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4 Pin Configuration and Functions
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K 4-1. DBQ, DB, PW, DGV Package, 16-Pin, Top View

% 4-1. Pin Functions

PIN
SIE o DESCRIPTION
A0 1 Address input. Connect directly to V¢ or ground
A1 2 Address input. Connect directly to V¢ or ground.
GND 8 Ground
INT 13 Interrupt output. Connect to V¢ through a pullup resistor
PO 4 P-port input-output. Push-pull design structure
P1 5 P-port input-output. Push-pull design structure
P2 6 P-port input-output. Push-pull design structure
P3 7 P-port input-output. Push-pull design structure
P4 9 P-port input-output. Push-pull design structure
P5 10 P-port input-output. Push-pull design structure
P6 11 P-port input-output. Push-pull design structure
P7 12 P-port input-output. Push-pull design structure
RESET 3 Active-low reset input. Connect to V¢ through a pullup resistor if no active connection is
used
SCL 14 Serial clock bus. Connect to V¢ through a pullup resistor
SDA 15 Serial data bus. Connect to V¢ through a pullup resistor
Vee 16 Supply voltage

Copyright © 2021 Texas Instruments Incorporated
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5 Specifications

5.1 Absolute Maximum Ratings

over operating free-air temperature range (unless otherwise noted) ()

MIN MAX UNIT
Vee Supply voltage -05 6 \%
V| Input voltage(@) -05 6 \Y
Vo Output voltage® -05 6 \Y
lik Input clamp current V<0 -20 mA
lok Output clamp current Vo <0 -20 mA
liok Input/output clamp current Vo <0orVg>Vce +20 mA
loL Continuous output low current Vo =0to Vce 50 mA
lon Continuous output high current Vo =0to Vce -50 mA
e Continuous current through GND - 250 mA
Continuous current through Ve 160
Tstg Storage temperature -65 150 °C

M

)

Stresses beyond those listed under Absolute Maximum Ratings may cause permanent damage to the device. These are stress ratings
only, which do not imply functional operation of the device at these or any other conditions beyond those indicated under
Recommended Operating Conditions. Exposure to absolute-maximum-rated conditions for extended periods may affect device

reliability.

The input negative-voltage and output voltage ratings may be exceeded if the input and output current ratings are observed.

5.2 ESD Ratings

MIN MAX| UNIT
Human body model (HBM), per ANSI/ESDA/JEDEC JS-001, all 0 2000
pins(!)
Vesp) |Electrostatic discharge - — V
Charged device model (CDM), per JEDEC specification 0 1000
JESD22-C101, all pins@

(1)
@)

JEDEC document JEP155 states that 500-V HBM allows safe manufacturing with a standard ESD control process.
JEDEC document JEP157 states that 250-V CDM allows safe manufacturing with a standard ESD control process.

5.3 Recommended Operating Conditions

over operating free-air temperature range (unless otherwise noted)

Product Folder Links: PCA9538

MIN MAX UNIT
Vee Supply voltage 2.3 5.5 \%
SCL, SDA 0.7 x Vee Vee
Vin High-level input voltage \
A0, A1, RESET, P7 - PO 0.7 x Vee 55
SCL, SDA -0.5 0.3 x Vee
Vi Low-level input voltage \
A0, A1, RESET, P7 - PO -0.5 0.3 x Vee
lon High-level output current P7 - PO -10 mA
loL Low-level output current P7 - PO 25 mA
Ta Operating free-air temperature -40 85 °C
4 Submit Document Feedback Copyright © 2021 Texas Instruments Incorporated
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5.4 Thermal Information

PCA9538
DB DBQ DGV DW PW
(1)
[LERMEUIMEIRIC (SSOP) (SSOP) (TVSOP) (soic) (TSSOP) T
16 PINS 16 PINS 16 PINS 16 PINS 16 PINS
Roya Junction-to-ambient thermal resistance 113.2 90 86 46 122 °C/W

(1)

report.

5.5 Electrical Characteristics

over operating free-air temperature range (unless otherwise noted)

For more information about traditional and new thermal metrics, see the Semiconductor and IC package thermal metrics application

PARAMETER TEST CONDITIONS Vce MIN TYP() MAX| UNIT
Vik Input diode clamp voltage = -18 mA 23Vtob55V -1.2 \%
Vporr Power-on reset voltage, V¢ rising |V, = Ve or GND, 1o =0 1.2 1.5 \%
Vpore Power-on reset voltage, Vg7 falling |V, = Vgc or GND, 1o =0 0.75 1 \%
2.3V 1.8
| 8 mA 3V 2.6
=-8m
oH 45V 4.1
V, P-port high-level output voltage®® 475V il v
-port high-level output voltage
OH p 9 p g 23V 17
| 10 mA 3V 25
=-10m
oH 45V 4
475V 4
SDA VoL=04V 23Vto55V 3 8
23V 8 10
3V 8 14
Vo|_ =05V
45V 8 17
| B oort®) 475V 8 35 A
0 m
ot P 23V 10 13
3V 10 19
VoL=0.7V
45V 10 24
475V 10 45
INT VoL=04V 23Vto55V 3 7
SCL, SDA +1
f V| = V¢ or GND 23Vtob55V nA
A0, A1, RESET ¥ +1
IIH P port V| =VCC 23Vto55V 1 LA
I P port V| = GND 23Vto55V -1 nA
55V 104 175
V| =Vgcor GND, lo =0,
I/0 = inputs, fsg = 400 kHz, no load 36V 50 90
27V 20 65
Operating mode
55V 60 150
V| = VCC or GND, |o =0,
lec /O = inputs, foq = 100 kHz, no load 36V 15 40) wA
27V 8 20
55V 1.9 3.5
V| =V¢cor GND, lo= 0,
Standby mode I/0 = inputs, fsg = 0 kHz, no load 36V 11 18
27V 1 1.6

Copyright © 2021 Texas Instruments Incorporated
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5.5 Electrical Characteristics (continued)

over operating free-air temperature range (unless otherwise noted)

PARAMETER TEST CONDITIONS Vee MIN TYP() MAX| UNIT
OneinputatVge - 0.6V,
. . Other inputs at Vcc or GND 23V1055V 15
Algc  Additional current in standby mode mA
AIILED I/Os atV,=4.3V, 55V 4
fo = 0 kHz :
Ci SCL V| = Ve or GND 23Vto55V 4 5| pF
C SDA Vip =V, GND 23Vt055V 55 6% F
i = or . 0 5.
° [P port 0= e & 95 "

(1)  All typical values are at nominal supply voltage (2.5-, 3.3-, or 5-V V¢) and Tp = 25°C.

(2) The total current sourced by all I/Os must be limited to 85 mA.

(3) Each I/0O must be externally limited to a maximum of 25 mA, and the P port (P7 - PO) must be limited to a maximum current of 200 mA.
(4) RESET = V¢ (held high) when all other input voltages, V|, = GND.

6 Submit Document Feedback Copyright © 2021 Texas Instruments Incorporated
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5.6 I2C Interface Timing Requirements
over operating free-air temperature range (unless otherwise noted) (see &l 6-1)

MIN MAX| UNIT
STANDARD MODE
fsal I2C clock frequency 100| kHz
tsch I2C clock high time 4 us
tsal I2C clock low time 4.7 us
tsp I2C spike time 50 ns
tsds I2C serial-data setup time 250 ns
tsdh I2C serial-data hold time 0 ns
ticr I2C input rise time 1000 ns
tict I2C input fall time 300 ns
tocf I2C output fall time 10-pF to 400-pF bus 300 ns
touf I2C bus free time between Stop and Start 4.7 us
tsts I2C Start or repeated Start condition setup 4.7 s
tsth I2C Start or repeated Start condition hold 4 us
tsps I2C Stop condition setup 4 us
tvd(data) Valid data time SCL low to SDA output valid 300 ns
t@o  Valid data time of ACK condition Aok (Sc"%rt‘)""l'sx’m SCLlowto 0.3 345 s
Cp I2C bus capacitive load 400 ns
FAST MODE
fsal I2C clock frequency 0 400| kHz
tsch I2C clock high time 0.6 us
tsal I2C clock low time 1.3 us
tsp I2C spike time 50 ns
tsds I2C serial-data setup time 100 ns
tsan I2C serial-data hold time 0 ns
ticr I2C input rise time 20+ 0'1C(:1b) 300 ns
tiog 12C input fall time 20+01Cy 300| ns
tocf I2C output fall time 10-pF to 400-pF bus 20+ 0'1%’) 300 ns
touf I2C bus free time between Stop and Start 1.3 us
tsts I2C Start or repeated Start condition setup 0.6 us
tstn I2C Start or repeated Start condition hold 0.6 us
tsps I2C Stop condition setup 0.6 us
tvd(data) Valid data time SCL low to SDA output valid 50 ns
fig@aog  Valid data time of ACK condition gg/f ?(')%rt‘)al'xm SCLlowto 0.1 09| s
Cp I2C bus capacitive load 400 ns

(1) Cy = Total capacitance of one bus in pF

Copyright © 2021 Texas Instruments Incorporated
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5.7 RESET Timing Requirements

over operating free-air temperature range (unless otherwise noted)

PARAMETER MIN MAX UNIT
STANDARD MODE and FAST MODE
tw Reset pulse duration 4 ns
trRec Reset recovery time 0 ns
tRESET Time to reset 400 ns

5.8 Switching Characteristics

over operating free-air temperature range (unless otherwise noted) (see & 6-2 and ¥ 6-3)

PARAMETER (IFN'T,%“."I.) (ouTrgUT) MIN MAX| UNIT

STANDARD MODE and FAST MODE

tiy Interrupt valid time P port INT 4 us
tir Interrupt reset delay time SCL INT 4 s
tov Output data valid SCL P7 - PO 200 ns
tos Input data setup time P port SCL 100 ns
ton Input data hold time P port SCL 1 us

8 Submit Document Feedback Copyright © 2021 Texas Instruments Incorporated
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5.9 Typical Characteristics

Ta = 25°C (unless otherwise noted)

22
1.8V
20 — 25V
18 — 33V
3 16 — 5V
g 14
3 12
2 10
3
3 8
o 6
S
4
2
0
-40 -15 10 35 60 85

Ta - Free-Air Temperature (°C)
fscL = 400 kHz 1/0s = High or Low
Inputs
& 5-1. Supply Current (Icc, Operating Mode) vs Temperature
(Ta) at Four Supply Voltages
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60 85
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Inputs

& 5-2. Supply Current (ICC, Standby Mode) vs Temperature (Ta)
at Four Supply Voltages
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& 5-3. Supply Current (Icc, Operating Mode) vs Supply Voltage
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& 5-4. Output Low Voltage (Vo) vs Temperature (T,) for P-Port
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A 5-5. Sink Current (Ig,) vs Output Low Voltage (Vg ) for P-
Ports at Four Supply Voltages
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5.9 Typical Characteristics (continued)

Ta = 25°C (unless otherwise noted)
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— 33V
— 5V
50
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A 5-7. Source Current (Ioy) vs Output High Voltage (Voy) for P-
Ports at Four Supply Voltages
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6 Parameter Measurement Information

RL=1kQ

SDA
DUT

C.=50pF

J; (see Note A)

SDA LOAD CONFIGURATION

Three Bytes for Complete
Device Programming

v

[
¢
|
|

Stop Start Address RW Data Data Stop
Condition Condition Bit 7 Acécfress oo AdBd,'eSS Bit 0 A(%( Bit 7 XX Bit 0 Condition
) (S) (MSB) it6 it 1 (LSB) (MSB) (LSB) )

tsal ;‘_NI :4—’: tsch

SCL

SDA !

o L
/ A 0.7 x Vee
|
[ t —t V4 —N\___~ 0.3 x Vcc
fict _’: :4—:—’: :1— tier :
! |

tstn H o> — fsps
Start or RepeatJ
Repeat Start Stop
Start Condition Condition
Condition
VOLTAGE WAVEFORMS

A. C_includes probe and jig capacitance.
B. Allinputs are supplied by generators having the following characteristics: PRR < 10 MHz, Z5 =50 Q, t/ti < 30 ns.
C. All parameters and waveforms are not applicable to all devices.

& 6-1. I2C Interface Load Circuit and Voltage Waveforms

Copyright © 2021 Texas Instruments Incorporated Submit Document Feedback 11
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RL =47 kW

DUT

CL =100 pF

I (see Note A)

INTERRUPT LOAD CONFIGURATION

ACK
From Slave
Start . ACK
Condition __ 8 Bits From Slave
RIW (One Data Byte)
Slave Address From Port Data From Port
--- | L
|S|1|1|1|0|0|A1|A0|1|A| | | Data 1 | | |A| | | Data 2 | | |1|P|
- - - L L L

Into '\ % / Address
Port - -

_’l'ﬂ_tir

[

— |

NT \ |
/ | \ | T

N vA |

( | tiv |

| A A |

Data \ | / |

|

|

|

I
|
X Data 1 | Data 2
i
I

o —— 07 xV
INT SCL cc
——— 03 x V¢
. — — — — 0.7 xV¢¢
Pn INT
— — — 03 xV¢
View A-A View B-B

A. C_ includes probe and jig capacitance.
All inputs are supplied by generators having the following characteristics: PRR < 10 MHz, Zg = 50 Q, t/ty < 30 ns.
C. All parameters and waveforms are not applicable to all devices.

w

A 6-2. Interrupt Load Circuit and Voltage Waveforms

12 Submit Document Feedback Copyright © 2021 Texas Instruments Incorporated
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Pn 500 Q
DUT ’ ’\/\/\/_. 2 x Vee
l CL =50 pF
: : (see Note A) 5000

P-PORT LOAD CONFIGURATION

SCL

Slave

———-0.3xVee

NN

tov
| | (see Note B)

(|
|
|
|
|
| ACK
|
|
|
|
|
|

Unstable Data Last Stable Bit

WRITE MODE (R/W = 0)

SCL

READ MODE (R/W = 1)

C, includes probe and jig capacitance.

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

Co® >

All parameters and waveforms are not applicable to all devices.

All inputs are supplied by generators having the following characteristics: PRR < 10 MHz, Zg = 50 Q, t/ty < 30 ns.

Bl 6-3. P-Port Load Circuit and Voltage Waveforms
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VCC
R, =1kw
SDA
DUT
C. =50 pF

I (see Note A)

SDA LOAD CONFIGURATION

Start

SCL \ , \

500 Q
DUT

® 2 xVce

ee Note A) 5000

Pn
l CL=50pF
P-PORT LOAD CONFIGURATION

/_\ / ACK or Read Cycle
C

)
_______ 7(—————————4I/——- 0.3 xVce

Px
(see Note D)

| ) |
| |&——»— tReSET
C |
| )
RESET e l - | T T T Vel 2
N_’l_ trec | |
> t,
¢ |
) |
| 7 Vec!/2
5 —
l——P teeser

C, includes probe and jig capacitance.

1/Os are configured as inputs.

moow»

All inputs are supplied by generators having the following characteristics: PRR < 10 MHz, Zg = 50 Q, t/t < 30 ns.
The outputs are measured one at a time, with one transition per measurement.

All parameters and waveforms are not applicable to all devices.

& 6-4. Reset Load Circuits and Voltage Waveforms

14 Submit Document Feedback

Copyright © 2021 Texas Instruments Incorporated

Product Folder Links: PCA9538



13 TEXAS
INSTRUMENTS

www.ti.com.cn

PCA9538

ZHCSNJOG - SEPTEMBER 2006 - REVISED MARCH 2021

7 Detailed Description

7.1 Functional Block Diagram

J— 13
INT -« Interrupt Logic LP Filter |«
1
A0
2
A1l
y A
14
set | mput Fi 12C B [ /\—I\
SDA <« 15, | InputFilter C Bus Control| Shift Register \]@V /O Port
A
A A A
Write Pulse
R 3
RESET
16 Power-On Read Pulse
Vee Reset
GND —L[I

7

PO

Pin numbers shown are for the DB, DBQ, DGV, DW, or PW package.

& 7-1. Functional Block Diagram

Data From
h ) Output Port
Shift Register Configuration Register Data
Register
Data From 9 E il Vee
Shift Register b Q L
FF
Write Configuration e D Q _[)D
Pulse FF
Write Pulse ca . [JrotoP7
HE @2 ESD Protection
Output Port Diode
Register Input Port GND
Register
D Q \) Input Port
FF 1 Register Data
Read Pulse cka \ o
- )D To INT
Data From Shift D al-le Pola_rity
Register FE Register Data
Write Polarity cQa
Pulse
Polarity Inversion
Register

At power-on reset, all registers return to default values.

K 7-2. Simplified Schematic Of PO To P7
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7.2 Device Functional Modes
7.2.1 RESET Input

The RESET input can be asserted to reset the system while keeping the V¢ at its operating level. A reset can
be accomplished by holding the RESET pin low for a minimum of t. The PCA9538 registers and 12C/SMBus
state machine are changed to their default states once RESET is low (0). Once RESET is high (1), the I/O levels
at the P port can be changed externally or through the master. This input requires a pullup resistor to V¢ if no
active connection is used.

7.2.1.1 RESET Errata

If RESET voltage set higher than VCC, current flows from RESET pin to VCC pin.
System Impact

VCC is pulled above its regular voltage level.

System Workaround

Design such that RESET voltage is same or lower than VCC.

7.2.2 Power-On Reset

When power (from 0 V) is applied to V¢, an internal power-on reset holds the PCA9538 in a reset condition until
V¢ has reached Vpog. At that point, the reset condition is released and the PCA9538 registers and 12C/SMBus
state machine initialize to their default states. After that, V¢ must be lowered to below 0.2 V and then back up to
the operating voltage for a power-reset cycle.

7.2.31/0 Port

When an /O is configured as an input, FETs Q1 and Q2 (in Simplified Schematic Of PO To P7) are off, creating a
high-impedance input. The input voltage may be raised above V¢ to a maximum of 5.5 V.

If the 1/0O is configured as an output, Q1 or Q2 is enabled depending on the state of the output port register. In
this case, there are low impedance paths between the 1/O pin and either Voc or GND. The external voltage
applied to this 1/O pin must not exceed the recommended levels for proper operation.
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7.2.4 Interrupt Output ( INT)

An interrupt is generated by any rising or falling edge of the port inputs in the input mode. After time, t;,, the
signal INT is valid. Resetting the interrupt circuit is achieved when data on the port is changed to the original
setting, data is read from the port that generated the interrupt. Resetting occurs in the read mode at the
acknowledge (ACK) or not acknowledge (NACK) bit after the rising edge of the SCL signal.

Interrupts that occur during the ACK or NACK clock pulse can be lost (or be very short) due to the resetting of
the interrupt during this pulse. Each change of the I/Os after resetting is detected and is transmitted as INT.
Writing to another device does not affect the interrupt circuit, and a pin configured as an output cannot cause an
interrupt. Changing an I/O from an output to an input may cause a false interrupt to occur, if the state of the pin
does not match the contents of the Input Port register. Because each 8-pin port is read independently, the
interrupt caused by port 0 is not cleared by a read of port 1 or vice versa.

The INT output has an open-drain structure and requires pullup resistor to Vc.
7.2.4.1 Interrupt Errata

The INT will be improperly de-asserted if the following two conditions occur:
1. The last I2C command byte (register pointer) written to the device was 00h.

Note

This generally means the last operation with the device was a Read of the input register. However,
the command byte may have been written with 00h without ever going on to read the input
register. After reading from the device, if no other command byte written, it remains 00h.

2. Any other slave device on the I?C bus acknowledges an address byte with the R/W bit set high

System Impact
Can cause improper interrupt handling as the Master sees the interrupt as being cleared.
System Workaround

Minor software change: User must change command byte to something besides 00h after a Read operation to
the PCA9538 device or before reading from another slave device.

Note

Software change are compatible with other versions (competition and Tl redesigns) of this device.

7.3 Programming
7.3.1 I2C Interface

The bidirectional 1°C bus consists of the serial clock (SCL) and serial data (SDA) lines. Both lines must be
connected to a positive supply through a pull-up resistor when connected to the output stages of a device. Data
transfer may be initiated only when the bus is not busy.

I2C communication with this device is initiated by a master sending a Start condition, a high-to-low transition on
the SDA input/output while the SCL input is high (see ¥ 7-3). After the Start condition, the device address byte
is sent, most significant bit (MSB) first, including the data direction bit (R/ W).

After receiving the valid address byte, this device responds with an acknowledge (ACK), a low on the SDA input/
output during the high of the ACK-related clock pulse. The address inputs (A0 - A1) of the slave device must not
be changed between the Start and the Stop conditions.

On the I12C bus, only one data bit is transferred during each clock pulse. The data on the SDA line must remain
stable during the high pulse of the clock period, as changes in the data line at this time are interpreted as control

commands (Start or Stop) (see ¥ 7-4).

A Stop condition, a low-to-high transition on the SDA input/output while the SCL input is high, is sent by the
master (see [ 7-3).
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Any number of data bytes can be transferred from the transmitter to receiver between the Start and the Stop
conditions. Each byte of eight bits is followed by one ACK bit. The transmitter must release the SDA line before
the receiver can send an ACK bit. The device that acknowledges must pull down the SDA line during the ACK
clock pulse so that the SDA line is stable low during the high pulse of the ACK-related clock period (see & 7-5).
When a slave receiver is addressed, it must generate an ACK after each byte is received. Similarly, the master
must generate an ACK after each byte that it receives from the slave transmitter. Setup and hold times must be
met to ensure proper operation.

A master receiver signals an end of data to the slave transmitter by not generating an acknowledge (NACK) after
the last byte has been clocked out of the slave. This is done by the master receiver by holding the SDA line high.
In this event, the transmitter must release the data line to enable the master to generate a Stop condition.

LS_|I LP_lI

Start Condition Stop Condition

SCL

K 7-3. Definition Of Start And Stop Conditions

SDA /

\

Data Line Change
Stable; Of Data
Data Valid Allowed

K] 7-4. Bit Transfer

[ X X X/

Data Output
By Transmitter

|

|

|

|

| NACK:

| _ N\
: //
:
|
|
|
|

Data Output
By Receiver

_________71_

SCL From
Master
1 2 8 9

I
I
| S

| Clock Pulse for
] Acknowledgment

Start
Condition
&l 7-5. Acknowledgment On I12C Bus
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7.4 Register Maps
#* 7-1 shows the address byte of the PCA9538.

2 7-1. Interface Definition Table

BIT
BYTE
7 (MSB) 6 5 4 3 2 1 0 (LSB)
I2C slave address H A1 A0 R/I'W
Px 1/0O data bus P7 P6 P5 P4 P3 P2 P1 PO
7.4.1 Device Address
K 7-6 shows the address byte of the PCA9538.
Slave Address
1 1 1 0 0 A1l A0 R/W
Fixed Hardware
Selectable

%] 7-6. PCA9538 Address
% 7-2 shows the PCA9538 address reference.
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7 7-2. Address Reference Table

INPUTS
I2C BUS SLAVE ADDRESS
A1 A0
L L 112 (decimal), 70 (hexadecimal)
L H 113 (decimal), 71 (hexadecimal)
H L 114 (decimal), 72 (hexadecimal)
H H 115 (decimal), 73 (hexadecimal)

The last bit of the slave address defines the operation (read or write) to be performed. When it is high (1), a read
is selected while a low (0) selects a write operation.

7.4.2 Control Register And Command Byte

Following the successful Acknowledgment of the address byte, the bus master sends a command byte that is
stored in the control register in the PCA9538 (see & 7-7). Two bits of this command byte state the operation
(read or write) and the internal register (input, output, polarity inversion or configuration) that are affected. This
register can be written or read through the I2C bus. The command byte is sent only during a write transmission.

Once a command byte has been sent, the register that was addressed continues to be accessed by reads until a
new command byte has been sent.

7-7 shows the PCA9538 control register bits and 3 7-3 shows the command byte.

0 0 0 0 0 0 B1 BO
& 7-7. Control Register Bits
% 7-3. Command Byte Table
CONTROL REGISTER BITS
O REGISTER PROTOCOL POWER-UP DEFAULT

B1 B0 (HEX)
0 0 0x00 Input Port Read byte XXXX XXXX
0 1 0x01 Output Port Read/write byte 1111 1111
1 0 0x02 Polarity Inversion Read/write byte 0000 0000
1 1 0x03 Configuration Read/write byte 1111 1111
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7.4.3 Register Descriptions

The Input Port register (register 0) reflects the incoming logic levels of the pins, regardless of whether the pin is
defined as an input or an output by the Configuration register. It only acts on read operation. Writes to these
registers have no effect. The default value, X, is determined by the externally applied logic level.

Before a read operation, a write transmission is sent with the command byte to indicate to the I2C device that the
Input Port register is accessed next. See £ 7-4.

% 7-4. Register 0 (Input Port Register) Table
BIT 17 16 15 14 13 12 11 10

DEFAULT X X X X X X X X

The Output Port register (register 1) shows the outgoing logic levels of the pins defined as outputs by the
Configuration register. Bit values in this register have no effect on pins defined as inputs. In turn, reads from this
register reflect the value that is in the flip-flop controlling the output selection, not the actual pin value. See *
7-5.

& 7-5. Register 1 (Output Port Register) Table
BIT o7 06 05 04 03 02 01 00
DEFAULT 1 1 1 1 1 1 1 1

The Polarity Inversion register (register 2) allows polarity inversion of pins defined as inputs by the Configuration
register. If a bit in this register is set (written with 1), the corresponding port pin polarity is inverted. If a bit in this
register is cleared (written with a 0), the corresponding port pin original polarity is retained. See 3 7-6.

R 7-6. Register 2 (Polarity Inversion Register) Table
BIT N7 N6 N5 N4 N3 N2 N1 NO

DEFAULT 0 0 0 0 0 0 0 0

The Configuration register (register 3) configures the directions of the I/O pins. If a bit in this register is set to 1,
the corresponding port pin is enabled as an input with a high-impedance output driver. If a bit in this register is

cleared to 0, the corresponding port pin is enabled as an output. See 3 7-7.

% 7-7. Register 3 (Configuration Register) Table

BIT c7 C6 C5 C4 C3 C2 C1 co
DEFAULT 1 1 1 1 1 1 1 1
Copyright © 2021 Texas Instruments Incorporated Submit Document Feedback 21
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7.4.4 Bus Transactions
Data is exchanged between the master and PCA9538 through write and read commands.
7.4.4.1 Writes

Data is transmitted to the PCA9538 by sending the device address and setting the least-significant bit (LSB) to a
logic 0 (see 7-6 for device address). The command byte is sent after the address and determines which
register receives the data that follows the command byte (see & 7-8 and & 7-9). There is no limitation on the
number of data bytes sent in one write transmission.

ScL 1\ 3\ e\ e\ 7\ s\ Lo '

Slave Address | Command Byte | Data to Register :
| | |
1 l Il
T T T T T T T
soafs|1[1]1]ofofat|nofofalo[o]ofofofofo]1]a] , , ,oar , | [a]e]
T T |
| | |
Start Condition R/W | ACK From Slave | ACK From Slave :ACK From Slave
| | |
Write to | | 7A\
Port | | !
|
| | [
Data Out T T T
From Port ! ! ! |X Data 1 Valid
] ]
| | tpv—b: :4_
& 7-8. Write To Output Port Register
SCL 1\J2\/3\/4\J6\J7\u8 I9 /
Slave Address : Command Byte : Data to Register :
| | |
| T T T T T T T T T
soa [s|t]1[1]ofolarfaofofiafofofofofoforfuofia] | |  oaa | [i]r]
i | I
Start Condition R/W |ACK From Slave |ACK From Slave IACK From Slave
| | |
Data to ! | N
Register ) )
& 7-9. Write To Configuration Or Polarity Inversion Registers
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7.4.4.2 Reads

The bus master first must send the PCA9538 address with the LSB set to a logic 0 (see 7-6 for device
address). The command byte is sent after the address and determines which register is accessed. After a
restart, the device address is sent again but, this time, the LSB is set to a logic 1. Data from the register defined
by the command byte then is sent by the PCA9538 (see & 7-10 and & 7-11). After a restart, the value of the
register defined by the command byte matches the register being accessed when the restart occurred. Data is
clocked into the register on the rising edge of the ACK clock pulse. There is no limitation on the number of data
bytes received in one read transmission, but when the final byte is received, the bus master must not
acknowledge the data.

Slave Address ACSKI ;,r:m ACSKIaler:m Slave Address AC;:,Z)m Data from Register A(;\:nlz:tr;—m
i
Is|1]1]1]ofoa1lado]a] & CommandByte = [a[s[1[1[1]o]o]at]adl1][a] = ° “pata ' ° A/;/
t !
NACK From

Data from Register Master

I RS REETE

Last Byte

B 7-10. Read From Register

SCL 1 W AWSWAAWAWEWLE oo

Slave Address ! Data From Port ! Data From Port :
T T T T T T T T T T T T T T :
son (Sl Lol o afml Al | odv [ L e ]
Start R/W :ACK From :ﬁACK From NACK Fromt ﬁStop
Condition . Slave . Master Master Condition
Read F;,om ‘ I‘\ [‘\ [‘\
ort ! ' ! |
Data;’rgﬁ)t XData 2X Data 3 X Data 4 X 3 Data 5
3 tph$‘ lk tps%‘ ‘% !
INT I N R
tiv —» - t,rgb‘» ‘47

A. This figure assumes the command byte has previously been programmed with 00h.

Transfer of data can be stopped at any moment by a Stop condition.

C. This figure eliminates the command byte transfer, a restart, and slave address call between the initial slave address call and actual data
transfer from the P port. See [¥| 7-10 for these details.

w

Bl 7-11. Read From Input Port Register
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8 Application Information Disclaimer

Note

Information in the following applications sections is not part of the Tl component specification, and TI
does not warrant its accuracy or completeness. Tl’ s customers are responsible for determining
suitability of components for their purposes, as well as validating and testing their design
implementation to confirm system functionality.

8.1 Application Information Disclaimer

Note

Information in the following applications sections is not part of the TI component specification, and Tl
does not warrant its accuracy or completeness. Tl’ s customers are responsible for determining
suitability of components for their purposes, as well as validating and testing their design
implementation to confirm system functionality.

8.2 Typical Application
8-1 shows an application in which the PCA9538 can be used.

Vee »
5V) |
v 10 KOS 10 kKQS10 KQZ 10 KQ 2kQ 100kQ
ce (x3) Subsystem 1

Vee (e.g., temperature
SCL - >|SCL PO " sensor)
Master SDA|« » SDA P1le : NT
Controller  TNT |« p2
RESET > P3 |—> RESET
PCA9536
GND P4le Subsystem 2
p5 je—, (e.g., counter)
A1l
P6 A O
A0
P7 |
Controlled Device
GND ENABLE (eg.g., CBT device)
I BL o
- ALARM
Subsystem 2
(e.g., counter)
0/—’\/\/\/— e

Device address is configured as 1110000 for this example.
PO, P2, and P3 are configured as outputs.

P1, P4, and P5 are configured as inputs.

P6 and P7 are not used and must be configured as outputs.

oo w»

&l 8-1. Typical Application

8.2.1 Detailed Design Procedure
8.2.1.1 Minimizing Icc When I/Os Control Leds

When the 1/Os are used to control LEDs, normally they are connected to V¢ through a resistor as shown in
8-1. The LED acts as a diode, so when the LED is off, the I/O V| is about 1.2 V less than V. Icc in Electrical
Characteristics shows how I increases as V|y becomes lower than V¢c.
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For battery-powered applications, it is essential that the voltage of 1/0 pins is greater than or equal to V¢ when

the LED is off to minimize current consumption. 8-2 shows a high-value resistor in parallel with the LED. ]
8-3 shows V¢ less than the LED supply voltage by at least 1.2 V. Both of these methods maintain the 1/0 V|y at
or above V¢ and prevents additional supply current consumption when the LED is off.

Vee

100 kQ

LEDx

A 8-2. High-Value Resistor in Parallel with Led

33V 5V
Voo LED
&
LEDXx

& 8-3. Device Supplied by a Lower Voltage
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9 Power Supply Recommendations
9.1 Power-On Reset Requirements

In the event of a glitch or data corruption, PCA9538 can be reset to its default conditions by using the power-on
reset feature. Power-on reset requires that the device go through a power cycle to be completely reset. This
reset also happens when the device is powered on for the first time in an application.

The two types of power-on reset are shown in %] 9-1 and 4] 9-2.

Vee
[ [ [ [ [
[ [ [ [ [
Ramp-Up | | Ramp-Down | | Re-Ramp-Up |
\ \ [ [ \
[ [ [ [ [
| | «— Voo TRR_GND— P, |
[ [ [ [ [
[ [ [ [ [ )
! T T \ \ T P Time
| | | | Time to Re-Ramp | |
+— Voo gT—» «— Voc FT —» «——Vec pT—»
i 9-1. Ve Is Lowered Below 0.2 V Or 0 V And Then Ramped Up To V¢
Vee
A
: Ramp-Down : : Ramp-Up :
\ [ \ \
| +——VCcC_TRR_VPORSO—, |
V) drops below POR levels : ! 1 :
[ [ [ [
T T T T }Tlme
[ [

| | Time to Re-Ramp
Voo T —M Ve RT — ¥

B 9-2. V¢ Is Lowered Below The Por Threshold, Then Ramped Back Up To V¢c

% 9-1 specifies the performance of the power-on reset feature for PCA9538 for both types of power-on reset.

# 9-1. Recommended Supply Sequencing And Ramp Rates(!)

PARAMETER MIN| TYP| MAX| UNIT
Vee Fr Fall rate See & 9-1 1 100, ms
Vee Rt Rise rate See 4] 9-1 0.01 100 ms
Vee TRR_GND Time to re-ramp (when V¢ drops to GND) See & 9-1 0.001 ms
Vcc_TRR_PORs0  Time to re-ramp (when V¢ drops to Vpor min — 50 mV) See ¥ 9-2 0.001 ms
Ve o Iégilpiihoar: xﬁg; c\:;’:lcncgit;c\:; SC;WE ;o, but not cause a functional See £ 93 12 Vv
Vee ow \G/!;c;ri(\::dihotga: \\N/i(I:IC:ot cause a functional disruption when See [ 9-3 us
VpoRF Voltage trip point of POR on falling V¢ 0.767 1.144 \Y
VpoRR Voltage trip point of POR on rising V¢ 1.033 1.428 \Y

(1) Ta= -40°C to 85°C (unless otherwise noted)

Glitches in the power supply can also affect the power-on reset performance of this device. The glitch width
(Vcc_ew) and height (Vcc gn) are dependent on each other. The bypass capacitance, source impedance, and
the device impedance are factors that affect power-on reset performance. 9-3 and #* 9-1 provide more
information on how to measure these specifications.
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Vee
A

|
|
\
|
Vee_gH ‘ ‘
7777777777 # - JE— }7 — -
|
f > Time
|

|
«— Vec_aw—M

& 9-3. Glitch Width And Glitch Height

Vpor is critical to the power-on reset. Vpog is the voltage level at which the reset condition is released and all
the registers and the 12C/SMBus state machine are initialized to their default states. The value of Vpog differs
based on the V¢ being lowered to or from 0. &| 9-4 and 3% 9-1 provide more details on this specification.

Vee
A
VeoR |-~ — — — >
VeoRF | — — —
> Time
POR
A
P Time
| |
| |
@ 9-4. VPOR
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10 Device and Documentation Support
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11 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.

28 Submit Document Feedback Copyright © 2021 Texas Instruments Incorporated

Product Folder Links: PCA9538



i3 TEXAS PACKAGE OPTION ADDENDUM
INSTRUMENTS

www.ti.com 24-Mar-2021

PACKAGING INFORMATION

Orderable Device Status Package Type Package Pins Package Eco Plan Lead finish/ MSL Peak Temp Op Temp (°C) Device Marking Samples
@ Drawing Qty @ Ball material ®3) (4/5)
(6)

PCA9538DB ACTIVE SSOP DB 16 80 ROHS & Green NIPDAU Level-1-260C-UNLIM -40 to 85 PD538 Samples
PCA9538DBR ACTIVE SSOP DB 16 2000 RoHS & Green NIPDAU Level-1-260C-UNLIM -40 to 85 PD538 Samples
PCA9538DGVR ACTIVE TVSOP DGV 16 2000 RoHS & Green NIPDAU Level-1-260C-UNLIM -40 to 85 PD538

PCA9538DW ACTIVE SoICc DW 16 40 ROHS & Green NIPDAU Level-1-260C-UNLIM -40 to 85 PCA9538
PCA9538DWR ACTIVE SOIC DW 16 2000 RoHS & Green NIPDAU Level-1-260C-UNLIM -40 to 85 PCA9538 Samples
PCA9538PW LIFEBUY TSSOP PW 16 90 RoOHS & Green NIPDAU Level-1-260C-UNLIM -40 to 85 PD538
PCA9538PWG4 LIFEBUY TSSOP PW 16 90 ROHS & Green NIPDAU Level-1-260C-UNLIM -40 to 85 PD538
PCA9538PWR ACTIVE TSSOP PW 16 2000 RoHS & Green NIPDAU Level-1-260C-UNLIM -40 to 85 PD538 Samples

@ 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: TI 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.
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® | ead 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.

Important Information and Disclaimer: The information provided on this page represents Tl'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.
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TAPE AND REEL INFORMATION
REEL DIMENSIONS TAPE DIMENSIONS
7'} |¢ KO
i |
& go W
Reel — | | l
Diameter
Cavity +‘ A0 M
A0 | Dimension designed to accommodate the component width
B0 | Dimension designed to accommodate the component length
KO | Dimension designed to accommodate the component thickness
\ 4 W | Overall width of the carrier tape
i P1 | Pitch between successive cavity centers
[ [ 1
T Reel Width (W1)
QUADRANT ASSIGNMENTS FOR PIN 1 ORIENTATION IN TAPE
O O O O O OO O O 077 Sprocket Holes
|
T
Q1 : Q2
H4-—-—
Q3 1 Q4 User Direction of Feed
[ 4
T
=
Pocket Quadrants
*All dimensions are nominal
Device Package|Package|Pins| SPQ Reel Reel AO BO KO P1 w Pin1
Type |Drawing Diameter| Width | (mm) [ (mm) | (mm) | (mm) | (mm) |Quadrant
(mm) |W1(mm)
PCA9538DBR SSOP DB 16 2000 330.0 16.4 835 | 6.6 2.4 12.0 | 16.0 Q1
PCA9538DGVR TVSOP | DGV 16 2000 330.0 12.4 6.8 4.0 1.6 8.0 12.0 Q1
PCA9538DWR SOIC DwW 16 2000 330.0 16.4 10.75 | 10.7 2.7 12.0 | 16.0 Q1
PCA9538PWR TSSOP PW 16 2000 330.0 12.4 6.9 5.6 1.6 8.0 12.0 Q1
PCA9538PWR TSSOP PW 16 2000 330.0 12.4 6.9 5.6 1.6 8.0 12.0 Q1
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PACKAGE MATERIALS INFORMATION

4-Jan-2022

TAPE AND REEL BOX DIMENSIONS

T \’/ - \\\( 7
*All dimensions are nominal
Device Package Type |Package Drawing| Pins SPQ Length (mm) | Width (mm) | Height (mm)
PCA9538DBR SSOP DB 16 2000 853.0 449.0 35.0
PCA9538DGVR TVSOP DGV 16 2000 853.0 449.0 35.0
PCA9538DWR SOIC DW 16 2000 350.0 350.0 43.0
PCA9538PWR TSSOP PW 16 2000 853.0 449.0 35.0
PCA9538PWR TSSOP PW 16 2000 853.0 449.0 35.0
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TUBE
T - Tube
height L - Tube length
f
W-Tube _| _ _ _ _ _ _ __ _ _ ___ e _____ 1.
i width
v
— B - Alignment groove width
*All dimensions are nominal
Device Package Name [|Package Type Pins SPQ L (mm) W (mm) T (um) B (mm)
PCA9538DB DB SSOP 16 80 530 10.5 4000 4.1
PCA9538DW DW SoIC 16 40 506.98 12.7 4826 6.6
PCA9538PW PW TSSOP 16 90 530 10.2 3600 35
PCA9538PWG4 PW TSSOP 16 90 530 10.2 3600 35
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GENERIC PACKAGE VIEW
DW 16 SOIC - 2.65 mm max height

7.5x 10.3, 1.27 mm pitch SMALL OUTLINE INTEGRATED CIRCUIT

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

4224780/A
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PACKAGE OUTLINE
DWOO16A SOIC - 2.65 mm max height

SOIC

PIN 1 ID
AREA
— 1ex[127]
1
]
]
10.5 —] oX
10.1
NOTE3 — ——
]
]
8 []
) ’ ° 16x 051 — L
0.31
7.6
74 T [ J0.250 [c|A[B] —={ 2.65 MAX

\

N

0.33

\[ 010 P
7

EN
=

TN\ /

,/<’

v/ |
\

i
\ SEE DETAIL A

GAGE PLANE

o“-s“g'ﬁ ‘L(&i

0.40 DETAIL A
(1.4) = TYPICAL

4220721/A 07/2016

NOTES:

1. All linear dimensions are in millimeters. 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 MS-013.

w N

[0 8
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EXAMPLE BOARD LAYOUT
DWOO0O16A SOIC - 2.65 mm max height

SOIC

SEE
DETAILS

s

7 |
14X (1.27) ; 7 E

jﬁ
RO.05 TYP ‘

L— ©3—

©

LAND PATTERN EXAMPLE
SCALE:7X

SOLDER MASK SOLDER MASK
METAL OPENING OPENING‘\ /METAL
L N S L \
| | ‘ |
(
J« 0.07 MAX Je 0.07 MIN

ALL AROUND ALL AROUND
NON SOLDER MASK SOLDER MASK
DEFINED DEFINED

SOLDER MASK DETAILS

4220721/A 07/2016

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
DWOO0O16A SOIC - 2.65 mm max height

SOIC

16

N

14X (1.27) -

==
R0.05 TYP ‘
I

SOLDER PASTE EXAMPLE
BASED ON 0.125 mm THICK STENCIL
SCALE:7X

4220721/A 07/2016

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

MSSO002E — JANUARY 1995 — REVISED DECEMBER 2001

DB (R-PDSO-G*¥)

28 PINS SHOWN

PLASTIC SMALL-OUTLINE

A

AEELLEELERIN

— 2,00 MAX

o
)
a

o

> — 5

©

Gage Plane

/ | (/\ Y
!;\ I_*_ Seating Plane * . J_\ }
~—

0,05 MIN
PINS **
14 16 20 24 28 30 38
DIM
A MAX 6,50 6,50 7,50 8,50 10,50 | 10,50 | 12,90
A MIN 5,90 5,90 6,90 7,90 9,90 9,90 | 12,30

4040065 /E 12/01

NOTES: A. Alllinear dimensions are in millimeters.

Cow

This drawing is subject to change without notice.
Body dimensions do not include mold flash or protrusion not to exceed 0,15.

Falls within JEDEC MO-150

{’? TEXAS
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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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