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/O Expanders I

BUS

» I/O ports selection: 4, 8,16, and 40 bits _ Input/Output Types | ;¢
Device #Outputs
. . . OD |QSI| IPU | PP Range
» Output driver selection — Quasi, Totem-pole,
open drain — All can sink 20 mA to 25 mA PCA9S36/Y 4 x | x | 23:°55
. PCA9500/1/2 8 X X 3.0-3.6
» Each port programmable as input or output PCA9534/8 8 X | 23-55
PCA9554(A) 8 X X 23-55
» Bus Interface: 1°C (100/400/1000kHz), SPI PCAOS57 8 x | 23-55
. . 8 2.3 -5.
» More features (unique for each device): Egé::?f 5 . T x >3 552
- HW reset, Interrupt output, output enable =E-L0A G IS 23-55
. PCA9535/9 16 X 23-55
- 64 1°C slave addresses (1MHz device) PCAO555 16 T x | 23-55
. . 16 23-55
- Integrated EEPROM, 5-bit MUX/-bit latch e e o
PCA9673/5(A 16 23-55
PCA9506 40 X 23-55
PCA9698 40 X X X 23-55
/00
01 APPLICATIONS
/02
o Computing Communications Consumer Medical
n
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Totem Pole and Quasi-output I/O Expanders

write pulse »
’—DO—\El .
L
data from ~ D O ! Dc .

shift register

poWwer-on
reset

data to

b
L]
[ 9]

FE
€
read pulse  ——— s

shift register *

DATA FROM
EHIFT REGISTER

DATA FROM . ;_D'—H
HIFT REGISTER
Fi DFFaut
WRITE I
CONFIGURATION o TOf b Q| =
PULSE
DFFconrpia i
WRITE PULSE Ci =]
OUTPUT
PORT
EGISTER
DFFaean
READ PULSE
ATA FROM
T REGISTER
WRITE
OLARITY

(1) PCAS538, PCA9554, PCAQS54A, PCASS55, PCASSST only.
(2) Excapt PCAS536 and PCAS557,

DFFpoL F

A ¥ 4
4\

QUASI OUTPUT 1I/0 EXPANDERS

I/O: strong pull-down, weak pull-up

25 mA sink capability, no source capability
Configuration register: NO

Switch from output to input: I/O must be
written with “1” to be used as an input
Programming: Address + Data

TOTEM POLE I/O EXPANDERS

I/O: strong pull down, strong pull up

25 mA sink, 10 mA source capability
Configuration register: YES

Switch from output to input: program the
configuration register accordingly
Programming: Address + Command + Data
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Demonstration Board GPIO
Hardware Introduction
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Quasi Bi-directional I1/O Port
Structure
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Quasi Bi-directional I/O Port Structure
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Exercise

Objective: to understand the operation of the quasi bidirectional
port structure

We will use the PCF8574 interface found in Win-1I2CUSB Lite

Checkboxes (read-only)
represent state of Port pins

Checked = High \

Unchecked = Low
\

Press the Read
button to find the
state of the 10 pins

P6=switch connected to ground

— H \
P oAb Ry SCeDs
Checked=high (LED off)
Unchecked=low (LED on)

Press Write buttonto
send data to PCF8574 —— |
or use Auto Write to

<" Win-I2CUSB Lite - [PCFB574 / PCFB574A B-bit /O Expanders]

B[l=/cd

send automatically

~
P

& File Dewice oOptions ‘Window Help
PCF8574 rPCFE574A
Address limited to 40h in Win-I2CUSE Like PCFES74A nok available in \Win-I2CUSE Lite
I2C Address- I2C Address
40h 44h 48h 4ch 7oh 74h 78h 7Ch
42h 46h 4ah 4Eh ¥2h fah Fah TEh
Read PCF8574 ~Read PCF3574A
“p7 [pPe P55 P4 ] ¥p7 [MpPe [Ps [FPa
Mp3 #p2 [#pP1 PO ¥p3 Fp2 [Fpr1 [FpPo
] Rean | [ Read | |
~Write PCF8574 —Write PCF85744A
T T*(@r7 [pe) Hps Fpr4 Mepz Mpe Ep5 [Fra
——>(Fp3 Mpz [p1 [ero Mep3z [Mp2 Eep1 Meo
| || »|] write | [FF | wiite | |FF
»[] Auto Write Off [ | Auto Readback off| | | [ Auto Write Off [] Auto Readback Off
Transmission successiul Hardware Detected m m 100 kHz _
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Exercise

1. Set all the port pins high
using Win-I2CUSB Lite

2. Change the state of switch 1
on S2.

3. The INT LED should illuminate

4. Change the state of the switch.
The LED should turn off.

5. Turn the INT LED again by
changing the switch.

6. Using Win-I2CUSB Lite. Read
the PCF8574. What
happened to the Interrupt?

7. Turn the INT LED again by
changing the switch. Write to
the PCF8574. What
happened to the Interrupt?
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Totem Pole I/O Expanders
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Totem-pole General Purpose IO Expanders —
In a nutshell

4, 8, 16 and 40-bit Totem-pole output drivers that can sink up to 25 mA each and
source up to 10 mA each

2.3 V1o 5.5V power supply with 5 V tolerant IOs
Four register types allow control and monitoring of the IOs:
» The Configuration register defines the data direction

» The Output Port register controls the state of an output (‘O’ or ‘1’)

» The Input register reads the state of the device pin when used as input or output

» The Polarity Inversion register allows inversion of the pin state when reading the 10s

Power-On Reset (POR) resets the state machines allowing to power up the
device to a known state

An active low reset pin (when available) allows to asynchronously set the device
to the POR state

An active low interrupt pin (when available) allows the controller to monitor a logic
change in the pins that are configured as inputs

\ ¥ 4 1
A\
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Totem Pole General Purpose 10 Expanders —

-
P

Selection Table

Device I/O Address W RESET Vpp Freq /O Sink Source Inter. Packages #

(#pins) Bit Pull pins
Total Ups
(v) (kHz) (mA) (mA) (k)

PCA9534 8 0100xxx Yes No 23 0 25 10 No SO, TSSOP, 16
(3) 5.5 400 100 HVQFN

PCA9535 16 0100xxx Yes No 23 0 25 10 No SO, TSSOP, 24
(3) 55 400 100 HVQFN

PCA9536 4 1000001 No No 23 0 25 10 100 SO, TSSOP 8
(0) 55 400 100 kQ

PCA9537 4 1001001 Yes Yes 23 0 25 10 No TSSOP 10
(0) 55 400 100

PCA9538 8 11100xx Yes Yes 23 0 25 10 No SO, TSSOP, 16
(2) 55 400 100 HVQFN

PCA9538 16 11101xx  Yes Yes 23 0 25 10 No SO, TSSOP, 24
(2) 55 400 100 / octal HVQFN

PCA9554 8 0100xxx Yes No 23 0 25 10 100 DIP. SO, SSOP, 16
(3) 55 400 100 kQ TSSOP, HVQFN

SSOP 20

PCA9554A 8 0111xx Yes No 23 0 25 10 100 DIP. SO, SSOP, 16

(3) 55 400 100 kQ TSSOP, HVQFN
SSOP 20

PCA9555 16 0100xxx Yes No 23 0 25 10 100 DIP, SO, SSOP, 24
(3) 55 400 100 / octal kO TSSOP, HVQFN

PCA9557 8 0011xxx No Yes 23 0 25 10 100 SO, TSSOP, 16
(3) 55 400 100 kO HVQFN

PCA9558 8 100111x No Yes 3.0 10 4 0.1 Weak TSSOP 28
(1) 3.6 400 32

PCA9698 40 XXXXXXX Yes Yes 2.3 1000 25 10 No TSSOP, HVQFN 56
(3) 55 1000

12

12C 2005-1 Demonstration Board Oct, 2006



Device Hardware and Register definition

Output Port Register:

Allows to force an output portto O or 1

/

Pl ~
¥ S
baTA FROM / P
L \ OUTPUT PORT
SHIFT HRGISTER - Y REGISTER DATA
CONFIGURATION / \
REGISTER / Voo
DATA FROM D Q :‘ \
SHIFT REGISTER ! I |» o1 Ryt (1) \
EE DFFouT I T1 <
: 2 100 k2 |
WRITE
CONFIGURATION ck T = —D’ 1 !
FF
DFFCoNFIG \ d D 1100 TO 107
WRITE PULSE c T \ 7
— /
OUTPUT \ JH Q2 7
PORT \ M 12
REGISTER N . 4
S = Vss
INPUT PORT -——— =
AEGISTER Phe ~
7,
0 a / \ INPUT PORT S
)} > REGISTER DATA \
DFFpean| FF 7 \
READ PULSE ek T |‘ Y @ 1
\ TO INT
Dt
N
-
~ ~ - - _ - -
DATA EROM o ol—e ~ POLARITY
SHIFT REGISTER REGISTER DATA
DFFpoL FF
WRITE ce O
POLARITY
PULSE POLARITY
INVERSION SU01472+
REGISTER
(1) PCAD538, PCAY554, PCAS554A, PCAS555, PCASS57only.
(2) Except PCA9536 and PCAG557.

Polarity Inverter Register/

Polarity is retained when =0
Polarity is inverted when = 1

N\
Input Port Register

Totem Pole
I/O structure

Interrupt
circuitry
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Demonstration Board: PCA9536
Hardware Introductio

Unswitched 5V

Switched 3.3V

MAIN 1?C bus {

/

No programmable address pin

PCA9536:

I2C address = 0x82

W
N

4
O =
IR e
EN XN EN A EN
xslz}/ m/SF@f =
®[+] ﬁ+] N[;] N
@ N o N NL
DCA9FRE _— e EE -
spA o 100 &
sCL S 5
101 =
+ 102 2
2 103 |2
o
PCASH3¢6
L i
[2C address = Gx82
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Demonstration Board: PCA9536
Hardware Introduction

i el
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Demonstration Board: PCA9538

MAIN 12C bus

Hardware Introduction 1

TO RESET PCA9543A Q
TO RESET PCA9551

WCC

IC7A
—t
INT_9538
wm
104 3 / 4 =3

© o
Az Ha
D
-
DCASS 38
15 ! spn o 108 ik
1t 1 sc. © 100 2=
= H 02 J—
102 6—‘]—% TO INTO PCA9543A
13 INT\ + 103 g — =P 70 |NT1 PCA9543A
® RESETN 104 — J04 TO RESET PCA9531
. 105 1121; 105 FOR FUTURE USE
f AL 8 106 1% %8? FROM T_CRIT SA56004
] AB O 107 FROM ALERT SA56004
PCAS53BD T2C ac!d:g'e_"ss = OxE4
2 ]
1
RESET
L /
PCA9538

12C address: A[1:0] =
10 - Address = OxE4

Signal control and monitoring

Visual status provided by LEDs

16
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Training Board: Software Introduction

Device = LED Blinkers and Dimmers = PCA9531 8-bit LED Dimmer

Polarity register-

' Win-12CUSB Lite - [PCA9534/PCA953B/PCA9 Y54 /PCA9S54A 110 Expanders]

(or PCA9551 8-bit LED Blinker)

Output register programming
e logic state of the pins
programmed as inputs

a”OWIng tO Invert or ‘—Fﬂe Device\ Options  Window  Help
not the logic values Device Address— : : Input register
H i i g Read All Write All .
read from the pins S e - = ~reading the 10s
_ : | < - = J
Re’glster:i Register 2 N Redister 1 Re s{erL‘l N H
I’Cnnfiguratinn \ olarity \ II Output \\ /? Input \ IOg|C States
/ \ \
1 F 00 W FoZW
I C7 - Input \N [ ot Inverted | O7 [ High \‘I 17 High \\
1/ €6 v Input [ Not Inverted 06 ¥l High 16 High
11 €5 mput NSD Not Inverted ,"l 05 DHigh N IS Fuigh |
1 C4 ¥ input N4 not Inverted i 04 ¥ High I} 14 High 1
I C3 [¥ Input N3] Not Inverted 03 M High ||} I3 High 1
C2 [¥] Input N2C0 Not Inverted oL 02 [¥] High 1 12 High |
/ﬂ‘ C1[¥ tnput ,NID Not Tnverted 1] O1 High I 11 [ High I
/ \ CO [V tnput 'NQD Not Inverted V' QO [¥] High i 10 [ High ]
. . o . 4 \ : A . . : 1
Configuration register- | » [ Reas | T 1 kead (15 T
programming I0s as \\ Write  / '\\Write Y \\ Write | , || \ //
| 4 N
. \ /
inputs or output Wi 12086 Lt mitations. S~ 27 A S__7
only Address 0xE4 is avallable - =
Pins S to 7 limited to input-only
Hardware Detected m 100 kHz
.|
18
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Hands-On 1 : PCA9536 GUI

Power sequence the board - Board OFF then ON

Open the PCA9536 GUI:
Device - 10 Expanders - PCA9536 4-bit /O Expander

Switch ON the 4 LEDs connected to the PCA9536

Configuration register: the 4 1/0’s need to be configured as inputs (checked)
Output register: the 4 outputs need to be forced Low

Uncheck CO, C1, C2 and C3

Check OO0 and O1 in the Output Register (O2 and O3 unchecked)
Check NO and N2 in the Polarity Register (N1 and N3 unchecked)
Read the Input Register and explain what you see

I0 = Low
|11 = High
12 = High
I3 = Low

X

-> Inverted Logic state of /00
- Logic state of /01
- Inverted Logic state of 1/02
—> Logic state of /03

19
12C 2005-1 Demonstration Board Oct, 2006



Hands-On 2: Using the Expert Mode

= Write the following I°C sequence (Red) using the Expert Mode

1. Power sequence the board - Board OFF then ON

2. Program PCA9538 I/00 to 1/04 as output (and be sure that 1/O5 to 1/0O7 are configured as
inputs)

3. Switch ON PCA9538 1/00 only and wait 0.5 s

IC7B
4.  Switch ON PCA9538 I/01 only and wait 0.5 s 0% . - I+\ - =

a
%
“w
| _104

5. Switch ON PCA9538 1/02 only and wait 0.5 s

6. Switch ON PCA9538 I/0O3 only and wait 0.5 s

7. Switch ON PCA9538 I/04 only and wait 0.5 s

= Execute it in loop

20
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Hands-On 2: Using the Expert Mode — Solution

1L Win-I2CUSB Lite - [Solution HOT Totem Pole GPIO.txt]
B File Edit Device Options Window Help

| 4 E ' + =2 BE .0 Input Stake UrkOWn  pead

\Msg # Start| Address| R/W | Data Stop | Delay Notes
1| sT | E4  Wirke 03,E0 fes 0 1/00+to 104 programmed a5 cutpubs - /05 ko 1f07 inputs
2 | st | Es  wwite 01,01 ¥Yes 500 100 =on

3 | 8T | E4  ite 01,02 Yes 500 IOl =on

4 | ST | E4 | Write 01,04 Yes 500 IfOZ = on
s [ st | Ea e once Yo SO0 NOSmon e
| 6 | 57 | E4 |wrke 01,10 Yes | SO0 (MOR=ON e p
| 7 | st |

B8 | st |

{ 21
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