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FEATURES

® SMBus compliance with fixed 3.3V voltage levels

® Operating power supply voltage range of 3.0V — 3.6V
® Active high polarity inverter register

® Write protect register

® Active low reset pin

® Low leakage current on power-down

® Noise filter on SCL/SDA inputs

® No glitch on power-up

® Internal power-on reset

® 81/0 pins which default to 8 inputs

® High impedance open drain on 1/00

PIN CONFIGURATION

scL[1]
SDA [ 2]
Ao [3]
AL[4]
A2 5]
1100 6]
1101 [7]
Vss E

[ 16] Vop
15] RESET
[14] 1107
[13] 1106
19 1105
[11] 104
10 1103
E 1102

su01045

Figure 1. Pin configuration

PIN DESCRIPTION

NUMBER SYMBOL FUNCTION
DESCRIPTION - -
The PCA9556 is a silicon CMOS circuit which provides parallel 1 SCL Serial clock line
input/output expansion for SMBus applications. The PCA9556 2 SDA Serial data line
consists of an 8-bit input port register, 8-bit outpu.t port reglst_er, and 3 0 Address input 0
an SMBus interface. It has low current consumption and a high -
impedance open drain output pin, 1/OO0. 4 Al Address input 1
The SMBus system master can reset the PCA9556 in the event of a 5 A2 Address input 2
timeout by asserting a LOW on the reset input. The SMBus system 6 1/00 1/00 (open drain)
master can also invert the PCA9556 inputs by writing to their active 7 /01 /01
HIGH polarity inversion bits. Finally, the SMBus system master can
enable the PCA9556's I/Os as either inputs or outputs by writing to 8 Vss Supply GROUND
their I/O configuration bits. 9 1102 1/102
The power-on reset sets the registers to their default values and 10 1103 1103
initializes the SMBus state machine. The RESET pin causes the 11 /04 /04
t/initialization t ithout d ing th t.

same reset/initialization to occur without depowering the par 2 o5 05

13 1106 1106

14 1107 1107

15 RESET External reset (active LOW)

16 Vpbp Supply voltage
ORDERING INFORMATION

PACKAGES TEMPERATURE RANGE ORDER CODE DRAWING NUMBER
16-Pin Plastic TSSOP16 Type | —40°C to +70°C PCA9556 PW SOT403-1

SMBus as specified by the Smart Battery System Implementers Forum is a derivative of the Philips 12C patent.

12C is a trademark of Philips Semiconductors Corporation.
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BLOCK DIAGRAM

A0
Al > =t = /00
A2 - = |/01
< > /02
scL
INPUT - “Hs—sn INPUT/ | _
SDA = . FILTER SMBUS outpuT | 1103
CONTROL PORTS | - 1104
| WRITE pulse - » /05
READ pulse - = |/06
> /07
Vbp
ves — 1 Vee T
7 POWER-ON
|:| RESET
RESET >
NOTE: ALL I/Os ARE SET TO INPUTS AT RESET
su01215
Figure 2. Block diagram
SYSTEM DIAGRAM
Input Port Polarity Inversion Configuration Output Port
Vce 3.3=16
GND=8 11kQ
Q7 Q7 Q7 Q7 1/00 o
Q6 Q6 Q6 Q6 oL >
1.1kQ u ] ] u
15 RESET >
Q5 Q5 Q5 Q5 2 >
a 1.6kQ
2]
SCL > < Q4 Q4 Q4 Q4 ‘VL’
12C CLOCK g - - - - 10
Z
3
1.6kQ z
5 DA cc_.: | Q3 U Q3 | Q3 i Q3 4 >
12C DATA <
1.1kQ
2 2 2 2
5 A2 ﬁ > _Q _Q _Q _Q 2 >
1.1kQ
ﬁ e Qt et el —L5—p 13
4 Al » = - - ||
a 1.1kQ Q0 Qo Qo Qo /o7
AO || | | | | || ‘_’ 14
3 >
su01321

Figure 3. System diagram
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REGISTERS

Command Byte

Register 2 — Polarity Inversion Register

The command byte is the first byte to follow the address byte during
a write transmission. It is used as a pointer to determine which of the
following registers will be written or read.

Register 0 — Input Port Register
[ 7 | w6 [ 5 [ 14 |3

||2||1||o|

This register is an input-only port. It reflects the incoming logic levels
of the pins, regardless of whether the pin is defined as an input or an
output by register 3. Writes to this register have no effect.

Register 1 — Output Port Register
bit o7 06 05 04 03 02 o1 00

default 0 0 0 0 0 0 0 0

This register is an output-only port. It reflects the outgoing logic
levels of the pins defined as outputs by register 3. 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.

2000 Aug 30

Command Protocol Function bit N7 N6 N5 N4 N3 N2 N1 NO
0 Read byte Input port register default 1 1 1 1 0 0 0 0
1 Read/write byte Output port register This register enables polarity inversion of pins defined as inputs by
2 Read/write byte Polarity inversion register register 3. h_‘ abitin this regist(_er i_s s_et (written With ‘_1’), t_he ‘ ‘
- - - - corresponding port pin’s polarity is inverted. If a bit in this register is
3 Read/write byte | I/O configuration register cleared (written with a ‘0’), the corresponding port pin’s original

polarity is retained.

Register 3 — Input/Output Configuration Register
bit c7 | ce | cs [ca|ca|ca|cr]co
default 1 1 1 1 1 1 1 1

This register configures the directions of the 1/O pins. If a bit in this
register is set (written with ‘1’), the corresponding port pin is enabled
as an input with high impedance output driver. If a bit in this register
is cleared (written with ‘0’), the corresponding port pin is enabled as
an output.

RESET

Power-on Reset

When power is applied to Vpp, an internal power-on reset holds the
PCA9556 in a reset state until Vpp has reached Vpog. At that point,
the reset condition is released and the PCA9556 registers and
SMBus state machine will initialize to their default states.

External Reset

A reset can be accomplished by holding the RESET pin low for a
minimum of Ty,. The PCA9556 registers and SMBus state machine
will be held in their default state until the RESET input is once again
high. This input typically requires a pull-up to 3.3 V Vcc.
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SIMPLIFIED SCHEMATIC OF 1/00

DATA FROM
SHIFT REGISTER

DATA FROM
SHIFT REGISTER

WRITE PULSE

READ PULSE

WRITE MASK PULSE ——]

OUTPUT PORT

INPUT/OUTPUT
MASK REGISTER
D Q
WRITE
- REGISTER
ck Q D Q
FF
Ck Q

DATA FROM
SHIFT REGISTER

WRITE

=) >

REGISTER DATA

N

—

READ

REGISTER
D
) >— ¢k

FF

Q

L

D 1100

ESD PROTECTION DIODE
Vss

INPUT PORT

Q

POLARITY
REGISTER

D

POLARITY
PULSE

Ck

FF

Q

REGISTER DATA

POLARITY

Q

NOTE: ON POWER-UP OR RESET, ALL REGISTERS RETURN TO DEFAULT VALUES

REGISTER DATA

su01047
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Figure 4. Simplified schematic of 1/00
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SIMPLIFIED SCHEMATIC OF /01 TO I/O7

DATA FROM
SHIFT REGISTER OUTPUT PORT
REGISTER DATA
INPUT/OUTPUT

MASK REGISTER

’ Vbp
DATA FROM b O ’_D)—\ 3
SHIFT REGISTER WRITE —_
- REGISTER ESD PROTECTION DIODE
WRITE MASK PULSE ck Q b Q _Doif
FF ‘
D 1101 TO /07
WRITE PULSE c O
1.
>

ESD PROTECTION DIODE

—

N
Vss
READ

REGISTER
D 0 INPUT PORT
REGISTER DATA
FF
READ PULSE S > Ck Q
POLARITY
REGISTER
DATA FROM D 0 POLARITY
SHIFT REGISTER REGISTER DATA
FF
WRITE c @
POLARITY
PULSE

NOTE: ON POWER-UP OR RESET, ALL REGISTERS RETURN TO DEFAULT VALUES

su01055

Figure 5. Simplified schematic of I1/01 to I/O7
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SMBus Address
slave address
T T T T T T T
0 0 1 A2 Al A0 RW
1 1 1 1 1 1 1
-

programmable
su01048

Figure 6. PCA9556 address

SMBus Transactions

Data is transmitted to the PCA9556 registers using Write Byte transfers (see Figures 6 and 7). Data is read from the PCA9556 registers using
Read and Receive Byte transfers (see Flgures 8 and 9).

SCL

oo e
1 1 1
slave address : command byte : data to port :
' ' '
T [ T T T T [ T T T T T T T [
SDA|S 0|0|1|1|A2|A1|A0|0|.A|0 0 0 0 0 1|.A| DATA 1 |.A| LA
N 1 1 1 1 1 1 1 1 1 1 1
o 1 1 1
start condition R/W 1 acknowledge 1 acknowledge 1 acknowledge
1 from slave 1 from slave 1 from slave

...

1 1
' '
WRITE TO | |
PORT ] ] !
1 1 1
1 1 1
1
DATA OUT , , . YDATA 1 VALID
FROM PORT A
' 1 1 1
| 1 v
su01049
Figure 7. WRITE to output port register via Write Byte Protocol
scL 1 2 3 4 5 6 7 8 9 y y PRI
1 1 1
slave address : command byte : data to register :
1 1 1
T fi T T T T fi T T T T T T L] i
SDA|S 0|0|1|1|A2|A1|A0|0|.A|o 0O 0 0 O 1 1/0||A| DATA |.A| L)
N 1 1 1 1 1 1 1 1 1 1 1 1
1 1 1
start condition RIW :acknowledge : acknowledge : acknowledge
, from slave , from slave , from slave
1 1 1
su01050

Figure 8. WRITE to I/O configuration or polarity inversion registers via Write Byte Protocol
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acknowledge acknowledge acknowledge acknowledge
slave address from slave from slave slave address from slave data from register ~ from master

T T T T T T T T
|S|0|0|1|1|A2|A1|A0|0|A| COMMAND BYTE |A|S|0|0|1|1|A2|A1|A0|l|A DATA A|7
[ T R R T T | N R N N TR N |

R/W R/W first byte

at this moment master-transmitter
becomes master-receiver and
slave-receiver becomes
slave-transmitter

. no acknowledge
data from register from master

/... 1

T T
co e DATA NA| P|
PP el

last byte

su01052

Figure 9. READ from register via Read byte protocol

slave address data from port data from port
' ' '
T T T T T T T T T T T T T T T T T T
SDA |S 0|0|l|1|A2|Al|A0|1|'A| DATA 1 |'A| DATA 4 |NA|P|
. L 1 1 1 1 1 R 1 1 1 1 1 1 1 .
1 b E
start condition R/W +acknowledge + acknowledge no acknowledge stop
1 from slave 1 from master from master 1 condition
1 1 1
| '
READ FROM . n n .
PORT , d ] T
, ' ' '
1 1 1
! | | |
DATA INTO . X DATA ZX DATA 3 X . DATA 4 .
PORT l ' ! !
! [ | | | |
' toh ™™ ' ™ s '
Notes:
1. This figure assumes the command byte has previously been programmed with 00h.
2. Transfer of data can be stopped at any moment by a stop condition. When this occurs,
data present at the last acknowledge phase is valid (output mode). Input data is lost.
su01051

Figure 10. READ input port register via Receive byte protocol
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ABSOLUTE MAXIMUM RATINGS
In accordance with the Absolute Maximum Rating System (IEC 134)
SYMBOL PARAMETER CONDITIONS MIN MAX UNIT
Vpp Supply voltage -0.5 +4.6 \%
V| Input voltage Vss—0.5 Vpp + 0.5 Vv
I DC input current - +20 mA
Vio DC voltage on an I/O as an input other than 1/00 Vss—0.5 Vpp + 0.5 V
Vo0 DC voltage on /00 as an input Vgs—0.5 4.6 \
. — +400 HA
oo DC input current on 1/00 — =5 —
o DC output current on an 1/0 - +20 mA
Ibb Supply current - mA
Iss Supply current - mA
Piot Total power dissipation - mwW
Po Power dissipation per output - mw
Tstg Storage temperature range —65 +150 °C
Tamb Operating ambient temperature -40 +70 °C
HANDLING

Inputs and outputs are protected against electrostatic discharge in normal handling. However, to be totally safe, it is desirable to take
precautions appropriate to handling MOS devices. Advice can be found in Data Handbook I1C24 under "Handling MOS devices”.

DC CHARACTERISTICS
Vpp =3.0t0 3.6 V; Vg5 =0 V; Tamp = —40 to +70 °C; unless otherwise specified.

SYMBOL | PARAMETER | CONDITIONS MIN TYP MAX UNIT
Supplies
Vpp Supply voltage 3.0 3.6 \%
Operating mode; Vpp = 3.3V,
Ibp Supply current no load; V|, = Vpp or Vss; 300 425 HA
fscL = 100 kHz
Isth Standby current ﬁct)é’tlf;(;lé);/\r/Y:o:d\e/:D\éDoDr \:/:53 Vv 25 50 LA
VpoR Power-on reset voltage XoDllonj;.iSAV: Vb OF Vs, note 1 1.3 2.4 v
input SCL; input/output SDA
VL LOW level input voltage -0.5 0.8 \
ViH HIGH level input voltage 2.1 Vpp + 0.5 \
loL LOW level output current VoL = 0.4V 3 - mA
I Leakage current V| =Vpp = Vss -1 +1 HA
C Input capacitance V| =Vsg — 10 pF
1/0s
VL LOW level input voltage -0.5 - 0.8 V
ViH HIGH level input voltage 2.0 - Vpp + 0.5 V
liHL(max) gﬁ’fg&?&l 3Iilc<))(\j/vee8 ,'S'Zu_t f/g%m through Vi 2 Vpp orV, < Vss - - +400 HA
loL LOW level output current VoL =0.55V; Vpp = 3.3V 8 10 - mA
HIGH level output current except /00 Von = 2.4V; Vpp = 3.3V 4 - mA
loH Vpp = 3.6V; Voy = 4.6V - 1
HIGH level output current on 1/00 Voo =0V Vor =33V — T pA
I Input leakage current Vpp =3.6V; V,=0or Vpp -1 1 HA
C Input capacitance - - 10 pF
Co Output capacitance - - 10 pF
Select Inputs A0, A1, A2, and RESET
VL LOW level input voltage -0.5 0.8 \%
Viy HIGH level input voltage 2.0 Vpp + 0.5 \%
I Input leakage current -1 1 pA
NOTE:

1. The power-on reset circuit resets the SMBus logic with Vpp < Vpogr and sets all I/Os to their default values

2000 Aug 30
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AC SPECIFICATIONS

SYMBOL PARAMETER VIS LTS AX UNITS
Fsem SMB operating frequency 10 100 KHz
TBUE Bus free time between stop and start conditions 4.7 us

THO:STA Hold time after (repeated) start condition 4.0 us
Tsu:sTA Repeated start condition setup time 4.7 us
THO:DAT Data hold time 300 ns
Tsu:DAT Data setup time 250 ns
TLow Clock LOW period 4.7 us
THIGH Clock HIGH period 4.0 us
Te Clock/Data fall time 300 ns
Tr Clock/Data rise time 1000 ns

Port Timing
Tpyv Output data valid 4 us
Tps Input data setup time 0 us
Tpy Input data hold time 4 us

Reset

Tw Reset pulse width 2 ns

2000 Aug 30 10
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TSSOP16: plastic thin shrink small outline package; 16 leads; body width 4.4 mm SOT403-1
- D > -« E————=p A
L2l
| AN
' L g =Ry )
- c T Y ]
! F| N /|/
oLy | He = alA]
*I z
16 9
' |
' 1
| ) o]
Ao [ i (A3) A
pin 1 in(|1ex l A+1 * l
o : o
| L™ 7
| L
1 8
detail X
L N
p
0 2.5 5 mm
| I S TR T T | I N N |
scale
DIMENSIONS (mm are the original dimensions)
A
UNIT | o | Al A | As bp c pM| E@| e HEe L Lp Q v w y zM | o
0.15 | 0.95 030 | 02 | 51 | 45 6.6 075 | 0.4 0.40 | 8°
mm | 1104 505 | 080 | %25 [ 019 | 01 | 49 | 43 | %% | 62 | "0 |os0| 03 | %2 | 01| O | 606 | o°
Notes
1. Plastic or metal protrusions of 0.15 mm maximum per side are not included.
2. Plastic interlead protrusions of 0.25 mm maximum per side are not included.
OUTLINE REFERENCES EUROPEAN
ISSUE DATE
VERSION IEC JEDEC EIAJ PROJECTION
SOT403-1 MO-153 = @ o
2000 Aug 30
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(EP=p—

Purchase of Philips 12C components conveys a license under the Philips’ I2C patent
to use the components in the 12C system provided the system conforms to the
I2C specifications defined by Philips. This specification can be ordered using the

I I code 9398 393 40011.

Data sheet status

Data sheet Product Definition [1]

status status

Objective Development This data sheet contains the design target or goal specifications for product development.

specification Specification may change in any manner without notice.

Preliminary Qualification This data sheet contains preliminary data, and supplementary data will be published at a later date.

specification Philips Semiconductors reserves the right to make changes at any time without notice in order to
improve design and supply the best possible product.

Product Production This data sheet contains final specifications. Philips Semiconductors reserves the right to make

specification changes at any time without notice in order to improve design and supply the best possible product.

[1] Please consult the most recently issued datasheet before initiating or completing a design.

Definitions

Short-form specification —  The data in a short-form specification is extracted from a full data sheet with the same type number and title. For
detailed information see the relevant data sheet or data handbook.

Limiting values definition —  Limiting values given are in accordance with the Absolute Maximum Rating System (IEC 134). Stress above one
or more of the limiting values may cause permanent damage to the device. These are stress ratings only and operation of the device at these or
atany other conditions above those given in the Characteristics sections of the specification is notimplied. Exposure to limiting values for extended
periods may affect device reliability.

Application information —  Applications that are described herein for any of these products are for illustrative purposes only. Philips
Semiconductors make no representation or warranty that such applications will be suitable for the specified use without further testing or
modification.

Disclaimers

Life support — These products are not designed for use in life support appliances, devices or systems where malfunction of these products can
reasonably be expected to result in personal injury. Philips Semiconductors customers using or selling these products for use in such applications
do so at their own risk and agree to fully indemnify Philips Semiconductors for any damages resulting from such application.

Rightto make changes— Philips Semiconductors reserves the right to make changes, without notice, in the products, including circuits, standard
cells, and/or software, described or contained herein in order to improve design and/or performance. Philips Semiconductors assumes no
responsibility or liability for the use of any of these products, conveys no license or title under any patent, copyright, or mask work right to these
products, and makes no representations or warranties that these products are free from patent, copyright, or mask work right infringement, unless
otherwise specified.

Philips Semiconductors [0 Copyright Philips Electronics North America Corporation 2000
811 East Arques Avenue All rights reserved. Printed in U.S.A.
P.O. Box 3409

Sunnyvale, California 94088-3409 Date of release: 08-00

Telephone 800-234-7381
Document order number: 9397 750 07466

Let make things bettor
=  PHILIPS
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