Philips Semiconductors Video Products Product specification

Remote 8-bit IO expander for 12C-bus PCF8574/PCF8574A

, 1=
GENERAL DESCRIPTION ‘U TD

BuUs
The PCF8574 is a single-chip silicon gate CMOS circuit. It provides remote 1/0 expansion for the | BUS
MABB8400 and PCFB4CXX microcontroller families via the two-line serial bidirectional bus (12 C).

It can also interface microcomputers without a serial interface to the 12 C-bus (as a slave function only).

The device consists of an 8-bit quasi-bidirectional port and an 12 C interface.

The PCF8574 has low current consumption and includes latched outputs with high current drive

capability for directly driving LEDs. It also possesses an interrupt line (INT) which is connected to the
interrupt logic of the microcomputer on the 12 C-bus. By sending an interrupt signal on this line, the

remote |/O can inform the microcomputer if there is incoming data on its ports without having to
communicate via the 12 C-bus. This means that the PCF8574 can remain a simple slave device.

The PCF8574 and the PCFB574A versions differ only in their slave address as shown in Fig.9.

Features
® Operating supply voltage 25Vto6V
® Low stand-by current consumption max. 10 uA
® Bidirectional expander
® Open drain interrupt output
® 8-bit remote i/0 port for the 12 C-bus
® Peripheral for the MAB8400 and PCF84CXX microcontroller families
® |atched outputs with high current drive capability for directly driving LEDs
® Address by 3 hardware address pins for use of up to 8 devices (up to 16 with PCF8574A)
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Fig.1 Block diagram.
PACKAGE OUTLINES

PCF8574P, PCF8574AP: 16-lead DIL; plastic (SOT38).
PCF8574T, PCF8574AT: 16-lead mini-pack; plastic (SO16L; SOT162A).
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Remote 8-bit I/O expander for 12C-bus PCF8574/PCF8574A

PINNING
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7287597.1 Fig.2 Pinning diagram.,
1to3 AOQ to A2 address inputs
4to7 POTo P3| g bit quasibidirectional I/0 port
91012 P4 to P7 |
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13 INT interrupt output
14 SCL serial clock line
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Fig.3 Simplified schematic diagram of each port.
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Remote 8-bit I/O expander for 12C-bus PCF8574/PCF8574A

CHARACTERISTICS OF THE 12C-BUS

The 12C-bus is for 2-way, 2-line communication between different ICs or modules, The two lines are

a serial data line (SDA) and a serial clock line (SCL). Both lines must be connected to a positive supply
via 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.

Bit transfer

One data bit is transferred during each clock pulse. The data on the SDA line must remain stable
during the HIGH period of the clock pulse as changes in the data line at this time will be interpreted
as control signals.

X_

|

| data tine | change
| stable | of data
1 data vald ! allowed | 7287019

Fig.4 Bit transfer,

Start and stop conditions

Both data and clock lines remain HIGH when the bus is not busy. A HIGH-to-LOW transition of the
data line, while the clock is HIGH is defined as the start condition (S). A LOW-to-HIGH transition of
the data line while the clock is HIGH is defined as the stop condition (P).

L — 4 L -

start dition stop condition
con P 7287005

Fig.56 Definition of start and stop conditions.
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Remote 8-bit /O expander for I12C-bus PCF8574/PCF8574A

CHARACTERISTICS OF THE 12C-BUS (continued)

System configuration

A device generating a message is a “‘transmitter’’, a device receiving a message is the “‘receiver’’. The
device that controls the message is the ‘‘master”’ and the devices which are controlled by the master
are the “slaves"”.

SDA
=1 | I 1 1
MASTER SLAVE MASTER
SLAVE MASTER
TRANSMITTER/ RECEIVER TRANSMITTER/ TRANSMITTER TRANSMITTER/
RECEIVER RECEIVER RECEIVER
7287004
Fig.6 System configuration,
Acknowledge

The number of data bytes transferred between the start and stop conditions from transmitter to
receiver is not limited. Each byte of eight bits is followed by one acknowledge bit. The acknowledge
bit isa HIGH level put on the bus by the transmitter whereas the master generates an extra acknowledge
related clock pulse. A slave receiver which is addressed must generate an acknowledge after the reception
of each byte. Also a master must generate an acknowledge after the reception of each byte that has been
clocked out of the slave transmitter. The device that acknowledges has to pull down the SDA line during
the acknowledge clock pulse, so that the SDA line is stable LOW during the HIGH period of the
acknowledge related clock pulse, set up and hold times must be taken into account. A master receiver
must signal an end of data to the transmitter by not generating an acknowledge on the last byte that
has been clocked out of the slave. In this event the transmitter must leave the data line HIGH to enable
the master to generate a stop condition.

clock pulse for
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start
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l

Nl X XX

SCL FROM
MASTER

DATA QUTPUT
BY TRANSMITTER

DATA QUTPUT
BY RECEIVER
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Fig.7 Acknowledgement on the 12 C-bus.
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Remote 8-bit I/O expander for 12C-bus PCF8574/PCF8574A

Timing specifications

All the timing values are valid within the operating supply voltage and ambient temperature range and
refer to Vi and V| with an input voltage swing of Vgg to Vpp.

parameter symbol min. typ. max. unit
SCL clock frequency fscL - - 100 kHz
Tolerable spike width on bus tsw - - 100 ns
Bus free time tBUF 4.7 - - us
Start condition set-up time tSU; STA 4.7 - - us
Start condition hold time tHD; STA 4.0 - - us K
SCL LOW time tLow 4.7 — — us E
SCL HIGH time tHIGH 4.0 - — us
SCL and SDA rise time 1, - - 1.0 us ‘
SCL and SDA fall time tf - - 0.3 us |
Data set-up time tSU: DAT 250 - — ns |
Data hold time HD: DAT 0 - - ns |
SCL LOW to data out valid tvD: DAT - - 3.4 us l
Stop condition set-up time tSU; STO 4.0 - — us |
START BIT 7 BIT6 BIT 0 ACKNOW- | sTop
PROTOCOL CONDITION MSB LsB LEDGE CONDITION
(S) (A7) (A6) (R/W) | (A) )
tsu:sTA fLow tHIGH scL
4 . \/ \/
- — ]
tauF tr t
_— 7 .
o AITE X/
7281193.2 tHD, STA 'SU.DAT  'HD.DAT tvo.DAT tsu.sTO

Fig.8 12C-bus timing diagram.
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PCF8574/PCF8574A

Remote 8-bit I/O expander for I2C-bus
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PCF8574/PCF8574A

Remote 8-bit I/O expander for 12C-bus

‘150 s elep Indu| “(a3pow Indino) pijea s) aseyd abpajmouxae 1se| ayy 1e JU3sad BIEP ‘SINDI0 SIY) UAYA "UOILPUOD do)s
e Aq Juswow Aue 1e paddois aq ued elep Jo Jajsuel | ‘(d) uo1Ipuod dois ayl se paulyap st HH|H S1 1S 2JIUM “Y(S 40 UoIISURSY HO|H-01-MOT V

‘(¥od 1ndur) spow g3y L1614

P

-
C

19654827 ) 1y e _Al Ny | e Ay

| I [
! } _
} [ “
] | |
| | b
| $d) [ ud, -~
“ L —
| v Yiva I XV € viva XN <._.<o_x h L viva
Il
T
| _ !
|
_ _ _
! ! _
_ \ 4 |

uoyIpuod | Jajsews wouy 8AR(S 1O} _

dois | abpajmousyoe i abpajmoude “ M/H uoniipuod eI

] L 1 ] v L ¥ i
_ ¥ T T T T T T _ T T T T T Ll T _ T T T T T i T
d —_ ¥ viva <__ lviva _d._ Il 0V v Z¥v 0 O i 0 S
1 1 1 ~L 1 1 1 1 L Il 1 1 Il 1 | 1 1 1 1 1 [l 1

— ~ J — v J N v J

1Jod wiosy ©ep Jiod woyy ejep

(¥ 15840d) ssaippe anejs

aloN
ANy
1404 -
OINI Viva &
1404
WOY4 Qv3ay
vas
3
3
=2

B ?711082L 00?6297 T99 WA

Copyrighted By Its Respective Manufacturer

This Materi al



Philips Semiconductors Video Products Product specification

Remote 8-bit I/O expander for 12C-bus PCF8574/PCF8574A

Interrupt (see Figs 12 and 13)

The PCF8574/PCF8574A provides an open drain output (INT) which can be fed to a corresponding
input of the microcomputer. This gives these chips a type of master function which can initiate an
action elsewhere in the system,

PCF8674  PCF8574 PCF8574A
Voo m (2) (16)
INT INT INT
MICROCOMPUTER
INT f—e—a4 —_———
7Z87599 1

Fig.12 Application of multiple PCF8574s with interrupt.

An interrupt is generated by any rising or falling edge of the port inputs in the input mode. After time
tjy the signal TNT is valid.

Resetting and reactivating the interrupt circuit is achieved when data on the port is changed to the
original setting or data is read from or written to the port which has generated the interrupt.
Resetting occurs as follows:

e In the READ mode at the acknowledge bit after the rising edge of the SCL signal.
® In the WRITE mode at the acknowledge bit after the HIGH-to-LOW transition of the SCL signal.

Each change of the ports after the resettings will be detected and after the next rising clock edge, will
be transmitted as INT.
Reading from or writing to another device does not affect the interrupt circuit.
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Fig.13 Interrupt generated by a change of input to port P5.
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Product specification

Remote 8-bit I/O expander for 12C-bus

PCF8574/PCF8574A

FUNCTIONAL DESCRIPTION (continued)
Quasi-bidirectional 1/0 ports (see Fig.14)

A quasi-bidirectional port can be used as an input or cutput without the use of a control signal for
data direction. At power-on the ports are HIGH. in this mode only a current source to Vpp is active.
An additional strong pull-up to Vpp allows fast rising edges into heavily ioaded outputs. These devices
turn on when an output is written HIGH, and are switched off by the negative edge of SCL. The ports

should be HIGH before being used as inputs.

slave address (PCF8574A}
A

data to port

data tc port
Al

r N

T T T T T T T T
SDA I s 0 1 1 1 A2 Al A0 O I A l
1 L L I 1 1 1 i

R/W  acknowledge
from slave

scL AN AWAWAWAWAWAWT)

P3
QUTPUT

VOLTAGE

CURRENT

7287595 1

‘oM

Fig.14 Transient pull-up current IgH¢ while P3 changes from LOW-to-HIGH and back to LOW.

RATINGS

Limiting values in accordance with the Absolute Maximum System (IEC 134)
parameter symbol min. max. unit
Supply voltage range VDD —-0.5 +7.0 \%
Input voltage range V) Vgg —0.5 Vpp +0.5 \
DC input current £ - 20 mA
DC output current tlg — 25 mA
Vpp or Vgg current +ipp: tiss — 100 mA
Total power dissipation Ptot - 400 mwW
Power dissipation per output Po - 100 mwW
Operating ambient temperature range Tamb -40 + 85 oC
Storage temperature range Tstg —65 + 150 oC

HANDLING

Inputs and outputs are protected against electrostatic discharge in normal handling. However, to be

totally safe, it is desirable to take normal precautions appropriate to handliing MOS devices (see

‘Handling MOS Devices’).
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Remote 8-bit I/O expander for I2C-bus PCF8574/PCF8574A

CHARACTERISTICS
Vpp =2.51t0 6 V; Vgg = 0 V; Tamp = —40 to + 85 OC unless otherwise specified

parameter conditions symbol | min. typ. | max. unit
Supply
Supply voltage VpD 25 - 6.0 Vv
Supply current Vpp=6V:

no load;

Vi=Vppor

Vss

operating fgcL = 100 kHz | Ipp - 40 | 100 HA

standby IppoO - 25 |10 uA

Power-on reset level note 1 VpaR - 1.3 | 24 v
Input SCL; input/output SDA
Input voltage LOW VL 0.5 — |{03vpp |V
Input voltage HIGH i 'VIH 0.7Vpp | — Vpp +05|V
Output current LOW i VoL=04V i loL 3 - - mA
Leakage current | VI= Vpp or |

; Vgs i el - - 1 uA
Input capacitance (SCL, SDA) : V| = Vgg } C - - 7 pF
|
1/0 ports i
Input voltage LOW ViL —-0.5 - 0.3Vpp Vv
Input voltage HIGH ‘ VIH 0.7Vpp | — Vpp+05|V
Maximum atlowed input

current through V| =Vppor

protection diode < Vsgsg thHL | — - 400 uA
Output current LOW VoL=1V;

Vpp=5V loL 10 25 | — mA
Output current HIGH VoH = Vss loH 30 - 300 KA
Transient pull-up current

HIGH during acknowledge VOH = Vss:

(see Fig.14) Vpp=25V —loHt | — 1 - mA
Input/Output capacitance Ciyo — - 10 pF
Port timing
(see Figs 10 and 11) CL =<100pF
QOutput data valid tpv - —_ 4 us
Input data set-up tps 0 - - MS
Input data holid tph 4 - - us
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Remote 8-bit I/O expander for 12C-bus PCF8574/PCF8574A
parameter conditions symbol | min. typ. | max. unit
Interrupt INT |
Output current LOW VoL =04V oL 16 - |- mA
Leakage current V| =Vppor

Vsg LI - - 1 HA
|
INT timing ;
(see Figs 11 and 13) CpL =<100pF
Input data valid tiy - - 4 us
Reset delay tir - - 4 us

Select inputs A0, A1, A2 R
Input voltage LOW ViL —-05 — 0.3Vpp \

Input voltage HIGH VIH 0.7Vpp | — Vpp+05|V
Input leakage current pin at Vpp or
Vsg el - — 250 nA

Note to the characteristics

1. The power-on reset circuit resets the 12C-bus logic with Vpp < VpoR and sets all ports to logic 1
{with current source to Vpp).

lil E Purchase of Philips’ 12C components conveys a license under the
BUS Philips’ 12C patent to use the components in the 12C-system provided
the system conforms to the 12C specifications defined by Philips.
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