protrusions, or gate burrs shall not exceed
0.15 per side.

4. This dimension does not include interlead flash. Interlead flash shall not exceed 0.50 per side.

5. Reference JEDEC Registration MO-345, Variation AA
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EXAMPLE BOARD LAYOUT
DYY0016A SOT-23-THIN - 1.1 mm max height
PLASTIC SMALL OUTLINE

16X (1.05) —1

% ;
1

N
]

- L

16X (0.3) J

14X (0.5)

1900
19080000

- 78 I R 9
(R0.05) TYP 3)
LAND PATTERN EXAMPLE
EXPOSED METAL SHOWN
SCALE: 20X
SOLDER MASK METAL UNDER

(
\

OPENING SOLDER MASK SOLDER MASK
__— METAL / OPENING
)
J

l

NON- SOLDER MASK SOLDER MASK
DEFINED DEFINED
(PREFERRED)

SOLDER MASK DETAILS

4224642/B 07/2021

NOTES: (continued)

6. Publication IPC-7351 may have alternate designs.
7. Solder mask tolerances between and around signal pads can vary based on board fabrication site.
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INSTRUMENTS

www.ti.com


AutoCAD SHX Text
 

AutoCAD SHX Text
 


EXAMPLE STENCIL DESIGN
DYY0016A SOT-23-THIN - 1.1 mm max height
PLASTIC SMALL OUTLINE

16X (1.05)

N
[o)]

N
D .
— L

T

16X (0.3) J

(R0.05) TYP

hijaik ik

©

SOLDER PASTE EXAMPLE
BASED ON 0.125 mm THICK STENCIL
SCALE: 20X

4224642/B 07/2021

NOTES: (continued)
8. Laser cutting apertures with trapezoidal walls and rounded corners may offer better paste release. IPC-7525 may have alternate
design recommendations.
9. Board assembly site may have different recommendations for stencil design.
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MECHANICAL DATA

D (R—PDSO—-G16) PLASTIC SMALL QUTLINE

0.394 (10,00)

0.386 (9,80)
PN
16 9
0.244 (6,20)
0.228 (5,80)
< - - - 0.157 (4,00)
\ 0.150 (3,80) AN

L LR ,

Pin 1

Index Area 0.050 (1,27) OOZO (©, 51;
\@\o.o (0,25 @]
/ \
[ \ \
\
v 0 % J\ /k
— 0.069 (1,75) Max 0. 004
0.010 (0,25) // .
0.005 (0,15)1 , \
A
\ t \ //\ | []0.004 (0,10)
Gauge Plane - == !
%D . x Seating Plane
0.010 (0,25) 0-8" N L7
~4
0.050 (1,27)
0.016 (0,40)
4040047-6/M 06 /11
NOTES:  A. Al linear dimensions are in inches (millimeters).
B. This drawing is subject to change without notice.
@ Body length does not include mold flash, protrusions, or gate burrs. Mold flash, protrusions, or gate burrs shall
not exceed 0.006 (0,15) each side.
@ Body width does not include interlead flash. Interlead flash shall not exceed 0.017 (0,43) each side.
E. Reference JEDEC MS—012 variation AC.
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PACKAGE OUTLINE

PWOO16A TSSOP - 1.2 mm max height
SMALL OUTLINE PACKAGE
6.6
6.2 TYP
PIN 1 INDEX AREA 14X
1] e
— S e
— —
2X
51 —/ 1
4.9
—] —
—] —
o
Y — =
9 t
._J-i 45 16X 030

4.3 y
@ To10 [c[ATe]

\\.

\ / ]
~~&.«/\ (0.15) TYPjr
SEE DETAIL A

GAGE PLANE

P

DETAIL A
TYPICAL

4220204/A 02/2017

NOTES:

1. All linear dimensions are in millimeters. Any dimensions in parenthesis are for reference only. Dimensioning and tolerancing
per ASME Y14.5M.

. This drawing is subject to change without notice.

. This dimension does not include mold flash, protrusions, or gate burrs. Mold flash, protrusions, or gate burrs shall not
exceed 0.15 mm per side.

. This dimension does not include interlead flash. Interlead flash shall not exceed 0.25 mm per side.

. Reference JEDEC registration MO-153.

(G20 w N
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PWOO0O16A

EXAMPLE BOARD LAYOUT
TSSOP - 1.2 mm max height

SMALL OUTLINE PACKAGE

:

7 1

16X (1.5)
|
{ [
|

16X (0.45)

(R0.05) TYP

e
.
-

SYMM

-
St
S

LAND PATTERN EXAMPLE
EXPOSED METAL SHOWN
SCALE: 10X

SOLDER MASK
OPENHVGAA\\\ METAL
EXPOSED METAL

*H‘* 0.05 MAX

ALL AROUND

NON-SOLDER MASK
DEFINED
(PREFERRED)

METAL UNDER
SOLDER MASK

SOLDER MASK
fOPENING
ffffffffffff N

I
"~ EXPOSED METAL
0.05 MIN
ALL AROUND

SOLDER MASK
DEFINED

SOLDER MASK DETAILS

4220204/A 02/2017

NOTES: (continued)

6. Publication IPC-7351 may have alternate designs.

7. Solder mask tolerances between and around signal pads can vary based on board fabrication site.
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EXAMPLE STENCIL DESIGN

PWOO16A TSSOP - 1.2 mm max height
SMALL OUTLINE PACKAGE

16X (0.45) |

16X (1.5) SYMM
|1 | ¢ (RO.05) TYP
— | e
|
|

SOLDER PASTE EXAMPLE
BASED ON 0.125 mm THICK STENCIL
SCALE: 10X

4220204/A 02/2017

NOTES: (continued)
8. Laser cutting apertures with trapezoidal walls and rounded corners may offer better paste release. IPC-7525 may have alternate

design recommendations.
9. Board assembly site may have different recommendations for stencil design.
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GENERIC PACKAGE VIEW
BQOB 16 WQFN - 0.8 mm max height

2.5x 3.5, 0.5 mm pitch PLASTIC QUAD FLATPACK - NO LEAD

This image is a representation of the package family, actual package may vary.
Refer to the product data sheet for package details.

4226161/A

INSTRUMENTS
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PACKAGE OUTLINE

BOBO016A WQFN - 0.8 mm max height
PLASTIC QUAD FLAT PACK-NO LEAD

B 43—

ww
O

PIN 1 INDEX AREA /

PIN 11D

0.8
Ty o
|
- 11
8'8(5) 0.9
' 2X 0.5 (0.2) TYP
| gl=
10X 0.5 ‘ ‘
e T G
= | | | C
x| | Clowm,
25 19
D i -
> S| g |
E—
= L
I I
] 16533
(OPTIONAL) SYMM L16X8:g 01®[C|A[B
¢ & 0.05|C

4224640/A 11/2018

NOTES:

1. All linear dimensions are in millimeters. Any dimensions in parenthesis are for reference only. Dimensioning and tolerancing
per ASME Y14.5M.

2. This drawing is subject to change without notice.

3. The package thermal pad must be soldered to the printed circuit board for optimal thermal and mechanical performance.
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EXAMPLE BOARD LAYOUT

BOBO016A WQFN - 0.8 mm max height
PLASTIC QUAD FLAT PACK-NO LEAD

|

|

|

|

|
10X (05) 4

.
1 0
| _=18X(0.24)
(20.2) VIA !
TYP 5 | 16X (0.6)
SYMM
(R0.05) TYP ¢
LAND PATTERN EXAMPLE
EXPOSED METAL SHOWN
SCALE: 20X
0.07 MAX 0.07 MIN METAL UNDER
ALL AROUND ﬂ f* ALL AROUND 1 j:/ SOLDER MASK
METAL .l

(
|
|| [T EXPOSED METAL
\

EXPOSED METAL / \ SOLDER MASK ‘”\ SOLDER MASK

OPENING OPENING

NON-SOLDER MASK
DEFINED SOLDER MASK

(PREFERRED) DEFINED

4224640/A 11/2018

NOTES: (continued)

4. This package is designed to be soldered to a thermal pad on the board. For more information, see Texas Instruments literature
number SLUA271 (www.ti.com/lit/slua271).

5. Vias are optional depending on application, refer to device data sheet. If any vias are implemented, refer to their locations shown
on this view. It is recommended that vias under paste be filled, plugged or tented.
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EXAMPLE STENCIL DESIGN

BOBO016A WQFN - 0.8 mm max height
PLASTIC QUAD FLAT PACK-NO LEAD

|

|
1009 Cb
3
an

| 1
[ A l 0
| T
‘ Lo —16X(0.24) y
EXPOSED METAL T

(R0.05) TYP ¢

SOLDER PASTE EXAMPLE
BASED ON 0.125 mm THICK STENCIL

EXPOSED PAD

85% PRINTED COVERAGE BY AREA
SCALE: 20X

4224640/A 11/2018

NOTES: (continued)

6. Laser cutting apertures with trapezoidal walls and rounded corners may offer better paste release. IPC-7525 may have alternate
design recommendations.
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PACKAGE OUTLINE

BOB0016B WQFN - 0.8 mm max height
INDSTNAME

B4 38—

PIN 1 INDEX AREA /

ww
ro

% o

J K
(0.13) .

SECTION A-A
TYPICAL
f
0.8 MAX
{1 -t
i AR SEATING PLANE
0.05
0.00
- 11
0.9
2X[0.5]
s - (0.2) TYP
e T
: (0.16)
‘ @ SY(S/IM )
|
7 ,4,7@% 2.1 D
1.9
D
0.3 )

IAIARA
y

0.1M|C|A|B
154( A4 0.05@[C
PIN 11D

16

4226135/A 08/2020

NOTES:

1. Alllinear dimensions are in millimeters. Any dimensions in parenthesis are for reference only. Dimensioning and tolerancing
per ASME Y14.5M.

2. This drawing is subject to change without notice.

3. The package thermal pad must be soldered to the printed circuit board for optimal thermal and mechanical performance.
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BOB0016B

EXAMPLE BOARD LAYOUT

WQFN - 0.8 mm max height

INDSTNAME

| -
|
|
16X (0.6) m
16X (0.25)
L@
I
10X (0.5) S
SYMM Cb

/Cb
(R0.05) TYP

(@ 0.2) VIA
TYP

LAND PATTERN EXAMPLE

EXPOSED METAL SHOWN
SCALE: 20X

4226135/A 08/2020

NOTES: (continued)

4. This package is designed to be soldered to a thermal pad on the board. For more information, see Texas Instruments literature

number SLUA271 (www.ti.com/lit/slua271).

5. Vias are optional depending on application, refer to device data sheet. If any vias are implemented, refer to their locations shown
on this view. It is recommended that vias under paste be filled, plugged or tented.
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EXAMPLE STENCIL DESIGN
BOB0016B WQFN - 0.8 mm max height

INDSTNAME

16X (0.6) —

16X (0.25)
F

METAL TYP

SOLDER PASTE EXAMPLE
BASED ON 0.125 mm THICK STENCIL

EXPOSED PAD
85% PRINTED COVERAGE BY AREA
SCALE: 20X

4226135/A 08/2020

NOTES: (continued)

6. Laser cutting apertures with trapezoidal walls and rounded corners may offer better paste release. IPC-7525 may have alternate
design recommendations.
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