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Preface

Signetics supplies over 100 devices with an embedded 1°C serial interface. I2C,
Inter-Integrated Circuit, is a simple, two-wire serial bus developed by Philips. This
powerful and widely-adapted serial bus has been successfully designed in a broad
range of applications, from simple consumer products to complex military and
computer applications.

This data handbook covers those I°C devices that are commonly used with Philips’
line of microcontrollers. Additional I2C devices, depending on application and use,
are covered in separate books. 80C51 microcontrollers that contain the 12C
interface are covered in the 80C51 and Derivative Microcontrollers data handbook
(1C20). 84CXXX microcontrollers with the I°C interface are also covered in a
separate data handbook.

Signetics supplies a wide range of microcontrollers based on mainstream
architectures, spanning 8-, 16-, and 32-bit product lines. By offering a large variety
of product derivatives, Signetics can meet a broad range of specific or unique
application requirements. All of our microcontrollers are based on mainstream
architectures to allow the user to take advantage of existing software and a vast
array of third-party support.

Signetics 8-bit microcontrollers are based on the popular 80C51 and 80C49
architectures. We offer most of the industry standard products in these
architectures as well as a large selection of powerful derivative products. These
derivatives offer a wide assortment of features, including: memory from 2K to 32K,
Analog-to-Digital, PWM, additional timers, embedded EEPROM I2C and CAN serial
bus, extended I/O, low power/voltage (1.8 volts, etc.). OTP and EPROM versions
are available for virtually every derivative. Philips has the most 80C51 derivatives in
the world.

Signetics 16-bit microcontroller family is based on the powerful 68000 architecture.
While these are called 16-bit microcontrollers, the 68000 CPU core architecture is
32-bit. This offers the user a great deal more processing power, when the need
arises in a design to move from an 8-bit to a 16-bit microcontroller. Signetics 16-bit
microcontrollers are software compatible with existing 68000 code. As with our
popular 8-bit microcontrollers, EPROM and OTP versions of our 16-bit products are
available. The 16-bit microcontrollers are also covered in a separate data
handbook.

Signetics is developing a family of 32-bit microcontrollers based on the SPARC
RISC architecture. This family of microcontrollers will offer the ultimate in
processing power for those applications that are computation intensive in an
embedded control environment.

Signetics offers uncompromising quality, service, and support with all of its
microcontroller products. For a complete family and the best in microcontroller
products, look to Signetics.
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Identification

Product Status

Definition

This data sheet contains the design target or goal

Obje F ive or In Design specifications for product development. Specifications may
change in any manner without notice.
This data sheet contains preliminary data and
supplementary data will be published at a later date.
Pr y Sp Preproduction Product Signetics reserves the right to make changes at any time

without notice in order to improve design and supply the best
possible product.

Product Specification
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in order to improve design and supply the best possible
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PCF8577C LCD Direct / Duplex Driver with IPC-Bus Interface ... .............. ... ... ..cc......... 186
PCF8578 LCD Row/Column Driver for Dot Matrix Graphic Displays .............. .. ............... 191
PCF8579 LCD Column Driver for Dot Matrix Graphic Displays . ................. .. ... .. ......... 226
Memory
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I12C bus addresses
[ e e o

ASSIGNED I2C BUS ADDRESSES

12C ADDRESS
PART NUMBER FUNCTION A6 A5 A4 A3 A2 A1 A0
— General call address 0 0 0 0 0 0 0
— Reserved addresses 0 0 0 0 X X X
PCD3311/12 Tone generator DTMF/modem/musical 0 1 0 0 1 0 A
PCF8200 Voice synthesizer (male or female) 0 0 1 0 0 0 0
PCF8566 96-segment LCD driver 1:1-1:4 Mux 0 1 1 1 1 1 A
PCF8568 LCD row driver for dot matrix displays 0 1 1 1 1 0 A
PCF8569 Column driver for dot matrix displays 0 1 1 1 1 0 A
PCF8570/71 256 x 8, 128 x 8 static RAM 1 0 1 0 A A A
PCF8570C 256 x 8 static RAM 1 0 1 1 A A A
PCF8573 Clock/calendar 1 1 0 1 0 A A
PCF8574 12C bus to 8-bit bus converter 0 1 0 0 A A A
PCF8574A 12C bus to 8-bit bus converter 0 1 1 1 A A A
PCF8576 160-segment LCD driver 1:1-1:4 Mux 0 1 1 1 0 0 A
PCF8577 64-segment LCD driver 1:1-1:2 Mux 0 1 1 1 0 1 0
PCF8577A 64-segment LCD driver 1:1-1:2 Mux 0 1 1 1 0 1 1
PCF8578 Row/column LCD dot-matrix driver 0 1 1 1 1 0 A
PCF8579 Row/column LCD dot-matrix driver 0 1 1 1 1 0 A
PCF8581 128-byte EEPROM 1 0 1 0 A A A
PCF8582 256 x 8 EEPROM 1 0 1 0 A A A
PCF8583 256 x 8 RAM with clock/calendar 1 0 1 0 0 (o] A
PCF8591 4-channel, 8-bit A/D plus 8-bit D/A 1 0 0 1 A A A
PCF8594 512-byte EEPROM 1 0 1 0 A A A
SAA1064 4-digit LED driver 0 1 1 1 0 A A
SAA1136 PCM-Audio indent-word interface 0 0 1 1 1 1 0
SAA1300 5-bit high current driver 0 1 0 0 0 A A
SAA5243/45 Enhanced teletext circuit 0 0 1 0 0 0 1
SAA7191 S-VHS digital multistandard decoder “square pixel” 1 0 0 0 1 A 1
SAA7192 Digital color space converter 1 1 1 0 0 0 A
SAA7199 Digital encoder 1 0 1 1 0 0 0
SAA9020 Field memory controller 0 0 1 0 1 A A
SAASO51 Digital muilti-standard TV decoder 1 9] 0 [ i 0 1
SAA9068 (PIPCO) Picture-in-picture controller 0 0 1 0 0 1 A
SAB3035/36/37 (CITAC) CPU interface for tuning and control 1 1 0 0 0 A A
SAF1135 Data line decoder 0 0 1 0 o] A A
TDA4670 Picture signal improvement circuit 1 0 0 0 1 0 o]
TDA4680 Video processor 1 0 0 0 1 0 0
TDA8421 Hi-fi stereo audio processor 1 0 0 0 0 0 A
TDA8425 Audio processor w/loudspeaker channel 1 0 0 0 0 0 1
TDA8440 Switch for CTV receivers 1 0 0 1 A A A
TDA8442 Interface for color decoders 1 0 0 0 1 0 0
TDA8443 YUV/RGB interface circuit 1 1 0 1 A A A
TDA8444 Octuple 6-bit DAC 0 1 0 0 A A A
TDA8461 PAUNTSC color decoder 1 0 0 0 1 0 A
TEA6100 FM/IF and tuning interface 1 1 0 0 0 0 1
TEA6300/6310T Sound fader control circuit 1 0 0 0 0 0 0
TSA5511/12/14 PLL frequency synthesizer for TV 1 1 0 0 0 A A
TSAB057 Radio tuning PLL frequency synthesizer 1 1 0 0 0 1 A
UMF1009 Frequency synthesizer 1 1 0 0 0 A A
— Reserved addresses 1 1 1 1 X X X

X = Don'tcare.
A =

January 1992
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12C address allocation table

12C ADDRESS ALLOCATION TABLE

A2-A0
A6-A3 0 1 2 3 4 5 6 7

0 General call | Reserved — _

address

1

2 PCF8200* SAA5243* SAA9020* —_—
SAF1135:— —

SAA5245* SAA9068L— | —
SAA1136!
SAA1300!— —
TDA8444\— —>
PCF8574L— —
PCD3311/Al— | — SA3028
PCD3312L— ——

5

6

7 PCF8577! PCF8577A! | PCF8578* — PCF8566 —_—

PCF8579* — L
PCF8576-— —
PCF8574"— ’
SAA10641— — -

8 TDA8420— — s TDAB045" TDA8422! SAA9050* SAA9062*
TDA8421L— ey TDA8461L— — SAA9063*
TEA6300/Tt— | TDA8425! SAA9051* SAAQ064*
TEAB310TL—

9 TDA8440L— N
PCF8591*— —

A PCF8583"— | ——

PCF8570"— —
PCF8571"— —
PCF8572"— —
PCF8582A!— —_—

B PCF8570*— N

C TSA5511"— —>
SAB3035— —

SAB3036*— —

SAB3037*— —
TEAB000*— TSAB057L— | —
TEA8100*—

TDA8400L— -—

D TDA8433\— —
TDAB443AL— _
TDA8573*— —_

E

F Reserved— —_

Address Format: [ s | as| aa] as] a2] ar] mo[rw] Legend: *=RW. 1-W,:=R

To find a part's address, the most significant 4 bits (A6, A5, A4, and A3) are read from the side of the table. The least significant 3 bits (A2, A1,
and AO) are read from the top of the table. For example: SAA1136 is at 36H (0011 110), PCF8577 is at 72H (0111 010). Parts with arrows
indicate that a portion of the address is user-configurable. For example: PCF8576 is at address 70H (0111 000) but the last bit (AO) can be set
high or low by the user so it can also be at address 71H (0111 001).
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80C51 micrcontroller family features guide

PART NO. MEMORY |[COUNTER/| VO SERIAL EXTERNAL
ROMiess ROM EPROM | ROM | RAM TIMER PORT | INTERFACES | INTERRUPTS SPECIAL FEATURES
- 83C751 | 87C751 2k 64 1 (16-bit) | 2-3/8 12C (Bit) 2 Low-cost 24-pin skinny-DIP
- 83C752 | 87C752 2k 64 1(16-bit) | 2-5/8 12C (Bit) 2 5-Channel 8-bit A/D, PWM output
8031AH | 8051AH - 4k 128 2 4 UART 2 NMOS
80C31B | 80C51B 87C51 4k 128 2 4 UART 2 CMOS
80CL410 | 83CL410 - 4k 128 2 4 12C 10 Low voltage (1.8V-6V), low power
80C451 83C451 87C451 4k 128 2 7 UART 2 Extended I/O, Processor bus interface
80C550 | 83C550 | 87C550 4k 128 2+ 4 UART 2 8-Channel 8-bit A/D
Watchdog
80C851 83C851 - 4k 128 2 4 UART 2 256 Bytes EEPROM, 8051 pin-for-pin
compatible
8032AH | 8052AH - 8k | 256 3 4 | UART 2 NMOS
80C32 80052 87C52 8k 256 3 4 UART 2 CMOS
80C552 | 83C552 | 87C552 8k 256 3+ 6 UART, I2C 6 8-Channel 10-bit A/D, 2 PWM outputs
Watchdog
80C562 83C562 - 8k 256 3+ 6 UART 6 8-Channel 8-bit A/D, 2 PWM outputs
Watchdog
80C652 | 83C652 | 87C652 8k 256 2 4 UART, I2C 2 8051 pin-for-pin compatible with twice
the memory
- 83C053 - 8k 192 2 (16-bit) 3-4/8 - 3 On-screen display, 9 PWM outputs,
3 software A/D inputs
- 83C054 | 87C054 16k | 192 2 (16-bit) 3-4/8 - 3 On-screen display, 9 PWM outputs,
3 software A/D inputs
- 83C654 | 87C654 16k | 256 2 4 UART, I12C 2 8051 pin-for-pin compatible with four
times the ROM and twice the RAM
80C528 | 83C528 | 87C528 | 32k | 512 3+ 4 UART, I12C 2 The Ultimate Programming Machine
Watchdog (Bit)
80CL51 83CL51 - 4k 128 2 4 UART 2 Low voltage (1.8V-6V), low power
80C575 | 83C575 | 87C575 8k 256 | 3+ PCA + 4 Enhanced 2 4 analog comparators,
Watchdog UART Low Active Reset
80C592 | 83C592 | 87C592 16k | 512 3+ 6 CAN + 6 8-Channel 10-bit A/D,
Watchdog UART 2 PWM outputs, CAN bus interface
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80C51 micrcontroller family features guide

SPEED TEMPERATURE °C PACKAGE
PARTNO. |05-12 | 12 16 24 | 33 | 01070 |40t0 +85| -5510+125 | PDIP | CDIP | PLCC | CLCC | QFP | VSO
83/87C751 X X X X X (-40t0+125) | 24 | 24 | 28
83/87C752 X X X X X X 28 | 28 | 28
8031/51 X X (15MHz) X X 40 44
80C31/51/87C51 X X X X | X X X X 4 | 40 | 44 | 44 | 44
80/83CL410 X (32kHz-16MHz) X 40 40
80/83/87C451 X X X X X 64 | 64 | 68 | 68
80/83/87C550 X X X X 40 | 40 | 44 | 44
80/83C851 X X X 40 44 44
8032/52 X X (15MHz) 40 44
80C32/52/87C52 X X 40 | 40 | 44 | 44 | 44
80/83/87C552 X X 68 | 68
80/83C562 X X X 68
(-4010+125)
80/83/87C652 X X X X X 40 | 40 | 44 | a4 | 44
(4010 +125)
83C053 X X 42
SDIP
83/87C054 X X 42
SDIP
83/87C654 X X X X X 40 | 40 | 44 | 44 | 44
(~40 10 +125)
80/83/87C528 X X X X X X 40 | 40 | 44 | 44 | 44
80/83CL51 X (32kHz-16MHz) 40 40
80/83/87C575 X X X 4 | 40 | 44 | 44 | 44
80/83/87C592 X X 68 | 68
(~40 10 +125)
NOTE:

All combinations of part type, speed, temperature, and package may not be available.

January 1992
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CMOS and NMOS 8-bit microcontroller family

80C51 FAMILY CMOS

TYPE ROM/ RAM | SPEED PACKAGE FUNCTIONS REMARKS PROBE METALINK REMARKS
EPROM (MHz) sDs EMULATOR
80C31 0 128 33 UART, 2 timers OM1092 SUI-8051SD OM1092:
80C51 4k ROM 128 33 DIL40, LCC44 +OM1097 Universal
87C51 | 4k EPROM | 128 33 | QFP44 (16MHz) probe
OM1095:
Upgrade
unit
80C32 0 256 20 UART, 3 timers OM4111 +
80C52 8k ROM 256 20 OM4110 SUI-8051SD
87C52 | 8k EPROM | 256 20 DIL40, LCC44
QFP44
80C451 0 128 16 UART, 2 timers OM4123 SMI-83C451SD | OM4124:
83C451 4k ROM 128 16 DIP64/LCC68 | Extended /O SMI-80C451SD | PLCC to DIL
87C451 | 4k EPROM 128 16 OM4125:
DiL to PLCC
83C528 32k ROM 512 16 DIL40/LCC44 UART, 3 timers OM4111 + OM4110:
87C528 | 32k EPROM | 512 16 (QFP44) Watchdog OM4110 gen. probe
timer OM4111:
Bit I2C probe head
OM4120-S
for max.
speed
83C550 4k ROM 128 16 LCC44 UART, 2 timers OM5055
87C550 | 4k EPROM | 128 16 DiL44 8 8-bit ADC
inputs,
watchdog timer
80C552 0 256 16 LCC68/QFP80 | UART, 2 timers OM1092 + | SMI-80C552SD | OM1092:
83C552 8k ROM 256 16 Timer with OM1095 Universal
87C552 | 8k EPROM | 256 16 compare and probe
capture, 2 PWM OM1095:
outputs, 8 10-bit Upgrade
ADC inputs, unit
Byte
12C
80C562 o] 256 16 LCCB8/QFPEC | UART, 2 timers | Use 87C552 j OM10S2 + | SMI-80C55280 | OMi0S2:
83C562 8k ROM 256 16 Timer with for OM109 Universal
compare and development probe
capture, 2 PWM OM1095:
outputs, 8 8-bit Upgrade
ADC inputs unit
80C575 0 256 16 DIL40,LCC44 | Enhanced 80/83C575
83C575 8k QFP44 UART, PCA, Production:
87C575 | 8k EPROM 4 analog August '92
comparators
80C592 0 512 16 LCCB8/QFP80 | 8XC552 + CAN | Samples: CM4110 + OM4110:
83C592 | 16k ROM 512 16 interface Q4 '91 OoM4112 gen. probe
87C592 | 16k EPROM | 512 16 No I2C Production: OM4112:
Q192 probe head
OM4120S:
full speed
80C652 0 256 12 DIL40/LCC44 | UART, 2 timers OM1092 + | SMI-80C652SD
83C652 8k ROM 256 12 QFP44 Byte 12C OM1096
87C652 | 8k EPROM | 256 12

January 1992
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CMOS and NMQOS 8-bit microcontroller family

80C51 FAMILY CMOS (Continued)

TYPE ROM/ RAM | SPEED PACKAGE FUNCTIONS REMARKS PROBE METALINK REMARKS
EPROM (MHz) SDS EMULATOR
83C654 | 16k ROM 256 16 DIL40/LCC44 | UART, 2 timers OM1092 + OM1092:
87C654 | 16k EPROM | 256 16 QFP44 Byte I12C OM1096 Universal
probe
OM1095:
Upgrade
unit
83C751 2k ROM 64 16 DIP24 skinny 1 timer OM1094P SMI-80C7518SD
LCC28 Bit I12C
87C751 | 2k EPROM 64 16 DIP24 skinny
83C752 2k ROM 64 16 DIP28, LCC28 | 1 timer, OM5072 SMI-83C752SD
PWM output,
5 8-bit ADC
inputs,
83C752 | 2k EPROM 64 16 DIP 28, LCC28 | Bit I°C
80C851 0 128 12 DIL40/LCC44 | UART, 2timers | QFP44 OM1092
83C851 4k ROM 128 12 QFP44 256 byte In devel.
89C851 128 12 EEPROM
83C852 6k ROM 256 16 2k byte In devel. OM4119
EEPROM
smart card
hardware
83C053 8k ROM 192 12 DIP42 Shrunk | 2 timers, OM5054
14-bit PWM,
8-6 bit PWM
128 char. OSD
3 4-bit A/D inp.
83C054 | 16k ROM 192 12 DIP42 Shrunk | As 8XC053 OM5054
87C054 | 16k EPROM | 192 12 DIP42 Shrunk
*  The following microcontollers have no external memory access: 8XC751, 8XC752, 8XC053, 87C054.
80CLXXX FAMILY CMOS
TYPE ROM RAM | SPEED PACKAGE FUNCTIONS REMARKS PROBE REMARKS
(MHz) SDS
85CLOO1 0 256 16 pPLCC84 UART, 2 timers
Byte 12C
85CL000 0 256 16 UART, 2 timers OM1079 Piggyback
Byte 12C
83CL410 4k 128 16 DIL40 2 timers OM1079
VS040 Byte I12C
83CL710 16k 256 16 DIL40 UART, 2 timers | In devel. OM1079
Byte 12C
80CL51 4k 128 16 DiL40 UART, 2 timers OM1079
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CMOS and NMOS 8-bit microcontroller family

8051 FAMILY NMOS

January 1992
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TYPE ROM RAM | SPEED PACKAGE FUNCTIONS REMARKS PROBE METALINK REMARKS
(MHz) SDS EMULATOR
8051 4k 128 15 DIL40/PLCC44 | UART, 2 timers OM1091 + | SUI-8051SD
8031 0 128 15 DIL40/PLCC44 OM1097
8052 8k 256 15 DIL40/PLCC44 | UART, 3 timers OM4111 + SUI-8051SD
8032 0 256 15 DIL40/PLCC44 | UART, 3 timers OM4110
8048 FAMILY NMOS
TYPE ROM RAM | SPEED PACKAGE
(MHz)
8048 1k 64 1 DIL40/PLCC44
8035 0 64 1 DIL40/PLCC44
8049 2k 128 1 DIL40/PLCC44
8039 0 128 1 DIL40/PLCC44
8050 4k 256 1 DIL40/PLCC44
8040 0 256 1 DIL40/PLCC44
8048 FAMILY CMOS
TYPE ROM RAM | SPEED PACKAGE
(MHz)
80C49 2k 128 15 DIL40/PLCC44
80C39 0 128 15 DIL40/PLCC44
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CMOS and NMOS 8-bit microcontroller family

8400 FAMILY CMOS

TYPE ROM RAM | SPEED PACKAGE FUNCTIONS REMARKS PROBE REMARKS
(MHz) SDS
84C21 2k 64 10 DIL28/S0O28 20 /O lines OM1083
84C41 4k 128 10 DIL28/S028 8-bit timer
84C81 8k 256 10 DIL28/SO28 Byte I12C
84C41C 4k 128 12 DiL28/S0O28
84C12 1k 64 10 DIL20/S020 13 1/0 lines OM1083
84C22 2k 64 10 DIL20/S020 8-bit timer
84C42 4k 64 10 DIL20/S0O20
84C12A 1k 64 16 DIL20/S020
84C00B (o] 256 10 28 pins 20 l/O lines Piggyback OM1080
8-bit timer
Byte 12C
84C00T 0 256 10 VSO-56 ROMless
84C121 1k 64 10 DIL20/S020 131/O lines OM1073
2 8-bit timers
8 bytes
84C121B 0 64 10 EEPROM Piggyback
84C122 1k 32 10 S020/5024 Controller for
remote control
84C230 2 64 10 DIL40/VSO40 | 121/O lines OoM1072
8-bit timer
164 LCD drive
84C430 4k 128 10 QFP64 24 1/0O lines OM1072
8-bit timer
Byte I12C
24*4 L.CD drive
84C430B 0 128 10 Piggyback for C230
and C430
84C633 6k 256 16 VSO56 28 1/Q lines OM1086
8-bit timer
16-bit up/down
counter
16-bit timer
with compare
and capture
16*4 LCD drive
84C633B 0 256 16
84C440 4k 128 10 DIP42 shrunk | RC: 29 I/Olines | I2C, RC OM1074 For emulation of
84C441 4k 128 10 LC: 28 1/Olines | I2C, LC LC versions,
84C640 6k 128 10 8-bittimer |I2C, RC use OM1074 +
84C641 6k 128 10 1 14-bit PWM 2C, LC adapter_3
84C643 6k 128 10 5 6-bit PWM RC ,Q2'90
84C644 6k 128 10 3-bit ADC LC ,Q2'90
84C840 8k 192 10 OSD 2L-16 2C, RC ,Q2'90
84C841 8k 192 10 [2C, LC ,Q2'90
84C843 8k 192 10 RC ,Q2'90
84C844 8k 192 10 LC ,Q2'90
84C646 6k 192 10 DIP42 shrunk | tbf [2C, RC ,Q4'90 tbf
84C846 8k 192 10 [2’C, RC ,Q4'90
84C647 6k 192 10 DIP42 shrunk | tbf 2C, LC ,Q4'90 tbf
84C847 8k 192 10 ’C, LC ,Q4'90
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CMOS and NMOS 8-bit microcontrolier family

8400 FAMILY CMOS (Continued)

TYPE ROM RAM | SPEED PACKAGE FUNCTIONS REMARKS PROBE REMARKS
(MHz) SDS
84C85 8k 256 10 DIL40/VSO40 | 32 I/O lines CM1070
8-bit timer
Byte I2C
84C858B 0 256 10 Piggyback for C85
84C853 8k 256 16 DIL40/VSOC40 | 33 1/O lines OM1081 Q390
8-bit timer
16-bit up/down
counter
16-bit timer with
compare and
capture
84C853B 0 256 16 Piggyback for C853
84C270 2k 128 10 DIL40/VSO40 | 81/Olines OM1077
84C470 4k 128 10 DIL40/VSO40 | 16*8 capture
keyboard matrix
8-bit timer
84C270B 0 128 10 Piggyback for C270
84C4708B 0 128 10 470 also Piggyback for C470
handles mech.
keys
84C271 2k 128 10 DIL40 81/O lines OM1078
16'8 mech.
keyboard matrix
8-bit timer
8400 FAMILY NMOS
TYPE ROM RAM | SPEED PACKAGE FUNCTIONS REMARKS EMULATOR REMARKS
(MHz) TOOLS
8411 1k 64 6 DIL28/S0O28 20 /O lines OM1084
8421 2k 64 6 DIL28/SO28 8-bit timer
8441 4k 128 6 DIL28/SO28 Byte I12C
8461 6k 128 6 DIL28/S0O28
8422 2K 64 6 DIL20 13 1/0 lines PM8327/20 + On PMDS
8442 4k 128 6 DIL20 8-bit timer PM8447
Bit 12C
8401B 0 128 6 28-pin Piggyback for 84X1
8401WP 0 128 6 PLCC68 Bond out
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CMOS and NMOS 8-bit microcontroller family

3300 FAMILY CMOS

TYPE ROM |RAM |SPEED | PACKAGE FUNCTIONS REMARKS PROBE REMARKS
(MHz) SDS

3315 1.5k 160 10 DIL28/S0O28 |20 1/O lines OM1083
8-bit timer
Vpp > 1.8V

3343 3k 224 10 DIL28/S0O28 |20 /O lines OM1083
8-bit timer
Vpp > 1.8V
Byte I2C

3344 2K 224 3.58 DIL28/SD28 | 20 /O lines OM1071
8-bit timer
DTMF generator

3346 4k 128 10 DIL28/S0O28 |20 I/O lines OM1076
8-bit timer

Byte I12C

256 bytes EEPROM
Vpp < 1.8V

3347 1.5k 64 3.58 DIL20/SO20 | 12 1/O lines OM1071 +
8-bit timer Adapter_2
DTMF generator

3348 8k 256 10 DIL28/S0O28 |20 1/O lines OM1083
8-bit timer
Byte 12C

Vpp < 1.8V

3349 1S 224 3.58 DIL28/S0O28 |20 1/O lines OM1071
8-bit timer
DTMF generator

3350A 8k 128 3.58 VSO64 30 I/O lines To be developed
8-bit timer

DTMF generator
256 bytes EEPROM

3351A 2k 64 3.58 DIL28/S028 | 20 1/O lines OM5000
8-bit timer

DTMF generator
128 bytes EEPROM

3352A 6k 128 3.58 DIL28/S0O28 |20 I/O lines OM5000
8-bit timer

DTMF generator
128 byte EEPROM

3301B Piggyback for 3315, | OM1083
3343, 3348

3344B Piggyback for 3344, | OM1071
3347,3349

33468 Piggyback for 3346 OM1076
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CMOS 16-bit microcontroller family

16-BIT CONTROLLERS

TYPE | (EP)ROM | RAM | EEPROM | SPEED FUNCTIONS REMARKS DEVELOPMENT TOOLS
(MHz)
68070 - - - 175 2 DMA channels, MMU, UART, OM4160 Microcore
16-bit timer, 12C, 68000 bus OM4161 (SBE68070)
interface, 16Mb address range TRACE32-ICE68070 (Lauterbach)
OM4222 90C Development
system (planned)
93C101 34k 512 15 Derivative with low power modes | Low power
micro-
controller
93C110 34k 512 256 15 UART, I12C, 3 16-bit timers, OM4160/3 Microcore 3
90C110 - 512 256 15 80C51 interface, 68000 interface, OM4201WP (SBES0C110)
93C100 34k 512 - 40 /O lines, 2Mb address range OM4220 90C Development system
90C 100 - 512 - TRACE32 - ICE93C110
97C100 32k 512 - (Lauterbach)
(EPROM)
16-BIT MICROCONTROLLER FAMILY'
PART ROM RAM | EEPROM | 16-BIT | SERIAL DMA COUNTER/ | EXTERNAL | SPEED | PACKAGES SPECIAL
NO. 10 110 CHANNELS | TIMER INTERRUPTS | MHz FEATURES
PORTS
68070 - - - - UART, 2 12 10, 12, | PLCC84 | Memory
12C 15, QFP120 | management unit
17.5 68000 bus interface
90C100 - 512 - 2+ 1/2 | UART, - 12 15 PLCC84 |80C51 bus interface
12C QFP80 | 68000 bus interface
93C100 34Kk 512 - 2+ 1/2 | UART, - 12 15 PLCC84 | 80C51 bus interface
12c QFP80 | 68000 bus interface
97C100 32k 512 - 2+ 1/2 | UART, - 12 15 PLCC84 |80C51 bus interface
EPROM 12C CLCC84 | 68000 bus interface
QFP80
NOTES:

1. 68000 software compatible.
2. 16-bit timer with two match/count/capture registers.
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Signetics microcontroller bulletin boards

To better serve our customers, Signetics maintains a microcontroller bulletin board. This computer bulletin board system features a
microcontroller newsletter, application and demonstration programs for download, and the ability to send messages to microcontroller application
engineers. The system can be accessed with a modem at 2400, 1200, or 300 baud.

The telephone numbers are:
(800) 451-6644 (in the U.S.)

or
(408) 991-2406

Piease calil us anytime!

We also have a ROM code bulletin board through which you can submit ROM codes. This is a closed bulletin board for security reasons. To get
an 1D, contact your local sales office. The system can be accessed with a 2400, 1200, or 300 baud modem, and is available 24 hours a day.

The telephone number is:

(408) 991-3459
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L __________________________________________________________ |
I2C -bus specification (including fast-mode)
L _______________________________________________________________ ]

PREFACE

This specification is an updated version including the following latest modifications:

- Programming of a slave address by software has been omitted. The realization of this
feature is rather complicated and has not been used.

— The ‘low-speed mode’ has been omitted. This mode is, in fact, a subset of the total
12C-bus specification and need not be specified explicitly.

- The ‘fast-mode’ is added. This allows a fourfold increase of bit rate up to 400 kbit/s.
Fast-mode devices are downwards compatible i.e. they can be used in a 0 to
100 kbit/s 12C-bus system.

- 10-bit addressing is added. This allows 1024 additional slave addresses.

— Slope control and input filtering for fast-mode devices is specified to improve the EMC
behaviour.

NOTE

Neither the 100 kbit/s 1°C-bus system nor the 100 kbit/s devices have been
changed.
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12C -bus specification (including fast-mode)

1.0 INTRODUCTION

For 8-bit applications, such as

those requiring single-chip

microcontrollers, certain design

criteria can be established:

® A complete system usually
consists of at least one
microcontroller and other
peripheral devices such as
memories and I/O expanders.

® The cost of connecting the
various devices within the
system must be minimized.

® Such a system usually
performs a control function and
doesn’t require high-speed data
transfer.

® Overall efficiency depends on
the devices chosen and the
interconnecting bus structure.

In order to produce a system to
satisfy these criteria, a serial bus
structure is needed. Although
serial buses don’t have the
throughput capability of paraliel
buses, they do require less wiring
and fewer connecting pins.
However, a bus is not merely an
interconnecting wire, it embodies
all the formats and procedures for
communication within the system.
Devices communicating with
each other on a serial bus must
have some form of protocol which
avoids all possibilities of
confusion, data loss and blockage
of information. Fast devices must
be able to communicate with slow
devices. The system must not be
dependent on the devices
connected to it, otherwise
modifications or improvements
would be impossible. A procedure
has also to be devised to decide
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which device will be in control of
the bus and when. And, if different
devices with different clock speeds
are connected to the bus, the bus
clock source must be defined. All
these criteria are involved in the
specification of the 1’C-bus.

2.0 THE i*C-BUS
CONCEPT
Any IC fabrication process
(NMOS, CMOS, bipolar) can be
supported by the 12C-bus. Two
wires, serial data (SDA) and serial
clock (SCL), carry information
between the devices connected to
the bus. Each device is
recognised by a unique address -
whether it's a microcontroller, LCD
driver, memory or keyboard
interface - and can operate as
either a transmitter or receiver,
depending on the function of the
device. Obviously an LCD driver is
only a receiver, whereas a

memory can both receive and
transmit data. in addition to
transmitters and receivers, devices
can also be considered as
masters or slaves when
performing data transfers (see
Table 1). A master is the device
which initiates a data transfer on
the bus and generates the ciock
signals to permit that transfer. At
that time, any device addressed is
considered a slave.

The 12C-bus is a multi-master
bus. This means that more than
one device capable of controlling
the bus can be connected to it. As
masters are usually micro-
controllers, let's consider the case
of a data transfer between two
microcontrollers connected to the
12C-bus (Fig.1). This highlights the
master-slave and receiver-
transmitter relationships to be
found on the I2C-bus. It should be
noted that these relationships are

Table 1 Definition of I°C-bus terminology

Term Description

Transmitter The device which sends the data to the bus

Receiver The device which receives the data from the bus

Master The device which initiates a transfer, generates clock
signals and terminates a transfer

Slave The device addressed by a master

Multi-master More than one master can attempt to control the bus at
the same time without corrupting the message

Arbitration Procedure to ensure that, if more than one master
simultaneously tries to control the bus, only one is
allowed to do so and the message is not corrupted

Synchronization Procedure to synchronize the clock signals of two or
more devices
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MICRO - Lco STATIC
CONTROLLER DRIVER RAM OR
A EEPROM
S0A ]
SCL —
L |
MICRO -
GATE CONTROLLER
ARRAY AbC 8
MBCs4s

Fig.1 Example of an 1°C-bus configuration

not permarent, but only depend

on the direciion of data transfer at

that time. The transfer of data
would proceed as follows:

1) Suppose microcontroller A

wants to send information to

microcontrolier B:

- microcontroller A (master),
addresses microcontroller B
(slave)

- microcontroller A (master-
transmitter), sends data to
microcontroller B (slave-
receiver)

- microcontroller A terminates the
transfer.

2) If microcontroller A wants to
receive information from
microcontroller B:

- microcontroller A (master)
addresses microcontroller B
(slave)

-~ microcontroller A (master-
receiver) receives data from
microcontroller B (slave-
transmitter)

- microcontroller A terminates the
transfer.

Even in this case, the master
(microcontroller A) generates the
timing and terminates the transfer.
The possibility of connecting
more than one microcontroller to
the 12C-bus means that more than

January 1992

one master could try to initiate a
data transfer at the same time. To
avoid the chaos that might ensue
from such an event - an arbitration
procedure has been developed.
This procedure relies on the
wired-AND connection of all I°C
interfaces to the 1C-bus.

If two or more masters try to
put information onto the bus, the
first to produce a ‘one’ when the
other produces a ‘zero’ will lose
the arbitration. The clock signals
during arbitration are a
synchronised combination of ihe
clocks generated by the masters
using the wired-AND connection to
the SCL line (for more detailed
information concerning arbitration
see section 6.0).

Generation of clock signals on
the I°C-bus is always the

responsibility of master devices;
each master generates its own
clock signals when transferring
data on the bus. Bus clock signals
from a master can only be altered
when they are stretched by a
slow-slave device holding-down
the clock line, or by another
master when arbitration occurs.

3.0 GENERAL
CHARACTERISTICS
Both SDA and SCL are
bidirectional lines, connected to a
positive supply voltage via a
pull-up resistor (see Fig.2). When
the bus is free, both lines are
HIGH. The output stages of
devices connected to the bus
must have an open-drain or open-
collector in order to perform the
wired-AND function. Data on the
12C-bus can be transferred at a
rate up to 100 kbit/s in the
standard-mode, or up to 400 kbit/s
in the fast-mode. The number of
interfaces connected to the bus is
solely dependent on the limiting
bus capacitance of 400 pF.

4.0 BIT TRANSFER
Due to the variety of different
technology devices (CMOS,
NMOS, bipolar) which can be
connected to the I2C-bus, the
levels of the logical ‘0’ (LOW) and
‘1’ (HIGH) are not fixed and
depend on the associated level of
Vpp (see Section 15.0 for

Puli-up
Resistors
(Serial Data Line)

+Vop

Rp

(Serial Clock Line)
I

Fig.2 Connection of 12C-bus devices to the I°C-bus

|
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Electrical specifications). One
clock pulse is generated for each
data bit transferred.

4.1 Data validity
The data on the SDA line must be
stable during the HIGH period of
the clock. The HIGH or LOW state
of the data line can only change
when the clock signal on the SCL
line is LOW (Fig.3).

4.2 START and STOP
conditions
Within the procedure of the I°C-
bus, unique situations arise which
are defined as START and STOP
conditions (see Fig.4).

A HIGH to LOW transition of
the SDA line while SCL is HIGH is
one such unique case. This
situation indicates a START
condition.

A LOW to HIGH transition of
the SDA line while SCL is HIGH
defines a STOP condition.

START and STOP conditions
are always generated by the
master. The bus is considered to
be busy after the START
condition. The bus is considered
to be free again a certain time
after the STOP condition. This bus
free situation will be specified later
(in Section 15.0).

Detection of START and STOP
conditions by devices connected
to the bus is easy if they
incorporate the necessary
interfacing hardware. However,

Data Line
Stable:
Data Valid

, Change
of Data
Allowed

Fig.3 Bit transfer on the 1°C-bus

Start Condition

Fig.4 START and STOP conditions

Stop Condition

microcontrollers with no such
interface have to sample the SDA
line at least twice per clock period
in order to sense the transition.

5.0 TRANSFERRING
DATA

5.1 Byte format
Every byte put on the SDA line
must be 8-bits long. The number
of bytes that can be transmitted
per transfer is unrestricted. Each
byte has to be followed by an
acknowledge bit. Data is
transferred with the most
significant bit (MSB) first (Fig.5). If
a receiver can't receive another
complete byte of data until it has

performed some other function, for
example, servicing an internal
interrupt, it can hold the clock line
SCL LOW to force the transmitter
into a wait state. Data transfer
then continues when the receiver
is ready for another byte of data
and releases clock line SCL.

In some cases, it's permitted to
use a different format from the
12C-bus format (for CBUS
compatible devices for example).
A message which starts with such
an address can be terminated by
generation of a STOP condition,
even during the transmission of a
byte. In this case, no acknowledge
is generated (see section 8.1.3).

£ -
' '

|
|

f
‘
' '
) '
' '
' '
‘ '
' '
' '
f '
' h
' '

scL 1 2
1 S '

Start Condition

Interrupt within Receiver

MSB Acknowledgment

Signal from Receiver

Byte Complete,

Fig.5 Data transfer on the 12C-bus

'
'
'
'
___Clock Line Held Low While !
Interrupts Are Serviced '

'

-
.
'
:1___/\_-_/—
Acknowledgment !

Signal from Receiver

'
'
'
'
'
'
'
'
'
'
'
"

38 9 , )
ACK . op

R
Stop Condition
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5.2 Acknowledge
Data transfer with acknowledge is
obligatory. The acknowledge-
related clock pulse is generated
by the master. The transmitter
releases the SDA line (HIGH)
during the acknowledge clock
pulse.

The receiver has to pull down
the SDA line during the
acknowledge clock pulse so that it
remains stable LOW during the
high period of this clock pulse
(Fig.6). Of course, set-up and hold
times must also be taken into
account and these will be
described in Section 15.0.

Usually, a receiver which has
been addressed is obliged to
generate an acknowledge after
each byte has been received
(except when the message starts
with a CBUS address - see
section 8.1.3).

When a slave-receiver doesn’t
acknowledge on the slave address
(for example, it's unable to receive
because it's performing some
real-time function), the data line
has to be left HIGH by the slave.
The master can then generate a
STOP condition to abort the
transfer.

If a slave-receiver does
acknowledge the slave address
but, some time later in the transfer
cannot receive any more data
bytes, the master must again
abort the transfer. This is
indicated by the slave generating
the not acknowledge on the first
byte to follow. The slave leaves
the data line HIGH and the master
generates the STOP condition.

If a master-receiver is involved
in a transfer, it must signal the
end of data to the slave-
transmitter by not generating an
acknowledge on the last byte that

Data Output '
by Transmitter '

Data Output __t !

by Receiver

'S

'
-

Start Condition

SCL from
Mast
o ! z m
. '

Fig.6 Acknowledge on the 1°C-bus

Clock Pulse for
Acknowledgment

was clocked out of the slave. The
slave-transmitter must release the
data line to allow the master to
generate the STOP condition.

6.0 ARBITRATION AND
CLOCK GENERATION

6.1 Synchronization
All masters generate their own
clock on the SCL line to transfer
messages on the 12C-bus. Data is
only valid during the clock HIGH
period. A defined clock is
therefore needed for the bit-by-bit
arbitration procedure to take
place.

Clock synchronization is
performed using the wired-AND
connection of I°C interfaces to the
SCL line. This means that a HIGH
to LOW transition on the SCL line
will cause the devices concerned
to start counting off their LOW
period and, once a device clock
has gone LOW, it will hold the
SCL line in that state until the
clock HIGH state is reached
(Fig.7). However, the LOW to
HIGH transition of this clock may
not change the state of the SCL
line if another clock is still within
its LOW period. Therefore, the
SCL line will be held LOW by the
device with the longest LOW
period. Devices with shorter LOW
periods enter a HIGH wait-state
during this time.

When all devices concerned
have counted off their LOW
period, the clock line will be

Start Counting
High Period

Counter

- Reset
.

Fig.7 Clock synchronization during the arbitration procedure
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rel d and go HIGH. There will
then be no difference between the
device clocks and the state of the
SCL line and all the devices will
start counting their HIGH periods.
The first device to complete its
HIGH period will again pull the
SCL line LOW.

In this way, a synchronised
SCL clock is generated with its
LOW period determined by the
device with the longest clock LOW
period, and its HIGH period
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determined by the one with the
shortest clock HIGH period.

6.2 Arbitration
A master may start a transfer only
if the bus is free. Two or more
masters may generate a START
condition within the minimum hold
time (p.s7a) Of the START
condition which results in a
defined START condition to the
bus.

Arbitration takes place on the
SDA line, while the SCL line is at
the HIGH level, in such a way that
the master which transmits a
HIGH level, while another master
is transmitting a LOW level will
switch off its DATA output stage
because the level on the bus
doesn’t correspond to its own
level.

Arbitration can continue for
many bits. Its first stage is
comparison of the address bits
(addressing information is in
Sections 8.0 and 12.0). If the
masters are each trying to
address the same device,
arbitration continues with
comparison of the data. Because
address and data information on
the 1°C-bus is used for arbitration,
no information is lost during this
process.

A master which loses the
arbitration can generate clock
pulses until the end of the byte in
which it loses the arbitration.

If a master also incorporates a
slave function and it loses
arbitration during the addressing
stage, it's possible that the
winning master is trying to
address it. The losing master must
therefore switch over immediately
to its slave-receiver mode.

Figure 8 shows the arbitration
procedure for two masters. Of
course, more may be involved
(depending on how many masters
are connected to the bus). The
moment there is a difference
between the internal data level of
the master generating DATA 1
and the actual level on the SDA
line, its data output is switched off,
which means that a HIGH output
level is then connected to the bus.
This will not affect the data
transfer initiated by the winning
master. Since control of the 12C-
bus is decided solely on the
address and data sent by
competing masters, there is no
central master, nor any order of
priority on the bus.

Special attention must be paid
if, during a serial transfer, the
arbitration procedure is still in
progress at the moment when a
repeated START condition or a
STOP condition is transmitted to
the 12C-bus. If it's possible for
such a situation to occur, the
masters involved must send this
repeated START condition or
STOP condition at the same
position in the format frame. In
other words, arbitration isn't

allowed between:

~ A repeated START condition
and a data bit

— A STOP condition and a
data bit

— A repeated START condition
and a STOP condition.

6.3 Use of the clock
synchronising mechanism as a
handshake
In addition to being used during
the arbitration procedure, the clock
synchronization mechanism can
be used to enable receivers to
cope with fast data transfers, on
either a byte level or a bit level.

On the byte level, a device may
be able to receive bytes of data at
a fast rate, but needs more time
to store a received byte or
prepare another byte to be
transmitted. Slaves can then hold
the SCL line LOW after reception
and acknowledgement of a byte to
force the master into a wait state
until the slave is ready for the next
byte transfer in a type of
handshake procedure.

On the bit level, a device such
as a microcontroller without, or
with only a limited hardware 12C
interface on-chip can slow down
the bus clock by extending each
clock LOW period. In this way, the
speed of any master is adapted to
the internal operating rate of this
device.

Transmitter 1 Loses Arbitration

Data 1 # SDA

0 T

Fig.8 Anbitration procedure of two masters
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7.0 FORMATS WITH 7-BIT

ADDRESSES

Data transfers follow the format

shown in Fig.9. After the START

condition (S), a slave address is
sent. This address is 7 bits long
followed by an eighth bit which is

a data direction bit (R/W) - a

‘zero’ indicates a transmission

(WRITE), a ‘one’ indicates a

request for data (READ). A data

transfer is always terminated by a

STOP condition (P) generated by

the master. However, if a master

still wishes to communicate on the
bus, it can generate a repeated

START condition (Sr) and address

another slave without first

generating a STOP condition.

Various combinations of read/write

formats are then possible within

such a transfer.
Possible data transfer formats
are:

- Master-transmitter transmits to
slave-receiver. The transfer
direction is not changed
(Fig.10).

- Master reads slave immediately
after first byte (Fig.11). At the
moment of the first
acknowledge, the master-
transmitter becomes a master-
receiver and the slave-receiver
becomes a slave-transmitter.
This acknowledge is still
generated by the slave. The
STOP condition is generated by
the master.

— Combined format (Fig.12).
During a change of direction
within a transfer, the START
condition and the slave address
arg_both repeated, but with the
R/W bit reversed.

January 1992

=\
R
o 17 8 9 17 8 9 1.7 8 9 '
i Y VY .
Slarl
Condition

Address RW ACK Data ACK ACK S(op

Condition

Fig.9 A complete data transfer

DATA DATAZ|AA P

‘— data transferred —J

(n bytes + acknowledge)

SLAVE ADDRESS;

0 (write)

o
from master to slave A = acknowledge (SDA LOW)

A = not acknowiedge (SDA HIGH)
S = START condition
P = STOP condition

[ trom siave to master
MBCS0S
Fig.10 A master-transmitter addresses a slave-receiver with a 7-bit address.
The transfer direction is not changed

gS%SLAVE ADDRES%FVWﬁ A I DATA EAﬂ DATA gk%ﬁ
‘—— data transferred ——J

(n bytes + acknowledge)

MBC606 (read)

Fig.11 A master reads a slave immediately after the first byte

V%SU\VEADDHESSZRI‘\%I? fDATAlNK S{fSLAVEADDRESSZR/W A

DATA INK 7

(" bytes (n bytes
readorwite 2"~
read or write
oi transfer
* transter direction of may change
St and acknowledge bis St = repeated START condtion at this point.
depends on RW bits. MBCS07

Fig.12 Combined format

NOTES:

1) Combined formats can be used, for
example, to control a serial
memory. During the first data byte,
the internal memory location has to
be written. After the START 4
condition and slave address is
repeated, data can be transferred.

2) All decisions on auto-increment or
decrement of previously accessed
memory locations etc. are taken by
the designer of the device.

3) Each byte is followed by an
acknowledgement bit as indicated
by the A or A blocks in the
sequence.

12C-bus compatible devices must
reset their bus logic on receipt of a
START or repeated START
condition such that they all
anticipate the sending of a slave
address.

=
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8.0 7-BIT ADDRESSING device has 4 fixed and 3 representatives listed on the back
(see section 13 for 10-bit programmable address bits, a total cover. Two groups of eight
addressing) of 8 identical devices can be addresses (0000XXX and
The addressing procedure for the  connected to the same bus. 1111XXX) are reserved for the
12C-bus is such that the first byte The 1°C-bus committee purposes shown in Table 2. The
after the START condition usually ~ coordinates allocation of 1’c bit combination 11110XX of the
determines which slave will be addresses. Further information can slave address is reserved for 10-
selected by the master. The be obtained fom the Philips bit addressing (see Section 13.0).

exception is the ‘general call’

i Table 2 Definition of bits in the first byte
address which can address all

devices. When this address is Slave RAW bit Description
used, all devices should, in theory, address
respond with ,an acknowledge. 0000 000 0 General call address
However, devices can be made to
ignore this address. The second 0000 000 1 START byte
byte of the general call address
then defines the action to be 0000 001 X CBUS address
?aken. This ",’9“"”’? is explained 0000010 X Address reserved for different bus format
in more detail in Section 8.1.1.
0000 011 X

8.1 Definition of bits in the
first byte 0000 1XX X
The first seven bits of the first
byte make up the slave address
(Fig.13). The eighth bit is the LSB 1111 OXX X
(least significant bit). It determines
the direction of the message. A
‘zero’ in the least significant

Reserved for future purposes

1111 1XX X

10-bit slave addressing

position of the first byte means NOTES:

that the master will write 1) No device is allowed to 3) The address reserved for a different

information to a selected slave. A acknowledge at the reception of the bus format is included to enable 1°C

‘one’ in this position means that ~_ STARTBYe. and ofher profocols to be mixed.

the masler Wl" read information C) Ine Lbuo aaaress lldb. peen o wniy I L-bus Lu'mpauule aevices
reserved to enable the inter-mixing that can work with such formats

from the slave. of CBUS compatible and 12C-bus and protocols are allowed to

When an address is sent, each compatible devices in the same respond to this address.

device in a system compares the system. 1°C-bus compatible devices

first 7 bits after the START are not allowed to respond on

condition with its address. If they reception of this address.

match, the device considers itself
addressed by the master as a
slave-receiver or slav_e-transminer,
depending on the R/W bit.

A slave address can be made-
up of a fixed and a programmable
part. Since it's likely that there will
be several identical devices in a MSB LsB
system, the programmable part of T o l “’WJ
the slave address enables the . : . * * *
maximum possible number of Stave Addi
such devices to be connected to
the 12C-bus. The number of
programmable address bits of a
device depends on the number of
pins available. For example, if a Fig.13 The first byte after the START procedure
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8.1.1 General call address
The general call address should
be used to address every device
connected to the 12C-bus.
However, if a device doesn’t need
any of the data supplied within the
general call structure, it can ignore
this address by not
acknowledging. If a device does
require data from a general call
address, it will acknowledge this
address and behave as a slave-
receiver. The second and
following bytes will be -
acknowledged by every slave-
receiver capable of handling this
data. A slave which cannot
process one of these bytes must
ignore it by not acknowledging.
The meaning of the general call
address is always specified in the
second byte (Fig.14).

There are two cases to

slave address by hardware. On
receiving this 2-byte sequence,
all devices designed to respond
to the general call address will
reset and take in the
programmable part of their
address. Precautions have to
be taken to ensure that a
device is not pulling down the
SDA or SCL line after applying
the supply voltage, since these
low levels would block the bus

00000100 (H’04’). Write
programmable part of slave
address by hardware. All
devices which define the
programmable part of their
address by hardware (and
which respond to the general
call address) will latch this
programmable part at the
reception of this two byte

consider: sequence. The device will not
® When the least significant bit B reset.
is a ‘zero’.
® When the least significant bit B — 00000000 (H'00"). This code is
is a ‘one’. not allowed to be used as the

second byte.
When B is a ‘zero’; the second

byte has the following definition:
- 00000110 (H'06’). Reset and
write programmable part of

Sequences of programming
procedure are published in the
appropriate device data sheets.

The remaining codes have not
been fixed and devices must
ignore them.

When B is a ‘one’; the 2-byte
sequence is a ‘hardware general
call’. This means that the
sequence is transmitted by a
hardware master device, such as
a keyboard scanner, which cannot
be programmed to transmit a
desired slave address. Since a
hardware master doesn’t know in
advance to which device the
message has to be transferred, it
can only generate this hardware
general call and its own address -
identifying itself to the system
(Fig.15).

The seven bits remaining in the
second byte contain the address
of the hardware master. This
address is recognised by an
intelligent device, such as a
microcontroller, connected to the
bus which will then direct the
information from the hardware
master. If the hardware master
can also act as a slave, the slave
address is identical to the master
address.

In some systems, an alternative
could be that the hardware master

LsB

|
Lelofofofofofoefolalxx[x[xfx]x[xfe]nr]

First Byte Second Byte
(General Call Address)
Fig.14 General call address format
(8)
|
I s I 00000000 LAJ Master Address [ 2] Data l A l Data I A l P ]
N v - _ | ) |
[
General Call Address Second Byte (in Bytes + Acknowledge)

Fig.15 Data transfer from a hardware master-transmitter
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[ s l Slave Addr H/W Master Dump Addr for H/W Master [ X I A | PJ

[ o] »]
|

Write
(a) Configuring Master Sends Dump Address to Hardware Master

[ s ] Slave Addr H/'W Master l RW I A l Data l A I Data

l I 2 |
) (¢
Write (n Bytes + Acknowledge)

(b) Hardware Master Dumps Data to Selected Slave Device

Fig.16 Data transfer by a hardware-transmitter capable of dumping
data directly to slave devices (a) Configuring master sends dump
address to hardware master (b) Hardware master dumps data to

selected slave

transmitter is set in the slave-
receiver mode after the system
reset. In this way, a system
configuring master can tell the
hardware masier-iransmitier
(which is now in slave-receiver
mode) to which address data must
be sent (Fig.16). After this
programming procedure, the
hardware master remains in the
master-transmitter mode.

8.1.2 START byte
Microcontrollers can be connected
to the I°C-bus in two ways. A
microcontroller with an on-chip
hardware 2C-bus interface can be
programmed to be only interrupted
by requests from the bus. When
the device doesn’t have such an
interface, it must constantly
monitor the bus via software.
Obviously, the more times the
microcontroller monitors, or polls,
the bus the less time it can spend

carrying out its intended function.
There is therefore a speed
difference between fast hardware
devices and a relatively slow
microcontroiier which reiies on
software polling.

In this case, data transfer can
be preceded by a start procedure
which is much longer than normal
(Fig.17). The start procedure
consists of:

- A START condition (S)
- A START byte (00000001)
- An acknowledge clock pulse

(ACK)
~ A repeated START condition

(Sr).

After the START condition S has
been transmitted by a master
which requires bus access, the
START byte (00000001) is
transmitted. Another
microcontroller can therefore
sample the SDA line at a low

sampling rate until one of the
seven zeros in the START byte is
detected. After detection of this
LOW level on the SDA line, the
microcontroiier can switch to a
higher sampling rate to find the
repeated START condition Sr
which is then used for
synchronization.

A hardware receiver will reset
on receipt of the repeated START
condition Sr and will therefore
ignore the START byte.

An acknowledge-related clock
pulse is generated after the
START byte. This is present only
to conform with the byte handling
format used on the bus. No device
is allowed to acknowledge the
START byte.

| «————— start byte 00000001 —————|

Fig.17 START byte procedure

-—
P
dummy !
acknowledge |
(HIGH) [
||
9
l
ACK LSI'J
MBC633
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8.1.3 CBUS compatibility
CBUS receivers can be connected
to the 12C-bus. However, a third
line called DLEN must then be
connected and the acknowledge
bit omitted. Normally, 12C
transmissions are sequences of
8-bit bytes; CBUS compatible

the CBUS message. For this

reason, a special CBUS address

(0000001X) to which no 12C-bus
compatible device will respond,
has been reserved. After
transmission of the CBUS
address, the DLEN line can be
made active and a CBUS-format

Master-transmitters can send
CBUS formats after sending the
CBUS address. The transmission
is ended by a STOP condition,
recognised by all devices.

NOTE: If the CBUS configuration is
known, and expansion with CBUS
compatible devices isn’t foreseen, the

devices have different formats.
In a mixed bus structure, 12C-
bus devices must not respond to

transmission (Fig.18) sent. After
the STOP condition, all devices
are again ready to accept data.

designer is allowed to adapt the hold
time to the specific requirements of the
device(s) used.

s ! ‘_V“" ‘_V'J \—'—4’ ' -P :
) i cBUS
Start Adarons i P D Ble load . Stop
Condition ACK Related pulse Condition
Clock Puise

Fig.18 Data format of transmissions with CBUS transmitter/receiver
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9.0 ELECTRICAL
CHARACTERISTICS FOR I°C-
BUS DEVICES
The electrical specifications for the
1/Os of IC-bus devices and the
characteristics of the bus lines
connected to them are given in
Tables 3 and 4 in Section 15.

i2C-bus devices with fixed input
levels of 1.5 V and 3 V can each
have their own appropriate supply
voltage. Pull-up resistors must be
connected to a 5 V = 10% supply
(Fig.19). 12C-bus devices with
input levels related to Vg, must
have one common supply line to
which the pull-up resistor is also
connected (Fig.20).

When devices with fixed input
levels are mixed with devices with
input levels related to Vi, the
latter devices must be connected
to one common supply line of 5 V
+ 10% and must have pull-up
resistors connected to their SDA
and SCL pins as shown in Fig.21.

Input levels are defined in such
a way that:

- The noise margin on the LOW
level is 0.1 Vpy

-~ The noise margin on the HIGH
level is 0.2 Vg

- Series resistors (Rg) of e.g.

300 Q can be used for

protection against high voltage

spikes on the SDA and SCL
line due to flash-over of a TV
picture tube, for example

(Fig.22).

9.1 Maximum and minimurm
values of resistors R, and R,
In a standard-mode 1°C-bus
system the values of resistors R
and Ry in Fig.22 depend on the
following parameters:

1) Supply voltage
2) Bus capacitance
3) Number of connected devices

(input current + leakage

current)

January 1992

Vpp2 -4 & device dependent (e.g. 12 V)

VpD1=5V£10%  Vpp2 VpD3 VoD4
Ap Rpﬁ NMOS BICMOS CMOS BIPOLAR
SbA 1 ] | !
SCL
MBCs10
Fig.19 Fixed input level devices connected to the 1°C-bus
Vpp =e.g., 3V
I i ]
weE mpd [ cmos | | emos | | cemos | | cmos]
SDA
scL

Fig.20 Devices with wide suppiy voltage range connected to the 1°C-bus

VDD2,3 are device dependent {e.g. 12 V)

Vpp1=
5vVt10% VbD2 VpD3
] ] | ]
Rp| | Rp CMOS CMOS NMOS BIPOLAR
SDA | | | 1
SCL
MBCE26

Fig.21 Devices with input levels related to Vp, (supply VQD1 ) mixed with fixed
input level devices (supply Vpp, 5) 0n the 1°C-bus

VoD VoD
12c 12c
Device Device
<3 2 <3 <l < P4
Rs$ Rsg Rs$ Rsg Rp S RpS
SDA
sCL

Fig.22 Series resistors (R) for protection against high-voltage spikes

13
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The supply voltage limits the
minimum value of resistor F{p due
to the specified minimum sink
current of 3 mA at Vg . = 0.4V
for the output stages. Vg as a
function of R, .. is shown in
Fig.23. The desired noise margin
of 0.1Vp,, for the LOW level limits
the maximum value of Rg. Rg o,
as a function of R, is shown in
Fig.24.

The bus capacitance is the total
capacitance of wire, connections
and pins. This capacitance limits
the maximum value of R, due to
the specified rise time. Fig.25
shows Ry ., as a function of bus
capacitance.

The maximum HIGH level input
current of each input/output
connection has a specified
maximum value of 10 pA. Due to
the desired noise margin of
0.2Vp, for the HIGH level, this
input current limits the maximum
value of Rp. This limit depends on
Vpp- The total HIGH level input
current is shown as a function of
R, max in Fig.26.
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MBCE2e
s
minimum
valveRp 5 P’
) /]
. Rs=0l/ [ A
1A
Vv
3
yd
2 l/nnx.ns
Y,
1 A
0
° 4 ) 12 18

Voo™
Fig.23 Minimum value of R, as a function of supply voltage with the value
of R as a parameter

w1 4
@ Vpp=25V sV
V|
. / A X
/ Y Xy
4 / 1oV
. // A
00 400 800 1200 1600

maximum vaie Rg (Q)
Fig.24 Maximum value of R, as a function of the value of R, with supply
voltage as a parameter

20 MBCass
maximum
vaiue Rp
Q)
18 I
AN
. -
D)
py— Rs |
@Vpp=5V R
oo 100 200 300 400
bus capacitance (pF)
Fig.25 Maximum value of R, as a function of bus capacitance for a
standard-mode 12C-bus
20 MBC%0
value Rp \ \
) 16 \
" \
A\
REAYA Yoo 15
\ ~— ]
v
‘ =5
° N .5 V|
[ “ “r 120 160 200
toul high level input curment (uA)

Fig.26 Total HIGH level input current as a function of the maximum value
of Rp with supply voltage as a parameter
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10.0 EXTENSIONS TO THE
12C-BUS SPECIFICATION
The 1°C-bus with a data transfer
rate of up to 100 kbit/s and 7-bit
addressing has now been in
existence for more than ten years
with an unchanged specification.
The concept is accepted world-
wide as a de facto standard and
hundreds of different types of I2C-
bus compatible ICs are avaiiabie
from Philips and other suppliers.
The 1°C-bus specification is now
extended with the following two
features:
® A fast-mode which allows a
fourfold increase of the bit rate
to 0 to 400 kbit/s
® 10-bit addressing which allows
the use of up to 1024 additional
addresses.

There are two reasons for these
extensions to the 1°C-bus
specification:

- New applications will need to
transfer a larger amount of
serial data and will therefore
demand a higher bit rate than
100 kbit/s. Improved IC
manufacturing technology now
allows a fourfold speed
increase without increasing the
manufacturing cost of the
interface circuitry

~ Most of the 112 addresses
available with the 7-bit
addressing scheme have been
issued more than once. To
prevent problems with the
allocation of slave addresses
for new devices, it is desirable
to have more address
combinations. About a tenfold
increase of the number of
available addresses is obtained
with the new 10-bit addressing.

All new devices with an 1°C-bus
interface are provided with the
fast-mode. Preferably, they should
be able to receive and/or transmit
at 400 kbit/s. The minimum
requirement is that they can

January 1992

synchronize with a 400 kbit/s
transfer; they can then prolong the
LOW period of the SCL signal to
slow down the transter. Fast-mode
devices must be downward-
compatible which means that they
must still be able to communicate
with 0 to 100 kbit/s devices in a 0
to 100 kbit's [°C-bus system.

Obviously, devices with 0 to
100 kbit/s i?C-bus interface cannot
be incorporated in a fast-mode
I2C-bus system because, since
they cannot follow the higher
transfer rate. Unpredictable states
of these devices would occur.

Slave devices with a fast-mode
12C-bus interface can have a 7-bit
or 10-bit slave address. However,
a 7-bit address is preferred
because it is the cheapest solution
in hardware and it results in the
shortest message length. Devices
with 7-bit and 10-bit addresses
can be mixed in the same 12C-bus
system regardless of whether it is
a 0 to 100 kbit/s standard-mode
system or a 0 to 400 kbit/s fast-
mode system. Existing and future
masters can generate 7-bit or 10-
bit addresses.

11.0 FAST-MODE

in the fast-mode of the I1°C-bus,

the protocol, format, logic levels

and maximum capacitive load for

the SDA and SCL lines given in

the previous 1C-bus specification

remain unchanged. Changes to

the previous 12C-bus specification

are:

- The maximum bit rate is
increased to 400 kbit/s

- Timing of the serial data (SDA)
and serial clock (SCL) signals
has been adapted. There is no
need for compatibility with other
bus systems such as CBUS
because they cannot operate at
the increased bit rate

- The inputs of fast-mode
devices must incorporate spike
suppression and a Schmitt
trigger at the SDA and SCL

15

inputs

- The output pbuffers of fast-mode
devices must incorporate slope
control of the falling edges of
the SDA and SCL signals

— If the power supply to a fast-
mode device is switched off,
the SDA and SCL I/O pins
must be floating so that they
don’t obstruct the bus lines

— The external pull-up devices
connected to the bus lines must
be adapted to accommodate
the shorter maximum
permissible rise time for the
fast-mode 12C-bus. For bus
loads up to 200 pF, the pull-up
device for each bus line can be
a resistor; for bus loads
between 200 pF and 400 pF,
the pull-up device can be a
current source (3 mA max.) or
a switched resistor circuit as
shown in Fig.34.

12.0 10-BIT ADDRESSING
The 10-bit addressing does not
change the format in the 12C-bus
specification. Using 10 bits for
addressing exploits the reserved
combination 1111XXX for the first
7 bits of the first byte following a
START (S) or repeated START
(Sr) condition as explained in
Section 8.1. The 10-bit addressing
does not affect the existing 7-bit
addressing. Devices with 7-bit and
10-bit addresses can be
connected to the same 12C-bus,
and both 7-bit and 10-bit
addressing can be used in a
standard-mode system (up to
100 kbit/s) or a fast-mode system
(up to 400 kbit/s) system.

Although there are eight
possible combinations of the
reserved address bits 1111XXX,
only the four combinations
11110XX are used for 10-bit
addressing. The remaining four
combinations 11111XX are
reserved for future 12C-bus
enhancements.
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12.1 Definition of bits in the
first two bytes

The 10-bit slave address is
formed from the first two bytes
following a START condition (S) or
a repeated START condition (Sr).

The first 7 bits of the first byte
are the combination 11110XX of
which the last two bits (XX) are
the two most-significant bits
(MSBs) of the 10-bit address; the
eighth bit of the first byte is the
R/W bit that determines the
direction of the message. A ‘zero’
in the least significant position of
the first byte means that the
master will write information to a
selected slave. A ‘one’ in this
position means that the master will
read information from the slave.

If RIW is ‘zero’, then the
second byte contains the
remaining 8 bits (XXXXXXXX) of
the 10-bit address. If R/W is
‘one’, then the next byte contains
data transmitted from slave to
master.

12.2 Formats with 10-bit
addresses

Various combinations of read/write

formats are possible within a

transfer that includes 10-bit

addressing. Possible data transfer
formats are:

- Master-transmitter transmits
to slave-receiver with a 10-bit
slave address. The transfer
direction is not changed
(Fig.27). When a 10-bit
address follows a START
condition, each slave compares
the first 7 bits of the first byte
of the slave address (11110XX)
with its own address and tests
if the eighth bit (R/W direction
bit) is 0. It is possible that more
than one device will find a
match and generate an
acknowledge (A1). All slaves
that found a match will
compare the 8 bits of the
second byte of the slave
address (XXXXXXXX) with their

January 1992

11110XX 0

SLAVE ADDRESS1/<<] SLAVE ADDRESS —Eia
ES 15t 7BITS'//1’Fw;] AIL 2nd BYTE /A A2 EJATAj A I E)ATA AALP.

MBCS13

(write)

Fig.27 A master-transmitter addresses a slave-receiver with a 10-bit

address
11110XX 0 11110XX 1
PZASIAVE AbORESSY 221, TSUAVE ADDRESS SUAVE ADDRESS 7
z 10t nms/m 2nd BYTE A N2 P50 1w 78ITS /W] A3 | DATA OATAPAZ
| |
(write) (read) MeCet4

Fig.28 A master-receiver addresses a slave-transmitter with a 10-bit

address
11110XX 0
EELSW:E 78ITS /ZZ] A [2“27 v?fd‘BVTE 7‘6’2 A [an A ' Eﬁm NKI
‘"L, 11110XX 1
PR ] )
18

(road) moce

Fig.29 Combined format. A master addresses a slave with a 10-bit address,
then transmits data to this slave and reads data from this slave

own addresses, but only one
slave will find a match and
generate an acknowledge (A2).
The matching slave will remain
addressed by the master until it
receives a STOP condition (P)
or a repeated START condition
(Sr) followed by a different
slave address.

- Master-receiver reads slave-
transmitter with a 10-bit slave
address. The transfer
direction is changed after the
second R/W bit (Fig.28). Up
to and including acknowledge
bit A2, the procedure is the
same as that described above
for a master-transmitter
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11110XX 0

SLAVE ADDRESS /<

SLAVE ADDRE!
18 78S J4RW) A

ppis,s I {mt{i A I ﬁnnjﬂilD

11110XX

(wrtte)
(%ﬂ*‘f‘ l;‘;?gs,SS'lmj A ISMEE N5 @.{gﬁ@
(\vn{h) mocs1e

Fig.30 Combined format. A master transmits data to two slaves, both with
10-bit addresses

[
Eszéuvs] mﬂ;sszaww‘ A EDATA? A | SDATAFAI
T
(write)

11110XX

0
617 BITS OF 108111 222] , |2nd BYTE OF 10.81] -
SLAVE mnnsss’I“”:l A Lsuvs ADDRESS} A [DATA] A DATAINAD P
|
(write)

Mece17

Fig.31 Combined format. A master transmits data to two slaves, one with
a 7-bit address, and one with a 10-bit address

addressing a slave-receiver.
After the repeated START
condition (Sr), a matching slave
remembers that it was
addressed before. This slave
then checks if the first 7 bits of
the first byte of the slave
address following Sr are the
same as before after the
START condition (S), and tests
if the eighth (R/W) bit is 1. If
there is a match, the slave
considers that it has been
addressed as a transmitter and
generates acknowledge A3.
The slave-transmitter remains
addressed until it receives a
STOP condition (P) or until it
receives another repeated
START condition (Sr) followed
by a different slave address.
After Sr, all the other slave
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devices will also compare the
first 7 bits of the first byte of
the slave address (11110XX)
with their own addresses and
test the eighth (R/W) bit.
However, none of them _!vill be
addressed because R/W = 1
(for 10-bit devices), or the
11110XX slave address (for 7-
bit devices) does not match)
Combined format. A master
transmits data to a slave and
then reads data from the
same slave (Fig.29). The
same master occupies the bus
all the time. The transfer
direction is changed after the
second R/W bit

Combined format. A m: =zter
transmits data to one slave
and then transmits data to
another slave (Fig.30). The

17

master occupies the bus all the
time

- Combined format. 10-bit and
7-bit addressing combined in
one serial transfer (Fig.31).
After each START condition
(S), or each repeated START
condition (Sr), a 10-bit or 7-bit
slave address can be
transmitted. Figure 30 shows
how a master-transmits data to
a slave with a 7-bit address
and then transmits data to a
slave with a 10-bit address.
The same master occupies the
bus all the time.

NOTES:

1) Combined formats can be used, for
example, to control a serial
memory. During the first data byte,
the internal memory location has to
be written. After the START
condition and slave address is
repeated, data can be transferred.
All decisions on auto-increment or
decrement of previously accessed
memory locations etc. are taken by
the designer of the device.

3) Each byte is followed by an
acknowledgement bit as indicated
by the A or A blocks in the
sequence.

12C-bus compatible devices must
reset their bus logic on receipt of a
START or repeated START
condition such that they all
anticipate the sending of a slave
address.

2

-

4

13.0 GENERAL CALL
ADDRESS AND START BYTE
The 10-bit addressing procedure
for the I12C-bus is such that the
first two bytes after the START
condition (S) usually determine
which slave will be selected by the
master. The exception is the
‘general call’ address 00000000
(H'00’). Slave devices with 10-bit
addressing will react to a ‘general
call’ in the same way as slave
devices with 7-bit addressing (see
Section 8.1.1).

Hardware masters can transmit
their 10-bit address after a
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‘general call'. In this case, the
‘general call' address byte is
followed by two successive bytes
containing the 10-bit address of
the master-transmitter. The format
is as shown in Fig. 15 where the
first DATA byte contains the eight
least-significant bits of the master
address.

The START byte 00000001
(H01’) can precede the 10-bit
addressing in the same way as for
7-bit addressing (see Section
8.1.2).
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14.0 APPLICATION
INFORMATION FOR FAST-
MODE I12C-BUS DEVICES

14.1 Output stage with slope
control
The electrical specifications for the
1/Os of 12C-bus devices and the
characteristics of the bus lines
connected to them are given in
Tables 3 and 4 in Section 15.

Figures 32 and 33 show
examples of output stages with
slope control in CMOS and bipolar
technology. The slope of the
falling edge is defined by a Miller
capacitor (C1) and a resistor (R1).
The typical values for C1 and R1
are indicated on the diagrams.
The wide tolerance for output fall
time to given in Table 3 means
that the design is not critical. The
fall time is only slightly influenced
by the external bus load (C,) and
external pull-up resistor (Rp).
However, the rise time (tg)
specified in Table 4 is mainly
determined by the bus load
capacitance and the value of the
pull-up resistor.

14.2 Switched pull-up circuit
The supply voltage (Vpp) and the
maximum output LOW level
determine the minimum value of
pull-up resistor R, (see Section
9.1). For example, with a supply
voltage of Vpp = 5V + 10% and
VoL max. = 0.4V at 3mA, R,
= (5.5 - 0.4)/0.003 = 1.7 kQ. As
shown in Fig.35, this value of Rp
limits the maximum bus
capacitan.  to about 200 pF to
meet the maximum tg requirement
of 300 ns. if the bus has a higher
capacitance than this, a switched
pull-up circuit as shown in Fig.34
can be used.

The switched pull-up circuit in
Fig.34 is for a supply voltage of
V., 5Vzxi0%anda
(aximum capacitive load of
4006 pF. Since it is controlled by
the bus levels, it needs no
additional control signals. During
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the rising/falling edges, the
bilateral switch in the HCT4066
switches pull-up resistor Ry2 on/off
at bus levels between 0.8 V and
2.0 V. Combined resistors Rp1
and Rp2 can pull-up the bus line
within the maximum specified rise
time (tg) of 300 ns. The maximum
sink current for the driving 1°C-bus
device will not exceed 6 mA at
Vo = 0.6 V, and 3 mA at V,,,
=04 V.

Series resistors R, are optional.
They protect the /O stages of the
12C-bus devices from high-voltage
spikes on the bus lines, and
minimize crosstalk and undershoot
of the bus line signals. The
maximum value of R is
determined by the maximum
permitted voltage drop across this
resistor when the bus line is
switched to the LOW level in order
to switch off sz.

14.3 Wiring pattern of the
bus lines
In general, the wiring must be so
chosen that crosstalk and
interference to/from the bus lines
is minimized. The bus lines are
most susceptible to crosstalk and
interference at the HIGH level
because of the relatively high
impedance of the pull-up devices.

If the length of the bus lines on
a PCB or ribbon cable exceeds
10 cm and includes the Vp, and
Vg lines, the wiring pattern must
be:

SDA

VDD

VSS
scL

If only the Vg line is included,
the wiring pattern must be:

SDA

Vss
SCL
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Fig.34 Switched pull-up circuit
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Fig.35 Maximum value of R as a function of bus capacitance for meeting

the tg ax. requlrement for a fast-mode 12C-bus
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These wiring patterns also
result in identical capacitive loads
for the SDA and SCL lines. The
Vgg and Vp lines can be omitted
if a PCB with a Vg and/or V,
layer is used.

If the bus lines are twisted-
pairs, each bus line must be
twisted with a Vgg return.
Alternatively, the SCL line can be
twisted with a Vgg retumn, and the
SDA line twisted with a V
return. In the latter case,
capacitors must be used to
decouple the Vp, line to the Vgq
line at both ends of the twisted
pairs.

If the bus lines are shielded
(shield connected to Vgg),
interference will be minimized. The
shielded cable must have low
capacitive coupling between the
SDA and SCL lines to minimize
crosstalk.

14.4 Maximum and minimum
values of resistors R, and R,
The maximum and minimum
values for resistors R and R
connected to a fast- mode C-bus
can be determined from Fig.23, 24
and 26 in Section 9.1. Because a
fast-mode 1°C-bus has faster rise
times (tg) the maximum value of
Flp as a function of bus
capacitance is less than that
shown in Fig.25 The replacement
graph for Fig.25 showing the
maximum value of R as a
function of bus capacitance (C,)
for a fast mode 12C-bus is given in
Fig.35.



Signetics I2C Peripherals for Microcontrollers

12C -bus specification (including fast-mode)

15.0 ELECTRICAL
SPECIFICATIONS AND
TIMING FOR VO STAGES
AND BUS LINES
The I/O levels, /O current, spike
suppression, output slope control
and pin capacitance for 12C-bus
devices are given in Table 3. The
12C-bus timing is given in Table 4.
Figure 36 shows the timing
definitions for the 12C-bus.

The noise margin for levels on

the bus lines for fast-mode
devices are the same as those
specified in Section 9.0 for
standard-mode 1°C-bus devices.
The minimum HIGH and LOW
periods of the SCL clock specified
in Table 4 determine the
maximum bit transfer rates of
100 kbit/s for standard-mode
devices and 400 kbit/s for fast
mode devices. Standard-mode
and fast-mode I?C-bus devices

Table 3 Characteristics of the SDA and SCL I/O stages for 12C-bus devices

must be able to follow transfers at
their own maximum bit rates,
either by being able to transmit or
receive at that speed or by
applying the clock synchronization
procedure described in Section 6
which will force the master into a
wait state and stretch the LOW
period of the SCL signal. Of
course, in the latter case the bit
transfer rate is reduced.

standard-mode devices fast-mode devices
Parameter Symbol X - Unit
Min. Max. Min. Max.

LOW level input voltage: Vi )
fixed input levels -0.5 15 -0.5 15
Vpp-related input levels -0.5 0.3Vpp -0.5 0.3Vpp
HIGH level input voltage: Vin v
fixed input levels 3.0 N 3.0 1
Vpp-related input levels 0.7Vpp N 0.7Vpp il
Hysteresis of Schmitt trigger inputs: V,,),s \
fixed input levels n/a n/a 0.2 -
Vpp-related input levels na n/a 0.05Vp, -
Pulse width of spikes which must be tsp n/a n/a 0 50 ns
suppressed by the input filter
LOW level output voltage (open drain or \"
open collector):
at 3 mA sink current Voui 0 04 0.4
at 6 mA sink current Vo2 n/a n/a 0 0.6
Output fall time from V,y, .. to V) ., with tor ns
a bus capacitance from 10 pF to 400 pF:
with up to 3 mA sink current at Vg, ; - 250 20 +0.1C,? 250
with up to 6 mA sink current at Vi, , wa na 20+0.1C,2 250
Input current each I/0 pin with an input I -10 10 -10% 10% pA
voltage between 0.4 V and 0.9Vpp oy
Capacitance for each /O pin C; - 10 - 10 pF

n/a = not applicable
" maximum V,,; = Vpp max. + 0-5 V
2)

C,, = capacitance of one bus line in pF. Note that the maximum t; for the SDA and SCL bus lines

quoted in Table 4 (300 ns) is longer than the specified maximum to for the output stages (250 ns).
This allows series protection resistors (R,)to be connected between the SDA/SCL pins and the
SDA/SCL bus lines as shown in Fig.34 without exceeding the maximum specified t¢.

3

January 1992
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1/O pins of fast-mode devices must not obstruct the SDA and SCL lines if Vpp is switched off.
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Table 4 Characteristics of the SDA and SCL bus lines for I2C-bus devices

Standard-mode Fast-mode
Parameter Symbol 1°C-bus 12C-bus Unit
Min. Max. Min. Max.
SCL clock frequency fscL 0 100 0 400 | kHz
Bus free time between a STOP and START condition taur 47 - 13 - us
Hold time (repeated) START condition. After this period, tpssta 4.0 - 0.6 - us
the first clock pulse is generated
LOW period of the SCL clock tiow 4.7 - 1.3 - us
HIGH period of the SCL clock tigH 4.0 - 0.6 - us
Set-up time for a repeated START condition tsu.sTa 47 - 0.6 - us
Data hold time: tip.oAT
for CBUS compatible masters (see NOTE, Section 8.1.3) 5.0 - - - us
for 12C-bus devices o" - o 092 | us
Data set-up time tou.AT 250 - 100% - ns
Rise time of both SDA and SCL signals g - 1000 20 + 300 ns
0.1c¥
Fall time of both SDA and SCL signals e - 300 20 + 300 ns
0.1C,%

Set-up time for STOP condition tsussto 4.0 - 0.6 - us
Capacitive load for each bus line C, - 400 - 400 pF

All values referred to V, nin @nd V. ... levels (see Table 3).

" A device must internally provide a hold time of at {¢ast 300 ns for the SDA signal (referred to the V,, . Of the SCL signal) in
order to bridge the undefined region of the falling edge of SCL.

2The maximum t,,,.0,,7 has only to be met if the device does not stretch the LOW period (1 o) of the SCL signal.

3 A tast-mode 1°C-bus device can be used in a standard-mode 1°C-bus system, but the requirement tsu.pat 2250 ns must then
be met. This will automatically be the case if the device does not stretch the LOW period of the SCL signal. If such a device does
stretch the LOW period of the SCL signal, it must output the next data bit to the SDA line tg 1o, + tgy.pat = 1000 + 250 = 1250 ns
(according to the standard-mode 12C-bus specification) before the SCL line is released.

4 ¢, - total capacitance of one bus line in pF.

Low tp -

b

'HD;STA . »j

HD;DAT

THIGH

!
I
|
|
|
|

"

|
|
=T
.

SU.DAT ‘su:sM'l

)

| ———

RS S ———

Fig.36 Definition of timing on the 12C-bus
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GENERAL PURPOSE ICs

LCD Drivers
PCF8566

PCF8568
PCF8569
PCF8576
PCF8577C

PCF8578/79

96-segment LCD driver
1:1 = 1:4 Mux

LCD row driver for dot
matrix displays

Column driver for dot matrix
displays

160-segment LCD driver

1:1—1:4 Mux
64-segment LCD driver
1:1 —1:2 Mux

Row/column LCD
dot-matrix driver;
1:8 — 1:32 Mux

1/0 Expanders

PCF8574/A

PCD8584

SAA1064
SAA1300

8-bit remote 1/O port
(I2C-bus to parallel
converter)

8-bit parallel to 12C
converter

4-digit LED driver
5-bit high-current driver

Data Converters

PCF8591

TDA8442
TDA8444

Memory
PCF8570/C
PCF8571
PCF8581
PC.8582
PCF8583

PCF8594

4-channel, 8-bit Mux ADC +
one DAC

Quad 6-bit DAC
QOctal 6-bit DAC

256-byte static RAM
128-byte static RAM
128-byte EEPROM
256-byte EEPROM

256-byte
RAM/clock/calendar

512-byte EEPROM

Clocks/Calendars

PCF8573
PCF8583

Clock/calendar

Clock/calendar/
256-byte RAM

68000-Based CMOS
Microcontrollers

68070

93CXXX

68000 CPU/MMU/UART/
DMA/timer

UST/I2C/34k ROM/
512 RAM

80C51-Based CMOS
Microcontrollers*

8XCL410

8XC528

8XC552

8XC652

8XC654

8XC751
8XC752

8048 Instruction-Set Based CMOS

4k ROM/128 RAM, low
power

32k ROM/512 RAM, T2,
WD

256-byte RAM/8k ROM/
ADC/UART/PWM

256-byte RAM/8k ROM,
UART

256-byte RAM/16kROM,
UART

64-byte RAM/2k ROM

64-byte RAM/2k ROM,
ADC/PWM

Microcontrollers

PCF84Co00

PCF84C21
PCF84C4a1
PCF84C81
PCF84C85

PCF84C430

256-byte RAM/bond-out
version for prototype
development

64-byte RAM/2k ROM
128-byte RAM/2k ROM
256-byte RAM/8k ROM

256-byte RAM/8k ROM/
Extended I/O

128-byte RAM/4k ROM/
96-segment LCD driver

MULTIMEDIA ICs

Video/Radio/Audio

SAA5243

SAA5245

SAA7191

SAA7192

SAA7199
SAA9041

SAA9051
SAB3035/36/37

SAF1135

Also available with extended temperature ranges.

January 1992

Enhanced Computer
Controlled Teletext (ECCT)
decoder

Enhanced Computer
Controlled Teletext
(USECCT) decoder

S-VHS digital multistandard
decoder “square pixel”

Digital color space
converter

Digital encoder

Digital video teletext
(DVTB) processor

7-Bit digital video decoder

Digital tuning circuits for
computer-controlled TV

Dataline 16 decoder for
VCR

TDA1551Q
TDA4670

TDA4680
TDA6360
TDA8415/17

TDA8421

TDA8425

TDA8433
TDA8440
TDAB8442
TDA8443/A
TDA8461

TDAB8466

TDA9150

TEA6100

TEA6300

TEA6310T

TSA5511/12/14

TSA6057

Telecom
NE5750/51
PCD3311/12

PCD3341

PCD3343

PCD3348

UMA1000T

UMA1014T

UMF1009

2 x 22W Audio Power Amp
P'ictuvre signal improvement
circuit

Video processor

5 Band Equalizer

Stereo/dual sound
processor

Audio processor with
a loudspeaker channel and
a headphone channel

Audio processor with a
loudspeaker channel only

Deflection processor
Video/audio switch
Interface for color decoders
YUV/RGB matrix switch

PAL/NTSC color decoder
and RGB processor

PALUNTSC color decoder
and RGB processor

Deflection processor

FM/IF and digital tuning IC
for computer-controlled
radio

Sound fader control and
preamplifier/source selector
for car radio

Sound fader control with
tone and volume control for
car radio

PLL frequency synthesizer

PLL frequency synthesizer
for radio

Audio processor pair

Tone generator
(DTMF/modem/musical)

Advanced 10 to
110-number repertory dialer
with LCD control

Microcontroller with
224-byte RAM/3k ROM

Microcontroller with
256-byte RAM/8k ROM

Data processor for mobile
telephones

1GHz frequency
synthesizer for mobile
telephones

Frequency synthesizer
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PCF8569
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DTMF/MODEM/musical-tone generators

GENERAL DESCRIPTION

The PCD3311C and PCD3312C are single-chip silicon gate CMOS integrated circuits. They are

intended to provide dual-tone multi-frequency (DTMF) combinations required for tone dialling
systems in telephone sets which contain a microcontroller for the control functions.

The various audio output frequencies are generated from an on-chip 3,58 MHz quartz crystal-con-

trolled oscillator.

PCD3311C / PCD3312C

The devices can interface directly to all standard microcontrollers by accepting a binary-coded paralliel

input or serial data input (12C-bus).

With their on-chip voltage reference the PCD3311C and PCD3312C provide constant output amplitudes

which are independent of the operating supply voltage and ambient temperature.

An on-chip filtering system assures a very low total harmonic distortion in accordance with the CEPT

T/CS46-03 (= former CS203) recommendations.

In addition to the standard DTMF frequencies the devices provide 12 MODEM frequencies (300 to
1200 bits per second) used in simplex MODEM applications and two octaves of musical scale in steps

of semitones.

Features

® Stabilized output voltage level

® |ow output distortion with on-chip filtering (CEPT CS 203 compatible)
® |atched inputs for data bus applications

® |2C-buscompatible

® Mode select input (selection of parallel or serial data input)

® MODEM and melody tone generators

QUICK REFERENCE DATA

parameter symbol min. typ. max. unit
Operating supply voltage VbD 2,5 — 6,0 \%
Operating supply current IpD — — 0,9 mA
Static standby current IDDO — — 3 uA
DTMF output voltage level

(RMS values)

HIGH group VHG(rms) 158 192 205 mV

LOW group VLG(rms) 125 150 160 mV
Pre-emphasis of group AVg 1,85 2,10 2,35 dB
Total harmonic distortion THD — —25 — dB
Operating ambient temperature range Tamb —25 — +70 oC

PACKAGE OUTLINES

PCD3311CP: 14-lead DIL; plastic (SOT27).

PCD3311CT: 16-lead mini-pack; plastic (SO16L; SOT162A).
PCD3312CP: 8-lead DIL; plastic (SOT97).

PCD3312CT: 8-lead mini-pack; plastic (SO8L; SOT176C).

May 1990 25
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PCD3311C/ PCD3312C

oscl 0sCo Vbb Vss
1(3) 2(4) 1142 T13(n)
CcLOCK
[OSCILLATOR I—»l GENERATORJ___T__—_T____i
l |
tone generator ‘HIGH group’ | |
MODE__ |3 X [ t ¢ | I
7y | | |
L e
D »
- L
D,
4 SWITCHED - | )
" | SWITCHED- RESISTOR/
D3 INPUT DIVIDER CAPACITOR L | CAPAGITOR capaciToR | 8| Tone
b 10 | CONTROL »| SELECTION BANDGAP oW - PASS Low-pass
2 » Locic (ROM) VOLTAGE | = | FILTER FILTER
D4/SDA [9(8) REFERENCE R I
Dgy/SCL |8(7) |
0 Y
> l—> pac |+
h
STROBE |5 1 '[—-l B
> + X2 PCD3311C
tone generator ‘LOW group’ PCD3312C
7(6)
7287673.1
Ao

Fig. 1 Block diagram; the pin numbers in parenthesis refer to the PCD3312C.

oscl [ 1] U

osco [2]
MODE [ 3 |

[14] Voo
13] Vss

o5 [7] PCD3311C 7] 0
STROBE [5 | [10] D7
TONE [6 | BEEN
Ao [7] z, Dg/SCL
7287674.1

Fig. 2 Pinning diagram
for the PCD3311CP.

May 1990

PINNING

1 0OSCl

2 0SCO

3 MODE
4 Dg

5 STROBE
6 TONE

7 Ap

8 Dg/sCL
9 D41/SDA
10 Do

11 D3

12 Dy

13 Vsgg

14 Vpp

* MODE = HIGH.

26

———

oscillator input

oscillator output

mode select input; used for

the selection between serial

mode (MODE = LOW) and parallel
mode (MODE = HIGH)

parallel data input*

strobe input; used for the

loading of data in the parallel mode
frequency output for single

or dual tones

slave address input in the serial
mode; must be connected to

Vpp or Vss

parallel data input*

or serial clock line (12C-bus)
parallel data input*

or serial data line (12C-bus)

parallel data inputs*

negative supply
positive supply
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DTMF/MODEM/musical-tone generators PCD3311C / PCD3312C
PINNING
1 OSClI oscillator input
osct [1] U [16] Voo 2 0sco oscillator output
3 MODE mode select input; used for
0sco {Z 15] Vss the selection between serial
MODE [Z E D4 mode (MODE = LOW) and parallel
mode (MODE = HIGH)
D5 | 4 POD3311C [13] ne. 4 Dg parallel data input*
e E E 03 6 STROBE strobe input; used for the
] loading of data in the parallel mode
STROBE E E b2 7  TONE frequency output for single
or dual tones
TONE | 7 10| D1/SDA
E: :] 8 Ag slave address input in the serial
no [&| [ 9] po/sce mode; must be connected to
Vpp or Vss
7226525 9 Dg/SCL parallel data input*
or serial clock line (12C-bus)
Fia. 3 Pinning di 10 D1/SDA parallel data input*
9. inning diagram or serial data line (12C-bus)
for the PCD3311CT. 1 D,
12 D3 parallel data inputs*®
14 Dy
15 Vss negative supply
16 Vpp positive supply
5;13 n.c. not connected

* MODE = HIGH.

PINNING
1 V negative suppl
Vss [1] U o] soa 2 VSDSD pozitive su;;?!\,?l
Voo [2] [ 7] scL 3  0ScCl oscillator input
osoi [3] PCD3312C ] Ao 4 0SCO oscillator output
5 TONE frequency output for single
0sco [Z E] TONE or dual tones
6 Ao slave address input in the
7287675.1 serial mode; must be connected
Fig. 4 Pinning diagram to Vpp or Vss
for the PCD3312C. 7 SCL serial clock line (12C bus)
8 SDA serial data line (12C bus)

May 1990 27
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DTMF/MODEM/musical-tone generators PCD3311C/ PCD3312C

FUNCTIONAL DESCRIPTION
Clock/oscillator (OSCI and OSCO)

The timebase for the PCD3311C and PCD3312C is a crystal-controlled oscillator with a 3,58 MHz
quartz crystal connected between OSCi and OSCO. Alternatively, the OSCI input can be driven from
an external clock.

Mode select (MODE)

This input selects the data input mode. When connected to Vpp, data can be received in the parallel
mode (only for the PCD3311C), or, when connected to Vgg or left open, data can be received via
the serial 12C-bus (for both PCD3311C and PCD3312C).

Parallel mode can only be obtained for the PCD3311 by setting MODE input HIGH.

Data inputs (Dg, D1, Dy, D3, D4 and Dg)

Inputs Dg and D1 have no internal pull-down or pull-up resistors and must not be left open in any
application. Inputs Dy to Dg have internal pull-down. Dg and D4 are used to select between DTMF
dual, DTMF single, MODEM and melody tones (see Table 1). D3 to D select the combination of the
tones for DTMF or single-tone itself.

Table 1 Dg and Dy in accordance with the selected application

Dg Dy application

DTMF single tones; standby; melody tones
DTMF dual tones (all 16 combinations)
MODEM tones; standby; melody tones
melody tones

—_-—_00
-0 -0

1=H = HIGH voltage level
0= L = LOW voltage level

Note: Tables 2, 3, 4 and 5 show all input codes and their corresponding output frequencies.
Strobe input (STROBE, only for the PCD3311C)

This input (with internal pull-down) allows the loading of parallel data into Dg to Dg when MODE
is HIGH.

The data inputs must be stable preceeding the positive-going edge of the strobe pulse (active HIGH).
Input data are loaded at the negative-going edge of the strobe pulse and then the corresponding tone
(or standby mode) is provided at the TONE output. The output remains unchanged until the negative-
going edge of the next STROBE pulse (for new data) is received.

Serial mode can only be obtained for the PCD3311C by setting MODE input LOW.

May 1990 28
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DTMF/MODEM/musical-tone generators PCD3311C / PCD3312C

L STR
STROBE 90 %
10 %

tpg— > [~oH

T
" A LT NI
g WA WA B
“Z ED D T
“Uh LD T N
T D D LT
Y I S i j:;m om)

oscillator OFF oscillator ON oscillator ON
7287676.2 no output tone |output tones

Fig. 5 Timing diagram showing control possibilities of the oscillator and the TONE output (e.g.
770 Hz + 1477 Hz) in the parallel mode (MODE = HIGH).

Serial clock and data inputs (SCL and SDA)

SCL and SDA are combined with Dg and D1 respectively. For the PCD3311C the selection of SCL and
SDA is controlled by the MODE input. SCL and SDA are serial clock and data lines according to the
12C-bus specification (see “CHARACTERISTICS OF THE i2C-BUS"’). Both inputs must be pulled-up
externally to Vpp.

Address input (Ag)

Ag is the slave address input and it identifies the device when up to two PCD3311C or PCD3312C devices
are connected to the same I2C bus. In any case Ag must be connected to Vpp or Vgg.

I2C bus data configuration (see Fig. 6)
The PCD3311C and PCD3312C are always slave receivers in the 12C-bus configuration (R/W bit = 0).

The slave address consists of 7 bits in the serial mode for the PCD3311C as well as for the PCD3312C,
where the least significant bit is selectable by hardware on input Ag and the other more significant
bits are internally fixed. In the serial mode the same input codes are used as in the parallel mode (see
Tables 2, 3, 4, and 5). Dg and D7 are don't care (X) bits.
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DTMF/MODEM/musical-tone generators PCD3311C/PCD3312C
acknowledge acknowledge
from slave from slave
MSB R/W l
[S 0:1 :0:0l 1 :O:AOi0]AIX:X:D5:D4:D3:D2:DIIDOIA P
\ v J \ v J
slave address data internal STROBE
7287677.1 for data latching

Fig. 6 12C-bus data format.

Tone output (TONE)

The single and the dual tones which are provided at the TONE output are filtered by an on-chip
switched-capacitor filter, followed by an active RC low-pass filter. Therefore, the total harmonic distor-
tion of the DTMF tones fulfils the CEPT CS46-03 recommendations. An on-chip reference voltage
provides output-tone levels independent of the supply voltage. Table 3 shows the frequency tolerance
of the output tones for DTMF signalling; Tables 4 and 5 for the modem and melody tones.

Power-on reset

In order to avoid undefined states of the devices when the power is switched ON, an internal reset cir-
cuit sets them to the standby mode (oscillator OFF).

Table 2 Input data for control (no output tone; TONE in 3-state)

Dg Dg D3 Dy D1 Do HEX oscillator
X 0 0 0 0 0 00/20 ON

X 0 0 0 0 1 01/21 OFF

X 0 0 0 1 0 02/22 OFF

X 0 0 0 1 1 03/23 OFF

1 =H = HIGH voltage level

0= L = LOW voltage level

X=don’t care
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Table 3 Input data for DTMF

Dg | Dg |D3 Do |Dq | Dg HEX symbol standard tone frequency

frequency output deviation

freq.

Hz Hz** % Hz
010 1 0|0 }|0 08 697 697,90 +0,13 +0,90
0|0 1 0 |0 1 09 770 770,46 + 0,06 + 0,46
0|0 1 0 1 0 0A 852 850,45 -0,18 —1,65
0|0 1 0 1 1 0B 941 943,23 +0,24 +2,23
0|0 1 1 0 ]0 ocC 1209 1206,45 —0,21 —-2,65
0|0 1 1 0 1 oD 1336 1341,66 +0,42 +5,66
0|0 1 1 1 0 OE 1477 1482,21 +0,35 +5,21
0|0 1 1 1 1 OF 1633 1638,24 +0,32 +5,24
0 |1 0O |0 (O ]O 10 0 941+1336
0|1 0 |0 |0 1 1 1 697+1209
0 1 0 |0 1 0 12 2 697+1336
0 1 0 |0 1 1 13 3 697+1477
0 1 0 |1 0|0 14 4 770+1209
0 1 0 |1 0 1 15 5 770+1336
0|1 0 |1 1 0 16 6 770+1477
0 1 0 |1 1 1 17 7 852+1209
0|1 1 0O |0 |0 18 8 852+1336
0 |1 1 0 |0 1 19 9 852+1477
0|1 1 0 |1 0 1A A 697+1633
0 |1 1 0 1 1 1B B 770+1633
0 1 1 1 0of|o0 1C C 852+1633
0 1 1 1 0 1 1D D 941+1633
0 1 1 1 1 0 1E * 941+1209
0 1 1 1 1 1 1F # 941+1477
Table 4 Input data for MODEM frequencies
Dg |Dg |D3 [Dg |Dq |Dg HEX standard tone frequency remarks

frequency output deviation
freq.
Hz Hz** % Hz

1 0|0 |1 0|0 24 1300 1296,94 —0,24 -3,06 V.23
1 0|0 1 0 1 25 2100 2103,14 +0,15 + 3,14 ’
1 0|0 |1 1 0] 26 1200 1197,17 -0,24 —-2,83 Bell 202
1 0|0 1 1 1 27 2200 2192,01 -0,36 —7,99
1 0 |1 0O |0 |0 28 980 978,82 -0,12 -1,18 V.21
1 0 |1 0 |0 1 29 1180 1179,03 —0,08 -0,97 ’
1 0 |1 0 1 0 2A 1070 1073,33 + 0,31 + 3,33 Bell 103
1 0 |1 0 1 1 2B 1270 1265,30 -0,37 —-4,70
1 0 |1 1 0|0 2C 1650 1655,66 + 0,34 + 5,66 V.21
1 0 |1 1 0 1 2D 1850 1852,77 +0,15 +2,77 ’
1 0 |1 1 1 0 2E 2025 2021,20 -0,19 -3,80 Bell 103
1 0 |1 1 1 1 2F 2225 2223,32 —0,08 —1,68

** Tone output frequency when using a 3,579 545 MHz crystal.

1= H = HIGH voltage level
0= L= LOW voltage level
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Table 5 Input data for melody tones

Dg Dg D3 Dsp D1 Do HEX note standard tone

frequency output
frequency

Hz* Hz **

1 1 0 0 0 0 30 D#5 622,3 622,5

1 1 0 0 0 1 31 E5 659,3 659,5

1 1 0 0 1 0 32 F5 698,5 697.,9

1 1 0 0 1 1 33 F#5 740,0 741 1

1 1 0 1 0 0 34 G5 784,0 782,1

1 1 0 1 0 1 35 G#5 830,6 832,3

1 1 0 1 1 0 36 A5 880,0 879,3

1 1 0 1 1 1 37 A#5 932,3 931,9

1 1 1 0 0 0 38 B5 987,8 985,0

1 1 1 0 0 1 39 Cé 1046,5 1044,5

1 1 1 0 1 0 3A C#6 1108,7 1111,7

1 0 1 0 0 1 29 D6 1174,7 1179,0

1 1 1 0 1 1 3B D#6 12445 1245,1

1 1 1 1 0 0 3C E6 1318,5 1318,9

1 1 1 1 0 1 3D F6 1396,9 1402,1

0 0 1 1 1 0 OE F#6 1480,0 1482,2

1 1 1 1 1 0 3E G6 1568,0 1572,0

1 0 1 1 0 0 2C G#6 1661,2 1655,7

1 1 1 1 1 1 3F A6 1760,0 1768,5

0 0 0 1 0 0 04 A#6 1864,7 1875,1

0 0 0 1 0 1 05 B6 1975,5 1970,0

1 0 0 1 0 1 25 c7 2093,0 2103,1

1 0 1 1 1 1 2F C#7 2217,5 2223,3

0 0 0 1 1 0 06 D7 2349,3 2358,1

0 0 0 1 1 1 07 D#7 2489,0 2470,4

* Standard scale based on A4 = 440 Hz.
** Tone cutput frequency when using a 3,679 545 MHz crystal.

1 =H = HIGH voltage level
0 =L = LOW voltage level
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CHARACTERISTICS OF THE I°C-BUS

The 12C-bus is for 2-way, 2-line communication between different 1Cs 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.

i
| change |

|

| data line

| stable: | ofdata |

I data valid | allowed | 7287019

Fig. 7 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).

r———="

r———/1
—_—— [ - I -

| | | |

SDA N / \ v/ SDA
! . -= t !
| | J |

scL ! ! \ / ! ! scL
| s | | [ I
| | | I
e ——d | SR —

start condition stop condition

7287005

Fig. 8 Definition of start and stop conditions.

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
o | | |
MASTER SLAVE MASTER
SLAVE
TRANSMITTER/ RECEIVER TRANSMITTER/ MASTER TRANSMITTER/
RECEIVER RECEIVER TRANSMITTER RECEIVER

May 1990

Fig. 9 System configuration.
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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 is a 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 ackrniowledge 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.

start clock pulse for
condition acknowledgement
I

SCL FROM i
MASTER m M
DATA OUTPUT ’
BY TRANSMITTER i
DATA OUTPUT -
BY RECEIVER

7287007

Fig. 10 Acknowledgement on the 12C-bus.
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Timing specifications

Within the 12C-bus specifications a high-speed mode and a low-speed mode are defined. The ICs operate
in both modes and the timing requirements are as follows:

High-speed mode

Masters generate a bus clock with a maximum frequency of 100 kHz. Detailed timing is shown in Fig. 11.

SDA

~<— 1BUF —>

>

SCL

|
—| thp;sTA I=—

tLow

SDA

7287013.2

Where:
tBUF

tHD; STA
tTLOWmin
THIGHmIn
tsu; STA
tHD; DAT
tSU; DAT
tr

tf

tsyU; STO

Note

= e
gl > tyigH = 5
t, — - — -
HD ;DAT tsy;DAT
tsy;sTA tsy;sTO

Fig. 11 Timing of the high-speed mode.

t 21 OWmin

t = tHIGHmIn
4,7 us

4 us

t = tLOWmin
0 us

= 250 ns

1 us

300 ns
tLOWmin

~ ~ o~ o~ o+
V- AN ANV VA

The minimum time the bus must be free before a new

transmission can start

Start condition hold time

Clock LOW period

Clock HIGH period

Start condition set-up time, only valid for repeated start code
Data hold time

Data set-up time

Rise time of both the SDA and SCL line

Fall time of both the SDA and SCL line

Stop condition set-up time

All the timing values refer to V| and V| _ levels with a voltage swing of Vgg to Vpp.
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- - , - v . -
SDA \ \ < FA x x Do\ / 7 | > /
———— P ————d - e——d
. TSNS A
— L J L L J oL — — | S ) J L L 1

START ADDRESS R/W ACK DATA ACK  START ADDRESS R/W ACK STOP
CONDITION CONDITION 7287014

Fig. 12 Complete data transfer in the high-speed mode.

Where:
Clock t_OWmin 4,7 us
tHIGHmIn 4 us
The dashed line is the acknowledgement of the receiver
Mark-to-space ratio 1:1 (LOW-to-HIGH)
Max. number of bytes unrestricted
Premature termination of transfer allowed by generation of STOP condition
Acknowledge clock bit must be provided by the master

Low-speed mode

Masters generate a bus clock with a maximum frequency of 2 kHz; a minimum LOW period of 105 us
and a minimum HIGH period of 365 us. The mark-to-space ratio is 1 : 3 LOW-to-HIGH. Detailed
timing is shown in Fig. 13,

SDA X

L 7
j«— tgyfp — —| tLow -~ tg | |-
scL
—>| typ;STA = - YHIGH ‘ — L—‘su DAT
tr —> ’4—
'HD;DAT
SDA
—>1 tsy;sTA =— —>1 |<—
7287015.2 tsu.sTO

Fig. 13 Timing of the low-speed mode.
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Timing specifications (continued)

Where:

tBUF t =105 s (t_ OWmin)
tHD; STA t =365 us (tH|GHmin)
tLow 130 us + 25 us

tHIGH 390 us + 25 us

tSU; STA 130 us £ 25 us *

tHD; DAT t= Ous

tSU; DAT t> 250 ns

R t<  1us

tF t< 300 ns

tsy; STO 130 us + 25 us

Note

All the timing values refer to V| and V| |_ levels with a voltage swing of Vgg to Vpp. For definitions
see high-speed mode.

w I s e
« MV Y YV A

START START BYTE DUMMY REPEATED ADDRESS ACKNOWLEDGE STOP

CONDITION ACKNOWLEDGE START CONDITION
CONDITION 7287016

Fig. 14 Complete data transfer in the low-speed mode.

Where:
Clock t OWmin 130 us = 25 us
tHIGHmIn 390 us + 25 us
Mark-to-space ratio 1: 3 (LOW-to-HIGH)
Start byte 0000 0001
Max. nurnber of bytes 6
Premature termination of transfer not allowed
Acknowledge clock bit must be provided by master

* Only valid for repeated start code.
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RATINGS

Limiting values in accordance with the Absolute Maximum System (1EC 134)

parameter symbol min. max. unit
Supply voltage range VbD -0,8 +8,0 \%
Input voltage range (any input) V| -0,8 Vppt0.8 Vv
DC input current (any input) 1 - 10 mA
DC output current (any output) tlg — 10 mA
Supply current tlpp;tlgs - 50 mA
Power dissipation per output Po — 50 mW
Total power dissipation per packa.ge Ptot — 300 mW
Operating ambient temperature range Tamb —-25 +70 oC
Storage temperature range Tstg —65 + 150 oc
CHARACTERISTICS

Vpp =25to6V;Vgg=0V;crystal parameters: fogc = 3,579 545 MHz, Rgmax = 50 £2;

Tamb = —25 to + 70 ©C; unless otherwise specified

parameter symbol min. typ. max. unit
Operating supply voltage VDD 2,5 — 6,0 \)
Operating supply current (note 1)

oscillator ON; Vpp =3V

no output tone IpD - 50 100 uA

single output tone DD - 0,5 0,8 mA

dual cutput tone ‘oD - 0,6 0,9 mA
Static standby current

oscillator OFF; note 1 IDDO - — 3 A

Inputs/outputs (SDA)

Dg to Dg; MODE; STROBE

Input voltage LOW ViL 0 - 0.3xVpp \Y
Input voltage HIGH ViH 0,7xVpp - VpbD \
Do to Dg; MODE; STROBE; Ag

Pull-down input current

Vi=Vpp —L 30 150 300 nA
SCL (Dg); SDA (D1)

Output current LOW (SDA)

VoL=04V loL 3 — — mA
Clock frequency (see Fig. 11) fscL - - 100 kHz
Input capacitance; V| = Vgg Ci - - 7 pF
Allowable input spike pulse width ] — — 100 ns
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CHARACTERISTICS (continued)

parameter symbol min. typ. max. unit

TONE output (see Fig. 15)

DTMF output voltage levels
(r.m.s. values)

HIGH group VHG(rms) 158 192 205 mV

LOW group VLG(rms) 125 150 160 mV
DC voltage level Vpe - 2 VpD - \
Pre-emphasis of group AVg 1,85 2,10 2,35 dB
Total harmonic distortion

Tamb = 25 °C

dual tone; note 2 THD — —-25 — dB

modem tone, note 3 THD - —-29 - dB
Output impedance IZol - 0,1 0,5 k&2
OSCI input
Maximum allowable amplitude

at OSCI VosC(p-p) - — Vpp—Vss Vv
Timing (Vpp=3V)
Oscillator start-up time tOSC(ON) - 3 - ms
TONE start-up time; note 4 tTONE(ON) — 0,5 - ms
STROBE pulse width; note 5 tSTR 400 - - ns
Data set-up time; note 5 tps 150 - - ns
Data hold time; note 5 tpH 100 - - ns

Notes to the characteristics

1. Crystal is connected between OSCI and OSCO; Dp/SCL and D 1/SDA via a resistance of 5,6 k2 to
Vpp:; all other pins left open.

. Related to the level of the LOW group frequency component (CEPT CS46-03).

. Related to the level of the fundamental frequency.

. Oscillator must be running.

. Values are referenced to the 10% and 90% levels of the relevant pulse amplitudes, with a total voltage
swing from Vgg to Vpp.

OO WN
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Vob

PCD3312C

Vss

TON
PCD3311C

l

1uF

el

SOpF-l- 10kQ

7287678.2

Fig. 15 TONE output test circuit.

16 7287679
'ppo ]
(uA) Tamb =

|

1,2 —?soc

+25°C
+— +70°C
| I —

0,8 / -

0,4 ,

0
0 2 4

6 8
Vpp (V)

Fig. 16 Standby supply current as a
function of supply voltage; oscillator OFF.

15 7287681

’ Tamb =
| -25°C
DD

+25°C
mA) // +70°C

0,5 <o

2

AN

0 |
0 2 4 6 8
Vpp (V)

Fig. 18 Operating supply current as a
function of supply voltage; oscillator ON;
dual tone at TONE.

May 1990

300 7287680
\ Tamb|=
(;?/l\)) —25<|’c
25°C
Yy
200 /7/ y70°C
//
7
/)
100
7
Y,
e
0

0 2 4
6 VDD (V) 8
Fig. 17 Operating supply current as a
function of supply voltage; oscillator ON;
no output at TONE,

put a

6 7287682

I I
Tamb = —25°C

+25°C
4 PaEnN

//2%)
/248

A
v

0
! 2 vy 3

Fig. 19 Pull-down input current as a
function of input voltage; Vpp =3 V.
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7287683 7287684
11 g 04 e ‘ &
VTONE _ ‘ i
(dBm) Tamb = T VTONE i “
12 -259C HIGH GROUP (dB) i
+25°C | |
17000 —F— ] TT—_ 0 SIS
T ’\\::\ ambo
\~25 C
- +25°C
T~
| ~0,4 \ ]
N
~14 5 | N+70°C
—250¢C LOW GROUP
+25°C | T~
T~
+70°C .\‘\
—-15 | E— -08 5 4 3
0 2 Vpp (V) 8 10 10 100 g (g 10

Fig. 20 DTMF output voltage levels
as a function of operating supply
voltage; R|_ =1 MQ.

0
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Fig. 21 Dual tone output voltage
level as a function of output load
resistance.
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Fig. 22 Typical frequency spectrum of a dual tone
signal after flat-band amplification of 6 dB.
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APPLICATION INFORMATION

Vss Vbp
[ mute
GENERAL
PURPOSE
MICROCONTROLLER
(40r8-BIT)
data bus 0SCO 0SCl STROBE

Do

| TONEf—>
Ds PCD3311C

mobe Vob Vss

[

7287686.2

Fig. 23 PCD3311C driven by a microcontroller with parallel data bus.

Vss Vbbb

l

TELEPHONY
MICROCONTROLLER
PCD3343

0SC!_0sco

mute

12C bus |
0SCl 0SCo

SCL
SDA

TON
PCD3312C
Ag Vss Vop

=

7287685.4

Fig. 24 PCD3312C driven by telephony microcontroller PCD3343 with serial 1/0 (12C-bus).
The PCD3343 is a single-chip 8-bit microcontroller with 3K ROM/224 RAM bytes. The same application
is possible with the PCD3311C with MODE = Vgg.

Purchase of Philips’ 12C components conveys a license under the
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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GENERAL DESCRIPTION

The PCD8584 is an integrated circuit designed in CMOS technology which serves as an interface between
most standard parallel-bus microcontrollers/processors and the serial 12C-bus. The PCD8584 provides
both master and slave functions. Communication with the 12C-bus is carried out on a byte-wise basis
using interrupt or polled handshake. it controls all the 1?2 C-bus specific sequencing, proincol, arbitration
and timing. The PCD8584 allows parallei-bus systems to communicate bidirectionally with the 12C-bus.

Features

® Parallel-bus/1?C-bus protocol converter

® Compatible with most parallel-bus processors including MAB8049, MAB8051, SCN68000 and Z80
® Automatic selection of bus interface

® Programmable interrupt vector

® Multi-master capability

® |2C-bus monitor mode

® | ong-distance mode

® Operating supply voltage 4.5 t0 5.5 V

® QOperating temperature range —20 to + 70 °C

PACKAGE OUTLINES

PCD8584P: 20-lead DIL; plastic (SOT146).
PCD8584T: 20-lead mini-pack; plastic (SO20; SOT163A).
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PCD8584

4 A A 4 A A 4 4 Z
pe7 |pB6 |DB5 |DB4 |DB3 |DB2 |DB1 |DBO Vop | Vss
15 14 13 12 11 9 8 7 20 [10
A4 v \ 4 \ 4 A4 v A4 A4
SDA |2 DIGITAL +— DIR
FILTER BUS BUFFER _
le— EN
A
8
v
msB [ I [ I LsB
< DATA SHIFT REGISTER SO
AND READ BUFFER
8
DATA CONTROL
COMPARATOR S0. S0’
8
) [ ] [
OWN ADDRESS S0’
PCD8584 8
INTERRUPT VECTOR S3
SCL |3 DIGITAL
FILTER CLOCK REGISTER §2
4 X I X l X s24 | s23 | s22 | s21 | $20
v CLOCK scL
8
CONTROL STATUS | REGISTER S1
X | ESO I ES1 l Es2 | ENI | STAl sTO | ACK
SCL CONTROL write only
ADO/ — read only
PIN l 0 | STSlBERlLRBIAASl LABI BB
CLOCK PRESCALER REGISTER CONTROL
SCL MULTIPLEXER BUS BUFFER CONTROL
BUS BUSY LOGIC INTERRUPT CONTROL
ARBITRATION LOGIC RESET/STROBE CONTROL
» r'y 'y y'y r'y A 4L
19 17 6 18 16 5 4 1
RESET/ |CS A0 WR (R/W) | RD (DTACK) INT IACK CLK
V¥ arnARe v v
STROBE 7228119
Where:
() indicate the SCN68000 pin name designations.
X = don't care.
Fig.1 Block diagram.
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PINNING

ok [1] U [20] VoD

SDA or SDA OUT [ 2| [ 19] RESET / STROBE
SCLorSCLIN [3]] 18] WR (RW)
IACK or SDA IN [ 4 | 17] Cs
INT or SCL OUT [5 | [16] RD (DTACK)

PCD8584

Ao [6 15] DB7
(] [15]
DBO [ 7 | 14] DB6
081 [8 13] DBS
(2] 73]

B2 9| 12] DB4
Vss E E DB3
MLAO12

Where:
() indicate the SCN68000 pin name designations.

Fig.2 Pinning diagram.

Pin functions

pin  mnemonic function description
CLK | Clock input from microprocessor clock generator (internal pull-up).
2 SDAor 1/0 12C-bus serial data input/output (open-drain).
SDA OUT Serial data output in long-distance mode.
3 SCLor 1/0 12C-bus serial clock input/output (open-drain).
SCL IN Serial clock input in long-distance mode.
4 |ACK or | Interrupt acknowledge input (internal pull-up); when this signal
SDA IN is asserted the interrupt vector in Register S2 will be available at
the bus port if the ENI flag is set. Serial data input in long-distance
mode.
5 INTor (0] Interrupt output (open-drain); this signal is enabled by the ENI flag
SCL OUT in Register S1. It is asserted, when the PIN flag is reset. (PIN is reset

after one byte is transmitted or received over the 12C-bus). Serial clock
output in long-distance mode.

6 A0 [ Register select input (internal pull-up); this input selects between the
control/status register and the other registers. Logic 1 selects Register
S1, logic O selects one of the other registers depending on bits loaded
in ESO, ES1 and ES2 of Register S1.

7 DBO 1/0
8 DB1 1/0 Bidirectional 8-bit bus port.
9 DB2 1/0

10 Vsgsg Negative supply voltage.
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Pin functions (continued)

pin  mnemonic function description

11 DB3 1/0

12 DB4 1/0

13 DB5 1/0 Bidirectional 8-bit bus port.

14 DB6 1/0

15 DB7 1/0

16 RD (DTACK) 1(0) RD is the read control input for MAB8049, MAB8051 or Z80-type

processors. DTACK is the data transfer control output for 68000-type
processors (open-drain).

17 CS | Chip select input (internal pull-up).

18 WR (R/W | WR is the write control input for MAB8048, MAB8051 or Z80-type
processors (internal pull-up). R/W control input for 68000-type
processors.

19 RESET/ 1/0 Reset input (open-drain); this input forces the 12C-bus controller

STROBE into a predefined state; all flags are reset, except PIN, which is set.
Also functions as strobe output.
20 Vpp Positive supply voltage.

FUNCTIONAL DESCRIPTION
General

The PCD8584 acts as an interface device between standard high-speed parallel buses and the serial
12C-bus. On the 12C-bus, it can act either as master or slave. Bidirectional data transfer between the
12C-bus and the parallel-bus microprocessor is carried out on a byte-wise basis, using either an inter-
rupt or polled handshake. Interface to either 80X X-type (e.g. MAB8048, MAB8051, Z80) or 68000-
type buses is possible. Selection of bus type is automatically performed (see Interface mode control).

Table 1 Control signals utilized by the PCD8584 for processor interfacing

type R/W WR RD TACK IACK
MAB8049/51 NO YES YES NO NO
SCC68000 YES NO NO YES YES
Z80 NO YES YES NO YES

The structure of the PCD8584 is similar to that of the |2C-bus interface section of the MAB8400-series
of microcontrollers, but with a modified control structure. The PCD8584 has five internal register
locations. Three of these (Own Address register SO, Clock register S2 and Interrupt Vector S3) are
used for initialization of the PCD8584. Normally they are only written once directly after resetting of
the PCD8584. The remaining two registers function as double registers (Data Buffer/Shift register SO,
and Control/Status register S1) which are used during actual data transmission/reception. By using
these double registers, which are separately write and read accessible, overhead for register access is
reduced. SO is a combination of a shift register and data buffer. SO performs all serial-to-parallel inter-
facing with the 12C-bus. S1 contains 12C-bus status information required for bus access and/or
monitoring.
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FUNCTIONAL DESCRIPTION (continuec)

Interface mode control (IMC)

Selection of either an 80X X-mode or 68000-mode interface is achieved by detection of the WR - CS
signal sequence. The concept takes advantage of the fact that the write control input is common for
both types of interfaces. The chip is non-initialized after reset until register SO’ is accessed. An 80X X-
type interface is default. If a HIGH-to-LOW transition of WR (R/W) is detected while CS is HIGH, the
68000-type interface mode is selected and the DTACK output is enabled.

Note:

The very first access to the PCD8584 after a reset must be a write access to register SQ’ in order to set
the appropriate interface mode.

Set-up Registers S0’, S2 and S3

Own Address Register SO’

When addressed as a slave, this register is loaded with the 7-bit 12C-bus address to which the PCD8584
is to respond. The ““Addressed As Slave’’ (AAS) bit in Status register S1 is set when this address is
received. Programming of this register is accomplished via the parallel-bus when AQ is LOW, with the
appropriate bit combinations set in Control Status register S1 (S1 is written when AQ is HIGH). Bit

combinations for accessing all registers are given in Tables 4 and 5. After reset SO’ has default address
‘00’ Hex.

Clock Register S2

Register S2 provides control over chip clock frequency and SCL clock frequency. S20 and S21 provide
a selection of 4 different 12C-bus SCL frequencies which are shown in Table 2.

Table 2 Register S2 selection of SCL frequency

bit SCL approximate frequency
S21 S20 (kHz)
0 0 20
0 1 45
1 0 11
1 1 1.5

S22, 523 and S24 are used for control of the internal clock prescaler. Due to the possibility of varying
microprocessor clock signals, the prescaler can be programmed to adapt to 5 different clock rates,

thus providing a constant internal clock. This is required to provide a stable time base for the SCL
generator and the digital filters associated with the 12C-bus signals SCL and SDA. Selection for adaption
to external clock rates is shown in Table 3. After reset, a clock frequency of 12 MHz is the default value.

March 1990 47



Signetics 12C Peripherals for Microcontrollers Preliminary specification

12C-bus controller PCD8584

Table 3 Register S2 selection of clock frequency

bit clock frequency
S24 S23 S22 (MHz)
0 X X 3
1 0 0 4.43
1 0 1 6
1 1 0 8
1 1 1 12

Where: X =don’t care.

Interrupt Vector S3

The interrupt vector register provides an 8-bit user-programmable vector for vectored-interrupt micro-
processors. The vector is sent to the bus port when an interrupt acknowledge signal is asserted and the
ENI (enable interrupt) flag is set. Default vector values are as follows:

® Vector is ‘00" Hex in 80XX-mode
® Vector is ‘OF'Hex in 68000-mode
On reset the PCD8584 is in the 80X X mode, thus the default interrupt vector becomes ‘00’ Hex.

Interface Registers SO and S1

Data Shift Register SO

SO acts as serial shift register interfacing to the 12C-bus. SO is a combination of a shift register and a data
buffer; parallel data is always written to the shift register and read from the data buffer. Serial data is
shifted in/out the shift register, and in receiver mode the data from the shift register is copied to the data
buffer during the acknowledge phase (see also PIN bit). All read and write operations to the 12C-bus are
done via this register,

Control/Status Register S1

Register S1 is accessed by a HIGH signal on register select input AO. To facilitate communication
between the microcontroller/processor and the 12C-bus, register S1 has separate read and write functions
for all bit positions.

The write-only section has been split into 2 parts:

® The ESO (Enable Serial Output) enables or disables the serial output. When ESO is LOW, register
access for initialization is possible. When ESO is HIGH, serial communication is enabled; communica-
tion with serial shift register SO is enabled and the S1 bus status bits are made available for reading.
Select control bits ES1 and ES2 control selection of other registers for initialization and control of
normal operation. After these bits are programmed for access to the desired register (see Tables 4
and b), the register is selected by a logic LOW level on register select pin AQ.

Note:
With ESO = 0, bits ENI, STA, STO and ACK of S1 can be read for test purposes.
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FUNCTIONAL DESCRIPTION (continued)
Control/Status Register ST (continued)

Table 4 Register access control; ESO = logic O (serial interface off)

A0 ES1 ES1 TACK operation
H X X X READ/WRITE CONTROL REGISTER (S1)
STATUS (S1) not available
0 0 X READ/WRITE OWN ADDRESS (S0’)
L 0 1 X READ/WRITE INTERRUPT VECTOR (S3)
L 1 0 X READ/WRITE CLOCK REGISTER (S2)

Table 5 Register access control; ESO = logic 1 (serial interface on)

A0 ES1 ES2 IACK operation

H X X H WRITE CONTROL REGISTER (S1)

H X X H READ STATUS REGISTER (S1)

L X 0 H READ/WRITE DATA (S0)

L X 1 H READ/WRITE INTERRUPT VECTOR (S3)
X 0 X L READ INTERRUPT VECTOR

(acknowledge cycle)
X 1 X L long-distance mode

Instruction control bits ENI, STA, STO and ACK are used in normal operation to enable the interrupt
output (INT), generate 12C-bus START and STOP conditions, and program the acknowledge response,
respectively. These possibilities are shown in Table 6.
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Table 6 Instruction table for serial bus control

STA STO present mode function operation

1 0 SLV/REC START transmit START + address
remain MST/TRM if
R/W= logic 0; go to
MST/REC if R/W = logic 1

1 0 MST/TRM REPEAT START same as for SLV/REC
0 1 MST/REC STOP READ transmit stop
MST/TRM STOP WRITE go to SLV/REC mode
(see note 1)
1 1 MST DATA CHAINING send STOP, START and

address after last
master frame without
STOP sent (see note 2)

0 0 ANY NOP no operation (see note 3)

Notes to Table 6

1. In master-receiver mode, the last byte must be terminated with ACK bit HIGH (‘’negative-
acknowledge’’; see 12C-bus specification).

2. If both STA and STO are set HIGH simultaneously in master mode, a STOP condition followed by
a START condition + address will be generated. This allows ‘““chaining’’ of transmissions without
relinquishing bus control.

3. All other STA, STO mode combinations not mentioned in Table 6 are NOPs.
The instruction bits are defined -as follows:

® STA, STO: These bits control the generation of the 12C-bus START condition + transmission of
slave address and R/W bit, generation of repeated START condition, and generation of the STOP
condition,

e ENI: This bit enables the external interrupt output INT, which is generated when the PIN bit
is reset.

® ACK: This bit must be set normally to a ‘1’. This causes the 12C-bus controller to send an acknowledge
automatically after each byte (this occurs during the ninth clock pulse). The bit must be reset when
the 12C-bus controller is operating in master/receiver mode, and requires no further data to be sent
from the slave transmitter. This causes a negative acknowledge on the 12C-bus, which halts further
transmission from the slave device.

March 1990 50



Signetics 12C Peripherals for Microcontrollers Preliminary specification

12C-bus controller PCD8584

FUNCTIONAL DESCRIPTION (continued)
12C-bus status information
The read-only section consists of 12C-bus status information. The functions are as follows:

® STS: When in slave-receiver mode, this flag is asserted when an externally generated STOP condition
is detected (only used in slave-receiver mode).

® BER: Bus error. A misplaced START or STOP condition has been detected.

® LRB/ADO: Last Received Bit/Address 0 “‘General Call”” Bit. This dual function status bit holds the
value of the last received bit over the 12C-bus when AAS = 0. Normally this will be the value of the
slave acknowledge; thus checking for slave acknowledgment is done via testing of the LRB bit.
When AAS = 1 (“/Address As Slave’’), the 12C-bus controller has been addressed as a slave and this
bit will be set if the slave address received was the “‘general call’’ address, or if it was the 12C-bus
controller’s slave address.

e AAS: “Addressed As Slave” bit. When acting as slave-receiver, this flag is set when an incoming
address over the 12C-bus matches the value in Own Address register SO’, or if the 12C-bus “‘general
call’’ address ("’00'" Hex) has been received.

e LAB: ““Lost Arbitration’’ bit. This bit is set when, in multmaster operation, arbitration is lost to
another master on the 12C-bus.

e BB: “‘Bus Busy’’ bit. This is read-only flag indicating when the 12C-bus is in use. A zero indicated
that the bus is busy, and access is not possible. This bit is set/reset by STOP/START conditions.

PIN bit

The PIN bit “Pending Interrupt Not'’ is a read-only flag which is used to synchronize serial communication.
Each time a serial data transmission is initiated (by setting the STA bit in the same register), the PIN will

be set automatically. After successful transmission of one byte (9 clock pulses, including acknowledge),
this bit will be automatically reset indicating a complete byte transmission. When the ENI bit is also set,
the PIN flag triggers an external interrupt via the INT output when PIN is reset. When in receiver mode,

the PIN bit is also reset on completion of each received byte. In polled applications, the PIN bit is tested

to determine when a serial transmission has been completed. During register transfers the 12C-bus controller
Data Register SO and its internal shift register (not accessibie directly), the i2C-bus controiler wiil deiay
serial transmission by holding the SCL line LOW until the PIN bit becomes set. In receiver mode, the PIN
bit is automatically set when the data register SO is read. When the PIN bit becomes set all status bits will
be reset, with exception of BB.

Multi-master operations

To avoid conflict between data and repeated START and STOP operations, multi-master systems have

some limitations:

® Transmissions requiring a repeated START condition must have identical format among all potential
masters for both read and write operations

e For correct arbitration masters may only attempt to send data simultaneously to the same location,
if they use the same formats (i.e. number of data bytes, location of the repeated START, etc.). If
this condition is designed not to occur, differing formats may be used.

Reset A low-level pulse on the RESET input forces the 12C-bus controller into a well-defined state. All
flags are reset (zero state), except the PIN flag, which is set. The RESET pin is also used for the STROBE
output signal. Both functions are separated on-chip by a digital filter. The reset input signal has to be
sufficiently long (minimum 30 clock cycles) to pass through the filter. The STROBE output signal is
sufficiently short (8 clock cycles) to be blocked by the filter. For more detailed information on the
Strobe function see Special function modes.
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FUNCTIONAL DESCRIPTION (continued)
Comparison to the MAB8400 1?C-bus interface

The structure of the PCD8584 is similar to that of the MAB8400 series of microcontrollers, but with
a modified control structure. Access to all 12C-bus control and status registers is done via the parallel-
bus port in conjunction with register select input A0, and control bits ESO, ES1 and ES2. The main
differences are highlighted below.

Deleted functions
The following functions are not available in the PCD8584:

Always selected (ALS flag)

® Access to the bit counter (BCO to BC2)

® Full SCL frequency selection (2 bits instead of 5 bits)
°

°

The non-acknowledge mode (ACK flag)
Asymmetrical clock (ASC flag)

Added functions
The following functions either replace the deleted functions or are completely new:

Chip clock prescaler

Assert acknowledge bit (ACK flag)

Register selection bits (ES1 and ES2 flags)

Additional status flags

Automatic interface control between 80X X and 68000-type microprocessors
Programmable interrupt vector

Strobe generator

Bus monitor function

Long-distance mode (non-12C-bus mode; only for communication between remote
parallel-bus processors)

Special function modes
Strobe

When the 12C-bus controller receives its own address (or the ‘00"’ Hex general call address) followed
immediately by a STOP condition (i.e. no further data transmitted after the address), a strobe output
signal is generated at the RESET/STROBE pin (pin 19). The STROBE signal consists of a monostable
output pulse (active LOW), eight clock cycles long (see Fig.10). It is generated after the STOP condition
is received, preceded by the correct slave address. This output can be used as a bus access controller for
multi-master parallel-bus systems (see Fig.14).

Long-distance mode

The long-distance mode provides a serial communication link between parallel processors using two or
more 12C-bus controllers. This mode is selected by setting ES1 to logic 1 while the serial interface is
enabled (ESO = 1). In this mode the 12C-bus protocol is transmitted over 4 unidirectional lines, SDA,
OUT, SCL IN, SDA IN and SCL OUT (pins 2, 3, 4 and 5). These communication lines should be
connected to the line drivers/receivers for long distance applications. Specification for long distance
transmission is then given by the chosen standard. Control of bus frequency, data transmission etc. is
the same as in normal 12C-bus mode. After reading or writing data to shift register SO, long-distance
mode must be initialized by setting ESO and ES1 to logic 1. Because the interrupt output INT is not
available in this operating mode, data reception must be polled.
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Monitor mode

When the 7-bit Own Address register SO’ is loaded with all zeros, the 12C-bus controller acts as a passive
12C monitor. The main features of the monitor mode are as follows:

® The controller is always selected

The controller is always in the slave-receiver mode

The controller never generates an acknowledge

The controller never generates an interrupt request

A pending interrupt condition does not force SCL LOW

Received data is automatically transferred to the read buffer

Bus traffic is monitored by the PIN bit, which is reset after the acknowledge bit has been
transmitted and is set as soon as the first bit of the next byte is detected

RATINGS

Limiting values in accordance with the Absolute Maximum System (IEC 134)
parameter symbol min. max. unit
Supply voltage range (pin 20) VpbD -0.3 +7.0 \%
Voltage range on any input* Vi —-0.8 Vppt 0.5 \Y
DC input current (any input) 1 — 10 mA
DC output current (any output) tlg — 10 mA
Total power dissipation Piot - 300 mW
Power dissipation per output Po — 50 mwW
Operating ambient temperature range Tamb —-20 +70 ocC
Storage temperature range Tstg —65 + 150 oC

Note to the Ratings

Stresses above those listed in accordance with Absolute Maximum System may cause permanent damage
to the device. This is a stress rating only and functional operation of the device at these or any other
conditions above those indicated in the operational sections of this specification is not implied. Exposure
to absolute maximum rating condition for extended periods may affect reliability.

HANDLING

Inputs and outputs are protected against electrostatic discharge in normal handling. However, to be
totally safe, it is good practice to take normal precautions appropriate to handling MOS devices (see
‘Handling MOS Devices’).
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CHARACTERISTICS
VDD =5%10%; Vgs=0V; Tagmp = —20 to + 70 OC; unless otherwise specified

parameter conditions symbol min. typ. max. unit
Supply
Supply voltage range VbD 4.5 5.0 55 \%
Supply current
standby note 1 IppD1 - — 25 uA
operating note 2 IDp2 — — 1.5 mA
Inputs
SCL, SDA
Input voltage LOW note 3 ViLs 0 — 0.8 Vv
Input voltage HIGH note 3 VIH1 2.0 — VpD \%
Input voltage LOW note 4 ViL2 0 - 0.3Vpp \%
Input voltage HIGH note 4 ViH2 0.7Vpp - VbD \
Resistance to Vpp Tamb = 25 °C;
note 5 Rj 25 - 100 k&2
Outputs
Output current LOW VopL=04V loL 3.0 - - mA
Output current HIGH VoH=24V;
note 6 —loH 24 - - mA
Leakage current note 7 o — — 1 nA

Notes to the characteristics

1. 22 k& pull-ups on DO to D7; 10 k2 pull-ups on SDA, SCL, RD; RESET tied to Vgg; remaining pins
open-circuit.

. Same as note 1, but CLK waveform with 50% duty factor at 12 MHz.
. CLK, TACK, A0, CS, WR, RD, RESET, TTL level inputs.

. SDA, SCL, DO to D7, CMOS level inputs.

.CLK, TACK, A0, CS, WR.

. DO to D7.

. DO to D7 3-state, SDA, SCL, INT, RD, RESET.

N O o WN
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Timing specifications

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

parameter symbol min. typ. max. unit
12C-bus timing

SCL clock frequency fscL — — 100 kHz
Tolerable bus spike width 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
SCL LOW time tLow 47 — - us
SCL HIGH time tHIGH 4.0 - - us
SCL and SDA rise time ty - — 1.0 us
SCL and SDA fall time tf — — 0.3 us
Data set-up time tsU: DAT 250 - - ns
Data hold time tHD: DAT 0 — — ns
SCL LOW to data out valid tyD; DAT — — 3.4 us
Stop condition set-up time tSuU; STO 4.0 - - us
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Parallel interface timing (see Figs 3 to 10)

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

Cp =100 pF, R = 1.5 k& (connected to Vpp) for open-drain and high-impedance outputs, where
applicable (for measurement purposes only).

parameter figure symbol | min. | typ. max. unit
Clock rise time 3 tr — - 6 ns
Clock fall time 3 tf - — 6 ns
Input clock period

(50% duty factor) 3 tcLk |83 — 333 ns
CS set-up to RD, WR LOW 4 tsyr |30 | - - ns
CS hold from RD, WR HIGH 4 typ1 |0 - - ns
AO set-up to RD, WR LOW 4 tsy2 |10 |- - ns
AO hold from RD, WR HIGH 4 tHp2 |20 | — - ns
WR pulse width 4 twi 230 | — - ns
RD pulse width 4 tw2 230 | — - ns
Data set-up before WR HIGH 4 tgy3z | 150 | — - ns
Data valid after RD LOW 4 tvp | — 110 180 ns
Data hold after WR HIGH 4 typ3z |30 | — - ns
Data bus floating after RD HIGH 4 tFL 70 | — — ns
AO set-up to CS LOW 5and6 | tgygq |30 |- - ns
R/WR set-up to CS LOW 5and6 |tgys |30 |- - ns
Data valid after CS LOW 5 typ1 | — 110 180 ns
DTACK LOW after CS LOW 5and 6 | tqq — | 3tcLk+75 | 3tgLk+ 150 | ns
A0 hold from CS HIGH 5and6 | typg |O - - ns
R/WR hold from CS HIGH 5and6 | typs |0 - - ns
Data hold after CS HIGH 5 tHpg |160 | — - ns
DTACK HIGH from CS HIGH 5and 6 | tqo - |100 120 ns
Data hold after CS HIGH 6 typ7 |0 - - ns
Data set-up to CS LOW 6 tsug |0 - - ns
INT HIGH from TACK LOW 7and 8 | ty3 - 130 180 ns
Data valid after TACK LOW 7and8 |typy |— 140 190 ns
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Parallel interface timing (continued)

parameter figure |symbol | min. typ. max. unit
IACK pulse width 7 and 8 | tyy3 230 - — ns
Data hold after [ACK HIGH 7 and 8 |typg | 100 - - ns
DTACK LOW from IACK LOW |8 t44 - 3tcLk* 75 | 3toLk* 150 | ns
DTACK HIGH from [ACK HIGH |8 td45 - 120 140 ns
Reset pulse width 9 w4 30teLk | — - ns
Strobe pulse width 10 tws 8teLk | 8toLk+90 | — ns

Notes to parallel interface timing

1. A minimum of 6 clock cycles must elapse between consecutive parallel-bus accesses when the
12C-bus controller operates at 8 or 12 MHz. This may be reduced to 3 clock cycles for lower
operating frequencies.

2. After reset the chip clock default is 12 MHz.

tCcLK
/ \ /
CLK \ /
—| tr |-— —| tf |-

MLA013

Fig.3 Clock input timing.
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Timing diagrams

tSU1 - —{ tHp{ |-—0

A0

<—tgyo— <—typ2

WR N /

twi
DO to D7 DATA VALID
-—1tgyz—>
—| tHD3 |=—
MLAO14
(a)

cs I’

tSU1 | — —{ tHD1 |-=—
A0
tsu2 —* -—tip2

T 2

tw2

——

DO to D7 DATA VALID

—|typ |- —| tFL |-
MLAO15

(b)

Fig. 4 Bus timing (B0OXX-mode); (a) write cycle, (b) read cycle.
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X X

- tgyg —> - tHD4 ——

- tgys —= - tHps =
D

DO to D7 V DATA VALI

tvD1— -— —| tHDe I=—

DTACK
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- tgy4 > - tHD4 —

%)
h

- tgys —= ~— tHp5 —

N/

DO to D7 DATA VALID
~— tsys — —| tHD7
DTACK
- tgy — —— - tgo
MLAO17
Fig.6 Bus timing; 68000-mode write cycle.
—| tg3 |-
INT
twa ‘
T N
- tvp2 |= —| tHD8 |
DO to D7 DATA VALID
MLAO18

Fig.7 Interrupt timing; 80X X-mode.
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INT

- tVV3 B

ok \ /
N/

| typo |- —| tHDp8 |~

DO to D7 r DATA VALID

DTACK

—| t45 |-

MLAO19

Fig.8 Interrupt timing; 68000-mode.

< T Y

RESET (30 cycles minimum)

twa

Fig.9 Reset timing. MLA0Z0

STROBE

tws
MLAO21
Fig.10 Strobe timing.
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APPLICATION INFORMATION

<ﬁ ADDRESS BUS >
A0
ae | DECODER | o
—» >
MAB8048/ scL
MAB8051 >
<‘h DATA > PCDB584
b SDA
»> «—>
WR
INT
«

7228116

Fig.11 Application diagram using the MAB8048/MAB8051.

AS
uDS
LDS | DECODER _
> cs
>
ADDRESS_ >
Al
—>
SCN68000 A1, A2, A3 SCL
IACK —>
INTERRUPT >
FCX HANDLER PCD8584
x| INTERRUPT INT SDA
« REQUEST < >
RIW
—>|
DTACK
—
<<l' DATA >
7228117

Fig.12 Application diagram using the SCN68000.
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Fig.13 Application diagram using the 8088.
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APPLICATION INFORMATION (continued)

GLOBAL SYSTEM BUS

<

disable/ disable/ disable/
enable enable enable
BUFFER BUFFER BUFFER
MASTER 1 MASTER 2 MASTER 3
PCD8584 PCD8584 PCD8584
STROBE ! STROBE 2 STROBE 3
< 12c-BUS
< 1 12c-BUS l

March 1990

Fig.14 STROBE as bus access controller.
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GENERAL DESCRIPTION

The PCF8566 is a peripheral device which interfaces to almost any liquid crystal display (LCD) having
low multiplex rates. It generates the drive signals for any static or multiplexed LCD containing up to
four backplanes and up to 24 segments and can easily be cascaded for larger LCD applications. The
PCF8566 is compatible with most microprocessors/microcontrollers and communicates via a two-line
bidirectional bus (1*C). Communication overheads are minimized by a display RAM with auto-incre-
mented addressing, by hardware subaddressing and by display memory switching (static and duplex
drive modes).

Features

® Single-chip LCD controller/driver

® Selectable backplane drive configuration: static or 2/3/4 backplane multiplexing

® Selectable display bias configuration: static, 1/2 or 1/3

® Internal LCD bias generation with voltage-follower buffers

® 24 segment drives: up to twelve 8-segment numeric characters; up to six 15-segment alphanumeric
characters; or any graphics of up to 96 elements

® 24 x 4-bit RAM for display data storage

® Auto-incremented display data loading across device subaddress boundaries

® Display memory bank switching in static and duplex drive modes

® Versatile blinking modes

® | CD and logic supplies may be separated

® 25V to6V power supply range

® Low power consumption

® Power-saving mode for extremely low power consumption in battery-operated and telephone
applications

® |2C bus interface

® TTL/CMOS compatible

® Compatible with any 4-bit, 8-bit or 16-bit microprocessors/microcontrollers

® May be cascaded for large LCD applications (up to 1536 segments possible)

® Cascadable with the 40 segment LCD driver PCF8576

® Optimized pinning for single plane wiring in both single and multiple PCF8566 applications

® Space-saving 40-lead plastic mini-pack (VSO-40; SOT-158A)

® No external components required (even in multiple device applications)

® Manufactured in silicon gate CMOS process

PACKAGE OUTLINES

PCF8566P: 40-lead DIL; plastic (SOT 129).
PCF8566T: 40-lead mini-pack (VSO40; SOT158A).
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Fig. 1 Block diagram.
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Fig. 2 Pinning diagram.
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FUNCTIONAL DESCRIPTION

The PCF8566 is a versatile peripheral device designed to interface any microprocessor to a wide variety
of LCDs. It can directly drive any static or multiplexed LCD containing up to four backplanes and up

to 24 segments. The display configurations possible with the PCF8566 depend on the number of active
backplane outputs required; a selection of display configurations is given in Table 1.

Table 1 Selection of display configurations

active back- no. of 7-segment 14-segment dot matrix
plane outputs segments numeric alptianumeric

12 digits + 6 characters + 96 dots
4 96 12 indicator 12 indicator (4 x 24)

symbols symbols

9 digits + 4 characters + 72 dots
3 72 9 indicator 16 indicator (3 x 24)

symbols symbols

6 digits + 3 characters + 48 dots
2 48 6 indicator 6 indicator (2 x 24)

symbols symbols

3 digits + 1 characters + 24 dots
1 24 3 indicator 10 indicator

symbols symbols

All of the display configurations given in Table 1 can be implemented in the typical system shown in
Fig. 3. The host microprocessor/microcontroller maintains the two-line 12C bus communication channel
with the PCF8566. The internal oscillator is selected by tying OSC (pin 6) to Vgg. The appropriate
biasing voltages for the multiplexed LCD waveforms are generated internally. The only other connec-
tions required to complete the system are to the power supplies (Vpp, Vgs and V|_cp) and to the
LCD panel chosen for the application.

[H

Voo
trise
2Cpus
HOST
MICRO -
PROCESSOR/
MICRO -
CONTROLLER
Vss

24 segment drives

4 backplanes

LCD PANEL

(up to 96
elements)

Vop |Vicp

B soa[, 5 12
- SCLi, 17-40

PCF8566
13-16

osc|

7 8 9 10 11
A0 |A1 [A2 [sA0|vg

December 1987
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Fig. 3 Typical system configuration.
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Power-on reset

At power-on the PCF8566 resets to a defined starting condition as follows:
1. All backplane outputs are set to Vpp.

. All segment outputs are set to Vpp.

. The drive mode ‘1 : 4 multiplex with 1/3 bias’ is selected.

. Blinking is switched off.

. Input and output bank selectors are reset (as defined in Table 5).

. The I2C bus interface is initialized.

N O oA WN

. The data pointer and the subaddress counter are cleared.

Data transfers on the 12C bus should be avoided for 1 ms following power-on to allow completion of the
reset action.

LCD bias generator

The full-scale LCD voltage (Vop) is obtained from Vpp — V| _cp. The LCD voltage may be temperature
compensated externally through the V| cp supply to pin 12. Fractional LCD biasing voltages are obtained
from an internal voltage divider of three series resistors connected between Vpp and V| cp. The centre
resistor can be switched out of circuit to provide a % bias voltage level for the 1 : 2 multiplex configuration.

LCD voltage selector

The LCD voltage selector coordinates the multiplexing of the LCD according to the selected LCD drive
configuration. The operation of the voltage selector is controlled by MODE SET commands from the
command decoder. The biasing configurations that apply to the preferred modes of operation, together
with the biasing characteristics as functions of Vop =Vpp — VLcD and the resulting discrimination
ratios (D), are given in Table 2.

Table 2 Preferred LCD drive modes: summary of characteristics

LCD drive mode LCD_bias ) Voff(rms) Von (rms) D Von(rms)
configuration Vop Vop = Voff(rms)

static (1 BP) static (2 levels) 0 1 oo

1:2MUX (2BP) 1/2 (3 levels) V2/4=0,354 | \/70/4=0,791 V5 =2,236

1:2MUX (2BP) 1/3 (4 levels) 1/3=0,333 /5/3=0,745 V5 =2,236

1:3 MUX (3 BP) 1/3 (4 levels) 1/3=0,333 \/33/9=0,638 \/3?3/3 =1,915

1:4 MUX (4 BP) 1/3 (4 levels) 1/3=0,333 V3/3=0,577 V3=1,732
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LCD voltage selector (continued)

A practical value for Vgp, is determined by equating Voff(rms) with a defined LCD threshold voltage
(Vth), typically when the LCD exhibits approximately 10% contrast. In the static drive mode a
suitable choice is Vgp z3 Vth.

Multiplex drive ratios of 1 : 3and 1: 4 with 1/2 bias are possible but the discrimination and hence the
contrast ratios are smaller (\/3—= 1,732 for 1 : 3 multiplex or\/ﬁ/B = 1,628 for 1 : 4 multiplex).

The advantage of these modes is a reduction of the LCD full scale voltage Vg, as follows:

1 : 3 multiplex (1/2 bias) : Vgp =\/§Voff(rms) = 2,449 Vf(rms)
1: 4 multiplex (1/2 bias) : Vop =4/3/3 Voff(rms) = 2,309 Voff(rms)
These compare with Vg = 3 Voff(rms) When 1/3 bias is used.

LCD drive mode waveforms

The static LCD drive mode is used when a single backplane is provided in the LCD. Backplane and
segment drive waveforms for this mode are shown in Fig. 4.

*Tframe_’; LCD segments
Voo —
BPO
Vico L /
Vbbb — state state 2
Sh (on) (off)
Vicp ——
VDD — —
Sn+1
ViLeo L
(a) WAVEFORMS AT DRIVER
Vop _
state 1 0 At any instant (t):
Vstate 1(t) = Vs (t) - Vpo(t)
“Vop  ——— Von(rms) = Vop
Vop —
Vstate 2(t) =Vs, 4 (t) - Vgpol(t)
state 2 0 — Voff(rms) =0V
_Vop —

(b) RESULTANT WAVEFORMS
AT LCD SEGMENT
7291465

Fig. 4 Static drive mode waveforms: Vop =Vpp — VLcD-
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When two backplanes are provided in the LCD the 1 : 2 multiplex drive mode applies. The PCF8566
allows use of 1/2 or 1/3 bias in this mode as shown in Figs 5 and 6.

<« Ttame >

BPO (VDD+VLCD)/2——-‘| 1

LCD segments

Viep 7
vV, state 1
oD | state 2\
BP1 (Vbp+Vicp)/2— (
Vicp —— ‘
Vbp I
Viep I
Vob
Sn+1
Vicp
(a) WAVEFORMS AT DRIVER
Vop —I'— At any instant (t):
Vop/2 Vstate 1(t) = VSn(t) — Vgpolt)
state 1 0 ———— Vop
—Vop/2 Em— L_'— Von(rms) = —4_\/ 10 = 0’791V0D
~“Vop
Vop state 2{t) = Vg {t) = Vgpi{t)
Vop/2 VOp
state 2 0 —M8 —— —l H Voff(rms) = = \/5= 0,354V gy,
~Vop/2 —————
~Vop 7291477

(b) RESULTANT WAVEFORMS
AT LCD SEGMENT

Fig. 5 Waveforms for 1 : 2 multiplex drive mode with 1/2 bias: Vop = Vpp — VCD-
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LCD drive mode waveforms (continued)

Térame

Vpp ———
VDD —Vop/3 ——
gpo D07 Yop | |

Vpp—2Vop/3 — ——
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LCD segments
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Fig. 6 Waveforms for 1 : 2 multiplex drive mode with 1/3 bias: Vop = VDD — VLCD-
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The backplane and segment drive wavefront for the 1 : 3 multiplex drive mode (three LCD backplanes)
and for the 1 : 4 multiplex drive mode (four LCD backplanes) are shown in Figs 7 and 8 respectively.

< Tframe —_— LCD segments
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Vop
Votf(rms)= 3 = 0'333\/op

Fig. 7 Waveforms for 1 : 3 multiplex drive mode: Vo = Vpp — VLCD-
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LCD segments

At any instant (t):
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Fig. 8 Waveforms for 1 : 4 multiplex drive mode: Vop =Vpp — VLCD-
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Oscillator

The internal logic and the LCD drive signals of the PCF8566 or PCF8576 are timed either by the
built-in oscillator or from an external clock.

The clock frequency {fg| ) determines the LCD frame frequency and the maximum rate for data
reception from the 12C bus. To allow 12C bus transmissions at their maximum data rate of 100 kHz,
fcLk should be chosen to be above 125 kHz.

A clock signal must always be supplied to the device; removing the clock may freeze the LCD in a DC
state.

Internal clock

When the internal oscillator is used, OSC (pin 6) should be tied to Vgs. In this case, the output from
CLK (pin 4) provides the clock signal for cascaded PCF8566s and PCF8576s in the system.

External clock

The condition for external clock is made by tying OSC (pin 6) to Vpp; CLK (pin 4) then becomes the
external clock input.

Timing

The timing of the PCF8566 organizes the internal data flow of the device. This includes the transfer of
display data from the display RAM to the display segment outputs. In cascaded applications, the
synchronization signal SYNC maintains the correct timing relationship between the PCF8566s in the
system. The timing also generates the LCD frame frequency which it derives as an integer multiple of
the clock frequency (Table 3). The frame frequency is set by MODE SET commands when internal
clock is used, or by the frequency applied to pin 4 when external clock is used.

Table 3 LCD frame frequencies

PCF8566 mode fframe nominal fframe (Hz)
normal mode fcLk/2880 64
power-saving mode fcLk/480 64

The ratio between the clock frequency and the LCD frame frequency depends on the mode in which
the device is operating. In the power-saving mode the reduction ratio is six times smaller; this allows
the clock frequency to be reduced by a factor of six. The reduced clock frequency results in a signifi-
cant reduction in power dissipation. The lower clock frequency has the disadvantage of increasing the
response time when large amounts of display data are transmitted on the 12C bus. When a device is
unable to ‘digest’ a display data byte before the next one arrives, it holds the SCL line low until the
first display data byte is stored. This slows down the transmission rate of the 12C bus but no data loss
occurs.
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Display latch

The display latch holds the display data while the corresponding multiplex signals are generated. There
is a one-to-one relationship between the data in the display latch, the LCD segment outputs and one
column of the display RAM.

Shift register

The shift register serves to transfer display information from the display RAM to the display latch while
previous data are displayed.

Segment outputs

The LCD drive section includes 24 segment outputs SO to $23 (pins 17 to 40) which should be connected
directly to the LCD. The segment output signals are generated in accordance with the multiplexed back-
plane signals and with the data resident in the display latch. When less than 24 segment outputs are
required the unused segment outputs should be left open-circuit.

Backplane outputs

The LCD drive section includes four backplane outputs BPO to BP3 which should be connected directly
to the LCD. The backplane output signals are generated in accordance with the selected LCD drive mode.
If less than four backplane outputs are required the unused outputs can be left open. In the 1: 3 multi-
plex drive mode BP3 carries the same signal as BP1, therefore these two adjacent outputs can be tied
together to give enhanced drive capabilities. In the 1: 2 multiplex drive mode BPO and BP2, BP1 and
BP3 respectively carry the same signals and may also be paired to increase the drive capabilities. In the
static drive mode the same signal is carried by all four backplane outputs and they can be connected in
parallel for very high drive requirements.

Display RAM

The display RAM is a static 24 x 4-bit RAM which stores LCD data. A logic 1 in the RAM bit-map
indicates the ‘on’ state of the corresponding LCD segment; similarly, a logic O indicates the ‘off’ state.
There is a one-to-one correspondence between the RAM addresses and the segment outputs, and between
the individual bits of a RAM word and the backplane outputs. The first RAM column corresponds to the
24 segments operated with respect to backplane BPO (Fig. 9). In multiplexed LCD applications the
segment data of the second, third and fourth column of the display RAM are time-multiplexed with

BP1, BP2 and BP3 respectively.

display RAM addresses (rows) / segment outputs (S)

0 1 2 3 4 o 19 20 21 22 23
display RAM bits 0
(columns) / e —
backplane outputs ! -
(BP) 2
3
7297488

Fig. 9 Display RAM bit-map showing direct relationship between display RAM addresses and segment
outputs, and between bits in a RAM word and backplane outputs.
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When display data are transmitted to the PCF8566 the display bytes received are stored in the display
RAM according to the selected LCD drive mode. To illustrate the filling order, an example of a 7-seg-
ment numeric display showing all drive modes is given in Fig. 10; the RAM filling organization depicted
applies equally to other LCD types.

With reference to Fig. 10, in the static drive mode the eight transmitted data bits are placed in bit O of
eight successive display RAM addresses. In the 1 : 2 multiplex drive mode the eight transmitted data

bits are placed in bits O and 1 of four successive display RAM addresses. In the 1 : 3 multiplex drive
mode these bits are placed in bits 0, 1 and 2 of three successive addresses, with bit 2 of the third address
left unchanged. This last bit may, if necessary, be controlled by an additional transfer to this address but
care should be taken to avoid overriding adjacent data because full bytes are always transmitted. In the

1 : 4 multiplex drive mode the eight transmitted data bits are placed in bits 0, 1, 2 and 3 of two suc-
cessive display RAM addresses.

Data pointer

The addressing mechanism for the display RAM is realized using the data pointer. This allows the loading
of an individual display data byte, or a series of display data bytes, into any location of the display

RAM. The sequence commences with the initialization of the data pointer by the LOAD DATA POINTER
command. Following this, an arriving data byte is stored starting at the display RAM address indicated

by the data pointer thereby observing the filling order shown in Fig. 10. The data pointer is automati-
cally incremented according to the LCD configuration chosen. That is, after each byte is stored, the
contents of the data pointer are incremented by eight (static drive mode), by four (1 : 2 multiplex

drive mode), by three (1 : 3 multiplex drive mode) or by two (1 : 4 multiplex drive mode).

Subaddress counter

The storage of display data is conditioned by the contents of the subaddress counter. Storage is allowed
to take place only when the contents of the subaddress counter agree with the hardware subaddress
applied to AO, A1 and A2 (pins 7, 8, and 9). A0, A1 and A2 should be tied to Vgg or Vpp. The
subaddress counter value is defined by the DEVICE SELECT command. If the contents of the sub-
address counter and the hardware subaddress do not agree then data storage is inhibited but the data
pointer is incremented as if data storage had taken place. The subaddress counter is also incremented
when the data pointer overflows.

The storage arrangements described lead to extremely efficient data loading in cascaded applications.
When a series of display bytes are being sent to the display RAM, automatic wrap-over to the next
PCF8566 occurs when the last RAM address is exceeded. Subaddressing across device boundaries is
successful even if the change to the next device in the cascade occurs within a transmitted character.
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Fig. 10 Relationships between LCD layout, drive mode, display RAM filling order
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Output bank selector

This selects one of the four bits per display RAM address for transfer to the display latch. The actual
bit chosen depends on the particular LCD drive mode in operation and on the instant in the multiplex
sequence. In 1 : 4 multiplex, all RAM addresses of bit O are the first to be selected, these are followed
by the contents of bit 1, bit 2 and then bit 3. Similarly in 1 : 3 multiplex, bits 0, 1 and 2 are selected
sequentially. In 1 : 2 multiplex, bits O then 1 are selected and, in the static mode, bit O is selected.

The PCF8566 includes a RAM bank switching feature in the static and 1 : 2 multiplex drive modes. In
the static drive mode, the BANK SELECT command may request the contents of bit 2 to be selected
for display instead of bit 0 contents. In the 1 : 2 drive mode, the contents of bits 2 and 3 may be
selected instead of bits 0 and 1. This gives the provision for preparing display information in an
alternative bank and to be able to switch to it once it is assembled.

Input bank selector

The input bank selector loads display data into the display RAM according to the selected LCD drive
configuration. Display data can be loaded in bit 2 in static drive mode or in bits 2 and 3 in 1 : 2 drive
mode by using the BANK SELECT command. The input bank selector functions independently of the
output bank selector.

Blinker

The display blinking capabilities of the PCF8566 are very versatile. The whole display can be blinked
at frequencies selected by the BLINK command. The blinking frequencies are integer multiples of the
clock frequency; the ratios between the clock and blinking frequencies depend on the mode in which
the device is operating, as shown in Table 4.

An additional feature is for an arbitrary selection of LCD segments to be blinked. This applies to the
static and 1 : 2 LCD drive modes and can be implemented without any communication overheads. By
means of the output bank selector, the displayed RAM banks are exchanged with alternate RAM banks
at the blinking frequency. This mode can also be specified by the BLINK command.

Inthe 1 : 3and 1 : 4 multiplex modes, where no alternate RAM bank is available, groups of LCD

ts can be blinked by selectively changing the display RAM data at fixed time intervals.

segmen
If the entire display is to be blinked at a frequency other than the nominal blinking frequency, this can
be effectively performed by resetting and setting the display enable bit E at the required rate using the

MODE SET command.

Table 4 Blinking frequencies

blinking mode normal operating power-saving nominal blinking frequency
mode ratio mode ratio fblink (Hz)

off - — blinking off

2 Hz fcLk/92160 fcLk/15360 2

1 Hz fcLk/184320 fcLk/30720 1

0,5 Hz fc Lk /368640 fcLk /61440 0,5
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CHARACTERISTICS OF THE I°C 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.

| . |

| data line | change

| stable: | of data

| data valid | allowed 7287019

Fig. 11 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).
/| " soa
|

- I -
SDA \ | / \
H -
| I
_ - ; -
SCL ! ! ! scL
g ! 1

P
| | 1
L | SR
start condition stop condition

|
|
|
g
-
|
|
|
a

—_———

7287005
Fig. 12 Definition of start and stop conditions.

System configuration

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

SDA
SCL

I i | [ |

MASTER SLAVE MASTER
MASTER
TRANSMITTER/ R:(l:_:l\(/EER TRANSMITTER/ TRAI':I\:MITTER TRANSMITTER/
RECEIVER RECEIVER RECEIVER
7287004

Fig. 13 System configuration.
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Acknowledge

The number of data bytes transferred between the start and stop conditions from transmitter to
receiver is not limited. Each byte is followed by one acknowledge bit. The acknowledge bit is a 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

start
acknowledgement

condition
|
l

SCL FROM |

DATA OUTPUT '
BY TRANSMITTER ! __

|
S

DATA OQUTPUT
BY RECEIVER
7287007

Fig. 14 Acknowledgement on the I2C bus.

PCF8566 1%C bus controller

The PCF8566 acts as an |2C slave receiver. It does not initiate 12C bus transfers or transmit data to an
12C master receiver. The only data output from the PCF8566 are the acknowledge signals of the selec-
ted devices. Device selection depends on the 12C bus slave address, on the transferred command data
and on the hardware subaddress.

In single device applications, the hardware subaddress inputs A0, A1 and A2 are normally left open-
circuit or tied to Vgs which defines the hardware subaddress 0. In multiple device applications AQ, A1
and A2 are left open-circuit or tied to Vgs or Vpp according to a binary coding scheme such that no
two devices with a common 12C slave address have the same hardware subaddress.

In the power-saving mode it is possible that the PCF8566 is not able to keep up with the highest trans-
mission rates when large amounts of display data are transmitted. If this situation occurs, the PCF8566
forces the SCL line LOW until its internal operations are completed. This is known as the ‘clock
synchronization feature’ of the 12C bus and serves to slow down fast transmitters. Data loss does not
occur.

Input filters

To enhance noise immunity in electrically adverse environments, RC low-pass filters are provided on
the SDA and SCL lines.
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12C bus protocol

Two I2C bus slave addresses (0111110 and 0111111) are reserved for PCF8566. The least-significant
bit of the slave address that a PCF8566 will respond to is defined by the level tied at its input SAQ
(pin 10). Therefore, two types of PCF8566 can be distinguished on the same I°C bus which allows:

(a) up to 16 PCF8566s on the same I°C bus for very large LCD applications;
(b) the use of two types of LCD multiplex on the same 12C bus.

The I2C bus protocol is shown in Fig. 15. The sequence is initiated with. a start condition (S) from the
12C bus master which is followed by one of the two PCF8566 slave addresses available. All PCF8566s
with the corresponding SAO level acknowledge in parallel the slave address but all PCF8566s with the
alternative SAO level ignore the whole I2C bus transfer. After acknowledgement, one or more command
bytes (m) follow which define the status of the addressed PCF8566s. The last command byte is tagged
with a cleared most-significant bit, the continuation bit C. The command bytes are also acknowledged
by all addressed PCF8566s on the bus.

After the last command byte, a series of display data bytes (n) may follow. These display data bytes
are stored in the display RAM at the address specified by the data pointer and the subaddress counter.
Both data pointer and subaddress counter are automatically updated and the data are directed to the
intended PCF8566 device. The acknowledgement after each byte is made only by the (A0, A1, A2)
addressed PCF8566. After the last display byte, the 1°C bus master issues a stop condition (P).

_ acknowledge by
R/W (AO, A1, A2)-selected

F8566 onl
slave address acknowledge by all PC only

s - ] { addressed PCF8566s }

T T T 1 1 S T 1T 1 11 T T 1T T T 1
Si{o 1 11 1 1|Al0|A|C COMMAND A DISPLAY DATA Al P
[ N N 0 | N W S S| RN W (N U N B |
- U\ J T
e — v ~—
1 byte m = 1 bytes n =0 bytes

update data pointer
and, if necessary,

7297489.1 subaddress counter

Fig. 15 12C bus protocol.

Command decoder

The command decoder identifies command bytes that arrive on the 12C bus. All available commands
carry a continuation bit C in their most-significant bit position (Fig. 16). When this bit is set, it indicates
that the next byte of the transfer to arrive will also represent a command. If the bit is reset, it indicates
the last command byte of the transfer. Further bytes will be regarded as display data.

0 = last command
1= commands continue

\
T 1T 1T 177

C| REST OF OPCODE
| I T O T |
msb Isb

7291471

Fig. 16 General format of command byte.
The five commands available to the PCF8566 are defined in Table 5.
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Command decoder (continued)

Table 5 Definition of PCF8566 commands

|c|1100[a2 A1 AQ]

3-bit binary value of 0 to 7

command/opcode options description
Defines LCD drive mode
LCD drive mode bits M1 MO
MODE SET .
static (1 BP) 0 1
, 1 1:2MUX (2BP) 1 0
|C10lLPlElB M1|{MO 1:3MUX (3BP) 1 1
1:4 MUX (4 BP) 0 0
Defines LCD bias configuration
LCD bias bit B
1/3 bias 0
1/2 bias 1
Defines display status
display status bit E The possibility to disable the
display allows implementation
disabled (blank) 0 of blinking under external
enabled 1 control
Defines power dissipation mode
mode bit LP
normal mode 0
power-saving mode 1
LOAD DATA POINTER Five bits of immediate data,
bits P4 P3 P2 P1 PO bits P4 to PO, are transferred
| CI OI 0 {P4 P3 P2 P1 POl to the data pointer to define
5-bit binary value of 0 to 23 one of twenty-four display RAM
addresses
DEVICE SELECT Three bits of immediate data,
bits A0 A1 A2

bits AO to A2, are transferred
to the subaddress counter to

define one of eight hardware

subaddresses
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command/opcode options description
BANK SELECT Defines input bank selection

static 1:2MUX bit | |(storage of arriving display data)

lc[1 111010

RAM bit 0 | RAM bits0, 1| O
RAM bit 2 | RAM bits 2, 3 | 1

Defines output bank selection

static 1:2MUX bit O | (retrieval of LCD display data)

RAM bit 0 | RAM bits0, 1| O

RAM bit 2 | RAM bits 2, 3 | 1
The BANK SELECT command has
no effectin 1 : 3and 1 : 4 multi-
plex drive modes

BLINK Defines the blinking frequency
blink frequency |bits BF1 BFO
lc[1 11 0]a[BF1 BFO

off 0 0

2 Hz 0 1

1 Hz 1 0

0,6 Hz 1 1

blink mode bit A |Selects the blinking mode;
normal operation with frequency

normal blinking 0 set by bits BF1, BFQ, or

alternation blinking 1 blinking by alternation of

display RAM banks. Alternation
blinking does not apply in 1 : 3
and 1 : 4 multiplex drive modes

Display controller

The display controller executes the commands identified by the command decoder. It contains the
status registers of the PCF8566 and coordinates their effects. The controller is also responsible for loading
display data into the display RAM as required by the filling order.
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Cascaded operation

In large display configurations, up to 16 PCF8566s can be distinguished on the same 12C bus by using
the 3-bit hardware subaddress (A0, A1, A2) and the programmable I2C slave address (SAQ). It is also
possible to cascade up to 16 PCF8566s. When cascaded, several PCF8566s are synchronized so that they
can share the backplane signals from one of the devices in the cascade. Such an arrangement is cost-
effective in large LCD applications since the backplane outputs of only one device need to be through-
plated to the backplane electrodes of the display. The other PCF8566s of the cascade contribute
additional segment outputs but their backplane outputs are left open-circuit (Fig. 17).

The SYNC line is provided to maintain the correct synchronization between all cascaded PCF8566s.
This synchronization is guaranteed after the power-on reset. The only time that SYNC is likely to be
needed is if synchronization is accidently lost (e.g. by noise in adverse electrical environments; or by
the definition of a multiplex mode when PCF8566s with differing SAQ levels are cascaded). SYNC is
organized as an input/output pin; the output section being realized as an open-drain driver with an
internal pull-up resistor. A PCF8566 asserts the SYNC line at the onset of its last active backplane
signal and monitors the SYNC line at all other times. Should synchronization in the cascade be lost, it
will be restored by the first PCF8566 to assert SYNC. The timing relationships between the backplane
waveforms and the SYNC signal for the various drive modes of the PCF8576 are shown in Fig. 18.
The waveforms are identical with the parent device PCF8576. Casadability between PCF8566s and
PCF8576s is possible, giving cost effective LCD applications.

P
e | | |
Pt | |

LCD PANEL
v (up to 1536
Voo LCD elements)
soA|, 12
scL 2 17-40 | 24 segment drives Dl
SYNC|, PCF8566 -V
g b 13-16
osc| e -
7 8 9 10 11 |BPO-BP3
A0 [A1 [A2 [sao(vsg (open-circuit)
Viep
Voo
trise
R<
2Cous Voo | Vico
soa[, ® 12
HOST
MICRO— ﬂ“ 2 17-40 | 24 segment drives )|
PROCESSOR/ SYNC|, PCF8566
MICRO - CcLK]|,
CONTROLLER 0sC 13-16| @ backplanes
6 BPO to BP3
7 8 9 10 1
A0 [A1 |A2 [sA0|Vgg 7297486.1
Vss

Fig. 17 Cascaded PCF8566 configuration.
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1

-— Tframe = fframe

_—

BPO

SYNC

— —

(a) STATIC DRIVE MODE

_1 =
BP1
(/5 bias) | |
—
BP1
(/3 bias)
SYNC | |
(b) 1:2 MULTIPLEX DRIVE MODE —
BP2 I I -I
SYNC l | LI
(c) 1:3 MULTIPLEX DRIVE MODE
BP3 | I | I I
SYNC I | U
(d) 1:4 MULTIPLEX DRIVE MODE

7291481

Fig. 18 Synchronization of the cascade for the various PCF8566 drive modes.

For single plane wiring of PCF8566s, see section "APPLICATION INFORMATION".
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RATINGS
Limiting values in accordance with the Absolute Maximum System (IEC 134)

Supply voltage range; see note VbD —05t0+7 V
LCD supply voltage range VieD Vpp —7 to Vpp V
Input voltage range (SCL@A;

A0 to A2; OSC; CLK; SYNC; SA0) \7 Vgg -056to Vpp+0,5 V
Output voltage range (SO to S23;

BPO to BP3) Vo Vicp—-05toVpp+05 V
DC input current Ll max. 20 mA
DC output current tlg max. 25 mA
VpD. Vss or V| ¢cp current tipp. tlss, tlLcD max. 50 mA
Power dissipation per package Ptot max. 400 mw
Power dissipation per output Po max. 100 mw
Storage temperature range Tstg —65 to + 1560 ©°C
Note

Inputs and outputs are protected against electrostatic discharges in normal handling. However, to be
totally safe, it is advised to take handling precautions appropriate to handling MOS devices (see
"Handling MOS devices’).

DC CHARACTERISTICS
Vss=0V;Vpp=25t06V;V| cp=Vpp —25toVpp-6V;
Tamb = —40 to +85 OC; unless otherwise specified

parameter symbol min. typ. max. unit
Operating supply voltage VDD 25 — 6 Vv
LCD supply voltage ViLcD Vpp —6 - VDD —2,56 \%

Operating supply current
(normal mode) at fo| k
=200 kHz (note 1) Ipp - 30 90 LA

Power-saving mode supply current
atVpp=35V;Vicp=0V;
fcLk = 35 kHz; AQ, A1 and A2
tied to Vgs (note 1) ILp - 15 40 LA
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parameter symbol min. typ. max. unit
Logic
Input voltage LOW ViL Vss — 0.3VDD \Y)
Input voltage HIGH VIH 0,7 VpD — VDD Y
Output voltage LOW at Ig = 0 mA VoL - - 0,05 \
Output voltage HIGH at Ig = 0 mA VOH Vpp —0,05 | — - \)
Output current LOW (CLK, SYNC)

atVoL=10V;Vpp=5V loL1 1 — - mA
Output current HIGH (CLK)

atVoy=40V;Vpp =5V IOH - - -1 mA
Output current LOW (SDA; SCL)

atVoL=04V;Vpp=5V loL?2 3 — - mA
Leakage current (SAOQ, CLK, OSC, A0,

A1, A2,SCL, SDA) at V| =Vsgg

or VpD =4I - — 1 HA
Pull-down current (AOQ; A1; A2; OSC)

atVy=1VandVpp=5V Ipd 15 50 150 HA
Pull-up resistor (SYNC) RsyNC 15 25 60 k2
Power-on reset level (note 2) VREF — 1,3 2,0 \Y,
Tolerable spike width on bus tsw - - 100 ns
Input capacitance (note 3) Cy - - 7 pF
LCD outputs
D.C. voltage component (BPO to BP3)

atCgp =35nF tVRp - 20 - mV
D.C. voltage component (SO to S23)

atCg=5nF tVg — 20 — mV
Output impedance (BPO to BP3)

atVicp =VDD —5 V (note 4) Rgp - 1 5 kQ
Output impedance (SO to S23)

atVicp=VDpD -5V (note 4) Rs — 3 7,0 k2

December 1987

88



Signetics 12C Peripherals for Microcontrollers Preliminary specification

Universal LCD driver for low multiplex rates PCF8566

AC CHARACTERISTICS (note 5)
Vss=0V;Vpp=25t06V;V| cp=Vpp —25toVpp —6V;
Tamb = —40 to +85 OC; unless otherwise specified

parameter symbol min. typ. max. unit
Oscillator frequency (normal mode)

at Vpp =5V (note 6) feLk 125 200 | 315 kHz
Oscillator frequency {power-saving

mode) at Vpp =35V foLkLp 21 31 48 kHz
CLK HIGH time tCLKH 1 - - Ms
CLK LOW time tCLKL 1 - - us
SYNC propagation delay tpSYNC | — - 400 ns
SYNC LOW time tSYNCL 1 — - us
Driver delays with test loads

atVicp=Vpp -5V tPLCD - - 30 us
12C bus
Bus free time tBUF 4,7 — — us
Start condition hold time tHD; STA | 4 - — us
SCL LOW time tLOW 4,7 - - us
SCL HIGH time tHIGH 4 - - us
Start condition set-up time

(repeated start code only) tsU: STA | 47 - - us
Data hold time tHD; DAT | O - - us
Data set-up time tSU: DAT | 250 - - ns
Rise time tr - - 1 us
Fall time tf - - 300 ns
Stop condition set-up time tsu; STO | 4.7 - - us

Notes to characteristics

Outputs open; inputs at Vsg or Vpp; external clock with 50% duty factor; 12C bus inactive.
Resets all logic when Vpp < VREF.

Periodically sampled, not 100% tested.

Outputs measured one at a time.

All timing values referred to V| and V| levals with an input voltage swing of Vgs to Vpp.

2B

At fok <125 kHz, I2C bus maximum transmission speed is derated.
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CcLK 3[:'3 K2 sy spA,scL___ 15k& Voo
(pin 4) 2%) > 7bD (pins 1, 2) 2%
SUNE 6,8 kQ
(pin 3) Voo
pin (2%)
BPO to BP3 S0to $23
(pins 13 to 16) 3 loag = 25 KA (pins 17 to 40) =3 loaq 15 HA
7297490
Fig. 19 Test loads.
1
D f — >
CLK
tCLKH | tecLKL |
£0,7VDD
CLK
0,3V,
( DD
\ 0,7 VoD
SYNC K 0,3Vpp
tpSYNC
. -
tsyNCL
/ 05V
BPO to BP3 t
S0 to S23 (Vpp=5V)
v
N 0,5V
A
=« tp cD —> T 7297491
Fig. 20 Driver timing waveforms.
SDA
< 'BUF —> — oW |=— te—> |- )
-
scL
—> | tHp;STA |*— | > 'HiIGH =
Tt —n - — |-
tHD;DAT tSU;DAT
SDA
—> - — -—
7287013.2 tsu;STA tsu;sTO

Fig. 21 12C bus timing waveforms.
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40 7224051 24 7224052

'ob

(uA) bp

_400(;/1 (uA)

—40°C
30
7 7
7 16 -
O //
85°C 85°C

//
e A

10
0 0
0 4 Vpp (V) 8 0 Vpp (V) 8
(a) Normal mode; V| cp=0V; (b) Low power mode; V| cp =0V;
external clock = 200 kHz. external clock = 35 kHz.
Fig. 22 Typical supply current characteristics.
6 7224053 12 7224054
Rgp Rs
(k) (k)
. . \
\\/—4000
\
25°C |
85°C ]
2 4
\ AN
\.
0 0
0 4 Vpp (V) 8 0 4 Vop (V) 8
(a) Backplane output impedance BPO to BP3 (Rgp); (b) Segment output impedance SO to S23 (Rg):
Vpp =5V; Tgmp = —40 to + 85 OC. Vpp=5V.

Fig. 23 Typical characteristics of LCD outputs.

Purchase of Philips’ I2C components conveys a license under the
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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FEATURES

Single chip LCD row driver with
16 outputs

Low power consumption

Selectable multiplex rate 1:8,
1:16, 1:24, 1:32

Cascadable to 1:24 or 1:32
multiplex rates

Internally generated
intermediate LCD bias voltages

LCD column bias voltages
available at pins VO3 and VO4
Minimizes display system power
requirements

On-chip oscillator, requires only
one external resistor

Power-on reset blanks display

Logic voltage range 2.5 V to
6.0V

Maximum LCD supply voltage
9.0V

12C-bus interface

TTLUCMOS compatible
Compatible with most
microcontrollers

Optimized pinning for single
plane wiring

Available in 28-lead plastic DIL
or space saving mini-pack
Compatibie with chip-on-glass
technology.

APPLICATIONS

Automotive information systems
Telecommunication systems
Point-of-sale terminals

General instrumentation
Consumer products.

April 1991

QUICK REFERENCE DATA

SYMBOL PARAMETER MIN. [ TYP. | MAX. { UNIT

Voo supply voltage range +25 |- +6.0 \
LCD supply voltage range Voo -9 Voo -3.5

Vieo - Y
voltage
supply current with internal

loz clock (Rosc = 330 k<) 67 | 180 HA

Tums operating ambient temperature 40 A +85 °c
range

ORDERING AND PACKAGE INFORMATION

EXTENDED PACKAGE
TYPENUMBER | piNs PIN POSITION | MATERIAL | CODE
PCF8568P 28 DIL plastic SOT117
PCF8568T 28 5028 plastic SOT136A
PCF8568U/7 | (28 pads) | die: bumped chip - -
on tape

GENERAL DESCRIPTION

The PCF8568 is a low power LCD
row driver, designed to drive dot
matrix graphic displays with
multiplex rates of 1:8 or 1:16. The
device has 16 row outputs. Two
devices may be cascaded to drive
displays with multiplex rates of 1:24
or 1:32. The PCF8568 is optimised
for use with the PCF8569 and

PCF8579 LCD dot matrix column
drivers. Intermediate LCD bias
LCD column bias voltages are
available at pins VO3 and VO4 for
connection to the column drivers.
The PCF8568 is compatible with
most microcontrollers and
communicates via a two- line
bidirectional bus (I2C).
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RO -R15

28-13
12 v2 1
Vicp —+—| BIAS S vos
9 ROW DRIVER OUTPUTS e leenerator s vou
VDD -1 V5
[ SHIFT REGISTER I

POWER-ON
RESET

3 __
S TIMING GENERATION AND CONTROL B — imc
PCF8568 ~—|
BUS
! Je—> 8 osc
SDA INPUT 12C-BUS COMMAND
scL—2,| FLTERS "l CONTROL DECODER OSCILLATOR . Rosc
v
6 5 SS
i MBA598
SAO
Fig.1 Block diagram.
PINNING
soa [1] U (28] RO SYMBOL PIN DESCRIPTION
scL [z 27] R SDA 1 I2C-bus serial data line
SEL 26] A2 SCL 2 12C-bus serial clock line
oLk [2] E A3 SYNC 3 cascade synchronization input/output
v CLK 4 clock output
ss [5] [24] R4 .
Vss 5 ground (logic)
SAO E 23] ms SAO 6 12C-bus slave address input (bit 0)
ext [7] PCrB568 2] e EXT 7 external clock select pin
osc [&] 21| R7 0SC 8 oscillator or external clock input pin
Vop [9] [20] R8 Voo 9 positive supply voltage
vo3 [10} [19] Ro VO3 10 LCD bias voltage output (V3)
vos [17] 78] R1o VO4 1 LCD bias voltage output (V4)
Vico E 7] A Vico 12 LCD supply voltage
R15 to RO 13to 28 LCD row driver outputs
R15 [13 [16] R12
R14 [1a 5] R13
MBA597
Fig.2 Pinning diagram.
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FUNCTIONAL DESCRIPTION by application of a DC level Vp, Vy be connected to pins VO3 and VO4
or Vg to pin 7 (see DC of the second device.

A single PCF8568 functions as a

row driver with up to 16 row outputs characteristics). The system type is undefined before
and provides the clock and A single PCF8568 may be used to the first SET MODE command is
synchronization signals for the drive up to 16 rows with a 1:8 or sent. In order to avoid system
PCF8569 and PCF8579 column 1:16 multiplex rate. Two PCF8568s conflicts during this time, the
drivers. may be cascaded in order to drive multiplex rate is set to 1:32, the CLK
up to 32 rows with a multiplex rate of  output oscillates with a frequency of
System types and cascaded 1:24 or 1:32. The device driving the 12 kHz, the SYNC pin outputs a
operation last 16 rows provides the high (Vpp) level and the row outputs
) . synchronization signal for the first toggle at a frequency of 12 kHz.
The PCFBSS,S may be configured in device and the column drivers. LCD This also ensures that the LCD
one of four different system types as . . .
P . column bias voltages are available remains blank at power-on for all
shown in Fig. 3. The device ) ; s inf o
operating mode is defined by the for connection from both devices at system types. This information is
pins VO3 and VO4. Pins VO3 and summarized in Table 1.

EXT and multiplex rate. EXT is VO4 from the first device must NOT
programmed to one of three states

Table 1 Cascade control.

Typically: Roge = 330 kQ; fogc = 12 kHz; fo, = 2kHz; fo«, = 1.5 kHz.

EXT DEVICE MODE | MULTIPLEX RATE osC CLK OUTPUT SYNC
SYSTEM STATUS: after first SET-MODE
Vss single 1.8, 1:16 connect Rosc fewxs output
Voo single 1:8; 1:16 input fosc fow output
Vss first 1:24; 1:32 connect Rosc fosc input
Vu first 1:24; 1:32 input fosc fosc input
Voo second 1:24; 1,32 input fosc fewkan output
SYSTEM STATUS: before first SET-MODE
Vss undefined 1:32 connect Rosc fosc output Vpp
Vm undefined 1:32 input fosc fosc output Vpp
Voo undefined 1:32 input fosc fosc output Vpp
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(a) single device, internal clock.
(b) single device, external clock.

(c) cascaded system, internal clock.
(d) cascaded system, external clock.

Fig.3 System types.

SYNC |— SYNC —>
0sc fosc—josc
CLK }— CLK |—
Rosc EXT

T EXT

Vss Vss Voo

(a) (b)
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Oscillator

Timing signals are derived from an
on-chip oscillator, whose frequency
is determined by the value of the
resistor connected between OSC
and Vg,

Internal clock

The clock signal for the system may
be generated by the internal
oscillator and prescaler. The
frequency is determined by the
value of the resistor Rogc, see Fig.
4. For normal use a value of 330 kQ
is recommended. When a single
PCF8568 is used, the clock signal
for the column drivers is output at
CLK and has a frequency one-sixth
(multiplex rate 1:8, 1:16 and 1:32) or
one-eighth (multiplex rate 1:24) of
the oscillator frequency. In a
cascaded system, the CLK output
from the second device is fed to the

column drivers.

External clock

If an external clock is used, EXT
must be connected to either Vi, or
Vy and the external clock signal to
OSC. The external clock should
have a 50% duty cycle in order to
guarantee a DC free LCD waveform
between power-on and the first set
mode command. Table 2
summarizes the nominal CLK and
SYNC frequencies.

Multiplexed LCD bias generation

The bias levels required to produce
maximum contrast depend on the

April 1991
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Note: to avoid capacitive coupling, which could adversely affect
oscillator stability, Rogc Should be placed as closely as possible to the
OSC pin. If this proves to be a problem, a filtering capacitor may be
connected in parallel to Rogc.

Fig.4 Osciiiator frequency as a function of Rogc.

multiplex rate and the LCD threshold
voltage (V,,). V,, is typically defined
as the RMS voltage at which the
LCD exhibits 10% contrast.

The PCF8568 generates the
intermediate voltage bias levels
internally using the Vyp and V ¢p
supplies. For multiplex rates of 1:16,
1:24 and 1:32 a total of six bias
levels are used including Vg, V2,
V3, V4 and V . Five bias levels are
used for the 1:8 multiplex rate (V3 is
set equal to V4 with a value half of
the totai operating voltage Vqp).

Buffered bias voltages are available
for connection to the column drivers
at pins VO3 and VO4. Table 3
shows the generated voltage bias
levels for the PCF8568 as a function
nf\/ nJ = \v_ U \ tAa~athar

of Vop (Vop = Vpp-Vico), together
with the discrimination ratios (D) for
the different multiplex rates. A
practical value for Vp is obtained by
equating Vorr@rus) With V.
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Table 2 Signal frequencies required for nominal 64 Hz frame frequency.
A clock signal must always be present otherwise the LCD may be frozen in a DC state.

OSCILLATOR
FREQUENCY FRAME MULTIPLEX DIVISION CLOoCK
FREQUENCY FREQUENCY
fosc (Hz) e (H2) RATE RATIO fouy (H2)
(ROSC = 330 kQ) SYNC CLK
12288 64 1:8; 1:16; 1:32 6 2048
12288 64 1:24 8 1536
Table 3 LCD bias generation
MULTIPLEX RATE MULTIPLEX RATE
PARAMETER LEVEL 5 LEVEL 6
mux rate 1:8 1:16 1:24 1:32
V2N op 0.750 0.800 0.830 0.850
V3/Nop 0.500 0.600 0.661 0.700
V4N op 0.500 0.400 0.339 0.300
V5/Nop 0.250 0.200 0.170 0.150
Vore@rmsy/Vor 0.293 0.245 0.214 0.193
VonemsyVor 0.424 0.316 0.263 0.230
D = VonmmsyVorrrms) 1.446 1.291 1.230 1.196
Vor/Vin 3.41 4.08 4.68 5.19
MBAGO1
1.0
Vbias / Vop
(V) [
L
0.8
L
0.6
0.4
L
L
0.2
L
0
1:8 1:16 1:24 1:32
multiplex rate
Fig.5 LCD bias voltages as a function of the
multiplex rate.
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for 1:8 multiplexing.
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Fig.7 LCD drive mode waveforms for 1:8 multiplex.
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Power-on Reset

At power-on the PCF8568 resets to
a defined starting condition as
follows:

1. Display blank.
2. I2C-bus interface is initialized.

3. Device in reset state awaiting
first SET MODE (see Table 1).

Data transfers on the 12C-bus should
be avoided for 1 ms following
power-on to allow completion of the
reset action.

Timing generation and control

The timing generation and control
block of the PCF8568 organizes the
internal data flow of the device and
either generates or synchronizes
with the LCD frame synchronization
pulse SYNC, whose period is an
integer multiple of the clock period.
This signal maintains the correct
timing relationship between the
PCF8568 and the column drivers
(and, if also used, a cascaded
PCF8568).

Row driver outputs

RO to R15 are row outputs which
must be connected to the LCD.
Unused outputs should be left
open-circuit. Using a multiplex rate
of 1:8, two sets of row outputs are
driven, thus facilitating split screen
configurations; i.e. a row pulse
appears simultaneously at R0 and
R9, R1 and R10 etc.

Shift register

The row select pulse is shifted
through the shift register. Timing is
derived from the timing and control
block.

April 1991

Bias generator

The intermediate LCD bias voltages
are generated in this block. Buffered
row bias voltages (V2 and V5 in Fig.
1) are connected internally to the
row driver outputs. Buffered column
bias voltages are available at pins
VO3 and VO4.

12C-bus control

The 12C-bus controller detects the
12C-bus protocol, slave address and
command bytes. It performs the
conversion of the data input
(serial-to-parallel). The PCF8568
acts as an I2C-bus slave receiver.

Input filters

To enhance noise immunity in
electrically adverse environments,
RC low-pass filters are provided on
the SDA and SCL lines.

I2C-bus protocol

Two 7-bit slave addresses (0111100
and 0111101) are reserved for the
PCF8568 and PCF8569 or
PCF8579 column drivers (see note
below). Depending on the address,
which is defined by SAO, two types
of LCD display systems can be
distinguished on the same 12C-bus.
This allows:

(a)one PCF8568 to operate with up
to 32 PCF8579s on the same
12C-bus for very large
applications

(b)the use of two types of LCD
multiplex schemes on the same
12C-bus.

In most applications the PCF8568
will have the same slave address as
the column drivers.
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The I2C-bus protocol is shown in
Fig.9. All communications are
initiated with a start condition (S)
from the [2C-bus master, which is
followed by the desired slave
address and the read/write bit. All
devices with this slave address
acknowledge in parallel. All other
devices ignore the bus transfer.

The PCF8568 operates in slave
receiver mode only, hence the
read/write bit R/W = 0. The device
receives one or more commands
following slave address
acknowledgement. The commands
are also acknowledged by all
addressed devices on the bus. The
last command must clear the
continuation bit C. After the last
command a series of data bytes for
the column drivers may follow. The
acknowledgement after each byte is
made only by the (A0, A1, A2 and
A3) addressed column driver. The
PCF8568 ignores data bytes and
does not acknowledge. After the last
data byte has been acknowledged,
the 12C-bus master issues a stop
condition (P).

Note: the PCF8578 row/column
driver also uses the slave addresses
above and is also designed for use
with the PCF8569 or PCF8579
column drivers. Either the PCF8578
row/column driver or the PCF8568
row driver can be used depending
upon the application.
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acknowledge by acknowledge
all addressed by A0, A1, A2 and
R/W IVPCF8568$ / PCF8569s | A3 selected
i PCF8579s | PCF8568s / 69s / 79s
— slave address — l

TTTTTTs TTTTTT FTTTTTT
slo1 111 0lalolalc COMMAND Al  DISPLAYDATA Al P
L I I A I |

L 1byte

L—— n =0 byte(s) —— L—— n =0 byte(s) —

update data pointers
and if necessary,
MBA602 subaddress counter

Fig.9 [2C-Bus protocol: master transmits to slave receiver.

Command decoder

The command decoder identifies

command bytes that arrive on the mS8 | ey LS8
12C-bus. The most significant bit of a

s g - . c REST OF OPCODE
command is the continuation bit C L
(see Fig.10). When this bit is set, it
indicates that the next byte to be C = 0: last command
transferred will also be a command. C = 1; commands continue MBAGO3

If the bit is reset, it indicates the
conclusion of command transfer.
Further bytes will be regarded as Fig.10 General format of command byte.
data. Commands are always

transferred after a slave address
with R’'W = 0.

In an LCD system including the
PCF8568, there are five commands.
For the PCF8568 only one
command, SET MODE, is relevant.
All other commands are treated as
NOP (No Operation) by the
PCF8568. The SET MODE
command is defined in Fig. 11.
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COMMAND / OPCODE OPTIONS DESCRIPTION
LCD DRIVE MODE BITS M1 MO
SET MODE 1:8 MUX (8 ROWS) 0 1 DEFINES LCD
1:16 MUX (16 ROWS) 1 0 DRIVE MODE
eeleneloe] | 126 mux@erows) 11
1:32 MUX(32ROWS) 0 O
Note: this bit
must be zero
DISPLAY STATUSBITS Et1 EO
BLANK 0 0 DEFINES
DISPLAY
NORMAL 0 1 STATUS
ALL SEGMENTS ON 1 0
INVERSE VIDEO 1 1

Fig.11 Definition of the PCF8568 SET MODE command

MBA604

CHARACTERISTICS OF THE I2C
BUS

The I12C-bus is for bi-directional,
two-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.
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 a control
signal.

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

April 1991

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).

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”.

Acknowledge

The number of data bytes
transferred between the start and
stop conditions from transmitter to
receiver is unlimited. Each byte of
eight bits is followed by an
acknowledge bit. The acknowledge
bitis a HIGH level put on the bus by
the transmitter during which time the
master generates an extra

104

acknowledge related clock pulse. A
slave receiver which is addressed
must generate an acknowledge after
the reception of each byte. Also a
master receiver must generate an
acknowledge after the reception of
each byte that has been clocked out
of the slave transmitter.

The device that acknowledges must
pull down the SDA line during the
acknowledge clock pulse, so that
the SDAline is stable LOW during
the HIGH period of the acknowledge
related clock pulse (set-up and hold
times must be taken into
consideration). 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.
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|

i data line { change |

| stable; | otdata |

| datavalid | allowed | MBAGO7

Fig.12 Bit transfer.
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7 e —
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SDA | | { \ ! ! SDA
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stant condition stop condition e
Fig.13 Definition of start and stop conditions.
SDA
o I l I 1
MASTER SLAVE MASTER
TRANSMITTER / RE%Q(/EER TRANSMITTER / TR/’:”hfSS&FTF}ER TRANSMITTER /
RECEIVER RECEIVER RECEIVER

MBA60S

Fig.14 System configuration.
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start clock pulse for
condition acknowledgement
! v

I
DATA OUTPUT _\'\ / )( X: T >< /
BY TRANSMITTER | -
s
DATA OUTPUT o \ /
BY RECEIVER MBA606

Note: the general characteristics and detailed specification of the I12C- bus are available on request.

Fig.15 Acknowledgement on the 12C-bus.

LIMITING VALUES
In accordance with the Absolute Maximum System (IEC 134)

SYMBOL PARAMETER MIN. MAX. UNIT
Voo supply voltage range -05 +8.0 Vv
Vieo LCD supply voltage range voltage Voo =11 | Voo \"
Vin input voltage range at SDA, SCL, SYNC, SA0, EXT, and OSC |Vss 0.5 |Vpp +0.5 |V
Vom output voltage range at SDA, OSC, and SYNC Vss -0.5 [Vpp +0.5 |V
Vo) VO3, VO4, and RO-R15 Vico -0.5 |Vpp 40.5 |V
h DC input current -10 10 mA
lo DC output current -10 10 mA
loo, !ss OF lLeo Voo, Vss Of Vicp current -50 50 mA
Prot power dissipation per package - 400 mW
Po power dissipation per output - 100 mW
Teg storage temperature range -65 +150 °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 (see 'Handling MOS Devices'.)
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CHARACTERISTICS
Vop=25V to 6 V;Vgs=0V; V p=Vpy 3.5V 1o Vs, -9.0V; T, =-40 to +85 °C unless otherwise specified

SYMBOL PARAMETER conomons | mMiN. | Tve | max. | uwr
DC
Voo supply voltage 25 - 6.0 \
VLCD LCD Supply voltage V[)D -9 - VDD -35 \")
Ipo1) supply current note 1; - 62 120 pA
external clock fose = 12 kHz
) supply current note 1; - 67 150 HA
internal clock Rose = 330 kQ
Vror power-on reset level note 2 - 1.3 1.8 pHA
logic (except EXT)
Vi input logic LOW Vss - 0.3 Voo v
VQH input voltage HIGH 0.7 VDD - VDD \)
EXT
Vg input voltage LOW Vss - Vss +0.1 "
Vie input voltage HIGH Voo 0.1 |- Voo \Y
Vu input voltage Vy 1.15 - Voo -1.16 |V
loun output current LOW V=10V 1 - - mA
at SYNC and CLK Vpp=5.0V
lom) output current HIGH Vou=4.0V - - -1 mA
at SYNC and CLK Vpp=5.0V
louzy SDA output current LOW Vo=04V 3.0 - - mA
Vpp=5.0V
ly leakage current at Vi=Vppor Vg | -1 - 1 HA
SDA, SCL, SYNC, SA0 and EXT
) leakage current at OSC note 3; -1 - 1 HA
V= Vg or Vgg
Cl input capacitor note 4 - - 5 pF
LCD Outputs
Ro output resistance note 5 . 1.5 3.0 kQ
at R0-R15
+VTOL V2, VO3, VO4 and V5 tolerance note 6 - 20 100 mV
ISO | (source) on VO3; VO4 note 7 - - -15 mA
1Sl | (sink) on VO3, VO4 note 8 1.5 - - mA
AC (note 9)
fowk clock frequency at multiplex rates of Rosc =330kQ; | 1.2 21 3.3 kHz
1:8, 1:16 and 1:32 Voo =6V
forke clock frequency at multiplex rate of 1:24 | Ryqc = 330kQ; | 0.9 1.6 2.5 kHz
Vpp=6V
fosc external clock 7.7 124 19.2 kHz
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SYMBOL | PARAMETER | conomons | min. [ Tve [ max. | unm
AC (note 9)

t.SYNC SYNC propagation delay - 500 ns
teLco driver delays Voo -Vieco=9V |- 100 us
12C-bus

fscL SCL clock frequency - 100 kHz
tsw tolerable spike width on bus - 100 ns

taur bus free time 4.7 - us
tsusTa start condition set-up time repeated start 4.7 - us

codes only

tio-sTA start condition on hold time 4.0 - us
tow SCL LOW time 4.7 - us
thicH SCL HIGH time 4.0 - us

t SCL and SDA rise time - 1.0 us

t SCL and SDA fall time - 0.3 us
tsupat data set-up time 250 - ns

tHp AT data hold time 0 - ns

tvo oAt SCL LOW to data out valid - 3.4 us
tsusto stop condition set-up time 4.0 - us
Notes
1. Outputs are open; inputs at Vpp or Vg, 12C-bus inactive; external clock with 50% duty cycle (lpp, only).
2. Resets all logic when Vg < Vpgg.
3. EXT = VgpporV,.
4. Periodically sampled; not 100% tested.
5. Resistance of output terminal (RO to R15) with | oap = 150 pA; Ve = Vo=V cp = 9.0 V; outputs measured one at

atime.

© @ N o

April 1991

LCD outputs open.
Vor = Vpp—Vicp = 9.0 V; VO3 = 5.8 V; VO4 = 2.2 V; 1:32 multiplex.
Vop = Vpp—Vicp=9.0V; VO3 = 6.8 V; VO4 = 3.2 V; 1:32 multiplex.
All timing values referred to V,, and V,_levels with an input voltage swing of Vg to V.
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e W oL K ——

Fig.17 12C timing diagram.

B
T oasv
RO to R15 Vop -Vicp=9V) :
] 05V
| A
tpLCD y
0.7Vpp
SYNC
0.3Vpp
! togyne = MBA60S
Fig.16 Driver timing waveforms.
START BIT7 \ BIT6 BITO | ACKNOWLEDGE sToP |
PROTOCOL CONDITION MSB | Ls8 CONDITION |
(S) (A7) { (A8) (RW) (A) (P) |
Lsu;STA tLow 'HIGH o
-—l - |— ) | — ! SCL—*
— —
scL / f
/
_J ’ L
+ tguF = - ol ety
- - :
SDA
! 3
T [ | i
P . « e N U
U HD:STA USuDAT  'HD.DAT tvD;DAT MBAS10 'su;sTo

PURCHASE OF PHILIPS I2C COMPONENTS

—

Purchase of Philips 12C components conveys a license under Philips’ I2C patent to use the
components in the 12C system provided the system conforms to the I2C specification defined by

Philips (ordering code of the I12C specification: 9398 358 10011).

April 1991
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LCD row driver for dot matrix displays PCF8568
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Signetics 12C Peripherals for Microcontroliers Preliminary specification

L ]
LCD column driver for dot matrix graphic displays PCF8569
L e ]

GENERAL DESCRIPTION

The PCF8569 is a low power CMOS LCD column driver, designed to drive dot matrix graphic displays
at multiplex rates of 1:8 or 1:16. The device has 40 outputs and can drive 16 x 40 dots in a 16 row
multiplexed LCD. Up to 16 PCF8569s can be cascaded and up to 32 devices may be used on the same
12C-bus (using the two slave addresses). The device is optimized for use with the PCF8568/78/79 family
of LCD row/column drivers. Together the PCF8568, PCF8578 and PCF8569 form a general LCD dot
matrix driver chip set, capable of driving displays of up to 20 480 dots. The PCF8569 is compatible with
most microcontrollers and communicates via a two-line bidirectional bus (12C-bus). Communication
overheads are minimized by a display RAM with auto-incremented addressing and display bank switching.

Features

® LCD column driver
® Used in conjunction with the PCF8568 or PCF8578, this device forms part of a chip set capable of
driving up to 20 480 dots.

40 column outputs

Selectable multiplex rates; 1:8 or 1:16

Externally selectable bias configuration, 5 or 6 levels

Easily cascadable for large applications

640-bit RAM for display data storage

Display memory bank switching

Auto-incremented data loading across hardware subaddress boundaries

Power-on reset blanks display

Logic voltage supply range 2.5 V t0 6.0 V

Maximum LCD supply voltage 9 V

Low power consumption

12 C-bus interface

TTL/CMOS compatible

Compatible with most microcontrollers

Optimized pinning for single plane wiring in multiple devi

Space saving 56-lead plastic mini-pack or 64-lead tab modu

APPLICATIONS

® Automotive information systems
® Telecommunication systems

® Point-of-sale terminals

® Computer terminals

® |nstrumentation

PACKAGE OUTLINES

PCF8569T: 56-lead mini-pack; plastic (VS056; SOT 190).
PCF8569V: 64-lead tape-automated-bonding (tab) module (SOT267).
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LCD column driver for dot matrix graphic displays PCF8569

€39-co
417 56
2
Voo —
V- 4 — . PCF8569
v3 15 M coLumn (1
vl 16 . ¢ DRIVERS
Lco >
TEST —18 —
ST—* ouTPUT —
5 CONTROLLER —_— |
Vss —1-1J ’
— ¥ DER
— ANSES(;%S‘NG 16 x 40 BIT DISPLAY <‘:
<-r AMPLIFIERS DISPLAY RAM DECODER 1
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POWER-ON
X DECODER
RESET ‘ |
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A2 o —»{ SUBADDRESS RAM DATA POINTER TIMING
Al —»| COUNTER GENERATOR | 4
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2
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cL INPUT 12c-BUS COMMAND
SDA 1 < N FILTERS CONTROLLER > DECODER
Y
13 7
] 7224862
nc SAD

(1) LCD voltage levels, all other blocks operate at logic levels.

Fig.1 Block diagram (pin numbers shown for VSO56; SOT190).
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128 x 8-bit/256 x 8-bit static RAMs PCF8570/8570C/8571

with 12C-bus interface

e —— e

GENERAL DESCRIPTION

The PCF8570, PCF8570C and PCF8571 are low-power static CMOS RAMs. The PCF8570 and
PCF8570C are organized as 256 words by 8-bits and the PCF8571 is organized as 128 words by 8-bits.
Addresses and data aré transferred serially via a two-line bidirectional bus (i2C). The built-in word
address register is incremented automatically after each written or read data byte. Three address pins
AO, A1 and A2 are used for hardware address, allowing the use of up to eight devices connected to the
bus without additional hardware. For system expansion over 8 devices the PCF8570/71 can be used in
conjunction with the PCF8750C which has an alternative slave address for memory extension up to

16 devices.

Features

® Operating supply voltage

® | ow data retention voltage
® | ow standby current

® Power saving mode

Applicaticns
® Telephony

® Radio and television
® Video cassette recorder
® General purpose

25Vto6V ® Serial input/cutput bus (12C)

min. 1.0V ® Address by 3 hardware address pins
max. 15 uA ® Automatic word address incrementing
typ. 50 nA ® 8-lead DIL package

RAM expansion for stored numbers in repertory dialling
(e.g. PCD3343 applications)

channel presets

channel presets

RAM expansion for the microcontroller families MAB8400,
PCF84CXX and most other microcontrollers

PCF8570
PCF8570C WORD
PCF8571 ADDRESS ROW MEMORY
REGISTER |+ sieer CELL
ARRAY
an 11 4
AU >
At —%
3 +
A2 —5
1ot 1
SCL 5 > 2
i INPUT 12c o COLUMN MULTIPLEXER
SDA <15 FILTER || BUS CONTROL SELECT >
£
L Y 4
f'—l 1 ¥
Reaister [ R /W
CONTROL
8 POWER .
Vob ON t
4 RESET y j
Vss —{]
TEST -
Fig.1 Block diagram. 7290775.3

PACKAGE OUTLINES

PCF8570/PCF8570C/ PCF8571/P: 8-lead DIL; plastic (SOT97).
PCF8570/PCF8570C/PCF8571/T: 8-lead mini-pack (SO8L; SOT176C).
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128 x 8-bit/256 x 8-bit static RAMs

: - PCF8570/8570C/8571
with 12C-bus interface
PINNING
1t03 AO to A2 address inputs
4 Vss negative supply
5 SDA serial data line |,
Cb
6 scL serial clock line || 218 .
7 TEST test input for test speed-up; must be connected to Vgg when not in use
(power saving mode, see Figs 12 and 13)
8 VpD positive supply
AQ E U E VDD
A1 E pcFas70 | 7] TeST
PCF8570C
a2 [3]| pcres71 |6 scL
Vss [4] ’E] SDA
7287034.3
Fig.2 Pinning diagram.
RATINGS
Limiting values in accordance with the Absolute Maximum System (IEC 134)
parameter symbol min. max. unit
Supply voltage range VDD -0.8 +8.0 \Y
Input voltage range \ -0.8 Vpp+0.8 \Y
DC input current e | — 10 mA
DC output current tlp — 10 mA
VDD or Vss current t1pp; tIss - 50 mA
Total power dissipation Ptot - 300 mW
Power dissipation per output Po - 50 mW
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 good practice to take normal precautions appropriate to handling MOS devices (see
‘Handling MOS Devices’).

Purchase of Philips’ 12C components conveys a license under the
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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128 x 8-bit/256 x 8-bit static RAMs
with 12C-bus interface

PCF8570/8570C/8571

CHARACTERISTICS
Vpp =2.5t06V;Vgs=0V; Tagmp = —40 to + 85 OC unless otherwise specified

parameter conditions symbol | min. typ. | max. unit
Supply
Supply voltage Vpp |25 - 6.0 \
Supply current V| =Vpp or Vss
operating fscL =100 kHz IDD - - 200 MA
standby fscL =0 Hz Ibpbo |— - 15 HA
Tamb =—25t0+700C IppO |- - 5 HA
Power-on reset level note 1 VpOR |1.5 1.9 | 23 Vv
Inputs, input/output SDA
Input voltage LOW note 2 ViL —-0.8 - 0.3Vpp \%
Input voltage HIGH note 2 VIH 0.7Vpp | — Vpp+0.8 |V
Output current LOW VoL =04V loL 3 - - mA
Leakage current V| =Vpp or Vssg [l - - 1 uA
Inputs AO to A2; TEST
Input leakage current V| =Vpp or Vsg L N - 250 nA
Inputs SCL; SDA
Input capacitance V| =Vss C - — 7 pF
LOW Vpp data retention
Supply voltage for
data retention VDDR |1 - 6 \%
Supply current VDDR=1V IDDR |— — 5 HA
Supply current VDDR=1V;
Tamb =—25t0+700C IDDR |— - 2 nA
Power saving mode see Figs 12 and 13
Supply current TEST =Vpp;
Tamb =25 °C
PCF8570/PCF8570C IDDR |— 50 | 400 nA
PCF8571 IDDR |— 50 | 200 nA
Recovery time tHD2 |— 50 | — us

Notes to the characteristics
1. The power-on reset circuit resets the 12C-bus logic when Vpp < VpoR. The status of the device
after a power-on reset condition can be tested by sending the slave address and testing the

acknowledge bit.
2. If the input voltages are a diode voltage above or below the supply voltage Vpp or Vgg an input
current will flow: this current must not exceed + 0.5 mA.
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128 x 8-bit/256 x 8-bit static RAMs
with [2C-bus interface

PCF8570/8570C/8571

CHARACTERISTICS OF THE I?C-BUS

The 12C-bus is for 2-way, 2-line communication between different [Cs 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 i

I |

L A

I |

| | -

scL —/—_u \
|
I
|

I |

| data line | change

| stable: | of data

i data valid | allowed | 7287019

Fig.3 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).

—— | —
0 /
SDA AN
I N -
|

J

[ S| | SR—— |
start condition stop condition

7287005

Fig.4 Definition of start and stop conditions.
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128 x 8-bit/256 x 8-bit static RAMs
with 12C-bus interface

PCF8570/8570C/8571

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 1 | | 1
MASTER SLAVE MASTER
SLAVE T
TRANSMITTER/ RECEIVER TRANSMITTER/ TRXI\/TSSMF'?TER TRANSMITTER/
RECEIVER RECEIVER RECEIVER
7287004

Fig.5 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 is a 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.

start clock pulse for
condition acknowledgement

SCL FROM i
DATA OUTPUT ' A -
BY TRANSMITTER \

DATA OUTPUT
BY RECEIVER

7287007

Fig.6 Acknowledgement on the 12C-bus.

March 1989 120



Signetics 12C Peripherals for Microcontrollers Preliminary specification

128 x 8-bit/256 x 8-bit static RAMs
with 12C-bus interface

PCF8570/8570C/8571

Timing specifications

All the timing values are valid within the operating supply voltage and ambient temperature range and
refer to V|| and V|H 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
SCL LOW time tLOwW 4.7 - - us
SCL HIGH time tHIGH 4.0 - - us
SCL and SDA rise time ty — - 1.0 us
SCL and SDA fall time tf - - 0.3 us
Data set-up time tSU; DAT 250 - - ns
Data hold time tHD: DAT 0] — - ns
SCL LOW to data out valid tvD; DAT - - 3.4 us
Stop condition set-up time tSU: STO 4.0 - - us
START BIT7 BIT6 BIT 0 ACKNOW- | STOP
PROTOCOL CONDITION MSB LsB LEDGE CONDITION
(S) (A7) (A6) (R/W) (A) (P)
'su;sTA tLow tHIGH scL
7 S
- T WY
—— k kL
tBUF tr i

- \LXX T/

7281193.2 tHD;STA tsu:DAT  HD;DAT tvD:DAT tsu;sTO

Fig.7 12C-bus timing diagram.
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% R-hit/25R w K&-hit ctati e
128 x38 bit/256 > 8-bit static RAMs PCF8570/8570C/8571
with 1<C-bus interface

Bus protocol

Before any data is transmitted on the 12C-bus, the device which should respond is addressed first. The
addressing is always done with the first byte transmitted after the start procedure. The 1% C-bus
configuration for different PCF8570/PCF8570C/PCF8571 READ and WRITE cycles is shown in Fig.8.

acknowledge acknowledge acknowledge
from slave from slave from slave

!

T T —T T

[S l SLAVE ADDRESS OIAI WORD ADDRESS IA‘ DATA |A| P ‘
PR R ST PR L P R R S
R/W L n bytes |
auto increment
7z87031.2 memory word address

Fig.8(a) Master transmits to slave receiver (WRITE mode).

acknowledge acknowledge acknowledge acknowledge
from slave from slave from slave from master
— T T — T T — T — T T
‘ S | SLAVE ADDRESS OlAl WORD ADDRESS IAI S I SLAVE ADDRESS 1 IA DATA |A—}-—--
Loy e Ly T /
P at this moment master =
n bytes
R/W transmitter becomes R/W —l i
master receiver and auto increment
7290778.2 PCF8570/ word address
PCF8570C/PCF8571 K led
slave receiver becomes n?rzcm r::;;rge
slave transmitter l
— T
Lo DATA [1 [ P—I
PR T

L——— last byte 4

auto increment
word address

Fig.8(b) Master reads after setting word address
(WRITE word address; READ data).

acknowledge acknowledge no acknowledge
from slave from master from master
SR N N —
LS| SLAVE ADDRESS 1’A[ DATA |A| l1| Pl
Ly .T P R SR P S T SR S T
R/W L n bytes —” L last byte H
auto increment auto increment
7290777 word address word address

Fig.8(c) Master reads slave immediately after first byte (READ mode).
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128 x 8-bit/256 x 8-bit static RAMs
with 12C-bus interface

PCF8570/8570C/8571

APPLICATION INFORMATION

The PCF8570/PCF8571 slave address has a fixed combination 1010 as group 1, while group 2 is fully
programmable (see Fig.9). The PCF8570C has slave address 1011 as group 1, while group 2 is fully
programmable (see Fig.10).

1 ] 1 o | A2 | A1 | AD |R/W

l group 1 ! group 2 —» 7287030.1

Fig.9 PCF8570 and PCF8571 address.

1 0 1 1 A2 | A1 | AO |R/W

<«— group | ———>|«——group 2 —»| 7295973

Fig.10 PCF8570C address.

Note
A0, A1, and A2 inputs must be connected to Vpp or Vsg but not left open-circuit.
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128 x 8-bit/256 x 8-bit static RAMs
with 12C-bus interface

PCF8570/8570C/8571

lVDD

7
A 4

| Voo SDA  MasTeR

TRANSMITTER
—e— SCL
AQ Vbp

PCF8570/ scL %

0

é’ 0

M Al PCF8571
0

i/

'1010°  SDA
A2 rggt Vss

w

\Y
IDD

Vbp 4_...1_._ AQ Vbp
0 PCF8570/

e i PCF8571

0 ‘1010" SDA

FAZ TEST Vss 1o
w |

| Vbp

SCL > up to 8 PCF8570/PCF8571

to Vpp

Vbp +——{Aa0 VoD

1 PCF8570/
VDD A1 pcEgs7

"1010°  SDA ) ..
TEST Vss R = lrise_

Jr Jy CBus
2 2

I Vbp [

0 lao Vbbp

0 Al PCF8570C

7 1011
0 SDA
A2 tesT Vss

w

I Vbbp

SCL J R R

R : pull - up resistor

1
Vpp +—A2

] v up to 8 additional
VDD +—A0 bD devices

0 PcEB570C  OC [ using PCF8570C

»; Al (16 max.)
7 ‘1011

SDA

- A2 Test Vss 1
b :
| VoD

Voo «—ao VoD seL
PCF8570C ?

1
Vpp «—]A1
1011

1 sDA
Voo < A2 1est Vss

o

SDA SCL
(12C bus) 7290774.3

It is recommended that a 4.7 uF/10 V solid aluminium capacitor (SAL) be connected between Vpp and
Vss.
Fig.11 Application diagram.
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128 x 8-bit/256 x 8-bit static RAMs
with 12C-bus interface

PCF8570/8570C/8571

POWER SAVING MODE

With the condition TEST = Vpp or VppR the PCF8570/PCF8570C/PCF8571 goes into the power
saving mode and 12 C-bus logic is reset.

power saving power saving
-<— mode (1) —|<«——— operating mode —————»|<«— mode (2) —»
TEST = VppR TEST = Vpp

[_-""—g_“"“— VoD
TEST — J ‘ VppR
—_ ov

/ - Vop
SCL \ — A . VDDR

i sy |- —|tHD1 = -| sy |= - <« typ2 (3)
- Voo
%’ N \@
ov
- -—- Vop
Voo \———————/ VbDR

-_— - ov

0 \ ____/ - W\______/___ )

'pDs

7296997
(1) Power saving mode without 5 V supply voltage.

(2) Power saving mode with 5 Vs supply voltage.

(3) tgy and typ1 =4 ps and typo = 50 us.
Fig.12 Timing for power saving mode.

+ \_/
;’—7 Vbbp
8
. SOAf A2
—— 3 +| Voor
| e PeFa8I0C Py Lak w2y
R PCF8571 (NiCd)
MICROCONTROLLER TesT|(1) 1|0
I 7
. o
Vss
” ;

7290776.3

(1) In the operating mode TEST = 0; In the power saving mode TEST = VppR.
It is recommended that a 4.7 uF/10 V solid aluminium capacitor (SAL) be connected between Vpp and
Vss.
Fig.13 Application example for power saving mode.
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Product specification

Clock/calendar with serial I/0

PCF8573

GENERAL DESCRIPTION

The PCF8573 is a low threshold, CMOS circuit that functions as a real time clock/calendar with an

12 C-bus interface.

The IC incorporates an addressable time counter and an addressable alarm register for minutes, hours,
days and months. Three special control/status flags, COMP, POWF and NODA, are also available.
Information is transferred via a serial two-line bidirectional bus (12C). Back-up for the clock during
supply interruptions is provided by a 1.2 V nickel cadium battery. The time base is generated from

a 32.768 kHz crystal-controlled oscillator.

Features

® Serial input/output |12 C-bus interface for minutes, hours, days and months
® Additional pulse outputs for seconds and minutes

® Alarm register for presetting a time for alarm or remote switching functions
® Battery back-up for clock function during supply interruption

® Crystal oscillator control (32.768 kHz)

QUICK REFERENCE DATA

parameter symbol min. typ. max. unit
Supply voltage range
clock (pin 16 to pin 15) Vpp—Vss1 1.1 - 6.0 \%
12C interface (pin 16 to pin 8) VDD—Vss2 2.5 - 6.0 \%
Crystal oscillator frequency fosc - 32.768 | — kHz

PACKAGE OUTLINES

PCFRE723P: 18-lead DIL - nlastic (SOTR

LSS/ Srl 10-iead i, piastiC s i S
|

8)
PCF8573T: 16-lead mini-pack; plastic (SO16L; SOT162A).
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Product specification

Clock/calendar with serial I/0 PCF8573
FSET MIN  SEC Vpp
41 9 410 16
LS 1+
32,768 kz Tisv
0sco |14
T < o AToR Lo| PRESCALER ggﬁz’:gi _,| power-ow |15
osci| 13| OSCILt 1:215 160 RESET Ve
: Ls
cr R 4 4 8 VSSZ
v L D+——y‘,7
DD .
4 6
SDA “«—— 1 TIME COUNTER EXTPF
N >
5 DAYS —»
SCL— MINUTES —» HOURS — DATE <— VONTHS A TN
s ] ! I I !
3
Y Y COMPARATOR — COMP
—>— 2
INPUT ;u(; T T I T 12
FILTER | 1 conTroL ALARM REGISTER — TEST
LS LEVEL SHIFTER PCF8573
41 42
7286691.1
A0 A1
Fig.1 Block diagram.
PINNING
1 AQO address input
U 2 A1l address input
16| Vob
A0 [I j 3 COMP comparator output
A [2] [15] Vssi 4 SDA serfal data line | 12 C-bus
0sco 5 SCL serial clock line |
comp [z E 6 EXTPF enable power fail flag input
SDA E: Zg] osCl 7 PFIN power fail flag input
Popesise 8 Vgs2 negative supply 2 (12C interface)
scu 5] 12] TesT 9 MIN one pulse per minute output
EXTPE E E FSET 10 SEC one pulse per second output
1 FSET oscillator tuning output
PFIN [7 ] 10] sec 12 TEST test input; must be connected
toV when not in use
v 8 9 | MIN SS2
582 [: j 13 0SCl oscillator input
7286685.1 14 0Sco oscillator input/output
Fig.2 Pinning diagram. 15 Vggq negative supply 1 (clock)
16 VDD common positive supply
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Clock/calendar with serial I/O PCF8573

FUNCTIONAL DESCRIPTION
Oscillator

The PCF8573 has an integrated crystal-controlled oscillator which provides the timebase for the
prescaler. The frequency is determined by a single 32.768 kHz crystal connected between OSCI and
OSCO. A trimmer is connected between OSCI and Vpp.

Prescaler and time counter

The prescaler provides a 128 Hz signal at the FSET output for fine adjustment of the crystal oscillator
without loading it. The prescaler also generates a pulse once a second to advance the seconds counter.
The carry of the prescaler and the seconds counter are available at the outputs SEC, MIN respectively,
and are also readable via the 12C-bus. The mark-to-space ratio of both signals is 1 : 1. The time counter
is advanced one count by the falling edge of output signal MIN. A transition from HIGH-to-LOW of
output signal SEC triggers MIN to change state. The time counter counts minutes, hours, days and
months, and provides a full calendar function which needs to be corrected once every four years. Cycle
lengths are shown in Table 1.

Table 1 Cycle length of the time counter

unit number counting carry for content of
of bits cycle following month
unit counter
minutes 7 00 to 59 59 —= 00
hours 6 00 to 23 23 —=00
days 6 01 to 28 28 —= 01 2 (note 1)
or29 —=01 2 (note 1)
01 to 30 30 —=01 4,6,9, 1
01 to 31 31 —=01 1,3,5,7,8,10, 12
months 5 0110 12 12 —=01

Note to Table 1
1. Day counter may be set to 29 by a write transmission with EXECUTE ADDRESS.

Alarm register

The alarm register is a 24-bit memory. It stores the time-point for the next setting of the status flag
COMP. Details of writing and reading of the alarm register are included in the description of the
characteristics of the 12C-bus.

Comparator

The comparator compares the contents of the alarm register and the time counter, each with a length
of 24 bits. When these contents are equal the flag COMP will be set 4 ms after the falling edge of MIN.
This set condition occurs once at the beginning of each minute. This information is latched, but can be
cleared by an instruction via the 12C-bus. A clear instruction may be transmitted immediately after the
flag is set and will be executed. Flag COMP information is also available at the output COMP. The
comparison may be based upon hours and minutes only if the internal flag NODA (no date) is set.
Flag NODA can be set and cleared by separate instructions via the 12C-bus, but it is undefined until

the first set or clear instruction has been received. Both COMP and NODA flags are readable via the
12C-bus.
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Clock/calendar with serial 110 PCF8573

FUNCTIONAL DESCRIPTION (continued)
Power on/power fail detection

If the voltage Vpp—Vgg1 falls below a certain value the operation of the clock becomes undefined.
Thus a warning signal is required to indicate that faultless operation of the clock is not guaranteed.

This information is latched in a flag called POWF (Power Fail) and remains latched after restoration

of the correct supply voltage until a write procedure with EXECUTE ADDRESS has been received.

The flag POWF can be set by an internally generated power fail level-discriminator signal for application
with (Vpp—Vgg1) greater than V11, or by an externally generated power fail signal for application
with (Vpp—Vgg1) less than V1141. The external signal must be applied to the input PFIN. The input
stage operates with signals of any slow rise and fall times. Internally or externally controlled POWF

can be selected by input EXTPF as shown in Table 2.

Table 2 Power fail selection

EXTPF PFIN function

power fail is sensed internally
test mode

power fail is sensed externally
no power fail sensed

-0 =0

0 : connected to Vgg1 (LOW)
1 : connected to Vpp (HIGH)

The external power fail control operates by absence of the Vpp—Vgg2 supply. Therefore the input
levels applied to PFIN and EXTPF must be within the range of Vpp—Vgg1. A LOW level at PFIN
indicates a power fail. POWF is readable via the 12C-bus. A power on reset for the 12C-bus control is
generated on-chip when the supply voltage Vpp—Vgg2 is less than V2.

Interface level shifters

The level shifters adjust the 6 V operating voltage (Vpp—Vgg2) of the microcontroller to the internal
supply voltage (Vpp—Vgs1) of the clock/calendar. The oscillator and counter are not influenced by
the Vpp—Vgs2 supply voltage. If the voltage Vpp—Vgs2 is absent (Vpp = Vss2) the output signal
of the level shifter is HIGH because Vpp is the common node of the Vpp—Vgg2 and the Vpp—Vss
supplies. Because the level shifters invert the input signal, the internal circuit behaves as if a LOW signal
is present on the inputs. FSET, SEC, MIN and COMP are CMOS push-pull output stages. The driving
capability of these outputs is lost when the supply voltage Vpp—Vsg2 = 0.

May 1989 129



Signetics 12C Peripherals for Microcontrollers Product specification

Clock/calendar with serial 110 PCF8573

CHARACTERISTICS OF THE 1°C-BUS

The 12 C-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 (see Fig.3)

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.

I . 1 |
| data line | change |
| stable: | ofdata |
| data valid | allowed | 7287019

Fig.3 Bit transfer.

Start and stop conditions (see Fig. 4)

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).

- [atanantent

[ al
__ | | o | -
| | | I
SDA \ | | | SDA
PN -= t '
I | | i
_ - + ' -
scL m \ / : ! scL
P
| S | | |
| | SR — |
start condition stop condition 7287005

Fig.4 Definition of start and stop conditions.

System configuration (see Fig.5)

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
SCL
I I | ] I
MASTER SLAVE MASTER
SLAVE MASTER
TRANSMITTER/ RECEIVER TRANSMITTER/ TRANSSMITTER TRANSMITTER/
RECEIVER RECEIVER RECEIVER
7287004

Fig.5 System configuration.
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CHARACTERISTICS OF THE I2C-bus (continued)
Acknowledge (see Fig.6)

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 isaddressed 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. (See Fig.10 and Fig.11).

start

clock pulse for
condition
!

acknowledgement

|
SCL FROM |

DATA OUTPUT ’ T
BY TRANSMITTER | _
|
s

DATA OUTPUT -
BY RECEIVER

7287007

Fig.6 Acknowledgement on the 12 C-bus.
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Timing specifications

All the timing values are valid within the operating supply voltage and ambient temperature range and
refer to V|_and V|H 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
SCL LOW time tLow 4.7 - — us
SCL HIGH time tHIGH 4.0 - - us
SCL and SDA rise time tr — — 1.0 us
SCL and SDA fall time tf - - 0.3 Ms
Data set-up time tSU; DAT 250 - — ns
Data hold time tHD; DAT 0 — — ns
SCL LOW to data out valid tvD; DAT - - 3.4 us
Stop condition set-up time tSuU; STO 4.0 - — us
START BIT 7 BIT6 BIT 0 ACKNOW- | STOP
PROTOCOL CONDITION MSB LsB LEDGE CONDITION
(S) (A7) (AB) (R/W) (A) (P)
tsu;STA fLlow tHIGH tscL
f X ! .
vanla Ve Eavay
_—— | -
tBUF tr t
- 7 1 4
w AT R e
X
7281193.2 'HD;STA 'SU;DAT  'HD;DAT tvD:DAT tsu:sTo

Fig.7 12C-bus timing diagram.
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ADDRESSING

Before any data is transmitted on the 12C-bus, the device which should respond is addressed first. The
addressing is always done with the first byte transmitted after the start procedure.

Slave address

The clock/calendar acts as a slave receiver or slave transmitter. Therefore the clock signal SCL is only
an input signal, but the data signal SDA is a bidirectional line. The clock calendar slave address is shown
in Fig.8.

mMs8 LsB
1 1 0 1 0o | A1 | A0 |R/W
7286686

Fig.8 Slave address.

The subaddress bits AO and A1 correspond to the two hardware address pins A0 and A1 which allows
the device to have 1 of 4 different addresses.

Clock/calendar READ/WRITE cycles

The 12C-bus configuration for different clock/calendar READ and WRITE cycles is shown in Figs 9,
10and 11.

acknowledge acknowledge acknowledge
from slave from slave from slave
R/W$ &MSB Lssx
T T T T — T T T T T T T T T
g | CLOCK/CALENDAR | g | o MODE POINTER A DATA Alp
e ADDRESS
P S U S PR S R R S P S S S S R
l n bytes
(n=0,1,2,...)

auto increment
of B1, 80

7286687

Fig.9 Master transmitter transmits to clock/calendar slave receiver.

The write cycle is used to set the time counter, the alarm register and the flags. The transmission of the
clock/calendar address is followed by the MODE-POINTER-WORD which contains a CONTROL-nibble
(Table 3) and an ADDRESS-nibble (Table 4). The ADDRESS-nible is valid only if the preceding
CONTROL-nibble is set to EXECUTE ADDRESS. The third transmitted word contains the data to be
written into the time counter or alarm register.
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Table 3 CONTROL-nibble

C2 {C1 | CO | function
0 |0 |0 |0 |executeaddress
0 (0 [0 |1 |readcontrol/status flags
0 |0 1 0 | reset prescaler, including seconds counter; without carry for minute counter
0 |0 1 1 time adjust, with carry for minute counter (see note)
0 1 0 [0 |reset NODA flag
0o |1 0 |1 set NODA flag
0 |1 1 0 |reset COMP flag
Note

If the seconds counter is below 30 there is no carry. This causes a time adjustment of max. —30 s.
From the count 30 there is a carry which adjusts the time by max. + 30s.

Table 4 ADDRESS-nibble

B2 | B1 | BO | addressed to:
0 0 0 |0 time counter hours
0o (0 |0 1 time counter minutes
0 (0 1 0 |time counter days
0 |0 1 1 time counter months
0 1 0 |0 |[alarm register hours
0 1 0 1 alarm register minutes
0 1 1 0 alarm register days
0o |1 1 1 alarm register months

At the end of each data word the address bits B1, BO will be incremented automatically provided the
preceding CONTROL-nibble is set to EXECUTE ADDRESS. There is no carry to B2.

Table 5 shows the placement of the BCD upper and lower digits in the DATA byte for writing into the
addressed part of the time counter and alarm register respectively.

Table 5 Placement of BCD digits in the DATA byte

MSB DATA LSB

upper digit lower digit
UD|UC|UB|UA|LD|LC|LB]|LA |addressed to:
X |X |D (D |D |{D |[D |D |hours
X (D |{D |D |D |[D |[{D |D |minutes
X |X |D |D |[D |{D |D |D |days
X |X |X |D (D |D |D |D |months
Where:

""X'"is the don't care bit
"D’ is the data bit
Acknowledgement response of the clock calendar as slave receiver is shown in Table 6.
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ADDRESSING (continued)

Table 6 Slave receiver acknowledgement

acknowledge on byte
mode pointer address | mode pointer | data
c2i{Ci1]|cCo B2 | B1 | BO
0;0 |0 |O 0 X | X | X |yes yes yes
0{0 {0 |0 1 X I X X |yes no no
0] 0 |0 |1 X | X | X | X |yes yes no
0|0 1 0 X | X | X | X |yes yes no
0|0 1 1 X | X | X | X |vyes yes no
0 1 0 |0 X | X [ X | X |vyes yes no
0 1 0 1 X | X | X | X |yes yes no
0 1 1 0 X | X | X | X |yes yes no
0 1 1 1 X | X | X | X |yes no no
1 X X | X | X | X | X | X |yes no no
Where:

*’X'" is the don’t care bit.

Table 7 Organization of the BCD digits in the DATA byte

MSB DATA LSB
upper digit lower digit
UD|UC|UBJUA|LD|LC LB LA addressed to
0 |0 D |D |D |D D D hours
0 D |D D |D |D D D minutes
0 0 D |D |D |D D D days
0 0 |0 D |[D |D D D months
0 {0 |0 |* ** | NODA | COMP | POWF | control/status flags
Where:
"D’ is the data bit
* = minutes

** = seconds.
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RATINGS

Limiting values in accordance with the Absolute Maximum System (IEC 134)

parameter mc{dndition ‘ ;ymbol min. max. f unit
Supply voltage range ‘

pin 16 to pin 15 VDD-Vss1 -0.3 8.0 Y

pin 16 to pin 8 VDD-Vss2 -0.3 ; 8.0 [ \%
Voltage input ‘

pins 4 and 5 note 1 V| Vss2—0.8 . Vpp+0.8 "

pins 6, 7, 13 and 14 Vi Vss1—0.6 | Vpp+0.6 "

any other pin \ Vss2—0.6 Vpp +0.6 \
Input current ] —_ 10 mA

r

Output current o) - ' 10 mA
Power dissipation

per output Po — 100 mW
Total power dissipation Ptot - 200 mW
Operating ambient

temperature range Tamb —40 +85 oC
Storage temperature range Tstg —55 +125 oC

Note to the Ratings
1. With input impedance of minimum 500 £2.

HANDLING

Inputs and outputs are protected against electrostatic charge in normal handling. However, to be
totally safe, it is desirable to take normal precautions appropriate to handling MOS devices (see
"Handling MOS devices’).
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CHARACTERISTICS

Vss2 =0 V; Tamp = —40 to + 85 OC unless otherwise specified. Typical values at Tamp =+25 ©C

parameter conditions symbol min. typ. | max. unit
Supply
Supply voltage }
12C interface Vpp—-Vss2 | 2.5 50 |6.0 \Y
clock tHD:; DAT =
300 ns Vpp—Vsst | 1.1 1.5 | Vpp—Vss2 Vv
Supply current
Vgg1 (pin 15) Vpp—Vsst =1.5V|-Igsst - 10 HA
Vpp—Vss1=5V |—-Isst - 12 |50 uA
Vss2 (pin 8) VpD—Vss2=5V;
lo=0alloutputs |—Igs2 - — 50 uA
Input SCL;
input/output SDA
Input voltage LOW ViL — — 0.3VpD \%
Input voltage HIGH VIH 0.7Vpp - - \%
Leakage current V|=Vss2or Vpp |IILI - - 1 HA
Input capacitance Cy — — 7 pF
Inputs AO, A1,
TEST
Input voltage LOW ViL — - 0.2Vpp \%
Input voltage HIGH VIH 0.7VpD — — \%
Input leakage current|V|=Vgg2 or Vpp [* 1| — - 250 nA
Inputs EXTPF,
PFIN
Input voltage LOW ViL 0 — 0.2Vpp—Vsst | V
Input voltage HIGH VIH 0.7Vpp—Vsst | — - \%
Input leakage current|V|=Vgg1 to Vpp |t 1| - - 1.0 MA
Tamb = 25 °C;
V|i=Vsgs1toVpp |* 1L - - 0.1 MA
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CHARACTERISTICS (continued)

parameter conditions symbol | min. typ. | max. | unit
Output SDA
(n channel open drain)
Output "ON"’ o =3 mA;

Vpp—Vss2 =2.5to

to6V VoL - — 0.4 \%
Leakage current Vpp—Vss2 =6 V;

Vo=6V el — — 1 uA
Outputs

Outputs SEC, MIN, COMP, FSET
(normal buffer outputs)

Output voltage LOW VDpD—Vss2 =2.5V;
10 =0.3mA VoL |- — 0.4 \Y,
VDD—-Vss2 =4 to 6 V;
10 =1.6 mA VoL - - 0.4 \%
Output voltage HIGH VpD—Vss2 =2.5V;
—lo=0.1TmA VOH Vpp—-04 | — - \%
VDp—Vss2=4to6V;
—lp=0.5mA VOH Vpp-04 | — - \%

Internal threshold voltage

Power failure detection VTH1 |1 1.2 1.4 \Y
Power "ON"’ reset VTH2 |15 2.0 2.5 \Y
Rise and fall times of
input signals
Input EXTPF ty, tf — _ 1 us
Input PFIN tr, tf — — oo us
Input signals except EXTPF

and PFIN between V|_and

VIH levels

rise time tr - - 1 us

fall time tf - — 0.3 us
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parameter conditions symbol | min. | typ. max. | unit
Oscillator
Integrated oscillator
capacitance CouTt |- 40 _ pF
Oscillator feedback
resistance Ry - 3 - MQ
Oscillator stability A(Vpp—Vss1)
=100 mV; at
Vpp—Vsst = 1.55 V;
Tamb =25 °C f/fosc — 2x 107 | — -
Quartz crystal parameters f=32.768 kHz
Series resistance Rg — - 40 Kk
Parallel capacitance CL — 10 — pF
Trimmer capacitance Ct 5 — 25 pF
R: pull-up resistor R R
Voo SDA  MASTER DEVICE
PCF8570 scL MICROCONTROLLER
128 x 8 BIT STATIC CMOS RAM

32,768 kHz
fl w ]
R1 U AT
Cr PCF8577
EXTPF Vpp OSCO OSCI 64 LCD
SDA SEGMENT DRIVER

PCF8573

PFIN scL
A0 A1 Vss2 TEST Vssi
R2 R3 \_l;r_l__l 1av |+ 8 DIGIT LCD
4

(NiCa) T

Y .
detection circuit Rep : resistor for
with very high permanent charging
impedance ;
——
12C bus 7286688.3

Fig.12 Application example of the PCF8573 clock/calendar.
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APPLICATION INFORMATION

v @ : T
c
. il
R R[ l +15V
4
» SDA
T [ » SCL
SCL SDA Vpp — SCL SDA Vpp Cy SCL SDA Vpp
A0
R
oscl
MASTER YA oorasrs
MICRO - ¥ TEST | — PCF8571
CONTROLLER
Y PFIN 05CO
Y EXTPF
Vss Vss2  Vssi Vss

; ;/ ; VL 7287945.1

Fig.13 Application example of the PCF8573 with common Vgg1 and Vg2 supply.

7224490

—lss1

(nA) /

0 2 4 6
Vpp—Vss1 (V)

Fig.14 Typical supply current (~Isg1) as a function of clock supply voltage (Vpp—Vsg1) at
Tamb = —40 to + 85 ©C.

L]

Purchase of Philips’ 12C components conveys a license under the

Bus Philips’ 12C patent to use the components in the |2C-system provided
the system conforms to the I12C specifications defined by Philips.
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GENERAL DESCRIPTION

The PCF8574 is a single-chip silicon gate CMOS circuit. It provides remote |/O expansion for the
MAB8400 and PCF84CXX 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 |2 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 1/0 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 PCF8574A versions differ only in their slave address as shown in Fig.9.

Features
® QOperating supply voltage 25Vto6V
® [ow stand-by current consumption max. 10 uA
® Bidirectional expander
® Open drain interrupt output
® 8-bit remote /0 port for the 12 C-bus
® Peripheral for the MAB8400 and PCF84CXX microcontroller families
® Latched 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)
— 13 INTERRUPT
INT < LOGIC LP FILTER
PCF8574
1 PCF8574A
A0
Al 2
4
A2 3 + : + PO
l y_ P1
14 6
scL -+ INPUT | 12c BUs + > P2
soA «—18 . | FILTER CONTROL SHIFT o ’ P3
r REGISTER s8It PORTS 9 P4
10 PS5
L PRAN YY)
121 45y
}
write pulse
16 read pulse
Vbbb POWER-ON [
vss —-2—] RESET
7285821.2

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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PINNING

Ao [1]
a1 [2]
A2 [3]
Po [4] PCF8574
pi [5] PoFes7ea
P2 [6]
P3 [7]
Vss [8]

16] Voo
15] spa
1a] scL
13] INT
[12] p7
[11] Pe
[10] Ps5
o] Pa

Fig.2 Pinning diagram.

7287597.1
1t03 A0 to A2 address inputs
dto7 POto P3| 8-bit quasi-bidirectional 1/0 port
9to 12 P4 to P7 |
8 Vss negative supply
13 INT interrupt output
14 SCL serial clock line
15 SDA serial data line
16 Vbbp positive supply
Vob
write pulse —»
E 100 4A @
e, — > o =]
FF
L 1C s D POtoP7

power-on

——

reset

Cy
read pulse —»————®_

I

FF

—dw»n

data to

to interrupt

— >

shift register +

May 1989

logic
7287598.1

Fig.3 Simplified schematic diagram of each port.
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CHARACTERISTICS OF THE 1?C-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.

S S

I

| data line | change

| stable: | of data

| data valid I 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).

r—==" r——=
|

| |

I

| ;

- \ - | -
L/

SDA \ | / | f SDA

| | - j

scL ! ! \ / ! ! SCL
g I p

| | |
| R |

Lo
t iti stop condition
start condition P 7287005

Fig.b Definition of start and stop conditions.
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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 controlied by the master
are the “slaves”’.

SDA
scL
| [ [ [
MASTER ) SLAVE MASTER
. SLAVE
TRANSMITTER/ REéEIVER TRANSMITTER/ TR’X'ASSTE:TER TRANSMITTER/
RECEIVER RECEIVER NSMI 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 isaddressed 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.

start clock pulse for
condition acknowledgement

SCL FROM 1
MASTER | 1 2 M
| R
DATA OUTPUT ‘
BY TRANSMITTER |

DATA OUTPUT
BY RECEIVER

7287007

Fig.7 Acknowledgement on the |2 C-bus.
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Timing specifications

All the timing values are valid within the operating supply voltage and ambient temperature range and
refer to V|| 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 - - i us
Start condition set-up time tSU: STA 47 — — I us
Start condition hold time tHD: STA 4.0 - - [ ws !
SCL LOW time tLow 4.7 - — L ous ;
SCL HIGH time tHIGH 4.0 - - Cus
SCL and SDA rise time ty — —— 1.0 us
SCL and SDA fall time tf - _— 03 us
Data set-up time tSu; DAT 250 - - ns ‘
Data hold time tHD: DAT 0 - - ns i
SCL LOW to data out valid tyD; DAT - - 3.4 us |
Stop condition set-up time tsU; STO 4.0 - - us ]
START BIT7 BIT 6 BITO ACKNOW- | STOP
PROTOCOL CONDITION MSB LSB LEDGE CONDITION
(S) (A7) (AB) (R/W) (A) (P)

tsu;sTA tLow HIGH scL

p \ 4 S
soL / \ / \

__d 7 -
tBUF tr tf
- 7 Y 7
= /N kKK )
K
7281193.2 'HD:STA tSU;DAT  'HD;DAT tvD;DAT tsu.sTO
Fig.8 12C-bus timing diagram.
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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.

PCF8574  PCF8574 PCF8574A
Voo (1 (2) (16)
INT INT INT
MICROCOMPUTER
INT «—d _—
7287599.1

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 INT 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:

® In the READ mode at the acknowledge bit after the rising edge of the SCL signal.
® |n 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.

siave address (PCF8574) data from port
r A \ r A N
T T T T T | T T T T T T T
SDA [S I 0 1 0 0 A2 Al A0 1 llA 1 1 | Pl
1 1 1 1 1 1 1 i 1 1 1 1 1 1 1
Lot b A
start condition R/W | acknowledge P5 stop
| from slave condition
|
|
|
SCL 12\ /3 Ja\ s\ _Je\ J7\ J8
|
|
|
| |
1
DATA INTO P5 i
> A |
‘ |
‘ |
' |
' |
INT | L[
(- N 7287594.1
> ety P I tir

Fig.13 Interrupt generated by a change of input to port P5.
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FUNCTIONAL DESCRIPTION (continued)

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

A quasi-bidirectional port can be used as an input or output 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 loaded 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)

data to port

data to port

A A A
T T T T T T — T T ; — T T T T — T
SDAIS]O 11 1 A2 A1 A0 orAl 1 [‘A[ 0 ]'A]P]
1 o — 1 1 1 1 1 ue 1 1 1 T 1 1 1 1 1 - A1
b t | 1
start condition R/W acknowledge P3 | P3
from slave |
|
|
SscL 2\S3\Ja\fs\_Je\_[7\/8 )
! )
| '
P3 | .
ouTPUT
VOLTAGE ,[ | —
I
P3 R Ly
PULL-UP l"l _r
OUTPUT
CURRENT IS )
b .
loHt, 7287595 1 'oH

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 VbD -0.5 +7.0 Vv
Input voltage range \7 Vgg —0.5 Vpp + 0.5 \
DC input current 1y — 20 mA
DC output current tlp — 25 mA
Vpp or Vgg current tlpp; tlgg - 100 mA
Total power dissipation Piot - 400 mW
Power dissipation per output Po - 100 mW
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 handling MOS devices (see

‘Handling MOS Devices').
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CHARACTERISTICS
Vpp =2.5t06 V;Vgg =0 V; Tamp = —40 to + 85 OC unless otherwise specified

parameter lconditions symbol | min. typ. | max. i unit

1
Supply ‘ |
Supply voltage [ Vpp |25 - |60 Vv
Supply current ' Vpp=6V; ‘ §
| no load; | |
'Vy=Vppor
Vss |
operating ; fgcL =100kHz | ipp | — 140 |100 A
standby 1 Ipbo - 25 |10 HA
Power-on reset level | note 1 VpoR | — 1.3 |24 \Y
Input SCL; input/output SDA | ; ‘
Input voltage LOW ‘ ViL | —0.5 - 0.3Vpp \
Input voltage HIGH Vi | 07Vpp |- |Vpp*05|V
Output current LOW 1 VoL =04V loL ‘ 3 - - mA
Leakage current Vi=Vppor 3
Vgs S — — 1 HA
Input capacitance (SCL, SDA) | V| = Vgg Gy - — 7 pF
1/0 ports ‘
Input voltage LOW ‘; ViL -0.5 — |03vpp |V
Input voltage HIGH 7 Viy |07Vpp | — |Vpp+O05|V
Maximum allowed input
current through | V| =Vppor
protection diode <Vsgg flhHL | — — 400 nA
Output current LOW VoL=1V; { »
| Vpp=5V [ oL 10 25 | — mA
Output current HIGH ' VoH = Vss lOH 30 | — 300 uA
Transient pull-up current i i ;
HIGH during acknowledge | VoH = Vss: | =
(see Fig.14) ] Vpp =25V —loHt | — 1 - mA
Input/Output capacitance ; Ci/o - | — 10 pF
Port timing
(see Figs 10 and 11) CL =<100pF
Output data valid tov — — 4 us
Input data set-up tps 0 — — us
Input data hold tph 4 — — us
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parameter conditions symbol | min. typ. | max. unit

Interrupt INT

Output current LOW VoL =04V loL 1.6 - -~ mA
Leakage current Vi =Vppor

Vss el - - 1 HA
INT timing ‘
(see Figs 11 and 13) CL =<100pF |
Input data valid tiy — | — 4 us
Reset delay tir — — 4 us

Select inputs AO, A1, A2

Input voltage LOW ViL -0.5 — 0.3Vpp \
Input voltage HIGH ViH 0.7Vpp | — Vpp + 05|V
Input leakage current pinat Vpp or

Vgs [t — — 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).

[E Purchase of Philips’ 12C components conveys a license under the
Bus Philips’ I12C patent to use the components in the 12C-system provided

the system conforms to the |2C specifications defined by Philips.
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Universal LCD driver for low multiplex rates PCF8576
L ]

GENERAL DESCRIPTION

The PCF8576 is a peripheral device which interfaces to almost any liquid crystal display (LCD) having
low multiplex rates. It generates the drive signals for any static or mulitiplexed LCD containing up to
four backplanes and up to 40 segments and can easily be cascaded for larger LCD applications. The
PCF8576 is compatible with most microprocessors/microcontrollers and communicates via a two-line
bidirectional bus (12C). Communication overheads are minimized by a display RAM with auto-
incremented addressing, by hardware subaddressing and by display memory switching (static and
duplex drive modes).

Features

® Single-chip LCD controller/driver

Selectable backplane drive configuration: static or 2/3/4 backplane multiplexing

Selectable display bias configuration: static, 1/2 or 1/3

Internal LCD bias generation with voltage-follower buffers

40 segment drives: up to twenty 8-segment numeric characters; up to ten 15-segment alphanumeric

characters; or any graphics of up to 160 elements

40 x 4-bit RAM for display data storage

Auto-incremented display data loading across device subaddress boundaries

Display memory bank switching in static and duplex drive modes

Versatile blinking modes

LCD and logic supplies may be separated

Wide power supply range: from 2 V for low-threshold LCDs and up to 9 V for guest-host LCDs and

high-threshold (automobile) twisted nematic LCDs

® Low power consumption

® Power-saving mode for extremely low power consumption in battery-operated and telephone
applications

® |2C-bus interface

® TTL/CMOS compatible

® Compatible with any 4-bit, 8-bit or 16-bit microprocessors/microcontrollers

® May be cascaded for large LCD applications (up to 2560 segments possible)

® Cascadable with the 24-segment LCD driver PCF8566

® Optimized pinning for single plane wiring in both single and multiple PCF8576 applications

® Space-saving 56-lead plastic mini-pack (VSO56) or 64-lead tape-automated-bonding (TAB)
module (SOT267A)

® Very low external component count (at most one resistor, even in multiple device applications)

® Compatible with chip-on-glass technology

® Manufactured in silicon gate CMOS process

PACKAGE OUTLINES

PCF8576T: 56-lead mini-pack; plastic (VS056; SOT190).
PCF8576U: uncased chip in tray.

PCF8576U/10: chip-on-film frame carrier (FFC).

PCF8576V: 64-lead tape-automated-bonding module (SOT267A).

March 1990 153

INIE

i)
(\JfJ

iau

8



Signetics 12C Peripherals for Microcontrollers Product specification

Universal LCD driver for low multiplex rates PCF8576
BPO BP2 BP1 BP3 S0 $39
113 414 J15 (16 17 @ ———————— 56 4
Vpp |5
BACKPLANE '
] OUTPUTS DISPLAY SEGMENT OUTPUTS
LCD >
R VOLTAGE DISPLAY LATCH
SELECTOR |+
N o 1t
BIAS
Vicp |12 GENERATOR SHIFT REGISTER
PCF8576
CLK |4
SYNC[3 | TIMING [+ BLINKER INPUT DISPLAY OUTPUT
BANK :> RAM _—_> BANK
SELECTOR 40x 4 BITS SELECTOR
t $ DISPLAY
+ CONTROLLER <1::>
95¢ 18 losciLLaTor t
. POWER- DATA
ON  |»+ POINTER
Rosc RESET COMMAND <r\_:
DECODER ‘
Vss |11
' L
suB-
scL |2
- . ADDRESS
- INPUT *  12cBUs ‘> COUNTER
SDA 11, | FiLTeRs [, | conTROLLER ———>
- 4 4 4
} 10 7 |8 |9
SAO A0 A1 A2
72914751

Fig.1 Block diagram; VSO56; SOT190.
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PINNING

spa [1]
scL [ 2]
e 3]
cLk [4]
Voo [5]
osc [6]
Ao [7]
atfs
A2[9]
sA0 [10
vss [11]
Vieo [12]
BP0 [13]

BP2 (14

8p1 [15|
8P3 [16]
so [17
s1 18]
s2 19
s3 [20]
sa [21]
s5 [22]

S6 |23

57 [24]
s8 [25]
so [26]

$10 |27

s11[28]

U

PCF8576T

56] 539
55] 538
[54] s37
53] s36
52] 535
51
[50] s33
[49] 532
48] 531
[47] s30
[46] s29
[45] 528
44] 527
43] s26
2] 25
41] 524
[40] 523
[39] 522
38] s21
37] s20
36] s19
35] s18
[34] s17
33] s16
[32] s15
31] s14
[30] 513
29] s12

S34

Fig.2(a) Pinning diagram: VSO56; SOT190.
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PINNING (continued)

Viep 1 1—Jnec
\ ) — —nc
SA0 [ (1)4? [ 1nc
A2 [ 1nc
AN I — Y] 5[ Jnec.
A0 [ [——nc.
osc —nec.
Vpp [ 1nc.
CLK ] [——18PO

SYNC [ 55 10— 8P2
scL [ . 1 8P1
SDA [ PCF8576V —l
s39 ] [—1so
AL m— —s1
S37 ] 50 151 s2
S36 | 183
S35 | — 7
S34 [T — -1
S33 [ [ 1S6
S32 45 20— Js7
S31 [ S 3 3 & ] s8

A
SEEN883888882%228323030505 9% sz

(1) Orientation mark.
Fig.2(b) Pinning diagram; SOT267A.
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pin no..
mnemonic description
SOT190 SOT267A
SDA 1 53 12C-bus serial data line
SCL 2 54 12 C-bus serial clock line
SYNC 3 55 cascade synchronization input
CLK 4 56 external clock input
VDD 5 57 positive supply voltage
0sC (5} 58 oscillator input
AOQ to A2 7-9 59 - 61 12C-bus subaddress inputs
SAO 10 62 12C-bus slave address input (bit 0)
Vsg 1 63 ground (logic)
VLcD 12 64 LCD supply voltage
n.c. 1-8 not connected
BPO to BP3 13-16 9-12 LCD backplane outputs
SO to S39 17 - 56 13-52 LCD segment outputs
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FUNCTIONAL DESCRIPTION

The PCF8576 is a versatile peripheral device designed to interface any microprocessor/microcontroller to
a wide variety of LCDs. It can directly drive any static or multiplexed LCD containing up to four back-
planes and up to 40 segments. The display configurations possible with the PCF8576 depend on the
number of active backplane outputs required; a selection of display configurations is given in Table 1.

Table 1 Selection of display configurations

active back- no. of 7-segment 14-segment dot matrix
plane outputs segments numeric alphanumeric

20 digits + 10 characters + 160 dots
4 160 20 indicator 20 indicator (4 x 40)

symbols symbols

15 digits + 8 characters + 120 dots
3 120 15 indicator 8 indicator (3 x 40)

symbols symbols

10 digits + 5 characters + 80 dots
2 80 10 indicator 10 indicator (2 x 40)

symbols symbols

5 digits + 2 characters + 40 dots
1 40 5 indicator 12 indicator

symbols symbols

All of the display configurations given in Table 1 can be implemented in the typical system shown in
Fig.3. The host microprocessor/microcontroller maintains the 2-line 12C-bus communication channel
with the PCF8576. A resistor connected between OSC (pin 6) and Vgg (pin 11) controls the device
clock frequency. The appropriate biasing voltages for the multiplexed LCD waveforms are generated
internally. The only other connections required to complete the system are to the power supplies
(Vpp. Vss and V| cp) and to the LCD panel chosen for the application.

Vob
trise
R<
= 2Cpus Voo |Vico
5 12
SDA
- 1 LCD PANEL
HOST scL :
MICRO— - 2 17-56 | 40 segment drives
PROCESSOR/ PCF8576 (up to 160

MICRO- elements)

CONTROLLER osc 13-16 4 backplanes
6
7 8 9 10 11
\
Rosc A0 |A1 |A2 [SAO|Vsg

VSS 7291464.2

Fig.3 Typical system configuration.

March 1990 158



Signetics I12C Peripherals for Microcontrollers Product specification

Universal LCD driver for low multiplex rates PCF8576

Power-on reset

At power-on the PCF8576 resets to a defined starting condition as follows:
1. All backplane outputs are set to Vpp.

. All segment outputs are set to Vpp.

. The drive mode ‘1 : 4 multiplex with 1/3 bias’ is selected.

. Blinking is switched off.

. Input and output bank selectors are reset (as defined in Table 5).

. The 12C-bus interface is initialized.

N O Ohs W N

. The data pointer and the subaddress counter are cleared.

Data transfers on the 1?C-bus should be avoided for 1 ms following power-on to allow completion of the
reset action.

LCD bias generator

The full-scale LCD voltage (Vop) is obtained from Vpp — V| cp. The LCD voltage may be temperature
compensated externally through the V| cp supply to pin 12. Fractional LCD biasing voltages are obtained
from an internal voltage divider of three series resistors connected between Vpp and V| cp. The centre
resistor can be switched out of circuit to provide a % bias voltage level for the 1:2 multiplex configuration.

LCD voltage selector

The LCD voltage selector coordinates the multiplexing of the LCD according to the selected LCD drive
configuration. The operation of the voltage selector is controlled by MODE SET commands from the
command decoder. The biasing configurations that apply to the preferred modes of operation, together
with the biasing characteristics as functions of Vop = VDD — V¢D and the resulting discrimination
ratios (D), are given in Table 2.

Table 2 Preferred LCD drive modes: summary of characteristics

LCD drive mode LCD bias Voff (rms) Von (rms) b= Von (rms)
configuration Vop Vop Voff (rms)

static (1 BP) static (2 levels) 0 1 oo

1:2MUX (2 BP) 1/2 (3 levels) \/5/4 =0.354 |+/10/4=0.791 | \/5=2.236

1:2MUX (2 BP) 1/3 (4 levels) 1/3=0.333 V5/3=0.745 |/5=2.236

1:3MUX (3 BP) 1/3 (4 levels) 1/3=0.333 /33/9 =0.638 \/ﬁ/S =1.915

1:4MUX (4 BP) 1/3 (4 levels) 1/3=0.333 V/3/3=0.577 \/§= 1.732
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LCD voltage selector (continued)

A practical value for Vq, is determined by equating Voff (rms) with a defined LCD threshold voltage
(Vin), typically when the LCD exhibits approximately 10% contrast. In the static drive mode a

suitable choice is Vop R 3 Vip.
Multiplex drive ratios of 1 : 3and 1 : 4 with 1/2 bias are possible but the discrimination and hence the

contrast ratios are smaller (/3 = 1.732 for 1: 3 multiplex or/21/3 = 1.528 for 1 : 4 multiplex).
The advantage of these modes is a reduction of the LCD full scale voltage Vop as follows:

1: 3 multiplex (1/2 bias) : Vop =+/6 Voff (rms) = 2-449 Voff (rms)
1 : 4 multiplex (1/2 bias) : Vgp = 4\/3—/3 Voff (rms) = 2-309 Voff (rms)
These compare with Vgn = 3 Voff (rms) When 1/3 bias is used.

LCD drive mode waveforms

The static LCD drive mode is used when a single backplane is provided in the LCD. Backplane and
segment drive waveforms for this mode are shown in Fig.4.

Vbb __‘—Tframe"[ LCD segments
BPO
Vico L
VbD —
sﬂ
Viep ——
VDD — —
Sn+1
Vicp L
(a) WAVEFORMS AT DRIVER
Vop —
satel 0 At any instant (t):
v _J Vstate 1(t) = Vs (t) — Vgpo(t)
v:z _ Von (rms) = Vop
Vstate 2(t) = Vg 1(t) — Vgpo(t)
\ =0V
state 2 0 —— off (rms)
Vop —

(b) RESULTANT WAVEFORMS
AT LCD SEGMENT
7291465

Fig.4 Static drive mode waveforms: Vop=VDpD — VLCD-
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When two backplanes are provided in the LCD the 1 : 2 multiplex drive mode applies. The PCF8576
allows use of 1/2 or 1/3 bias in this mode as shown in Figs 5 and 6.

<« Tfame —>
LCD segments

BPO (Vpp+Vicp)/2 —
L-— v

Viep
Voo ———— | S
e
BP1 WDDWLCDM—_‘—L_—I_ \:L #
Vicp————
Vpp e —
sn |
VLcp _
VbD
Sn+1
Viep
(a) WAVEFORMS AT DRIVER
Vop
Vop/2 —I .
At any instant (t):
state 1 0 _
Vstate 1(t) = Vs (t) — Vpo(t)
~Vop/2 | Vv
~Vop —] Von (rms) = —Z—p\/ﬁ= 0.791 Vop
Vop
Vop/2 Vstate 2(t) = Vg (1) — Vpp1(t)
I Vv
state 2 o— __I——I_' Voff (rms) = 40p /7 = 0.354 Vop
~Vop/2
—Vop 7291477

(b) RESULTANT WAVEFORMS
AT LCD SEGMENT

Fig.6 Waveforms for 1 : 2 multiplex drive mode with 1/2 bias: Vop = Vpp — V| ¢D-
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LCD drive mode waveforms (continued)

-« T —_—
frame LCD segments

Vpp ———
VDD —Vop/3 —
gpo D07 0P
VDD—2Vgp/3 — - ‘
Vico ol

state 1

VoD ——— state 2
BP1 Voo~ Vop/3 — _\—l_‘-_—l_l_ s
VDD—2 Vop/3 — __CD_‘_
Vico———
VbD
s VDD-Vop/3——‘—] f
Vpp-2 Vop/3 —_
Ve —— | S

VbD
VDD"‘VOU/3 _—
VDD—2Vgp/3—

Ve -
(a) WAVEFORMS AT DRIVER

Sn+1

Vop
2Vgp/3
Vop/3 ———— ——

At any instant (t):

Vstate 1(t) = Vg (t) — Vgpo(t)

VO
B Von (rms) = Tp\/ﬁ =0.745 Vg,

state 1 0
—Vop/3
—2Vgp/3
*‘Vop

Vop ————— Vstate 2(t) = Vg (t) — Vgp1(t)
2Vgp/3 v
Vop/3 Voff (rms) = _;B: 0.333 V,

state 2 0

~Vop/3 —
—2Vgp/3
—Vop ——8M8 — 7291466
(b) RESULTANT WAVEFORMS
AT LCD SEGMENT

Fig.6 Waveforms for 1 : 2 multiplex drive mode with 1/3 bias: Vo = Vpp — VCD-

The backplane and segment drive waveform for the 1 : 3 multiplex drive mode (three LCD backplanes)
and for the 1 : 4 multiplex drive mode (four LCD backplanes) are shown in Figs 7 and 8 respectively.
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Fig.7 Waveforms for 1 : 3 multiplex drive mode:
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At any instant (t):
Vstate 1(t) = Vsn(t) — Vgpo(t)

v
Von (rms) = %’\/33 =0.638 Vo,
Vstate 2 (1) = Vsn(t) —Vgpq(t)

v
Voff (rms) = ?°9= 0.333 Vo,

Vop = VDD — VLcD-
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LCD drive mode waveforms (continued)
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Fig.8 Waveforms for 1 : 4 multiplex drive mode: Vop = VDD — VLCD-
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Oscillator
Internal clock

The internal logic and the LCD drive signals of the PCF8576 are timed either by the built-in oscillator
or from an external clock. When the internal oscillator is used, frequency control is performed by a
single resistor connected between OSC (pin 6) and Vgg (pin 11) as shown in Fig.9. In this application,
the output from CLK (pin 4) provides the clock signal for cascaded PCF8576s in the system.

72914671
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10 Fig.9 Oscillator frequency
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External clock

The condition for external clock is made by tying OSC (pin 6) to Vpp; CLK (pin 4) then becomes the
external clock input.

The clock frequency (fop k) d Ximui a
reception from the 12C-bus. To allow 12C-bus transmissions at their maximum data rate of 100 k
fcLk should be chosen to be above 125 kHz.

A clock signal must always be supplied to the device; removing the clock may freeze the LCD in a
DC state.

equency an
S

Timing

The timing of the PCF8576 organizes the internal data flow of the device. This includes the transfer

of display data from the display RAM to the display segment outputs. In cascaded applications, the
synchronization signal SYNC maintains the correct timing relationship between the PCF8576s in the
system. The timing also generates the LCD frame frequency which it derives as an integer multiple of
the clock frequency (Table 3). The frame frequency is set by the choice of value for Ry when internal
clock is used, or by the frequency applied to pin 4 when external clock is used.

Table 3 LCD frame frequencies

PCF8576 mode recommended Rggc (k§2) fframe nominal fframe (Hz)
normal mode 180 fcLk /2880 64
power-saving mode 1200 fcLk /480 64
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Timing (continued)

The ratio between the clock frequency and the LCD frame frequency depends on the mode in which

the device is operating. In the normal mode, Rgc = 180 k2 will result in the nominal frame frequency.
In the power-saving mode the reduction ratio is six times smaller; this allows the clock frequency to be
reduced by a factor of six and for the same frame frequency Rogc will be 1.2 MQ. The reduced clock
frequency and the increased value of R¢. together contribute to a significant reduction in power
dissipation. The lower clock frequency has the disadvantage of increasing the response time when large
amounts of display data are transmitted on the 12C-bus. When a device is unable to ‘digest’ a display

data byte before the next one arrives, it holds the SCL line LOW until the first display data byte is stored.
This slows down the transmission rate of the 12C-bus but no data loss occurs.

Display latch

The display latch holds the display data while the corresponding multiplex signals are generated. There
is a one-to-one relationship between the data in the display latch, the LCD segment outputs and one
column of the display RAM.

Shift register

The shift register serves to transfer display information from the display RAM to the display latch while
previous data is displayed.

Segment outputs

The LCD drive section includes 40 segment outputs SO to S39 (pins 17 to 56) which should be connected
directly to the LCD. The segment output signals are generated in accordance with the multiplexed back-
plane signals and with the data resident in the display latch. When less than 40 segment outputs are
required the unused segment outputs should be left open.

Backplane outputs

The LCD drive section includes four backplane outputs BPO to BP3 which should be connected directly
to the LCD. The backplane output signals are generated in accordance with the selected LCD drive mode.
If less than four backplane outputs are required the unused outputs can be left open. In the 1 : 3 multi-
plex drive mode BP3 carries the same signal as BP1, therefore these two adjacent outputs can be tied
together to give enhanced drive capabilities. In the 1 : 2 multiplex drive mode BPO and BP2, BP1 and
BP3 respectively carry the same signals and may also be paired to increase the drive capabilities. In the
static drive mode the same signal is carried by all four backplane outputs and they can be connected in
parallel for very high drive requirements.

Display RAM

The display RAM is a static 40 x 4-bit RAM which stores LCD data. A logic 1 in the RAM bit-map
indicates the ‘on’ state of the corresponding LCD segment; similarly, a logic 0 indicates the ‘off’ state.
There is a one-to-one correspondence between the RAM addresses and the segment outputs, and between
the individual bits of a RAM word and the backplane outputs. The first RAM column corresponds to the
40 segments operated with respect to backplane BPO (Fig.10). In multiplexed LCD applications the
segment data of the second, third and fourth column of the display RAM are time-multiplexed with
BP1, BP2 and BP3 respectively.
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display RAM addresses (rows) / segment outputs (S)

0 1 2 3 4 o 35 36 37 38 39
display RAM bits 0
(columns) / - T
backplane outputs 1 ———
(BP) 2
3
7291468

Fig.10 Display RAM bit-map showing direct relationship between display RAM addresses and segment
outputs, and between bits in a RAM word and backplane outputs.

When display data are transmitted to the PCF8576 the display bytes received are stored in the display
RAM according to the selected LCD drive mode. To illustrate the filling order, an example of a 7-seg-
ment numeric display showing all drive modes is given in Fig.11; the RAM filling organization depicted
applies equally to other LCD types.

With reference to Fig.11, in the static drive mode the eight transmitted data bits are placed in bit O of
eight successive display RAM addresses. In the 1 : 2 multiplex drive mode the eight transmitted data
bits are placed in bits 0 and 1 of four successive display RAM addresses. In the 1 : 3 multiplex drive
mode these bits are placed in bits 0, 1 and 2 of three successive addresses, with bit 2 of the third address
left unchanged. This last bit may, if necessary, be controlled by an additional transfer to this address but
care should be taken to avoid overriding adjacent data because full bytes are always transmitted. In the

1 : 4 multiplex drive mode the eight transmitted data bits are placed in bits 0, 1, 2 and 3 of two suc-
cessive display RAM addresses.

Data pointer

The addressing mechanism for the display RAM is realized using the data pointer. This allows the loading
of an individual display data byte, or a series of display data bytes, into any location of the display

RAM. The sequence commences with the initialization of the data pointer by the LOAD DATA POINTER
command. Following this, an arriving data byte is stored starting at the display RAM address indicated

by the data pointer thereby observing the filling order shown in Fig.11. The data pointer is automati-
cally incremented according to the LCD configuration chosen. That is, after each byte is stored, the
contents of the data pointer are incremented by eight (static drive mode), by four (1 : 2 multiplex

drive mode), by three (1 : 3 multiplex drive mode) or by two (1 : 4 multiplex drive mode).

Subaddress counter

The storage of display data is conditioned by the contents of the subaddress counter. Storage is allowed

to take place only when the contents of the subaddress counter agree with the hardware subaddress applied
to AO, A1 and A2 (pins 7, 8, and 9). The subaddress counter value is defined by the DEVICE SELECT
command. If the contents of the subaddress counter and the hardware subaddress do not agree then data
storage is inhibited but the data pointer is incremented as if data storage had taken place. The subaddress
counter is also incremented when the data pointer overflows.
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Subaddress counter (continued)

The storage arrangements described lead to extremely efficient data loading in cascaded applications.
When a series of display bytes are being sent to the display RAM, automatic wrap-over to the next
PCF8576 occurs when the last RAM address is exceeded. Subaddressing across device boundaries is
successful even if the change to the next device in the cascade occurs within a transmitted character
(such as during the 14th display data byte transmitted in 1 : 3 multiplex mode).

Output bank selector

This selects one of the four bits per display RAM address for transfer to the display latch. The actual
bit chosen depends on the particular LCD drive mode in operation and on the instant in the multiplex
sequence. In 1 : 4 multiplex, all RAM addresses of bit O are the first to be selected, these are followed
by the contents of bit 1, bit 2 and then bit 3. Similarly in 1 : 3 multiplex, bits 0, 1 and 2 are selected
sequentially. In 1 : 2 multiplex, bits O then 1 are selected and, in the static mode, bit O is selected.

The PCF8576 includes a RAM bank switching feature in the static and 1 : 2 multiplex drive modes. In
the static drive mode, the BANK SELECT command may request the contents of bit 2 to be selected
for display instead of bit O contents. In the 1 : 2 drive mode, the contents of bits 2 and 3 may be
selected instead of bits 0 and 1. This gives the provision for preparing display information in an
alternative bank and to be able to switch to it once it is assembled.

Input bank selector

The input bank selector loads display data into the display RAM according to the selected LCD drive
configuration. Display data can be loaded in bit 2 in static drive mode or in bits 2 and 3 in 1 : 2 drive
mode by using the BANK SELECT command. The input bank selector functions independently of the
output bank selector.

Blinker

The display blinking capabilities of the PCF8576 are very versatile. The whole display can be blinked
at frequencies selected by the BLINK command. The blinking frequencies are integer multiples of the
clock frequency; the ratios between the clock and blinking frequencies depend on the mode in which
the deV|ce is operating, as shown in Table 4.

An additional feature is for an arbitrary selection of LCD segments to be blinked. This applies to the
static and 1 : 2 LCD drive modes and can be implemented without any communication overheads. By
means of the output bank selector, the displayed RAM banks are exchanged with alternate RAM banks
at the blinking frequency. This mode can also be specified by the BLINK command.

Inthe 1: 3 and 1 : 4 multiplex modes, where no alternate RAM bank is available, groups of LCD
segments can be blinked by selectively changing the display RAM data at fixed time intervals.

If the entire display is to be blinked at a frequency other than the nominal blinking frequency, this can
be effectively performed by resetting and setting the display enable bit E at the required rate using the
MODE SET command.

March 1990 169



Signetics 12C Peripherals for Microcontrollers

Product specification

Universal LCD driver for low muitipiex rates

PCF8576

Blinker (continued)

Table 4 Blinking frequencies

blinking mode normal operating power-saving nominal blinking frequency
mode ratio mode ratio fblink (Hz)

off - - blinking off

2 Hz fcLk /92160 fcLk/15360 2

1 Hz foLk /184320 fcLk /30720 1

0.5 Hz fcLk /368640 fcLk /61440 0.5

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.

i
SDA /{
i
|
|
I
|

X

\

“ TN

{ !
| |
| |
I |
| |
| |
| |
| |
I |

|

|

|

| data line | change

| stable: | of data

I data valid | allowed | 7287019

Fig.12 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).

r——=1

|\

_\ .

| SR — | L ——J
start condition stop condition

SDA

7287005

Fig.13 Definition of start and stop conditions.

March 1990 170



Signetics I2C Peripherals for Microcontrollers Product specification

Universal LCD driver for low multiplex rates PCF8576

System configuration

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

SDA
scL 1
1 [ [ | I
MASTER SLAVE MASTER
TER
TRANSMITTER/ RESEEA'\\//EER TRANSMITTER/ TRL”":SSM‘ETTER TRANSMITTER/
RECEIVER RECEIVER RECEIVER
7287004
Fig.14 System configuration.
Acknowledge

The number of data bytes transferred between the start and stop conditions from transmitter to
receiver is not limited. Each byte is followed by one acknowledge bit. The acknowledge bit is a 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.

start clock pulse for
condition acknowledgement

I
. y
SCL FROM |
MASTER : 1 2 M

DATA OUTPUT ! o
BY TRANSMITTER !

|
S

DATA OUTPUT -
BY RECEIVER

7287007

Fig.15 Acknowledgement on the 12C-bus.

Note

The general characteristics and detailed specification of the 12 C-bus are described in Handbook 1C12:
12C-bus compatible ICs.
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PCF8576 12C-bus controller

The PCF8576 acts as an 12C slave receiver. It does not initiate |2C-bus transfers or transmit data to an
12C master receiver. The only data output from the PCF8576 are the acknowledge signals of the selected
devices. Device selection depends on the 12C-bus slave address, on the transferred command data and on
the hardware subaddress.

In single device applications, the hardware subaddress inputs AO, A1 and A2 are normally tied to Vgg
which defines the hardware subaddress 0. In multiple device applications AQ, A1 and A2 are tied to Vgg
or Vpp according to a binary coding scheme such that no two devices with a common 12C slave address
have the same hardware subaddress.

In the power-saving mode it is possible that the PCF8576 is not able to keep up with the highest trans-
mission rates when large amounts of display data are transmitted. If this situation occurs, the PCF8576
forces the SCL line LOW until its internal operations are completed. This is known as the ‘clock
synchronization feature’ of the 12C-bus and serves to slow down fast transmitters. Data loss does not
occur,

Input filters

To enhance noise immunity in electrically adverse environments, RC low-pass filters are provided on
the SDA and SCL lines.

12C-bus protocol

Two 12C-bus slave addresses (0111000 and 0111001) are reserved for PCF8576. The least-significant
bit of the slave address that a PCF8576 will respond to is defined by the level tied at its input SAQ
(pin 10). Therefore, two types of PCF8576 can be distinguished on the same 12C-bus which allows:

(a) up to 16 PCF8576s on the same 12C-bus for very large LCD applications;
(b) the use of two types of LCD multiplex on the same 12C-bus.

The 12C-bus protocol is shown in Fig.16. The sequence is initiated with a start condition (S) from the
12C-bus master which is followed by one of the two PCF8576 slave addresses available. All PCF8576s
with the corresponding SAQ level acknowledge in parallel the slave address but all PCF8576s with the
alternative SAOQ level ignore the whole 12C-bus transfer. After acknowledgement, one or more command
bytes (m) follow which define the status of the addressed PCF8576s. The last command byte is tagged
with a cleared mist significant bit, the continuation bit C. The command bytes are also acknowledged
by all addressed PCF8576s on the bus.

After the last command byte, a series of display data bytes (n) may follow. These display data bytes
are stored in the display RAM at the address specified by the data pointer and the subaddress counter.
Both data pointer and subaddress counter are automatically updated and the data are directed to the
intended PCF8576 device. The acknowledgement after each byte is made only by the (A0, A1, A2)
addressed PCF8576. After the last display byte, the 12C-bus master issues a stop condition (P).

R/W acknowledge by

(AOQ, A1, A2)—selected

slave address

acknowledge by all PCF8576 only

l { addressed PCF8576s ;

—
T T 1 T 7T S T 1T T 17T T T T T T 17T
S|o1 110 0|AlofA]|C COMMAND A DISPLAY DATA Al P
T I | 0 N N N R I | TN S R N S |
¢ J J A J T
Y Y A
1 byte m = 1 bytes n =0 bytes
update data pointer
and, if necessary,
7291470.2 subaddress counter

March 1990

Fig.16 1%2C-bus protocol.
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Command decoder

The command decoder identifies command bytes that arrive on the 12C-bus. All available commands
carry a continuation bit C in their most-significant bit position (Fig.17). When this bit is set, it indicates
that the next byte of the transfer to arrive will also represent a command. |f the bit is reset, it indicates
the last command byte of the transfer. Further bytes will be regarded as display data.

0 = iast command
1 = commands continue

+ T T 17T 1771

C | REST OF OPCODE

| N N S
msb Isb

7Z291471

Fig.17 General format of command byte.

The five commands available to the PCF8576 are defined in Table 5.
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Command decoder (continued)
Table 5 Definition of PCF8576 commands

command/opcode options description
Defines LCD drive mode
LCD drive mode bits M1 MO
MODE SET
static (1 BP) 0 1
1:2MUX (2 BP) 1 0
lc|1 o]ue[e]s[mi[mo] |1:3mUx (38P) 1
1:4MUX (4 BP) 0 o0
Defines LCD bias configuration
LCD bias bit B
1/3 bias 0
1/2 bias 1
Defines display status
display status bit E The possibility to disable the
display allows implementation
disabled (blank) 0 of blinking under external
enabled 1 control
Defines power dissipation mode
mode bit LP
normal mode 0
power-saving mode 1
LLOAD DATA POINTER Six bits of immediate data,
bits P5 P4 P3 P2 P1 PO |bitsP5 to PO, are transferred
|C IO l P5 P4 P3 P2 P1 PO to the data pointer to define
6-bit binary value of 0 to 39 one of forty display RAM
addresses
DEVICE SELECT Three bits of immediate data,
bits A0 A1 A2 |bits A0 to A2, are transferred
lC 11 10 0]A2 A1 AOJ 3-bit bi to the subaddress counter to
- inary value of 0 to 7 X i
define one of eight hardware
subaddresses
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command/opcode options description
BANK SELECT Defines input bank selection
static 1:2MUX bit | |(storage of arriving display data)

lc]1 111 0]1]0]

-
o

RAM bit 0 | RAM bits O,
RAM bit 2 | RAM bits 2, 3

—_

Defines output bank selection
static 1:2MUX bit O |(retrieval of LCD display data)

RAM bit 0 | RAM bits 0, 1|0
RAM bit 2 |RAM bits 2, 3| 1

The BANK SELECT command has
no effectin 1 : 3and 1 : 4 multi-
plex drive modes

BLINK Defines the blinking frequency
blink frequency |bits BF1 BFO

[c]1 11 o|a]BF18F0
off 0 0
2 Hz 0 1
1 Hz 1 0
0.5 Hz 1 1
blink mode bit A Selects the blinking mode;

normal operation with frequency

normal blinking 0 set by bits BF1, BFQ, or
alternation blinking 1 blinking by alternation of

display RAM banks. Alternation

hlinking doeg not annlv in 1 - 2
oinking éees netappiyin 1 1 o

and 1 : 4 multiplex drive modes

Display controller

The display controller executes the commands identified by the command decoder. It contains the
status registers of the PCF8576 and coordinates their effects. The controller is also responsible for
loading display data into the display RAM as required by the filling order.

Cascaded operation

In large display configurations, up to 16 PCF8576s can be distinguished on the same 12C-bus by using
the 3-bit hardware subaddress (A0, A1, A2) and the programmable 12C slave address (SAQ). It is also
possible to cascade up to 16 PCF8576s. When cascaded, several PCF8576s are synchronized so that they
can share the backplane signals from one of the devices in the cascade. Such an arrangement is cost-
effective in large LCD applications since the backplane outputs of only one device need to be through-
plated to the backplane electrodes of the display. The other PCF8576s of the cascade contribute
additional segment outputs but their backplane outputs are left open (Fig.18).
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The SYNC line is provided to maintain the correct synchronization between all cascaded PCF8576s.
This synchronization is guaranteed after the power-on reset. The only time that SYNC is likely to be
needed is if synchronization is accidently lost (e.g. by noise in adverse electrical environments; or by
the definition of a multiplex mode when PCF8576s with differing SAQ levels are cascaded). SYNC is
organized as an input/output pin; the output section being realized as an open-drain driver with an
internal pull-up resistor. A PCF8576 asserts the SYNC line at the onset of its last active backplane
signal and monitors the SYNC line at all other times. Should synchronization in the cascade be lost, it
will be restored by the first PCF8576 to assert SYNC. The timing relationships between the backplane
waveforms and the SYNC signal for the various drive modes of the PCF8576 are shown in Fig.19.

LCD PANEL
(up to 2560
Vpp |Vico elements)
SDA . 5 12
ScL 2 17-56 | 40 segment drives )|
SYNC|, PCF8576
CLK 4 16
osc| 13-
7 8 9 10 1 BPO — BP3 {open)
A0 |A1 |A2 [SAO][Vgg
Vico
VoD
trise
2Cpus Voo | Vicp
SDA . 5 12
HOST
MICR ScL 2 17-56| 40 segment drives
o~ SYNC
PROCESSOR/ 43 PCF8576
MICRO— CLK 4
CONTROLLER osc 13-16 4 backplanes
6 BPO to BP3
7 8 9 10 11
Rosc A0 |A1 |A2 [SAOD|Vsg 7291480.3
Vss

Fig.18 Cascaded PCF8576 configuration.
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1
|<———'— Tframe=m —
BPO _-|

(a) STATIC DRIVE MODE

-
BP1 |
(1/, bias) | |
BP1
(/4 bias)
SYNC l l | I
(b) 1:2 MULTIPLEX DRIVE MODE
BP2 I 1 I 1
SYNC I | U
(¢) 1:3 MULTIPLEX DRIVE MODE
BP3 — L1 LI 1
SYNC | I U

(d) 1:4 MULTIPLEX DRIVE MODE
7291481

Note

Excessive capacitive coupling between SCL or CLK and SYNC may cause erroneous synchronization.

I this proves to be a problem, the capacitance of the SYNC line should be increased (e.g. by an external
capacitor between SYNC and Vpp). Degradation of the positive edge of the SYNC pulse may be
countered by an external pull-up resistor.

Fig.19 Synchronization of the cascade for the various PCF8576 drive modes.
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RATINGS
Limiting values in accordance with the Absolute Maximum System (IEC 134)
parameter symbol min. max. unit
Supply voltage range VpD -0.5 +11.0 \Y
LCD supply voltage range VLcD Vpp—11 VpD Y,
Input voltage range o
SDA;SCL; CLK; SYNC;
SAQ; OSC; A0 to A2 \7 Vgg—0.5 Vpp +0.5 \%
Output voltage range
SO to S39; BPO to BP3 Vo Vicp—0.5 Vpp +0.5 \
DC input current £ - 20 mA
DC output current tlp - 25 mA
VpD. Vss or V| cp current tipp, tlgs. =l cD - 50 mA
Power dissipation per package Ptot - 400 mW
Power dissipation per output Po - 100 mW
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 handling MOS devices (see

‘Handling MOS Devices’).

by Philips.
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DC CHARACTERISTICS

Vpp=2V1to9V;Vgg=0V;Vicp=Vpp—2VtoVpp—9 V; Tamp=—40°C to + 85 °C; unless
otherwise specified

parameter conditions symbol | min. typ.| max. unit
Supply
Supply voltage VbD 2 - (9 \
LCD supply voltage note 1 Vicp | Vbp—9 - |{Vpp—2 |V
Supply current note 2;

normal mode foLk = 200 kHz DD - — {180 uA

power-saving mode Vpp=35V;

Vicp=0V;
fcLk = 35 kHz ILp — — |60 uA

Logic
Input voltage LOW ViL Vssg - |03Vpp|V
Input voltage HIGH VIH 0.7 Vpp - |VDD \Y
Output voltage LOW Ilo=0mA VoL - — 10.05 \Y
Output voltage HIGH lop=0mA VOH Vpp—-0.05|— |- \%
Output current LOW

CLK;SYNC VoL=1V:Vpp=5V |loL1 1 - | = mA
Output current HIGH

CLK VoH=4V;Vpp=5V |—loH 1 - |- mA
Output current LOW

SDA;SCL VoL=04V;Vpp=5V|igL2 3 - | = mA

Leakage current
SAQ; A0 to A2;CLK;

SDA;SCL V| =VggorVpp 11 - - |1 uA

0osc V| =VpD 9 - - |1 uA
Pull-up resistor (SYNC) Rsync | 20 50 |150 k2
Power-on reset level note 3 VPOR | — 1.0 (16 \
Tolerable spike width on bus tsw — — 1100 ns
Input capacitance note 4 C - - |7 pF

LCD outputs
DC voltage component

BPO to BP3 Cgp =35nF tVgp | — 20 |- mV

SO to S39 Cg=5nF Vg - 20 |— mV
Output impedance note 5

BPO to BP3 Vicp=Vpp-5V Rgp - - |5 k&

SO to S39 Vicp=Vpp-5V Rg - - |75 k&2
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PCF8576

AC CHARACTERISTICS (note 6)
Vpp=2V1to9V;Vgg=0V;V i cp=Vpp—2VtoVpp—9 V; Tamp = —40 to + 85 °C; unless

otherwise specified

parameter conditions symbol min, typ. max. unit
Oscillator frequency

normal mode Vpp =5 V; note 7

Rosc = 180 k&2 foLk 125 185 288 kHz
power-saving mode Vpp=35V;
Rosc = 1.2 MQ feLkLP 21 31 48 kHz

CLK HIGH time tCLKH 1 — - us
CLK LOW time tCLKL 1 - — us
SYNC propagation delay tPSYNC - — 400 ns
SYNC LOW time tSYNCL 1 - - us
Driver delays

with test loads Vieb=Vpp-5V | tpLcD — - 30 us
12C-bus
Bus free time tBUF 4.7 — - us
Start condition hold time tHD:STA | 4.0 - - us
SCL LOW time tLow 4.7 - - us
SCL HIGH time tHIGH 4.0 - - us
Start condition set-up time

(repeated start code only) tsU; STA 4.7 - - us
Data hold time tHD: DAT 0 - - us
Data set-up time tsy; DAT | 250 - - ns
Rise time tr - — 1 us
Fall time tf - - 300 ns
Stop condition set-up time tSU: STO 4.0 - - us

Notes to the characteristics

1.Vicp < Vpp-3 V for 1/3 bias.
2. Outputs open; inputs at Vgg or Vpp; external clock with 50% duty factor; 12C-bus inactive.

3. Resets all logic when Vpp < VpoR.

4, Periodically sampled, not 100% tested.

5. Outputs measured one at a time.

6. All timing values referred to V| and V||_levels with an input voltage swing of Vgg to Vpp.

7. At fok <125 kHz, I2C-bus maximum transmission speed is derated.
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CLK 3[:___]'3 K o Voo SDA scL oK@ Vop
(pin 4) @%) (pins 1, 2) 2%)
— 6.8Q
SYNC Voo
(pin 3) 2%
1nF a9 1nF
BPO to BP3 SOtoS
—_—] ——
(pins 13 to 16) Voo (pins 17 to 56) DD
7291472.3
Fig.20 Test loads.
L
fok
toLKH | teLKL
[ [o07 Vpo
CLK
( 0.3Vpp
0.7 Vpp
SYNC \ 0.3Vpp
tpSYNC
il -—
<——— IgyNCL ——>
4 05V
BPO to BP3 4
S0 to S39 (Vpp =5V)
v
N 0.5V
<— tpLcD — ?
7291473.2
Fig.21 Driver timing waveforms.
\ _———
SDA
~— tBUF —>| —> oW |=-— tf -
—--—
scL
—>| tHp;STA |=— - > HIGH =
t, — | — |«
HD ;DAT 1SU;DAT
SDA
: — e
7287013.2 tsu;STA tsu;sTo

Fig.22 12C-bus timing waveforms.
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50 7280829 50 7280830
-lgs / —lep
W) normal w
mode
30 /r 30
y L1
20 // 20
/ L~ power-saving__ |
L~ d
10 / — | " 10
Y-
0 0
0 100 g (Hz) 200 0 100 g eHz) 200

(a) Vpp=5V;V cp=0V; Tamp=25°C.

50 7280831
[ [ [7
(uA) normal mode /
40 foLk =200kHz
/
30 v
/
e
e
20 ///
power-saving mode
10 foLk =35kHz
/‘/
0
0 5 vppv 1

(c) VI_cp = 0 V; external clock;
Tamb = —40 to 85 °C.

(b) Vpp =5 V; Vi cp =0 V; Tamp = 25 °C.

7280832
50
-lLep
(uA) o
. =
yAany,
o
a0 /// 25°c A
/I
V
20 yd
L
L~ _+Za0°c
[ —
10 4 V//
/ /
0
0 5 Vpp (V) 10

(d) V_cp = 0 V; external clock;
fcLK = nominal frequency.

Fig.23 Typical supply current characteristics.
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10 7280833 25 7280834
§ E L Rg
£ \ 3
AN g 0 — |
g N g 20—
g T €
£ NG \\Rs é 15
£ e £ R
Rep— 1.0 &,
05
0,1 — 0
0 2 4 6 8 10 -40 0 40 80 120
Vop (V) Tamb (°C)

March 1990

(a) VLD =0 V; Tamp = 25 °C.

(b) Vpp=5V; V| cp=0V.

Fig.24 Typical characteristics of LCD outputs.
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APPLICATION INFORMATION
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Fig.26 Single plane wiring of packaged PCF8576Vs.
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]
LCD direct /duplex driver PCF8577/A/C/CA

with 12C-bus interface
0 e N

GENERAL DESCRIPTION

The PCF8577 is a single chip, silicon gate CMOS circuit. It is designed to drive liquid crystal displays
with up to 32 segments directly, or 64 segments in a duplex manner.

The two-line 12C-bus interface substantially reduces wiring overheads in remote display applications.
Bus traffic is minimized in multiple IC applications by automatic address incrementing, hardware sub-
addressing and display memory switching (direct drive mode).

The PCF8577 and PCF8577C differ from the PCF8577A and PCF8577CA only in their slave addresses.
The PCF8577C/77CA is a low-voltage version of the PCF8577/77A.

Features

® Direct/duplex drive modes with up to 32/64 LCD-segment drive capability per device

® Opering supply voltage:

PCF8577/77A: 25109V
PCF8577C/77CA: 25t0 6 V

Low power consumption
12C-bus interface

Optimized pinning for single plane wiring

Single-pin built-in oscillator

Auto-incremented loading across device subaddress boundaries

Display memory switching in direct drive mode

May be used as 12C-bus output expander

System expansion up to 256 segments (512 segments with PCF8577A/CA)
Power-on reset blanks display

]
SEGMENT BYTE
INPUT 12c-BUS REGISTERS BACKPLANE
> AND
FILTERS CONTROLLER AND seom ;
MULTIPLEX ENT .
[ LOGIC | DRIVERS 32| o,

| }'Q
36 Al
J [ I 37 A0/0SC
_I3s }

BP1

PCF8577 CONTROL REGISTER OSCILLATOR
PCF8577A AND — AND
PCF8577C

COMPARATOR DIVIDER
PCF8577CA

PAKCAGE OUTLINES
PCF8577P, PCF8577AP

PCF8577CP, PCF8577CAP

PCF8577T, PCF8577AT

PCF8577CT, PCF8577CAT :

PCF8577T, PCF8577AT

PCF8577CT, PCF8577CAT :

PCF8577U/5
PCF8577CU/5
PCF8577U/10
PCF8577CU/10

July 1990

7287556.4

Fig.1 Block diagram.
40-lead DIL; plastic (SOT129).
40-lead mini-pack; plastic (VSO40; SOT158A).
in blister tape.

wafer unsawn.

chip on film-frame-carrier (FFC).
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with 12C-bus interface

PCF8577/A/C/CA

s32 [1] U [40] spA
s31 [2] 39] scL
s30 [3] 38] Vss
s29 [4] [37] Ao/osc
s28 [5] [36] At

s27 [6] [35] Voo
s26 7 [34] A2/8P2
525 [8 ] [33] BP1
s24 [9] 32] s1

s23 [10] pcres77  [31] s2

E PCF8577A :I
s22 |11 PCF8577C 30| S3
PCF8577CA

s21 [12] [20] s4
s20 [13] 28] s5
s19 [14] [27] s6
s18 [15] [26] 57
s17 [16] [25] s8
s16 [17] [24] so
s15 [18] 23] s10
s14 [19] [22] s11
$13 [20] [21] s12

7287557.2

Fig.2 Pinning diagram.

FUNCTIONAL DESCRIPTION
Hardware subaddress A0, A1, A2

PINNING
Supply

35 VDD
38 Vss

12C-bus
40 SDA
39 SCL

Inputs

36 A1l
37 A0/0SC

Outputs
1—-32 832 -51

Input — Output
34 A2/BP2

33 BP1

positive supply
negative supply

12 C-bus data line
12 C-bus clock line

hardware address line
hardware address line/oscillator pin

segment outputs

harware address line/cascade sync
input/backplane output
cascade sync input/backplane output

The hardware subaddress lines AO, A1, A2 are used to program the device subaddress for each PCF8577
on the bus. Lines AO and A2 are shared with OSC and BP2 respectively to reduce pin-out requirements.

AO/OSC Line A0 is defined as LOW (logic 0) when this pin is used for the local oscillator or when
connected to Vgg. Line AQ is defined as HIGH (logic 1) when connected to Vpp.

A1 Line A1 must be defined as LOW (logic 0) or as HIGH (logic 1) by connection to Vssor Vpp

respectively.

A2/BP2 In the direct drive mode the second backplane signal BP2 is not used and the A2/BP2 pin is
exclusively the A2 input. Line A2 is defined as LOW (logic 0) when connected to Vgg or,
if this is not possible, by leaving it unconnected (internal pull-down). Line A2 is defined as
HIGH (logic 1) when connected to Vpp.

In the duplex drive mode the second backplane signal BP2 is required and the A2 signal is
undefined. In this mode device selection is made exclusively from lines AO and A1.

July 1990
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LCD direct /duplex driver
with 12C-bus interface

PCF8577/A/C/CA

DC CHARACTERISTICS

Vpp =2.5t09.0 V (PCF8577/77A) or 25t0 6.0 V (PCF8577C/77CA); Vgg =0 V;
Tamb = —40 to + 85 OC unless otherwise specified

!
parameter conditions symbol } min. typ.* | max. unit
- ; i
Supply 1
Supply voltage 1’ 3
PCF8577/77A | Vpp 25 - 9.0 %
 PCF8577C/77CA ! Vop |25 - 160 v
| Supply current ! non specified inputs
| | at Vpp or Vgg f
| atfgcL = 100 kHz | no load; Rogc = 1 M£2; ; j
' Cosc = 680 pF ‘ ! | z
| PCF8577/77A | Ippr | - 80 250  |uwA |
 PCF8577C/77CA 1 Ipp1 | — 50 125 WA |
- atfgeL =0 ' no load; Rosc = 1MQ; | |
} Cosc = 680 pF j |
PCF8577/77A | Ipp2 | - 25 150  uA
PCF8577C/77CA ; Ipp2 | — 25 75 A
atfgeL =0 | no load; Rogc = 1 MQ; | J |
| Cosc = 680 pF; 1 1 ‘
} VDD=5V,‘Tamb=250Ci IDD3 |- 25 40 MA
atfgc =0 I no load; direct mode; ‘ 1
| A0/OSC = Vpp: } i 1
1 Vpp=5V:Tamb=25°C!| Ipp4 i— 10 20 (A |
' Power-on reset level { note 1 VpPOR | — 1.1 2.0 v
1 Input AO \ , ;
" Input voltage LOW ! ViLp |0 - 0.05 2
Input voltage HIGH ViH1 | VDp—0.05| — VpD Vo
Input A1
Input voltage LOW ViL2 0 — 03Vpp |V
Input voltage HIGH | ViH2 0.7Vpp |- VbD \
Input A2
Input voltage LOW ViL3 0 - 0.10 \
Input voltage HIGH VIiH3 Vpp—0.10| — VDD \

* Typical conditions: Vpp =5 V; Tamp = 25 °C.
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) . PCF8577/A/C/CA
with 12C-bus interface
DC CHARACTERISTICS (continued)
parameter conditions symbol min. | typ.* | max. | unit
Inputs SCL; SDA
Input voltage LOW ViLa 0 - 0.8 \Y
Input voltage HIGH | ; |
PCF8577/77A ViHa 120 - 190 |V
| PCF8577C/77CA "Vipa 20 |- 60 |V
‘ Input capacitance note 2 Cy — } — 7 i pF
| |
i Output SDA \ ;
| Output current LOW VoL=04V;Vpp=5Vig. 30 | - - mA
A1;SCL; SDA | ! | !
Leakage current V| =Vpp or Vgg 111 - ‘ - 1 TEN
A2/BP2; BP1 |
Leakage current V| =Vpp or Vgg tl 9 - |~ 5 ‘ A
A2/BP2 | ! : i
Pull-down current V| =Vpp —IL2 - 15 5 uA
A0/0SC
Leakage current V1 =VpD -l 3 - - 1 C A
Oscillator |
Start-up current V| =Vgg losc — 1.2 1 5 uA
LCD outputs
| DC component of LCD driver +Vgp - 20 | - mV
; Segment output current Vpp =5 V;note 6 1
| PCF8577/77A VoL =04V loL1 0.3 - — mA
PCF8577C/77CA VoL =08V loL1 03 |- - mA
PCF8577/77A VoH = Vpp—0.4 V -10H1 0.3 — - mA
PCF8577C/77CA VoW =Vpp—-0.8V —loH1 0.3 - - mA
Backplane output resistance
(BP1; BP2) Vo = Vss, Vpp.
(Vgs+Vpp)/2;note 3 | Rgp - 0.4 5 k&2

* Typical conditions: Vpp =5 V; Tgmp = 25 ocC.
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LCD direct /duplex driver
with 12C-bus interface PCF8577/A/C/CA

AC CHARACTERISTICS (note 4)

Vpp =2.5t0 9.0V (PCF8577/77A) or 2.5 t0 6.0 V (PCF8577C/77CA);
Tamb = —40 to + 85 OC unless otherwise specified

parameter conditions symbol min. typ.* max. unit
Display frequency Cosc = 680 pF;

Rosc=1MQ fLed 65 90 120 Hz
Driver delays with test loads Vpp=5V tgg — 20 100 us
12C-bus
SCL clock frequency fscL — — 100 kHz
Tolerable spike width on bus note 5 tsw — - 100 ns
Bus free time tBUF 4.7 - - us
Start condition set-up time tSU; STA 4.0 - - us
Start condition hold time tHp;sTA | 4.0 - - Ms
SCL LOW time tLow 4.7 — - us
SCL HIGH time tHIGH 4.0 - — us
SCL and SDA rise time t, — — 1.0 us
SCL and SDA fall time tf — - 0.3 us
Data set-up time tsyU; DAT 250 — — ns
Data hold time tHD:DAT | O - - ns
Stop condition set-up time tsu: STO 4.0 - - us

Notes to the characteristics

1. Resets all logic when Vpp < VpgR.

. Periodically sampled, not 100% tested.

. Outputs measured one at a time; Vpp = 5 V; l|gad = 100 pA.

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

. PCF8577C/CA 25 ©°C only.
6. Outputs measured one at a time.

H W N

&2

* Typical conditions: Vpp =5 V; Tamp = 25 °C.
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LCD row/column driver
for dot matrix graphic displays PCF8578

GENERAL DESCRIPTION

The PCF8578 is a low power CMOS LCD row/column driver, designed to drive dot matrix graphic
displays at multiplex rates of 1:8, 1:16, 1:24 or 1:32. The device has 40 outputs, of which 24 are
programmable, configurable as 32/8, 24/16, 16/24 or 8/32 rows/columns. The PCF8578 can function
as a stand-alone LCD controller/driver for use in small systems, or for larger systems can be used

in conjunction with up to 32 PCF8579s for which it has been optimized. Together these two devices
form a general purpose LCD dot matrix driver chip set, capable of driving displays of up to 40,960 dots.
The PCF8578 is compatible with most microcontrollers and communicates via a two-line bidirectional
bus (12 C-bus). Communication overheads are minimized by a display RAM with auto-incremented
addressing and display bank switching.

Features

Single chip LCD controller/driver

Stand-alone or may be used with up to 32 PCF8579s (40,960 dots possible)

40 driver outputs, configurable as 32/8, 24/16, 16/24 or 8/32 rows/columns

Selectable multiplex rates; 1:8, 1:16, 1:24 or 1:32

Externally selectable bias configuration, 5 or 6 levels

1280-bit RAM for display data storage and scratch pad

Display memory bank switching

Auto-incremented data loading across hardware subaddress boundaries (with PCF8579)
Provides display synchronization for PCF8579

On-chip oscillator, requires only 1 external resistor

Power-on reset blanks display

Logic voltage supply range 2.5V to 6.0 V

Maximum LCD supply voltage 9 V

Low power consumption

12 C-bus interface

TTL/CMOS compatible

Compatible with most microcontrollers

Optimized pinning for single plane wiring in multiple device applications (with PCF8579)
Space saving 56-lead plastic mini-pack

Compatible with chip-on-glass technology

APPLICATIONS

Automotive information systems
Telecommunication systems
Point-of-sale terminals

Computer terminals
Instrumentation

PACKAGE OUTLINES

PCF8578T: 56-lead mini-pack; plastic {VS056; SOT190).
PCF8578V: 64-lead tape-automated-bonding module (SOT267A).
PCF8578U: chip with bumps on-tape.
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LCD row/column driver
for dot matrix graphic displays

PCF8578

PINNING

SDA | 1
SCL |2
SYNC | 3

vy |10

c36 [20]
c35 [21]
c34 [22]
c33 [23]
c32 [24]

R31/C31 [25]

R30/C30 [26]
[27]

R29/C29 |27

R28/C28 [28]

PCF8578

[56] RO

[55] A1

54] R2

E R3

[52] R4

[51] Rs

[50] Re

[49] R

48] Re/cs
[47] Ro/Co
[46] R10/C10
[45] R11/C11
E R12/C12
[43] R13/C13
[42] R14/C14
[41] R15/C15
[40] R16/C16
[39] R17/C17
E R18/C18
[37] R19/C19
[36] R20/C20
[35] R21/C21
[34] R22/C22
33] R23/C23
[32] R24/c24
[31] R25/C25
[30] R26/C26

29] R27/C27

Fig.2 (a) Pinning diagram: VSO56; SOT190.
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PINNING (continued)

Vicp ] 64
(7} m—
L7} —
A7} n—
v, C—] 60

Vpp
osc ]
SA0
TEST [
Vgs ] 55
CLK [
SYNC ]
sCL ]
SDA ]
RO ] 50
R1 [
R2 ]
R3]
R4 ]
RS [ 45
R6 ]

January 1989

PCF8578

1[—nec
[ 1nc.
[ 1nc
[ 1nc.
5[____1nc.
[ 1nc
[ 1nc.
[ 1nc.
[ 1nec.
10— nec.
——1C39
1 c3s
——1cs7
1 cC36
L) — 1)
1 c34
—Jc33
——1C32
1 R31/C31
1 R30/C30

R7 ]
R8/C8 [
R9/C9 [

R10/C10 [ 40
R11/C11 ]
R12/C12 ]
R13/C13
R14/C14 ]
R15/C15 ] 35
R16/C16 ]
R17/C17 ]
R18/C18 ]
R19/C19 ]
R20/C20 ] 30
R21/c21 [
R22/C22 ]
R23/C23 ]
R24/C24 ]
R25/C25 ] 25
R26/C26 ]
R27/C27 ]
R28/C28
? 8

(1) Orientation mark.

Fig.2 (b) Pinning diagram; SO121.
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pin no.

mnemonic description

SOT190 S0121
SDA 1 51 12C-bus serial data line
SCL 2 52 12 C-bus serial clock line
SYNC 3 53 cascade synchronization output
CLK 4 54 external clock input/output
Vsg 5 55 ground (logic)
TEST 6 56 test pin (connect to Vgg)
SAO 7 57 12C-bus slave address input (bit 0)
0SC 8 58 oscillator input
VDD 9 59 positive supply voltage
V2 to Vg 10-13 60-63 LCD bias voltage inputs
VLCD 14 64 LCD supply voltage
n.c. 15-16 1-10 not connected
C39 to C32 17 - 24 11-18 LCD column driver outputs
R31/C31 to R8/C8 25-48 19-42 LCD row/column driver outputs
R7 to RO 49 - 56 43 - 50 LCD row driver outputs

January 1989
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FUNCTIONAL DESCRIPTION
The PCF8578 row/column driver is designed for use in one of three ways:

® Stand-alone row/column driver for small displays (mixed mode)
® Row/column driver with cascaded PCF8579s (mixed mode)
® Row driver with cascaded PCF8579s (row mode)

Mixed mode

In mixed mode, the device functions as both a row and column driver. It can be used in small stand-alone
applications, or for larger displays with up to 15 PCF8579s (31 PCF8579s when two slave addresses
are used). See table 1 for common display configurations.

Row mode

In row mode, the device functions as a row driver with up to 32 row outputs and provides the clock and
synchronization signals for the PCF8579. Up to 16 PCF8579s can normally be cascaded (32 when two
slave addresses are used).

Table 1 Possible display configurations

mixed mode row mode
multiplex
application rate rows columns rows columns | typical applications
1:8 8 32 - —
d-al 1:16 16 24 — — small digital or
stanc-alone 1:24 24 16 - - alphanumeric displays
1:32 32 8 — —
1:8 8 632 8x4 640
. 1:16 16 624 16x2 | 640 alphanumeric displays
with PCF8579 | 4.54 24 |616 24 640 and dot matrix
1:32 32 608 32 640 graphic displays
using 15 using 16
PCF8579s PCF8579s

Timing signals are derived from the on-chip oscillator, whose frequency is determined by the value of
the resistor connected between OSC and Vgg.

Commands sent on the 12C-bus from the host microprocessor set the mode (row or mixed),
configuration (multiplex rate and number of rows and columns) and control the operation of the
device. The device may have one of two slave addresses. The only difference between these slave
addresses is the least significant bit, which is set by the logic level applied to SAQ. The PCF8578

and PCF8579 also have subaddresses. The subaddress of the PCF8578 is only defined in mixed mode
and is fixed at 0. The RAM may only be accessed in mixed mode and data is loaded as described for
the PCF8579.

Bias levels may be generated by an external potential divider with appropriate decoupling capacitors.
For large displays, bias sources with high drive capability should be used. A typical mixed mode
system operating with up to 15 PCF8579s is shown in Fig.3 (a stand-alone system would be identical
but without the PCF8579s).
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Multiplexed LCD bias generation

The bias levels required to produce maximum contrast depend on the multiplex rate and the LCD
threshold voltage (Vih). Vih is typically defined as the RMS voltage at which the LCD exhibits 10%
contrast. Table 2 shows the optimum voltage bias levels for the PCF8578 as functions of Vgp

(Vop = VDD ~ VLCD), together with the discrimination ratios (D) for the different multiplex rates.
A practical value for Vgp, is obtained by equating Voff(rms) with Vth.

Table 2 Optimum LCD bias voltages

multiplex rate
parameter I
1:8 1:16 1:24 ! 1:32
Vv f
2 0.739 0.800 0.830 0850
Vop
v
3 0.522 | 0600 0.661 0.700
Vop
Y, !
4 0.478 0400 | 0339 . 0300
Vop E |
vV f
hi-l 0.261 0200 | 0170 0150
Vop ! i
Vv i {
Zoff(rms) 0.297 0245 | 0214 0193
Vop
v
Yon{rms) 0.430 0.316 ; 0.263 0.230
Vop |
p=- Yonlrms) 1.447 1.291 1.230 119
Voff(rms)
Vv
—op 3.37 4.08 468 5.19
Vth
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7221533.
1.0 331
Vbias
Vop Vo | —
0.8
V3
0.6
0.4
2
0.2
Vs —]
0

1:8 1:16 1:24 1:32
multiplex
rate

Fig.4 LCD bias voltages as a function of the multiplex rate.

Power-on reset
At power-on the PCF8578 resets to a defined starting condition as follows:

. Display blank

. 1:32 multiplex rate, row mode

. Start bank 0 selected

. Data pointer is set to X, Y address 0, 0
. Character mode

. Subaddress counter is set to O

. 12C-bus interface is initialized.

NO GO~ WN-=

Data transfers on the 12 C-bus should be avoided for 1 ms following power-on, to allow completion of
the reset action.
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| | ! I

ROW 0

Vg -
COLUMN V4 ———
Vg ——

|l
13‘14‘15:15517

%)
<
z
o
|
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i | | |
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Vop —
Vo ——|
ROW 0 z:’ ]
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i | i i 1
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| |

Vbp ]
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ROW 0 Vi o

COLUMN V4
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display
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Fig.5 LCD row/column waveforms.
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Vop
Va2

V3
Va
Vs
Vico 7

ROW 1
R1 (1)

Voo T
V2
V3
Va
Vs
Vico =

ROW 2
R2 (t)

Vpp ——
Va
V3
Va

COLUMN 1
c1 ()

COLUMN 2
c2 (1)

0.261 VvV, -~
ov—_9P
-0.261 VO

p

Vstate 1 ()

Vstate 2 (1) _
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state 1 (ON)
-~ state 2 (OFF)

dot matrix
1: 8 multiplex rate

Vetate 1(t) = C1{t) — R1(t):

+\/§_1
5(\/§+1)

v
—onlrms) _ =0.430

1
Vop 8

Vstate 2(t) = C2(t) — R2(t):

Voff(rms) _ w =0.297
Vop VBB +1)?

general relationship (n = multiplex rate)

Y_ol(_r.r_ni)z 1_+\/__n____—1
Vop n nk/n+1)

2 (/1)

NCIVCESIE

Voff(rms) _

Vop

Fig.6 LCD drive mode waveforms for 1:8 multiplex rate.
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Tfrarﬂe
¥ L
ROW 1 V3 —
R1 (1) vy _L' l,l"'ll I l’ ‘III‘I
Vs
Vico 7

Voo
v, ——
ROW?2 Vg
R2() v, ———
Vs

VDD — - —
Va

coL1 VS ——

C1(y Vg4

[_J

) —

Vop =

02Ve, —
V. () ov — ll l! IIII Illll I
tate 1
state -0.2V, -

p —
Vstate 2® ov - | |

7221543.1

Vstate 1(t) = C1(t) — R1(0): general relationship (n = multiplex rate)

Vv 1 16— 1
on(rms) _ \/f_______: 0.316 Von(rms) _ 1 + Vvn—1
Vop 16 16 (/T6+1) Vo Jn onm+

Vop n

Vstate 2(t) = C2(t) — R2(t): Voff(rms)_ SN

Voff(rms) _ 2 /16 —1) B 0245 Vop Vi k/n+1)?
Vop V1B /T8 + 1)

Fig.7 LCD drive mode waveforms for 1:16 multiplex rate.
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Internal clock

The clock signal for the system may be generated by the internal oscillator and prescaler. The
frequency is determined by the value of the resistor Rgsc, see Fig.8. For normal use a value of
330 k2 is recommended. The clock signal, for cascaded PCF8579s, is output at CLK and has a
frequency one-sixth (multiplex rate 1:8, 1:16 and 1:32) or one-eighth (multiplex rate 1:24) of the
oscillator frequency.

3 7221532.1
10
fosc
(kHz)
102 N
N N
N
NN
N \\i
N \\\
10
\\
=
<N
N
;
10 102 108 104
Rosc (k)

Fig.8 Oscillator frequency as a function of Rosc.

Note

To avoid capacitive coupling, which could adversely affect oscillator stability, RQgc should be placed

as closely as possible to the OSC pin. If this proves to be a problem, a filtering capacitor may be
connected in parallel to Rogc.

External clock

If an external clock is used, OSC must be connected to Vpp and the external clock signal to CLK.
Table 3 summarizes the nominal CLK and SYNC frequencies.

Table 3 Signal frequencies required for nominal 64 Hz frame frequency

oscillator frequency | frame frequency multiplex rate clock frequency
(Rosc = 330 k2) division

fosc (Hz) fSYNC (Hz) n ratio fcLk (Hz)
12288 64 1:8; 1:16; 1:32 6 2048

12288 64 1:24 8 1536

A clock signal must always be present, otherwise the LCD may be frozen in a DC state.
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FUNCTIONAL DESCRIPTION (continued)

Timing generator

The timing generator of the PCF8578 organizes the internal data flow of the device and generates the
LCD frame synchronization pulse SYNC, whose period is an integer multiple of the clock period. In
cascaded applications, this signal maintains the correct timing relationship between the PCF8578 and
PCF8579s in the system.

Row/column drivers

Outputs RO to R7 and C32 to C39 are fixed as row and column drivers respectively. The remaining
24 outputs R8/C8 to R31/C31 are programmable and may be configured (in blocks of 8) to be either
row or column drivers. The row select signal is produced sequentially at each output from RO up to
the number defined by the multiplex rate (see Table 1). In mixed mode the remaining outputs are
configured as columns. In row mode all programmable outputs (R8/C8 to R31/C31) are defined as
row drivers and the outputs C32 to C39 should be left open-circuit. Using a 1: 16 multiplex rate,

two sets of row outputs are driven, thus facilitating split-screen configurations; i.e. a row select

pulse appears simultaneously at RO and R16/C16, R1 and R17/C17 etc. Similarly, using a multiplex
rate of 1:8, four sets of row outputs are driven simultaneously. Driver outputs must be connected
directly to the LCD. Unused outputs should be left open-circuit.

Display mode controller

The configuration of the outputs (row or column) and the selection of the appropriate driver waveforms
are controlled by the display mode controller.

Display RAM

The PCF8578 contains a 32 x 40 bit static RAM which stores the display data. The RAM is divided
into 4 banks of 40 bytes (4 x 8 x 40 bits). During RAM access, data is transferred to/from the RAM
via the 12 C-bus. The first eight columns of data (0 to 7) cannot be displayed but are available for

general data stor tibility with the DPE0579.

age an rovide com Y
geéncras Gaia rage y witit tiic ruir o

n na
HiU P UvilGe CONMpauo

W

Data pointer

The addressing mechanism for the display RAM is realized using the data pointer. This allows an
individual data byte or a series of data bytes to be written into, or read from, the display RAM,
controlled by commands sent on the 12C-bus.

Subaddress counter

The storage and retrieval of display data is dependent on the content of the subaddress counter.
Storage takes place only when the contents of the subaddress counter agree with the hardware
subaddress. The hardware subaddress of the PCF8578, valid in mixed mode only, is fixed at 0000.

12C-bus controller

The 12C-bus controller detects the 12 C-bus protocol, slave address, commands and display data bytes.
It performs the conversion of the data input (serial-to-parallel) and the data output (parallel-to-serial).
The PCF8578 acts as an 12 C-bus slave transmitter/receiver in mixed mode, and as a slave receiver

in row mode. A slave device cannot control bus communication.

Input filters

To enhance noise immunity in electrically adverse environments, RC low-pass filters are provided on
the SDA and SCL lines.

January 1989 204



Signetics I12C Peripherals for Microcontrollers Preliminary specification

LCD row/column driver

for dot matrix graphic displays PCF8578

RAM access

RAM operations are only possible when the PCF8578 is in mixed mode. In this event its hardware
subaddress is internally fixed at 0000 and the hardware subaddresses of any PCF8579 used in
conjunction with the PCF8578 must start at 0001.

There are three RAM ACCESS modes:

® Character

® Half-graphic

e Full-graphic

These modes are specified by bits G1 and GO of the RAM ACCESS command. The RAM ACCESS
command controls the order in which data is written to or read from the RAM (see Fig.9).

To store RAM data, the user specifies the location into which the first byte will be loaded (see Fig.10):

® Device subaddress (specified by the DEVICE SELECT command)
o RAM X-address (specified by the LOAD X-ADDRESS command)
® RAM bank (specified by bits Y1 and YO of the RAM ACCESS command)

Subsequent data bytes will be written or read according to the chosen RAM access mode. Device
subaddresses are automatically incremented between devices until the last device is reached. If the last
device has subaddress 15, further display data transfers will lead to a wrap-around of the subaddress
to 0.

Display control

The display is generated by continuously shifting rows of RAM data to the dot matrix LCD via the
column outputs. The number of rows scanned depends on the multiplex rate set by bits M1 and MO
of the SET MODE command.

The display status (all dots on/off and normal/inverse video) is set by bits E1 and EO of the SET MODE
command. For bank switching, the RAM bank corresponding to the top of the display is set by

bits B1 and BO of the SET START BANK command. This is shown in Fig.11. This feature is useful
when scrolling in alphanumeric applications.
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FUNCTIONAL DESCRIPTION (continued)

RAM
bank 0 /
7Z_ top of LCD
— ONoNONONONONONORONG)
— (CNCHCNOCNONONONONONO]
— [ONoNoNONONONONONG)
— O0O0OO0OO0O0O0OO0
— O0O0OO0OO0O0O0
— O00O00O0
OO0OO0O0O0
bank 1
— OO0
— (ONCNONE]
L |
-
_a/_bank2
|| |
d Tbank 3
’;é
L7

7221550

Fig.11 Relationship between display and SET START BANK;
1:32 multiplex rate and start bank = 2.
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12C-BUS PROTOCOL

Two 7-bit slave addresses (0111100 and 0111101) are reserved for both the PCF8578 and PCF8579.
The least-significant bit of the slave address is set by connecting input SAO to either 0 (Vgg) or

1 (VpD). Therefore, two types of PCF8578 or PCF8579 can be distinguished on the same |2 C-bus
which allows:

(a) one PCF8578 to operate with up to 32 PCF8579s on the same 12 C-bus for very large applications
(b) the use of two types of LCD multiplex schemes on the same |12 C-bus.

in most applications the PCF8578 will have the same slave address as the PCF8579.

The 12C-bus protocol is shown in Fig. 12. All communications are initiated with a start condition (S)
from the |2C-bus master, which is followed by the desired slave address and read/write bit. All devices
with this slave address acknowledge in parallel. All other devices ignore the bus transfer.

In WRITE mode (indicated by setting the read/write bit LOW) one or more commands follow the
slave address acknowledgement. The commands are also acknowledged by all addressed devices on
the bus. The last command must clear the continuation bit C. After the last command a series of data
bytes may follow. The acknowledgement after each byte is made only by the (A0, A1, A2 and A3)
addressed PCF8579 or PCF8578 with its implicit subaddress 0. After the last data byte has been
acknowledged, the 12 C-bus master issues a stop condition (P).

In READ mode, indicated by setting the read/write bit HIGH, data bytes may be read from the

RAM following the slave address acknowledgement. After this acknowledgement the master transmitter
becomes a master receiver and the PCF8578 becomes a slave transmitter. The master receiver must
acknowledge the reception of each byte in turn. The master receiver must signal an end of data to

the slave transmitter, by not generating an acknowledge on the last byte clocked out of the slave. The
slave transmitter then leaves the data line HIGH, enabling the master to generate a stop condition (P).

Display bytes are written into, or read from, the RAM at the address specified by the data pointer and
subaddress counter. Both the data pointer and subaddress counter are automatically incremented,
enabling a stream of data to be transferred either to, or from, the intended devices.

In multiple device applications, the hardware subaddress pins of the PCF8579s (A( to A3) are connected
to Vss or VDD to represent the desired hardware subaddress code. |f two or more devices share the
same slave address, then each device must be allocated a unique hardware subaddress.
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12C-BUS PROTOCOL (continued)

acknowledge
by A0, A1, A2 and A3

acknowledge by
— all addressed selected PCF8578s/
RIW | pCF8s578s/PCF8579s PCF8579s only
|7 slave address —] l l
T 7T 17T 1771 S T T T 71T T T 1T T T
s{o 1 111 0olajolalc COMMAND A DISPLAY DATA Al P
L1 L11a

I 1 1 1|
l——Hwte-——J ‘—n}Ibytes I-—nzl')hynas‘I

update data pointers
and if necessary
subaddress counter
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Fig.12(a) Master transmits to slave receiver (WRITE mode).

acknowledge

by all addressed ———
PCF8578s/PCF8579s
slave address —_slave address. acknowledge no acknowledge
" s ’ from master from master
T T TT s LR L T T TTTs TT T T TTT TrTTTTTT
S|o 111 10[Al0o|AlC COMMAND Al S0 111 1 0[A|l1]|A DATA A DATA 1| P
I O | T T T | I T T T | S T T T TS T | N N TN O T T |
T n = 1 byte ——-J T n bytes last bytes ———J
R/W R/W
at this moment master
transmitter becomes a update data pointers

PCF8578/PCF8579 slave subaddress counter
receiver becomes a

slave transmitter

master receiver and - L— andif necessary ——-
7221548

Fig.12(b) Master reads after sending command string (WRITE commands; READ data).

acknowledge

by all addressed acknowledge no acknowledge
PCF8578s/PCF8579s from master from master
—— slave address — l l l

T T T T T [s T T T T TT T T T T 1T
Slo 11 11 0[lA[1]A DATA A DATA 11 P

1111 1 0 ) R N N I I | 11 11 1 1

T I n bytes I last byte ‘»'J
R/W
update data pointers

—— and if necessary ——
subaddress counter

7221546

Fig.12(c) Master reads slave immediately after sending slave address (READ mode).

January 1989 210



Signetics I12C Peripherals for Microcontrollers Preliminary specification

LCD row/column driver

for dot matrix graphic displays PCF8578

Command decoder

The command decoder identifies command bytes that arrive on the 12 C-bus. The most-significant bit
of a command is the continuation bit C (see Fig.13). When this bit is set, it indicates that the next
byte to be transferred will also be a command. |f the bit is reset, it indicates the conclusion of the command

transfer. Further bytes will be regarded as display data. Commands are transferred in WRITE mode
only.

MsB LSB
T T 17717
REST OF OPCODE
Lt 1 1 11

7221545

[¢]

C = 0; last command
C =1, commands continue

Fig.13 General format of command byte.
The five commands available to the PCF8578 are defined in Tables 4 and 5.

Table 4 Summary of commands

code command description
cCobDDDDDD LOAD X-ADDRESS 0to 39
c10DDDDD SET MODE multiplex rate, display status, system type
C110DDDD DEVICE SELECT defines device subaddress
C111DDDD RAM ACCESS graphic mode, bank seiect

(D D D D >12is not allowed; see

SET START BANK opcode)
C11111DD SET START BANK defines bank at top of LCD

Where:

C = command continuation bit
D = may be a logic 1 or 0.
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12C-BUS PROTOCOL (continued)

Table 5 Definition of PCF8578/PCF8579 commands

command / opcode

options

description

SET MODE

[C]1 O‘T|E1 EO]M1 MO}

LCD drive mode bits M1 MO

1:8 MUX (8 rows)

1:16 MUX (16 rows)
1:24 MUX (24 rows)
1:32 MUX (32 rows)

O = =0
O =0 =

defines LCD drive mode

display status bits E1 EO

defines display status

blank 0 O
normal 0 1
all segments on 1 0
inverse video 1 1
system type bit T defines system type

PCF8578 row only 0
PCF8578 mixed mode 1

SET START BANK

start bank pointer bits B1 BO

defines pointer to RAM bank
corresponding to the top of

Ci{1 1 0|A3 A2 A1 A0

4-bit binary value of 0 to 15

bank O 0 O the LCD. Useful for scrolling,
bank 1 0 1 pseudo-motion and background
cit1111{B1 B0 bank 2 1 0 preparation of new display
bank 3 1 1
DEVICE SELECT bits A3 A2 A1 AQ four bits of immediate data,

bits AO to A3, are transferred
to the subaddress counter to
define one of sixteen hardware
subaddresses
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command / opcode options description
RAM ACCESS RAM access mode bits G1 GO defines the auto-increment

behaviour of the address for
character 0 O RAM access
half graphic 0 1
Ci111|{G1 GO|Y1 YO full graphic 1 0
not allowed * 1 1
|
bits Y1 YO two bits of immediate data,
bits YO to Y1, are transferred
2-bit binary value of 0 to 3 to the Y-address pointer to
define one of four banks for
RAM access
LOAD X-ADDRESS bits X5 X4 X3 X2 X1 X0 six bits of immediate data,
bits X0 to X5, are transferred
E:IOIX5 X4 X3 X2 X1 XOJ 6-bit binary value of O to 39 to the X-address pointer to
define one of forty display
RAM columns
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CHARACTERISTICS OF THE 12C-BUS

The 12C-bus is for bidirectional, two-line communication between different ICs or modules. The two
lines are a serial data line (SDA) and a serial clock line (SCL) which must be connected to a positive
supply via a pull-up resistor. 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 moment will be
interpreted as control signals.

| |
| |
I I
L L
I |
I I _———
| | \
SCL —/_——\—1'/—
I I
I
I

i

| data line | change

| stable: | of data

| data valid | allowed | 7287019

Fig.14 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).

r——A [ |
|
|
|
|

soa |\ yan

T

[ Sp———} L ——d

start condition top condition
stop ¢ 7287005

Fig.15 Definition of start and stop condition.
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System configuration

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

SDA
SCL
| | I I |
MASTER SLAVE MASTER
SLAVE MASTER
TRANSMITTER/ RECEIVER TRANSMITTER/ TRANSMITTER TRANSMITTER/
RECEIVER RECEIVER e RECEIVER

7287004

Fig.16 System configuration.

Acknowledge

The number of data bytes transferred between the start and stop conditions from transmitter to
receiver is unlimited. Each data byte of eight bits is followed by one acknowledge bit. The acknowledge
bit is a 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 must

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 consideration). A master receiver must signal the end of a data transmission 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.

start clock pulse for
condition acknowledgement

SCL FROM |
MASTER l 1 2 8 9
DATA OUTPUT ‘ -
BY TRANSMITTER \
DATA OUTPUT
BY RECEIVER

7287007

Fig.17 Acknowledgement on the 12C-bus.
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RATINGS
Limiting values in accordance with the Absolute Maximum System (IEC 134)

parameter symbol min. max. unit
Supply voltage range VDD -0.5 +8.0 \%
LCD supply voltage range Vicop Vpp —11 VDD Y,
Input voltage range at

SDA, SCL, CLK, TEST,

SAOQ and OSC Vi1 Vss —0.5 Vpp +0.5 \

Vo to Vg Vi2 Vicp -0.5 Vpp +0.5 \
Output voltage range at

SYNC and CLK Vo1 Vss —0.5 Vpp +0.5 \

RO to R7, R8/C8 to R31/C31,

and C32 to C39 Vo2 ViLcp —0.5 Vpp +0.5 \%
DC input current ] —-10 10 mA
DC output current T'e} -10 10 mA
VDD, Vss or Vi cD current IDD. Iss, lLCD -50 50 mA
Power dissipation per package Ptot — 400 mW
Power dissipation per output Po — 100 mW
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 handling MOS devices (see

‘Handling MOS Devices’).

January 1989

216



Signetics I°C Peripherals for Microcontrollers Preliminary specification

LCD row/column driver PCF8578
for dot matrix graphic displays

DC CHARACTERISTICS

Vpp=25V1t06.0V;Vss=0V; V| cD=Vpp —-35VtoVpp —9V; Tamb=—400°C to +85 °C;
unless otherwise specified

parameter conditions symbol min. typ. | max. unit
Supply
Supply voltage VDD 2.5 — 6.0 \%
LCD supply voltage VLcD Vpp -9 | — Vpp -3.5| V
Supply current note 1;
external clock fcLk =2 kHz IDD1 - 6 15 uA
internal clock Rosc =330 k2 IDD2 - 20 |50 HA
Power-on reset level note 2 VPOR 0.8 1.3 | 1.8 \
Logic
Input voltage LOW ViL Vss - 03Vpp |V
Input voltage HIGH VIH 0.7Vpp | — VDD \
Output current LOW |
at SYNC and CLK VoL=10V |
Vpp=5V loL1 1 — - mA
Output current HIGH
at SYNC and CLK VoH=4.0V
Vpp=5V IOH1 - - -1 | mA
SDA output current LOW VoL=04V;
Vpp=5V loL? 3.0 — - mA

Leakage current
at SDA, SCL, SYNC,

CLK, TEST and SAO V| =Vpp or Vgg g -1 - 1 uA
Leakage current

at OSC Vi =Vpp L2 -1 — 1 HA
Input capacitance

at SCL and SDA note 3 Cy — - 5 pF

LCD outputs

Leakage current at
V2 to Vg Vi=VpporVicp | L3 -2 — 2 HA

DC component of LCD

drivers RO to R7,
R8/C8 to R31/C31,

and C32 to C39 £Vpe - 20 | — mV
Output resistance at note 4

RO to R7 and R8/C8 to

R31/C31 row mode RRow - 1.5 | 3.0 k&2

R8/C8 to R31/C31

and C32 to C39 column mode RcoL - 3 6 k&
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AC CHARACTERISTICS (note 5)
Vpp=25t06V;Vgs=0V;VLcp=VDD —-3.5VtoVpp -9V, Tagmb=-40to+850C;
unless otherwise specified
parameter conditions symbol min. | typ. max. unit
Clock frequency at Rpsc = 330 kQ;
multiplex rates of Vpp=6V
1:8, 1:16 and 1:32 fcLki 1.2 2.1 3.3 kHz
1:24 fcLk?2 0.9 1.6 25 kHz
SYNC propagation delay tPSYNC — — 500 ns
Driver delays Vpp - VLcD=9V;
with test loads tPLCD — - 100 us
12C-bus
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 repeated start
codes only tSU; STA 4.7 - - us
Start condition
hold time tHD; STA 4.0 - - us
SCL LOW time tLow 4.7 - - Ms
SCL HIGH time tHIGH 4.0 - - us
SCL and SDA rise time tr - - 1. us
SCL and SDA fall time tf - - 0.3 us
Data set-up time tSU; DAT | 250 | — - ns
Data hold time tHD; DAT | O - - ns
Stop condition
set-up time tSU; STO 4.0 - us
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Notes to the characteristics

1. Outputs are open; inputs at Vpp or Vss: I12C-bus inactive; external clock with 50% duty factor,
(Ipp1 only).

2. Resets all logic when Vpp < VpQR.
Periodically sampled; not 100% tested.

4. Resistance measured between output terminal (RO to R7, R8/C8 to R31/C31 and C32 to C39)
and bias input (V2 to V5, Vpp and V[ cp) when the specified current flows through one output
under the following conditions (see Table 2}:

VoP=VDD —VLCD=9V;
row mode, RO to R7 and R8/C8 to R31/C31 (row mode):
Vo -V cD=6.65V; Vs —VLcD <235V;ILoAD = 150 A
column mode, R8/C8 to R31/C31 (column mode) and C32 to C39:
V3 —-VicD=4.70V; V4 -VIcD <4.30 V; ILoAD = 100 pA.
5. All timing values are referred to V|H and V|| levels with an input voltage swing of Vgs to VppD.

3.3 kQ 1.5 kQ
SYNC,CLK —{ " 1+— 0.5Vpp sbA —___1+— Vpp
C39 to C32,
R31/C31 to R8/C8 T
and R7 to RO
1nF 7221535.1

Fig.18 Test loads.
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| 1 |
foLk
oK 0.7 Vpp
K 7 0.3 Vpp
0.7V,
SYNC oo
0.3 Vpp
—>| tpsYNC I<— — psyNC L— i
05V
€39 to C32, 4
R31/C31 to R8/C8 (Vop-Vicp=9V)
and R7 to RO *
T 05V
tpLCD |
7221531.1
Fig.19 Driver timing waveforms.
SDA
1
\ b _———
~—tguF—> = tow [=— 1 = =
f
| scL ——_——
—
scL ‘ /
—| typ,sTA I*— = > tige
t e - e |-
| 'HD:DAT 'Su;DAT
SDA
— tsy;sTA I — -~
tsu;sTo
7221536

Fig.20 12C-bus timing waveforms.
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APPLICATION INFORMATION
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10 other
PCF8579s

P,
. o
° l T

72215551

c28

c27,
PCF8579

LCD DISPLAY

co

cag

c28

PCFBST9

ca7

<

PCF8578
R31/C31

TTTTTTTTTT

Rosc
R
'y

&
Fig.25 Example of single plane wiring, single screen with 1:32 multiplex rate (PCF8578 in row driver mode).
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GENERAL DESCRIPTION

The PCF8579 is a low power CMOS LCD column driver, designed to drive dot matrix graphic displays

at multiplex rates of 1:8, 1:16, 1:24 or 1:32. The device has 40 outputs and can drive 32 x 40 dots in

a 32 row multiplexed LCD. Up to 16 PCF8579s can be cascaded and up to 32 devices may be used on
the same 12 C-bus (using the two slave addresses). The device is optimized for use with the PCF8578

LCD row/column driver. Together these two devices form a general LCD dot matrix driver chip set,
capable of driving displays of up to 40,960 dots. The PCF8579 is compatible with most microcontrollers
and communicates via a two-line bidirectional bus (12 C-bus). Communication overheads are minimized

by a display RAM with auto-incremented addressing and display bank switching.

Features

LCD column driver

PCF8579

Used in conjunction with the PCF8578, this device forms part of a chip set capable of driving up to

40,960 dots

40 column outputs

Selectable multiplex rates; 1:8, 1:16, 1:24 or 1:32

Externally selectable bias configuration, 5 or 6 levels

Easily cascadable for large applications (up to 32 devices)

1280-bit RAM for display data storage

Display memory bank switching

Auto-incremented data loading across hardware subaddress boundaries
Power-on reset blanks display

Logic voltage supply range 2.5 V t0 6.0 V

Maximum LCD supply voltage 9 V

Low power consumption

12C-bus interface

TTL/CMOS compatible

Compatible with most microcontrollers

Optimized pinning for single plane wiring in multiple device applications
Space saving 56-lead plastic mini-pack

Compatible with chip-on-glass technology

APPLICATIONS

Automotive information systems
Telecommunication systems
Point-of-sale terminals
Computer terminals
Instrumentation

PACKAGE OUTLINES

PCF8579T: b56-lead mini-pack; plastic (VS056; SOT190).
PCF8579V: 64-lead tape-automated-bonding module (SOT267A).
PCF8579U: chip with bumps on-tape.
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PINNING

spa [1]
scL [ 2]
svvc [5]
cik [4]
vss [5]
TEST [6 |
sa0 [7]
A3 [8]
A2 [o]]
A1 [10]
A0 [11]
Vop E
ne. [13]
vz [14]
vq [15
Vico E
c39 [17]
c3s [18]
c37 [19]
c3s [20]
c3s [21]
c34 [22]
c33 [23]
c32 [24]
ca1 [28]
c3o [26]
c29 [27]

c28 [28]

U 56] co

55] c1
[54] c2
53] c3
[52] ca
51] c5
[50] ce
[49] c7
48] cs
[47] co
46] c10
[45] c11
[44] c12
E c13
[42] c1a
[41] c15
[40] c16
E c17
[38] c18
[37] c19
36] c20
[35] c21
34] c22
33] c23
[32] c24
31] c2s
[30] c26
[29] c27

PCF8579

Fig.2 (a) Pinning diagram: VS056; SOT190.
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PINNING (continued)

Vieo 1ne
Vg4 C —Inc
Vab— M e —1ne

Vpp [1 tj —1nc.
A0 60 H 5 —Jnc
Al ——1nec.
A2 ] —inec.
A3 ] —nec.

sA0 [ —nc.

TEST [ 65 10 1 c39

7 — ——1c3s

cLk ] PCF8579 — ek Y

SYNC ] —c3e

scL ] ——c3s

SDA [ 50 15[ C34
co ] 1 c33
[ | m— — k73
C2 ] 1 c31
Cc3 [ [—1c30
[0 m—— ) 20 c29
cs ] 2 3 3 & —ces

—Uuguiueiuuguguumut
© N ® % O - N ® ¥ B © N~ ©® ® O r N O T W © N~
© 0005550060066 0600633388 28178 7221553.1

January 1989

(1) Orientation mark.

Fig.2 (b) Pinning diagram: SO122.
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pin no.
mnemonic description
SOT190 S0122
SDA 1 50 12C-bus serial data line
SCL 2 51 12C-bus serial clock line
SYNC 3 52 cascade synchronization input
CLK 4 53 external clock input
Vss 5 54 ground (logic)
TEST 6 55 test pin (connect to Vgs)
SAOQ 7 56 12C-bus slave address input (bit 0)
A3 to A0 8-11 57 - 60 12 C-bus subaddress inputs
VDD 12 61 positive supply voltage
n.c. 13* 1-9 not connected
V3 to Vg 14-15 62-63 LCD bias voltage inputs
VLecD 16 64 LCD supply voltage
C39 to CO 17 - 56 10-49 LCD column driver outputs

* Do not connect, this pin is reserved.
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FUNCTIONAL DESCRIPTION

The PCF8579 column driver is designed for use with the PCF8578. Together they form a general
purpose LCD dot matrix chip set.

Typically up to 16 PCF8579s may be used with one PCF8578. Each of the PCF8579s is identified by
a unigue 4-bit hardware subaddress, set by pins AO to A3. The PCF8578 can operate with up to

32 PCF8579s when using two 12 C-bus slave addresses. The two slave addresses are set by the logic level
on input SAQ.

Multiplexed LCD bias generation

The bias levels required to produce maximum contrast depend on the multiplex rate and the LCD
threshold voltage (Vih). Vih is typically defined as the RMS voltage at which the LCD exhibits 10%
contrast. Table 1 shows the optimum voltage bias levels for the PCF8578/PCF8579 chip set as
functions of Vop (Vop = VDD — VLCD), together with the discrimination ratios (D) for the different
multiplex rates. A practical value for Vg, is obtained by equating Voff(rms) with Vih.

Table 1 Optimum LCD bias voltages

multiplex rate
parameter r
1:8 1:16 1:24 1 1:32

v

2 0.739 0.800 0.830 0.850
Vop |
V i
Y3 0.522 0.600 0.661 0.700
Vop
v |

4 0.478 0400 0.339 0.300
Vop
\Vj |

5 0.261 . 0200 0.170 0.150
Vop
v
Loff(rms) 0.297 0.245 0.214 0.193
Vop
y |
Yon(rms) 0.430 0.316 0.263 0.230
Vop

v
p= ron(rms) 1.447 1.291 1.230 1.196
Voff(rms)

v

op 3.37 4.08 4.68 5.19
Vth
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PCF8579

1.0

Vbias

op

Fig.3 LCD bias voltage as a function of the multiplex rate.

Power-on reset

At power-on the PCF8579 resets to a defined starting condition as follows.
Display blank (in conjunction with PCF8578)

1:32 multiplex rate
start bank O selected

Character mode
Subaddress counter is set to O
12C-bus is initialized.

NooswN =

0.8

0.6

0.4

0.2

Data pointer is set to X, Y address 0, O

7221533.1
V2 —
V3
Va
Vg —
1:16 1:24 1:32
multiplex

rate

Data transfers on the 12 C-bus should be avoided for 1 ms following power-on, to allow completion of

the reset action.
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FUNCTIONAL DESCRIPTION (continued)

- ON
C— OFF

ROWO
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| | 1:8
Voo T ] —
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o
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7221542
Fig.4 LCD row/column waveforms.
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| Tirame state 1 (ON)
Voo | state 2 (OFF)
Va
ROW 1 Vg
R1 (1) v,
Vs
Vico ™
zDD -
2
RE() Vs— dot matrix
o v _ 1: 8 multiplex rate
Vv, ————
5
Vop — mi
VDD -
Va
COLUMN 1 Vg4 J_r
[SR0) Vg —— ]
Vs
Vico 7
VDD -
Va
COLUMN 2 v, U_r
c2 (1) v,
Vg -
Vico —
Yop™ Vstate 1(t) = C1(t) — R1(t)
0.261 V- \i)n(rms) _ /1 . V8-—1  0.430
frer® 52 v 8 8(/8+1)
-0.261 V- op —
Vstate 2(t) = C2(t) — R2(t):
_Vop___...
Voff(rms)_ /2&/8-1
! g ——— =0.297
e Vop VB8 /8+1)
0.478 Vo
588" Vop~ general relationship (n = multiplex rate)
Vstate 2 OV
-0.261 Vg
=0.478 Vo Von(rms) - l + \/ﬁ -1
Vop n nk/m+1)
-V,

op

Voff(rms)_ /2&/n—1)

Vop Vn/n+1)?

Fig.5 LCD drive mode waveforms for 1:8 multiplex rate.
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Vs
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VDD —_— g
Vo ——

coL1 vy ——

C1(t) Vg ——

0.2v,

\Z U]
state 1 -
-0.2Vy,

_vop

op

0.6 Vgp

0.2V
vsta(e 2 ov
-0.2V

op
-0.6 Vop

o

I

“Vop
Vstate 1(t) = C1{t)

VDD —— ——
Va

coLz vz ——

c2(y v, —— J—I—

Trame
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Von(rms) _ \/16 —1 -1 036
Vop ATV ST

Vstate 2(t) = C2(t)

— R2(t):

Voff(rms) 2 (\/_—6 -1) - 0.245
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Fig.6 LCD drive mode waveforms for 1:16 multiplex rate.
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Timing generator

The timing generator of the PCF8579 organizes the internal data flow from the RAM to the display
drivers. An external synchronization pulse SYNC is received from the PCF8578. This signal maintains
the correct timing relationship between cascaded devices.

Column drivers

Outputs CO to C39 are column drivers which must be connected to the LCD. Unused outputs should
be left open-circuit.

Display RAM

The PCF8579 contains a 32 x 40 bit static RAM which stores the display data. The RAM is divided
into 4 banks of 40 bytes (4 x 8 x 40 bits). During RAM access, data is transferred to/from the RAM
via the 12 C-bus.

Data pointer

The addressing mechanism for the display RAM is realized using the data pointer. This allows an
individual data byte or a series of data bytes to be written into or read from the display RAM, as
specified by commands sent on the 12C-bus.

Subaddress counter

The storage and retrieval of display data is dependent on the content of the subaddress counter. Storage
and retrival take place, only when the contents of the subaddress counter agree with the hardware
subaddress at pins AQO, A1, A2 and A3.

12 C-bus controller

The 12C-bus controller detects the 12C-bus protocol, slave address, commands and display data bytes.
It performs the conversion of the data input (serial-to-parallel) and the data output (parallel-to-serial).
The PCF8579 acts as an 12C-bus slave transmitter/receiver. Device selection depends on the 12C-bus
siave address, the hardware subaddress and the commands transmitted.

Input filters

To enhance noise immunity in electrically adverse environments, RC low-pass filters are provided on
the SDA and SCL lines.
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RAM access
There are three RAM ACCESS modes:

® Character

® Half-graphic

® Full-graphic

These modes are specified by bits G1 and GO of the RAM ACCESS command. The RAM ACCESS
command controls theorder in which data is written to or read from the RAM (see Fig.7).

To store RAM data, the user specifies the location into which the first byte will be loaded (see Fig.8):

® Device subaddress (specified by the DEVICE SELECT command)
® RAM X-address (specified by the LOAD X-ADDRESS command)
® RAM bank (specified by bits Y1 and YO of the RAM ACCESS command)

Subsequent data bytes will be written or read according to the chosen RAM access mode. Device
subaddresses are automatically incremented between devices until the last device is reached. If the

last device has subaddress 15, further display data transfers will lead to a wrap-around of the subaddress
to 0.

Display control

The display is generated by continuously shifting rows of RAM data to the dot matrix LCD, via the
column outputs. The number of rows scanned depends on the multiplex rate set by bits M1 and MO

of the SET MODE command.

The display status (all dots on/off and normal/inverse video) is set by bits E1 and EOQ of the SET MODE
command. For bank switching, the RAM bank corresponding to the top of the display is set by bits B1
and BO of the SET START BANK command. This is shown in Fig.9. This feature is useful when
scrolling in alphanumeric applications.
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RAM
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{ bank 2
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) 7221550

Fig.9 Relationship between display and SET START BANK;
1:32 multiplex rate and start bank = 2.
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12C-BUS PROTOCOL

Two 7-bit slave addresses (0111100 and 0111101) are reserved for both the PCF8578 and PCF8579.
The least-significant bit of the slave address is set by connecting input SAO to either 0 (Vgg) or 1
(VDD). Therefore, two types of PCF8578 or PCF8579 can be distinguished on the same 12C-bus
which allows:

(a) one PCF8578 to operate with up to 32 PCF8579s on the same 12 C-bus for very large applications.
(b) the use of two types of LCD multiplex schemes on the same 12 C-bus.

In most applications the PCF8578 will have the same slave address as the PCF8579.

The 12C-bus protocol is shown in Fig. 10. Ali communications are initiated with a start condition (S)
from the 12 C-bus master, which is followed by the desired slave address and read/write bit. All devices
with this slave address acknowledge in parallel. All other devices ignore the bus transfer.

In WRITE mode (indicated by setting the read/write bit LOW) one or more commands follow the
slave address acknowledgement. The commands are also acknowledged by all addressed devices on
the bus. The last command must clear the continuation bit C. After the last command a series of data
bytes may follow. The acknowledgement after each byte is made only by the (AO, A1, A2 and A3)
addressed PCF8579 or PCF8578 with its implicit subaddress 0. After the last data byte has been
acknowledged, the 12 C-bus master issues a stop condition (P).

In READ mode, indicated by setting the read/write bit HIGH, data bytes may be read from the RAM
following the slave address acknowledgement. After this acknowledgement the master transmitter
becomes a master receiver and the PCF8579 becomes a slave transmitter. The master receiver must
acknowledge the reception of each byte in turn. The master receiver must signal an end of data to the
slave transmitter, by not generating an acknowledge on the last byte clocked out of the slave. The
slave transmitter then leaves the data line HIGH, enabling the master to generate a stop condition (P).

Display bytes are written into, or read from, the RAM at the address specified by the data pointer and
subaddress counter. Both the data pointer and subaddress counter are automatically incremented,
enabling a stream of data to be transferred either to, or from, the intended devices.

In multiple device applications, the hardware subaddress pins of the PCF8579s (A0, A1, A2 and A3)
are connected to Vgg or VP to represent the desired hardware subaddress code. If two or more
devices share the same slave address, then each device must be allocated with an unique hardware
subaddress.
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acknowledge
acknowledge by by AO, A1, A2 and A3
selected PCF8578s/

— all addressed
RIW | pCFe578s/PCF8579s PCF8579s only
]—- slave address ’—I l l

T T T1TTT T T T T TT T 1T T TrTT
Sf{o1 1110 ofAfC COMMAND A DISPLAY DATA Al P

[ I I I R |

L——Ibyte——J I—n>1by!es———’| ‘ n?l)bytes—J

update data pointers
and if necessary
subaddress counter

o> n

7221547

Fig.10(a) Master transmits to slave receiver (WRITE mode).

acknowledge

~—————————— by all addressed E—
[- PCF8578s/PCF8579s
slave address —— slave address. acknowledge no acknowledge
] from master from master
T T TTTs TTTTTT TTTTTTs T 1T T T1TTT TTTTT
Sflo 1111 0lAjo]AlC COMMAND Al Sfo t 1 1 1 0flAaf1]A DATA A DATA 1| P
T | I | B T T I I T I I T T T
\ |
T L—~ n = 1byte -———J T ——— nbytes i——— last bytes —
R/W R/W
at this moment master
transmitter becomes a update data pointers
master receiver and and if necessary
PC#8578/PCF8579 slave subaddress counter
receiver becomes a
slave transmitter 7221548

Fig.10(b) Master reads after sending command string (WRITE commands; READ data).

acknowledge

by all addressed acknowledge no acknowledge
PCF8578s/PCF8579s from master from master
—— slave address — l l l
T T T T TTs T T T T 1771 T T T TTT
Sf{o 1111 0f{alt1]a DATA A DATA 1| P
1 1 1 1 0 | N . S N N T T |
T_ n bytes I last byte ——J
RIW
update data pointers
—— and if necessary ———1

subaddress counter

7221546

Fig.10(c) Master reads-slave immediately after sending slave address (READ mode).
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Command decoder

The command decoder indentifies command bytes that arrive on the 12 C-bus. The most-significant
bit of a command is the continuation bit C (see Fig.11}. When this bit is set, it indicates that the
next byte to be transferred will be a command. If the bit is reset, it indicates the conclusion of the

command transfer. Further bytes will be regarded as display data. Commands are transferred in WRITE
mode only.

MSB LSB
1T T 1T
C| REST OF OPCODE
I T T |
7221545

C = 0; last command
C = 1, commands continue

Fig.11 General format of command byte.
The five commands available to the PCF8579 are defined in Table 2.

Table 2 Summary of commands

code command description
cobbbDDDD LOAD X-ADDRESS 0to 39
cC10DDDDD SET MODE mulitiplex rate, display status, system type
cC110DDDD DEVICE SELECT defines device subaddress
cC111DDDD RAM ACCESS graphic modes, bank select
(DD DD >12isnot allowed; see SET
START BANK opcode)
L cC11111DD SET START BANK defines bank at top of LCD
Where:

C = command continuation bit
D = may be a logic 1 or 0.
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Table 3 Definition of PCF8578/PCF8579 commands

command / opcode options description

SET MODE LCD drive mode bits M1 MO defines LCD drive mode

1:16 MUX (16 rows)
cie o] 2 EEE |

1:8 MUX(8rows) O
1
1

display status bitsE1 EO defines display status

blank 0 0
normal 0 1
all segments on 1 0
inverse video 1 1
system type bit T defines system type

PCF8578 row only 0
PCF8578 mixed mode 1

SET START BANK start bank pointer bits B1 BO defines pointer to RAM bank
corresponding to the top of

bank O 0O 0 the LCD. Useful for scrolling,
bank 1 0 1 pseudo-motion and background
E |1 111181 B0] bank 2 1 0 preparation of new display
bank 3 1 1
DEVICE SELECT bits A3 A2 A1 AO four bits of immediate data,
bits AO to A3, are transferred
4-bit binary value of 0 to 15 to the subaddress counter to
IE|1 10 IA3 A2 A1 A0 define one of sixteen hardware
subaddresses
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Table 3 (continued)

command / opcode options description
RAM ACCESS RAM access mode bits G1 GO defines the auto-increment
behaviour of the address for
character 0 O RAM access
half graphic 0 1
|c[1 11/G1 GO|Y1 ¥0 | | full graphic 1 0
not allowed* 1 1

bits Y1 YO two bits of immediate data,
bits YO to Y1, are transferred
2-bit binary value of 0 to 3 to the Y-address pointer to
define one of four banks for
RAM access
LOAD X-ADDRESS bits X5 X4 X3 X2 X1 X0 six bits of immediate data,
bits X0 to X5, are transferred
[co]x5 x4 X3 X2 X1X0 | | 6-bit binary value of 0 to 39 to the X-address pointer to

define one of forty display
RAM columns

* See opcode for SET START BANK.
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CHARACTERISTICS OF THE 12C-BUS

The 12C-bus is for bidirectional, two-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. 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 a
control signal.

I

| data line | change

| stable: | of data

| data valid | allowed | 7287019

Fig.12 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).

r bl r——=n
- ! ! - | -
| | | |
SDA | \ | | SDA
I . -= +—
| | | I
scL ! : \ / ! : scL
| S | | P I
| SRS —— | | [p—
start condition stop condition
7287005

Fig.13 Definition of start and stop condition.
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CHARACTERISTICS OF THE 12C-BUS (continued)

System configuration

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

SDA
T [ [ [ [
MASTER SLAVE MASTER
SLAVE MASTER
TRANSMITTER/ RECEIVER TRANSMITTER/ TRANSMITTER TRANSMITTER/
RECEIVER RECEIVER RECEIVER
7287004
Fig.14 System configuration.
Acknowledge

The number of data bytes transferred between the start and stop conditions from transmitter to

receiver is unlimited. Each data byte of eight bits.is followed by one acknowledge bit. The acknowledge
bit is a 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 must 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 consideration). A master
receiver must signal the end of a data transmission 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.

start clock pulse for
condition acknowledgement
|

SCL FROM i
DATA OUTPUT ‘ -
BY TRANSMITTER | _
DATA OUTPUT -
BY RECEIVER

7287007

Fig.15 Acknowledgement on the |12 C-bus.
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RATINGS
Limiting values in accordance with the Absolute Maximum System (IEC 134)
parameter symbol min. max. unit
Supply voltage range VDD -0.5 +8.0 \%
LCD supply voltage range VLcD Vpp —11 VDD \%
Input voltage range at
SDA, SCL, SYNC, CLK, TEST,
SAQ, AO, A1, A2 and A3 Vi1 Vgg —0.5 Vpp+0.5 \%
V3 to Vg Vi2 Vicp —-0.5 Vpp+0.5 \%
Output voltage range at
SDA Vo1 Vss —0.5 Vpp +0.5 \
CO to C39 Vo2 VLcD -05 | Vpp+05 |V
DC input current 1 -10 10 mA
DC output current lo -10 10 mA
VpD, Vss or V| cD current Ipp. Iss, ILeD —50 50 mA
Power dissipation per package Ptot — 400 mW
Power dissipation per output Po — 100 mW
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 handling MOS devices (see
"Handling MOS Devices’).
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DC CHARACTERISTICS

VDD =265V t06.0V;Vss=0V;VLcp=VDD 3.5V toVpp -9 V; Tamb=—40 oC to +85 0C;
unless otherwise specified

parameter conditions symbol min. typ. max. unit
Supply
Supply voltage VDD 2.5 — 6.0 \Y
LCD supply voltage ViLCcD Vpp 9| — Vpp -35|V
Supply current note 1;

fcLk =2 kHz IDD1 - 9 20 uA
Power-on reset level note 2 VPOR - 1.3 1.8 \%
Logic
Input voltage LOW ViL Vss - 0.3 VpD \%
Input voltage HIGH VIH 0.7 VDD | — VDD \%

Leakage current
at SDA, SCL, SYNC,
CLK, TEST, SAOQ,

A0, A1, A2 and A3 V| =Vpp or Vss L1 -1 - 1 HA
SDA output current LOW | Vo =04 V;
Vpp=5V loL 3 — - mA
Input capacitance note 3 Ci — — 5 pF

LCD outputs
Leakage current at

V3 to V4 Vi=VpporVicD | L2 -2 — 2 LA
DC component of LCD

drivers CO to C39 +Vpe - 20 - mV
Output resistance at

CO to C39 note 4 RcoL - 3 6 k&
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AC CHARACTERISTICS (note b5)

VDD=251t06V;Vgs=0V; V| cp=VDD —3.5V to Vpp —9 V; Tamp = —40 to + 85 OC; unless
otherwise specified

parameter conditions symbol min. | typ. max. unit
Clock frequency 50% duty factor fcLk - * 10 kHz
Driver delays Vpp- VLcD=9 V;
with test loads tPLCD — — 100 us

12C-bus
SCL clock frequency fscL - - 100 kHz
Tolerable spike width

on bus SW — - 100 ns
Bus free time tBUF 4.7 - - us
Start condition repeated start

set-up time codes only tSU; STA 4.7 - - Ms
Start condition

hold time tHD: sTA | 4.0 - - us
SCL LOW time tLOwW 4.7 - - us
SCL HIGH time tHIGH 4.0 - - us
SCL and SDA rise time tr - — 1.0 us
SCL and SDA fall time tf - — 0.3 us
Data set-up time tSU; DAT | 250 | — - ns
Data hold tirme tHD: DAT | O - - ns
Stop condition

set-up time tSU; STO 4.0 - - us

Notes to the characteristics

1. Outputs are open; inputs at Vpp or Vss; |2C-bus inactive; clock with 50% duty cycle.
2. Resets all logic when Vpp < VpPQOR.

3. Periodically sampled; not 100% tested.
4

Resistance measured between output terminal (CO to C39) and bias input (V3 to V4, VDD and
VLcD) when the specified current flows through one output under the following conditions
(see Table 1):

VoP=VDD —VLCD=9V;
V3 —VicD =4.70V; V4 -V cDp <4.30V; ILoaD = 100 uA.
5. All timing values are referred to V| and V|| levels with an input voltage swing of Vgg to Vpp.

* Typically 0.9 to 3.3 kHz.
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1.5 kQ
$0A —{—F— Vpp
@%)

€O to C39 ——

i nF

7221534.1

Fig.16 Test loads.

foik
0.7 Vpp
CLK
0.3 Vpp
L — ? 0.5V
CO to Vpp-Viep =9 V)
p-Vico
c39 b |
K ————— 05V
: }
PLCD
72215301
Fig.17 Driver timing waveforms.
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Fig.18 12C-bus timing waveforms.
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Fig.22 Example of single plane wiring, single screen with 1:32 multiplex rate (PCF8578 in row driver mode).
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128 x 8-bit EEPROM with I2C-bus interface PCF8581/PCF8581C

GENERAL DESCRIPTION

The PCF8581 and PCF8581C are low-power CMOS EEPROMs with standard and wide operating
voltage:
4.5t05.5V (PCF8581); 2.5 t0o 6.0 V (PCF8581C).

In the following text, the generic term “PCF8581"" is used to refer to both types in all packages except
where specified.

The PCF8581 is organized as 128 words by 8-bits.

Addresses and data are transferred serially via a two-line bidirectional bus (12C). The built-in word
address register is incremented automatically after each written or read data byte. All bytes can be
read in a single operation. Up to eight bytes can be written in one operation, reducing the total write
time per byte. Three address pins A0, A1 and A2 are used to define the hardware address, allowing the
use of up to eight devices connected to the bus without additional hardware.

Features
® QOperating supply voltage: 4.5 to 5.5 V (PCF8581); 2.5 to 6.0 V (PCF8581C)
® |ntegrated voltage multiplier and timer for writing (no external components required)
Automatic erase before write

Low standby current max. 10 uA

Eight-byte page write mode
.Serial input/output bus (12C)

Address by 3 hardware address pins

Automatic word address incrementing

Designed for 10 000 write cycles per byte minimum

10 years minimum non-volatile data retention

Infinite number of read cycles

Pin and address compatibility to PCF8570, PCF8571 and PCF8582

PACKAGE OUTLINES

PCF8581P/PCF8581CP: 8-lead DIL; plastic (SOT97).
PCF8581T/PCF8581CT: 8-lead mini-pack (SO-8L; SOT176C).
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128 x 8-bit EEPROM with 12C-bus interface PCF8581/PCF8581C
PCF8581 L N N VOLTAGE
PCF8581C TIMER A " ”|  MULTIPLIER
A4
WORD MEMORY
ADDRESS L> Row > CELL
REGISTER | 7 SELECT ARRAY
A0 | 4 t
At |2
a2 |3
>
L \ A 4 v
scL |6
> INPUT > 12c IR _| coLumN .
A s FILTER > BUS CONTROL a1 > SELECT > MULTIPLEXER
A 2 A A
f
A
v
SHIFT 8
REGISTER i > R/W
Voo | 8 POWER 7y CONTROL
ON
Vss | 4 RESET
R
TEST | 7
7221677.1
Fig.1 Block diagram.
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128 x 8-bit EEPROM with 12C-bus interface PCF8581/PCF8581C
PINNING
1 A0 [
2 A1l hardware address inputs
3 A2 J
4 Vsg negative supply
5 SDA serial data input/output \
. . 12C-bus
6 SCL serial clock input J
7 TEST test output can be connected to Vgg, Vpp or left open-circuit
8 VpD positive supply
a0 [1]] U E Voo
Al E PCF8581 ZI TEST
A2 E PCF8581C E] scL
vss [4] 5] spa
7221679.1
Fig.2 Pinning diagram.
RATINGS
Limiting values in accordance with the Absolute Maximum System (IEC 134)
parameter symbol min. max. unit
Supply voltage range (pin 8) Vpp -0.3 7.0 \
Voltage range on any input* V| —-0.8 Vpp+0.8 \%
DC input current (any input) 1 - 10 mA
DC output current (any output) tlp — 10 mA
Total power dissipation Ptot — 150 mWwW
Power dissipation per output P - 50 mwW
Storage temperature range Tstg —65 + 150 oC
Operating ambient temperature range Tamb —-40 + 85 oC

* Measured via a 500 £2 resistor.
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128 x 8-bit EEPROM with 12C-bus interface PCF8581/PCF8581C

CHARACTERISTICS

Vpp = 2.5 to 6 V (PCF8581C) 4.5 to 5.5 V (PCF8581); Vgg = 0 V; Tamp = —40 to + 85 OC unless
otherwise specified

parameter conditions symbol min. typ. | max. unit
Supply
Supply voltage range
PCF8581A VpD 25 — 6.0 \%
PCF8581 Vbb 4.5 - 5.5 \Y,
Supply current
standby fgcL=0Hz IpD - — 10 MA
operating fgcpL = 100 kHz IbD - — 400 uA
during write see bus protocol IpD — - 1000 HA
Inputs
A0, A1, A2,SCL,SDA
Input voltage LOW ViL — — 03Vpp |V
Input voltage HIGH VIH 0.7Vpp | — - Vv
Input leakage current pin at Vgg or Vpp L - - 1 MA
Input capacitance pin at Vgg Cy — - 7 pF
Outputs
SDA
Output current LOW pinat 0.4V loL 3 — — mA
TEST
Output leakage current pin at Vgg or Vpp iLo - - i MA
Erase/write data
Write time tWR 6 — 12 ms
Data retention time tRET 10 - - years

Purchase of Philips’ 12C components conveys a license under the
Philips’ 12C patent to use the components in the |>C-system
provided the system conforms to the 12C specifications defined
by Philips.
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PCF8581/PCF8581C

CHARACTERISTICS OF THE 1°C-BUS

The 12C-bus is for two-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.

|

1\ data line | change |

| stable: | ofdata |

| data valid | allowed |

Fig. 3 Bit transfer.

Start and stop conditions
Both data and clock lines remain HIGH when the bus is not busy. A HIG}
data line, while the clock is HIGH is defined as the start condition (S). A
the data line while the clock is HIGH is defined as the stop condition (P).

7287019
-to-LOW transition of the
LOW-to-HIGH transition of

F———

/ SDA
\

—\
e T\ /

[E——

start condition

Fig. 4 Definition of start and stop conditions.
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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
T [ [ [ [
MASTER SLAVE MASTER
A
TRANSMITTER/ R:CLE[\\//EER TRANSMITTER/ : MASTETRT TRANSMITTER/
RECEIVER RECEIVER RANSMITTER RECEIVER
7287004

Fig. 5 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 eigth bits is followed by one acknowledge bit. The acknowledge

bit is a 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.

start clock pulse for
condition acknowledgement
|

SCL FROM i
; pr—
DATA OUTPUT ’ o
BY TRANSMITTER }
DATA OUTPUT -
BY RECEIVER

7287007

Fig. 6 Acknowledgement on the I2C-bus.
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Timing specifications

All the timing values are valid within the operating supply voltage and ambient temperature range and
refer to V|| 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 - - Ms
Start condition set-up time tsU: STA 4.7 - - us
Start condition hold time tHD: STA 4.0 - - us
SCL LOW time tLow 4.7 - - us
SCL HIGH time tHIGH 4.0 — - us
SCL and SDA rise time ty - - 1.0 us
SCL and SDA fall time tf - - 0.3 us
Data set-up time tsU: DAT 250 - - ns
Data hold time tHD; DAT 0 - - ns
SCL LOW to data out valid tyD; DAT - - 3.4 us
Stop condition set-up time tsu; STO 4.0 - - us
START BIT 7 BIT6 BIT 0 ACKNOW- | STOP
PROTOCOL CONDITION MsB LS8 LEDGE CONDITION
(S) (A7) (A6) (R/W) (A) (P)
tsu:sTA tLow  tHIGH scL
7 \ \ K-—
vanll o VaERWaw
- K — )
tBUF tr tf
- 7
« NI XS
|
7281193.2 tHD:STA tSU;DAT  'HD;DAT tvD;DAT tsu;sTO

June 1989

Fig. 7 i>C-bus timing diagram.
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128 x 8-bit EEPROM with 12C-bus interface PCF8581/PCF8581C

Bus protocol

Before any data is transmitted on the 12C-bus, the device which should respond is addressed first. The
addressing is always done with the first byte transmitted after the start procedure. The 12C-bus con-
figuration for PCF8581 WRITE cycle is shown in Fig. 8 and READ cycle in Figs 10 and 11.

Writing
acknowledge acknowledge acknowledge
from slave from slave fromflave
] S l SLAVE ADDRESS 0 I Al WORD ADDRESS X} Ai DATA ]AI P ] WRITING J
S t P PR S S T
R/W T L——— 1to8bytes TT l twR !
don't care auto increment

ess
memory word addr 7221680.1

Fig. 8 Master transmits to slave receiver (WRITE mode).

After the word address, one to eight data bytes can be sent. The address is automatically incremented,
but the four highest address bits (row) are internally latched. Therefore all bytes are written in the same
row.

An example of writing eight bytes with word address X0000000 and six bytes with word address
X0010101 is shown in Fig. 9. Where X = don’t care.

word address | row bytes
X0000000 0 1— |2— |3— |4— |b— 6— |7— |8—
X0000001 1
X0010101 2 |—> 4 — 5— |6 1 —» 2_5 |3 — _,_l
X0011101 3

column| O 1 2 3 4 5 6 7

Fig. 9 Writing eight and six bytes with different word addresses.

To transmit eight bytes in sequential order, begin with the lowest address bits 000. The data is written
after a stop is detected. The data is only written if complete bytes have been received and acknowledged.
Writing takes a time tyyR (6 to 12 ms) during which the device will not respond to its slave address.

Note that to write the next row, a new write operation is required (start, slave address, row address, data,
stop).

LIFE SUPPORT APPLICATIONS

Faselec’s product is not designed for use in life support appliances, devices or
systems where malfunction of above product can reasonably be expected to result
in a personal injury. Faselec’s customers using or selling Faselec’s PCF8581/81C
for use in life support applications do so at their own risk and agree to fully
indemnify Faselec for any damages resulting from such improper use or sale. |
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Reading
acknowledge acknowledge acknowledge acknowledge
from slave from slave from slave from master
[ Suive storest “o[a]  wonoagoness [a[s | seAvenoress 1[a] | omta | [a}--—

T at this moment master T_ b
R/W transmitter becomes R/W  |—— n bytes

master receiver and .
auto increment
7221681.1 PCF8581/PCF8581C word address
slave receiver becomes
slave transmitter

no acknowledge
from master

Sl o [

PR I

t——— last byte 4

auto increment
word address

Fig. 10 Master reads after setting word address (WRITE word address; READ data).

acknowledge acknowledge no acknowledge
from slave from master from master

T
|Si SLAVE ADDRESS 1‘A|

" L

T T T T T T T

DATA

R/W L n bytes Ii i L last byte ‘[‘r

auto increment auto increment
7290777 word address word address

Fig. 11 Master reads slave immediately after first byte (READ mode).

An unlimited number of data bytes can be read in one operation. The address is automatically in-
cremented. If a read without setting the word address is performed after a write operation, the address
pointer may point at a byte in the row after the previously written row. This occurs if, during writing,
the three lowest address bits (column) rolled over.
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128 x 8-bit EEPROM with 12C-bus interface PCF8581/PCF8581C

APPLICATION INFORMATION

The PCF8581 slave address has a fixed combination 1010 as group 1, while group 2 is fully programmable
(see Fig. 12).

1 0 1 0 | A2 | A1 | AO |R/W

group 1 ! group 2 —» 7Z87030.1

Fig. 12 PCF8581 address.

Vbo
<+—»—{ SDA
Vop MASTER
| TRANSMITTER
r+— scL
0 Voo N
— A0 scL 4/_
2 0 v
5] A1 PCF8581/PCF8581C
"~ 0 "1610°
51 A2 SDA
4 TEST Vss
»
l Voo
1 Vbp up to 8 PCF8581/PCF8581C
Vpp &—— A0 SCL > without additional
0 hardware
—— A1 PCF8581/PCF8581C
” 4
N 1010 SDA
7 TEST  Vss o
» 7J/_ | |
2 2
toV
| Voo DD
—r—
1 Vob
Vpp +— A0 scL
1 J
Vpp «—— A1 PCF8581/PCF8581C R R
1 1010’
Voo A2 SDA R : pull-up resistor
TEST Vss 1
; % R= trise
4 7 / Cgus

SDA SCL
(12C-bus) 7221678.1

Fig. 13 Application diagram.

Note
A0, A1 and A2 inputs must be connected to Vpp or Vgg but not left open-circuit.
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256 x 8-bit CMOS EEPROMs .
with 12C-bus interface PC.8582 Family

GENERAL DESCRIPTION Features

The 2 Kbit (256 x 8-bit) CMOS Non-volatile storage of 2 Kbits
EEPROMS are floating gate organized as 256 x 8-bits
electrically erasable programmable
read only memories.

Only one power supply required
On chip voltage multiplier

Serial input/output bus (12C)
Automatic word address
incrementing

Low power consumption

Power consumption is low due to
the full CMOS technology used. The
programming voltage is generated
on-chip using a voltage multiplier.

As data bytes are received and
transmitted via the serial I2C-bus, a
package using eight pins is sufficient.

Power-on reset

10 years non-volatile data
retention time

Pin and address compatible to
PCF8570, PCF8571, and

Chip select is accomplished by the
three address inputs, which also
allows up to eight devices to be

connected to the 12C-bus. PCF8581
e Mini-pack package for SMD
technology.
QUICK SELECTION GUIDE
TYPE PCF8582A | PCA8582B | PCF8582C | PCD8582D | PCF8582E

extended temperature range . . . - .
extended voltage supply range - - . . -
no external RC required - - . . .
single bit error correction for extended number of - . . . .
erase/write cycles

ORDERING INFORMATION

PACKAGE
EXTENDED TYPE NUMBER
PINS PIN POSITION MATERIAL CODE

PCA8582BP 8 DIL plastic SOT97
PCA8582BT 16 SO16L plastic SOT162A
PCD8582DP 8 DIL plastic SOT97
PCD8582DT 8 SO8 plastic SOT96A
PCF8582AP 8 DiL plastic SOT97
PCF8582AT 16 SO16L plastic SOT162A
PCF8582CP 8 DIL plastic SOT97
PCF8582CT 16 SO16L plastic SOT162A
PCF8582EP 8 DIL plastic SOT97
PCF8582ET 8 SO8 plastic SOT96A
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with 12C-bus interface

Preliminary specification

PC.8582 Family

FUNCTIONAL DESCRIPTION
Characteristics of the 12C-bus

The I12C-bus is a bidirectional, 2-line
communication between different
ICs or modules. The two lines are
for serial data (SDA) and serial clock
(SCL). Both the SDA and the SCL
lines must be connected to a
positive supply voltage via a pull-up
resistor.

The following protocol has been
defined:

December 1990

only when the bus is not busy.

during data transfer, the data line
must remain stable whenever the
clock line is HIGH. Changes in
the data line while the clock line
is HIGH will be interpreted as
control signals.

The following bus conditions have
been defined:

Bus not busy: both data and clock
lines remain HIGH.

Start data transfer: a change in the
state of the data line, from
HIGH-to-LOW, while the clock is
HIGH defines the start condition.

Stop data transfer: a change in the
state of the data line, from

267

HIGH, defines the stop condition.

Data valid: the state of the data line
represents valid data when, after a
start condition, the data line is stable
for the duration of the HIGH period
of the clock signal. There is one
clock pulse per bit of data.

Each data transfer is initiated with a
start condition and terminated with a
stop condition; the number of the
data bytes, transferred between the
start and stop conditions is limited to
two bytes in the ERASE/WRITE
mode and unlimited in the READ
mode. The information is transmitted
in bytes and each receiver
acknowledges with a ninth bit.

PC.8582 Family
scL INPUT STATUS L’ CONTROL STATUS TvER pre
oA FILTER REGISTER 1 FUNCTION REGISIER2 |77
L T,
T | o
|
TEST MODE
SHIFT BYTE 1 BYTE 2 l_
——| DECODER OR +128
| Testiose | Ll,| recster LATCH LATCH
3
INTERNAL BUS @ @ ﬁ u ﬂ
il U U =
A0 POWER
ADDRESS ADDRESS ERROR | |
:; SWITCH 1 PoINTER | cormecTion —] EEPROM oL
—— Voo
I Vss
(1) Not for PCF8582A MLA1ze
(2) Not for PCF8582C
PCDB8582D
PCF8582E
Fig.1 Block diagram.
PINNING
SYMBOL PIN DESCRIPTION
) A0 1 address input
Ao [1] PCABRE2EP (5] Voo Al 2 address input
At IZ gggg§§§g$ (7] pTC A2 3 address input
PCF8582AP V, 4 round
n2 [3] SeFasezce GES SE)SA 5 gro o
PCF8582EP serial data
vss [2 5] sDA
(o] rereseeer [=] scL 6 | senial clock
MLA167
' PTC 7 can be connected to Vp,;, or left open-circuit
Voo 8 positive supply voltage
Fig.2 Pin configuration
(SOT96A and SOT97). ) )
« data transfer may be initiated LOW-to-HIGH, while the clock is
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PC.8582 Family

o] Y e
nc. [Z E n.c
Ao [3] [14] Vop
A1 [4] pcassezsT [13]PTC
s |
Vss 6] [11] soa
n.c E E n.c.
ne [5] [5]ne

MLA168

Fig.3 Pin configuration
(SOT162A).

By definition a device that sends a
signal is called a "transmitter” and
the device which receives the signal
is called a "receiver”. The device
which controls the signals is called
the "master”. The devices that are
controlled by the master are called
"slaves".

Each byte of eight bits is followed by
one acknowledge bit. This
acknowledge bit is a HIGH level put
on the bus by the transmitter. The
master generates an extra
acknowledge related clock pulse.

The slave receiver which is
addressed is obliged to generate an
acknowledge after the reception of
each byte.

The master receiver must generate
an acknowledge after the reception

PINNING
SYMBOL | PIN DESCRIPTION
nc. 1 not connected
n.c. 2 not connected
A0 3 |address input
Al 4 address input
A2 5 | address input
Vgs 6 | ground
n.c. 7 | not connected
nc. 8 not connected
n.c. 9 | not connected
n.c. 10 | not connected
SDA 11 | serial data
SCL 12 | serial clock
PTC 13 | can be connected to Vp, or left open-circuit
Voo 14 | positive supply voltage
n.c. 15 | not connected
n.c. 16 | not connected

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 in such a
way 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 slave
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 generation of the stop
condition.

m

(1) Detailed specifications of the [2C-bus are available on request.
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I2C-bus protocol

The 1?C-bus configuration for different READ and WRITE cycles of the EEPROM are shown in Figures 4, 5 and 6.

acknowledge acknowledge acknowledge acknowledge
from slave from slave from slave from slave
T T T T T T LI B e e T T T
[ s ] SLAVE ADDRESS loIAl WORD ADDRESS |AI DATA ]A| DATA [AI P |(”
M PRt e M e T AR
7294117.1 RIW

auto increment

auto increment
word address (2]

word address (2)

(1) After this stop condition the ERASE/WRITE cycle starts and the bus is free for another transmission.
During the ERASE/WRITE cycle the slave receiver does not send an acknowledge bit if addressed via
the 12C-bus.

2

The second data byte is voluntary. It is not allowed to ERASE/WRITE more than two bytes.

Fig.4 Master transmitter transmits to EEPROM slave receiver (ERASE/WRITE mode).

acknowledge

acknowledge
from slave

acknowledge
from slave

acknowledge
from slave

from master

[S I SLAVE ADDRESS 0 l AI WORD ADDRESS IAI S l SLAVE ADDRESS 1 IA DATA

[}

n bytes
master receiver and
EEPROM slave receiver
becomes slave transmitter

auto increment
7296672.2

. at this moment master _
R/W transmitter becomes R/W
word address

no acknowledge
from master

!
e o ][]

L——— last byte

auto increment
word address

Fig.5 Master reads EEPROM slave after setting word address (write word address; READ data).

acknowledge

acknowledge no acknowledge
from slave from master from master
[ S I SLAVE ADDRESS 1 [AI DATA IAI I 1 I PJ
R/W b———n bytesgir L——— last byte 4
auto increment auto increment
7287033.4

word address word address

Fig.6 Master reads EEPROM slave immediately after first byte (READ mode). Write protection can be
achieved by connecting pin PTC to V;,, (for PCF8582A and PCA85828B only).

The slave address is defined in accordance with the 12C-bus specification as:

[ 1 [ 0 1 0 A2 At [ a0 ]
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-
.
|
i

o
T
i

i~ 'BUF

scL

'HD:STA

-

HD:DAT 'SU:DAT

Fig.7 12C-bus timing.

‘su:sTo

t, ty -
td || THIGH | | tLow
]
\
1\ Y 2 \

257
soA 5 / -------
scL
STOP MLA173
Fig.8 One byte ERASE/WRITE cycle.
tr Y
td | | 1HIGH | | 'Low
]
prc (M 1 Y 2\ 513
soa 5
scL
STOP MLA174

Fig.9 Two byte ERASE/WRITE cycles.
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SCL 8-bit

SLAVE ADDRESS  WORD ADDRESS
Trrrrr rrrrrrr TTrrrrrr Trrrrrr
12C-bus S[ IOIAI Al DATA IAI DATA IA‘ Pl
L1411 ) T 'l B T 0 .
HIGH
PTC undefined
Low
1
1
negative edge tg20

2 513
2 257

I I I | ! undefined

clock (2)
clock (3)

MLA175

(1) If an external clock is chosen, this information is latched intemally by leaving pin PTC LOW after
transmission of the eigth bit of the word address (negative edge of SCL). The state of pin 7 then, may
be previously undefined.

2 2 byte programming

3) 1 byte programming

Fig.10 Extemnal clock.
LIMITING VALUES

In accordance with the Absolute Maximum System (IEC 134)

SYMBOL

PARAMETER CONDITIONS MIN. MAX. UNIT
Voo supply voltage -0.3 +7.0 \)
Vi voltage on any input 1Z} > 500 Q Vgs—0.8 Vpp+0.8 |V
I current on any input pin - 1 mA
lo output current - 10 mA
Tug storage temperature range -65 +150 °C
Tamb operating ambient temperature range
PCF8582A/C/E -40 +85 °C
PCA8582B -40 +125 °C
PCD8582D -25 +70 °C
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CHARACTERISTICS

PCF8582A; Vop = 4.510 5.5 V; Vgg = 0 V; Ty = —40 to +85 °C
PCAB582B; Vyp = 4.5 10 5.5 V; Vg = 0 V; T, = —40 to +125 °C
PCF8582C; Vpp = 2.5 10 6 V; Vgg = 0 V; Ty = 40 10 +85 °C
PCD8582D; Vop =310 6 V; Vg = 0 V; Ty = —25 10 470 °C
PCF8582E; Vpp = 4.510 5.5 V; Vg = 0 V; T, = —40 t0 +85 °C

SYMBOL PARAMETER CONDITIONS | MIN. TYP. MAX. UNIT
Voo supply voltage
PCF8582A/E, PCA8582B 45 - 55 \"
PCF8582C 25 - 6.0 \"
PCD8582D 3 - 6 \
loor supply current READ fseL = 100 kHz
PCF8582A Voo(ma - - 0.4 mA
PCA8582B Vobmax - - 0.8 mA
PCF8582C/PCD8582D Vop=3V - - 0.25 mA
Vop=6V - - 1.6 mA
PCF8582E Vonman - - 1.6 mA
Iooew supply current ERASE/WRITE fscL = 100 kHz
PCF8582A/PCA8582B Voomax - - 2 mA
PCF8582C/PCD8582D o0 = - - 0.35 mA
Vpp=6V - - 25 mA
PCF8582E Vooman - - 25 mA
lap supply current STANDBY
PCF8582A Vobimex - - 10 pA
PCA8582B DO(max) - - 20 pA
PCF8582C/PCD8582D bp =3 - - 35 pA
Voo =6V - - 10 pA
PCF8582E Vioman - - 10 pA
PTC input (PCF8582A/PCA8582B)
'™ input voltage HIGH Vpp0.3 |- Vop+08 |V
Vi input voltage LOW -0.8 - Vg+ 03 |V
PTC input (PCF8582C/PCD8582D/PCF8582E)
Vi input voltage HIGH 09 Vpy |- Vop+08 |V
Vi input voltage LOW -0.8 - 0.1 Vpp Vv
SCL input
Vi input voltage HIGH
PCF8582A/PCA8582B 3 - Vpp+0.8 |V
PCF8582C/PCD8582D/PCF8582E 0.7 Vpp |- Vpp+0.8 |V
SDA input/output
Vi input voltage LOW
PCF8582A/PCA8582B -0.3 - 1.5 Vv
PCF8582C/PCD8582D/PCF8582E -0.8Vpp |- 0.3 Vpp \'
Voo output voltage LOW loo=3mA
PCF8582A/PCA8582B Vpp=4.5V - - 0.4 \"
PCF8582C Vpp =25V - - 0.4 \"
PCD8582D Vpp=3V - - 0.4 \"
PCF8582E Voomin - - 0.4 Vv
lo output leakage current Vou = Vop - - 1 pA
Iy input leakage current V,=VpporVgg |- - 1 RA
Data retention time
ts data retention time Tamp =55 °C 10 - - l yrs
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WRITE CYCLE LIMITS

SYMBOL PARAMETER CONDITIONS MIN. MAX. UNIT
tew ERASE/WRITE cycle time
PCF8582A/PCA8582B 40 ms
PCF8582C/PCD8582D/PCF8582E 25 ms
Endurance
New ERASE/WRITE cycles per byte
PCF8582A 10000
PCA8582B Tamy = 125 °C;
ttw=5t0 40 ms 50000
Tams = 85 °C;
tetw=5t0 40 ms 100000
Tamp = 33 °C;
tew= 10 ms 500000
PCF8582C Tams =85 °C;
tew=5t025ms 100000
Tams =33 °C;
tew=10ms 500000
PCD8582D Tamp = —25 t0 +70 °C;
tetw=5t0 25 ms 10000
Tamy = 0 t0 +40 °C;
tew=10ms 100000
PCF8582E Tamp = —40 t0 +85 °C;
ttw=51t025ms 100000
PC-BUS CHARACTERISTICS
SYMBOL PARAMETER CONDITIONS MIN. TYP. MAX. UNIT
fseL clock frequency 0 - 100 kHz
C, input capacitance (SDA; SCL) V,=Vgg - - 7 pF
taur time the bus must be free before 4.7 - - us
new transmission can start
tio.sTa start condition hold time after 4 - - us
which first clock pulse is generated
tow clock period LOW 47 - - us
Yt clock period HIGH 4 - - us
tsusta set up time for start condition repeated start 4.7 - - us
tp.0aT data hold time for bus compatible 5 - - us
masters
Yp.0ar data hold time for bus devices note 1 0 - - ns
tsupar data set up time 250 - - ns
t SDA and SCL rise time - - 1 us
|1 SDA and SCL fall time - - 300 ns
tsusto set up time for stop condition 47 - - us
Note

1. The hold time required to bridge the undefined region of the falling edge of SCL must be internally provided by a
transmitter. It is not greater than 300 ns.

12C

Purchase of Philips’ I2C components conveys a license under the Philips’ 12C
patent to use the components in the 12C-system provided the system conforms to
the 12C specification defined by Philips.
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E/W programming time control

Using external resistor R, and
capacitor Cy (see Table 1).

Table 1 Recommended Rgy and Cgy combinations (PCF8582A/PCA8582B

only).
Rew Cew Tew (typ:)
(kQ) (nF) (ms)
56 3.3 34
56 22 21
22 33 13
22 2.2 7.5
8 Voo 8 Voo
PCF8582AP Rew PCA8582BP Rew
7 PTC 7 PTC

Cew Cew

g
-

Vss Vss

MLA171 MLA169

Fig.11 PTC circuit connections to PCF8582AP/PCA8582BP when using the internal oscillator.

14 Voo 14 Voo
PCFg582AT Rew PCA8582BT Rew
13 PTC 13 PTC
I Cew CeEw
Vss -—T_ Vss

6

MLA172 MLA170

Fig.12 PTC circuit connections to PCF8582AT/PCA8582BT when using the intemal oscillator.

Using external clock (see Table 2
and Figs 8, 9 and 10).

Table 2 E/W programming time control using an externai clock.

SYMBOL PARAMETER MIN. MAX. UNIT
fox frequency 10 50 kHz
tow clock period LOW 10 - us
tuicH clock period HIGH 10 - us
t rise time - 300 ns
t fall time - 300 ns
ty delay time 0 tow us

USING AN INTERNAL OSCILLATOR

When using an internal oscillator tgy,
has a minimum value of 5 ms and a
maximum value of 25 ms; a typical
value is 10 ms.
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FEATURES
¢ [2C-bus interface operating
supply voltage: 25V to 6 V

Clock operating supply voltage
(Oto +70°C): 1.0V to 6.0V

Data retention voltage:
10Vto 6V

Operating current (f, = 0 Hz):
max. 50 A

e Clock function with four year
calendar

Universal timer with alarm and
overflow indication

e 24 or 12 hour format
e 32.768 kHz or 50 Hz time base
Serial input/output bus (12C)

Automatic word address
incrementing

Programmable alarm, timer and
interrupt function

Slave address,

READ: A1 or A3,

WRITE: A0 or A2.

GENERAL DESCRIPTION

The PCF8583 is a low power
2048-bit static CMOS RAM

H rede hu Q hite
organized as 256 words by 8 bits.

Addresses and data are transferred
serially via a two-line bidirectional
bus (12C). The built-in word address
register is incremented automatically
after each written or read data byte.
One address pin AQ is used for
programming the hardware address,
allowing the connection of two
devices to the bus without additional
hardware. The built-in 32.768 kHz
oscillator circuit and the first 8 bytes
of the RAM are used for the
clock/calendar and counter
functions. The next 8 bytes may be
programmed as alarm registers or
used as free RAM space.

October 1991

PCF8583
| @ |
IRE
BUS
QUICK REFERENCE DATA
SYMBOL PARAMETER CONDITION | MIN. | MAX. | UNIT
Voo supply voltage 12C-bus active [2.5 |6.0 \"
operating range
Voo supply voltage 12C-bus 1.0 |6.0 \
operating range inactive
loo supply current foq =100 kHz - 200 |pA
operating mode
looo supply current clock | f,, = 0 Hz; - 50 HA
mode Vop=5V
fu=0Hz; - 10 HA
Vop=1V
Tamb operating ambient -40 [+85 |[°C
temperature range
Ty storage temperature -85 |+150 |°C
range
ORDERING INFORMATION
EXTENDED PACKAGE
TYPE NUMBER | piNs | PiN POSITION | MATERIAL| CODE
PCF8583P 8 DiL plastic SOT97
PCF8583T 8 mini-pack plastic SOo8L,;
SOT176C
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4 control/status 00
0scl PCF8583 DIVIDER hundredth of a second | 01
2 OSCILLATOR 1:256 seconds
osco 32.768 kHz 100 128 | 1902 minutes
iNT 7 hours
8 I year/date
Voo POWER-ON CONTROL weekdays/months
v 4 RESET LOGIC timer 07
ss | _ _alamcontrol _ _ | 08
3 41 l alarm registers
A0 2 | ___ofRAM
scL 6 I°c-BUS ADDRESS oF
5 INTERFACE REGISTER RAM
SDA (256 x 8)
|j/\_t\ | FF
> T
MRB0O1
Fig.1 Block diagram.

PINNING
oscr 1] U 100 SYMBOL PIN . . DESCRIPTION .
- OSCl 1 oscillator input, 50 Hz or event-pulse input
0500 [2] porgsese [Z17T 0sCoO |2 oscillator output
a0 [a] POFESET []sc A0 3 address input
Vss [4] 5] soa Vs 4 negative supply
SDA 5 serial data line
MRBO14 SCL 6 serial clock line
Fig.2 Pinning diagram. ﬁ 7 open drain interrupt output (active LOW)
Voo 8 positive supply

PURCHASE OF PHILIPS 12C COMPONENTS

the components in the 12C system provided the system conforms to the 12C specification

D @ Purchase of Philips I2C components conveys a license under the Philips’ 12C patent to use
defined by Philips. This specification can be ordered using the code 9398 358 10011.
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FUNCTIONAL DESCRIPTION

The PCF8583 contains a 256 by
8-bit RAM with an 8-bit
auto-increment address register, an
on-chip 32.768 kHz oscillator circuit,
a frequency divider, a serial two-line
bidirectional 12C-bus interface and a
power-on reset circuit.

The first 8 bytes of the RAM
(memory addresses 00 to 07) are
designed as addressable 8-bit
parallel registers. The first register
(memory address 00) is used as a
control/status register. The memory
addresses 01 to 07 are used as
counters for the clock function. The
memory addresses 08 to OF are free
RAM locations or may be
programmed as alarm registers.

Counter function modes

When the control/status register is
programmed, a 32.768 kHz clock
mode, a 50 Hz clock mode or an
event-counter mode can be selected.

In the clock modes the hundredth of
a second, seconds, minutes, hours,
date, month (four year calendar) and
weekday are stored in a BCD
format. The timer register stores up
to 99 days. The event counter mode
is used to count pulses applied to
the oscillator input (OSCO left
open). The event counter stores up
to 6 digits of data.

When one of the counters is read
(memory locations 01 to 07), the
contents of all counters are strobed

October 1991

into capture latches at the beginning
of a read cycle. Therefore, faulty
reading of the count during a carry
condition is prevented.

When a counter is written, other
counters are not affected.

Alarm function modes

By setting the alarm enable bit of the
control/status register the alarm
control register (address 08) is
activated.

By setting the alarm control register
a dated alarm, a daily alarm, a
weekday alarm or a timer alarm may
be programmed. In the clock modes,
the timer register (address 07) may
be programmed to count hundredths
of a second, seconds, minutes,
hours or days. Days are counted
when an alarm is not programmed.

Whenever an alarm event occurs
the alarm flag of the control/status
register is set. A timer alarm event
will set the alarm flag and an
overflow condition of the timer will
set the timer flag. The open drain
interrupt output is switched on
(active LOW) when the alarm or
timer flag is set (enabled). The flags
remain set until directly reset by a
write operation.

When a timer function without any
function is programmed the
remaining alarm registers
(addresses 09 to OF) may be used
as free RAM space.

277

Control/status register

The control/status register is defined
as the memory location 00 with free
access for reading and writing via
the 12C-bus. All functions and
options are controlled by the
contents of the control/status
register (see Fig. 3).

Counter registers

In the clock modes 24 hor 12 h
format can be selected by setting
the most significant bit of the hours
counter register. The format of the
hours counter is shown in Fig 5.

The year and date are packed into
memory location 05 (see Fig 6). The
weekdays and months are packed
into memory location 06 (see Fig. 7).
When reading these memory
locations the year and weekdays are
masked out when the mask flag of
the control/status register is set. This
allows the user to read the date and
month count directly.

In the event-counter mode events
are stored in BCD format. D5 is the
most significant and DO the least
significant digit. The divider is
by-passed.

In the different modes the counter
registers are programmed and
arranged as shown in Fig 4. Counter
cycles are listed in Table 1.
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MSB

LsB

memory location 00
reset state: 0000 0000

timer flag  (50% duty factor
seconds flag if alarm
enable bit is 0)

alarm flag (50% duty factor
minutes flag if alarm
enable bit is 0)

alarm enable bit :

0 alarm disabled: flags toggle
alarm control register disabled
(memory locations 08 to Of

are free RAM space)

1 enable alarm control register

(memory location 08 is the
alarm control register)

mask flag :
read locations 05 to 06
unmasked

1 read date and month count
directly

1 mode :

00 clock mode 32.768 khz
01 clock mode 50 hz

10 event-counter mode
11 test modes

hold last count flag :

0 count

1 store and hold last count in
capture latches

stop ing flag :

0 count pulses

1 stop counting, reset divider

Fig.3 Control/status register.
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Fig.4 Register arrangement.

control/status control/status 00
hundredth of a second
110s | 1/100s o1 bo 01
seconds
10s | 1s D3 D2 02
minutes
10m I im D5 D4 03
hours free
10h | 1h 04
year/date free
10d | 1d 05
weekday/month
10m | im free 06
timer timer
1od | 1d m o] T 07
alarm control alarm control
08
hundredth of a second alam alarm
1/10s 1 1/100s D1 DO 09
alarm seconds D03 o2
0A
alarm minutes Ds D4
0B
alarm hours
free oc
alarm date free
oD
alarm month free OE
alarm timer alarm timer OF
free RAM free RAM
CLOCK MODES EVENT COUNTER
MRBO15
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279



Signetics 12C Peripherals for Microcontrollers

Product specification

Clock calendar with 256 x 8-bit static RAM

PCF8583

MSB LSB
I 7 l 6 l 5 | 4 l 3 I 2 I 1 I 0 I memory location 04 (hours counter)
reset state: 0000 0000

unit hours BCD

ten hours (0 to 2 binary)

AM/PM flag :
0 AM
1 PM

format :
0 24 h format, AM/PM flag
remains unchanged
1 12 h format, AM/PM flag
will be updated

MRB002

Fig.5 Format of the hours counter.

MSB

LSB
[ 7 [6 [ 5 I 4 I 3 | 2 | 1 l 0 I memory location 05 (year/date)
reset state: 0000 0001

unit days BCD

ten days (0 to 3 binary)

year (0 to 3 binary, read as 0 if
the mask flag is set)

MRB003
Fig.6 Format of the year/date counter.
MS8 LS8
memory location 06
L7 l 6 , 5 I 4 l 3 L 2 l 1 I 0 I (weekdays/months)
T T reset state: 0000 0001
unit months BCD
ten months
kdays (0 to 6 binary, read as 0
if the mask flag is set)
MRB0O4

Fig.7 Format of the weekdays/months counter.
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MSB LSB

Lrlelslefsfa]r o]
— C ]

memory location 08
reset state: 0000 0000

timer tunction :

000 no timer

001 hundredths of a second

010 seconds

011 minutes

100 hours

101 days

110 not used

111 test mode, all counters
in parallel

timer interrupt enable :

] timer flag, no interrupt
1 timer flag, interrupt

clock alarm function :

00 noclock alarm
01 daily alarm

10 weekday alam
11 dated alarm

timer alarm enable :

] no timer alarm
1 timer alarm

alarm interrupt enable :

(valid only when ‘alarm enable' in
control / status register is set)

0 alam flag, no interrupt

MA 1 alarm flag, interrupt

Fig.8 Alarm control register; clock mode.

Alarm Control register

When the alarm enable bit of the
control/status register is set

Alarm registers the involved counter registers. The
year and weekday bits are ignored
in a dated alarm. A daily alarm

ignores the month and date bits.

All alarm registers are allocated with
a constant address offset of hex 08

(address 00, bit 2) the Alarm Control
register (address 08) is activated. All
alarm, timer, and interrupt output
functions are controlled by the

contents of the alarm control register

(see Fig 8).
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to the corresponding counter
registers (see Fig 4, Register
arrangement).

An alarm signal is generated when
the contents of the alarm registers
matches bit-by-bit the contents of

281

When a weekday alarm is selected ,
the contents of the alarm
weekday/month register will select
the weekdays on which an alarm is
activated (see Fig. 9).
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MS8 Ls8
Llelslefofefr]o]

MRB006

not used

Fig.9 Selection of alarm weekdays.

memory location OE
(alarm weekday / month)

weekday 0 enabled when set
weekday 1 enabled when set
weekday 2 enabled when set
weekday 3 enabled when set
weekday 4 enabled when set
weekday 5 enabled when set

weekday 6 enabled when set

Note:

In the 12 h mode, bits 6 and 7 of the
alarm hours register must be the
same as the hours counter.

Timer

The timer (location 07) is enabled by
setting the Control/Status register =
XX0X X1XX. The timer counts up
from O (or a programmed value) to
99. On overflow, the timer resets to
0. The Timer flag (LSB of
Control/Status register) is set on
overflow of the timer. This flag must
be reset by software. The inverted
value of this flag can be transferred
to the external interrupt by setting bit
3 of the Alarm Control register.

Additionally, a timer alarm can be
programmed by setting the Timer
Alarm enable (bit 6 of the Alarm
Control register). When the value of
the timer equals a pre-programmed
value in the Alarm Timer register
(location OF), the Alarm flag is set
(bit 1 of the Control/status register).
The inverted value of the alarm flag
can be transferred to the external
interrupt by enabling the Alarm

October 1991

interrupt (bit 6 of the Alarm Control
register).

Resolution of the timer is
programmed via the 3 LSBs of the
Alarm Control register. See fig 11:
Alarm and Timer Interrupt logic
diagram.

Event Counter Mode

Event Counter mode is selected by
bits 4 and 5 = 10 in the
Control/status register. The event
counter mode is used to count
pulses externally applied to the
oscillator input (OSCO left open).
The event counter stores up to 6
digits of data, which are stored as 6
hexadecimal values located in
locations 1, 2, and 3. Thus, up to 1
million events may be recorded.

An event counter alarm occurs when
the event counter registers match
the value programmed in locations
9, A, and B, and the event alarm is
enabled (bits 4 and 5 = 01 in the
Alarm Control register). In this case,
the Alarm flag (bit 1 of the
Control/status register) is set. The
inverted value of this flag can be

282

transferred to the interrupt pin (pin
7) by setting the Alarm interrupt
enable in the Alarm Control register.
In this mode, the timer (location 07)
increments once for every one,
one-hundred, ten thousand, or 1
million events, depending on the
value programmed in bits 0 1 2 of
the Alarm Control register. In all
other respects, the timer functions
as in the clock mode.

Interrupt output

The conditions for activating the
open-drain n-channel interrupt
output (active LOW) are determined
by appropriate programming of the
Alarm Control register. These
conditions are: Clock alarm, timer
alarm, timer overflow, and event
counter alarm. An interrupt occurs
when the alarm flag or the timer flag
is set, and the corresponding
interrupt is enabled. In all cases, the
interrupt is cleared only by software
resetting of the flag which initiated
the interrupt.
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MsB LsB
Lrlelslefaa]r]o]
LT

memory location 08
reset state: 0000 0000

MRB007

timer function :

000 no timer

001 units

010 100

011 10000

100 1 000 000

101 not allowed

110 not allowed

111 test mode, all counters
in parallel

timer interrupt enable :

0 timer flag, no interrupt
1 timer flag, interrupt

clock alarm function :
00 no event alarm
01 eventalamm

10  not allowed

11 not allowed
timer alarm enable :

0 no timer alarm
1 timer alarm

alarm interrupt enable :

0 alarm flag, no interrupt

1 alarm flag, interrupt

Fig.10 Alarm control register, event-counter mode.

In the clock mode, if the Alarm
enable is not activated (Alarm
Enable bit of Control/status

register = 0), the interrupt output
toggles with at 1 Hz with a 50% duty
cycle. This is the default power-on
state of the device. The OFF voltage
of the interrupt output may exceed
the supply voltage, up to a
maximum of 6.0 V. A logic diagram
of the interrupt output is shown in
Fig 11.

Oscillator and divider

A 32.768 kHz quartz crystal has to
be connected to OSCI (pin 1) and
OSCO (pin 2). A trimmer capacitor
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between OSCI and V is used for
tuning the oscillator (see quartz
frequency adjustment). A 100 Hz
clock signal is derived from the
quartz oscillator for the clock
counters.

In the 50 Hz clock mode or
event-counter mode the oscillator is
disabled and the oscillator input is
switched to a high impedance state.
This allows the user to feed the 50
Hz reference frequency or an
external high speed event signal into
the input OSCI.
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Initialization

When power-up occurs the 12C-bus
interface, the control/status register
and all clock counters are reset. The
device starts time-keeping in the
32.768 kHz clock mode with the 24
h format on the first of January at
0.00.00: 00. A 1 Hz square wave
with 50% duty cycle appears at the
interrupt output pin (starts HIGH).

It is recommended to set the stop
counting flag of the control/status
register before loading the actual
time into the counters. Loading of
illegal states may lead to a
temporary clock malfunction.
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MUX

select

[<+—— osciilator

mode

=1 counter
ontrl CLOCK /CALENDAR
£ ALARM € TIMER
g LI
3 I 3 5 t
] ool | E 3 control

kk

Lrfelslelofo] o]

CONTROL / STATUS
REGISTER

|\ —

(((
CLLLLLELT]

alarm
interrupt

Note: if the alarm enable bit of the control/status register is reset,
a 1 Hz signal can be observed on the interrupt pin INT

timer overflow
interrupt INT

Fig.11 Alarm and Timer Interrupt logic diagram.

ALARM
CONTROL
REGISTER

MRB008
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CHARACTERISTICS OF THE
PC-BUS

The 12C-bus is for bi-directional,
two-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.
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 a control
signal.

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).

October 1991

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”.

Acknowledge

The number of data bytes
transferred between the start and
stop conditions from transmitter to
receiver is unlimited. Each byte of
eight bits is followed by an
acknowledge bit. The acknowledge
bitis a HIGH level signal put on the
bus by the transmitter during which
time 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 receiver must generate an
acknowledge after the reception of
each byte that has been clocked out
of the slave transmitter. The device
that acknowledges must pull down
the SDA line during the
acknowledge clock pulse, so that
the SDA line is stable LOW during
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the HIGH period of the acknowledge
related clock pulse (set-up and hold
times must be taken into
consideration). 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.

12C-bus protocol

Before any data is transmitted on
the I2C-bus, the device which should
respond is addressed first. The
addressing is always done with the
first byte transmitted after the start
procedure. The 12C-bus
configuration for the different
PCF8583 READ and WRITE cycles
is shown in Figs. 16, 17 and 18.
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| | ! -
| I |
SDA / | | X ]l - \
] ]
I I |
I ] | -==
oo /T N/
I 1 |
| data line | change |
| stable; | ofdata |
| data valid | allowed | MBA607
Fig.12 Bit transfer.
r== ﬂl r—=——m
- —— | -
AN / \ /0
SDA ' ! _ ! ! SDA
1 [ | |
| | o | | .
SCL | | \ / \ / | | SCL
| S B 1 P
start condition stop condition
MBA608
Fig.13 Definition of start and stop conditions.
SDA
] [ [ [ |
MASTER SLAVE MASTER
SLAVE MASTER
TRANSMITTER / TRANSMITTER / TRANSMITTER /
RECEIVER RECEIVER RECEIVER TRANSMITTER RECEIVER

Fig.14 System configuration.

MBA60S
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start clock pulse for
condition acknowledgement
| \

SCL FROM
|
DATA OUTPUT _\'\ / X -
BY TRANSMITTER | .
1
s

DATA OUTPUT o
BY RECEIVER MBA606

Fig.15 Acknowledgement on the 12C-bus.

acknowledgement acknowledgement acknowledgement
from slave from slave from slave

)

T T T T T T T T T T T T Illlrll‘
(5] o0 Ao o] oot [n] | (oA JA[7]

R/W l__ n bytes
auto increment

memory word address

MRB009

Fig.16 Master transmits to slave receiver (WRITE mode).

acknowledgement acknowledgement acknowledgement acknowledgement
irom siave from siave from siave from slave
T T 1 17T T T T T T T T T T T T 7T T 7T l
|sl SLAVE ADDRESS OlA[ WORDADDRESS |A|s| SLAVE ADDRESS I 1| AI DATA | 1%}-——,
§ I S I W N Lt 1 1 1 1 I T | § W S W N /
’
W R/W
R/W n bytes

at this moment master -

transmitter becomes

master - receiver and

PCF8583 slave - receiver

becomes slave - transmitter no acknowledgement
from slave

auto increment
memory word address

MRBO10

‘ |
7/ T 1 T 1T 111
/__—I DATA HP]
T T W A

I— last byte

auto increment
memory word address

Fig.17 Master reads after setting word address (Write word address; READ data)
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acknowledgement acknowledgement acknowledgement

from slave from slave from slave

[s] Suivencoress [1a] | | para,  Ja[ [ [ joad | [i]e]
RIW | n bytes }l [| n bytes

MRB013 auto increment auto increment

word address word address

Fig.18 Master reads slave immediately after first byte (READ mode).

LIMITING VALUES
In accordance with the Absolute Maximum System (IEC 134)
SYMBOL PARAMETER MIN. MAX. UNIT

Voo supply voltage range (pin 8) -0.8 +7.0 \'

lsss oo supply current (pin 4 or pin 8) - 50 mA

v, input voltage range -0.8 to Vpp +0.8 v

I, DC input current - 10 mA

lo DC output current - 10 mA

Pt power dissipation per package - 300 mw

Po power dissipation per output - 50 mw

- operating ambient temperature range -40 +85 °C

Tag storage temperature range -65 +150 °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 (see 'Handling MOS Devices').
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DC CHARACTERISTICS
Vop=2.5106.0 V; Vgg=0V; T, = —40 to +85 °C unless otherwise specified
SYMBOL PARAMETER CONDITIONS MIN. TYP. MAX. UNIT
Voo supply voltage range 12C-bus active 25 - 6.0 v
12C-bus inactive 1.0 - 6.0 \
quartz oscillator supply Tamp =0 to 70 °C; 1.0 - 6.0 v
voltage range note 1
loo supply current operating fo =100 kHz; clock - - 200 HA
mode mode; note 2
looo supply current clock mode f=0Hz;Vp =5V, - 10 50 A
f=0Hz; Vpp=1V - 2 10 pnA
loor data retention fosci=0Hz; Vpp =1V,
Tamp = —40 to +85 °C - - 5 pnA
fosci=0Hz; Vpp =1V
Tamp=—-2510+70 °C - - 2 MA
Ven 12C-bus enable level note 3 1.5 1.9 2.3 v
SDA
Vi input voltage LOW note 4 -0.8 - 0.3 Vpp \"
Vi input voltage HIGH note 4 0.7 Vgp - Vop+0.8 |V
lov output current LOW V=04V 3 - - mA
lig leakage current V= Vpp Or Vgg - - 1 HA
C, input capacitance note 5 - - 7 pF
A0; OSCI
il leakage current V)= Vpp Of Ve . [- 250 nA
INT
lo output current LOW Vou=04V 3 - - mA
il ieakage current ' V)= Vpp OF Vgg - - i HA
SCL
C input capacitance note 5 - - 7 pF
Y leakage current V,=Vpp Or Vgg - - 1 A
Notes

1. When powering up the device, V,p must exceed 1.5 V until stable operation of the oscillator is established.

2. Event counter mode: supply current dependant upon input frequency.
3. The I2C-bus logic is disabled if Vpy < Vgy.
4

. When the voltages are above or below the supply voltages Vp, or Vgg, an input current may flow; this current

must not exceed +0.5 mA.
5. Tested on sample basis.
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AC CHARACTERISTICS
Vpp=2.5t06.0 V; Vgg = 0V; T, = —40 to +85 °C unless otherwise specified
SYMBOL 'PARAMETER CONDITIONS MIN. TYP. MAX. UNIT
Oscillator
Cosc integrated oscillator - 40 - pF
capacitance
tosc oscillator stability for AVpp = 100 mV; - 2x 107 |-
Tamp =25 °C;
V=15V
f; Input frequency note 1 - - 1 MHz
Quartz crystal parameters (frequency = 32.768 kHz)
Rs series resistance - - 40 kQ
C, parallel capacitance - 10 - pF
C; trimmer capacitance 5 - 25 pF
C-bus timing (note 2)
fo SCL clock frequency - - 100 kHz
tsw tolerable spike width on bus - - 100 ns
taur bus free time 4.7 - - us
tsusTa start condition set-up time 4.7 - - us
to.sTa start condition hold time 4.0 - - us
tow SCL LOW time 47 - - us
thicH SCL HIGH time 4.0 - - us
t SCL and SDA rise time - - 1.0 us
t SCL and SDA fall time - - 0.3 us
tsuoat data set-up time 250 - - ns
tun.oar data hold time 0 - - ns
tooaT SCL LOW to data out valid - - 3.4 us
tsusto stop condition set-up time 4.0 - - us
Notes

1. Event counter mode only.

2. Alltiming values are valid within the operating supply voltage and ambient temperature range and refer V, and
Vi with an input voltage swing of Vg to V.
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Note:
The general characteristics and detailed specification of the I2C-bus are available on request.
START BIT7 BIT6 BITO ACKNOWLEDGE STOP
PROTOCOL CONDITION Ms8 LsB CONDITION
) (A7) (A6) (RW) (*A) (P)
tsu;sTA ttow 'HIGH 1/tscL
!
I — .
scL / /
- I' 7 > L —t
lr__._ s

SDA

\

A

X

s

tHD;STA

-

tSu;DAT

fe— —f je—

tHD;DAT

—

tvD;DAT

—

tsu;sTo

MRBO11

Fig.19 12C-bus timing diagram; rise and fall times refer to V,_ and V..

APPLICATION INFORMATION
Quartz frequency adjustment
MeTHOD 1: Fixepb OSCI CAPACITOR

By evaluating the average
capacitance necessary for the
application layout a fixed capacitor
can be used. The frequency is best
measured via the 1 Hz signal
available after power-on at the
interrupt output (pin 7). The
frequency tolerance depends on the
quartz crystal tolerance, the
capacitor tolerance and the
device-to-device tolerance (on

October 1991

average 5 x 10-6). Average
deviations of +5 minutes per year
can be achieved.

MeTHOD 2 : OSCI TRIMMER

Using the alarm function (via the
12C-bus) a signal faster than 1 Hz
can be generated at the interrupt
output for fast setting of a trimmer.

Procedure:

e Power-on
« Initialization (alarm functions).
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Routine:
o Setclock to time T and set alarm
totime T +dT

e Attime T + dT (interrupt) repeat
routine.

METHOD 3:

Direct measurement of OSC out
(accounting for test probe
capacitance).

The PCF8583 slave address has a
fixed combination 1010 as group 1.
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Lilofi]o

[o [ o [ro]n®]

‘4—— group1 ——>l<—~ group 2 —-'

MRBO16
Fig.20 Slave address.
Vop
I
Voo
L___4 SDA  MASTER
scL TRANSMITTER
H Hao crock V

CALENDAR SCL
OSCl  pcFesss  gpa
0SCO 1010 o

*

Voo
|

1
Vop =—

JL—+

A0 EVENT

I

>

COUNTER  SCL
OSCl pcrsses

0SCO 1010 Vss

B
Vob

|

1
Vpp =—

KEl

A0 256 BYTE RAM

SDA —9

Al PCF8570 SCL

A2

'1010' SDA 4

TEST Vss

7 >

SDA

R R R: pull-up resistor
R =tse / C-bus

SCL

(1?C-bus)

Fig.21 Application diagram.
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MRBO12

Ippo

(nA) /

Voo V)

Fig.22 Typical supply current as a function of supply
voltage (clock = 32 kHz; T, = —40 to +85 °C)
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GENERAL DESCRIPTION

The PCF8591 is a single chip, single supply low power 8-bit CMOS data acquisition device with four
analogue inputs, one analogue output and a serial |2C bus interface. Three address pins AO, A1 and A2
are used for programming the hardware address, allowing the use of up to eight devices connected to
the 12C bus without additional hardware. Address, control and data to and from the device are
transferred serially via the two-line bidirectional bus (12C).

The functions of the device include analogue input multiplexing, on-chip track and hold function,
8-bit analogue-to-digital conversion and an 8-bit digital-to-analogue conversion. The maximum conversion
rate is given by the maximum speed of the |2C bus.

Features

Single power supply

Operating supply voltage 2,5 V to 6 V

Low standby current

Serial input/output via 12C bus

Address by 3 hardware address pins

Sampling rate given by |2C bus speed

4 analogue inputs programmable as single-ended or differential inputs
Auto-incremented channel selection

Analogue voltage range from Vgg to Vpp
On-chip track and hold circuit

8-bit successive approximation A/D conversion
Multiplying DAC with one analogue output

APPLICATIONS

Closed loop control systems; low power converter for remote data acquisition; battery operated
equipment; acquisition of analogue values in automotive, audio and TV applications.

PACKAGE OUTLINES

PCF8591P:16-lead DIL; plastic (SOT38).
PCF8591T:16-lead mini-pack; plastic (SO16L; SOT162A).
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SCL —»f {J:t>
SDA —»]
i%c Bus
INTERFACE
A0 =¥ STATUS DAC DATA ADC DATA
A1 —p) REGISTER REGISTER REGISTER
A2 —p) yaN
EXT l
VoD —¥| >
POWER ON
RESET
Vgg —b CONTROL
LOGIC
OSCILLATOR |—¥/
0SsC >
AINO — >+
AINT —| ANALOGUE o sm COMPAS SUCCESSIVE APPROXIMATION
- > REGISTER/LOGIC
AIN2 —»  PLEXER RATOR GIS
o _ L
[4— VREF
AOUT < S/H < DAC
\ «— AGND

August 1986

Fig. 1 Block diagram.
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PINNING
U 1. AINO l
AINO E E Voo 2. AIN1 analogue inputs
AINY IZ E‘ AOCUT Z 2:1’:5 [ (A/D converter)
AIN2 [3] [14] Vrer 5. A0 |
6. A1l hardware address
AGND
ana [4] PCF8591 B 7. A2 J
Ao 5 E EXT 8. Vss negative supply voltage
9. SDA 12C bus data input/output
a1 [s] E] ose 10. SCL 12C bus clock input/output
A2 [Z E SCL 11. OSC oscillator input/output
12. EXT external/internal switch for oscillator input
Vss E E SDA 13. AGND analogue ground
7280959.1 14. VREE voltage reference input
15. AOUT  analogue output (D/A converter)
Fig. 2 Pinning diagram. 16 Vpp positive supply voltage

FUNCTIONAL DESCRIPTION

Adressing

Each PCF8591 device in an 12C bus system is activated by sending a valid address to the device. The
address consists of a fixed part and a programmable part. The programmable part must be set according
to the address pins AO, A1 and A2. The address always has to be sent as the first byte after the start
condition in the 12C bus protocol. The last bit of the address byte is the read/write-bit which sets the
direction of the following data transfer (see Figs 3 and 10).

fixed part programmable part 7280960
Fig. 3 Address byte.

Control byte

The second byte sent to a PCF8591 device will be stored in its control register and is required to
control the device function.

The upper nibble of the control register is used for enabling the analogue output, and for programming
the analogue inputs as single-ended or differential inputs. The lower nibble selects one of the analogue
input channels defined by the upper nibble (see Fig. 4). |f the auto-increment flag is set the channel
number is incremented automatically after each A/D conversion.

The selection of a non-existing input channel results in the highest available channel number being
allocated. Therefore, if the auto-increment flag is set, the next selected channel will be always channel O.
The most significant bits of both nibbles are reserved for future functions and have to be set to 0.

After a power-on reset condition all bits of the control register are reset to 0. The D/A converter and
the oscillator are disabled for power saving. The analogue output is switched to a high impedance state.
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LSB

—
o
>

—
x
>
o
x
>

X -l CONTROL BYTE

August 1986

L

(o]o] channel 0
01 channel 1
10 channel 2
1 channel 3

(switched on if 1)

— ANALOGUE INPUT PROGRAMMING:

00 Four single ended inputs
AIN0 ————————— channel 0

AIN1 channel 1
AIN2 channel 2
AIN3 channel 3
01 Three differential inputs
AINO I
M channel 0
AIN1 —
channel 1
AIN2 —
channel 2
AIN3 —

10 Single ended and differential mixed
AIN0Q ————— channel 0

AIN1 channel 1
AIN2
channel 2
AIN3
" Two differential inputs
AINO
channel 0
AIN1
AIN2
channel 1
AIN3
ANALOGUE OUTPUT ENABLE FLAG:
(analogue output active if 1) 7280961

Fig. 4 Control byte.
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D/A conversion

The third byte sent to a PCF8591 device is stored in the DAC data register and is converted to the
corresponding analogue voltage using the on-chip D/A converter. This D/A converter consists of a
resistor divider chain connected to the external reference voltage with 256 taps and selection switches.
The tap-decoder switches one of these taps to the DAC output line (see Fig. 5).

The analogue output voltage is buffered by an auto-zeroed unity gain amplifier. This buffer amplifier
may be switched on or off by setting the analogue output enable flag of the control register. In the
active state the output voltage is held until a further data byte is sent.

The on-chip D/A converter is also used for successive approximation A/D conversion. In order to
release the DAC for an A/D conversion cycle the unity gain amplifier is equipped with a track and
hold circuit. This circuit holds the output voltage while executing the A/D conversion.

The output voltage supplied to the analogue output AOUT is given by the formula shown in Fig. 6.
The waveforms of a D/A conversion sequence are shown in Fig. 7.

VREF — DAC OUT
R256
R255
| I |
| | |
I | |
4—— D7
R3 |¢—— D6
TAP |
DECODER :
2
R2 0
[¢— DO
1
R1 0
AGND
00
7280962

Fig. 5 DAC resistor divider chain.
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MSB LSB 7280963
DAC data
[07 l D6 { D5 \ D4 l D3 I D2 ‘ D1 lDo } register
Vaout VRer “VAGND & i
VaouT = VaGND * — 5 & Dix2
VDD—— i=0
V, +
REFT s
4 ./’
] ~
~
~
i
Q/.
L .’/
o
~
VAGND"_T
Vg et bt
00 01 02 03 04 FE FF HEX CODE
Fig. 6 DAC data and d.c. conversion characteristics.
PROTOCOL‘ s ] ADDRESS | 0 I A ‘ CONTROL BYTE ] A | DATA BYTE 1 ‘ A [ DATA BYTE 2 ] A |

w0

VaouTt

7280964

August 1986

B amallsss sl s s el

HIGH IMPEDANCE STATE OR
PREVIOUS VALUE HELD IN DAC REGISTER

PREVIOUS VALUE
HELD IN DAC
REGISTER

VALUE OF
DATA BYTE 1

Fig. 7 D/A conversion sequence.
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A/D conversion

The A/D converter makes use of the successive approximation conversion technique. The on-chip D/A
converter and a high gain comparator are used temporarily during an A/D conversion cycle.

An A/D conversion cycle is always started after sending a valid read mode address to a PCF8591 device.
The A/D conversion cycle is triggered at the trailing edge of the acknowledge clock pulse and is
executed while transmitting the result of the previous conversion (see Fig. 8).

Once a conversion cycle is triggered an input voltage sample of the selected channel is stored on the
chip and is converted to the corresponding 8-bit binary code. Samples picked up from differential
inputs are converted to an 8-bit two’s complement code (see Fig. 9). The conversion result is stored
in the ADC data register and awaits transmission. |f the auto-increment flag is set the next channel is
selected.

The first byte transmitted in a read cycle contains the conversion result code of the previous read cycle.
After a power-on reset condition the first byte read is a hexadecimal 80. The protocol of an 12C bus
read cycle is shown in Fig. 10.

The maximum A/D conversion rate is given by the actual speed of the 12C bus.

PROTOCOL | S ADDRESS l 1 I A ’ DATA BYTE O I A ’ DATA BYTE 1 I A I DATA BYTE 2 ] A ]

SDA\/XXY_\Z_X_""X_\Z_X_"_)(_\(_X_"T_\f

7280965

L SAMPLING L SAMPLING L SAMPLING

BYTE 1 BYTE 2 BYTE 3

CONVERSION CONVERSION CONVERSION

OF BYTE 1 OF BYTE 2 OF BYTE 3
— { k { } —

TRANSMISSION TRANSMISSION TRANSMISSION

OF PREVIOUSLY OF BYTE 1 OF BYTE 2

CONVERTED BYTE

Fig. 8 A/D conversion sequence.
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HEX
CODE

FF 4

FE+

04 +

03 1

02 +

01t

7280966

VisB=

VREF ~ VAGND
256

00

s |
t t
254 255

VaIN ~ VAGND

Viss

Fig. 9a A/D conversion characteristics of single-ended inputs.

HEX
CODE 7280967
7F+ 4
7TE+
1 .
! .
02+
01+
+ +— t }
1 2 -= 126 127 VAIN+ — VAIN—
VisB
_ VRer ~ VaGND
Vise = 256
+81
~ +80

Fig. 9b A/D conversion
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Reference voltage

For the D/A and A/D conversion either a stable external voltage reference or the supply voltage has to
be applied to the resistor divider chain (pins VRgf and AGND). The AGND pin has to be connected
to the system analogue ground and may have a d.c. off-set with reference to Vgs.

A low frequency may be applied to the VRgF and AGND pins. This allows the use of the D/A conver-
ter as a one-quadrant multiplier; see Application Information and Fig. 6.

The A/D converter may also be used as a one or two quadrant analogue divider. The analogue input
voltage is divided by the reference voltage. The result is converted to a binary code. In this application
the user has to keep the reference voltage stable during the conversion cycle.

Oscillator

An on-chip oscillator generates the clock signal required for the A/D conversion cycle and for refreshing
the auto-zeroed buffer amplifier. When using this oscillator the EXT pin has to be connected to Vgg.
At the OSC pin the oscillator frequency is available.

I1f the EXT pin is connected to Vpp the oscillator output OSC is switched to a high impedance state
allowing the user to feed an external clock signal to OSC.

Bus protocol

After a start condition a valid hardware address has to be sent to a PCF8591 device. The read/write

bit defines the direction of the following single or multiple byte data transfer. For the format and the
timing of the start condition (S), the stop condition (P) and the acknowledge bit (A) refer to the

12 C bus characteristics. In the write mode a data transfer is terminated by sending either a stop condition
or the start condition of the next data transfer.

Acknowledge Acknowledge Acknowledge
from PCF8591 from PCF8591 from PCF8591
‘ s i ADDRESS 0 k A k CONTROL BYTE l A I DATA BYTE I A l PS l
1 p—
N=0toM l
DATA BYTES 7280968
Fig. 10a Bus protocol for write mode, D/A conversion.
Acknowledge Acknowledge No acknowledge
from PCF8591 from master l
[ ‘S 1 ADDRESS 1 \ A l DATA BYTE ‘ A l LAST DATA BYTE [ 1 | P l
7280969
N=0to M
DATA BYTES

Fig. 10b Bus protocol for read mode, A/D conversion.
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CHARACTERICS OF THE 12C BUS

The 12C bus is for bidirectional, two-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. Data transfer may be initiated only when the bus is not busy.

Bit transfer

One data bit is transfered 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 a
control signal.

.

1 |
SDA / : : X !
. i . -
i i |
I | | _——
I | |
scL —m \
i i I
| |
I I
|

data line | change
stable_: | of data
data valid ! allowed | 7287019

Fig. 11 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).

start condition stop condition
7287005

Fig. 12 Definition of start and stop condition.

=2
E Purchase of Philips’ 12C components conveys a license under the
Philips’ 12C patent to use the components in the |2C-system
Bus provided the system conforms to the 12C specifications defined
by Philips.
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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
R I [ I I
TRAMN/:A-I’IE':ER/ SLAVE TRASNLSANYIE’TER/ MASTER TR:AI\IASSIJIFIE::I'F}I'ER/
R MITTER
RECEIVER RECEIVE RECEIVER TRANS RECEIVER
7287004

Fig. 13 System configuration.

Acknowledge.

The number of data bytes transfered between the start and stop conditions from transmitter to
receiver is not limited. Each data byte of eight bits is followed by one acknowledge bit. The acknow-
ledge bit isa HIGH level put on the bus by the transmitter whereas the master also 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. 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

start
acknowledgement

condition
|

SCL FROM i
DATA OUTPUT ' -
BY TRANSMITTER ! -

DATA OUTPUT
BY RECEIVER

7287007

Fig. 14 Acknowledgement on the |12C bus.
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Timing specifications

All the timing values are valid within the operating supply voltage and ambient temperature range and
refer to V| 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 SW - — 100 ns
Bus free time tBUF 4,0 - — us
Start condition set-up time tSU; STA 4,0 - - us
Start condition hold time tHD; STA 4,7 - - us
SCL LOW time tLow 4,7 - - Ms
SCL HIGH time tHIGH 4,0 - - us
SCL and SDA rise time tR - - 1,0 us
SCL and SDA fall time tp — — 0,3 us
Data set-up time tSU; DAT 250 - - ns
Data hold time tHD; DAT 0 - — ns
SCL LOW to data out valid tvD; DAT — - 34 us
Stop condition set-up time tSU; STO 4,0 - — us
START BIT 7 BIT 6 BIT 0 ACKNOw- [ sTop
PROTOCOL CONDITION MSB LSB LEDGE CONDITION
[C] (A7) (AB) (R/W) (A) (P)

tsu;sTA ttow tHIGH scL

] Y ——
scL / \ / \

-— .1/ - S 1
tBUF R tF
“" 7
7281193.1 tHD:STA 'SU;DAT  'HD;DAT tvD:DAT tsu:sTo

August 1986

Fig. 15 12C bus timing diagram.
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RATINGS
Limiting values in accordance with the Absolute Maximum System (IEC 134)
Supply voltage range VDD —-05t0+8,0 V
Voltage on any pin V) —0,5to Vpp +05 V
Input current d.c. 1) max. 10 mA
Qutput current d.c. T'e) max. 20 mA
VDD or Vss current IDD. ISS max. 50 mA
Power dissipation per package Ptot max. 300 mw
Power dissipation per output P max. 100 mw
Storage temperature range Tstg —65 to +150 °oC
Operating ambient

temperature range Tamb —40 to +85 ©C

] Note:

Inputs and outputs are protected against electrostatic discharges in normal handling. However, to be
totally safe, it is advised to take handling precautions appropriate to handling MOS devices (see

‘Handling MOS devices’).

CHARACTERISTICS

VDD =25V 1to6V;Vgg=0V; Tgmp =—40 °C to +85 OC unless otherwise specified

parameter conditions symbol min. typ. max. unit
Supply
Supply voltage operating VDD 25 — 6,0 \Y)
Supply current standby

V| =VssorVpp;

no load IDDO - 1 15 | pA
Supply current operating; AOUT off;

fscL = 100 kHz IDD1 — | 125 250 | WA
Supply current AQUT active;

fscL = 100 kHz IDD2 — 10,45 1,0 | mA
Power-on reset level note 1 VPOR 08| — 20 |V
Digital inputs/output | SCL, SDA, A0, A1, A2
Input voltage LOW ViL 0| — 03xVpp | V
Input voltage HIGH VIH 0,7 x VDD — VDD \
Input current leakage;

V| =Vssto VDD ] - - 250 | nA
Input capacitance Cy — — 5 pF
SDA output current leakage;

HIGH at Vo4 =VDD I0OH — — 250 | nA
SDA output current LOWat VoL =04V loL 30| — - mA
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parameter conditions symbol min. | typ. max. unit
Reference voltage inputs

Voltage range* VREr>VAGND | VREF Vgs+1,6 - Vpp |V
Voltage range* VREF >VagND | VAGND Vss - | Vpp—-08 |V

Input current leak age ] - - 250 nA

Input resistance VREF to AGND RREF - 100 - k§2
Oscillator OSC, EXT

Input current leakage I - - 250 nA
Oscillator frequency fosc 0,75 - 1,25 | MHz

D/A CHARACTERISTICS

Vpp =50V;Vss=0V;VREF =5.0V; VAGND =0 V; Rjoad = 10 k2; C|gad = 100 pF;
Tamb = —40 ©C to +85 OC unless otherwise specified

parameter conditions symbol min. | typ. max. unit
Analogue output
Output voltage range no resistive load Voa Vss - Vpp |V
Output voltage range Rload = 10 k2 VoA Vss — 0.9xVpp |V
Output current leakage;

AOQUT disabled Lo — - 250 | nA
Accuracy
Offset error Tamb =25 ©°C OS¢ - - 50 |mV
Linearity error Le — - 1,5 LSB
Gain error no resistive load Ge - - 1 %
Settling time to % LSB full

scale step tDAC - - 90 |us
Conversion rate fbAC - — 11 kHz
Supply noise rejection at f =100 Hz;

Vpp =0,1 Vpp SNRR - 40 - dB

* A further extension of the range is possible, if the following conditions are fulfilled:

+
VREF * VAGND - g v and Vpp — VREF 2VAGND >04V.
2
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A/D CHARACTERISTICS

VDD =5,0V;Vgs=0V;VREF =5,0V;VAGND =0 V; Rsource = 10 k&2; Tamp = —40 OC to +85 oC

unless otherwise specified

parameter conditions symbol min. | typ. max. unit
Analogue inputs
Input voitage range Via Vss - VDD \%
Input current leakage A - — 100 nA
Input capacitance Cia — 10 — pF
Input capacitance differential Cip — 10 — pF
Single-ended voltage measuring range Vis VAGND - VREF \%
Differential voltage measuring range;

VFs = VREF —VEs +VES

— VAGND ViD 2 - 2 v
Accuracy
Offset error Tamp = 25 ©°C OSe - - 20 | mV
Linearity error Le - - +1,6 LSB
Gain error Ge — — 1 %
Gain error small-signal;

AV|N = 16 LSB GSe - - 5 %
Rejection ratio common-mode CMRR — 60 — dB
Supply noise rejection at f=100 Hz;

VDDN = 0,1xVpp | SNRR — 40 — dB
Conversion time tADC — - 90 |wus
Sampling/conversion rate faDC — - 11,1 | kHz

Note

1. The power on reset circuit resets the 17 C bus logic when Vpp is less than VpQR.
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200 7294726 160 7294727
Ipp Ipp
(uA) (nA)
150 - / 120 /
I /?
-40°C
100 — — 80 /////
L + 850C
— /
+27°C
50 40 /z/ |
0 0
2 3 4 6 2 3 4 5 6
Vpp (V) Vpp (V)
(a) internal oscillator; Tamp = + 27 ©C. (b) external oscillator.

Fig. 16 Operating supply current against supply voltage (analogue output disabled).

500 7294728 500 7294729
= S
8 8
c c
3 400 \ S 400
3 3
Q Q
E E
H H
g 300 g 300 /
° ° /
< <
5 \ 5 VA

200 200 /,

100 100

~
™~ |t
\\ __.—r—"—
0 0
00 02 04 06 08 0A BO co DO EO FO FF
hex input code hex input code
(a) output impedance near negative power rail; (b) output impedance near positive power rail;
Tamb =+ 27 °C. Tamb = + 27 ©C.

Fig. 17 Output impedance of analogue output buffer (near power rails).

The x-axis represents the hex input-code equivalent of the output voltage.
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APPLICATION INFORMATION

Inputs must be connected to Vgs or Vpp when not in use. Analogue inputs may also be connected to
AGND or VREE.

In order to prevent excessive ground and supply noise and to minimize cross-talk of the digital to

analogue signal paths the user has to design the printed-circuit board layout very carefully. Supply
lines common to a PCF8591 device and noisy digital circuits and ground loops should be avoided.
Decoupling capacitors (> 10 uF) are recommended for power supply and reference voltage inputs.

v v
DD DD
oo
Vbp ~ 0
Y]
AN Vo Vbo
” . AINO AOUT
AIN1 VRer
y AIN2 AGND
oo AIN3 EXT
” .o 20 PCF8591 o
A1 scL
A2 SDA
Vss
" ,,E_i
7 2
Vbp
Vop
AINO AOUT —VouT
AIN1 VRer
~ §—J AIN2 AGND —R »
Vony v17l ¥— AIN3 EXT vz:l;
7 7 Vpp — A0 PCF8591 0SC }— 7
A1 scL
A2 SDA
Vss
Vbp
ANALOGUE GROUND
y MASTER
_j_ DIGITAL GROUND TRANSMITTER
v v

_I_ 7Z280870.1 |2C BUS
Fig. 18 Application diagram.
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FEATURES

* Low Power CMOS
maximum active current 2.5 mA
maximum standby current 10 pA

* Non-volatile storage of 4-Kbits
organized as two pages

each 256 x 8-bits

* Only one power supply required

* On-chip voltage multiplier

e Serial input/output bus (I12C)

o Write operations
byte write mode
8-byte page write mode
(minimizes total write time per
byte)

e Write-protection input

* Read operations
sequential read
random read

« Extended supply voltage range
(25t06.0 V)

¢ Internal timer for writing (no
external components)

e Power-on reset

« High reliability by using a
redundant storage code
(single bit error correction)

e Endurance
100k; T,,,=85°C

e 10 years non-volatile data
retention time

e Pin and Address compatible to
PCF8570, PCF8571, PCF8572,

PCF8581, PCF8582A,
PCA8582B and PCF8582C

GENERAL DESCRIPTION

The PCF8594 is a 4-Kbit

(512 x 8-bit) floating gate
electrically erasable programmable
read only memory (EEPROM). By
using an internal redundant storage
code it is fault tolerant to single bit
errors. This feature dramatically

March 1991

increases reliability compared to
conventional EEPROM memories.

Power consumption is low due to
the full CMOS technology used. The
programming voltage is generated
on chip, using a voltage multiplier.

As data bytes are received and
transmitted via the serial 1°C-bus, a
package using eight pins is
sufficient. Up to four PCF8594
devices may be connected to the
12C-bus. Chip select is accomplished
by two address inputs.

Timing of the Erase/Write cycle is
done internally, thus no external
components are required. Pin 7
must be connected to either V, or
left open-circuit.

QUICK REFERENCE DATA

There is an option of using an
external clock for timing the length
of an Erase/Write cycle

A write protection input (pin 1)
allows disable of write-commands
from the master by a hardware
signal. When pin 1 is HIGH and one
of the upper 256 EEPROM cells is
addressed, then the data bytes will
not be acknowledged by the
PCF8594 and the
EEPROM:-contents are not changed

SYMBOL PARAMETER CONDITIONS | MIN. | MAX. | UNIT
Voo supply voltage 25 6.0 \
Ioon supply current READ fse = 100 kHz
Voo =3V - 0.1 mA
Vop =6V - 04 mA
loow supply current fsel = 100 kHz
ERASE/WRITE
Vop =3V 035 |mA
Vop =6V - 25 mA
looo supply current STANDBY
Voo =3V - 3.5 pA
Vop =6V - 10 nA
ORDERING INFORMATION
EXTENDED PACKAGE
TYPENUMBER | pINS | PINPOSITION | MATERIAL | CODE
PCF8594P 8 DL plastic SOT97
PCF8594T 8 mini-pack plastic 383596 A
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PIN CONFIGURATION PINNING
SYMBOL | PIN DESCRIPTION
U WP 1 write-protect
we [1] 5] Voo Al 2 address input
A 2] (7] prC A2 3 address input
PCF8594
A2 [3] 6] scu Vss 4 negative supply voltage
vss [4] 5] SDA SDA 5 serial data line 12C-bus
WoAces SCL 6 serial clock line 12C-bus
PTC 7 programming time control
Vi ositi I Ita
Fig.2 Pin configuration. o 8 positive supply voltage
LIMITING VALUES
In accordance with the Absolute Maximum System (IEC 134)
SYMBOL PARAMETER CONDITIONS MIN. MAX. UNIT
Voo supply voltage -0.3 +7.0 \
Vi voltage on any input pin 1Z|l > 500 Q Vss-0.8 {Vpp+0.8 |V
I current on any input pin 1 mA
lo output current 10 mA
Tag storage temperature range -65 +150 °C
Tamb operating ambient temperature range —40 +85 °C
March 1991 313



Signetics I2C Peripherals for Microcontrollers

Preliminary specification

512 x 8-bit static CMOS EEPROM
with 12C-bus interface

PCF8594

CHARACTERISTICS
Vpp=2.5t06 V; Vg =0V, T,.,, = 40 to +85 °C; unless otherwise specified

symBoL | PARAMETER CONDITIONS | MN. MAX. UNIT

Supplies

Voo supply voltage 25 6.0 \

loor supply current READ fscL = 100 kHz

Vpp =3V - 0.1 mA

Voo=6V - 0.4 mA
loow supply current ERASE/WRITE fse, = 100 kHz

Vpp=3V - 0.35 mA

Voo =6V - 25 mA
looo supply current STANDBY

Vop =3V - 3.5 HA

Vop =6V - 10 HA

PTC input

Vi input voltage LOW -0.8 0.1 Vpp '

Vin input voltage HIGH 0.9 Voo Vop +0.8 \Y

SCL input

Vi I input voltage LOW -0.8 0.3 Voo \

Vi I input voltage HIGH 0.7 Voo Vop +0.8 \

I rrnput leakage current V)= Vpp Or Vss - +1 HA
iES clock frequency 0 100 kHz
c input capacitance Vi =Vss - 7 pF
SDA input/output
V. input voltage LOW -0.8 0.3 Voo \Y
V.o input voltage HIGH 0.7 Voo Vop +0.8 \Y
‘ Vo, output voltage LOW low = 3 mA; - 0.4 \

Vpp=25V
[z output leakage current Vou = Voo - 1 HA
c ~input capacitance Vi=Vss - 7 pF

Data retention time

ts fdata retention time Tamo =55 °C 10 - yrs
WRITE CYCLE LIMITS
The power-on reset circuit resets the 12C-bus logic with a set-up time < 10 ps.

Selection of the chip address is achieved by connecting the A1 and A2 inputs to either Vg or Vg,

SYMBOL PARAMETER CONDITIONS MIN. TYP. MAX. UNIT

tew ERASE/WRITE cycle time
internal oscillator 5 10 25 ms
external clock 5 - 25 ms

Endurance

New ERASE/WRITE cycles per byte Tame = 85 °C; - - 100 000

tew=51025ms

Programming
fo programming frequency 10 - 50 kHz
tow LOW time 5 - - us

tuicH HIGH time 5 - - us

te rise time - - 300 ns

t fall time - - 300 ns

tg delay time 0 - tow us
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12C-bus PROTOCOL

The 12C-bus is for 2-way, 2-line
communication between different
ICs or modules. The serial bus
consists of two bidirectional lines:
one for data signals (SDA), and one
for clock signals (SCL).

Both the SDA and SCL lines must
be connected to a positive supply
voltage via a pull-up resistor.

The following protocol has been
defined:

¢ Data transfer may be initiated
only when the bus is not busy.

e During data transfer, the data
“re must remain stable
whenever the clock line is HIGH.
Crarges in the data line while
"€ cock iine is HIGH will be
~terpreted as control signals.

T-e ‘c caing bus conditions have
et

Bus not busy: both data and clock
~gs "eman HIGH

Zata transfer: a change in the
<¢tre data line. from

-.OW. while the clock is
efines the start condition.

Stop data transfer: a change in the
s'ate 5 the data line. from

_TM-15-RIGH. while the clock is
— 5~ defines the stop condition.

Data valid: the state of the data line
~ecresents valid data when, after a
start condition, the data line is stable
for the duration of the HIGH period
of the clock signal. There is one
ciock pulse per bit of data.

Each data transfer is initiated with a
start condition and terminated with a
stop condition; the number of the
data bytes,

March 1991

transferred between the start and
stop conditions is limited to seven
bytes in the ERASE/WRITE mode
and eight bytes in the PAGE
ERASE/WRITE mode. Data transfer
is unlimited in the READ mode. The
information is transmitted in bytes
and each receiver acknowledges
with a ninth bit.

Within the 12C-bus specifications a
low-speed mode (2 kHz clock rate)
and a high speed mode (100 kHz
clock rate) are defined.

The PCF8594 operates in both
modes.

By definition a device that sends a
signal is called a "transmitter", and
the device which receives the signal
is called a "receiver®. The device
which controls the signal is called
the "master”. The devices that are
controlled by the master are called
“slaves”.

Each byte is followed by one
acknowledge bit. This acknowledge
bitis a HIGH level, put on the bus by
the transmitter. The master
generates an extra acknowledge
related clock pulse. The slave
receiver which is addressed is
obliged to generate an acknowledge
after the reception of each byte

The master receiver 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 in such a
way that the SDA line is stable LOW
during the HIGH period of the
acknowledge related clock pulse.

315

Set-up and hold times must be
taken into account. A master
receiver must signal an end of data
to the slave 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
generation of the stop condition.

DEVICE ADDRESSING

Following a start condition the bus
master must output the address of
the slave it is accessing. The most
significant four bits of the slave
address are the device type
identifier (see Fig. 3). For the
PCF8594 this is fixed as 1010.

Lo [ofre]w] e [oe]

MBA696

Fig.3 Slave address.

The next two significant bits address
a particular device. A system could
have up to four PCF8594 devices on
the bus. The four addresses are
defined by the state of the A1 and
A2 inputs.

The next bit (bit 1) of the slave
address field is the page selection
bit. Itis used by the host to select
the upper/lower

256 bytes of memory. This is, in
effect, the most significant bit for the
word address.

The last bit of the slave address
defines the operation to be
performed. When set to logic 1 a
read operation is selected.
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WRITE OPERATIONS
Byte/word write

For a write operation the PCF8594
requires a second address field.
This address field is a word address
providing access to any one of the
256 words of memory. Upon receipt
of the word address the PCF8594
responds with an acknowledge and
awaits the next eight bits of data,
again responding with an
acknowledge. Word address is
automatically incremented. The
master can now terminate the
transfer by generating a stop
condition or transmit up to six more
bytes of data and then terminate by
generating a stop condition.

After this stop condition the
ERASE/WRITE cycle starts and the
bus is free for another transmission.
Its duration is 10 ms per byte.
During the ERASE/WRITE cycle the
slave receiver does not send an
acknowledge bit if addressed via the
12C-bus.

PAGE WRITE

The PCF8594 is capable of a
eight-byte page write operation. It is
initiated in the same manner as the
byte write operation. The master can
transmit eight data bytes within one
transmission. After receipt of each
byte the PCF8594 will respond with
an acknowledge.

After the receipt of each data byte
the three low order bits of the word
address are internally incremented.
The high order five bits of the
address remain unchanged. If the
master transmits more than eight
bytes prior to generating the stop
condition, no acknowledge will be
given on the ninth (and following)
data bytes and the whole
transmission will be ignored. As in
the byte write operation, all inputs
are disabled until completion of the
internal write cycles. The typical
duration of a page write is 45 ms.

Note

A write to the EEPROM is always
performed if the pin WP is LOW. If
WP is HIGH, then the upper half of
the EEPROM is write-protected and
no acknowledge will be given by the
PCF8594 when one of the upper
256 EEPROM cells is addressed.
However, an acknowledge will be
given after the slave address and
the word address.

acknowledge
from slave

acknowledge
from slave

i

acknowledge
from slave

acknowledge
from slave

T

T

T
| S } SLAVE ADDRESS IOIA
1

T

WORD ADDRESS
1 L

LI S B i | T T T
l/\‘ DATA
I T T B S S

DATA
I S R R

Lo 1

RW

L
i

i
B
i

auto increment

auto increment
word address

word address

auto increment
word address

MBA701
Fig.4 Auto increment memory word address; two byte write.
acknowledge acknowledge acknowledge acknowledge
from slave from slave from siave Ovomf?ave
LI T T T T T T T T ]’ L L B B | T TDAlTAl N T 1' T A o
RD ADDRESS A( DATA N A + -
| s [ suvepopness [o]a] wompsoaness [a] | onten ‘jﬁ L AN J
AW r

auto increment
word address

acknowledge
from slave

zf__+

1

LA B B B S
DATA N+7 I\IA—‘
N S T S |

MBA702

Fig.5 Page write operation; eight byte.

— last byte ——

auto increment
word address

March 1991 316



Signetics 12C Peripherals for Microcontrollers

Preliminary specification

512 x 8-bit static CMOS EEPROM
with 12C-bus interface

PCF8594

READ OPERATIONS Note

Read operations are initiated in the
same manner as write operations
with the exception that the LSB of
the slave address is set to logic 1
There are three basic read
operations; current address read,
random read and sequential read.

The lower 8-bits of the word address
are incremented after each
transmission of a data byte (read or
write). The MSB of the word
address, which is defined in the
slave address, is not changed when
the word address count overflows.
Thus, the word address overflows
from 255 to 0 and from 511 to 256.

acknowledge
from slave

acknowledge acknowledge
from slave from slave

' '

acknowledge
from master

T T T T T T T T T T T T T
l S I SLAVE ADDRESS Ol/\‘ WORD ADDRESS ] AI S I SLAVE ADDRESS 1 }A DATA
Y S T B I T T SO S W T N R R T |

RW at this moment master RW
transmitter becomes
master receiver and

F—— n bytes

o

auto increment
word address

EEPROM slave receiver
becomes slave transmmer)

no acknowledge
from mas(e(

DATA

S D

———last byte

auto increment

MBA703 - 1
¢ word address

Fig.6 Master reads PCF8594 slave after setting word address (WRITE word address; READ data).

acknowledge acknowledge no acknowiedge
from s\ave from master from master
TTT T T T T T T T T L T T ‘
I/S \ SLAVE ADDRESS J l DATA | l DATA ]ll P l
-

' ——— nbytes 4 —— last bytes ‘ﬁ
R/W

auto increment auto increment
word address word address

MBA704 - 1

Fig.7 Master reads PCF8594 immediately after first byte (READ mode).
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2C-bus TIMING

SDA

SCL

_

-
UHD DAT

- ’) VHIGH = ol

-—

tsupA

Fig.8 Timing requirements for the 12C-bus.

MBA705

12C-bus CHARACTERISTICS

(note 1)
SYMBCL PARAMETER CONDITIONS MIN. MAX. UNIT
fscL clock frequency 0 100 kHz
taur time the bus must be free before a new 47 - us
transmission can start
Yo sta start condition hold time after which first clock 4.0 - us
pulse is generated
tow clock period LOW 4.7 - us
tuigH clock period HIGH 4.0 - us
tsusTa set-up time for start condition repeated start 4.7 us
tho oAt data hold time for bus compatible masters 5 us
to oAt data hold time for bus devices note 2 0 - ns
tsupar data set-up time 250 - ns
t, SDA and SCL rise time - 1 us
t SDA and SCL fall time - 300 ns
tsusto set-up time for stop condition 47 - Hs

Notes to the I2C-bus characteristics

1. All the timing values are valid within the operating supply voltage and ambient temperature range and refer to V,_
and V,, with an input voltage swing of Vg to V.

2. The hold time required to bridge the undefined region of the falling edge of SCL must be internally provided by a
transmitter. It is not greater than 300 ns.

March 1991
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EXTERNAL CLOCK TIMING

9 |
|

tr i
| IHIGH | | fow
!

PTC 1 2 257
son \ /
scL \ /o
STbP MBAE97
Fig.9 One byte ERASE/WRITE cycle.
ty Yy
g || 'HIGH || fLow
| | | nx 256 + 1

PTC
sDA 5 /
SCL
STOP MBA698
Fig.10 n byte ERASE/WRITE cycle (n =210 7).
' i
Ll ‘IHIGH; "LQW |
||
PTC 1 1 / \ /TSSL
SDA E -------
SCL

STOP

Fig.11 Page mode

MBA699
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12C-bus

HIGH
LowW

2
(©)
4)

SLAVE ADDRESS ~ WORD ADDRESS

L e e L T T T L o o
S |o|A| A DATA IA[ DATA HP (1)

L T B A A | L1 S A A

undefined | | | I ! undefined
12 257 clock (2)
12 513 clock (3)
negative edge 12 1153 clock (4)
SCL 8-bit

tg20
MBA700

If an external clock is chosen, this information is latched internally by setting pin 7 (PTC) LOW after
transmission of the eight bit of the word address (negative edge of SCL). Thus the state of pin 7 may
be previously undefined. Leaving pin 7 LOW causes a higher standby current.

1-byte programming.
2-byte programming.
One page (8 byte) programming.

Fig.12 External clock.

March 1991

Purchase of Philips’ I°C components conveys a license under the Philips' [2C
patent to use the components in the 12C-system provided the system
conforms to the I12C specifications defined by Philips.
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FEATURES

e Low Power CMOS

maximum active current
20mA

maximum standby current
10 pA
¢ Non-volatile storage of 8 k bits
organized as four pages
each 256 x 8 bits
¢ Only one power supply required
¢ On-chip voltage multiplier
e Serial input/output bus (12C)
o Write operations
byte write mode
8-byte page write mode
(minimizes total write time per
byte)
e Write-protection input
¢ Read operations
sequential read
random read

e Extended supply voltage range
(2.5t06.0V)

o Internal timer for writing (no
external components)

e Power-on reset
¢ High reliability by using a
redundant storage code
(single bit error correction)
e Endurance
100 k; Tamb = 85 °C
e 10 years non-volatile data
retention time
e Pin and Address compatible to
PCF8570, PCF8571,
PCF8572, PCF8581,
PCF8582A, PCA8582B,

PCF8582C, PCF8582D,
PCF8582E and PCF8594

April 1991

GENERAL DESCRIPTION

The PCF8598 is a 8 Kbit (1024 x

8 bit) floating gate electrically
erasable programmable read only
memory (EEPROM). By using an
internal redundant storage code itis
fault tolerant to single bit errors. This
feature dramatically increases
reliability compared to conventional
EEPROM memories.

Power consumption is low due to
the full CMOS technology used. The
programming voltage is generated
on chip, using a voltage multiplier.

As data bytes are received and
transmitted via the serial I’C-bus, a
package using eight pins is
sufficient. Up to two PCF8598
devices may be connected to the
12C-bus.

Chip select is accomplished by one
address input.

Timing of the Erase/Write cycle is
done internally, thus no external

components are required. Pin 7
must be connected to either V or
left open-circuit.

There is an option of using an
external ciock for timing the length
of an Erase/Write cycle.

A write protection input (pin 1)
allows disable of write-commands
from the master by a hardware
signal. When pin 1 is HIGH and one
of the upper 512 EEPROM cells is
addressed, then the data bytes will
not be acknowledged by the
PCF8598 and the
EEPROM-contents are not changed.

QUICK REFERENCE DATA
SYMBOL PARAMETER MIN. TYP. MAX. UNIT
Voo supply voitage 25 6.0 \
loor supply current 0.1 - 0.4 mA
READ
loow supply current 0.35 - 25 mA
WRITE/ERASE
looo standby supply current | 3.5 - 10 pA
ORDERING INFORMATION
EXTENDED PACKAGE
TYPENUMBER | piNs | PIN POSITION | MATERIAL CODE
PCF8598P 8 DIL plastic SOT97
- . SO16L;
PCF8598T 16 | mini-pack plastic SOT162A
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PIN CONFIGURATION PINNING
SYMBOL PIN DESCRIPTION
we [7] U 5] Voo WP 1 write-protect
e [_2—_ z] . n.c. 2 not used
PCF8598 A2 3 address input
A2 (3] [ 6] scL :
Vss 4 negative supply voltage
vss [4] 5] soa SDA 5 | serial data line I°C-bus
MGAo34 SCL 6 serial clock line 1°C-bus
Fig.2 Pin configuration. PTC 7 programming time control
Voo 8 positive supply voltage

LIMITING VALUES
In accordance with the Absolute Maximum System (IEC 134)

SYMBOL PARAMETER CONDITIONS MIN. MAX. UNIT
Voo supply voltage -0.3 +7.0 \

v, voltage on any input pin 1Z|> 500 Q Veg—0.8 |V +0.8 |V

I, current on any input pin - 1 mA

lo output current - 10 mA

Tag storage temperature range -65 +150 °C

Tamb operating ambient temperature range —40 +85 °C
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CHARACTERISTICS
Vpp =2.5t06 V; Vgg =0 V; T,,, = —40 to +85 °C; unless otherwise specified
SYMBOL PARAMETER conDIToNs | MIN. | TYr. [ max. [uwiT
Supplies
Voo supply voltage 25 - 6.0 \
loor supply current READ fsoL = 100 kHz
Voo =3V - - 0.1 mA
Voo=6V - 0.4 mA
loow supply current ERASE/WRITE fscL = 100 kHz
Vop=3V - 0.35 mA
Vop=6V 25 mA
looo supply current STANDBY
Voo=3V 3.5 pA
Voo=6V - - 10 HA
PTC input
Vi input voltage LOW -0.8 0.1 Voo Vv
Vin input voltage HIGH 09Vpp |- Vpp+0.8 |V
SCL input
Vi input voltage LOW -0.8 0.3 Voo \
Viu input voltage HIGH 0.7Voo |- Voo +0.8 |V
Iy input leakage current V,=Vpp or Vg 1 HA
fscL clock frequency 0 - 100 kHz
C input capacitance Vi = Vss 7 pF
SDA input/output
Vi input voitage LOW -0.8 0.3 Voo %
Vin input voltage HIGH 0.7 Voo Vpp+0.8 |V
Voo output voltage LOW low = 3MA; - 04 \
Voo =25V
o output leakage current Vo = Voo 1 pA
C input capacitance Vi=Vss 7 pF
Data retention time
ts data retention time Tamb = 55 °C 10 |- yrs
April 1991 324
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WRITE CYCLE LIMITS

The power-on reset circuit resets the 12C-bus logic with a set-up time < 10 us. Selection of the chip address is

achieved by connecting the A1 and A2 inputs to either Vg or V.

SYMBOL PARAMETER CONDITIONS | MIN. | TYP. | MAX. | unIT
Endurance
New ERASE/WRITE cycles per byte Tams = 85 °C; - 100 000

tew = 5t0 25 ms

Programming
tew ERASEMRITE cycle time g‘:g:‘::"jgif“” 5 10 25 ms
fo programming frequency 10 50 kHz
tow LOW time 5 us
tigH HIGH time 5 us
te rise time 300 ns
t fall time 300 ns
ty delay time 0 tLow us

April 1991
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12C-bus PROTOCOL

The 12C-bus is for 2-way, 2-line
communication between different
ICs or modules. The serial bus
consists of two bidirectional lines:
one for data signals (SDA), and one
for clock signals (SCL).

Both the SDA and SCL lines must
be connected to a positive supply
voltage via a pull-up resistor.

The following protocol has been
defined:

¢ Data transfer may be initiated
only when the bus is not busy.

e During data transfer, the data
line must remain stable
whenever the clock line is HIGH.
Changes in the data line while
the clock line is HIGH will be
interpreted as control signals.

The following bus conditions have
been defined:

Bus not busy: both data and clock
lines remain HIGH.

Start data transfer: a change in the
state of the data line, from
HIGH-to-LOW. while the clock is
HIGH. defines the start condition.

Stop data transfer: a change in the
state of the data line, from
LOW-to-HIGH, while the clock is
HIGH. defines the stop condition.

Data valid: the state of the data line
represents valid data when, after a
start condition, the data line is stable
for the duration of the HIGH period
of the clock signal. There is one
clock pulse per bit of data.

Each data transfer is initiated with a
start condition and terminated with a
stop condition; the number of the
data bytes,

transferred between the start and

April 1991

stop conditions is limited to seven
bytes in the ERASE/WRITE mode
and eight bytes in the PAGE
ERASE/WRITE mode. Data transfer
is unlimited in the READ mode. The
information is transmitted in bytes
and each receiver acknowledges
with a ninth bit.

Within the 1°C-bus specifications a
low-speed mode (2 kHz clock rate)
and a high speed mode (100 kHz
clock rate) are defined.

The PCF8598 operates in both
modes.

By definition a device that sends a
signal is called a "transmitter”, and
the device which receives the signal
is called a “receiver”. The device
which controls the signal is called
the "master”. The devices that are
controlled by the master are called
‘slaves”.

Each byte is followed by one
acknowledge bit. This acknowledge
bitis a HIGH level, put on the bus by
the transmitter. The master
generates an extra acknowledge
related clock pulse. The slave
receiver which is addressed is
obliged to generate an acknowledge
after the reception of each byte.

The master receiver 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 in such a
way 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

326

to the slave 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
generation of the stop condition.

DEVICE ADDRESSING

Following a start condition the bus
master must output the address of
the slave it is accessing. The most
significant four bits of the slave
address are the device type
identifier (see Fig.3). For the
PCF8598 this is fixed as 1010.

[ ToT Tofre]a]r

MBA696

Fig.3 Slave address.

The next significant bit (A2)
addresses a particular device.

A system could have up to two
PCF8598 devices on the bus.

The two addresses are defined by
the state of the A2 input.

The next two significant bits of the
slave address field are the page
selection bits. It is used by the host
to select one out of four pages
(page = 256 bytes of memory)
These are, in effect, the two most
significant bits of the word address.

The last bit of the slave address
defines the operation to be
performed. When set to logic 1 a
read operation is selected.
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WRITE OPERATIONS
Byte/word write

For a write operation the PCF8598
requires a second address field.
This address field is a word address
providing access to any one of the
256 words of memory. Upon receipt
of the word address the PCF8598
responds with an acknowledge and
awaits the next eight bits of data,
again responding with an
acknowledge. Word address is
automatically incremented. The
master can now terminate the
transfer by generating a stop
condition or transmit up to six more
bytes of data and then terminate by
generating a stop condition.

After this stop condition the
ERASE/WRITE cycle starts and the
bus is free for another transmission.

April 1991

Its duration is 10 ms per byte.
During the ERASE WRITE cycle the
slave receiver does not send an
acknowledge bit if addressed via the
12C-bus.

PAGE WRITE

The PCF8598 is capable of an
eight-byte page write operation. it is
initiated in the same manner as the
byte write operation. The master can
transmit eight data bytes within one
transmission.

After receipt of each byte the
PCF8598 will respond with an
acknowledge.

After the receipt of each data byte
the three low order bits of the word
address are internally incremented.
The high order five bits of the
address remain unchanged. If the

327

master transmits more than eight
bytes prior to generating the stop
condition, no acknowledge will be
given on the ninth (and following)
data bytes and the whole
transmission will be ignored. As in
the byte write operation, all inputs
are disabled until completion of the
internal write cycles. The typical
duration of a page write is 45 ms

Note:

A write to the EEPROM is always
performed if the pin WP is LOW. If
WP is HIGH, then the upper half of
the EEPROM is write-protected and
no acknowledge will be given by the
PCF8598 when one of the upper
512 EEPROM cells is addressed.
However, an acknowledge will be
given after the slave address and
the word address.
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I U

acknowledge acknowledge acknowledge acknowledge
from slave from slave from slave from slave
T T T T T T T 1 17 T T ‘ T 1 1 1 1 177 T T T T 1 1 71
{ S 1 SLAVE ADDRESS ]0 IAI WORD ADDRESS |A[ DATA Al DATA A] P ]
1 1 L 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

RW )
auto increment
word address

Fig.4 Auto increment memory word address; two byte write.

auto increment
word address

MBA701

acknowledge

¢
AF--Y

ac<~cw ecge acknowledge acknowledge
‘c~ save from slave from slave from slave
' i '
r i T T 1 1 1 1 17T T 1 177 T 1 7T T T T 1 7T T T
S ! SLAVE ACCRESS [lel WORD ADDRESS [AI DATA N A[ DATA N +1

1 A 1 1 I S 1 1 1 i1 1 1 1 1 1 1 1 1 1 1 1

| [ T \r
RW

auto increment
word address

auto increment
word address

acknowledge
from slave

'

T T

£

111

DATA N-7

T 1T T 71

| A
|

——— last byte

MBA702

Fig.5 Page write operation; eight byte.

4

auto increment
word address
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READ OPERATIONS Note:
Read operations are initiated in the The lower 8 bits of the word address
same manner as write operations are incremented after each
with the exception that the LSB of transmission of a data byte (read or
the slave address is set to logic 1. write). The two MSBs of the word
There are three basic read address, which are defined in the
operations; current address read, slave address, are not changed
random read and sequential read. when the word address count
overflows. Thus, the word address
overflows from 255 to 0, from 511 to
256, from 767 to 512 and from 1023
to 768.
acknowledge acknowledge acknowledge acknowledge
from slave from slave from slave from master

T T T T 7T

§ SN S S S | 11

T

T T T 7T
r S l SLAVE ADDRESS O]A[ WORD ADDRESS
1

1

T 1 T 1 LR L

SLAVE ADDRESS

TR S U S S N |

|
EE

]

J I T |

A]-__y

RW

at this moment master RW
transmitter becomes
master receiver and
EEPROM slave receiver

becomes slave transmitter

auto increment
word address

no acknowledge

from master
/ T 1T T 1T T T 7T *
- 4{ DATA 1 ] P ]
1 1 1 1 1 1 1

MBAT03 1

]

auto increment
word address

——— last byte

Fig.6 Master reads PCF8598 slave after setting word address; (WRITE word address; READ data).

acknowledge acknowledge no acknowledge
from slave from master from master
T 1 7T T T T ‘ T T T T T T T
IV I SLAVE ADDRESS l I DATA AI DATA 1 ] P I
1 1 1 1 1 1 1 11
——— nbytes T —— last bytes

auto increment
word address

auto increment
word address

MBAT04 1

Fig.7 Master reads PCF8598 immediately after first byte (READ mode).
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12C-bus CHARACTERISTICS
(note 1)

SYMBOL PARAMETER CONDITIONS | MIN. TYP. MAX. UNIT
fseL clock frequency 0 - 100 kHz
taur time the bus must be free before a new 47 - - us

transmission can start
tuo.sta start condition hold time after which first 4.0 - - us
clock pulse is generated
tlow clock period LOW 47 - - us
thigH clock period HIGH 4.0 - - us
tsusTa set-up time for start condition repeated start | 4.7 - - us
t0 AT data hold time for bus compatible masters 5 - - us
tHp DaT data hold time for bus devices note 2 0 - - ns
tsupar data set-up time 250 - - ns
t SDA and SCL rise time - - 1 us
t SDA and SCL fall time - - 300 ns
tsusto set-up time for stop condition 47 - - us
Notes

1. All the timing values are valid within the operating supply voltage and ambient temperature range and refer to V,_
and V,, with an input voltage swing of Vg to V.

2. The hold time required to bridge the undefined region of the falling edge of SCL must be internally provided by a
transmitter. It is not greater than 300 ns.
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EXTERNAL CLOCK TIMING
t t
tg || tHIGH ! tLow
PTC / / 2\ 257
SDA o _—\_/ -------
scL —\__/
STOP MBA697
Fig.9 One byte ERASE/WRITE cycle.
t, t
g 'HIGH | | tLow
-— nx256 + 1
PTC / 1\ /' 2\ /__—L
o UV
scL
STOP MBA698
Fig.10 10 n byte ERASE/WRITE cycle (n=21t0 7).
t X!
19 tHIGH | | fLow
PTC 1\ / 2\ /Tsa\_
SDA o 5 [ -------
SCL o \ /

STOP

Fig.11 Page mode.

MBA699
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SLAVE ADDRESS ~ WORD ADDRESS

Trrrrorrv T rrrrrtTd T T 1r1rrrrr Trrrr1ruoTd
12C-bus SI |0|AI AI DATA iAl DATA H Pl

111111 1111114 1111111

HIGH I | f .
PTC undefined undefined

tow 12 257 clock (2)
1 2 513 clock (3)
negative edge 1 2 1153 clock (4)
SCL 8-bit 1420
MBA700
(1) If an external clock is chosen, this information is latched internally by setting pin 7 (PTC) LOW after

transmission of the eight bit of the word address (negative edge of SCL). Thus the state of pin 7 may be
previously undefined. Leaving pin 7 LOW causes a higher standby current.

(2) 1-byte programming.
(3) 2-byte programming.
(4) One page (8 byte) programming.

Fig.12 External clock.

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 I12C specifications defined by Philips.
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4-digit LED driver with 12C-bus interface SAA1064

GENERAL DESCRIPTION

The LED-driver is a bipolar integrated circuit made in an |2 L compatible 18 volts process. The circuit

is especially designed to drive four 7-segment LED displays with decimal point by means of multiplexing
between two pairs of digits. It features an 12C-Bus slave transceiver interface with the possibility to
program four different SLAVE ADDRESSES, a POWER RESET flag, 16 current sink OUTPUTS,
controllable by software up to 21 mA, two multiplex drive outputs for common anode segments, an
on-chip multiplex oscillator, control bits to select static, dynamic and blank mode, and one bit for
segment test.

QUICK REFERENCE DATA

[
parameter | conditions symbol min, typ. max. unit
Supply voltage VEg =0V Vee 45 5 15 \)
Supply current all outputs OFF | Voo =5V lcc* | 7 95 14 mA
Total power dissipation '
24-lead DIL (SOT101B) Piot — — 1000 mW
‘ 24-lead DIL SO
‘ (SOT137A) Piot - — 500 mW
Operating ambient
) temperature range Tamb —40 — +85 oC

*  The positive current is defined as the conventional current flow into a device (sink current).

PACKAGE OUTLINE

SAA1064: 24-lead DIL; plastic with internal heat spreader (SOT101B).
SAA1064T: 24-lead mini-pack; plastic (SO-24; SOT137A).
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PINNING J
SYMBOL  PIN  DESCRIPTION AR L 2] e
ADR 1 12C-Bus slave address input Cext [Z 23] sDA
CeEXT 2 external control P8 |3 22| P16
P8 to P1 3-10 segment output p7[a 211 P15
MX1 11 multiplex output pe s @ P14
VEE 12 ground o5 [ _1_9_' b1
Vee 13 positive supply SAA1064
MX2 14 multiplex output PalZ E P12
P9 to P16 15-22 segment output P38 E] P11
SDA 23 12C-Bus serial data line P2|9 1__5] P10
SCL 24 12C-Bus serial clock line p1 [10] 5] P
mx1 [11 [12] Mx2
vee [12] 13] Veo
7281283

FUNCTIONAL DESCRIPTION

Fig.2 Pinning diagram.

S

01110A1A01[A|PR0000000]1IP]

slave address

status byte

Fig. 3a 17C-Bus format; READ mode.

S/01110A1 AOO|A[0OOOOOSC SBSA|A|X C6C5 C4 C3C2C1 CO|A N
slave address instruction byte control byte
P17 D10|A[D27- e Y kT A— Y Y — p40|A P |
data digit 1 data digit 2 data digit 3 data digit 4

Fig. 3b 12C-Bus format; WRITE mode.

= start condition
P = stop condition
A = acknowledge
X =don’'t care

Address pin ADR

A1, AO = programmable address bits
SC SB SA = subaddress bits

C6 to CO = control bits

PR = POWER RESET flag

Four different slave addresses can be chosen by connecting ADR either to Vgg, 3/8 Ve, 5/8 Ve
or V(. This results in the corresponding valid addresses HEX 70, 72, 74 and 76 for writing and 71,
73,75 and 77 for reading. All other addresses cannot be acknowledged by the circuit.
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Status byte

Only one bit is present in the status byte, the POWER RESET flag. A logic 1 indicates the occurence of a
power failure since the last time it was read out. After completion of the READ action this flag will be
set to logic O.

Subaddressing

The bits SC, SB and SA form a pointer and determine to which register the data byte following the
instruction byte will be written. All other bytes will then be stored in the registers with consecutive
subaddresses. This feature is called Auto-Increment (Al) of the subaddress and enables a quick
initialization by the master.

The subaddress pointer will wrap around from 7 to O.

The subaddresses are given as follows:

sC SB SA :‘QZ‘FESS function
0 0 0 00 control register
0 0 1 01 digit 1
0 1 0 02 digit 2
0 1 1 03 aigit 3
1 0 0 04 digit 4
1 0 1 05
I T T B S St
1 1 1 07
Control bits (see Fig. 4)
The control bits CO to C6 have the following meaning:
co=0 static mode, i.e. continuous display of digits 1 and 2
co=1 dynamic mode, i.e. alternating display of digit 1+ 3and 2 + 4

C1=0/1 digits 1 + 3 are blanked/not blanked
c2=0/1 digits 2 + 4 are blanked/not blanked

Cc3=1 all segment outputs are switched-on for segment test*
C4=1 adds 3 mA to segment output current
Co =1 adds 6 mA to segment output current
c6=1 adds 12 mA to segment output current
Data

A segment is switched ON if the corresponding data bit is logic 1. Data bits D17 to D10 correspond with
digit 1, D27 to D20 with digit 2, D37 to D30 with digit 3 and D47 to D40 with digit 4.

The MSBs correspond with outputs P8 and P16, the LSBs with P1 and P9. Digit numbers 1 to 4 are
equal to their subaddresses (hex) 1 to 4.

* At acurrent determined by C4, C5 and C6.
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SDA, SCL

The SDA and SCL 1/0 meet the 12C-Bus specification. For protection against positive voltage pulses
on these inputs voltage regulator diodes are connected to VgEg. This means that normal line voltage
should not exceed 5,5 volt. Data will be latched on the positive-going edge of the acknowledge related
clock pulse.

Power-on reset

The power-on reset signal is generated internally and sets all bits to zero, resulting in a completely
blanked display. Only the POWER RESET flag is set.

External Control (CEXT)

With a capacitor connected to pin 2 the multiplex frequency can be set (see Fig. 5). When static this pin
can be connected to Vg or Vo or left floating since the oscillator will be switched off.

Segment outputs

The segment outputs P1 to P16 are controllable current-sink sources. They are switched on by the
corresponding data bits and their current is adjusted by control bits C4, C5 and C6.

Multiplex outputs

The multiplex outputs MX1 and MX2 are switched alternately in dynamic mode with a frequency
derived from the clock-oscillator. In static mode MX1 is switched on. The outputs consist of an
emitter-follower, which can be used to drive the common anodes of two displays directly provided
that the total power dissipation of the circuit is not exceeded. If this occurs external transistors should
be connected to pins 11 and 14 as shown in Fig. 5.
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RATINGS
Limiting values in accordance with the Absolute Maximum System (IEC 134)
parameter { conditions | symbol [T min. max. unit
Supply voltage (pin 13) VEg=0V |Vce ; —-0.5 18 \Y
{ Supply current (pin 13) ‘ Ice I —=50 200 mA
; Total power dissipation ‘ ‘ ‘ ‘

; 24-lead DIL (SOT1018B) Ptot 1000 } mw
1 24-lead SO (SO137A) Piot | 500 [ mW
SDA, SCL voltages | VEg=0V V23, 24 —05 | 5.9 \

| Voltages ADR-MX1and MX2-P16' VEg =0V | V111. V1422 E -05 | Vcc+05 \
}‘ Input/output current all pins ‘ outputs OFF ' + 1}/g i — 10 mA
! Operating ambient | :
temperature range ' Tamb —40 + 85 oC
Storage temperature range { lTstg ' —55 + 150 ocC
THERMAL RESISTANCE
From crystal to ambient
24-lead DIL Rthj-a 35 K/W
24-lead SO (on ceramic substrate) Rthj-a 75 K/W
24-lead SO (on printed circuit board) Rthj-a 105 K/W
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CHARACTERISTICS
Vce =5 V; Tamb = 25 ©C; voltages are referenced to ground (VEE = 0 V); unless otherwise specified

parameter conditions symbol [min. typ. max. unit
Supply
Supply voltage (pin 13) Vce 4,5 5,0 15 Vv
Supply current all outputs OFF

Vee=5V Icc 7,0 9,5 14,0 mA
Power dissipation all outputs OFF | Py — 50 — mW

SDA; SCL (pins 23 and 24)

Input voltages V23,240 - 5,5 \Y
Logic input voltage LOW VIL(L) |— — 1,5 Vv
Logic input voltage HIGH VIH(L) |3.0 - - \Y
Input current LOW V2324=VEE | —l|L |- - 10 HA
Input current HIGH V2324=Vce | IH - — 10 MA
SDA

Logic output voltage LOW lo=3mA VoL(L)|— - 0,4 \Y,
Output sink current Ilspa |3 - - mA

Address input (pin 1)

Input voltage
programmable address bits:

A0=0;A1=0 2 VEE - 3/16Vee | V
A0=1;A1=0 Vi1 5/16Vcc | 3/8Vee | 7/16Vee | V
A0=0;A1=1 V1 9/16Vce | 5/8Vee | 11/16Vee | V
A0O=1,A1=1 V1 13/16Vce | — \ele \Y
Input current I_.OW V1=VEE —Iq - — 10 nA
Input current HIGH Vi1=Vce 11 — - 10 MA

External control (CEXT) pin 2
Switching level input

Input voltage LOW ViL - - Vece-33 |V

Input voltage HIGH VIH Vee-1.5 |- — Vv

Input current Vo=2V 12 —140 —160 —-180 MA
Vo=4V 12 140 160 180 HA
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CHARACTERISTICS (continued)

( parameter | conditions Wlsymbol {rnin.

typ. | max. | unit

—_ Nt

(P8 to P1; pins 3 to 10)
P9 to P16; pins 15 to 22)

Output voltages lp =15 mA ] Vo ' - — 0.5 Vv
Output leakage current HIGH Vo=Veec=15V Lo - - £10 | uA
Output current LOW !

All control bits (C4, C5 |

Segment outputs i [
|
|

and C6) are HIGH VoL =5V loL 1785 21 1252 |mA
Contribution of: ‘ !
control bit C4 o 2.55 1 3.0 3.6 mA
control bit C5 e} 5.1 1 6.0 7.2 mA
control bit C6 o 102 120 | 144 |mA

Relative segment output |
current accuracy

with respect to highest value : Alg — P - 75 %

Multiplex 1 and 2 (pins 11 and 14) i

Maximum output voltage
(when ON) —Impx =50mA | Vypx | Vcc—15|— - v
Maximum output current HIGH | :
(when ON) IVMPX=2V —Impx | 50 - 110 | mA
Maximum output current LOW |
(when OFF) IVo=2V +lypx | 50 70 110 | pA
i Multiplex output period CeExT =2.7nF TMPX |5 - 10 ms
‘ Multiplexed duty factor - 484 | — %

* Value to be fixed.
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SAA1064

co

C1

c2

MUX

MX1

MX2

February 1991

DETAIL r—— clock frequency /64 4’1
crock _[LIML o __ Mo ururu

MUX [ - ]
MX1 [ - ]
MX2 | o |

Fig. 4 Timing diagram. 7281284
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APPLICATION INFORMATION
3 ]CA 4 [ca

/

e ]

I
(7| |

5V

8 8
SCL SDA 1 I 5V

N\

\ 4
24 23 |22 |21 |20 |19 ]18 IW |16 |15 14 13
SCL SDA P16 Pi5 P14 P13 P12 P11 P10 P9 MX2 Voo

5V SAA1064

1L

L

ADR CExT P8 P7 Ps P5 P4 P3 P2  P1  MX1 Vee

1 J_2 Ia !4 |5 Ie l7 !s le l1o 1 |2

2.7nF A
s 1s

5V

/ ’ [/ [/

[/ L]

. .

1 [CA 2 [ca

7281285

Fig. 5 Dynamic mode application diagram.
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o]

SCL SDA 1 5V
{

24 |23 lzz I21 ‘20 |19 I18 117 |1s |15 lm 13
SCL SDA P16 P15 P14 P13 P12 P11 P10 P9 MX2 Voo

SAA1064 =

ADR CexT P8 P7 P6 P5 P4 P3 P2 P1  MX1 VEE
’4 ls ’e |7 's ls ,10 [11 12

NN I

7281286.1

5V

Fig. 6 Static mode application diagram.
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POWER DISSIPATION
The total maximum power dissipation of the SAA1064 is made up by the following parts:
1. Maximum dissipation when none of the outputs are programmed (continuous line in Fig.7).

2. Maximum dissipation of each programmed output. The dashed line in Fig.7 visualises the
dissipation when all the segments are programmed (max. 16 in the static, and max. 32 in
the dynamic mode). When less segments are programmed one should take a proportional
part of the maximum value.

3. Maximum dissipation of the programmed segment drivers which can be expressed as:
Padd = Vo x Ig x N.

Where: Padq = The additional power dissipation of the segment drivers
Vo = The low state segment driver output voltage
o = The programmed segment output current
N = The number of programmed segments in the static mode,

or half the number of programmed segment drivers in the dynamic mode.

Under no conditions the total maximum dissipation (500 mW for the SO and 1000 mW for the DIL
package) should be exceeded.

Example: V.. =5V
Vo =025V
lo = 12mA

24 programmed segments in dynamic mode

Ptot = P1+P2+P3
75 mW + (50 * 24/32) mW + (0.25 * 12,107 * 12) mW
148.5 mW

1]

1l
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MEAT104
750
dissipation g
(mW) =T
/V/
500 '
A
A
1/
/
/
/
/ @ 14
250 —
// |+
pae
///; 7
T 1-4-1"]
0
0 25 5.0 7.5 10.0 125 15.0
Vec™)

(1) All outputs programmed (no segment current sink).

(2) Outputs not programmed.

Fig.7 SAA1064 power dissipation as a function of supply voltage.

Purchase of Philips’ 12C components conveys a license under the
Philips’ 12C patent to use the components in the 12C-system

Bus provided the system conforms to the |2C specifications defined
by Philips.
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Octuple 6-bit DAC with I2C-bus TDA8444/AT/T

GENERAL DESCRIPTION

The TDAB444 comprises eight digital-to-analogue converters (DACs) each controlled via the two-wire
12C-bus. The DACs are individually programmed using a 6-bit word to select an output from one of

64 voltage steps. The maximum output voltage of all DACs is set by the input Va5 and the resolution
is approximately V y,55x/64. At power-on all DAC outputs are set to their lowest value. The 12C-bus
slave receiver has a 7-bit address of which 3 bits are programmable via pins AO, A1 and A2.

Features

® Eight discrete DACs
® |2C-bus slave receiver
® 16-pin DIL package

QUICK REFERENCE DATA

parameter conditions symbol | min. typ. | max. } unit
Supply voltage Vp 108 | 120 | 132  V
Supply current no loads; Vpax = Vp; |
all data = 00 Ice 8 12 15 . mA
Total power dissipation no loads; Vmax = Vp; |
all data = 00 Piot — 150 — . mW
Effective range of 3
Vimax input Vp=12V Vmax 1 - 10.5 [ \
DAC output voltage i
range Vo 0.1 - Vp-05 | V
Step value of 1 LSB Vimax = Vp;
lo=—-2mA Visg 70 160 250 | mV

PACKAGE OUTLINE
16-lead DIL; plastic (SOT38).
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A0 Al A2 Vp GND
5 6 7 1 8
v v v l é‘
SDA < >
scL > > 12cBUS
SLAVE RECEIVER
Vimax »> REFERENCE
VOLTAGE TDA8444
GENERATOR
DACO DAC1 DAC2 DAC3 DAC4 DAC5 DAC6 DAC?
M 10 1Y 12] 137 14 15) 16
DACO DAC1 DAC2 DAC3 DAC4 DAC5 DAC6 DAC7
. . 7294743
Fig. 1 Block diagram.
PINNING
1 Vp positive supply voltage
Ve [‘__ U 6] DACY 2 Vmax control input for DAC maximum
output voltage
Vemax [ 2 15] oace 3 SDA 12C-bus serial data input/output
spa [3] [14] pacs 4 SCL 12C-bus serial data clock
scL| 4 13| DAC4 5 A0
[: TDA8444 :] programmable address bits for
Ao [5 | [12] pAC3 6 Al 12C-bus slave receiver
A1 [6] [11] pAc2 / A2
8 GND ground
A2[7] [10] DACT
9-16 DACO-7 analogue voltage outputs
GND 8] 9] paco
7294741
Fig. 2 Pinning diagram.
348
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BLOCK DIAGRAM — TDA8444AT (SO-20)

Ao A1 A2 vp GND

SDA s
4
scL 12c-BUS
SLAVE RECEIVER TDA8444AT
2 REFERENCE
VMAX VOLTAGE
GENERATOR

DACo DAC1 DAC2 DAC3 DAC4 DACs DACs DAC7
RAl 13 14 15 16 17 18 20
DACo DAC1 DAC2 DAC3 DAC4 DACS DACs DAC7

PIN CONFIGURATION AND DESCRIPTION — TDA8444AT (S0O-20, SOT-163)

ve [0 |2° DAC7 1 Vo Positive supply voltage
vmax (2] 19 ne 2 VMAX Control input for DAC maximum output voltage
soA 3] 18] pacs 3 SDA 12C bus serial data inputoutput
scL [4 17] DACs
E 3 4 SCL 12C bus serial data clock
NC 5 16] DAC4
7 A0 Programmable address bits for I2C bus slave receiver
NC [6] [15) DAC3
ro [7] ) oacz 8 A1 Programmable address bits for 12C bus slave receiver
9 A2 Programmable address bits for I°C bus slave receiver
a1 [8] 13] DAC1
a2 3] 2] N 10 GND Ground
GND [10] [11] DAco 11, 13-18, 20 DACO-7 Analog voltage outputs
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TDA8444/AT/T

BLOCK DIAGRAM — TDA8444T (SO-16)

Ao A1

vp GND

SDA
4
SCL
2 REFERENCE
Vv VOLTAGE
MAX GENERATOR

1%c-BUS
SLAVE RECEIVER TDA8444T

U

UrTy ury

DACo DAC1 DAC2 DAC3 DAC4 DAC5 DAC6 DAC7
9 10 1 12 13 14 15 16
DACO DAC1 DAC2 DAC3 DAC4 DAC5 DACs DAC7

PIN CONFIGURATION AND DESCRIPTION — TDA8444T (SO-16, SOT-162)

vp E—V_E DAC? 1 Vo Positive supply voltage
vmax [Z] 5] DAcs 2 Vmax Control input for DAC maximum output voltage

sba [3] [13) DAcs 3 SDA 12C bus serial data input/output

scL E [13] pacs 4 SCL 12C bus serial data clock
Ne [5] 12] DAC3 6 A0 Programmable address bits for I2C bus slave receiver
4o [6] 1] DAc2 7 Al Programmable address bits for 12C bus slave receiver
A Ij 10] Dacs 8 GND Ground

GND E [9] paco 9-16 DACO-7 Analog voltage outputs
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FUNCTIONAL DESCRIPTION

12C-bus
The TDA8444 |2C-bus interface is a receive-only slave. Data is accepted from the 12C-bus in the
following format:

S|01 00 A2 A1 AOOJ|A|I3 12 11 |0 SD SC SB SA|A|X X D5 D4 D3 D2 D1 DO |A|P

| 4— address byte — | | <@— instruction byte — | | 4— firstdatabyte — |
Where:
S = start condition A2, A1, AO = programmable address bits
P = stop condition 13,12,11, 10 = instruction bits
A = acknowledge SD, SC, SB, SA = subaddress bits
X = don't care D5, D4, D3, D2, D1, DO = data bits

Fig. 3 Data format.

Address byte

Valid addresses are 40, 42, 44, 46, 48, 4A, 4C, 4E (hexadec), depending on the programming of bits
A2, A1 and AO. With these addresses, up to eight TDA8444 ICs can be operated independently from
one |2C-bus. No other addresses are acknowledged by the TDA8444,

Instruction and data bytes

Valid instructions are 00 to OF and FO to FF (hexadec); the TDA8444 will not respond to other
instruction values.
Instructions 00 to OF cause auto-incrementing of the subaddress (bits SD to SA) when more than one

data byte is sent within one transmission. With autc-incrementing, the first data byte is written into the

DAC addressed by bits SD to SA and then the subaddress is automatically incremented by one position
for the next data byte in the series.

Auto-incrementation does not occur with instructions FO to FF. Other than auto-incrementation
there is no difference between instructions 00 to OF and FO to FF. When only one data byte per
transmission is present, the DAC addressed by the subaddress will always receive the data.

Valid subaddresses (bits SD to SA) are 0 to 7 (hexadec) relating numerically to DACO to DAC7. When
the auto-incrementing function is used, the subaddress will sequence through all possible values
(Oto F,0to F,etc.).

12C-bus

Input SCL (pin 3) and input/output SDA (pin 4) conform to 12 C-bus specifications.* Pins 3 and 4
are protected against positive voltage pulses by internal zener diodes connected to the ground plane
and therefore the normal bus line voltage should not exceed 5.5 V.

The address inputs AO, A1, A2 are programmed by a connection to GND for An =0 or to Vp for
An = 1. If the inputs are left floating, An = 1 will result.
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FUNCTIONAL DESCRIPTION (continued)

Input Vipax

Input Vijax (pin 2) provides a means of compressing the output voltage swing of the DACs. The
maximum DAC output voltage is restricted to approximately V4 while the 6-bit resolution is
maintained, so giving a finer voltage resolution of smaller output swings.

Digital-to-analogue converters

Each DAC comprises a 6-bit data latch, current switches and an output driver. Current sources with
values weighted by 2° up to 25 are switched according to the data input so that the sum of the
selected currents gives the required analogue voltage from the output driver. The range of the output
voltage is approximately 0.5 to 10.5 V when V5 = Vp.

The DAC outputs are protected against short-circuits to Vp and GND.
To avoid the possibility of oscillations, capacitive loading at the DAC outputs should not exceed 2 nF.

RATINGS
Limiting values in accordance with the Absolute Maximum System (IEC 134)
parameter conditions symbol min. max. unit
Supply voltage Vp=Vjq —0.5 18 \%
Supply current (source) Ip=1h - —-10 mA
lp=1 - 40 mA
12C-bus line voltage V3.4 —0.5 5.9 \%
Input voltage \7 —-0.5 Vp+0.5 \
Output voltage Vo —-0.5 Vp+ 0.5 \Y
Maximum current on any pin
(except pins 1 and 8) *lmax — 10 mA
Total power dissipation Ptot - 500 mW
Operating ambient
temperature range Tamb —20 +70 oC
Storage temperature range Tstg —65 + 150 oC
THERMAL RESISTANCE
From junction to ambient Rthj-a 75 K/W

2=

I

BUS
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Octuple 6-bit DAC with 12C-bus

TDA8444/AT/T

CHARACTERISTICS

All voltages are with respect to GND; Tamp = 25 ©C; Vp = 12 V unless otherwise specified

parameter conditions symbol min. | typ. | max. unit
Supply voltage Vp 10.8 | 12.0 | 13.2 \
Voltage level for
power-on reset Vi 1 - 4.8 \Y
Supply current no loads; Vmax = Vp;
all data = 00 Ip=14 8 12 15 mA
Total power dissipation | no loads; Vinax = Vp;
all data= 00 Piot - 150 | — mW
Effective range of '
Vimax input (pin 2) Vp=12V Vimax = V2 1.0 - 10.5 Y
Pin 2 current Vo=1V I2 - - =10 L HA
Vo =Vp I2 - - 110 F A
|
SDA, SCL inputs
(pins 3 and 4)
Input voltage range \7 0 — 5.5 Y
Input voltage LOW ViL - - 1.5 Y
Input voltage HIGH ViH 3.0 |- - Y
Input current LOW V3:.4=03V L - - -10 HA
Input current HIGH V3:.4=6V IH - - +10 nA
SDA output
(pin 3)
Output voltage LOW I3=3mA VoL - — 0.4 \Y
Sink current o 3 8 - mA
Address inputs
(pins 5to 7)
Input voltage range 1 0 — Vp \
Input voltage LOW ViL - - 1 \Y
Input voltage HIGH ViH 2.1 - - \
Input current LOW L - -7 -12 HA
Input current HIGH lIH - - 1 A
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CHARACTERISTICS (continued)
parameter conditions symbol min. | typ. | max. unit
DAC outputs
(pins 9 to 16)
Output voltage range Vo 0.1 - Vp—05 |V
Minimum output voltage | data= 00;
lo=-2mA VOmin 0.1 0.4 0.8 \'
Maximum output voltage | data= 3F;
lp=-2mA
at Vimax = Vp VOmax 10 105 [ 115 \%
at 1 <Vmax <105V VOmax see note \
Output sink current V =Vp;
data= 1F lo 2 8 15 mA
Output source current VvV =0V;
data= 1F lo -2 - —6 mA
Qutput impedance data = 1F;
—2<lp<+2mA Zp - 4 50 Q
Step value of 1 LSB Vimax = Vpi
lo=-2mA Viss 70 160 | 250 mV
Deviation from linearity | lg=—-2mA; N # 32 0 - 50 mV
Deviation from linearity | lp=—-2mA; N =32 0 — 70 mV
Note to the characteristics
Vo = 0.95 Vijax + VOmin-
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APPLICATION INFORMATION

4742
12 729

11 l
Vo Vmax = 12V

(V) 10 ; | |
Vmax =10V
7z

|~ Vmax=6V

74

3 7
A
=

\
|
1

1
e
0
00 05 O0A OF 14 19 1E 23 28 2D 32 37 3C 3F

data (hexadec.)

Fig. 4 Graph showing output voltage as a function of the input data value
for Viqax valuesof 1,6, 10and 12 V; Vp =12 V.
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Package Outlines

SOT97 8-PIN PLASTIC DUAL IN-LINE (N/P) PACKAGE
<+ 10 max ————= -<—— 8,25 max ——»
a H
SR — 1
Z:T:a 1 4.2
1°] | H max
t ! ! 0,51 L
! 1 J'—71 min
Y - ) T R )
3,43 0.78
0,53
3,05 ' 1 ex ||| 0,38 |, (1
. il
1 ' ' '
o | e
115 95
max 873 7273585.5
112max® 1,73 max
I
i ; @ Positional accuracy.
8 5 top view (M Maximum Material Condition.
(1) Centre-lines of all leads are
—r— -}— i within +0,127 mm of the
nominal position shown; in
1 L the worst case, the spacing
. between any two leads may
! i deviate from nominal by
+0,254 mm.

(2) Lead spacing tolerances apply
from seating plane to the line
indicated.

Dimensions in mm (3) Only for devices with
asymmetrical end-leads.
SOT 97 72735855
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SOT96A 8-PIN PLASTIC SOL (SMALL OUTLINE LARGE) DUAL IN-LINE (D/T) PACKAGE
5.0 5.2
48 46
o - 8° o 125 4.0
s e 085 38
2 07 -
2| o8 145 4 7¢
= 4 125 712 8°
° ' .. 2° ‘
v *‘ ' 025
% -_T‘ong‘ v de 1010 R
0 7 mux Elor[s] t 035 0.19 gg 0.3 mml
N 7268240.8
4 3 2 1 top view
5 6 7 8
H H H M
SOT96A 7268240.8
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Package Outlines

SOT176C 8-PIN PLASTIC SOL (SMALL OUTLINE LARGE) DUAL IN-LINE (D/T) PACKAGE
9.25
| 8.75
7.65 ' 7.6
7.55 7.5 1.156
o - o 1.65| 8° - :
g 1.01 \ . 135 6°’\ 1.?5
-
o H 8° l
% == 245 965 20 J c= —]——1 —1
3 225 235 4 |f \ 4 /
= ? —= 03 |
L1195 ! \_, 05 101 022f
max min 0.14
lo1]A] 1065
10.00 7222500
049
Lﬁ—ﬁ_— top view
8 7 6 5
i |
T
20 |
4.0 maxT - - |
|
L |
1 2 3 4
@ Positional accuracy.
= 0 C @ Maximum Material Condition.
l«——— 8.0 max ———
Dimensions in mm
SOT 176C 7222500
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Package Outlines

SOT27 14-PIN PLASTIC DUAL IN-LINE (N/P) PACKAGE

19,5 max

seating plane

0,53

14 13 12 n 10

Dimensions in mm

top view

72868041

@ Positional accuracy.

@)

)

Maximum Material Condition.

Centre-lines of all leads are
within +0,127 mm of the
nominal pcsition shown; in
the worst case, the spacing
between any two leads may
deviate from nominal by
+0,254 mm.

Lead spacing tolerances apply
from seating plane to the line
indicated.
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Package Outlines

SOT38 16-PIN PLASTIC DUAL IN-LINE (N/P) PACKAGE
|- 22 max <+—— 825max ——
2
o T
a ———
o
€
+
@
n
(R A
39 053
34 max
; 1hx 1 - | J
[ i 0 12,54] : : : : T |
UL U S - S B PR P 1P
max
95 »!
1,4 max 83 7255041.8
]
(1) Centre-lines of all leads are within
+0.127 mm of the nominal

16 15 14 13 12 n 10 9 top view position shown; in the worst
case, the spacing between any
two leads may deviate from

I i e nominal by +0.254 mm.

3 2 3 L 5 6 7 8 (2) Lead spaging tolerances apply
from seating plane to the line
indicated.

(3) Dimensions in mm.
SOT 38 7255041.8
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Package Outlines

SOT162A 16-PIN PLASTIC SOL (SMALL OUTLINE LARGE) DUAL IN-LINE (D/T) PACKAGE

10.5 9.25
101 045 | 8.75
° 2.0 g 155 o g
s - /‘g° [Fmax™ 0.35 =135 78
- 1'1 ! L] * ’ 1 l
o 1. A —
€ 1.0 / boous e } !
- n
5l ¢t 225 235
@ \ e vy D v |
- f 4= F— =5 0.3 T -
A Fsa ST o Toinl”
S > - s . 2 o 0.23 .3 min
(s] 0.76 max Em. g Em@ to 8 1106505
—»11.27|le— . 7283896.3
8 7 6 5 4 3 2 1 top view
S |
o I 20
max
K
9 0 11 12 13 14 15 16
(1) Dimensions in mm.
SOT 162A 7283896.3
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Package Outlines

SOT146 20-PIN PLASTIC DUAL IN-LINE (N/P) PACKAGE
° 27 max l +——— 8,25 max —
Tgx side view
gg ,
y | I
4 il
3,43 1l
3,05 ;'I
v !
- (78—

72839016

(1) Centre-lines of all leads are within
+0.127 mm of the nominal
position shown; in the worst

| case, the spacing between any

two leads may deviate from

nominal by +0.254 mm.

top view

2

Lead spacing tolerances apply
from seating plane to the line
indicated.

(3) Dimensions in mm.

SOT 146 7783901.4

January 1992 365



Signetics 12C Peripherals for Microcontrollers

Package Outlines

SOT163A 20-PIN PLASTIC SO (SMALL OUTLINE) DUAL IN-LINE (D/T) PACKAGE
9.25
| 8.75
8° -, 155 7.6 )
[Te° 1.35 74
: ' |
2.65 (
2.35
. oS L. ,I
i 0-3SH Y | Tos2 toi ol
m:; En . BEE) 2to8°| 023 11%605 .3 min
e 127 < X 7283897.3
IS - X
10 9 8 75 4 3 2 1 top view
v
- - . - f 2.0
max
'
11 12 13 14 17 18 19 20
(1) Dimensions in mm.
SOT 163 7283897.3
366
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Package Outlines

SOT101B 24-PIN PLASTIC DUAL IN-LINE (N/P) PACKAGE (W/INTERNAL HEAT SPREADER)

Dimensions in mm

SOT101A,B,F, G, L

- 32 max
@
g T
A — 1
b= 5.1
s max
o
& —10,51
LS } min
349 - - - -—3 0762
, 053
3,4 , 22x max
! y ~{|~lzE
ol 22 | l—|
max
1,7 max
- -
™
24 23 22 21 20 19 18 17 16 15 14 13 top view
3
1 2 3 4 5 6 7 8 9 10 1" 12
15,8 max - {B Positional accuracy.
Wimax ————» @ Maximum Material Condition.
1 (1) Centre-lines of all leads are
L] side view within 0,127 mm of the
X nominal position shown; in
‘ the worst case, the spacing
between any two leads may
! deviate from nominal by
+0,254 mm.

(2) Lead spacing tolerances apply
from seating plane to the line
indicated.

15.24 (3) Index may be horizontal as
17,15 shown, or vertical.
15,90

7273670.5
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Package Outiines

SOT137A 24-PIN PLASTIC SO (SMALL OUTLINE) DUAL IN-LINE (D/T) PACKAGE

- 9.25
045 | 8.75
o .4 1.5 7.6
e /‘go 0.35 > 135 74
5 v L ;
ol 99 / [}
2| 1.0 b2 225 ‘ [
g 4 2.25 535 /
3 v ' ' |
. s = p— ' 03 T
L)
| (O] 045} 0.36|| g 832 toi 0. 3’min ~
I &l e 01]s - 2to8°|_ 023 10.65 :
0.76 max - EIEEHC) 10.0 7278696.7
—»1[1.27) /=
121110 9 )} 4 3 2 1 top view
v
_ o - i 20
max
3
13 14 15 16 21 22 23 2
(1) Dimensions in mm.
SOT 137A 7278696.7
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Package Outlines

SOT117

28-PIN PLASTIC DUAL IN-LINE (N/P) PACKAGE

36 max

seating plane

13)

top view

1 2 3 4 3 7 8 9 10 11 12 13 14
15,8 max
14,1 max @ Positional accuracy.
! (M) Maximum Material Condition.
L—y—’ side view .
' (1) Centre-lines of all leads are
within +0,127 mm of the
} nominal position shown; in
' the worst case, the spacing
between any two leads may
deviate from nominal by
+0,254 mm.
(2) Lead spacing tolerances apply
1715 from seating plane to the line
8 7273669.2 L
15,90 indicated.
(3) Index may be horizontal as
shown, or vertical.
Dimensions in mm
SOT 117 7273669.2
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Package Outlines

SOT136A 28-PIN PLASTIC SOL (SMALL OUTLINE LARGE) DUAL IN-LINE (D/T) PACKAGE

9.25
| 8.75
155 76
1135 74 1
265
235 %
oy ¢ |
v 03 I
i 032 401 o
023 1065 il
oY 100 72786948
—[1. -
\ 7 ;
W 13 12 11 6 3 2 1 top view
R O I I 20
max
*
15 16 17 18 26 27
(1) Dimensions in mm.
SOT 136A 7278694.8
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Package Outlines

SOT129

40-PIN PLASTIC DUAL IN-LINE (N/P) PACKAGE

seating plane

i

]
EEN
fis

o Tt Wt e 0 e W i 8 i B e W e B e B i e Y e B e B e B e B e B e W e

o

~iE5g - B e
. 7
L2

3% 38 37 3% 3 1 EE] 3 3 FE] 7 7

U O T O T L O L L LT T LI LI LI T LT LT g

top view

side view

indicated.

Cl

(1) Centre-lines of all leads are within
+0.127 mm of the nominal
position shown; in the worst
case, the spacing between any
two leads may deviate from
nominal by +0.254 mm.

fr— (2) Lead spacing tolerances apply
from seating plane to the line

Index may be horizontal as

shown, or vertical

(4) Dimensions in mm.

SOT 129

72701285
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Package Outlines

SOT158A

40-PIN PLASTIC VSO (VERY SMALL OUTLINE) DUAL IN-LINE PACKAGE

| 9,0 max
| 15,5 max ";;2,5; 7,6 max
I v ] 1,15
] o |Max| 7
gy 2,45 2.7 max \J c——=—= -
max max " ) v
= } =¥ 0,10
T ! 7 A
-»‘ [ g’gg ! * * 17 min 0 24..2
051 2Er|felor®) s 01é
0,41
, - -~ 123 max —»
7296425
0,762
top view
h
! |
|
4L |
|
| |
1
@ Positional accuracy.
@ Maximum Material Condition.
-~ 160 max ————=
Dimensions in mm
SOT 158A 7296425
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Package Outlines

SOT205AG 44-PIN PLASTIC QUAD FLAT PACKAGE (B) PACKAGE
19,2 max
15.9 max °
s
0° min | a
e g
= Y . f ¥ g |
79 max | ! | - P22 nz\aﬁx I
T J ;|
i 12 1.05
0.25 = in E max 8(232
0.14
i
ind
D 25
44 ' 34 |
) }
24
1 pin 1 index 33 max
——| O | ———
| I I
——1 R
| N —
—— I
¥ —————— - _ _ - —— 19.2
14 Q- [l —— max
] ——— o
——— | ——
——— ——— |s
—— —"
] | I —
1 23 f
0.50
0.35
12 } ' 22
! [
ggg—iil I 0.56 max —| i<
@ Positional accuracy.
Dimensions in mm @ Maximum Material Condition.
SOT205A 7295754.3
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Package Outlines

SOT190

56-PIN PLASTIC VSO (VERY SMALL OUTLINE) DUAL IN-LINE PACKAGE

|

21,6 max

<~—— 11,1max

0,30 I

0,75

HAAEHAE HARHHE

-~ —
- ~N

|

-~ 22 max ——————————

Dimensions in mm

12,5max

3
T max

———— = A 1,1 max

b+

i o042 |:
5
5

-—

_.____,
To—————

7295114.2

@ Positional accuracy.
(M) Maximum Material Condition.
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Sales Offices, Representatives and Distributors

X

SIGNETICS
HEADQUARTERS
811 East Arques Avenue
P.O. Box 3409
Sunnyvale, CA 94088-3409
ALABAMA
Huntsville

Phone: (205) 464-0111
CALIFORNIA
Calabasas

Phone: (818) 880-6304

Irvine
Phone: (714) 833-8980
(714) 752-2780
San Diego
Phone: (619) 560-0242
Sunnyvale
Phone: (408) 991-3737
COLORADO
Englew
hone (303) 792-9011
GEORGIA
Atlanta
Phone: (404) 594-1392
ILLINOIS
Itasca
Phone: (708) 250-0050
INDIANA
Kokomo
Phone: (317) 459-5355
MASSACHUSETTS
Westford
Phone: (508) 692-6211
MICHIGAN
Farmington Hills
Phone: (313) 553-6070
NEW JERSEY
Toms River
Phone: (908) 505-1200
NEW YORK
Wagpingers Falls
hone: (914) 297-4074
OHIO
Columbus
Phone: (614) 888-7143
OREGON
Beaverton
Phone: (503) 627-0110
PENNSYLVANIA
Plymouth Meeting
Phone: (215) 825-4404

TENNESSEE
Greeneville
Phone: (615) 639-0251

January 1992

TEXAS
Austin
Phone: (512) 339-9945

Richardson
Phone: (214) 644-1610

CANADA

SIGNETICS CANADA, LTD.

Etobicoke, Ontario
Phone: (416) 626-6676

Nepean, Ontario
hone: (613) 225-5467

REPRESENTATIVES

ALABAMA
Huntsville
Elcom, Inc.
Phone: (205) 830-4001

ARIZONA

Scottsdale
Thom Luke Sales, Inc.
Phone: (602) 941-1901

CALIFORNIA
Orangevale
Webster Associates
Phone: (916) 989-0843

COLORADO
Englewood
Thom Luke Sales, Inc.
Phone: (303) 649-9717

CONNECTICUT
Wallingford

JEBCO

Phone: (203) 265-1318

FLORIDA

Oviedo
Conley and Assoc., Inc.
Phone: (407) 365-3283

GEORGIA
Norcross
Elcom, Inc.
Phone: (404) 447-8200

ILLINOIS

Hoffman Estates
Micro-Tex, Inc.
Phone: (708) 765-3000

INDIANA

Indianapolis
Mohrfield Marketing, Inc.
Phone: (317) 546-6969

IOWA
Cedar Rapids
J.R. Sales
Phone: (319) 393-2232
MARYLAND
Columbia

Third Wave Solutions, Inc.
Phone: (301) 290-5990

MASSACHUSETTS
Chelmsford

JEBCO

Phone: (508) 256-5800

MICHIGAN
Brighton
AP Associates
Phone: (313) 229-6550

MINNESOTA

Eden Prairie
High Technology Sales
Phone: (612) 944-7274

MISSOURI
Bridgeton

Centech, Inc

Phone: (31 4) 291-4230
Raytown

Centech, |
Phone: (81 6) 358-8100

NEW YORK
Ithaca

Bob Dean, Inc.

Phone: (607) 257-1111
Rockville Centre

S-J Associates

Phone: (516) 536-4242
Wappingers Falls

ob Dean, Inc.

Phone: (914) 297-6406
NORTH CAROLINA
Matthews

ADI, Inc.
Phone: (704) 847-4323
Smilhfleld

ADI, |
Phone (91 9)934-8136

OHIO
Aurora

InterActive Technical Sales, Inc.

Phone: (216) 562-2050
Dayton

nterActive Technical Sales, Inc.

Phone: (513) 436-2230
Dublin

InterActive Technical Sales, Inc.

Phone: (614) 792-5900
OREGON
Beaverton
Western Technical Sales
Phone: (503) 644-8860
PENNSYLVANIA
Hatboro
Delta Technical Sales, Inc.
Phone: (215) 957-0600
TEXAS
Austin
Synergistic Sales, Inc.
Phone: (512) 346-2122

Houston
SKnerglstic Sales, Inc.
Phone: (713) 937-1990
Richardson
Sg‘nergistic Sales, Inc.
Phone: (214) 644-3500

UTAH

Salt Lake City
Electrodyne
Phone: (801) 264-8050

WASHINGTON
Bellevue
Western Technical Sales
Phone: (206) 641-3900
Spokane
Western Technical Sales
Phone: (509) 922-7600

WISCONSIN
Waukesha

Micro-Tex, Inc.

Phone: (414) 542-5352

CANADA
Calgary, Alberta
ech-Trek, Ltd
Phone: (403) 241-1719
Mississauga, Ontario
Tech-Trek, Ltd.
Phone: (416) 238-0366
Nepean, Ontario
Tech-Trek, Ltd.
Phone: (613) 225-5161
Richmond, B.C.
Tech-Trek, Ltd.
Phone: (604) 276-8735
Ville St. Laurent Quebec
Tech-Trek,
Phone: (514) 337 7540

PUERTO RICO
Santurce

Mectron Group

Phone: (809) 723-6165

DISTRIBUTORS

Contact one of our
local distributors:
Almac/Arrow Electronics
Anthem Electronics
Arrow/Schweber Electronics
Falcon Electronics, Inc.
Gerber Electronics
Hamilton/Avnet Electronics
Marshall Industries
Wyle/EMG
Zentronics, Ltd.
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Philips — a worldwide company

Argentina: PHILIPS ARGENTINA S.A. Div. Philips Components, Vedia 3892,
1430 BUENOS AIRES, Tel. (01) 541-4261
Australia: PHILIPS COMPONENTS PTY Ltd, 34 Waterloo Road,
NORTH RYDE, NSW 2113, TEL. (02) 805-4455. Fax (02) 805 4466
Austria: OSTERREICHISCHE PHILIPS INDUSTRIE G.m.bH,,
UB Bauelemente, Triester Str. 64, 1101 WIEN. Tel: (0222) 60 101-820
Belgium: N.V. PHILIPS PROF. SYSTEMS — Components Div.,
80 Rue Des Deux Gares, B-1070 BRUXELLES, Tel. (02) 5256111
Brazil: PHILIPS COMPONENTS (Active Devices & LCD)
Rua Do Rocio 220, SAO PAULO-SP, CEP 4552, P.O. Box 7383,
CEP 01051, Tel. (011) 820-1166. Fax (011) 820-1849.
PHILIPS COMPONENTS (Passive Devices & Materials)
Av. Francisco Monteiro 702, RIBEIRAO PIRES-SP, CEP 03400,
Tel. (011) 459-8211. Fax (011) 459-8282
Canada: PHILIPS ELECTRONICS LTD., Philips Components,
601 Milner Ave., SCARBOROUGH, Ontario, M1B 1M8
Tel. (416) 292-5161.
(IC Products) SIGNETICS CANADA LTD,, 1 Eva Road, Suite 411,
ETOBICOKE, Ontario, MIC 425, Tel. (416) 626-6676
Chile: PHILIPS CHILENA S.A., Av. Santa Maria, Casilla 0760, SANTIAGO,
Tel. (02) 077 38 16
Colombia: IPRELENSO LTDA, Carrera 21 No. 56-17, BOGOTA, DE.,
PO. Box 77621, Tel. (01) 2497624
Denmark: PHILIPS COMPONENTS A/S, Prags Boulevard 80, PB1919, DK-2300
COPENHAGEN S, Tel. 32-883333
Finland: PHILIPS COMPONENTS, Sinikalliontie 3, SF-02630 ESPOO
Tel. 358-0-50261
France: PHILIPS COMPOSANTS, 117 Quai du President Roosevelt,
92134 ISSY-LES-MOULINEAUX Cedex, Tel. (01) 40938000.
Fax. 01 409 38692
Germany: PHILIPS COMPONENTS UB der Philips G.m.b.H.,
Burchardstrasse 19, D-2 HAMBURG 1, Tel. (040) 3296-0, Fax. 040 32969 12.
Greece: PHILIPS HELLENIQUE S.A., Components Division,
No. 15, 25th March Street, GR 17778 TAVROS, Tel. (01) 4894339/4894911
Heng Kong: PHILIPS HONG KONG LTD., Components Div.,
15/F Philips Ind. Bldg., 24 Kung Yip St., KWAI CHUNG, Tel. (0)-4245 121
India: PEICO ELECTRONICS & ELECTRICALS LTD., Components Dept.,
Shivsagar Estate ‘A’ Block, P.O. Box 6598, 264-D Dr. Annie Besant Rd.,
BOMBAY-40018 Tel. (022) 4921500-4921515. Fax. 022 434 19063
Indonesia: P.T. PHILIPS-RALIN ELECTRONICS, Components Div.,
Setiabudi If Building, 6th F1., Jalan H.R. Rasuna Said (P.O. Box 223/KBY)
Kuningan, JAKARTA, 12910, Tel. (021) 517995
Ireland: PHILIPS ELECTRONICS (IRELAND) LTD., Components Division,
Newstead, Clonskeagh, DUBLIN 14, Tel. (01) 693355
haly: PHILIPS S.p.A., Philips Components, Piazza IV Novembre 3,
1-20124 MILANO, Tel. (02) 6752.1, Fax. 02 67522642
Japan: PHILIPS JAPAN LTD., Components Division, Philips Bldg. 13-37,
Kohnan 2-chome, Minato-ku, TOKYO 108, Tel. (03) 813-3740-5030.
Fax. 03 81337400570
Korea (Republic of): PHILIPS INDUSTRIES (KOREA) LTD., Components Divi-
sion, Philips House, 260-199 ltaewon-dong, Yongsan-ku, SEOUL,
Tel. (02) 794-5011
Malaysia: PHILIPS MALAYSIA SDN BHD, Components Div.,
3 Jalan $815/2A SUBANG, 47500 PETALING JAYA, Tel. (03) 7345511
Mexico: PHILIPS COMPONENTS, Paseo Triunfo de la Republica, No 215
Local 5, Cd Juarez CHIHUAHUA 32340 MEXICO, Tel. (16) 18-67-01/02
Netherlands: PHILIPS NEDERLAND B.V., Marktgroep Philips Components,
Postbus 90050, 5600 PB EINDHOVEN, Tel. (040) 783749
New Zealand: PHILIPS NEW ZEALAND LTD., Components Division,
2 Wagener Place, C.P.0. Box 1041, AUCKLAND, Tel. (09) 894-160,
Fax. (09) 897-811

98-8080-574

Norway: NORSK A/S PHILIPS, Philips Components, Box 1, Manglerud 0612,
OSLO, Tel. (02} 74 10 10

Pakistan: PHILIPS ELECTRICAL CO. OF PAKISTAN LTD., Philips Markaz,
M.A. Jinnah Rd., KARACHI-3, Tel. (021) 725772

Peru: CADESA, Carretera Central 6.500, LIMA 3, Apartado 5612,
Tol. 51-14-350059

Philippines: PHILIPS SEMICONDUCTORS PHILIPPINES Inc., 106 Valero St.
Salcedo Village, P.O. Box 911, MAKATI, Metro MANILA, Tel. (63-2) 810-0161
Fax. 632 817 3474

Portugal: PHILIPS PORTUGUESA S.AR.L., Av. Eng. Duarte Pacheco 6,
1009 LISBOA Codex, Tel. (019) 68 31 21

Singapore: PHILIPS SINGAPORE, PTE LTD., Components Div,, Lorong 1,
Toa Payoh, SINGAPORE 1231, Tel. 3502000

South Africa: S.A. PHILIPS PTY LTD., Components Division,
195-215 Main Road, JOHANNESBURG 2000, P.O. Box 7430,
Tel. (011) 470-5434. Fax. {011) 4705434

Spain: PHILIPS COMPONENTS, Balmes 22, 08007 BARCELONA,
Tel. (03) 301 6312. Fax. 03301 4243

Sweden: PHILIPS COMPONENTS, A B., Tegeluddsvagen 1, S-11584
STOCKHOLM, Tel. (0)8-7821000

PHILIPS AG,, C Dept., Alimend:

CH-8027 ZURICH, Tel. (01) 4882211

Taiwan: PHILIPS TAIWAN LTD., 581 Min Sheng East Road, P.O. Box 22978,
TAIPE! 10446, Taiwan, Tel. 886-2-509-7666. Fax. 886 2 500 5899

Thailand: PHILIPS ELECTRICAL CO. OF THAILAND LTD., 283 Silon Road,
P.O. Box 961, BANGKOK, Tel. (02) 233-6330-9

Turkey: TURK PHILIPS TICARET A.S., Philips Components,
Talatpasa Cad. No. 5, 80640 LEVENT/ISTANBUL, Tel. (01) 179 2770

United Kingdom: PHILIPS COMPONENTS LTD., Mullard House,
Torrington Place, LONDON WC1E 7HD, Tel. (071) 580 6633,
Fax, (071)436 2196

United States: (Color Picture Tubes - Monochrome & Colour Display Tubes)
PHILIPS DISPLAY COMPONENTS COMPANY, 1600 Huron Parkway,
P.O. Box 963, ANN ARBOR, Michigan 48106, Tel. {313) 996-8400
{IC Products) SIGNETICS COMPANY, 811 East Arques Avenue,
SUNNYVALE, CA 94088-3408, Tel. (800) 227-1817, Ext. 800
(Passive Comp Discrete S d Materials and Prof
Components & LCD) PHILIPS SEMICONDUCTORS, Discrete Products
Division, 2001 West Blue Heron Bivd., P.O. Box 10330, RIVIERA BEACH,
Florida 33404, Tel. (407) 881-3200

Uruguay: PHILIPS COMPONENTS, Coronel Mora 433, MONTEVIDEO,
Tel. (02) 70-4044

Venezuela: MAGNETICA S.A., Calle 6, Ed. Las Tres Jotas, CARACAS 1074A,
App. Post. 78117, Tel. (02) 241 7509

Zimbabwe: PHILIPS ELECTRICAL (PVT) LTD., 62 Mutare Road, HARARE,
P.O. Box 934, Tel. 47211

140-142,

For all other countries apply to: Philips Comp 5 ing C
tions, P.O. Box 218, 5600 MD EINDHOVEN, The Nethertands,

Telex 35000 phtenl, Fax +31-40-724825
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All rights are reserved. Reproduction in whole or in partis prohibited without the
prior written consent of the copyright owner.

The ion p in this d does not form part of any quotation or
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notice. No liability will be accepted by the publisher for any consequence of its use.
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industrial or intellectual property rights.
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