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type no. 

AMPLIFIERS 

NE592 
NE5204 
NE5205 
NE5539 
NE5592 
SA592 
SA5204 
SA5205 
SE592 
SE5539 
I1A733 
I1A733C 

CAMERA ICs 

SAA1043 
SAA1044 
SAD1019 

CLOCK/CALENDAR 

PCF8573 
PCF8583 

COLOUR DECODERS 

SAA9055 
TDA3501 
TDA3505 

TDA3506 

TDA3507 

TDA3510 
TDA3561A 
TDA3565 
TDA3566 
TDA3567 
TDA3569 
TDA3590A 
TDA3592A 
TDA4510 
TDA4532 
TDA4555 

FUNCTIONAL INDEX 

description 

video amplifier 
wide-band high frequency amplifier 
wide-band high frequency amplifier 
ultra high frequency operational amplifier 
video amplifier 
video amplifier 
wide-band high frequency amplifier 
wide-band high frequency amplifier 
video amplifier 
ultra high frequency operational amplifier 
differential video amplifier 
differential video amplifier 

universal sync generator 
subcarrier coupler circuit 
multi-norm pulse pattern generator 

clock calendar; 12 C-bus 
clock calendar with 256 x 8-bit static RAM; 
12 C-bus 

digital SECAM colour decoder; 12 C-bus 
video control combination 
video control combination with automatic cut-off control; 
-(B-Y) and -(R-Y) input 
video control combination with automatic cut-off control; 
+ (B-Y) and + (R-Y) input 
video control combination with automatic cut-off control; 
-(B-Y) and -(R-Y) input 
PAL decoder 
PAL decoder 
PAL decoder 
PAL/NTSC decoder 
NTSC decoder 
NTSC decoder with fast RGB blanking 
SECAM processor circuit (improved TDA3590) 
SECAM/PAL transcoder 
PAL decoder 
SECAM decoder 
multistandard decoder for -(R-Y) and -(B-Y) signals 
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FUNCTIONAL l 
INDEX _ 

'------------------------------------------------------------
type no. 

TDA4556 
TDA4557 
TDA4560 
TDA4565 

TDA4566 
TDA4570 
TDA4580 
TDA8390 
TDA8442 
TDA8443A 
TDA8451 
TDA8452 
TDA8461 
TDA8490 
TDA9080 

DATA CONVERSION 

ADCs, DACs 

NE5150 
NE5151 
NE5152 
PCF8591 
PNA7509 
PNA7518 
SAA9079 
SAD1009 
TDA1534 
TDA1541 A 
TDA1543 
TDA8444 

DIGITAL PROCESSING 

SAA9050 
SAA9055 
SAA9057 
SAA9058 
SAA9060 
SAA9068 
SAA9069 
SAA9079 

DISPLAY DRIVERS 

PCF1303T 
PCF2100 
PCF2110 
PCF2111 
PCF2112 

description 

multistandard decoder for + (R-Y) and + (B-Y) signals 
multistandard colour decoder 
colour transient improvement circuit 
colour transient improvement circuit; output signal 
delayed 180 J,LS less than that of TDA4560 
colour transient improvement circuit; switchable delay time 
NTSC decoder 
video control combination with automatic cut-off control 
single-chip PAL decoder and RGB matrix 
12 C-bus interface for colour decoders 
12 C-bus-controlled YUV /RGB interface circuit 
p2 CCD delay line and matrix for colour decoders 
p2 CCD filter combination for colour decoders 
PALINTSC decoder; 12 C-bus 
SECAM decoder 
video control combination circuit 

RGB video DAC 
RGB video DAC 
RGB video DAC 
8-bit ADC/DAC; 12 C-bus 
7-bit ADC; 22 MHz; 3-state output 
8-bit mUltiplying DAC; 30 MHz 
ADC for digital TV 
universal DAC (UDAC) 
14-bit ADC 
dual 16-bit DAC 
dual 16-bit economy DAC (l 2S-bus format) 
octuple 6-bit DAC; 12C-bus 

digital multistandard TV decoder; 12 C-bus 
digital SECAM colour decoder; 12C-bus 
clock generator circuit 
sample rate converter 
video digital-to-analogue converter (VDAC) 
picture-in-picture controller (PIPCD); 12 C-bus 
digital vertical filter (DVF) 
ADC for digital TV 

18-element bar graph LCD driver (with analogue input) 
LCD duplex driver; 40 segments 
LCD duplex driver; 60 segments and 2 LEDs 
LCD duplex driver; 64 segments 
LCD driver; 32 segments 
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~~_J 
type no. 

PCF2201 
PCF8566 

PCF8576 

PCF8577 

PCF8577A 

PCF8578 

PCF8579 

SAA1060 
SAA1064 

description 

LCD flat panel row/column driver 
universal LCD driver for low mUltiplex rates 
(1: 1 to 1 :4); max. 96 elements; 12 C-bus 
universal LCD driver for low multiplex rates 
(1: 1 to 1 :4); max. 160 segments; 12 C-bus 
LCD direct driver (32 segments) or duplex driver 
(64 segments); 12 C-bus 
LCD direct driver (32 segments) or duplex driver 
(64 segments); 12 C-bus; different slave address 
LCD row/column driver for dot matrix graphic 
displays; 40 outputs, of which 24 are programmable; 
1
2 C-bus 

LCD column driver for dot matrix graphic 
displays; 40 column outputs; 1

2 C-bus 
LED display/interface circuit 
4-digit LED driver; 12 C-bus 

EAST/WEST CORRECTION 

TDA1082 

MEMORIES 

PCF8570 
PCF8570C 
PCF8571 
PCF8582A 
PCF8583 

east-west correction driver circuit 

256 x 8-bit static RAM; 1
2 C-bus 

256 x 8-bit static RAM; 1
2 C-bus; different slave address 

128 x 8-bit static RAM; 1
2 C-bus 

256 x 8-bit EEPROM; 12 C-bus; -40 to + 85 oC 
clock calendar with 256 x 8-bit static RAM; 12 C-bus 

MICROCONTROLLERS (8-bit) 

8051/80C51 family, NMOS 

MAB8031 AH-2 microcontroller; 128 x 8 RAM; 3.5 to 12 and 
3.5 to 15 MHz; 0 to + 70 oC 

MAB8032AH microcontroller; 256 x 8 RAM; 3.5 to 12 MHz; 
o to + 70 oC 

MAB8051 AH-2 microcontroller; 128 x 8 RAM; 4 K x 8 ROM; 
3.5to 12 MHz;Oto+70 oC 

MAB8052AH microcontroller; 256 x 8 RAM; 8 K x 8 ROM; 
3.5 to 12 MHz; 0 to + 70 oC 

MAF80A31 AH-2 microcontroller; 128 x 8 RAM; 3.5 to 12 MHz; 
-40 to + 11 0 oC 

MAF80A51 AH-2 microcontroller; 128 x 8 RAM; 4 K x 8 ROM; 
3.5 to 12 MHz; -40 to + 110 OC 

MAF8031 AH-2 microcontroller; 128 x 8 RAM; 3.5 to 12 MHz; 
-40 to +85 oC 

MAF8051 AH-2 microcontroller; 128 x 8 RAM; 4 K x 8 ROM; 
3.5to 12 MHz;-40to+85 0 C 
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-----------------------------------------------------------
type no. description 

8051/80C51 family, CMOS 

PCABOC31BH-3 microcontroller; 12B x B RAM; 1.2 to 12 MHz; 
-40 to + 125 oC 

PCABOC51 BH-3 

PCABOC552 

PCABOC652 

PCAB3C552 

PCAB3C652 

PCBBOC31 BH-2 

PCBBOC31 BH-3 

PCBBOC51 BH-2 

PCBBOC51 BH-3 

PCBBOC552 

PCBBOC652 

PCBBOC851 

PCB83C552 

PCB83C652 

PCB83C654 

PCB83C851 

microcontroller; 128 x 8 RAM; 4 K x 8 ROM; 
1.2 to 12 MHz; -40 to + 125 oC 
microcontroller; 256 x 8 RAM; BOC31 CPU plus 
16-bit capture/compare timer/counter; watch-dog 
timer; 2 pUlse-width modulated signals; 10-bit ADC 
with 8 multiplexed input lines; 12 C-bus; 1.2 to 12 MHz; 
-40 to + 125 oC 
microcontroller; 256 x 8 RAM; serial I/O; UART; 
1

2 C-bus; 1.2 to 12 MHz; -40 to + 125 oC 
microcontroller; 256 x 8 RAM; 8 K x 8 ROM; 80C51 CPU 
plus 16-bit capture/compare timer/counter; watch-dog 
timer; 2 pUlse-width modulated signals; 1 O-bit ADC 
with B multiplexed input lines; 1

2 C-bus; 1.2 to 12 MHz; 
-40 to + 125 oC 
microcontroller; 256 x B RAM; 8 K x 8 ROM; serial I/O; 
UART; 12 C-bus; 1.2 to 12 MHz; -40 to + 125 oC 
microcontroller; 128 x B RAM; 0.5 to 12 MHz; 
o to + 70 oC 
microcontroller; 128 x B RAM; 1.2 to 16 MHz; 
o to +70 oC 
microcontroller; 128 x B RAM; 4 K x 8 ROM; 
0.5 to 12 MHz; 0 to + 70 oC 
microcontroller; 128 x B RAM; 4 K x 8 ROM; 
1.2to 16MHz;Oto+70 0 C 
microcontroller; 256 x B RAM; BOC31 CPU plus 
16-bit capture/compare timer/counter; watch-dog timer; 
two pUlse-width modulated signals; 10-bit ADC with 
8 multiplexed input lines; 1

2 C-bus; 1.2 to 12 MHz; 
o to +70 oC 
microcontroller; 256 x B RAM; serial I/O; UART; 
1
2 C-bus; 1.2 to 12 MHz; 0 to +70 oC 

microcontroller; 128 x 8 RAM; 256 x 8 EEPROM; 
1.2 to 12 MHz; 0 to +70 oC 
microcontroller; 256 x B RAM; 8 K x 8 ROM; 80C51 CPU 
plus 16-bit capture/compare timer/counter; watch-dog 
timer; two pUlse-width modulated signals; 10-bit ADC 
with B multiplexed input lines; 12 C-bus; 1.2 to 12 MHz; 
o to +70 oC 
microcontroller; 256 x 8 RAM; 8 K x 8 ROM; serial I/O; 
UART; 12 C-bus; 1.2 to 12 MHz; 0 to +70 oC 
microcontroller; 256 x B RAM; 16 K x 8 ROM; serial I/O; 
UART; 12 C-bus; 1.2to 12 MHz;Oto+70 0 C 
microcontroller; 128 x 8 RAM; 256 x 8 EEPROM; 
1.2 to 12 MHz; 0 to + 70 oC 
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type no. 

PCF80C31 BH-3 

PCF80C51 BH-3 

PCF80C552 

PCF80C652 

PCF80C851 

PCF83C552 

PCF83C652 

PCF83C851 

84CXX family, CMOS 

PCF84COO 
PCF84C12 
PCF84C21 

PCF84C22 
PCF84C41 

PCF84C42 
PCF84C81 

PCF84C85 

84XX family, NMOS 

MAB8401 

MAB8411 

MAB8421 

description 

microcontroller; 128 x 8 RAM; 1.2 to 12 MHz; 
-40 to +85 oC 
microcontroller; 128 x 8 RAM; 4 K x 8 ROM; 
1.2 to 12 MHz; -40 to + 85 oC 
microcontroller; 256 x 8 RAM; 80C31 CPU plus 16-bit 
capture/compare timer/counter; watch-dog timer; 
2 pUlse-width modulated signals; 10-bit ADC with 
8 multiplexed input lines; 1

2 C-bus; 1.2 to 12 MHz; 
-40 to +85 oC 
microcontroller; 256 x 8 RAM; serial I/O; UART; 
1
2 C-bus; 1.2 to 12 MHz; -40 to +85 oC 

microcontroller; 128 x 8 RAM; 256 x 8 EEPROM; 
1.2to 12 MHz;Oto+70 oC 
microcontroller; 256 x 8 RAM; 8 K x 8 ROM; 80C51 CPU 
plus 16-bit capture/compare timer/counter; watch-dog 
timer; 2 pUlse-width modulated signals; 10-bit ADC with 
8 multiplexed input lines; 12 C-bus; 1.2 to 12 MHz; 
-40 to +85 oC 
microcontroller; 256 x 8 RAM; 8 K x 8 ROM; serial I/O; 
UART; 12 C-bus; 1.2 to 12 MHz; -40 to + 85 oC 
microcontroller; 128 x 8 RAM; 256 x 8 EEPROM; 
1.2 to 12 MHz; 0 to +70 oC 

microcontroller; 256 x 8 RAM; external program memory 
low cost microcontroller; 64 x 8 RAM; 1 K x 8 ROM 
microcontroller; 64 x 8 RAM; 2 K x 8 ROM; plus 8-bit 
LED driver; 12 C-bus; -40 to + 85 oC 
low cost microcontroller; 64 x 8 RAM; 1 K x 8 ROM 
microcontroller; 128 x 8 RAM;4 K x 8 ROM; plus 
8-bit LED driver; 1

2 C-bus; -40 to +85 oC 
low cost microcontroller; 64 x 8 RAM; 4 K x 8 ROM 
microcontroller; 256 x 8 RAM; 8 K x 8 ROM; plus 
8-bit LED driver; 12 C-bus; -40 to + 85 oC 
microcontroller; 256 x 8 RAM; 8 K x 8 ROM; 32 I/O; 
plus 8-bit LED driver; 12 C-bus; -40 to + 85 oC 

microcontroller; 128 x 8 RAM; piggy-back version for 
MAB84XX family plus 8-bit LED driver; 1

2 C-bus; 
1.0 to 6 MHz; 0 to +70 oC 
microcontroller; 64 x 8 RAM; 1 K x 8 ROM plus 
8-bit LED driver; 20 I/O lines; 12 C-bus; 1.0 to 6 MHz; 
o to + 70 oC 
microcontroller; 64 x 8 RAM; 2 K x 8 ROM plus 
8-bit LED driver; 20 I/O lines; 12 C-bus; 1.0 to 6 MHz; 
o to +70 °C 
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INDEX 

type no. description page 

MAB8422 microcontroller; 64 x 8 RAM; 2 K x 8 ROM plus 
8-bit LED driver; 15 I/O lines; 12C-bus; 1.0 to 6 MHz; 
o to + 70 oC 55 

MAB8441 microcontroller; 128 x 8 RAM; 4 K x 8 ROM plus 
8-bit LED driver; 20 I/O lines; 12 C-bus; 1.0 to 6 MHz; 
o to +70 oC 53 

MAB8442 microcontroller; 128 x 8 RAM; 4 K x 8 ROM plus 
8-bit LED driver; 15 I/O lines; 12C-bus; 1.0 to 6 MHz; 
o to + 70 oC 55 

MAB8461 microcontroller; 128 x 8 RAM; 6 K x 8 ROM plus 
8-bit LED driver; 20 I/O lines; 12 C-bus; 1.0 to 6 MHz; 
o to +70 OC 53 

MAF84A11 microcontroller; 64 x 8 RAM; 1 K x 8 ROM plus 
8-bit LED driver; 20 I/O lines; 12C-bus; 1.0to 5 MHz; 
-40 to + 110 oC 53 

MAF84A21 microcontroller; 64 x 8 RAM; 2 K x 8 ROM plus 
8-bit LED driver; 20 I/O lines; 12 C-bus; 1.0 to 5 MHz; 
-40 to + 110 oC 53 

MAF84A22 microcontroller; 64 x 8 RAM; 2 K x 8 ROM plus 
8-bit LED driver; 15 I/O lines; 12C-bus; 1.0 to 5 MHz; 
-40 to + 11 0 oC 55 

MAF84A41 microcontroller; 128 x 8 RAM; 4 K x 8 ROM plus 
8-bit LED driver; 20 I/O lines; 12 C-bus; 1.0 to 5 MHz; 
-40 to + 11 0 oC 53 

MAF84A42 microcontroller; 128 x 8 RAM; 4 K x 8 ROM plus 
8-bit LED driver; 15 I/O lines; \2 C-bus; 1.0 to 5 MHz; 
-40 to + 11 0 oC 55 

MAF84A61 microcontroller; 128 x 8 RAM; 6 K x 8 ROM plus 
8-bit LED driver; 20 I/O lines; \2 C-bus; 1.0 to 5 MHz; 
-40 to + 11 0 oC 53 

MAF8411 microcontroller; 64 x 8 RAM; 1 K x 8 ROM plus 
8-bit LED driver; 20 I/O lines; 12 C-bus; 1.0 to 6 MHz; 
-40 to +85 OC 53 

MAF8421 microcontroller; 64 x 8 RAM; 2 K x 8 ROM plus 
8-bit LED driver; 20 I/O lines; 12 C-bus; 1.0 to 6 MHz; 
-40 to +85 oC 53 

MAF8422 microcontroller; 64 x 8 RAM; 2 K x 8 ROM plus 
8-bit LED driver; 15 I/O lines; \2C-bus; 1.0 to 6 MHz; 
-40 to +85 oC 55 

MAF8441 microcontroller; 128 x 8 RAM; 4 K x 8 ROM plus 
8-bit LED driver; 20 I/O lines; 12C-bus; 1.0 to 6 MHz; 
-40 to +85 oC 53 

MAF8442 microcontroller; 128 x 8 RAM; 4 K x 8 ROM plus 
8-bit LED driver; 15 I/O lines; 12 C-bus; 1.0 to 6 MHz; 
-40 to +85 oc 55 

MAF8461 microcontroller; 128 x 8 RAM; 6 K x 8 ROM plus 
8-bit LED driver; 20 I/O lines; 12 C-bus; 1.0 to 6 MHz; 
-40 to +85 oC 53 
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type no. 

8048 family; NMOS 

MAB8035HL 

MAB8039HL 

MAB8040HL 

MAB8048H 

MAB8049H 

MAB8050H 

MAF80A35HL 

MAF80A39HL 

MAF80A40HL 

MAF80A48H 

MAF80A49H 

MAF80A50H 

MAF8035HL 

MAF8039HL 

MAF8040HL 

MAF8048H 

MAF8049H 

MAF8050H 

8048 family, CMOS 

PCB80C39 

PCB80C49 

PCF80C39 

PCF80C49 

description 

microcontroller; 64 x 8 RAM; 1.0 to 11 MHz; 
o to +70 oC 
microcontroller; 128 x 8 RAM; 1.0 to 11 MHz; 
o to +70 oC 
microcontroller; 256 x 8 RAM; 1.0 to 11 MHz; 
o to +70 oC 
microcontroller; 64 x 8 RAM; 1 K x 8 ROM; 
1.0 to 11 MHz; 0 to + 70 °C 
microcontroller; 128 x 8 RAM; 2 K x 8 ROM; 
1.0 to 11 MHz; 0 to + 70 oC 
microcontroller; 256 x 8 RAM; 4 K x 8 ROM; 
1.0to 11 MHz;Oto+70 0C 
microcontroller; 64 x 8 RAM; 1.0 to 10 MHz; 
-40 to + 11 0 oC 
microcontroller; 128 x 8 RAM; 1.0 to 10 MHz; 
-40 to + 11 0 0C 
microcontroller; 256 x 8 RAM; 1.0 to 10 MHz; 
-40 to + 110 0C 
microcontroller; 64 x 8 RAM; 1 K x 8 ROM; 
1.0 to 10 MHz; -40 to + 110 OC 
microcontroller; 128 x 8 RAM; 2 K x 8 ROM; 
1.0 to 10 MHz; -40 to + 110 oC 
microcontroller; 256 x 8 RAM; 4 K x 8 ROM; 
1.0 to 10 MHz; -40 to + 110 OC 
microcontroller;64x8 RAM; 1.0to 11 MHz; 
-40 to + 85 oC 
microcontroller; 128 x 8 RAM; 1.0 to 11 MHz; 
-40 to +85 oC 
microcontroller; 256 x 8 RAM; 1.0 to 11 MHz; 
-40 to +85 OC 
microcontroller; 64 x 8 RAM; 1 K x 8 ROM; 
1.0 to 11 MHz; -40 to + 85 OC 
microcontroller; 128 x 8 RAM; 2 K x 8 ROM; 
1.0to 11 MHz;-40to+85 0C 
microcontroller; 256 x 8 RAM; 4 K x 8 ROM; 
1.0to 11 MHz;-40to+85 0C 

microcontroller; 128 x 8 RAM; 1.0 to 15 MHz; 
o to +70 oC 
microcontroller; 128 x 8 RAM; 2 K x 8 ROM; 
1.0 to 15 MHz; 0 to + 70 oC 
microcontroller; 128x8 RAM; 1.0to 15 MHz; 
-40 to +85 oC 
microcontroller; 128 x 8 RAM; 2 K x 8 ROM; 
1.0to 15 MHz;-40to+85 0C 
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12 

type no. 

POWER SUPPLY ICs 

SMPS controllers 

TDA8380 
TEA1039 

PPS controllers 

TDA2582 

RECORDER ICs 

SAA4700 
SAA5235 
SAA5236 
SAD1009 
SAF1135 
TDA3724 
TDA3725 
TDA3730 

TDA3740 
TDA3755 
TDA3760 

TDA3765 

TDA3791 
TDA4720 
TDA6800 
TDA8405 
TDA8415 

TEA2000 

description 

SMPS controller 
SMPS controller 

control circuit for PPS 

video recorder VPS dataline processor 
dataline slicer for video cassette recorders 
dataline slicer 
universal DAC (UDAC) 
dataline decoder 
SECAM identification circuit for video recorders 
SECAM (L) chrominance signal processor for video recorders 
frequency demodulator and drop-out compensator for 
video recorders 
video processor!frequency modulator for video recorders 
PAL/NTSC sync processor for video recorders (VHS system) 
PAL chrominance signal processor for video recorders 
(VHS system) 
NTSC chrominance signal processor for video recorders 
(VHS system) 
band selector and window detector 
SECAM identification circuit for video recorders 
video modulator circuit 
TV and video recorder stereo/dual sound processor; 12 C-bus 
TV and video recorder stereo/dual sound processor with 
integrated filters and 12 C-bus control 
PAL/NTSC colour encoder 

REMOTE I/O EXPANDERS 

PCF8574 
PCF8574A 

remote 8-bit I/O expander; 12 C-bus 
remote 8-bit I/O expander; 12 C-bus; different slave address 

REMOTE CONTROLLERS 

SAA3004 high performance transmitter (455 kHz) for infrared 
remote control; up to 448 commands 

SAA3006 high performance transmitter (RC-5) for infrared 
remote control; up to 2048 commands 

SAA3008 high performance transmitter (38 kHz) for infrared 
remote control; low voltage _ 

SAA3009 infrared remote control decoder; decodes 64 commands 

SAA3027 

(R ECS80/RC-5); up to 32 subaddresses; high current output 
for direct LED drive 
infrared remote control transmitter (RC-5) 
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type no. 

SAA3028 

SAA3049 

SAF1032 
SAF1039 
TDA3047 

TDA3048 

description 

high performance transcoder (RC-5) for infrared 
remote control; 12 C-bus 
infrared remote control decoder; low current 
version of SAA3009 
receiver/decoder for infrared remote control 
transmitter for infrared remote control 
high performance receiver for infrared remote control; 
positive output voltage 
high performance receiver for infrared remote control; 
negative output voltage 
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INDEX 
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1409 

1415 

SMALL SIGNAL COMBINATION 

Black-white TV 

TDA4500 small signal combination for B/W TV 1697 
TDA4503 small signal combination for B/W TV 

(improved TDA4500) 1741 

Colour TV 

TDA4501 small signal combination with sound circuit for colour TV 1709 
TDA4502A small signal combination with video switch for colour TV 1723 
TDA4505 small signal combination with sound circuit for colour TV 1755 

SOUND ICs 

TBA120U sound I F amplifier/demodulator for TV 1011 
TDA1013B 4 W audio power amplifier with DC volume control 1023 
TDA1015 1 to 4 W audio power amplifier with preamplifier 1031 
TDA1015T 0.5 W audio power amplifier with preamplifier 1041 
TDA1029 signal-sources switch (4 x two channels) 1047 
TDA1512 12 to 20 W hi-fi audio power amplifier 1067 
TDA1514 40 W hi-fi power amplifier for digital audio (e.g. Compact Disc) 1073 
TDA1514A 40 W hi-fi power amplifier for digital audio (e.g. Compact Disc) 1079 
TDA1520B 20 W hi-fi audio power amplifier; complete SOAR protection 1085 
TDA1521 2 x 12 W hi-fi stereo audio power amplifier 1091 
TDA1521A 2 x 6 W hi-fi stereo audio power amplifier 1101 
TDA1521Q 2 x 12 W hi-fi stereo audio power amplifier 1091 
TDA1524A stereo tone/volume control circuit 1111 
TDA1525 stereo tone/volume control circuit 1157 
TDA2543 AM sound I F circuit for French standard 1233 
TDA2545A quasi-split-sound circuit 1239 
TDA2546A quasi-split-sound circuit with 5.5 MHz demodulation 1245 
TDA2555 dual FM demodulator for TV sound; 8-stage limiter 1257 
TDA2556 quasi-split-sound circuit with dual FM sound demodulators 1263 
TDA2557 dual FM demodulator for TV sound; 5-stage limiter 1257 
TDA2611A 5 W audio power amplifier 1353 
TDA2613 6 W hi-fi audio power amplifier 1363 
TDA2795 TV stereo/dual sound identification decoder 1403 
TDA3800G stereo/dual TV sound/processor (dynamic selection) 1621 
TDA3800GS stereo/dual TV sound processor (static selection) 1621 
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type no. 

TDA3803A 
TDA3806 
TDA3808 
TDA3810 
TDA3825 

TDA3826 

TDA3845 
TDA8405 
TDA8415 

TDA8420 
TDA8421 
TDA8425 

SYNC PROCESSORS 

Horizontal 

TBA920S 
TDA2593 
TDA2594 
TDA2595 

Vertical 

TDA2653A 
TDA2655B 
TDA2658 
TDA3653B 
TDA3653C 
TDA3654 
TDA3654Q 

Horizontal/vertical 

TDA2577A 
TDA2578A 
TDA2579A 
TDA8370 

TEXT SYSTEMS 

SAA5231 
SAA5235 
SAA5243E 

SAA5243H 

SAA5243K 

description 

stereo/dual TV sound decoder 
multiplex PLL stereo decoder 
second audio programme (SAP) signal processor 
spatial, stereo and pseude-stereo sound circuit 
single FM TV sound demodulator system with 
external AF input and mute 
single FM TV sound demodulator system with 
mute and 6 dB AF amplifier 
quasi-split-sound circuit and AM demodulator 
TV and video recorder stereo/dual sound processor; 12 C-bus 
TV and video recorder stereo/dual sound processor with 
integrated filters and 1

2 C-bus control 
hi-fi stereo audio processor; 12 C-bus 
hi-fi stereo audio processor; 12 C-bus 
hi-fi stereo audio processor; 1

2 C-bus 

horizontal combination 
horizontal combination 
horizontal combination with transmitter identification 
horizontal combination with transmitter identification 
and protection circuits 

vertical deflection circuit; PI L-S4; 30AX systems and monitors 
vertical deflection circuit; colour and monochrome (900 ) 

vertical deflection circuit (900 ) 

vertical deflection and guard circuit (900 ) 

vertical deflection and guard circuit (900 ) 

vertical deflection and guard circuit (1100 ) 

vertical deflection and guard circuit (1100 ) 

horizontal/vertical synchronization circuit 
horizontal/vertical synchronization circuit 
horizontal/vertical synchronization circuit 
synchronization processor for TV; 12 C-bus 

teletext video processor (successor of SAA5030) 
dataline slicer for video cassette recorders 
enhanced computer-controlled teletext circuit (ECCT); 
625-line system; 1

2 C-bus (West European language version) 
enhanced computer-controlled teletext circuit (ECCT); 
625-line system; 12 C-bus (East European language version) 
enhanced computer-controlled teletext circuit (ECCT); 
625-line system; 12 C-bus (Arabic and English version) 
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1629 
1637 
1643 
1649 

1653 

1663 
1673 
1951 

1961 
1979 
2001 
2023 

1017 
1327 
1335 

1343 

1371 
1387 
1395 
1549 
1549 
1559 
1559 

1269 
1283 
1297 
1899 

573 
585 

597 
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type no. 

SAA5243L 

SAA5245 

SAA5250 
SAA5351 
SAA5355 
SAA5361 
SAA9041 

SAA9068 
SAA9069 

descri pti on 

enhanced computer-controlled teletext circuit (ECCT); 
625-line system; 12 C-bus (Arabic and Hebrew version) 
525-line system enhanced computer-controlled teletext 
circuit (USECCT); 1

2 C-bus (West European language version) 
interface for data acquisition and control 
EUROM 50 Hz, CRT controller 
FTFROM, CRT controller (525-line) 
EUROM 60 Hz, CRT controller 
digital video teletext (DVTB) processor for Philips digital 
TV system (525 and 625-line systems); 12 C-bus (West 
European language version) 
picture-in-picture controller (PIPCO); 12 C-bus 
digital vertical filter (DVF) 

TUNER/TUNING CIRCUITS 

SAA1300 
SAB3035 

SAB3036 

SAB3037 

SAB6456 

SAB8726 
TDA5030A 
TDA5030AT 
TDA5330T 

TDA5332T 
TSA5510 
TSA5510T 

tuner switching circuit; 12 C-bus 
computer interface for tuning and control (CITAC); 
8 DACs; 12 C-bus 
computer interface for tuning and control (CITAC); 
without DACs; 12 C-bus 
computer interface for tuning and control (C IT AC); 
4 DACs; 1

2 C-bus 
sensitive 1 GHz divide-by-64/divide-by-256 
switchable prescaler 
2.6 GHz divide-by-2 prescaler 
mixer/oscillator for VH F tuner 
mixer/oscillator for VHF tuner 
VHF, UHF & hyperband mixer/oscillator for TV and 
VCR 3-band tuners 
double mixer/oscillator for TV and VCR tuners 
1.3 GHz PLL frequency synthesizer 
1.3 GHz PLL frequency synthesizer 

VIDEO/AUDIO SWITCHES 

TDA8440 
TDA8443A 
TDA9045 

VIDEO GAMES 

SAA1099 

TDA6800 

VISION IF ICs 

TDA2549 
TDA8340 
TDA83400 
TDA8341 
TDA83410 

video/audio switch for CTV receivers; 12 C-bus 
12 C-bus-controlled YUV /RGB interface circuit 
video processor and input selector 

stereo sound generator for sound effects and music 
synthesis (J,LC-controlled) 
video modulator circuit 

I F amplifier and demodulator for multistandard TV receivers 
TV I F amplifier and demodulator 
TV I F amplifier and demodulator 
TV I F amplifier and demodulator 
TV I F amplifier and demodulator 
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915 
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953 

1849 
1855 

1861 
1875 
2183 
2193 

2045 
2063 
2145 

471 
1883 

1251 
1887 
1887 
1887 
1887 

'\ ( May 1989_ 15 





type 

MAB8031AH-2P 

MAB8031 AH-2WP 

MAB8032AHP 

MAB8032AHWP 

MAB8035HLP 

MAB8035H LWP 

MAB8039HLP 

MAB8039H LWP 

MAB8040HLP 

MAB8040H LWP 

MAB8048HP' 

MAB8048HWP 

MAB8049HP 

MAB8049HWP 

MAB8050HP 

MAB8050HWP 

MAB8051AH-2P 

MAB8051 AH-2WP 

MAB8052AHP 

MAB8052AHWP 

MAB8401B 

description 

NUMERICAL 
INDEX 

microcontroller; 128 x 8 RAM; 3.5 to 12 and 
3.5 to 15 MHz; 0 to + 70 oC 
microcontroller; 128 x 8 RAM; 3.5 to 12 and 
3.5 to 15 MHz; 0 to +70 oC 
microcontroller; 256 x 8 RAM; 3.5 to 12 MHz; 
o to +70 oC 
microcontroller; 256 x 8 RAM; 3.5 to 12 MHz; 
o to +70 oC 
microcontroller; 64 x 8 RAM; 1.0 to 11 MHz; 
o to +70 oC 
microcontroller; 64 x 8 RAM; 1.0 to 11 MHz; 
o to + 70 oC 
microcontroller; 128 x 8 RAM; 1.0 to 11 MHz; 
o to +70 oC 
microcontroller; 128 x 8 RAM; 1.0 to 11 MHz; 
o to +70 oC 
microcontroller; 256 x 8 RAM; 1.0 to 11 MHz; 
o to +70 oC 
microcontroller; 256 x 8 RAM; 1.0 to 11 MHz; 
o to + 70 oC 
microcontroller; 64 x 8 RAM; 1 K x 8 ROM; 
1.0 to 11 MHz; 0 to + 70 OC 
microcontroller; 64 x 8 RAM; 1 K x 8 ROM; 
1.0to 11 MHz;Oto+70 0 C 
microcontroller; 128 x 8 RAM; 2 K x 8 ROM; 
1.0 to 11 MHz; 0 to + 70 oC 
microcontroller; 128 x 8 RAM; 2 K x 8 ROM; 
1.0 to 11 MHz; 0 to + 70 oC 
microcontroller; 256 x 8 RAM; 4 K x 8 ROM; 
1.0to 11 MHz;Oto+70 oC 
microcontroller; 256 x 8 RAM; 4 K x 8 ROM; 
1.0 to 11 MHz; 0 to + 70 oC 
microcontroller; 128 x 8 RAM; 4 K x 8 ROM; 
3.5 to 12 MHz; 0 to + 70 oC 
microcontroller; 128 x 8 RAM; 4 K x 8 ROM; 
3.5 to 12 MHz; 0 to + 70 oC 
microcontroller; 256 x 8 RAM; 8 K x 8 ROM; 
3.5 to 12 MHz; 0 to + 70 oC 
microcontroller; 256 x 8 RAM; 8 K x 8 ROM; 
3.5 to 12 MHz; 0 to + 70 oC 
microcontroller; 128 x 8 RAM; piggy-back version 
for MAB84XX family plus 8-bit LED driver; 12 C-bus; 
1.0 to 6 MHz; 0 to + 70 oC 
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type description page 

MAB8401WP microcontroller; 128 x 8 RAM; piggy-back version for 
MAB84XX family plus 8-bit LED driver; 12C-bus; 
1.0 to 6 MHz; 0 to + 70 oC 53 

MAB8411P microcontroller; 64 x 8 RAM; 1 K x 8 ROM plus 
8-bit LED driver; 20 I/O lines; 12C-bus; 1.0 to 6 MHz; 
o to +70 OC 53 

MAB8411T microcontroller; 64 x 8 RAM; 1 K x 8 ROM plus 
8-bit LED driver; 20 I/O lines; 12C-bus; 1.0 to 6 MHz; 
o to +70 oC 53 

MAB8421P microcontroller; 64 x 8 RAM; 2 K x 8 ROM plus 
8-bit LED driver; 20 I/O lines; 12 C-bus; 1.0 to 6 MHz; 
o to + 70 oC 53 

MAB8421T microcontroller; 64 x 8 RAM; 2 K x 8 ROM plus 
8-bit LED driver; 20 I/O lines; 12C-bus; 1.0 to 6 MHz; 
o to + 70 oC 53 

MAB8422P microcontroller; 64 x 8 RAM; 2 K x 8 ROM plus 
8-bit LED driver; 15 I/O lines; 12 C-bus; 1.0 to 6 MHz; 
o to + 70 oC 55 

MAB8441P microcontroller; 128 x 8 RAM; 4 K x 8 ROM plus 
8-bit LED driver; 20 I/O lines; 12C-bus; 1.0 to 6 MHz; 
o to + 70 oC 53 

MAB8441T microcontroller; 128 x 8 RAM; 4 K x 8 ROM plus 
8-bit LED driver; 20 I/O lines; 12C-bus; 1.0 to 6 MHz; 
o to + 70 oC 53 

MAB8442P microcontroller; 128 x 8 RAM; 4 K x 8 ROM plus 
8-bit LED driver; 15 I/O lines; 12 C-bus; 1.0 to 6 MHz; 
o to + 70 oC 55 

MAB8461P microcontroller; 128 x 8 RAM; 6 K x 8 ROM plus 
8-bit LED driver; 20 I/O lines; 12 C-bus; 1.0 to 6 MHz; 
o to +70 oC 53 

MAB8461T microcontroller; 128 x 8 RAM; 6 K x 8 ROM plus 
8-bit LED driver; 20 I/O lines; 12 C-bus; 1.0 to 6 MHz; 
o to +70 0 C 53 

MAF80A31 AH-2P microcontroller; 128 x 8 RAM; 3.5 to 12 MHz; 
-40 to + 11 0 oC 47 

MAF80A31 AH-2WP microcontroller; 128 x 8 RAM; 3.5 to 12 MHz; 
-40 to + 11 0 oC 47 

MAF80A35H LP microcontroller; 64 x 8 RAM; 1.0 to 10 MHz; 
-40 to + 11 0 oC 51 

MAF80A35H LWP microcontroller; 64 x 8 RAM; 1.0 to 10 MHz; 
-40 to + 11 0 oC 51 

MAF80A39H LP microcontroller; 128 x 8 RAM; 1.0 to 10 MHz; 
-40 to + 110 oC 51 

MAF80A39H LWP microcontroller; 128x 8 RAM; 1.0to 10 MHz; 
-40 to + 110 oC 51 

MAF80A40H LP microcontroller; 256 x 8 RAM; 1.0 to 10 MHz; 
-40 to + 110 oC 51 

MAF80A40H LWP microcontroller; 256 x 8 RAM; 1.0 to 10M Hz; + 110 oC 51 
MAF80A48HP microcontroller; 64 x 8 RAM; 1 K x 8 ROM; 

1.0 to 10 MHz; --40 to + 110 oC 51 
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type 

MAF80A48HWP 

MAF80A49HP 

MAF80A49HWP 

MAF80A50HP 

MAF80A50HWP 

MAF80A51AH-2P 

MAF80A51 AH-2WP 

MAF8031 AH-2P 

MAF8031 AH-2WP 

MAF8035HLP 

MAF8035H LWP 

MAF8039HLP 

MAF8039HLWP 

MAF8040HLP 

MAF8040H LWP 

MAF8048HP 

MAF8048HWP 

MAF8049HP 

MAF8049HWP 

MAF8050HP 

MAF8050HWP 

MAF8051 AH-2P 

MAF8051 AH-2WP 

MAF84A11P 

description 

microcontroller; 64 x 8 RAM; 1 K x 8 ROM; 
1.0 to 10 MHz; -40 to + 110 0C 
microcontroller; 128 x 8 RAM; 2 K x 8 ROM; 
1.0 to 10 MHz; -40 to + 110 0C 
microcontroller; 128 x 8 RAM; 2 K x 8 ROM; 
1.0 to 10 MHz; -40 to + 110 OC 
microcontroller; 256 x 8 RAM; 4 K x 8 ROM; 
1.0 to 10 MHz; -40 to + 110 oC 
microcontroller; 256 x 8 RAM; 4 K x 8 ROM; 
1.0t010MHz;-40to +110 0C 
microcontroller; 128 x 8 RAM; 4 K x 8 ROM; 
3.5 to 12 MHz; -40 to + 110 oC 
microcontroller; 128 x 8 RAM; 4 K x 8 ROM; 
3.5 to 12 MHz; -40 to + 110 oC 
microcontroller; 128 x 8 RAM; 3.5 to 12 MHz; 
-40 to +85 oC 
microcontroller; 128 x 8 RAM; 3.5 to 12 MHz; 
-40 to + 85 oC 
microcontroller; 64 x 8 RAM; 1.0 to 11 MHz; 
-40 to +85 OC 
microcontroller; 64 x 8 RAM; 1,0 to 11 MHz; 
-40 to +85 oC 
microcontroller; 128 x 8 RAM; 1.0 to 11 MHz; 
-40 to + 85 °C 
microcontroller; 128 x 8 RAM; 1.0 to 11 MHz; 
-40 to +85 OC 
microcontroller; 256 x 8 RAM; 1.0 to 11 MHz; 
-40 to +85 oC 
microcontroller; 256 x 8 RAM; 1.0 to 11 MHz; 
-40 to +85 oC 
microcontroller; 64 x 8 RAM; 1 K x 8 ROM; 
1.0to 11 MHz;-40to +85 0C 
microcontroller; 64 x 8 RAM; 1 K x 8 ROM; 
1.0to 11 MHz;-40to +85 0C 
microcontroller; 128 x 8 RAM; 2 K x 8 ROM; 
1.0 to 11 MHz; -40 to + 85 oC 
microcontroller; 128 x 8 RAM; 2 K x 8 ROM; 
1.0to 11 MHz;-40to +85 0C 
microcontroller; 256 x 8 RAM; 4 K x 8 ROM; 
1.0to 11 MHz;-40to +85 0C 
microcontroller; 256 x 8 RAM; 4 K x 8 ROM; 
1.0to 11 MHz;-40to +85 0C 
microcontroller; 128 x 8 RAM; 4 K x 8 ROM; 
3.5 to 12 MHz; -40 to +85 oC 
microcontroller; 128 x 8 RAM; 4 K x 8 ROM; 
3.5to 12 MHz;-40to 85 0C 
microcontroller; 64 x 8 RAM; 1 K x 8 ROM plus 
8-bit LED driver; 20 I/O lines; 12 C-bus; 
1.0 to 5 MHz; -40 to + 110 oC 
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MAF84A21P microcontroller; 64 x 8 RAM; 2 K x 8 ROM plus 
8-bit LED driver; 20 I/O lines; 12C-bus; 
1.0 to 5 MHz; -40 to + 110 oC 53 

MAF84A22P microcontroller; 64 x 8 RAM; 2 K x 8 ROM plus 
8-bit LED driver; 15 I/O lines; 12 C-bus; 
1.0 to 5 MHz; -40 to + 110 oC 55 

MAF84A41P microcontroller; 128 x 8 RAM; 4 K x 8 ROM plus 
8-bit LED driver; 20 I/O lines; 12C-bus; 
1.0 to 5 MHz; -40 to + 110 oC 53 

MAF84A42P microcontroller; 128 x 8 RAM; 4 K x 8 ROM plus 
8-bit LED driver; 15 I/O lines; 12 C-bus; 
1.0 to 5 MHz; -40 to + 110 oC 55 

MAF84A61P microcontroller; 128 x 8 RAM; 6 K x 8 ROM plus 
8-bit LED driver; 20 I/O lines; 12C-bus; 
1.0 to 5 MHz; -40 to + 110 oC 53 

MAF8411P microcontroller; 64 x 8 RAM; 1 K x 8 ROM plus 
8-bit LED driver; 20 I/O lines; 12 C-bus; 
1.0 to 6 MHz; -40 to +85 OC 53 

MAF8421 P microcontroller; 64 x 8 RAM; 2 K x 8 ROM plus 
8-bit LED driver; 20 I/O lines; 12C-bus; 
1.0 to 6 MHz; -40 to + 85 OC 53 

MAF8422P microcontroller; 64 x 8 RAM; 2 K x 8 ROM plus 
8-bit LED driver; 15 I/O lines; 12 C-bus; 
1.0 to 6 MHz; -40 to + 85 OC 55 

MAF8441P microcontroller; 128 x 8 RAM; 4 K x 8 ROM plus 
8-bit LED driver; 20 I/O lines; 12 C-bus; 
1.0 to 6 MHz; -40 to + 85 oC 53 

MAF8442P microcontroller; 128 x 8 RAM; 4 K x 8 ROM plus 
8-bit LED driver; 15 I/O lines; 12 C-bus; 
1.0 to 6 MHz; -40 to + 85 OC 55 

MAF8461P microcontroller; 128 x 8 RAM; 6 K x 8 ROM plus 
8-bit LED driver; 20 I/O lines; 12C-bus; 
1.0 to 6 MHz; -40 to + 85 oC 53 

NE5150F RGB video DAC 57 
NE5151 F RGB video DAC 57 
NE5152F RGB video DAC 57 
NE5204D wide-band high frequency amplifier 71 
NE5204N wide-band high frequency amplifier 71 
NE5205D wide-band high frequency amplifier 81 
NE5205FE wide-band high frequency amplifier 81 
NE5205N wide-band high frequency amplifier 81 
NE5539D ultra high frequency operational amplifier 103 
NE5539F ultra high frequency operational amplifier 103 
NE5539N ultra high frequency operational amplifier 103 
NE5592D video amplifier 65 
NE5592N video amplifier 65 
NE592D14 video amplifier 93 
NE592D8 video amplifier 93 
NE592F14 video amplifier 93 
NE592F8 video amplifier 93 
NE592H video amplifier 93 
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type 

NE592HD14 
NE592HD8 
NE592HN14 
NE592HN8 
NE592N14 
NE592N8 
PCA80C31 BH-3P 

PCA80C31 BH-3WP 

PCA80C51 BH-3P 

PCA80C51 BH-3WP 

PCA80C552WP 

PCA80C652P 

PCA80C652WP 

PCA83C552WP 

PCA83C652P 

PCA83C652WP 

PCB80C31 BH-2P 

PCB80C31 BH-2WP 

PCB80C31 BH-3P 

PCB80C31 BH-3WP 

PCB80C39P 

PCB80C39WP 

PCB80C49P 

description 

video amplifier 
video amplifier 
video amplifier 
video amplifier 
video amplifier 
video amplifier 
microcontroller; 128 x 8 RAM; 1.2 to 12 MHz; 
-40 to + 125 oC 
microcontroller; 128 x 8 RAM; 1.2 to 12 MHz; 
-40 to + 125 oC 
microcontroller; 128 x 8 RAM; 4 K x 8 ROM; 
1.2 to 12 MHz; -40 to + 125 oC 
microcontroller; 128 x 8 RAM; 4 K x 8 ROM; 
1.2 to 12 MHz; -40 to + 125 oC 
microcontroller; 256 x 8 RAM; 80C31 CPU plus 16-bit 
capture/compare timer/counter; watch-dog timer; 
2 pUlse-width modulated signals; 10-bit ADC with 
8 multiplexed input lines; 1

2 C-bus; 1.2 to 12 MHz; 
-40 to + 125 oC 
microcontroller; 256 x 8 RAM; serial I/O; 12 C-bus; 
1.2to 12 MHz;-40to+125 0 C 
microcontroller; 256 x 8 RAM; serial I/O; UART; 
1

2 C-bus; 1.2 to 12 MHz; -40 to + 125 °C 
microcontroller; 256 x 8 RAM; 8 K x 8 ROM; 80C51 CPU 
plus 16-bit capture/compare timer/counter; watch-dog 
timer; 2 pUlse-width modulated signals; 10-bit ADC with 
8 multiplexed input lines; 12 C-bus; 1.2 to 12 MHz; 
-40 to + 125 oC 
microcontroller; 256 x 8 RAM; 8 K x 8 ROM; serial I/O; 
UART; 1

2 C-bus; 1.2 to 12 MHz; -40 to + 125 oC 
microcontroller; 256 x 8 RAM; 8 K x 8 ROM; serial I/O; 
UART; 12 C-bus; 1.2 to 12 MHz; -40 to + 125 oC 
microcontroller; 128 x 8 RAM; 0.5 to 12 MHz; 
o to +70 oC 
microcontroller; 128 x 8 RAM; 0.5 to 12 MHz; 
o to + 70 oC 
microcontroller; 128 x 8 RAM; 1.2 to 16 MHz; 
o to + 70 oC 
microcontroller; 128 x 8 RAM; 1.2 to 16 MHz; 
o to + 70 oC 
microcontroller; 128 x 8 RAM; 1.0 to 15 MHz; 
o to + 70 oC 
microcontroller; 128 x 8 RAM; 1.0 to 15 MHz; 
o to + 70 oC 
microcontroller; 128 x 8 RAM; 2 K x 8 ROM; 
1.0 to 15 MHz; 0 to + 70 oC 
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PCB80C49WP 

PCB80C51 BH-3P 

PCB80C51 BH-3WP 

PCB80C552WP 

PCB80C652P 

PCB80C652WP 

PCB80C851P 

PCB80C851WP 

PCB83C552WP 

PCB83C652P 

PCB83C652WP 

PCB83C654P 

PCB83C654WP 

PCB83C851P 

PCB83C851WP 

PCF1303T 
PCF2100P 
PCF2100T 
PCF2110P 
PCF2110T 
PCF2111P 
PCF2111T 
PCF2112P 
PCF2112T 
PCF2201V 
PCF80C31 BH-3P 

PCF80C31 BH-3WP 

description 

microcontroller; 128 x 8 RAM; 2 K x 8 ROM; 
1.0to 15 MHz;Oto+70 oC 
microcontroller; 128 x 8 RAM; 4 K x 8 ROM; 
1.2 to 16 MHz; 0 to + 70 oC 
microcontroller; 128 x 8 RAM; 4 K x 8 ROM; 
1.2to 16 MHz;Oto+70 oC 
microcontroller; 256 x 8 RAM; 80C31 CPU plus 
16-bit capture/compare timer/counter; watch-dog 
timer; two pUlse-width modulated signals; 10-bit ADC 
with 8 multiplexed input lines; 12 C-bus; 1.2 to 12 MHz; 
o to + 70 oC 
microcontroller; 256 x 8 RAM; serial I/O; UART; 1

2 C-bus; 
1.2to 12 MHz;Oto+70 oC 
microcontroller; 256 x 8 RAM; serial I/O; UART; 1

2 C-bus; 
1.2to 12 MHz;Oto+70 oC 
microcontroller; 128 x 8 RAM; 256 x 8 EEPROM; 
1.2to 12 MHz;Oto+70 oC 
microcontroller; 128 x 8 RAM; 256 x 8 EEPROM; 
1.2to 12 MHz;Oto+70 oC 
microcontroller; 256 x 8 RAM; 8 K x 8 ROM; 80C51 CPU 
plus 16-bit capture/compare timer/counter; watch-dog timer; 
two pulse-width modulated signals; 10-bit ADC with 8 
multiplexed input lines; 12 C-bus; 1.2 to 12 MHz; 
o to +70 °C 
microcontroller; 256 x 8 RAM;8 K x 8 ROM; serial I/O; 
UART; 1

2 C-bus; 1.2 to 12 MHz; 0 to +70 oC 
microcontroller; 256 x 8 RAM; 8 K x 8 ROM; serial I/O; 
UART; 1

2 C-bus; 1.2 to 12 MHz; 0 to +70 oC 
microcontroller; 256 x 8 RAM; 16 K x 8 ROM; serial I/O; 
UART; 1

2 C-bus; 1,2 to 12 MHz; 0 to +70 oC 
microcontroller; 256 x 8 RAM; 16 K x 8 ROM; serial I/O; 
UART; 1

2 C-bus; 1.2 to 12 MHz; 0 to + 70 oC 
microcontroller; 128 x 8 RAM; 256 x 8 EEPROM; 
1.2to 12 MHz;Oto+70 oC 
microcontroller; 128 x 8 RAM; 256 x 8 EEPROM; 
1.2to 12 MHz;Oto+70 oC 
18-element bar graph LCD driver (with analogue input) 
LCD duplex driver; 40 segments 
LCD duplex driver; 40 segments 
LCD duplex driver; 60 segments and 2 LEOs 
LCD duplex driver; 60 segments and 2 LEOs 
LCD duplex driver; 64 segments 
LCD duplex driver; 64 segments 
LCD driver; 32 segments 
LCD driver; 32 segments 
LCD flat panel row/column driver 
microcontroller; 128 x 8 RAM; 1.2 to 12 MHz; 
-40 to +85 °C 
microcontroller; 128 x 8 RAM; 1.2 to 12 MHz; 
-40 to +85 °C 
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type 

PCF80C39P 

PCF80C39WP 

PCF80C49P 

PCF80C49WP 

PCF80C51 BH-3P 

PCF80C51 BH-3WP 

PC F80C552WP 

PCF80C652P 

PC F80C652WP 

PCF80C851P 

PC F83C551 WP 

PC F83C552WP 

PCF83C652P 

PC F83C652WP 

PCF83C851P 

PCF83C851WP 

PCF84COOB 

PCF84COOT 

PCF84C12P 
PCF84C12T 
PCF84C21P 

description 

microcontroller; 128 x 8 RAM; 1.0 to 15 MHz; 
-40 to +85 oC 
microcontroller; 128 x 8 RAM; 1.0 to 15 MHz; 
-40 to +85 oC 
microcontroller; 128 x 8 RAM, 2 K x 8 ROM; 
1.0 to 15 MHz; -40 to +85 OC 
microcontroller; 128 x 8 RAM; 2 K x 8 ROM; 
1.0 to 15 MHz; -40 to +85 °C 
microcontroller; 128 x 8 RAM; 4 K x 8 ROM; 
1.2 to 12 MHz; -40 to +85 0C 
microcontroller; 128 x 8 RAM; 4 K x 8 ROM; 
1.2 to 12 MHz; -40 to +85 OC 
microcontroller; 256 x 8 RAM; 80C31 CPU plus 
16-bit capture/compare timer/counter; watch-dog timer; 
2 pUlse-width modulated signals; 10-bit ADC with 
8 multiplexed input lines; 12 C-bus; 1.2 to 12 MHz; 
-40 to +85 OC 
microcontroller; 256 x 8 RAM; serial I/O; UART; 
1
2 C-bus; 1.2 to 12 MHz; -40 to +85 oC 

microcontroller; 256 x 8 RAM; serial 110; UART; 
1
2 C-bus; 1.2 to 12 MHz; -40 to +85 oC 

microcontroller; 128 x 8 RAM; 256 x 8 EEPROM; 
1.2 to 12 MHz; 0 to + 70 oC 
microcontroller; 128 x 8 RAM; 256 x 8 EEPROM; 
1.2 to 12 MHz; 0 to +70 oC 
microcontroller; 256 x 8 RAM; 8 K x 8 ROM; 80C51 CPU 
plus 16-bit capture/compare timer/counter; watch-dog 
timer; 2 pulse-width modulated signals; 10-bit ADC with 
8 multiplexed input lines; 1

2 C-bus; 1.2 to 12 MHz; 
-40 to +85 0C 
microcontroller; 256 x 8 RAM; 8 K x 8 ROM; serial I/O; 
UART; 12 C-bus; 1.2 to 12 MHz; -40 to +85 oC 
microcontroller; 256 x 8 RAM; 8 K x 8 ROM; serial I/O; 
UART; 1

2 C-bus; 1.2 to 12 MHz; -40 to +85 oC 
microcontroller; 128 x 8 RAM; 256 x 8 EEPROM; 
1.2 to 12 MHz; 0 to +70 oC 
microcontroller; 128 x 8 RAM; 256 x 8 EEPROM; 
1.2 to 12 MHz; 0 to + 70 oC 
microcontroller; 256 x 8 RAM; bond-out version 
PCF84CXX family; 12 C-bus 
microcontroller; 256 x 8 RAM; bond-out version 
PCF84CXX family; 1

2 C-bus 
low cost microcontroller; 64 x 8 RAM; 1 K x 8 ROM 
low cost microcontroller; 64 x 8 RAM; 1 K x 8 ROM 
microcontrol\er; 64 x 8 RAM; 2 K x 8 ROM; plus 
8-bit LED driver; 12 C-bus; -40 to +85 oC 
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PCF84C21T microcontroller; 64 x 8 RAM; 2 K x 8 ROM; plus 
8-bit LED driver; 12C-bus; -40 to +85 oC 171 

PCF84C22P low cost microcontroller; 64 x 8 RAM; 1 K x 8 ROM 169 
PCF84C22T low cost microcontroller; 64 x 8 RAM; 1 K x 8 ROM 169 
PCF84C41P microcontroller; 128 x 8 RAM; 4 K x 8 ROM; plus 

8-bit LED driver; 12C-bus; -40 to +85 °C 171 
PCF84C41T microcontroller; 128 x 8 RAM; 4 K x 8 ROM; plus 

8-bit LED driver; 12 C-bus; -40 to + 85 oC 171 
PCF84C42P low cost microcontroller; 64 x 8 RAM; 1 K x 8 ROM 169 
PCF84C42T low cost microcontroller; 64 x 8 RAM; 1 K x 8 ROM 169 
PCF84C81P microcontroller; 256 x 8 RAM; 8 K x 8 ROM; plus 

8-bit LED driver; 12C-bus; -40 to +85 oC 171 
PCF84C81T microcontroller; 256 x 8 RAM; 8 K x 8 ROM; plus 

8-bit LED driver; 12C-bus; -40 to +85 oC 171 
PCF84C85P microcontroller; 256 x 8 RAM; 8 K x 8 ROM; 32 I/O; 

plus 8-bit LED driver; 12 C-bus; -40 to + 85 oC 173 
PCF84C85T microcontroller; 256 x 8 RAM; 8 K x 8 ROM; 32 110; 

plus 8-bit LED driver; 12 C-bus; -40 to + 85 oC 173 
PCF8566P universal LCD driver for low multiplexe rates 

(1: 1 to 1 :4); max. 96 elements; 12 C-bus 175 
PCF8566T universal LCD driver for low multiplex rates 

(1: 1 to 1 :4); max. 96 elements; j2 C-bus 175 
PCF8570P 256 x 8-bit static RAM; 12C-bus 205 
PCF8570T 256 x 8-bit static RAM; 12C-bus 205 
PCF8570CP 256 x 8-bit static RAM; 12 C-bus; different slave address 205 
PCF8570CT 256 x 8-bit static RAM; 12 C-bus; different slave address 205 
PCF8571 P 128 x 8-bit static RAM; 12 C-bus 205 
PCF8571T 128 x 8-bit static RAM; 12 C-bus 205 
PCF8573P clock calendar; 12 C-bus 215 
PCF8573T clock calendar; 12 C-bus 215 
PCF8574AP remote 8-bit I/O expander; 12 C-bus; different slave address 233 
PCF8574AT remote 8-bit 110 expander; 12 C-bus; different slave address 233 
PCF8574P remote 8-bit 110 expandar; 12 C-bus 233 
PCF8574T remote 8-bit I/O expander; 12 C-bus 233 
PCF8576T universal LCD driver for low multiplex rates 

(1:1 to 1 :4); max. 160 segments; 12C-bus 245 
PCF8576U universal LCD driver for low multiplex rates 

(1:1 to 1 :4); max. 160 segments; 12C-bus 245 
PC F8576U/l 0 universal LCD driver for low multiplex rates 

(1:1 to 1 :4); max. 160 segments; 12C-bus 245 
PCF8576V universal LCD driver for low multiplex rates 

(1 : 1 to 1:4); max. 160 segments; 12 C-bus 245 
PCF8577 AP LCD direct driver (32 segments) or duplex driver 

(64 segments); 12 C-bus; different slave address 279 
PCF8577AT LCD direct driver (32 segments) or duplex driver 

(64 segments); 12 C-bus; different slave address 279 
PCF8577AU LCD direct driver (32 segments) or duplex driver 

(64 segments) 12 C-bus; different slave address 279 
PCF8577P LCD direct driver (32 segments) or duplex driver 

(64 segments); 12 C-bus 279 
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PCF8577T 

PCF8577U 

PCF8578T 

PCF8578U 

PCF8578V 

PCF8579T 

PCF8579U 

PCF8579V 

PCF8582AP 
PCF8582AT 
PCF8583P 
PCF8583T 
PCF8591P 
PCF8591T 
PNA7509P 
PNA7509T 
PNA7518 
SA5204D 
SA5204N 
SA5205D 
SA5205FE 
SA5205N 
SAA1043 
SAA1044 
SAA1060 
SAA1064P 
SAA1064T 
SAA1099 

SAA1300 
SAA3004P 

SAA3004T 

SAA3006P 

SAA3008 

SAA3009P 

description 

LCD direct driver (32 segments) or duplex driver 
(64 segments); 12 C-bus 
LCD direct driver (32 segments) or duplex driver 
(64 segments); 12 C-bus 
LCD row/column driver for dot matrix graphic displays; 
40 outputs. of which 24 are programmable; 12 C-bus 
LCD row/column driver for dot matrix graphic displays; 
40 outputs, of which 24 are programmable; 12 C-bus 
LCD row/column driver for dot matrix graphic displays; 
40 outputs, of which 24 are programmable; 12 C-bus 
LCD column driver for dot matrix graphic displays; 
40 column outputs; 12 C-bus 
LCD column driver for dot matrix graphic displays; 
40 column outputs; 12 C-bus 
LCD column driver for dot matrix graphic displays; 
40 column outputs; 12 C-bus 
256 x 8-bit EEPROM; 12 C-bus; -40 to +85 oC 
256 x 8-bit EEPROM; 12 C-bus; -40 to +85 OC 
clock calendar with 256 x 8-bit static RAM; 1

2 C-bus 
clock calendar with 256 x 8-bit static RAM; 12 C-bus 
8-bit ADC/DAC; 12 C-bus 
8-bit ADC/DAC; 12 C-bus 
7-bit ADC; 22 MHz; 3-state output 
7-bit ADC; 22 MHz; 3-state output 
8-bit multiplying DAC; 30 MHz 
wideband high frequency amplifier 
wideband high frequency amplifier 
wideband high frequency amplifier 
wideband high frequency amplifier 
wideband high frequency amplifier 
universal sync generator 
subcarrier coupler circuit 
LED display/interface circuit 
4-digit LED driver; 12 C-bus 
4-digit LED driver; 12 C-bus 
stereo sound generator for sound effects and 
music synthesis (J,LC-controlled) 
tuner switching circuit; 12 C-bus 
high performance transmitter (455 kHz) for 
infrared remote control; up to 448 commands 
high performance transmitter (455 kHz) for 
infrared remote control; up to 448 commands 
high performance transmitter (RC-5) for infrared 
remote control; up to 2048 commands 
high performance transmitter (38 kHz) for 
infrared remote control; low voltage 
infrared remote control decoder; decodes 64 
commands (R ECS80/RC-5); up to 32 subaddresses; 
high current output for direct LED drive 
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SAA3009T infrared remote control decoder; decodes 64 
commands (RECS80/RC-5); up to 32 subaddresses; 
high current output for direct LED drive 529 

SAA3027P infrared remote control transmitter (RC-5) 539 
SAA3028 high performance transcoder (RC-5) for infrared 

remote control; 12 C-bus 553 
SAA3049P infrared remote control decoder, low current 

version of SAA3009 529 
SAA3049T infrared remote control decoder, low current 

version of SAA3009 529 
SAA4700P video recorder VPS dataline processor 561 
SAA5231 teletext video processor (successor of SAA5030) 573 
SAA5235 dataline slicer for video cassette recorders 585 
SAA5236 dataline slicer 591 
SAA5243E enhanced computer-controlled teletext circuit (ECCT); 

625-line system; 12C-bus (West European language version) 597 
SAA5243H enhanced computer-controlled teletext circuit (ECCT); 

625-line system; 12 C-bus (East European language version) 597 
SAA5243K enhanced computer-controlled teletext circuit (ECCT); 

625-line system; 12 C-bus (Arabic and English version) 597 
SAA5243L enhanced computer-controlled teletext circuit (ECCT); 

625-line system; 12 C-bus (Arabic and Hebrew version) 597 
SAA5245 525-line system enhanced computer-controlled teletext 

circuit (USECCT); 12C-bus (West European language version) 627 
SAA5250P interface for data acquisition and control 649 
SAA5250T interface for data acquisition and control 649 
SAA5351 EU ROM 50 Hz; CRT controller 681 
SAA5355 FTFROM, CRT controller (525-line) 709 
SAA5361 EUROM 60 Hz, CRT controller 737 
SAA9041P digital video teletext (DVTB) processor for Philips 

digital TV system (525 and 625-line systems); 12C-bus 
(West European language version) 765 

SAA9050 digital mu Itistandard TV decoder; 12 C-bus 785 
SAA9055 digital SECAM colour decoder; 12C-bus 817 
SAA9057 clock generator circuit 839 
SAA9058 sample rate converter 845 
SAA9060 video digital-to-analogue converter (VDAC) 851 
SAA9068WP picture-in-picture controller (PIPCO); 12 C-bus 865 
SAA9069T digital vertical filter (DVF) 881 
SAA9079P ADC for digital TV 889 
SAA9079T ADC for digital TV 889 
SAB3035 computer interface for tuning and control (CITAC); 

8 DACs; 12C-bus 899 
SAB3036 computer interface for tuning and control (C ITAC); 

without DACs; 12 C-bus 915 
SAB3037 computer interface for tuning and control (C ITAC); 

4 DACs; 12C-bus 931 
SAB6456 sensitive 1 GHz divide-by-64/divide-by-256 switchable 

prescaler 947 
SAB6456T sensitive 1 GHz divide-by-64/divide-by-256 switchable 

prescaler 947 
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SAB8726 
SAD1009P 
SAD1009T 
SAD1019P 
SAD1019T 
SAF1032P 
SAF1039P 
SAF1135 
SE5539F 
SE5539N 
SE592F14 
SE592F8 
SE592H 
SE592N14 
TBA120U 
TBA920S 
TDA1013B 
TDA1015 
TDA1015T 
TDA1029 
TDA1082 
TDA1512 
TDA15120 
TDA1514 
TDA1514A 
TDA1520B 
TDA1521 
TDA1521A 
TDA15210 
TDA1524A 
TDA1525 
TDA1534 
TDA1541A 
TDA1543 
TDA2501 
TDA2506 
TDA2506T 
TDA2507 
TDA2507T 
TDA2543 
TDA2545A 
TDA2546A 
TDA2549 
TDA2555 
TDA2556 
TDA2557 
TDA2577A 
TDA2578A 
TDA2579A 
TDA2582 
TDA25820 

NUMERiCAL 
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description 

2.6 GHz divide-by-2 prescaler 
universal DAC (UDAC) 
universal DAC (UDAC) 
multi-norm pulse pattern generator 
multi-norm pulse pattern generator 
receiver/decoder for infrared remote control 
transmitter for infrared remote control 
detaline decoder 
ultra high frequency operational amplifier 
ultra high frequency operational amplifier 
video amplifier 
video amplifier 
video amplifier 
video amplifier 
sound I F amplifier/demodulator for TV 
horizontal combination 
4 W audio power amplifier with DC volume control 
1 to 4 W audio power amplifier with preamplifier 
0.5 W audio power amplifier with preamplifier 
signal-sources switch (4 x two channels) 
east-west correction driver circuit 
12 to 20 W hi-fi audio power amplifier 
12 to 20 W hi-fi audio power amplifier 
40 W hi-fi power amplifier for digital audio (e.g. Compact Disc) 
40 W hi-fi power amplifier for digital audio (e.g. Compact Disc) 
20 W hi-fi audio power amplifier; complete SOAR protection 
2 x 12 W hi-fi stereo audio power amplifier 
2 x 6 W hi-fi stereo audio power amplifier 
2 x 12 W hi-fi stereo audio power amplifier 
stereo tone/volume control circuit 
stereo tone/volume control circuit 
14-bit ADC 
dual 16-bit DAC 
dual 16-bit economy DAC (1 2 S-bus format) 
PAL/NTSC encoder 
SECAM encoder 
SECAM encoder 
FM modulator controller for video recorders 
FM modulator controller for video recorders 
AM sound I F circuit for French standard 
quasi-split-sound circuit 
quasi-split-sound circuit with 5.5 MHz demodulation 
I F amplifier and demodulator for multistandard TV receivers 
dual FM demodulator for TV sound; 8-stage limiter 
quasi-split-sound circuit with dual FM sound demodulators 
dual FM demodulator for TV sound; 5-stage limiter 
horizontal/vertical synchronization circuit 
horizontal/vertical synchronization circuit 
horizontal/vertical synchronization circuit 
control circuit for PPS 
control circuit for PPS 
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type 

TDA2593 
TDA2594 
TDA2595 

TDA2611A 
TDA2613 
TDA2653A 
TDA2654 

TDA2655B 
TDA2658 
TDA2795 
TDA3047P 

TDA3047T 

TDA3048P 

TDA3048T 

TDA3501 
TDA3505 

TDA3506 

TDA3507 

TDA3510 
TDA3561A 
TDA3565 
TDA3566 
TDA3567 
TDA3569 
TDA3590A 
TDA3592A 
TDA3653B 
TDA3653C 
TDA3654 
TDA3654Q 
TDA3724 
TDA3725 
TDA3730 

TDA3740 
TDA3755 
TDA3760 

TDA3765 

TDA3791 

description 

horizontal combination 
horizontal combination with transmitter identification 
horizontal combination with transmitter identification 
and protection circuits 
5 W audio power amplifier 
6 W hi-fi audio power amplifier 
vertical deflection circuit; PI L-S4; 30AX systems and monitors 
vertical deflection circuit; monochrome 1100 ; tiny-vision 
colour, 900 

vertical deflection circuit; colour and monochrome (900 ) 

vertical deflection circuit (900 ) 

TV stereo/dual sound identification decoder 
high performance receiver for infrared remote control; 
positive output voltage 
high performance receiver for infrared remote control; 
positive output voltage 
high performance receiver for infrared remote control; 
negative output voltage 
high performance receiver for infrared remote control; 
negative output voltage 
video control combination 
video control combination with automatic cut-off control; 
-(B-Y) and -(R-Y) input 
video control combination with automatic cut-off control; 
+(B-Y) and +(R-Y) input 
video control combination with automatic cut-off control; 
-(B-Y) and -( R-Y) input 
PAL decoder 
PAL decoder 
PAL decoder 
PAL/NTSC decoder 
NTSC decoder 
NTSC decoder with fast RGB blanking 
SECAM processor circuit (improved TDA3590) 
SECAM/PAL transcoder 
vertical deflection and guard circuit (900 ) 

vertical deflection and guard circuit (900 ) 

vertical deflection and guard circuit (1100 ) 

vertical deflection and guard circuit (1100 ) 

SECAM identification circuit for video recorders 
SECAM (L) chrominance signal processor for video recorders 
frequency demodulator and drop-out compensator for 
video recorders 
video processor/frequency modulator for video recorders 
PAL/NTSC sync processor for video recorders (VHS system) 
PAL chrominance signal processor for video recorders 
(VHS system) 
NTSC chrominance signal processor for video recorders 
(VHS system) 
band selector and window detector 
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type 

TDA3800G 
TDA3800GS 
TDA3803A 
TDA3806 
TDA3808 
TDA3810 
TDA3825 

TDA3826 

TDA3845 
TDA4301 
TDA4301T 
TDA4306P 
TDA4306T 
TDA4500 
TDA4501 
TDA4502A 
TDA4503 
TDA4505 
TDA4510 
TDA4532 
TDA4555 
TDA4556 
TDA4557 
TDA4560 
TDA4565 

TDA4566 
TDA4570 
TDA4580 
TDA4720 
TDA4720T 
TDA5030A 
TDA5030AT 
TDA5330T 

TDA5332T 
TDA6800 
TDA6800T 
TDA8340 
TDA8340Q 
TDA8341 
TDA8341Q 
TDA8370 
TDA8380 
TDA8390 
TDA8405 
TDA8415 

description 

stereo/dual TV sound processor (dynamic selection) 
stereo/dual TV sound processor (static selection) 
stereo/dual TV sound decoder 
mUltiplex PLL stereo decoder 
second audio programme (SAP) signal processor 
spatial, stereo and pseudo-stereo sound circuit 
single FM TV sound demodulator system with external 
AF input and mute 
single FM TV sound demodulator system with mute and 
6 dB AF amplifier 
quasi-split-sound circuit and AM demodulator 
vertical driver (video camera) 
vertical driver (video camera) 
master gain circuit (video camera) 
master gain circuit (video camera) 
small signal combination for B/W TV 
small signal combination with sound circuit for colour TV 
small signal combination with video switch for colour TV 
small signal combination for B/W TV (improved TDA4500) 
small signal combination IC for colour TV 
PAL decoder 
SECAM decoder 
multistandard decoder for -( R-Y) and -(B-Y) signals 
multistandard decoder for + (R-Y) and + (B-Y) signals 
multistandard colour decoder 
colour transient improvement circuit 
colour transient improvement circuit; output signal 
delayed 180 J.ls less than that of TDA4560 
colour transient improvement circuit; switchable delay time 
NTSC decoder 
video control combination with automatic cut-off control 
SECAM identification circuit for video recorders 
SECAM identification circuit for video recorders 
mixer/oscillator for VH F tuner 
mixer/oscillator for VHF tuner 
VHF, UHF & hyperband mixer/oscillator for TV and 
VCR 3-band tuners 
double mixer/oscillator for TV and VCR tuners 
video modulator circuit 
video modulator circuit 
TV I F amplifier and demodulator 
TV I F amplifier and demodulator 
TV I F amplifier and demodulator 
TV I F amplifier and demodulator 
synchronization processor for TV; 12 C-bus 
SMPS controller 
single-chip PAL decoder and RGB matrix 
TV and video recorder stereo/dual sound processor; 12 C-bus 
TV and video recorder stereo/dual sound processor with 
integrated filters and 12 C-bus control 
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TDA8420 
TDA8421 
TDA8425 
TDA8440 
TDA8442 
TDA8443A 
TDA8444 
TDA8451 
TDA8452 
TDA8461 
TDA8490 
TDA9045 
TDA9080 
TEA1039 
TEA2000 
TSA5510 
TSA5510T 
,uA733CF 
,uA733CN 
,uA733F 
,uA733N 

description 

hi-fi stereo audio processor; 12 C-bus 
hi-fi stereo audio processor; 12 C-bus 
hi-fi stereo audio processor; 12 C-bus 
video/audio switch for CTV receivers; 12 C-bus 
12 C-bus interface for colou r decoders 
12 C-bus-controlled YUV /RGB interface circuit 
octuple 6-bit DAC; 12 C-bus 
p2 CCD delay line and matrix for colour decoders 
P2 CCD filter combination for colour decoders 
PAL/NTSC decoder; 12 C-bus 
SECAM decoder 
video processor and input selector 
video control combination circuit 
SMPS controller 
PAL/NTSC colour encoder 
1.3 GHz PLL frequency synthesizer 
1.3 GHz PLL frequency synthesizer 
diHerential video amplifier 
differential video amplifier 
differential video amplifier 
differential video amplifier 
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MAINTENANCE TYPE LIST 

The types listed below are not included in this handbook. Detailed information will be supplied on 
request. 

SAA1056P 
SAA1082 
SAA3027 
SAA5030 
SA81164 
SA81165 
SA81256 
SAF3019 
TDA2502 
TDA2503 
TDA3540;0 
TDA3541 ;0 
TDA35718 
TDA35768 
TDA3590 
TDA3591 
TDA3650 
TDA3701 
TDA3710 
TDA3720 
TEA1002 

PLL frequency synthesizer 
remote transmitter 
infrared remote control transmitter 
teletext video processor 
1 GHz divide-by-64 prescaler 
1 GHz divide-by-64 prescaler 
1 GHz divide-by-256 prescaler (successor SA86456) 
clock/timer with serial I/O; microcontrolled 
tacho motor speed controller 
track sensing amplifier for VCR 
IF amplifier and demodulator; npn tuners 
IF amplifier and demodulator; pnp tuners 
sync combination with transmitter identification 
sync combination with transmitter identification 
SECAM processor circuit (successor TDA3590A) 
SECAM processor circuit (successor TDA3591 A) 
vertical deflection circuit 
PAL sync processor for VCR 
chrominance signal/mixer for VCR 
SECAM processor for VCR (successor TDA3725) 
PAL colour encoder and video summer (successor TEA2000) 
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GENERAL 

Product status definition for type 
numbers with prefixes NE, SA, SE and IlA 

Ordering information for type numbers 
with prefixes NE, SA, SE and IlA 

Type designation for type numbers with 
with prefixes MAS, MAF, PCA PCS, PCD, 

PCF, SAA, SAS, SAF, TDA and TEA 
Rating systems 

Handling MOS devices 





For type numbers with prefixes NE, SA, SE and IlA PRODUCT STATUS 
DEFINITION 

Data Sheet 
Identification 

Objective Specification 

Preliminary Specification 

Product Specification 

DEFINITIONS 

Product Status 

Formative or In Design 

Preproduction Product 

Full Production 

Definition 

This data sheet contains the design target or goal 
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. Signetics reserves the 
right to make changes at any time without notice in order to 
improve design and supply the best possible product. 

This data sheet contains Final Specifications. Signetics 
reserves the right to make changes at any time without 
notice in order to improve design and supply the best 
possible product. 
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ORDERING l 
INFORMATION ________________ _ 

Signetics' Linear integrated circuit prod
ucts may be ordered by contacting either 
the local Signetics sales office, Signetics 
representatives and/or Signetics autho
rized distributors. A complete listing is 
located in the back of this manual. 

Minimum Factory Order: 

Commercial Product: 

$1000 per order 
$250 per line item per order 

Military Product: 

$250 per line item per order 

Table 1 provides part number informa
tion concerning Signetics originated 
products. 

Table 2 is a cross reference of both the 
old and new package suffixes for all 
presently existing types, while Tables 3 
and 4 provide appropriate explanations 
on the various prefixes employed in the 
part number descriptions. 

As noted in Table 3, Signetics defines 
device operating temperature range by 
the appropriate prefix. It should be not
ed, however, that an SE prefix (-55°C to 
+ 125°C) indicates only the operating 
temperature range of a device and not 
its military qualification status. The mili
tary qualification status of any Linear 
product can be determined by either 
looking in the Military Data Manual andl 
or contacting your local sales office. 
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Table 1. Part Number Description 

PART NUMBER 

NE5537N 

CROSS REF 
PART NO. 

LF398 

PRODUCT 
FAMILY 

LIN 

PRODUCT 
DESCRIPTION 

COd-HOld Amp 

Description of 
Product Function 

~ Linear Product Family 

~ Package Descriptions - See Table 2 

'------ Device Number 

'------_- Device Family and Temperature Range Prefix - See 
Tables 3 & 4 



Table 2. Package Descriptions 

OLD NEW 
PACKAGE 

DESCRIPTION 

A, AA N 14-lead plastic DIP 
A N-14 14-lead plastic DIP 

(selected analog 
products only) 

S, SA N 16-lead plastic DIP 
D Microminiature 

package (SO) 
F F 14-, 16-, 18-, 22-, 

and 24-lead 
ceramic DIP 
(Cerdip) 

I,IK I 14-, 16-, 18-, 22-, 
28-, and 4-lead 
ceramic DIP 

K H 10-lead TO-100 
L H 10-lead high-profile 

TO-100 can 
NA, NX N 24-lead plastic DIP 
Q, R Q 10-, 14-, 16-, and 

24-lead ceramic 
flat 

T, TA H 8-lead TO-99 
U U SIP plastic power 
V N 8-lead plastic DIP 
XA N 18-lead plastic DIP 
XC N 20-lead plastic DIP 
XC N 22-lead plastic DIP 
XL, XF N 28-lead plastic DIP 

A PLCC 
EC TO-46 header 
FE 8-lead ceramic DIP 

Table 3. Signetics Prefix and 
Device Temperature 

PREFIX 
DEVICE TEMPERATURE 

RANGE 

NE o to +70°C 
SE -55°C to + 125°C 
SA -40°C to + 85°C 

Table 4. Industry Standard Prefix 

PREFIX DEVICE FAMILY 

ADC Linear Industry Standard 
AM Linear Industry Standard 
CA Linear Industry Standard 
DAC Linear Industry Standard 
ICM Linear Industry Standard 
LF Linear Industry Standard 
LM Linear Industry Standard 
MC Linear Industry Standard 
NE Linear Industry Standard 
SA Linear Industry Standard 
SE Linear Industry Standard 
SG Linear Industry Standard 
f.1A Linear Industry Standard 
UC Linear Industry Standard 

ORDERING 
INFORMATION 
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For type numbers with prefixes MAB, MAF, PCA, PCB, 

PCD, PCF, SAA, SAB, SAD, SAF, TDA and TEA 

PRO ELECTRON TYPE DESIGNATION CODE 
FOR INTEGRATED CIRCUITS 

TYPE 
DESIGNA TION 

This type nomenclature applies to semiconductor monolithic, semiconductor multi-chip, thin-film, 
thick-film and hybrid integrated circuits. 

A basic type number consists of: 

THREE LETTERS FOLLOWED BY A SERIAL NUMBER 

FIRST AND SECOND LETTER 

1. DIGITAL FAMILY CIRCUITS 

The FIRST TWO LETTE RS identify the FAM I L Y (see note 1). 

2. SOLITARY CIRCUITS 

The FIRST LETTER divides the solitary circuits into: 

S : Solitary digital circuits 
T : Analogue circuits 
U: Mixed analogue/digital circuits 

The SECOND LETTER is a serial letter without any further significance except 'H' which stands 
for hybrid circuits (see note 3). 

3. MICROPROCESSORS 

The FIRST TWO LETTERS identify microprocessors and correlated circuits as follows: 

MA {Microcomputer 
Central processing unit 

MB Slice processor (see note 2) 
MD Correlated memories 
ME Other correlated circuits (interface, clock, peripheral controller, etc.) 

4. CHARGE-TRANSFER DEVICES AND SWITCHED CAPACITORS 

The FI RST TWO LETTERS identify the following: 

Notes 

N H : Hybrid circuits 
N L : Logic circuits 
N M : Memories 
NS : Analogue signal processing, using switched capacitors 
NT : Analogue signal processing, using CTDs 
NX Imaging devices 
NY : Other correlated circuits 

1. A logic family is an assembly of digital circuits designed to be interconnected and defined by its 
basic electrical characteristics (such as: supply voltage, power consumption, propagation delay, 
noise immunity). 

2. By 'slice processor' is meant: a functional slice of microprocessor. 

3. The first letter'S' should be used for all solitary memories, to which, in the event of hybrids, the 
second letter 'H' should be added (e.g. SH for Bubble-memories). 
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TYPE l 
DESIGNATION __________________ _ 

40 

THIRD LETTER 

It indicates the operating ambient temperature range. 
The letters A to G give information about the temperature: 

A: temperature range not specified 
8 : 0 to + 70 °C 
C: -55 to + 125 oC 
D: -25 to + 70 oC 
E : -25 to + 85 oC 
F : -40 to + 85 oC 
G: -55 to + 85 oC 

If a circuit is published for another temperature range, the letter indicating a narrower temperature 
range may be used or the letter' A'. 

Example: the range 0 to + 75 oC can be indicated by '8' or 'A'. 

SERIAL NUMBER 

This may be either a 4-digit number assigned by Pro Electron, or the serial number (which may be a 
combination of figures and letters) of an existing company type designation of the manufacturer. 

To the basic type number may be added: 

A VERSION LETTER 

Indicates a minor variant of the basic type or the package. Except for 'Z', which means customized 
wiring, the-letter has no fixed meaning. The following letters are recommended for package variants: 

C : for cylindrical 
D : for ceramic DI L 
F for flat pack 
L : for chip on tape 
P : for plastic DI L 
o : for 01 L 
T : for miniature plastic (mini-pack) 

U : for uncased chip 

Alternatively a TWO LETTE R SU F F I X may be used instead of a single package version letter, if the 
manufacturer (sponsor) wishes to give more information. 

FIRST LETTER: General shape 

C : Cylindrical 
D : Dual-in-line (DI L) 
E : Power DI L (with external heatsink) 
F : Flat (leads on 2 sides) 
G : Flat (leads on 4 sides) 
K: Diamond (TO-3 family) 
M: Multiple-in-line (except Dual-, Triple-, Ouadruple-in-line) 
o : Ouadruple-in-line (01 L) 
R : Power 01 L (with external heatsink) 
S : Single-in-line 
T : Triple-in-Une 
W: Lead chip-carrier (LCC) 
X: Leadless chip-carrier (LLCC) 
Y: Pin grid array (PGA) 

October 19871 ( 

SECOND LETTER: Material 

C : Metal-ceramic 
G : Glass-ceramic (cerdip) 
M: Metal 
P : Plastic 

A hyphen precedes the suffix to avoid 
confusion with a version letter. 



For type numbers with prefixes MAB, MAF, PCA, PCB, 

PCD, PCF, SAA, SAB, SAD, SAF, TDA and TEA 

RATING SYSTEMS 

RATING 
SYSTEMS 

The rating systems described are those recommended by the International Electrotechnical Commission 
(IEC) in its Publication 134. 

DEFINITIONS OF TERMS USED 

Electronic device. An electronic tube or valve, transistor or other semiconductor device. 

Note 
This definition excludes inductors, capacitors, resistors and similar components. 

Characteristic. A characteristic is an inherent and measurable property of a device. Such a property 
may be electrical, mechanical, thermal, hydraulic, electro-magnetic, or nuclear, and can be expressed 
as a value for stated or recognized conditions. A characteristic may also be a set of related values, 
usually shown in graphical form. 

Bogey electronic device. An electronic device whose characteristics have the published nominal values 
for the type. A bogey electronic device for any particular application can be obtained by considering 
only those characteristics which are directly related to the application. 

Rating. A value which establishes either a limiting capability or a limiting condition for an electronic 
device. It is determined for specified values of environment and operation, and may be stated in any 
suitable terms. 

Note 
Limiting conditions may be either maxima or minima. 

Rating system. The set of principles upon which ratings are established and which determine their 
interpretation. 

Note 
The rating system indicates the division of responsibility between the device manufacturer and the 
circuit designer, with the object of ensuring that the working conditions do not exceed the ratings. 

ABSOLUTE MAXIMUM RATING SYSTEM 

Absolute maximum ratings are limiting values of operating and environmental conditions applicable to 
any electronic device of a specified type as defined by its published data, which should not be exceed
ed under the worst probable conditions. 

These values are choSE';1 by the device manufacturer to provide acceptable serviceability of the device, 
taking no responsibility for equipment variations, environmental variations, and the effects of changes 
in operating conditions due to variations in the characteristics of the device under consideration and 
of all other electronic devices in the equipment. 

The equipment manufacturer should design so that, initially and throughout life, no absolute maximum 
value for the intended service is exceeded with any device under the worst probable operating con
ditions with respect to supply voltage variation, equipment component variation, equipment control 
adjustment, load variations, signal variation, environmental conditions, and variations in characteristics 
of the device under consideration and of all other electronic devices in the equipment. 

I (october 1987 41 



42 

RATING 
SYSTEMS 

DESIGN MAXIMUM RATING SYSTEM 

Design maximum ratings are limiting values of operating and environmental conditions applicable to a 
bogey electronic device of a specified type as defined by its published data, and should not be exceed
ed under the worst probable conditions. 

These values are chosen by the device manufacturer to provide acceptable serviceability of the device, 
taking responsibility for the effects of changes in operating conditions due to variations in the charac
teristics of the electronic device under consideration. 

The equipment manufacturer should <design so that, initially and throughout life, no design maximum 
value for the intended service is exceeded with a bogey device under the worst probable operating 
conditions with respect to supply voltage variation, equipment component variation, variation in 
characteristics of all other devices in the equipment, equipment control adjustment, load variation, 
signal variation and environmental conditions. 

DESIGN CENTRE RATING SYSTEM 

Design centre ratings are limiting values of operating and environmental conditions applicable to a 
bogey electronic device of a specified type as defined by its published data, and should not be exceed
ed Linder normal conditions. 

These values are chosen by the device manufacturer to provide acceptable serviceability of the device 
in average applications, taking responsibility for normal changes in operating conditions due to rated 
supply voltage variation, equipment component variation, equipment control adjustment, load variation, 
signal variation, environmental conditions, and variations in the characteristics of all electronic devices. 

The equipment manufacturer should design so that, initially, no design centre value for the intended 
service is exceeded with a bogey electronic device in equipment operating at the stated normal supply 
voltage. 
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HANDLING 
MOS DEVICES 

HANDLING MOS DEVICES 

Though all our MaS integrated circuits incorporate protection against electrostatic discharges, they 
can nevertheless be damaged by accidental over-voltages. In storing and handling them, the following 
precautions are recommended. 

Caution 

Testing or handling and mounting call for special attention to personal safety. Personnel handling MaS 
devices should normally be connected to ground via a resistor. 

Storage and transport 

Store and transport the circuits in their original packing. Alternatively, use may be made of a conductive 
material or special IC carrier that either short-circuits all leads or insulates them from external contact. 

Testing or handling 

Work on a conductive surface (e.g. metal table top) when testing the circuits or transferring them from 
one carrier to another. Electrically connect the person doing the testing or handling to the conductive 
surface, for example by a metal bracelet and a conductive cord or chain. Connect all testing and hand
ling equipment to the same surface. 
Signals should not be applied to the inputs while the device power supply is off. All unused input leads 
should be connected to either the supply voltage or ground. 

Mounting 

Mount MaS integrated circuits on printed circuit boards after all other components have been mounted. 
Take care that the circuits themselves, metal parts of the board, mounting tools, and the person doing 
the mounting are kept at the same electric (ground) potential. If it is impossible to ground the printed
circuit board the person mounting the circuits should touch the board before bringing MOS circuits 
into contact with it. 

Soldering 

Soldering iron tips, including those of low-voltage irons, or soldering baths should also be kept at the 
same potential as the MaS circuits and the board. 

Static charges 

Dress personnel in clothing of non-electrostatic material (no wool, silk or synthetic fibres). After the 
MaS circuits have been mounted on the board proper handling precautions should still be observed. 
Until the sub-assemblies are inserted into a complete system in which the proper voltages are supplied, 
the board is no more than an extension of the leads of the devices mounted on the board. To prevent 
static charges from being transmitted through the board wiring to the device it is recommended that 
conductive clips or conductive tape be put on the circuit board terminals. 

Transient voltages 

To prevent permanent damage due to transient voltages, do not insert or remove MaS devices, or 
printed-circuit boards with MaS devices, from test sockets or systems with power on. 

Voltage surges 

Beware of voltage surges due to switching electrical equipment on or off, relays and d.c. lines. 
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DEVELOPMENT DATA 
This data sheet contains advance information and 

specifications are subject to change without notice. 
MABB031AH-2 
MABB051AH-2 

FOR DETAILED INFORMATION SEE RELEVANT DATA BOOK OR DATA SHEET 

SINGLE-CHIP B-BIT MICROCONTROLLER 
DESCRIPTION 

The MAB8051 AH-2 family of single-chip 8-bit microcontrollers is manufactured in an advanced 2 Il 
NMOS process. The family consists of the following members: 

• MAB8031AH-2: ROM-less version of the MAB8051AH-2 
• MAB8051AH-2: 4 K bytes mask-programmable ROM, 128 bytes RAM 

Both types are available in 8, 10 and 12 MHz versions and 15 MHz for the MAB8031 AH-2. In the 
following, the generic term "MAB8051 AH-2" is used to refer to both family members. 

The device provides hardware features, architectural enhancements and new instructions to function as 
a controller for applications requiring up to 64 K bytes of program memory and/or up to 64 K bytes 
of data storage. 

The MAB8051 AH-2 contains a non-volatile 4 K x 8 read-only program memory (not ROM-less version); 
a volatile 128 x 8 read/write data memory; 32 I/O lines; two 16-bit timer/event counters; a five-source, 
two-priority-Ievel, nested interrupt structure; a serial I/O power for either mUlti-processor communi
cations, I/O expansion, or full duplex UART; and on-chip oscillator and timing circuits. For systems 
that require extra capability, the MAB8051 AH-2 can be expanded using standard TTL compatible 
memories and logic. 

The device also functions as an arithmetic processor having facilities for both binary and BCD arithme
tic plus bit-handling capabilities. The instruction set consists of 255 instructions; 44% one-byte, 41 % 
two-byte and 15% three-byte. With a 12 M Hz crystal, 58% of the instructions are executed in 1 IlS and 
40% in 2 IlS. Multiply and divide instructions require 4 Ils. Multiply, divide, subtract and compare are 
among the many instructions added to the standard MAB8048H instruction set. 
For further detailed information see users manual 'Single-chip 8-bit microcontrollers'. 

Features 

• 4 K x 8 ROM (MAB8051AH-2 only), 128 x 8 RAM 
• Four 8-bit ports, 32 I/O lines 
• Two 16-bit timer/event counters 
• Full duplex serial port 
• External memory expandable to 128 K 
• Boolean processing 
• 218 bit-addressable locations 
• On-chip oscillator 
• Five-sou rce interrupt structure with two priority levels 
• 58% of instructions executed in 1 IlS; multiply and divide in 4 IlS (at 12 MHz clock) 
• Enhanced architecture with: 

non-page-orei nted instructions 
direct addressing 
four 8-bit register banks 
stack depth up to 128-bytes 
multiply, divide, subtract and compare 

• Available with extended temperature range: -40 to + 85 0C (MAF8031 /51 AH-2) 
• Available with automotive temperature range: -40 to + 110 oC (MAF80A31 /51 AH-2) 

PACKAGE OUTLINES 

MAB8031/51AH-2P; MAF8031/51AH-2P; MAF80A31/51AH-2P; 40-lead OIL; plastic (SOT129). 
MAB8031/51AH-2WP; MAF80/31/51AH-2WP; MAF80A31/51AH-2WP: 44-lead, plastic leaded-chip
carrier, 'pocket' version (PLCC); (SOT187 AA). 
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DEVELOPMENT DATA 
This data sheet contains advance information and 

specifications are subject to change without notice. 
MAB8032AH 
MAB8052AH 

FOR DETAILED INFORMATION SEE RELEVANT DATA BOOK OR DATA SHEET 

SINGLE-CHIP 8-BIT MICROCONTROLLERS 
DESCR IPTION 

The MAB8052AH is a member of the MAB8051AH family with a higher performance. This single-chip 
8-bit microcontroller is manufactured in an advanced 2 Jl NMOS process. For this version the following 
members exist: 

• MAB8032AH: ROM-less version of the MAB8052AH 
• MAB8052AH: 8 K bytes mask programmable ROM, 256 bytes RAM 

Both types are available in 12 MHz versions. In the following, the generic term "MAB8052AH" is used 
to refer to both family members. 

The device provides hardware features, architectural enhancements and new instructions to function as 
a controller for applications requiring up to 64 K bytes of program memory and/or up to 64 K bytes of 
data storage. 

The MAB8052AH contains a non-volatile 8 K x 8 read-only program memory (not ROM-less version); 
a volatile 256 x 8 read/write data memory; 32 I/O lines; three 16-bit timer/event counters; a six-source, 
two-priority-Ievel, nested interrupt structure; a serial I/O port for either multi-processor communications, 
I/O expansion, or full duplex UART; and on-chip oscillator and timing circuits. For systems that require 
extra capability, the MAB8052AH can be expanded using standard TTL compatible memories and logic. 

The device also functions as an arithmetic processor having facilities for both binary and BCD arithmetic 
plus bit-handling capabilities. The instruction set consists of 255 instructions; 44% one-byte, 41 % two
byte and 15% three-byte. With a 12 MHz crystal, 58% of the instructions are executed in 1 JlS and 40% 
in 2 I1S. Multiply and divide instructions require 411s. 
For further detailed information see the '8051' section of the 'Single-chip 8-bit microcontroller user manual' 
Features 

• 8 K x 8 ROM (8052AH only), 256 x 8 RAM 
• Four 8-bit ports, 32 I/O lines 
• Three 16-bit timer/event counters 
• Fu II-duplex serial port 
• External memory expandable to 128 K 
• Boolean processing 
• 218 bit-addressable locations 
• On-chip oscillator 
• Six-source interrupt structure with two priority levels 
• 58% of instructions executed in 1 JlS; multiply and divide in 411S 
• Enhanced architecture with: 

non-page-oriented instructions 
direct addressing 
four 8-bit register banks 
stack depth up to 128-bytes 
multiply, divide, substract and compare 

• Upward compatible with MAB8031AH/8051AH 

• Extended temperature range with frequency from 3,5 to 10 MHz: 
-40 to + 85 0C MAF8052AH 
-40 to + 100 °C MAF80A52AH 

PACKAGE OUTLINES 

MAB8032/52AHP: 40-lead OIL, plastic (SOT129). 
MAF8032AH/52AH/ A32AH/A52AHP: 40-lead 01 L, plastic (SOT129). 
MAB/MAF8032/52AHWP/A32/A52AHWP: 44-lead plastic leaded chip carrier (PLCC); (SOT187 
'pedestal' or SOT187 AA 'pocket' versions, these are interchangeable). 
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___ J MAB8048H/35HL 
MAB8049H/39HL 
MAB8050H/40HL 

FOR DETAILED INFORMATION SEE RELEVANT DATA BOOK OR DATA SHEET 

SINGLE-CHIP 8-BIT MICROCONTROLLER 

GENERAL DESCRIPTION 

The MAB80XXH family of single-chip 8-bit microcontrollers is fabricated in NMOS. 
Three interchangeable (pin compatible) versions are available: 

• MAB8048H: 1 K bytes mask-programmed ROM, 64 bytes RAM 
• MAB8035H L: ROM-less version of the MAB8048H 

• MAB8049H: 2 K bytes mask-programmed ROM, 128 bytes RAM 
• MAB8039H L: ROM-less version of the MAB8049H 

• MAB8050H: 4 K bytes mask-programmed ROM, 256 bytes RAM 
• MAB8040H L: ROM-less version of the MAB8050H 

These microcontrollers are designed to be efficient control processors as well as arithmetic processors. 
Their instruction set allows the user to directly set and reset individual I/O lines as well as test 
individual bits within the accumulator. A large variety of branch and table look-up instructions enable 
efficient implementation of standard logic functions. Code efficiency is high; over 70% of the 
instructions are single byte; all others are two byte. 

An on-chip 8-bit counter is provided, which can count either machine cycles (7:32) or external events. 
The counter can be used to generate an interrupt to the processor. 
Program and data memories plus input/output capabilities can be expanded using standard TTL 
compatible memories and logic. For more detailed information see the 'single-chip 8-bit micro
controllers' user manual. 

Features 

• 8-bit CPU, ROM, RAM and I/O 
• 8-bit counter/timer 
• On-chip oscillator and clock driver circuits 
• Single-level interrupts: external and counter/timer 
• 17 internal registers: accumulator, 16 addressable registers 
• Over 90 instructions: 70% single byte 
• All instructions 1 or 2 cycles 
• Easily expandable memory and 27 I/O lines 
• TT L compatible inputs and outputs 
• Single 5 V supply 
• Standard and extended temperature ranges (see Table 5): MAB80XX: Oto+70 oC 

-40 to +85 oC MAF80XX: 
MAF80AXX: -40 to +110 oC 

Applications 

• Peripheral interfaces and controllers • Modems and data enciphering 
• Test and measuring instruments • Environmental control systems 
• Sequencers • Audio/video systems 

PACKAGE OUTLINES 

All versions: with type no. suffix P (see Table 5): 40-lead DI L; plastic (SOT129). 
MAB8035/8048/8039/8049H/HLWP : 44-lead PLCC; plastic leaded chip-carrier 

'pocket' version (SOT187 AA). 
'pedestal' version (SOT187). 
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FOR DETAILED INFORMATION SEE RELEVANT DATA BOOK OR DATA SHEET 

SINGLE-CHIP 8-BIT MICROCONTROLLER 

DESCR IPTION 

MAB84X1 
MAF84X1 
MAF84AX1 
FAMILY 

The MAB84Xl family of microcontrollers is fabricated in NMOS. The family consists of 5 devices: 

• MAB8401 - 128 bytes RAM, external program memory, with 8-bit LED-driver (lOrnA), 
emu lation of MAB/F8422/42* possible 

• MAB/MAF8411 - 1 K byte ROM/64 bytes RAM plus 8-bit LE D-driver 
• MAB/MAF8421 - 2K bytes ROM/64 bytes RAM plus 8-bit LED-driver 
• MAB/MAF8441 - 4K bytes ROM/128 bytes RAM plus 8-bit LED-driver 
• MAB/MAF8461 - 6K bytes ROM/128 bytes RAM plus 8-bit LED-driver 

Each version has 20 quasi-bidirectional I/O port lines, one serial I/O line, one single-level vectored 
interrupt, an 8-bit timer/event counter and on-board clock oscillator and clock circuits. Two 20-pin 
versions, MAB/F8422 and MAB/F8442* are also available. 

This microcontroller family is designed to be an efficient controller as well as an arithmetic processor. 
The instruction set is based on that of the MAB8048. The microcontrollers have extensive bit handling 
abilities and facilities for both binary and BCD arithmetic. 

For detailed information see the "8-bit Single-chip Microcontrollers user manual". 

* See data sheet on MAB/F8422/42. 

Features 

• 8-bit: CPU, ROM, RAM and I/O in a single 28-lead 01 L package 
• 1 K, 2K, 4K or 6K ROM bytes plus a ROM-less version 
• 64 or 128 RAM bytes 
• 20 quasi-bidirectional I/O port lines 
• Two testable inputs: one of which can be used to detect zero cross-over, the other is also the 

external interrupt input 
• Single level vectored interrupts: external, timer/event counter, serial I/O 
• Serial I/O that can be used in single or multi-master systems (serial I/O data via an existing port line 

and clock via a dedicated line) 
• 8-bit programmable timer/event counter 
• Internal oscillator, generated with inductor, crystal, ceramic resonator or external source 
• Over 80 instructions (based on MAB8048) all of 1 or 2 cycles 
• Single 5 V power supply (± 10%) 
• Operating temperature ranges: 0 to + 70 0C 

-40 to + 85 0 C 
-40 to + 11 0 0C 

PACKAGE OUTLINES 

MAB84Xl family 
MAF84Xl family only 
MAF84AXl family only 

MAB8401 B: 28-lead 'Piggy-back' package (with up to 28-pin EPROM on top). 
MAB8401WP: 68-lead plastic leaded chip-carrier (PLCC) (SOT188). 
MAB/MAF8411/21/41/61P: 28-lead OIL; plastic (SOTl17). 
MAF84A 11/21/41/61 P: 28-lead 01 L; plastic (SOTl17), 
MAB8411/21/41/61T: 28-lead mini-pack; plastic (S028; SOT163A). 
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r-------I AO-A12 

I 
I P~~: 
I C1 

: HALT

I INTA 

L ___ 13 

I 
I 
I 

---------' 

,--------------, 
I AO-A12 

DO-D7 I 
I I 
I I 
I PSEN 

I 
I 
I 
I 
L ___ 13 

I 
I 
I _______ .J 

7Z97968 
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FOR DETAILED INFORMATION SEE RELEVANT DATA BOOK OR DATA SHEET 

SINGLE-CHIP 8-BIT MICROCONTROLLER 

DESCRIPTION 

The MAB8422/8442 is a high-performance microcontroller incorporating dedicated hardware, memory 
capacity and I/O lines. This dedication means a microcontroller can be economically installed in 
high-volume products where its main function is control. 

The MAB8422/8442 is a 20 pin, single-chip 8-bit microcontroller that has been developed from the 
28 pin MAB8421/8441 microcontrollers. The versions are: 

• MAB8422 - 2K x 8 ROM/64 bytes RAM 
• MAB8442 - 4K x 8 ROM/128 bytes RAM 

Each version has 15 I/O port lines comprising one 8-bit parallel port (PO), one 2-bit parallel port (P1.0 
and P 1.1 that are shared with the serial I/O lines SOA and SC L), one 3-bit parallel port (P2.0 - P2.2) and 
two input lines (INT/TO and T1). 

The serial I/O interface is 12 C compatible and therefore the MAB8422/8442 can operate as a slave or 
a master in single and multi-master systems. Conversion from parallel to serial data when transmitting, 
and vice versa when receiving, is done mainly in software. There is a minimum of hardware for the 
serial I/O implemented. This hardware is controlled by the status of the SOA and SCL lines and can 
be read or written under software control. Standard software for 12 C-bus control is available upon 
request. For detailed information see the user manual 'Single-chip 8-bit microcontrollers'. 

Features 

• 8-bit: CPU, ROM, RAM and I/O 
• 20 pin package 
• MAB8422:2K x 8 ROM/64 bytes RAM 
• MAB8442: 4K x 8 ROM/128 bytes RAM 
• 13 quasi-bidirectional I/O port lines 
• Two testable inputs T1 and I NT/TO 
• High current output on PO (IOL = 10 mA at VOL = 1 V) 
• One interrupt line combined with the testable input line I NT/TO 
• Single-level interrupts: external, timer/event counter, serial I/O 
• 12 C-compatible serial I/O that can be used in single or multi-master systems (serial I/O data and clock 

via P1.0 and P1.1 port lines, respectively) 
• 8-bit programmable timer/event counter 
• Internal oscillator, generated with inductor, crystal, ceramic resonator or external source 
.' Over 80 instructions (based on MAB8048) 
• All instructions 1 or 2 cycles, cycle time dependent on oscillator frequency 
• Single power supply 
• Operating temperature ranges: 0 to +70 oC (MAB84X2) 

-40 to +85 oC (MAF84X2) 
-40 to +110 oC (MAF84AX2) 

PACKAGE OUTLINES 

MAB/MAF84X2, MAF84AX2: 20-lead 01 L; plastic (SOT146). 
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Fig. 1 Block diagram of the MAB8422/8442. 
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NE5150j5151j5152 
Triple 4-Bit RGB D / A Converter 
With and Without Memory 

DESCRIPTION 
The NE5150/5151 15152 are triple 4-bit 
DACs intended for use in graphic display 
systems. They are a high perfor
mance - yet cost effective - means of 
interfacing digital memory and a CRT. 
The NE5150/5152 are single integrated 
circuit chips containing special input buf
fers, an ECl static RAM, high-speed 
latches, and three 4-bit DACs. The input 
buffers are user-selectable as either 
ECl or TTL compatible for the NE5150. 
The NE5152 is similar to the NE5150, 
but is TTL compatible only, and operates 
off of a single + 5V supply. The RAM is 
organized as 16 X 12, so that 16 "color 
words" can be down-loaded from the 
pixel memory into the chip memory. 
Each 12-bit word represents 4 bits of 
red, 4 bits of green and 4 bits of blue 
information. This system gives 4096 
possible colors. The RAM is fast enough 
to completely reload during the horizon
tal retrace time. The latches resynchron
ize the digital data to the DACs to 
prevent glitches. The DACs include a" 
the composite video functions to make 
the output waveforms meet RS-170 and 
RS-343 standards, and produce 1 Vp_p 
into 75[2. The composite functions (ref
erence white, bright, blank, and sync) 
are latched to prevent screen-edge dis
tortions generally found on "video 
DACs." External components are kept 
to an absolute minimum (bypass capaci
tors only as needed) by including a" 
reference generation circuitry and termi
nation resistors on-chip, by building in 

ORDERING INFORMATION 

Product Specification 

high-frequency PSRR (eliminating sepa
rate VEES and costly power supplies and 
filtering), and by using a single-ended 
clock. The guaranteed maximum operat
ing frequency for the NE5150/5152 is 
110MHz over the commercial termpera
ture range. The devices are housed in a 
standard 24-pin package and consume 
less than 1 W of power. 

The NE5151 is a simplified version of 
the NE5150, including a" functions ex
cept the memory. Maximum operating 
frequency is 150M Hz. 

FEATURES 
• Single-chip 
• On-board Eel static RAM 

• 4096 colors 
• Eel and TTL compatible 
• 110MHz update rate (NE5150, 

5152) 

• 150MHz update rate (NE5151) 
• low power arid cost 
• Drives 75.Q cable directly 
• Internal reference 

• 40dB PSRR 
• No external components 

necessary 

APPLICATIONS 
• Bit-mapped graphics 
• Super high-speed DAe 

• Home computers 
• Raster-scan displays 

DESCRIPTION TEMPERATURE RANGE ORDER CODE 

24-Pin Ceramic DIP O°C to +70°C NE5150F 

24-Pin Ceramic DIP O°C to +70°C NE5151F 

24-Pin Ceramic DIP O°C to +70°C NE5152F 

24-Pin Plastic SOL O°C to +70°C NE5152D 
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PIN CONFIGURATIONS 

NE5150 F Package 

lOP VIEW 

NE5151 F Package 

lOP VIEW 

NE5152 0 1 and F Packages 

roPVlEW 

NOTE: 
1. Available in large SO pakage only. 
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Triple 4-Bit RGB D / A Converter 
With and Without Memory 

BLOCK DIAGRAMS 

Vcc(6) 

AaNO(12) 

DGNO(16) 

VEE (14) 

WHITE<n 

SYNC (10) 

BLANK (9) 

BRIGHT (8) 

NE5150 

WRIT~(21) 
WRITER (20) 
WRITEs (19) 

(11) 
GREEN 

RAM 
16 x 12 

(13) 
RED 

(15) 
BLUE 

Vee (6) 

AoND(12) 

DGND (16) 

VEE (14) 

STROBE (17) 

WHITE (7) 
SYNC (10) 

BLANK (9) 

BRIGHT (8) 

NE5152 

v cc (6, 12, 16) 
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WRITEa(21) 
WRITER (20) 
WRITEs (19) 

(11) (13) 
GREEN RED 
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Product Specification 

NE5150/5151/5152 

NE5151 

(11) 
GREEN 

(13) 
RED 

(15) 
BLUE 

(21)BO 

(2O)B1 

(19)B2 

(18)B3 



Triple 4-Bit RGB 0/ A Converter 
With and Without Memory 

ABSOLUTE MAXIMUM RATINGS 

SYMBOL PARAMETER RATING 

Temperature range 
TA Operating o to +70 
TSTG Storage -65 to + 150 

Vee Power supply 
7.0 

VEE -7.0 

logic levels 
TTL-high 5.5 
TTL-low -0.5 
ECl-high 0.0 
ECl-low o to VEE 

Product Specification 

NE5150/5151/5152 

UNIT 

°C 
°C 

V 
V 

V 
V 
V 
V 

DC ELECTRICAL CHARACTERISTICS Vee = + 5V (TIL), OV (ECl), VEE = -5V, O°C < T A < + 70°C, for NE5150/5151; 
Vee = + 5V (TTL), GND = OV for NE5152, unless otherwise noted. 

LIMITS 
SYMBOL PARAMETER UNIT 

Min Typ Max 

Resolution 4 bits 

Monotonicity 4 bits 

Nl Non-linearity ± V16 ± V2 lSB 

DNl Differential non-linearity ± Va ±1 lSB 

Offset error (25°C) (1111) (BRT = 1) - V5 ±1 lSB 

Gain error (25°C) (0000) (BRT = 1) ± V2 ±1 lSB 

Positive power supply (TTL mode) (NE5150) 4.5 5.0 5.5 V 
Vee (TTL mode) (NE5151) 4.75 5.0 5.5 V 

(ECl mode) -0.1 0.0 0.1 V 

VEE Negative power supply (TTL or ECl mode) (NE5150/5151) -4.75 -5.0 -5.5 V 

lee 
Positive supply current (NE5150/5151) 15 25 mA 

(NE5152) 175 210 mA 

lEE 
Negative supply current (NE5150) 175 210 mA 

(NE5151) 145 175 mA 

Analog voltage range (ZS to FS) 603 mV 

Gain tracking (any two channels) ±% lSB 

lSB least significant bit 40.2 mV 

EWH Enhanced white level (25°C)2 0 mV 

BS Bright shift (25°C)(0 to 1) 71.4 mV 

EBl Enhanced blanking level (25oC)2 -674 mV 

ESY Enhanced sync level (25oC)2 -960 mV 

Ro Output resistance (25°C) 67.5 75.0 82.5 Q 

VIH TTL logic input high 2.0 V 

VIL TTL logic input low 0.8 V 

IIH TTL logic high input current (VIN = 2.4V) 20 p.A 

IlL TTL logic low input current (VIN = 0.4V) -1.6 mA 

VIH ECl logic input high -1.045 V 

VIL ECl logic input low -1.48 V 

IIH ECl logic high input current (VIN = -0.8V) -1.0 mA 

IlL ECl logic low input current (VIN = -1.8V) -1.0 mA 
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Triple 4-Bit RGB 0/ A Converter 
With and Without Memory 

Product Specification 

NE5150/5151/5152 

TEMPERATURE CHARACTERISTICS vcc = + 5V (TTL), ov (ECl), VEE = -5V, O°C < T A < + 70°C, for NE5150/5151; 
Vce = +5V (TTL), GND = OV for NE5152, unless otherwise noted. 

LIMITS 
SYMBOL PARAMETER UNIT 

Min Typ Max 

Offset TC1 ±50 ±100 ppmfOC 

Gain TC1 ±70 ±200 ppm/oC 

Gain Tracking TC (any two channels) ±20 ±50 ppm/oC 

Enhanced white level TC1 ±50 ± 100 ppmfOC 

Bright shift TC ±70 ±200 ppmfOC 

Enhanced blanking level TC ±100 ±300 ppmfOC 

Enhanced sync level TC ±100 ±300 ppmfOC 

Output resistance TC +1000 +2000 ppm/oC 

NOTES: 
1. Normalized to full-scale (603mV). 
2. With respect to [1111 1 (BRT = 1). 

AC ELECTRICAL CHARACTERISTICS Vcc = + 5V (TTL), OV (ECl), VEE = -5V, O°C < T A < + 70°C, for NE5150/5151; 
VCC = +5V (TTL), GND = OV for NE5152, unless otherwise noted. 

LIMITS 
SYMBOL PARAMETER UNIT 

Min Typ Max 

fMAX Maximum operating frequency (NE5150/5152) 110 MHz 

tWAS Write address setup (NE5150/5152) 0 ns 

tWAH Write address hold (NE5150/5152) 0 ns 

twos Write data setup (NE5150/5152) 4 ns 

twoH Write data hold (NE5150/5152) 2 ns 

tWEW Write enable pulse width (NE5150/5152) 3 ns 

tRCS Read composite1 setup (NE5150/5152) 3 ns 

tRCH Read composite 1 hold (NE5150/5152) 2 ns 

tRAS Read address setup (NE5150/5152) 3 ns 

tRAH Read address hold (NE5150/5152) 2 ns 

tRSW Read strobe pulse width (NE5150/5152) 3 ns 

tROO Read DAC delay (NE5150/5152) 8 ns 

fMAX Maximum operating frequency (NE5151) 150 MHz 

tcs Composite1 setup (NE5151) 3 ns 

tCH Composite1 hold (NE5151) 2 ns 

tos Data-bits setup (NE5151) 1 ns 

tOH Data-bits hold (NE5151) 5 ns 

tsw Strobe pulse width (NE5151) 3 ns 

tOD DAC delay (NE5151) 8 ns 

tR DAC rise time (10-90%) 3 ns 

ts DAC full-scale settling time2 10 ns 

COUT Output capacitance (each DAC) 10 pF 

SR Slew rate 200 V/tJ.s 
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Triple 4-Bit RGB D / A Converter 
With and Without Memory 

SYMBOL PARAMETER 

GE Glitch energy 

PSRR3 Power supply rejection ratio (to red, green or blue outputs) 
VEE at 1kHz 
VEE at 10MHz 
VEE at 50MHz 
Vee at 1kHz 
Vee at 10MHz 
Vee at 50MHz 

NOTES: 
1. Composite implies any of the WHITE, BRIGHT, BLANK or SYNC signals. 

Min 

Product Specification 

NE5150/5151/5152 

LIMITS 
UNIT 

Typ Max 

30 pV-s 

43 dB 
28 dB 
14 dB 
80 dB 
50 dB 
36 dB 

2. Setting to ± 1'2 LSB, measured from STROBE 50% pOint (rising edge). This time includes the delay throught the strobe input buffer and latch. 
3. Listed PSRR is for the NE5150/51. The NE5152 PSRR specs are identical to the VEE numbers in the table. 

NE5150 PIN DESCRIPTION 
Write enable inputs use negative-true logic 
while all other inputs are positive-true. All 
inputs operate synchronously with the posi
tive edge-triggered strobe input. When Vee is 
taken high (5V), all inputs are TTL compati
ble. When Vee is grounded, all inputs are ECl 
compatible. All DACs are complementary, so 
that all ones is the highest absolute voltage 
and all zeroes is the lowest. All ones is called 
zero-scale (ZS) and all zeroes is called full
scale (FS). The analog output voltage is 
approximately OV (ZS) to -1 V (SYNC). 

Pins 1, 24, 23, 22: DATA bits DO (MSB) 
through D3, used to input digital information 
to the memory during the write phase. During 
this phase, the data bits are presented to the 
internal latches (non inverted) and the DACs 
will output the analog equivalent of the stored 
word, unless overridden by WHITE, BLANK or 
SYNC. 

Pins 5, 4, 3, 2: ADDRESS lines AO (MSB) 
through A3, used for selecting a memory 
address to write to or read from. 

Pin 7: WHITE command. Presets the latches 
to all ones [1111] and outputs OV absolute on 
all DACs. Can be modified to - 71 mV absolute 
when BRIGHT is taken low. Will be overrid
den by either a BLANK or SYNC command. 

Pin 8: BRIGHT command. A low input here 
turns on an additional -71mV (10 IRE unit) 
switch, shifting all other levels downward. Not 
overridden by any other input. 
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Pin 9: BLANK command. Presets the latches 
to all zeroes [0000] and turns on an additional 
-71 mV (10 IRE unit) switch. Absolute output 
is -671 mY. Can be modified another -71 mV 
to -742mV absolute when BRIGHT is taken 
low. Will override WHITE, and will be overrid
den by SYNC. 

Pin 10: SYNC command. Presets the latches 
to all zeroes [0000] and turns on the BLANK 
switch. Additionally turns on a -286mV (40 
IRE unit) switch in the green channel only. 
Absolute output is -671 mV for the red and 
blue channels, and -957mV for the green 
channel. All levels can be shifted -71 mV by 
taking BRIGHT low. Overrides WHITE and 
BLANK. 

Pins 11, 13, 15: GREEN, RED, BLUE. Analog 
outputs with 75n internal termination resis
tors. Can directly drive 75n cable and should 
be terminated at the display end of the line 
with 75n. Output voltage range is approxi
mately OV to -1V, independent of whether 
the digital inputs are ECl or TTL compatible. 
All outputs are simultaneously affected by the 
WHITE, BLANK or BRIGHT commands. Only 
the GREEN channel carries SYNC informa
tion. 

NOTE: 
There are 100 IRE units from WHITE to BLANK. 
One IRE unit is approximately 7.1mV. Full-scale is 
90 IRE units and 10 IRE units is 1,19 of full-scale (e.g., 
BRIGHT function). 
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Pins 19, 20, 21: WRITEe, WRITER, WRITEG. 
Write enable commands for each of the three 
16 X 4 memories. When all write commands 
are high, then the READ operation is select
ed. This is the normal display mode. To write 
data into memory, the write enable pin is 
taken low. Data DO - D3 will be written into 
address AO - A3 of each memory when its 
corresponding write enable pin goes low. 

Pin 17: STROBE. The strobe Signal is the 
main system clock and is used for resyn
chronizing digital signals to the DACs. Pre
venting data skew eliminates glitches which 
would otherwise become visible color distor
tions on a CRT display. The strobe command 
has no special drive requirements and is TTL 
or ECl compatible. 

Pins 12, 16: AGNO, DGNO. Both Analog and 
Digital ground carry a maximum of approxi
mately 100mA of DC current. For proper 
operation, the difference voltage between 
AGND and DGND should be no greater than 
50mV, preferably less. 

Pin 14: VEE. The negative power supply is the 
main chip power source. Vee is only used for 
TTL input buffers. As is usual, good bypass
ing techniques should be used. The chip itself 
has a good deal of power supply rejection -
well up into the VHF frequency range - so 
no elaborate power supply filtering is neces
sary. 

Pin 18: NC. This unused pin should be tied 
high or low. 



Triple 4-Bit RGB D / A Converter 
With and Without Memory 

NE5150/5152 TIMING DIAGRAMS 

COMPOsrrE 

STROBE 

ADDRESS 

DACOUTPUT 

Read Cycle 

ADDRESS 

DATA 

WRITE ENABLE 

NE5151 PIN DESCRIPTION AND 
TIMING DIAGRAM 

NE5151 TIMING DIAGRAM 

The eleven digital inputs DO - D3, AO - A3, 
WRITE GIRlS, and the unused Pin 18 of the 
NE5150 are replaced in the NE5151 with the 
three 4-bit DAC digital inputs GO - G3, 
RO - R3, and BO - B3. All other pin functions 
(e.g., composite functions, power supplies, 
strobe, etc.) are identical to the NE5150. 

NE5152 PIN DESCRIPTION 
The N E5152 is a TTL-compatible-only version 
of the NE5150, operating off of a single +5V 
supply. Vcc Pins 6, 12 and 16 should be 
connected to + 5V and Pin 14 to OV. DAC 
output is referenced to Vee. 

NE5150/NE5151/NE5152 LOGIC TABLE 

SYNC BLANK WHITE BRIGHT 

1 X X 0 
1 X X 1 
0 1 X 0 
0 1 X 1 
0 0 1 0 
0 0 1 1 
0 0 0 0 
0 0 0 1 
0 0 0 0 
0 0 0 1 

NOTES: 

COMPOsrrE 

STROBE 

DATA BITS 

DACOUTPUT 

DATA ADDRESS 

X X 
X X 
X X 
X X 
X X 
X X 

[0000] Note 2 
[0000] Note 2 
[1111] Note 2 
[1111] Note 2 

Product Specification 

NE5150/5151/5152 

Write Cycle 

OUTPUT3 CONDITION 

-1031mV SYNC1 

-960mV Enhanced SYNC1 

-746mV BLANK 
-674mV Enhanced BLANK 
-71mV WHITE 

OmV Enhanced WHITE 
-674mV BLACK (FS) 
-603mV Enhanced BLACK (EFS) 

-71mV WHITE (ZS) 
OmV Enhanced WHITE (EZS) 

1. Green channel output only. RED and BLUE will output BLANK or Enhanced BLANK under these conditions. 
2. For the NE5150/5152 the DATA column represents the memory data accessed by the specific address. For the NE5151, the DATA is the direct digital inputs. 
3. Note output voltages in Logic Table are referenced to Vcc for the NE5152 only. 
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Triple 4-Bit RGB D / A Converter 
With and Without Memory 

COMPOSITE VIDEO WAVEFORM 

November 4, 1988 

Product Specification 

NE5150/5151/5152 

SYNC 
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DESCRIPTION 
The NE5592 is a dual monolithic, two
stage, differential output, wideband vid
eo amplifier. It offers a fixed gain of 400 
without external components and an 
adjustable gain from 400 to 0 with one 
external resistor. The input stage has 
been designed so that with the addition 
of a few external reactive elements be
tween the gain select terminals, the 
circuit can function as a high-pass, low
pass, or band-pass filter. This feature 
makes the circuit ideal for use as a video 
or pulse amplifier in communications, 
magnetic memories, display, video re
corder systems, and floppy disk head 
amplifiers. 

ORDERING INFORMATION 

NE5592 
Video Amplifier 
Product Specification 

FEATURES 
• 110MHz unity gain bandwidth 
• Adjustable gain from 0 to 400 
• Adjustable pass band 
• No frequency compensation 

required 

• Wave shaping with minimal 
external components 

APPLICATIONS 
• Floppy disk head amplifier 
• Video amplifier 
• Pulse amplifier in 

communications 

• Magnetic memory 
• Video recorder systems 

DESCRIPTION TEMPERATURE RANGE ORDER CODE 

14-Pin Plastic DIP o to 70 0 e NE5592N 

14-Pin SO package o to 70 0 e NE5592D 

EQUIVALENT CIRCUIT 

.----.-----1~----~--~~----~~----._-O+v 

+----+---,,=~r_~----_+-----_'VII'v__+_1r_--+__O OUTPUT 1 

INPUT 1 
OUTPUT 2 

G 

011 

~---+----~--------_----------~~--+--o -v 
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Video Amplifier 

ABSOLUTE MAXIMUM RATINGS TA = 25°C, unless otherwise specified. 

SYMBOL PARAMETER 

Vcc Supply voltage 

VIN Differential input voltage 

VCM Common mode Input voltage 

lOUT Output current 

TA 
Operating temperature range 
NE5592 

TSTG Storage temperature range 

Po MAX Maximum power dissipation, 
T A = 25°C (still air) 1 

D package 
N package 

NOTE: 
1. Derate above 25°e at the following rates: 

o package 8.3mW loe 
N package 11.9mW loe 

RATING UNIT 

±8 V 

±5 V 

±6 V 

10 mA 

o to +70 °C 

-65 to + 150 °C 

1.03 W 
1.48 W 

Product Specification 

NE5592 

DC ELECTRICAL CHARACTERISTICS T A = + 25°C, VSS = ± 6V, VCM = 0, unless otherwise specified. Recommended 
operating supply voltage is Vs = ± 6.0V, and gain select pins are connected together. 

LIMITS 
SYMBOL PARAMETER TEST CONDITIONS UNITS 

Min Typ Max 

AVOL Differential voltage gain RL = 2kD., VOUT = 3Vp.p 400 480 600 VIV 

RIN Input resistance 3 14 kD. 

CIN Input capacitance 2.5 pF 

los Input offset current 0.3 3 p.A 

ISlAS Input bias current 5 20 p.A 

Input noise voltage BW 1kHz to 10MHz 4 nV/VHz 

VIN Input voltage range ± 1.0 V 

CMRR Common-mode rejection ratio 
VCM ± 1V, f < 100kHz 60 93 dB 
VCM ± 1V, f = 5MHz 87 dB 

PSRR Supply voltage rejection ratio !::.Vs = ± 0.5V 50 85 dB 

Channel separation 
VOUT = 1Vp.p; f = 100kHz 

65 70 dB 
(output referenced) RL = 1 kD. 

Vos 
Output offset voltage RL = 00 0.5 1.5 V 

gain select pins open RL = 00 0.25 0.75 V 

VCM Output common-mode voltage RL = 00 2.4 3.1 3.4 V 

VOUT Output differential voltage swing RL = 2kD. 3.0 4.0 V 

ROUT Output resistance 20 D. 

Icc 
Power supply current 

~L = 00 35 44 mA 
(total for both sides) 
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Product Specification 

Video Amplifier NE5592 

DC ELECTRICAL CHARACTERISTICS vss = ± 6V, VCM = 0, O°C ~ T A ~ 70°C, unless otherwise specified. Recommended 
operating supply voltage is Vs = ± 6.0V, and gain select pins are connected together. 

LIMITS 
SYMBOL PARAMETER TEST CONDITIONS UNITS 

Min Typ Max 

AVOL Differential voltage gain RL = 2kn, VOUT = 3Vp.p 350 430 600 VIV 

RIN Input resistance 1 11 kn 

los Input offset current 5 JJ.A 

ISlAS Input bias current 30 JJ.A 

VIN Input voltage range ± 1.0 V 

CMRR Common-mode rejection ratio 
VCM ± 1V, f < 100kHz 

55 dB 
Rs= 4> 

PSRR Supply voltage rejection ratio AVs = ± 0.5V 50 dB 

Channel separation 
VOUT = 1Vp.p; f = 100kHz 

70 dB 
(output referenced) RL = 1 kn 

Vas Output offset voltage 
gain select pins connected RL = 00 1.5 V 
together 
gain select pins open RL = 00 1.0 V 

VOUT Output differential voltage swing RL = 2kn 2.8 V 

Icc Power supply current 
(total for both sides) RL = 00 47 mA 

AC ELECTRICAL CHARACTERISTICS T A = + 25°C, Vss = ± 6V, VCM = 0, unless otherwise specified. Recommended 
operating supply voltage Vs = ± 6.0V. Gain select pins connected together. 

LIMITS 
SYMBOL PARAMETER TEST CONDITIONS UNITS 

Min Typ Max 

BW Bandwidth VOUT = 1Vp.p 25 MHz 

tR Rise time 15 20 ns 

tpo Propagation delay VOUT = 1Vp.p 7.5 12 ns 
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Video Amplifier 

TYPICAL PERFORMANCE CHARACTERISTICS 

Common-Mode Rejection Ratio 
as a Function of Frequency 
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Output Voltage Swing as a 
Function of Frequency 
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Channel Separation as a 
Function of Frequency 
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TYPICAL PERFORMANCE CHARACTERISTICS (Continued) 

Gain vs Frequency as a Phase vs Frequency as a Voltage Gain as a 
Function of Supply Voltage Function of Supply Voltage Function of RADJ 
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TEST CIRCUITS T A = 25°C, unless otherwise specified. 

51 

51 51 ROdj 1K 1K 

Vs = :!:6V TA = 25°C 
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NEjSA5204 
Wide-band High-Frequency 
Amplifier 

DESCRIPTION 
The NE/SA5204 is a high-frequency 
amplifier with a fixed insertion gain of 
20dB. The gain is flat to ± 0.5dB from DC 
to 200M Hz. The -3dB bandwidth is 
greater than 350MHz. This performance 
makes the amplifier ideal for cable TV 
applications. The NE/SA5204 operates 
with a single supply of 6V, and only 
draws 25mA of supply current, which is 
much less than comparable hybrid parts. 
The noise figure is 4.8dB in a 75[2 
system and 6dB in a 50[2 system. 

The NE/SA5204 is a relaxed version of 
the NE5205. Minimum guaranteed band
width is relaxed to 350M Hz and the "S" 
parameter Min/Max limits are specified 
as typicals only. 

Until now, most RF or high-frequency 
designers had to settle for discrete or 
hybrid solutions to their amplification 
problems. Most of these solutions re
quired trade-offs that the designer had 
to accept in order to use high-frequency 
gain stages. These include high power 
consumption, large component count, 
transformers, large packages with heat 
sinks, and high part cost. The NE/ 
SA5204 solves these problems by incor
porating a wideband amplifier on a single 
monolithic chip. 

The part is well matched to 50 or 75[2 
input and output impedances. The 
standing wave ratios in 50 and 75[2 
systems do not exceed 1.5 on either the 
input or output over the entire DC to 
350M Hz operating range. 

Since the part is a small, monolithic IC 
die, problems such as stray capacitance 
are minimized. The die size is small 
enough to fit into a very cost-effective 8-
pin small-outline (SO) package to further 
reduce parasitic effects. 

ORDERING INFORMATION 

Product Specification 

No external components are needed 
other than AC-coupling capacitors be
cause the NE/SA5204 is internally com
pensated and matched to 50 and 75n. 
The amplifier has very good distortion 
specifications, with second and third
order intermodulation intercepts of 
+ 24dBm and + 17dBm, respectively, at 
100MHz. 

The part is well matched for 50[2 test 
equipment such as signal generators, 
oscilloscopes, frequency counters, and 
all kinds of signal analyzers. Other appli
cations at 50[2 include mobile radio, CB 
radio, and data/video transmission in 
fiber optics, as well as broadband LANs 
and telecom systems. A gain greater 
than 20dB can be achieved by cascad
ing additional NE/SA5204s in series as 
required, without any degradation in am
plifier stability. 

FEATURES 
• Bandwidth (min.) 

200 MHz, ± O.SdB 
3S0 MHz, - 3dB 

• 20dB insertion gain 
• 4.8dB (6dB) noise figure 

Zo = 7S[2 (Zo = SO[2) 
• No external components required 
• Input and output impedances 

matched to S017S[2 systems 

• Surface-mount package available 

• Cascadable 

DESCRIPTION TEMPERATURE RANGE ORDER CODE 

o to +70°C NE5204N 
8-Pin Plastic DIP 

-40 to +85°C SA5204N 

o to +70°C NE5204D 
8-Pin Plastic SO package 

-40 to +85°C SA5204D 
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PIN CONFIGURATION 

N, D Packages 

TOP VIEW 

APPLICATIONS 
• Antenna amplifiers 
• Amplified splitters 
• Signal generators 
• Frequency counters 
• Oscilloscopes 
• Signal analyzers 
• Broadband LANs 

• Networks 
• Modems 
• Mobile radio 
• Security systems 
• Telecommunications 

853-1191 91260 



Wide-band High-Frequency Amplifier 

ABSOLUTE MAXIMUM RATINGS 

SYMBOL PARAMETER 

Vee Supply voltage 

VIN AC input voltage 

TA Operating ambient temperature range 
NE grade 
SA grade 

PDMAX 
Maximum power dissipation1, 2 

T A = 25°C (still-air) 
N package 
o package 

TJ Junction temperature 

TSTG Storage temperature range 

TSOLD 
Lead temperature 

(soldering 60s) 

NOTES: 
1. Derate above 25°C, at the following rates 

N package at 9.3mW/oC 
D package at 6.2mW/oC. 

2. See "Power Dissipation Considerations" section. 

EQUIVALENT SCHEMATIC 

VIN 
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DC ELECTRICAL CHARACTERISTICS at Vee = 6V, Zs = ZL = Zo = 50n and T A = 25°C, in all packages, unless otherwise 
specified. 

SYMBOL PARAMETER 

Vee Operating supply voltage range 

lee Supply current 

S21 Insertion gain 

S11 Input return loss 

S22 Output return loss 

S12 Isolation 

BW Bandwidth 

BW Bandwidth 

Noise figure (75n) 

Noise figure (50n) 

Saturated output power 

1 dB gain compression 

Third-order intermodulation 
intercept (output) 

Second-order intermodulation 
intercept (output) 

tR Rise time 

Propagation delay 

5.5 6.5 7.5 

SUPPLY VOLTAGE-V 

Figure 1. Supply Current vs Supply Voltage 
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TEST CONDITIONS 

Over temperature 

Over temperature 

f = 100MHz, over temperature 

f= 100MHz 

DC -550MHz 

f= 100MHz 

DC -550MHz 

f= 100MHz 

DC -550MHz 

±0.5dB 

-3dB 

f = 100MHz 

f = 100MHz 

f = 100MHz 

f= 100MHz 

f = 100MHz 

f = 100MHz 

LIMITS 

Min Typ Max 

5 

19 24 

16 19 

25 

12 

27 

12 

-25 

-18 

200 350 

350 550 

4.8 

6.0 

+7.0 

+4.0 

+17 

+24 

5 

5 

Zo=5otl 
TA =25°C 

VCC=8V 
:::~ VCC=7V 

VCC=6V ,~", ~ 
VCC=5V 

.....-r~ 

6 8 102 

FREQUENCY -MHz 

8 

31 

22 

~ 

A~~ 
~, 

Figure 2. Noise Figure vs Frequency 

73 

UNIT 

V 

mA 

dB 

dB 

dB 

dB 

dB 

dB 

dB 

MHz 

MHz 

dB 

dB 

dBm 

dBm 

dBm 

dBm 

ps 

ps 



Wide-band High-Frequency Amplifier 

E 
m 

i 
~ 
D-
ILl 
U 
a:: 
ILl 
~ 

i!!: 
ffi 
0 
a:: 
C? 
0 z 
0 
u 
ILl 
III 

25 

'8 
I 20 z 

~ 
~ 
~ 15 
III 
i!!: 

10 

-Zo=500 
-TA=25°C 

101 

I 

VCCl 8V --
Vcc=7V=i" '---

1'",,, 

VCC=6V~ ~ 
VCC=5V..L ~ \1 

,~ 

6 8 102 

FREQUENCY -MHz 

Figure 3. Insertion Gain vs Frequency (S21) 

11 
10 
9 
8 

~ ~ 
~ ~ 
; ~ 
~ 1 
K 0 
~ -1 
g -2 

-3 
-4 
-5 
-6 

-Zo=500 
-TA=25°C 

101 

Vcc- 7V .......... 
Vcc=6V ~ ...... 
Vcc=5V 

.... 
....... - ..... 

6 8 102 

FREQUENCY -MHz 

"' '" 

,,::,cc=8V 

" '" '" " '''' "' '" " I"- ..... 

" 
'" 

'" 

Figure 5. Saturated Output Power vs Frequency 

40 

35 

" 
30 

./ 
./ 

25 ./ 
.J 

20 1/ TA=25°C 
Zo=500 

15 / 
'( 

10 I 
4 10 

POWER SUPPLY VOLTAGE-V 

25 

-VCC=8V 
-Zo=500 

I 
I 

10 
101 

Product Specification 

NEjSA5204 

I 

Tl= -40JC~ --
TA=25°C 17 r--r-

TA=850C J 

6 8 102 
FREQUENCY -MHz 

., 
"''' ~~ 

~, 

11111 ., 

6 8 103 

Figure 4. Insertion Gain vs Frequency (S21) 

10 
9 
8 

E 7 
m 6 

1 ! 
~ 3 
~ 2 
~ 1 
K 0 

§ =~ 
-3 
-4 
-5 
-6 

= VCC=BV 

r---- Vcc=7V 

" ~ VCC=6~ ........ 
....... 

" ...... 
~ Vcc=5V " ..... -~ 
r--Zo=500 I 

I--- TA = 25°C 

101 

.......... 
'" 

6 8 102 

FREQUENCY -MHz 

....... 

" 
'" 

""" 
'" ..... ..... 

" ..... 

Figure 6. 1dB Gain Compression vs Frequency 

30 
E 
m 
i 25 
~ 
D-
ILl 
U 
a:: 20 ILl 
~ 

i!!: 
a:: 

15 ILl 
0 
a:: 

i..'1"'" 
)fI" 

'I" TA=25°C 

/ Zo=500 
- -

C? 
0 10 a:: 
~ 

/ , 
~ 

5 
4 6 10 

POWER SUPPLY VOLTAGE-V 

Figure 7. Second-Order Output Intercept vs Supply Voltage Figure 8. Third-Order Intercept vs Supply Voltage 

November 3, 1987 74 



Wide-band High-Frequency Amplifier 

2'0§l~~ 1.9 

1.8 
TA - 25°C -t-+__T--i 

1.7 I----+----i--+--_+_+__ VCC= 6V -t-+--,j'l-i 

~ 11I!l1!~1I1I!l1I1I!!l!lIlIliilll 
~ 1~ II 

.... 1.5
L 

~ 1.4 
~ 1.3 ~ Zo=750 II 

..,,~ 

1.2 r-

1.1 ,..-- Zo=500 

1.0 
101 6 8 102 

FREQUENCY -MHz 

Figure 9. Input V5WR vs Frequency 

40 r---r--r--'-'-r---r---'-~~ 

1II!g 35 t----T---;----t--+--T---;----i---i--i-l 
leA 
til til 
~ g 30 t----T------"'I""'ooId--+-+---;----i--~-i------l 
...Jz 
~~ 25t---+--+--+-+~~~-i---+-+-~ 
.... w 
w~ 
~ .... 20 
.... :l 
:lIL 
IL .... 
~5 15t---+--+--+-+-+--+--~~+-~ 

10~--~----~-L~~ ____ ~ __ ~ __ ~~ 
101 6 8 102 6 8 103 

FREQUENCY -MHz 

Figure 11. Input (511) and Output (522) Return Loss vs 
Frequency 

III 

" I z :c 
CI 
z 
0 

~ w 
(/) 

~ 

25 

20 

15 

-
f---

10 
101 

VCC=~V ""'\. 
VCC=7V-.. \ 

1 \ 
~ 

,.,., 
VCC=~V.J / 
VCc=SV"" 

Zo=7S0 
~TA=2SoC 

J 
6 8 102 

FREQUENCY-MHz 

." ", 
""' , 

6 8 103 

Figure 13. Insertion Gain vs Frequency (521) 

November 3, 1987 75 

Product Specification 

NE/SA5204 

2.0 

1.9 

1.8 

1.7 TA= 25°C J 
~ VCC=6V !~ 
~ 1.6 til 
> 
.... 1.5 
:l a.. 1.4 .... I ::l 
0 1.3 LI""'" 

~Zo=7S0 
,# 

1.2 
1.1 ~Zo=SOO --1.0 

101 6 8 102 6 8 103 

-10 

-15 
ID 

l z 
2-20 
~ 

~ 
-25 

25 

III 

l 20 z 

~ 
~ 
~ 15 
In 
~ 

FREQUENCY -MHz 

Figure 10. Output V5WR vs Frequency 

Zo = 500 
TA=2SoC 
VCC=6V 

-"'" ---
6 8 102 

FREQUENCY -MHz 

~ . ..JI 

6 8103 

Figure 12. Isolation vs Frequency (512) 

t-----Zo=7S0 
t----- VCC=6V 

TA= -40-;; -r-
T~= 25°C r--r-

I J" 
TA= 8SoC-

6 8 102 

FREQUENCY -MHz 

., 
~ 
,It 
• L. 

1 

Figure 14. Insertion Gain vs Frequency (521) 



Wide-band High-Frequency Amplifier 

THEORY OF OPERATION 
The design is based on the use of multiple 
feedback loops to provide wide-band gain 
together with good noise figure and terminal 
impedance matches. Referring to the circuit 
schematic in Figure 15, the gain is set primari
ly by the equation: 

(1) 

which is series-shunt feedback. There is also 
shunt-series feedback due to RF2 and RE2 
which aids in producing wide-band terminal 
impedances without the need for low value 
input shunting resistors that would degrade 
the noise figure. For optimum noise perfor
mance, REl and the base resistance of 01 
are kept as low as possible, while RF2 is 
maximized. 

The noise figure is given by the following 
equation: 

I 
[rb+ REl +~] 1 

NF = 10Log 1 + 2qb dB 
Ro (2) 

where ICl = 5.5mA, REl = 12,Q, rb = 130,Q, 
KT/q = 26mV at 25°C and Ro = 50 for a 50,Q 
system and 75 for a 75,Q system. 

November 3, 1987 

The DC input voltage level VIN can be deter
mined by the equation: 

(3) 

where REl = 12,Q, VSE = 0.8V, b = 5mA 
and IC3 = 7mA (currents rated at Vcc = 6V). 

Under the above conditions, VIN is approxi
mately equal to 1V. 

Level shifting is achieved by emitter-follower 
0 3 and diode 04, which provide shunt feed
back to the emitter of 0 1 via RF1' The use of 
an emitter-follower buffer in this feedback 
loop essentially eliminates problems of shunt
feedback loading on the output. The value of 
RFl = 140,Q is chosen to give the desired 
nominal gain. The DC output voltage VOUT 
can be determined by: 

VOUT = Vcc - (1c2+ Ics)R2, (4) 

where Vcc = 6V, R2 = 225,Q, IC2 = 7mA and 
Ics = 5mA. 

From here, it can be seen that the output 
voltage is approximately 3.3V to give relative
ly equal positive and negative output swings. 
Diode as is included for bias purposes to 
allow direct coupling of RF2 to the base of 01. 
The dual feedback loops stabilize the DC 
operating point of the amplifier. 

R, 
650 

vee 

06 

R3 
140 

140 

200 

Figure 15, Schematic Diagram 

76 

R2 
225 

02 

RE2 
12 

Product Specification 

NE/SA5204 

The output stage is a Darlington pair (as and 
02) which increases the DC bias voltage on 
the input stage (01) to a more desirable 
value, and also increases the feedback loop 
gain. Resistor Ro optimizes the output VSWR 
(Voltage Standing Wave Ratio). Inductors Ll 
and L2 are bondwire and lead inductances 
which are roughly 3nH. These improve the 
high-frequency impedance matches at input 
and output by partially resonating with 0.5pF 
of pad and package capacitance. 

POWER DISSIPATION 
CONSIDERATIONS 
When using the part at elevated temperature, 
the engineer should consider the power dissi
pation capabilities of each package. 

At the nominal supply voltage of 6V, the 
typical supply current is 25mA (30mA max). 
For operation at supply voltages other than 
6V, see Figure 1 for Icc versus Vcc curves. 
The supply current is inversely proportional to 
temperature and varies no more than 1 mA 
between 25°C and either temperature ex
treme. The change is 0.1 % per °C over the 
range. 

The recommended operating temperature 
I'anges are air-mount specifications. Better 
heat-sinking benefits can be realized by 
mounting the SO and N package bodies 
against the PC board plane. 

Ro L2 

Vour 
10 3nH 
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PC BOARD MOUNTING 
In order to realize satisfactory mounting of the 
NE5204 to a PC board, certain techniques 
need to be utilized. The board must be 
double-sided with copper and all pins must be 
soldered to their respective areas (Le., all 
GND and Vcc pins on the package). The 
power supply should be decoupled with a 
capacitor as close to the Vcc pins as possi
ble, and an RF choke should be inserted 
between the supply and the device. Caution 
should be exercised in the connection of 
input and output pins. Standard microstrip 
should be observed wherever possible. There 
should be no solder bumps or burrs or any 
obstructions in the signal path to cause 
launching problems. The path should be as 
straight as possible and lead lengths as short 
as possible from the part to the cable connec
tion. Another important consideration is that 
the input and output should be AC-coupled. 

52' . 

5'2 

a. Two-Port Network Defined 
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I·· 

This is because at Vcc = 6V, the input is 
approximately at 1 V while the output is at 
3.3V. The output must be decoupled into a 
low-impedance system, or the DC bias on the 
output of the amplifier will be loaded down, 
causing loss of output power. The easiest 
way to decouple the entire amplifier is by 
soldering a high-frequency chip capacitor di
rectly to the input and output pins of the 
device. This circuit is shown in Figure 16. 
Follow these recommendations to get the 
best frequency response and noise immunity. 
The board design is as important as the 
integrated circuit design itself. 

SCATTERING PARAMETERS 
The primary specifications for the NE5204 
are listed as S-parameters. S-parameters are 
measurements of incident and reflected cur
rents and voltages between the source, am-

5" - INPUT RETURN LOSS 

POWER REFLECTED 
FROM INPUT PORT 

POWER AVAILABLE FROM 
GENERATOR AT INPUT PORT 

5'2 - REVERSE TRANSMISSION LOSS 
OR ISOLATION 

REVERSE TRANSDUCER 
POWER GAIN 

Figure 17 

77 

b. 
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j-----o VOUT 

AC 
COUPLING 
CAPACITOR 

Figure 16. Circuit Schematic for 
Coupling and Power Supply Decoupling 

plifier, and load as well as transmission 
losses. The parameters for a two-port net
work are defined in Figure 17. 

52, - FORWARD TRANSMISSION LOSS 
OR INSERTION GAIN 

52, =VTRANSDUCER POWER GAIN 

S22 - OUTPUT RETURN LOSS 

POWER REFLECTED 
FROM OUTPUT PORT 

POWER AVAILABLE FROM 
GENERATOR AT OUTPUT PORT 
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Actual S-parameter measurements, using an 
HP network analyzer (model 8505A) and an 
HP S-parameter tester (models 8503A1B), 
are shown in Figure 18. 

Values for Figure 20 are measured and speci
fied in the data sheet to ease adaptation and 
comparison of the NE5204 to other high
frequency amplifiers. The most important pa
rameter is S21. It is defined as the square root 
of the power gain, and, in decibels, is equal to 
voltage gain as shown below: 

ZD = liN = lOUT for the NE5204 

VIN 2 0-WE5204 0p _ VOUT2 
PIN = -- OUT- --

lD 0- ZD ° lD 

VOUT 2 

POUT -z;;- VOUT 2 

:. p;- = VIN2 = VIN 2 = PI 

lD 
PI = VI 2 

PI = Insertion Power Gain 
VI = Insertion Voltage Gain 

Measured value for the 
NE5204 = I S21 12 = 100 

:. PI = POUT = I S21 12 = 100 
PIN 

and VI = VOUT = v'PI = S21 = 10 
VIN 

In decibels: 

PI (dB) = 10Log I S21 12 = 20dB 

VI(dB) = 20Log S21 = 20dB 

:. PI(dB) = VI (dB) = S21 (dB) = 20dB 

Also measured on the same system are the 
respective voltage standing-wave ratios. 
These are shown in Figure 19. The VSWR 
can be seen to be below 1.5 across the entire 
operational frequency range. 

2.0 
1.9 

1.8 
TA 

Relationships exist between the input and 
output return losses and the voltage standing 
wave ratios. These relationships are as fol
lows: 

INPUT RETURN LOSS = SndB 
S11dB = 20Log Is11 1 

OUTPUT RETURN LOSS = S22dB 
S22dB = 20Log I S221 

11 +S111 
INPUT VSWR = ~,;;;; 1.5 

11 + S221 
OUTPUT VSWR = -I --I ,;;;; 1.5 

1 -S22 

1dB GAIN COMPRESSION AND 
SATURATED OUTPUT POWER 
The 1 dB gain compression is a measurement 
of the output power level where the small
signal insertion gain magnitude decreases 
1 dB from its low power value. The decrease 
is due to non-linearities in the amplifier, an 
indication of the point of transition between 
small-signal operation and the large-signal 
mode. 

The saturated output power is a measure of 
the amplifier's ability to deliver power into an 
external load. It is the value of the amplifier's 
output power when the input is heavily over
driven. This includes the sum of the power in 
all harmonics. 

INTERMODULATION INTERCEPT 
TESTS 
The intermodulation intercept is an expres
sion of the low level linearity of the amplifier. 
The intermodulation ratio is the difference in 
dB between the fundamental output signal 
level and the generated distortion product 
level. The relationship between intercept and 
intermodulation ratio is illustrated in Figure 
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20, which shows product output levels plotted 
versus the level of the fundamental output for 
two equal strength output Signals at different 
frequencies. The upper line shows the funda
mental output plotted against itself with a 1 dB 
to 1 dB slope. The second and third order 
products lie below the fundamentals and 
exhibit a 2:1 and 3:1 slope, respectively. 

The intercept point for either product is the 
intersection of the extensions of the product 
curve with the fundamental output. 

The intercept point is determined by measur
ing the intermodulation ratio at a single output 
level and projecting along the appropriate 
product slope to the point of intersection with 
the fundamental. When the intercept point is 
known, the intermodulation ratio can be de
termined by the reverse process. The sec
ond-order IMR is equal to the difference 
between the second-order intercept and the 
fundamental output level. The third-order IMR 
is equal to twice the difference between the 
third-order intercept and the fundamental out
put level. These are expressed as: 

IP2 = POUT + IMR2 

IP3 = POUT + IMR3/2 

where POUT is the power level in dBm of each 
of a pair of equal level fundamental output 
signals, IP2 and IP3 are the second- and third
order output intercepts in dBm, and IMR2 and 
IMR3 are the second- and third- order inter
modulation ratios in dB. The intermodulation 
intercept is an indicator of intermodulation 
performance only in the small-signal operat
ing range of the amplifier. Above some output 
level which is below the 1 dB compression 
point, the active device moves into large
Signal operation. At this point, the intermodu
lation products no longer follow the straight
line output slopes, and the intercept descrip
tion is no longer valid. It is therefore important 
to measure IP2 and IP3 at output levels well 
below 1 dB compression. One must be care-

I ! 

TA = 2SoC ., 
vcc sv 

, 
L" 

.I 

...... -
6 8 102 6 8 103 
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a. Input VSWR vs Frequency b. Output VSWR vs Frequency 

Figure 19. Input/Output VSWR vs Frequency 
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ful, however, not to select levels which are 
too low, because the test equipment may not 
be able to recover the signal from the noise. 
For the NE5204, an output level of -1 0.5dBm 
was chosen with fundamental frequencies of 
100.000 and 100.01 MHz, respectively. 

ADDITIONAL READING ON 
SCATTERING PARAMETERS 
For more information regarding S-parame
ters, please refer to High-Frequency Amplifi
ers; by Ralph S. Carson of the University of 
Missouri, Rolla, Copyright 1985, published by 
John Wiley & Sons, Inc. 

S-Parameter Techniques for Faster, More 
Accurate Network DeSign, HP App Note 95-1, 
Richard W. Anderson, 1967, HP Journal. 

S-Parameter Design, HP App Note 154, 1972. 
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DESCRIPTION 
The NE/SAlSE5205 is a high-frequency 
amplifier with a fixed insertion gain of 
20dB. The gain is flat to ± 0.5dB from DC 
to 450MHz, and the -3dB bandwidth is 
greater than 600MHz in the EC package. 
This performance makes the amplifier 
ideal for cable TV applications. For lower 
frequency applications, the part is also 
available in industrial standard dual in
line and small outline packages. The 
NE/SAlSE5205 operates with a single 
supply of 6V, and only draws 24mA of 
supply current, which is much less than 
comparable hybrid parts. The noise fig
ure is 4.8dB in a 75n system and 6dB in 
a 50n system. 

Until now, most RF or high-frequency 
designers had to settle for discrete or 
hybrid solutions to their amplification 
problems. Most of these solutions re
quired trade-offs that the designer had 
to accept in order to use high-frequency 
gain stages. These include high-power 
consumption, large component count, 
transformers, large packages with heat 
sinks, and high part cost. The NE/SAI 
SE5205 solves these problems by incor
porating a wide-band amplifier on a sin
gle monolithic chip. 

The part is well matched to 50 or 75n 
input and output impedances. The 
Standing Wave Ratios in 50 and 75n 
systems do not exceed 1.5 on either the 
input or output from DC to the -3dB 
bandwidth limit. 

Since the part is a small monolithic IC 
die, problems such as stray capacitance 
are minimized. The die size is small 
enough to fit into a very cost-effective 8-
pin small-outline (SO) package to further 
reduce parasitic effects. A TO-46 metal 
can is also available that has a case 
connection for RF grounding which in
creases the -3dB frequency to 600MHz. 
The Cerdip package is hermetically 
sealed, and can operate over the full 
-55°C to + 125°C range. 

No external components are needed 
other than AC coupling capacitors be
cause the NE/SAlSE5205 is internally 
compensated and matched to 50 and 
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75n. The amplifier has very good distor
tion specifications, with second and 
third-order intermodulation intercepts of 
+ 24dBm and + 17dBm respectively at 
100MHz. 

The device is ideally suited for 75n 
cable television applications such as 
decoder boxes, satellite receiver/decod
ers, and front-end amplifiers for TV re
ceivers. It is also useful for amplified 
splitters and antenna amplifiers. 

The part is matched well for 50n test 
equipment such as signal generators, 
oscilloscopes, frequency counters and 
all kinds of signal analyzers. Other appli
cations at 50n include mobile radio, CB 
radio and data/video transmission in 
fiber optics, as well as broad-band LANs 
and telecom systems. A gain greater 
than 20dB can be achieved by cascad
ing additional NE/SAlSE5205s in series 
as required, without any degradation in 
amplifier stability. 

FEATURES 
• 600MHz bandwidth 
• 20dB insertion gain 
• 4.8dB (6dB) noise figure 

Zo = 7Sn (Zo = SOn) 
• No external components required 
• Input and output impedances 

matched to S017Sn systems 

• Surface mount package available 
• MIL-STD processing available 

APPLICATIONS 
• 7Sn cable TV decoder boxes 
• Antenna amplifiers 
• Amplified splitters 
• Signal generators 
• Frequency counters 

• Oscilloscopes 
• Signal analyzers 
• Broad-band LANs 
• Fiber-optics 

• Modems 
• Mobile radio 
• Security systems 
• Telecommunications 

81 

PIN CONFIGURATIONS 

N, FE, D Packages 

TOP VIEW 

EC Package 

NOTE: 
Tab denotes Pin 1. 
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ORDERING INFORMATION 

DESCRIPTION TEMPERATURE RANGE ORDER CODE 

8-Pin Plastic SO o to +70°C NE5205D 

4-Pin Metal can o to +70°C NE5205EC 

8-Pin Cerdip o to +70°C NE5205FE 

8-Pin Plastic DIP o to +70°C NE5205N 

8-Pin Plastic SO -40°C to + 85°C SA5205D 

8-Pin Plastic DIP -40°C to + 85°C SA5205N 

8-Pin Cerdip -40°C to + 85°C SA5205FE 

8-Pin Cerdip -55°C to + 125°C SE5205FE 

8-Pin Plastic DIP -55°C to + 125°C SE5205N 

EQUIVALENT SCHEMATIC 

Vee 

Ro 
J----_---+--'\IV'.,-----o VOUT 
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ABSOLUTE MAXIMUM RATINGS 

SYMBOL PARAMETER 

Vee Supply voltage 

VAe AC input voltage 

TA Operating ambient temperature range 
NE grade 
SA grade 
SE grade 

POMAX 
Maximum power dissipation, 
T A = 25°C (still-air) 1, 2 

FE package 
N package 
D package 
EC package 

NOTES: 
1. Derate above 25°C, at the following rates: 

FE package at 6.2mwrc 
N package at 9.3mWrC 
D package at 6.2mW/oC 
EC package at 10.0mWrc 

2. See "Power Dissipation Considerations" section. 

RATING 

9 

5 

o to +70 
-40 to +85 
-55 to + 125 

780 
1160 
780 
1250 
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UNIT 

V 

Vp_p 

°C 
°C 
°C 

mW 
mW 
mW 
mW 

DC ELECTRICAL CHARACTERISTICS at Vee = 6V, Zs = ZL = Zo = 50n and T A = 25°C, in all packages, unless otherwise 
specified. 

SE5205 NE/SA5205 
SYMBOL PARAMETER TEST CONDITIONS UNIT 

Min Typ Max Min Typ Max 

Operating supply voltage range Over temperature 5 6.5 5 8 V 
5 6.5 5 8 V 

Ice Supply current Over temperature 20 24 30 20 24 30 rnA 
19 31 19 31 rnA 

S21 Insertion gain f = 100MHz 17 19 21 17 19 21 dB 
Over temperature 16.5 21.5 16.5 21.5 

S11 Input return loss f = 100MHz D, N, FE 25 25 dB 

DC-fMAX D, N, FE 12 12 dB 

S11 I nput return loss f = 100MHz EC package 24 dB 

DC-fMAX EC 10 dB 

S22 Output return loss f = 100MHz D, N, FE 27 27 dB 

DC-fMAX 12 12 dB 

S22 Output return loss f = 100MHz EC package 26 dB 

DC-FMAX 10 dB 

S12 Isolation f = 100MHz -25 -25 dB 

DC-fMAX -18 -18 dB 

tR Rise time 5 5 ps 

Propagation delay 5 5 ps 
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DC ELECTRICAL CHARACTERISTICS at Vee = 6V, Zs = ZL = Zo = 50n and T A = 25°C, in all packages, unless otherwise 
specified. 

SYMBOL PARAMETER TEST CONDITIONS 

8W 

fMAX 

fMAX 

fMAX 

fMAX 

fMAX 

Bandwidth 

Bandwidth 

Bandwidth 

Bandwidth 

Bandwidth 

Bandwidth 

Noise figure (75n) 

Noise figure (50n) 

Saturated output power 

1 dB gain compression 

Third-order intermodulation 
intercept (output) 

Second-order intermodulation 
intercept (output) 

5.S 6.5 7.5 

SUPPLY VOLTAGE-V 

Figure 1. Supply Current vs Supply Voltage 
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THEORY OF OPERATION 
The design is based on the use of multiple 
feedback loops to provide wide-band gain 
together with good noise figure and terminal 
impedance matches. Referring to the circuit 
schematic in Figure 15, the gain is set primari
ly by the equation: 

(1) 

which is series-shunt feedback. There is also 
shunt-series feedback due to RF2 and RE2 
which aids in producing wideband terminal 
impedances without the need for low value 
input shunting resistors that would degrade 
the noise figure. For optimum noise perfor
mance, REl and the base resistance of 01 
are kept as low as possible while RF2 is 
maximized. 

The noise figure is given by the following 
equation: 

NF= 

{ [rb + REl + ~ lJ 
10 Log 1 + 2qlCl dB (2) 

RD 

where ICl = 5.5mA, REl = 12n, rb = 130n, 
KT /q = 26mV at 25°C and RD = 50 for a 50n 
system and 75 for a 75n system. 

L, 

V,N 

November 3, 19B7 

The DC input voltage level VIN can be deter
mined by the equation: 

where REl = 12n, VSE = O.BV, ICl = 5mA 
and IC3 = 7mA (currents rated at Vcc = 6V). 

Under the above conditions, VIN is approxi
mately equal to 1V. 

Level shifting is achieved by emitter-follower 
03 and diode 04 which provide shunt feed
back to the emitter of 01 via RF1. The use of 
an emitter-follower buffer in this feedback 
loop essentially eliminates problems of shunt 
feedback loading on the output. The value of 
RFl = 140n is chosen to give the desired 
nominal gain. The DC output voltage VOUT 
can be determined by: 

VOUT = Vcc - (ic2+ IC6)R2, (4) 

where Vcc = 6V, R2 = 225n, IC2 = 7mA and 
IC6 = 5mA. 

From here it can be seen that the output 
voltage is approximately 3.3V to give relative
ly equal positive and negative output swings. 
Diode as is included for bias purposes to 
allow direct coupling of RF2 to the base of 0 1• 

The dual feedback loops stabilize the DC 
operating point of the amplifier. 

vee 

R, 
R2 
225 

650 

Q , 

RE2 
12 

RE1 
12 

Figure 15_ Schematic Diagram 
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The output stage is a Darlington pair (06 and 
02) which increases the DC bias voltage on 
the input stage (01) to a more desirable 
value, and also increases the feedback loop 
gain. Resistor RD optimizes the output VSWR 
(Voltage Standing Wave Ratio). Inductors Ll 
and L2 are bondwire and lead inductances 
which are roughly 3nH. These improve the 
high-frequency impedance matches at input 
and output by partially resonating with 0.5pF 
of pad and package capacitance. 

POWER DISSIPATION 
CONSIDERATIONS 
When using the part at elevated temperature, 
the engineer should consider the power dissi
pation capabilities of each package. 

At the nominal supply voltage of 6V, the 
typical supply current is 25mA (30mA Max). 
For operation at supply voltages other than 
6V, see Figure 1 for Icc versus Vcc curves. 
The supply current is inversely proportional to 
temperature and varies no more than 1 mA 
between 25°C and either temperature ex
treme. The change is 0.1 % per °C over the 
range. 

The recommended operating temperature 
ranges are air-mount specifications. Better 
heat sinking benefits can be realized by 
mounting the D and EC package body against 
the PC board plane. 

Ro L2 

VOUT 
10 3nH 
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PC BOARD MOUNTING 
In order to realize satisfactory mounting of the 
NE5205 to a PC board, certain techniques 
need to be utilized. The board must be 
double-sided with copper and all pins must be 
soldered to their respective areas (Le., all 
GND and Vee pins on the SO package). In 
addition, if the EC package is used, the case 
should be soldered to the ground plane. The 
power supply should be decoupled with a 
capacitor as close to the Vee pins as possible 
and an RF choke should be inserted between 
the supply and the device. Caution should be 
exercised in the connection of input and 
output pins. Standard microstrip should be 
observed wherever possible. There should be 
no solder bumps or burrs or any obstructions 
in the signal path to cause launching prob
lems. The path should be as straight as 
possible and lead lengths as short as possi
ble from the part to the cable connection. 
Another important consideration is that the 

S" - INPUT RETURN LOSS 

POWER REFLECTED 
FROM INPUT PORT 5,,= 

POWER AVAILABLE FROM 
GENERATOR AT INPUT PORT 

S'2 - REVERSE TRANSMISSION LOSS 
OR ISOLATION 

REVERSE TRANSDUCER 
POWER GAIN 

input and output should be AC coupled. This 
is because at Vee = 6V, the input is approxi
mately at 1 V while the output is at 3.3V. The 
output must be decoupled into a low imped
ance system or the DC bias on the output of 
the amplifier will be loaded down causing loss 
of output power. The easiest way to decouple 
the entire amplifier is by soldering a high 
frequency chip capacitor directly to the input 
and output pins of the device. This circuit is 
shown in Figure 16. Follow these recommen
dations to get the best frequency response 
and noise immunity. The board design is as 
important as the integrated circuit design 
itself. 

SCATTERING PARAMETERS 
The primary specifications for the NE/SAI 
SE5205 are listed as S-parameters. S-param
eters are measurements of incident and re
flected currents and voltages between the 

Figure 17a. Two-Port Network Defined 

S2. - FORWARD TRANSMISSION LOSS 
OR INSERTION GAIN 

S2. =...jTRANSDUCER POWER GAIN 

S22 - OUTPUT RETURN LOSS 

POWER REFLECTED 
FROM OUTPUT PORT 

POWER AVAILABLE FROM 
GENERATOR AT OUTPUT PORT 

Figure 17b 
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source, amplifier and load as well as trans
mission losses. The parameters for a two-port 
network are defined in Figure 17. 

VCC 

1----0 VOUT 

AC 
COUPLING 
CAPACITOR 

Figure 16_ Circuit Schematic 
for Coupling and Power Supply 

Decoupllng 

Actual S-parameter measurements using an 
HP network analyzer (model 8505A) and an 
HP S-parameter tester (models 8503A1B) are 
shown in Figure 18. 

Values for the figures below are measured 
and specified in the data sheet to ease 
adaptation and comparison of the NE/SAI 
SE5205 to other high-frequency amplifiers. 
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The most important parameter is S21' It is 
defined as the square root of the power gain, 
and, in decibels, is equal to voltage gain as 
shown below: 

Zo = ZIN = ZOUT for the NE/SA/SE5205 

2 0- NE/SAI f-o V 2 
VIN SE5205 OUT 

PIN = -- POUT =--
Zo 0- Zo 1-0 Zo 

VOUT 2 

POUT ~ VOUT
2 

:. -- = --2- = --2- = PI 
PIN VIN VIN 

Zo 
PI=VI 2 

PI = Insertion Power Gain 

VI = Insertion Voltage Gain 

Measured value for the 
NE/SAlSE5205 = 1 S21 12 = 100 

:. PI = POUT = IS21 12 = 100 
PIN 

and VI = VOUT = vPl = S21 = 10 
VIN 

In decibels: 

PI(dB) = 10 Log 1 S21 12 = 20dB 

VI(dB) = 20 Log S21 = 20dB 

:. PI(dB) = VI(dB) = S21 (dB) = 20dB 

Also measured on the same system are the 
respective voltage standing wave ratios. 
These are shown in Figure 19. The VSWR 
can be seen to be below 1.5 across the entire 
operational frequency range. 

Relationships exist between the input and 
output return losses and the voltage standing 
wave ratios. These relationships are as fol
lows: 

2.0 

1.9 

1.8 

INPUT RETURN LOSS = S11dB 
S11dB = 20 Log 1 S11 1 

OUTPUT RETURN LOSS = S22dB 
S22dB = 20 Log 1 S22 1 

11 +S111 
INPUT VSWR = ~ ~ 1.5 

11 + S221 
OUTPUT VSWR = -I --I ~ 1.5 

1 -S22 

1dB GAIN COMPRESSION AND 
SATURATED OUTPUT POWER 
The 1 dB gain compression is a measurement 
of the output power level where the small
signal insertion gain magnitude decreases 
1 dB from its low power value. The decrease 
is due to nonlinearities in the amplifier, an 
indication of the point of transition between 
small-signal operation and the large signal 
mode. 

The saturated output power is a measure of 
the amplifier's ability to deliver power into an 
external load. It is the value of the amplifier's 
output power when the input is heavily over
driven. This includes the sum of the power in 
all harmonics. 

INTERMODULATION INTERCEPT 
TESTS 
The intermodulation intercept is an expres
sion of the low level linearity of the amplifier. 
The intermodulation ratio is the difference in 
dB between the fundamental output signal 
level and the generated distortion product 
level. The relationship between intercept and 
intermodulation ratio is illustrated in Figure 
20, which shows product output levels plotted 
versus the level of the fundamental output for 
two equal strength output signals at different 
frequencies. The upper line shows the funda
mental output plotted against itself with a 1 dB 

TA 2SoC-= =i~ 

2.0 

1.9 

1.8 

1.7 a: 

~ 
.... 
:> ... 
z 

1.7 

1.6 

1.5 

1.4 

1.3 ~ Zo~7S() 

1.2 

1.1 t-- Zo-son 
1.0 

10' 

VCC=6V -

6 8 10' 

FREQUENCY -MHz 

6 8103 

~ 1.6 

~ ::: 
o 1.3 

t-- Zo-7S!! 
1.2 

1.0 
10' 

Product Specification 

NE/SA/SE5205 

to 1 dB slope. The second and third order 
products lie below the fundamentals and 
exhibit a 2:1 and 3:1 slope, respectively. 

The intercept point for either product is the 
intersection of the extensions of the product 
curve with the fundamental output. 

The intercept point is determined by measur
ing the intermodulation ratio at a single output 
level and projecting along the appropriate 
product slope to the point of intersection with 
the fundamental. When the intercept point is 
known, the intermodulation ratio can be de
termined by the reverse process. The second 
order IMR is equal to the difference between 
the second order intercept and the funda
mental output level. The third order IMR is 
equal to twice the difference between the 
third order intercept and the fundamental 
output level. These are expressed as: 

IP2 = POUT + IMR2 

IP3 = POUT + IMR3/2 

where POUT is the power level in dBm of each 
of a pair of equal level fundamental output 
signals, IP2 and IP3 are the second and third 
order output intercepts in dBm, and IMR2 and 
IMR3 are the second and third order inter
modulation ratios in dB. The intermodulation 
intercept is an indicator of intermodulation 
performance only in the small signal operat
ing range of the amplifier. Above some 'output 
level which is below the 1 dB compression 
point, the active device moves into large
signal operation. At this point the intermodu
lation products no longer follow the straight 
line output slopes, and the intercept descrip
tion is no longer valid. It is therefore important 
to measure IP2 and IP3 at output levels well 
below 1 dB compression. One must be care
ful, however, not to select too low levels 
because the test equipment may not be able 
to recover the signal from the noise. For the 
NE/SAlSE5205 we have chosen an output 
level of -1 0.5dBm with fundamental frequen
cies of 100.000 and 100.01 MHz, respectively. 

TA - 25°C -f---f-I-f-
VCC= 6V -f---rt-I-

6 8 102 

FREQUENCY -MHz 

a. Input VSWR vs Frequency b. Output VSWR vs Frequency 

Figure 19. ,Input/Output VSWR vs Frequency 
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DESCRIPTION 
The NE/SA/SE592 is a monolithic, two
stage, differential output, wide band vid
eo amplifier. It offers fixed gains of 100 
and 400 without external components 
and adjustable gains from 400 to 0 with 
one external resistor. The input stage 
has been designed so that with the 
addition of a few external reactive ele
ments between the gain select termi
nals, the circuit can function as a high
pass, low-pass, or band-pass filter. This 
feature makes the circuit ideal for use as 
a video or pulse amplifier in communica
tions, magnetic memories, display, video 
recorder systems, and floppy disk head 
amplifiers. Now available in an 8-pin 
version with fixed gain of 400 without 
external components and adjustable 
gain from 400 to 0 with one external 
resistor. 

EQUIVALENT CIRCUIT 

NEjSAjSE592 
Video Amplifier 
Product Specification 

FEATURES 
• 120MHz unity gain bandwidth 

• Adjustable gains from 0 to 400 
• Adjustable pass band 
• No frequency compensation 

required 

• Wave shaping with minimal 
external components 

• MIL-STD processing available 

APPLICATIONS 
• Floppy disk head amplifier 

• Video amplifier 
• Pulse amplifier in 

communications 

• Magnetic memory 
• Video recorder systems 

r----4~----~------~----~------~r_----~--~+v 

r-----~~~~_+-------;------~~~~----~--<)OUTPUTl 

INPUT 1 

OUTPUT 2 

~--~~----~---------4-------------4----~--~-v 

November 3, 1987 93 

PIN CONFIGURATIONS 

D, F, N Packages 

INPUT 2 1 

G~~~E~~ 3 

G 1B GAIN 4 
SELECT 

OUTPUT 2 7 

TOP VIEW 

H Package* 

G2A GAIN SELECT 

INPUT 2 V+ 

INPUT 1 

NC 

G2A GAIN 
SELECT 
G1A GAIN 
SELECT 

y+ 

G~i:rt~~ OUTPUT 1 

V-

NOTES: 
Pin 5 connected to case. 
"Metal cans (H) not recommended for new deSigns. 

D, F, N, Packages 

INPUT 2 008 INPUT 1 
G'B GAIN 2 7 G'A GAIN 

SELECT SELECT 

v- 3 6 v+ 
OUTPUT 2 4 5 OUTPUT 1 

TOP VIEW 

853-0911 91255 



Video Amplifier 

ORDERING INFORMATION 

DESCRIPTION TEMPERATURE RANGE ORDER CODE 

14-Pin Plastic DIP o to +70°C NE592N14 

14-Pin Cerdip o to +70°C NE592F14 

14-Pin Cerdip -55°C to + 125°C SE592F14 

14-Pin SO o to +70°C NE592D14 

8-Pin Plastic DIP o to +70°C NE592N8 

8-Pin Cerdip -55°C to + 125°C SE592F8 

8-Pin Plastic DIP -40°C to +85°C SA592N8 

8-Pin SO o to +70°C NE592D8 

8-Pin SO -40°C to + 85°C SA592D8 

10-Lead Metal Can o to +70°C NE592H 

10-Lead Metal Can -55°C to + 125°C SE592H 

NOTE: 
N8, N14, 08 and 014 package parts also available in "High" gain version by adding "H" before package 
designation, i.e., NE592H08. 

ABSOLUTE MAXIMUM RATINGS TA = +25°C, unless otherwise specified. 

SYMBOL PARAMETER 

Vcc Supply voltage 

VIN Differential input voltage 

VCM Common-mode input voltage 

lOUT Output current 

TA Operating ambient temperature range 
SE592 
NE592 

TSTG Storage temperature range 

PD MAX Maximum power dissipation, 
T A = 25°C (still air) 1 

F-14 package 
F-8 package 
D-14 package 
D-8 package 
H package 
N-14 package 
N-8 package 

NOTE: 
1. Derate above 25°C at the following rates: 

F-14 package at 9.3mW/oC 
F-8 package at 6.3mW/oC 
0-14 package at 7.8mWfOC 
0-8 package at 6.3mW/oC 
H package at 6.7mWfOC 
N-14 package at 11.5mWfOC 
N-8 package at 9.3mW/oC 

November 3, 1987 

RATING UNIT 

±8 V 

±5 V 

±6 V 

10 mA 

-40 to +85 °C 
o to +70 °C 

-65 to + 150 °C 

1.17 W 
0.79 W 
0.98 W 
0.79 W 
0.83 W 
1.44 W 
1.17 W 
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Video Amplifier NE/SA/SE592 

DC ELECTRICAL CHARACTERISTICS TA = +25°C, vss = ±6V, VCM = 0, unless otherwise specified. Recommended 
operating supply voltages Vs = ± 6.0V. All specifications apply to both standard and 
high gain parts unless noted differently. 

NE/SA592 SE592 
SYMBOL PARAMETER TEST CONDITIONS UNIT 

Min Typ Max Min Typ Max 

AVOL Differential voltage gain, 
standard part 

Gain 11 RL = 2kn, VOUT = 3Vp_p 250 400 600 300 400 500 VIV 
Gain 22,4 80 100 120 90 100 110 VIV 

High gain part 400 500 600 VIV 

RIN Input resistance 
Gain 11 4.0 4.0 kn 
Gain 22,4 10 30 20 30 kn 

CIN Input capacitance2 Gain 24 2.0 2.0 pF 

los Input offset current 0.4 5.0 0.4 3.0 J-LA 

ISlAS Input bias current 9.0 30 9.0 20 J-LA 

VNOISE Input noise voltage BW 1 kHz to 10MHz 12 12 J-LVRMS 

VIN Input voltage range ± 1.0 ± 1.0 V 

CMRR Common-mode rejection ratio 
Gain 24 VCM± 1V, f < 100kHz 60 86 60 86 dB 
Gain 24 VCM± 1V, f = 5MHz 60 60 dB 

PSRR Supply voltage rejection ratio 
Gain 24 t:Ns = ±0.5V 50 70 50 70 dB 

Vos Output offset voltage 
Gain 1 RL = 00 1.5 1.5 V 
Gain 24 RL = 00 1.5 1.0 V 
Gain 33 RL = 00 0.35 0.75 0.35 0.75 V 

VCM Output common-mode voltage RL = 00 2.4 2.9 3.4 2.4 2.9 3.4 V 

VOUT Output voltage swing RL = 2kn 3.0 4.0 3.0 4.0 V 
differential 

ROUT Output resistance 20 20 n 

Icc Power supply current RL = 00 18 24 18 24 mA 

NOTES: 
1. Gain select Pins G1A and G18 connected together. 
2. Gain select Pins G2A and G28 connected together. 
3. All gain select pins open. 
4. Applies to 10- and 14-pin versions only. 
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DC ELECTRICAL CHARACTERISTICS vss = ± 6V, VCM = 0, O°C ~ T A ~ 70°C for NE592; -40°C ~ T A ~ 85°C for SA592, 
-55°C ~ T A ~ 125°C for SE592, unless otherwise specified. Recommended operating 
supply voltages Vs = ± 6.0V. All specifications apply to both standard and high gain 
parts unless noted differently. 

NE/SA592 SE592 
SYMBOL PARAMETER TEST CONDITIONS UNIT 

Min Typ Max Min Typ Max 

AVOL Differential voltage gain, 
standard part 

Gain 11 RL = 2kn, VOUT = 3Vp_p 250 600 200 600 VIV 
Gain 22,4 80 120 80 120 VIV 

High gain part 400 500 600 VIV 

RIN Input resistance 
Gain 22,4 8.0 8.0 kS1 

los Input offset current 6.0 5.0 j.LA 

ISlAS Input bias current 40 40 j.LA 

VIN Input voltage range ±1.0 ± 1.0 V 

CMRR Common-mode rejection ratio 
Gain 24 VCM± 1V, f < 100kHz 50 50 dB 

PSRR Supply voltage rejection ratio 
Gain 24 teNs = ± 0.5V 50 50 dB 

Vas Output offset voltage 
Gain 1 RL = 00 1.5 1.5 V 
Gain 24 RL = 00 1.5 1.2 V 
Gain 33 RL = 00 1.0 1.0 V 

VOUT 
Output voltage swing 

RL = 2kn 2.8 2.5 V 
differential 

Icc Power supply current RL = 00 27 27 mA 

NOTES: 
1. Gain select Pins G1A and G18 connected together. 
2. Gain select Pins G2A and G28 connected together. 
3. All gain select pins open. 
4. Applies to 10- and 14-pin versions only. 

AC ELECTRICAL CHARACTERISTICS T A = + 25°C, VSS = ± 6V, VCM = 0, unless otherwise specified. Recommended 
operating supply voltages Vs = ± 6.0V. All specifications apply to both standard and 
high gain parts unless noted differently. 

NE/SA592 SE592 
SYMBOL PARAMETER TEST CONDITIONS UNIT 

Min Typ Max Min Typ Max 

BW Bandwidth 
Gain 11 40 40 MHz 
Gain 22,4 90 90 MHz 

tR Rise time 
Gain 11 VOUT= 1Vp_p 10.5 10.5 ns 
Gain 22,4 4.5 12 4.5 10 ns 

tpD Propagation delay 
Gain 11 VOUT = 1Vp_p 7.5 7.5 ns 
Gain 22,4 6.0 10 6.0 10 ns 

NOTES: 
1. Gain select Pins G1A and G18 connected together. 
2. Gain select Pins G2A and G28 connected together. 
3. All gain select pins open. 
4. Applies to 10- and 14-pin versions only. 
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TYPICAL PERFORMANCE CHARACTERISTICS 
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Pulse Response 

-O·'!.1·'="5~10---':5~0~5~10:---:''="5''''2~0~25~30~35· 
TlME-ns 

Pulse Response as a 
Function of Temperature 

GAIN 2 
f-+-+-+-+-t--+-+-vs= '6V 

RL = lkl} 

1.2 r-+-+--+-+-t--+-+-i----lr--i 

1.0 r-t-tTT A~-;cO~o c~e."" •• ~ 
0.8 f-+-+--+---!Iff-I "i'T A = 2S

o 
C --

~I ~I 
0.6 f--+-+--+--iV~T':-A -:-= ""-700-0 c:+---+-~-i 

-O.4-1':-S-L:'0--':S~0----'S:----:I'="0~'S~20:---:!:2S::--:!3':-0--!3S· 
TlME-ns 

Voltage Gain as a 
Function of Supply Voltage 

TA= 25°C 

t...--
10' 

....-::~ I- !--

.r.t>\>i-J;.. ..... -V 
",' ~ 

0.9 

~.y. 
l/f 

;" 

5 6 
SUPPLY VOLTAGE- ty 



Product Specification 

Video Amplifier NE/SA/SE592 

TYPICAL PERFORMANCE CHARACTERISTICS (Continued) 

Gain vs Frequency 
as a Function of Voltage Gain Voltage Gain as a 
Supply Voltage Adjust Circuit Function of RADJ (Figure 3) 
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TYPICAL PERFORMANCE CHARACTERISTICS (Continued) 

Phase Shift as a Phase Shift as a 
Function of Frequency Function of Frequency 
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~!: ;s~6 
-5 , 

~ -100 ~ ~ 

-10 " "- -150 

\\ "- -200 
-15 \\ " -250 

-20 'r-... \\ -300 

S -350 -25 
0 1 2 3 4 5 6 7 8 9 10 

1 10 100 1000 

FREQUENCY-MHz 
FREQUENCY-MHz 

OP04600S OP04610S 

Voltage Gain as a 
Voltage Gain as a Function of Frequency 

Function of Frequency (All Gain Select Pins Open) 

60 

~:: 2!5~~ 40 ~!: 2t5~6_ 
50 GAIN 1 Rl = 1K!1 GAIN 3 

30 

""'" 40 20 
GAIN 2 

1\ 
30 10 

/""\ ~\ 0 

/ 20 

\\ -10 

-20 
V \ 

10 

\\ / \ 
-30 

V 0 

'\ ~;:~ 
1 10 100 1000 01 .1 1 10 100 1000 

FREQUENCY-MHz FREQUENCY-MHz 

OP04620S OP04630S 
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TEST CIRCUITS T A = 25°C, unless 
otherwise specified. 
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TYPICAL APPLICATIONS 

NOTE: 

Vo(s) 

V1(S) 

1.4 X 104 
:!--

Z(S) + 2r. 

1.4 X 104 

Z(s) + 32 

AMPLITUDE: 
'II,QUINCY: 

-, 

v, 

-, 

Basic Configuration 

Disc/Tape Phase-Modulated Readback Systems 

November 3, 1987 100 

Product Specification 

NE/SA/SE592 

-, 
O.2.F 

-, 

NOTE: 
For frequency F 1 < < h 1T (32) C 

dVi 
Vo:!1.4X104Cdr" 

T Yo 

T 
Differentiation with High 

Common-Mode Noise Rejection 



Video Amplifier 

FILTER NETWORKS 

Z NETWORK I FILTER Vo (5) TRANSFER 
TYPE V, (s) FUNCTION 

R l 1.4 x 104 
[~+ 1R/~J ~ LOW PASS ---

L 

R C 

I 

1.4x10
4 [_5_J 

~~ HIGH PASS 
R 5 + 1IRC 

R l c 14"oT ' J ~~ BAND PASS 
L 52 + R/L 5 + 1/LC 

l 

~ BAND REJECT 
1.4 x 10

4 [ 52 + 11 LC J 
R s2 + 1ILC + s/RC 

NOTES: 
In the networks above, the R value used is assumed to include 2r e, or approximately 32r2. 
S=iw 
w=2111 
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NEjSE5539 
High Frequency Operational 
Amplifier 

DESCRIPTION 
The NE/SE5539 is a very wide band
width, high slew rate, monolithic opera
tional amplifier for use in video amplifi
ers, RF amplifiers, and extremely high 
slew rate amplifiers. 

Emitter-follower inputs provide a true 
differential high input impedance device. 
Proper external compensation will allow 
design operation over a wide range of 
closed-loop gains, both inverting and 
non-inverting, to meet specific design 
requirements. 

ORDERING INFORMATION 

Product Specification 

FEATURES 

• Bandwidth 
- Unity gain - 350M Hz 

- Full power - 48MHz 
- GBW - 1.2 GHz at 17dB 

• Slew rate: SOOIV IlS 

• AVOL: 52dB typical 
• Low noise - 4nV 1v'Hz typical 

• MIL-STD processing available 

APPLICATIONS 
• High speed datacomm 

• Video monitors & TV 

• Satellite communications 

• Image processing 
• RF instrumentation & oscillators 

• Magnetic storage 
• Military communications 

DESCRIPTION TEMPERATURE RANGE ORDER CODE 

14-Pin Plastic DIP o to +70°C NE5539N 

14-Pin Plastic SO o to +70°C NE5539D 

14-Pin Cerdip o to +70°C NE5539F 

14-Pin Plastic DIP -55°C to + 125°C SE5539N 

14-Pin Cerdip -55°C to + 125°C SE5539F 

ABSOLUTE MAXIMUM RATINGS1 

SYMBOL PARAMETER RATING UNIT 

Vce Supply voltage ±12 V 

POMAX Maximum power dissipation, 
T A = 25°C {still-air)2 

F package 1.17 W 
N package 1.45 W 
D package 0.99 W 

TSTG Storage temperature range -65 to +150 °C 

TJ Max junction temperature 150 °C 

TA Operating temperature range 
NE o to 70 °C 
SE -55 to +125 °C 

TSOLO Lead temperature (10sec max) 300 °C 

NOTES: 
1. Differential input voltage should not exceed O.25V to prevent excessive input bias current and 

common-mode voltage 2.5V. These voltage limits may be exceeded if current is limited to less 
than 10mA. 

2. Derate above 25°C, at the following rates: 
F package at 9.3 mWre 
N package at 11.6 mW re 
D package at 7.9 mWre 
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D, F, N Packages 

+ INPUT 1 

-VSUPPLY 3 12 FREQUENCY 
COMPENSATION 

VQSAdj/AvAdj 5 +v 

TOP VIEW 

853-0814 91253 
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High Frequency Operational Amplifier NEjSE5539 

EQUIVALENT CIRCUIT 

(12) FREOUENCY COMP. 

r--------<i--~--__._-------+___1--__o (10) +VCC 

(-) 14 0-___1-------+--4---+------, 
INVERTING INPUT 

(+)1 

NO N·INVERTING 
INPUT 

(8) OUTPUT 

2.2K 

r-+--+----~+--+---___I-------4_----~--+_--o (7)~ 

'-------+---+-7'~--~___<i_-----...... _____ ~--__<> (3) -vee 

DC ELECTRICAL CHARACTERISTICS vcc = ± 8V, T A = 25°C, unless otherwise specified. 

SE5539 NE5539 
SYMBOL PARAMETER TEST CONDITIONS 

Min Typ Max Min Typ 

Over temp 2 5 
Vas Input offset voltage Va = OV, Rs = 100n 

TA = 25°C 2 3 2.5 

t:Noslt:.T 5 5 

Over temp 0.1 3 
los Input offset current 

TA = 25°C 0.1 1 

t:.loslt:.T 0.5 0.5 

Over temp 6 25 
18 Input bias current 

TA = 25°C 5 13 5 

t:.IB/t:.T 10 10 

CMRR Common-mode rejection ratio F = 1kHz, Rs = 100n, VCM ± 1.7V 70 80 70 80 

Over temp 70 80 

RIN Input impedance 100 100 

ROUT Output impedance 10 10 
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Max 

mV 
5 

p.V/oC 

p.A 
2 

nArC 

p.A 
20 

nA/oe 

dB 

dB 

kn 

n 
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DC ELECTRICAL CHARACTERISTICS (Continued) vcc = ± 8V, T A = 25°C, unless otherwise specified. 

SE5539 NE5539 
SYMBOL PARAMETER TEST CONDITIONS UNIT 

Min Typ Max Min Typ Max 

RL = 150n to GND and + Swing +2.3 +2.7 
VOUT Output voltage swing 

470n to -Vee 
V 

-Swing -1.7 -2.2 

+ Swing +2.3 +3.0 
Over temp V 

RL = 2kn to -Swing -1.5 -2.1 
VOUT Output voltage swing 

GND + Swing +2.5 +3.1 
TA = 25°C V 

-Swing -2.0 -2.7 

Over temp 14 18 
lee+ Positive supply current Va = 0, R1 = 00 mA 

TA = 25°C 14 17 14 18 

Over temp 11 15 
lec- Negative supply current Va = 0, R1 = 00 mA 

TA = 25°C 11 14 11 15 

Over temp 300 1000 
PSRR Power supply rejection ratio LlVee = ± 1V INN 

TA = 25°C 200 1000 

AVOL Large signal voltage gain 
Va = +2.3V, -1.7V 

47 52 57 dB 
RL = 150n to GND, 470n to -Vee 

AVOL Large signal voltage gain 
Va = +2.3V, -1.7V 

dB 
RL = 2n to GND TA = 25°C 47 52 57 

Va = +2.5V, -2.0V Over temp 46 60 
AVOL Large signal voltage gain 

RL = 2kn to GND 
dB 

TA = 25°C 48 53 58 

DC ELECTRICAL CHARACTERISTICS Vee = ± 6V, T A = 25°C, unless otherwise specified. 

SE5539 
SYMBOL PARAMETER TEST CONDITIONS UNIT 

Min Typ Max 

Over temp 2 5 
Vas Input offset voltage mV 

TA = 25°C 2 3 

Over temp 0.1 3 
los Input offset current JJ.A 

TA = 25°C 0.1 1 

Over temp 5 20 
18 Input bias current JJ.A 

TA = 25°C 4 10 

CMRR Common-mode rejection ratio VeM = ± 1.3V, Rs = 100n 70 85 dB 

Over temp 11 14 
lee+ Positive supply current mA 

TA = 25°C 11 13 

Over temp 8 11 
lee- Negative supply current mA 

TA = 25°C 8 10 

Over temp 300 1000 
PSRR Power supply rejection ratio LlVee = ± 1V INN 

TA = 25°C 

+ Swing + 1.4 +2.0 
Over temp 

-Swing RL = 150n to GND -1.1 -1.7 
VOUT Output voltage swing 

and 390n to - Vee 
V 

+ Swing +1.5 +2.0 
TA = 25°C 

-Swing -1.4 -1.8 
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AC ELECTRICAL CHARACTERISTICS vcc = ±8V, RL = 150n to GND & 470n to -Vcc, unless otherwise specified. 

SE5539 NE5539 
SYMBOL PARAMETER TEST CONDITIONS UNIT 

Min Typ Max Min Typ Max 

BW Gain bandwidth product ACL = 7, Vo = 0.1 Vp_p 1200 1200 MHz 

Small-signal bandwidth ACL = 2, RL = 150n1 110 110 MHz 

ts Settling time ACL = 2, RL = 150n1 15 15 ns 

SR Slew rate ACL = 2, RL = 150n1 600 600 V//-Ls 

tpD Propagation delay ACL = 2, RL = 150n1 7 7 ns 

Full power response ACL = 2, RL = 150n1 48 48 MHz 

Full power response Av = 7, RL = 150n1 20 20 MHz 

Input noise voltage Rs = 50n, 1 MHz 4 4 nV/YHz 

Input noise current 1MHz 6 6 pA/YHz 

NOTE: 
1. External compensation. 

AC ELECTRICAL CHARACTERISTICS Vcc = ± 6V, RL = 150n to GND and 390n to -Vee. unless otherwise specified. 

SYMBOL PARAMETER 

BW Gain bandwidth product 

Small-signal bandwidth 

ts Settling time 

SR Slew rate 

tpD Propagation delay 

Full power response 

NOTE: 
1. External compensation. 

TYPICAL PERFORMANCE CURVES 

NE5539 Open-Loop Phase 

_ 90 

ffl o 
i:LI 
~ 180 
:r 
Q. 

270 

360 
1MHz 
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"' 

10MHz 100 MHz 
FREQUENCY (Hz) 

1GHz 

SE5539 
TEST CONDITIONS 

Min Typ 

ACL = 7 700 

ACL = 21 120 

ACL = 21 23 

ACL = 21 330 

ACL = 21 4.5 

ACL = 21 20 

NE5539 Open-Loop Gain 

106 

60 

1--1-
50 

40 

20 

10 

o 
1MHz 

\ 
1\ 

\ 
!\ 

10MHz 100 MHz 

FREQUENCY (Hz) 

UNIT 
Max 

MHz 

MHz 

ns 

V/f.Ls 

ns 

MHz 

1GHz 
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TYPICAL PERFORMANCE CURVES (Continued) 

Power Bandwidth (SE) 

~ 

! 3~------------+-----~~----~----~ 
t 

GAIN (-2) 
vee· z8V 
AL = 2K!l 

,~L-_____________ ,~~ ________ ~ ____ ~ ____ ~ 
FREQUENCY (HI) 

SE5539 Open-Loop Gain vs Frequency 

f~L-------------,-o~~--------------~--~~ 
FR£QUENCY (HI) 

SE5539 Open-Loop Phase vs Frequency 

,o~ 

fREQUENCY (HI) 

NOTE 

Indicat •• typic:al 
di.tributiofl-55"C::s T,,::s 125°C 
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Power Bandwidth (NE) 

,QWtz 

FREQUENCY (Ha) 

Power Bandwidth 

-
"-, 

\. 
\. 

f--
GAIN (-7) r\. 
At = 1SOH 

" 
Gain Bandwidth Product vs Frequency 

AV = X10 I 
I ~ 

vee· ,6V-
RL. = 1SOH 

~Ay~X7.5 
"''',TH 

I ~ 
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CIRCUIT LAYOUT 
CONSIDERATIONS 
As may be expected for an ultra-high frequen
cy, wide-gain bandwidth amplifier, the physi-

I -eo 

RS 

NOTES: 
R1 = 75n 5% CARBON 
R2 = 75n 5% CARBON 
Rs = 75n 5% CARBON 
R4 = 3Sk 5% CARBON 

Top Plane Copper 1 

(Component Side) 

~V 

§ -,- +V 

Vi 00. Jb qx, 

00. ~ 0 

a- _0 0 .. 0 

§ 
NE55J9 

, 
Yo 

w/comp. 

NOTE: 
1. Bond edges of top and bottom ground plane copper. 

cal circuit layout is extremely critical. Bread
boarding is not recommended. A double
sided copper-clad printed cirucit board will 
result in more favorable system operation. An 

example utilizing a 28dB non-inverting amp is 
shown in Figure 1. 

RS = 20k TRIMPOT (CERMET) 
RF = 1.5k (28dB GAIN) 
Rs = 470n 5% CARBON 

NOTES: 

Component Side 
(Component Layout) 

(X) indicates ground connection to top plane. 
'Rs is on bottom side. 

RFC 3T # 26 BUSS WIRE ON 
FERROXCUBE VK 200 09/3B CORE 
BYPASS CAPACITORS 
1nF CERAMIC 
(MEPCO OR EQUIV.) 

Bottom Plane 
Copper1 

Figure 1. 28dB Non-Inverting Amp Sample PC Layout 
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NE5539 COLOR VIDEO 
AMPLIFIER 
The NE5539 wideband operational amplifier 
is easily adapted for use as a color video 
amplifier. A typical circuit is shown in Figure 2 
along with vector-scope 1 photographs show
ing the amplifier differential gain and phase 
response to a standard five-step modulated 
staircase linearity signal (Figures 3, 4 and 5). 
As can be seen in Figure 4, the gain varies 
less than 0.5% from the bottom to the top of 
the staircase. The maximum differential 
phase shown in Figure 5 is approximately 
+0.1°. 

The amplifier circuit was optimized for a 75[2 
input and output termination impedance with 
a gain of approximately 10 (20d8). 

NOTE: 

1. The input signal was 200mV and the output 2V. 
Vcc was ±8V. 

Figure 3. Input Signal 

NOTE: 

7S 

VIN 

Product Specification 

NE/SE5539 

750 

75 

Figure 2_ NE5539 Video Amplifier 

Figure 4. Differential Gain < 0.5% 

Instruments used for these measurements were Tektronix 146 NTSC test signal generator, 520A NTSC vectorscope, and 1480 waveform monitor. 
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APPLICATIONS 
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PHASE 
ERROR 

Figure 5. Differential Phase + 0.10 

+8V 

ZIN = son -+-W..,.....~~-....!-I 
470 118 

87 

1K 2K 

~ 1.5pF 

Figure 6. Non-Inverting Follower 

+8V 

3.3pF 

Figure 7. Inverting Follower 
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DEVELOPMENT DATA 
This data sheet contains advance information and 
specifications are subject to change without notice. 

PCBBOC51BH-3 
PCBBOC31BH-3 

FOR DETAILED INFORMATION SEE RELEVANT DATA BOOK OR DATA SHEET 

SINGLE-CHIP B-BIT MICROCONTROLLER 

DESCRIPTION 
The PCB80C51 family of single-chip 8-bit microcontrollers is manufactured in an advanced CMOS 
process. The family consists of the following members: 

• PCB80C51 BH-3; 4 K bytes mask-programmable ROM, 128 bytes RAM 
• PCB80C31 BH-3: ROM-less version of the PCB80C51 BH-3 

I n the following text, the generic term "PCB80C51 BH-3" is used to refer to both family members. 

The device provides hardware features, architectural enhancements and new instructions to function 
as a controller for applications requiring up to 64 K bytes of program memory and/or up to 64 K 
bytes of data memory. 

The PCB80C51 BH-3 contains a non-volatile 4 K x 8 read-only program memory; a volatile 
128 x 8 read/write data memory; 32 I/O lines; two 16-bit timer/event counters; a five-source, 
two-priority level, nested interrupt structure; a serial I/O port for either multi-processor communications, 
I/O expansion, or full duplex UART; and on-chip oscillator and timing circuits. For systems that 
require extra capability, the PCB80C51 BH-3 can be expanded using standard TTL compatible memories 
and logic. 

The PCB80C51 BH-3 has two software selectable modes of reduced activity for further power reduction -
Idle and Power-down. 
The Idle mode freezes the CPU while allowing the RAM, timers, serial port and interrupt system to 
continue functioning. 
The Power-down mode saves the RAM contents but freezes the oscillator causing all other chip 
functions to be inoperative. 

The device also functions as an arithmetic processor having facilities for both binary and BCD 
arithmetic plus bit-handling capabilities. The instruction set consists of over 100 instructions: 
49 one-byte, 46 two-byte and 16 three-byte. With a 12 M Hz crystal, 58% of the instructions are 
executed in 1 J.l.S and 40% in 2 J.l.S. Multiply and divide instructions require 4 J.l.S. Multiply, divide, 
subtract and compare are among the many instructions ,included in the instruction set. 

Features 

• 4 K x 8 ROM (80C51BH-3 only), 128 x 8 RAM 
• Four 8-bit ports, 32 I/O lines 
• Two 16-bit timer/event counters 
• Full-duplex serial port 
• External memory expandable to 128 K, external 

ROM up to 64 K and/or external RAM up to 64 K 
• Boolean processing 
• 218 bit-addressable locations 
• On-chip oscillator 
• Five-source interrupt structure with two priority 

levels 
• With a 12 MHz clock, 58% of the instructions 

execute in 1 J.l.s; multiply and divide instructions 
execute in 4 J.l.s; all other instructions execute in 
2 fJ.S 

PACKAGE OUTLINES 

• Enhanced architecture with: 
non-page-oriented-instructions 
direct addressing 
four 8-byte + 1-byte register blanks 
stack depth up to 128-bytes 
multiply, divide, subtract and compare 
instructions 

• PCB80C51/C31 BH-3 
XTAL frequency range: 1,2 to 16 MHz 
temperature range: 0 °C to + 70 °C 
PCF80C51/C31BH-3 
XTAL frequency range: 1,2 to 12 MHz 
temperature range: -40 °C to + 85 0C 
PCA80C51/C31 B H-3 
XTAL frequency range: 1,2 to 12 MHz 
temperature range: --40 °C to +125 0C 

PCB/PCF80C51/C31BH-3P, PCA80C51/C31BH-3P: 40 lead OIL; plastic (SOT129). 
PCB/PCF80C51/C31BH-3WP, PCA80C51/C31BH-3WP: 44-lead PLCC; plastic leaded chip-carrier 
(SOT187 pedestal or SOT187AA pocket version depending on source, versions are interchangeable. 
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PCBBOCS1BH-3 l 
PCBBOC31BH-3 

'--------------------------------------------------------------

112 

frequency 
reference cou nters 

XTAL2 XTAL 1 

OSCILLATOR PROGRAM 
AND MEMORY (1) 

TIMING (4Kx 8 ROM) 

L. :>. 

.II 
CPU 

'I 

111 
'<; /' 

64 K-BYTE BUS 
EXPANSION 
CONTROL 

internal 
interrupts 

" /' -- --
INTO INTl control 

'---y-----J 
external interrupts 

{

VCC +5V MAIN SUPPLY 
POWER _ 

SUPPLY VSS GROUND -
(1) PCB80C51 BH-3 only. 

~ 

TO T1 

DATA TWO 16-BIT 

MEMORY riMER/EVENT 
(128x8RAM) COUNTERS 

L. :>. .<~ 
PCBSOC31BH-3 
PCBSOC51 BH-3 

" 7 

PROG RAMMABLE I/O 

%fl-{f 
parallel ports, 

address/ data bus 
and I/O pins 

" /' 
PROG RAMMABLE 

SERIAL PORT 
FULL DUPLEX UART 

SYNCHRONOUS SHIFT 

serial in serial out 

7Z22355 

Fig. 1 Block diagram. 
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DEVELOPMENT DATA 
This data sheet contains advance information and 

specifications are subject to change without notice. 
PC880C39 
PC880C49 

FOR DETAILED INFORMATION SEE REVELANT DATA BOOK OR DATA SHEET 

SINGLE-CHIP 8-BIT CMOS MICROCONTROLLER 

DESCRIPTION 

The PC80CXX family of single-chip 8-bit CMOS microcontrollers consists of: 
• The PCB80C49 with resident mask programmed 2 K x 8 ROM, 128 x 8 RAM. 
• The PCB80C39 without resident program memory for use with external EPROM/ROM, 128 x 8 RAM. 
All versions are pin and function compatible to their NMOS counter parts but with additional features 
and high performance. 

The PC80CXX family are designed to be efficient control processors as well as arithmetic processors. 
Their instruction set allows the user to directly set and reset individual I/O, and to test individual 
individual bits within the accumulator. A large variety of branch and table look-up instructions enable 
efficient implementation of standard logic functions. Code efficiency is high; over 70% of the 
instructions are single byte; all others are two byte. 
An-on-chip 8-bit counter is provided, which can count either machine cycles (+ 32) or external events. 
The counter can be programmed to cause an interrupt to the processor. 
Program and data memories can be expanded using standard devices. Input/output capabilities can be 
expanded using standard devices. 
The family has low power consumption and in addition a power down mode is provided. 
For further detailed information see users manual 'single-chip 8-bit microcontrollers'. 

Features 

• 8-bit CPU, ROM, RAM, I/O in a single 40-pin package 

• PCB80C49: 2K x 8 ROM, 128 x 8 RAM 
• Internal counter/timer 
• Internal oscillator, clock driver 
• Single-level interrupts: external and counter/timer 
• 17 internal registers: accumulator, 16 addressable registers 
• Over 90 instructions: 70% single byte 
• All instructions: 1 or 2 cycles 
• Easily expandable memory and I/O 
• TTL compatible inputs and outputs 
• Single 5 V supply 
• Wide frequency operating range 
• Low current consumption 
• Available with extended temperature ranges: (PCB version) 0 to + 70 °C 

(PCF version) -40 to + 85 °C 
(PCA version) -40 to + 110 °C 

• Frequency range: 1 to 15 MHz for all temperature ranges 

APPLICATIONS 

• Peripheral interfaces and controllers 
• Test and measurement instruments 
• Sequencers 
• Audio/video systems 
• Environmental control systems 
• Modems and data enciphering 

PACKAGE OUTLINES 

PCB/F/ A80C39/C49P: 40-lead DI L; plastic (SOT129). 
PCB/F/A80C39/C49WP: 44-lead PLCC; plastic leaded chip carrier, 'pocket' version (SOT187AA); 

'pedestal' version (SOT187). These versions are interchangeable. 
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Fig. 1 Block diagram. 
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DEVELOPMENT DATA 
This data sheet contains advance information and 

specifications are subject to change without notice. 

PC883C552 
PC880C552 

FOR DETAILED INFORMATION SEE RELEVANT DATA BOOK OR DATA SHEET. 

SINGLE-CHIP 8-BIT MICROCONTROLLER 

GENERAL DESCRIPTION 

The PCB83C552 single-chip 8-bit microcontroller is manufactured in an advanced CMOS process and is 
a derivative of the PCB80C51 microcontroller family. The PCB83C552 has the same instruction set as 
the PCB80C51. Two versions of the derivative exist although the generic term "PCB83C552" is used 
to refer to both family members: 

• PCB83C552: 8 K bytes mask-programmable ROM;256 bytes RAM 
• PCB80C552: ROM-less version of the PCB83C552 

This I/O intensive device provides architectural enhancements to function as a controller in the field of 
automotive electronics, specifically engine management and gear box control. 

The PCB83C552 contains a non-volatile 8 K x 8 read-only program memory, a volatile 256 x 8 read/write 
data memory, six 8-bit I/O ports, two 16-bit timer/event counters (identical to the timers of the 80C51), 
an additional 16-bit timer coupled to capture and compare latches, a fifteen-source, two-priority-Ievel, 
nested interrupt structure, an 8-input ADC, a dual DAC pulse width modulated interface, two serial 
interfaces (UART and 1

2 C-bus), a 'watchdog' timer and on-chip oscillator and timing circuits. For 
systems that require extra capability, the PCB83C552 can be expanded using standard TTL compatible 
memories and logic. 

The device also functions as an arithmetic processor having facilities for both binary and BCD arithmetic 
plus bit-handling capabilities. The instruction set consists of over 100 instructions: 49 one-byte, 
45 two-byte and 17 three-byte. With a 12 MHz crystal, 58% of the instructions are executed in 1 p.s 
and 40% in 2 p.s. Multiply and divide instructions require 4 p.s. 

Features 

• 80C51 central processing unit 
• 8 K x 8 ROM, expandable externally to 64 K bytes 
• 256 x 8 RAM, expandable externally to 64 K bytes 
• Two standard 16-bit timer/counters 
• An additional 16-bit timer/counter coupled to four 

capture registers and three compare registers 
• A 10-bit ADC with 8 multiplexed analogue inputs 
• Two 8-bit resolution, Pulse Width Modulated outputs 
• Five 8-bit I/O ports plus one 8-bit input port shared 

with analogue inputs 
• 1

2 C-bus serial I/O port with byte orientated master 
and slave functions 

• Full-duplex UART compatible with the standard 
PCB80C51 

• On-chip watchdog timer 

PACKAGE OUTLINES 

PCA/PCB/PC F /83C552/80C552WP 

• PCB80C552/83C552 
XTAL frequency range: 1.2 to 12 MHz 
temperature range: 0 oC to + 70 oC 
PCF80C552/83C552 
XTAL frequency range: 1.2 to 12 MHz 
temperature range: -40 oC to +85 OC 
PCA80C552/83C552 
XTAL frequency range: 1.2 to 12 MHz 
temperature range: -40 oC to + 125 oC 

68-lead plastic leaded chip carrier (PLCC) 'pocket' version (SOT188AA) 
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DEVELOPMENT DATA 
This data sheet contains advance information and 
specifications are subject to change without notice. 

FOR DETAILED INFORMATION SEE REVELANT DATA BOOK OR DATA SHEET 

SINGLE-CHIP 8-BIT MICROCONTROLLER 

GENERAL DESCRIPTION 

PCB83C652 
PCB80C652 

The PCB83C652 single-chip 8-bit microcontroller is manufactured in an advanced CMOS process and 
is a derivative of the PCB80C51 microcontroller family. The PCB83C652 has the same instruction set as 
the PCB80C51. Two versions of the derivative exist although the generic term "PCB83C652" is used 
to refer to both family members: 

• PCB83C652: 8 K bytes mask-programmable ROM, 256 bytes RAM 

• PCB80C652: ROM-less version of the PCB83C652 

This device provides architectural enhancements that make it applicable in a variety of applications 
in general control systems. 

The PCB83C652 contains a non-volatile 8 K x 8 read-only program memory, a volatile 256 x 8 read/write 
data memory, four 8-bit I/O ports, two 16-bittimer/event counters (identical to the timers of the 80C51 ), 
a multi-source, two-priority-Ievel, nested interrupt structure, an 12 C interface, UART and on-chip 
oscillator and timing circuits. For systems that require extra capability, the PCB83C652 can be 
expanded using standard TTL compatible memories and logic. 

The device also functions as an arithmetic processor having facilities for both binary and BCD arithmetic 
plus bit-handling capabilities. The instruction set consists of over 100 instructions: 49 one-byte, 
45 two-byte and 17 three-byte. With a 12 MHz crystal, 58% of the instructions are executed in 1~s 
and 40% in 2 ~s. Multiply and divide instructions require 4 ~s. 

Features 

• 80C51 central processing unit 
• 8 K x 8 ROM, expandable externally to 64 K bytes 
• 256 x 8 RAM, expandable externally to 64 K bytes 
• Two standard 16-bit timer/counters 
• Four 8-bit I/O ports 
• 12 C-bus serial I/O port with byte orientated master and slave functions 
• Full-duplex UART facilities 

Three temperature ranges available 
o to + 70 oC; PCB83C652 versions 
-40 to + 85 oC; PCF83C652 versions 
-40 to + 125 oC; PCA83C652 versions 

• Extended frequency range: 1.2 MHz to 12 MHz 

PACKAGE OUTLINES 

PCA/PCB/PCF83C652P; PCA/PCB/PCF80C652P: 40-lead DI L; plastic (SOT129). 
PCA/PCB/PCF83C652WP; PCA/PCB/PCF80C652WP: 44-lead plastic leaded-chip-carrier 
(PLCC) (SOT187 pedestal or SOT187AA pocket versions, these are interchangeable). 
PCA/PCB/PCF83C652H; PCA/PCB/PCF80C652H: 44-lead quad flat-pack (QFP). This is in preparation. 
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DEVELOPMENT DATA 
This data sheet contains advance information and 

specifications are subject to change without notice. l ___ P_C_B_8_3_C_6_5_4 __ __ 

FOR DETAILED INFORMATION SEE REVELANT DATA BOOK OR DATA SHEET 

SINGLE-CHIP 8-BIT MICROCONTROLLER 

GENERAL DESCRIPTION 

The PCB83C654 single-chip 8-bit microcontroller is manufactured in an advanced CMOS process and 
is a derivative of the PCB80C51 microcontroller family. The PCB83C654 has the same instruction set as 
the PCB80C51. The ROM-less PCB80C652 should be used for development purposes. 

This device~provides architectural enhancements that make it applicable in a variety of applications 
in general control systems. 

The PCB83C654 contains a non-volatile 16 K x 8 read-only program memory, a volati Ie 256 x 8 read/write 
data memory, four 8-bit I/O ports, two 16-bit timer/event counters (identical to the timers of the 80C51 ), 
a multi-source, two-priority-Ievel, nested interrupt structure, an 12 C interface, UART and on-chip 
oscillator and timing circuits. For systems that require extra capability, the PCB83C654 can be 
expanded using standard TTL compatible memories and logic. 

The device also functions as an arithmetic processor having facilities for both binary and BCD arithmetic 
plus bit-handling capabilities. The instruction set consists of over 100 instructions: 49 one-byte, 
45 two-byte and 17 three-byte. With a 12 MHz crystal, 58% of the instructions are executed in l~s 
and 40% in 2 J.1S. Multiply and divide instructions require 4 J.1S. 

Features 

• 80C51 central processing unit 
• 16 K x 8 ROM, expandable externally to 64 K bytes 
• 256 x 8 RAM, expandable externally to 64 K bytes 
• Two standard 16-bit timer/counters 
• Four 8-bit I/O ports 
• 12 C-bus serial I/O port with byte orientated master and slave functions 
• Full-duplex UART facilities 

• A version for extended temperature range is in preparation 

PACKAGE OUTLINES 

PCB83C654P : 40-lead DI L; plastic (SOT129). 
PCB83C654WP: 44-lead plastic leaded chip-carrier (PLCC); (SOT187 pedestal or SOT187AA pocket 

version depending on source, versions are interchangeable). 
PCB83C654H : 44-lead quad flat-pack; plastic (SOT205A) in preparation. 
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PCB83C851 
PCB80C851 

FOR DETAILED INFORMATION SEE RELEVANT DATA BOOK OR DATA SHEET 

SINGLE-CHIP 8-BIT MICROCONTROLLER 

GENERAL DESCRIPTION 

The PCB83C851 single chip microcontroller is 
manufactured in an advanced CMOS process and is a 
derivative of the PCB80C51 microcontroller family. The 
PCB83C851 has the same instruction set as the PCB80C51. 
1\\10 versions of the derivative exist although the generic 
term 'PCB83C851 ' is used to refer to both family members: 

• PCB83C851: 4 K bytes mask-programmable ROM, 128 
bytes RAM, 256 bytes EEPROM 

• PCB80C851: ROM-less version of the PCB83C851 

This device provides architectural enhancements that make 
it suitable for a variety of applications, specifically control 
systems. 

The PCB83C851 contains a non-volatile 4 K x 8 read-only 
program memory; a volatile 128 x 8 read/write data 
memory; a 256 byte electrically erasable programmable 
read only memory (EEPROM); 32 I/O lines; two 16-bit 
timer/event counters (identical to the timers of the 
PCB80C51); a seven source, five-vector, two-priority-level, 
nested interrupt structure; a serial I/O port for either multi
processor communications, I/O expansion or full duplex 
UART; and on-chip oscillator and timing circuits. For 
systems that require extra capability, the PCB83C851 can 
be expanded using standard TTL compatible memories and 
logic. 

The PCB83C851 has two software selectable modes of 
reduced activity for further power reduction: Idle and 
Power-down. The Idle mode freezes the CPU while 
allowing the RAM, timers, serial port and interrupt system 
to continue functioning. The Power-down mode saves the 
RAM contents but freezes the oscillator causing all other 
chip functions to be inoperative. 

The device also functions as an arithmetic processor having 
facilities for both binary and BCD arithmetic plus bit
handling capabilities. The instruction set consists of over 
100 instructions: 49 one-byte, 46 two-byte and 16 three
byte. With a 12 MHz crystal, 58% of the instructions are 
executed in 1 ~s and 40% in 2 ~s. Multiply and divide 
instructions require 4 ~s. 

PACKAGE OUTLINES 

PCB /PCF83C85 1I80C851 P: 40-1ead DIL; plastic (SOT 129) 

Features 

• PCB80C51 central processing unit 
• 4 K x 8 ROM, expandable externally to 64 K bytes 
• 128 x 8 RAM, expandable externally to 64 K bytes 
• Four 8-bit I/O ports, 32 I/O lines 
• Two 16-bit timer/event counters 
• Full-duplex serial port 
• Boolean processing 
• On-chip oscillator 
• Seven-source, five-vector interrupt structure with two 

priority levels 
• 58% of the instructions are executed in 1 ~s; multiply 

and divide in 4 ~s; all others are executed in 2 ~s (with a 
12 MHz oscillator) 

• Enhanced architecture with non-page-oriented
instructions, direct addressing, four 8-byte register 
banks, stack depth up to 128-bytes, multiply, divide, 
subtract and compare instructions 

• ROM code protection (mask-programmable) 
• Security mode, user dependent protection of the 

EEPROM contents 
• Additional interrupt source (EEPROM) 'ORed' with 

serial interrupt 

EEPROM: 
• Non-volatile 256 x 8 bit EEPROM (electrically erasable 

programmable read only memory) 
• On-chip voltage multiplier for erase/write 
• 10000 erase/write cycles per byte 
• 10 years non volatile data retention 
• Infinite number of read cycles 

PCB/PCF83C851180C851 WP: 44-1ead PLCC; plastic, leaded-chip-carrier (SOT 187 AA) 
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PCF1303T 

18-ELEMENT BAR GRAPH LCD DRIVER 

GENERAL DESCRIPTION 

The PCF 1303T is an 18-element bar graph LCD driver with linear relation to control voltage (V c) 
when in pointer or thermometer mode. 

27 Vref max PCF1303T 

0, 6 

°2 7 

0 3 8 

°4 9 

°5 10 

0 6 '1 

°7 12 

08 13 

26 Vref min 09 14 
LATCH 

AND 010 15 

25 Ve 
DIVIDER 

CIRCUITRY °11 16 

VDD °12 17 

°13 18 

°14 19 
1 Vase 

OSCILLATOR CP °15 20 

l °16 21 

°17 22 
VSS 

4 11 °18 23 
MODE 

OR SELECTOR 24 

7Z81228 

Fig. 1 Block diagram. 

PACKAGE OUTLINE 

PCF1303T: 28-lead mini-pack; plastic (S028; SOT136A). 
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PCF1303T 

PIN DESCRIPTION 

124 

Voo pin no. 

Vref max 
1 

Vref min 

Vc 
4 

OR 5 

°18 6 to 23 

°17 
24 

°16 

°15 25 

°5 °14 26 

°13 
27 

°7 °12 28 

08 °11 

09 °10 

(1) Pins 2 and 3 should be connected to VSS' 

Fig. 2 Pin configuration. 

FUNCTION TABLE 

11 mode 

L pointer 

H thermometer 

H = HIGH voltage level 
L = LOW voltage level 

November 1986) ( 

symbol 

Vosc 

11 

VSS 

01 to 018 

OR 

Vc 

Vrefmin 
Vref max 

VDD 

name and function 

oscillator pin 

mode select input 

ground (0 V) 

segment outputs 

back-plane output 

control voltage 

reference voltage inputs 

positive supply voltage 



l8-element bar graph LCD driver PCF1303T 

FUNCTIONAL DESCRIPTION 

The PCF l303T is an l8-element bar graph LCD driver with linear relation to the control voltage when 
in pointer or thermometer mode. 

The first segment will energize when the control voltage is less than the trigger voltage (VT(bar)2 see 
equation [3] ). 

The circuit has analogue and digital sections. 

The analogue section consists of a comparator with the inverting input coupled to the input control 
voltage. The non-inverting input of the comparator is connected via 17 analogue switches to the nodes 
of an 18-element resistor divider. The extremities of the resistor divider are coupled via high-input 
impedance amplifiers to the maximum reference voltage input and the minimum reference voltage input. 

The control input functions with Schmitt trigger action. 

The digital section has one reference output (OR) to drive the back-plane and 18 outputs (01 to 018) 
to drive the segments. 

The segment outputs incorporate two latches and some gates. 

The circuit is driven by an on-chip oscillator with external resistors and capacitors. The outputs are driven 
at typical 100 Hz. 

LINEARITY 

V step = V step' ± Ll V step 

Vstep ' is the voltage drop (internal) across the resistor-ladder network. 
Ll V step is the differential on V step. 

(Vrefmax ± LlV2') - (Vrefmin ± LlV2) 
Vstep ' = 18 

[1] 

[2] 

LlV2 end LlV2' are the maximum offset voltage spread of the on-chip voltage followers. 

ABSOLUTE VOLTAGE TRIGGER LEVEL 

The absolute voltage trigger level at the V c pin is VT(bar)n; 

VT(bar)n = (Vrefmin ± LlV2*) + {(n - l)Vstep ' ± LlVR} ± LlVl ± VH [3] 

n = number of segments; 2 ~ n ~ 18. 

Ll V R is the voltage deviation at step n of the resistor-ladder network (for n = 2 or 18, Ll V R = Ll V step). 

Ll V 1 is the offset voltage for the on-chip comparator. 

VH is the hysteresis voltage: 30% Vstep ~ VH ~ 10% Vstep. 

* For LlV2 the same sign (+ or -) should be used as in equation [2]. 
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RATINGS 

Limiting values as in accordance with the Absolute Maximum System (IEC 134) 

Supply voltage VDD 

Voltage on any input 

D.C. current into any input or output 

Storage temperature range 

Operating ambient temperature range 

D.C. CHARACTERISTICS 

VSS = ° V 

parameter VDD 

V 

Quiescent device 10,0 
current 

Operating supply 8,2 
current 

I nput leakage 6,0 
current 8,2 

10,0 

HIGH level 6,0 
input voltage 8,2 
select input 11 10,0 

LOW level input 6,0 
voltage 8,2 
select input 11 10,0 

HIGH level 6,0 
output voltage 8,2 

10,0 

LOW level 6,0 
output voltage 8,2 

10,0 

Output current 6,0 
HIGH 8,2 

10,0 

Output cu rrent 6,0 
LOW 8,2 

10,0 

For notes see page 6. 
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symbol 

100 

100 

± II 
± II 
± II 

VIH 
VIH 
VIH 

VIL 
VIL 
VIL 

VOH 
VOH 
VOH 

VOL 
VOL 
VOL 

-IOH 
-IOH 
-IOH 

IOL 
IOL 
IOL 

Tamb (OC) 

-40 + 25 

min. max. min. typo max. 

1200 1200 

2,0 2,0 

300 300 
300 300 
300 300 

4,2 4,2 
5,8 5,8 
7,0 7,0 

1,8 1,8 
2,4 2,4 2,4 
3,0 3,0 

5,95 5,95 
8,15 8,15 
9,95 9,95 

0,05 0,05 
0,05 0,05 
0,05 0,05 

0,6 0,5 
0,85 0,7 
1,0 0,85 

0,65 0,5 
1,0 0,8 
1,3 1,0 

-0,5 to + 15 V 

-0,5 to VDD + 0,5 V 

max. 10 mA 

-25 to + 125 0C 

-40 to + 85 °C 

+ 85 unit notes 

min. max. 

1200 }J.A 1 

2,0 mA 2 

1000 nA 3 
1000 nA 
1000 nA 

4,2 V 
5,8 V 
7,0 V 

1,8 V 
V 

3,0 V 

5,95 V 4 
8,15 V 
9,95 V 

0,05 V 4 
0,05 V 
0,05 V 

0,35 mA 5 
0,45 mA 
0,6 mA 

0,4 mA 6 
0,6 mA 
0,8 mA 



18-element bar graph LCD driver PCF1303T 

Tamb (OC) 

parameter VDD symbol -40 + 25 + 85 unit notes 

V 
min. max. min. typo max. min. max. 

I nput voltage 6,0 VIC 0,0 6,0 0,0 6,0 0,0 6,0 V 
control input V c 8,2 VIC 0,0 8,2 0,0 8,2 0,0 8,2 V 

10,0 VIC 0,0 10,0 0,0 10,0 0,0 10,0 V 

Input voltage 6,0 VIR max 3,6 5,5 3,6 5,5 3,6 5,5 V 
V ref max input 8,2 VIR max 3,6 7,7 3,6 7,7 3,6 7,7 V 

10,0 VIR max 3,6 9,5 3,6 9,5 3,6 9,5 V 

Input vo Itage 6,0 VIR min 0,5 1,0 0,5 1,0 0,5 1,0 V 
Vrefmin input 8,2 VIRmin 0,5 4,5 0,5 4,5 0,5 4,5 V 

10,0 VIR min 0,5 6,0 0,5 6,0 0,5 6,0 V 

Vref max - 6,0 ~VI 3,0 3,0 3,0 V 

Vrefmin 8,2 ~VI 3,0 3,0 3,0 V 
10,0 ~VI 3,0 3,0 3,0 V 

DC component 8,2 ± VBP 25 10 25 25 mV 7 
bar output to 
back-plane output 

Back-plane 8,2 fBP 90 110 100 90 110 Hz 8 
frequency 

I nput offset 8,2 ±VIO 120 120 120 mV 9 
voltage 

Step voltage 8,2 ± ~Vstep 50 50 50 mV 10 
variation 

Input voltage 6,0 SR 50 50 50 Vis 11 
slew rate 8,2 SR 50 50 50 Vis 
Vc input 10,0 SR 50 50 50 Vis 

For notes see next page. 
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__ PCF_130_3T _Jl ________ _ 
Notes to D.C. characteristics 

1. Vref min = 0,5 V, Vref max = 9,5 V, Vc = Vosc = 0 V, 11 at VSS or VOO· 

2. See Fig. 2. 

3. Pin under test at VSS or VOO. All other inputs simultaneously at VSS or VOO· 

4. 10 = 0, all inputs at VSS or VOO. 

5. VOH = VOO - 0,5 V, all inputs at VSS or VOO. 

6. VOL = 0,4 V, all inputs at VSS or VOD. 

7. fBP = 100 Hz, load segment outputs to back-plane output. 
C1 - C18 ~ 0,01 J.LF, CBP = C1 + C2 + .. , C18 ~ 0,05 J.LF, R1 - R18 ~ 2 Mn. 

8. Rosc = 0,1 Mn, Cosc = 390 pF. 

9. Number of segments 2 or 18. 
For n = 2: 

(Vrefmax) - (Vrefmin) 
V I a = V c - V ref m in - 18 ± V H 

Forn=18: 

(Vref max) - (Vref min) 
Via = Vc - Vrefmax + 18 ± VH 

10. See equation [1] . 

11. Condition applies with clock oscillator such that fBP = 100 Hz. 

50kO c=:=::J 
r-e::J c=:=::J 

900 
kO c::::::::I 

"l...- ~ 

L= c::::::::I 
VDO 50 input 

kO 

I I II -I -VOO Vref Vref Ve OR 018 017 016 015 014 013 012 011 010 -0.1
1

1 

max min -MO PCF1303T -Vase 11 VSS °1 °2 03 04 05 06 °7 0 8 09 -II ~ I 1 I -:.:= 390pF VOO or 

VSS -~ -,,~ 

r- ----7Z812 30 

Fig.3 Typical application. 
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DEVELOPMENT DATA 
This data sheet contains advance information and 

specifications are subject to change without notice. 

GENERAL DESCRIPTION 

LCD DRIVER 

PCF21XX 
FAMILY 

The members of the PCF21 XX family are single chip, silicon gate CMOS circuits. A three-line bus 
(CBUS) structure enables serial data transfer with microcontrollers. All inputs are CMOS/NMOS 
compatible. 

Features 

• Supply voltage 2,25 to 6,5 V 
• Low current consumption 
• Serial data input 
• CBUS control 
• One-point built-in oscillator 
• Expansion possibility 
• Power-on reset clear 

• LCD segments 
• LED segments 
• Multiplex rate 
• Word length 

PACKAGE OUTLINES 

PCF2100 

40 

1 :2 
22 bit 

PCF2100P: 28-lead DI L; plastic (SOTl17). 

PCF2110P: 
PCF2111P: 40-lead DIL; plastic (SOT129). 
PCF2112P: 

PCF2110 

60 
2 
1 :2 
34 bit 

PCF2100T: 28-lead mini-pack; plastic (S028; SOT136A). 

PCF2110T: 
PCF2111T: 40-lead mini-pack; plastic (VS040; SOT158A). 
PCF2112T: 

PCF2111 PCF2112 

64 32 

1 :2 1 : 1 
34 bit 34 bit 
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Fig. 1 Block diagram; PCF2100 
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PCF21XX 
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Fig.3 Block diagram; PCF2110 (SOT-129). 
S6 

S7 

PINNING (SOT-129) 
S8 

S9 
Supply 

11 VDD positive supply 
S10 13 VSS negative supply 
S11 

S12 
Inputs 

8 DATA data line ) 
S13 9 OLEN data line enable CBUS 
S14 10 CLB clock burst 

12 OSC oscillator input 
CLB PCF2110 S15 

(SOT-129) 
Outputs S16 

osc S17 1 to 5 S5 to S1 LCD driver outputs 

vss S18 
6 BP2 } backplane drivers 
7 BP1 (commons of LCD) 

S32 S19 14 S32 } 15 S31 
LED driver outputs 

S31 S20 

S30 S21 
16 to 40 S30 to S6 LCD driver outputs 

S29 S22 

S2B S23 

S27 S24 

S26 S25 

7Z83445.4 

Fig. 4 Pinning diagram; PCF2110 
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PINNING (SOT-158A) 

OLEN Supply 

DATA 
2 VDD positive supply 
4 VSS negative supply 

BP1 

VSS 4 BP2 
Inputs 

1 CLB clock burst (CBUS) 
Sl 3 OSC oscillator input 

S2 39 DATA data line } CBUS 
40 OLEN data line enable 

S3 

54 Outputs 

5 S32 } LED driver outputs 32 55 
6 S31 

S27 PCF2110 31 S6 7 to 36 S30 to S1 LCD driver outputs 
(SOT-158A) 37 BP2 } backplane drivers 

57 38 BP1 (commons of LCD) 

S25 S8 

S24 S9 

S23 S10 

S22 26 Sll 

S21 25 S12 

S20 24 S13 

S19 S14 

S18 S15 

S17 S16 

7Z97733.1 

Fig. 5 Pinning diagram; PCF2110 
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51 

52 

53 

54 

55 
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57 

58 

59 
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513 
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515 
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CONTROL 

Fig. 7 Pinning diagram; PCF2111 

05CILLATOR 

& 

DIVIDER 

PCF2111 

2 VDD 

680 
pF 

1 MQ 

7Z84581.3 

Fig. 6 Block diagram; PCF2111 

PINNING 

Supply 

2 VDD positive supply 
4 VSS negative supply 

Inputs 

1 CLB clock burst (CBUS) 
3 OSC oscillator input 
39 DATA data line } CBUS 
40 OLEN data line enable 

Outputs 

5 to 36 S32 to S1 LCD driver outputs 
38 BP1 } backplane drivers 
37 BP2 (commons of LCD) 
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527 PCF2112 
(50T -129) 

526 (50T -158A) 
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31 

24 
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54 
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BP 

38 

BACKPLANE & 

BU5 
05CI LLATOR 

& 

DIVIDER 
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2 VDD 

3 

4 

7Z86381.3 

Fig. 8 Block diagram; PCF2112 

PINNING 

Supply 

2 VDD positive supply 
4 VSS negative supply 

Inputs 

1 CLB clock burst (CBUS) 
3 asc oscillator input 
39 DATA data line } CBUS 
40 OLEN data line enable 

Outputs 

5 to 36 S32 to S1 LCD driver outputs 
38 BP backplane driver (common 

of LCD) 
37 n.c. not connected 

Fig. 9 Pinning diagram; PCF2112 
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FUNCTIONAL DESCRIPTION 

An LCD segment or LED output is activated when the corresponding DATA-bit is HIGH. 

PCF2100 

When DATA-bit 21 is HIGH, the A-latches (BP1) are loaded. With DATA-bit 21 LOW, the B-Iatches 
(BP2) are loaded. CLB-pulse 23 transfers data from the shift register to the selected latches. 

PCF2110 

When DATA-bit 33 is HIGH, the A-latches (BP1) are loaded. Bits 31 and 32 contain the LED output 
information. With DATA-bit 33 LOW, the B-Iatches (BP2) are loaded and bits 31 and 32 are ignored. 
CLB-pulse 35 transfers data from the shift register to the selected latches. 

PCF2111 

When DATA-bit 33 is HIGH, the A-latches (BP1) are loaded. With DATA-bit 33 LOW, the B-Iatches 
(BP2) are loaded. CLB-pulse 35 transfers data from the shift register to the selected latches. 

PCF2112 

When DATA-bit 33 is HIGH, the latches are loaded. CLB-pulse 35 transfers data from the shift 
register to the selected latches. 

DLEN ~ -~ 

CLB l~ 
___ 111-? 3 4 5 6 8 32 33 34 t35 ___ 2110,2111,2112 

20 21 22 23 --- 2100 test leading zero load pulse 

DATA =~ bit no. 0 1 2 3 4 6 7 31 32 33 } - 2110,2111,2112 
""'p", 1 51 52 53 S4 55 56 57 531 532 

121 } 3 4 19 20 _2100 
51 52 53 54 55 56 57 519 520 

leading zero load bit 7Z97738.3 

Fig. 10 CBUS data format. 

7Z83447.2 

Fig. 11 LED driver circuitry. 
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The following tests are carried out by the bus control logic: 

a. Test on leading zero. 
b. Test on number of DATA-bits. 
c. Test of disturbed OLEN and DATA signals during transmission. 

If one of the test conditions is not fulfilled, no action follows the load condition (load pulse with 
OLEN LOW) and the driver is ready to receive new data. 

V DD 
(VDD + VSS)/2 

vss 
vDD 

(VDD + VSS)/2 

vss 
VDD 

Vss 
(VDD - VSS) 

(VDD - VSS )/2 

o 
- (VDD - VSS )/2 

- (VDD - Vss) 
(VDD-VSS) 

(VDD -VSS)/2 

o 
- (VDD - VSS)/2 

- (VDD-VSS) 

December 19871 ( 

OFF/OFF ON/OFF OFF/ON ON/ON _n A A A BPl 

-]?l- 0 dl dl BP2 

_TI LJ JL LJ Sx 

-~ J\ dl 11 BP1-Sx 

-~ A Il 11 BP2-Sx 

I 1 
_I l/f

LCD 
1 __ 

7Z97739.1 

Fig. 12 Timing diagram (except PCF2112). 

OFF ON 

_TV nJ BP 

_TV U1 Segment X 
(SX) 

o ~ru BP -SX 

11 

-.1_1 1..-
f LCD 7Z97730.2 

Fig. 13 Timing diagram for PCF2112. 
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BUS DRIVER PCF21XX 

____ ~---+~VDD2 VDD_1;--r ____ -. __ _ 

100kn 

VSS 

7Z83448.3 

Fig. 14 Input circuitry. 

Note to Fig. 14 
VSS line is common. In systems where it is expected that VDD2 > VDD1 + 0,5 V, a resistor should be 
inserted to reduce the current flowing through the input protection. Maximum input current os;;;40JlA. 

DATA 

CLB 
DLEN1 
DLEN2 

DLEN3 

-+-

III [A 
I I 

BP1 BP2 Sl to S32 
VDD 

~ 
..---- DLEN 

osc 
~ CLB PCF2111 

r- DATA 

MASTER 
VSS 

LCD 

A /\.. 

t t l 1 
BP1 BP2 Sl to S32 BP1 BP2 Sl to S32 

.------- DLEN ~ DLEN 
osc I-

.--- CLB PCF2111 .---- CLB 
osc I-

PCF2111 

r- DATA r- DATA 

SLAVE 1 VSS I- SLAVE 2 VSst-

7Z97735.1 

(1) I n the slave mode, the serial resistors between dP1 and BP2 of the PCF2111 and the backplane 
of the LCD must be > 2,7 kn. I n most applications the resistance of the interconnection to 
the LCD already has a higher value. 

Fig. 15 Diagram showing expansion possibility (using PCF2111). 

Note to Fig. 15 

By connecting OSC to VSS the BP-pins become inputs and generate signals synchronized to the single 
oscillator frequency, thus allowing expansion of several members of the PCF21 XX family up to the BP 
drive capability of the master. The PCF2112 can only function as a master for other PCF2112s. 
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RATINGS 

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

parameter conditions symbol min. 

Supply voltage range VDD -0,5 

I nput voltage range 
DLEN, CLB, DATA and OSC VI VSS-O,5 

Output voltage range 
BP1, BP2 and Sl to S32 Vo VSS-O,5 

Supply current ±IDD' ±ISS -

DC input current ±II -

DC output current ±IO -

Total power dissipation 
per package note 1 Ptot -

Power dissipation per output Po -

Storage temperature range Tstg -65 

Note to the ratings 

1. Derate by 7,7 mW/oC when Tamb > 60 °C. 

HANDLING 

max. unit 

9,0 V 

VDD+O,5 V 

VDD+ 0,5 V 

50 rnA 

20 mA 

25 mA 

500 mW 

100 mW 

+150 °C 

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

138 December 19871 ( 



PCF21XX 
FAMILY 

LCD driver J 
~--

e::( 
l
e::( 
C 
I
Z 
w 
::?! 
Q.. 

o 
..J 
W 
> 
W 
o 

DC CHARACTERISTICS 

VSS = 0 V; VDD = 2,25 to 6,5 V; Tamb = -40 to + 85 oC; RO = 1 Mn; Co = 680 pF; unless otherwise 
specified 

parameter conditions symbol min. typo max. unit 

Supply voltage VOD 2,25 - 6,5 V 

Supply current note 1 IOD1 - 20 50 J.1A 

Supply current note 1; T amb = 
-25 to + 85 oC 1002 - 20 30 JlA 

Power-on reset level note 2 VPOR - 1,0 1,4 V 

Inputs CLB, DATA 
OLEN 

Input voltage 
LOW VIL - - 0,8 V 
HIGH VIH 2,0 - - V 

Leakage current VI = VSS or VDD ± II - - 1 JlA 

I nput capacitance note 3 CI - - 10 pF 

Input esc 
Oscillator start-up 

current VI = VSS 10SC 0,5 1,2 5,0 J.1A 

LCD outputs 

DC component of 
backplane drivers ± VBP - 20 - mV 

Backplane driver 
output impedance note 4; V D D = 5 V RBP - 0,5 5 kn 

Segment driver 
output impedance note 4; VDD = 5 V RS - 1 7 kn 

LED outputs 
(S31 and S32 in 
PCF2110) 

Output current LOW VOL=O,4 V;VDD=5 V 10L 8 14 - rnA 

Output leakage 
current Vo = VDD ± 10 - - 1 JlA 

Load cu rrent ILED - - 20 rnA 
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AC CHARACTERISTICS (note 5) 

VSS = 0 V; VDD = 2,25 to 6,5 V; Tamb = -40 to + 85 oC; RO = 1 Mil; Co = 680 pF; unless otherwise 
specified 

parameter conditions symbol min. typo max. unit 

Inputs CLB, DATA 
OLEN 

Data set-up time tSUDA 3 - - J,lS 

Data hold time tHDDA 3 - - J,lS 

leading zero set-up time tSUlZ 3 - - J,lS 

Enable set-up time tSUEN 1 - - J,lS 

Disable set-up time tSUDI 2 - - J,lS 

load pulse set-up time tSUlD 2,5 - - J,lS 

Busy time tBUSY 3 - - J,lS 

ClB HIGH time tWH 1 - - J,lS 

ClB lOW time tWl 5 - - J,lS 

ClB period tClB 10 - - J,lS 

Rise and fall times t r, tf - - 10 J,lS 

LCD timing 

LCD frame frequency flCD 60 75 100 Hz 

LCD frame 
frequency for 
PCF2112 Co = 1,5 nF flCD 30 35 50 Hz 

Transfer time with 
test loads VDD = 5 V tBS - 20 100 J,lS 

Driver delay with 
test loads VDD = 5 V tplCD - 20 100 J,lS 
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Notes to the characteristics 

1. Outputs open; CBUS inactive. 

2. Resets all logic, when VOO < VPOR. 

3. Periodically sampled (not 100% tested). 

4. Outputs measured one at a time. 

5. All timing values are referred to VI H and VI L levels with an input voltage swing of VSS to VOO. 

BP (PCF2112), BP1,BP2 --(])---ILOAD = 25p.A 

Sl to S32 ------err-ILOAD = 15p.A 

1,5 kn 
S31, 532 ~ VDD 

(PCF2110only) (2%) 

7Z97737.1 

Fig. 16 Test loads. 
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Fig. 17 CBUS timing. 

DISABLE 

VIHmin 

VILmax 

,.--tSUDI -I l-tSULD- - tBUsy ---

LOAD PULSE 

tpLCD 

-------.." ) 0,5 V 

Sx 

t 0,5 V 

--tBs-

VDD i t 
BP1, BP2 2 0,5 V 

(except PCF 2112) 1 + 
(V DD =5V) 

BP (PCF2112) 

t F;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;~t 0,5 V 

+ 

~ [VOO • ", : 0." 

___ ....t + 0,5V 

1Z97734.1 

"TI"1J »0 
~~ - ~ rX 
-<X 



PCF21XX 
FAMILY 

LCD driver J 
----

e:( 
l
e:( 
o 
I
Z 
w 
~ 
0-o 
..J 
W 
> 
W 
o 

80 
7Z828092 

fleD 

(Hz) 

78 

76 

74 

72 

typ ~ 
~'!'t.' /vy· 

~? 
/f 

14~ ~,'l 

A· 
~? 
V'. 

70 
o 2 4 6 8 

VDD (V) 

Fig. 18 Displays frequency as a function 
of supply voltage; Co = 680 pF (except 
PCF2112). 
--- T amb = -40 oC; 
- -- - - T amb = + 25 OC; 
- . - . - T amb = + 85 °C. 
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Fig. 20 Display frequency as a function 

10 

of RO and CO; Tamb = + 25 oC; VDD = 5 V. 
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- - - - RO = 100 kQ. 
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Fig. 19 Display frequency as a function 
of supply voltage; Co = 1,5 nF (except 
PCF2112). 
--- T amb = -40 oC; 
---- Tamb=+25 0C; 
- . - . - T amb = + 85 °C. 
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Fig. 21 Supply current as a function 
of supply voltage. 
--- Tamb=-400C; 
- - - - T amb = + 25 oC; 
- . - . - T amb = + 85 °C. 
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Fig. 22 Output resistance of backplane 
and segments. 
--- T amb = -40 oC; 
- - - - T amb = + 25 OC; 
- . - . - T amb = + 85 °C. 
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DEVELOPMENT DATA 
This data sheet contains advance information and 

specifications are subject to change without notice. l ____ P_C_F_2_20_1 ____ __ 

LCD FLAT-PANEL ROW/COLUMN DRIVER 

GENERAL DESCRIPTION 

The PCF2201 is a row or column LCD driver, designed to drive LCD flat-panels at multiplex rates 
of up to 1 : 256. The PCF2201 converts serial or parallel 4-bit display data into parallel LCD drive wave
forms, capable of driving up to 81 rows or 80 columns of an LCD matrix. The PCF2201 is cascadable, 
enabling it to drive any LCD flat-panel matrix. The PCF2201 is controlled by an alphanumeric/graphic 
controller. 

Features 

• Row or column drive capability 
• 80 data latches 
• 81 stage bidirectional shift register 
• 81 LCD drive outputs 
• Proprietary margin control drive output 
• Low drive impedance 
• LCD drive voltage of up to 25 V 
• 5 V logic compatibility 
• High speed operation (4 MHz) 
• Multiplex rates of up to 1 : 256 
• Externally adjusted bias voltages 
• Maximum LCD voltage and VDD may be separated 
• 64/65 pin programmable output operation mode 
• Low power consumption 
• Overall flat-panel power consumption minimized 
• Pin programmable right/left orientation for convenience of flat-panel construction 
• Optimized pinning for single plane wiring 
• Space-saving 120-lead Tape-Automated Bonding package 
• Manufactured in silicon gate CMOS process 

PACKAGE OUTLINE 

PCF2201V: 120-lead Tape-Automated Bonding (TAB) module (SOT235) 
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LCD flat-panel row/column driver 

bus level lines 
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Fig.2 Pinning diagram. 
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PINNING FUNCTIONS 

mnemonic I/O function 

VOO P Positive supply voltage (5 V) 

VSS P Logic ground (0 V) 

V1 P Most positive LCD supply voltage (~VOO), 'selection level 

V2/V3 P Upper non-selection level for row (V2) or column (V3) driver 

V4/V5 P Lower non-selection level for row (V5) or column (V4) driver 

VEE P Most negative LCD supply voltage (-20 V), selection level 

Y1 to Y80 a Liquid crystal driver outputs 

CL1 I Clock for 81 stage bidirectional shift register 

Loads parallel data from the data presentation latch and frame control in 
column driver mode 

Shifts data in row driver mode 

Negative edge triggered 

CL2 I Data transfer clock in column driver modes 

Data must be valid on the negative edge of C L2 

Unused in row driver mode (may be left open) 

COL/ROW I Column/row driver mode select 

pIS I Parallel/serial mode select for column drivers 

Tie to VSS in row driver mode 

SHL I Shift direction select 

I 

I 
DO to 03 I Data inputs in column driver modes 

Unused in row driver mode (may be left open) 

Filling order: 

COL/ROW pis SHL DO 01 02 03 

H L L Y1, Y2, Y3,. unused unused unused 

H L H Y80, Y79, ... (may be left (may be left (may be left 
open) open) open) 

H H L Y1, Y5, Y9,. Y2, Y6, Y10,. Y3, Y7, Y11,. Y4, Y8, Y12, .. 

H H H Y80, Y76, ... Y79, Y75, .... Y78, Y74, .... Y77, Y73, ..... 

I 

Also in the serial column driver mode, a multiple of 4 data bits must always be 
transferred. Add dummy bits if necessary 
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LCD flat-panel row/column driver l __ PC_F_2_2_0_1 __ _ 

mnemonic I/O function 

RL/EL I/O Left/right serial input/outputs in row driver mode, left/right enable input/outputs 
RR/ER in column driver modes 

COL/ROW pJS SHL RL/IT RR/ER comments 

L L L I a shift direction: 
RL/EL -> RR/ER (Y1 -> F/Y81) 

L L H a I shift direction: 
RR/ER -> RL/EL (F/Y81-> Y1) 

H L L I a RR/ER goes LOW 80 CL2 pulses 
after RL/EL 

H L H a I RL/EL goes LOW 80 CL2 pulses 
after RR/ER 

H H L I a R R/ER goes LOW 20 CL2 pulses 
after RL/'EL 

H H H a I R L/E L goes LOW 20 C L2 pu Ises 
after RR/ER 

In the serial column mode, the device accepts one bit of display data at each CL2 
pulse after RL!TI (or RR/ER respectively) goes LOW 
When 80 bits of display data have been accepted, the device accepts no further 
display data and takes its output RR/ER (or RL/EL respectively) LOW, thereby 
enabling the next PCF2201 to accept display data 
The sequence is reset when CL 1 is HIGH and CL2 is LOW 

In the parallel column mode, the device accepts one nibble of display data at each 
CL2 pulse after RL/EL (or RR/ER respectively) goes LOW 
When 20 nibbles of display data have been accepted, the device accepts no further 
display data and takes its output RR/ER (or RL/EL respectively) LOW, thereby 
enabling the next PCF2201 to accept display data. 
The sequence is reset when CL 1 is HIGH and CL2 is LOW 

LNG I Length control 

COL/ROW LNG SHL description valid Yi undefined Yi 

L L L 65-bit row mode Y1 ... Y65 Y66 ... Y80, F /Y81 
L L H operation Y17 ... Y80, F/Y81 Y1...Y16 

L H L 81-bit row mode Y1 ... Y80, F/Y81 -
L H H operation Y1 ... Y80, F/Y81 -

H L L 64-bit column Y1 ... Y64 Y65 ... Y80 
H L H mode operation Y17 ... Y80 Y1...Y16 

H H L 80-bit column Y1...Y80 -
H H H mode operation Y1 ... Y80 -

In 80/81-bit operation, the device behaves as previously described 
In 64/65-bit operation, the device behaves as if all resources have been reduced to 
64/65 instances; i.e. 16 outputs (determined by SH L) can no longer be accessed 
and sQould be left open circuit. 
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__ PCF_22_01 _Jl _______ _ 
PINNING FUNCTIONS (continued) 

mnemonic I/O function 

F/Y81* a Frame output in column driver mode 
It continuously delivers the select or non-select column driver LCD voltages 
depending on the state of the frame control 
The frame output is used to blank the flat-panel display margin outside the 
actual LCD matrix 
Liquid crystal driver output, number 81 in row driver mode 

FaN I Frame control 
Defines the contents of the shift register cell corresponding to F/Y81 in column 
driver mode 
Tie to VDD or VSS in row driver mode 

M I Signal to convert LCD drive waveform into a.c.: 

COL/ROW SR data M output level (Y i or F /Y81 ) note 

L L L V2/V3 

L L H V4/V5 
row driver 

L H L VEE 

L H H V1 

H L L V2/V3 

H L H V4/V5 
column driver 

H H L V1 

H H H VEE 

n.c. - not connected 

* Patent application pending. 
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LCD flat-panel row/column driver 

FUNCTIONAL DESCRIPTION 

4-level driver 

l ____ P_C_F_2_20_1 ____ __ 

One of the liquid crystal driver levels (V 1, V2/V3, V 4/V5 and VEE) is output onto lines Y1 to Y80 
and F/Y81 depending on the state of the relevant level shifter. 

Level shifter 

The level shifter converts logic level driver information into LCD level selection signals. The LCD level 
selection signals are dependent on the contents of the 81 stage bidirectional shift register and the state 
of signals M and COL/ROW. 

81 stage bidirectional shift register 

In row driver mode the bidirectional shift register is used for the row line scan. In column driver mode 
the bidirectional shift register is used to hold column data until the next line is assembled in the data 
presentation latch. 

Column mode data presentation latch 

The column mode data presentation latch provides temporary storage during transfer of column data 
required for the next row. 

Data scrambler 

In serial column data transfer, the data scrambler converts 1-bit data to parallel 4-bit nibbles. Data is 
rearranged by the data scrambler according to the orientation (left or right) of the chip, as defined 
by pin SH L. 

Selector 

The selector generates latch clocks </>1 to </>20 for the presentation latch. Selection is determined by the 
state of the up/down counter and the carry logic. 

Up/down counter, carry logic and control 

Incoming column data storage locations are determined by the up/down counter making use of enable 
lines (RL/EL, RR/ER) and the length control select (LNG). The carry logic inhibits the data transfer 
clock (CL2) in inactive column drivers, thereby reducing power dissipation. When data transfer to one 
column driver is completed, the subsequent column driver is enabled by the carry logic. The control 
part co-ordinates the up/down counter and carry logic, depending upon the condition of the device 
(SHL, COL/ROW, PIS, LNG, RL/EL and RR/ER). 
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__ PC_F22_01 _Jl ___ - ______ _ 
RATINGS 

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

Supply voltage VDD VSS -0,3 to VSS + 7 V 

LCD supply voltage range 

V 1, V2/V3 voltage range (note 1) 

V 4/V 5 vO Itage range (note 1) 

Input voltage range 
(CL 1, CL2, COL/ROW, PIS, 
SHL, DO, D1, D2, D3, 
RL/EL, RR/ER, LNG, FaN, M) 

Output voltage range 
(RL/IT, RR/ER) 

Driver output voltage range 
(F/Y81, Y1 to Y80) 

DC input current 

DC output current 

VDD, VSS, Vl, V2/V3, 
V 4/V5 or VEE current 

Power dissipation per package 

Power dissipation per output 

Storage temperature range 

HANDLING 

Vu 

VI 

Va 

Vy 

± II 

± 10 

±ISUp 

Ptot 

Po 

Tstg 

VDD -30 to VDD v 
VDD + VEE 

2 -1 toVDD V 

VEE to V D D + VEE - 1 V 
2 

VSS -0,3 to VDD + 0,3 V 

VSS -0,3 to VDD + 0,3 V 

VEE -0,3 to VDD + 0,3 V 

max. 20 rnA 

max. 25 rnA 

max. 20 rnA 

max. 400 mW 

max. 100 mW 

-65 to + 150 0C 

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 MaS devices (see 'Handling MaS 
Devices'). 
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LCD flat-panel row/column driver l ____ P_C_F2_2_0_1 ____ __ 

DC CHARACTERISTICS 

VSS = 0 V; VOO = 4,5 to 5,5 V; 

Voo + VEE 
VEE = 0 to -20 V; VOO ~ V1 ~V2/V3~ -1 V ~ V4/V5 ~ VEE; fM = 100 Hz 

2 

Tamb = -40 to + 85 oC; unless otherwise specified. 

parameter conditions symbol min. typo max. unit 

Positive supply 
voltage VOO 4,5 - 5,5 V 

Negative lCO supply 
voltage VEE VOO-25 - VOO-5 V 

Static supply current fCl1 = fCl2 
= 0 Hz;COL/ROW 
=H;M=l; 
note 2 1001 - 15 40 p.A 

Operating supply COL/ROW = H; 
current fCl1 = 25 kHz; 

fCl2 = 4 MHz; 
note 2 1002 - 0,4 1 mA 

Operating supply COL/ROW = H; 
current RL/El = H 

(SHl = l) or 
RR/ER = H 
(SHl=H); 
fCl1 = 25 kHz; 
note 2 1003 - 50 150 p.A 

Operating supply COL/ROW = l; 
current fCl1 = 100 kHz; 

note 2 1004 - 75 200 p.A 

Logic 

I nput voltage 
lOW Vil 0 - 0,3 VOO V 
HIGH VIH 0,7 VOO - VOO 

Output voltage lOW 
to RL/El and 
RR/ER 10 = 0 mA Val - - 0,05 V 

Output voltage HI G H 
to RL/El and 
RR/ER 10 = 0 mA VOH VOO-0,05 - - V 

Output current lOW 
to RUEI and 
RR/ER Val = 1 V 10l 1 - - mA 
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__ PC_F22_01_Jl _______ _ 
DC CHARACTERISTICS (continued) 

parameter conditions symbol min. typo max. unit 

Output current HIGH 
RL/El and 
RR/ER VOH = VOO-l V 10H - - 1 mA 

leakage current at 
Cll, Cl2, COL/ROW, 
PIS, SH l, DO to 03, 
RL/El, RR/ER, 
lNG, FaN and M ± 1L1 - - 1 J.l.A 

I nput capacitance note 3 CI - - 7 pF 

LCD outputs 

leakage cu rrent at 

V 1, V2/V3, V 4/V5 ± Il2 - - 2 J.l.A 

Resistance ON between 

V 1, V2/V3, V 4/V5, 10 = 100 J.l.A; 
VEE and Yl to Y80, VEE = VOO-25 V 
F/Y81 note 4 RON - - 2 kQ 

AC CHARACTERISTICS (note 5) 

VSS = a V; VOO = 4,5 to 5,5 V; VOO + VEE 

VEE = a to -20 V; VOO:? Vl :? V2/V3:? 2 - 1 V:? V4/V5:? VEE; 

fM = 100 Hz; see Figs 4 and 5; T amb = -40 to + 85 oC; unless otherwise specified. 

parameter conditions symbol min. typo max. unit 

Column driver 
data transfer rate fCl2 - - 4 MHz 

Cl2 HIGH time tCl2H 100 - - ns 

Cl2 lOW time tCl2l 100 - - ns 

Cl2 rise time tCl2r - - 25 ns 

Cl2 fall time tCl2f - - 25 ns 

Row driver clock rate fCL1 - - 100 kHz 

Cll HIGH time tCllH 275 - - ns 

Cll lOW time tCll l 5 - - J.l.S 

CL1 rise time tCll r - - 50 ns 

Cll fall time tCllf - - 50 ns 
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LCD flat-panel row/column driver l ____ PC_F_2_2_0_1 ____ __ 

AC CHARACTERISTICS (continued) 

parameter conditions symbol min. typo max. unit 

Column data set-up time COL/ROW = H tsuc 50 - - ns 

Column data hold time COL/ROW = H tHOC 30 - - ns 

Row data set-up time COL/ROW = L tSUR 200 - - ns 

Row data hold time COL/ROW = L tHOR 0 - - ns 

Enable HIGH 
to CL2 set-up time COL/ROW = H tECH 90 - - ns 

Enable LOW 
to CL2 set-up time COL/ROW = H tECL 85 - - ns 

Propagation delay 
to enable HIGH COL/ROW = H tpEH - - 185 ns 

Propagation delay 
to enab Ie LOW COL/ROW = H tpEL - - 140 ns 

CL2 to CL 1 time COL/ROW = H tCL21 50 - - ns 

CL 1 to CL2 time COL/ROW = H tCL 12 50 - - ns 

Overlap time of 
CL2 = LOW and 
CL1 = HIGH COL/ROW = H tov 275 - - ns 

Propagation delay HIGH 
to RL/EL, RR/ER COL/ROW = L tpLH 20 - 200 ns 

Propagation delay LOW 
to RL/EL, RR/ER COL/ROW = L tpHL 20 - 200 ns 

Propagation delay VEE = VOO 
to Y1 ... Y80, F/Y81 -20V tpy - - 3 J.1.S 

Notes to characteristics 

2. Outputs open, inputs at VSS or VOO. 

3. Periodically sampled, not 100% tested. 

4. Outputs measured one at a time. 

5. All timing values referred to V,H and V, L levels with an input voltage swing of VSS to VOO. 

3,6 k!1 
---c::::J-- 0,5 VOO 

(2 %) 

RL/a (SHL=H) 

RR/ER (SHL=L) 

Fig.3 Test loads. 

- i LOAO=100 J1.A 

-(]}-
Y1 ..... Y80,F/Y81 

lZ81315 
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Fig.4 Column driver timing waveforms. 
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__ PC_F22_01 _Jl ________ _ 
APPLICATION INFORMATION 

Generation of LCD bias levels 

Optimum contrast for LCD flat-panels is achieved when the bias levels are selected using the formulae 
in Table 1. The multiplex rate is denoted by the variable n (n ~ 9). Vth is defined as the LCD threshold 
voltage, typically where the LCD exhibits approximately 10% contrast. The ratio of the 'ON' voltage to 
the 'OFF' voltage is discrimination (D) and is a measure of the flat-panel contrast at a given multi-
plex rate. 

Table 1 LCD flat-panel bias levels for optimum contrast (Vop = V1 - VEE) 

V2 Vn V3 yn-1 V4 2 V5 1 
- = --- - = --- - = --- - = 
Vop yn+1 Vop yn+ 1 Vop yn+ 1 Vop yn+ 1 

Voff(rms) 
= 

2 (yn -1) Von(rms) 
= j~ yn-1 

+ 
Vop yn (yn + 1)2 Vop n (y'rl+ 1) 

Von(rms) Fn=1 Vop = 
yn+1 

0= = 
yn-1 J2 (1 -1/yn Voff(rms) Vth 
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LCD flat-panel row/column driver l --------------------------PCF2201 

The intermediate bias levels are generated by a resistive divider (see Fig. 6). Capacitors (C) are used to 
smooth out switching transients. Considerable power consumption may result by using this arrangement 
when driving a large LCD flat-panel, because of the low impedance of the resistive divider. 

v 
fC 

~ SS 
II 

~ [ 
II 

~ [ 
" 

iL 
II 

_R 
II I 

VEE 

V1 

R 

V2 

R 

V3 

(Vn-3)R 

V4 

R 

V5 

R 

VEE 

'----v---' 
to other row 
driver PCF2201s 

--
COL/ROW 

I 
vSS 

VDD 

r: 
V2/V3 

V4/V5 PCF2201 

VEE 

COL/ROW ~ 

Vss 

w 
>w 

l{)C') 

2:2: ~~ "<tC\J 
» > > 

PCF2201 

7Z81318.2 

}

to other column 
driver PCF2201s 

Fig. 6 Unbuffered LCD biasing level generation. 
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___ PCF_220_1_Jl _____________ __ 
A better solution for LCD flat-panel biasing is presented in Fig. 7. The operational amplifiers provide 
low impedance biasing with a low power consumption. The fairly high impedance which can be 
implemented at the resistive divider, helps maintain low power consumption. One diode voltage drop 
seperates V1 from VDD to compensate for the limited common mode voltage range (V+ -1,5 V) when 
the operational amplifiers are powered between VDD and VEE. 

+ u =~c -~ 
C 

v 55 
V1 

~ 
L{)C') 

R 
IV2 

» 0 w---.---. 
w'<t N .- 0 

> > » > 

~ 
-'--

R 
IV3 

COL/ROW PCF2201 
VSS -

-3)R ] 
7Z81319.1 

- I V4 

+ 

R 
IV5 -

+ 

R ] 

VEE 

I Voo 
VEE 

V1 

V2/V3 
V41V5 PCF2201 

~ 

~ 
~COL/ROW 

to other row V55 
driver PCF2201s 

Fig. 7 Buffered LCD bias level generation. 

Typical LCD flat-panel application 

} 

to other column 
driver PCF2201 s 

Alphanumeric/graphic computer terminals with LCD flat-panel screens using 200 x 640 dots are very 
popu lar. The format of 200 x 640 is compatible with the standard 25 lines by 80 characters at 
8 x 8 dot character fonts. Fig. 8 gives a possible circuit using 19 PCF2201 's, with upper and lower half 
screens used for good contrast. The use of half screens reduces the multiplex rate to 1 :100 (Fig. 9 gives 
the timing information). 
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Fig. 8 LCD flat-panel with 1: 100 multiplex rate in upper and lower half screens. 
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LCD flat-panel row/column driver l ____ P_C_F2_2_0_1 ____ __ 

Margin control 

The used area of the flat-panel matrix is normally smaller than the LCD glass surface. Connection lines 
outside of the used area of the matrix carry row or column LCD signals (see Fig. 10A). This 'null' state 
differs slightly in colour from the 'OFF' state pixel for twisted nematic LCD. The structural change 
in the margin zone is noticeable. 

When a high contrast Philips LCD flat-panel of the supertwisted birefringence effect (SBE) type is 
employed, the situation becomes critital. The colour of the 'OF F' state appears blue and the colour 
of the 'ON' state appears grey or white. Therefore inverted information is sent to the display, generating 
dark (blue) characters on a light (grey) background. The margin zone is treated as an extension of the 
used matrix area (see Fig. 10B), to avoid the margin zone appearing as a dark blue frame. This is 
extended out to a region where the LCD glass can be covered up. The additional row requires an 
increase in the multiplex rate from n to n + 1, the additional column is realized by the frame output 
of the furthest left and right column drivers of the flat-panel. This removes the requirement for 
additional column drivers packages to provide margin control. 

N M 

6 6 6 6 
000 0 

a 
co -' 

~ 8 
N M 

666 0 
000 () 

ROW1 

ROW2 

ROW3 
L------+------~~~_H .. ~~ 

cover cover zone 

(a) (b) lZ81320.1 

(A) without margin control (B) with margin control 

Fig. 10 Upper left corner of the LCD flat-panel. 

Single plane wiring 

The pinning of the PCF2201 tape-automated bonding package has been selected for ease of wiring. One 
side of this package contains no pins. The adjacent logic level lines are arranged so that they can be 
bussed in a single plane on the printed circuit board, which allows single sided substrates to be used. 

For ease of wiring layout it is suggested to use the bus-level numbers (see Fig. 2) since most supply 
lines can be run through at the same level. On the actual package there are 120 pins, of which 19 pins 
are not internally connected. These extra pins are due to single plane wiring gaps and enhance stability 
in surface mounting. 
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__ PC_F22_01_Jl _______ _ 
CHIP DIMENSIONS AND BONDING PAD LOCATIONS 

0000000000000000000 

CL2 0 0 
Yl 0 0 
Y2 0 0 
Y3 0 0 
Y4 0 0 
Y5 0 0 
Y6 0 0 
Y7 0 0 
Y8 0 0 
Y9 0 0 
Yl0 0 0 
Yll 0 0 
Y12 0 0 
Y13 0 0 
Y14 0 0 

6,68 mm Y15 0 0 
Y16 0 0 
Y17 0 0 
Y18 0 0 
Y19 0 0 
Y20 0 0 
Y2l 0 0 
Y22 0 0 
Y23 0 0 
Y24 0 0 
Y25 0 0 
Y26 0 0 
Y27 0 0 
Y28 0 0 
Y29 0 0 
Y30 0 0 

~~DDDDDDDDDDDDDDDDDDDD 
/ 

~ a ~ 

I 

NMq-l!)(o ..... OOcn NMq-l!)(o ..... OOcno I M M M M M M M M M q- q- q- q- q- q- q- q- q- q- l!) 

>- >- >- >- >- >- >- >- >- >- >- >- >- >- >- >- >- >- >- >-

• 3,84mm • 7Z96970 

Chip area: 25,65 mm2 

Bonding pad dimensions: 104 JLm x 104 JLm 

Fig. 11 Bonding pad locations. 

164 August 19871 ( 

F/Y8l 

Y80 

Y79 

Y78 

Y77 

Y76 

Y75 

Y74 

Y73 

Y72 

Y7l 

Y70 

Y69 

Y68 

Y67 

Y66 

Y65 

Y64 

Y63 

Y62 

Y6l 

Y60 

Y59 

Y58 

Y57 

Y56 

Y55 

Y54 

Y53 

Y52 

Y5l 

\ 
\ 



« 
I-« 
C 
I
Z 
w 
~ 
~ o 
...I 
W 
> 
W 
C 

LCD flat-panel row/column driver 

Table 2 Bonding pad centre locations (dimensions in J,.Lm) 

All x/V co-ordinates are referenced to the bottom left corner, see Fig. 11. 

pad X Y pad 

03 1556 6526 Y43 
02 1372 6526 Y44 
01 1188 6526 Y45 
DO 1004 6526 Y46 
RL/El 820 6526 Y47 
PIS 636 6526 Y48 
lNG 452 6526 Y49 
COL/ROW 268 6526 Y50 
Cl2 156 5982 Y51 
Y1 156 5806 Y52 
Y2 156 5630 Y53 
Y3 156 5454 Y54 
Y4 156 5278 Y55 
Y5 156 5102 Y56 
Y6 156 4926 Y57 
Y7 156 4750 Y58 
Y8 156 4574 Y59 
Y9 156 4398 Y60 
Y10 156 4222 Y61 
Y11 156 4046 Y62 
Y12 156 3870 Y63 
Y13 156 3694 Y64 
Y14 156 3518 Y65 
Y15 156 3342 Y66 
Y16 156 3166 Y67 
Y17 156 2990 Y68 
Y18 156 2814 Y69 
Y19 156 2638 Y70 
Y20 156 2462 Y71 
Y21 156 2286 Y72 
Y22 156 2110 Y73 
Y23 156 1934 Y74 
Y24 156 1758 Y75 
Y25 156 1582 Y76 
Y26 156 1406 Y77 
Y27 156 1230 Y78 
Y28 156 1054 Y79 
Y29 156 878 Y80 
Y30 156 702 F/Y81 
Y31 252 154 VEE 
Y32 428 154 V4/V5 
Y33 604 154 V2/V3 
Y34 780 154 V1 
Y35 956 154 M 
Y36 1132 154 Cl1 
Y37 1308 154 VOO 
Y38 1484 154 SHl 
Y39 1660 154 FaN 
Y40 1836 154 VSS 
Y41 2012 154 RR/ER 
Y42 2188 154 

l ____ PC __ F2_2_0_1 ____ __ 

X Y 

2364 154 
2540 154 
2716 154 
2892 154 
3068 154 
3244 154 
3420 154 
3596 154 
3684 702 
3684 878 
3684 1054 
3684 1230 
3684 1406 
3684 1582 
3684 1758 
3684 1934 
3684 2110 
3684 2286 
3684 2462 
3684 2638 
3684 2814 
3684 2990 
3684 3166 
3684 3342 
3684 3518 
3684 3694 
3684 3870 
3684 4046 
3684 4222 
3684 4398 
3684 4574 
3684 4750 
3684 4926 
3684 5102 
3684 5278 
3684 5454 
3684 5630 
3684 5806 
3684 5982 
3580 6526 
3396 6526 
3212 6526 
3028 6526 
2844 6526 
2660 6526 
2476 6526 
2292 6526 
2108 6526 
1924 6526 
1740 6526 
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DEVELOPMENT DATA 
This data sheet contains advance information and 

specifications are subject to change without notice. 
PCF84CXXX 

FAMILY 

FOR DETAILED INFORMATION SEE REVELANT DATA BOOK OR DATA SHEET 

SINGLE-CHIP 8-BIT MICROCONTROLLER FAMILY 

DESCR IPTION 

An advanced CMOS process is used to manufacture the PCF84CXXX microcontroller family. The family 
consists of the following devices: 

• PCF84COO • PCF84C12 • PCF84C121 • PCF84C430 
• PCF84C21 • PCF84C22 • PCF84C230 • PCF84C470 
• PCF84C41 • PCF84C42 • PCF84C270 • PCF84C640 
• PCF84C81 • PCF84C85 • PCF84C271 

This data sheet describes features of the PCF84CXXX microcontroller family which are common to 
several family members. For details on a particular device, consult the relevant data sheet. 

All family members have quasi-bidirectional I/O port lines, a single-level vectored interrupt structure, 
an 8-bit timer/event counter and on-chip clock oscillator and clock circuits. 

These efficient controllers also perform well as arithmetic processors. They have facilities for both 
binary and BCD arithmetic plus bit-handling capabilities. The instruction set is similar to that of the 
MAB8048 and the PCF84CXXX family is very similar to the MAB8400 family. 

Features common to all family members are listed below. 

Features 

• 8-bit CPU, ROM, RAM, I/O in a single DI L or SO package 
• 1 K,2 K, 4 K or 8 K x 8 ROM; there is also a ROM-less device 
• 64,128 or 256 x 8 RAM 
• Quasi-bidirectional I/O port lines 
• Two test inputs: one of which is also an external interrupt input 
• Single-level vectored interrupt structure 
• 8-bit programmable timer/event counter 
• Clock frequency range: 100 kHz to 10 MHz 
• Over 80 instructions (similar to those of the MAB8048) all of 1 or 2 cycles 
• Single supply voltage (2,5 V to 5,5 V) 
• STOP and IDLE modes 
• Power-on-reset circuit 
• Operating temperature range: -40 to + 85 oC 

PACKAGE OUTLINES 

Consult individual data sheets. 
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Fig. 1 PCF84CXXX block diagram. 
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specifications are subject to change without notice. 

-------------------
FOR DETAILED INFORMATION SEE REVELANT DATA BOOK OR DATA SHEET 

SINGLE-CHIP 8-BIT MICROCONTROLLERS 

DESCRIPTION 

PCF84C12 
PCF84C22 
PCF84C42 

An advanced CMOS process is used to manufacture the PCF84C12, PCF84C22 and PCF84C42 
microcontrollers. Each device has 13 quasi-bidirectional I/O port lines, a single-level vectored interrupt 
structure, an 8-bit timer and on-chip clock oscillator and clock circuits. On-chip RAM and ROM content 
is as follows: 

• PCF84C12 - 64 x 8 RAM, 1 K x 8 ROM 
• PCF84C22 - 64 x 8 RAM, 2 K x 8 ROM 
• PCF84C42 - 64 x 8 RAM, 4 K x 8 ROM 

These efficient microcontrollers also perform well as arithmetic processors. The instruction set is 
similar to that of the MAB8048. They have bit handling abilities and facilities for both binary and 
BCD arithmetic. 

These microcontrollers are members of the PCF84CXXX family. For detailed information, consult the 
PCF84CXXX data sheet. 

Features 

• 8-bit CPU, ROM, RAM, I/O in a single 20-Iead DI L or SO package 
• 1 K, 2 K or 4 K x 8 ROM 
• 64x 8 RAM 
• 2 timers (8-bit programmable) 
• 13 quasi-bidirectional I/O port lines 
• Two test inputs: one of which is also the external interrupt input 
• Single-level, vectored interrupts: external and timer/event counter 
• 8-bit programmable timer/event counter 
• Clock frequency range: 100 kHz to 10 MHz 
• Over 80 instructions (similar to those of the MAB8048) all of 1 or 2 cycles 
• Single supply voltage (2.5 V to 5.5 V) 
• STOP and IDLE modes 
• Power-on-reset circuit 
• Operating temperature range: -40 to + 85 oC 

For following sections see PCF84CXXX family data sheet 

Program memory 
Data memory 
Program counter stack 
IDLE and STOP modes 
I/O facilities 
Interrupts 
Oscillator 
Timer/event counters 
Program status word 

PACKAGE OUTLINES 

Program cou nter 
Central processing unit 
Conditional branch logic 
Test input T1 
Power-on-reset 

PCF84C12/22/42P: 20-lead DIL; plastic (SOT146). 
PCF84C12/22/42T: 20-lead mini-pack; plastic (S020, SOT163A). 
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PCF84COO 
PCF84C211C 
PCF84C41/C 

PCF84C811C a J 
~---

FOR DETAILED INFORMATION SEE RELEVANT DATA BOOK OR DATA SHEET 

SINGLE-CHIP a-BIT MICROCONTROLLERS 
WITH 12C-BUS INTERFACE 

DESCRIPTION 
An advanced CMOS process is used to manufacture the PCF84COO, PCF84C21/C, PCF84C41/C and 
PCF84C81/C microcontrollers. The PCF84C21C, PCF84C41C and PCF84C81C operate at a higher 
clock frequency. Each device has 20 quasi-bidirectional I/O port lines, a serial I/O interface, a single
level vectored interrupt structure, an 8-bit timer/event counter and on-chip clock oscillator and 
clock circuits. On-chip RAM and ROM content is as follows: 

• PCF84COO - 256 x 8 RAM, external program • PCF84C41 - 128 x 8 RAM, 4 K x 8 ROM 
memory • PCF84C81 - 256 x 8 RAM, 8 K x 8 ROM 

• PCF84C21 - 64 x 8 RAM, 2 K x 8 ROM 

These efficient controllers also perform well as arithmetic processors. They have facilities for both binary 
and BCD arithmetic plus bit-handling capabilities. The instruction set is similar to that of the MAB8048. 

These microcontrollers are members of the PCF84CXXX family. For detailed information, consult the 
PCF84CXXX data sheet. 

Features 

• 8-bit CPU, ROM, RAM, I/O in a single 28-lead 
Oil or SO package 

• 2K,4 K or 8 K x ROM; also a ROM-less version 
• 64,128 or 256 x 8 RAM 
• 20 quasi-bidirectional I/O port lines 
• Two test inputs, one of which is also the 

external interrupt input 
• Single-level vectored interrupts: external, 

timer/event counter and serial I/O 
• 12C hardware interface for serial data transfer 

on two lines (serial I/O data via an existing 
port line and clock via a dedicated line) 

• 8-bit programmable timer/event counter 
• Clock frequency range: 100 kHz to 10 MHz; 

C versions: 1 MHz to 12 MHz 
• Over 80 instructions (similar to those of the 

MAB8048) all of 1 or 2 cycles 
• Single supply voltage (2,5 to 5,5 V) 
• STOP and IDLE modes 
• Power-on reset circuit 
• Operating temperature range: -40 to +85 °c 
• High current on Port 1: 10l = 10 rnA at 

Vo l = 1,2 V (all versions except the 
PCF84COO). 

For following sections see PCF84CXXX family data sheet 

Program memory 
Data memory 
Program counter stack 
IDLE and STOP modes 
I/O facilities 
Serial I/O 
Interrupts 
Oscillator 
Timer/event counter 
Program status word 

PACKAGE OUTLINES 

Program counter 
Central processing unit 
Conditional branch logic 
Test input T1 

Power-on reset 
I nstruction set 

PCF84C21/41/81P: 28-lead Oil; plastic (SOT117). 
PCF84C21/41/81T: 28-lead mini-pack; plastic (S028; SOT136A). 
PCF84COOB : 28-lead 'piggy-back' package (supports up to 28-pin EPROM). 
PCF84COOT : 56-lead mini-pack; plastic (VS056; SOT190). 
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DEVELOPMENT DATA 
This data sheet contains advance information and 

specifications are subject to change without notice. i1 Jl_P_CF8_4C85_ 

FOR DETAILED INFORMATION SEE REVELANT DATA BOOK OR DATA SHEET 

SINGLE-CHIP 8-BIT MICROCONTROLLER 

WITH 32 I/O LINES 

DESCRIPTION 

The PCF84C85 microcontroller is manufactured in CMOS, and is designed to be an efficient controller 
as well as an arithmetic processor. The instruction set is based on that of the MAB8048 and is software 
compatible with the PCF84CXX family. The PCF84C85 has two additional derivative ports and the 
microcontroller has bit handling abilities and facilities for both binary and BCO arithmetic. 

For detailed information on the PCF84CXX see the "Single-chip 8-bit Microcontrollers" user manual. 

Features 

• 8-bit CPU, ROM, RAM, I/O in a single 40-lead 01 L or mini-pack package 

• 8 K ROM 
• 256 RAM bytes 
• 32 quasi-bidirectional I/O port lines 
• Two test inputs: one of which is also the external interrupt input 
• Single-level vectored interrupts: external, timer/event counter, serial I/O 
• 12C hardware interface for two-line serial data transfer 

(serial I/O data via an existing port line and clock via a dedicated line) 
• 8-bit programmable timer/event counter 
• Clock frequency 100 kHz to 10 MHz 
• Over 80 instructions (based on MAB8048) all of 1 or 2 cycles 
• Single supply voltage from 2,5 V to 5,5 V 
• STOP and I OLE mode 
• Power-on-reset circuit 
• Operating temperature range: -40 to +85 oC 

PACKAGE OUTLINES 

PCF84C85P: 40-lead 01 L; plastic (SOT129). 
PCF84C85T: 40-lead; mini-pack (VS040; SOT158). 
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~i~~::?a~~:'~O~"fO~~~ ~d ~~w J l PCF8566 
_____ Sp_eCif_icat_ion_Sa_reS_Ubie_ct_toc_han_ge_wit_hoU_tn_otic_e. __ • ____ I_

B
_U_S_____ --------------

UNIVERSAL LCD DRIVER FOR LOW MULTIPLEX RATES 

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 (I:lC). 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 
• LCD and logic supplies may be separated 
• 2,5 V to 6 V power supply range 
• Low power consumption 
• Power-saving mode for extremely low power consumption in battery-operated and telephone 

applications 
• 12 C 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 01 L; plastic (SOT129). 
PCF8566T: 40-lead mini-pack (VS040; SOT158A). 
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Universal LCD driver for low multiplex rates l PCF8566 

PINNING 
523 

12C bus data input/output 1 SOA 
522 2 SCL 12C bus clock input/output 

38 521 3 SYNC cascade synchronization input/output 

37 520 4 ClK external clock input/output 

519 5 VOO positive supply voltage 

6 OSC oscillator input 
518 

7 AO 
AO 7 517 8 A1 12C bus subaddress inputs 

A1 8 516 9 A2 

32 
10 

515 
SAO 12C bus slave address bit 0 input 

11 VSS logic ground 
5AO 31 514 

PCF8566 12 VlCO lCO supply voltage 
513 

13 BPO 
VLCD 512 14 BP2 

lCO backplane outputs 
15 BP1 

BPO 511 16 BP3 
« BP2 510 17 SO l .... « to to lCO segment outputs 
0 BP1 26 59 J .... 40 S23 
2 BP3 25 58 W 
:2: 
0.. 50 24 57 
0 
..J 
W 51 56 
> 
W 52 55 0 

53 21 54 

7Z97492 

Fig.2 Pinning diagram. 
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___ PCF_856_6_jl _______________ _ 
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 alphanumeric 

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 12 C bus communication channel 
with the PCF8566. The internal oscillator is selected by tying OSC (pin 6) to VSS. 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 (VDD, VSS and VLCD) and to the 
LCD panel chosen for the application. 

HOST 
MICRO

PROCESSOR/ 
MICRO

CONTROLLER 

VSS 

SDA 1 

SCL 2 

12 

17 - 40 24 segment drives 

PCF8566 

13-16 4 backplanes 

7Z97493 

Fig. 3 Typical system configuration. 
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Universal LCD driver for low multiplex rates l ____ P_C_F8_5_6_6 ____ __ 

Power-on reset 

At power-on the PCF8566 resets to a defined starting condition as follows: 

1. All backplane outputs are set to VOO. 

2. All segment outputs are set to VOO. 

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

4. Blinking is switched off. 

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

6. The 12C bus interface is initialized. 

7. 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 VDD - V LCD. The LCD voltage may be temperature 
compensated externally through the V LCD supply to pin 12. Fractional LCD biasing voltages are obtained 
from an internal voltage divider of three series resistors connected between VDD and VLCD. The centre 
resistor can be switched out of circuit to provide a 'Y:! 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 - 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) Von(rms) 
configuration 0 

Vop Vop Voff(rms) 

static (1 BP) static (2 levels) 0 1 00 

1 : 2 MUX (2 BP) 1/2 (3 levels) yI2/4 = 0,354 y'f0/4 = 0,791 y'5 = 2,236 

1 : 2 MUX (2 BP) 1/3 (4 levels) 1/3 = 0,333 .j5/3 = 0,745 y5= 2,236 

1 : 3 MUX (3 BP) 1/3 (4 levels) 1/3 = 0,333 y'33/9 = 0,638 V33/3 = 1,915 

1 : 4 MUX (4 BP) 1/3 (4 levels) 1/3 = 0,333 V313 = 0,577 y'3 = 1,732 
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__ PC_F85_66_jl ________ _ 
LCD voltage selector (continued) 

A practical value for Vop 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 Vop ~ 3 Vth. 
Multiplex drive ratios of 1 : 3 and 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.J21/3 = 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 =y'6Voff(rms) = 2,449 Voff(rms) 

1 : 4 mu Itiplex (1/2 bias) : V op :::: 4)3/3 V off( rms) = 2,309 V off( rms) 

These compare with Vop = 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. 

LCD segments 1--Tframe-', 

BPa VDD -ill---4--{ 
VLCD-- !, 
VDD-n I 
VLCD-J U 

state 1 
(on) 

state 2 
(off) 

Sn+l V

DD

- ill VLCD-- ----
(a) WAVEFORMS AT DRIVER 

state 1 v

o

aP ru 
-Vop 

Vop 

At any instant (t): 

Vstate 1 (t) = VSn (t) - VBPO(t) 

Von(rms) = Vop 

state 2 a 

Vstate 2(t) =VSn+1 (t) - VBPO(t) 

Voff(rms) =0 V 

(b) RESULTANT WAVEFORMS 
AT LCD SEGMENT 

7Z91465 

Fig.4 Static drive mode waveforms: VOP = VDD - 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. 

BPO 

BP1 

Sn+1 

state 1 

state 2 

1- Tf,,~ -I LCD ... m,,' 
(~::+VLCD)/2-~ ~ ___ ..... __ _ 

V~ ~ ~ / 
v state 1 

DD ~ ~state2 
(VDD+VLCD)/2- -U - \ 
VLCD 

VDD-I I I 
VLCD---

VDD n n I 
VLCD ---- ---1 U U ___ ---J 

Vop 

Vop/2---

0----

-Vop/2 ---

-Vop ----

Vop ----

(a) WAVEFORMS AT DRIVER 

V:P/2---~ 

-Vop/2---

-Vop ----
(b) RESULTANT WAVEFORMS 

AT LCD SEGMENT 

At any instant (t): 

Vstate 1 (t) = VSn(t) - VSPO(t) 

Vop r.;. 
Von(rms) = TV 10 = O,791Vop 

Vstate 2(t) = VSn (t) - VSP1 (t) 

Vop 
Voff(rms) = -4-J2 = O,354Vop 

7Z91477 

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

LCD segments 

BPa 

BP1 

Sn+1 

VDD----

VDD- Vop/3 -

VDD- 2Vop/3 -

VLCD--- ./ 
state 1 

VDD ~state2 
VDD- Vop/3 - ~ 
VDD-2 Vop /3 -

VLCD---

~~~-VOP/3----LssL 
VDD- 2Vop/3 -
VLCD---

VDD-2Vop/3-

~~~-VOP/3_~ 
VLCD ___ ....l 

V
op 
___ _ 

2Vop/3--

Vop/3---

state 1 0 ----

-Vop/3---

- 2Vop/3---

-Vop----

Vop ----

2Vop/3---

(a) WAVEFORMS AT DRIVER 

Voop/3--- rI II II 
state 2 ~ L-J L-J L 

-Vop/3---

- 2Vop/3---

-Vop----

(b) RESULTANT WAVEFORMS 
AT LCD SEGMENT 

At any instant (t): 

Vstate 1 (t) = VSn (t) - VBPO(t) 

Vop r;; 
Von(rms) = -3-\15 = 0,745Vop 

Vstate 2(t) = VSn (t) - VBP1 (t) 

Vop 
Voff(rms) = -3-= O,333Vop 

7Z91466 

Fig.6 Waveforms for 1 : 2 multiplex drive mode with 1/3 bias: Vop = VOD - VLCO. 

The backplane and segment drive wavefront for the 1 : 3 multiplex drive mode (three LCO backplanes) 
and for the 1 : 4 multiplex drive mode (four LCO backplanes) are shown in Figs 7 and 8 respectively. 
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At any instant (t): 

Vstate 1(t) = VSn(t) - VBPO(t) 

VOp ;;:;;; 
Von(rms) = 9 V 33 = O,638VOp 

Vstate 2(t) = VSn(t) - VBP1 (t) 

VOp 
Voff(rms)= 3 = O,333Vop 

7Z91478 

Fig.7 Waveforms for 1 : 3 multiplex drive mode: Vop = VOO - VLCO. 
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LCD drive mode waveforms (continued) 
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Fig. a Waveforms for 1 : 4 multiplex drive mode: Vop = VOO- VLCO. 
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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 (fCLK) determines the LCD frame frequency and the maximum rate for data 
reception from the 12 C bus. To allow 12 C 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 VSS. 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 VDD; 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 12 C 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 12 C 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. 

Sh ift 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 S23 (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. I n 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 a 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 bits 
(columns) / 

backplane outputs 
(BP) 

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

7Z97488 

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. 

186 December 1987] ( 



« 
I« 
C 
I
Z 
w 
:!: 
Q.. o 
..J 
W 
> 
W 
C 
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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 0 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. I n 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, Aland A2 (pins 7,8, and 9). AO, Aland A2 should be tied to VSS or VDD. 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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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 0 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 0 then 1 are selected and, in the static mode, bit 0 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 BAN K SE LECT 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. 

I nput 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 BAN K SE LECT 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. 

In the 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. 

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 f C L K/368640 fCLK/61440 0,5 
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CHARACTERISTICS OF THE FC 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 
on Iy 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. 

SDA X -~ 

SCL 
---~ 

data line change 
stable: of data 

data valid allowed 7Z87019 

Fig. 11 Bit transfer. 

Start and stop cond itions 

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 (5). A lOW-to-HIGH transition of 
the data line while the clock is HIGH is defined as the stop condition (P). 

SDA -- !\'--...,I ____ ..... C ___ == ~---~-----t-r-'-rt--- SDA 

I I I I 

I I (--\ I I 
SCL I I \ / I I SCL is: ' '--__ ....J: : 

L ___ ..1 L ___ .J 

start condition stop condition 
7Z87005 

Fig. 12 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 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--~------~----~-------+----~r_------~----~------4_----~------_+--

Fig. 13 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 . 

SCL FROM 
MASTER 

DATA OUTPUT 
BY TRANSMITTER 

DATA OUTPUT 
BY RECEIVER 

start 
condition 

I 
I 

I 
I 
I 
I 

clock pulse for 
acknowledgement 

~ 

--~ 
I 

1\..---L..-/ ---,X~_'{~~y 7 
S 

7Z87007 

Fig. 14 Acknowledgement on the 12C bus. 
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PCF8566 12C bus controller 

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

In single device applications, the hardware subaddress inputs AD, A 1 and A2 are normally left open
circuit or tied to VSS which defines the hardware subaddress O. In multiple device applications AD, A 1 
and A2 are left open-circuit or tied to VSS or VDD according to a binary coding scheme such that no 
two devices with a common 12 C 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. 

FC bus protocol 

Two 12C 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 SAO 
(pin 10). Therefore, two types of PCF8566 can be distinguished on the same 12C bus which allows: 

(a) up to 16 PCF8566s 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. 15. The sequence is initiated with a start condition (S) from the 
FC 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 12C 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 (AD, A 1, A2) 
addressed PCF8566. After the last display byte, the 12C bus master issues a stop condition (P). 
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Command decoder 

Fig. 15 1
2 C bus protocol. 

update data poi nter 
and, if necessary. 

subaddress counter 

The command decoder identifies command bytes that arrive on the 1
2C 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. 

o = last command 
1 = commands continue 

I C I ~ES~ O:F ipC~D~ I 
msb Isb 

7Z91471 

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 

command/opcode options description 

Defines LCD drive mode 
LCD drive mode bits M1 MO 

MODE SET 
static (1 BP) 0 1 
1 : 2 MUX (2 BP) 1 0 

IcI10lLpiEIBIM11Moi 1 : 3 MUX (3 BP) 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 

mode bit LP 
Defines power dissipation mode 

normal mode 0 
power-saving mode 1 

LOAD DATA POINTER Five bits of immediate data, 

I ci 01 0 I P4 P3 P2 pol 
bits P4 P3 P2 P1 PO bits P4 to PO, are transferred 

P1 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, 

I CI1 0lA2 Aol 

bits AO A1 A2 bits AO to A2, are transferred 
1 0 A1 to the subaddress counter to 

3-bit binary value of 0 to 7 define one of eight hardware 
subaddresses 
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command/opcode options description 

BANK SELECT Defines input bank selection 

I CI1 01 110
1 

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

RAM bit 0 RAM bits 0, 1 0 
RAM bit 2 RAM bits 2, 3 1 

Defines output bank selection 
static 1 : 2 MUX bit 0 (retrieval of LCD display data) 

RAM bit 0 RAM bits 0, 1 0 
RAM bit 2 RAM bits 2, 3 1 

The BAN K SE LECT command has 
no effect in 1 : 3 and 1 : 4 multi-
plex drive modes 

BLINK Defines the blinking frequency 

I CI1 

blink frequency bits BF 1 BFO 
0lAIBF1 BFOI 1 1 

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, BFO, 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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PCF8566 

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 (AO, A 1, A2) and the programmable 12C slave address (SAO). It is also 
possible to cascade up to 16 PCF8566s. When cascaded, several PCF8566sare 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 SAO 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. 

VlCD 

I I I I I I I 
I I I I I II 
I I II I II 

I SDA 1 

1-~2 
SYNC 3 

ClK 4 

OSC 6 

VDO 1 
R< 'rie ~ I) 2Cbus 

SDA 1 

HOST SCl 2 
MICRO-

PROCESSOR! SYNC 3 

MICRO- ClK 4 
CONTROllER 

~6 

VSS I 

Lo VlCD 
5 12 

'" 17-40 24 segment drives ) 
PCF8566 " 

13-16 ~ 
7 8 9 10 11 BPO- BP3 

lAO r1 
A2 rAO 

IVSS 
( open-circuit) 

IVDo VlCD 

5 12 

"-
24 segment drives ) 17-40 

PCF8566 II 

~ 
13-16 4 backplanes 

~ BPO to BP3 
7 8 9 10 11 

lAO IA1 A2[SAO IVSS 

Fig. 17 Cascaded PCF8566 configuration. 
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Universal LCD driver for low multiplex rates PCF8566 

1 

I- T ---
frame - fframe -I 

BPO l I 
SYNC lJ U 

(a) STATIC DRIVE MODE 

BPl r (1f2 bias) I 
BPl r (1/3 bias) 

I 
SYNC lJ U (b) 1: 2 MULTIPLEX DRIVE MODE 

<C 
I-
<C 
C BP2 
I-
Z 
w 
:E 

U 
Q. 

SYNC lJ 0 
..J 

(e) 1: 3 MULTIPLEX DRIVE MODE W 
> 
W 
C 

BP3 

lJ U SYNC 

(d) 1: 4 MULTIPLEX DRIVE MODE 
7Z91481 

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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PCF8566 

RATINGS 

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

Supply voltage range; see note VDD 

LCD supply voltage range V LCD 

Input voltage range (SCL; SDA; 
AO to A2; OSC; CLK; SYNC; SAO) 

Output voltage range (SO to S23; 
BPO to BP3) 

DC input current 

DC output current 

VDD, VSS or VLCD current 

Power dissipation per package 

Power dissipation per output 

Storage temperature range 

Note 

VA 

± II 

± 'a 
± 'DD, ± ISS, ± 'LCD 

Ptot 

Po 
Tstg 

-0,5 to + 7 V 

VDD -7 to VDD V 

VSS --0,5 to VDD + 0,5 V 

VLCD--0,5 to VDD + 0,5 V 

max. 20 mA 

max. 25 mA 

max. 50 mA 

max. 400 mW 

max. 100 mW 

-65 to + 150 °C 

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 MaS devices (see 
'Handling MaS devices'). 

DC CHARACTERISTICS 

VSS = 0 V; VDD = 2,5 to 6 V; VLCD = VDD -2,5 to VDD -6 V; 

T amb = -40 to +85 oC; unless otherwise specified 

parameter symbol min. 

Operating supply voltage VDD 2,5 

LCD supply voltage VLCD VDD-6 

Operating supply current 
(normal mode) at fCLK 
= 200 kHz (note 1) IDD -

Power-saving mode supply current 
at VDD = 3,5 V; VLCD = 0 V; 
fCLK = 35 kHz; AO, A 1 and A2 
tied to VSS (note 1) ILP -

198 December 19871 ( 
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- 6 V 

- VDD -2,5 V 

30 90 J.lA 
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Universal LCD driver for low multiplex rates 

parameter symbol 

Logic 

I nput voltage LOW VIL 

Input voltage HIGH VIH 

Output voltage LOW at 10 = 0 mA VOL 

Output voltage HIGH at 10 = 0 mA VOH 

Output current LOW (CLK, SYNC) 
at VOL = 1,0 V; V D D = 5 V 10L1 

Output current HIGH (CLK) 
at VOH = 4,0 V; VDD = 5 V 10H 

Output current LOW (SDA; SCL) 
at VOL = 0,4 V; V D D = 5 V IOL2 

Leakage current (SAO, CLK, OSC, AO, 
A 1, A2, SCL, SDA) at VI = VSS 
or VDD ±IL 

Pull-down current (AO; A 1; A2; OSC) 
at VI = 1 V and VDD = 5 V Ipd 

Pull-up resistor (SYNC) RSYNC 

Power-on reset level (note 2) VREF 

Tolerable spike width on bus tsw 

I nput capacitance (note 3) CI 

LCD outputs 

D.C. voltage component (BPO to BP3) 
at CBP = 35 nF ±VBP 

D.C. voltage component (SO to S23) 
at Cs = 5 nF ±VS 

Output impedance (BPO to BP3) 
at VLCD = VDD -5 V (note 4) RBP 

Output impedance (SO to S23) 
at VLCD = VDD -5 V (note 4) RS 

l ___ P_C_F_8_5_6_6 ____ __ 

min. typo max. unit 

VSS - 0,3 VDD V 

0,7 VDD - VDD V 

- - 0,05 V 

VDD -0,05 - - V 

1 - - mA 

- - -1 mA 

3 - - mA 

- - 1 p..A 

15 50 150 p..A 

15 25 60 kS1 

- 1,3 2,0 V 

- - 100 ns 

- - 7 pF 

- 20 - mV 

- 20 - mV 

- 1 5 kS1 

- 3 7,0 kS1 
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__ PC_F85_66_Jl _______ _ 

200 

AC CHARACTERISTICS (note 5) 

VSS = 0 V; VDD = 2,5 to 6 V; VLCD = VDD -2,5 to VDD -6 V; 

T amb = -40 to +85 oC; unless otherwise specified 

parameter symbol min. 

Oscillator frequency (normal mode) 
at VDD = 5 V (note 6) fCLK 125 

Oscillator frequency (power-saving 
mode) at VDD = 3,5 V fCLKLP 21 

CLK HIGH time tCLKH 1 

CLK LOW time tCLKL 1 

SYNC propagation delay tpSYNC -

SYNC LOW time tSYNCL 1 

Driver delays with test loads 
at VLCD = VDD -5 V tPLCD -

12 C bus 

B us free ti me tBUF 4,7 

Start condition hold time tHD; STA 4 

SCL LOW time tLOW 4,7 

SCL HIGH time tHIGH 4 

Start condition set-up time 
(repeated start code only) tsu; STA 4,7 

Data hold time tHD; DAT 0 

Data set-up time tsu; DAT 250 

Rise time tr -
Fall time tf -

Stop condition set-up time tsu; STO 4,7 

Notes to characteristics 

typo max. unit 

200 315 kHz 

31 48 kHz 

- - f.J.S 

- - f.J.S 

- 400 ns 

- - f.J.S 

- 30 f.J.S 

- - f.J.S 

- - f.J.S 

- - f.J.S 

- - f.J.s 

- - f.J.s 

- - f.J.s 

- - ns 

- 1 f.J.S 

- 300 ns 

- - f.J.S 

1. Outputs open; inputs at VSS or VDD; external clock with 50% duty factor; 12 C bus inactive. 

2. Resets all logic when VDD < VREF. 

3. Periodically sampled, not 100% tested. 

4. Outputs measured one at a time. 

5. All timing values referred to VIH and VI L levels with an input voltage swing of VSS to VDD. 

6. At fC LK < 125 kHz, 12 C bus maximum transmission speed is derated. 
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« 
~ 
C 
I
Z 
w 
:1: 
0.. o 
..J 
W 
> 
W 
C 

CLK 3,3 kn 
-----c::J---- 0,5 V D D 

(pin 4) (2%) 

SDA SCL 1,5 kn , -----c::J---- VDD 
(pins 1, 2) (2%) 

SYNC 6,8 kn 
-----c::J---- VDD 

(pin 3) (2%) 

BPOtoBP3 ----{]Cr----
{pins 13to16) I ~25"A 

- load~ ,.. 

SOtoS23~ 
(pins 17 to 40) _ Iload"" 15ILA 

7Z97490 

Fig. 19 Test loads. 

CLK 

BPO to BP3 
SO to 523 

-/-_____ --;" 0,5 V 

t 
(VDD=5V) 

'--____ --,.~0,5 V 

t 7Z97491 --tPLCD-

Fig. 20 Driver timing waveforms. 
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__ PC_F85_66_Jl _______ _ 

SDA 

SCL 

SDA 

7Z87013.2 

- tHD;STA -

tSU;STA 

Fig.21 12 C bus timing waveforms. 

---tSU;STO 

Purchase of Philips' 12C components conveys a license under the 
Philips' 12 C patent to use the components in the 12 C-system provided 
the system conforms to the 12 C specifications defined by Philips. 
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7Z24051 
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-40 0 C/ 

Y 
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~V 

b? 

4 Voo (V) 

(a) Normal mode; VLCD = 0 V; 
external clock = 200 kHz. 

8 

24 

16 

8 

o 
o 

7Z24052 

~ 
V V ~ 

./ ./ 
V V 
V 

4 
Voo (V) 

(b) Low power mode; VLCD = 0 V; 
external clock = 35 kHz. 

Fig. 22 Typical supply current characteristics. 

6 
7Z24053 

RSp 
(kn) 

4 

\ 
\ 

.......... - - -
o 

o 4 
Voo (V) 8 

(a) Backplane output impedance BPO to BP3 (RBP); 
VDD = 5 V; Tamb = -40 to + 85 °C. 

12 

RS 
(kn) 

8 

4 

o 

25°C 
85°C, 

o 

7Z24054 

~400C 

~\ 
~ ~ :::::-I---

4 Voo(V) 8 

(b) Segment output impedance SO to S23 (RS); 

VDD = 5 V. 

Fig. 23 Typical characteristics of LCD outputs. 
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VLCD 

m 

OJ 
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~ " III ~:::-SCL 

S47 

S46-

S21-

S20-

S19-

A2 

S12 -

S11 -

S10-

S9 - rPO 
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BP1 

BP3 

S1 

- S2 

- S3 

,=S24 
-S25 
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-S27 
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y 

BACKPLANES SEGMENTS 7Z97487.1 

Fig. 24 Single plane wiring of packaged PCF8566s. 
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128 X 8-BIT 1256 X 8-BIT 

STATIC RAMS WITH 12C-BUS INTERFACE 
GENERAL DESCRIPTION 

PCF8570 
PCF8570C 
PCF8571 

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 are transferred serially via a two-line bidirectional bus (1 2 C). The built-in word 
address register is incremented automatically after each written or read data byte. Three address pins 
AO, A 1 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 PCF8570171 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 
• low data retention voltage 
• low standby cu rrent 
• Power saving mode 

Applications 

• Telephony 

• Radio and television 
• Video cassette recorder 
• General purpose 

PCF8570 
PCF8570C 
PCF8571 

2.5 V to 6 V 
min.1.0V 
max. 15 J.lA 
typo 50 nA 

• Serial input/output bus (1 2 C) 
• Address by 3 hardware address pins 
• Automatic word address incrementing 
• 8-lead DI l package 

RAM expansion for stored numbers in repertory dialling 
(e.g. PC03343 applications) 
channel presets 
channel presets 
RAM expansion for the microcontroller families MAB8400, 
PCF84CXX and most other microcontrollers 

WORD 
ADDRESS 
REGISTER 

MEMORY 
CELL 

ARRAY 
AO-4~------------~ 

Al-4~------------, 

A2-+3+-________ --, 

SCL 

SDA 

L...-______ --.< ________ -+-\ CONTROL 

voo 

vSS 

TEST 

PACKAGE OUTLINES Fig.1 Block diagram. 

PCF8570/PCF8570C/ PCF8571/P: 8-lead 01 l; plastic (SOT97). 
PCF8570/PCF8570C/ PCF8571/T: 8-lead mini-pack (S08l; SOT176C). 

lZ90775.3 
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PCF8571 

PCF8570 l 
PCF8570C 

'--------------------------------------------------------------
PINNING 

1 to 3 
4 
5 
6 
7 

8 

AO to A2 
VSS 
SDA 
SCL 
TEST 

VDD 

RATINGS 

address inputs 
negative supply 
serial data line 112 C-b 
serial clock line J us 
test input for test speed-up; must be connected to VSS when not in use 
(power saving mode, see Figs 12 and 13) 
positive supply 

PCF8570 
PCF8570C 
PCF8571 

7Z87034.3 

Fig.2 Pinning diagram. 

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

parameter symbol min. max. unit 

Supply voltage range VDD -0.8 +8.0 V 

Input voltage range VI -0.8 VDD+0.8 V 

DC input current ± II - 10 mA 

DC output current ± 10 - 10 mA 

VDD or VSS current ± IDD; ± ISS - 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 MaS devices (see 
'Handling MaS Devices'), 
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128 x 8-bit/256 x 8-bit static RAMs with 12C-bus interface 

CHARACTERISTICS 

PCF8570 
PCF8570C 
PCF8571 

VOO = 2.5 to 6 V; VSS = 0 V; Tamb = -40 to +85 oc unless otherwise specified 

parameter conditions symbol min. typo max. 

Supply 

Supply voltage VOO 2.5 - 6.0 

Supply current VI = VOO or VSS 
operating fSCl = 100 kHz 100 - - 200 

standby fSCl = 0 Hz 1000 - - 15 
T amb = -25 to + 70 oC 1000 - - 5 

Power-on reset level note 1 VPOR 1.5 1.9 2.3 

Inputs, input/output SOA 

Input voltage lOW note 2 Vil -0.8 - 0.3VOO 

Input voltage HIGH note 2 VIH 0.7VOO - VDO+0.8 

Output current lOW Val = 0.4 V 10l 3 - -

leakage current VI = VDO or VSS II Li - - 1 

Inputs AD to A2; TEST 

Input leakage current VI = VOO or VSS ± III - - 250 

Inputs SCl; SOA 

Input capacitance VI = VSS CI - - 7 

lOW VOO data retention 

Supply voltage for 
data retention VOOR 1 - 6 

Supply current VOOR = 1 V 100R - - 5 

Supply current VOOR = 1 V; 
Tamb = -25 to + 70 oC 100R - - 2 

Power saving mode see Figs 12 and 13 

Supply current TEST = VOO; 
Tamb = 25 oc 

PC F8570/PC F8570C 100R - 50 400 
PCF8571 100R - 50 200 

Recovery time tH02 - 50 -

Notes to the characteristics 

1. The power-on reset circuit resets the 12 C-bus logic when VOO < 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. 

unit 

V 

I1A 

I1A 
I1A 

V 

V 

V 

mA 

I1A 

nA 

pF 

V 

I1A 

I1A 

nA 
nA 

I1S 

2. If the input voltages are a diode voltage above or below the supply voltage VOO or VSS an input 
current will flow: this current must not exceed ± 0.5 mA. 
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PCF8571 

PCF8570 l 
PCF8570C 

'--------------------------------------------------------------
CHARACTERISTICS OF THE FC-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. 

SDA --''---+-_____ -4-...JX;I....--I-__ 

SCL 

Start and stop conditions 

data line 
stable: 

data valid 

change 
of data 
allowed 

Fig.3 Bit transfer. 

7Z87019 

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). 

SDA --!\ .... --+l------<c---~~ ~-----"------_+r-J-rt_-- SDA 
I I I I 

SCL : : \ ;---\'---__ -J/ i ! 
: S : _ I I 

SCL 

L ___ -1 L ___ ~ 

start condition stop condition 
7Z87005 

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 
PCF8570C 
PCF8571 

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----------~------------~--------------~------------~------------~--

SCL--~------~----~------_+------~------+_----~------~----~------_+--

7Z87004 

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 HI G H 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 H IG H 
to enable the master to generate a stop condition. 

SCL FROM 
MASTER 

DATA OUTPUT 
BY TRANSMITTER 

DATA OUTPUT 
BY RECEIVER 

start 
condition 

I 
I 

I 
I 
I 
I 
I 

clock pulse for 
acknowledgement 

t 

--~ 

~'----L--/ _X,--_K~~-:X 7 
I 
S 

Fig.6 Acknowledgement on the 12C-bus. 

7Z87007 
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PCF8571 

PCF8570 l 
PCF8570C 

'------------------------------------------------------
Timing specifications 

All the timing values are valid within the operating supply voltage and ambient temperature range and 
refer to VI L and VI H with an input voltage swing of VSS to VDD. 

parameter symbol min. typo max. unit 

SCL clock frequency fSCL - - 100 kHz 

Tolerable spike width on bus tsw - - 100 ns 

Bus free time tBUF 4.7 - - JlS 

Start condition set-up time tsu; STA 4.7 - - JlS 

Start condition hold time tHD; STA 4.0 - - JlS 

SCL LOW time tLOW 4.7 - - JlS 

SCL HIGH time tHIGH 4.0 - - Jls 

SCL and SDA rise time tr - - 1.0 JlS 

SCL and SDA fall time tf - - 0.3 JlS 

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 JlS 

Stop condition set-up time tsu; STO 4.0 - - JlS 

PROTOCOL 

SCL 

SOA 

7ZB1193.2 tsu; OAT tHO; OAT tVO;OAT tSU;STO 

Fig.7 12 C-bus timing diagram. 
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128 x 8-bit/256 x8-bit static RAMs with 12C-bus interface 

PCF8570 
PCF8570C 
PCF8571 

Bus protocol 

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

acknowledge 
from slave 

~ 
s SLAVE ADDRESS 0 A 

R/W 

7Z87031.2 

WORD ADDRESS 

acknowledge 
from slave 

~ 
A DATA 

acknowledge 
from slave 

~ 
A P 

L-- n bytes--t 

auto increment 
memory word address 

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

acknowledge 
from slave 

~ 

acknowledge 
from slave 

~ 

acknowledge 
from slave 

~ 

acknowledge 
from master 

~ 
L-S-L~S_L~A_V_ELA_DLD~R_ES~S __ LO~A-L~~WL-0LR_D~A_D~D_R~E~S_SL-LA~_S~ __ SLL_ALV_E~A~D_D_RLE_SLS~~_A-L-L-L~_DA~TLA-L-L~~_A~ -~ 

R lIN transmitter becomes ---j I 
master receiver and auto increment 

7Z90778.2 PCF8570/ word address 

t at this ~oment master)~)w _ n bytes -1"r 

PCF8570C/PCF8571 

slave receiver becomes n~r~~::~~~ge 

S 

7Z90777 

~m~~ ~ 

L - --I : : :D~TA: : : 11 1 P 

lastbyte 4 
Fig.8(b) Master reads after setting word address 

(WRITE word address; READ data). 

acknowledge acknowledge no acknowledge 
from slave from master from master 

• • • 

auto increment 
word address 

auto increment 
word address 

auto increment 
word address 

Fig.8(c) Master reads slave immediately after first byte (R EAD mode). 
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PCF8571 

PCF8570 l 
PCF8570C 

----------------------------------------------------~ 

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.l 0). 

I 1 I 0 I 1 I 0 I A2 I A1 I AO I R/W I 
1_ group 1 -1_ group 2 _I 7Z87030.1 

Fig.9 PCF8570 and PCF8571 address. 

1-group 1 __ group 2_1 7Z95973 

Fig.10 PCF8570C address. 

Note 

AO, A 1, and A2 inputs must be connected to VDD or VSS but not left open-circuit. 
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128 x 8-bit/256 x 8-bit static RAMs with 12 C-bus interface 

Voo 

Voo 

Voo 

VOO 

VOO 

Voo 

VOO 

VOO 

0 

0 

0 

0 

0 

0 

Voo 

AO Voo 
SCl 

PCF8570/ 
A1 PCF8571 

'1010' SDA 
A2 TEST VSS 

Voo 

AO Voo 
SCl 

Voo 

AO Voo 

PCF8570/ 
SCl 

A1 PCF8571 

VOO 

AO VOO 
SCl 

A1 
PCF8570C 

'1011' SOA 
A2 TEST VSS 

VOO 

AO VOO 

A1 
PCF8570C 

PCF8570C 
A1 

SCl 

SCl J----+-..... 

SOA SCl 
(12 C bus) 

up to 8 PCF8570/PCF8571 

to Voo 

~ 

R R 

R : pull· up resistor 

R=~ 
C8US 

up to 8 additional 
devices 

using PCF8570C 
(16 max.) 

lZ90774.3 

PCF8570 
PCF8570C 
PCF8571 

It is recommended that a 4.7 ~F/10 V solid aluminium capacitor (SAL) be connected between VDD and 
VSS· 

Fig.11 Application diagram. 
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PCF8571 

PCF8570 l 
PCF8570C 

'------------------------------------------------------
POWER SAVING MODE 

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

TEST 

SCL 

SOA 

100 

power saving power saving 
__ mode (n __ operating mode __ mode (2) -

TEST = VOOR TEST = VOO 

(1) Power saving mode without 5 V supply voltage. 
(2) Power saving mode with 5 V supply voltage. 
(3) tsu and tHD1 ~ 4 fJ,S and tHD2 ~ 50 fJ,S. 

Fig.12 Timing for power saving mode. 

+5V----~--~---4~lrr~--~~r-----~~----11----1 

7Z96997 

VOOR 

I 
1,2V 

(NiCd) 

" 4 

7Z90776.3 

(1) In the operating mode TEST = 0; In the power saving mode TEST = VDDR. 

VOO 

VOOR 
OV 

VOO 

VOOR 
ov 

(3) 

VOO 

VO OR 
OV 

VOO 

VO OR 
OV 

100 

IOOS 

It is recommended that a 4.7 fJ,F/10 V solid aluminium capacitor (SAL) be connected between VDD and 

VSS· 

Fig.13 Application example for power saving mode. 
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CLOCK/CALENDAR WITH SERIAL I/O 

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 (1 2 C). 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. typo max. unit 

Supply voltage range 
clock (pin 16 to pin 15) VDD-VSS1 1.1 - 6.0 V 
1

2 C interface (pin 16 to pin 8) VDD-VSS2 2.5 - 6.0 V 

Crystal oscillator frequency fosc - 32.768 - kHz 

PACKAGE OUTLINES 

PC F8573P: 16-lead D I L; plastic (SOT38). 
PCF8573T: 16-lead mini-pack; plastic (S016L; SOT162A). 
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32.768 kz 

OSCO 14 

13 OSCILLATOR 

4 
SDA--~~~~--~, 

SC L --t-+---, 

AO 

A1 

7Z86685.1 

FSET 

PRESCALER 

1: 2 15 

A1 

V DD 

vSS1 

osco 

OSCI 

TEST 

FSET 

SEC 

Fig.2 Pinning diagram. 
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SECONDS 

COUNTER 

1: 60 

MIN SEC 

9 10 

LS 

TIME COUNTER 

V DD t-------., 

16 

RESET 

6 
EXTPF 

~-----+-- PFI N 

COMP 

ALARM REGISTER TEST 

G LEVEL SHIFTER PCF8573 

7Z86691.1 

Fig.1 Block diagram. 

PINNING 

1 AO address input 
2 A1 address input 
3 CaMP comparator output 
4 SDA serial data line \ 12C-bus 
5 SCL serial clock line f 
6 EXTPF enable power fail flag input 
7 PFIN power fail flag input 
8 VSS2 negative supply 2 WC interface) 
9 MIN one pulse per minute output 
10 SEC one pulse per second output 
11 FSET oscillator tuning output 
12 TEST test input; must be connected 

to VSS2 when not in use 
13 ascI oscillator input 
14 OSCO oscillator input/output 
15 VSS1 negative supply 1 (clock) 
16 VDD common positive supply 



Clock/calendar with serial I/O 

FUNCTIONAL DESCRIPTION 

Oscillator 

PCF8573 

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 VDD. 

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-LOWof 
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 4,6,9,11 
01 to 31 31--01 1,3,5,7,8, 10, 12 

months 5 01 to 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 
COMPo 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 COMPo 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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FUNCTIONAL DESCRIPTION (continued) 

Power on/power fail detection 

If the voltage VOO-VSS1 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 AOORESS has been received. 
The flag POWF can be set by an internally generated power fail level-discriminator signal for application 
with (VOO-VSS1) greater than VTH1, or by an externally generated power fail signal for application 
with (VOO-VSS1) less than VTH1. 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 

0 0 power fail is sensed internally 
0 1 test mode 
1 0 power fail is sensed externally 
1 1 no power fa i I sensed 

0: connected to VSS1 (LOW) 
1 : connected to VOO (HIGH) 

The external power fail control operates by absence of the VOO-VSS2 supply. Therefore the input 
levels applied to PFIN and EXTPF must be within the range of VOO-VSS1' 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 VOO-VSS2 is less than VTH2. 

I nterface level shifters 

The level shifters adjust the 5 V operating voltage (VOO-VSS2) of the microcontroller to the internal 
supply voltage (VOO-VSS1) of the clock/calendar. The oscillator and counter are not influenced by 
the VOO-VSS2 supply voltage. If the voltage VOO-VSS2 is absent (VOO = VSS2) the output signal 
of the level shifter is HIGH because VOO is the common node of the VOO-VSS2 and the VOO-VSS1 
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, MI N and CaMP are CMOS push-pull output stages. The driving 
capability of these outputs is lost when the supply voltage VOO-VSS2 = O. 
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Clock/calendar with serial I/O PCF8573 

CHARACTERISTICS OF THE 12C-8US 

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. 

SDA ---'~-l-_____ -I---,X\----l-__ 

SCL 

data line 
stable: 

data valid 

change 
of data 
allowed 

Fig.3 Bit transfer. 

Start and stop conditions (see Fig. 4) 

-~ 

---~ 

7Z87019 

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 H IG H is defined as the start condition (S). A lOW-to-H IG H transition of 
the data line while the clock is H IG H is defined as the stop condition (P). 

SOA ------F\-1 cn~ I)t--- SOA 

I \..'_I~---L _______ --- ----------~------+I~, I 
I I I I 
I Ir---, + I 

SCL : : \, ____ / \\.., ___ ...,,/ :: SCL 
I I I I 
L ___ J L ___ .J 

start condition stop condition 
7Z87005 

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------4r------~-----------~-----------~--------~-

SCL--~---~--~-----_+-----~-----+_----~------~----~------_4--

7Z87004 

Fig.5 System configuration. 
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PCF8573 

CHARACTERISTICS OF THE 12C-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 is a HI G H 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. (See Fig.10 and Fig.11). 

SCl FROM 
MASTER 

start 
condition 

I 
I 

I 
I 
I 
I 
I 

clock pulse for 
acknowledgement 

t 
--~ 

DATA OUTPUT 
BY TRANSMITTER ~~L..-/ _X~_)(~~)( 7 

DATA OUTPUT 
BY RECEIVER 

I 
S 

Mavl9891 ( 

--~ 

7Z87007 

Fig.6 Acknowledgement on the 12 C-bus. 



Clock/calendar with serial I/O PCF8573 

Timing specifications 

All the timing values are valid within the operating supply voltage and ambient temperature range and 
refer to VI Land VIH with an input voltage swing of VSS to VDD. 

parameter symbol min. typo max. unit 

SCL clock frequency fSCL - - 100 kHz 

Tolerable spike width on bus tsw - - 100 ns 

Bus free time tBUF 4.7 - - J.LS 

Start condition set-up time tsu; STA 4.7 - - J.LS 

Start condition hold time tHD; STA 4.0 - - J.LS 

SCL LOW time tLOW 4.7 - - J.LS 

SCL HIGH time tHIGH 4.0 - - J.LS 

SCL and SDA rise time tr - - 1.0 J.LS 

SCL and SDA fall time tf - - 0.3 J.LS 

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 J.LS 

Stop condition set-up time tsu; STO 4.0 - - J.LS 

PROTOCOL 

SCl 

SDA 

7ZB1193.2 tHD;STA tSU;DAT tHD;DAT tVD;DAT tSU;STO 

Fig.7 12 C-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. 

MSB LSB 

I 1 I 1 0 I 1 I 0 A1 I AO I R/W I 
7Z86686 

Fig.8 Slave address. 

The subaddress bits AD and A 1 correspond to the two hardware address pins AD and A 1 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 WR ITE cycles is shown in Figs 9, 
10 and 11. 

acknowledge acknowledge acknowledge 
from slave from slave from slave 

R/W + + MSB LSB + 

S CLOCK/CALENDAR 
ADDRESS 

0 A MODE POINTER A DATA A P 

auto increment 
of B1, BO 

7Z86687 

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 execute address 
0 0 0 1 read control/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 
0 1 0 1 set NODA flag 
0 1 1 0 reset CO M P 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. + 30 s. 

Table 4 ADDRESS-nibble 

B2 B1 BO addressed to: 

0 0 0 0 time counter hours 
0 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 
0 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 

upper digit 

UD UC UB UA LD 

X X D D D 
X D D D D 
X X D D D 
X X X D D 

Where: 

"X" is the don't care bit 
"D" is the data bit 

LSB 

lower digit 

LC LB LA addressed to: 

D D D hours 
D D D minutes 
D D D days 
D D D months 

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 

C2 C1 CO B2 B1 BO 

0 0 0 0 0 X X X yes yes 
0 0 0 0 1 X X X yes no 
0 0 0 1 X X X X yes yes 
0 0 1 0 X X X X yes yes 
0 0, 1 1 X X X X yes yes 
0 1 0 0 X X X X yes yes 
0 1 0 1 X X X X yes yes 
0 1 1 0 X X X X yes yes 
0 1 1 1 X X X X yes no 
1 X X X X X X X yes no 

Where: 

"X" is the don't care bit. 

Table 7 Organization of the BCD digits in the DATA byte 

MSB DATA 

upper digit 

UD UC UB UA 

0 0 D D 
0 D D D 
0 0 D D 
0 0 0 D 

0 0 0 * 

Where: 

"D" is the data bit 
* = minutes 
* * = seconds. 

LD 

D 
D 
D 
D 

** 
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LSB 

lower digit 

LC LB LA 

D D D 
D D D 
D D D 
D D D 

NODA COMP POWF 

yes 
no 
no 
no 
no 
no 
no 
no 
no 
no 

addressed to 

hours 
minutes 
days 
months 

control/status flags 



acknowledge 
from slave 

R/vd 

S I CLOCK/CALE~D~R 10 I A I 
ADDRESS 

MODE POINTER 

acknowledge acknowledge acknowledge 
from slave from slave from master 

+ R/wtMSB LSB t MSB 

I A I s I C~O~K/~A~E~D;R 11 I A I 
I I 

IAI 

I 

DATA DATA ADDRESS 

atthls~omentmaster }Jt(n_1) bytes _it nth byte 
transmitter becomes 
master receiver and 
CLOCK/CALENDAR 
becomes slave transmitter auto Increment auto Increment 

of B1, BO of B1, BO 

(1) 
no acknowledge 

LSB + 

7Z86690.1 

(1) The 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. 

Fig.10 Master transmitter reads clock/calendar after setting mode pointer. 

To read the addressed part of the time counter and alarm register, plus information from specified control/status flags, the BCD digits in the 
DATA byte are organized as shown in Table 7. 

acknowledge acknowledge 
from slave from master (1) 

R/W + MSB LSB + 

WO~:6~~~~~~R [1 I A I I I DATA I A I p I I+- I 
I I 
I n bytes _I 

auto increment 
of B1, BO 7Z86689 

:s: (1) The 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. 

co 
00 
co 

N 
N 
0'1 

Fig.11 Master reads clock/calendar immediately after first byte. 

The status of the MODE-POINTER-WORD concerning the CONTROL-nibble remains unchanged until a write to MODE POINTER condition 
occurs. 
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RATINGS 

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

parameter condition symbol min. max. 

Supply voltage range 
pin 16 to pin 15 VOO,-:VSSl -0.3 8.0 
pin 16 to pin 8 VOO-VSS2 -0.3 8.0 

Voltage input 
pins 4 and 5 note 1 VI VSS2-0.8 VOO+0.8 
pins 6, 7, 13 and 14 VI VSS1-0.6 VOO+0.6 
any other pin VI VSS2-0.6 VOO+0.6 

Input current II - 10 

Output current 10 - 10 

Power dissipation 
per output Po - 100 

Total power dissipation Ptot - 200 

Operating ambient 
temperature range Tamb -40 +85 

Storage temperature range Tstg -55 +125 

Note to the Ratings 

1. With input impedance of minimum 500 n. 

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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CHARACTER ISTICS 

VSS2 = 0 V; Tamb = -40 to + 85 OC unless otherwise specified. Typical values at Tamb =+ 25 oC 

parameter conditions symbol min. typo max. unit 

Supply 

Supply voltage 
12 C interface VOO-VSS2 2.5 5.0 6.0 V 
clock tHO; OAT> 

300 ns VOO-VSS1 1.1 1.5 VOO-VSS2 V 

Supply current 
VSS1 (pin 15) VOO-VSS1 = 1.5 V -ISS1 - 3 10 JlA 

VOO-VSS1 = 5 V -ISS1 - 12 50 JlA 

VSS2 (pin 8) VOO-VSS2=5 V; 
10 = 0 all outputs -ISS2 - - 50 JlA 

Input SCl; 
input/output SOA 

I nput voltage LOW VIL - - 0.3VOD V 

Input voltage HIGH VIH 0.7VOO - - V 

Leakage current VI =VSS2 or VOO IILI - - 1 JlA 

Input capacitance CI - - 7 pF 

Inputs AO, A1, 
TEST 

Input voltage LOW VIL - - 0.2V OD V 

Input voltage HIGH VIH O.7VOO - - V 

Input leakage current VI =VSS2 or VOO ± III - - 250 nA 

Inputs EXTPF, 
PFIN 

Input voltage LOW VIL 0 - 0.2 VOD-VSS1 V 

Input voltage HIGH VIH 0.7 VOO-VSS1 - - V 

Input leakage current VI = VSS1 to VOO ± III - - 1.0 JlA 
Tamb = 25 oC; 
VI =VSS1 to VOO ± III - - 0.1 JlA 
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CHARACTERISTICS (continued) 

parameter conditions symbol min. typo max. unit 

OutputSDA 

(n channel open drain) 

Output "ON" 10=3mA; 
VOO-VSS2 = 2.5 to 
to 6 V VOL - - 0.4 V 

Leakage current VOO-VSS2 = 6 V; 
VO=6V IILI - - 1 p.A 

Outputs 

Outputs SEC, MIN, CaMP, FSET 
(normal buffer outputs) 

Output voltage LOW VOO-VSS2 = 2.5 V; 
10 =0.3 rnA VOL - - 0.4 V 

VOO-VSS2 = 4 to 6 V; 
10 = 1.6 rnA VOL - - 0.4 V 

Output voltage HIGH VOO-VSS2 = 2.5 V; 
-10 = 0.1 rnA VOH Voo-O.4 - - V 

VOO-VSS2 = 4 to 6 V; 
-10 = 0.5 rnA VOH Voo-O.4 - - V 

Internal threshold voltage 

Power failure detection VTHl 1 1.2 1.4 V 

Power "ON" reset VTH2 1.5 2.0 2.5 V 

Rise and fall times of 
input signals 

Input EXTPF t r, tf - - 1 p.s 

Input PFIN t r, tf - - 00 p.s 

Input signals except EXTPF 
and PF I N between V I Land 
VIH levels 

rise time tr - - 1 p.s 

fall time tf - - 0.3 p.s 
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parameter conditions symbol min. typo max. unit 

Oscillator 

Integrated osci Ilator 
capacitance COUT - 40 - pF 

Oscillator feedback 
resistance Rf - 3 - M.Q 

Oscillator stability ~(VDD-VSSl ) 
= 100 mV; at 
VDD-VSSl = 1.55 V; 
Tamb = 25 oC f/fosc - 2 x 10-7 - -

Quartz crystal parameters f = 32.768 kHz 

Series resistance RS - - 40 k.Q 

Parallel capacitance CL - 10 - pF 

Trimmer capacitance CT 5 - 25 pF 
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APPLICATION INFORMATION 

r-~~----~~~----~-------+5V 

R: pull-up resistor 

VDD 

PCF8570 

+--+----1 SDA MASTER DEVICE 

'--y---' 
detection circuit 
with very high 

impedance 

128 x 8 BIT STATIC CMOS RAM 

VSS 

OSCI 

SDA I--t-~ 

SC L I----+-_+_---. 
VSS1 

1,2V 
(NiCa) 

Rch : resistor for 

permanent charging 

+ 

SCL MICROCONTROLLER 

PCF8577 

64 LCD 

SEGMENT DRIVER 

7Z86688.3 

Fig.12 Application example of the PCF8573 clock/calendar. 

+5V--~--~--~---;~rr----~------~--------~r--------. 

R R 

~~------------------~~------------------~-+----~ SDA 

SCL SDA VDD 

MASTER 

MICRO -

CONTROLLER 

VSS 

SCL 

PCF8571 

VSS 

7Z87945.1 

Fig.13 Application example of the PCF8573 with common VSSl and VSS2 supply. 
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Clock/calendar with serial I/O l ____ P_C_F8_5_7_3 ____ __ 

12 

8 

4 

o 
o 

./ 

7Z24490 

L 
V 

/ 

lZ 
/ 

V 

4 
VDD -VSS1 (V) 

Fig.14 Typical supply current (-1551) as a function of clock supply voltage (VDD-VSS1) at 
Tamb = -40 to +85 °C. 

Purchase of Philips' 12 C components conveys a license under the 
Philips' 12 C patent to use the components in the 12 C-system provided 
the system conforms to the 12C specifications defined by Philips. 
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____ fj_~_J PCF8574 
PCF8574A 

REMOTE 8-BIT I/O EXPANDER FOR 12C-BUS 

GENERAL DESCRIPTION 

The PCF8574 is a single-chip silicon gate CMOS circuit. It provides remote I/O expansion for the 
MAB8400 and PCF84CXX microcontroller families via the two-line serial bidirectional bus (1 2 C). 
It can also interface microcomputers without a serial interface to the 12 C-bus (as a slave function only). 
The device consists of an 8-bit quasi-bidirectional port and an 12 C interface. 
The PCF8574 has low current consumption and includes latched outputs with high current drive 
capability for directly driving LEDs. It also possesses an interrupt line (INT) which is connected to the 
interrupt logic of the microcomputer on the 12 C-bus. By sending an interrupt signal on this line, the 
remote I/O can inform the microcomputer if there is incoming data on its ports without having to 
communicate via the 12 C-bus. This means that the PCF8574 can remain a simple slave device. 

The PCF8574 and the PCF8574A versions differ only in their slave address as shown in Fig.9. 

Features 

• Operating supply voltage 2.5 V to 6 V 
• Low stand-by cu rrent consumption max. 10 flA 
• Bidirectional expander 
• Open drain interrupt output 
• 8-bit remote I/O 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) 

INT +_+-':.::,3------1 

AO-~--------~ 

A'-~--------~ 
A2-~-------~ 

SCL -~:'--.I 

SDA+_~_.I 

VDD--f....'-"--~ 

VSS 

PCF8574 
PCF8574A 

+--+ 

+--+ SHIFT 
REGISTER 

write pulse 

read pulse 

Fig.1 Block diagram. 
PACKAGE OUTLINES 

PCF8574P, PCF8574AP: 16-lead D I L; plastic (SOT38). 
PCF8574T, PCF8574AT: 16-lead mini-pack; plastic (S016L; SOT162A). 

I/O 
PORTS 

7Z85821.2 

PO 

P' 

P2 

P3 

P4 

P5 

P6 

P7 
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PCF8574 l 
PCF8574A _____________________________________ ~ 

PINNING 

7Z87597.1 Fig.2 Pinning diagram. 

1 to 3 AO to A2 address inputs 

4 to 7 PO to P31 

9 to 12 P4 to P7 ( 
8-bit quasi-bidirectional I/O port 

8 

13 

14 

15 

16 

VSS negative supply 

INT interrupt output 

SCL serial clock line 

SDA serial data line 

VDD positive supply 

write pulse _____ --....,...------...... 

data from 
shift register 

read pulse ---t--+----I 

data to 
shift register 

FF 

D Q 

FF 

.----~r_--~-----VDD 

PO to P7 

L--+-__ --4-___ vss 

)--____ -+ to interrupt 
logic 

7Z87598.1 

Fig.3 Simplified schematic diagram of each port. 
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Remote a-bit I/O expander for 12C-bus J PCF8574 
PCF8574A 

~---

CHARACTERISTICS OF THE 12C-BUS 

The 12C-bus is for 2-way, 2-line communication between different ICs or modules. The two lines are 
a serial data line (SDA) and a serial clock line (SCl). Both lines must be connected to a positive supply 
via a pull-up resistor when connected to the output stages of a device. Data transfer may be initiated 
only when the bus is not busy. 

Bit transfer 

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

SDA --':.....--+-_____ -+-~X'_ _____ _ 
SCL 

Start and stop conditions 

data line 
stable: 

data valid 

change 
of data 
allowed 

Fig.4 Bit transfer. 

7Z87019 

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---l 

SDA -----t\ 1 r=--~ i !!-- SDA 
I ,-, --11----'----- ____ --" _____ -+1-', 1 

1 I I 

-+--+--1 """'" ;--\ 1 1 
SCL I \ / 1 I SCL 

1 s: ' '------': : 
L ___ .J L ___ ...J 

start condition stop condition 
7Z87005 

Fig.5 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------~-------~----------~------~------~-

SCL-~---~--~---_+--~r_---~---~---4_--~----_+-

7Z87004 

F ig.6 System configuration. 
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PCF8574 l 
PCF8574A 

'--------------------------------------------------------------
CHARACTERISTICS OF THE FC-BUS (continued) 

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 H IG H 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. 

SCL FROM 
MASTER 

start 
condition 

I 
I 

I 
I 
I 
I 
I 

clock pulse for 
acknowledgement 

t 

--~ 
DATA OUTPUT 

BY TRANSMITTER ~'---.L....-/ -----JX"-_K ~ ~)( 7 
DATA OUTPUT 
BY RECEIVER 

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

~---

Timing specifications 

All the timing values are valid within the operating supply voltage and ambient temperature range and 
refer to VI Land VIH with an input voltage swing of VSS to VDD. 

parameter symbol min. typo max. unit 

SCL clock frequency fSCL - - 100 kHz 

Tolerable spike width on bus tsw - - 100 ns 

Bus free time tBUF 4.7 - - JlS 

Start condition set-up time tsu; STA 4.7 - - JlS 

Start condition hold time tHD; STA 4.0 - - JlS 

SCL LOW time tLOW 4.7 - - JlS 

SCL HIGH time tHIGH 4.0 - - JlS 

SCL and SDA rise time tr - - 1.0 JlS 

SCL and SDA fall time tf - - 0.3 JlS 

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 JlS 

Stop condition set-up time tsu; STO 4.0 - - JlS 

PROTOCOL 

SCL 

SDA 

7Z81193.2 tHD;STA tSU;DAT tHD;DAT tVD;DAT tSU;STO 

Fig.8 12C-bus timing diagram. 
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FUNCTIONAL DESCRIPTION 

Addressing (see Figs 9, 10 and 11) 

slave add ress slave address 

I SiD ~1~~D : A2 : A 1 : AD: D I A I I SiD :~: ~: A2: A1 : AD: D I A I 
(a) PCF8574. (b) PCF8574A. 

7Z96587 

Fig.9 PCF8574 and PCF8574A slave addresses. 

Each bit of the PCF8574 I/O port can be independently used as an input or an output. Input data is transferred from the port to the 
microcomputer by the READ mode. Output data is transmitted to the port by the WRITE mode. 

SCL 

SDA 

WRITE 
TO 

PORT 

slave address (PCF857 4) data to port data to port 
A A A 

-----.--------. ,- ------. ,-----.- 1 1 

S D 1 D D A2 A1 AD D 1 A DATA 1 i A DATA 2 I A 

t L t :t It 
start condition R /W acknowledge from slave 1 acknowledge from slave acknowledge from slave 

----------------------~------------------~Vl rL-
I I 
I I 

DATA OUT 
FROM PORT 

: I 

-----------------~----------------!~* _Al0~ ! ~A'O~ 
I I I 1 

tpv _I 1..- tpv _I 1..-
7ZB7593.1 

Fig.10 WR ITE mode (output port). 
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s: 
OJ 
'< 

c.o 
00 c.o 

N 
to\) 
c.o 

SDA 

READ FROM 
PORT 

DATA INTO 
PORT 

INT 

Note 

slave address (PCF8574) 
_----.----A~----_.., 

data from port 
A 

data from port 
A 

------

I I I I I -

o 0 A2 A1 AO IA DATA 1 IA DATA 4 

R /~ : atknoWledge II atknoWledge stop 
I from slave from master condition 

--------------------~n ~~------------------~ 
I I 
I I 
I I 

~~-------D-A-T-A-1-------~!:~~ DATA 3 Xr-~i------D-A-T-A-4--------+----
I 1 I~~I -------------------------+-----
1 _I I~ tph __ II I~ tps 
1 1 I 1 

I 1 I -n In: I 
1 1 1 I 1 -J I~ tiv ---I 1-- tir --- 1-- tir 7ZB7596.1 

Fig.11 READ mode (input port). 

A LOW-to-HIGH transition of SDA, while SCL is HIGH is defined as the stop condition (P). Transfer of data can be stopped at any moment by a 
stop condition. When this occurs, data present at the last acknowledge phase is valid (output model. Input data is lost. 
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PCF8574 l 
PCF8574A _____________________________________ _ 

Interrupt (see Figs 12 and 13) 

The PCF8574/PCF8574A provides an open drain output (lNT) 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 
(1) (2) 

MICROCOMPUTER 

INT 1---+----4-----4----~ __ 

PCF8574A 
(16) 

7Z87599.1 

F ig.12 Appl ication 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 
tiv 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. 
• In the WRITE mode at the acknowledge bit after the HIGH-to-LOW transition of the SCL signal. 

Each change of the ports after the resettings will be detected and after the next rising clock edge, will 
be transmitted as INT. 
Reading from or writing to another device does not affect the interrupt circuit. 

SDA 

SCL 

t 
start cond ition 

slave address (PCF85 7 4) 
A 

+ 1 t _I 
R/W 1 acknowledge 

1 from slave 

1 

1 
1 

1 

1 

1 

1 

DATA INTO p0 1 

1 1 
1 1 
1 1 
1 I 

INT-h : I 
1 LI --------------rl~1 

---I 1--- tjv --I 1-- tjr 

data from port 
A 

t 
P5 

Fig.13 Interrupt generated by a change of input to port P5. 
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Remote 8-bit I/O expander for 12 C-bus 

FUNCTIONAL DESCRIPTION (continued) 

Quasi-bidirectional I/O ports (see F ig.14) 

PCF8574 
PCF8574A 

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. I n this mode only a current source to VOO is active. 
An additional strong pull-up to VOO allows fast rising edges into heavily loaded outputs. These devices 
turn on when an output is written HI G H, and are switched off by the negative edge of SCL. The ports 
should be HIGH before being used as inputs. 

slave address (PCF85 7 4A I data to port 
~ _______ A~ ______ ~ 

data to port 
A 

SDA I siD : 1 : 1 : 1 : A2 : Al : AD: D I A I :< :n: 
t t t t t 

start condition R liN acknowledge P3 P3 
from slave 

SCL 

I I 
I I 

I I P3 
OUTPUT 
VOLTAGE 

____________________________________________ ~I ~ 

P3 
PULL- UP 
OUTPUT 

CURRENT 

I i 
I II , : . 
--rL-..-----------;~ 

t ! I t 
IOHti 7Z87595.1 :I OH 

Fig.14 Transient pull-up current 10Ht while P3 changes from LOW-to-HIGH and back to LOW. 

RATINGS 

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

parameter symbol min. max. unit 

Supply voltage range VOO -0.5 + 7.0 V 

I nput voltage range VI VSS -0.5 VOO + 0.5 V 

DC input current ± II - 20 mA 

DC output current ± 10 - 25 mA 

VOO or VSS current ± 100; ± ISS - 100 mA 

Total power dissipation Ptat - 400 mW 

Power dissipation per output Po - 100 mW 

Operating ambient temperature range Tamb -40 + 85 °C 

Storage temperature range T stg -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 normal precautions appropriate to handling MaS devices (see 
'Handling MaS Devices'). 
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PCF8574A 

'----------------------------------------------------------
CHARACTERISTICS 

VOO = 2.5 to 6 V; VSS = 0 V; T amb = -40 to + 85 °C unless otherwise specified 

parameter conditions symbol min. typo max. unit 

Supply 

Supply voltage VOO 2.5 - 6.0 V 

Supply current VOO = 6 V; 
no load; 
VI =VOO or 
VSS 

operating fSCL = 100 kHz 100 - 40 100 IlA 
standby 1000 - 2.5 10 IlA 
Power-on reset level note 1 VpOR - 1.3 2.4 V 

Input SCl; input/output SOA 

I nput voltage LOW VIL -0.5 - 0.3V OO V 

I nput voltage HI G H VIH 0.7VOO - VOO + 0.5 V 

Output current LOW VOL = 0.4 V 10L 3 - - rnA 

Leakage current VI = VOO or 
VSS IILI - - 1 IlA 

I nput capacitance (SCL, SOA) VI = VSS CI - - 7 pF 

I/O ports 

I nput voltage LOW VIL -0.5 - 0.3VOO V 

Input voltage HIGH VIH 0.7VOO - VOO + 0.5 V 

Maximum allowed input 
cu rrent th rough VI~VOOor 
protection diode ~VSS ± IIHL - - 400 IlA 

Output current LOW VOL = 1 V; 
VOO = 5 V IOL 10 25 - mA 

Output current HIGH VOH = VSS IOH 30 - 300 IlA 

Transient pull-up current 
HIGH during acknowledge VOH = VSS; 
(see Fig. 14) VOO = 2.5 V -IOHt - 1 - rnA 

I nput/Output capacitance CliO - - 10 pF 

Port timing 
(see Figs 10 and 11) CL = ~ 100 pF 

Output data val id tpv - - 4 IlS 

I nput data set-up tps 0 - - IlS 

I nput data hold tph 4 - - IlS 
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Remote 8-bit 1/0 expander for 12 C-bus PCF8574 
PCF8574A 

parameter conditions symbol min. typo max. unit 

Interrupt INT 

Output current LOW VOL = 0.4 V IOL 1.6 - - mA 

Leakage cu rrent VI = VOO or 
VSS IILI - - 1 JJ.A 

tNT timing 
(see Figs 11 and 13) CL = ~ 100 pF 

I nput data valid tiv - - 4 JJ.s 

Reset delay tir - - 4 JJ.s 

Select inputs AD, A 1, A2 

I nput voltage LOW VIL -0.5 - 0.3V OO V 

Input voltage HIGH VIH 0.7VOO - VOO + 0.5 V 

I nput leakage cu rrent pin at VOO or 
VSS IILI - - 250 nA 

Note to the characteristics 

1. The power-on reset circuit resets the I ~C-bus logic with VOO < VPOR and sets all ports to logic 1 
(with current source to VOO). 

Purchase of Philips' 1
2 C components conveys a license under the 

Philips' 12C patent to use the components in the 12 C-system provided 
the system conforms to the 1

2 C specifications defined by Philips. 
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PCF8574A 

--------------------------------------------------------~ 

o 

7Z244491 

(1) 

j 
jV / (2) 

/~ V (3) 

L V.., V 
~ v 

)~ 

o 6 8 
VOO (V) 

(1) Tamb = -40 °C 
(2) Tamb = + 25 °C 
(3) Tamb = + 85 °C 

Fig.15 Typical standby current (1000) 
as a function of supply voltage (VOO). 
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Fig.16 Typical port output current HIGH 
(IOH) as a function of supply voltage 
(VOO); VOH = VSS· 

7Z24451 

/ 
(1) 

/ 
(2) 

./ 
(3) 

Voo (V) 

Fig.17 Typical port output current LOW (lOL) 

as a function of supply voltage (VOO); VOL = 1 V. 
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l PCF8576 

UN1VERSAL LCD DRIVER FOR LOW MULTIPLEX RATES 

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 multiplexed 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 WC). 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 
• I nternal 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 
• 1

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 (VS056) 
• 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 

Purchase of Philips' FC components conveys a license under the 
Philips' 12 C patent to use the components in the 12C-system 
provided the system conforms to the 12 C specifications defined 
by Philips. 

PACKAGE OUTLINES 

PCF8576T: 56-lead mini-pack; plastic (VS056; SOT190). 
PCF8576U: uncased chip in tray 
PCF8576U/10: chip-on-film frame carrier (FFC), 
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Universal LCD driver for low multiplex rates 

PINNING 
539 

1 SDA 

538 2 SCl 

537 3 SYNC 

536 4 ClK 

5 VDD 535 
6 OSC 

534 
7 AO 

533 8 A1 

532 
9 A2 

10 SAO 
531 

11 VSS 
5AO 530 12 VlCD 
V55 529 13 BPO 

VLCD 528 14 BP2 
15 BP1 

BPO 527 16 BP3 

BP2 526 17 SO 
to to 

BP1 525 56 S39 
BP3 524 

50 523 

51 522 

52 521 

53 520 

54 519 

55 518 

56 517 

57 516 

58 515 

59 514 

510 513 

512 

7Z91476.2 

Fig.2 Pinning diagram. 

l ........ __ PC_F_8_5_76 __ _ 

12 C-bus data input/output 

12 C-bus clock input/output 

cascade synchronization input/output 

external clock input/output 

positive supply voltage 

oscillator input 

12 C-bus subaddress inputs 

12 C-bus slave address bit a input 

logic ground 

LCD supply voltage 

LCD backplane outputs 

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 LCOs. 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 (3x 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 12 C-bus communication channel 
with the PCF8576. A resistor connected between OSC (pin 6) and VSS (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 
(VOO, VSS and VLCO) and to the LCD panel chosen for the application. 
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Power-on reset 

At power-on the PCF8576 resets to a defined starting condition as follows: 

1. All backplane outputs are set to VOO. 

2. All segment outputs are set to VOO. 

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

4. Blinking is switched off. 

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

6. The 12 C-bus interface is initialized. 

7. The data pointer and the subaddress counter are cleared. 

Data transfers on the 1
2 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 VOO - VLCO. The LCD voltage may be temperature 
compensated externally through the VLCO supply to pin 12. Fractional LCD biasing voltages are obtained 
from an internal voltage divider of three series resistors connected between VOO and V LCD. 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 = VOO - VLCO and the resulting discrimination 
ratios (0), are given in Table 2. 

Table 2 Preferred LCD drive modes: summary of characteristics 

LCD drive mode LCD bias Voff (rms) Von (rms) 0= Von (rms) 
configuration 

Vop Vop Voff (rms) 

static (1 BP) static (2 levels) 0 1 00 

1 : 2 MUX (2 BP) 1/2 (3 levels) yI2/4 = 0.354 V1O/4= 0.791 y5 = 2.236 

1 : 2 MUX (2 BP) 1/3 (4 levels) 1/3 = 0.333 V5/3 = 0.745 V5= 2.236 

1 : 3 MUX (3 BP) 1/3 (4 levels) 1/3 = 0.333 y'33/9 = 0.638 V33/3 = 1.915 

1 : 4 MUX (4 BP) 1/3 (4 levels) 1/3 = 0.333 fii3 = 0.577 Vi = 1.732 
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LCD voltage selector (continued) 

A practical value for Vop 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 Vop ~ 3 Vth. 
Multiplex drive ratios of 1 : 3 and 1 : 4 with 1/2 bias are possible but the discrimination and hence the 
contrast ratios are smaller 0 = 1.732 for 1: 3 multiplex ory'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 =y6Voff(rms) = 20449 Voff(rms) 

1 : 4 multiplex (1/2 bias) : Vop = 4)3;3 Voff (rms) = 2.309 Voff (rms) 

These compare with Vop = 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 modeare shown in Figo4. 

1
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- ru VLCD-

state 1 state 2 
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vOaP ru 
-Vop 

Vop 

state 2 a 

-Vop 

(b) RESULTANT WAVEFORMS 
AT LCD SEGMENT 

7Z91465 

At any instant (t): 

V state 1 (t) = VSn (t) - VBPO(t) 

Von (rms) = Vop 

Vstate 2(t) = VSn+1 (t) - VBPO(t) 

Voff (rms) = 0 V 

Figo4 Static drive mode waveforms: Vop = VDD - VLCD. 
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When two backplanes are provided in the LCO 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. 
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Fig.5 Waveforms for 1 : 2 multiplex drive mode with 1/2 bias: Vop = VOO - VLCO. 
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LCD drive mode waveforms (continued) 
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Fig.6 Waveforms for 1 : 2 multiplex drive mode with 1/3 bias: Vop = VDD - VLCD' 

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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At any instant (t): 

Vstate 1 (t) = VSn(t) - VSPO(t) 

Vop 
Von (rms) = gV33 = 0.638 Vop 

Vstate 2 (t) = VSn(t) - VSP1 (t) 

_ Vop_ 
Voff (rms) - 3 - 0.333 Vop 

7Z91478 

Fig.7 Waveforms for 1 : 3 multiplex drive mode: Vop = VDD - VLCD. 

1 (MarCh 1987 253 



__ PCF_857_6 _Jl'---______ _ 

254 

LCD drive mode waveforms (continued) 
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At any instant (t): 

V state 1 (t) = 
VSn(t) - VSPO(t) 

Von (rms) = 
V 
~p J3 = 0.577 V op 

Vstate 2(t) = 
VSn(t) - VSP1(t) 

Voff (rms) = 
Vop 
3=0.333Vop 

Fig.8 Waveforms for 1 : 4 multiplex drive mode: Vop = VOO - VLCO. 
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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 VSS (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. 

1000 
fCLK 

(kHz) 500 
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" " '" 

" , 
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External clock 

7Z91467 1 

1'. 
"r,max 

" '" 
l' I'" 

min t--....' 

~'" " 

500 1000 2000 5000 
Rose (kn) 

Fig.9 Oscillator frequency 
as a function of Rosc: 
fCLK ~ (3.4 x 107 /Rosc) kHz·n. 

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

The clock frequency (fCLK) determines the LCD frame frequency and the maximum rate for data 
reception from the 12 C-bus. To allow 12 C-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. 

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 Rose 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 Rose (kn) 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, Rosc = 180 kil 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 Rosc will be 1.2 Mil. The reduced clock 
frequency and the increased value of Rosc 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 a 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 bits 
(columns) / 

backplane outputs 
(BP) 

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

o 1 2 3 4 35 36 37 38 39 

~. rum 
7Z91468 

Fig.l0 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.l1; 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 0 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, A 1 and A2 (pins 7,8, and 9). The subaddress counter value is defined by the DEVICE SE LECT 
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 0 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 0 then 1 are selected and, in the static mode, bit 0 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 BAN K SE LECT 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 SE LECT 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 B LI N K 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. 

I n the 1 : 3 and 1 : 4 mu Itiplex 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. 
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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 fClK/184320 fClK/30720 1 

0.5 Hz fClK/368640 fClK/61440 0.5 

CHARACTERISTICS OF THE 12 C-BUS 

The 1
2 C-bus is for 2-way, 2-line communication between different ICs or modules. The two lines are 

a serial data line (SOA) 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 SOA 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. 

SDA --L_+--____ I----JX~-+-_ ~=~--=" 
SCL 

Start and stop conditions 

data line 
stable: 

data valid 

change 
of data 
allowed 

Fig.12 Bit transfer. 

---~ 

7Z87019 

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 HI G H is defined as the stop condition (P). 

SOA -----t\'---I1-----Lr=---==~---.......... -----+r....J-rt_-- SOA 
I I I I 

SCL : : \ r---, : I SCL : s: ' I \'-,-----1 I p : 
L ___ .J L ___ .J 

start condition stop condition 
7Z87005 

F ig.13 Oefi n ition of start and stop cond itions. 
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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-------~------------~--------------~------------4r------------~-

SCL--~----~---~----_+---~~---r_--~----~---~---_t--

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. 
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F ig.15 Acknowledgement on the 12C bus. 

The general characteristics and detailed specification of the 12C bus are described in a separate data 
sheet (serial data buses) in handbook: ICs for digital systems in radio, audio and video equipment. 
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PCF8576 12 C-bus controller 

The PCF8576 acts as an 12 C slave receiver. It does not initiate 12 C-bus transfers or transmit data to an 
12 C master receiver. The only data output from the PCF8576 are the acknowledge signals of the selected 
devices. Device selection depends on the 12 C-bus slave address, on the transferred command data and on 
the hardware subaddress. 

In single device applications, the hardware subaddress inputs AO, Aland A2 are normally tied to VSS 
which defines the hardware subaddress O. In multiple device applications AO, Aland A2 are tied to VSS 
or VDD according to a binary coding scheme such that no two devices with a common 12 C slave address 
have the same hardware subaddress. 

I n 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 1

2 C-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. 

12 C-bus protocol 

Two 1
2 C-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 SAO 
(pin 10). Therefore, two types of PCF8576 can be distinguished on the same 12 C-bus which allows: 

(a) up to 16 PCF8576s on the same 12 C-bus for very large LCD applications; 

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

The 12 C-bus protocol is shown in Fig.16. The sequence is initiated with a start condition (S) from the 
1
2 C-bus master which is followed by one of the two PCF8576 slave addresses available. All PCF8576s 

with the corresponding SAO level acknowledge in parallel the slave address but all PCF8576s with the 
alternative SAO level ignore the whole 1

2 C-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 dlsplay 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 (AO, A 1, A2) 
addressed PCF8576. After the last display byte, the 1

2 C-bus master issues a stop condition (P). 
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R/W 

~ I acknowledge by all 
,--------. + raddressed PCF8576st 

lZ91410.2 

Fig.16 12 C-bus protocol. 

Command decoder 

acknowledge by 
(AO, Al, A21-selected 

PCF8576 only 

+ 

update data poi nter 
and, if necessary, 

subaddress counter 

The command decoder identifies command bytes that arrive on the 12 C-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. If the bit is reset, it indicates 
the last command byte of the transfer. Further bytes will be regarded as display data. 

o = last command 
1 = commands continue 

I c I ~ES~ O:F ipC~D~ I 
msb Isb 

7Z91471 

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 : 2 MUX (2 BP) 1 0 

Ic 11 0 ILplE IBIM11 MO I 1 : 3 MUX (3 BP) 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 Six bits of immediate data, 

Iclolp5 P4 P3 P2 P1 pol 
bits P5 P4 P3 P2 P1 PO bits P5 to PO, are transferred 

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, 

Ic 11 o 0IA2 Aol 
bits AO A1 A2 bits AO to A2, are transferred 

1 A1 
3-bit binary value of 0 to 7 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 : 2 MUX bit I (storage of arriving display data) 

IC 11 1 1 1 0 1110 I 
RAM bit 0 RAM bits 0, 1 0 
RAM bit 2 RAM bits 2, 3 1 

Defines output bank selection 
static 1 : 2 MUX bit 0 (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 effect in 1 : 3 and 1 : 4 multi-
plex drive modes 

BLINK Defines the blinking frequency 
blink frequency bits BF 1 BFO 

Ic 11 0lAIBF1 BFOI 1 1 
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 BF 1, BFO, 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 PCF8576 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 PCF8576s can be distinguished on the same 12 C-bus by using 
the 3-bit hardware subaddress (AD, A 1, A2) and the programmable 12 C slave address (SAO). 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). 

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 SAO 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. 

HOST 
MICRO

PROCESSOR/ 
MICRO-

CONTROllER 

VSS 

I I I I I I I 
I I I I I I I 
I I I I I I I 

5 12 
I SDA 1 j-. 

SCl 2 17-56 40 segment drives) 

SYNC 3 PCF8576 '" 

ClK 4 Y 
13-16 

oSC 6 
7 8 9 10 11 .BPO- BP3 (open) 

~-+~~ ____ :=J~A-0~I~A-1~A-2~I~S~A~or.IV~SS 

5 12 

I--___ l __ -+-+--+-____ ----'S;..;;:c~l 2 17 - 56 

SYNC 3 PCF8576 

ClK 4 

R~r 6 lAO IAl 9A;[S:;i:~ 

40 segment drives ) 

'" 
~ 4 backplanes / 

BPO to BP3 '" 

Fig.18 Cascaded PCF8576 configuration. 
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1 

I • 
T ---

frame - fframe 

BPO l 
SYNC lJ la) STATIC DRIVE MODE 

u 
BP1 r 11/2 bias) I 
BP1 r 11/3 bias) 

I 
SYNC lJ U 

Ib) 1: 2 MULTIPLEX DRIVE MODE 

BP2 

U SYNC lJ 
Ie) 1: 3 MULTIPLEX DRIVE MODE 

BP3 

lJ U SYNC 

Id) 1: 4 MULTIPLEX DRIVE MODE 
7Z91481 

Note 

Excessive capacitive coupling between SCl or ClK and SYNC may cause erroneous synchronization. 
If this proves to be a problem, the capacitance of the SYNC line should be increased (e.g. by an external 
capacitor between SYNC and VDD). 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. 

For single plane wiring of packaged PCF8576s and chip-on-glass cascading, see 'APPLICATION 
INFORMATION'. 
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RATINGS 

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

Supply voltage range VDD 

LCD supply voltage range VLCD 

Input voltage range (SCL; SDA; 
AO to A2; OSC; CLK; SYNC; SAO) VI 

Output voltage range (SO to S39; 
BPO to BP3) 

D.C. input current 

D.C. output current 

VDD, VSS or VLCD current 

Power dissipation per package 

Power dissipation per output 

Storage temperature range 

HANDLING 

Vo 

± II 

± 10 

± IDD, ± ISS, ± I LCD 

Ptot 

Po 

Tstg 

-0,5 to + 11 V 

V D D -11 to V D D V 

VSS-0,5 to VDD + 0,5 V 

VLCD-0,5 to VDD + 0,5 V 

max. 20 mA 

max. 

max. 

max. 

max. 

25 mA 

50 mA 

400 mW 

100 mW 

-65 to + 150 °C 

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'). 

D.C. CHARACTERISTICS 

VSS = 0 V; VDD = 2 to 9 V; VLCD = VDD-2 to VDD-9 V; 
T amb = -40 to + 85 oC; unless otherwise specified 

parameter symbol min. 

Operating supply voltage VDD 2 

LCD supply voltage (note 1) VLCD VDD-9 

Operating supply current (normal mode) 
at fCLK = 200 kHz (note 2) IDD -

Power-saving mode supply current 
at VDD = 3,5 V; VLCD = 0 V; 
fCLK = 35 kHz (note 2) ILP -

Logic 

I nput voltage lOW Vil VSS 
Input voltage HIGH VIH 0,7 VDD 

Output voltage lOW at 10 = 0 mA VOL -

Output voltage HIGH at 10 = 0 mA VOH VDD-0,05 

Output current LOW (ClK, SYNC) at 
Vo l = 1,0 V; V D D = 5 V lOll 1 

Output current HIGH (ClK) at 
VOH = 4,0 V; VDD = 5 V 10H -

Output current lOW (SDA; SCl) at 
VOL = 0,4 V; VDD = 5 V IOl2 3 

leakage current (SAO; AO to A2; ClK; 
SCl; SDA) at VI = VSS or VDD ± III -

268 March 19871 ( 

typo max. unit 

- 9 V 

- VDD-2 V 

- 180 I1A 

- 60 I1A 

- 0,3 VDD V 

- V DD V 

- 0,05 V 

- - V 

- - mA 

- -1 mA 

- - mA 

- 1 I1A 



Universal LCD driver for low multiplex rates 

parameter symbol 

leakage current (OSC) 
at VI = VDD ±IL2 

Pull-up resistor (SYNC) RSYNC 
Power-on reset level (note 3) VREF 
Tolerable spike width on bus tsw 
Input capacitance (note 4) CI 

LCD outputs 

D.C. voltage component (BPO to BP3) 
at CBP = 35 nF ± VBP 

D.C. voltage component (SO to S39) 
at Cs = 5 nF ± Vs 

Output impedance (BPO to BP3) 
at VLCD = VDD-5 V (note 5) RBP 

Output impedance (SO to S39) 
at VLCD = VDD-5 V (note 5) RS 

A.C. CHARACTERISTICS (note 6) 

VSS = 0 V; VDD = 2 to 9 V; VLCD = VDD-2 to VDD-9 V; 

T amb = -40 to + 85 °C; unless otherwise specified 

parameter symbol 

Oscillator frequency (normal mode) 
at VDD = 5 V; Rosc = 180 kn 
(note 7) fCLK 

Oscillator frequency (power-saving 
mode) at VDD = 3,5 V; Rosc = 1,2 Mn fCLKLP 

CLK HIGH time tCLKH 
ClK LOW time tCLKL 
SYNC propagation delay tpSYNC 
SYNC LOW time tSYNCL 
Driver delays with test loads at 

VLCD = VDD-5 V tPLCD 

min. 

-

20 

-

-

-

-

-

-

-

min. 

125 

21 

1 

1 

-

1 

-

l ___ PC_F_8_57_6 __ _ 

typo max. unit 

- 1 J.lA 

50 150 kn 

1,0 1,6 V 

- 100 ns 

- 7 pF 

20 - mV 

20 - mV 

- 5 kn 

- 7,0 kn 

typo max. unit 

185 288 kHz 

31 48 kHz 

- - J.lS 

- - J.lS 

- 400 ns 

- - J.lS 

- 30 J.lS 
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A.C. CHARACTERISTICS (continued) 

parameter symbol min. typo max. unit 

12C bus 

Bus free time tBUF 4,7 - - IlS 

Start condition hold time tHO; STA 4 - - IlS 

SCl lOW time tlOW 4,7 - - IlS 

SCl HIGH time tHIGH 4 - - IlS 

Start condition set-up time 
(repeated start code only) tsu; STA 4,7 - - IlS 

Data hold time tHO; OAT 0 - - IlS 

Data set-up time tsu; OAT 250 - - ns 

Rise time tR - - 1 IlS 

Fall time tF - - 300 ns 

Stop condition set-up time tsu; STO 4,7 - - IlS 

Notes to characteristics 

1. VlCO'::;;; VOO-3 V for 1/3 bias. 

2. Outputs open; inputs at VSS or VOO; external clock with 50% duty factor; 1
2 C bus inactive. 

3. Resets all logic when VOO < VREF. 

4. Periodically sampled, not 100% tested. 

5. Outputs measured one at a time. 

6. All timing values referred to VI H and VI l levels with an input voltage swing of VSS to VOO. 

7. At fClK < 125 kHz, 1
2 C bus maximum transmission speed is derated. 
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ClK 3.3 kQ 
( in 4) --c:=J- 0.5 VDD 
P (2%) 

1.5 kQ 
SDA, SCl --c:=J- V 
(pins 1, 2) (2%) DD 

6.8 Q 

1 nF 

SYNC --c:=J- V 
(pin 3) (2%) DD 

1 nF 
SPO to SP3 -----I ~ V 

(pins 13 to 16) .----- DD 
SO to S39 -----I ~ V 

(pins 17 to 56) .----- DD 

ClK 

Fig. 20 Test loads. 

1 

fClK 

-tCLKH-- -tClKl 

7Z91472.3 

-1-_____ -..,. 0.5 V 

t BPO to BP3 
SO to S39 (VDD=5V) 

'--____ ---.,....:.;0.5 V 

7Z91473.2 

Fig.21 Driver timing waveforms. 
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SDA 

SCL 

SDA 

272 

---- tHD;STA -

7Z87013.2 tSU;STA 

Fig. 22 12 C bus timing waveforms. 
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Fig. 23 Typical supply current characteristics. 
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Fig. 24 Typical characteristics of LCD outputs. 
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BPO S27- S67-
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BP1 S25-
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S65-

BP3 S24- S64-

SO S23- S63-
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- S2 S21- S61-

- S3 

S17- S57-

-S7 S16- -S47 S56-
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Fig. 25 Single plane wiring of packaged PCF8576s. 
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Chip-on-glass cascadability in single plane 

In chip-on-glass technology, where driver devices are bonded directly onto the glass of the lCD, it is 
important that the devices may be cascaded without the crossing of conductors, but the paths of 
conductors can be continued on the glass under the chip. All of this is facilitated by the PCF8576 
bonding pad layout (Fig. 26). Pads needing bus interconnection between all PCF8576s of the cascade 
are VDD, VSS, VlCD, ClK, SCl, SDA and SYNC. These lines may be led to the corresponding pads of 
the next PCF8576 through the wide opening between V LCD pad and the backplane output pads. 
The only bussed line that does not require a second opening to lead through to the next PCF8576 is 
VlCD, being the cascade centre. The placing of VlCD adjacent to VSS allows the two supplies to be 
tied together. 

Fig. 27 shows the connection diagram for a cascaded PCF8576 application with single plane wiring. 
Note the use of the open space between the VlCD pad and the backplane output pads to route VDD, 
VSS, ClK, SCl, SDA and SYNC. The external connections may be made to either end of the cascade, 
wherever most convenient for the connector. 

When an external clocking source is to be used, asc of all devices should be tied to VDD. The pads 
asc, AO, A1, A2 and SAO have been placed between VSS and VDD to facilitate wiring of oscillator, 
hardware subaddress and slave address. 
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APPLICATION INFORMATION (continued) 
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Fig.26 PCF8576 bonding pad locations. 
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Bonding pad locations 

All x/V coordinates are referenced to left-hand bottom corner (0/0, Fig. 26). 

Dimensions in,urn 

pad x y pad x y 

S34 160 160 bottom S33 160 400 left 

S35 380 S32 640 

S36 580 S31 860 

S37 780 S30 1060 

S38 980 S29 1260 

S39 1180 S28 1460 

SDA 1380 S27 1660 

SCl 1580 S26 1860 

SYNC 1780 S25 2260 

ClK 1980 S24 2460 

VDD 2180 S23 2660 

OSC 2400 S22 2860 

AO 2640 S21 3060 
Al 2910 160 bottom S20 3260 

S19 3480 

S17 160 3960 top S18 160 3720 left 

S16 380 
S15 580 A2 2910 360 right 

S14 780 SAO : 560 

S13 980 VSS 2910 760 
S12 1180 VlCD 2880 960 
Sll 1380 BPO 2910 2360 
S10 1580 BP2 2560 
S9 1780 BPl 2760 

S8 1980 BP3 2960 
S7 2180 SO 3160 
S6 2400 Sl 3360 
S5 2640 S2 , 3560 
S4 2910 3960 top S3 2910 3760 right 
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Fig. 27 Chip-on-glass application; cascaded PCF8576s with single-plane wiring (viewed from back of chip). 
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DEVELOPMENT DATA 
This data sheet contains advance information and 

specifications are subject to change without notice. ~.~.[lli 
~ 

PCF8577 
PCF8577A 

LCD DIRECT IDUPLEX DRIVER WITH 12C-BUS INTERFACE 

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 12 C-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 PCF8577 A differ only in their slave addresses. 

Features 

• Direct/duplex drive modes with up to 32/64 LCD-segment drive capability per device 
• Operating supply voltage: 2.5 to 9 V 
• Low power consumption 
• 12 C-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 12 C-bus output expander 
• System expansion up to 256 segments (512 segments with PCF8577 A) 
• Power-on-reset blanks display 

1 

SCL 
39 r-- SEGMENT BYTE 

INPUT 12C-BUS REGISTERS BACKPLANE 

FILTERS CONTROLLER 
r-- AND F> AND 

40 MULTIPLEX 
SEGMENT ..----. 

LOGIC DRIVERS 32 r-
SDA 

33 

I 

II~~ t 34 ..... 

III 
36 

37 

35 t r 
PCF8577 

~ POWER-I 
CONTROL REGISTER OSCILLATOR 

PCF8577A ON- AND "-

RESET COMPARATOR 
38 1 

cb 

Fig.1 Block diagram. 

PACKAGE OUTLINES 

PCF8577P, PCF8577 AP: 40-lead 01 L; plastic (SOT129). 
PCF8577T, PCF8577AT: 40-lead mini-pack; plastic (VS040; SOT158A). 
PCF8577T, PCF8577 AT: in blister tape. 
PCF8577U/5, PCF8577 AU/5: wafer unsawn. 
PCF8577U/10, PCF8577AU/10: chip-on-film frame carrier (FFC). 

AND 
DIVIDER 

7Z87556.3 

S32 

S1 

BP1 

A2/BP2 

A1 

AO/OSC 
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SDA 

SCL 

vss 

S29 4 AO/OSC 

A1 

VDD 

A2/BP2 

33 BP1 

S24 9 32 S1 

S23 10 S2 
PCF8577 

PCF8577A S3 

S21 S4 

S20 S5 

S19 S6 

S18 S7 

S17 25 S8 

S16 S9 

S15 S10 

S14 S11 

S13 S12 

7ZB7557.1 

Fig.2 Pinning diagram. 

FUNCTIONAL DESCRIPTION 

Hardware subaddress AO, A 1, A2 

PINNING 

Supply 

35 VDD positive supply 
38 VSS negative supply 

12C-bus 

4D SDA 12 C-bus data line 
39 SCl 12 C-bus clock line 

Inputs 

36 A1 hardware address line 
37 AD/aSC hardware address line/oscillator pin 

Outputs 

1 - 32 S32 - S1 segment outputs 

Input - Output 

34 A2/BP2 harware address line/cascade sync 
input/backplane output 

33 BP1 cascade sync input/backplane output 

The hardware subaddress lines AD, A 1, A2 are used to program the device subaddress for each PCF8577 
on the bus. Lines AD and A2 are shared with asc and BP2 respectively to reduce pin-out requirements. 

AD/aSC Line AD is defined as laW (logic D) when this pin is used for the local oscillator or when 
connected to VSS. Line AD is defined as HIGH (logic 1) when connected to VDD. 

A1 Line A1 must be defined as lOW (logic D) or as HIGH (logic 1) by connection to VSS or VDD 
respectivel y. 

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 D) when connected to VSS or, 
if this is not possible, by leaving it unconnected (internal pull-down). Line A2 is defined as 
HIGH (logic 1) when connected to VDD. 

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 AD and A 1. 
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LCD direct/duplex driver with 12 C-bus interface PCF8577 
PCF8577A 

Oscillator AD/OSC 

The PCF8577 has a single-pin built-in oscillator which provides the modulation for the LCD segment 
driver outputs. One external resistor and one external capacitor are connected to the AD/OSC pin to 
form the oscillator. In an expanded system containing more than one PCF8577 the backplane signals 
are usually common to all devices and only one oscillator is needed. The devices which are not used for 
the oscillator are put into the cascade mode by connecting the AD/OSC pin to either VOO or VSS 
depending on the required state for AD. In the cascade mode each PCF8577 is synchronized from the 
backplane signal (s). 

User-accessible registers 

There are nine user-accesible 1-byte registers. The first is a control register which is used to control the 
loading of data into the segment byte registers and to select display options. The other eight are segment 
byte registers, split into two banks of storage, which store the segment data. The set of even numbered 
segment byte registers is called BAN K A. Odd numbered segment byte registers are called BAN K B. 

There are two slave addresses, one for PCF8577, and one for PCF8577 A (see Fig.6). All addressed 
devices load the second byte into the control register and each device maintains an identical copy of 
the control byte in the control register at all times (see 12 C-bus protocol Fig.7), i.e. all addressed 
devices respond to control commands sent on the bus. 

The control register is shown in more detail in Fig.3. The least-significant bits select which device and 
which segment byte register is loaded next. This part of the register is therefore called the Segment 
Byte Vector (SBV). 

The upper three bits of the SBV (V5 to V3) are compared with the hardware subaddress input signals 
A2, A 1 and AD. If they are the same then the device is enabled for loading, if not the device ignores 
incoming data but remains active. 

The three least-significant bits of the SBV (V2 to VD) address one of the segment byte registers within 
the enabled chip for loading segment data . 

r--CONTROL REGISTER_ 

DISPLAY 
CONTROL SEGMENT BYTE VECTOR (SBV) 
~, k \ 

msb Isb 

I I V5 >< V31 V2 >< va I 
I i 

11 

segment byte 
register address 

(1) (1) '---y----J 

rrW

"l L 
I A2 >< AO I 
device subaddress 

BANK 'A' 1 } 
BANK 'B' 1 

BANK 

Fig.3 

I SEGMENT BYTE REGISTERSi 

msb Isb 

3~1 ~~~~~~~~ 
5~1 ~~~~~~~~ 
7~1 ~~~~~~~~ 
(1) Bits ignored in duplex mode. 

7ZB755B.2 

BANK 'A' 

BANK 'B' 
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---------------------------------------------------------------
FUNCTIONAL DESCRIPTION (continued) 

The control register also has two display control bits. These bits are named MODE and BAN K. The 
MODE bit selects whether the display outputs are configured for direct or duplex drive displays. 
The BANK bit allows the user to display BANK A or BANK B. 

Auto-incremented loading 

After each segment byte is loaded the SBV is incremented automatically. Thus auto-incremented 
loading occurs if more than one segment byte is received in a data transfer. 

Since the SBV addresses both device and segment registers in all addressed chips, auto-incremented 
loading may proceed across device boundaries provided that the hardware subaddresses are arranged 
contiguously. 

Direct drive mode 

The PCF8577 is set to the direct drive mode by loading the MODE control bit with logic O. In this 
mode only four bytes are needed to store the data for the 32 segment drivers. Setting the BAN K bit to 
logic 0 selects even bytes (BANK A); setting the BANK bit to logic 1 selects odd bytes (BANK B). 

In the direct drive lTlode the SBV is auto-incremented by two after the loading of each segment byte 
register. This means that auto-incremented loading of BANK A or BANK B is possible. Either bank may 
be completely or partially loaded irrespective of which bank is being displayed .. Direct drive output 
waveforms are shown in Fig.4. 

OFF ON 

-rLI nJ BP1 

_rLI U1 Segment x 
(Sx) 

o ru BP1 - Sx 

-(VOO - VSS ) 

... 1_1 1 __ 

f LCD 7Z87559.3 

Fig.4 Direct drive mode display output waveforms. 

Duplex mode 

Von(rms) 

Voff(rms) 
VDD - VSS 
o 

The PCF8577 is set to the duplex mode by loading the MODE bit with logic 1. In this mode a second 
backplane signal (BP2) is needed and pin A2/BP2 is used for this; therefore A2 and its equivalent SBV 
bit V5 are undefined. The SBV auto-increments by one between loaded bytes. 

A" of the segment bytes are needed to store data for the 32 segment drivers and the BAN K bit is 
ignored. 

Duplex mode output waveforms are shown in Fig.5. 
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LCD direct/duplex driver with 12 C-bus interface 

Voo--
0.5 (VOO + V 

VSS 

VOO--

0.5 (V OO + V 

VSS 

VOO --

VSS 

OFF /OFF 

SS)--7LL 

SS)--]?l-

.. n 
VOO - VSS 
0.5 (V OO + V 

o 
-0.5 (V OO + V 

SS)--~ 

SS) 
-(VOO -VSS) 

VOO - VSS 

0.5 (VOO + V 

o 
-0.5 (V OO + V 

-(VOO - VSS ) 

SS)--~ 

SS)---

ON/OFF 

Jl--L 
~ 

LJ 

J\ 
r'~ 

Von(rms) 
Voff(rms) 

0.791 (VDD - VSS) 

0.354 (VDD - VSS) 

Von(rms) 

Voff(rms) 
2.236 

OFF/ON 

Jl--L 
~ 
JL 

~ 

if 

L PCF8577 
PCF8577A 

-
ON/ON 

Jl--L BPl 

~ BP2 

LJ Segment x 
(Sx) 

f1 BPl - Sx 

J1 BP2 - Sx 

~ 1 __ 

7Z87560.3 

Fig.5 Duplex mode display output waveforms. 

Power-on reset 

At power-on reset the PCF8577 resets to a defined starting condition as follows: 

1. Both backplane outputs are set to VSS in master mode; to 3-state in cascade mode. 
2. All segment outputs are set to V SS. 
3. The segment byte registers and control register are cleared. 
4. The 12 C-bus interface is initialized. 
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'-------------------------------------------------------------~ 

Slave address 

The slave address for PCF8577 and PCF8577 A are shown in Fig.6. 

1 S 10: 1: 1: 1: 0: 1: 0: 01 A 1 
LSLAVE ADDRESS-.J 

(a) PCF8577 

ISI«««<oIAI 

L SLAVE ADDRESS.J 
7Z87561.2 

(b) PCF8577 A 

Fig.6 PCF8577 and PCF8577 A slave addresses. 

Before any data is transmitted on the 12 C-bus, the device which should respond is addressed first. 
The addressing is always done with the first byte transmitted after the start procedure. 

12 C-bus protocol 

The PCF8577 12 C-bus protocol is shown in Fig.7. 

acknowledge by 
all PCF8577 

~ 

acknowledge by 
all PCF8577 

~ msb 

acknowledge by 
selected PCF8577 only 

Isb ~ 

SLAVE ADDRESS SEGMENT DATA 

~ control byte ---.J 

7Z87553.2 

Fig.7 12 C-bus protocol. 

auto increment 
segment byte vector 

The PCF8577 is a slave receiver and has a fixed slave address (Fig.6). All PCF8577s with the same 
slave address acknowledge the slave address in parallel. The second byte is always the control byte and 
is loaded into the control register of each PCF8577 on the bus. All addressed devices acknowledge the 
control byte. Subsequent data bytes are loaded into the segment registers of the selected device. Any 
number of data bytes may be loaded in one transfer and in an expanded system rollover of the SBV 
from 111 111 to 000 000 is allowed. If a stop (P) condition is given after the control byte acknowledge 
the segment data remains unchanged. This allows the BANK bit to be toggled without changing the 
segment register contents. During loading of segment data only the selected PCF8577 gives an 
acknowledge. Loading is terminated by generating a stop (P) condition. 
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LCD direct/duplex driver with 12 C-bus interface PCF8577 
PCF8577A 

Display memory mapping 

The mapping between the eight segment registers and the segment outputs S1 to S32 is shown in 
Tables 1 and 2. 

Since only one register bit per segment is needed in the direct drive mode, the BAN K bit allows 
swapping of display information. If BANK is set to logic 0 even bytes (BANK A) are displayed; if 
BANK is set to logic 1 odd bytes (BANK B) are displayed. BP1 is always used for the backplane output 
in the direct drive mode. 

Table 1 Segment byte-segment driver mapping in the direct drive mode 

segment I bit MSB LSB 
MODE BANI< V2 V1 VO 

~ 7 6 5 4 3 2 1 0 backplane 
register 

0 0 0 0 0 0 S8 S7 S6 S5 S4 S3 S2 S1 BP1 

0 1 0 0 1 1 S8 S7 S6 S5 S4 S3 S2 S1 BP1 

0 0 0 1 0 2 S16 S15 S14 S13 S12 S11 S10 S9 BP1 

0 1 0 1 1 3 S16 S15 S14 S13 S12 S11 S10 S9 BP1 

0 0 1 0 0 4 S24 S23 S22 S21 S20 S19 S18 S17 BP1 

0 1 1 0 1 5 S24 S23 S22 S21 S20 S19 S18 S17 BP1 

0 0 1 1 0 6 S32 S31 S30 S29 S28 S27 S26 S25 BP1 

0 1 1 1 1 7 S32 S31 S30 S29 S28 S27 S26 S25 BP1 

Mapping example: bit 0 of register 7 controls the LCD segment S25 if BANK bit is a logic 1. 

In duplex mode even bytes (BANK A) correspond to backplane 1 (BP1) and odd bytes (BANK B) 
correspond to backplane 2 (BP2). 

Table 2 Segment byte; segment driver mapping in the duplex mode 

segment I bit 
MODE BANK V2 V1 MSB 

6 4 3 2 
LSB 

backplane VO 
register ~ 7 5 1 0 

1 x 0 0 0 0 S8 S7 S6 S5 S4 S3 S2 S1 BP1 

1 x 0 0 1 1 S8 S7 S6 S5 S4 S3 S2 S1 BP2 

1 x 0 1 0 2 S16 S15 S14 S13 S12 S11 S10 59 BP1 

1 x 0 1 1 3 S16 S15 S14 S13 S12 S11 S10 S9 BP2 

1 x 1 0 0 4 S24 S23 S22 S21 S20 S19 S18 517 BP1 

1 x 1 0 1 5 S24 S23 S22 S21 S20 S19 S18 S17 IBP2 

1 x 1 1 0 6 S32 S31 S30 S29 S28 S27 S26 S25 BP1 

1 x 1 1 1 7 532 S31 S30 S29 S28 S27 S26 S25 BP2 

x = don't care. 

Mapping example: bit 7 of register 5 controls the LCD segment S24/BP2. 
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CHARACTERISTICS OF THE 12C-8US 

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 

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. 

SDA --''---+-__________ --'X ..... __ --
SCl 

Start and stop conditions 

data line 
stable: 

data valid 

change 
of data 
allowed 

Fig.8 Bit transfer. 

-~ 

---~ 

7Z87019 

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 --f\-1 In~ r-(t--- SOA 
I \-. -11 ____ '-____ ------"------+I...J· I 
I I I I 

SCl : : \ ;---, 1 I : s: . / \\-. ___ -II i! SCl 
L ___ .J L ___ ~ 

start condition stop condition 
7Z87005 

Fig.9 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------~-------~---------~----------~---------~~ 

SCl--~----~---~----~----~-----+_--~----_r---~-----__I--

7Z87004 

Fig.10 System configuration. 
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LCD direct/duplex driver with 12 C-bus interface PCF8577 
PCF8577A 

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 HI G H 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 
condition 

I 
I 

SCL FROM I 
MASTER I 

I 
I 

clock pulse for 
acknowledgement 

t 
--~ 

BY ~~r~s~Yi~~~ i'-_ .... / ____ -'X'-____ K~~X / 
DATA OUTPUT 
BY RECEIVER 

I 
S 

-~ 
7Z87007 

Fig.11 Acknowledgement on the 1
2C-bus. 

RATINGS 

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

parameter symbol min. max. unit 

Supply voltage range VDD -0.5 + 11.0 V 

Voltage on pin VI -0.5 VDD+0.5 V 

VDD or VSS current 100; ISS -50 + 50 mA 

DC input current II -20 + 20 mA 

DC output current 10 -25 + 25 mA 

Power dissipation per package Ptot - 500* 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 good practice to take normal precautions appropriate to handling MOS devices (see 
'Handling MOS Devices'). 

* Derate 7.7 mW /K when T amb > 60 oC. 
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DC CHARACTERISTICS 

VDD = 2.5 to 9.0 V; VSS = 0 V; Tamb = -40 to + 85 oC unless otherwise specified 

parameter conditions symbol min. typ.* max. unit 

Supply 

Supply voltage VDD 2.5 - 9.0 V 

Supply current non specified inputs 
at VDD or VSS 

at fSCL = 100 kHz no load; ROSC = 1 M.n; 
COSC = 680 pF IDD1 - 80 250 J.l.A 

at fSCL = 0 no load; ROSC = 1 M.n; 
Casc = 680 pF IDD2 - 25 150 J.l.A 

at fSCL = a no load; ROSC = 1 M.n; 
COSC = 680 pF; 
VDD =5 V;Tamb=25 0 C IOD3 - 25 40 J.l.A 

at fSCL = 0 no load; 
AO/OSC = VDD or VSS IDD4 - 10 20 J.l.A 

Power-on reset level note 1 VPOR - 1.1 2.0 V 

Input AO 

Input voltage LOW VIL1 0 - 0.05 V 

Input voltage HIGH VIH1 VDD-0.05 - VDD V 

Input A1 

Input voltage LOW VIL2 a - 0.3VDD V 

Input voltage HIGH VIH2 0.7 VDD - VDD V 

Input A2 

Input voltage LOW VIL3 a - 0.10 V 

Input voltage HIGH VIH3 VDD-0.10 - VDD V 

Inputs SCl; SDA 

Input voltage LOW VIL4 a - 0.08 V 

Input voltage HIGH VIH4 2.0 - 9.0 V 

Input capacitance note 2 CI - - 7 pF 

Output SDA 

Output current LOW VOL = 0.4 V; VDD = 5 V IOL 3.0 - - rnA 

A1;SCl;SDA 

Leakage current VI = VDD or VSS + 1L1 - - 1 J.l.A 

A2; BP2 

Leakage current VI = VSS IL2 - - 1 J.l.A 
Pull-down current VI =VDD -IL2 - 1.5 5 J.l.A 

* Typical conditions: VDD = 5 V; Tamb = 25 oC. 
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LCD direct/duplex driver with fC-bus interface 

parameter conditions symbol 

AO/OSC 

Leakage current VI =VDD -IL3 

Oscillator 

Start-up current VI = VSS IOSC 

LCD outputs 

DC component of LCD driver ± VBP 

Segment output current VOL = 0.4 V; 
VDD = 5 V IOL 

VOH = VDD -0.4 V; 
VDD = 5 V -IOH 

Backplane output resistance 
(BP1; BP2) Va = VSS, VDD, 

(VSS+ VDD)/2; note 3 RBP 

AC CHARACTERISTICS (note 2) 

min. typ.* 

- -

- 1.2 

- 20 

0.3 -

0.3 -

- 0.4 

PCF8577 
PCF8577A 

max. unit 

1 JlA 

5 JlA 

- mV 

- mA 

- mA 

5 kn 

« VDD = 2.5 to 9.0 V; VSS = 0 V; T amb = -40 to + 85 °C unless otherwise specified 
I« o 
.... 
2: 
w 
:E 
a.. 
o 
-I 
W 
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W 
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parameter conditions 

Display frequency COSC = 680 pF; 
ROSC= 1 Mn 

Driver delays with test loads VDD = 5 V 

12 C-bus 

SCL clock frequency 

Tolerable spike width on bus 

Bus free time 

Start condition set-up time 

Start condition hold time 

SCL LOW time 

SCL HIGH time 

SCL and SDA rise time 

SCL and SDA fall time 

Data set-up time 

Data hold time 

Stop condition set-up time 

* Typical conditions: VDD = 5 V; Tamb = 25 °C. 

symbol 

fLCD 

tBS 

fSCL 

tsw 

tBUF 

tsu; STA 

tHD; STA 

tLOW 

tHIGH 

tr 

tf 

tsu; DAT 

tHD; DAT 

tsu; STO 

min. typ.* max . unit 

65 90 120 Hz 

- 20 100 JlS 

- - 100 kHz 

- - 100 ns 

4.7 - - JlS 

4.7 - - JlS 

4.0 - - JlS 

4.7 - - JlS 

4.0 - - JlS 

- - 1.0 JlS 

- - 1.3 JlS 

250 - - ns 

0 - - ns 

4.7 - - JlS 
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Notes to the characteristics 

1. Resets all logic when VDD < VPOR. 

2. Periodically sampled, not 100% tested. 

3. Outputs measured one at a time; VDD = 5 V; Iload = 100 jJ.A. 

4. All the timing values are valid within the operating supply voltage and ambient temperature range 
and refer to VI L and VI H with an input voltage swing of VSS to VDD. 

SOA 

sel 

SOA 

7Z87013.2 

SCl, SOA 1.5 kn v 
(pins 39, 40) ------c=::J-- DO 

S1 t S32 6.8 kn 
(pins ~ to 32) ------c=::J-- (V OO + VSS )/2 

Fig.12 Test loads. 

-------"""'"'\ -1=========::;: 0,5 v 

Sx 

Voo 

2 
BP1, BP2 ------(1 

-tBS-

+ 0,5 V 

+ 0,5 V 

(V oo = 5V) 

+ 0,5V 

7Z21916 

Fig.13 Driver timing waveforms. 

--- tHO;STA -

tSU;STA 

7Z21918 

Fig.14 12 C-bus timing diagram; rise and fall times refer to VI Land VIH' 
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APPLICATION INFORMATION 

V DD 

Casc 

VSS 

SCL 

SDA 

DEVELOPMENT DATA 

DIRECT DRIVE LCD DISPLAY 

device subaddress 
A2.A1.AO=OOO 

32 33 64 

device subaddress 
A2.A1.AO=001 

Fig.15 Direct drive display; expansion to 256 segments using eight PCF8577. 

backplane 

256 

device subaddress 
A2.A1.AO= 111 
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APPLICATION INFORMATION (continued) 

V DD 

COSC 

ROSC 

VSS 

SCl 

SDA 

DUPLEX LCD DISPLAY 

32 

device subaddress 
A1.AO=OO 

33 64 

device subaddress 
A1.AO=01 

Fig.16 Duplex display; expansion to 2 x 128 segments using four PCF8577. 

BP2 

BP1 

128 

device subaddress 
A1.AO= 11 
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LCD direct/duplex driver with 12 C-bus interface PCF8577 
PCF8577A 

V DD -----I 

VSS ----+--I 

SCL -----I 

SDA -----/ 

7ZB7562.1 

Notes 

32 output lines 

device subaddress 
A2, A1, AO = 000 

'--_________ .. } expansion 

1. MODE bit must always be set to logic D (direct drive). 
2. BANK switching is permitted. 
3. BP1 must always be connected to VSS and AD/OSC must be connected to 

either VDD or VSS (no LCD modulation). 

Fig.17 Use of PCF8577 as 32-bit output expander in 12 C-bus application. 

Purchase of Philips' 12 C components conveys a license under the 
Ph i I ips' 12 C patent to use the components in the 12 C-system provided 
the system conforms to the 12 C specifications defined by Philips. 

1 (MarCh 1989 293 





DEVELOPMENT DATA 
This data sheet contains advance information and 

specifications are subject to change without notice. l ___ PC_F_8_5_7_8 __ _ 

LCD ROW/COLUMN DRIVER FOR 

DOT MATRIX GRAPHIC DISPLAYS 

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 (1 2 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 2.5 V to 6.0 V 
• Maximum LCD supply voltage 9 V 
• Low power consumption 
• 12 C-bus interface 
• TT LlCMOS 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 term inals 
• Instrumentation 

PACKAGE OUTLINES 

PCF8578T: 56-lead mini-pack; plastic (VS056; SOT190). 
PCF8578V: 64-lead tape-automated-bonding module (SOT267 A). 
PCF8578U: chip with bumps on-tape. 
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Fig.1 Block diagram. 
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LCD row/column driver for dot matrix graphic displays PCF8578 

PINNING 

RO 

Rl 
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R5 

R6 

R7 

R8/C8 

V2 R9/C9 

V3 Rl0/Cl0 

V4 Rll/Cll 

V5 R12/C12 

VLCD R13/C13 

n.c. R14/C14 

n.c. R15/C15 

C39 R16/C16 
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C37 R18/C18 
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R3l/C3l R24/C24 
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Fig.2 (a) Pinning diagram: VS056; SOT190. 
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PINNING (continued) 
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LCD row/column driver for dot matrix graphic displays 

pin no. 
mnemonic 

SOT190 S0121 

SDA 1 51 

SCl 2 52 

SYNC ~ 53 

ClK 4 54 

VSS 5 55 

TEST 6 56 

SAO 7 57 

OSC 8 58 

VOD 9 59 

V2 to V5 10 - 13 60-63 

VlCD 14 64 

n.c. 15 - 16 1 - 10 

C39 to C32 17 - 24 11 - 18 

R31/C31 to R8/C8 25 - 48 19 - 42 

R7 to RO 49 - 56 43- 50 

l __ PC_F8_5_7_8 __ _ 

description 

12 C-bus serial data line 

12 C-bus serial clock line 

cascade synchronization output 

external clock input/output 

grou nd (logic) 

test pin (connect to VSS) 

12 C-bus slave address input (bit 0) 

oscillator input 

positive supply voltage 

LCD bias voltage inputs 

LCD supply voltage 

not connected 

LCD column driver outputs 

lCO row/column driver outputs 

LCD row driver outputs 
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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 

I n mixed mode, the device functions as both a row and column driver. It can be used in small stand-alone 
appl ications, 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 

I n 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 

appl ication rate rows columns rows columns typical applications 

1 :8 8 32 - -

stand-alone 
1: 16 16 24 - - small digital or 
1:24 24 16 - - alphanumeric displays 
1 :32 32 8 - -

1 :8 8 632 8x4 640 

with PCF8579 
1: 16 16 624 16 x 2 640 alphanumeric displays 
1:24 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 V SS. 

Commands sent on the 12 C-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 SAO. The PCF8578 
and PCF8579 also have subaddresses. The subaddress of the PCF8578 is only defined in mixed mode 
and is fixed at O. 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 PCF 8579s). 
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LCD row/column driver for dot matrix graphic displays l ____ PC_F_8_5_7_8 ____ __ 

Multiplexed LCD bias generation 

The bias levels required to produce maximum contrast depend on the multiplex rate and the LCD 
threshold voltage (Vth). Vth 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 Vop 
(Vop = VOO - VLCO), together with the discrimination ratios (0) for the different multiplex rates. 
A practical value for Vop is obtained by equating Voff(rms) with Vth. 

Table 2 Optimum LCO bias voltages 

multiplex rate 
parameter 

1 :8 1: 16 1 :24 1:32 

V2 
0.739 0.800 0.830 I 0.850 -

Vop 
i 

V3 I 

-- 0.522 0.600 0.661 0.700 
Vop 

V4 
0.478 0.400 0.339 0.300 --

Vop 

V5 
0.261 0.200 0.170 0.150 --

Vop 

Voff(rms) 
0.297 0.245 0.214 0.193 

Vop 

Von{rms) 
0.430 0.316 0.263 0.230 

Vop 

0= 
Von(rms) 

1.447 1.291 1.230 1.196 
Voff(rms) 

Vop 
3.37 4.08 4.68 5.19 

Vth 
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LCD row/column driver for dot matrix graphic displays 

1.0 

Vbias 

v;-
0.8 

0.6 

0.4 

0.2 

7Z215331 

3-~ 
~ 

~ ~ 
/ 
~ 
~ ............... 

~ 
~ -

1:8 1:16 1:24 1:32 
multiplex 

rate 

l ___ PC_F_8_5_7_8 __ _ 

F igA LCD bias voltages as a function of the mu Itiplex rate. 

Power-on reset 

At power-on the PCF8578 resets to a defined starting condition as follows: 

1. Display blank 
2. 1 :32 multiplex rate, row mode 
3. Start bank 0 selected 
4. Data pointer is set to X, Y address 0, 0 
5. Character mode 
6. Subaddress counter is set to 0 
7. 1

2 C-bus interface is initialized. 

Data transfers on the 12 C-bus shou Id be avoided for 1 ms following power-on, to allow completion of 
the reset action. 
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FUNCTIONAL DESCRIPTION (continued) 

~~~~~~-~~-~Tframe ~-~~~---~~-~-I 
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Fig.5 LCD row/column waveforms. 
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LCD row/column driver for dot matrix graphic displays l ____ PC_F_8_5_7_8 ____ __ 
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V state 1 (t) == C1(t) - R 1(t): 

Van(rms) == j~ + {8 - 1 == 0.430 
Vap 8 8 (.J8 + 1 ) 

Vstate 2(t) == C2(t) - R2(t): 

Voff(rms) _ --- - 2 (~8 - 1) == 0.297 
.J8 (VB + 1) 2 

general relationship (n = multiplex rate) 

Von(rms) _ ----
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1 yn-1 
-+ 
n n(~n+1) 

2(y'n-1) 
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Fig.6 LCD drive made waveforms far 1:8 multiplex rate. 
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FUNCTIONAL DESCRIPTION (continued) 
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Fig.7 LCD drive mode waveforms for 1: 16 multiplex rate. 
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LCD row/column driver for dot matrix graphic displays l ____ P_C_F8_5_7_8 ____ __ 

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 ROSC, see F ig.8. For normal use a value of 
330 kr2 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. 

Note 

lose 
(kHz) 

10 

1 

:-.. 

10 

7Z21532 1 

" , ...... 

........ ' 
" , 'r-. 

....... 
....... 

Fig.8 Oscillator frequency as a function of ROSC. 

To avoid capacitive coupling, which could adversely affect oscillator stability, ROSC 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 ROSC. 

External clock 

If an external clock is used, OSC must be connected to VDD 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 

osci Ilator frequency frame frequency mUltiplex rate clock frequency 
(ROSC = 330 kr2) 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 R 16/C16, R 1 and R 17 /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 storage and provide compatibility with the PCF8579. 

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. 

12 C-bus controller 

The 12 C-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 fi Iters 

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

308 January 19891 ( 



« 
I« 
C 
I-
2 
w 
~ 
0-o 
...J 
W 
> 
W 
C 

LCD row/column driver for dot matrix graphic displays l ____ PC __ F8_5_7_8 ____ __ 

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 
• Full-graphic 

These modes are specified by bits G 1 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 F ig.9). 

To store RAM data, the user specifies the location into which the first byte will be loaded (see Fig.1 0): 

• 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 O. 

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 mu Itiplex rate set by bits M 1 and MO 
of the SET MODE command. 

The display status (all dots on/off and normal/inverse video) is set by bits E 1 and EO of the SET MODE 
command. For bank switching, the RAM bank corresponding to the top of the display is set by 
bits B 1 and BO of the SET START BANK command. This is shown in F ig.11. This feature is useful 
when scrolling in alphanumeric applications. 
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F ig.1 0 Example of commands specifying initial data byte RAM locations. 
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__ PC_F85_78_Jl ______________ __ 
FUNCTIONAL DESCRIPTION (continued) 

RAM 

bank 0 

000000000000000 
000000000000 
000000000 
00000000 
0000000 
000000 
00000 

000 
0000 

00 
o 
o 
o 
o 
o 
o 

LCD 

lZ21550 

top of LCD 

Fig.11 Relationship between display and SET START BANK; 
1 :32 multiplex rate and start bank = 2. 
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LCD row/column driver for dot matrix graphic displays l ___ PC_F_8_5_78 __ _ 

12 C-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 (VSS) or 
1 (VDD). Therefore, two types of PCF8578 or PCF8579 can be distinguished on the same 1

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. 

I n most applications the PCF8578 will have the same slave address as the PCF8579. 

The 12 C-bus protocol is shown in Fig. 12. All 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, A 1, A2 and A3) 
addressed PCF8579 or PCF8578 with its implicit subaddress O. 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 transm itter 
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 (AO to A3) are connected 
to VSS or VDD to represent the desired hardware subaddress code. If two or more devices share the 
same slave address, then each device must be allocated a unique hardware subaddress. 
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__ PCF_857_8 _J l _______ -----: 
12 C-BUS PROTOCOL (continued) 

acknowledge 
by AO, AI, A2 and A3 
selected PCF8578s/ 

PCF8579s only 

~ 

update data pointers 
and if necessary 

subaddress counter 

lZ21541 

Fig.12(a) Master transmits to slave receiver (WRITE mode). 

acknowledge no acknowledge 
from master + from master + 

R/W 

at this moment master 

transmitter ~ecomes a } 
master receIver and 
PCF8578/PCF8579 slave 
receiver becomes a 
slave transmitter 

tL 
~

/W 
n bytes 

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 

I slave address I ~ ~ 

I s 10; < < < < ° I ~ 11 H : : :O+A: : : H : : :0+< : : 11 I p I 

L ~ n bytes ~ L~ last byte ~J 
R/W 

update data pOinters 
and if necessary 

subaddress counter 

lZ21546 

Fig.12(c) Master reads slave immediately after sending slave address (READ mode). 
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LCD row/column driver for dot matrix graphic displays l ____ PC_~F_8_5_7_8 ____ __ 

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 F ig.13). When this bit is set, it indicates that the next 
byte to be transferred will also be a command. If the bit is reset, it indicates the conclusion ofthe command 
transfer. Further bytes will be regarded as display data. Commands are transferred in WRITE mode 
only. 

MSB LSB 

I c I ~ES; ~F ~PC~D~ I 
7Z21545 

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 

COOODDDD LOAD X-ADDRESS 

C10DDDDD SET MODE 

C110DDDD DEVICE SELECT 

C111DDDD RAM ACCESS 

C11111DD SET START BANK 

Where: 

C = command continuation bit 
D = may be a logic 1 or O. 

description 

Oto 39 

mUltiplex rate, display status, system type 

defines device subaddress 

graphic mode, bank select 
(D D D D ~ 12 is not allowed; see 
SET START BANK opcode) 

defines bank at top of LCD 
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__ PC_F85_78 _J l ________ -----. 
12 C-8US PROTOCOL (continued) 

Table 5 Definition of PCF8578/PCF8579 commands 

command / opcode options description 

SET MODE LCD drive mode bits Ml MO defines LCD drive mode 

1 :8 MUX (8 rows) a 1 
1: 16 MUX (16 rows) 1 a 

jcll OITIEl EolMl Mol 1:24 MUX (24 rows) 1 1 
1 :32 MUX (32 rows) a a 

display status bits E1 EO defines display status 

blank a a 
normal a 1 
all segments on 1 a 
inverse video 1 1 

system type bit T defines system type 

PCF8578 row only a 
PCF8578 mixed mode 1 

SET START BANK start bank pointer bits B1 BO defines pointer to RAM bank 
corresponding to the top of 

bank a a a the LCD. Useful for scrolling, 

Ic 11 1 I B1 I 
bank 1 a 1 pseudo-motion and background 

1 1 1 BO bank 2 1 a 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 

Ic 11 1 a I A3 A2 A 1 "AOJ 
4-bit binary value of a to 15 to the subaddress counter to 

define one of sixteen hardware 
subaddresses 
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LCD row/column driver for dot matrix graphic displays 

command / opcode options 

RAM ACCESS RAM access mode bits G1 GO 

character a a 
half graphic a 1 

Ic 11 1 11 G1 GO IY1 YO I full graphic 1 a 
not allowed * 1 1 

bits Yl YO 

2-bit binary value of a to 3 

LOAD X-ADDRESS bits X5 X4 X3 X2 Xl XO 

ICIOIX5 X4 X3 X2 Xl XOI 6-bit binary value of a to 39 

* See opcode for SET START BANK. 

l ____ P_C_F8_5_7_8 ____ __ 

description 

defines the auto-increment 
behaviour of the address for 
RAM access 

two bits of immediate data, 
bits YO to Y1, are transferred 
to the Y-address pointer to 
define one of four banks for 
RAM access 

six bits of immediate data, 
bits XO to X5, are transferred 
to the X-address pointer to 
define one of forty display 
RAM columns 

1 ( January 1989 317 



__ PC_F85_78 _Jl ________ _ 
CHARACTERISTICS OF THE 12 C-BUS 

The 12 C-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. 

SDA ---J"-.---+-_____ --+---'X'---I-__ 

SCL 

Start and stop conditions 

data line 
stable: 

data valid 

change 
of data 
allowed 

Fig.14 Bit transfer. 

~ 
---~ 

7Z87019 

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). 

SDA ---t\\,,~-""I-i ---....J...r=---==~------"------I-r--rt--- SDA 
I I I I 

SCL : : \ r- -- \ I I : s: ' / \,-, ___ I i i SCL 

L ___ .J L ___ -' 

start condition stop condition 
7Z87005 

F ig.15 Definition of start and stop condition. 
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LCD row/column driver for dot matrix graphic displays l ____ PC_F_8_5_7_8 ____ __ 

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--~------~----~------_+----~r_------~----~------~----~------_+--

7Z87004 

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. I n this event 
the transmitter must leave the data line HIGH to enable the master to generate a stop condition. 

Note 

SCL FROM 
MASTER 

DATA OUTPUT 
BY TRANSM ITTE R 

DATA OUTPUT 
BY RECEIVER 

start 
condition 

I 
I 

clock pu Ise for 
acknowledgement 

t 
I 
I 
I 
I 

--~ 
I 

~'--.l.-/ ---JX )(~~)( 7 I ~------ ______ -J 

S 

7Z87007 

Fig.17 Acknowledgement on the 12 C-bus. 

The general characteristics and detailed specification of the 12 C-bus are available on request. 
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__ PC_F85_78 _J l""--_______ _ 
RATINGS 

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

parameter symbol min. max. unit 

Supply voltage range VOO -0.5 +8.0 V 

lCO supply voltage range VlCO VOO -11 VOO V 

I nput voltage range at 
SOA, SCl, ClK, TEST, 
SAO and OSC Vl1 VSS -0.5 VOO+0.5 V 

V2 to V5 VI2 VlCO -0.5 VOO+0.5 V 

Output voltage range at 
SYNC and ClK Val VSS -0.5 VOO+O.5 V 

RO to R7, R8/C8 to R31/C31, 
and C32 to C39 V02 VlCO -0.5 VOO+0.5 V 

DC input current II -10 10 mA 

DC output current 10 -10 10 mA 

VOO, VSS or VlCO current 100, ISS, I lCO -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 

I nputs 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 MaS devices (see 
'Handling MaS Devices'). 
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LCD row/column driver for dot matrix graphic displays l ____ PC_F_8_5_7_8 ____ __ 

DC CHARACTERISTICS 

VDD = 2.5 V to 6.0 V; VSS = 0 V; VlCD = VDD -3.5 V to VDD -9 V; Tamb = -40 oC to +S5 oC; 
unless otherwise specified 

parameter conditions symbol min. typo max. unit 

Supply 

Supply voltage VDD 2.5 - 6.0 V 

LCD supply voltage VlCD VDD -9 - VDD -3.5 V 

Supply current note 1; 
external clock fClK = 2 kHz IDDl - 6 15 JlA 
internal clock ROSC = 330 kn IDD2 - 20 50 JlA 

Power-on reset level note 2 VPOR O.B 1.3 1.B V 

Logic 

I nput voltage lOW Vil VSS - 0.3 VDD V 

I nput voltage HI G H VIH 0.7 VDD - VDD V 

Output current lOW 
at SYNC and ClK VOL = 1.0 V 

VDD = 5 V lOll 1 - - rnA 

Output current HIGH 
at SYNC and C lK VOH = 4.0 V 

VDD = 5 V IOHl - - -1 rnA 

SDA output current lOW VOL = 0.4 V; 
VDD = 5 V IOl2 3.0 - - rnA 

leakage cu rrent 
at SDA, SCl, SYNC, 
ClK, TEST and SAO VI = VDD or VSS III -1 - 1 JlA 

leakage current 
at OSC VI = VDD Il2 -1 - 1 JlA 

I nput capacitance 
at SCl and SDA note 3 CI - -- 5 pF 

LCD outputs 

leakage current at 
V2 to V5 VI = VDD or VlCD Il3 -2 - 2 JlA 

DC component of LCD 
drivers ROto R7, 
RS/CS to R31/C31, 
and C32 to C39 ±VDC - 20 - mV 

Output resistance at note 4 
RO to R7 and RS/CS to 
R31/C31 row mode RROW - 1.5 3.0 kn 

RB/CS to R31/C31 
and C32 to C39 column mode RCOl - 3 6 kn 
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__ PC_F85_78 _Jl ________ ----. 
AC CHARACTERISTICS (note 5) 

VDD = 2.5 to 6 V; VSS = 0 V; VLCD = VDD -3.5 V to VDD -9 V; Tamb = - 40 to + 85 oC; 
unless otherwise specified 

parameter conditions symbol min. typo max. 

Clock frequency at ROSC = 330 kn; 
multiplex rates of VDD = 6 V 
1:8, 1:16and 1:32 fCLK1 1.2 2.1 3.3 
1 :24 fCLK2 0.9 1.6 2.5 

SYNC propagation delay tpSYNC - - 500 

Driver delays VDD -- VLCD = 9 V; 
with test loads tPLCD - - 100 

12 C-bus 

SCL clock frequency fSCL - - 100 

Tolerable spike width 
on bus tsw - - 100 

Bus free time tBUF 4.7 - -

Start cond ition 
set-up time repeated start 

codes only tsu; STA 4.7 - -
Start condition 

hold time tHD; STA 4.0 - -

SCL LOW time tLOW 4.7 - -

SCL HIGH time tHIGH 4.0 - -

SCL and SDA rise time tr - - 1.0 

SCL and SDA fall time tf - - 0.3 

Data set-up time tsu; DAT 250 - -

Data hold time tHD; DAT 0 - -

Stop condition 
set-up time tsu; STO 4.0 -- -
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LCD row/column driver for dot matrix graphic displays l ____ P_C_F8_5_7_8 ____ __ 

Notes to the characteristics 

1. Outputs are open; inputs at VOO or Vss; 1
2 C-bus inactive; external clock with 50% duty factor, 

(1001 only). 

2. Resets all logic when VOO < VPOR. 

3. Periodically sampled; not 100% tested. 

4. Resistance measured between output terminal (RO to R7, RB/CB to R31/C31 and C32 to C39) 
and bias input (V2 to V5, VOO and VLCO) when the specified current flows through one output 
under the following conditions (see Table 2): 

VOP = VOO - VLCO = 9 V; 

row mode, RO to R7 and RB/CB to R31/C31 (row mode): 
V2 - VLCO;;;:' 6.65 V; V5 - VLCO ~ 2.35 V; I LOAD = 150 /-LA 

column mode, RB/CB to R31/C31 (column mode) and C32 to C39: 
V3 - VLCO;;;:' 4.70 V; V4 -VLCO ~ 4.30 V; I LOAO = 100 /-LA. 

5. All timing values are referred to VI H and VI L levels with an input voltage swing of VSS to VOO. 

3.3 kf! 

SYNC, ClK ---c::=J-- 0.5 VDD 

C39 to C32, 
R31/C31 to R8/C8 
and R7 to RO ~I--

1 nF 

1.5 kf! 

SDA ---c::=J-- V DD 

7Z21535.1 

Fig.1B Test loads. 
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324 

ClK 

SYNC 

,-------.... 

1 

fClK 

- tpSYNC ---

0.7 voo 

0.3 VOO 

+.----- 0.7 VOO 

0.3 voo 

___ 0.5V 
C39 to C32, 

R31/C31 to RB/CB 
and R7 to RO 

(Voo - VlCO = 9 V) t 
~0.5V 

t 
7Z21531.1 

Fig.19 Driver timing waveforms. 

SOA 

sel 

- tHO;STA --

tSU;OAT 

SOA 

tSU;STA --
tSU;STO 

7Z21536 

F ig.20 12 C-bus timing waveforms. 
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N 
C11 

RO R1 R2 R3 

SDA SCl SYNC ClK 

DEVELOPMENT DATA 

LCD DISPLAY 

,---

r-

R4 R5 R6 R7 R8/ R9/ R10/ R11/ R12/ R13/ R14/ R15/ R16/ R17/ R18/ R19/ R20/ R21/ R22/ R23/ R24/ R25/ R26/ R27/ 
C8 C9 C10 C11 C12 C13 C14 C15 C16 C17 C18 C19 C20 C21 C22 C23 C24 C25 C26 C27 

PCF8578 

VSS TEST SAO R31/ R30/ R29/ R28/ 

IT! OSC VDD V2 V3 V4 V5 VlCD n.c. n.c. C39 C38 C37 C36 C35 C34 C33 C32 C31 C30 C29 C28 

~ 
I I L ~ 

ROSC 

-c:::::J------ U 
'----

-c:::::::J- '----

0 
'----

0 
'----

Fig.21 Stand-alone application using 8 rows and 32 columns. 
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APPLICATION INFORMATION (continued) 

VDD 

OR 

VDD 

32 r~ws 1 : 32 multiplex rate 
V2 LCD DISPLAY 32 x 40 x k dots (1 .. k .. 16) 

]R 

20480 (max) 

V3 

(4'1'2-3) R 

V PCF8578 

)R 

4 (ROW MODE) 

II r----+--+ 40 columns 40 columns 
II V5 unused columns 

R subaddress 0 subaddress 1 

VLCD 
SAO !--VSS 

~}J 
" 

VLCD 

,- '" 000 ~ '00 -
VDD M~}J VDD - VDD -

VSS SDA SCL CLK SYNC ROSC .---- VLCD #1 
A1 r- .---- #2 

-

VSS ,--
PCF8579 PCF8579 

V4 A2 r- - -

- V3 A3 r-~ r- r-

VSS SYNC CLK SCL SDA SAO 

I I I I 
~DD -r-----r-- VSS VSS VSS VSS 

[) 0 /~-
/ / 

SCL ~ L 
SDA / / 

Fig.22 Typical LCD driver system with 1 :32 multiplex rate. 
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~ [ R 

.. 
V LCO 
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CL 
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DEVELOPMENT DATA 

J 

Voo Vss 

,-fil 
I Voo Vss Voo Vss 

I I I I I I 
SAO SOA SCL CLK SYNC VSS 

i[ 

~ 

it 

.-

i{= :: 
V3 ~ 

#k ~ #2 +-- #1 
V4~ 

PCF8579 1- PCF8579 - PCF8579 VLCD ~ 
I-- VOO -VOO - AO VOD I-- VOO 

subaddress k-l i" subaddress 1 t" subaddress 0 t" columns columns columns 

VOO 16 1 : 16 multiplex rate 
LCD DISPLAY 16 x 40 x k dots (k";; 16) 

rows (10240dotsmax.) 

V2 

16 1 : 16 multipl~x rate 

V3 16 x 40 x k dots (k";; 16) 
rows (10240dotsmax.) 

PCF8578 V4 

~ (ROW MODE) t40 t 40 t 40 unused columns columns subaddress 0 
columns 

subaddress 1 
columns 5ubaddress k-l 

V5 

~1J ;1J 
SAO r-- VSS/vOO 

V LCO 
VOO - VOO 

'" -1J VOO- V OO -

,-----+ VLCO 
#1 

Al - ,-----+ 
#2 -- #k 

,- "" oo,~ ,... V3 PCF8579 A2 - ,... PCF8579 --+ PCF8579 

VSS SOASCLCLKSYNC ROSC 
,... V4 A3 - ,... ~ 

VSS 
VSS SYNC CLK SCL SOA SAO 

v!s v!s 
I I I 

v!s VSS VSS 
/ 

VSS 

I I 
I 
I L 

Fig.23 Split screen application with 1: 16 multiplex rate for improved contrast. 
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APPLICATION INFORMATION ( d) I I 
/ 

/ 

~~r r- / 

v
FD vis 

/ V
DD Vss V DD vis 
I I I 

SAO SDA SCL CLK SYNC VSS 

I+-

I[ 
~ 

1\= :: 
V3 ~ 

#k I+- #2 ~ #1 
V4 1+-

PCF8579 
~ 

PCF8579 - PCF8579 V LCD ~ 

f-- V DD -VDD - AO VDD t-- VDD 

I 

1'" 
subaddress 1 

1'" 
subaddress 0 

1'" columns columns columns 

VDD 1 :32 multiplex rate 
LCD DISPLAY 32 x 40 x k (k <;; 16) --C 

R (20480 dots max.) 

." V2 
32 

II 

C 
R 

j4V2-3IR 32 1: 32 multiplex rate 

V3 
32x40xk(k<;;16) t---

il rows (20480 dots max.) 

C 
II V4 PCF8578 
II 

(ROW MODE) -----!- -r 40 t 40 t 40 
R unused columns 

columns subaddress 0 
columns subaddress 1 

columns subaddress k-l 

,~ 
V5 

~IJ ]J 
II 

R SAO - VSSlvDD 
C VDD - VDD '"~IJ VDD - VDD-

V LCD 

V LCD - VLCD 
#1 

Al ~ - #2 - #k ,'" =1 _V3 PCF8579 A2 ~ - PCF8579 - PCF8579 

Vss SDA SCL CLK SYNC R OSC 
~ V4 A3 - ~ ~ 

VSS 
VSS SYNC CLK .SCL SDA SAO 

I V~s T T I T 
DD-"'-'-

VSS VSS VSS 
/ 

VSS VSS 

/ 

[J 
7 
/ / 
/ L 

7 
CL 7 
DA I I 

F ig.24 Split screen application with 1 :32 mu Itiplex rate. 
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CHIP DIMENSIONS AND BONDING PAD LOCATIONS 

.81 
mm 
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Bonding pad dimensions: 120.um x 120 .urn. 
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F ig.26 Bonding pad locations. 
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Table 6 Bonding pad locations (dimensions in 11m) 

All x/y co-ordinates are referenced to the bottom left corner, see Fig.26. 

pad 

SDA 
SCl 
SYNC 
ClK 
VSS 
TEST 
SAO 
OSC 
VDD 
V2 
V3 
V4 
V5 
VLCD 
n.c. 
n.c. 
C39 
C38 
C37 
C36 
C35 
C34 
C33 
C32 
R31/C31 
R30/C30 
R29/C29 
R28/C28 

X Y pad X Y 

1642 4642 R27/C27 1936 160 
1438 4642 R26/C26 2140 160 
1234 4642 R25/C25 2344 160 
1000 4642 R24/C24 2548 160 
742 4642 R23/C23 2776 160 
454 4642 R22/C22 2776 424 
160 4642 R21/C21 2776 670 
160 4318 R20/C20 2776 886 
160 3514 R 19/C19 2776 1096 
160 3274 R18/C18 2776 1300 
160 3064 R17/C17 2776 1504 
160 2860 R 16/C16 2776 1708 
160 2656 R15/C15 2776 1912 
160 2452 R14/C14 2776 2116 
- -- R13/C13 2776 2320 
-- - R 12/C12 2776 2524 
160 1252 R 11 /C 11 2776 2752 
160 1048 R10/Cl0 2776 3004 
160 844 R9/C9 2776 3502 
160 628 R8/C8 2776 3706 
160 406 R7 2776 3916 
160 160 R6 2776 4132 
454 160 R5 2776 4378 
742 160 R4 2776 4642 

1000 160 R3 2548 4642 
1234 160 R2 2344 4642 
1438 160 R1 2140 4642 
1642 160 RO 1936 4642 

Purchase of Philips' 12C components conveys a license under the 
Philips' 12 C patent to use the components in the 12 C-system 
provided the system conforms to the 12C specifications defined 
by Philips. 
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CHIP-ON GLASS INFORMATION 

Voo-----------------,-----------------4"----- Voo 
va------______ 
V4------~ 

Vleo------~ 

Vss 
elK 

sel 

I I I I I I I I 
I I I I I I I I 

~--Va 

~--V4 

VLCD 

Vss 
elK 

sel 

SOA 

1 1 1----------------------------------------
co Cl C2 --

Fig.27 Typical chip-on glass application (viewed from underside of chip). 

Note to Fig.27 

If inputs SAO and AO to A3 are left unconnected they are internally pulled-up to VOO. 
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DEVELOPMENT DATA 
This data sheet contains advance information and 
specifications are subject to change without notice. l ____ PC_F_8_5_7_9 ____ __ 

LCD COLUMN DRIVER FOR DOT MATRIX GRAPHIC DISPLAYS 

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 
• 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 mu Itiplex 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 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 
• 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: 56-lead mini-pack; plastic (VS056; SOT190). 
PCF8579V: 64-lead tape-automated-bonding module (SOT267A). 
PCF8579U: chip with bumps on-tape. 

~ ~JanuarY 1989 333 



___ P_CF8_57_9_jl _______________ _ 

V DD 
12 

V3 
14 

V 4 
15 

V lCD 
16 

TEST 

VSS 

A3--;-------~-------1 

A2--~------~-------1 
Al--~10~----~------_1 
AO--~II~----~------_1 

SCl--~---------.1 

SDA --+'---------<111---.1 

13 

n.c, 
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C39 - co 

17 - 56 

COLUMN (1) 

DRIVERS 

PCF8579 

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

Fig.1 Block diagram. 

I+---=-t--- SYNC 

1+---'+-- ClK 
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PINNING 

SDA co 

Cl 

C2 

C3 

VSS C4 

C5 

C6 

C7 

A2 C8 

Al C9 

AO Cl0 

« VDD Cll 

I-« n.c. C12 
0 
I- V3 C13 
Z 
W 

V4 :2: C14 
0-
0 VLCD C15 ...J 
W 
> C39 C16 
W 
0 

C38 C17 

C37 C18 

C36 C19 

C35 C20 

C34 C2l 

C33 C22 

C32 C23 

C3l C24 

C30 C25 

C29 C26 

C28 C27 

7Z21373.1 

Fig.2 (a) Pinning diagram: VS056; SOT190. 
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PINNING (continued) 

VlCD 
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V3 

VDD 

AO 
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A3 
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C5 

60 

55 

50 

45 
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r JL ., 
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LJ 

PCF8579 

(1) Orientation mark. 

Fig.2 (b) Pinning diagram: S0122. 
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LCD column driver for dot matrix graphic displays 

pin no. 
mnemonic 

SOT190 S0122 

SOA 1 50 

SCl 2 51 
--
SYNC 3 52 

ClK 4 53 

VSS 5 54 

TEST 6 55 

SAO 7 56 

A3 to AO 8 - 11 57 - 60 

VOO 12 61 

n.c. 13 * 1 - 9 

V3 to V4 14 - 15 62 - 63 

VlCO 16 64 

C39 to CO 17 - 56 10 - 49 

* Do not connect, this pin is reserved. 

l ____ PC_F_8_5_7_9 ____ __ 

description 

12C-bus serial data line 

12 C-bus serial clock line 

cascade synchronization input 

external clock input 

ground (logic) 

test pin (connect to VSS) 

12 C-bus slave address input (bit 0) 

12 C-bus subaddress inputs 

positive supply voltage 

not connected 

lCO bias voltage inputs 

lCO supply voltage 

lCO column driver outputs 
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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 unique 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 SAO. 

Multiplexed LCD bias generation 

The bias levels required to produce maximum contrast depend on the multiplex rate and the LCD 
threshold voltage (Vth). Vth 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 Vop is obtained by equating Voff(rms) with Vth. 

Table 1 Optimum LCD bias voltages 

multiplex rate 
parameter 

1 :8 1: 16 1:24 1 :32 

V2 
0.739 0.800 0.830 0.850 --

Vop 

V3 
0.522 0.600 0.661 0.700 --

Vop 

V4 
0.478 

I 
0.400 0.339 0.300 --

Vop 

V5 
0.261 0.200 0.170 0.150 --

Vop 

Voff(rms) 
0.297 

I Vop 
0.245 0.214 0.193 

Von(rms) 
0.430 

Vop 
0.316 0.263 0.230 

0= Von(rms) 

Voff(rms) 
1.447 1.291 1.230 1.196 

Vop 
3.37 

Vth 
4.08 4.68 5.19 

338 January 19891 ( 



e:( 
l
e:( 
I:) 

I-
2 
w 
~ 
Q. 

o 
..J 
W 
> 
W 
I:) 

LCD column driver for dot matrix graphic displays 

1.0 
Vbias 

v;;-
0.8 

0.6 

0.4 

0.2 

~ 

V 
~ 

I'---

7Z215331 

:!3-r----

>---
~ I---

v;-I---

1:8 1:16 1:24 1:32 
multiplex 

rate 

l ____ PC __ F8_5_7_9 ____ __ 

F ig.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; 

1. Display blank (in conjunction with PCF8578) 
2. 1 :32 multiplex rate 
3. start bank a selected 
4. Data pointer is set to X, Y address 0, a 
5. Character mode 
6. Subaddress counter is set to a 
7. 1

2 C-bus is initialized. 

Data transfers on the 1
2 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) 

I--------------Tframe -------------.. 1 

ROWO 
V3 --

_ON 
= OFF 

~~O-I 
V4 -
VS-

VLCO -

1 
VOO -
V2-
V3 -

V4 -
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~1:8 

COLUMN 

ROW a 

COLUMN 

ROWO 
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VLCO - 1 

SYNC-U U--

I a I 1 1 2 1 3 1 4 1 S 1 6 1 7 1 8 1 9 110 111 1 12 113 114 11S 

~~O-II 
V3 -
V4 -
VS-

VLCO -
1 VOO-
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V4-
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VLCO - I 

SYNC-U U--
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V4 -
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1 
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V

3
-

V4-
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~OO- I 
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1
0 11 1213141s161718191 10 11111211311411s1161171181191 20 12112212312412s126127128129130131 
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V4 -
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1 
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SYNC-Ur---------------------------------------------------------

I 

Fig.4 LCD row/column waveforms. 

lZ27542 
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LCD column driver for dot matrix graphic displays l ____ PC_F_8_5_7_9 ____ __ 

ROW1 
R1 (t) 

ROW 2 
R2 (t) 

COLUMN 1 
C1 (t) 

COLUMN 2 
C2 (t) 

Vstate 1 (t) 

Vstate 2 (t) 

VOO -

V2 -

V
3
-

V4 -

VS-

VLCO -

VOO -

V2-
V3-
V

4
--< -

Vs-
VLCO -

VOO --

V2 --

V3 --
V4 --

Vs --
VLCO -

VOO--

V2 --

V3 --

V4 --

Vs --
VLCO -

Vop--

g.~61 Vop-

-0.261 Vop-

-Vop--

Vop--

0.478 Vop-

0.261 Vop-
OV--

-0.261 Vop-

-0.478 V 0,-1 
-Vop--

1

1 .... ---- Tframe ----.. 1 state 1 (ON) 
state 2 (OFF) 

fa--.-o--o-o-o-
dot matrix 
1 : 8 multiplex rate 

V state 1 (t) = C1 (t) - R 1(t)~ 

1 y'B-1 
- + --- = 0.430 
8 8(y'B+1) 

Vstate 2(t) = C2(t) - R2(t): 

Voff(rms)= 

Vop 

2 (\./8 - 1) 
-=--- = 0.297 J8(y8 + 1)2 

general relationship (n = multiplex rate) 

Voff(rms)= 

Vop 

1 vn-1 
-+ 
n n(y'n+1) 

2(01- 1) 

yin (yn + 1)2 

F ig.5 LCD drive mode waveforms for 1: 8 mu Itiplex rate. 
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FUNCTIONAL DESCRIPTION (continued) 

voo -r 
V2 

ROW 1 V3 
Rl(t) V4 --

VS -
VLCO -

VOO -
V2 --

ROW 2 V3 --
R2(t) V4 --

VS -
VLCO--

VOO -
V2 --

COL 1 V3 --
Cl(t) V4 --

VS -

VlCO-

VOO -
V2 --

COl2 V3 --
C2(t) V4 --
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0.2 Vop -
OV 
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0.6 Vop -

0.2 Vop _ 
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-0.6 Vop -
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Von(rms) = 
Vop 

1 y'16 - 1 
-+ = 0.316 
16 16 (y1T6 + 1) 

Vstate 2(t) = C2(t) - R2(t): 

Voff(rms) 

Vop 

2 (vrn - 1) = 0.245 
yIT6 (y'16 + 1) 2 

ttl (ON) 
OFF) 

[[sae 
[state 2 ( 

({ :1 

r 
~ 

7Z21543.1 

general relationship (n = multiplex rate) 

Von(rms) = 

Vop 

1 yn-1 
-+---
n n(yn+1) 

Voff(rms)= 2 (yn - 1) 

If 

dot matri x 
1: 16 mu Itiplex rate 

Fig.6 LCD drive mode waveforms for 1: 16 multiplex rate. 
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LCD column driver for dot matrix graphic displays l PCF8579 

--
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 12 C-bus. 

Subaddress counter 

The storage and retrieval of display data is dependent on the content of the subaddress counter. Storage 
and ret rival take place, only when the contents of the subaddress counter agree with the hardware 
subaddress at pins AO, A1, A2 and A3. 

\2 C-bus controller 

The 12 C-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 PCF8579 acts as an 12 C-bus slave transmitter/receiver. Device selection depends on the 12 C-bus 
slave 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. 

1 (January 1989 343 



__ PCF_857_9 _Jl ________ ---: 
FUNCTIONAL DESCRIPTION (continued) 

RAM access 

There are three RAM ACCESS modes: 

• Character 
• Half-graphic 
• Full-graphic 

These modes are specified by bits G 1 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.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 O. 

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 mu Itiplex rate set by bits M 1 and MO 
of the SET MODE command. 

The display status (all dots on/off and normal/inverse video) is set by bits E 1 and EO of the SET MODE 
command. For bank switching, the RAM bank corresponding to the top of the display is set by bits B 1 
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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Fig.7 RAM ACCESS mode. 
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Fig.8 Example of commands specifying initial data byte RAM locations. 
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RAM 

bank 0 

000000000000000 
000000000000 
000000000 
00000000 
0000000 
000000 

000 
000 

00 
00 
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00 
00 

LCD 

lZ21550 

Fig.9 Relationship between display and SET START BANK; 
1 :32 mUltiplex rate and start bank = 2. 

top of LCD 
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348 

12 C-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 (VSS) or 1 
(VDD). Therefore, two types of PCF8578 or PCF8579 can be distinguished on the same 12 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 12 C-bus protocol is shown in Fig. 10. All 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 WR ITE 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, A 1, A2 and A3) 
addressed PCF8579 or PCF8578 with its implicit subaddress O. 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 transm itter, 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 (AO, A 1, A2 and A3) 
are connected to VSS or VDD 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 
by AO, At, A2 and A3 
selected PCF8578s/ 

PCF8579s only 

~ 

update data pOinters 
and if necessary 

subaddress counter 

7Z21547 

Fig.10(a) Master transmits to slave receiver (WRITE mode). 

acknowledge 
from master t no acknowledge 

from master t 

R/W 
at this moment master 

transmitter becomes a } 
master receiver and 
PCF8578/PCF8579 slave 
receiver becomes a 
slave transmitter 

tL 

~
iW 

n bytes 

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 

I slave address I ~ ~ 

I s I 0; < < < < 0 I ~ It H : : :O+A: : : I A I : : : O+A : : : It I p I 

L ~ n bytes ~ L~lastbyte~J 
R/W 

update data pOinters 
and if necessary 

subaddress counter 

7Z21546 

F ig.1 0 (C) Master reads-slave immediately after sending slave address (R EAD mode). 

7Z21548 
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12 C-8US PROTOCOL (continued) 

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 WR ITE 
mode only. 

LSB 

lZ21545 

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 

CODDDDDD LOAD X-ADD R ESS 

C10DDDDD SET MODE 

C110DDDD DEVICE SELECT 

C111DDDD RAM ACCESS 

C11111DD SET START BANK 

Where: 

C == command continuation bit 
D == may be a logic 1 or O. 

350 January 1989) ( 

description 

Oto 39 

multiplex rate, display status, system type 

defines device subaddress 

graphic modes, bank select 
(0 0 0 0;;:;:' 12 is not allowed; see SET 
START BANK opcode) 

defines bank at top of LCD 
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LCD column driver for dot matrix graphic displays 

Table 3 Definition of PCF8578/PCF8579 commands 

command / opcode options 

SET MODE LCD drive mode bits M1 MO 

1 :8 MUX (8 rows) a 1 
1: 16 MUX (16 rows) 1 a 

Icl11 0 lTIE1 EOIM1 Mol 1 :24 MUX (24 rows) 1 1 
1 :32 MUX (32 rows) a a 

display status bits E 1 EO 

blank a a 
normal a 1 
all segments on 1 a 
inverse video 1 1 

system type bit T 

PCF8578 row only a 
PCF8578 mixed mode 1 

SET START BANK start bank pointer bits B 1 BO 

bank a a a 
bank 1 a 1 

IC 11 1 1 1 11 B 1 BO I bank 2 1 a 
bank 3 1 1 

DEVICE SELECT bits A3 A2 A1 AO 

4-bit binary value of a to 15 

Ic 11 1 a I A3 A2 A 1 AO I 

l ____ PC_F_8_5_7_9 ____ __ 

description 

defines LCD drive mode 

defines display status 

defines system type 

defines pointer to RAM bank 
corresponding to the top of 
the LCD. Useful for scrolling, 
pseudo-motion and backgrou nd 
preparation of new display 

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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12 C BUS PROTOCOL (continued) 

Table 3 (continued) 

command / opcode options description 

RAM ACCESS RAM access mode bits Gl GO defines the auto-increment 
behaviour of the address for 

character a a RAM access 
half graphic a 1 

Ic 11 1 llGl GOIYl YO I full graphic 1 a 
not allowed* 1 1 

bits Yl YO two bits of immediate data, 
bits YO to Yl, are transferred 

2-bit binary value of a to 3 to the Y-address pointer to 
define one of four banks for 
RAM access 

LOAD X-ADDRESS bits X5 X4 X3 X2 Xl XO six bits of immediate data, 
bits XO to X5, are transferred 

I cIOlX5 X4 X3 X2 Xl XO I 6-bit binary value of a 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 12 C-BUS 

The 12 C-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. 

SDA ---'"--......j-_____ ......j---I.X~---I-__ 

SCL 

Start and stop conditions 

data line 
stable: 

data valid 

change 
of data 
allowed 

F ig.12 B it transfer. 

-~ 

---~ 

7Z87019 

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). 

SDA ---t\\---li----c'---__ -=~----'-------+-r...J-It_--SDA 
I I I I 

SCL : : \ ;--- \ :: : s: ' / \'-' ___ ...J/:: SCL 

L ___ .J L ___ J 

start condition stop condition 
7Z87005 

F ig.13 Definition of start and stop condition. 

"I ("January 19S9 353 



___ PC_F85_79_jl _______________ _ 

354 

CHARACTERISTICS OF THE 12 C-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----------~------------~--------------~------------4r------------~--

SCL--~------~----~------_+----~r_------r_----~------_r----~------_T--

F ig.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. I n this event the transmitter must leave the 
data line HIGH to enable the master to generate a stop condition. 

Note 

SCL FROM 
MASTER 

DATA OUTPUT 
BY TRANSMITTER 

DATA OUTPUT 
BY RECEIVER 

start 
condition 

I 
I 

clock pu Ise for 
acknowledgement 

t 
--~ 

--~ 

7Z87007 

Fig.15 Acknowledgement on the 12 C-bus. 

The general characteristics and detailed specification of the 12 C-bus is available on request. 
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LCD column driver for dot matrix graphic displays l ____ PC_F_8_5_7_9 ____ __ 

RATINGS 

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

parameter symbol min. max. unit 

Supply voltage range VOD -0.5 +8.0 V 

LCD supply voltage range VlCO VOO -11 VOO V 

I nput voltage range at 
SOA, Sel, SYNC, ClK, TEST, 
SAO, AO, A 1, A2 and A3 VI1 VSS -0.5 VOO+0.5 V 

V3 to V4 VI2 VlCO -0.5 VOO+0.5 V 

Output voltage range at 
SOA V01 VSS -0.5 VOO+0.5 V 

CO to C39 V02 VlCO -0.5 VOO+0.5 V 

OC input current II -10 10 mA 

OC output current 10 -10 10 mA 

VOO, VSS or VlCO current 100, ISS, IlCO -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 

I nputs 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 MaS devices (see 
'Handling MaS Oevices'). 
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DC CHARACTER ISTICS 

VOO = 2.5 V to 6.0 V; VSS = 0 V; VlCO = VOO -3.5 V to VOO -9 V; Tamb = -40 oC to +85 oC; 
unless otherwise specified 

parameter conditions symbol min. typo max. unit 

Supply 

Supply voltage VOO 2.5 - 6.0 V 

lCO supply voltage VlCO VOO-9 - VOO -3.5 V 

Supply current note 1; 
fClK = 2 kHz 1001 - 9 20 /lA 

Power-on reset level note 2 VPOR - 1.3 1.8 V 

logic 

I nput voltage lOW Vil VSS - 0.3 VOO V 

Input voltage HIGH VIH 0.7 VOO - VOO V 

leakage cu rrent 
at SOA, SCl, SYNC, 
ClK, TEST, SAD, 
AD, A 1, A2 and A3 VI = VOO or VSS 1L1 -1 - 1 /lA 

SOA output current lOW Val = 0.4 V; 
VOO = 5 V IOl 3 - - mA 

I nput capacitance note 3 CI - - 5 pF 

LCD outputs 

leakage cu rrent at 
V3 to V4 VI = VOO or VlCO Il2 -2 - 2 /lA 

DC component of lCO 
drivers CO to C39 ±VOC - 20 - mV 

Output resistance at 
CO to C39 note 4 RCOl - 3 6 kn 
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LCD column driver for dot matrix graphic displays l ____ PC_F_8_5_7_9 ____ __ 

AC CHARACTERISTICS (note 5) 

VDD = 2.5 to 6 V; VSS = 0 V; VLCD = VDD -3.5 V to VDD -9 V; Tamb = -40 to +85 oC; unless 
otherwise specified 

parameter conditions symbol min. typo max. unit 

Clock frequency 50% duty factor fCLK - * 10 kHz 

Driver delays VDD - VLCD = 9 V; 
with test loads tPLCD - - 100 JlS 

12 C-bus 

SCL clock frequency fSCL - - 100 kHz 

Tolerable spike width 
on bus tsw - - 100 ns 

Bus free time tBUF 4.7 - - JlS 

Start condition repeated start 
set-up time codes only tsu; STA 4.7 - - JlS 

Start condition 
hold time tHO; STA 4.0 - - JlS 

SCL LOW time tLOW 4.7 - - JlS 

SCL HIGH time tHIGH 4.0 - - JlS 

SC Land SDA rise time tr - - 1.0 JlS 

SCL and SDA fall time tf - - 0.3 JlS 

Data set-up time tsu; OAT 250 - - ns 

Data hold time tHO; OAT 0 - - ns 

Stop condition 
set-up time tsu; STO 4.0 - - JlS 

* Typically 0.9 to 3.3 kHz. 
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Notes to the characteristics 

1. Outputs are open; inputs at VDD or VSS; 12C-bus inactive; clock with 50% duty cycle. 

2. Resets all logic when VDD < VPOR. 

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 = 9 V; 

V3 - VLCD ~4.70 V; V4 - VLCD <4.30 V; I LOAD = 100 J.LA. 

5. All timing values are referred to V,H and V,L levels with an input voltage swing of VSS to VDD. 

January 19891 ( 
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SOA --c:::J-- VOO 
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CO to C39 ---41--
1 nF 

7Z21534.1 

Fig.16 Test loads. 
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APPLICATION INFORMATION 

VDD 

[ R 

VDD 

32 rows 1 : 32 multiplex rate 

" V2 LCD DISPLAY 32 x 40 x k dots (1 .. k ... 16) 

II ~R 20480 (max) 

~ (4"2-3) R 

V3 

V PCF8578 

~R 
4 (ROW MODE) 

8 
}'40 columns 

V5 
40 columns 

~R 
unused columns 

subaddress 0 subaddress 1 

VlCD 
SAO -VSS 

]J 
VlCD 

I '" 0"" 1 '00 -
VDD "~}J VDD - VDD -

VSS SDA SCl ClK SYNC ROSC ,--- VlCD #1 
A1 r- -

#2 -
PCF8579 PCF8579 

VSS - V4 A2 f-- ,-- r--

r- V3 A3 r-. c- r-

VSS SYNC ClK SCl SDA SAO 

I I I I 
'DD --,---,- VSS VSS VSS VSS, 

o 0 
/ / 

/~ 
/ / 

,Cl / / 
,DA / / 

Fig.19 Typical LCD driver system with 1 :32 multiplex rate. 
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V2 

16 1 :16 multiplex rate 
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Fig,20 Split screen application with 1: 16 multiplex rate for improved contrast, 
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Fig.21 Split screen application using double screen with 1 :32 multiplex rate. 
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CHIP DIMENSIONS AND BONDING PAD LOCATIONS 

0 000000000000 
A2 0 

0 
0 

A1 

AO 0 0 
0 
0 
0 

VOO 0 0 
n.c. 0 0 
V3 0 0 

.61 V4 0 PCF8579 
0 

mm VLCO 0 0 
0 
0 
0 
0 
0 

C39 0 0 
C38 0 0 
C37 0 
C36 0 0 

0 0 0000000 00000 
o I' ~ "'" 

(') N C;; 0 en co I'- <D Il) 

"'" 
(') 

(') (') (') (') N N N N N N N 
(.) (.) (.) (.) (.) (.) (.) (.) (.) (.) (.) (.) (.) 

OIl 2.95 mm 

C5 

C6 

C7 

C8 

C9 

C10 

C11 

C12 

C13 

C14 

C15 

C16 

C17 

C18 

C19 

C20 

C21 

C22 

7Z21537 

Chip area: 13.6 mm2 

Bonding pad dimensions: 120 Ilm x 120 Ilm 

Fig.23 Bonding pad locations. 
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LCD column driver for dot matrix graphic displays l ___ PC_F_8_5_7_9 __ _ 

Table 4 Bonding pad locations (dimensions in ILm) 

All x/y co-ordinates are referenced to the bottom left corner, see Fig.23. 

pad 

SDA 
SCl 
SYNC 
elK 
VSS 
TEST 
SAO 
A3 
A2 
Al 
AD 
VDD 
n.c. 
V2 
V3 
VlCD 
C39 
C38 
C37 
C36 
C35 
C34 
C33 
C32 
C31 
C30 
C29 
C28 

X Y pad X Y 

1726 4444 C27 1972 160 
1522 4444 C26 2176 160 
1318 4444 C25 2380 160 
1114 4444 C24 2584 160 
910 4444 C23 2788 160 
688 4444 C22 2788 472 
442 4444 C21 2788 736 
160 4444 C20 2788 976 
160 4222 C19 2788 1180 
160 4018 C18 2788 1384 
160 3814 C17 2788 1588 
160 3010 C16 2788 1792 
160 2806 C15 2788 1996 
160 2602 C14 2788 2200 
160 2398 C13 2788 2404 
160 2194 C12 2788 2608 
160 994 Cl1 2788 2812 
160 790 Cl0 2788 3016 
160 586 C9 2788 3220 
160 382 C8 2788 3424 
160 160 C7 2788 3628 
442 160 C6 2788 3868 
688 160 C5 2788 4132 
910 160 C4 2788 4444 

1114 160 C3 2584 4444 
1318 160 C2 2380 4444 
1522 160 Cl 2176 4444 
1726 160 CO 1972 4444 

Purchase of Philips' FC 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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CHIP-ON GLASS INFORMATION 

Voo -------------~-----------------_,_---- Voo 
V3 --------.. 

V.------------., 
VlCD ---------,. 

VS8 
CLK 

I I I J J I I J 

I I I I I I I I 

~---V3 

~--V4 

VLCD 
V88 
ClK 

SYNC 

"OM' -I 
~ 1 1 1--------------------- --------------== 

Fig.24 Typical chip-on glass application (viewed from underside of chip). 

Note to Fig.24 

If inputs SAO and AO to A3 are left unconnected they are internally pulled-up to VOO. 
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DEVELOPMENT DATA 
This data sheet contains advance information and 

specifications are subject to change without notice. l ___ P_C_F_8_58_2_A ____ __ 

256 X 8-bit STATIC CMOS EEPROM 

WITH 1
2
C-BUS INTERFACE 

GENERAL DESCRIPTION 

The PCF8582A is a 2 Kbits 5 Volt electrically erasable programmable read only memory (EEPROM) 
organized as 256 by 8-bits. It is designed in a floating gate CMOS technology. 

As data bytes are received and transmitted via the serial 12C-bus, an eight pin 01 L package is sufficient. 
Up to eight PCF8582A devices may be connected to the 12C-bus. 

Chip select is accomplished by three address inputs. 

Timing of the Erase/Write cycle can be done in two different ways; either by connecting an external 
clock to the "Programming Timing Control", pin (7 or 13), or by using an internal oscillator. 
If the latter is used an RC time constant must be connected to pin 7 or 13. 

Features 

• Non-volatile storage of 2 Kbits organized as 256 x 8 
• Only one power supply required (5 V) 
• On chip voltage multiplier for erase/write 
• Serial input/output bus (1 2C) 
• Automatic word address incrementing 
• Low power consumption 
• One point erase/write timer 
• Power on reset 
• 10,000 erase/write cycles per byte 
• 10 years non-volatile data retention 
• Infinite number of read cycles 
• Pin and address compatible to PCF8570, PCF8571, PCF8582 and PC08572 
• External clock signal possible. 

A version with automotive temperature range -40 to + 125 oC 
(PCF8582B) and a version with extended temperature range 
-40 to + 85 0C (PCF8582C) are in preparation. 

PACKAGE OUTLINE 

PCF8582AP; 8-lead dual in line; plastic (SOT97). 
PCF8582AT; 16-lead mini-pack; plastic (S016L; SOT162A). 
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256 x 8-bit Static CMOS EEPROM with 12C-bus interface l ___ P_C_F_8_58_2_A ____ __ 

1 AO 
} address inputs/test AD v DD 2 A1 

3 A2 
mode select 

A1 PTC 
4 VSS ground 

A2 SCL 5 SOA} 2 . 

vss 
6 SCL I C·bus lines 

SDA 7 PTC programming time control 
7Z96671.2 8 VOO positive supply 

Fig.2 (a) Pinning diagram. 

1 n.c. 
2 n.c. 
3 AO 

} address inputs/test n.c. 
4 A1 

mode select 
n.c. 5 A2 

6 VSS ground 
VDD 7 n.c. 

PTC 8 n.c. 
9 n.c. 

SCL 
10 n.c. 
11 SOA} 12C-bus lines 
12 SCL 

n.c. 
13 PTC programming time control 
14 VOO positive supply 
15 n.c. 

7Z95939.1 16 n.c. 
Fig.2 (b) Pinning diagram. 

14 VDD VDD 

PCF8582AT RE/W PCF8582AP RE/W 

13 PTC PTC 

CE/W CE/W 

Vss 4 VSS 

7Z23047.1 7Z23046.1 

Figs. 3 (a) and (b) RC circuit connections to PCF8582AP and PCF8582AT 
when using the internal oscillator 
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FUNCTIONAL DESCRIPTION 

Characteristics of the 12C-bus 

The 12C-bus is intended for communication between different ICs. The serial bus consists of two 
bi-directionallines, one for data signals (SDA), and one for clock signals (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: 

Data transfer may be initiated 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 H IG H 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 H IG H 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 H IG H 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. 

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 PCF8582A 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 word 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 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 clock pulse in 
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 condition the transmitter must leave the data line HIGH to enable the master generation 
of the stop condition. 

Note 

Detailed specifications of the 12 C-bus are available on request. 
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256 x 8-bit Static CMOS EEPROM with 12C-bus interface l __ P_C_F_8_58_2_A __ _ 

12C-Bus Protocol 

The 12C-bus configurations for different READ and WRITE cycles of the PCF8582A are shown in 
Fig. 4, (a), (b) and (c). 

acknowledge acknowledge acknowledge acknowledge 
from slave from slave from slave from slave 

~ + + + 
S SLAVE ADDRESS 0 A WORD ADDRESS DATA 

II 
7Z94117.1 R/W 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. 
The duration of the erase/write cycle is approximately 30 ms if only one byte is written and 60 ms 
if two bytes are written. 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 types. 

Fig.4(a) Master transmitter transmits to PCF8582A slave receiver (ERASE/WRITE mode). 

acknowledge 
from slave 

+ 

acknowledge 
from slave 

+ 

acknowledge 
from slave 

+ 

acknowledge 
from master 

+ 

(1) 

L-S-L~S_L~A_V~E_A~D~D_RLE_SLS-L~O~A~~~W~0-LRD-LA_DLD_R~E_S~S~_AJ-S __ L-LSL_A~V_E~A~D_D~R_ES~SL-~1-LA-+~~~_D~AT~A-L-L-L~~A --~ 

t at this moment master } ~_ ~ 
7Z96672.1 

R/W transmitter .becomes R/W ----- n bytes 
master receiver and 
PCF8582A slave receiver auto increment 
becomes slave transmitter word address 

no acknowledge 
from master 

Fig.4(b) Master reads PCF8582A slave after setting 
word address (write word address; READ data). 

+ 
~---I : : :D~TA: : : 11 1 P 

L-- last byte -t 
acknowledge acknowledge no acknowledge 

from slave from master from master 

• • • 
1 S 1 ~L~VE>~D~ES~ 11 1 AI : : :DA:TA: : : 1 AI: : : : : : : 11 1 P 1 

R;W L--" by,", ----t '----- '''' by'"---t 
auto increment auto increment 

7Z87033.4 word address word address 

auto increment 
word address 

Fig.4(c) Master reads PCF8582A slave immediately after first byte (READ mode).* 

Note: the slave address is defined in 
accordance with the 12C-bus 
specification as: o o 1 A2 1 A 1 1 AO 1 R/W I 

* The device can be used as read only without the programming clock. 
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12C-bus timing 

SDA 

SCL 

- tHD;STA -

SDA 

7Z87013.2 tSU;STA 

Fig.5 12C-bus timing. 

PTC(I) ---~ 
SDA 

SCL 
lZ23045.1 

STOP 
(a) 

tr tf 
tDEL 

PTC(1) ---~ 
SDA 

SCL 

STOP 
(b) 

lZ23044.1 

(1) If external clock for PTC is chosen, this information is latched internally by leaving pin 7 lOW 
after transmission of the eight bit of the word address (negative edge of SCl). The state of PTC then, 
may be previously undefined. 

Fig.6 (a) One-byte ERASE/WRITE cycle; (b) two-byte ERASE/WRITE cycle. 
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256 x 8-bit Static CMOS EEPROM with 12C-bus interface l ___ P_C_F_8_5_8_2A ____ __ 

Ratings 

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

parameter symbol min. max. 

Supply voltage VDD -0.3 +7 

Voltage on any input pin input impedance 500 n VI VSS - 0.8 VDD + 0.8 

Operating temperature range Tamb -40 +85 

Storage temperature range 

Current into any input pin 

Output current 

Tstg -65 +150 

IIII - 1 

1101 - 10 

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

'1 (Mav1989 

unit 

V 

V 

°c 
°c 
mA 

mA 
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CHARACTERISTICS 

VOO = 5 V; VSS = 0 V; T amb = -40 to +85 °C; unless otherwise specified. 

parameter conditions symbol min. typo max. unit 

Operating supply 
voltage VOO 4.5 5.0 5.5 V 

Operating supply 
current R EAO VOO max. 

fSCL = 100 kHz 100 - - 0.4 mA 

Operating supply 
current 
WRITE/ERASE VOO max. 100W - - 2.0 mA 

Standby supply 
current VOO max. 1000 - - 10 J.LA 

Input PTC 

Input voltage HIGH VOO - 0.3 - - V 

I nput voltage LOW - - VSS + 0.3 V 

Input SCL and 
input/output SOA 

I nput voltage LOW VIL -0.3 - 1.5 V 

Input voltage HIGH VIH 3.0 - VOO + 0.8 V 

Output voltage LOW 10L =3 mA 
VOO = 4.5 V VOL - - 0.4 V 

Output leakage 
current HI G H VOH = VOO ILO - - 1 J.LA 

I nput leakage 
current (SCL) VI = VOO or VSS III - - 1 J.LA 

Clock frequency fSCL 0 - 100 kHz 

I nput capacitance 
(SCL;SOA) CI - - 7 pF 

Time the bus must be 
free before new 
transmission can start tBUF 4.7 - - J.LS 

Start condition hold 
time after which first 
clock pulse is 
generated THO;STA 4 - - J.LS 
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256 x 8-bit Static CMOS EEPROM with 12C-bus interface l __ P_C_F_8_5_82_A __ _ 

-
parameter conditions symbol min. typo 

The LOW period 
of the clock tLOW 4.7 -

The HIGH period 
of the clock tHIGH 4.0 -

Set-up time for 
start condition repeated start only tSU;STA 4.7 -

Data hold time for 12C-
bus compatible masters tHD;DAT 5.0 -

Data hold time for 
12C devices note 1 tHD;DAT 0 -

Date set up time tsu; DAT 250 -

Rise time for SDA 
and SCL lines tr - -

Fall time for SDA 
and SCL lines tf - -

Set-up time for 
stop condition TSU;STO 4.7 -

Programming time 
control 

Erase/write cycle time tE/W 5 -

Capacitor used for E/W 
cycle of 30 ms max. tolerance ±10%; 

using internal 
oscillator (Fig. 3) CE/W - 3.3 

Resistor used for E/W 
cycle of 30 ms max. tolerance ±5%; 

using internal 
oscillator (F ig. 3) RE/W - 56.0 

Programming 
frequency using 
external clock 

Frequency fp 10 -
Period LOW tLOW 10.0 -
Period HIGH tHIGH 10.0 -
Rise-time tr - -
Fall-time tf - -

Delay-time td 0 -
Data retention time Tamb = 55 °c ts 10 -

Note to the characteristics 

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. 

max. 

-

-

-

-

-

-

1 

300 

-

40 

-

-

50 
-
-
300 
300 

-

1 (May 1989 

unit 

J.LS 

J.LS 

J.LS 

J.LS 

ns 

ns 

J.LS 

ns 

J.LS 

ms 

nF 

kQ 

kHz 
J.LS 

J.LS 

ns 
ns 
ns 
yean 
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CHARACTERISTICS (continued) 

E/W programming time control 

A. Using external resistor RE/W and capacitor CE/W (see Table 1) 

Table 1 Recommended R, C combinations 

RE/W CE/W tE/W (typ.) 
(kn) (nF) (ms) 
note 1 note 2 note 3 

56 3.3 34 

56 2.2 21 

22 3.3 13 

22 2.2 7.5 (note 4) 

Notes to Table 1 

1. Maximum tolerance is 10%. 

2. Maximum tolerance is 5%. 

3. Actual E/W lines are mainly influenced by the tolerances in values of Rand C. 

4. Minimum allowed tE/W is 5 ms (see CHARACTERISTICS). 

B. Using an external clock (see Table 2 and Fig.6) 

Table 2 E/W programming time control using an external clock 

parameters symbol min. max. unit 

frequency fp 10.0 50.0 kHz 

period LOW tLOW 10.0 - s 

period HIGH tHIGH 10.0 - s 

rise time tr - 300 ns 

fall time tf - 300 ns 

delay time td 0 - ns 
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DEVELOPMENT DATA 
This data sheet contains advance information and 

specifications are subject to change without notice. l ____ P_C_F8_5_8_3 ____ __ 

CLOCK CALENDAR WITH 256 X 8-BIT STATIC RAM 

GENERAL DESCRIPTION 

The PCF8583 is a low power 2048-bit static CMOS RAM organized as 256 words by 8-bits. Addresses 
and data are transferred serially via a two-line bidirectional bus (1 2C). The built-in word address 
register is incremented automatically after each written or read data byte. One address pin AO 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. 

Features 

• 12C-bus interface operating supply voltage: 2.5 V to 6 V 
• Clock operating supply voltage (0 to 70 oC): 1.0 V to 6 V 
• Data retention voltage: 1.0 V to 6 V 
• Operating current (fSCL = 0 Hz): max. 50llA 
• Clock function with four year calendar 
• 24 or 12 hour format 
• 32.768 kHz or 50 Hz time base 
• Serial input/output bus WC) 
• Automatic word address incrementing 
• Programmable alarm, timer and interrupt function 

PCF8583 

OSCI 
Control/Status 

~ 100 Hz 00 
- DIVIDER Hundredths of a second 01 OSCILLATOR 

~ 32.768kHz 1 :256 Seconds 
- 100:128 Minutes OSCO 

7 Hours 
INT Year/Date 

Weekdays / Months 8 - I-- Timer 07 POWER ON CONTROL Alarm control 

- ~ RESET LOGIC 1------------- 08 
Alarm registers 

VDD 

or RAM 

r 1------------- OF 

- ~ 
12 C-BUS • RAM 

- ~ ... (256x8) 
INTERFACE ADDRESS 

AO 

SCL 

~ REGISTER - " SDA 

II II FF 

A 

~ I I -Z 
" V 

Fig.1 Block diagram. 
7Z81191.2 

PACKAGE OUTLINES 

PCF8583P: 8-lead OIL; plastic (SOT97). 
PCF8583T: 8-lead mini-pack; plastic (S08l; SOT176A). 
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__ PC_F85_83 _jl ________ ~ 
PINNING 

1 OSCI oscillator input, 50 Hz or event-pulse input 

2 OSCO oscillator output 

3 AO address input 

4 VSS negative supply 

5 SDA serial data line 

1 6 SCL serial clock line 
12C-bus 

7 INT open drain interrupt output (active low) 

8 VDD positive supply 

7Z81192 

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) VDD -0.8 + 7.0 V 

Supply current (pin 4 or pin 8) 100; ISS - 50 mA 

I nput voltage range VI -0.8 to VDD + 0.8 V 

DC input current II - 10 mA 

DC output cu rrent 10 - 10 mA 

Power dissipation per package Ptot - 300 mW 

Power dissipation per output Po - 50 mW 

Operating ambient temperature range Tamb -40 + 85 °C 

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'). 
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Clock calendar with 256 x 8-bit static RAM l ____ PC_F_8_5_8_3 ____ __ 

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 ad
dresses 01 to 07 ar'e 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 set a 32.768 kHz clock mode, a 50 Hz clock mode or an event
counter mode can be selected. 

In the clock modes the hundredths of a second, seconds, minutes, hours, date, month (four year 
calendar) and weekdays 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 
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 alarm function is programmed the remaining alarm registers 
(addresses 09 to OF) may be used as free RAM space. 
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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 F ig.3). 

MSB LSB 

7 6 5 4 3 2 I 0 

LJ 

F ig.3 Control/status register. 

380 February 19891 ( 

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: 

o alarm disabled/set: flags toggle 
(memory locations 08 to OF 
are free RAM space) 
enable alarm control register 
(memory location 08 is the 
alarm control register) 

Mask flag: 

o read locations 05 to 06 
unmasked 
read date and month count 
directly 

Function mode: 

00 clock mode 32.768 kHz 
01 clock mode 50 Hz 
10 event-counter mode 
11 test modes 

Hold last count flag: 

o count 
1 store and hold last count in 

capture latches 

Stop counting flag: 

o count pulses 
1 stop counting, reset divider 
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Clock calendar with 256 x 8-bit static RAM l ____ P __ CF8_5_8_3 ____ __ 

Counter registers 

I n the different modes the counter registers are programmed and arranged as shown in F ig.4. Counter 
cycles are listed in Tab.le 1. 

I n the clock modes 24 h or 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. Thi s allows the user 
to read the date and month count directly. 

In the event-counter mode events are stored in BCD format. 05 is the most significant and DO the 
least significant digit. The divider is by-passed. 

Control 1 Status Control 1 Status 
00 

01 00 
Hundredthslof a second 

1/10s 1I100s 01 

03 02 10s secrds 1 s 
02 

05 04 
Minutes 

10m I 1m 03 

free 
10h 

HOrS 
1h 04 

free Yearioate 
10d 1 d 05 

free weekdar IMonth 
10m 1m 06 

Timer 
T1 I TO 10d 

TiTer 
1d 07 

Alarm control Alarm control 
08 

Alarm Alarm 
01 00 

HundredthslOf a second 
1/10s 11100 s 09 

03 02 Alarm jeCOndS 

OA 

05 04 Alarm Tinutes 

OB 
free Alarm

l 
hours 

OC 

free Alar, date 

00 

Alarm month free 
OE 

Alarm timer Alarm timer 
OF 

free RAM free RAM 

I--" 

CLOCK MOOES EVENT COUNTER 

lZ81195 

F ig.4 Register arrangement. 
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Counter registers (continued) 

MSB 

7 I 6 5 I 4 

Y 

MSB 

LSB 

3 2 a Memory location 04 (hours counter) 
reset state: 0000 0000 

Unit hours BCD 

Ten hours (0 to 2 binary) 

AM/PM flag: 

a AM 
1 PM 

Format: 

a 24 h format, AM/PM flag 
remains unchanged 
12 h format, AM/PM flag 
will be updated 

F ig.5 Format of the hours counter. 

3 2 

LSB 

a Memory location 05 (year/date) 
reset state: 0000 000 1 u ~ 11-----__ 
Unit days BCD 

Ten days (0 to 3 binary) 

Year (0 to 3 binary, read as a if 
the mask flag is set) 

MSB 

7 6 5 4 

F ig.6 Format of the year/date counter. 

LSB 

3 2 I I 0 

I I I 

Memory location 06 (weekdays/ 
months) 
reset state: 0000 000 1 

Unit months BCD 

Ten months 

Weekdays (0 to 6 binary, read as a 
if the mask flag is set) 

Fig.7 Format of the weekdays/months counter. 
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Clock calendar with 256 x 8-bit static RAM 

Table 1 Cycle length of the time counters, clock modes 

unit counting carry to the 
cycle next unit 

hundredths of 
a second 00 to 99 99 to 00 

seconds 00 to 59 59 to 00 

minutes 00 to 59 59 to 00 

hours (24 h) 00 to 23 23 to 00 

hours (12 h) 12 AM, 
01 AM to 
11 AM, 
12 PM, 
01 PM to 
11 PM 11 PM to 12 AM 

date 01 to 31 31 to 01 
01 to 30 30 to 01 
01 to 29 29 to 01 
01 to 28 28 to 01 

months 01 to 12 12 to 01 

year o to 3 

weekdays o to 6 6 to 0 

timer 00 to 99 no carry 

l ___ P_C_F_8_5_83 ______ _ 

contents of the 
month counter 

1,3,5,7,8,10,12 
4,6,9, 11 
2, year = 0 
2, year = 1, 2, 3 
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Alarm control register 

When the alarm enable bit of the control/status register is set the alarm control register (address 08) is 
activated. A" alarm, timer and interrupt output functions are controlled by the contents of the alarm 
control register (see Figs 8a and 8b). 

MSB 

7 6 5 4 

384 February 19891 ( 

LSB 

3 2 a Memory location 08 
reset state: 0000 0000 

Timer function: 

000 no timer 
001 hundredths of a second 
010 seconds 
all minutes 
100 hours 
101 days 
110 not used 
111 test mode, all counters 

in parallel 

Timer interrupt enable: 

a timer flag, no interrupt 
1 timer flag, interrupt 

Clock alarm function: 

00 no clock alarm 
01 daily alarm 
10 weekday alarm 
11 dated alarm 

Timer alarm enable: 

a no timer alarm 
1 timer alarm 

Alarm interrupt enable: 
(Valid only when "alarm enable" in 
control/status register is set) 

a alarm flag, no interrupt 
1 alarm Hag, interrupt 

F ig.8a Alarm control register, clock modes. 
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Clock calendar with 256 x 8-bit static RAM 

MSB LSB 

7 6 5 4 3 2 a 

l ____ PC_F_8_5_8_3 ____ __ 

Memory location 08 
reset state: 0000 0000 

Timer function: 

000 no timer 
001 units 
010 100 
011 10 000 
100 1 000 000 
101 not allowed 
110 not allowed 
111 test mode, all counters in 

parallel 

Timer interrupt enable: 

a timer flag, no interrupt 
1 timer flag, interrupt 

Event alarm function: 

00 no event alarm 
01 event alarm 
10 not allowed 
11 not allowed 

Timer alarm enable: 

a no timer alarm 
1 timer alarm 

Alarm interrupt enable: 

a alarm flag, no interrupt 
1 alarm flag, interrupt 

F ig.8b Alarm control register, event-counter mode. 
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Alarm registers 

All alarm registers are allocated with a constant address offset of hex 08 to the corresponding counter 
registers. 

An alarm goes off when the contents of the alarm registers matches bit-by-bit the contents of the 
involved counter registers. The year and weekday bits are ignored in a dated alarm. A daily alarm 
ignores the month and date bits. 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 F ig.9). 

Note: I n the 12 h mode bits 6 and 7 of the alarm hours register must be the same as the hours counter. 

MSB 

7 6 5 4 

I nterrupt output 

LSB 

3 2 I I 0 I 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 

not used 

Fig.9 Selection of alarm weekdays. 

The open-drain n-channel interrupt output is programmed by setting the alarm control register. It is 
switched on (active LOW) when the alarm flag or the timer flag is set. I n the clock mode without 
alarm the output sequence is controlled by the timer flag. The OF F voltage of the interrupt output 
may exceed the supply voltage. 

Oscillator and divider 

A 32.768 kHz quartz crystal has to be connected to ascI (pin 1) and osca (pin 2). A trimmer 
capacitor between ascI and VDD 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 ascI. 
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Clock calendar with 256 x 8-bit static RAM l ___ P_C_F_8_5_8_3 __ _ 

Initialization 

When power-up occurs the 1
2 C-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. 1 Hz is output at the interrupt (starts HIGH). This can be disabled by setting 
the alarm enable bit in the control/status register. 

A second level-sensitive reset signal to the 1
2 C-bus interface is generated as soon as the supply voltage 

drops below the interface reset level. Th is reset signal does not affect the control/status or clock 
counter registers. 

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 will lead to a clock malfunction but will not latch-up 
the device. 

CHARACTERISTICS OF THE FC-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. 

SOA ---''---'-_____ --I--..JX'----I-__ 

SCl 

Start and stop conditions 

data line 
stable: 

data valid 

change 
of data 
allowed 

Fig.10 Bit transfer. 

-~~ 
---~ 

7Z87019 

Both data and clock lines remain HIGH when the bus is not busy. A H IGH-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 --+\-1 cn~ [)1-n 
SOA 

I 1... . ...,If-----L.---- ____ --->-_____ -+-loJ. I 
I I I I 

SCl : : \ ;--\1... ___ -'/ i ! 
: S : I I 

SCl 

L ___ -..l L ___ .J 

start condition stop condition 
7Z87005 

Fig.11 Definition of start and stop condition. 
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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----------~------------~--------------~------------4r------------~--

SCL--~------~----~------_+----~~------r_----~------~----~------_+--

7Z87004 

F ig.12 System configuration. 

Acknowledge 

The number of data bytes transferred 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 acknowl
edge bit is a 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 acknowledge has to pull 
down the SDA line during the acknowledge clock pulse, so that the SDA line is stable LOW during 
the HI G H period of the acknowledge related clock pu Ise. 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 th is event the transm itter must leave the data line HI G H to enable the master to generate a 
stop condition. 

SCL FROM 
MASTER 

DATA OUTPUT 
BY TRANSMITTER 

DATA OUTPUT 
BY RECEIVER 

start 
condition 

I 
I 

I 
I 
I 
I 
I 

clock pulse for 
acknowledgement 

• --~ 
~ / X K~~)( 7 I~~--------~ ~------~ -------~ 

S 

--~ 

7Z87007 

Fig.13 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 VI Land VIH with an input voltage swing of VSS to VOO' 

parameter symbol min. typo max. unit 

SCL clock frequency fSCL - - 100 kHz 

Tolerable spike width on bus tsw - - 100 ns 

Bus free time tBUF 4.7 - - J.lS 

Start condition set-up time tsu; STA 4.7 - - J.lS 

Start condition hold time tHO; STA 4.0 - - J.lS 

SCL LOW time tLOW 4.7 - - J.lS 

SCL HIGH time tHIGH 4.0 - - J.lS 

SCL and SOA rise time tr - - 1.0 J.lS 

SCL and SOA fall time tf - - 0.3 J.lS 

Data set-up time tsu; OAT 250 - - ns 

Data hold time tHO; OAT 0 - - ns 

SCL LOW to data out valid tvo; OAT - - 3.4 J.lS 

Stop condition set-up time tsu; STO 4.0 - - J.lS 

~ PROTOCOL 

W 
Cl 

tSU;STA 1/fSCL 

SCL 

SDA 

7Z81193.2 tHD;STA tSU;DAT tHD;DAT tVD;DAT tSU;STO 

Fig. 14 12 C-bus timing diagram; rise and fall times refer to VI Land VIH. 
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12C-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 
configuration for the different PCF8583 READ and WRITE cycles is shown in Fig.15. 

acknowledge 
from slave 

~ 
s SLAVE ADDRESS 0 A 

t 
R/W 

lZ81031.2 

WORD ADDRESS 

acknowledge 
from slave 

~ 
A DATA 

acknowledge 
from slave 

~ 
A P 

~nbYtes-i 
auto increment 

memory word address 

F ig.15a Master transmits to slave receiver (WR ITE mode). 

acknowledge 
from slave 

~ 

acknowledge 
from slave 

~ 

acknowledge 
from slave 

~ 

acknowledge 
from master 

~ 
~S-L~S_L~A_V~E_A~D~D_RLE_S~S~.O~A~~_WL-0~R_D~A_D~D_R~E_S~S~LA-L_S-L~S_L~A_V~E_A_DLD_RLE_S~S~.l~A~-L-L-LD_A~T_A~~-L~A~ --~ 

t at this moment master }~_ ~ 
7Z96262 

R lw transmitter .becomes R /W --- n bytes 
master receiver and 
PCF8583 slave receiver auto Increment 
becomes slave transmitter word address 

no acknowledge 
from master 

+ 
L ___ I : : :D~TA: : : 111 p 

lastbyte ~ 
auto increment 
word address 

Fig.15b Master reads after setting word address (WRITE word address; READ data). 

7Z96263 

acknowledge 
from slave 

* 

acknowledge 
from master 

* 

no acknowledge 
from master 

* 

R)W L--" "",. -----iI '-- '''' by" ~ 
auto increment auto increment 

word address word address 

Fig.15c Master reads slave immediately after first byte (READ mode). 
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Clock calendar with 256 x 8-bit static RAM l ____ PC_F_8_5_8_3 ____ __ 

CHARACTERISTICS 

VOO = 2.5 to 6.0 V; VSS = 0 V; T amb = -40 to + 85 °C unless otherwise specified 

parameter conditions symbol min. typo max. unit 

Supply 

Supply voltage 
operating VOO 2.5 - 6.0 V 
clock T amb = 0 to + 70 °C VOO 1.0 - 6.0 V 

Supply current 
operating fSCL = 100 kHz 100 - - 200 f.1A 
clock VOO = 5 V 1000 - 10 50 f.1A 
clock VOO = 1 V 1000 - 2 10 f.1A 

Power-on reset voltage 
level note 1 VPOR 1.5 1.9 2.3 V 

Inputs; 
Input/output SOA 

Input voltage LOW note 2 VIL -0.8 - 0.3VOO V 

Input voltage HIGH note 2 VIH 0.7V OO - VOO V 
+ 0.8 

Output current LOW VOL = 0.4 V 10L 3 - - rnA 

Leakage current VI = VOO or VSS IILI - - 1 f.1A 

AO;OSCI 

I nput leakage current VI = VOO or VSS II Lli - - 250 nA 

SCL;SOA 

I nput capacitance VI = VSS CI - - 7 pF 

Output INT 

Output current LOW VOL = 0.4 V 10L 3 - - rnA 

Leakage cu rrent VI = VOO or VSS IILI - - 1 f.1A 

LOW VOO data 
retention 

Supply voltage for 
data retention VOOR 1 - 6 V 

Supply current note 3 
VOOR = 1 V 100R - - 5 f.1A 
Tamb = -25 to 
+ 70 oC; 
VOOR = 1 V 100R - - 2 f.1A 
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parameter conditions symbol min. typo max. unit 

Oscillator 

I ntegrated oscillator 
capacitance COSC - 40 - pF 

Oscillator stability 
for .6.VDD = 100 mV Tamb = 25 °C; 

VDD = 1.5 V f/fOSC - 2 x 10-7 -

I nput frequency note 4 fi - - 1 MHz 

Quartz crystal 
parameters 

Frequency = 32.768 kHz 

Series resistance RS - - 40 kU 

Parallel capacitance CL - 10 - pF 

Trimmer capacitance CT 5 - 25 pF 

Notes to the characteristics 

1. The power-on reset circuit resets the 12 C-bus logic when VDD < VPOR. 

2. When the voltages are a diode voltage above or below the supply voltage VDD or VSS an input 
current will flow; this current must not exceed ± 0.5 mAo 

3. Event or 50 Hz mode only (no Quartz). 

4. Event mode only. 

APPLICATION INFORMATION 

Quartz frequency adjustment 

Method 1: Fixed ascI 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 average ± 5 x 10-6). Average deviations of 
± 5 minutes per year can be achieved. 

Method 2: ascI Trimmer 

Using the alarm function (via the 12 C-bus) a signal faster than 1 Hz can be generated at the interrupt 
output for fast setting of a trimmer. 

Procedure: 

Routine: 

Power-on 
Initialization (alarm function) 

Set clock to time T and set alarm to time T + dT. 
At time T + dT (interrupt) repeat routine. 

If time dT is approximately 10 ms a frequency of approximately 40 Hz is obtained. 
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Clock calendar with 256 x 8-bit static RAM l ____ p C __ F 8_5_8_3 ____ __ 

APPLICATION INFORMATION (continued) 

The PCF8583 slave address has a fixed combination 1010 as group 1. 

I 1 I 0 I 1 I 0 I 0 I 0 I AO I R/W I 
1_ grouP1-I--grouP2_1 7Z96106 

Fig.16 PCF8583 address. 

~------------~VDD 

o AO 
CLOCK CALENDAR SCL 

OSCI PCF8583 
'1010' 

OSCO 
SDA 

vss 

VDD 

1 VDD 
VDD AO 

EVENT COUNTER SCL 
JL ---+ OSCI PCF8583 

'1010' 

OSCO 
SDA 

VSS 

VDD 

VDD 
VDD 

AO 
SCL 256 BYTE RAM 

VDD A1 PCF8570 
'1010' 

VDD A2 
SDA 

Recommendation: 

SDA SCL 

(l2C-bus) 

to VDD 

~ 

R R R:pull-up resistor 

R = trise 

CSUS 

7Z81194.2 

Connect a 4.7 /IF 10 V solid aluminium (SAL) capacitor between VDD and VSS. 

Fig.17 PCF8583 application diagram. 
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12 

1000 

(IlA) 

8 

4 

./ 
V 

7Z22749 

j 
V 

J 

V 
/ 

4 VOO (V) 6 

Fig.18 Typical supply current as a function of supply voltage (clock); 
Tamb:::: -40 to + 85 °C. 
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DEVELOPMENT DATA 
This data sheet contains advance information and 

specifications are subject to change without notice. l ____ P_C_F_8_59_1 ____ __ 

8-BIT AID AND DIA CONVERTER 

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 12 C bus interface. Three address pins AD, A 1 and A2 
are used for programming the hardware address, allowing the use of up to eight devices connected to 
the 12 C bus without additional hardware. Address, control and data to and from the device are 
transferred serially via the two-line bidirectional bus (12 C). 

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 12 C bus. 

Features 

• Single power supply 
• Operating supply voltage 2,5 V to 6 V 
• Low standby current 
• Serial input/output via 12 C bus 
• Address by 3 hardware address pins 
• Sampling rate given by 1

2 C bus speed 
• 4 analogue inputs programmable as single-ended or differential inputs 
• Auto-incremented channel selection 
• Analogue voltage range from VSS to VDD 
• 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 

PCF8591 P: 16-lead DI L; plastic (SOT38). 
PCF8591T:16-lead mini-pack; plastic (S016L; SOT162A). 
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8-bit AID and 01 A converter l ___ P_C_F_8_5_9_1 __ _ 

PINNING 

1. AINO) 
VDD 2. AIN1 analogue inputs 

AIN1 AOUT 3. AIN2 (AID converter) 
4. AIN3 

VREF 5. AO I 
AGND 

6. A1 
f 

hardware address 
7. A2 

EXT 8. VSS negative supply voltage 
9. SDA 12 C bus data input/output 

A1 
10. SCL 12C bus clock input/output 

SCL 11. OSC oscillator input/output 
12. EXT external/internal switch for oscillator input 
13. AGND analogue ground 

lZ80959.1 14. VREF voltage reference input 
15. AOUT analogue output (D/ A converter) 

Fig. 2 Pinning diagram. 16 VDD positive supply voltage 

FUNCTIONAL DESCRIPTION 

Adressing 

Each PCF8591 device in an 12 C bus system is activated by sending a val id 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, A 1 and A2. The address always has to be sent as the first byte after the start 
condition in the 12 C 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). 

MSB LSB 

11 I 0 I D 11 I A21 A1 I AD IR/wl 

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). If 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 O. 
After a power-on reset condition all bits of the control register are reset to O. 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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MSB 

398 August 19861 ( 

x x x o 

LSB 

x CONTROL BYTE 

I' I ' AID CHANNEL NUMBER, 
00 channel 0 
01 channel 1 
10 channel 2 
11 channel 3 

AUTO INCREMENT FLAG: 

(switched on if 1) 

ANALOGUE INPUT PROGRAMMING: 

00 Four single ended inputs 
AI NO ------- channel 0 
AIN1 channel 1 
AIN2 channel 2 
AIN3 channel 3 

01 Three differential inputs 

AINO ~+ channel 0 

AIN1 ~ channel 1 

AIN2 + channel 2 
AIN3 -

10 Single ended and differential mixed 

AI NO channel 0 
AIN1 channel 1 

AIN2==t;>- channel 2 
AIN3 -

11 Two differential inputs 

AIN0==t;>-+ channel 0 
AIN1 -

AIN2=!>-+ channel 1 
AIN3 -

L-___ ANALOGUE OUTPUT ENABLE FLAG: 

(analogue output active if 1) 7Z80961 

Fig. 4 Control byte. 
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8-bit AjO and OJ A converter l ____ P_C_F_8_5_91 ____ __ 

OJ 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 Dj A converter. This Dj 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 DI A converter is also used for successive approximation AID conversion. In order to 
release the DAC for an AID conversion cycle the unity gain amplifier is equipped with a track and 
hold circuit. This circuit holds the output voltage while executing the AID conversion. 

The output voltage supplied to the analogue output AOUT is given by the formula shown in Fig. 6. 
The waveforms of a DI A conversion sequence are shown in Fig. 7. 

VREF DAC OUT 

FF 

+--- 07 
06 

TAP 
DECODER 

02 

DO 

01 

AGND 

00 

7Z80962 

Fig. 5 DAC resistor divider chain. 
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MSB LSB 

1 07 1 06 1 05 1 04 1 03 1 02 1 01 1 DO 1 
DAC data 
register 

VREF - VAGND 7 . i 
VAOUT = VAGND + 256 .I 01 x 2 

1=0 

7Z80963 

VAGND 

VSS+--0+0--Or1~02r-0+3--0+4----------------F+E--FrF--H-EX~CODE 

Fig. 6 OAC data and d.c. conversion characteristics. 

CONTROL BYTE A DATA BYTE 1 A 

SCL,nn nnn U1U2L -.JaUgU1L 

HIGH IMPEDANCE STATE OR 
PREVIOUS VALUE HELD IN DAC REGISTER 

7Z80964 

PREVIOUS VALUE 
HELD IN DAC 
REGISTER 

Fig. 7 Of A conversion sequence. 
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AID conversion 

The AID converter makes use of the successive approximation conversion technique. The on-chip DI A 
converter and a high gain comparator are used temporarily during an AID conversion cycle. 

An AID conversion cycle is always started after sending a valid read mode address to a PCF8591 device. 
The AID 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 resu It is stored 
in the ADC data register and awaits transmission. If 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 12 C bus 
read cycle is shown in Fig. 10. 

The maximum AID conversion rate is given by the actual speed of the 12 C bus. 

PROTOCOL DATA BYTE 0 A DATA BYTE 1 A DATA BYTE 2 A 

SCL,nn nnn U1U2L --1SU9U1L 

SDA 1 !TIn rr--n rr--n rr--n [ 
LSAMPLING 

BYTE 1 

CONVERSION 
OF BYTE 1 

TRANSMISSION 
OF PREVIOUSLY 
CONVERTED BYTE 

LSAMPLING 
BYTE 2 

CONVERSION 
OF BYTE 2 

TRANSMISSION 
OF BYTE 1 

Fig.8 AID conversion sequence. 

L SAMPLING 
BYTE 3 

CONVERSION 
OF BYTE 3 

TRANSMISSION 
OF BYTE 2 

7Z80965 
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HEX 

CODE 7Z80966 

FE VREF - V AGND 
VLSB= 256 

FF+-71-

'" 
" " '" 

254 255 VAIN - VAGND 
VLSB 

Fig. 9a AID conversion characteristics of single-ended inputs. 

HEX 
CODE 

::+---------/-/-,~---~I-------

02 

-128 -127 --- -2 -1 2 --- 126 127 

FE 

J-/_-+:: 
VREF - VAGND 

VLSB = 256 

7Z80967 

Fig. 9b AID conversion characteristics of differential inputs. 
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Reference voltage 

For the 01 A and AID conversion either a stable external voltage reference or the supply voltage has to 
be applied to the resistor divider chain (pins VREF 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 VSS. 

A low frequency may be applied to the VREF 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 AID 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 VSS. 
At the OSC pin the oscillator frequency is available. 

If the EXT pin is connected to VDD 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 
1

2 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. 
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S 

S 

Acknowledge 
from PCF8591 

~ 
ADDRESS 0 A CONTROL BYTE 

Acknowledge Acknowledge 
from PCF8591 from PCF8591 

~ ~ 
A DATA BYTE A 

N=O to M 
DATA BYTES 

Fig. lOa Bus protocol for write mode, DIA conversion. 

P,S 

7Z80968 

Acknowledge 
from PCF8591 

Acknowledge 
from master 

No acknowledge 

~ 
ADDRESS 

N=O to M 
DATA BYTES 

~ 
LAST DATA BYTE 

Fig. lOb Bus protocol for read mode, AID conversion. 

7Z80969 
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8-bit AID and D/A converter l ____ P_C_F_8_59_1 ____ __ 

CHARACTERICS OF THE 12 C BUS 

The 12 C 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 (SCLl. 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. 

SDA ---I.~--I-_____ --I-~X""'--I-__ 

SCL 

Start and stop conditions 

data line 
stable: 

data valid 

change 
of data 
allowed 

Fig. 11 Bit transfer. 

-~ 

---~ 

7Z87019 

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 wh ile the clock is HI G H, is defined as the stop condition (P) . 

SOA ----F\ ..... ---i~----'-r=--------\ i/t---- SOA 

I I ----'-------+-1 -' : 

SCL ! ! \ ~--\ I I 
I I ' / \ ..... , __ --JI : I SCL 

L ___ -l ~ ___ ~ 
start condition stop condition 

7Z87005 

Fig. 12 Definition of start and stop condition. 
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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----------~------------~--------------~------------~------------~--

SCL--~------4_----~------_+----~~------~----~------4_----~------_+--

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 is a HI G H 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. 

SCL FROM 
MASTER 

DATA OUTPUT 
BY TRANSM ITTE R 

DATA OUTPUT 
BY RECEIVER 

start 
condition 

I 
I 

I 
I 
I 
I 
I 

clock pulse for 
acknowledgement 

t 

--~ 

~'---L--/ -----JX'---_K~~~-----'7 
I 
S 

Fig. 14 Acknowledgement on the 12 C bus. 

7Z87007 
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8-bit AID and DI A converter l ____ P_C_F_8_59_1 ____ __ 

Timing specifications 

All the timing values are valid within the operating supply voltage and ambient temperature range and 
refer to VI L and VI H with an input voltage swing of VSS to VDD. 

parameter symbol min. typo max. unit 

SC L clock frequency fSCL - - 100 kHz 

Tolerable spike width on bus tsw - - 100 ns 

Bus free time tBUF 4,0 - - J.l.S 

Start condition set-up time tsu; STA 4,0 - - J.l.S 

Start condition hold time tHD; STA 4,7 - - J.l.S 

SCL LOW time tLOW 4,7 - - J.l.S 

SCL HIGH time tHIGH 4,0 - - J.l.S 

SC Land SDA rise time tR - - 1,0 J.l.S 

SCL and SDA fall time tF - - 0,3 J.l.S 

Data set-up time tsu; DAT 250 - - ns 

Data hold time tHD; DAT ° - - ns 

SCL LOW to data out valid tVD; DAT - - 3,4 J.l.S 

Stop condition set-up time tsu; STO 4,0 - - J.l.S 

~ PROTOCOL 

C 

SCL 

SDA 

7Z81193.1 tHD;STA tSU;DAT tHD;DAT tVD;DAT tSU;STO 

Fig. 15 12 C bus timing diagram. 
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RATINGS 

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

Supply voltage range VOO 

Voltage on any pin VI 

Input current d.c. II 

Output current d.c. 10 

VOO or VSS current 100, ISS 

Power dissipation per package Ptot 

Power dissipation per output P 

Storage temperature range Tstg 

Operating ambient 
temperature range Tamb 

Note: 

max. 

max. 

max. 

max. 

max. 

-0,5 to +8,0 V 

-0,5 to VOO +0,5 V 

10 rnA 

20 rnA 

50 rnA 

300 mW 

100 mW 

-65 to +150 oC 

-40 to +85 oC 

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'). 

CHARACTE R ISTleS 

VOO = 2,5 V to 6 V; VSS = 0 V; Tamb = -40 oC to +85 oC unless otherwise specified 

parameter conditions symbol min. typo max. unit 

Supply 

Supply voltage operating VOO 2,5 - 6,0 V 

Supply current standby 
VI = VSS or VOO; 
no load 1000 - 1 15 JJ.A 

Supply current operating; AOUT off; 
fSCl = 100 kHz 1001 - 125 250 JJ.A 

Supply current AOUT active; 
fSCl = 100 kHz 1002 - 0,45 1,0 rnA 

Power-on reset level note 1 VPOR 0,8 - 2,0 V 

Digital inputs/output SCl, SOA, AO, Al, A2 

I nput voltage lOW Vil 0 - 0,3 x VOO V 

I nput voltage HIGH VIH 0,7 x VOO - VOO V 

I nput current leakage; 
VI = VSS to VOO II - - 250 nA 

I nput capacitance CI - - 5 pF 

SOA output current leakage; 
HIGH at VOH =VOO 10H - - 250 nA 

SOA output current lOW at VOL = 0,4 V 10l 3,0 - - mA 
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parameter conditions symbol min. typo max. 

Reference voltage inputs VREF, AGNO 

Voltage range reference VREF VAGNO - VOO 
Voltage range analogue ground VAGNO VSS - VREF 
I nput current leakage II - - 250 

I n put resistance VREF to AGNO RREF - 100 -

Oscillator OSC,EXT 

I nput current leakage II - - 250 

Oscillator frequency fOSC 0,75 - 1,25 

D/A CHARACTERISTICS 

VOO = 5,0 V; VSS = 0 V; VREF = 5,0 V; VAGNO = 0 V; Rload = 10 kQ; Cload = 100 pF; 
T amb = -40 oC to +85 oc unless otherwise specified 

parameter conditions symbol min. typo max. 

Analogue output 

Output voltage range no resistive load VOA VSS - VOO 
Output voltage range Rload = 10 kQ VOA VSS - 0,9xV OO 

Output current leakage; 
AOUT disabled ILO - - 250 

Accuracy 

Offset error Tamb = 25 oC OSe - - 50 

Linearity error Le - - ±1,5 

Gain error no resistive load Ge - - 1 

Settl ing time to % LSB full 
scale step tOAC - - 90 

Conversion rate fOAC - - 11,1 

Supply noise rejection at f = 100 Hz; 
VOO = 0,1 Vpp SNRR - 40 -

unit 

V 

V 

nA 

kQ 

nA 

MHz 

unit 

V 

V 

nA 

mV 

LSB 

% 

IJS 

kHz 

dB 
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A/D CHARACTERISTICS 

VDD = 5,0 V; VSS = 0 V; VREF = 5,0 V; VAGND = 0 V; Rsource = 10 kQ; T amb = -40 oC to +85 OC 
un less otherwise specified 

parameter conditions symbol min. typo max. unit 

Analogue inputs 

Input voltage range VIA VSS - VDD V 

Input current leakage IIA - - 100 nA 

I nput capacitance CIA - 10 - pF 

I nput capacitance differential CID - 10 - pF 

Single-ended voltage measuring range VIS VAGND - VREF V 

Differential voltage measuring range; 

VFS = VREF -VFS +VFS 
-VAGND VID - V 

2 2 

Accuracy 

Offset error Tamb = 25 oC OSe - - 20 mV 

Linearity error Le - - ±1,5 LSB 

Gain error Ge - - 1 % 

Gain error small-signal; 
~VIN=16LSB 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 JlS 

Sampling/conversion rate fADC - - 11,1 kHz 

Note 

1. The power on reset circuit resets the 1
2 C bus logic when VDD is less than VPOR. 
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8-bit A/O and 0/ A converter 

200 

IDD 
(,uA) 

150 

100 

50 

o 
2 

V 
~ 

V 
..,...,.,... 

3 4 

7Z94726 

/ 

./" 
/' 

V 

5 6 
VDD (V) 

(a) internal oscillator; T amb = + 27 oC. 

160 

IDD 
(,uA) 

120 

80 

l ____ P_C_F_85_9_1 ____ __ 

7Z94727 

~ 
- 40°.-% ~ V 

le ~ --:;: 85°C 

V V + 27°C 

40 
I--"""" 

o 
2 3 4 5 6 

VDD (V) 

(b) external oscillator. 

Fig. 16 Operating supply current against supply voltage (analogue output disabled). 

500 
c: 

Q) 
u 
<: 

'" 400 11 
Co 

.§ 

1\ 
\ 

... 
~ 

5" 300 \ 
° 
~ 
Cl 

200 

100 

o 
00 

7Z94728 

~ 
\ 

\ 

" --.. r--r-.. 
-r--r--

02 04 06 08 OA 
hex input code 

(a) output impedance near negative power rail; 
Tamb = + 27 oC. 

Q) 
u 

500 

15 11 400 
Co 

.§ 
~ 

5" 300 

° ~ 
Cl 

200 

100 

~ 
o 
BO 

~ -
CO 

7Z94729 

I 
V 

/ 
/ 

/ 
--- ..--' 

.,./ 

DO EO FO FF 
hex input code 

(b) output impedance near positive power rail; 
Tamb = + 27 oC. 

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 Vss or VOO when not in use. Analogue inputs may also be connected to 
AGNO or VREF. 

I n 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. 
Oecoupling capacitors (> 10 J.LF) are recommended for power supply and reference voltage inputs. 

~ ANALOGUE GROUND 

1. DIGITAL GROUND 

AINO 

AIN1 

AIN2 

AIN3 

AD 

A1 

A2 

AI NO 

AIN1 

AIN2 

AIN3 

AO 

A1 

A2 

VDD 

+H 

VDD 
AOUT 

VREF 

AGND 

EXT 
PCF8591 

OSC 

SCL 

SDA 
VSS 

VDD 

VDD 
AOUT 

VREF 

AGND 

EXT 

PCF8591 OSC 

SCL 

SDA 
VSS 

VDD 

MASTER 
TRANSMITTER 

Fig. 18 Application diagram. 

VDD 

VOUT 

lZ80910.1 12C BUS 

Purchase of Philips' 12C components conveys a license under the 
Philips' 12 C patent to use the components in the 12 C-system 
provided the system conforms to the 12C specifications defined 
by Philips. 
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DEVELOPMENT DATA 
This data sheet contains advance information and 

specifications are subject to change without notice. l ____ P_N_A_7_5_09 ____ __ 

7-81T ANALOGUE-TO-DIGITAL CONVERTER (ADC 7) 

GENERAL DESCRIPTION 

The PNA7509 is a monolithic NMOS 7-bit analogue-to-digital converter (AOC) designed for video 
applications. The device converts the analogue input signal into 7-bit binary coded digital words at a 
sampling rate of 22 MHz. 

The circuit comprises 129 comparators, a reference resistor chain, combining logic, transcoder stages, 
and TTL output buffers which are positive edge triggered and can be switched into 3-state mode. The 
digital output is selectable in two's complement or binary coding. 

The use of separate outputs for overflow and underflow detection facilitates full-scale driving. 

Features Applications 

• 7-bit resolution • High-speed A/O conversion 
• No external sample and hold required • Video signal digitizing 
• High input impedance • Radar pulse analysis 
• Binary or two's complement 3-state TTL outputs • Transient signal analysis 
• Overflow and underflow 3-state TTL outputs • High energy physics research 
• All outputs positive-edge triggered 
• Standard 24-pin package 

QUICK REFERENCE DATA 

Measured over full voltage and temperature range unless otherwise specified 

parameter conditions symbol min. typo max. unit 

Supply voltage (pins 3,12,23) V005 4,5 - 5,5 V 

Supply voltage (pin 24) V0010 9,5 - 10,5 V 

Supply current (pins 3, 12, 23) note 1 1005 - - 65 mA 

Supply current (pin 24) note 1 10010 - - 13 mA 

Reference current (pins 4,20) Iref 150 - 450 J.lA 

Reference voltage LOW (pin 20) VrefL 2,4 2,5 2,6 V 

Reference voltage HIGH (pin 4) VrefH 5,0 5,1 5,2 V 

Non-linearity fi = 1,1 kHz 
integral INL - - ±% LSB 
differential ONL - - ±% LSB 

-3 dB Bandwidth B 11 - - MHz 

Clock frequency (pin 14) fCLK 1 - 22 MHz 

Total power dissipation note 1 Ptot - - 500 mW 

Note to quick reference data 

1. Measured under nominal conditions: V005 = 5 V; VOOlO = 10 V; T amb = 22 °C. 

PACKAGE OUTLINES 

24-lead DI L; plastic (SOT101A). 
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Note 

reference 
voltage 
HIGH 

(VrefH) 

4 

20 

reference 
voltage 
LOW 

(Vref L) 

select 
clock input two's complement 

(fCLK) (STC) 

analogue 
voltage 
input 

(VI) 

ROM 

127 x 7 

CEl CE2 

OUTPUT 

LATCHES 

6 
overflow 

7 MSB 
bit 6 

8 
bit 5 

9 
bit 4 

10 
bit 3 

11 
bit 2 

15 
bit 1 

16 LSB 
bit 0 

17 
underflow 

13 
7Z93495.1 

All three pins 3, 12 and 23 must be connected to positive supply voltage + 5 V. 

Fig. 1 Block diagram. 
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7-bit analogue-to-digital converter (ADC 7) l ____ PN_A_7_5_0_9 ____ __ 

v OD1O 

vOO5 

n.c. 

CE2 

v refL 

VBB 

CE1 

UNFL 

bit 0 

bit 3 bit 1 

fCLK 

VOO5 DGND 

7Z93493 

Fig. 2 Pinning diagram. 

RATINGS 

PINNING 

1 VI 

2 AGNO 

3 VOO5 

4 VrefH 

5 STC 

6 OVFL 

7 bit 6 

8 bit 5 

9 bit 4 

10 bit 3 

11 bit 2 

12 VOO5 

13 OGNO 

14 fCLK 

15 bit 1 

16 bit 0 

17 UNFL 

18 CE 1 

19 VBB 

20 VrefL 

21 CE 2 

22 n.c. 

23 VOO5 

24 VOO10 

analogue voltage input 

analogue ground 

positive supply voltage (+ 5 V) 

reference vo Itage HI G H 

select two's complement 

overflow 

most-significant bit (MSB) 

positive supply voltage (+ 5 V) 

digital ground 

clock input 

least-significant bit (LSB) 

underflow 

chip enable input 1 

back bias output 

reference voltage LOW 

chip enable input 2 

not connected 

positive supply voltage (+ 5 V) 

positive supply voltage (+ 10 V) 

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

Supply voltage range (pins 3, 12, 23) V005 

Supply voltage range (pin 24) 

I nput voltage range 

Output current 

Total power dissipation 

Storage temperature range 

Operating ambient temperature range 

HANDLING 

VOO1O 

VI 

10 
Ptot 
Tstg 

Tamb 

-0,5 to +7 V 

-0,5 to + 12 V 

-0,5 to +7 V 

5 mA 

W 

-65 to + 150 °C 

o to + 70 °C 

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 MaS devices (see 
"Handling MaS Oevices"). 
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CHARACTERISTICS 

VDD5 = V3, 12,23-13 = 4,5 to 5,5 V; VDD10 = V24-2 = 9,5 to 10,5 V; CBB = 100 nF; 
T amb = 0 to + 70 °C 

parameter symbol min. typo 

Supply 

Supply voltage (pins 3, 12, 23) VDD5 4,5 -

Supply voltage (pin 24) VDD10 9,5 -

Supply current (pins 3, 12,23) IDD5 - -

Supply current (pin 24) IDDlO - -

Reference voltages 

Reference voltage LOW (pin 20) VrefL 2,4 2,5 

Reference voltage HIGH (pin 4) VrefH 5,0 5,1 

Reference current I ref 150 -

Inputs 

Clock input (pin 14) 

I nput voltage LOW VIL -0,3 -

Input voltage HIGH (note 1) VIH 3,0 -

Digital input levels(pins5,18,21; note 2) 

Input voltage LOW VIL 0 -

Input voltage HIGH VIH 2,0 -

I nput current 
at V5 = 0 V; V 13 = G N D -15 15 -

at V 18 = 5 V; V 13 = G N D 118 15 -

at V 21 = 0 V; V 13 = G N D -121 15 -

I nput leakage current 
(except pins 5, 18 and 21) III - -

Analogue input levels (pin 1) 
at VrefL = 2,5 V; VrefH = 5,1 V 

Input voltage amplitude 
(peak-to-peak value) VI(p_p) - 2,6 

Input capacitance (note 3) C1-2 - -

Notes to characteristics 

1. Maximum input voltage must not exceed 5,0 V. 
2. If pin 5 is LOW binary coding is selected. 

If pin 5 is HIGH two's complement is selected. 
If pin 5, 18 and 21 are open-circuit, pin 5, 21 are HIGH and pin 18 is LOW. 
For output coding see Table 1 and mode selection see Table 2. 

3. Tested on sample base. 
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18 

2,6 
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unit 

V 

V 

mA 

rnA 

V 

V 

JlA 

V 

V 

V 

V 
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7-bit analogue-to-digital converter (ADe 7) 

parameter symbol 

Outputs 

Digital voltage outputs 
(pins 6 to 11 and 15 to 17) 

Output voltage LOW 
at 10 = 2 mA VOL 

Output voltage HI G H 
at -10 = 0,5 mA VOL 

Table 1 Output coding (VrefL = 2,50 V; VrefH = 5,08 V) 

step V1-2 UNFL OVFL binary 
(1 ) bit 6 - bit 0 

underflow <2,51 1 0 0 0 0 0 0 0 

0 2,51 0 0 0 0 0 0 0 0 

1 2,53 0 0 0 0 0 0 0 0 

126 5,03 0 0 1 1 1 1 1 1 

127 5,05 0 0 1 1 1 1 1 1 

overflow ~5,07 0 1 1 1 1 1 1 1 

Note to Table 1 

1. Approximate values. 

Table 2 Mode selection 

--
CE 1 CE 2 bit 0 to bit 6 UNFL,OVFL 

X 0 HIGH impedance HIGH impedance 

0 1 active active 

1 1 H IG H impedance active 

min. 

0 

2,4 

0 1 

0 1 

1 1 

0 0 

1 0 

1 0 

l ____ P_N_A_75_0_9 ____ __ 

max. 

+0,4 

VDD5 

two's complement 
bit 6 - bit 0 

0 0 0 0 0 0 

0 0 0 0 0 0 

0 0 0 0 0 1 

1 1 1 1 1 0 

1 1 1 1 1 1 

1 1 1 1 1 1 

1 (June 1987 

unit 

V 

V 

steps 

2-125 
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CHARACTERISTICS (continued) 

VDD5 = V3, 12,23-13 = 4,5 V to 5,5 V; VDD10 = V24-2 = 9,5 V to 10,5 V; VrefL = 2,5 V; 
VrefH = 5,1 V; fCLK = 22 MHz; CBB = 100 nF; Tamb = 0 to + 70 oC 

parameter symbol min. max. 

Switching characteristics (see also Fig. 3) 

Clock input (pin 14) 

Clock frequency fCLK 1 22 

Clock cycle time LOW tLOW 20 -

Clock cycle time HIGH tHIGH 20 -

Input rise and fall times (pin 1) 
rise time tr - 3 

fall time tf - 3 

Analogue input (note 1) 

Bandwidth (-3 dB) B 11 -

Differential gain (note 2) dG - ±5 

Differential phase (note 2) dp - ± 2,5 

Non-harmonic noise - -36 

Peak error (non-harmonic noise)(note 3) - 3 

Harmonics (full scale) 
fundamental (note 3) fO - 0 

r.m.s. (2nd + 3rd harmonic) f2,3 - -28 

r.m.s. (4th + 5th + 6th + 7th harmonic) f4-7 - -35 
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7-bit analogue-to-digital converter (ADC 7) l ____ P_N_A_75_0_9 ____ __ 

parameter symbol min. max. unit 

Digital outputs (notes 1 and 4) 

Output hold time tHOLD 6 - ns 

Output delay time at C L = 15 pF td - 38 ns 

Output delay time at C L = 50 p F td - 48 ns 

3-state delay time tdt -- 25 ns 

Capacitive output load COL 0 15 pF 

Transfer function 

Non-linearity at fi = 1,1 kHz 
integral INL - ±1h LSB 

differential DNL - ±1h LSB 

Notes to timing characteristics 

1. 

2. 

3. 

4. 

Clock input rise and fall times are at the maximum clock frequency (10% and 90% levels). 

Low frequency sinewave (peak-to-peak value of the analogue input voltage at Vl(p_p) = 1,8 V) 
combined with a sinewave voltage (VI(p_p) = 0,7 V) at fi = 5 MHz. 

Analogue frequency fi(A) = 5 MHz 
Amplitude Vi(A) = 2.42 V (peak-to-peak value). 

The timing values of the digital outputs at pins 6 to 11 and 15 to 17 are measured with the clock 
input reference level at 1,5 V. 
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CLOCK INPUT 
(pin 14) 

ANALOGUE INPUT 
(pin 1) 

DIGITAL OUTPUTS 
(pins 6 to 11 and 15 to 17) 

14----- 3tCL~-) ---"'-'1 

clock input 
---11----1--- reference level 

(1,5V) 

-- 2,OV 

-- O,BV 

7Z80491.1 

(1) There is a delay of 3 clock cycles between sampling of an analogue input signal and the corresponding 
digital output. 

Fig.3 Timing diagram. 
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7-bit analogue-to-digital converter (ADC 7) l ____ P_N_A7_5_0_9 ____ __ 

APPLICATION NOTE 

The minimum and maximum values provided in the data sheet are guaranteed over the whole voltage 
and temperature range. This note gives additional information to the data sheet where the typical 
values indicate the behaviour under nominal conditions; V005 = 5 V, VOOlO = 10 V, T amb = 22 °C. 

parameter symbol typo 

Supply 

Supply current (pins 3, 12, 23) 1005 51 

Supply current (pin 24) 10010 11 

Maximum clock frequency fCLK 25 

Bandwidth (-3 dB) B 20 

Total power dissipation Ptot 365 

Peak error (non-harmonic noise) 1,5 

Suppression of harmonics 
sum of: 
f2nd + f3rd 31 
f4th + f5th + f6th + f7th 39 

Non-linearity 
integral INL ± 1/4 
differential ONL ± 1/3 

Differential gain dG ±3 

Differential phase dP ± 1 

Large signal phase error Pe 10 

Non-harmonic noise 40 

Typical values are measured on sample base. 

Appl ication recommendation 

Spikes at the 10 V supply input must be avoided (e. g. overshoots during switching). 
Even a spike duration of less than 1 JIS can destroy the device. 

1 (June 1987 
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APPLICATION NOTE (continued) 

Test philosophy 

Fig.4 is a block diagram showing analogue-to-digital testing with a phase locked signal source. The 
signal generator provides a 5 MHz sinewave for the device under test (except for the linearity test). 
The 22 MHz clock input is provided by the clock generator. The phase relationship between signal and 
clock generator is shifted by 100 pico sec. each signal period to provide an effective clock rate of 10 GHz 
for analysis. 
Most calculations are carried out in the spectral domain using Fast Fourier Transformation (FFT) and 
the inverse F FT to return to time domain. 
The successive processing completes the specific measurement (Fig. 5, 6, 7 and 8). 

The non-linearities of the converter, integral (INL) and differential (DNL), are measured using a low 
frequency ramp signal. Within a general uncertain range of conversion between two steps the output 
signal of the converter randomly switches. 
After low-pass filtering the different step width is used for calculating the line of least squares to obtain 
integral non-linearity. 
To calculate differential non-linearity a counter is used to count the frequency of each step. A histogram 
is calculated from the counter result to provide the basis for further computation (Fig. 7). 

phase 
lock 

~ 

L-+ 

CLOCK 
GENERATOR 

I 

SIGNAL 
GENERATOR 

~ 
PULSE 

FORMER clock 
input 

(22 MHz) 

DEVICE LOGIC UNDER ~ 
TEST ANALYZER 

a~alogue 
Input 

7Z97665 

Fig.4 Analogue-to-digital converter testing with locked signal source. 
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7-bit analogue-to-digital converter (ADC 7) l __ P_N_A_7_5_0_9 __ _ 

stimulus; HF sinewave 

HARMONICS 

7Z97664 

Where: FFT = Fast Fourier Transformation. 
IFFT = Inverse Fast Fourier Transformation. 

Fig.5 Sinewave test; non-harmonic noise and peak error. 

HF and SIDEBANDS 

ROTATED and NORMALIZED 

stimulus; 
LF sinewave 
with H F added 

7Z97663 

Fig. 6 Differential gain and phase. 

to 
vector
scope 
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APPLICATION NOTE (continued) 

Where: 

June 19871 ( 

stimulus; LF ramp 

7Z97666 

INL = Integral Non-Linearity. 
ON L = Differential Non-Linearity. 

Fig.7 Low frequency ramp test; linearity. 

HF and SIDEBANDS 

ROTATED and NORMALIZED 

stimulus; 
amplitude modulated 
HF sinewave 

7Z96716 

Fig.8 Large signal phase error. 

to 
vector
scope 



DEVELOPMENT DATA 
This data sheet contains advance information and 

specifications are subject to change without notice. l ____ P_N_A_7_51_8 ____ __ 

8-BIT MULTIPLYING DAC 

GENERAL DESCRIPTION 

The PNA7518 is a NMOS 8-bit multiplying digital-to-analogue converter (OAC) designed for video 
applications. The device converts a digital input signal into a voltage-equivalent analogue output at a 
sampling rate of 30 MHz. 

The input signal is latched, then fed to a decoder which switches a transfer gate array (1 out of 256) to 
select the appropriate analogue signal from a resistor chain. Two external reference voltages supply the 
resistor chain. The multiplying capability is obtained by using the independent reference voltages. 

The input latches are positive-edge triggered. The output impedance is approximately 0,5 kn depending 
on the applied digital code. An additional operational amplifier is required forthe 75 n output impedance. 
Two's complement is selected when STC (pin 11) is HIGH or is not connected. STC inverts the most 
significant bit (MSB). 

Features 

• TTL input levels 
• Positive-edge triggered 
• Analogue voltage output at 30 MHz sampling rate 
• Binary or two's complement input 
• Output voltage accuracy to within ± % of the input LSB 
• Multiplying capability 
• 12 M Hz bandwidth 
• 8-bit resolution 

QUICK REFERENCE DATA 

parameter conditions symbol 

Supply voltage range VOO 

Supply current 100 

Reference voltage LOW VrefL 
Reference voltage HIGH VrefH 
Static non-linearity note 1 

Bandwidth at -3 dB note 2 B 

Clock frequency Tamb = 25 °C; 
VOO = 5 V fCLK 

Total power consumption P 

For explanation of notes see "Notes to the characteristics". 

Applications 

min. typo max. 

4,5 - 5,5 

- - 80 

0 - 2,0 

0 - 2,0 

- - ± 0,5 

12 - -

10 - 30 

- - 470 

• Video data conversion • Waveform/test signal generation 
• CRT displays • Colour/black-and-white graphics 

PACKAGE OUTLINE 

16-lead OIL; plastic (SOT380) 

1 ( May 1989 

unit 

V 

mA 

V' 

V 

LSB 

MHz 

MHz 

mW 

425 



__ PNA7_518_jl""---______ _ 

426 

clock input 
(fCLK) 

select 
two's digital voltage input (V I) 

complement ,..-----------11'--------, 
(STC) bit 0 bit 1 bit 2 bit 3 bit 4 bit 5 bit 6 bit 7 

11 

10 
INPUT BUFFER/LATCH x 8 

DECODER 

256 

PNA7518 

(+5V) 
VDD 

16 

VrefH _-+....;;9-r-_~--t----+--+-r 

reference 
voltage 
inputs 

analogue 
...... ---t--- voltage 

output 
(VAO) 

VrefL ---4-=2:...-C =:J-+-----.......- 0--------' 

7Z80546.1 

Fig. 1 Block diagram. 
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PINNING 

VDD 2 

bit 4 
3 
4 

bit 5 5 
6 

bit 6 
7 

PNA7518 
bit 7 8 

9 
10 

fCLK 11 
12 
13 

7Z80547.1 
14 
15 

Fig.2 Pinning diagram. 16 

RATINGS 

VAO 
VrefL 
bit 3 
bit 2 
bit 1 

bit ° 
VBB 
GND 

VrefH 
fCLK 
STC 
bit 7 
bit 6 
bit 5 
bit 4 

VDD 

) 

) 

analogue output voltage 
reference voltage LOW 

digital voltage inputs (VI) 

least-significant bit (LSB) 
back bias 
ground 
reference voltage HI G H 
clock input 
select two's complement 
most-significant bit (MSB) 

digital voltage inputs (VI) 

positive supply voltage 

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

parameter symbol min. max. unit 

Supply voltage range VDD -0,5 7,0 V 

I nput voltage BO to 87 and STe VI -0,5 7,0 V 

Output voltage VAO -0,5 7,0 V 

Total power dissipation Ptat - 800 mW 

Storage temperature range Tstg -65 + 150 °C 

Operating ambient temperature range Tamb 0 + 70 oe 

Temperature range with back bias T8B -10 + 80 °e 

Clock frequency fCLK 10 - kHz 

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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CHARACTER ISTICS 

VOO == 4,5 to 5,5 V; CBB == 100 nF; Tamb == 0 to + 70 °C; unless otherwise specified 

parameter conditions symbol min. typo max. unit 

Supply 

Supply voltage VOO 4,5 - 5,5 V 

Supply current 100 - - 80 rnA 

Inputs BO to B7, ClK, and STC 

I nput voltage LOW V,L 0 - 0,8 V 

I nput voltage HI G H V,H 2 - VOO V 

Input leakage current 
(except STC) 'll - - 10 /lA 

STC input current 
" 

- - 100 /lA 

Reference voltages 

Reference voltage LOW VrefL 0 - 2 V 

Reference voltage HIGH VrefH 0 - 2 V 

Reference ladder between 

V refL and V refH Rref 150 - 300 n 

Linearity 

Static non-linearity note 1 - - ± 0,5 LSB 

Clock input 

Clock frequency T amb == 25 °C; 
VOO == 5 V fCLK 10 - 30 MHz 

Bandwidth 

Bandwidth at -3 dB note 2 B 12 - - MHz 

Notes to the characteristics 

1. Measured at RAO == 200 kn; VrefL == 0 V; VrefH == 2 V and fCLK == 28 MHz. 

2. Measured at VOO = 5 V; Tamb == 25 °C; VrefL == 0 V; VrefH == 2 V; fCLK == 30 MHz; duty cycle== 0,5; 
rise and fall time = 3 ns and a 6 pF load at the analogue output. The analogue output signal is scanned 
by an external sample and hold circuit. 
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APPLICATION INFORMATION 

This section provides additional information to the characteristics. The values are measured on a 
sampling basis. 

Table 1 Application characteristics 

parameter symbol typo unit 

Supply current 100 50 rnA 

Power consumption P 270 mW 

Minimum clock frequency fCLK 10 kHz 

Maximum clock frequency fCLK 45 MHz 

Static non-linearity ± 0,25 LSB 

Reference ladder Rref 210 n 
Bandwidth B 15 MHz 

Set-up time tsu 3 ns 

Input hold time tHO 4 ns 

Propagation delay tpo 1 x tCLK + 30 ns 

Where: 

VOO = 5 V; Tamb = 25 °C; VrefL = 0 V; VrefH = 2,0 V. 

~ __ ""'\ ______ 2,OV 

CLOCK 

DATA 

t 
l1V 

ANALOGUE OUTPUT + 

7Z94958.1 

Fig.3 Switching characteristics. 
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UNIVERSAL SYNC GENERATOR 

GENERAL DESCRIPTION 

The SAA 1043 generates the synchronizing waveforms required in all types of video source equipment 
(video cameras, film-scanners, video games, computer displays and similar applications). The device 
is programmable to suit standards SECAM1, SECAM2, PAL/CCI R, NTSC1, NTSC2 and PAL-M; the 
video game 624 and 524-line standards; and can be synchronized to an external sync signal. Inputs 
and outputs are CMOS compatible. 

Features 

• Programmable to eight standards 

• Horizontal frequency manipulation for application in non-standard systems 

• Oscillator functions with LC or crystal elements 

• Additional outputs to simplify camera signal processing 

• Can be synchronized to an external sync signal 

• Vertical reset for fast vertical lock 

• Subcarrier lock in combination with subcarrier coupler SAA 1 044 

• Very low power consumption 

QUICK REFERENCE DATA 

parameter symbol min. typo max. unit 

Supply voltage range (pin 28) VOO 5.7 - 7.5 V 

Supply current range (quiescent) 100 - - 10 JlA 

Oscillator frequency fOSC - - 5.1 MHz 

Operating ambient temperature range Tamb -25 - + 70 °C 

PACKAGE OUTLINES 

SAA1043 : 28-lead OIL; plastic (SOT117). 
SAA 1043T: 28-lead mini-pack; plastic (S028; SOT136A). 
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Universal sync generator Jl SAA1043 

PINNING 

1 BC burst flag/chrominance blanking (5ECAM) output 

VDD 2 FH2 PAL identification output 

FH2 2 ID 3 51 set identification input (5ECAM, PAL, PAL-M) 

SI 3 CS 4 FH3 400 Hz (PAL); 360 HZ (NTSC, PAL-M) and 
fH/3 (SECAM) 

CB FH3 4 
5 X standard programming input 

x 5 H2 6 y standard programming input 

y 6 Hl 7 FO standard programming input 

DL 8 FH80 80x fH output (1.25 MHz) 
SAA1043 9 VCR VCR standard input CLP 

10 asca oscillator output 
V2 

11 ascI oscillator input 
osca Vl 

12 PH phase detector output 
ascI RR 13 NS no-sync detector output 

PH WMP 14 VSS negative supply voltage (ground) 

NS RI 15 ECS external composite sync input 

vss ECS 16 RI vertical identification output 

17 WMP white measurement pulse output 
7 Z87 660 

18 RR vertical reset input 

Fig.2 Pinning diagram. 19 V1 vertical drive output 

20 V2 vertical drive output 

21 CLP clamp pulse output 

22 OL 2 x fH input/output 

23 H1 horizontal drive output 

24 H2 horizontal drive output 

25 CB composite blanking output 

26 CS composite sync output 

27 10 SECAM identification output 

28 VOO positive supply voltage 
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FUNCTIONAL DESCRIPTION 

Sync pulse generation 

Programming of operating standard 

The standard required for operation is programmed using the inputs X, Y and FD as shown in Table 1. 
The FD input selects 525 or 625-line working of the vertical counter (524 or 624-lines for video game 
standards) and also influences the choice of oscillator frequency as shown in Table 2. 

Table 1 Programming of operating standard 

standard FD X Y 

SECAM 1 0 0 0 

SECAM 2 0 0 1 

624 0 1 0 

PALICCIR 0 1 1 

NTSC 1 1 0 0 

NTSC 2 1 0 1 

524 1 1 0 

PAL-M 1 1 1 

positive logic: 1 = HIGH; 0 = LOW 

Oscillator 

The built-in oscillator of the SAA 1043 functions with an external LC-circuit (Fig. 3) or with a crystal 
of the parallel resonance type (Fig. 4). For operation in the VCR mode the LC oscillator circuit is 
recommended. The frequencies required for the operating standards are shown in Table 2. 

Table 2 Oscillator input frequencies 

operating osc. frequency vertical vertical fre- horizontal fre-
standard (fOSCI) MHz divider (FD) quency (fV) Hz quency (fH) Hz 

PAL, SECAM, 624 5.0 0 50 15625 

NTSC, PAL-M, 524 5.034964 1 59.94 15734.26 

PAL, SECAM, 624 2.5 H2 (pin 24) 50 15625 

NTSC, PAL-M, 524 2.51782 H1 (pin 23) 59.94 15734.26 

c H OSCl 11 

(1) L SAA1043 

OSCO 10 

7Z87661 

{11 Component values can be calculated from the formula fOSCI = 1/21Ty'LCv where Cv = C/2 + Cp and 
Cp = parasitic capacitance of typically 5 pF. 

Fig.3 LC oscillator circuit. 
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10 pF 

OSCI 
11 

3.3 
MQ 

OSCO 
10 

33 pF 1 kQ 

(2) 

--+----+----------~--VSS 
7Z87662.1 

(1) Catalogue number of crystal: 8222 298 40760. 

(2) All inputs not shown are at VSS. 

Fig.4 Crystal oscillator circuit showing test set-up for oscillator frequency measurement. 

Synchronization to an external sync signal 

Use is made of the phase comparator output PH to lock the internally generated sync pulses to an 
external sync signal. Reset pulses derived at each falling edge of the external sync signal (ECS) reset the 
the sync counter which is clocked at the internal horizontal frequency by the horizontal counter. At 
each horizontal scan period the sync counter opens the sync pulse gate and allows the ECS to be 
applied to the phase comparator where it is compared with the phase of the internally generated 
horizontal sync pulse. When the two signals are in phase the output PH is in a high impedance state. 
When a phase difference exists PH is pulled towards VOO or VSS depending on the direction of the 
error (Fig. 5). The phase-analogue voltage on PH is used to correct the frequency at ascI via a 
voltage-controlled oscillator and null the phase error between internal and external signals. Pulses 
occurring on the ECS outside of the sync pulse gating time (serration and equalization pulses) do not 
effect the phase comparator. 

7Z876631 

/1 
I 

V 
v 

0.5 voo lL 
/ 

V 
/ 

v 

V 
-21f o phase error (rad) 21f 

Fig.5 Phase comparator characteristic. 
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FUNCTIONAL DESCRIPTION (continued) 

Synchronization to an external sync signal (continued) 

The circuit will lock to standard and non-standard sync signals. With standard signals the resetting of 
the sync counter is permitted after 3/4 of the horizontal scan period and if one reset pulse is missed 
the next pulse will reset the counter. With non-standard signals a narrow reset window is imposed to 
avoid disturbances which would otherwise be visible on the screen during vertical blanking time. The 
width of this window is 64 - 15.2 < reset time < 64 + 15.2 J.1s. If a reset pulse does not occur within 
this window the same window timing is specified for the next horizontal scan. 

A no-sync signal is generated by the sync pulse gate if the sync counter is not reset from the ECS. The 
no-sync signal (NS) occurs 6.4J.1s after the time of the missing reset pulse. 

Detection of the vertical sync in the ECS is performed using a double sampling method which minimizes 
detection failures. Vertical lock is performed by comparing the internal vertical sync with a pulse 
derived from the ECS and using the result to modify the period of the vertical counter. This is achieved 
by manipulating the DL (2 x fH) input to the vertical counter via the addition/subtraction 
logic. The DL pulses are added or suppressed to bring the circuit into lock in the shortest possible time; 
the direction taken is determined by a logic decision based on the half picture in which the ECS derived 
pulse occurred. 

Vertical reset input (R R) 

The RR is used when external synchronization runs on separate vertical (V) and horizontal (H) pulses 
instead of composite sync (CS) pulses. 

• R R = LOW no external sync or external CS to ECS input 

• R R = V-pulses: external sync with H and V requires H-pulses to ECS input 
duration of H-pulse < 5 J.1S 
duration of V-pulse 1 J.1S < tv < 3 J.1S 

VCR standard input (VCR) 

The VCR input sets the synchronization standard for VCRs. 

• VCR = HIGH: normal mode 

Then the ECS input expects a 64 J.1S ± 16 J.1S H-part of the CS pulse. 
If the pulse fits inside the window, the SAA 1043 will continue to take synchronizing pulses only 
inside the window. 
If the pulse does not occur inside the window, the synchronizing circuit will take off the window and 
accept pulses at any time. 

• VCR = LOW: VCR mode 

The window ± 16 J.1S is always applied. 

Ifthe colour burst is not present in the correct position, or FH2 is not in phase with the incoming 
signal, the set identification input (SI) must be set to logic HIGH on line 2 for the duration of 1 line. 

Use in non-standard systems 

For systems requiring a non-standard horizontal frequency the number of horizontal scans per picture 
can be manipulated using the open drain input/output DL. The addition or suppression of pulses 
during the high ohmic period of DL modifies the vertical counter value. The suppression of two DL 
pulses per half picture will give one extra horizontal scan and the addition of two DL pulses will 
remove one horizontal scan from the half picture (see Fig. 6). 
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Universal sync generator Jl SAA1043 

---------------------------------------------------------------

H1 --1l ~ __________________ ~n~ __________ __ 

{'" 
~ 

DL (2) ~ 
(3) ~ 

~ __ ~n~ __ ~n IL 
~ _______________________ IL 

f1Jl nJl IL '--____ ---J '------- '------- 7Z87664 

(1) Normal waveform at DL; fDL = 2 x fH. 

(2) Waveform at D L with two pulses suppressed increases the number of horizontal scans per half 
picture by 1. 

(3) Waveform at DL with two additional pulses decreases the number of horizontal scans per half 
picture by 1. 

Fig. 6 Manipulation of the horizontal frequency for non-standard systems. 

Output waveforms 

The output waveforms for the different modes of operation are shown in Figs 7 and 8. 

: start half picture 

~~~~~~~~J~~'~L~~~~~~~~~!~ 
jLJLJL 

r.====t============~2~5~H+~t:WC:B~==============)~ 
~-+----------------------~'~ 

________ ~.~--~---'OH----------l------~r----

___ J---:-71/2H ~~-1L--~-~-~-----1t_---

1-+--~~~'--9H I I I I I I ~r-1-L 
I I I I I I I I .rLJ-L , 

I I I I I I I I/~ 
I I I 1,rLJ-L 

i 

f---

f---

Fig. 7 Typical output waveforms for PAL/CCI Rand SECAM. In the 624-line mode the output waveforms 
are identical to the 1st half picture of PAL/CCIR and are not interlaced (0.5 H subtracted from the 
waveform timing). 
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( 1) H = 1 horizontal scan. 

(2) NTSC mode reset; the 
4th half picture is 
identical to the 2nd half 
picture for NTSC. 

Fig. 8 Typical output 
waveforms for NTSC and 
PAL-M. In the 524-line mode 
the output waveforms are 
identical to the 1 st half 
picture of NTSC and are not 
interlaced (0.5 H subtracted 
from the waveform timing). 
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Universal sync generator l ____ S_A_A_10_4_3 ____ __ 

WAVEFORM TIMING (Table 3, Figs 9 and 10) 

The waveform timing depends on the frequency of the oscillator input (fOSCI). This is shown in 
Table 3 as the number (n) of oscillations at ascI. The timings given are derived from 
n x tOSCI ± 100 ns. One horizontal scan (H) = 320 x tasci = 1/fH. Note that the number of horizontal 
scans per half picture can be modified for non-standard systems using input/output DL as shown in Fig. 6. 

Table 3 Waveform timing 

parameter symbol PAL NTSC PAL-M SECAM unit n 

CS 

Horizontal sync 
pulse width tWSC1 4.8 4.77 4.77 4.8 J.ls 24 

Equalizing pulse width tWSC2 2.4 2.38 2.38 2.4 J.ls 8 

Serration pulse width tWSC3 4.8 4.77 4.77 4.8 J.ls 24 

Duration of pre-
equalizing pulses 2.5 3 3 2.5 H 

Duration of post-
equalizing pulses 2.5 3 3 2.5 H 

Duration of serration 
pulses 2.5 3 3.5 2.5 H 

CB 

Horizontal blanking 
pulse width 

PAL/SECAM/PAL-M tWCB 12 - 11.12 12 J.ls 60 

NTSC 1 tWCB - 11.12 - - J.ls 56 

NTSC 2 tWCB - 10.53* - - J.ls 53 

Front porch tpCBCS 1.6 1.59 1.59 1.6 J.ls 8 

Duration of vertical 
blanking 

PAL/SECAM/PAL-M 25H+twCB - 21 H+twCB 25H+tWCB 

NTSC 1 - 21H+tWCB - -

NTSC 2 - 19H+tWCB - -

BC (PAL) 

Burst key pulse width tWBC 2.4 2.38 2.38 - J.ls 12 

Sync to burst delay tPCSBC 5.6 5.56 5.76 - J.ls 28 

Burst suppression 9 9 11 - H 

Position of burst 
suppression: 1 st half H623 to H523 to H523 to -

picture H6 H6 H8 -

2nd half H310 to H261 to H260 to -
picture H318 H269 H270 -

3rd half H622 to H523 to H522 to -
picture H5 H6 H7 -

4th half H311 to H261 to H259 to -
picture H319 H269 H269 -
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parameter symbol PAL NTSC PAL-M SECAM unit n 

BC (SECAM) 

Chrominance pulse 
width tWBC - - - 7.2 jJ.s 36 

Chrominance to 
sync delay tpBCCS - - - 1.6 J.Ls 8 

Duration of vertical 
blanking: SECAM 1 1st half picture: 25H + tWBC except H320 to H328 

2nd half picture: 24.5H + tWBC except H7 to H 15 

SECAM 2 1 st half picture: 25H + tWBC 
2nd half picture: 24.5H + tWBC 

CLP 

Clamp pulse width tWCLP 2.4 2.38 2.38 2.4 jJ.s 12 

Sync to clamp delay tpCSCLP 2.4 2.38 2.38 2.4 J.Ls 12 

DL 

Frequency fDL 2 x fH 2 x fH 2 x fH 2 x fH 

Pulse width tWDL 9.6 9.53 9.53 9.6 J.Ls 48 

D L to sync delay tPCLCS 5.6 5.56 5.56 5.6 jJ.s 28 

FH80 

Frequency fFH80 80x fH 80 x fH 80 x fH 80 x fH 

Sync to F H80 delay 0.2 0.2 0.2 0.2 J.Ls 1 

Hl, H2 

H 1 pu Ise width tWH1 7.2 7.15 7.15 7.2 J.Ls 36 

H2 pulse width tWH2 7.2 7.15 7.15 7.2 jJ.s 36 

H 1 to sync delay tpH1CS 0.8 0.79 0.79 0.8 J.Ls 4 

Sync to H2 delay tpCSH2 0.8 0.79 0.79 0.8 jJ.s 4 

Repetition period 64 63.56 63.56 64 J.Ls 

Vl, V2 

V1 duration 10 6 6 10 H 

V2 duration 7.5 9 9 7.5 H 

V 1 to sync delay tpV1CS 1.6 1.59 1.59 1.6 J.LS 8 

Sync to V2 delay tpV2CS 1.6 1.59 1.59 1.6 J.LS 8 

FH2 

Frequency fFH2 fH/2 fH/2 fH/2 fH/2 

Sync to FH2 delay 0 0 0 0 J.LS 

FH3 

Frequency fFH3 400 360 360 fH/3 

Sync to FH3 delay - - - 0 jJ.S 
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WAVEFORM TIMING (continued) 

Table 3 (continued) 

parameter symbol PAL NTSC PAL-M SECAM unit n 

WMP 

WMP pulse width 2.4 2.38 2.38 2.4 IlS 12 

Sync to WMP delay 34.4 34.16 34.16 34.4 IlS 172 

Duration of WMP 10 9 9 10 H 

Position of WMP 
1st half picture: H163 to H 134 to H134 to H 163 to 

H173 H143 H143 H173 

2nd half picture: H475 to H396 to H396 to H475 to 
H485 H405 H405 H485 

RI 

Frequency fV/2 fV/2 fV/2 10fH 

Position of edges H6 and H7 and H7 and -
H318 H269 H269 

ID 

I D pu Ise width tWID 12.0 11.12 11.12 12.0 IlS 60 

I D to sync delay tPIDCS 1.6 1.59 1.59 1.6 IlS 8 

Position of I D 
1st half picture: H7 to H 15 H8 to H22 H8 to H22 H7 to H15 

2nd half picture: H320 to H271 to H271 to H320to 
H328 H285 H285 H328 

* Horizontal blanking pulse width for NTSC 2 can be 11.12 IlS maximum. 
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cs { 

horizontal 
sync pulse 

composite equalizing pulse 
sync 

serration pu Ise 

composite CB 
horizontal 

blanking blanking pulse 

{ b"", k" (PAll 
burst key/ BC 
chrominance (SECAM) 

chromlnance 

Hl horizontal drive 

H2 horizontal drive 

CLP clamp pulse 

DL 2 x fH pulses 

ID SECAM 
identification 

Vl, V2 
start, stop 
vertical drives 

FH2 PAL 
identification 

FH3 
400 Hz (PAL). 
fH/3 (SECAM) 

1- t WSC1 -1, _______ _ 
----------------~I 

I 

-n-tWSC2 ______________ ~I L-____________________ _ 

I 

____ --.JII-·~:---tWCB .1 
tpcBcs-1 :-

__________________ +I~ __ t_P_C_S_B_C_~~nL~ __ t_W __ BC __________ __ 

I 

___________ ~I__i__tWBC----~I----------------
tpBccs--1 1-

____________ ~I.~!-----tW-H-l--------,~I __________ ____ 

tPH1CS-1 1-

: ~1~------t-w-H-2-----,.IL __________ _ 

-------t-P-CS-H-2---"1'": ~i-

__________________ ~:----~nL----t-W-C-L-P-------------
---: 1- tpCSCLP 

~.. tWD~---to'~LI ______ _ 

l-tpDLCS-1 

-----------11 ... ·I--~i --- tWI D '1 
tpIDCS __ i i-

r--~--------------------~----------------

-------_-J :_tPV1CS tpV2CS 

------------~Ir_----~'--------------------

--------------~¥~-------------------------I 

--------------------~*~--------------------------------------
-------------~I~----------------------------

7ZB765B.1 

Fig.9 Waveform timings; PAL/GGI R; SEGAM; 624-line modes. 
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Universal sync generator 

WAVEFORM TIMING (continued) 

cs { 

horizontal 
sync pulse 

composite 
equalizing pulse sync 

serration pulse 

composite 
CB 

horizontal 
blanking blanking pulse 

BC burst key 

Hl horizontal drive 

H2 horizontal drive 

ClP clamp pulse 

Dl 2 x fH pulses 

Vl,V2 start, stop 
vertical drives 

FH2 identification 

FH3 360 Hz 
(NTSC, PAl-M) 

l ____ S_A_A_10_4_3 ____ __ 

l-- t WCS1-1 
---------~I ~---------

I 

-n-tWCS2 
----------------~i L. ____________________ __ 

I 

l-tWCS3-1 

I 
I 

______________ ~I· •• --+:-------tWCB .~ 
tpcBcs-1 :-

:-tpCSBC-n- tWBC 

i 
I 

________________ ~I~tWH1~~I ____________ ___ 

tpH1CS-1 :-
~------------~ 

__________________ -+i~l.-----tWH2~~I ________ __ 

tPCSH2-: 1-__________________ ~: ___ -~nL-___ t_W_C_P_l __________ _ 

_I 1_ tpCSClP 

---'-tWDli:---J ... IL ______ _ 

l-tPDlCS-: 

------------_--j<r--~i_---t-PV--1C-S-,-t-P-V-2-C-S----------------

-------------~~~------------------------I 
----------------~ Ir-________________________ __ 

-------------~~~---------------------
7Z87659.1 

Fig. 10 Waveform timings: NTSC; PAL-M; 524-line 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 with respect to VSS VDD -0.5 + 15 V 

I nput voltage range VI -0.5 VDD + 0.5* V 

Input cu rrent ± II - 10 rnA 

Output voltage range Vo -0.5 VDD + 0.5* V 

Output current ± 10 - 10 rnA 

Total power dissipation per package Ptot - 200 mW 

Power dissipation per output Po - 100 mW 

Operating ambient temperature range Tamb -25 + 70 °C 

Storage temperature range Tstg -55 + 150 °C 

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'). 

* VDD + 0.5 V not to exceed 15 V. 
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CHARACTE R ISTICS 

VOO = 5.7 to 7.5 V; VSS = 0 V; T amb = -25 to + 70 oe unless otherwise specified 

parameter symbol min. typo max. unit 

Supplies 

Supply voltage VOO 5.7 - 7.5 V 

Supply current (quiescent) 
at 10 = 0 rnA at all outputs; 
VOO = 7.5 V; T amb = 25 oe 100 - - 10 I1A 

Inputs 

Input voltage HIGH VIH 0.7VOO - VOD V 

I nput voltage LOW VIL 0 - 0.3VOO V 

I nput leakage current at 
VI = 7.5 V; VOO = 7.5 V; 
Tamb = 25 °e III - - 1 I1A 

I nput leakage current at 
VI = 0 V; VOO = 7.5 V; 
Tamb = 25 °e -Ill - - 1 I1A 

Outputs (except PH and as eo) 

Output voltage HIGH at 
-IOH = 0.5 rnA VOH VOO - 0.5 - - V 

Output voltage LOW at 
10L = 0.5 mA VOL - - 0.4 V 

Output PH 

Output voltage HIGH at 
-IOH = 0.9 mA VOH VOO - 0.5 - - V 

Output voltage LOW at 
10L = 1.0 rnA VOL - - 0.4 V 

Output leakage current at 
Va = 7.5 V; VOO = 7.5 V ILO - - 5 I1A 

Output leakage cu rrent at 
Va = 7;5 V; VOO = 7.5 V; 
Tamb = 25 °e ILO - - 1 I1A 

Output leakage current at 
Va = 0 V; VOO = 7.5 V -ILO - - 5 I1A 

Output leakage current at 
Va = 0 V; VOO = 7.5 V; 
Tamb = 25 °e -ILO - - 1 I1A 

Output OSCO 

Output voltage HIGH at 
Vosel = 0 V; -IOH = 0.9 rnA VOH VOO - 0.5 - - V 

Output voltage LOW at 
Vosel = VOO; 10L = 1.0 rnA VOL - - 0.4 V 
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parameter symbol min. typo max. unit 

Input/output DL (open drain)* 

Output voltage LOW at 
IOL = 1.0 rnA VOL - - 0.4 V 

Output leakage current at 
Va = 7.5 V; VDD = 7.5 V ILO - - 5 IlA 

Output leakage current at 
Va = 7.5 V; VDD = 7.5 V; 
Tamb = 25 °C ILO - - 1 IlA 

Load resistance (Fig. 4) 
at VDD = 5.7 V RL 1.4 - - kU 

at VDD = 7.5 V RL 0.82 - I - kU 

Time constant (Fig. 4) 
at VDD = 5.7 V RLCL - - 19 ns 

at VDD = 7.5 V RLCL - - 13 ns 

Oscillator frequency (Fig. 4) 

Maximum oscillator frequency 
at VDD = 5.7 V fOSC 5.1 - - MHz 

* An external pull-up resistor (3.9 kU) must be connected between DL and VDD. The time constant 
R L CL must not exceed the values given. 

APPLICATION INFORMATION 

external 
--1---, 

sync ..JL 

12 
PH 

13kQ 

+ I 2
.
2

P.F 

3.9 kQ 

x 
28 

SAA1043 

11 14 

FD VSS 

7Z87665.1 

Fig. 11 Synchronizing circuit using passive filter network. 
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________________ Jl __ SA_A10_44 __ 

SUBCARRIER COUPLER 

GENERAL DESCRIPTION 

The SAA 1044 maintains the correct relationship between subcarrier and horizontal scan frequencies 
when an exact coupling is required. It is for use in combination with sync generator SAA 1043 for 
application in colour video sources (cameras, film-scanners and similar equipments). 

Features 

• Provides exact relationship between subcarrier and horizontal scan frequencies 
• Accommodates all standard frequencies 
• Facilitates GENLOCK (general locking) applications 

FD X FH3 

I I 
11 13 14 ~16 ~ 

t 
STANDARD f---++-SELECTOR f--+- fs TO fh DIVISION 

FACTOR EQUATION f--+-
10 LOGIC r- CIRCUIT 

FH80 

so 5 L 
f4--

SUBCARRIER 1 SUBCARRIER 
------.-

- ~ OSCILLATOR DIVIDERS - f-+-

SUBI 

SUBO 

SUBTRACTOR 

- P+- SECAM SECAM - f+-
- ~ OSCILLATOR T DIVIDER 

3 

SECI 

SECO 

REFERENCE 
SEO 

RS 
4 

SUBFREQUENCY r+--
DIVIDER 

SAA1044 

Fig.1 Block diagram. 

PACKAGE OUTLINES 

SAA1044: 16-lead OIL; plastic (SOT38). 
SAA 1044T: 16-lead mini-pack; plastic (S016L; SOT162A). 

PHASE 

~ COMPARATOR - PH1 
1 

PHASE 
COMPARATOR ~ f-- PH2 

2 

PHASE 

~ COMPARATOR r-- PH3 
3 

7287698 
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SAA1044 Jl 
VDD 

PH2 

FH3 

SAA1044 
PH3 

FH80 

7287699 

Fig. 2 Pinning diagram. 

FUNCTIONAL DESCRIPTION 

Programming of operating standard 

PINNING 

1 SECI 

2 SECO 

3 SED 

4 RS 

5 SO 

6 SUBO 

7 SUBI 

8 VSS 

9 PH1 

10 FH80 

11 FD 

12 PH3 

13 X 

14 FH3 

15 PH2 

16 VDD 

SECAM oscillator input (272fH) 

SECAM oscillator output (272fH) 

inverted SECAM oscillator output 

reference subfrequency 

inverted subcarrier oscillator output 

subcarrier oscillator output 

subcarrier oscillator input 

negative supply voltage (ground) 

phase comparator 1 output (F H80/SUB I) 

1.25 MHz input (from SAA1043) 

standard programming input 

phase comparator 3 output (RS/SUBI) 

standard programming input 

standard programming input 
(from SAA 1043) 

phase comparator 2 output (SECI/FH80) 

positive supply voltage 

The standard required for operation is programmed using the inputs FD, X and FH3 as shown in 
Table 1. 

Table 1 Programming of operating standard 

standard FD X FH3 relationship of subcarrier frequency (fS) 
to horizontal scan frequency (fH) 

PAL 0 1 400 Hz fS =: 283.7516fH 

SECAM 0 0 don't care fS =: 282fH 

PAL-N 1 1 400 Hz fS =: 229.2516fH 

PAL-M 1 0 1 fS =: 227.25fH 

NTSC 1 0 0 fS =: 227.5fH 

Positive logic: 1 =: HIGH; 0 =: LOW 
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Subcarrier coupler SAA1044 

Subcarrier/horizontal scan frequency relationship 

The input F H80 from SAA 1043 is the reference for horizontal scan frequency (fH). This frequency is 
reduced by a factor determined by the selected operating standard to give a value of 8fH (PAL, SECAM) 
or 10fH (PAL-N, PAL-M, NTSC) to phase comparator 1. The subcarrier frequency (fS) is manipulated 
to provide a comparable value at the second input to the phase comparator. When the frequencies of 
the two inputs to phase comparator 1 are equal, the relationship between fH and fS is as shown in 
Table 1. 

Phase comparator 1 functions with an exclusive-OR phase detector circuit and provides an output 
which may be used to control a voltage-controlled oscillator (VCO) via a low-pass filter. The VCO 
reference can be the subcarrier or the horizontal scan frequency and the filter can be active or passive, 
depending on application. 

A second subcarrier oscillator circuit is provided for SECAM operation. The operating frequency of 
this is centred on 272fH to give, when fS = 282fH, comparable values of 5fH at the two inputs to phase 
comparator 2. A second VCO loop can be used to control the SECAM oscillator frequency. 

The high degrees of accuracy and stability required for GEN LOCK applications are met by phase 
comparator 3. This compares the internal subcarrier and external reference frequencies. To adjust the 
phase over 21f, this comparator has a linear characteristic over 41f. The output signal PH3 has a period 
time of fS/4 and a duty factor of between 12.5% and 62.5% giving a sensitivity of 240 mV /rad. Errors 
due to temperature variation are minimized by symmetrical circuit and chip design. 

RATINGS 

parameter symbol min. max. unit 

Supply voltage range with respect to VSS VDD -0.5 +15 V 

I nput voltage range VI -0.5 VDD + 0.5* V 

I n put cu rrent ± II - 10 mA 

Output voltage range Vo -0.5 VDD + 0.5* V 

Output current ± 10 - 10 mA 

Total power dissipation per package Ptat - 200 mW 

Power dissipation per output Po - 100 mW 

Operating ambient temperature range Tamb -25 + 70 °C 

Storage temperature range Tstg -55 + 150 °C 

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'). 

* VDD + 0.5 V not to exceed 15 V. 
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SAA1044 

CHARACTERISTICS 

VOO = 5.7 to 7.5 V; VSS = 0 V; Tamb = -25 to + 70°C unless otherwise specified 

parameter symbol min. typo max. unit 

Supplies 

Supply voltage VOO 5.7 - 7.5 V 

Supply current (quiescent) 
at 10 = 0 mA at all outputs; 
VOO = 7.5 V; Tamb = 25°C 100 - - 10 IJ.A 

Inputs 

Input voltage HIGH VIH 0.7VOO - VOO V 

I nput voltage LOW VIL 0 - 0.3VOO V 

I nput leakage cu rrent at 
VI = 7.5 V; VOO = 7.5 V; 
Tamb = 25°C III - - 1 IJ.A 

I nput leakage current at 
VI = 0 V; VOO = 7.5 V; 
Tamb = 25°C -Ill - - 1 IJ.A 

Outputs (except SECO and SUBO) 

Output voltage HIGH at 
-IOH = 0.5 mA VOH VOO -0.5 - - V 

Output voltage LOW at 
10L = 0.5 mA VOL - - 0.4 V 

Outputs SECO and SUBO 

Output voltage HIGH at 
-IOH = 0.9 mA VOH VOO -0.5 - - V 

Output voltage LOW at 
10L = 1.0 mA VOL - - 0.4 V 

Oscillator frequency (Fig.3) 

Maximum oscillator frequency 
at VOO = 5.7 V 
pin 1 fSECI 5.1 - - MHz 
pin 7 fSUBI 5.1 - - MHz 
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Subcarrier coupler Jl 
10pF 

VDD 

SUBI 7 16 

5 SO 
fSUBI 

SUBO 6 

33pF 1.2 kD. 
SAA1044 

1.2 kD. 
SECO 2 

SECI 1 
3 SEa f

SECI 

7Z87700.1 

10pF 

(1) Catalogue number of crystal: 4322 14304040. 
(2) I nputs not shown are don't care. 

Fig.3 Test set-up for oscillator frequency measurement. 

SAA1044 
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APPLICATION INFORMATION 

10 pF 
VDD 

IVDD X 
13 16 

51
S0 

• 4.43 MHz 

SECI 

27 pF 

~ 

11 FD VDD 

SAA1044 
4 RS 

6 8 VSS 
~ 

33 pF 14 FH3 

10 FH80 

BA318 

10kU e 
INT 

~J 
VDD 26~ 

3.9k<l~ n, 

composite 
sync 

22 

11 

SAA1043 

10 

PH 
12 18 1RR 

13kU 
3

1S1 

+1 ;J;; 2.2 /.IF 7~ ... ~S 
15 14 VSS external sync • 10... I 

JL 
7ZB7696.1 

(1) Catalogue number of crystal: 4322 14304040. 

Fig.4 Subcarrier coupling for PAL application; external synchronization is selected with switch in EXT condition. 
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8 
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(1) Catalogue number of crystal: 4322 14304040. 

Fig.5 Subcarrier coupling for PAL GEN LOCK application. 
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SAA1060 

LED DISPLAY/INTERFACE CIRCUIT 

14 17 21 24 23 20 16 13 18 22 2 ~O 12 11 3 1 

6 
I--

16 OUTPUT STAG ES 
~ 

11 
-.1 MULTIPLEXER 

1 
11 11 

~I 16 BIT -DATA LATCH A 16 BIT-DATA LATCH B 
J 

1 J~ 

IT SAA1060 

I?i 17 BIT -SHIFT REGISTER }--

1 LOAD CONTROL BUS CONTROL J 

7 4 8 5 9 

DUP LOEX DATA DLEN CLB 7Z78907.1 

Features Fig. 1 Block diagram. 

• Driving 7,14, 16-segmentdisplays. 
• Driving linear displays, bar graph displays for analogue functions. 
• Serial to parallel decoder. 
• Bus control for the selection of lS-bit words. 
• 2 x 16-bit latch. 
• Duplex operation for two modes of output: static (16 bit) or dynamic (2 x 16 bit). 
• Data transfer control. 
• 2 outputs for higher output current (SO mAl. 

QUICK REFERENCE DATA 

Supply voltage range 
Operating ambient temperature range 

Maximum input frequency 
Supply current 
Output current 
Output current (OS and 016 only) 

PACKAGE OUTLINE 

24-lead DI L; plastic (SOT101A). 

Vee 
Tamb 

fl 
ICC 
10 
10 

4 to 6 V 
-20 to + SO oe 

typo 50 kHz 
typo 60 mA 
< 40 mA 
< SO mA 
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SAA1060 

GENERAL DESCRIPTION 

The integrated circuit SAA 1060 is primarily designed to drive the display unit of a digital tuning 
system. It can also be used as a 16-bit serial to parallel decoder. Since the device has no decoder (this 
is handled by a microcomputer), it has many applications: 
• driving 7-segment displays 
• driving 14-segment displays 
• driving linear displays, e.g. pointer, bar graph 
• static output of switch-functions 
• digital to analogue converter, with external R-2R network 
• extension of the number of outputs for microprocessors or microcomputers. 

Data transmission is initiated by means of a burst of clock pulses (CLB), a data line enable signal 
(OLEN) and the data signal (DATA). The bus control circuit distinguishes between interference and 
valid data by checking word length (17 bits) and the leading zero. This allows different bus infor
mation to be supplied on the same bus lines for other circuits (e.g. SAA 1056 with 16 bits). 

The last bit (bit 17) of the data word contains the information which of the two internal latches will 
be loaded. The input LOEX determines if the latched data of selected latches is presented directly to 
the outputs, or synchronized with the data select signal DUP. 

The output stages are n-p-n transistors with open collectors. The current capability is designed for the 
requirements of duplex operation. Two of the outputs (Oa and 016) are arranged for double current, 
so that 2 x 2 segments can be connected in parallel. 

OPERATION DESCRIPTION 

Data inputs (OLEN, DATA) 

The SAA 1060 processes serially the 1a-bit data words synchronized with the clock burst (CLB) and 
applied to the data input DATA. A command will be accepted only when the data line enable input 
(DLEN) is HIGH (see Fig. 3). 

16 th bit 

Condition for 17th bit: 
o = load data latch B 
1 = load data latch A 

1 st bit 

Fig. 2 Organization of a data word. 

The loading of the accepted information in one of the data latches is done by the 19th clock pulse, 
when DLEN is LOW. 
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LED display/interface circuit l ____ S_A_A_10_6_0 ____ __ 

load pulse 

• CLB 
H 

L 
-- JLn..SLJL 

H 
DLEN 

L---+' 

1-+--+------- data word --------_ 

_ = = I bit 16 
HI. 

DATA L ~start-blt I bit 1 I 
--I 1 __ test leading zero 

bit17W@a: 

7Z78908 

Fig.3 Pulse diagram of the 16-bit data transmission. 

Each data word must start with a leading zero. The SAA 1060 checks the data word for the correct 
length (18 bits) and also for the leading zero. 
The actual data is switched directly to the appropriate outputs. For switching on a segment, a '0' (LOW) 
is necessary at the appropriate data bit. 

Data selection input (OUP) 

The logic states at input OUP determine which of the two latch contents can be found on the output. 

o = latch A contents 
1 = latch B contents 

Load control input (LOEX) 

Input LOEX determines the operation mode in which the device is able to work. 

o = duplex mode, i.e. output synchronized with the duplex signal 
1 = d.c. mode, i.e. output direct from the by OUP selected data latch. 

When operating in duplex mode at 50 Hz, the time between two data words to be transmitted must 
be>21 ms. 
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SAA1060 Jl 
°16 °4 

°11 2 23 °5 

°15 3 22 °10 

LOEX 4 °3 

OLEN 5 °6 

Vee 6 19 VEE 
SAA1060 

OUP 7 18 °9 

DATA 8 17 °2 

eLB 9 16 °7 

°12 10 15 VEE 

°14 11 14 °1 

°13 12 13 °8 

7Z78906 

Fig.4 Pinning diagram. 

RATINGS (VEE = 0) 

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

Supply voltage range Vee -0,3 to + 7 V 

Total power dissipation 

Operating ambient temperature range 

Storage temperature range 

May 19791 ( 

max. 900 mW 

Tamb -20 to + 80 °e 

Tstg -25 to + 125 0e 



_________ L_E_D __ d_iS_p_la_Y_/i_nt_e_rf_a_Ce._C_i_rC_u_it _______________________________ ~ ~, _____ S_A __ A_1_0_6 __ 0 ________ __ 

CHARACTERISTICS 

VEE = 0; Tamb = 25 oe; unless otherwise specified 

Supply voltage 

Supply current 

Inputs DATA, CLB, 
DLEN, LOEX 
input voltage HI G H 
input voltage LOW 

input current LOW 

maximum input frequency 

Input DUP 
input voltage HIGH 
input voltage LOW 

input current HIGH 

maximum input frequency 

Outputs 01 to 07, 
09 to 015 
output voltage HI G H 
output voltage LOW 

output current LOW 
duplex mode 

d.c. mode 

Outputs Os and 016 
output voltage HI G H 
output voltage LOW 

! output current LOW 

LduPlex mode 

d.c. mode 

Vec symbol min. typo max. 
V 

5 

5 
5 

5 

5 

5 
5 

5 

5 

5 
5 

5 

5 

5 
5 

5 

5 

Vee 

lee 

4 

2 

O,S 
-6 

0,01 

5 

60 

50 

50 

20 

40 

6 

5 
1 

20 

12 
0,4 

12 

16,S 
0,5 

60 

40 

16,S 
0,5 

120 

SO 

V 

mA 

v 
V 

JJ.A 

kHz 

V 
V 

mA 

kHz 

V 
V 

mA 

rnA 

V 
V 

rnA 

mA 

conditions 

10H = 0 
10L = 40 mA 

f peak value at 
1 sinusoidal voltage 

10H = 0 
10L=SOmA 

f peak value at 
1 sinusoidal voltage 
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l SAA1064 

4-DIGIT LED-DRIVER WITH 12C BUS INTERFACE 

GENERAL DESCRIPTION 

The LED-driver is a bipolar integrated circuit made in an 12 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 12 e 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 rnA, 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. typo max. unit 

Supply voltage Vce 4,5 5 15 V 

Supply current all outputs OFF Vee = 5 V lee - 9,5 - rnA 

Total power dissipation 
24-lead 01 L (SOT-101 B) Ptot - - 1000 mW 

Operating ambient 
temperature range Tamb -20 - +70 oe 

PACKAGE OUTLINE 

SAA 1064P: 24-lead 01 L; plastic (with internal heat spreader) (SOT101 B). 
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4-digit LED-driver with 12C bus interface l ____ S_A_A_10_6_4 ____ __ 

PINNING 

SCL 

SDA 

P16 

P15 

P14 

P13 

P12 

P11 

P10 

P1 P9 

MX2 

vEE VCC 

7Z81283 

Fig. 2 Pinning diagram. 

FUNCTIONAL DESCRIPTION 

ISlo 1 1 0 A 1 AO 

slave address status byte 

Fig.3a 12 e bus format; REAO mode. 

S 0 1 1 1 0 A 1 AO 0 A 0 0 0 0 0 SC SB SA A X C6 C5 C4 C3 C2 C1 CO A 

slave address instruction byte control byte 

~~ [017------------00 ----010 \A 1027000000------------020 IA I 037------------- m --030 IA 1047------------m ---040 IA \p I 

data digit 1 

S = start condition 
P = stop condition 
A = acknowledge 
X = don't care 

Address pin ADR 

data digit 2 data digit 3 data digit 4 

Fig.3b 1
2 C bus format; WRITE mode. 

A 1, AO = programmable address bits 
SC SB SA = subaddress bits 
C6 to eo = control bits 
PR = POWER RESET flag 

Four different slave addresses can be chosen by connecting AOR either to VEE, 3/8 Vce, 5/8 VCC 
or VCC. 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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___ S_AA_106_4_Jl ________________ _ 
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 (AI) 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 

0 0 0 

0 0 1 

0 1 0 

0 1 1 

1 0 0 

1 0 1 

1 1 0 

1 1 1 

Control bits (see Fig. 4) 

sub-
address 

00 

01 

02 

03 

04 

05 

06 

07 

The control bits CO to C6 have the following meaning: 

function 

control register 

digit 1 

digit 2 

digit 3 

digit 4 

} reserved, 
not used 

CO = 0 

CO = 1 

Cl = 0/1 

C2 = 0/1 

C3 = 1 

C4 = 1 

C5 = 1 

C6 = 1 

static mode, i.e. continuous display of digits 1 and 2 

Data 

dynamic mode, i.e. alternating display of digit 1 + 3 and 2 + 4 

digits 1 + 3 are blanked/not blanked 

digits 2 + 4 are blanked/not blanked 

all segment outputs are switched-on for segment test* 

adds 3 mA to segment output current 

adds 6 mA to segment output current 

adds 12 mA to segment output current 

A segment is switched ON if the corresponding data bit is logic 1. Data bits D 17 to Dl 0 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 Pl and P9. Digit numbers 1 to 4 are 
equal to their subaddresses (hex) 1 to 4. 

* At a current determined by C4, C5 and C6. 
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4-digit lED-driver with 12 C bus interface l ____ S_A_A_10_6_4 ____ __ 

SOA, SCl 

The SDA and SCL I/O meet the 12 C bus specification. For protection against positive voltage pulses 
on these inputs voltage regulator diodes are connected to VEE. 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 VEE or V CC 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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466 

RATINGS 

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

parameter 

Supply voltage (pin 13) 

Supply current (pin 13) 

Total power dissipation 
SOT-101 
24-lead OIL 

SOA, SCL voltages 

Voltages AO-MX1 and MX2-P16 

Input/output current all pins 

Operating ambient 
temperatu re range 

Storage temperature range 

THERMAL RESISTANCE 

From crystal to ambient 
24-lead 01 L 

November 1987 ( 

conditions 

outputs OFF 

symbol min. 

VCC -0,5 

ICC -50 

Ptot 

V23,24-12 -0,5 

V1-11, V14-22 -0,5 

±I -

Tamb -20 

Tstg -65 

Rth cr-a 

max. unit 

18 V 

200 rnA 

1000 mW 

5,9 V 

VCC + 0,5 V 

10 mA 

+70 oC 

+ 125 oC 

35 K/W 



4-digit lED-driver with 12 C bus interface l ____ S_AA_1_0_6_4 ____ __ 

CHARACTERISTICS 

Vee = 5 V; T amb = 25 oe; voltages are referenced to ground (VEE = 0 V); unless otherwise specified 

parameter conditions symbol min. typo max. unit 

Supply 

Supply voltage (pin 13) Vee 4,5 5,0 15 V 

Supply current all outputs OFF 
Vee = 5 V lee 7,0 9,5 14,0 mA 

Power dissipation all outputs OFF Pd - 50 - mW 

SDA; SCl bus (pins 23 and 24) 

Input voltages V23,24 0 - 5,5 V 

logic input voltage LOW VIL(L) - - 1,5 V 

Logic input voltage HIGH VIH(L) 3,0 - - V 

I nput current LOW V23,24 = VEE IlL - - -10 IJ..A 

Input current HIGH V23,24 = Vee IIH - - 10 IJ..A 

SDA 

Logic output voltage LOW 10 = 3 mA VOL(L) - - 0,4 V 

Output sink current 10 3 - - rnA 

Address input (pin 1) 

I nput voltage 
programmable address bits: 
AO = 0; Al = 0 Vl VEE - 3/16Vee V 

AO = 1; Al = 0 Vl 5/16Vee 3/BVee 7/16Vee V 

AO = 0; Al = 1 Vl 9/16Vee 5/BVee 11/16Vee V 

AO = 1; A 1 = 1 Vl 13/16Vee - Vee V 

Input cu rrent LOW Vl = VEE 11 - - -10 IJ..A 

Input current HIGH V1 = Vee 11 - - 10 

External control (eEXT) pin 2 

Switching level input 

I nput voltage LOW VIL - - Vee-2,5 V 

Input voltage HIGH VIH Vee-1,5 - - V 

nput current V2= 2 V 12 -140 -160 -lBO IJ..A 
V2= 4 V 12 140 160 180 IJ..A 
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______ S_AA_1_0_64 ____ jl _________________________________ ~ 
CHARACTERISTICS (continued) 

parameter conditions symbol min. typo max. unit 

Segment outputs 

(P8 to P1; pins 3 to 10) 
(P9 to P16; pins 15 to 22) 

Output voltages 10 = 15 mA Va - - 0,5 V 

Output cu rrent HI G H Va = VCC = 15 V 10 - - ± 10 J1.A 

Output current LOW 
control bits HIGH 
C4, C5 and C6 VO=5 V 10 17,85 21 25 mA 

Contribution of: 
control bit C4 10 2,55 3,0 4,0 mA 

control bit C5 10 5,1 6,0 7,0 mA 

control bit C6 10 10,2 12,0 14,0 mA 

Relative segment 1 output accuracy 

with respect to highest value when: 

13 to 110 and 115 to 122 = 3 mA dlO - - 5 % 

13 to 110 and 115 to 122 = 21 mA dlO - - 7 % 

Multiplex 1 and 2 (pins 11 and 14) 

Output voltage 
(when ON) 10 = 50 mA Vo VCC 1,5 - - V 

Output current HIGH 
(when ON) Va =2 V 111; 114 50 - * mA 

Output current LOW 
(when OFF) VO=2 V -111; -114 50 70 100 mA 

Output period C2-12 = 2,7 nF TMPX 5 - 10 ms 

C2 -12 = 820 P F TMPX - 1,25 - ms 

C2-12 = 390 pF TMPX - 666 - J1.S 

Output duty factor 48,4 - - % 

* Value to be fixed. 
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4-digit LED-driver with 12 C bus interface l ____ 'S_A_A_10_6_4 ____ __ 

co 

C1 ><" _____ --1 

C2 ><" ______________ ---1 

MUX L-

MX1 

MX2 

5V 

~ ________ ~r__l r--l~ __ __ 

__________________________ ---Ir--l ~ 

CLOCK 

MUX 

MX1 

MX2 

DETAIL I- clock frequency /64 -I 
JlSLf1.I1..f1SL ___ SLf1.JLIU1SL 

3 CA 

1/ 
/ / 

Fig. 4 Timing diagram. 

4 CA 

1/ 
L / 

7Z81284 

5V 

SCL SDA P16 P15 P14 P13 P12 P11 P10 pg MX2 vcc 

SAA1064 

P8 P7 P6 P5 P4 P3 

1/ 
/ / 

CA 

1/ 
/ / 
2 CA 

P1 MX1 

Fig. 5 Dynamic mode application diagram. 
7Z81285 
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SCl SOA 

AOR 

P16 P15 P14 

P8 P7 P6 

5V 

2 CA 

1/ 
L / 

P13 P12 

SAA1064 

P5 P4 

1/ 
L / 

CA 

5V 

P11 P10 P9 

P3 P2 P1 

Fig.6 Static mode application diagram. 

MX2 Vcc 

MX1 

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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DEVELOPMENT DATA 
This data sheet contains advance information and 

specifications are subject to change without notice. l ____ S_A_A_10_9_9 ____ __ 

MICROPROCESSOR CONTROLLED STEREO SOUND GENERATOR 
FOR SOUND EFFECTS AND MUSIC SYNTHESIS 

GENERAL DESCRIPTION 

The SAA1099 is a monolithic integrated circuit designed for generation of stereo sound effects and 
music synthesis. 

Features 

• Six frequency generators 
eight octaves per generator 
256 tones per octave 

• Two noise generators 
• Six noise/frequency mixers 
• Twelve amplitude controllers 
• Two envelope controllers 
• Two 6-channel mixers/current sink analogue output stages 
• TTL input compatible 
• Readily interfaces to 8-bit microcontroller 
• Minimal peripheral components 
• Simple output filtering 

Applications 

• Consumer games systems 
• Home computers 
• Electronic organs 
• Arcade games 

• Toys 
• Chimes/alarm clocks 

QUICK REFERENCE DATA 

Supply voltage (pin 18) 

Supply current (pin 18) 

Reference current (pin 6) 

Total power dissipation 

Operating ambient temperature range 

PACKAGE OUTLINE 

18-lead 01 L; plastic (SOT102). 

Voo typo 5 V 
100 typo 70 mA 

I ref typo 250 IlA 

Ptot 500 mW 

Tamb o to + 70 °C 
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Microprocessor controlled stereo sound generator 

for sound effects and music synthesis 

SAA1099 

PINNING 

PIN DESIGNATION 

WR 

2 CS 

3 AO 

4 OUTR 

5 OUTl 

6 Iref 

7 OTACK 

8 ClK 

9 Vss 

10-17 00-07 

18 VOO 

7Z90786 

Fig. 2 Pinning diagram. 

Write Enable: active lOW input which operates in conjunction with CS and 
AO to allow writing to the internal registers. 

Chip Select: active lOW input to identify valid WR inputs to the chip. This 
input also operates in conjunction with WR and AO to allow writing to the 
internal registers. 

Control/Address select: input used in conjunction with WR and CS to load 
data to the control register (AO = 0) or the address buffer (AO = 1). 

Right channel output: a 7-level current sink analogue output for the 'right' 
component. This pin requires an external load resistor. 

Left channel output: a 7-level current sink analogue output for the 'ieft' 
component. This pin requires an external load resistor. 

Reference current supply: used to bias the current sink outputs. 

Data Transfer Acknowledge: open drain output, active lOW to acknowledge 
successful data transfer. On completion of the cycle OT ACK is set to inactive. 

Clock: input for an externally generated clock at a nominal frequency of 
8 MHz. 

Ground: 0 V. 

Data: Data bus input. 

Power supply: + 5 V typical. 
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SAA1099 l ___ --
FUNCTIONAL DESCRIPTION 

The following sections provide a detailed functional description of the SAA 1099 as shown in the block 
diagram, Fig. 1. 

Frequency generators 

Six frequency generators can each select one of 8 octaves and one of 256 tones within an octave. 
A total frequency range of 31 Hz to 7,81 kHz is available. The outputs may also control noise or 
envelope generators. All frequency generators have an enable bit which switches them on and off, 
making it possible to preselect a tone and to make it inaudible when required. The frequency 
generators may be synchronized using the frequency reset bit. 

The frequency ranges per octave are: 

Octave Frequency range 

o 31 Hz to 61 Hz 
1 61 Hz to 122 Hz 
2 122 Hz to 244 Hz 
3 245 Hz to 488 Hz 
4 489 Hz to 977 Hz 
5 978 Hz to 1,95 kHz 
6 1,96 kHz to 3,91 kHz 
7 3,91 kHz to 7,81 kHz 

Noise generators 

The two noise generators both have a programmable output. This may be a software controlled noise 
via one of the frequency controlled generators or one of three pre-defined noises. There is no tone 
produced by the frequency generator when it is controlling the noise generator. The noise produced is 
based on double the frequency generator output, i.e. a range of 61 Hz to 15,6 kHz. 
I n the event of a pre-defined noise being chosen, the output of noise generator a can be mixed with 
frequency generator 0, 1 and 2; and the output of noise generator 1 can be mixed with frequency 
generator 3, 4 and 5. In order to produce an equal level of noise and tone outputs (when both are 
mixed) the amplitude of the tone is increased. The three pre-defined noises are based on a clock 
frequency of 7,8 kHz, 15,6 kHz or31,25 kHz. 

Noise/frequency mixers 

Six noise/frequency mixers each with four selections 

• Channel off 
• Frequency only 
• Noise only 
• Noise and frequency 

Each mixer channel has one of the frequency generator outputs fed to it, three channels use noise 
generator a and the other three use noise generator 1. 

Amplitude controllers 

Each of the six channel outputs from the mixer is split up into a right and left component giving 
effectively twelve amplitude controllers. An amplitude of 16 possible levels is assigned to each of the 
twelve signals. With this configuration a stereo effect can be achieved by varying only the amplitude 
component. The moving of a sound from one channel to the other requires, per tone, only one update 
of the amplitude register contents. 
When an envelope generator is used, the amplitude levels are restricted. The number of levels available 
is then reduced to eight. This is achieved by disabling the least significant bit (LSB) of the amplitude 
control. 
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Microprocessor controlled stereo sound generator 

for sound effects and music synthesis 

Envelope controllers 

SAA1099 

Two of the six tone generators are under envelope control. This applies to both the left and right 
outputs from the tone generator. 
The envelope has the following eight possible modes: 

• Amplitude is zero 
• Single attack 
• Single decay 
• Single attack-decay (triangular) 
• Maximum amplitude 
• Continuous attack 
• Continuous decay 
• Continuous attack-decay 

The timing of the envelope controllers is programmable using one of the frequency generators (see 
Fig. 1). When the envelope mode is selected for a channel its control resolution is halved for that 
channel from 16 levels to 8 levels by rounding down to the nearest even level. 
There is also the capability of controlling the 'right' component of the channel with inverse of the 
'left' component, which remains as programmed. 

A direct enable permits the start of an envelope to be defined, and also allows termination of an 
envelope at any time. The envelope rate may be controlled by a frequency channel (see Fig. 1), or by 
the microprocessor writing to the address buffer register. If the frequency channel controlled is OFF 
(NE = FE = 0) the envelope will appear at the output, which provides an alternative 'non-square' tone 
capability. In this event the frequency will be the envelope rate, which provided the rate is from the 
frequency channel, will be a maximum of 1 kHz. Higher frequencies of up to 2 kHz can be obtained 
by the envelope resolution being halved from 16 levels to 8 levels. Rates quoted are based on the input 
of a 8 MHz clock. 

Six-channel mixers/current sink analogue output stages 

Six channels are mixed together by the two mixers allowing each one to control one of six equally 
weighted current sinks, to provide a seven level analogue output. 

Command/control select 

I n order to simplify the microprocessor interface the command and control information is multiplexed. 
To select a register in order to control frequencies, amplitudes, etc. the command-register has to be loaded. 
The contents of this register determines to which register the data is written in the next control-cycle. 
If a continuous update of the control-register is necessary, only the control-information has to be 
written (the command-information does not change). 
If the command/control select (AO) is logic 0, the byte transfer is control; if AO is logic 1, the byte 
transfer is command. 

I nterface to microprocessor 

The SAA 1099 is a data bus based I/O peripheral. Depending on the value of the command/control 
signal (AO) the CS and WR signals control the data transfer from the microprocessor to the SAA 1099. 
The data-transfer-acknowledge (DTACK) indicates that the data transfer is completed. When, during 
the write cycle, the microprocessor recognizes the DTACK, the bus cycle will be completed by the 
processor. 
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SAA1099 l_~ __ 
RATINGS 

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

Supply voltage (pin 18) VOO 

Maximum input voltage V I 

at VOO = 4,5 to 5,5 V VI 

Maximum output current 10 

Total power dissipation Ptot 
Storage temperature range T stg 

-0,3 to + 7,5 V 

-0,3 to + 7,5 V 

-0,5 to + 7,5 V 

max. 10 rnA 

500 mW 

-55 to + 125 °C 

Operating ambient temperature range 

Electrostatic handling* 

T amb 0 to + 70 °C 

Ves -1000 to + 1 000 V 

* Equivalent to discharging a 250 f.lF capacitor through a 1 k!1 series resistor. 
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Microprocessor controlled stereo sound generator 

for sound effects and music synthesis 

D.C. CHARACTERISTICS 

VDD = 5 V ± 10%; Tamb = 0 to 70 oC; unless otherwise specified 

parameter symbol min. 

Supply 

Supply voltage VDD 4,5 

Supply current 100 -
Reference current (note 1) I ref 100 

INPUTS 

Input voltage HIGH VIH 2,0 

I nput voltage LOW VIL -0,5 

I nput leakage current ± III -

I nput capacitance CI -

OUTPUTS 

DTACK (open drain; note 2) 

Output voltage LOW 
at IOL = 3,2 mA VOL 0 

Voltage on pin 7 (OFF state) V7-9 -0,3 

Output capacitance (OF F state) Co -
Load capacitance CL -
Output leakage current (OFF state) -ILO -

Audio outputs (pins 4 and 5) 

With fixed Iref (note 3) 

One channel on 101/1ref 90 

Six channels on 106/6xl ref 85 

With Iref = 250 p.A; RL = 1,5 kn (± 5%) 

One channel on 101 Ilref 90 

Six channels on 106/6xl ref 85 

Output current one channel on 101 225 

Output current six channels on 106 1,3 

With resistor supplying I ref (note 4) 

Output current one channel on 101 150 

Output current six channels on 106 0,9, 

Load resistance RL 600 

D.C. leakage current all channels off -ILO -

Maximum current difference between 
left and right current sinks (note 5) ± lOmax -

Signal-to-noise ratio (note 6) SIN -

l ____ S_A_A_10_9_9 ____ __ 

typo max. unit 

5,0 5,5 V 

70 100 mA 

250 400 IlA 

- 6,0 V 

- 0,8 V 

- 10 IlA 

- 10 pF 

- 0,4 V 

- 6,0 V 

- 10 pF 

- 150 pF 

- 10 IlA 

- 120 % 

- 110 % 

- 110 % 

- 105 % 

- 275 IlA 

- 1,6 mA 

- 350 IlA 

- 1,9 mA 

- - n 

- 10 IlA 

- 15 % 

tbf - dB 
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A.C. CHARACTERISTICS 

VDD = 5 V ± 10%; Tamb = 0 to 70 °C; timing measurements taken at 2,0 V for a logic 1 and 0,8 V 
for a logic 0 unless otherwise specified (see waveforms Figs 3 and 4) 

parameter symbol min. typo max. 

Bus interface timing (see Fig. 3) 

AO set-up time to CS fall tASC 0 - -

CS LOW to WR fall tcsw 30 - -

AO set-up time to WR fall tASW 50 - -

WR LOW time tWL 100 - -

Data bus valid to WR rise tBSW 100 - -

DTACK fall delay from WR fall (note 7) tDFW a - 85 

AO hold time from WR HIGH tAHW a - -

CS hold time from WR HIGH tCHW a - -

Data bus hold time from WR HIGH tDHW 0 - -

DTACK rise delay from WR HIGH tDRW a - 100 

Bus cycle time (note 8) tCY 4tCLK - -

Bus cycle time (note 9) tCY 16tCLK - -

Clock input timing (see Fig. 4) 

Clock period tCLK 120 125 255 

Clock LOW time tLOW 55 - -

Clock HIGH time tHIGH 55 - -

Notes to the characteristics 

1. Using an external constant current generator to provide a nominal I ref or external resistor 
connected to VDD' 

2. This output is short-circuit protected to VDD and VSS. 

unit 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

3. Measured with I ref a constant value between 100 and 400 IlA; load resistance (RL) allowed to match 
E12 (5%) in all applications via: 

R L = 0,6 [I ref] -1 -16 [I ref] -0,5 ± 12% 

4. Measured with Rref = 10 kn (± 5%) connected between I ref and VDD; RL = 1,5 kn (± 5%); OUTR 
and OUTL short-circuit protected to VSS. 

5. Left and right outputs must be driven with identical configuration. 
6. Sample tested value only. 
7. This timing parameter only applies when no wait states are required; otherwise parameter is invalid. 
8. The minimum bus cycle time of four clock periods is for loading all registers except the amplitude 

registers. 
9. The minimum bus cycle time of 16 clock periods is for loading the amplitude registers. In a 

system using DTACK it is possible to achieve minimum times of 500 ns. Without DTACK the 
parameter given must be used. 
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Microprocessor controlled stereo sound generator 

for sound effects and music synthesis 

AO )< 

.--tAsc--1 -- tcsw--

CS ~ 

-tASW- -tWl-

WR ~ 

- -tBSW-

00-07 )< 

SAA1099 

K 
_tAHW_ 

· tCHW J 
V 

· tOHW .. 

K 

- tOFW ___ · tORW . 
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Fig. 3 Bus interface waveforms. 

ClK 

~-----------tClK-----------'1 7Z87812 

Fig. 4 Clock input waveform. 
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APPLICATION INFORMATION 

Device operation 

The SAA 1099 uses pulse width modulation to achieve amplitude and envelope levels. The twelve 
signals are mixed in an analogue format (6 'left' and 6 'right') before leaving the chip. The amplitude 
and envelope signals chop the output at a minimum rate of 62,5 kHz, compared with the highest tone 
output of 7,81 kHz. Simple external low-pass filtering is used to remove the high frequency components. 

Rates quoted are based on the input of a 8 M Hz clock. 

A data bus based write only structure is used to load the on-board registers. The data bus is used to 
load the address for a register, and subsequently the data to that register. Once the address is loaded 
multiple data loads to that register can be performed. 

The selection of address or data is made by the single address bit AO, as shown in register maps Table 1 
and Table 2. 

The bus control signals WR and CS are designed to be compatible with a wide range of microprocessors, 
a DTACK output is included to optimise the interface with an S68000 series microprocessor. In most 
bus cycles OTACK will be returned immediately, this applies to all register address load cycles and all 
except amplitude data load cycles. With respect to amplitude data, a number of wait cycles may need 
to be performed, depending on the time since the previous amplitude load. OTACK will indicate the 
number of required waits. 

Register description (see Tables 2 and 3) 

The amplitudes are assigned with 'left' and 'right' components in the same byte, on a channel by 
channel basis. The spare locations that are left between blocks of registers is to allow for future 
expansion, and should be written as zero's. The tone within an octave is defined by eight bits and the 
octave by three bits. Note that octaves are paired (0/1,2/3 etc.). The frequency and noise enables are 
grouped together for ease of programming. The controls for noise 'colour' (clock rate) are grouped 
in one byte. 

The envelope registers are positioned in adjacent locations. There are two types of envelope controls, 
direct acting controls and buffered controls. The direct acting controls always take immediate effect, 
and are: 

• Envelope enable (reset) 
• Envelope resolution (16/8 level) 

The buffered controls are acted upon only at the times shown in Fig. 5 and control selection of: 

• Envelope clock source 
• Waveform type 
• Inverted/non-inverted 'right' component 

Table 1 External memory map 

select data bus inputs 
operations 

AO 07 06 05 04 03 02 01 00 

0 07 06 05 04 03 02 01 00 data for internal registers 
1 X X X A4 A3 A2 Al AO internal register address 

Where X = don't care state. 
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Table 2 I nternal register map 

register data bus inputs operations 
address 07 06 05 04 03 02 01 00 

00 AR03 AR02 AR01 AROO AL03 AL02 AL01 ALOO amplitude 0 right channel; 
left channel 

01 1 1 1 1 1 1 1 1 ampl itude 1 right/left 
02 2 2 2 2 2 2 2 2 ampl itude 2 right/left 
03 3 3 3 3 3 3 3 3 ampl itude 3 right/left 
04 4 4 4 4 4 4 4 4 amp I itude 4 right/left 
05 5 5 5 5 5 5 5 5 amplitude 5 right/left 
06 X X X X X X X X 
07 X X X X X X X X 
08 F07 F06 F05 F04 F03 F02 F01 FOO frequency of tone 0 
09 1 1 1 1 1 1 1 1 frequency of tone 1 
OA 2 2 2 2 2 2 2 2 frequency of tone 2 
OB 3 3 3 3 3 3 3 3 frequency of tone 3 
OC 4 4 4 4 4 4 4 4 frequency of tone 4 
00 F57 F56 F55 F54 F53 F52 F51 F50 frequency of tone 5 
OE X X X X X X X X 
OF X X X X X X X X 
10 X 012 011 010 X 002 001 000 octave 1 ; octave 0 
11 X 032 031 030 X 022 021 020 octave 3; octave 2 
12 X 052 051 050 X 042 041 040 octave 5; octave 4 
13 X X X X X X X X 
14 X X FE5 FE4 FE3 FE2 FE1 FEO frequency enable 
15 X X NE5 NE4 NE3 NE2 NE1 NEO noise enable 
16 X X N11 N10 X X N01 NOO noise generator 1 ; 

noise generator 0 
17 X X X X X X X X 
18 E07 X E05 E04 E03 E02 E01 EOO envelope generator 0 
19 E17 X E15 E14 E13 E12 E11 E10: envelope generator 1 
1A X X X X X X X X 
1B X X X X X X X X 

{ frequency reset (all channels) 
1C X X X X X X RST SE sound enable (all channels) 
10 X X X X X X X X 
1E X X X X X X X X 
1F X X X X X X X X 

Where: 
All don't cares (X) should be written as zero's. 
00 to 1 F block of registers repeats eight times in the block between addresses 00 to F F (fiJll internal 
memory map). 
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APPLICATION INFORMATION (continued) 

Table 3 Register description 

bit 

ARn3; ARn2; 
ARn1; ARnO 
(n = 0,5) 

ALn3; ALn2; 
ALn1; ALnO 
(n = 0,5) 

Fn7 to FnO 
(n = 0,5) 

On2; On1; OnO 
(n = 0,5) 

FEn 
(n = 0,5) 

NEn 
(n = 0,5) 

Nn1; NnO 
(n = 0,1) 

description 

4 bits for amplitude control 
of right channel 
o 0 0 0 minimum amplitude (off) 
1 1 1 1 maximum ampl itude 

4 bits for amplitude control 
of left channel 
o 0 0 0 minimum amplitude (off) 
1 1 1 1 maximum amplitude 

8 bits for frequency control 
of the six frequency generators 
o 0 0 0 0 0 0 0 lowest frequency 
1 1 1 1 1 1 1 1 highest frequency 

3 bits for octave control 
o 0 0 lowest octave (31 Hz to 61 Hz) 
o 0 1 (61 Hz to 122 Hz) 
o 1 0 (122 Hz to 244 Hz) 
o 1 1 (245 Hz to 488 Hz) 
1 0 0 (489 Hz to 977 Hz) 
1 0 1 (978 Hz to 1,95 kHz) 
1 1 0 (1,96 kHz to 3,91 kHz) 
1 1 1 highest octave (3,91 kHz to 7,81 kHz) 

frequency enable bit (one tone per generator) 
FEn = 0 indicates that frequency 'n' is off 

noise enable bit (one tone per generator) 
NEn = 0 indicates that noise 'n' is off 

2 bits for noise generator control. 
These bits select the noise generator rate (noise 'colour') 
Nn1 NnO clock frequency 
o 0 31,3 kHz 
o 1 15,6 kHz 
1 0 7,6 kHz 
1 1 61 Hz to 15,6 kHz (frequency generator 0/3) 
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Microprocessor controlled stereo sound generator 

for sound effects and music synthesis l ____ S_AA_1_0_9_9 ____ __ 

bit description 

En7; 
En5 to EnO 7 bits for envelope control 
(n = 0,1) EnO 

0 left and right component have the same envelope 
1 right component has inverse of envelope that is applied to left 

component 
En3 En2 En1 
0 0 0 zero amplitude 
0 0 1 maximum ampl itude 
0 1 0 single decay 
0 1 1 repetitive decay 
1 0 0 single triangular 
1 0 1 repetitive triangular 
1 1 0 single attack 
1 1 1 repetitive attack 

En4 
0 4 bits for envelope control (maximum frequency = 977 Hz) 
1 3 bits for envelope control (maximum frequency = 1,95 kHz) 

En5 
0 internal envelope clock (frequency generator 1 or 4) 
1 external envelope clock (address write pulse) 

En7 
0 reset (no envelope control) 
1 envelope control enabled 

SE SE sound enable for all channels 
(reset on power-up to 0) 

0 all channels disabled 
1 all channels enabled 

RST Reset signal to all frequency generators 
0 a II generators enabled 
1 all generators reset and synchronized 

Note 

All rates given are based on the input of a 8 MHz clock. 
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APPLICATION INFORMATION (continued) 

envelope generator inactive envelope generator active 
(En7=O) (En7=1) 
,-A-"r-------------J!~----------~ 

En3 En2 En1 EnO ~ 

000 0 ~ 

o 0 o 

o o 0 

o o 

000 

o 0 

o 0 

o 

~~~------~--------------------~ 1'-(1)--1 +----------1 
(3) _12' 
~ 

(4) (4) (4) 

~=========::::;:! (2) 

I~ (1)--1 +--------__ 1 
(3) 

~:I" 
I~ (1) --I + + + 

(4) (4) (4) 

===~=========~, (2) 

~~ ! 

1~(1)--1 +-------1 
(3) , 

~==========! (2) 

I~ (1)--1 +--------__ 1 
(3) 

'(2) 

~I 
(4) (4) (4) 

~:I" 
I~ (1) --I + + + 

(4) (4) (4) 7Z87813 

Fig. 5 Envelope waveforms. 
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Notes to Fig. 5 

(1) The level at this time is under amplitude control only (En7 = 0; no envelope). 

(2) When the generator is active (En7 = 1) the maximum level possible is 7/8ths of the amplitude level. 

(3) After position (3) the buffered controls will be acted upon when loaded. 

(4) At positions (4) the buffered controls will be acted upon if already loaded. 

(5) Waveforms 'a' to 'h' show the left channel (EnO = 0; left and right components have the same 
envelope). 
Waveform 'i' shows the right channel (EnO = 1; right component inverse of envelope applied to 
left). 

LOS WR 

OTACK 

CPU 

address 

.-----+---_-_- voo 

18 

SAA 1099 

6 OUTL 
5 
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OUTPUT 
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Fig. 6 Typical application circuit diagram. 
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AMPLIFIER 

left channel 
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SAA1300 rlJl 
'---------------------------

TUNER SWITCHING CIRCUIT 

The SAA 1300 is for switching on and off the supply lines of various circuit parts via an 12 C bus signal. 
Furthermore, it can be used to supply current for switching diodes in radio and television tuners. It 
contains 5 output stages, which are capable of supplying up to 85 mA in the ON state or sinking up 
to -100 J.lA in the OFF state. 

Current limiting and short-circuit protection are included. The output stages are driven by a shift 
register/latch combination which is loaded via data from the 12 C bus. A power-on reset of the latches 
ensures the OFF state of the output stages (OUT 2 to OUT 5) without data reception from the 1

2 C bus. 
A subaddressing system allows the connection of up to three circuits on the same 1

2 C bus lines; one of 
the outputs (OUT 1, pin 7) can also be used as an input to select the device via a simple internal A/D 
converter. 

OUT 1 OUT 2 OUT 3 OUT 4 OUT 5 

7Z85576.1 

Fig. 1 Block diagram. 

PACKAGE OUTLINE 

9-lead SI L; plastic (SOT142). 
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PINNING 

pin no. symbol function 

1 GND ground 
2 Vp positive supply 
3 OUT5 
4 OUT4 
5 OUT3 

outputs 

6 OUT2 
7 OUT1 output and subaddressing input 
8 SDA serial data line } 12C b 
9 SCL serial clock line us 

12C BUS INFORMATION 

Address, first byte 

o 1 0 0 0 ABO where, 

A B function condition 

0 0 general address OUT 1 = output 
0 1 
1 0 
1 1 

OUT 1 = input 
OUT 1 = input 
OUT 1 = input 

address accepted if VOUT 1 = VOUT L (LOW) 
address accepted if VOUT 1 = VOUT H (HIGH) 
address accepted if VOUT 1 = VOUT M (MEDIUM) 

Data, second byte 

OUT5,OUT4,OUT3,OUT2,OUT1,X,X,X 

The I/O output stage (OUT 1) is switched as an input stage after a power-on reset. It depends on the 
contents of the first data transmission whether the output stage is switched as an output or remains 
as an input. 

RATINGS 

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

Supply voltage Vp 

Input voltage range at SDA, SCL 

Input voltage range at OUT 1 

Output voltage range at OUT 1 to OUT 5 

Input current at SDA, SCL 

Input current at OUT 1 

Total power dissipation 

Storage temperature range 

Operating ambient temperature range 

June 19871 ( 

VI 

VI 

Vo 
II 

II 

Ptot 

Tstg 

Tamb 

max. 13,2 V 

-0,5 to + 6,0 V 

-0,5 to + 12,5 V 

-0,5 to + 12,5 V 

max. 20 rnA 

max. 20 rnA 

max. 825 mW 

-40 to + 125 oC 

-20 to + 80 oC 
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CHARACTE R ISTICS 

Vp = 8 V; Tamb = 25 oC; unless otherwise specified 

parameter symbol min. typo 

Supply (pin 2) 

Supply voltage range Vp 4 8 

Supply current 
5 outputs lOW Ipl 5 10 
5 outputs HIGH IpH 30 50 

Power-on reset level 
output stage in "OFF' condition VpR - 3,5 

Maximum power dissipation* Pmax - 650 

Inputs SDA, SCl (pins 8 and 9) 

Input voltage HIGH VIH 3,0 -

I nput voltage lOW Vil 0 -

Input current HIGH -IIH - -

Input current lOW IIH - -

Acknowledge sink current lACK 2,5 -

Maximum input frequency fi max 100 -

Outputs OUT 1 to OUT 5 (pins 3 to 7) 

Maximum output current; source: "ON" 10so + 85 -

Maximum output current; source: "ON" 
Tamb = 80 °C 10so 60 -

Output voltage HIGH 
at 10so = 85 mA VOH Vp-2 -

Output current; sink "OFF" 10si -100 -300 

Output voltage lOW 
at 10si = -100p.A VOL - -

Output voltage MEDIUM 
at 10 = 10 mA VOM Vp-0,5 -

OUT 1 used as subaddressin9 input 

Input voltage HIGH (code 1 0) VOUT1H 0,72 Vp -

Input voltage MEDIUM (code 1 1) VOUT1M 0,39 Vp -

Input voltage lOW (code 0 1) VOUT1l 0 -

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

* Outputs must not be driven simultaneously at maximum source current. 

max. 

12 

15 
70 

3,8 

-

5,5 

1,5 

10 

0,4 

-

-

+ 150 

-

-

-

100 

-

Vp 

0,61 Vp 

0,28 Vp 
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unit 

V 

mA 
mA 

V 

mW 

V 

V 

J.lA 

J.lA 

mA 

kHz 

mA 

mA 

V 

p.A 

mV 

V 

V 

V 

V 
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REMOTE CONTROL TRANSMITTER 

GENERAL DESCRIPTION 

The SAA3004 transmitter IC is designed for infrared remote control systems. It has a total of 448 
commands which are divided into 7 sUb-system groups with 64 commands each. The sub-system code 
may be selected by a press button, a slider switch or hard wired. 

The SAA3004 generates the pattern for driving the output stage. These patterns are pulse distance 
coded. The pulses are infrared flashes or modulated. The transmission mode is defined in conjunction 
with the sub-system address. Modulated pulses allow receivers with narrow-band preamplifiers for 
improved noise rejection to be used. Flashed pulses require a wide-band preamplifier within the 
receiver. 

The SAA3004 has the following features: 

• Flashed or modulated transmission 

• 7 sub-system addresses 

• Up to 64 commands per sub-system address 

• High-current remote output at VOO = 6 V (-IOH = 40 mAl 

• Low number of additional components 

• Key release detection by toggle bits 

• Very low stand-by current « 2 JiA) 

• Operational current < 2 mA at 6 V supply 

• Wide supply voltage range (4 to 11 V) 

• Ceramic resonator controlled frequency (typ. 450 kHz) 

• Encapsulation: 20-lead plastic 01 Lor 20-lead plastic mini-pack (SO-20) 

PACKAGE OUTLINES 

SAA3004P: 20-lead 01 L; plastic (SOT146). 
SAA3004T: 20-lead mini-pack; plastic (S020; SOT163A). 
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Fig. 1 Transmitter with SAA3004. 

INPUTS AND OUTPUTS 

Key matrix inputs and outputs (DRVON to DRV6N and SENON to SEN6N) 

The transmitter keyboard is arranged as a scanned matrix. The matrix consists of 7 driver outputs and 
7 sense inputs as shown in Fig. 1. The driver outputs DRVON to DRV6N are open drain N-channel 
transistors and they are conductive in the stand-by mode. The 7 sense inputs (SENON to SEN6N) enable 
the generation of 56 command codes. With 2 external diodes all 64 commands are addressable.The sense 
inputs have P-channel pull-up transistors, so that they are HIGH until they are pulled LOW by connec
ting them to an output via a key depression to initiate a code transmission. 

Address mode input (ADRM) 

The sub-system address and the transmission mode are defined by connecting the ADRM input to one 
or more driver outputs (DRVON to DRV6N) of the key matrix. If more than one driver is connected 
to ADRM, they must be decoupled by a diode. This allows the definition of seven sub-system addres
ses as shown in Table 3. If driver DRV6N is connected to ADRM the data output format of REMO is 
modulated or if not connected, flashed. 

The ADRM input has switched pull-up and pull-down loads. In the stand-by mode only the pull-down 
device is active. Whether AD RM is open (sub-system address 0, flashed mode) or connected to the 
driver outputs, this input is LOW and will not cause unwanted dissipation. When the transmitter 
becomes active by presssing a key, the pull-down device is switched off and the pull-Up device is 
switched on, so that the applied driver signals are sensed for the decoding of the sub-system address 
and the mode of transmission. 
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The arrangement of the sub-system address coding is such that only the driver 0 RVnN with the highest 
number (n) defines the sub-system address, e.g. if driver ORV2N and ORV4N are connected to AORM, 
only ORV4N wi II define the sub-system address. This option can be used in transmitters for more than 
one sub-system address. The transmitter may be hard-wired for sUb-system address 2 by connecting 
ORV1 N to AORM. If now ORV3N is added to AORM by a key or a switch, the transmitted sUb-system 
address changes to 4. 

A change of the sUb-system address will not start a transmission. 

Remote control signal output (REMO) 

The REMO signal output stage is a push-pull type. In the HIGH state a bipolar emitter-follower allows 
a high output current. The timing of the data output format is listed in Tables 1 and 2. 

The information is defined by the distance tb between the leading edges of the flashed pulses or the 
first edge of the modulated pulses (see Fig. 3). 

The format of the output data is given in Figs 2 and 3. In the flashed transmission mode the data word 
starts with two toggle bits T1 and TO, followed by three bits for defining the sub-system address S2, S1 
and SO, and six bits F, E, 0, C, B and A, which are defined by the selected key. 

In the modulated transmission mode the first toggle bit T1 is replaced by a constant reference time bit 
(REF). This can be used as a reference time for the decoding sequence. 

The toggle bits function as an indication for the decoder that the next instruction has to be considered 
~ as a new command. 

~ The codes for the sub-system address and the selected key are given in Tables 3 and 4. 
I-

~ Oscillator input/output (OSCI and OSCO) 

~ The external components must be connected to these pins when using an oscillator with a ceramic 
9 resonator. The oscillator frequency may vary between 400 kHz and 500 kHz as defined by the resonator. 
w 
> 
~ FUNCTIONAL DESCRIPTION 

Keyboard operation 

In the stand-by mode all drivers (ORVON to ORV6N) are on. Whenever a key is pressed, one or more 
of the sense inputs (SENnN) are tied to ground. This will start the power-up sequence. First the oscil
lator is activated and after the debounce time tOB (see Fig. 4) the output drivers (ORVON to ORV6N) 
become active successively. 

Within the first scan cycle the transmission mode, the applied sub-system address and the selected 
command code are sensed and loaded into an internal data latch. I n contradiction to the command 
code the sub-system address is sensed only within the first scan cycle. If the applied sub-system 
address is changed while the command key is pressed, the transmitted sub-system address is not altered. 

In a multiple key-stroke sequence (see Fig. 5) the command code is always altered in accordance with 
the sensed key. 

Multiple key-stroke protection 

The keyboard is protected against multiple key-strokes. If more than one key is pressed at the same time, 
the circuit will not generate a new output at REMO (see Fig. 5). In case of a mUltiple key-stroke the 
scan repetition rate is increased to detect the release of a key as soon as possible. 

There are two restrictions caused by the special structure of the keyboard matrix: 
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FUNCTIONAL DESCRIPTION (continued) 

- The keys switching to ground (code numbers 7,15,23,31,39,47,55 and 63) and the keys 
connected to SEN5N and SEN6N are not covered completely by the multiple key protection. If one 
sense input is switched to ground, further keys on the same sense line are ignored. 

- SEN5N and SEN6N are not protected against multiple key-stroke on the same driver line, because 
this condition has been used for the definition of additional codes (code numbers 56 to 63). 

Output sequence (data format) 

The output operation will start when the selected code is found. A burst of pulses, including the latched 
address and command codes, is generated at the output REMO as long as a key is pressed. The format 
of the output pulse train is given in Figs 2 and 3. The operation is terminated by releasing the key or if 
more than one key is pressed at the same time. Once a sequence is started, the transmitted words will 
always be completed after the key is released. 

The toggle bits TO and T1 are incremented if the key is released for a minimum time tREL (see Fig. 4). 
The toggle bits remain unchanged within a multiple key-stroke sequence. 

H 
-I 

REMO 

bit - Tl TO 52 51 50 D C A Tl 
data - 0 0 0 0 0 0 0 

(a) 

I- tw -I 
H 

I I I I I I I I I I I I I REMO 

bit - REF TO 52 51 50 E D C B A REF 
data- l 0 0 0 0 0 0 7Z85675 

(b) 

Fig. 2 Data format of REMO output; REF = reference time; TO and T1 = toggle bits; SO, S1 and S2 = 

system address; A, B, C, D, E and F = command bits. 
(a) flashed mode: transmission with 2 toggle bits and 3 address bits, followed by 6 command bits 
(pu Ises are flashed). 
(b) modulated mode: transmission with reference time, 1 toggle bit and 3 address bits, followed by 6 
command bits (pulses are modulated). 

REMO :Jl ---~ (1) 

~I·I-'p tb ·1 H 

---~ REMO 
(2) L 

~tll='MH -tML 

---- -tM 

- tpw 7Z85676 

(1) Flashed pulse. 
(2) Modulated pulse (tpw = (5 x tM) + tMH' 

Fig.3 R EMO output waveform. 
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DEVELOPMENT DATA 

I 
key bouncing 

I l-tREL-1 new key 
closed Jll1J (1111 [- - - - - - -,.----(---

\ /can 

KEY 
released 

off 
ORVnN 

REMO 

-tsT_1 

OSCO 
H JUlIZ/IIIIIIIIIIIIIIIZIIIIIIII OSCILLATOR ACTIVE IIIIIIIIIIIIIIIIIIIIIIIIIIII 

1/ key bouncing 

closed 

KEY A 
released 

closed 

KEY S 
released 

"" 1 /scan 

ORVnN 

tos 

REMO 

word key A 

Fig.4 Single key-stroke sequence. 
Oebounce time: tOB = 4 to 9 x To. 
Start time: tST = 5 to 10 x To. 
Minimum release time: tREL = To. 
Word distance: tWo 

/scan 

word key A 

7Z85674 

/ 
key A decoded as LOW 

-I tos 1_ 
-tST~ 

word key B 

osco 
H J1ll1Z1111111111111111111111111111 OSCILLATOR ACTIVE OlllOlrOZllllllllllllllllllld 

Fig.5 Multiple key-stroke sequence. 
Scan rate multiple key-stroke: tSM = 6 to 10 x To. 
For tOB, tST and tw see Fig. 4. 
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__ SA_A 30_0 4 _J l"""---_______ _ 
Table 1 Pulse train timing 

mode To tp tM tML tMH tw 
ms J.1.S J.1.S J.1.S J.1.S ms 

flashed 2,53 8,8 - - - 121 

modulated 2,53 - 26,4 17,6 8,8 121 

fosc 455 kHz tosc = 2,2 J.1.S 

tp 4 x tosc flashed pu Ise width 

tM 12 x tosc modu lation period 

tML 8 x tosc modu lation period LOW 

tMH 4 x tosc modu lation period HI G H 

To 1152 x tosc basic unit of pulse distance 

tw 55296 x tosc word distance 

Table 2 Pulse train separation (tb) 

code tb 

logic "0" 2 x To 

logic "1" 3 x To 

reference time 3 x To 

toggle bit time 2 x To or 3 x To 
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Remote control transm itter l ____ S_AA_3_0_0_4 ____ __ 

Table 3 Transmission mode and sub-system address selection 

The sub-system address and the transm ission mode are defined by connecting the AD R M input to one 
or more driver outputs (DRVON to DRV6N) of the key matrix. If more than one driver is connected to 
ADRM, they must be decoupled by a diode. 

mode sUb-system driver DRVnN 
address for n = 

# S2 S1 SO 0 1 2 3 4 5 6 

F 0 1 1 1 
L 1 0 0 0 0 

A 2 0 0 1 X 0 

S 3 0 1 0 X X 0 

H 4 0 1 1 X X X 0 

E 5 1 0 0 X X X X 0 

D 6 1 0 1 X X X X X 0 

M 
0 0 1 1 1 0 

D 1 0 0 0 0 0 

U 2 0 0 1 X 0 0 

L 3 0 1 0 X X 0 0 

A 4 0 1 1 X X X 0 0 

T 5 1 0 0 X X X X 0 0 o = connected to ADRM 
E 6 1 0 1 X X X X X 0 0 blank = not connected 
D to ADRM 

X = don't care 

~ Table 4 Key codes 
o 
..J 
W 
> 
W 
C 

matrix matrix code matrix 
drive sense F E D C B A position 

DRVON SENON 0 0 0 0 0 0 0 
DRV1N SENON 0 0 0 0 0 1 1 
DRV2N SENON 0 0 0 0 1 0 2 
DRV3N SENON 0 0 0 0 1 1 3 
DRV4N SENON 0 0 0 1 0 0 4 
DRV5N SENON 0 0 0 1 0 1 5 
DRV6N SENON 0 0 0 1 1 0 6 
VSS SENON 0 0 0 1 1 1 7 

* SEN1N 0 0 1 ** 8 to 15 
* SEN2N 0 1 0 ** 16 to 23 
* SEN3N 0 1 1 ** 24 to 31 
* SEN4N 1 0 0 ** 32 to 39 
* SEN5N 1 0 1 ** 40 to 47 
* SEN6N 1 1 0 ** 48 to 55 

SEN5N 
* and 1 1 1 ** 56 to 63 

SEN6N 

* The complete matrix drive as shown above for SENON is also applicable for the matrix sense inputs 
SEN1N to SEN6N and the combined SEN5N/SEN6N. 

** The C, B and A codes are identical to SENON as given above. 
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SAA3004 Jl 
vDD 

DRV6N 

DRV5N 

DRV4N 

DRV3N 
SAA3004 

15 DRV2N 

DRV1N 

DRVON 

osco 

Vss 10 

7Z85677 

Fig.6 Pinning diagram. 

RATINGS 

PINNING 

1 REMO 

2 SEN6N 
3 SEN5N 
4 SEN4N 
5 SEN3N 
6 SEN2N 
7 SEN1N 
8 SENON 

9 ADRM 

10 VSS 

11 OSCI 

12 OSCO 

13 DRVON 
14 DRV1N 
15 DRV2N 
16 DRV3N 
17 DRV4N 
18 DRV5N 
19 DRV6N 

20 VDD 

remote data output 

key matrix sense inputs 

address mode control input 

ground 

oscillator input 

oscillator output 

key matrix drive outputs 

positive supply 

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

Supply voltage range VDD' -0,5 to +15 V 

Input voltage range VI -0,5 to VDD +0,5 V 

Output voltage range Vo -0,5 to VDD +0,5 V 

D.C. current into any input or output ±I 

Peak REMO output current 
during 10 f.1S; duty factor = 1% -I(REMO)M 

Power dissipation per package 
for T amb = -20 to + 70 0 C Ptot 

Storage temperature range Tstg 
Operating ambient temperature range Tamb 

June 19821 ( 

max. 

max. 

max. 

-55 to +150 

-20 to +70 

10 mA 

300 mA 

200 mW 

°C 
°C 
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Remote control transmitter 

CHARACTERISTICS 

VSS = 0 V; T amb = 25 °C; unless otherwise specified 

parameter VOO symbol 
(V) 

Supply voltage 
Tamb = 0 to +70 °C - VOO 

Supply current; active 
fosc = 455 kHz; 6 100 
REMO output unloaded 9 100 

Supply current; inactive 
(stand-by mode) 6 100 
Tamb = 25 °C 9 100 

asci Ilator frequency 
(ceramic resonator) 4 to 11 fosc 

Keyboard matrix 

Inputs SENON to SEN6N 

Input voltage LOW 4 to 11 VIL 
Input voltage HIGH 4 to 11 VIH 
I nput current 4 -II 

VI =OV 11 -II 

Input leakage current 
VI = VOO 11 II 

Outputs ORVON to ORV6N 

Output voltage "ON" 
10 = 0,1 rnA 4 VOL 
10 = 1,0 mA 11 VOL 

Output current "OF F" 
Va = 11 V 11 10 

Control input ADRM 

I nput voltage LOW - VIL 
Input voltage HIGH - VIH 
Input current (switched P-

and N-channel pull-up/ 
pull-down) 

Pull-up active 4 IlL 
stand-by voltage: 0 V 11 IlL 

Pu II-down active 4 IIH 
stand-by voltage: VOO 11 IIH 

l ___ S_A_A_30_0_4 __ _ 

min. typo max. unit 

4 - 11 V 

- 1 - rnA 
- 3 - mA 

- - 2 p.A 
- - 2 p.A 

400 - 500 kHz 

- - 0,2 x VOO V 

0,8 x VOO - - V 

10 - 100 p.A 
30 - 300 p.A 

- - 1 p.A 

- - 0,3 V 
- - 0,5 V 

- - 10 p.A 

- - 0,8 x VOO V 

0,2 x VOO - - V 

10 - 100 p.A 
30 - 300 p.A 

10 - 100 p.A 
30 - 300 p.A 
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CHARACTERISTICS (continued) 

VSS = 0 V; T amb = 25 oC; unless otherwise specified 

parameter VOO symbol 
(V) 

min. typo max. unit 

Data output REMO 

Output voltage HIGH 6 VOH 3 - - V 
-IOH = 40 mA 9 VOH 6 - - V 

Output voltage lOW 6 Val - - 0,2 V 
IOl = 0,3 mA 9 Val - - 0,1 V 

Oscillator 

Input current 
ascI at VOO 6 II 0,8 - 2,7 J1A 

Output voltage HIGH 
-IOl = 0,1 mA 6 VOH - - VOO-O,6 V 

Output voltage lOW 
IOH = 0,1 mA 6 Val - - 0,6 V 
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DEVELOPMENT DATA 
This data sheet contains advance information and 

specifications are subject to change without notice. l ___ S_AA_3_0_0_6 __ _ 

LOW VOLTAGE INFRARED REMOTE CONTROL 

TRANSMITTER (RC-5) 

GENERAL DESCRIPTION 

The SAA3006 is intended as a general purpose (RC-5) infrared remote control system for use where 
only low supply voltages are available. The device can generate 2048 different commands and utilizes a 
keyboard with a single-pole switch per key. The commands are arranged so that 32 systems can be 
addressed, each system containing 64 different commands. 

The circuit response to legal (one key pressed at a time) and illegal (more than one key pressed at a 
time) keyboard operation is specified later in this publication (see KEY ACTIVITIES). 

Features 

• Low supply voltage requirements 

• Very low current consumption 

• For infrared transmission link 

• Transmitter for 32 x 64 commands 

• One transmitter controls 32 systems 

• Transmission biphase technique 

~ Short transmission times; speed-up of system reaction time 

• Single-pin oscillator input 

• I nput protection 

• Test mode facility 

QUICK REFERENCE DATA 

Supply voltage range 

I nput voltage range 

Input current 

Output voltage range 

Output current 

Operating ambient temperature range 

* VOO + 0,5 V not to exceed 9 V. 

PACKAGE OUTLINE 

28-lead OIL; plastic (SOT117). 

VDO 2 to 7 V 

VI 0,5 to (VOD + 0,5) V* 

± II max. 10 mA 

Vo -0,5 to (VDO + 0,5) V* 

± 10 max. 10 mA 

Tamb -25 to +85 °C 

1 (JUlY 1983 501 



___ SA_A3_006 __ jl _______________ _ 
SAA3006 

OSC 18 
OSC. 3x2 1 

TP1 20 r 

~ TEST lli MASTER TP2 19 
MODE 

• RESET 

~ GENERATOR 

1 
SSM 2 MODE ~ 2 13 

SELECTION DECODER I-- DIVIDER 

1 CONTROL 
UNIT I--

Z3 6 

Z2 5 '-!--
Z1 4 

ZO 3 

X7 1 

X6 27 KEYBOARD 

X5 26 ENCODER 

X4 25 

X3 24 17 DRO 

X2 23 
COMMAND 16 DR1 

AND 
X1 22 SYSTEM 15 DR2 

XO 21 
-!-- ADDRESS 

LATCH KEYBOARD 13 DR3 

DRIVER 12 DR4 
DECODER 

11 DR5 
I 

PARALLEL 

~ 
10 DR6 

OUTPUT TO SERIAL 9 DR7 
CONVERTER 

8 7 14 28 

DATA MDATA VSS I I VDD 7290143 

Fig. 1 Block diagram. 
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Low voltage infrared remote control transmitter (RC-5) l SAA3006 

PINNING 

14 VSS negative supply (ground) 
28 VDD positive supply 

VDD 
21 XO 
22 X1 

X6 23 X2 

X5 
24 X3 keyboard command inputs with 
25 X4 P-channel pull-up transistors 

X4 26 X5 
27 X6 

X3 
1 X7 

X2 3 ZO 

) Xl 4 Z1 keyboard system inputs with 
SAA3006 5 Z2 P-channel pull-up transistors 

xo 6 Z3 

TPl 2 SSM system mode selection input 

DR6 TP2 20 TP1 test input 
19 TP2 test input/output 

osc 
18 OSC oscillator input 

<X: 
I- DR4 DRO 17 DRO 
<X: 
Cl DR3 DRl 16 DR1 
I- 15 DR2 z vss DR2 W 13 DR3 scan driver output with open 
:!: 12 DR4 drain N-channel transistors 0.. 
0 7Z90139 

11 DR5 ...J 
w 10 DR6 > Fig.2 Pinning diagram. 9 DR7 w 
Cl 

7 MDATA } remote signal outputs 
8 DATA (3-state outputs) 

1 (JUlY 1983 503 



__ SAA_300_6 _jl ________ ----: 

504 

,\7 
"-
~5 

\23 

~31 
(3) 

\39 

\47 

1'-(5 

~3 

~7 
"-

(4) 
~5 

~3 

31 

'" 
7Z 90141 
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~5 
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~1 
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~30 ~29 \28 ~27 \26 ~25 

r\38 ~37 \36 \35 \34 ~33 

~46 ['\.45 \44 ~43 \.42 ~41 

~4 ~3 \52 ~1 ~50 ~49 

~62 ~61 \.60 1\.59 \.58 ~57 

\6 ~5 ~4 "-
~3 
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\14 
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~13 [, ~2 ~11 [, ~O \9 

\22 \21 \20 ~19 \18 \17 

30 29 28 27 26 25 
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\0 21 

\8 22 

~6 23 

\24 24 

\32 25 

\40 26 

~8 27 

\56 1 

\0 3 

\8 4 

~6 5 

24 6 '\.. • 

~7t16 15 13 12 11 

0 a: N M "'" It) 

0:: 0:: 0:: 0:: 0:: 
0 0 0 0 0 0 

XO 

Xl 

X2 

X3 

X4 

X5 
SAA3006 

X6 

X7 

ZO 

Zl 

Z2 

Z3 « 
« I--

~ N I-- « 
CIl ;;: c.. « 0 
CIl I-- I-- 0 ~ 

j2 j20!19 is 17 
'---.r--' 

(1) 

10 9 

(0 r--
0:: 0:: 
o 0 

u 
CIl 
0 

gs 

(1) Control inputs for operating modes, test modes and reset. 
(2) Remote signal outputs. 
(3) Keyboard command code matrix 8 x 8. 
(4) Keyboard system code matrix 4 x 8. 

Fig. 3 Keyboard interconnection. 
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Low voltage infrared remote control transmitter (RC-5) l ____ SA_A_3_0_0_6 ____ __ 

FUNCTIONAL DESCRIPTION 

Combined system mode (SSM = LOW) 

The X and Z-lines are active HIGH in the quiescent state. Legal key operation either in the X-D R or Z-D R 
matrix starts the debounce cycle. When the contact is made for two bit times without interruption, the 
oscillator-enable signal is latched and the key may be released. Interruption within the two bit times 
resets the internal action. At the end of the debounce time, the DR-outputs are switched off and two 
scan cycles are started, switching on the DR-outputs one by one. When a Z- or X-input senses a LOW 
level, a latch-enable signal is fed to the system address or command latches, depending on whether 
sensing was found in the Z- or X-input matrix. After latching a system address number, the device will 
generate the last command (i.e. all command bits '1') in the chosen system as long as the key is pressed. 
Latching of a command number causes the device to generate this command together with the system 
address number stored in the system address latch. Releasing the key will reset the internal action if no 
data is transmitted at that time. Once the transmission is started, the signal will be finished completely. 

Single system mode (SSM = HIGH) 

The X-lines are active HIGH in the quiescent state; the pull-up transistors of the Z-lines are switched off 
and the inputs are disabled. Only legal key operation in the X-D R matrix starts the debounce cycle. 
When the contact is made for two bit times without interruption, the oscillator-enable signal is latched 
and the key may be released. Interruption within the two bit times resets the internal action. At the 
end of the debounce time, the pull-up transistors in the X-lines are switched off, those in the Z-lines 
are switched on during the first scan cycle. The wired connection in the Z-matrix is then translated 
into a system address number and stored in the system address latch. At the end of the first scan 
cycle the pull-up transistors in the Z-lines are switched off and the inputs are disabled again, while the 
transistors in the X-lines are switched on. The second scan cycle produces the command number 
which, after latching, is transmitted together with the system address number. 

Inputs 

The command inputs XO to X7 carry a logical '1' in the quiescent state by means of an internal pull-up 
transistor. When SSM is LOW, the system inputs ZO to Z3 also carry a logical '1' in the quiescent state 
by means of an internal pull-up transistor. 

When SSM is HIGH, the transistors are switched off and no current flows via the wired connection in 
the Z-D R matrix. 

Oscillator 

The oscillator is formed by a ceramic resonator (catalogue number 2422 540 98021 or equivalent) 
feeding the single-pin input OSC. Direct connection is made for supply voltages in the range 2 to 
5,25 V but it is necessary to fit a 10 kn resistor in series with the resonator when using supply voltages 
in the range 2,6 to 7 V. 

Key-release detection 

An extra control bit is added which will be complemented after key-release. In this way the decoder 
gets an indication that shows if the next code is to be considered as a new command. This is very 
important for multi-digit entry (e.g. by channel numbers or Teletext/Viewdata pages). The control bit 
will only be complemented after finishing at least one code transmission. The scan cycles are repeated 
before every code transmission, so that, even by 'take-over' of key operation during code transmission, 
the correct system and command numbers are generated. 
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FUNCTIONAL DESCRIPTION (continued) 

Outputs 

The output DATA carries the generated information according to the format given in Fig. 4 and Tables 
2 and 3. The code is transmitted in biphase; definitions of logical '1' and 'a' are given in Fig. 5. 

The code consists of four parts: 

• Start part formed by 2 bits (two times a logical '1 '); 

• Control part formed by 1 bit; 

• System part formed by 5 bits; 

• Command part formed by 6 bits. 

The output MDATA carries the same information as output DATA but is modulated on a carrier fre
quency of 1/12 of the oscillator frequency, so that each bit is presented as a burst of 32 pulses. To 
reduce power consumption, the carrier frequency has a 25% duty cycle. 

In the quiescent state, both outputs are non-conducting (3-state outputs). The scan drivers DRO to 
DR7 are of the open drain N-channel type and are conducting in the quiescent state of the circuit. After 
a legal key operation all the driver outputs go into the high ohmic state; a scanning procedure is then 
started so that the outputs are switched into the conducting state one after the other. 

Reset action 

The circuit will be reset immediately when a key release occurs during: 

• debounce time; 

• between two codes. 

When a key release occurs during scanning of the matrix, a reset c;lction will be accomplished if: 

• the key is released while one of the driver outputs is in the low-ohmic '0' state; 

• the key is released before detection of that key; 

• there is no wired connection in the Z-DR matrix while SSM is HIGH. 

Test pin 

The test pins TPl and TP2 are used for testing in conjunction with inputs Z2 and Z3 as shown in Table 1. 

Table 1 Test functions 

TPl TP2 Z2 Z3 function 

LOW LOW matrix input matrix input normal 

LOW HIGH matrix input matrix input scan + output frequency 
six times faster than normal 

HIGH output fOSC6 LOW LOW reset 

HIGH output fOSC6 HIGH HIGH output frequency 3 x 27 
faster than normal 
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Low voltage infrared remote control transmitter (RC-S) l ____ S_A_A_30_0_6 ____ __ 

KEY ACTIVITIES 

Every connection of one X-input and one DR-output is recognized as a legal keyboard operation and 
causes the device to generate the corresponding code. 

Activating more than one X-input at a time is an illegal keyboard operation and no circuit action is 
taken (oscillator does not start). 

When SSM is LOW, every connection of one Z-input and one DR-output is recognized as a legal key
board operation and causes the device to. generate the corresponding code. 

Activating two or more Z-inputs, or Z-inputs and X-inputs, at one time is an illegal keyboard operation 
and no circuit action is taken. 

When SSM is HIGH, a wired connection must be made between a Z-input and a DR-output. If no 
connection is made, the code is not generated. 

When one X or Z-input is connected to more than one DR-output, the last scan signal is considered 
legal. 

The maximum allowable value of the contact series resistance of the keyboard switches is 7 kn. 

debounce 1 CODE 

MSB LSB MSB LSB 

~ 1 

___ system -1- command -
address bits bits 

- control bit 

~startbits 

__ _ scan time 

start 

2 bit 1_--- data word time = 14 bit times 
times 

I~ 
2 CODES SUCCESSIVELY 

1

_1st_1 
code 

start 

1 •• ----- repetition time = 64 bit times -----.-, I -;~:e 
7Z90142 

Fig.4 DATA output format (RC-5). 

digital '1' 
t=+'--------t 

digital '0' 

-1 bit time -
7 Z82856 

Fig. 5 Biphase transmission code; 1 bit time = 3 x 28 X TOSC 
(typically 1,778 ms) where TOSC is the oscillator period time. 
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Table 2 Command matrix X-DR 

code X-lines DR-lines command bits 

no. X .. DR .. C .. 
0 1 2 3 4 5 6 7 0 1 2 3 4 5 6 7 5 4 3 2 1 0 

0 • • 0 0 0 0 0 0 

1 • • 0 0 0 0 0 1 

2 • • 0 0 0 0 1 0 

3 • • 0 0 0 0 1 1 

4 • • 0 0 0 1 0 0 

5 • • 0 0 0 1 0 1 

6 • • 0 0 0 1 1 0 

7 • • 0 0 0 1 1 1 

8 • • 0 0 1 0 0 0 

9 • • 0 0 1 0 0 1 

10 • • 0 0 1 0 1 0 

11 • • 0 0 1 0 1 1 

12 • • 0 0 1 1 0 0 

13 • • 0 0 1 1 0 1 

14 • • 0 0 1 1 1 0 

15 • • 0 0 1 1 1 1 

16 • • 0 1 0 0 0 0 

17 • • 0 1 0 0 0 1 

18 • • 0 1 0 0 1 0 

19 • • 0 1 0 0 1 1 

20 • • 0 1 0 1 0 0 

21 • • 0 1 0 1 0 1 

22 • • 0 1 0 1 1 0 

23 • • 0 1 0 1 1 1 

24 • • 0 1 1 0 0 0 

25 • • 0 1 1 0 0 1 

26 • • 0 1 1 0 1 0 

27 • • 0 1 1 0 1 1 

28 • • 0 1 1 1 0 0 

29 • • 0 1 1 1 0 1 

30 • • 0 1 1 1 1 0 

31 • • 0 1 1 1 1 1 
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Low voltage infrared remote control transmitter (RC-5) 

code X-lines DR-lines 
no. X .. DR .. 

a 1 2 3 4 5 6 7 a 1 2 3 4 5 

32 • • 
33 • • 
34 • • 
35 • • 
36 • • 
37 • • 
38 • 
39 • 
40 • • 
41 • • 
42 • • 
43 • • 
44 • • 
45 • • 
46 • 
47 • 
48 • • 
49 • • 
50 • • 
51 • • 
52 • • 
53 • • 
54 • 
55 • 
56 • • 
57 • • 
58 • • 
59 • • 
60 • • 
61 • • 
62 • 
63 • 

l ____ S_A_A_3_00_6 ____ __ 

command bits 
c .. 

6 7 5 4 3 2 1 0 

1 0 a a a a 
1 0 a a a 1 

1 0 a a 1 0 

1 a a a 1 1 

1 a a 1 a 0 

1 0 a 1 a 1 

• 1 0 a 1 1 a 
• 1 0 a 1 1 1 

1 a 1 0 a a 
1 0 1 a a 1 

1 0 1 a 1 0 

1 a 1 a 1 1 

1 0 1 1 a 0 

1 a 1 1 a 1 

• 1 a 1 1 1 a 
• 1 a 1 1 1 1 

1 1 a a a 0 

1 1 a a 0 1 

1 1 a a 1 0 

1 1 a a 1 1 

1 1 a 1 a 0 

1 1 a 1 a 1 

• 1 1 a 1 1 0 

• 1 1 a 1 1 1 

1 1 1 0 0 a 
1 1 1 a 0 1 

1 1 1 a 1 0 

1 1 1 a 1 1 

1 1 1 1 a 0 

1 1 1 1 a 1 

• 1 1 1 1 1 a 
• 1 1 1 1 1 1 
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Table 3 System matrix Z-DR 

system Z-lines DR-lines system bits 
no. Z .. DR .. S .. 

0 1 2 3 0 1 2 3 4 5 6 7 4 3 2 1 0 

0 • • 0 0 0 0 0 

1 • • 0 0 0 0 1 

2 • • 0 0 0 1 0 

3 • • 0 0 0 1 1 

4 • • 0 0 1 0 0 

5 • • 0 0 1 0 1 

6 • • 0 0 1 1 0 

7 • • 0 0 1 1 1 

8 • • 0 1 0 0 0 

9 • • 0 1 0 0 1 

10 • • 0 1 0 1 0 

11 • • 0 1 0 1 1 

12 • • 0 1 1 0 0 

13 • • 0 1 1 0 1 

14 • • 0 1 1 1 0 

15 • • 0 1 1 1 1 

16 • • 1 0 0 0 0 

17 • • 1 0 0 0 1 

18 • • 1 0 0 1 0 

19 • • 1 0 0 1 1 

20 • • 1 0 1 0 0 

21 • • 1 0 1 0 1 

22 • • 1 0 1 1 0 

23 • • 1 0 1 1 1 

24 • • 1 1 0 0 0 

25 • • 1 1 0 0 1 

26 • • 1 1 0 1 0 

27 • • 1 1 0 1 1 

28 • • 1 1 1 0 0 

29 • • 1 1 1 0 1 

30 • • 1 1 1 1 0 

31 • • 1 1 1 1 1 
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Low voltage infrared remote control transmitter (RC-5) l ____ S_A_A_30_0_6 ____ __ 

RATINGS 

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

Supply voltage range with respect to VSS VDD -0,5 to 8,5 V 

Input voltage range VI -0,5 to (VDD +0,5) V* 

Input current 

Output voltage range 

Output current 

Power dissipation output OSC 

Power dissipation per output (all other outputs) 

Total power dissipation per package 

Operating ambient temperature range 

Storage temperature range 

HANDLING 

+ II max. 10 rnA 

Vo -0,5 to (VDD +0,5) V* 

+ 10 max. 10 rnA 

Po max. 50 mW 

Po max. 100 mW 

Ptot max. 200 mW 

Tamb -25 to +85 °C 

Tstg -55 to + 150 °C 

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 "Hand
ling MOS Devices"). 

* VDD + 0,5 V not to exceed 9 V. 
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CHARACTE R ISTICS 

VSS = 0 V; Tamb = -25 to 85 °C unless otherwise specified 

parameter VDO (V) symbol min. typo max. unit 

Supply voltage - VOO 2 - 7 V 

Supply current 
at 10 = 0 rnA for all outputs; 
XO to X7 and Z3 at VOO; 
all other inputs at VOO or VSS; 
excluding leakage current from 
opendrain N-channeloutputs; 
Tamb = 25 °C 7 100 - - 10 IlA 

Inputs 

Keyboard inputs X and Z with 
P-channel pull-up transistors 

Input current (each input) at 
VI = 0 V; TP = SSM = LOW 2 to 7 -II 10 - 600 IlA 

I nput volt~ge HI G H 2 to 7 VIH 0,7 x VOO - VOO V 

I nput voltage LOW 2 to 7 VIL 0 - 0,3 x VOO V 

Input leakage current 
at Tamb = 25 oC; TP = HIGH; 

VI = 7 V IIR ~ - 1 IlA 

VI =OV -IIR - - 1 IlA 

SSM, TP1 and TP2 

I nput voltage HI G H 2 to 7 VIH 0,7 x VOO - VOO V 

I nput voltage LOW 2 to 7 VIL 0 - 0,3 x VOO V 

Input leakage current 
at Tamb = 25 oC; 

VI =7V IIR - - 1 IlA 

VI =OV -IIR - - 1 IlA 

OSC 

Input leakage current 
at Tamb = 25 oC; VI = 0 V; 
TP1 = HIGH; Z2 = Z3 = LOW 2 to 7 -II - - 2 IlA 
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Low voltage infrared remote control transmitter (RC-5) l ____ S_A_A_30_0_6 ____ __ 

parameter 

Outputs 

DATA and MDATA 

Output voltage HI G H 
at -IOH = 0,4 rnA 

Output voltage LOW 
at IOL = 0,6 rnA 

Output leakage current at: 
VO= 7 V 

VO=OV 

Tamb = 25 oC; 
VO= 7 V 

VO=OV 

DRO to DR7, TP2 

Output voltage LOW 
at IOL = 0,3 mA 

Output leakage current 
at Va = 7 V 

at Va = 7 V 

Tamb = 25 °C 

OSC 

Oscillator current at OSC = VDD 

Oscillator 

Maximum oscillator frequency 
at CL = 40 pF (Figs 6 and 7) 

Free-running oscillator frequency 
at Tamb = 25 oC 

normalized 
frequency 

o 
o 

\ , 
7 Z82857 

\ typ 

[" 

'" ........ i'... 
......... 
'--

50 CL (pF) 100 

Fig.6 Typical normalized input 
frequency as a function of the 
load (keyboard) capacitance. 

VDD (V) symbol min. typo 

2 to 7 VOH VDD -0,3 -

2 to 7 VOL - -

lOR - -

-lOR - -

lOR - -

-lOR - -

2 to 7 VOL - -

7 lOR - -

lOR - -

7 IOSC 4,5 -

2 fOSC - -

2 fOSC 10 -

- ........ --......... -VDD 

J1JUl 
OSC 18 

XO 
21 

ZO 3 

DRO 17 

SSM 

DATA 
8 

SAA3006 

20 19 14 

-----4----<l-......... - VSS 

7Z90140 

max. unit 

- V 

0,3 V 

10 J,lA 

20 J,lA 

1 J,lA 

2 J,lA 

0,3 V 

10 J,lA 

1 J,lA 

30 J,lA 

450 kHz 

120 kHz 

Fig. 7 Test circuit 
for measurement of 
maximum oscillator 
frequency. 
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DEVELOPMENT DATA 
This data sheet contains advance information and 

specifications are subject to change without notice. l ___ S_A_A_3_0_0_8 __ _ 

INFRARED REMOTE CONTROL TRANSMITTER 
(RECS 80 LOW VOLTAGE) 

GENERAL DESCRIPTION 

The SAA3008 transmitter IC is designed for infrared remote control systems. It has a capacity for 
1280 commands arranged in 20 sub-system address groups of 64 commands each. The subsystem 
address may be selected by press-button, slider switches or be hard-wired . 

. Commands are transmitted in patterns which are pulse distance coded. Modulated pulse transmissions 
allow a narrow-band receiver to be used for improved noise rejection. The modulation frequency of 
the SAA3008 is 38 kHz which is 1/12 of the oscillator frequency of 455 kHz (typical). 

Features 

• Modulated transmission 

• Ceramic resonator controlled frequency 

• Data-word-start with reference time of unique start pattern 

• Supply voltage range 2 V to 6.5 V 

• 40 mA output current capability 

• Very low standby current « 4 IlA at VDD = 6 V) 

• Up to 20 subsystem address groups 
up to 1280 commands 

• Up to 64 commands per subsystem address 

• Requires few additional components 

PACKAGE OUTLINES 

SAA3008P: 20-lead DI L; plastic (SOT146). 
SAA3008T: 20-lead mini-pack; plastic (S020; SOT163A). 
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DRV6N 

DRV5N 

DRV4N 

DRV3N 

SEN2N DRV2N 

DRV1N 

DRVON 

OS CO 

VSS OSCI 

7Z24375 

Fig.2 Pinning diagram. 
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SENON 13 14 15 16 17 

8 
SEN1N 

SEN2N 

SEN3N 
SAA3008 

SEN4N 

9 11 

z z 
It) (0 

> > 
0:: 0:: 
Cl Cl 

18 19 

12 

20 
VDD 

10 VSS 

270 kn only 
for operation 
l:ielow 3V 

ADRM OSCI 

su'bsystem 
-address/ 

mode selection 100 pF J; 
resonator 
455 kHz 

Fig.1 SAA3008 application example. 

PINNING 

1 REMO remote data output 

2 SEN6N l sense inputs from key matrix 

3 SEN5N 
4 SEN4N 
5 SEN3N 
6 SEN2N 

j 7 SEN1N 
8 SENON 

9 ADRM address/mode control input 

10 VSS ground (0 V) 

11 ascI osci Ilator input 

12 OSCO oscillator output 

13 DRVON 
14 DRV1N 
15 DRV2N 
16 

DRV3N J drive outputs to key matrix 
17 DRV4N 
18 DRV5N 
19 DRV6N 

20 VDD positive supply voltage 

+ 
3",'V I 

7Z24374 



e::( 
l
e::( 
C 
I
:2 
w 
~ 
0... 
o 
..J 
W 

> 
W 
C 

Infrared remote control transmitter (RECS 80 low voltage) l __ S_A_A_3_0_0_8 __ _ 

FUNCTIONAL DESCRIPTION 

Key matrix (DRVON - DRV6N and SENON - SEN6N) 

The transmitter keyboard is arranged as a scanned matrix with seven driver outputs (DRVON to DRV6N) 
and seven sensing inputs (SENON to SEN6N) as shown in Fig.1. The driver outputs are open-drain 
n-channel transistors which are conductive in the stand-by mode. The sensing inputs enable the 
generation of 56 command codes. With two external diodes connected (or triple contact), as in Fig.1, 
all 64 commands are addressable. The sense lines have p-channel pull-up transistors, so that they are 
HIGH until pulled LOW by connecting them to an output via a key depression to initiate a code 
transmission. 
The maximum allowable value of contact series resistance for keyboard switches in the ON-state is 7 kn. 

Address/mode input (ADRM) 

Subsystem addresses are defined by connecting one or two of the key matrix driver lines (DRVON to 
DRV6N) to the ADRM input. This allows up to 20 subsystem addresses to be generated for the REMO 
output (bits S3, S2, S1 and SO) as shown in Table 1 and Fig.3. 

The transmission mode is defined by the 0 RV6N to AD RM connection as follows: 

• Mode 1 
• Mode 2 

DRV6N not connected to ADRM 
o RV6N connected to AD RM 

In Mode 1 the reference time REF equals 3To, this may be used as a reference time for the decoding 
sequence. In Mode 2 an additional modulated pulse has been inserted into the middle of the reference 
time, therefore, these pulses are now separated by 1.5To. This unique start pattern START uses the 
detection of a beginning word (see Fig.3). 
When more than one connection is made to ADRM then all connections should be decoupled using 
diodes. 

The ADRM input has switched pull-up and pull-down loads. In the standby mode only pull-down load 
is active and ADRM input is held LOW (this condition is independent of the ADRM circuit configuration 
and minimizes power loss in the standby mode). When a key is pressed the transmitter becomes active 
(pull-down is switched OFF, pull-up is switched ON) and the driver line signals are sensed for the 
subsystem address coding. 

The subsystem address is sensed only within the first scan cycle, whereas the command code is sensed 
in every scan. The transmitted subsystem address remains unchanged if the subsystem address selection 
is changed while the command key is pressed. A change of the subsystem address does not start a 
transmission. 

In a multiple keystroke sequence (Fig.6) the second word B might be transmitted with subsystem 
address 18 or 19 instead of the preselected subsystem address (Tabie 1). This is only relevant for 
systems decoding subsystem address 18 or 19. 

Remote control signal output (REMO) 

The REMO output driver stage incorporates a bipolar emitter-follower which allows a high output 
current in the output active (HIGH) state (Fig.7). 
The information is defined by the distance 'tb' between the leading edges of the modulated pulses 
(Fig.4). The distance tb is a multiple of the basic unit To (Table 3) which equals 1152 periods of the 
oscillator frequency fosc (Table 3). The pulses are modulated with 6 periods of 1/12 of the oscillator 
frequency (38 kHz). 
The format of the output data is illustrated in Figs 3 and 4. 
A data word starts with the reference time and toggle bit TO and is followed by the definition bits for 
the subsystem address S3, S2, S1 and SO (bit S3 is transmitted only for subsystem addresses 8 to 20). 
The selected command key is defined by bits F, E, 0, C, B and A as shown in Table 2. 
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__ SA_A30_0B_Jl ________ _ 
FUNCTIONAL DESCRIPTION (continued) 

The toggle bit TO acts as an indication for the decoder whether the next instruction should be 
considered as a new command or not. The codes for the subsystem address and the selected key are 
given in Table 3. 

, •• ---------------------------- tw -----------------------------._, 

:~I~I~I~I_I~I~I~I~I--I ~I~I ______ ~I~I REMO 

bit -
data -

H 
REMO 

REF TO S2 S1 SO E D C B A 

o 0 o 0 0 0 

(a) Transmission with reference time and subsystem addresses 1 to 7. 

, •• ---------------------------- tw ----------------------------__ , 

III IIII III III I I 
bit -
data -

START TO S3 S2 S1 SO E D c B A 
o 0 

7Z24376 
o 0 0 o 0 

(b) Transmission with start-pattern and subsystem addresses 8 to 20. 

Where: 

Reference time 
start pattern TO toggle bit 
S3, S2, S1, SO subsystem address 
A to F command bits 
tw word length 
binary values determined by pulse spacing 

Fig.3 Data format of remote control signal (REMO). 

'I··-------------tb---------------I 
H 

L--____ JLJL REMO 

L -tl-t~~~ - l:=tM 
7Z24377 

• tpw -------I 

Fig.4 Waveform for one pulse period at REMO output; for timing values see Table 3. 

Oscillator (OSCI,OSCO) 

The external components for the oscillator circuit are connected to OSCI and OSCO. The oscillator 
operates with a ceramic resonator in the frequency range 350 kHz to 500 kHz, as defir.ed by the 
resonator. When operating at a supply voltage of below 3 V a 270 kHz resistor should be connected 
in parallel with the resonator. 
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Table 1 Definition of subsystem addresses 

address driver line(s) 
number connected to ADRM 

1 no connection 
2 DRVON 
3 DRV1N 
4 DRV2N 
5 DRV3N 
6 DRV4N 
7 DRV5N 
8 DRVON and DRV2N 
9 DRVON and DRV3N 

10 DRVON and DRV4N 
11 D RVON and D RV5N 
12 DRV1 Nand DRV2N 
13 DRV1 Nand DRV3N 
14 DRV1 Nand DRV4N 
15 DRV1 Nand DRV5N 
16 D RV2N and D RV3N 
17 DRV2N and DRV4N 
18 DRV2N and DRV5N 
19 DRV3N and DRV4N 
20 DRV3N and DRV5N 

~ Table 2 Definition of command codes 
..J 
w 
> w 
C 

key 
pressed 

a 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 

drive-to-sense 
connection made 

D RVON to SENON 
DRV1 N to SENON 
DRV2N to SENON 
DRV3N to SENON 
DRV4N to SENON 
DRV5N to SENON 
DRV6N to SENON 
DRV7N to SENON 
DRVON to SEN1 N 
DRV1 N to SEN1 N 
DRV2N to SEN1 N 
DRV3N to SEN1 N 
DRV4N to SEN1N 
DRV5N to SEN1 N 
DRV6N to SEN1 N 
DRV7N to SEN1 N 
D RVON to SEN2N 
DRV1 N to SEN2N 
DRV2N to SEN2N 
DRV3N to SEN2N 
DRV4N to SEN2N 

S3 

-
-
-
-
-
-
-

a 
1 
a 
1 
a 
1 
a 
1 
1 
a 
1 
a 
1 

F 

a 
a 
a 
a 
a 
a 
a 
a 
a 
a 
a 
a 
a 
a 
a 
a 
a 
a 
a 
a 
a 

l ___ S_A_A_3_0_0_8 __ _ 

subsystem address 
S2 Sl SO 

1 1 1 
a a a 
a a 1 
a 1 0 
a 1 1 
1 a a 
1 a 1 
a a a 
a a a 
1 a a 
1 a a 
0 a 1 
a a 1 
1 a 1 
1 0 1 
a 1 a 
1 1 a 
1 1 a 
1 1 1 
1 1 1 

command code generated 
EE D C B A 

a a a a a 
a a a a 1 
a a a 1 a 
a a a 1 1 
a a 1 a a 
0 0 1 a 1 
a a 1 1 a 
a a 1 1 1 
a 1 a a a 
a 1 a a 1 
a 1 a 1 a 
a 1 a 1 1 
a 1 1 a a 
a 1 1 a 1 
a 1 1 1 a 
a 1 1 1 1 
1 a 0 a 0 
1 a a a 1 
1 a a 1 a 
1 a a 1 1 
1 a 1 a a 
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Table 2 Definition of command codes (continued) 

key drive-to-sense command code generated 
pressed connection made F E D C B A 

21 D RV5N to SEN2N 0 1 0 1 a 1 
22 DRV6N to SEN2N 0 1 0 1 1 0 
23 DRV7N to SEN2N 0 1 0 1 1 1 
24 DRVON to SEN3N 0 1 1 0 0 0 
25 DRV1N to SEN3N 0 1 1 0 a 1 
26 D RV2N to SEN3N 0 1 1 0 1 0 
27 DRV3N to SEN3N 0 1 1 0 1 1 
28 D RV4N to SEN3N 0 1 1 1 0 0 
29 D RV5N to SEN3N 0 1 1 1 0 1 
30 D RV6N to SEN3N 0 1 1 1 1 0 
31 DRV7N to SEN3N 0 1 1 1 1 1 
32 DRVON to SEN4N 1 0 0 0 a 0 
33 DRV1N to SEN4N 1 0 0 0 0 1 
34 D RV2N to SEN4N 1 0 0 0 1 0 
35 DRV3N to SEN4N 1 0 0 0 1 1 
36 DRV4N to SEN4N 1 0 0 1 0 0 
37 DRV5N to SEN4N 1 0 0 1 a 1 
38 DRV6N to SEN4N 1 0 0 1 1 0 
39 DRV7N to SEN4N 1 0 0 1 1 1 
40 D RVON to SEN5N 1 0 1 0 0 0 
41 DRVl N to SEN5N 1 0 1 0 0 1 
42 DRV2N to SEN5N 1 0 1 0 1 0 
43 DRV3N to SEN5N 1 0 1 0 1 1 
44 D RV4N to SEN5N 1 0 1 1 0 0 
45 DRV5N to SEN5N 1 0 1 1 0 1 
46 D RV6N to SEN5N 1 0 1 1 1 0 
47 DRV7N to SEN5N 1 0 1 1 1 1 
48 DRVON to SEN6N 1 1 0 0 0 0 
49 DRV1 N to SEN6N 1 1 0 0 0 1 
50 DRV2N to SEN6N 1 1 0 0 1 0 
51 DRV3N to SEN6N 1 1 0 0 1 1 
52 DRV4N to SEN6N 1 1 0 1 0 0 
53 DRV5N to SEN6N 1 1 0 1 0 1 
54 DRV6N to SEN6N 1 1 0 1 1 0 
55 DRV7N to SEN6N 1 1 0 1 1 1 
56 D RVON to SEN5N and SEN6N 1 1 1 0 0 0 
57 DRV1 N to SEN5N and SEN6N 1 1 1 0 0 1 
58 DRV2N to SEN5N and SEN6N 1 1 1 0 1 0 
59 DRV3N to SEN5N and SEN6N 1 1 1 0 1 1 
60 DRV4N to SEN5N and SEN6N 1 1 1 1 0 0 
61 DRV5N to SEN5N and SEN6N 1 1 1 1 0 1 
62 DRV6N to SEN5N and SEN6N 1 1 1 1 1 0 
63 DRV7N to SEN5N and SEN6N 1 1 1 1 1 1 
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Infrared remote control transmitter (REeS 80 low voltage) l __ S_A_A_3_0_0_8 __ _ 

Table 3 Pulse timing 

parameter symbol duration 
duration at fosc = 455 kHz; 
tosc = 2.2 /lS 

Modulation period tM 12tosc 26.4 /lS 

Modulation LOW time tML 8tosc 17.6/ls 

Modulation HIGH time tMH 4tosc 8.8/ls 

Modulation pulse width tpw 5tM + tMH 140.8/ls 

Basic unit of pulse spacing to 1152tosc 2.53 ms 

Word length for subsystem 
addresses 

o to 7 tw 55296tosc 121.44ms 

8to 20 tw 59904tosc 132.56 ms 

Pulse separation for 
logic 0 tb 2to 5.06 ms 

logic 1 tb 3to 7.59 ms 

reference time tb 3to 7.59 ms 

toggle bit tb 2to 5.06 ms 

3to 7.59 ms 

Start pattern tb 2 x 1.5to 2 x 3.79 ms 

OPERATION 

Keyboard 

In the standby mode all drivers DRVON-DRV6N are ON but are non-conducting due to their open 
drain configuration. When a key is pressed, a completed drain connection pulls down one or more of 
the sense lines to ground. Referring to Fig.5, the power-up sequence for the Ie commences as a key 
is pressed. The oscillator becomes active and then, following the debounce time (tD8), the output 
drivers become active successively. 

Within the first scan cycle the transmission mode, subsystem address and the selected command code 
are sensed and loaded into an internal data latch. In a mUltiple keystroke sequence (Fig.6) the command 
code is always altered according to the sensed key. 

Multiple keystroke protection 

The keyborad is protected against multiple keystrokes. If more than one key is pressed the circuit will 
not generate a new REMO sequence (Fig.6). 
In a multiple keystroke sequence the scan repetition rate is increased to detect the release of the key 
as soon as possible. 

There are two restrictions caused by the special structure of the keyboard matrix: 

• The keys switching directly to ground (codes 7,15,23,31,39,47,55,63) are not completely 
covered by multiple keystroke protection. If one sense input is switched to ground, other keys on 
that sense line are ignored . 

• The sense lines SEN5N and SEN6N are not protected against multiple keystrokes on the same driver 
line because this has been used to define codes 56 to 63. 
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OPERATION (continued) 

Output sequence 

The output operation starts when the code of the selected key has been loaded into the internal 
command register. A burst of pulses, including the latched address and command codes, is generated 
at the output REMO for as long as the key is pressed. The format of the output pulse train is as 
shown in Figs 3 and 4. The operation is terminated by releasing the key, or by pressing more than 
one key at the same time. Once a sequence has been started, the transmitted words will always be 
completed after the key has been released. 
The toggle bit TO is incremented if the key is released for a minimum time tREL (Fig.5). In a multiple 
keystroke sequence the toggle bit remains unchanged. 
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DEVELOPMENT DATA 

closed 
!/keYbOUnCin9 l-tREL-1 _______ ,---_new_keY ---

Jl(D r filII [ __ 1_[ released 

off 

---I tDS 

~tsT_1 

H JUlVIIIIIIIIIIIIIII IIIIIIIIIIZlIIIIIIIIII IIIIIIIIII OSCILLATOR ACTIVE 111/1/ 7Z85674 

Fig.5 Single keystroke sequence; tDB = debounce time = 4T 0 to 9T 0; tST = start time = 5T 0 to 10T 0; 

tRE L = minimum release time = To; tw = word length. 
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KEY A 
closed 

key A decoded as HIGH 

" 1/ 
, i I I I iii i i key A decoded as LOW 

/ released 

closed 

KEY B 
released '" I! 

off 

,15can 

DRVnN 

REMO 

word (key A) word (key A) word (key B) 

OSCO H JlflVZZZZZZZZZZZZZZZZZZZZZZZZZZZZ OSCILLATOR ACTIVE 1I0Z0ZrIlZZZZZZZZZZZZZZZZZZZ//1 

Fig.6 Scan rate multiple keystroke sequence: tSM = scan rate (multiple keystroke) = 6T 0 to lOT 0; 

tDB, tST, and tw are as per Fig.5. 
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Infrared remote control transmitter (RECS 80 low voltage) l __ SA_A_3_0_0_8 __ _ 

RATINGS 

Limiting values in accordance with the Absolute Maximum Rating System (IEC 134) 

parameter conditions symbol min. max. unit 

Supply voltage range VOO -0.3 +7 V 

I nput voltage range VI -0.3 VOO+0.3 V 

Output voltage range Vo -0.3 VOO +0.3 V 

Total power dissipation 
01 L package (SOT146) Ptot - 300 mW 

mini-pack (S020; SOT163A) Ptot - 200 mW 

Power dissipation 
matrix outputs ORVON to ORV6N Po - 50 mW 

remote data output REMO Po - 200 mW 

Operating ambient temperature range Tamb -20 +70 oC 

Storage temperature range Tstg -20 +125 oC 

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 Oevices') . 

CHARACTERISTICS 

VSS = 0 V; T amb = 0 to + 70 oC; unless otherwise specified 

parameter conditions symbol min. typo max. unit 

Supply voltage VOO 2.0 - 6.5 V 

Supply current active fosc = 455 kHz; 
VOO = 3 V 100 -- 0.25 - rnA 

VOO = 4.5 V 100 - 0.5 - rnA 

VOO = 6 V 100 - 1 - rnA 

Standby mode Tamb = 25 oC; 
VOO = 6 V 100 - - 4 IlA 

Oscillator frequency 
(ceramic resonator) VOO = 2 to 6.5 V fosc 350 - 500 kHz 

Inputs SENON to SEN6N 

I nput voltage LOW VOO = 2 to 6.5 V VIL - - 0.3 VOO V 

Input voltage HIGH VOO = 2 to 6.5 V VIH 0.7 VOO - - V 

I nput current 
(p-channel pull-up) VIL = 0 V 

VOO = 2 V II -10 - -100 IlA 
VOO = 6.5 V II -100 - -600 IlA 
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CHARACTERISTICS (continued) 

parameter conditions symbol min. typo max. unit 

Outputs DRVON to 
DRV6N (open drain 1) 

Output voltage ON 10 = 0.25 rnA; 
VOO = 2 V VOL - - 0.3 V 

10 = 2.5 rnA; 
VOO = 6.5 V VOL - - 0.6 V 

Output current OFF VOO = 6.5 V 10 - - 10 IlA 

Input ADRM 

Input voltage LOW VIL - - 0.4 VOO V 

Input voltage HIGH VIH 0.85VOO - - V 

Input current 
(switched p and n 
channel pull-up and 
pull-down) 

pull-up active VI =OV 
VOO = 2 V IlL -10 - -100 IlA 
VOO = 6.5 V IlL -100 - -600 IlA 

pu II-down active VI = VOO 
VOO = 2 V IIH 10 - 100 IlA 
VOO = 6.5 V IIH 100 - 600 IlA 

Output REMO 

Output voltage HIGH 10H = -40 mA; 
Tamb = 25 oc 
VOO = 2 V VOH 0.8 - - V 
VOO = 6.5 V VOH 5.0 - -. V 

10H = 0.5 mA; 
VOO = 2 V VOH 0.8 VOO - - V 

Output voltage LOW 10L = 0.5 mA; 
VOO = 2 V VOL - - 0.4 V 

10L = 2.0 mA; 
VOO = 6.5 V VOL - - 0.4 V 

Input OSCI 

Input current HIGH VOO = 6.5 V IIH 3.0 - 7.0 IlA 

Output OSCO 

Output voltage HI G H 10H = 100 IlA; 
VOO = 6.5 V VOH VOO-0.8 - - V 

Output voltage LOW 10L = 100 IlA; 
VOO = 6.5 V VOL - - 0.7 V 
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Infrared remote control transmitter (RECS 80 low voltage) l ___ S_A_A_3_0_0_8 ____ __ 

r-~---1:~~~~--~-+-REMO 

Vss 

7Z24378 

Fig.7 REMO output stage. 
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DEVELOPMENT DATA 
This data sheet contains advance information and 

specifications are subject to change without notice. 
SAA3009 
SAA3049 

INFRARED REMOTE CONTROL DECODERS 

GENERAL DESCRIPTION 

The main function of the SAA3009 and SAA3049 ICs is to check and convert the received coded data 
(RECS80/RC5) into latched binary outputs. The device address can be hard-wired for a particular address 
allowing several devices in one location. Alternatively, received data with any address can be accepted, 
the received data and address are then outputs. 

Features 

• Decodes 64 remote control commands with a maximum of 32 subaddresses 

• Accepts RECS80 codes with pulse position modulation (SAA3004, SAA3007, SAA3008) 
or RC5 codes with biphase transmission (SAA3006, SAA3010) 

• Available at SAA3009 with 8 high current (10 mAl open-drain outputs and internal pull-ups for 
direct LED drive via resistors or as SAA3049 for low supply current applications 

• Adding circuitry for binary decoding allows a maximum of 2048 commands to be used, for example 
1-of-16 decoder (HE F4515) 

QUICK REFERENCE DATA 

parameter conditions symbol min. typo max. unit 

Supply voltage 
SAA3009 note 1 VCC 4.5 5.0 5.5 V 
SAA3049 note 2 VCC 2.5 - 5.5 V 

Supply current 
SAA3009 note 1 ICC - - 70 rnA 
SAA3049 note 2 ICC - 1.0 2.0 rnA 

Osci Ilator frequency fosc - 4 - MHz 

Output sink current LOW 
(pins 1 to 8) 

SAA3009 note 3 IOL - - 10 mA 
SAA3049 note 4 IOL 1.6 3.0 - rnA 

Notes to the QUICK REFERENCE DATA 

1. T amb = 0 to + 70 °C. 
2. Tamb = -40 to + 85 °C. 
3. Open-drain with 20 to 50 kQ internal pull-up resistor. 
4. Open-drain without internal pull-up resistor at VCC = 5 V ± 10%; Vo = 0.4 V. 

PACKAGE OUTLINES 

SAA3009P; SAA3049P: 20 lead DI L; plastic (SOT146). 
SAA3049T: 20 lead mini-pack; plastic (S020; SOT163A). 
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SAA3009 
SAA3049 l ___ __ 

REMOTE 
CONTROL 

TRANSMITTER 

8AA3004 
SAA3007 
SAA3008 

or 
8AA3006 
SAA3010 

CQW89A 
CQY89A 

IR --
BPW50 

+5 V 

IR 
PREAMPLIFIER 

TDA3048 

IN 

U1J 

Fig.1 System diagram. 

TRANSMITTERS (see individual data sheets for full specifications) 

REMOTE 
CONTROL 
DECODER 

SAA3009 
or 

SAA3049 

4 MHz 

SAA3004 VBatt = 4 to 11 V (max.); 7 x 64 = 448 commands (RECS80 code) 

SAA3007 VBatt = 2 to 6.5 V (max.); 20 x 64 = 1280 commands (RECS80 code) 

SAA3008 VBatt = 2 to 6.5 V (max.); 20 x 64 = 1280 commands (RECS80 code) 

SAA3006 VBatt = 2 to 7.0 V (max.); 32 x 64 = 2048 commands (RC5 code) 

SAA3010 VBatt = 2 to 7.0 V (max.); 32 x 64 = 2048 commands (RC5 code) 

530 March 19891 ( 
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Infrared remote control decoders 

RATINGS 

SAA3009 
SAA3049 

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

parameter symbol min. max. unit 

Supply voltage 
SAA3009 Vee -0.5 7.0 V 
SAA3049 Vee -0.8 8.0 V 

I nput voltage (any pin) 
SAA3009 VI -0.5 7.0 V 
SAA3049 VI -0.8 Vee+ O.8 V 

De input/output current 
SAA3009 (pins 1 to 8) ± III ± 10 - 20 mA 
SAA3009 (all other pins) ± III ± 10 - 10 rnA 
SAA3049 (any pin) ± III ± 10 - 10 rnA 

Total power dissipation 
SAA3009 Ptot - 1 W 
SAA3049 Ptot - 0.5 W 

Operating ambient temperature range 
SAA3009 Tamb 0 +70 oe 
SAA3049 Tamb -40 + 85 oe 

Storage temperature range 
SAA3009 Tstg -65 + 150 oe 
SAA3049 Tstg -65 + 150 °e 

I (MarCh 1989 531 



SAA3009 l 
SAA3049 

'-------------------------------------------------------
CHARACTE R ISTICS 

All voltages measured with respect to ground (VEE = 0 V). 

SAA3009: Vee = 4.5 to 5.5 V; Tamb = 0 to + 70 °e unless otherwise specified 
SAA3049: Vee = 2.5 to 5.5 V; T amb = -40 to + 85 unless otherwise specified 

parameter conditions symbol min. typo 

Supply vo:~age 
SAA3009 Vee 4.5 5.0 
SAA3049 Vee 2.5 -

Supply current 
SAA3009 lee - -
SAA3049 lee - 0.8 

Input signals (pin 9) 

I nput voltage HI G H 
SAA3009 V,H 2.0 -
SAA3049 V,H 0.7 Vee -

Input voltage LOW active 
SAA3009 V,L 0.5 -
SAA3049 V,L 0 -

Mode selection (pin 11) 

Input voltage HIGH note 1 
SAA3009 V,H 2.0 -
SAA3049 V,H 0.7 Vee -

I nput voltage LOW note 2 
SAA3009 V,L -0.5 -
SAA3049 V,L 0 -

Command received indicator 
and mode control (pin 19) note 3 

Input voltage HIGH 
SAA3009 V,H 3.0 -
SAA3049 V,H 0.7 Vee -

I nput voltage LOW 
SAA3009 V,L -0.5 -
SAA3049 V,L 0 -

Crystal oscillator 

Oscillator frequency note 4 fosc - 4 

532 March 19891 ( 

max. unit 

5.5 V 
5.5 V 

70 rnA 
2.0 mA 

Vee + 0.5 V 
Vee V 

0.8 V 
0.3 Vee V 

Vee + 0.5 V 

Vee V 

0.8 V 
0.3 Vee V 

Vee + 0.5 V 

Vee V 

1.5 V 
0.3 Vee V 

- MHz 
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Infrared remote control decoders 

parameter conditions symbol 

SAA3009 OUTPUTS 

10 rnA open-drain with 
internal pull-up resistor 

(pins 1 to 8) 

Output voltage HIGH IOH = -50JiA VOH 
Output voltage LOW IOL = 10 mA VOL 
Output sink current LOW IOL 

5 rnA open-drain without 
internal pull-up resistor 

(pins 18 and 19) 

Output voltage HIGH VOH 
Output voltage LOW IOL = 5 mA VOL 
Output sink current LOW IOL 

1.6 rnA open-drain with 
internal pull-up resistor 

(pins 15, 16 and 17) 

Output voltage HIGH VOH 
Output voltage LOW IOL = 1.6 mA VOL 
Output sink current LOW IOL 

SAA3049 OUTPUTS 

Open-drain without 
internal pull-up resistor note 5 

Output sink current LOW Vee = 5 V ± 10%; 
VOL=O.4V IOL 

Notes to the characteristics 

min. typo 

2.4 -

- -
- -

- -

- -

- -

- -

- -

- -

1.6 3.0 

SAA3009 
SAA3049 

max. unit 

Vee V 

1.0 V 

10 mA 

Vee V 

0.45 V 

5 mA 

Vee V 

0.45 V 

1.6 mA 

- mA 

1. R EeS80 decoder for transmitters SAA3004, SAA3007 or SAA3008; SAA3009 has an internal 
pull-up resistor. 

2. Re5 decoder for transmitters SAA3006 ot SAA3010. 

3. With pin 19 = HIGH, then pins 7, 8,15,16 and 17 are address inputs. 
With pin 19 = LOW, then pins 7,8, 15, 16 and 17 are 4 or 5 address received outputs. 

In Figs 4,5 and 6 this HIGH/LOW switching is dependent on whether the transistor on pin 19 is fed 
via a series resistor or not. In both applications pin 19, which toggles several times (see Fig.3) while 
a valid command is acknowledged, can be used to activate (flash) an LED indicator. 

4. A quartz crystal with a frequency of 4 MHz is recommended for the standard transmitter application. 

4. Application as output requires connection of an external pull-up resistor. 
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SAA3009 
SAA3049 l ___ _ 

CHARACTERISTICS (continued) 

Reset (pin 14) 

The simple circuit is shown in Figs 4, 5 and 6. The alternative reset circuit shown in Fig.2 protects 
against short term power supply transients by generating a reset. 

VCC----~----~----------~----~20 

zener diode 
3.6 V 

SAA3009 
or 

SAA3049 

~ ~:A~~049 0"", 

~ 7Z21787 

Fig.2 Proposed improved reset circuit. 

Infrared signal input (pin 9) 

This pin is sensitive to a negative-going edge. 

Command received indicator (pin 19) 

signal at pin 19 

_I I 1-::::15ms I 

_:::: 120 ms_ 7Z21785 

Fig.3 Output diagram of command acknowledge. 
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DEVELOPMENT DATA 

APPLICATION INFORMATION 
VCC 

TO-bit 

(+5 V) 

I 
(3) 

Immand acknowledge 
r-----~-. 

220nb 11'F 
+n 1 f.:\ 

'-.::./ u 
'-.::./ ~ 

01 1N4148 
COW24 

52-bit 

~ 5.6 kn S3-bit 
~ 

33 kn [J 5.6 kn ) ,~ 
~ 

(2) 
BC548 r----------, 

I 
0: n I 

I I 
~ I 27 pF 27 pF I 

>-- L- __ ---- --~ 

4 MHz 
BC548 

HOI-, 
subaddress 

range (4) r- --- r(2) I 1 Mn I ~~ 

I I 
If L ___ ~ 

20 19 18 17 16 15 14 13 12 11 

SAA3009 
SAA3049 

1 2 3 4 5 6 7 8 9 10 

vllN l~ mput 
S1-bit 

~-- B C 0 E F SO-bit 

data outputs 
7Z21788 

(1) only for subaddress 8 to 20. 
(2) only for SAA3009. 
(3) only for SAA3049. 
(4) subaddress range: 

when LOW (subaddress 8 to 20) pin 15 is connected to ground 
when HIGH (subaddress 1 to 7) pin 15 is open (SAA3009) 

} 
address 

(1) outputs 

} 

address 
outputs 

when HIGH (subaddress 1 to 7) pin 15 is connected via pull-up resistor to VCC (SAA3049) 

Fig.4 Remote control decoder with latched 11 (10) -bit parallel outputs (10 (9)-bits inverted) 
for use with transmitter types SAA3004, SAA3007 or SAA3008; pin 11 is HIGH for RECS80 code. 
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APPLICATION INFORMATION (continued) 

mmand acknowledge 

2200b 

r-c:::J6 
01 

CQW24 

~ 5.6 kO 

y& -c:::::J--

BC548 

~ 

BC548 

~ ,-

20 

1 

A 
\ 

TO-bit 
Vcc 

(2) (+5 V) 
r-----~-. 

1 1/LF 
I 12\ +m 

UI \!.J • 1N4148 A2-bit 

A3-bit 

J 
A4-bit 

33 kO [J 5.6kO 

r - - - - - - - - --'(1) 

in ni 
I 27 pF 27 pF I 

~ '---- ---- ---' 

4 MHz 

~DI--

r ----r(1) 

I~I 
I ----.. I 

1f L- --- I-J 
II 

19 18 17 16 15 14 13 12 11 

SAA3009 
SAA3049 

2 3 4 5 6 7 8 9 10 

1rliN (-
input 

F .. F F A1-bit 

B C 0 E F AO-bit 
I 

Y 

data outputs 7Z21789 

(1) only for SAA3009. 
(2) only for SAA3049. 

Fig.5 Remote control decoder with latched 12-bit parallel outputs (11 bits inverted) 
for use with transmitter types SAA3006 or SAA3010; pin 11 is LOW for RC5 code. 
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DEVELOPMENT DATA 

command acknowledge 

VCC 
(+5 V) (2) 

-c=J-
mode 

--;1 H selects RECSI 

f~ 
,~ 

BC548 

~~ 

n ~ 

'CJ UI ~ ~ 
D1 1N4148 

CaW24 

5.6kil 
~ 

'-----' 33 kil 5.6kil 
(1) ,--------, 

I 0 n I 

L selects RC5 cc 
o code 
de 

set ~ ubaddresses 
H or L (3) 

'-' 

~ 

~ 

,------0 

:-0 
fo 

S2 (A2) 

S3 (A3) 

(A4) (4) 

S1 (A1) 

SO (AO) 

address see 
I 

~ 68 kil L __ -c:J----

I 
27 pF 2~~J 

da 
tn 

ta sheets of 
nsmitter ICs 

----
4 MHz 

BC548 HOf-~ 

TO 

lJ 
20 19 

1 2 

,A B 

(1) only for SAA3009. 
(2) only for SAA3049. 
(3) address inputs: 

18 

3 

C 

data outputs 

17 16 15 

SAA3009 
SAA3049 

4 5 6 

0 E F , 

when LOW address input pin is connected to ground 
when HIGH address input pin is open (SAA3009) 

r ---
h(1) 

I ~ 
I '-------' I 
L LJ 

14 13 12 

7 8 9 

Vi,. 
input 

when HIGH address input pin is connected via pull-up resistor to VCC (SAA3049) 
(4) subaddress range RECS80 code: 

when LOW (subaddress 8 to 20) pin 15 is connected to ground 
when HIGH (subaddress 1 to 7) pin 15 is open (SAA3009) 

11 

10 

1 

when HIGH (subaddress 1 to 7) pin 15 is connected via pull-up resistor to VCC (SAA3049) 

7Z21790 

Fig.6 Remote control decoder for up to 20 subaddresses with 6 + 1-bit parallel outputs (RECS80 code). 
Decoder is set for required subaddress by holding address pins HIGH or LOW. Pin 11 is HIGH for use with 
transmitter types SAA3004, SAA3007 or SAA3008 (RECS80 code). Pin 11 is LOW for use with transmitter 
types SAA3006 or SAA3010 (RC5 code). Remote control decoder for up to 32 subaddresses with 6 + 1-bit 
parallel outputs (RC5 code). 
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DEVELOPMENT DATA 
This data sheet contains advance information and 

specifications are subject to change without notice. 
SAA3027 

FOR DETAILED INFORMATION SEE RELEVANT DATA BOOK OR DATA SHEET 

INFRARED REMOTE CONTROL TRANSMITTER (RC-5) 

GENERAL DESCRIPTION 

The SAA3027 is intended for a general purpose (RC-5) infrared remote control system. The device can 
generate 2048 different commands and utilizes a keyboard with a single-pole switch per key. The 
commands are arranged so that 32 systems can be addressed, each system containing 64 different 
commands. 

The circuit response to legal (one key pressed at a time) and illegal (more than one key pressed at a 
time) keyboard operation is specified later in this publication (see KEY ACTIVITI ES). 

Features 

• Transmitter for 32 x 64 commands 

• One transmitter controls 32 systems 

• Very low current consumption 

• For infrared transmission link 

• Transmission by biphase technique 

• Short transmission times; speed-up of system reaction time 

• LC oscillator; no crystal required 

• Input protection 

• Test mode facility 

QUICK REFERENCE DATA 

Supply voltage range 

Input voltage range 

Input current 

Output voltage range 

Output current 

Operating ambient temperature range 

* VOO + 0,5 V not to exceed 15 V. 

PACKAGE OUTLINE 

28-lead 01 L; plastic (SOT117). 

Voo 
VI 

± II 

Vo 
±IO 

Tamb 

4,75 to 12,6 V 

-0,5 to (VOO+O,5) V* 

max. 10 rnA 

-0,5 to (VOO+0,5) V* 

max.10 

-25 to +85 

1 (JUlY 1983 
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__ SAA_302_7 _Jl _______ _ 
OSCI 18 SAA3027 

OSCILLATOR OSCO 20 

1 
TP 19 TEST 1-lli MASTER MODE 

RESET 
GENERATOR 

I 
SSM 2 MODE ~ 213 

SELECTION DECODER I-- DIVIDER 

I CONTROL 
UNIT I--

Z3 6 
Z2 5 r-i--
Z1 4 
ZO 3 

X7 1 
X6 27 KEYBOARD 

X5 26 ENCODER 

X4 25 

X3 24 17 DRO 

X2 23 
COMMAND 16 DR1 AND 

X1 22 SYSTEM 15 DR2 

XO 21 
r-i-- ADDRESS 13 LATCH KEYBOARD DR3 

DRIVER 12 DR4 
DECODER 11 DR5 

I 
PARALLEL 

~ 
10 DR6 

OUTPUT TO SERIAL 9 DR7 
CONVERTER 

8 7 14 28 

DATA MDATA VSS I I VDD 7Z90148 

Fig. 1 Block diagram. 

540 July 19831 ( 



Infrared remote control transmitter (RC-5) l SAA3027 

PINNING 

14 VSS negative supply (ground) 
28 VDD positive supply 

vDD 21 XO 
22 Xl 

X6 23 X2 
26 X5 24 X3 keyboard command inputs with 

25 X4 
P-channel pull-up transistors 25 X4 26 X5 

X3 27 X6 
1 X7 

X2 
3 ZO 

) 
Xl 4 Z1 keyboard system inputs with 

SAA3027 5 Z2 P-channel pull-up transistors xo 
6 Z3 

asca 2 SSM system mode selection input 

DR6 TP 19 TP test pin 

18 OSC1 oscillator input 
ascI 

20 OSCO oscillator output 

« DR4 DRO 17 ORO I-
16 DR1 « DR3 DRl 0 15 DR2 I- vss DR2 13 DR3 scan driver outputs with open 2 

w 
12 DR4 drain N-channel transistors ~ 

CL 7Z90144 
11 DR5 0 

..J 10 DR6 w Fig.2 Pinning diagram. > 9 DR7 
w 
0 7 MDATA remote signal outputs 

8 DATA (3-state outputs) 
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542 

(3) 

(4) 

72 

t17 f16 15 13 12 11 10 9 

0 a: N M '<t co <0 r--
cr: cr: cr: cr: cr: cr: cr: 
0 0 0 0 0 0 0 0 

~7 r--- 6 ~5 ~4 ~3 ~2 ~1 ~O 21 h .. "- I, 
XO 

~15 ~4 ~3 ~2 ~1 ~O ~9 ~8 22 
Xl 

~23 ~22 ~21 ,,20 ~19 ~8 ~17 ~16 23 
X2 

r\31 1\30 f\29 1\28 ~27 ,,26 ~25 ,,24 24 
X3 

~39 ~38 [\.37 [\.36 ~35 [\34 ~33 [\.32 25 
X4 

~47 [\.46 [\.45 ~44 r\43 ~42 [\.41 ,,40 26 
X5 

~55 [\54 ~53 [\.52 ~51 ,,50 [\.49 ~48 27 SAA3027 
I'- X6 

1'~3 ~62 ,,61 ~60 ['\..59 ~58 [\57 ~56 1 
X7 

~7 [\6 1\5 [\4 ~3 ~2 [\1 [\0 3 1"- 1"- I, I'\.. 1"- ZO 
1'15 ~14 ,,13 1\12 ~11 ~10 [\9 ~8 4 I, I, I'- I, 1'\ Zl 
r\23 ~22 1\21 ~20 ~19 ~18 [\17 ~16 5 

Z2 
31 30 29 28 27 26 25 24 6 , , "-. '. "- , '\. "" • Z3 « 

I- « U 
0 

:2' « I- u 
"- (f) 0 « (f) (f) 

90146 I- (f) :2' 0 0 0 

19 j j2 7U
8 18 2 

~ r¥: (1) (2) 

(1) Programming inputs for operating modes, test mode and reset. 
(2) Remote signal outputs. 
(3) Keyboard command code matrix 8 x 8. 
(4) Keyboard system code matrix 4 x 8. 

Fig.3 Keyboard interconnection. 
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Infrared remote control transmitter (RC-5) l ____ S_AA_3_0_2_7 ____ __ 

FUNCTIONAL DECRIPTION 

Combined system mode (SSM = LOW) 

The X and Z-lines are active HIGH in the quiescent state. Legal key operation either in the X-DR or 
Z-DR matrix starts the debounce cycle. When the contact is made for two bit times without interruption, 
the oscillator-enable signal is latched and the key may be released. Interruption within the two bit times 
resets the internal action. At the end of the debounce time, the DR-outputs are switched off and two 
scan cycles are started, switching on the DR-outputs one by one. When a Z or X-input senses a LOW 
level, a latch-enable signal is fed to the system address or command latches, depending on whether 
sensing was found in the Z or X-input matrix. After latching a system address number, the device will 
generate the last command (i.e. all command bits '1') in the chosen system as long as the key is pressed. 
Latching of a command number causes the device to generate this command together with the system address 
number stored in the system address latch. Releasing the key will reset the internal action if no data is 
transmitted at that time. Once the transmission is started, the signal will be finished completely. 

Single system mode (SSM = HIGH) 

The X-lines are active HIGH in the quiescent state; the pull-up transistors of the Z-lines are switched off 
and the inputs are disabled. Only legal key operation in the X-D R matrix starts the debounce cycle. 
When the contact is made for two bit times without interruption, the oscillator-enable signal is latched 
and the key may be released. Interruption within the two bit times resets the internal action. At the end 
of the debounce time, the pull-up transistors in the X-lines are switched off, those in the Z-lines are 
switched on during the first scan cycle. The wired connection in the Z-matrix is then translated into a 
system address number and stored in the system address latch. At the end of the first scan cycle the 
pull-up transistors in the Z-lines are switched off and the inputs are disabled again, while the transistors 
in the X-lines are switched on. The second scan cycle produces the command number which, after 
latching, is transmitted together with the system address number. 

Inputs 

The command inputs XO to X7 carry a logical '1' in the quiescent state by means of an internal pull-up 
transistor. When SSM is LOW, the system inputs ZO to Z3 also carry a logical '1' in the quiescent state 
by means of an internal pull-up transistor. 

When SSM is HIGH, the transistors are switched off and no current flows via the wired connection in 
the Z-DR matrix. 

Oscillator 

ascI and OSCO are the input/output respectively of a two-pin oscillator. The oscillator is formed 
externally by one inductor and two capacitors and operates at 72 kHz (typical). 

Key-release detection 

An extra control bit is added which will be complemented after key-release. In this way the decoder 
gets an indication that shows if the next code is to be considered as a new command. This is very 
important for multi-digit entry (e.g. by channel numbers or Teletext/Viewdata pages). The control bit 
will only be complemented after finishing at least one code transmission. The scan cycles are repeated 
before every code transmission, so that, even by 'take-over' of key operation during code transmission, 
the correct system and command numbers are generated. 
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FUNCTIONAL DESCRIPTION (continued) 

Outputs 

The output DATA carries the generated information according to the format given in Fig. 4 and Tables 
1 and 2. The code is transmitted in biphase; definitions of logical '1' and 'a' are given in Fig. 5. 

The code consists of four parts: 

• Start part formed by 2 bits (two times a logical '1'); 
• Control part formed by 1 bit; 
• System part formed by 5 bits; 
• Command part formed by 6 bits. 

The output MDATA carries the same information as output DATA but is modulated on a carrier 
frequency of half the oscillator frequency, so that each bit is presented as a burst of 32 oscillator 
periods. To reduce power consumption, the carrier frequency has a 25% duty cycle. 

In the quiescent state, both outputs are non-conducting (3-state outputs). The scan drivers ORO to DR7 
are of the open drain N-channel type and are conducting in the quiescent state of the circuit. After a 
legal key operation, a scanning procedure is started so that they are switched into the conducting state 
one after the other. 

Reset action 

The circuit will be reset immediately when a key release occurs during: 
• debounce time; 
• between two codes. 

When a key release occurs during scanning of the matrix, a reset action will be accomplished if: 
• the key is released while one of the driver outputs is in the low-ohmic 'a' state; 
• the key is released before detection of that key; 
• there is no wired connection in the Z-DR matrix while SSM is HIGH. 

Test pin 

The test pin TP is an input which can be used for testing purposes. 

When LOW, the circuit operates normally. 

When HIGH, all pull-up transistors are switched off, the control bit is set to zero and the output data is 
26 times faster than normal. 

When Z2 = Z3 = LOW, the counter will be reset to zero. 

KEY ACTIVITI ES 

Every connection of one X-input and one DR-output is recognized as a legal keyboard operation and 
causes the device to generate the corresponding code. 

Activating more than one X-input at a time is an illegal keyboard operation and no circuit action is 
taken (oscillator does not start). 

When SSM is LOW, every connection of one Z-input and one DR-output is recognized as a legal 
keyboard operation and causes the device to generate the corresponding code. 

Activating two or more Z-inputs, or Z-inputs and X-inputs, at one time is an illegal keyboard operation 
and no circuit action is taken. 

When SSM is HIGH, a wired connection must be made between a Z-input and a DR-output. If no 
connection is made, the code is not generated. 

When one X or Z-input is connected to more than one DR-output, the last scan signal is considered legal. 

The maximum allowable value of the contact series resistance of the keyboard switches is 10 kn. 

Z2 or Z3 must be connected to V DD to avoid unwanted supply current. 
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Infrared remote control transmitter (RC-5) l ____ S_AA_3_0_2_7 ____ __ 

debounce 1 CODE 

MSB LSB MSB LSB 

start 

1 

___ system --1- command -
address bits bits 

-- control bit 

data word time = 14 bit times 

I~ 
2 CODES SUCCESSIVELY 

start 

1 ..... ------ repetition time = 64 bit times ------. I-;~:e 
7Z90147 

Fig.4 DATA output format (RC-5). 

t=+""""'"-----I 
digital '0' digital '1' 

-lbittime_ 
7Z82856 

Fig.5 Biphase transmission code; 1 bit time = 27 X TOSC = 1,778 ms (typical), 
where T OSC is the oscillator period time. 
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__ SAA_302_7 _Jl~ ______ _ 
Table 1 Command matrix X-DR 

code X-lines DR-lines command bits 
no. X .. DR .. c .. 

0 1 2 3 4 5 6 7 0 1 2 3 4 5 6 7 5 4 3 2 1 0 

0 • • 0 0 0 0 0 0 

1 • • 0 0 0 0 0 1 

2 • • 0 0 0 0 1 0 

3 • • 0 0 0 0 1 1 

4 • • 0 0 0 1 0 0 

5 • • 0 0 0 1 0 1 

6 • • 0 0 0 1 1 0 

7 • • 0 0 0 1 1 1 

8 • • 0 0 1 0 0 0 

9 • • 0 0 1 0 0 1 

10 • • 0 0 1 0 1 0 

11 • • 0 0 1 0 1 1 

12 • • 0 0 1 1 0 0 

13 • • 0 0 1 1 0 1 

14 • • 0 0 1 1 1 0 

15 • • 0 0 1 1 1 1 

16 • • 0 1 0 0 0 0 

17 • • 0 1 0 0 0 1 

18 • • 0 1 0 0 1 0 

19 • • 0 1 0 0 1 1 

20 • • 0 1 0 1 0 0 

21 • • 0 1 0 1 0 1 

22 • • 0 1 0 1 1 0 

23 • • 0 1 0 1 1 1 

24 • • 0 1 1 0 0 0 

25 • • 0 1 1 0 0 1 

26 • • 0 1 1 0 1 0 

27 • • 0 1 1 0 1 1 

28 • • 0 1 1 1 0 0 

29 • • 0 1 1 1 0 1 

30 • • 0 1 1 1 1 0 

31 • • 0 1 1 1 1 1 
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Infrared remote control transmitter (RC-5) 

code X-lines 

no. X .. 

a 1 2 3 4 5 6 7 

32 • 
33 • 
34 • 
35 • 
36 • 
37 • 
38 • 
39 • 
40 • 
41 • 
42 • 
43 • 
44 • 
45 • 
46 • 
47 • 
48 • 
49 • 
50 • 
51 • 
52 • 
53 • 
54 • 
55 • 
56 • 
57 • 
58 • 
59 • 
60 • 
61 • 
62 • 
63 • 

DR-lines 

DR .. 

a 1 2 3 4 5 

• 
• 

• 
• 

• 
• 

• 
• 

• 
• 

• 
• 

• 
• 

• 
• 

• 
• 

• 
• 

• 
• 

• 
• 

l ____ S_AA_3_0_2_7 ____ __ 

command bits 

c .. 
6 7 5 4 3 2 1 a 

1 a a a a a 
1 a a a a 1 

1 a a a 1 a 
1 a a a 1 1 

1 a a 1 a a 
1 a a 1 a 1 

• 1 a a 1 1 a 
• 1 a a 1 1 1 

1 a 1 a a a 
1 a 1 a a 1 

1 a 1 a 1 a 
1 a 1 a 1 1 

1 a 1 1 a a 
1 a 1 1 a 1 

• 1 a 1 1 1 a 
• 1 a 1 1 1 1 

1 1 0 a a a 
1 1 a a a 1 

1 1 a a 1 a 
1 1 a a 1 1 

1 1 a 1 a a 
1 1 a 1 a 1 

• 1 1 a 1 1 a 
• 1 1 a 1 1 1 

1 1 1 a a a 
1 1 1 a a 1 

1 1 1 a 1 a 
1 1 1 a 1 1 

1 1 1 1 a 0 

1 1 1 1 a 1 

• 1 1 1 1 1 a 
• 1 1 1 1 1 1 
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__ SAA_30_27 _J l"""--_______ _ 
Table 2 System matrix Z-DR 

system Z-lines DR-lines system bits 
no. Z .. DR .. S .. 

0 1 2 3 0 1 2 3 4 5 6 7 4 3 2 1 0 

0 • • 0 0 0 0 0 

1 • • 0 0 0 0 1 

2 • • 0 0 0 1 0 

3 • • 0 0 0 1 1 

4 • • 0 0 1 0 0 

5 • • 0 0 1 0 1 

6 • • 0 0 1 1 0 

7 • • 0 0 1 1 1 

8 • • 0 1 0 0 0 

9 • • 0 1 0 0 1 

10 • • 0 1 0 1 0 

11 • • 0 1 0 1 1 

12 • • 0 1 1 0 0 

13 • • 0 1 1 0 1 

14 • • 0 1 1 1 0 

15 • • 0 1 1 1 1 

16 • • 1 0 0 0 0 

17 • • 1 0 0 0 1 

18 • • 1 0 0 1 0 

19 • • 1 0 0 1 1 

20 • • 1 0 1 0 0 

21 • • 1 0 1 0 1 

22 • • 1 0 1 1 0 

23 • • 1 0 1 1 1 

24 • • 1 1 0 0 0 

25 • • 1 1 0 0 1 

26 • • 1 1 0 1 0 

27 • • 1 1 0 1 1 

28 • • 1 1 1 0 0 

29 • • 1 1 1 0 1 

30 • • 1 1 1 1 0 

31 • • 1 1 1 1 1 
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Infrared remote control transmitter (RC-5) l ____ S_A_A3_0_2_7 ____ __ 

RATINGS 

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

Supply voltage range with respect to VSS 

I nput voltage range 

Input current 

Output voltage range 

Output current 

Power dissipation outpU"( oseo 

Power dissipation per output (all other outputs) 

Total power dissipation per package 

Operating ambient temperature range 

Storage temperature range 

HANDLING 

VDD 

VI 

± II 

Vo 

± 10 

Po 

Po 

Ptot 

Tamb 
Tstg 

-0,5 to +15 V 

-0,5 to (VDD+O,5) V* 

max. 10 rnA 

-0,5 to (VDD + 0,5) V* 

max. 10 mA 

max. 50 mW 

max. 100 mW 

max. 200 mW 

-25 to +85 oe 

-55 to + 150 oe 

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"). 

* VDD +0,5 V not to exceed 15 V. 
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~_SAA_30_27_Jl _____________ __ 
CHARACTERISTICS 

VSS = 0 V; T amb = -25 to 85 °C unless otherwise specified 

parameter VOO (V) symbol min. typo max. unit 

Supply voltage - VOO 4,75 - 12,6 V 

Supply current 
at 10 = 0 mA for all outputs; 
XO to X7 and Z3 at VOO; 
all other inputs at VOO or VSS; 
excluding leakage current from 
open drain N-channeloutputs; 
Tamb = 25 oC 12,6 100 - - 10 fJ,A 

Inputs 

Keyboard inputs X and Z with 
P-channel pull-up transistors 

Input current (each input) at VI = 0 V; 
TP = SSM = LOW 4,75 to 12,6 -II 10 - 300 fJ,A 

Input voltage HIGH 4,75 to 12,6 V,H 0,7 x VOO - VOO V 

I nput voltage LOW 4,75 to 12,6 VIL 0 - 0,3 x VOO V 

I nput leakage cu rrent at T amb = 25 0 C; 
TP = HIGH; 
VJ=12,6V 12,6 'IR - - 1 fJ,A 

VI =OV 12,6 -IIR - - 1 fJ,A 

SSM, TP and ascI inputs 

Input voltage HIGH 4,75 to 12,6 V,H 0,7 x VOO - VOO V 

I nput voltage LOW 4,75 to 12,6 VIL 0 - 0,3 x VOO V 

I nput leakage current at T amb = 25 oC; 
VI = 12,6 V 12,6 'IR - - 1 fJ,A 

VI =OV 12,6 -IIR - - 1 fJ,A 

Outputs 

DATA, MOATA outputs 

Output voltage HIGH 
at -IOH = 0,8 mA 4,75 to 12,6 VOH VOO -0,6 - - V 

Output voltage LOW 
at IOL = 0,8 mA 4,75 to 12,6 VOL - - 0,4 V 

Output leakage current at: 
Vcj = 12,6 V 12,6 lOR - - 10 fJ,A 

VO=OV 12,6 -lOR - - 20 fJ,A 

Tamb = 25 °C; 
Va = 12,6 V 12,6 lOR - - 1 fJ,A 

Va =OV 12,6 -lOR - - 2 fJ,A 
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Infrared remote control transmitter (RC-5) 

parameter 

ORO to OR7 outputs 

Output voltage LOW i 

at IOL = 0,35 mA 

Output leakage current 
at Vo = 12,6 V 

at Vo = 12,6 V; 
Tamb = 25 °C 

OSCO output 

Output voltage HI G H 
at -IOH = 0,2 mA; 
ascI = VSS 

Output voltage LOW 
at -IOL = 0,45 mA; 
OSCI= VOO 

Oscillator 

Maximum oscillator frequency 
at CL = 40 pF (Figs 6 and 7) 

normalized 
frequency 

\ 

\ typ 

~ 
1'-

'r-.... 

7 Z82857 

........ r--
o 

o 50 CL (pF) 100 

Fig.6 Typical normalized input 
frequency as a function of the 
load (keyboard) capacitance. 

VOO (V), 

4,75 to 12,6 

12,6 

12,6 

4,75 to 12,6 

4,75 to 12,6 

4,75 

6 

12,6 

l ____ S_AA_3_0_2_7 ____ __ 

symbol min. typo max. 

VOL - - 0,4 

lOR - - 10 

lOR - - 1 

VOH VOO-0,6 - -

VOL - - 0,5 

fOSCI 75 72 -

fOSCI 120 72 -

fOSCI 300 72 -

-_--,....---VDD 

JlJlJ1. 28 

ascI 
18 

DATA 

XO 
21 SAA3027 

ZO 
3 

DRO 
17 

cL vSS 

-~---~--~- VSS 

7Z90145 

Fig. 7 Test circuit for measure
ment of maximum oscillator 
frequency. 

1 (JUlY 1983 

unit 

V 

J.LA 

J.LA 

V 

V 

kHz 

kHz 

kHz 

551 





DEVELOPMENT DATA 
This data sheet contains advance information and 
specifications are subject to change without notice. l ____ S_A_A_3_02_8 ____ __ 

INFRARED REMOTE CONTROL TRANSCODER (RC-5) 

GENERAL DESCRIPTION 

The SAA3028 is intended for use in general purpose (RC-5) remote control systems. The main function 
of this integrated circuit is to convert RC-5 biphase coded signals into equivalent binary values. Two 
input circuits are available: one for RC-5 coded signals only; the other is selectable to accept (1) RC-5 
coded signals only, or (2) RC-5 (extended) coded signals only. The input used is that at which an 
active code is first detected. Coded signals not in RC-5/RC-5(ext) format are rejected. Data input and 
output is by serial transfer, the output interface being compatible for 12 C bus operation. 

Features 

• Converts RC-5 or RC-5(ext) biphase coded signals into binary equivalents 

• Two data inputs, one fixed (RC-5), one selectable (RC-5/RC-5(ext)) 

• Rejects all codes not in RC-5/RC-5(ext) format 

• 1
2 C output interface capability 

• Power-off facility 

• Master/slave addressable for multi-transmitter/receiver applications in RC-5(ext) mode 

• Power-on-reset for defined start-up 

QUICK REFERENCE DATA 

Supply voltage range 

Supply current (quiescent) at 
VOO = 5,5 V; Tamb = 25 oC 

Operating ambient temperature range 

PACKAGE OUTLINE 

16-lead 0 I L; plastic (SOT 382). 

Voo 

100 

Tamb 

4,5 to 5,5 V 

max. 200 J.LA 

-25 to +85 °C 
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___ SA_A3_02_8_jl _______________ __ 

RC5 DAV OSCI OSCO 

I I I I 5 r t6 V 
TIMER CLOCK 

CONTROL GENERATOR 
CIRCUIT 

I 
SAA3028 

DATA 1 
12 

~ - --+-
INPUT 12C BUS I--

11 DETECTOR 
---+- BUFFER I---+- INTERFACE ~ - --+- I--

SCL 

DATA 2 SDA 

POWER-ON POWER-OFF 
RESET CIRCUIT 

16 IB 2 3 4 t15 t14 t13 
I I I I I 

MAO MAl MA2 SSB ENB PO 7Z87352 

Fig. 1 Block diagram. 

PINNING 

1 DAV data valid output with open drain 
N-channel transistor 

2 MAO 

) 3 MA1 master address inputs 
4 MA2 

5 RC5 data 2 input select 

6 ascI oscillator input 

7 OSCO oscillator output 

8 VSS negative supply (ground) 

9 SCL serial clock line 
} 1

2 C bus 
10 SDA serial data line 

11 DATA 2 data 2 input 

12 DATA 1 data 1 input 

13 PO power-off signal output with open 
drain N-channel transistor 

Fig. 2 Pinning diagram. 14 ENB enable input 

15 SSB set standby input 

16 VDD positive supply (+ 5 V) 
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Infrared remote control transcoder (RC-5) l ___ S_A_A_3_0_28 __ _ 

FUNCTIONAL DESCR IPTION 

Input function 

The two data inputs are accepted into the buffer as follows: 

• DATA 1. Only biphase coded signals which conform to the RC-5 format are accepted at this input . 

• DATA 2. This input performs according to the logic state of the select input RC5. When RC5 == HIGH, 
DATA 2 input will accept only RC-5 coded signals. When RC5 == LOW, DATA 2 input will accept 
only RC-5(ext) coded signals. 

The input detector selects the input, DATA 1 or DATA 2, in which a HIGH to LOW transition is first 
detected. The selected input is then accepted by the buffer for code conversion. All signals received 
that are not in the RC-5 or RC-5(ext) format are rejected. 

Formats of RC-5 and RC-5(ext) biphase coded signals are shown in Figs 3 and 4 respectively; the codes 
commence from the left of the formats shown. The bit-times of the biphase codes are defined in Fig. 5. 

L control stop time-l 
'---y-----J 

L start 

I_-------------data word time = 15 bit times -----------------.,.~I 
7Z87354 

Fig. 3 RC-5 code format: the first start bit is used only for detection and input gain-setting; stop 
time == 1,5 bit-times (nominal). 

>+< : : I I 
~~\ T I 

L L Lcontrol 
master address 

start 

stop time_I 

1_------------- data word time = 30 bit times ---------------.,.~I 
7 Z87 355 

Fig.4 RC-5(extended) code format: the first start bit is used only for detection and input gain-setting; 
stop time == 1,5 bit-times (nominal). 

digital '1' 
t=+'--------i 

digital '0' 

-1bittime-
7Z82856 

Fig. 5 Biphase code definition: RC-5 bit-time == 27 X TOSC == 1,778 ms (typical); RC-5(ext) bit-time 
== 26 x TOSC == 0,89 ms (typical), where TOSC == the oscillator period time. 
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556 

FUNCTIONAL DESCRIPTION (continued) 

More information is added to the input data held in the buffer in order to make it suitable for 
transmission via the 12 C interface. The information now held in the buffer is as follows: 

RC-5 buffer contents RC-5(ext) buffer contents 

• data valid indicator 1 bit • data valid indicator 1 bit 
• format indicator 1 bit • format indicator 1 bit 
• input indicator 1 bit • input indicator 1 bit 

• control 1 bit • master address 3 bits 
• address data 5 bits • control 8 bits 
• command data 6 bits • slave address 8 bits 

• data 8 bits 

The information assembled in the buffer is subjected to the following controls before being made avail
able at the 12 C interface: 

ENB = HIGH Enables the set standby input SSB. 

SSB = LOW Causes power-off output PO to go HIGH. 

PO = HIGH 

PO = LOW 

DAV = HIGH 

This occurs when the set standby input SSB = LOW and allows the existing values 
in the buffer to be overwritten by the new binary equivalent values. After 
ENB = LOW, SSB is don't care. 

This occurs according to the type of code being processed, as follows: 

RC-5. When the binary equivalent value is transferred to the buffer. 

RC-5(ext). When the reset standby bit is active and the master address bits are 
equal in value to the MAO, MA 1, MA2 inputs. 

At power-on, PO is reset to LOW. 

This occurs when'the buffer contents are valid. If the buffer is not empty, or an 
output transfer is taking place, then the new binary values are discarded. 
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Infrared remote control transcoder (RC-6) l __ S_A_A_3_0_2_8 __ _ 

Output function 

The data is assembled in the buffer in the format shown in Fig. 6 for RC-5 binary equivalent values, or 
in the format shown in Fig.7 for RC-5(ext) binary equivalent values. The data is output serially, starting 
from the left of the formats shown in Figs 6 and 7. 

format indicator: 0 = RC - 5 

data valid = 0; data not valid = 1 

Fig.6 RC-5 binary equivalent value format. 

Fig. 7 RC-5(extl binary equivalent value format. 

1287356 

The output signal DAV, derived in the buffer from the data valid bit, is provided to facilitate use of the 
transcoder on an interrupt basis. This output is reset to LOW during power-on. 

The 12 C interface allows transmission on a bidirectional, two-wire 12 C bus. The interface is a slave 
transmitter with a built-in slave address, having a fixed 7-bit binary value of 0100110: Serial output of 
the slave address onto the 12 C bus starts from the left-hand bit. 

Oscillator 

The oscillator can comprise a ceramic resonator circuit as shown in Fig. 8. The typical frequency of 
oscillation is 455 kHz. 

15nF 
Hr-------..----o OSCI 

(1) 

1------4--+----0 OSCO 
7Z87358 

(1) Catalogue number of ceramic resonator: 242254098008. 

Fig. 8 Oscillator circuit. 
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558 

FUNCTIONAL DESCRIPTION (continued) 

12 C bus transmission 

Formats for 12 C transmission in low and high speed modes are shown respectively in Figs 9 and 10. 

Fig.9 Format for transmission in 12 C low speed mode. 

acknowledge 
from slave 

Fig. 10 Format for transmission in 12 C high speed mode. 

Note to Figures 9 and 10 

When R/W bit = 0; the slave generates a NACK (negative acknowledge), leaves the data line HIGH and 
waits for a stop (P) condition. 

When the receiver generates a NACK; the slave leaves the data line HIGH and waits for P (the slave 
acting as if all data has been transmitted). 

When all data has been transmitted, the data line remains HIGH and the slave waits for P. 
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Infrared remote control transcoder (RC-5) l ___ S_A_A __ 30_2_8 ____ __ 

RATINGS 

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

Supply voltage range with respect to VSS VDD -0,5 to + 15 V 

Input voltage range VI -0,5 to (VDD+0,5) V* 

Input current ± II max. 10 mA 

Output voltage range Vo -0,5 to (VDD+0,5) V* 

Output current ± 10 max. 10 mA 

Power dissipation output OSCO Po max. 50 mW 

Power dissipation per output (all other outputs) Po max. 100 mW 

Total power dissipation per package Ptot max. 200 mW 

Operating ambient temperature range Tamb -25 to +85 °C 

Storage temperature range Tstg -55 to +150 °C 

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"). 

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

* VDD + 0,5 V not to exceed 15 V. 
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___ SA_A3_02_8_Jl~ ______________ __ 
CHARACTERISTICS 

VSS = 0 V; T amb = -25 to 85 °C unless otherwise specified 

parameter VDD (V) symbol min. typo max. unit 

Supply voltage - VDD 4,5 - 5,5 V 

Supply current; quiescent 
at Tamb == 25 °C 5,5 IDD - - 200 /lA 

Inputs 

MAO, MAl, MA2, DATA 1, DATA 2, 
RC5, SCL, ENB, SSB, ascI 

Input voltage HIGH 4,5 to 5,5 VIH 0,7 x VDD - VDD V 

I nput voltage LOW 4,5 to 5,5 VIL 0 - 0,3 x VDD V 

Input leakage current 
at VI = 5,5 V; 
Tamb = 25 °C 5,5 II - - 1 /lA 

Input leakage current 
at VI = OV; 
Tamb == 25 oC; 5,5 -II - - 1 /lA 

Outputs 

DAV, PO 

Output voltage LOW 
at IOL = 1,6 mA 4,5 to 5,5 VOL - - 0,4 V 

Output leakage current 
at Va = 5,5 V; 
Tamb = 25 °C 5,5 lOR - - 1 /lA 

OSCO 

Output voltage HIGH 
at -IOH = 0,2 mA 4,5 to 5,5 VOH VDD- 0,5 - - V 

Output voltage LOW 
at IOL = 0,3 mA 4,5 to 5,5 VOL - - 0,4 V 

Output leakage current 
at Tamb = 25 oC; 
VO=5,5V 5,5 lOR - - 1 /lA 

VO=OV 5,5 lOR - - 1 /lA 

SDO 

Output voltage LOW 
at IOL = 2 mA 4,5 to 5,5 VOL - - 0,4 V 

Output leakage current 
at Va = 5,5 V; 
Tamb = 25 °C 5,5 lOR - - 1 /lA 

Oscillator 

Max. oscillator frequency (Fig. 8) 4,75 fOSCI 500 - - kHz 
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DEVELOPMENT DATA 
This data sheet contains advance information and 

specifications are subject to change without notice. 

VPS DATALINE PROCESSOR 

GENERAL DESCRIPTION 

l ____ S_AA_4_7_0_0 ____ __ 

The SAA4700 is a bipolar integrated circuit designed for use in dataline receivers and incorporates 
a dataline slicer and decoder. The slicer extracts the dataline signal from the video signal and 
regenerates the dataline clock. It also provides signals for the decoder. The decoder decodes the binary 
data that is transmitted in line 16 of every first field of a composite video signal (Video Programming 
Signal and Video-recording Programming by Teletext, VPS and VPT systems). The decoded information 
(words 5 and 11 to 14) is accessed via the built-in 12 C-bus interface. The information can then be used 
to program a video cassette recorder to start and stop the recording of a television program at the correct 
time, regardless of a delay or extension in the transmission time of the required program. 

Features 

• Adaptive sync slicer with buffered composite sync output 
• Adaptive data sl icer 
• Datal ine clock regenerator 
• Field selection and line 16 decoding 
• Startcode and biphase check 
• Storage of dataline information 
• 12 C-bus transm itter 

QUICK REFERENCE DATA 

parameter conditions symbol min. typo max. unit 

Supply voltage 

(pins 15 and 16) Vp 4.5 5 5.5 V 

Supply current 

(pins 15 and 16) Vp = 5 V Ip - 20 25 rnA 

Composite video amplitude 

(sync-to-white) CVBSI 0.5 1.0 1.4 V 

PACKAGE OUTLINE 

18-lead DI L; plastic (SOT102). 
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7Z81973 

Fig. 2 Pinning diagram. 

PINNING 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14-

15 

16 

17 

18 

Data slicer input 

Sync separator input 

Analogue ground 

Digital ground 

Black level 

Composite sync output 

Address input 

Serial clock input 

Serial data input/output 

External reset input 

Test line 16 

Data available output 

Oscillator input 

Test clock pulse 

Digital supply voltage 

Analogue supply voltage 

Phase detector 

Not connected 

composite video 
burst sync (CVBS) 

1
2 C-bus 
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FUNCTIONAL DESCRIPTION 

Dataline 16 

The information contained on dataline 16 consists of fifteen 8-bit words. The total information content 
is shown in Fig. 4. A timing diagram of dataline 16 is shown in Fig. 5 and a survey of the Video Tape 
Recorder (VTR) control labels is shown in Fig. 6. 

From the fifteen 8-bit words, the SAA4700 extracts words 5 and 11 to 14. The contents of these 
words can be ·'qquested via the built-in 12C-bus interface. The circuit is fully transparent, thus each 
bit is transferred without modification with only the sequence of words being changed. Words 11 
to 14 are transmitted first followed by word 5. 

By evaluating the sliced sync signal the SAA4700 can identify the beginning of dataline 16 in the 
first field. The dataline decoder stage releases the start code detector. When a correct start code is 
detected (for timing of start code detection see Fig. 7) words 5 and 11 to 14 are decoded, checked 
for biphase errors and stored in a register bank. If no biphase error has occured, the contents of the 
register bank are transferred to a second register bank by the data valid control signal. If the system 
has been addressed, this transfer will be delayed until the next start or stop condition of the 12C-bus 
has been received. 

The last bit of correct information on the dataline remains available until it is read via the 12 C-bus. 
Once the stored information has been read it is considered to be no longer valid and the internal 
new data flag is reset. Subsequently, if the circuit is addressed, the only VPS data that will be sent 
back is "FFF ... F". The same conditions apply after power-up when no data can be read out. 
New data is available after reception of another error-free dataline 16. 

External RESET (pin 10) 

The SAA4700 provides an internal power-on reset. When using this facility pin 10 should be connected 
to Vp or, if External RESET is to be used pin 10 should be connected to Vp via a 10 kn pull-up 
resistor. 
When External RESET is used, pin 10 is active LOW and forces the following: 

• 12 C-bus not to acknowledge 
• Data available output (DAV active LOW) at pin 12 to go HIGH 
• 12C-bus transfer register to "FFFF" 

CVBS input (pins 1 and 2) 

The composite video signal (CVBS) is applied to the sync separator (pin 2) via a decoupling capacitor 
and to the data slicer (pin 1) via an RC high-pass filter. To enable proper storage of the sync value in the 
decoupling capacitor, the sync generator output resistance should not exceed 1 kn. 

Black level (pin 5) 

The capacitor connected to pin 5 stores the black level value for the adaptive sync slicer. 

Composite sync out (pin 6) 

This pin provides a composite sync signal output for customer application. 

DAVoutput (pin 12) 

The data available output at pin 12 is set LOW after an error free dataline 16 is received. The DAV 
output returns to HIGH after the beginning of the next first field. If no valid data is available DAV 
remains HIGH. A short duration pulse (1 fJ.s) is inserted at the beginning of dataline 16 it will ensure 
that a HIGH-to-LOW transmission occurs which can then be used for triggering (see Fig. 8). 

564 September 19881 ( 



______ V_PS_da_ta_lin_ep_ro_ce_sso_r _____________________ Jl ____ S_A_A_47_0_0 ____ __ 

5 MHz oscillator and phase detector (pins 13 and 17) 

The resistor connected between pin 13 and Vp determines the current into the current controlled 
oscillator. The RC network connected to pin 17 acts as a low pass filter for the phase detector. 

Power supply (pins 3, 4, 15 and 16) 

To prevent crosscoupling the IC provides separate power supply connectors; 

• pin 3 = analogue ground 

• pin 4 = digital ground 

• pin 15 = digital supply voltage 

• pin 16 = analogue supply voltage 

12 C-bus address input (pin 7) 

The 12 C-bus address input (AO) provides the two addresses 20H and 22H. 

12 C-bus 

The internally latched data from words 5 and 11 to 14 can be clocked out via the 12 C-bus interface 
by a bus master. The lines are the serial clock input (SCl) at pin 8 and the serial data inputioutput 
(SDA) at pin 9. The SAA4700 can operate only as a slave transmitter on the bus. Data format is 

~ shown in Fig. 3. 
<{ 
C\ 
I
Z 
w 
:2: 
c.. o 
...J 
W 
> 
W 
C\ 

o AO 

7Z81975 
address R/W 

Fig. 3 12 C-bus data format. 

• The MSB of each word is transmitted first 
• There is no restriction on the number of words to be transmitted, but if more than five words are 

requested from word 6 onwards, the content will be "FF .... FF". 
• Normally every dataline transmission has to be ended with a STOP condition (as shown in Fig. 3). 
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Word 

Content 
number 

1 Runin 

2 Start code 

3 Program source identification (binary coded) 

4 Program source identification (ASCII sequential) 

5 I Sound and VTR control information I 
6 Program/Test picture identification 

7 I nternal information exchange 

8 
Address assignment of signal distribution 

9 

10 Messages/Commands 

11 
VTR 

12 
Control 

13 
Information 

14 

15 Reverse 

Fig. 4 Total information of data line 16. 

whO,''''I--- -1------------------------
~7V f 

1 V J T ± 5% 

'YO' ,.", __ l __ 
-112.5:±: 1.5115 I .... f--------- 48115 ------.1 

7Z81976 

Fig. 5 Timing diagram of dataline 16; modulation depth 71.4%. 
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« 
~ 
C 
I
Z 
w 
:1! c.. 
o 
....J 
W 
> 
W 
C 

VTR Control information 

Word-no. 5 11 12 13 14 

Bit-no. 1 2 3 4 5 6 7 8 0 1 2 3 4 5 6 7 8 9110 111 13 415 1617181~~1 22L,., 1.- '+~2~2~O~1 -r T 
en 
en 

Label Bit t Bit 2 Status 
Q) Q) 
L- OJ Program "Oc Day Month Hour Minute Nation binary 0 0 2-Channel "0 co Source « L-

0 1 Mono 
1 0 Stereo Special System Code 

System 
1 1 2-Channel 

Status Code 
1 X 0 o 0 o 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 NC ... NC PC .... PC 

Bit 3 Bit 4 

Pause Code 1 0 free 1 X 0 0 0 0 0 1 1 1 1 1 1 1 J o 1 1 1 1 1 1 NC .. NC PC .... PC 

Interrupt 
1 X 0 0 0 0 0 1 1 1 '1 1 1 1 0 1 1 1 1 1 1 1 NC .. NC PC .... PC 

Code 0 1 free 

Where: 

X = 0 or 1 (bit) 
NC is the Nation Code 
PC is the Program Source Code 

Fig.6 VTR control information of dataline 16. 

o 0 0 1 

i 
I 
I 

start code (word 2) 

o 1 0 1 o 0 1 1 

o 

word 3 

o 0 

o 

error ___ 1 ~ 
start code pulse ____________ .:....: ________________ ---J 

I 
I 
I 

biphase error pulse ___________ ---'IlL..-_________________ _ 
(ignored in word 2) 7Z81971 

Fig. 7 Timing diagram of start code detection. 
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~--------------------------64~s--------------------------~ 

CVBS input 

DAVoutput --=u 
-- ~111S 

r--------
line 16 L 

start code pulse n 
----------~~---------------------------

word 5 latch pulse n 
----------------~~-----------------------

word 11 latch pulse n 
--------------------------~~-----------

word 14 latch pulse n 
----------------------------------~~-----

7Z81972 

Fig. 8 Timing diagram of the data available output and word latch pulses. 
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VPS dataline processor SAA4700 

RATINGS 

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

parameter 

Supply voltage (pins 15 and 16) 

Storage temperature range 

Operating ambient temperature range 

THERMAL RESISTANCE 

From junction to ambient 

symbol min. 

Vp 4.5 

Tstg -20 

Tamb 0 

max. unit 

5.5 V 

+ 125 oe 

+70 oe 

Rth j-a :0;;;;; 78 K/W 
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570 

CHARACTERISTICS 

Vp = 5 V; Tamb = 25 °C; external components as shown in Fig. 9, unless otherwise specified. CVBS 
signal according to VPS, VPT standard. All voltages are referenced to ground (pins 3 and 4) unless 
otherwise specified. 

parameter conditions symbol min. typo max. unit 

Supply voltage 

(pins 15 and 16) Vp 4.5 5.0 5.5 V 

Supply current 

(pins 15 and 16) Ip - 20 25 rnA 

Video input and sync separator 

(pins 1,2) 

Data amplitude V1 0.25 0.5 0.7 V 

Sync amplitude negative going V2 0.1 - 0.6 V 

CVBS input voltage sync-to-white note 1 CVBSI 0.5 1.0 1.4 V 

Source impedance Zs - - 1.0 kQ 

Composite sync output (pin 6) 

Output voltage LOW VOL - - 0.4 V 

Output voltage HI G H VOH 2.4 - - V 

Output current LOW IOL - - 0.2 rnA 

Output current HIGH IOH - - 0.5 rnA 

Sync separator delay time td - 0.3 - JlS 

External reset input (pin 10) 

Input voltage LOW active reset VIL - - 0.4 V 

Input voltage HIGH non-active reset VIH 2.4 - - V 

Input current LOW -IlL - - 10 JlA 

Input current HIGH IIH - - 10 nA 

DAV output (pin 12) note 2 

Output voltage LOW VOL - - 0.4 V 

Output voltage HIGH VOH 2.4 - - V 

Output cu rrent LOW IOL - -- 0.5 rnA 

Output current HIGH IOH - - 10 nA 

Address input AO (pin 7) 

Input voltage LOW 
(bus address 22H) VIL - - 0.4 V 

Input voltage HIGH 
(bus address 20H) VIH 2.4 - - V 
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« 
I« o 
I
Z 
w 
:iE 
~ o 
..J 
W 
> 
W 
o 

parameter conditions symbol min. typo max. 

12 C-bus (pins 8 and 9) 

Input cu rrent 0.9 VCC II - - 10 

I nput capacitance CI - - 10 

Rise time tr - - 1 

Fall time tf ' - - 0.3 

Clock frequency fCl - - 100 

Pulse duration lOW tlOW 4.7 - -
Pulse duration HIGH tHIGH 4.0 - -

SOA output IOl = 3 mA Val - - 0.4 

Notes to the characteristics 

1. With standard sync and data amplitude of 68 to 75% black-white. 

2. If the OAV output (open collector) is used, a pull-up resistor to V CC is necessary. 

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

unit 

J.l.A 

pF 

J.l.S 

J.l.S 

kHz 

J.l.S 

J.l.S 

V 
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APPLICATION INFORMATION 

+5V 

100 nF :~ 

~ 
~ 

33 nF ; :: ; 
... 10 
r:;; nF 

mol 
I 1 

!75kO 

18 17 16 15 14 13 12 11 10 

SAA4700 

1 2 3 4 5 6 7 8 9 

: := 1 nF : := ~: U 1100 
-,.. nF 

4.7 kQ 

~ 

CVBsl 

.. ~ 470 
-,.. pF 

~ 
~ 

7Z81974 VCS SCl SDA 

Fig.9 Application circuit. 
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TELETEXT VIDEO PROCESSOR 

GENERAL DESCRIPTION 

The SAA5231 is a bipolar integrated circuit intended as a successor to the SAA5030. It extracts Tele
text Data from the video signal, regenerates Teletext Clock and synchronizes the text display to the 
television syncs. The integrated circuit is intended to work in conjunction with CCT (Computer 
Controlled Teletext), EUROM or other compatible devices. 

Features 

• Adaptive data slicer 
• Data clock regenerator 
• Adaptive sync separator, horizontal phase detector and 6 MHz VCO forming display phase 

locked loop (PLL) 

QUICK REFERENCE DATA 

Supply voltage (pin 16) 

Supply current (pin 16) 

Video input amplitude (pin 27) (peak-to-peak value) 
pin 2 LOW 

pin 2 HIGH 

Storage temperature range 

Operating ambient temperature range 

PACKAGE OUTLINE 

28-lead dual in-line; plastic (SOT117). 

VCC typo 12 V 

ICC typo 70 rnA 

V27-13(p-p) typo 1 V 

V27-13(p-p) typo 2,5 V 

Tstg -20 to + 125 °C 

Tamb o to + 70 °C 
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cB 
3 
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CO 
00 
CJ) 

text composite 
sync input 

(TCS) 
or 

scan composite 
sync input 

(SCS) 

composite 
video input 

video composite 
sync output 

(VCS) 

video input 
level select 

sync output 

sandcastle 
input pulse 

(PL/CBB) 

external 
data input 

Fig. 1 Block diagram. 

video recorder 
mode input 

(VCR) 

VCC 
(+12V) 

6 MHz clock 
1--------.....:...:. '-11- output 
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teletext data 
output 
(TTD) 

teletext clock 
output 
(TTC) 

(J) 
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(]'I 
I\,) 

tv ..... 



Teletext video processor l ____ S_A_A_5_23_1 ____ __ 

PINNING 

sync output 

video input level select 

HF filter 

store HF 

store amplitude 

store zero level 

external data input 

data timing 

store phase 

crystal 

clock filter 

ground 

clock output (TIC) 

RATINGS 

SAA5231 

text composite sync input (TCS) 
or _ 

scan composite sync input (SCS) 

composite video input 

black level 

video composite sync output 
(VCS) 

pulse timing capacitor 

pulse timing resistor 

sandcastle input pulse (f'l/CBB) 

filter 1 

oscillator input 

filter 2 

oscillator output 

6MHz output (F6) 

supply VCC 

data output (TTD) 

7Z91272.1 A 

Fig. 2 Pinning diagram. 

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

Supply voltage (pin 16) Vee 

Storage temperature range 

Operating ambient temperature 

Tstg 

Tamb 

max. 13,2 V 

-20 to + 125 °e 
o to + 70 °e 
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CHARACTERISTICS 

VCC = 12 V; T amb = 25 oc with external components as shown in application circuits unless otherwise 
stated. 

parameter symbol min. typo max. unit 

Supply (pin 16) 

Supply voltage VCC 10,8 12,0 13,2 V 

Supply current ICC 50 70 105 mA 

Video input and sync separator 

Video input amplitude (sync to white) 
(peak-to-peak value) 
video input select level LOW (pin 2) V27-13{p-p) 0,7 1 1,4 V 

video input select level HIGH (pin 2) V27-13{p-p) 1,75 2,5 3,5 V 

Source impedance IZsl - - 250 n 
Sync amplitude (peak-to-peak value) V27-13(p-p) 0,1 - 1 V 

Video input level select 

I nput voltage LOW V2-13 a - 0,8 V 

Input voltage HIGH V2-13 2,0 - 5,5 V 

Input current LOW 12 a - -150 IlA 

Input current HIGH 12 'a - 1 rnA 

Text composite sync input (fCS) 

I nput voltage LOW V28-13 0 - 0,8 V 

I nput voltage HI G H V28-13 2,0 - 7,0 V 

Scan composite sync input (SCS) 

I nput voltage LOW V28-13 a - 1,5 V 

I nput voltage HI G H V28-13 3,5 - 7,0 V 

Select video sync from pin 1 

I nput current (pin 28) 

at V 28 = a to 7 V 128 -40 -70 -100 IlA 

at V28 = 10VtoVCC 128 -5 - +5 IlA 

Video composite sync output (VCS) 

Output voltage LOW V25-13 a - 0,4 V 

Output voltage HIGH V25-13 2,4 - 5,5 V 

D.C. output current LOW 125 - - 0,5 mA 

D.C. output current HIGH 125 - - -1,5 mA 

Sync separator delay time td 0,25 0,35 0,40 IlS 
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parameter symbol min. typo max. unit 

Dual polarity buffer output 

rcs amplitude 
(peak-to-peak value) V1-13(p-p) 0,20 0,45 0,65 V 

Video sync.amplitude 
(peak-to-peak value) V1-13(p-p) - - 1 V 

Output current 11 -3 - +3 rnA 

D.C. output voltage 

R L to ground (0 V) V1-13 1,0 1,4 2,0 V 

RL to VCC (12 V) V1-13 9,0 10,1 11,0 V 

Sandcastle input pulse (PL/CBB) 

Phase lock pulse (PL) 

PL on (LOW) V22-13 0 - 3 V 

PL off (HIGH) V22-13 3,9 - 5,5 V 

Blanking pulse (CBB) 

CBB on (LOW) V22-13 0 - 0,5 V 

CBB off (HIGH) V22-13 1,0 - 5,5 V 

I nput current 122 -10 - +10 IlA 

Phase locked loop (PLL) 

Phase detector timing 

Pulse duration 
using composite video tp 2,0 2,4 2,8 IlS 

using scan composite sync tp 3,0 3,5 4,0 IlS 

time P L must be LOW 
to make VCO run-free tL 100 - - IlS 

6 MHz clock output (F6) 

A.C. output voltage 
(peak-to-peak value) V17-13(p-p) 1 2 3 V 

A.C. and d.c. output voltage range V17-13(max) 4 - 8,5 V 

Rise and fall time tr; tf 20 - 40 ns 

Load capacitance C17-13 - - 40 pF 

Video recorder mode input (VCR) 

VCR-mode on (LOW) V10-13 0 - 0,8 V 

VCR-mode off (H IGH) V10-13 2,0 - VCC V 

Input current 110 -10 - +10 IlA 
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parameter symbol min. typo max. unit 

Data slicer 

Data amplitude of video input (pin 27) 

video input level select LOW (pin 2) V27-13 0,30 0,46 0,70 V 

video input level select HIGH (pin 2) V27-13 0,75 1,15 1,75 V 

Teletext clock output 

A.C. output voltage 
(peak-to-peak value) V14-13(p-p) 2,5 3,5 4,5 V 

D.C. output voltage (centre) V14-13 3,0 4,0 5,0 V 

Load capacitance CL - - 40 pF 

Rise and fall times t6 tf 20 30 45 ns 

Delay of falling edge relative to 
other edges of TTD td -20 0 + 20 ns 

Teletext data output 

A.C. output voltage 
(peak-to-peak value) V 15-13(p-p) 2,5 3,5 4,5 V 

D.C. output voltage (centre) V15-13 3,0 4,0 5,0 V 

Load capacitance CL - - 40 pF 

Rise and fall times tr; tf 20 30 45 ns 

APPLICATION INFORMATION 
47/LF 

~ + VCC 
82 3,3 
n kn 

47 nF 

!ll---1 

TCS 
sandcastle 

1,2 input 

kn VCS 

F6 

composite TTD 
video 
input 

15 
sync out /LH 

I TTC 
I I 
I I 

1,20 
video I c::::::J XTAL 

kn input: I 13,875 MHz 
I s~~~~~ I data J; 15 pF I 

~ input VCR 
~ 7Z97624 

(1) Coil: 50 JLH at 1 kHz, Co = 4 pF. Adjust the free-running frequency to 6000 kHz ± 30 kHz. 

Fig. 3a Application circuit using LlC circuit in PLL. 
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composite 

I I Vcc 

r----------------~------+_----~r---------_+--------r_~- TCS 

r-__I--------+----------+---------t-..-- sa7~~~~tle 
~----_+---+--~------4---------__Ir-------4_~-- VCS 

r-~--------~~-- F6 

r---n ... --+-........ - T TD 
video ....... -+--III--r_-, 
input 

sync out 

, 

0, 1,2 

kQ 

I 
I 

Wh 

video 
input 
level 

select data 
input 

c::::J XTAL 

I 13,875MHz 
15 
pF ;1 

15 
IlH 

L-..._-+-........ _ TTC 

7Z97623 

(1) Quartz crystal e.g. catalogue number 4322 14304101. Adjust the free-running frequency to 
6000,2 kHz ± 0,2 kHz. 

Fig.3b Application circuit using quartz crystal in PLL. 

Vcc 

r-----------------~------+_----~r---------_+--------r_~- TCS 

r-__I-------+----------+---------t-..-- sa7~~~~tle 
.------+---+--~------4---------__Ir-------~~--vcs 

r-__I--------+-~-- F6 

composite .--1 t--+-........ - TTD 
video ....... ~--fllr-+---, 
input 

sync out 

I 

0, 1,2 

kQ 

I 
I 

Wh 

28 

video 
input 
level 

select data 
input 

c::::J XTAL 

I 13,875MHz 
15 
pF ;1 

L-..._-+-........ _ TTC 

7Z97622 

(1) Ceramic resonator e.g. Kyocera KBR 6,0 M. Adjust the free-running frequency to 6010 kHz ± 5 kHz. 

Fig.3c Application circuit using ceramic resonator in PLL. 
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Component specifications 

Specifications of some external components in Figs 3a, 3b and 3c. 

Quartz crystal 13,875 MHz; Figs 3a, 3b and 3c 

Load resonance frequency (f) 13,875 MHz; adjustment tolerance ± 40.10-6 

Load capacitance (CLl 20 pF 

Temperature range (T) -20 to +70 oC; frequency tolerance maximum ± 30.10-6 

Resonance resistance (Rd typical 10 n maximum 60 n 
Motional capacitance (C1) typical 19 fF 

Static parallel capacitance (Co) typical 5 pF 

Fixed inductance Figs 3a, 3b and 3c 

Inductance (L) 15 #LH ± 20% 

Quality factor (Q) minimum 20 

Variable inductance Fig.3a 

Inductance (L) 50 #LH at 1 kHz 

Static parallel capacitance (Co) typical 4 pF 

Quartz crystal Fig. 3b 

Preferred type 4322 143 04101 

Load resonance frequency (f) 6 M Hz; adjustment tolerance ± 40.10-6 

Load capacitance (CLl 20 pF 

Temperature range (T) -20 to +70 oC; frequency tolerance ± 30.10-6 

Resonance resistance (Rd 60 n 
Motional capacitance (C1 ) typical 28 fF 

Static parallel capacitance (Co) typical 7 pF 

Ceramic resonator; Fig. 3c 

Preferred type KBR 6,0 M, Kyocera 

Load resonance frequency (f) 6 MHz; adjustment tolerance ± 0,5% 

Load capacitance (CLl 20 pF 

Temperature range (T) -20 to +70 oC; frequency tolerance maximum ± 0,3% 

Resonance resistance (Rd typical 6 n 
Motional capacitance (C1) typical 9 pF 

Static parallel capacitance (Co) typical 60 pF 

Ageing (10 years) f maximum ± 0,3% 
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The function is quoted against the corresponding pin number. 

1. Synch output to TV 

Output with dual polarity buffer, a load resistor to 0 V or + 12 V selects positive-going or 
negative-going syncs. 

2. Video illPut level select 

When this pin is LOW a 1 V video input level is selected. When the pin is not connected it floats 
HI G H selecting a 2,5 V video input level. 

3. HF filter 

The video signal for the h.f.-Ioss compensator is filtered by a 15 pF capacitor connected to this pin. 

4. Store h.f. 

The h.f. amplitude is stored by a 1 nF capacitor connected to this pin. 

5. Store amplitude 

The amplitude for the adaptive data slicer is stored by a 470 pF capacitor connected to this pin. 

6. Store zero level 

The zero level for the adaptive data slicer is stored by a 22 nF ca(i)acitor connected to this pin. 

7. External data input 

Current input for sliced teletext data from external device. 
Active HIGH level (currant), low impedance input. 

8. Data timing 

A 270 pF capacitor is connected to this pin for timing of the adaptive data slicer. 

9. Store phase 

The output signal from the clock phase detector is stored by a 100 pF capacitor connected to this 
pin. 

10. Video tape recorder rhode (VCR) 

Signal input to command PLL into short time constant mode. Not used in application circuit 
Fig. 3b or Fig. 3c. 

11. Crystal 

A 13,875 MHz crystal, 2 x data rate, connected in series with a 15 pF capacitor is applied via this 
pin to the oscillator and divide-by-two to provide the 6,9375 MHz clock signal. 

12. Clock filter 

A filter for the 6,9375 MHz clock signal is connected to this pin. 

13. Ground (0 V) 

14. Teletext clock output (TTC) 

Clock output for CCT (Computer Controlled Teletext). 

1 (November 1986 581 



___ SA_A52_31_jl _______________ ~ 
APPLICATION INFORMATION (continued) 

15. Teletext data output (TTD) 

Data output for CCT. 

16. Supply voltage VCC (+ 12 V typ.) 

17. Clock output (F6) 

6 MHz clock output for timing and sandcastle generation in CCT. 

18. Oscillator output (6 MHz) 

A series resonant circuit is connected between this pin and pin 20 to control the nominal frequency 
of the VCO. 

19. Filter 2 

A filter with a short time constant is connected to this pin for the horizontal phase detector. It is 
used in the video recorder mode and while the loop is locking up. 

20. Oscillator input (6 MHz) 

See pin 18. 

21. Filter 1 

A filter with a long time constant is connected to this pin for the horizontal phase detector. 

22. Sandcastle input pulse (PL/CBB) 

This input accepts a sandcastle waveform, which is formed from PL and CBB from the CCT. 
Signal timing is shown in Fig. 4. 

23. Pulse timing resistor 

The current for the pulse generator is defined by a 68 kU resistor connected to this pin. 

24. Pulse timing capacitor 

The timing of the pulse generator is determined by a 220 pF capacitor connected to this pin. 

25. Video composite sync output (VCS) 

. This output signal is for CCT. 

26. Black level 

The black level for the adaptive sync separator is stored by a 68 nF capacitor connected to this pin. 
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Teletext video processor l ___ S_A_A_5_2_31 __ _ 

27. Composite video input (CVS) 

The composite video signal is input via a 2,2 JlF clamping capacitor to the adaptive sync 
separator. 

28. Text composite sync input (TCS)/Scan composite sync input (SCS) 

TCS is input from CCT or SCS from external sync circuit. SCS is expected when there is no load 
resistor at pin 1. If pin 28 is not connected the sync output on pin 1 will be the composite video 
input at pin 27, internally buffered. 

VIDEO 
SIGNAL 
(pin 27) 

LUIII 81 n nillill ffi 
7Z91271 

.-----5V 

SANDCASTLEl 
INPUT 

(pin22) 2V 

~----~--------------------------------OV 

j j I j j 

01,5 4,7 8,5 33,5 t (/Js) 

Fig.4 Sandcastle waveform and timing. 
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DA T ALINE SLICER 

The SAA5235 is a bipolar integrated circuit for dataline receivers. It extracts the dataline signal from 
the video signal and regenerates the dataline clock. It also provides signals for the dataline decoder. 

Features 

• Adaptive data line slicer. 
• Dataline clock regenerator 
• Buffered clock and data outputs 
• Buffered composite sync output 
• Gain switch for the video input signal 

QUICK REFERENCE DATA 

parameter 

Supply voltage range (pin 16) 

Supply current at V CC = 12 V 

Composite video amplitude 
pin 2 LOW 

pin 2 floating 

Storage temperature range 

Operating ambient temperature 

PACKAGE OUTLINE 

28-lead dual in-line; plastic (SOT117). 

symbol 

VCC 

ICC 

V27(p-p) 

V27(p-p) 

T stg 

Tamb 

min. 

10,8 

-20 

0 

typo 

12 

70 

2,5 

max. 

13,2 

+ 125 

+ 70 

unit 

V 

rnA 

V 

V 
oC 

°C 
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RATINGS 

Limiting values in accordance with the Absolute Maximum System (I Ee 134) 

parameter symbol min. typo max. unit 

Supply voltage (pin 16) Vee - - 13,2 V 

Storage temperature range Tstg -20 - 125 °e 

Operating ambient temperature Tamb 0 - 70 °e 

CHARACTERISTICS 

Vee = 12 V; Tamb = 25 oe; with external components as shown in Fig. 2; unless otherwise specified 

parameter symbol min. typo max. unit 

Supply voltage (pin 16) Vce 10,8 12,0 13,2 V 

Supply current lee - 70 - rnA 

Video input and sync separator 

Composite video input (eV) 
Level select input (pin 2) LOW V27-13(p-p) 0,7 1 1,4 V 

Level select input (pin 2) HIGH V27-13(p-p) 1,75 2,5 3,5 V 

Source impedance IZsl - - 250 n 
Sync amplitude V27-13(p-p) 0,1 - 1 V 

Video level select 

Input voltage 
LOW V2-13 0 - 0,8 V 

HIGH V2-13 2,0 - 5,5 V 

I nput current 
LOW 12 0 - -150 /lA 

HIGH 12 0 - 1 rnA 

Video composite sync output (VCS) 

Output vo Itage 
LOW V25-13 0 - 0,4 V 

HIGH V25-13 2,4 - 5,5 V 

Sync separator delay time td - 0,35 - /lS 

Data reset input (DAR) 

I nput voltage 
LOW (DAR on) V22-13 0 - 0,5 V 

HIGH (DAR off) V22-13 1,0 - 5,5 V 

I nput current 122 -10 - 10 /lA 

1 (October 1985 587 



__ SA_A52.--,--35 -.J l'""---__ --.--_----
CHARACTERISTICS (continued) 

parameter symbol min. typo max. unit 

Dataline slicer 

Dataline amplitude (pin 27) 
Video select voltage (pin 2) LOW V27-13(p-p) 0,3 0,46 0,7 V 

Video select (pin 2) FLOATING V27-13(p-p) 0,75 1,15 1,75 V 

Dataline clock output (DLCL) 

A.C. outpu~ voltage V14-13(p-p) 2,5 3,5 4,5 V 

Output voltage (d.c.) centre V14-13 - 4,0 - V 

Load capacitance CL - - 40 pF 

Rise and fall times t r, tf 20 30 45 ns 

Delay of falling edge 
relative to edges of OLD td -20 - 20 ns 

Dataline data output (OLD) 

A.C. output voltage V15-13(p-p) 2,5 3,5 4,5 V 

Output voltage (d.c.) centre V15-13 - 4,0 - V 

Load capacitance CL - - 40 pF 

Rise and fall times t r, tf 20 30 45 ns 

DAR~~--------------------~ 

~------;----------------4------~~--~vcs 
470nF 

cv -+--If---...., r----+-----~ OLD 

28 27 26 25 24 23 22 21 20 19 18 17 16 15 

SAA5235 

2 3 4 5 7 8 9 / 

'----+-----.-- OLCL 

7Z80646.1 l5 I l70T2 pF nF pF nF 

rI rI rI rI l70!00 pF pF 

rI rI 

10pH 
Q~60 

Fig. 2 Application circuit; crystal X; f = 10,000 MHz. 
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APPLICATION DATA 

Composite video input CV (pin 27) 

The composite video has to be fed into this input via a clamp capacitor. The input amplitude depends 
on the position of the gain switch at pin 2. 

Video gain switch (pin 2) 

Low level selects 1 V video input amplitude at pin 27. With no connection pin 2 floats HIG H, selecting 
2,5 V video amplitude. 

Black level (pin 26) 

A capacitor connected to this pin stores the black level for the adaptive sync separator. 

Video composite sync output VCS (pin 25) 

This pin provides a video composite sync signal for the data-line decoder. 

H.F. loss compensator (pins 3 and 4) 

The h.f. loss compensator needs two capacitors for operation. The capacitor at pin 3 filters the video 
signal for the h.f. loss compensator. The h.f. amplitude information is stored in the capacitor connected 
to pin 4. 

Dataline slicer (pins 5,6 and 8) 

A capacitor at pin 5 stores the amplitude information for the dataline slicer. The zero-level information 
is stored in a capacitor connected to pin 6. The capacitor at pin 8 is necessary for timing of the 
dataline slicer. 

Phase detector (pin 9) 

The phase information which is detected from the phase detector is stored in a capacitor connected 
to pin 9. 

Oscillator (pin 11) 

The one-pin oscillator needs a 10,000 MHz crystal (2 x dataline frequency) connected to pin 11. 

Phase shifter (pin 12) 

A clock filter for the dataline clock of 5,000 MHz is connected to the phase shifter at pin 12. 

Outputs 

The dataline clock output DLCL (pin 14) and the dataline data output DLD (pin 15) provide signals 
for the dataline decoder. 

Data reset DAR (pin 22) 

The dataline slicer needs a reset signal each line, for signal timing see Fig. 3. 
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APPLICATION DATA (continued)' 

-1 4,7,..sr- _ 

composite video ~~-----=~~~ 

---I r~. to 0,' pO 

dataresetj I..-------:v 
V22." 

--l 7,8,..s I--
7Z80647 

Fig. 3 Data-reset input signal timing in relation to composite video signal. 
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DEVELOPMENT DATA 
This data sheet contains advance information and ' 

specifications are subject to change without notice. 

DATALINE SLICER 

GENERAL DESCRIPTION 

l __ S_A_A_5_2_36 __ _ 

The SAA5236 is a bipolar integrated circuit for dataline receivers. It extracts the dataline signal from 
the video signal and regenerates the dataline clock. It also provides signals for the dataline decoder. 

Features 

• Adaptive dataline slicer 

• Dataline clock regenerator 

• Buffered clock and data outputs 

• Buffered composite sync output 

• Gain switch for the video input signal 

QUICK REFERENCE DATA 

parameter conditions symbol min. typo max. unit 

Supply voltage (pin 13) VCC 10,8 12,0 13,2 V 

Supply current VCC = 12 V 113 - 70 - mA 

Composite video input (pin 19) 
(peak-to-peak value) pin 1 LOW V 19(p-p) 0,7 1,0 1,4 V 

pin 1 floating V19(p-p) 1,75 2,5 3,5 V 

Storage temperature range Tstg -20 - +125 oC 

Operating ambient temperature 
range Tamb 0 - +70 oC 

PACKAGE OUTLINE 

20-lead OIL; plastic (SOT146). 
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RATINGS 

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

parameter conditions symbol min. max. unit 

Supply voltage (pin 13) Vee - 13,2 V 

Storage temperature range Tstg -20 +125 oe 

Operating ambient temperature 
range Tamb 0 +70 oe 

THERMAL RESISTANCE 

From junction to ambient Rth j-a 62 K/W 

CHARACTERISTICS 

Vec == 12 V, T amb == 25 oe, external components as shown in Fig. 2; all voltages are with reference 
to pin 10 (ground); unless otherwise specified 

parameter conditions symbol min. typo max. unit 

Supply voltage (pin 13) Vee 10,8 12,0 13,2 V 

Supply current Vce == 12 V 113 - 70 - rnA 

Video input and sync 
separator (pin 19) 

Composite video input 
(peak-to-peak value) pin 1 LOW V19(p-p) 0,7 1,0 1,4 V 

pin 1 floating V19(p-p) 1,75 2,5 3,5 V 

Source impedance IZsourcel - - 250 n 
Sync amplitude 

(peak-to-peak value) V19(p-p) 0,1 - 1,0 V 

Video level select (pin 1) 

Low level 
input voltage V1 0 - 0,8 V 
input current -11 0 - 150 J.lA 

High level 
input voltage V1 2,0 - 5,5 V 
input current 11 0 -- 1 rnA 

Composite sync output (pin 17) 

Low level output voltage V17 0 - 0,4 V 

High level output voltage V17 2,4 - 5,5 V 

Sync separation delay time td - 0,35 - J.lS 
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CHARACTERISTICS (continued) 

parameter conditions symbol min. typo max. unit 

Data reset input (pin 16) 

Data reset ON V16 0 - 0,5 V 
Data reset OFF V16 1,0 - 5,5 V 
Input current 116 -10 - +10 J..lA 

Dataline slicer (pin 19) 

Dataline amplitude 
(peak-to-peak value) pin 1 LOW V19(p-p) 0,3 0,46 0,7 V 

pin 1 floating V19(p-p) 0,75 1,15 1,75 V 

Dataline clock output (pin 11) 

A.C. output voltage 
(peak-to-peak value) Vl1(p-p) 2,5 3,5 4,5 V 

Output voltage (d.c. centre) V11 - 4,0 - V 
Load capacitance CL - - 40 pF 
Rise and fall times t r , tf 20 30 45 ns 

Delay of falling edge relative 
to edges of dataline data 
output td -20 - +20 ns 

Dataline data output (pin 12) 

A.C. output voltage 
(peak-to-peak value) V12(p-p) 2,5 3,5 4,5 V 

Output voltage (d.c. centre) V12 - 4,0 - V 
Load capacitance CL - - 40 pF 
Rise and fall times t r , tf 20 30 45 ns 
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APPLICATION INFORMATION 

data 
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video +--I t-------, 
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3 

nF 

Vee 
1511F 

+H 

H 
dataline 

.---------+ clock 
output 

22 nF composite 
.------~------------~--------+-------__.sync 

17 16 15 14 13 

SAA5236 

8 

output 

dataline 
r----+------t---... data 

12 11 

9 10 

10 
I1H 

output 

Q> 20 
82 pF 

7Z97827.1 

Fig.2 Application circuit; crystal (X) frequency = 10,000 MHz. 

Composite video input (pin 19) 

The composite video has to be fed into this input via a clamp capacitor. The input amplitude depends 
on the position of the gain switch at pin 1. 

Gain switch (pin 1) 

Low level selects 1 V video input amplitude at pin 19. With no connection, pin 1 floats HIGH and 
selects 2,5 V video amplitude. 

Black level (pin 18) 

A capacitor connected to this pin stores the black level for the adaptive sync separator. 

Composite sync output (pin 17) 

This pin provides a composite sync signal for the dataline decoder. 

HF loss compensator (pins 2 and 3) 

The HF loss compensator requires two capacitors for operation. The capacitor at pin 2 filters the 
video signal for the HF loss compensator, and the capacitor at pin 3 stores HF amplitude information. 

Dataline sli~r (pins 4, 5 and 6) 

The capacitor at pin 4 stores amplitude information for the dataline slicer, the capacitor at pin 5 
stores zero-level information and the capacitor at pin 6 is for dataline slicer timing. 
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APPLICATION INFORMATION (continued) 

Phase detector (pin 7) 

The phase information detected by the phase detector is stored in the capacitor at pin 7. 

Oscillator (p i n 8) 

The single-pin oscillator requires a 10,000 MHz crystal (2 x dataline frequency) connected to pin 8. 

Phase shift (pin 9) 

A filter for the dataline clock (5,000 MHz) is connected to the phase shift circuit at pin 9. 

Dataline clock and data outputs (pins 11 and 12) 

Signals for the dataline decoder are provided from these outputs. 

Data reset (pin 16) 

The dataline slicer needs a reset signal for each line, for signal timing see Fig. 3. 

-14.7MS r- _ 
composite video -U-------"".......,.~""".. 

-I -0.6toO.9~ 

.-------- 5V 

data reset I I 
1'----------'1 

-I 7.8~ I-
----0 

7Z97822 

Fig.3 Timing relationship of data reset input to composite video signal. 
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SAA5243 SERIES 

ENHANCED COMPUTER CONTROLLED TELETEXT CIRCUITS 
(ECCT) 

GENERAL DESCRIPTION 

The SAA5243 series are MaS N-channel integrated circuits which perform all the digital logic functions 
of a 625-line World System Teletext decoder. The SAA5243 series operate in conjunction with the 
teletext video processor SAA5231, standard static RAMs and are controlled via the 2-wire 12 C-bus. The 
devices can be used to provide videotex display conforming to a serial character attribute protocol. 

Features 

• Microcomputer controlled for flexibility 
• High quality flicker-free display using a 

12 x 10 character matrix 
• Field flyback (lines 2 to 22), or full channel 

(all lines) data acquisition 
• Up to four simultaneous page requests enabling 

acquisition during one magazine cycle 
• ~irect interface up to 8 K bytes static RAM 

• Cursor control for videotex/telesoftware 
• 7-bits parity or 8-bit data acquisition 
• Extension packet reception option 
• Standard 12 C-bus slave transceiver (slave 

address 0010001) 
• Single 5 volt power supply 
• Mask programmable character sets 
• Slave sync mode operation 

• Automatic language section of up to seven 
different languages 

• Odd/even field output for de-interlaced displays 

• 25th display row for software generated status 
messages 

TTD 

TTC 

SDA 

SCL 

6 

7 

20 

19 

SAA5243 

DATA 

ACQUISITION 
I-----

r 

12C INTERFACE 

AND CONTROL 

I 
MEMORY INTERFACE 

r---

ODD / EVEN VDD (+ 5 V) 

I 
8 11 

9 

TIMING 
10 

CHAIN 11 

12 

13 

14 

CHARACTER 
15 

GENERATOR 16 

17 

18 

F6 

VCS 

SAND 

TCS/ 
SCS 

R 

G 

B 

COR 

BLAN 

Y 

~1 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 2 3 4 5 

V (~v) DO D2 D4 D6 AO A2 A4 A6 A8 Al0 A12 
-

- WE SS 
D3 Dl D5 D7 A1 A3 A9 All OE A5 A7 7Z96822 

Fig.1 Block diagram. 

PACKAGE OUTLINE 40-lead DI L; plastic (SOT129). 
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ORDERING INFORMATION 

type number 

SAA5243P /E/M2 

SAA5243P/H 

SAA5243P/K 

SAA5243P/L 

PINNING 

1 VDD 

version 

West European languages 

East European languages 

Arabic and English languages 

Arabic and Hebrew languages 

A10 

A11 A9 

AS 

A7 

A6 

A5 

A4 

ODD/EVEN B A3 

32 A2 

VCS 31 A1 
SAA5243 

AO 

TCS/SCS 07 

06 

05 

26 04 

COR 16 03 

BlAN 02 

01 

SCL 00 

SOA Vss 

7Z96824 

Fig.2 Pinning diagram. 

Power supply: + 5 V power supply piri. 

2,3,40 A 11, A 12, A 10 Chapter Address: three outputs that select which 1 K byte chapter 
of external RAM is being accessed for any read or write cycle. 

4 
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Output Enable: active low output signal used to control the 
reading of the external RAM. It occurs continuously at a 1 MHz 
rate. 



Enhanced computer controlled teletext circuits SAA5243 SERIES 

5 WE Write Enable: active low output signal used to control the writing 
of data to the external RAM. It occurs for a valid write cycle only 
and is interleaved with the read cycles. 

6 TTD Teletext Data: input from the SAA5231 Video Input Processor 
(VIP2). It is clamped to VSS for 4 to 8 tJS of each television line 
to maintain the correct DC level following the external AC 
coupling. 

7 TTC Teletext Clock: 6.9375 MHz clock input from the SAA5231. It is 
internally AC coupled to an active clamp input buffer. 

8 ODD/EVEN Odd/Even: for interlaced mode, the output changes once per field at 
2 tJs before the end of line 311 (624), The output is high for even 
fields and low for odd fields. 

9 F6 Character display clock: 6 MHz clock input from the 
SAA5231. It is internally AC coupled to an active clamp input 
buffer. 

10 VCS Video Composite Sync: input from the SAA5231 derived from 
the incoming video signal. Sync pulses are active high. 

11 SAND Sandcastle: 3-level sandcastle output to the SAA5231 containing 
the phase locking and colour burst blanking information. 

12 TCS/SCS Text Composite Sync/Scan Composite Sync: as an output an 
active low composite sync waveform (TCS) with interlaced or 
non-interlaced format (see Fig.6) which is fed to the SAA5231 
to drive the display timebases. Alternatively this pin can act as an 
input for an active low composite sync waveform (SCS) to 'slave' 
the display timing circuits. 

13,14,15 R,G,B Red, Green, Blue: these 3 open drain outputs are the character 
video signals to the television display circuits. They are active 
high and contain character and background information. 

16 COR Contrast Reduction: open drain, active low output which allows 
selective contrast reduction of the television picture to enhance 
a mixed mode display. 

17 BLAN Blanking: open drain, active high output which controls the 
blanking of the television picture for a normal text display and 
for a mixed display. 

18 y Character foreground: open drain, active high video output signal 
containing all the foreground information displayed on the 
television screen (e.g. for driving a d;c;play printer). 

19 SCL Serial Clock: input signal which is the 12C-bus clock from the 
microcontroller. 

20 SDA Serial Data: is the 12 C-bus data line. It is an input/output 
function with an open drain output. 

21 VSS Ground: 0 volts. 

22-29 00-07 8 RAM data lines: 3-state input/output pins which carry the data 
bytes to and from the external RAM. 

30-39 AO-A9 RAM address: 10 output signals that determine which byte 
location within a 1 K byte chapter of external RAM is accessed for 
any read or write cycle. 
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RATINGS 

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

parameter conditions symbol min. max. unit 

Supply voltage range pin 1 VOO -0.3 7.5 V 

Input voltage range 
VCS, SOA, SCl, 00-07 VI -0.3 7.5 V 

TTC, TTO, F6, TCS/SCS VI -0.3 10.0 V 

Output voltage rang~ _ 
SAND, AO-A 12, OE, WE, 
00-07, SOA, ODD/EVEN, 
R,G,B,BlAN,COR,Y Va -0.3 7.5 V 

TCS/SCS Va -0.3 10.0 V 

Storage temperature range Tstg -20 + 125 OC 

Operating ambient temperature range Tamb -20 +70 oC 
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Enhanced computer controlled teletext circuits SAA5243 SERIES 

CHARACTE R ISTICS 

Voo = 5 V ± 10%; VSS = 0 V; Tamb = -20 to + 70 °C unless otherwise specified 

parameter symbol min. typo max. unit 

SUPPLY 

Supply voltage (pin 1) VOO 4.5 5.0 5.5 V 

Supply current (pin 1) 100 ~ 160 270 mA 

INPUTS (note 1) 
I 

TTD (note 2) 

External coupling capacitor Cext - - 50 nF 

Input voltage (peak-to-peak value) VI(p_p) 2.0 - 7.0 V 

Input data rise and fall times (note 3) t r, tf 10 - 80 ns 

Input data set-up time (note 4) tos 40 - - ns 

Input data hold time (note 4) tOH 40 - - ns 

I nput leakage current 
at V I = 0 to 10 V III - - 20 p.A 

I nput capacitance CI - - 7 pF-

TTC; F6 (note 5) 

DC input voltage range VI -0.3 - + 10.0 V 

AC input voltage (peak-to-peak value) F6 VI(p_p) 1.0 - 7.0 V 

,AC input voltage (peak-to-peak value) TTC Vl(p_p) 1.5 - 7.0 V 

Input peaks relative to 50% duty cycle ± Vp 0.2 - 3.5 V 

TTC clock frequency fTTC - 6.9375 - MHz 

F6 clock frequency fF6 - 6.0 - MHz 

Clock rise and fall times (note 3) t r, tf 10 - 80 ns 

Input leakage current 
at V I = 0 to 10 V III - - 20 p.A 

I nput capacitance CI - - 7 pF 

VCS 

Input voltage LOW VIL 0 - 0.8 V 

Input voltage HIGH VIH 2.0 - VOO V 

Input rise and fall times (note 3) t r, tf - - 500 ns 

Input leakage current 
at VI = 5.5 V III - - 10 p.A 

Input capacitance CI - - 7 pF 
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CHARACTERISTICS (continued) 

parameter symbol min. typo max. unit 

SCL 

Input voltage LOW VIL 0 - 1.5 V 

Input voltage HIGH VIH 3.0 - VOO V 

SCL clock frequency fSCL 0 - 100 kHz 

Input rise and fall times (note 3) t r• tf - - 2 J.l.s 

I nput leakage cu rrent 
at VI = 5.5 V III - - 10 J.l.A 

I nput capacitance CI - - 7 pF 

INPUT/OUTPUTS (note 6) 

TeS (output)/SCS (input) 

Input voltage LOW VIL 0 - 1.5 V 

Input voltage HIGH VIH 3.5 - 10.0 V 

Input rise and fall times (note 3) t r• tf - - 500 ns 

I nput leakage cu rrent 
at V I = 0 to 10 V 
and output in high impedance state ± III - - 10 J.l.A 

Input capacitance CI - - 7 pF 

Output voltage LOW 
at IOL = 0.4 mA VOL 0 - 0.4 V 

Output voltage HI G H 
at -IOH = 0.2 mA VOH 2.4 - VOO V 
at 10 H = O. 1 mA VOH 2.4 - 6.0 V 

Output rise and fall times 
between 0.6 V and 2.2 V levels t r• tf - - 100 ns 

Load capacitance CL - - 50 pF 

SDA (note 7) 

I nput voltage LOW VIL 0 - 1.5 V 

I nput voltage HI G H VIH 3.0 - VOO V 

Input rise and fall times (note 3) t r• tf - - 2 /-LS 

Input leakage current 
at VI = 5.5 V with output off III - - 10 /-LA 

I nput capacitance CI - - 7 pF 

Output voltage LOW 
at IOL = 3 rnA VOL 0 - 0.5 V 

Output fall time 
between 3.0 V and 1.0 V levels tf - - 200 ns 

Load capacitance CL - - 400 pF 

602 February 19891 ( 



Enhanced computer controlled teletext circuits SAA5243 SERIES 

parameter symbol min. typo max. unit 

INPUT/OUTPUTS (continued) 

00-07 (note 8) 

I nput voltage LOW VIL 0 - 0.8 V 

Input voltage HIGH VIH 2.0 - VDO V 

Input leakage current 
at VI = 0 V to 5.5 V 
and output in high impedance state ± III - - 10 p.A 

I nput capacitance CI - - 7 pF 

Output voltage LOW 
at IOL = 1.6 rnA VOL 0 - 0.4 V 

Output voltage HIGH 
at -IOH = 0.2 rnA VOH 2.4 - VOD V 

Output rise and fall times 
between 0.6 V and 2.2 V levels t r, tf - - 50 ns 

Load capacitance CL - - 120 pF 

OUTPUTS (note 6) 

AO-A 12; OE; WE (note 8) 

Output voltage LOW 
at IOL = 1.6 rnA VOL 0 - 0.4 V 

Output voltage HI G H 
at -IOH = 0.2 rnA VOH 2.4 - VOD V 

Output rise and fall times 
between 0.6 V and 2.2 V levels t r, tf - - 50 ns 

Load capacitance CL - - 120 pF 

ODD/EVEN 

Output voltage LOW 
at IOL = 0.4 rnA VOL 0 - 0.4 V 

Output voltage HIGH 
at -IOH = 0.2 rnA VOH 2.4 - VOO V 

Output rise and fall times 
between 0.6 V and 2.2 V levels t r, tf - - 100 ns 

Load capacitance CL - - 50 pF 

SAND (note 9) 

Output voltage LOW 
at IOL = 0.2 mA VOL 0 - 0.25 V 

Output voltage INTERMEDIATE 
at 10 L = ± 10 p.A VOl 1.1 - 3.1 V 
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CHARACTERISTICS (continued) 

parameter symbol min. typo max. unit 

SAND (continued) 

Output voltage HI G H 
at 10 H = 0 to -10 J,LA VOH 4.0 - VOO V 

Output rise time VOL to VOl 
between 0.4 V and 0.9 V levels tr1 - - 400 ns 

Output rise time VOl to VOH 
between 3.3 V and 3.8 V levels tr2 - - 200 ns 

Output fall time VOH to VOL 
between 3.8 V and 0.4 V levels tf - - 50 ns 

Load capacitance CL - - 30 pF 

R;G;B;COR;BLAN;Y (note 10) 

Output voltage LOW 
at IOL = 2 mA VOL 0 - 0.4 V 

Output voltage LOW 
at IOL = 5 mA VOL 0 - 1.0 V 

Pull-up voltage as seen at pin VPU - - 6.0 V 

Output fall time with a load resi~tor 
of 1.2 kS1 to 6 V and measured between 
5.5 V and 1.5 V tf - - 20 ns 

Skew delay between outputs with a load 
resistor of 1.2 kS1 to 6 V and measured 
on the falling edges at 3.5 V tSK - - 20 ns 

Load capacitance CL - - 25 pF 

Output leakage current 
at V PU = 0 to 6 V with output off ILO - - 10 J,LA 

TIMING 

12C-bus (note 11) 

Clock low period tLOW 4 - - J,Ls 

Clock high period tHIGH 4 - - J,Ls 

Oata set-up time tsu; OAT 250 - - ns 

Oata hold time tHO; OAT 170 - - ns 

Stop set-up time from clock high tsu; STO 4 - - J,Ls 

Start set-up time following a stop tauF 4 - - J,Ls 

Start hold time tHO; STA 4 - - J,Ls 

Start set-up time following clock 
low-to-high transition tsu; STA 4 - - J,Ls 
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parameter symbol min. typo max. 

TIMING (continued) 

Memory interface (note 12) 

Cycle time tCY - 500 -
Address change to OE LOW tOE 60 - -
Address active time tADDR 450 500 -
-
OE pulse duration tOEW 320 - -

Access time from OE to data valid tACC - - 200 

Data hold time from OE HIGH or 
address change tDH 0 - -

Address change to WE LOW tWE 40 - -
WE pulse duration tWEW 200 - -
Data set-up time to WE HIGH tDS 100 - -
Data hold time from WE HIGH tOHWE 20 - -
Write recovery time tWR 25 - -

Notes to the characteristics 

1. All inputs are protected against static charge under normal handling. 

2. The TTO input incorporates an internal clamping diode in addition to the active clamping 
transistor (see Fig.3). 

3. Rise and fall times between 10% and 90% levels. 

unit 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

4. Teletext input data set-up and hold times are with respect to a 50% duty cycle level of the rising 
edge of the teletext clock input (TTC). Data stable 1 ~ 2.0 V; data stable 0 ~ O.B V (see Fig.4). 

5. The TTC and F6 inputs have internal clamping diodes and are AC coupled (see Fig.3). 

6. All outputs and input/outputs are protected against static charge under normal handling and 
connection to VDD and VSS. 

7. For details of 1
2 C-bus timing see Fig.B. 

B. For details of RAM timing see Fig.9. 

9. For details of synchronization timing see Fig.5. 

10. For details of display output timing see Fig.7. 

11. The 12 C-bus timings are referred to VIH = 3 V and VI L = 1.5 V. For waveforms see Fig.B. 

12. The memory interface timings are referred to V I L '" 1.5 V. For waveforms see F ig.9. 
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SAA5243 

9 ~haracter display clock input 
F6 -+~+-~ to 

timing chain 

:J: 

~teletext clock input 
TTC -+-+-~ to 

data acquisition circuit 

J: 
teletext data input 

~----- to 
data acquisition circuit 

t clamping pulses from timing circuit 
from time 4 j.lS to 8 j.lS of each 
television line to maintain correct 
DC level following external AC coupling 

(a) 

v 

o~-------------

shaded regions equal in area 

lZ91395.P 

(b) 

Fig.3 (a) F6, TTC and TTD input circuitry (b) input waveform parameters. 
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TTe 

tey 
144 ns typ 

-- tos .... -- tOH"" 
40 ns min. 40 ns min. 80ns max. 

TTO -~ data stable ~ data stable ~ 
I 1......---

I I 
data may change data may change data may change 7Z91396 

Data stable: 1 is ~ 2.0 V; a is ~ O.S V. 

Fig.4 Teletext data input timing. 

Tes~ 
I I 
o 4.67 

~ND br-----------I """"'---- ------ph~, lock off L 
I I 

1.5 8.5 

all timings in J.lS 

I 

33.5 

Fig.5 Synchronization timing. 

7Z96825 
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o 
(X) 

'"T1 
CD 
g-
C 
Q) 
-t 
'< 
...... 
CO 
(X) 
CO 

LSP 
u-- ---- ----- -- L 
I I I 
o 4B6 64 

EP U LJ ~ 
I I I I I 
o 2.33 32 34.33 64 

BPIl n IL 
I I I I I 
o 27.33 32 59.33 64 

all timings in IlS 

TCS 
( interlaced) 

I I I I i I I I I 
621 622 623 624 625 2 3 4 5 

(308) (309) (310) (311) (312) 

TCS 
( interlaced) ----I ---I r I I j 

314 315 316 317 318 319 
(1) (2) (3) (4) (5) (6) 

------------ ------- - ---------

TCS 
( non· interlaced) 

I I I" f i , I I , I 
308 309 310 311 312 2 3 4 5 6 

numbers shown at end of line 

( equivalent count numbers in brackets) 7Z91401 

Line sync pulses (LSP), equalizing pulses (EP) and broad pulses (BP) are combined to provide the text composite sync waveform (TCS) as shown. 
All timings measured from falling edge of LSP with a tolerance of ± 100 ns. 

Fig.6 Composite sync waveforms. 
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LSP U 
(TCS) 

R,G,B, Y 
(1) 

I I 
o 4.66 

I 
o 

I 

16.67 

display period 

(a) LINE RATE 

SAA5243 SERIES 

"' 
I 

56.67 

L 
I 

64 

all timings in J.l.S 

1- lines 42 to 291 inclusive (and 355 to 604 inclusive interlaced) _I 

SDA 

SCL 

SDA 

R,G,B,Y 

(1) 
I 
o 

I 

41 

(1) also BLAN in character and box blanking 

display period 

(b) FIELD RATE 

Fig.7 Display output timing (a) line rate (b) field rate. 

-tSUF-

-- tHD;STA -

7Z87013.2 tSU;STA 

Fig.8 12 C-bus timing. 

I 
291 

I 
312 

line numbers 

7291398 

tSU;STO 
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ADDRESS 
AO-A12 

DATA 
FROM 
RAM 

\ •• ----- tCY ----_'1 
___ ~----v-all-d---~I 0 __ _ 

1_--tADDR_ 

- tOE I-

t 

1

---tOEW --I 
- tACC 1--- -I tDH [-

------------.X valid data output X,..----
(a) READ 

1 .. ----- tCY -----'1 
:~~~:~ ____ ~~ ___ v_al_id ____ ~~ __ 

J 'WE 

WE 

DATA 
TO 

RAM 

1_ -l twR
-

----------~II ~---------

1- tWEw--1 

[- tDS -1 __ - tDHWE -I 

________ --'X valid data input >C'. 
(b) WRITE 

7Z91399 

Fig.9 Memory interface timing (a) read (b) write. 
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Fig. 10 ECCT based multi-page decoder circuit diagram. 
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APPLICATION INFORMATION (continued) 

ECCT page memory organization 

The organization of a page memory is shown in Fig.ll. The ECCT provides an additional row 
compared with first generation decoders bringing the display format up to 40 characters by 25 rows. 
Rows 0 to 23 form the teletext page as broadcast and row 24 is the extra row available for user
generated status messages. 

A MORE DETAILED DESCRIPTION OF ECCT OPERATION AND APPLICATION IS AVAILABLE 
ON REQUEST. fixed character 

written by ECCT hardware 

7 characters alphanumerics white for normal 
for status I alphanumerics green when looking 
~ for display page 

t-

t-

r-

I-

-
-

I 
24 characters from page header 

rolling when display page looked for 

MAIN PAGE DISPLAY AREA 

this row always free for status 

10 I 14 J 
10 bytes for 14 bytes 

received free for use 
page information by microcomputer 

I 

8 characters 
always rolling 

(time) 
~ 

8 

-
-

-

ROW 
o 
1 

2 

3 

-:j: 
I 20 
I 
I 

-

-
-

21 

22 

23 

24 

25 

7Z96823 

Fig.ll Page memory organization. 

Table 1 Row 25 received control data format 

PUO PTO MUO MTO 
PUl PTl MUl MTl 
PU2 PT2 MU2 MT2 
PU3 PT3 MU3 C4 

DO 
Dl 
D2 
D3 
D4 
D5 
D6 
D7 

HAM.ER HAM.ER HAM.ER HAM.ER 
0 
0 
0 

Column 0 

Where: 

MAG 
PU 
PT 
PBLF 

0 0 0 
0 0 0 
0 0 0 

2 3 

magazine l 
page units J page number 
page tens 
page being looked for 

HUO 
HUl 
HU2 
HU3 
HAM.ER 
0 
0 
0 

4 

FOUND 
HAM.ER 

LOW for page has been found 
Hamming error in corresponding byte 
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HTO 
HTl 
C5 
C6 
HAM.ER 
0 
0 
0 

5 

MU 
MT 
HU 
HT 
C4-C14 

C7 Cll MAGO 0 
C8 C12 MAGl 0 
C9 C13 MAG2 0 
Cl0 C14 0 0 
HAM.ER HAM.ER FOUND 0 
0 0 0 PBLF 
0 0 0 0 
0 0 0 0 

6 7 8 9 

minutes units 
minutes tens ) 
hours units page sub-code 

hours tens 
transmitted control bits 
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RowO 

Row 0 is for the page header. The first seven columns (0 to 6) are free for status messages. The eighth 
is an alphanumeric white or green control character, written automatically by ECCT to give a green 
rolling header when a page is being looked for. The last eight characters are for rolling time. 

Row 25 

The first 10 bytes of row 25 contain control data relating to the received page. Seven digits are used to 
identify a page as shown in Table 1. The remaining 14 bytes are free for use by the microcomputer. 

Register maps 

ECCT mode registers R1 to R11 are shown in Table 2. R1 to R10 are WRITE only; R11 is 
READ/WRITE. 
Register map (R3), for page requests, is shown in detail in Table 3. 

Table 2 ECCT register map 

07 06 05 04 03 02 01 DO 

TA 7+Pi ACO. EXTENSION DEW/ TCS T1 TO 

8 BIT ON/OFF PACKET FULL ON Rl Mode 

ENABLE FIELD 

- BANK ACO. ACO. TB START START START 
) 

SELECT CCT CCT COLUMN COLUMN COLUMN R2 
Page request 

A2 Al AO SC2 SCl SCO 

- - - PRD4 PRD3 PRD2 PRD1 PRDO 
) 

address 

R3 Page request data 

- - - - - A2 Al AO 

BKGND BKGND COR COR TEXT TEXT PON PON 

OUT IN OUT IN OUT IN OUT IN 

BKGND BKGND COR COR TEXT TEXT PON PON 

OUT IN OUT IN OUT IN OUT IN 

STATUS CURSOR CONCEAL! TOP/ SINGLE/ BOX ON BOX ON BOX ON 

) R4 Display chapter 

Display control 
R5 

) (normal) 

Display control 
R6 

) (newsflash/subtitle) 

ROW ON REVEAL BOTTOM DOUBLE 24 1-23 0 Rl Display mode 

BTM/TOP HEIGHT 

- - - - CLEAR A2 Al AO 

MEM. 

- - - R4 R3 R2 R1 RO 

- - C5 C4 C3 C2 Cl CO 

07 06 05 04 03 02 01 DO 
(R/W) (R/W) (R/W) (R/W) (R/W) (R/W) (RM) (R/W) 

R8 Active chapter 

) 
) 

R9 Active row 

Rl0 Active column 

) 
Rll Active data 

- bit does not exist 

Notes to Table 2 

The arrows shown on the right of the register map indicate that the register auto-increments to the next 
one on the following 1

2 C transmission byte. TA and TB must be logic 0 for normal operation. 
All bits in registers R1 to R10 are cleared to logic 0 on power-up except bits DO and Dl of registers 
R5 and R6 which are set to logic 1. 
All memory is cleared to 'space' (00100000) on power-up, except row 0 column 7 chapter 0, which is 
'alpha white' (00000111) as the acquisition circuit is enabled but all pages are on hold. 
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APPLICATION INFORMATION (continued) 

Table 2 (continued) 

Where: 

R1 Mode 

TO, T1 
TCS ON 
DEW/FULL FIELD 
7+P/8 BIT 

TA, TB 

R2 Page request address 

START COLUMN 
ACO CCT 
BANK SELECT 

R3 Page request data 

R4 Display chapter 

R5, R6 Display control 
paN 
TEXT 
COR 
BKGND 

interlace/non-interlace 312/313 line control 
text composite sync or direct sync select 
field-flyback or fu II channel mode 
7 bits with parity checking or 8-bit mode 

test bits; 0 for normal operation 

start column for page request data 
selects one of four acquisition circuits 
selects bank of four pages being addressed for acquisition 

see Table 3 

determines which of the 8 pages is displayed 

for normal and newsflash/subtitle 
picture on 
text on 
contrast reduction on 
background colour on 

These functions have I N and OUT referring to inside and outside the boxing function respectively. 

R7 Display mode 

BOX ON 0 (1-23,24) boxing function allowed on row 0 (row 1-23,24) 
STATUS ROW BTM/TOP row 25 displayed above or below the mClin text 

R8 to R 11 
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Table 3 Register map for page requests (R3) 

Start 
Column 

o 

2 

3 

4 

5 

6 

Notes to Table 3 

PRD4 

Do care 
Magazine 

Do care 
Page tens 

Do care 
Page units 

Do care 
Hours tens 

Do care 
Hours units 

Do care 
Minutes tens 

Do care 
Minutes units 

PRD3 

--
HOLD 

PT3 

PU3 

X 

HU3 

X 

MU3 

Abbreviations are as for Table 1 except for DO CAR E bits. 

PRD2 PRD1 PRDO 

MAG2 MAG1 MAGO 

PT2 PT1 PTO 

PU2 PU1 PUO 

X HT1 HTO 

HU2 HU1 HUO 

MT2 MTl MTO 

MU2 MUl MUO 

When the DO CARE bit is set to logic 1 this means the corresponding digit is to be taken into account 
for page requests. If the DO CA R E bit is set to logic 0 the digit is ignored. This allows, for example, 
'normal' or 'timed page' selection. 
If HOLD is set LOW, the page is held and not updated. 
There are four groups of data shown in Table 3, one for each ac,;quisition circuit (four simultaneous 
page requests). 
Columns auto-increment on successive 12 C transmission bytes. 
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APPLICATION INFORMATION (continued) 

CHARACTER SETS 

Several versions of the ECCT are available, offering a variety of character sets. The full character sets 
are shown in Tables 4a to 4d. 

The world system teletext specification allows the selection of national character sets via the page 
header transmission bits, C12 to C14. These bits are automatically decoded by the ECCT, the resulting 
character sets are shown in Tables 6a to 6d. For certain languages, control software processing of the 
extension packet data may be required for optimum useage of the range of available characters. See 
Fig. 12 for alphanumeric and graphic options. 

alphanumerics and 
graphics 'space' 

character 
2/0 

contiguous 
graph ics character 

7/6 

February 19891 ( 

alphanumerics 
character 

2/13 

separated 
graph ics character 

7/6 

alphanumerics or 
blast· through 
alphanumerics 
character 4/8 

separated 
graphics character 

7/15 

F ig.12 Alphanumeric and graphic options. 

alphanumerics 
character 

7/15 

I 
1 
1 
1 

---"1----
1 

I 
1 

----1----
1 
1 
1 
1 

7 Z91406 

contiguous 
graphics character 

7/15 

0 - display 
- colour 
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Table 4a Character data input decoding, West European languages (SAA5243P/E/M2) 

B bS- 0 0 Oor 1 0 o or 1 0 0 
I b7- 0 0 0 0 0 0 1 
T ba- 0 0 1 1 1 1 0 
S 

b5 -
a 1 0 a 1 1 0 

b4 b3 b2 b1 I t t •• ~umn 0 1 2 28 3 3. 4 
0 
w alpha-

graphics D D [g] ~ [§J o 0 a 0 0 numerics 
black black 

alph.-
graphics rn LJ rn CJ [BJ o 0 0 1 1 numerics 

red red 

alpha-
graphics ~ [j ~ ~ ~ o 0 1 0 2 numerics 

green green 

alpha-
graphics ~ U ~ ~ [g o 0 1 1 3 numerics 

yellow yellow 

alpha-
graphics m ~ ~ iJ [g o 1 0 0 4 numerics 

blue blue 

alpha-
graphics ~ ~ [§ IJ ~ o 1 0 1 5 numerics 

magenta magenta 

alpha-
graphics ~ ~ ~ ij [] o 1 1 0 6 numerics 

cyan cyan 

alpha-** 
graphics ~ ~ ~ Ij ~ o 1 1 1 7 numerics 

white white 

1 0 0 0 8 flash 
conceal [] ~ ~ ~ B display 

** [l] ~ ~ ~ ~ 1 0 0 1 9 steady contiguous 
graphics 

** 

~ ~ [] ~ [J 1 0 1 a 10 end box 
separated 
graphics . 

[!] ~ [;J ~ [g] 1 0 1 1 11 start box ESC 

12 norm. I 
black •• [:J ~ ~ ~ [Q 1 1 a 0 back-

height ground 

13 double 
new EJ ~ §] ~ ~ 1 1 0 1 back-height ground . 

GJ ~ ~ ~ ~ 1 1 1 0 14 ~ hold 
graphics . 

[Z] ~ ~ ~ [Q] 1 1 1 1 15 g release 
graphics 

.. These control characters are reserved for compatibility with other data codes 

** These control characters are presumed before each row begins 

0 0 0 1 1 1 1 1 1 
1 1 1 0 0 1 1 1 1 

0 1 1 0 0 0 0 1 1 
1 0 1 0 1 0 1 0 1 

5 6 s. 7 7. 8 9 12 13 14 15 

~ ~ Q [Q ~ m ~ ~ ~ rn [8J 
[Q] ~ ~ ~ ~ D ~ lY ~ ~ ~ 
~ [§ ~ [!J ~ ~ ~ ~ ~ [QJ [g] 

~ ~ ~ l§] = ~ ~ ~ ~ ~ [!J 
[] ~ ~ ~ ~ m ~ m 00 m 00 
[g] ~ ~ ~ ~ ~ ~ ~ [B ~ [Q] 
[S?] [] ~ lY1 ~ W ~ [§] ~ [g] [Q] 

~ [g ~ ~ Ie [!J ~ c:J [Q ~ [Q] 
[g] [6] [j ~ ~ [J]J [g [Q] [Q] [!] ~ 
[Y] [!] Li M ~ ~ ~ ~ ~ ~ ~ 
~ [] [J ~ ~ ~ [QJ [!] ~ ~ ~ 
[8J ~ LI ~ ~ ~ [8J ~ ~ ~ ~ 
[g [l] ~ [g iii ~ [g ~ ~ ~ ~ 
[Q] ~ ~ [QJ Ii ~ ~ ~ ~ rn ~ 
~ [6J ~ [6J ~ [t] [Q] LtJ [!J [Q] ~ 
D [Q] ~ ~ • ~ D ~ ~ LY ~ 

7Z96828.4 
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APPLICATION INFORMATION (continued) 

Table 4b Character data input decoding, East European languages (SAA5243P/H) 

B ba- 0 0 Oor 1 0 Oor 1 0 0 
I 

b7 - 0 0 0 0 0 0 1 
T 

b6 - 0 0 1 1 1 1 0 
S 

b5 - 0 1 0 0 1 1 0 
b4 b3 b2 b1 
~ ••• ~umn 0 1 2 2a 3 3a 4 
~o 

w alpha-
graphics D D [g] ~ rn o 0 0 0 0 numerics 

black black 

alpha-
graphics rn LJ [!] (] [BJ o 0 0 1 1 numerics 

red red 

alpha-
graphics rJ U ~ ~ ~ o 0 1 0 2 numerics 

green green 

alpha-
graphics [i lj ~ ~ [Q o 0 1 1 3 numerics 

yellow yellow 

alpha-
graphics ~ ~ ~ iJ ~ o 1 0 0 4 numerics 

blue blue 

alpha-
graphics ~ ~ l§ IJ ~ o 1 0 1 5 numerics 

magenta magenta 

alpha-
graphics ~ ~ ~ ij [EJ o 1 1 0 6 numerics 

cyan cyan 

alpha-** 
graphics .~ ~ ~ Ij ~ o 1 1 1 7 numerics 

white white 

1 0 0 0 8 flash conceal ~ ~ ~ ~ BJ display 

** m ~ ~ ~ ~ 1 0 0 1 9 steady 
contiguous 

graphics 

** 

~ [] W ~ g 1 0 1 0 10 end box separated 
graphics . 

[!] ~ [D ~ [g] 1 0 1 1 11 start box ESC 

12 normal 
black ** [:J ~ ~ ~ [Q 1 1 0 0 back-height 

ground 

13 double 
new EJ ~ EJ ~ ~ 1 1 0 1 back-height 

ground 

* 

GJ ~ ~ ~ ~ 1 1 1 0 14 ~ hold 
graphics . 

[ZJ ~ [71 ~ (g 1 1 1 1 15 g release 
graphics 

* These control characters are reserved for compatibility with other data codes 

** These control characters are presumed before each row begins 
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0 0 0 1 1 
1 1 1 0 0 

0 1 1 0 0 
1 0 1 0 1 

5 6 6a 7 7a 8 9 

[e ~ ~ [Q ~ [§J ~ 
[Q] ~ ~ [g] ~ ~ ~ 
~ ~ ~ La ~ ~ ~ 
~ ~ ~ [§] C ~ [Q] 
m [Q] ~ ~ iJ [I ~ 
[Q] ~ ~ ~ ~ [m ~ 
[2] [E ~ ~ ~ il ~ 
~ [QJ ~ ~ ~ ~ ~ 
~ [I] [j ~ ~ [Q] [Q] 
L!J [!] Li 00 ~ [g ~ 
~ [] [J ~ ~ ~ [g 

~ ~ LI ~ ~ ~ ~ 
~ [l1 ~ [iJ ii [Q] [Q] 
~ m ~ ~ Ii g ~ 
00 ~ ~ 00 iI ~ g 
[!] [QJ ~ ~ • D D 

1 1 1 1 
1 1 1 1 

0 0 1 1 
0 1 0 1 

12 13 14 15 

[g [iJ ~ ~ 
~ [iJ [g [g] 
~ ~ [g ~ 
[EJ ~ ~ [J 
~ [!] ~ ~ 
~ ~ [g [!] 

~ ~ [g [g 
[!] ~ ~ ~ 
~ [§ ~ ~ 
~ ~ ~ ~ 
[§] ~ [§] [a 
~ ~ ~ ~ 
~ ~ ~ ~ 
00 ~ [g rn 
[!] [9 ~ [Y] 
ra [g ~ [§ 

lZ22491.4 



Enhanced computer controlled teletext circuits SAA5243 SERIES 

Table 4c Character data input decoding, Arabic and English languages (SAA5243P/K) 

B ba- 0 0 o or 1 0 Oor 1 0 0 
I 

b7 - 0 0 0 0 0 0 1 
T 

ba- 0 0 1 1 1 1 0 
S 

bS - 0 1 0 0 1 1 0 

b4 b3 b2 b1 column 0 

* t * * ~ 
1 2 2. 3 3. 4 

w alpha-
graphics D D [g] ~ ~ o 0 0 0 0 numerics 

black black 

alpha-
graphics rn LJ [JJ ~ [BJ o 0 0 1 1 numerics 

red red 

alpha-
graphics ~ [j ~ ~ ~ o 0 1 0 2 numerics 

green green 

alpha-
graphics ~ U ~ Cj [g o 0 1 1 3 numerics 

yellow yellow 

alpha-
graphics m ~ ~ iJ [QJ o 1 0 0 4 numerics 

blue blue 

alpha-
graphics ~ [] [§ IJ ~ o 1 0 1 5 numerics 

magenta magenta 

alpha-
graphics ~ ~ ~ ij [Ej o 1 1 0 6 numerics 

cyan cyan 

alpha-** 
graphics ~ ~ ~ Ij ~ o 1 1 1 7 numerics 

white white 

1 0 0 0 8 flash 
conceal ~ ~ ~ ~ [8] display .. m ~ ~ ~ [!] 1 0 0 1 9 steady contiguous 
graphics .. 
~ ~ IT] ~ g 1 0 1 0 10 end box 

separated 
graphics 

1 0 1 1 11 start box TWIST [±J ~ [1J ~ ~ 
12 normal 

black •• [J ~ ~ ~ [Q 1 1 0 0 back-
height ground 

13 double 
new EJ ~ EJ ~ ~ 1 1 0 1 back-height ground . 

[J ~ ~ ~ ~ 1 1 1 0 14 ~ hold 
graphics . 

[Z] ~ l7J ~ [Q] 1 1 1 1 15 ~ 
release 

graphics 

* These control characters are reserved for compatibility with other data codes 

** These control characters are presumed before each row begins 

0 0 o or 1 0 Oor 1 1 1 1 1 1 1 
1 1 1 1 1 0 0 1 1 1 1 

0 1 1 1 1 0 0 0 0 1 1 
1 0 0 1 1 0 1 0 1 0 1 

S 6 6. 7 7a 8 9 12 13 14 15 

[B 8 Q [Q ~ ~ G ~ ~ g Q 
[Q] ~ ~ [gJ ~ [E] rn ~ [] ~ ~ 
~ [§ ~ [a ~ IT] [[] ~ [] ~ ~ 
~ [g ~ [§ C [!] rJ g g ~ ~ 
m [a ~ ~ iJ [] ~ ~ ~ ~ ~ 
[g] ~ ~ ~ ~ rn B § ~ §J ~ 
~ [f] ~ [YJ ~ [J OJ 0 ~ ~ ~ 
~ [g ~ ~ ~ ~ ~ rn ~ ~ ~ 
~ [6] [j ~ ~ m ~ ~ ~ ~ ~ 
~ rn Li 00 Ci ~ ~ B ~ ~ [J 

~ [] [J ~ ~ ~ ~ ~ ~ ~ ~ 
~ ~ LI ~ ~ [!] [f) ~ ~ ~ ~ 
~ [!] ~ [(J] ii ~ ~ ~ ~ ~ ~ 
~ rn ~ ~ ~ ~ ~ ~ ~ ~ ~ 
[t] [D] ~ ~ iI ~ ~ ~ ~ ~ rnJ 
~ [Q] ~ ~ • l£J §] ~ ~ ~ [I 

7Z22660.3 
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SAA5243 SERIES l 
-------------

APPLICATION INFORMATION (continued) 

Table 4d Character data input decoding, Arabic and Hebrew languages (SAA5243P/L) 

B bB - 0 0 Oor 1 0 Oor 1 0 0 
I 

b7 - 0 0 0 0 0 0 1 
T b6- 0 0 1 1 1 1 0 
S 

b5 - 0 1 0 0 1 1 0 

b4 b3 b2b1 I 
• + •• ~umn 0 1 2 2a 3 3a 4 

w alpha-
graphics D D [II ~ m o 0 0 0 0 numerics 

black black 

alpha-
graphics [] LJ rn ~ ~ o 0 0 1 1 numerics 

red red 

alpha-
graphics U U ~ ~ [g o 0 1 0 2 numerics 

green green 

alpha-
graphics [; lj [3 Cj [g o 0 1 1 3 numerics 

yellow yellow 

alpha-
graphics ~ ~ g] iJ ~ o 1 0 0 4 numerics 

blue blue 

alpha-
graphics ~ ~ ~ [] ~ o 1 0 1 5 numerics 

magenta magenta 

alpha-
graphics ~ ~ ~ ij [J o 1 1 0 6 numerics 

cyan cyan 

alpha-** 
graphics ~ ~ ~ Ij ~ o I 1 1 7 numerics 

white white 

1 0 0 0 B flash 
conceal [] ~ IJ ~ H display .. .. m ~ ~ ~ [IJ 1 0 0 1 9 steady, 

contiguous 
graphics 

** 

~ ~ [!] ~ g 1 0 1 0 10 end box separated 
graphics 

1 0 1 1 11 start box TWIST [!] ~ [i] ~ [KJ 
12 normal 

black •• [J ~ ~ ~ [I:] 1 1 0 0 back-
height ground 

13 double 
new EJ ~ EJ ~ H 1 1 0 1 back-height 

ground . 
[J ~ ~ ~ ~ 1 I 1 0 14 ~ hold 

graphics . .. 
[ZJ ~ ~ ~ [a 1 I I 1 15 g release 

graphics 

• These control characters are reserved for compatibility with other data codes 

•• These control characters are presumed before each row begins 

620 February 19891 ( 

0 0 Oor 1 0 Oor 1 1 1 1 
1 1 1 1 1 0 0 1 

0 1 1 1 1 0 0 0 
1 0 0 1 1 0 1 0 

5 6 6a 7 78 B 9 12 

~ ~ ~ [l] ~ [lj G ~ 
~ ~ ~ ~ ~ [fJ rn ~ 
~ ~ ~ ~ ~ OJ [[] ~ 
~ [] ~ ~ = [!] ~ g 
ITJ iJ] ~ ~ ~ C; ~ ~ 
[g rn ~ ~ ~ [I] B ~ 
~ rn ~ ~ ~ [J OJ [] 
~ [JJ ~ ~ -= ~ ~ rn 
[g] ~ [j LJ] ~ m ~ ~ 
ltJ ~ Li W ~ [] ~ ~ 
[ZJ [] [J [J] ~ ~ [lj ~ 
~ ~ LI [I CI [] [fJ ~ 
~ L2J ~ [II] iii ~ ~ ~ 
~ DJ ~ ~ Ii ~ ~ ~ 
[I] g ~ ~ iI ~ ~ ~ 
fi1 [] ~ IJ • ~ [g ~ 

1 1 1 
1 1 1 

0 1 1 
1 0 1 

13 14 15 

~ g ~ 
[] ~ ~ 
[] ~ ~ 
g ~ ~ 
~ ~ ~ 
~ ~ ~ 
~ ~ ~ 
~ ~ ~ 
~ ~ ~ 
~ ~ [J 
~ ~ ~ 
~ ~ ~ 
~ ~ ~ 
~ ~ ~ 
~ ~ rnJ 
~ ~ • 7Z22679.3 



Enhanced computer controlled teletext circuits SAA5243 SERIES 

Notes to Table 4 

1. Control characters shown in columns 0 and 1 are normally displayed as spaces. 

2. Codes may be referred to by column and row. For example 2/5 refers to %. 

3. Black represents displayed colour. White represents background. 

4. Character rectangle shown as follows: 0 

5. National option characters are shown in Table 6. 

6. Characters 8/6,8/7,9/5,9/6 and 9/7 are special characters (for /E and /H character tables only) 
to combine with character 8/5. 

7. With bit 8 = 0 national option character will be decoded according to the setting of control bits 
C12 to C14 (see Table 6). 

Purchase of Philips' 1
2 C components conveys a license under the 

Philips' 12 C patent to use the components in the 12 C-system provided 
the system conforms to the 12 C specifications defined by Philips. 

') (February 1989 621 



en 
N 
N 

APPLICATION INFORMATION (continued) 
"T1 g. Table 5 SAA5243 basic character matrix 
c:: 

i •••• 8 ••• 8 ••• 
•••••••••••• ••••• 111111 •• 1111 
81111 •• 11.8 •• 118 
811_ •••• 8.IIU.8 
1I1I.1li1I1J_CJ ••• CJ 
11111111 •• 1118 ••• 8 
2/7 2/15 3/7 3/15 4/7 4/15 5/7 5/15 6/7 6/15 7/7 7/15 

1I •••••• [JIII.II~i 
7Z91405 

Where: NC national option character position. 

en » » 
01 
J\) 
~ 
CAl 

en 
m 
:IJ 
m en 



"T1 
CD 
0-
~ 

c 
C» 

-< 
(0 
ex> 
(0 

0') 
I\) 
w 

Table 6a SAA5243P/E/M2 national option character set 

PHCB (1) CHARACTER POSITION (COLUMN/ROW) 
LANGUAGE 

C12 C13 C14 2/3 2/4 4/0 5/11 5/12 5/13 5/14 5/15 6/0 7/11 7/12 7/13 7/14 

ENGLISH 0 0 0 ~ m ~ ~ 5] ~ [f] ~ 8 ~ [II] ~ 0 
GERMAN 0 0 1 ~ IJ [S] [BJ [Q] [QJ ~ D ~ ~ [g [g ~ 
SWEDISH 0 1 0 ~ [§] ~ [BJ [Q] ~ [QJ D ~ ~ [g ~ [g 
ITALIAN 0 1 1 ~ m ~ ~ [g ~ [f] ~ ~ ~ [Q] ~ [!] 
FRENCH 1 0 0 ~ 00 ~ .~ ~ ~ 00 ~ ~ ~ [Q] ~ [g 
SPANISH 1 0 1 [g m rn ~ ~ [!] [g ~ ~ [g [!5] ~ ~ 

--

lZ22659.2 

(1) Where PHCB are the Page Header Control bits. Other combinations of PHCB default to English. 
Only the above characters change with the PHCB. All other characters in the basic set are shown 
in Table 5. 

m 
~ 
:::T 
C» 
~ 

£ c.. 
(') 

o 
3 

"C 
c: 

~ 
(') 

o 
~ 
.-+ 

~ 
Ci) 
c.. 
S
Ci) 

S-
>< .-+ 
(') :;. 
(') 
c: 
~: 

en » » 
01 
I\) 
~ 
W 

en 
m 
JJ 
m en 



0) 
N 
~ 

" CD 
g-
c: 
III 

-< 
c.o 
CX) 
c.o 

APPLICATION INFORMATION (continued) 

Table 6b SAA5243P/H national option character set 

PHCB (1) CHARACTER POSITION (COLUMN/ROW) 
LANGUAGE 

C12 C13 C14 2/3 2/4 4/0 5/11 5/12 5/13 5/14 5/15 6/0 7/11 7/12 7/13 7/14 

POLISH 0 0 0 [i ~ iJ ~ ~ ~ [g [g [i ~ [§J [!] ~ 
GERMAN 0 0 1 [I [I [S] [8] g [Q] ~ D ~ ~ [Q] [g ~ 
SWEDISH 0 1 0 [I ~ ~ [8] g ~ [Q] D ~ ~ [g ~ [g 
SERBO·CROAT 1 0 1 [i [Q ~ ~ ~ [g ~ ~ [g [g ~ ~ ~ 
CZECHOSLOVAK 1 1 0 [I ~ [g ,~ ~ 00 [!] [a ~ ~ ~ ~ ~I 
RUMANIAN 1 1 1 [i ~ m ~ [SJ ~ 00 ~[tJ~[i~[!] 

"---- -

7Z22658.1 

(1) Where PHCB are the Page Header Control bits, Other combinations of PHCB default to German. 
Only the above characters change with the PHCB. All other characters in the basic set are shown 
in Table 5. 

(J) 
» » 
0'1 
N 
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m 
JJ 
m 
(J) 



Enhanced computer controlled teletext circuits SAA5243 SERIES 

Table 6c SAA5243P/K national option character set 

2 345 6 7 2 3 4 5 6 7 

0 D [g m [E] 8 [Q 0 D [g ~ ~ g Q 
1 rn [!] ~ ~ ~ [g] 1 [] [!] ~ [] ~ ~ 
2 ~ ~ [§] [@] [§ [a 2 ~ ~ ~ [] ~ ~ 
3 ~ [J ~ [SJ [g [§ 3 [; [J g g ~ ~ 
4 [I ~ [Q] m [gJ ~ 4 [I ~ ~ ~ ~ ~ 
5 ~ [; ~ [g ~ ~ 5 ~ [; § ~ ~ ~ 
6 ~ ~ [EJ ~ [E [Y] 6 [J ~ 0 ~ ~ ~ 
7 ~ ~ ~ ~ [9] [WJ 7 ~ ~ IT] ~ ~ ~ 
8 [] [g B ~ [5] ~ 8 [1J [g ~ ~ ~ ~ 
9 [1J ~ [!J 00 [] 00 9 [] ~ ~ ~ ~ [J 

10 ~ IT] g ~ [] ~ 10 ~ IT] 0 ~ ~ ~ 
11 [±] [] [g] ~ ~ [!;] 11 [±] IT] ~ ~ ~ ca 
12 [J ~ [Q [!2J [!] [UJ 12 [J ~ ~ ~ ~ ~ 
13 EJ E1 H ~ m ~ 13 EJ E1 ~ ~ ~ ~ 
14 [J ~ ~ [fJ [6J EJ 14 [J ~ ~ ~ ~ ~ 
15 [Z] ~ [a ~ [QJ IJ 15 [Z] [£] ~ ~ ~ [I 

LANGUAGE ENGLISH ARABIC 

PHCB (1) 

(C12, C13, C14) 
000 1 1 1 

7Z22790 

(1) Where PHCB are the Page Header Control bits. Other combinations of PHCB default to English. 
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APPLICATION INFORMATION (continued) 

Table 6d SAA5243P/L national option character set 

2 3 4 5 6 7 2 3 4 5 6 7 

0 D [g [@ ~ ~ rn 0 D [g ~ ~ g Q 
1 [] [1J [B] [a ~ [g] 1 [] [1J ~ [] ~ ~ 
2 LJ ~ [§ [B] ~ WJ 2 ~ ~ ~ [] ~ ~ 
3 [; [3 ~ ~ [] ~ 3 [; [3 g g ~ ~ 
4 IJ ~ [g m [] ~ 4 IJ ~ ~ ~ [] ~ 
5 ~ ~ ~ [g OJ ~ 5 ~ ~ § ~ ~ ~ 
6 ~ ~ [fJ ~ IT] ~ 6 [J ~ 0 ~ ~ ~ 
7 ~ LlJ ~ ~ [] ~ 7 ~ LlJ rn ~ ~ ~ 
8 [] ~ 8] [8] ~ OJ 8 rn ~ ~ ~ ~ ~ 
9 rn ~ ~ [YJ ~ m 9 [] ~ e t9 ~ [J 

10 ~ [!] g ~ OJ [J] 10 ~ [!] 0 ~ ~ ~ 
11 [±] [;] [K] ~ g] ~ 11 [±] IT] ~ ~ ~ [a 
12 [J ~ [Q ~ QJ [IJJ 12 [J ~ ~ ~ ~ ~ 
13 EJ EJ H ~ DJ ~ 13 EJ EJ ~ ~ ~ ~ 
14 GJ ~ ~ [I] ~ ~ 14 GJ ~ ~ ~ ~ ~ 
15 [Z] ~ [g IJ [] • 15 [Z] [£] ~ IJ ~ • LANGUAGE HEBREW/ENGLISH ARABIC 

PHCB (1) 
1 0 1 1 1 1 

(C12, C13, C14) 

7Z22789 

(1) Where PHCB are the Page Header Control bits. Other combinations of PHCB default to English. 
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DEVELOPMENT DATA 
This data sheet contains advance information and 

specifications are subject to change without notice. l __ SA_A_5_2_4_5 __ _ 

ENHANCED COMPUTER CONTROLLED TELETEXT CIRCUIT 
(USECCT) 

GENERAL DESCRIPTION 

The SAA5245 is aMOS N-channel integrated circuit which performs all the digital logic functions of 
a 525-line World System Teletext decoder. It operates in conjunction with the teletext video processor 
SAA5231, standard static RAMs and is controlled via the 2-wire 12 C-bus The device can be used to 
provide videotex display conforming to a serial character attribute protocol. 

Features 

• Microcomputer controlled for flexibility 
• High quality flicker-free display using a 

12 x 8 character matrix 
• Field flyback (lines 5 to 19), or full channel 

(all lines) data acquisition 
• Up to four simultaneous page requests enabling 

acquisition during one magazine cycle 
• Direct interface up to 8 K bytes static RAM 

• Automatic processing of gearing function 
• Cursor control for videotex/telesoftware 
• 7-bits parity or 8-bit data acquisition 
• Extension packet reception option 
• Standard 12 C-bus slave transceiver (slave 

add ress 0010001) 
• Single 5 volt power supply 
• Mask programmable character sets 
• Slave sync mode operation • Automatic language selection of up to seven 

different languages • Odd/even field output for de-interlaced displays 
• 25th display row for software generated status 

messages 

TTD 

TTC 

SDA 

SCL 

6 

7 

20 

19 

SAA5245 

DATA 
ACQUISITION t---

r 
12C INTERFACE 
AND CONTROL 

I 
MEMORY INTERFACE 

-

ODD/EVEN VDD (+5V) 

I I 

t8 11 

9 

TIMING 10 

CHAIN 11 
12 

1 
13 

14 

CHARACTER 15 

GENERATOR 16 
17 

18 

r 

~1 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 2 3 4 5 

SS 
D3 D1 D5 D7 A1 A3 A9 A11 OE 

(~V) DO D2 AO A6 AS A10 A12 
-V D4 D6 A2 A4 - WE 

A5 A7 7Z22460 

Fig. 1 Block diagram. 
PACKAGE OUTLINE 

40-lead D I L; plastic (SOT 129). 
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__ SAA_524_5 _Jl ________ _ 

PINNING 

1 VDD 

2,3,40 A 11, A 12, A 10 

4 OE 

5 WE 

6 TTD 

628 May 19881 ( 

Al0 

All 2 A9 

A12 3 A8 

DE 4 A7 

WE 5 A6 

TTD 6 A5 

TTC 7 A4 

ODD/EVEN 8 A3 

F6 9 A2 

VCS 10 31 Al 
SAA5245 

SAND 11 30 AO 

TCS/SCS 12 D7 

R 13 D6 

G 14 D5 

B 15 D4 

COR 25 D3 

BlAN D2 

Y 18 Dl 

SCl 19 DO 

SDA 20 VSS 

7Z22459 

Fig. 2 Pinning diagram. 

Power supply: + 5 V power supply pin. 

Chapter Address: three outputs that select which 1 K byte chapter 
of external RAM is being accessed for any read or write cycle. 

Output Enable: active low output signal used to control the 
reading of the external RAM. It occurs continuously at a 1 MHz 
rate. 

Write Enable: active low output signal used to control the writing 
of data to the external RAM. It occurs for a valid write cycle only 
and is interleaved with the read cycles. 

Teletext Data: input from the SAA5231 Video Input Processor 
(VI P2). It is clamped to VSS for 4 to 8 /lS of each television line 
to maintain the correct DC level following the external AC 
coupling. 



« 
~ « 
0 
~ z 
w 
~ 
Q. 

0 
..J 
w 
> w 
0 

Enhanced computer controlled teletext circuit (USECCT) l ____ S_AA_5_2_4_5 ____ __ 

7 TTC 

8 ODD/EVEN 

9 F6 

10 VCS 

11 SAND 

12 

13,14,15 R,G,B 

16 COR 

17 BLAN 

18 Y 

19 SCL 

20 SOA 

21 VSS 

22-29 00-07 

30-39 AO-A9 

Teletext Clock: 5.727 MHz clock input from the SAA5231. It is 
internally AC coupled to an active clamp input buffer. 

Odd/Even: for interlaced mode, the output changes once per field at 
2 J..Ls before the end of line 1 (263). The output is high for even 
fields and low for odd fields. 

Character display clock: 6.042 MHz clock input from the 
SAA5231. It is internally AC coupled to an active clamp input 
buffer. 

Video Composite Sync: input from the SAA5231 derived from 
the incoming video signal. Sync pulses are active high. 

Sandcastle: 3-level sandcastle output to the SAA5231 containing 
the phase locking and colour burst blanking information. 

Text Composite Sync/Scan Composite Sync: as an output an 
active low composite sync waveform (TCS) with interlaced or 
non-interlaced format (see Fig. 6) which is fed to the SAA5231 
to drive the display timebases. Alternatively this pin can act as an 
input for an active low composite sync waveform (SCS) to 'slave' 
the display timing circuits. 

Red, Green, Blue: these 3 open drain outputs are the character 
video signals to the television display circuits. They are active 
high and contain character and background information. 

Contrast Reduction: open drain, active low output which allows 
selective contrast reduction of the television picture to enhance 
a mixed mode display. 

Blanking: open drain, active high output which controls the 
blanking of the television picture for a normal text display and 
for a mixed display. 

Character foreground: open drain, active high video output signal 
containing all the foreground information displayed on the 
television screen (e.g. for driving a display printer). 

Serial Clock: input signal which is the 1
2C-bus clock from the 

microcontroller. 

Serial Data: is the 1
2C-bus data line. It is an input/output 

function with an open drain output. 

Ground: 0 volts. 

8 RAM data lines: 3-state input/output pins which carry the data 
bytes to and from the external RAM. 

RAM address: 10 output signals that determine which byte 
location within a 1 K byte chapter of external RAM is accessed for 
any read or write cycle. 
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SAA5245 

RATINGS 

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

parameter symbol min. max. unit 

Supply voltage range (pin 1) VOO -0.3 +7.5 V 

I nput voltage range 
VCS, SOA, SCl, 00 - 07 VI -0.3 + 7.5 V 

TTC,TTO,F6,TCS/SCS VI -0.3 + 10.0 V 

Output voltage range 
SANO, AO - A 12, OE, WE, 00 - 07, SOA, OOO/EVEN 
R,G,8,8lAN,COR,Y Vo -0.3 + 7.5 V 

TCS/SCS Vo -0.3 + 10.0 V 

Storage temperature range Tstg -55 + 150 oC 

Operating ambient temperature range Tamb -20 +70 oC 

630 May 1988 I ( 
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Enhanced computer controlled teletext circuit (USECCT) l ____ S_A_A_52_4_5 ____ __ 

CHARACTERISTICS 

VOO = 5 V ± 10%; VSS = 0 V; Tamb = -20 to + 70 °C unless otherwise specified 

parameter symbol min. typo max. unit 

SUPPLY 

Supply voltage (pin 1) VOO 4.5 5.0 5.5 V 

Supply current (pin 1) 100 - 160 270 mA 

I NPUTS (note 1 ) 

TTD (note 2) 

External coupling capacitor Cext - - 50 nF 

Input voltage (peak-to-peak value) VI(p_p) 2.0 - 7.0 V 

Input data rise and fall times (note 3) trt tf 10 - 80 ns 

Input data set-up time (note 4) tos 40 - - ns 

Input data hold time (note 4) tOH 40 - - ns 

Input leakage current 
at VI = 0 to 10 V III - - 20 p.A 

I nput capacitance CI - - 7 pF 

TTC; F6 (note 5) 

OC input voltage range VI -0.3 - + 10.0 V 

AC input voltage (peak-to-peak value) F6 VI(p_p) 1.0 - 7.0 V 

AC input voltage (peak-to-peak value) TTC VI(p_p) 1.5 - 7.0 V 

Input peaks relative to 50% duty cycle ± Vp 0.2 - 3.5 V 

TTC clock frequency fTTC - 5.727 - MHz 

F6 clock frequency fF6 - 6.042 - MHz 

Clock rise and fall times (note 3) trt tf 10 - 80 ns 

Input leakage current 
at V I = 0 to 1 0 V III - - 20 p.A 

I nput capacitance CI - - 7 pF 

VCS 

Input voltage LOW VIL 0 - 0.8 V 

Input voltage HIGH VIH 2.0 - VOO V 

Input rise and fall times (note 3) trt tf - - 500 ns 

Input leakage current 
at VI = 5.5 V III - - 10 p.A 

I nput capacitance CI - - 7 pF 

1 ( May 1988 631 



___ SAA_S2_4S_Jl _______________ __ 
CHARACTERISTICS (continued) 

parameter symbol min. typo max. unit 

SCl 

Input voltage LOW VIL 0 - 1.5 V 

Input voltage HIGH VIH 3.0 - VOO V 

SCL clock frequency fSCL 0 - 100 kHz 

Input rise and fall times (note 3) t r, tf - - 2 J.1.s 

I nput leakage cu rrent 
atVI =5.5 V III - - 10 J.1.A 

I nput capacitance CI - - 7 pF 

INPUT/OUTPUTS (note 6) 

TCS (output)/SCS (input) 

I nput voltage LOW VIL 0 - 1.5 V 

Input voltage HIGH VIH 3.5 - 10.0 V 

Input rise and fall times (note 3) t r, tf - - 500 ns 

Input leakage current 
at V I = 0 to 10 V 
and output in high impedance state ± III - - 10 J.1.A 

Input capacitance CI - - 7 pF 

Output voltage LOW 
at IOL =0.4 mA VOL 0 - 0.4 V 

Output voltage HI G H 
at -IOH = 0.2 mA VOH 2.4 - VOO V 
at IOH = 0.1 mA VOH 2.4 - 6.0 V 

Output rise and fall times 
between 0.6 V and 2.2 V levels t r, tf - - 100 ns 

Load capacitance CL - - 50 pF 

SDA (note 7) 

Input voltage LOW VIL 0 - 1.5 V 

Input voltage HIGH VIH 3.0 - VDO V 

Input rise and fall times (note 3) t r, tf - - 2 J.1.s 

Input leakage current 
at V I = 5.5 V with output off III - - 10 J.1.A 

I nput capacitance CI - - 7 pF 

Output voltage LOW 
at IOL = 3 mA VOL 0 - 0.5 V 

Output fall time 
between 3.0 V and 1.0 V levels tf - - 200 ns 

Load capacitance CL - - 400 pF 

632 May 1988] ( 
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Enhanced computer controlled teletext circuit (USECCT) 

parameter symbol 

INPUT/OUTPUTS (continued) 

00-07 (note 8) 

I nput voltage LOW VIL 

Input voltage HIGH VIH 

I nputleakage cu rrent 
at V I = 0 V to 5.5 V 
and output in high impedance state ± III 

I nput capacitance CI 

Output voltage LOW 
at 10 L = 1.6 mA VOL 

Output voltage HI G H 
at -IOH = 0.2 mA VOH 

Output rise and fall times 
between 0.6 V and 2.2 V levels trl tf 

Load capacitance CL 

OUTPUTS (note 6) 

AO-A12; OE; WE (note 8) 

Output voltage LOW 
at IOL = 1.6 mA VOL 

Output voltage HI G H 
at -IOH = 0.2 mA VOH 

Output rise and fall times 
between 0.6 V and 2.2 V levels trl tf 

Load capacitance CL 

ODD/EVEN 

Output voltage LOW 
at IOL = 0.4 mA VOL 

Output voltage HIGH 
at -IOH = 0.2 mA VOH 

Output rise and fall times 
between 0.6 V and 2.2 V levels trl tf 

Load capacitance CL 

SAND (note 9) 

Output voltage LOW 
at IOL = 0.2 mA VOL 

Output voltage INTERMEDIATE 
at 10 L = ± 1 0 J.I.A VOl 

l __ S_A_A_5_24_5 __ _ 

min. typo max. unit 

0 - 0.8 V 

2.0 - VDD V 

- - 10 J.I.A 

- - 7 pF 

0 - 0.4 V 

2.4 - VDD V 

- - 50 ns 

- - 120 pF 

0 - 0.4 V 

2.4 - VDD V 

- - 50 ns 

- - 120 pF 

0 - 0.4 V 

2.4 - VDD V 

- - 100 ns 

- - 50 pF 

0 - 0.25 V 

1.1 - 3.1 V 
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___ SAA_52_45_jl _______________ ~ 
CHARACTERISTICS (continued) 

parameter symbol min. typo max. unit 

SAND (continued) 

Output voltage HIGH 
at IOH = 0 to -10 IlA VOH 4.0 - VOO V 

Output rise time VOL to Val 
between 0.4 V and 0.9 V levels trl - - 400 ns 

Output rise time Val to VOH 
between 3.3 V and 3.8 V levels tr2 - - 200 ns 

Output fa" time VOH to VOL 
between 3.8 V and 0.4 V levels tf - - 50 ns 

Load capacitance CL - - 30 pF 

R;G;B;COR;BLAN;Y (note 10) 

Output voltage LOW 
at IOL = 2 rnA VOL 0 - 0.4 V 

Output voltage LOW 
at IOL = 5 rnA VOL 0 - 1.0 V 

Pull-up voltage as seen at pin VPU - - 6.0 V 

Output fa" time with a load resistor 
of 1.2 kn to 6 V and measured between 
5.5 Vand 1.5 V tf - - 20 ns 

Skew delay between outputs with a load 
resistor of 1.2 kn to 6 V and measured 
on the falling edges at 3.5 V tSK - - 20 ns 

Load capacitance CL - - 25 pF 

Output leakage current 
at V PU = 0 to 6 V with output off ILO - - 10 IlA 

TIMING 

12C-bus (note 11) 

Clock low period tLOW 4 - - Ils 

Clock high period tHIGH 4 - - Ils 

Data set-up time tsu; OAT 250 - - ns 

Data hold time tHO; OAT 170 - - ns 

Stop set-up time from clock high tsu; STO 4 - - IlS 

Start set-up time following a stop tBUF 4 - - IlS 

Start hold time tHO; STA 4 - - IlS 

Start set-up time following clock 
low-to-high transition tsu; STA 4 - - IlS 
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Enhanced computer controlled teletext circuit (USECCT) l ___ S_A_A_5_2_4_5 ____ __ 

parameter symbol min. typo max. 

TIMING (continued) 

Memory interface (note 12) 

Cycle time tCY - 495 -

Address change to OE LOW tOE 60 - -
Address active time tADDR 450 495 -
OE pulse duration tOEW 320 - -
Access time from OE to data valid tACC - - 200 

Data hold time from OE HIGH or 
address change tDH 0 - -

Address change to WE LOW tWE 40 - -

WE pulse duration tWEW 200 - -

Data set-up time to WE HIGH tDS 100 - -

Data hold time from WE HIGH tDHWE 20 - -

Write recovery time tWR 25 - -

QUALITY (note 13) 

Failure rate 

Failure rate at T amb = 55 0 C 
(1 X 10-6 failures per hour) - - 1000 

Notes to the characteristics 

1. All inputs are protected against static charge under normal handling. 

2. The TTD input incorporates an internal clamping diode in addition to the active clamping 
transistor (see Fig. 3). 

3. Rise and fall times between 10% and 90% levels. 

unit 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

FITS 

4. Teletext input data set-up and hold times are with respect to a 50% duty cycle level of the rising 
edge of the teletext clock input (TTC). Data stable 1 #: 2.0 V; data stable 0 ~ 0.8 V (see Fig. 4). 

5. The TTC and F6 inputs have internal clamping diodes and are AC coupled (see Fig. 3). 

6. All outputs and input/outputs are protected against static charge under normal handling and 
connection to VDD and VSS. 

7. For details of 12 C-bustiming see Fig. 8. 

8. For details of RAM timing see Fig. 9. 

9. For details of synchronization timing see Fig. 5. 

10. For details of display output timing see Fig. 7. 

11. The 1
2 C-bustimings are referred to VIH = 3 V and VI L = 1.5 V. For waveforms see Fig. 8. 

12. The memory interface timings are referred to VIL = 1.5 V. For waveforms see Fig. 9. 

13. This device shall meet the requirements of the Elcoma General Quality and Specification for 
ICs: URV - 4 - 2 - 59/601 (LSI). 
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636 

SAA5245 

9 ~haracter display clock input 
F 6 --+---+---1 to 

timing chain 

~ 

~teletext clock input 
TT C --I-~_+_--l to 

data acquisition circuit 

J: 
teletext data input 

~------ to 
data acquisition circuit 

1 clamping pulses from timing circuit 
from time 4 fJ.S to 8 fJ.S of each 
television line to maintain correct 
DC level following external AC coupling 

(a) 

v 

oL------------------------

shaded regions equal in area 

7Z22462 

(b) 

Fig.3 (a) F6, TTC and TTD input circuitry (b) input waveform parameters. 
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Enhanced computer controlled teletext circuit (USECCT) l ___ SA_A_5_2_4_5 __ _ 

TTC 

TTO 

tCY 
175ns typ 

-- tos ..... -- tOH ..... 
40 ns min 40 ns min 

-~ data stable ~ 
I I 

data may change data may change 

data stable >e<: 
I ""------

data may change 7Z22463 

Data stable: 1 is ~ 2.0 V; 0 is ~ 0.8 V. 

Fig. 4 Teletext data input timing. 

Fl 

~ 
I I 
o 4.63 

SANDb~ 
I I I 

---- ------ph~' 'ook off L 
1.49 8.44 33.27 

7Z22458 

all timings in f.LS 

Fig. 5 Synchronization timing. 
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co 

s: 
Dl 
-< ..... 
(0 
co :,; 
~ 

TCS 
(interlaced) 

TCS 
(interlaced) 

TCS 
(non- interlaced) 

I 
524 

I 
262 

I 
262 

LSP 

EP 

BP 

LJ ---- L 
I I I 
o 4.63 63.56 

U u L 
I I I I I 
o 2.32 31.78 34.10 63.56 

n n IL 

I 
525 

I 
263 

I I I I I 
o 27.14 31.78 58.92 63.56 

I 
264 

I 
2 

I 
265 

I 
2 

I 
3 

I 
266 

I 
3 

I 
4 

I 
267 

I 
4 

I 
5 

I 
268 

I 
5 

all timings in j.LS 

I 
6 

I 
269 

I 
6 

I 
270 

numbers shown at end of line 

I 
8 

I 
271 

I 
8 

I 
9 

I 
272 

I 
9 

7Z22464.1 

Line sync pulses (LSP), equalizing pulses (EP) and broad pulses (BP) are combined to provide the text composite sync waveform (TCS) as shown. 
All timings measured from falling edge of LSP with a tolerance of ± 100 ns. 

Fig. 6 Composite sync waveforms (525-line version). 
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Enhanced computer controlled teletext circuit (USECCT) l ____ S_AA_5_2_4_5 ____ __ 

lSP U 
(TCS) 

R,G,B, Y 
(1) 

R,G,B,Y 
(1) 

I I 
o 4.63 

I 
o 

I 
o 

L 
I 

63.56 
1 ... --------- 39.73 --------... -1 

I display period I 
I I 

16.55 56.28 
(a) LINE RATE all timings in !lS 

I-lines 43 to 242 inclusive (and 306 to 505 inclusive interlaced) -I 

I display period I 
I I I 

42 242 262/3 
(b) FIELD RATE line numbers 

(1) also BLAN in character and box blanking 7Z22461.1 

SDA 

sel 

SDA 

7Z87013.2 

Fig. 7 Display output timing (a) line rate (b) field rate. 

tf- -

- tHD;STA -

tSU;STA 

Fig.8 12 C-bus timing. 

--. 
tSU;STO 
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640 

ADDRESS 
AO-A12 

DATA 
FROM 
RAM 

ADDRESS 

AO-A12 

WE 

DATA 
TO 

RAM 

14 tCY -, 

____ ~~-------v-al-id--~ ____ __ 

1_-- tADDR ---.1 
- tOE I-

I 

l
-toEw-1 

- tACC 1-- - tDH 1-
-----------.......,X valid data output X,..----

(a) READ 

1 ... ----- tCY ------1 
____ ~~-------va-li-d------~ ___ __ 

J 'WE 1_ -l twR
-

----------~I ~I ~-------

1- tWEw--1 

1- tDS -_tDHWE_1 

______________ --JX valid data input >c. 
(b) WRITE 

7Z91399 

Fig. 9 Memory interface timing (a) read (b) write. 
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Fig. 10 ODD/EVEN timing diagram. 
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~ I APPLICATION INFORMATION 

contrast 
voltage reduce blanking 

s: 
III 
-< 
c.o 
CO 
CO 

+5V 

~et~!stl 

1;1 

PL1Lt 

*select for 
positive or 
negative sync 

OVl=f1 

PL3 

+12V~ 
+5V 

1 
OV 

o~r 8AW62 10k!1 

R5 
4.7k!1 

R8 

TR3 
1.2k!1 I BC548 

R9 Rl0 
1.2k!1 220!1 

R14 

1.2 k!1 I BC548 
TR5 

R12 R15 R16 

1.2k!1 1.2k!1 220!1 

1; 
rG17 r1

.
2k

!1 

~B 

16 

03 Ii\ 
COR 

01 r1\ 
BAW62'tJ 

02 rt\ 
BAW62\:tJ BAW62'f) ~y 

+5 ~V C20 
100nF 

1~ 

SAA5245 
USECCT 

IC1 

*R21 
1.2k!1 

17 --..!.l ODD/EVEN 

. i STTV EXD 

2.2 ~F 271 CV 
<'0 1rJ-- SAA5231 

VIP 21V31 
link 

2 VILS 
IC2 

68nF 
26 BLACK £Z.....; 

LEVEL 

~OPF 24 PLL 
TIMING 

~ R22 23 
INTERNAL +12V 
CURRENT 

C17 

~ 10nF 

C9 
HF 3 15pF 

FILTER Cl0 

HF 4 1 nF 
STORE Cl1 

STORE 5 560pF 
AMPLITUDE C12 

"1......-.......J-----.---='..J PLL 
FILTER 1 

6MHz 
OSC 

STORE 6 22nF 
ZERO C13 

DATA 8 330pF 
TIMING C14 

STORE 9 120pF 
PHASE 

AT D~c15 
+12V 11.454 MHz J;15

P
F 

!II!> 

+12V - .......... ---jU----'" 

~HO 7 TTC 

9 F6 

10 VCS 

11 SAND 

12 TCS/SCS 

R25 0 
470!1 

R23 
4.7k!1 

+ 5 V ---c::::J--

J
2 Cbus 

Fig. 11 USECCT based mUlti-page decoder circuit diagram. 
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Enhanced computer controlled teletext circuit (USECCT) l ___ S_A_A_5_2_4_5 ____ __ 

USECCT page memory organization 

The organization of a page memory is shown in Fig. 12. The USECCT provides an additional row 
compared with first generation decoders bringing the display format up to 40 characters by 25 rows. 
Rows a to 23 form the teletext page as broadcast and row 24 is the extra row available for user
generated status messages. 

A MORE DETAILED DESCRIPTION OF USECCT OPERATION AND APPLICATION IS AVAILABLE 
ON REQUEST. 

fixed character 
written by USECCT hardware 8 characters 

7 characters alphanumerics white for normal always rolling 
for status I alphanumerics green when looking (time) 
~ for display page ~ ROW 

111 24 1 a 
I 1 

I- -24 characters from page header 2 
I-- rolling when display page looked for -

3 
I-- -

4 
I-

-} MAIN PAGE DISPLAY AREA I 
I 5 
I to 
I 20 
I 
I 

I-- -
21 

I-- -
22 

I- -
23 

th is row always free for status 24 

10 1 14 I 25 
10 bytes for 14 bytes 

received free for use 
page information by microcomputer 7Z22457 

Fig. 12 Page memory organization. 

Table 1 Row 25 received control data format 

pua PTa Mua MTa Hua 
PU1 PT1 MU1 MT1 HU1 
PU2 PT2 MU2 MT2 HU2 
PU3 PT3 MU3 C4 HU3 

DO 
D1 
D2 
D3 
D4 
D5 
D6 
D7 

HAM.ER HAM.ER HAM.ER HAM.ER HAM.ER 
a 
a 
a 

Column a 

Where: 

MAG 
PU 
PT 
PBLF 
FOUND 
HAM.ER 

a a a 
a a a 
a a a 

2 3 

magazine l 
page units J page number 
page tens 
page being looked for 

a 
a 
a 

4 

LOW for page has been found 
Hamming error in corresponding byte 

HTa 
HT1 
C5 
C6 
HAM.ER 
0 
a 
a 

5 

MU 
MT 
HU 
HT 
C4-C14 

C7 C11 MAGa 0 
C8 C12 MAG1 a 
C9 C13 a a 
C10 C14 0 a 
HAM.ER HAM.ER FOUND a 
a 0 0 PBLF 
0 0 0 0 
0 a 0 a 

6 7 8 9 

minutes units 
minutes tens ) 
hours units page sub-code 

hours tens 
transmitted control bits 
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__ SAA_52_45 _Jl ________ _ 
APPLICATION INFORMATION (continued) 

RowO 

Row 0 is for the page header. The first seven columns (0 to 6) are free for status messages. The eighth 
is an alphanumeric white or green control character, written automatically by USECCT to give a green 
rolling header when a page is being looked for. The last eight characters are for rolling time. 

Row 25 

The first 10 bytes of row 25 contain control data relating to the received page. Seven digits are used to 
identify a page as shown in Table 1. The remaining 14 bytes are free for use by the microcomputer. 

Register maps 

USECCT mode registers R1 to R11 are shown in Table 2. R1 to R10 are WRITE only; R11 is 
READ/WRITE. 
Register map (R3), for page requests, is shown in detail in Table 3. 

Table 2 USECCT register map 

07 06 05 04 03 02 01 

Operating mode R1 TA 7 + P/ ACO. EXTENSION DEW/ TCS T1 
S BIT ON!OFF PACKET FULL ON 

ENABLE FIELD 

Page request address R2 - BANK ACO. ACO. TB START START 
SELECT CCT CCT COLUMN COLUMN 
A2 A1 AO SC2 SC1 

Page request data R3 - - - PRD4 PRD3 PRD2' PRD1 

Display chapter R4 - - - - - A2 A1 

Display control R5 BKGND BKGND COR COR TEXT TEXT PON 
(normal) OUT IN OUT IN OUT IN OUT 

Display control R6 BKGND BKGND COR COR TEXT TEXT PON 
(newsflash/subtitle) OUT IN OUT IN OUT IN OUT 

Display mode R7 STATUS CURSOR CONCEAL! TOP! SINGLE! BOX ON BOX ON 
ROW ON REVEAL BOTTOM DOUBLE 24 1-23 
BTM!TOP HEIGHT 

Active chapter RS - - - - CLEAR A2 A1 
MEM. 

Active row R9 - - - R4 R3 R2 R1 

Active column R10 - - C5 C4 C3 C2 C1 

Active data R11 07 06 05 04 03 02 01 
(RlWi (RIW) (RIW) (RIW) (RIW) (RIW) (RIW) 

DO 

TO 

START 
COLUMN 
SCO 

PRDO 

AO 

PON 
IN 

PON 
IN 

BOX ON 
0 

AO 

RO 

CO 

DO 
(RIW) 

-bit does not exist 
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Enhanced computer controlled teletext circuit (USECCT) l ____ S_A_A_52_4_5 ____ __ 

Notes to Table 2 

The arrows shown on the right of the register map indicate that the register auto-increments to the next 
one on the following 12C transmission byte. TA and TB must be logic a for normal operation. 
All bits in registers R 1 to R 1 a are cleared to logic a on power-up except bits DO and 01 of registers 
R5 and R6 which are set to logic 1. 
All memory is cleared to 'space' (00100000) on power-up, except row a column 7 chapter 0, which is 
'alpha white' (00000111) as the acquisition circuit is enabled but all pages are on hold. 

Where: 

Rl Mode 

TO, Tl 
TCS ON 
DEW/FULL FIELD 
7 + P/S BIT 

TA,TB 

R2 Page request address 

START COLUMN 
ACQCCT 
BANK SELECT 

R3 Page request data 

R4 Display chapter 

R5, R6 Display control 
PON 
TEXT 
COR 
BKGND 

interlace/non-interlace 262/263 line control 
text composite sync or direct sync select 
field-flyback or fu II channel mode 
7 bits with parity checking or 8-bit mode 

test bits; a for normal operation 

start column for page request data 
selects one of four acquisition circuits 
selects bank of four pages being addressed for acquisition 

see Table 3 

determines which of the 8 pages is displayed 

for normal and newsflash/subtitle 
picture on 
text on 
contrast reduction on 
background colour on 

These functions have I N and OUT referring to inside and outside the boxing function respectively. 

R7 Display mode 

BOX ON a (1-23,24) boxing function allowed on row a (row 1-23,24) 
STATUS ROW BTM/TOP row 25 displayed above or below the main text 

RS to R 11 active chapter, row, column and data information written to or read 
from page memory via the 12 C-bus 
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APPLICATION INFORMATION (continued) 

Table 3 Register map for page requests (R3) 

Start 
Column 

o 

2 

3 

4 

5 

6 

Notes to Table 3 

PRD4 

Do care 
Magazine 

Do care 
Page tens 

Do care 
Page units 

Do care 
Hours tens 

Do care 
Hours units 

Do care 
Minutes tens 

Do care 
Minutes units 

PRD3 

--
HOLD 

PT3 

PU3 

X 

HU3 

X 

MU3 

Abbreviations are as for Table 1 except for DO CARE bits. 

PRD2 PRD1 PRDO 

X MAG1 MAGO 

PT2 PT1 PTO 

PU2 PU1 PUO 

X HT1 HTO 

HU2 HU1 HUO 

MT2 MT1 MTO 

MU2 MU1 MUO 

When the DO CAR E bit is set to logic 1 this means the corresponding digit is to be taken into account 
for page requests. If the DO CARE bit is set to logic 0 the digit is ignored. This allows, for example, 
'normal' or 'timed page' selection. 
If HOLD is set LOW, the page is held and not updated. 
There are four groups of data shown in Table 3, one for each aequisition circuit (four simultaneous 
page requests). 
Columns auto-increment on successive 12 C transmission bytes. 

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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Enhanced computer controlled teletext circuit (USECCT) l ____ SA_A_5_2_4_5 ____ __ 

CHARACTER SETS 

The US teletext specification allows the selection of national character sets via the page header 
transmission bits, C12 to C14 as shown in Table 4. 
USECCT automatically decodes transmission bits C12 to C14. Other combinations of C12 to C14 
are defaulted to English in SAA5245P/A. With 8-bit decoding the character matrices are shown in 
Table 5. 

Table 4 Selection of national character sets (SAA5245P/A) 

PHCB 

C12 
C13 
C14 

Where: 

PHCB 

ENGLISH GERMAN SWEDISH 

0 0 0 
0 0 1 
0 1 0 

page header control bits. 

alphanumerics and 

graphics 'space' 

character 

2/0 

contiguous 
graphics character 

7/6 

alphanumerics 

character 

2/13 

separated 

graphics character 

7/6 

Character bytes are listed as transmitted from b1 to b7. 

ITALIAN 

0 
1 
1 

alphanumerics or 
blast-through 

alphanumerics 

character 4/8 

separated 

graphics character 

7/15 

Fig. 13 Character format. 

FRENCH SPANISH 

1 
0 
0 

o 
al phanu merics 

character 

7/15 

i 
I ___ L __ 
I 
I 

I----l--
I 
I 
I 

contiguous 

graphics character 

7/15 

D = display 
colour 

1 
0 
1 

7Z22456 
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APPLICATION INFORMATION (continued) 

Table 5 Character data input decoding (SAA5245A). 

B bB- a a a orl a or 1 a a a a 1 1 1 1 1 1 
+ b7- a a a a 1 1 1 1 a a 1 1 1 1 
S b6- a a 1 1 a a 1 1 a a a a 1 1 

b5-- a 1 a 1 a 1 a 1 a 1 a 1 a 1 
b4 b3 b2bl ~umn 
J....i....li r 0 1 2 2a 3 3a 4 5 6 6a 7 7a 8 9 12 13 14 15 

0 
w alpha- D D [g ~ [SJ [EJ ~ ~ [81 ~ m ~ [eJ .~ rn ~ a 0 a 0 o numerics graphics 

black black 

alpha-
graphics rn LJ [!] ~ B [Q ~ ~ ~ ~ B ~ [Y ~ ~ [8] a 0 0 1 1 numencs 

red red 

alpha- graphics 

~ Cj [2] ~ la1 [B ~ ~ [!:] ~ ~ ~ ~ ~ [g [gl a 0 1 a 2 numerics 
green green 

alpha- graphics [m U ~ ~ [g ~ [g ~ [§] C ~ [II] ~ ~ [£ ~ o 0 1 1 3 numerics 
yellow yellow 

alpha- graphics ~ ~ ~ iJ [QJ rn ~ ~ [!J ~ m [§] m 00 m 00 o 1 0 0 4 numerics 
blue blue 

alpha- graphics 

~ ~ ~ IJ ~ [g ~ ~ ~ I:J ~ ~ ~ ~ g] ~ o 1 0 1 5 numerics 
magenta magenta 

alpha- graphics 

~ ~ [bJ ij [EJ ~ [!J ~ ~ ~ ~ ~ [g ~ [§ ~ o 1 1 0 6 numerics 
cyan cyan 

o 1 1 1 7 
alpha-** graphics 

~ ~ [Z] Ij ~ ~ [Q] ~ ~ ~ b?J ~ ~ [Q ~ [Q] numerics white 
white 

1 0 0 0 8 flash 
conceal [r] ~ ~ ~ BJ ~ [!j [j ~ ~ []I] [Q] [Q] [g [DJ ~ display 

-- []] ~ ~ ~ ~ lYJ rn Li [YJ ~ ~ ~ [§] ~ [§] [t] 1 0 0 1 9 steady 
contiguous 

graphics 

--
~ ~ IT] ~ g ~ [] [J ~ ~ [±] [J] [!] [£ ~ [SJ 1 0 1 0 10 end box 

separated 
graphics 

1 0 1 1 11 start box ESC [±] ~ [;J ~ [KJ [8] ~ LI ~ ~ ~ [8J ~ ~ ~ [l] _. 
black ** GJ ~ ~ ~ [Q [Q] L!J ~ [Q] iii ~ [Q] [£ ~ [e] ~ 1 1 0 0 12 normal back-height ground 

double new 

EJ ~ EJ ~ ~ [Q] m ~ [J] Ii ~ ~ ~ ~ [!] [IJ 1 1 0 1 13 back-
height ground 

1 1 1 0 14 ~ 
hold GJ graphics ~ ~ ~ ~ EJ ~ ~ [OJ iii ~ [Q] ~ [!] [Q] r:J 

1 1 1 1 15 .§!. 
release [ZJ ~ [7J ~ [Q] D [Q] ~ ~ • ~ D ~ ~ ~ [I] graphics 

7Z22467 

Notes to Table 5 

1. Control characters shown in columns a and 1 are normally displayed as spaces. 

2. Codes may be referred to by column and row. For example 2/5 refers to %. 

3. Black represents displayed colour. White represents background. 

4. Character rectangle shown as follows: 0 

5. Characters 8/6, 8/7, 9/5, 9/6 and 9/7 are special characters to combine with character 8/5. 

6. With bit 8 = a national option characters will be decoded according to the setting of control bits 
C12 to C14 (see Table 4). 

* These control characters are reserved for compatibility with other data codes. 
** These control characters are presumed before each row begins. 
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DEVELOPMENT DATA 
This data sheet contains advance information and 

specifications are subject to change without notice. l ____ S_A_A_52_5_0 ____ __ 

INTERFACE FOR DATA ACQUISITION AND CONTROL 
(for multi-standard teletext systems) 

GENERAL DESCRIPTION 

The SAA5250 is a CMOS Interface for Data Acquisition and Control (CIDAC) designed for use in 
conjunction with the Video Input Processor (SAA5230) in a multi-standard teletext decoder. The 
device retrieves data from a user selected channel (channel demultiplexer), as well as providing control 
signals and consecutive addressing space necessary to drive a 2 K bytes buffer memory. 

The system operates in accordance with the following transmission standards: 

• French Didon Antiope specification 02 A4-2 (DIDON) 
• North American Broadcast Teletext specification (NABTS) 
• U.K. teletext (CEEFAX) 

Features 

• 7,5 MHz max i mum conversion rate 
• Three prefixes; DIDON, NABTS and U.K. teletext (CEEFAX) 
• Mode without prefix 
• Internal calculation of the validation (VAL) and colour burst blanking (CBB) signals, if 

programmed 
• Programmable framing code and channel numbers 
• Error parity calculation or not (odd parity) 
• Hamming processing of the prefix byte 
• Full channel or VBI reception 
• Slow/fast mode (detection of page flags or not) 
• Maximum/default format up to 63 bytes 
• Addressing space of 2 K bytes of the static memory 
• Multiplexed address/data information is compatible with Motorola or Intel microcontrollers 
• CIDAC is 'MOTEL' compatible 

PACKAGE OUTLINES 

SAA5250P: 40-lead 0 I L; plastic (SOT 129). 
SAA5250T: 40-lead mini-pack; plastic (VS040; SOT158). 
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PINNING FUNCTION 

mnemonic pin no. function 

A 10 and 1and Memory address outputs used by CIDAC to address a 2 K byte buffer 
AO to A9 30 to 39 memory 

VAL OUT 2 Validation output signal used to control the location of the window 
for the framing code 

VAL IN/SYNC 3 Validation input signal (line signal) used to give or calculate a window 
for the framing code detection 

CBB 4 Colour burst blanking output signal used by the SAA5230 as a data 
slicer reset pulse 

DCK 5 Data clock input, in synchronization with the serial data signal 

SO 6 Serial data input, arriving from the demodulator 
-
MS 7 Chip enable output signal for buffer memory selection 
-
WE 8 Write command output for the buffer memory 

DB7 to DBO 9 to 16 8-bit three state input/output data/address bus used to transfer 
commands, data and status between the C I DAC registers and the CPU 

ALE 17 Demultiplexing input signal for the CPU data bus 

CE 18 Chip enable input for the SAA5250 
-
WR 19 Write command input (when LOW) 

VSS 20 ground 

RD 21 Read command input (when LOW) 

DO to 07 22 to 29 8-bit three state input/output data bus used to transfer data between 
CIDAC and the buffer memory 

VDD 40 +5 V power supply 
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FUNCTIONAL DESCRIPTION 

Microcontroller interface 

The microcontroller interface communicates with the CPU via the handshake signals DB7 - DBa, 
ALE, CS, RD, WR. The microcontroller interface produces control commands as well as programming 
the registers to write their contents or read incoming status/data information from the buffer memory. 
The details of the codes used to address the registers are given in Table 2. 

The CIDAC is 'MOTEL' compatible (MOTEL compatible means it is compatible with standard 
Motorola or Intel microcontrollers). It automatically recognizes the microcontroller type (such as the 
6801 or 8501) by using the ALE signal to latch the state of the RD input. No external logic is required. 

Table 1 Recognition signals 

8049/8051 6801/6805 
CIDAC timing 1 timing 2 

ALE ALE AS 
RD RD OS, E, 1>2 
WR WR R/W 

e:( 
l
e:( 
C Table 2 CIDAC register addressing 
I
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1 
1 
1 
1 
1 
1 
1 
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a 
a 
a 
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a 
a 
a 
a 
a 
a 
a 
a 

1 
1 
1 
1 

codes 

CS DB2 

a a 
a a 
a a 
a a 
a 1 
a 1 
a 1 
a 1 

a a 
a a 
a a 
a a 

DB1 DBa function 

a a write register RO 
a 1 write register R 1 
1 a write register R2 
1 1 write register R3 
a a write register R4 
a 1 write register R5 
1 a write command register R6 (initialization command) 
1 1 write register R7 

a a read status 
a 1 read data register 
1 a test (not used) 
1 1 test (not used) 
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Register organization 

RO register 

Table 3 RO Register contents 

R04 
slow/fast mode 

0= slow mode 
1 = fast mode 

DIDON 
short 

r---
I FC L.- ___ _ 

DIDON [-=-~~~-I medium 

DIDON 

[==-~-=-=I long 

r----
I NABTS I FC 

'-------

R03 R02 to ROO 
parity used prefixes 

o = no parity control 000 = D I DON long 
1 = odd parity 001 = DIDON medium 

010 = DIDON short 
011 = not used 
100 = U.K. teletext 
101 = NABTS 

110\·h f 
111 f Wit out pre IX 

~ magazine and row address group 

A 

Al 

Al 

Al 

MRAG 

format 

A2 

A2 

A2 

A3 CI format 

A3 CI PS 

I~ 
7Z96676 

Fig. 3 Five prefixes. 

All of the bytes (see Fig. 3) are Hamming protected. The hatched bytes are always stored in the 
memory in order to be processed by the CPU (see section 'Prefix processing'). In the mode without 
prefix all of the bytes which follow the framing code are stored in the memory until the end of the 
data packet, the format is then determined by the contents of the R3 register. 

If R03 = 0; no parity control is carried out and the 8-bits of the incoming data bytes are stored in the 
fifo memory. 

If R03 = 1; the 8th bit of the bytes following the prefix (data bytes) represents the result of the odd 
parity control. 

If R04 = 0; the device operates in the slow mode. The CIDAC retrieves data from the user selected 
magazine (see section 'Rl and R2') and without searching for a start to a page stores the data into the 
FIFO memory. 
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If R04 = 1; the device operates in the fast mode. Prior to writing into the FIFO memory, the CIDAC 
searches for a start to a page which is variable due to the different prefixes: 

• OIOON (long, medium and short): using the redundant bytes, SOH RS, X RS and SOH X (where X 
is a bit affected by a parity error) 

• NABTS, the least significant bit of the PS byte is set to 1 

• U.K. teletext, ROW = 0 

Rl register 

Table 4 R 1 Register contents 

R17 R16 to R14 R13 to R10 
VAL IN/SYNC format table channel numbers (first digit) 

1 = VAL 000 = list 1 first digit hexadecimal value 
0= SYNC 001 = list 2 

010 = list 3 
011 = list 4 
1 XX = maximum/default value used (R3) 

« Note 
I-
£3 X = don't care 

I-
~ If VAL IN/SYNC = 1; the line signal immediately produces a validation signal for the framing code 
::E detection. 
c. 
g If VAL OUT = 0; the line signal is used as a starting signal for an internally processed validation signal 
~ (see Fig. 15). The framing code window width is fixed at 13 clock periods and the delay is determined 
w by the contents of the R5 register (R56 to R50). 
o 

At any moment the user is able to ensure that the framing code window is correctly located. This is 
accomplished by the VAL OUT pin reflecting the internal validation signal. A CBB signal with 
programmable width (see section 'R7 register') can also be generated, this is used as a data slicer reset 
pulse by the SAA5230. The line signal is used as the starting point of the internal CBB signal width 
fixed by the contents of the R7 register. 

If R16 = 0; then bits R15 and R14 provide the format table number using OIOON long and short 
prefixes (see Table 6). 

If R 16 = 1 ; then the format is determined by the contents of the R3 register. 

The bits R 13 to R 1 0 represent the first channel number to be checked in the prefix. In U. K. teletext 
mode only 3 bits are required, so R13 = X. 
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Table 5 Format table 

format byte 
B8, B6, B4 and B2 list 1 list 2 list 3 list 4 

0000 0 0 0 0 
0001 1 1 1 1 
0010 2 2 2 2 
0011 3 3 3 3 
0100 4 5 6 7 
0101 8 9 10 11 
0110 12 13 14 15 
0111 16 17 18 19 
1000 20 21 22 23 
1001 24 25 26 27 
1010 28 29 30 31 
1011 32 33 34 35 
1100 36 37 38 39 
1101 40 41 42 43 
1110 44 45 46 47 
1111 48 49 50 51 

Note 

B8 = MSB and B2 = LSB. 

R2 register 

Table 6 R2 Register contents 

R27 to R24 R23 to R20 

channel number, third digit channel number, second digit 

(hexadecimal value, third digit) (hexadecimal value, second digit) 

Note 

R27 and R23 = MSB and R24 and R20 = LSB 

The R2 register provides the other two parts of the channel number (depending on the prefix) that 
require checking. 
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R3 register 

Table 7 R3 register contents 

R35 to R30 
6-bit format maximum/default value 

000000 = 0 
000001 = 1 

111111 = 63 

This 6-bit byte gives: 

l ____ S_A_A_5_25_0 ____ __ 

• In the DIDON long and short mode, a maximum format in case of corrupted transmission (multiple 
errors on the Hamming corrector) 

• A possible 63-bit format for all types of prefix 

R4 register 

Table 8 R4 register contents 

R47 to R40 

8-bit register used for storing the framing code value which will be compared with the 
third byte of each data line 

R5 register 

Table 9 R5 register contents 

R57 R56 to R50 
negative/positive synchronization delay 

o = negative edge for sync signal 7-bit sync delay, giving a maximum 
1 = positive edge for sync signal delay of (2 7 

- 1) X 106 J.l.s/F (Hz) 

Note 

F = data clock acquisition frequency (DCK). 

Using R57 it is possible to start the internal synchronization delay (tDVAL) on the positive or negative 
edge. 
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R6 write command register 

This is a fictitious register. Only the address code (see Table 2) is required to reset the CIDAC. See 
Table 11 for the status of the FI Fa memory on receipt of this command. 

Rl register 

Table 10 R7 register contents 

R75 to R70 

6-bit register used to give a maximum colour burst blanking signal of: 
(26 - 1) X 106 J.1s/F (Hz) 

Note 

F = data clock acquisition frequency. 

Fifo status register (read RO register) 

Table 11 Fifo register contents 

DB2 to DBO 

DB2 = 1 
memory empty 

DB 1 = 1, data not present 
in the read data register 

DBO =0 
memory not fu II 

Once the relevant prefix and the right working modes have been given by the corresponding registers, 
a write command to the R6 register enables the CI DAC to accept and process serial data. 

Channel comparator 

This is a four bit comparator which compares the three user hexadecimal defined values in R 1 and R2 
to the corresponding bytes of the prefix coming from the Hamming corrector. If the three bytes match, 
the internal process of the prefix continues. If they do not match the CIDAC returns to a wait state 
until the next broadcast data package is received. 

FI FO memory controller 

The F I Fa memory contains all the necessary functions required for the control of the 11-bit address 
memory (2 K byte). The functions contained in the FI Fa memory are as follows: 

• write address register (11-bits) 
• read address register (11-bits) 
• memory pointer (11-bits) 
• address multiplexer (11-bits) 
• write data register (8-bits) 
• read data register (8-bits) 
• data multiplexer 
• control logic 

The FI Fa memory provides the memory interface with the following: 

• 11-bit address bus (A 10 to AO) 
• 8-bit data bus (D7 to DO) 
• two control signals, memory select (MS) and write enable (WE) 
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Operation 

The CI DAC uses the same clock signal for data acquisition and internal processing, this allows the 
CIDAC to have a write and a read cycle during each character period (see Fig. 13). The first half of the 
character period is a write cycle and the second half is a read cycle. Consequently, for an 8 MHz bit 
rate the maximum memory cycle time is 500 ns. 

When the first data byte is written into the FI Fa memory, thus transferred into the read register, the 
F I Fa memory enters the status shown in Table 12. 

Table 12 F I Fa status 

DB2 to DBO 

DB2 = 1 DB1 = 0 DBO=O 
memory empty data available memory not full 

When the FI Fa memory is full two events occur: 

• the write address register points to the next address after the last written address 

• when new data is to be written, the memory select signal output ceases 

Memory interface 

The memory interface contains all the buffers for the memory signals mentioned in the section 
'FI Fa memory controller'. 

Page detection 

This part of the CIDAC contains a parallel register with logic which detects (only in fast mode) a start 
of a page or data group (see section' RO register'). 

Hamming correction (see Tables 13 and 14) 

The Hamming correction provides (see section 'Prefix processing'): 

• hexadecimal value of the Hamming code 
• accept/reject code signal 
• parity information 
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Table 13 Hamming correction (coding) 

Hexadecimal 
notation 

0 
1 
2 
3 
4 
5 
6 
7 
8 
9 
A 
8 
C 
D 
E 
F 

Note 

87 = 88 ED 86 ED 84 
85 = 86 ED 84 ED 82 
83 = 84 ED 82 ED 88 
81 = 82 ED 88 ED 86 

88 

0 
0 
0 
0 
0 
0 
0 
0 
1 
1 
1 
1 
1 
1 
1 
1 

ED = exclusive OR gate function 

87 

0 
0 
1 
1 
1 
1 
0 
0 
1 
1 
0 
0 
0 
0 
1 
1 

88, 86, 84 and 82 = data bits 
87,85,83 and 81 = redundancy bits 

Table 14 Hamming correction (decoding) 

A 8 C 

1 1 1 
0 0 1 
1 1 1 
0 1 0 
1 1 0 
1 0 0 
1 0 1 
0 0 0 
0 1 1 

A.8.C = 0 

Note 

86 85 

0 1 
0 0 
0 0 
0 1 
1 0 
1 1 
1 1 
1 0 
0 1 
0 0 
0 0 
0 1 
1 0 
1 1 
1 1 
1 0 

D 

1 
0 
0 
0 
0 
0 
0 
0 
0 

1 

C = 86 ED 85 ED 84 El3 82 

84 83 

0 1 
0 0 
1 0 
1 1 
0 1 
0 0 
1 0 
1 1 
0 0 
0 1 
1 1 
1 0 
0 0 
0 1 
1 1 
1 0 

interpretation 

no error 
error on 88 
error on 87 
error on 86 
error on 85 
error on 84 
error on 83 
error on 82 
error on 81 

multiple errors 

A = 88 ED 86 ED 82 ED 81 
8 = 88 ED 84 ED 83 ED 82 D = 88 El3 87 ED 86 El3 85 El3 84 El3 83 El3 82 ED 81 

El3 = exclusive OR gate function 
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82 81 

0 1 
1 0 
0 1 
1 0 
0 0 
1 1 
0 0 
1 1 
0 0 
1 1 
0 0 
1 1 
0 1 
1 0 
0 1 
1 0 

information 

accepted 
corrected 
accepted 
corrected 
accepted 
corrected 
accepted 
corrected 
accepted 

rejected 
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Format processing 

The format processing consists of two parts: 

part 1 

A format transcoder produces a 6-bit code (up to 63) and uses the following as inputs: 

• 0 I DON long and short prefixes; 
hamming corrected code (4-bits) 
accept/reject code condition 
table number (see section 'R1 register', bits R15 and R14) 

• Other prefixes (R 16 = 1 ) 

• 6-bit maximum/default format (see section 'R3 register') 

part 2 

A format counter operating at the character clock frequency which receives the 6-bit code from the 
format transcoder and is used to check the data packet length following the prefix. 

Serial/parallel converter 

The serial/parallel converter consists of three parts: 

« • An 8-bit shift register which receives the SO input and operates at the bit frequency (OCK). 
I-
~ • An 8-bit parallel register used for storage. 

I- • A framing code detection circuit. This logic circuit compares the 8-bits of the R4 register with that 
~ of the serial register. If seven bits out of eight match (in coincidence with a validation window), it 
~ produces a start signal for a new teletext data line to the sequence controller. 
o 
..J 
w Clock generation 
> 
~ The clock generator does the following: 

• acts as a buffer for the OCK clock 
• generates the character clock 

As soon as a framing code has been detected, a divide by 8 counter is initialized and the character 
clock is started. The clock drives the following: 

• sequence controller 
• parallel registers 
• format counter 
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Processing of VAL and CBB signals 

The circuit has one input (VAL IN/SYNC) and two outputs (VAL OUT and CBB). The circuit consists 
of: 

• 7-bit counter operating at OCK frequency which produces the framing code validation pulse delay 

• 7-bit comparator which compares the contents of the R5 register (bits R56 to R50) to the bit 
counter 

• a 6-bit counter operating at OCK frequency which produces the CBB pulse width 

• 6-bit comparator which compares the contents of the R7 register (bits R75 to R70) to the bit 
counter 

• control logic required to provide the start condition for the VAL signal and the CBB pulse width 
(on the negative or positive edge of the sync signal) 

The CBB signal usefulness occurs when the associated video processor: 

• has no sandcastle pulse to send back to the demodulator 

• carries out the synchronization of the time base clock. In this event the CBB acts as a data slicer reset 
pulse 

The VAL OUT is a control signal which reflects the internal framing code window. 

Prefix processing (see Table 21) 

Figs 4 to 9 show the acquisition flow charts for each prefix type coded in the RO register (bits R02 to 
ROO). 

As soon as an initialization command is received by the CI OAC, a write command to the R6 register 
(only the address is significant), is ready to receive data from a dedicated channel number and store 
the data in the F I Fa memory (explained in the following paragraphs, each paragraph being dedicated 
to an ind ividual type of prefix). 

DIDON long (see Fig. 4) 

In this mode, the continuity index, format and data bytes are written into the FIFO memory. (I n fast 
mode, information can be written into the FI Fa memory only after a page detection.) 

Table 15 Continuity index processing result 

07 06 05 04 

A/R X X X 

Table 16 Format processing result 

07 06 

A/R X 

Note 

A/R = 0, if rejected 
A/R = 1, if accepted 
X = don't care 

05 

F5 
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DIDON mediun (see Fig. 5) 

Only data bytes are written into the FIFO memory. (In fast mode, information can be written into the 
FI FO memory only after a page detection.) 

DIDON short (see Fig. 6) 

In this mode, format and data bytes are written into the FIFO memory. (In fast mode, information can 
be written into the FI FO memory only after a page detection.) 

Table 17 Format processing result 

07 06 05 04 03 02 01 00 

AIR X F5 F4 F3 F2 F1 FO 

NABTS (see Fig. 7) 

In this mode, the continuity index, packet structure and data bytes are written into the FI FO memory. 
(In fast mode, information can be written into the FIFO memory only after a page detection.) 

Table 18 Continuity index processing result 

07 06 05 04 03 02 01 00 

AIR X X X CI3 CI2 CI1 CIO 

Table 19 Packet structure processing result 

07 06 05 04 03 02 01 00 

AIR X X X PS3 PS2 PS1 PSO 

U.K. teletext (see Fig. 8) 

In this mode, the magazine and row address group (two bytes) and data bytes are written into the FI FO 
memory. (In fast mode, information can be written into the FI FO memory only after a flag detection.) 

Table 20 Magazine and row address group processing results 

07 06 05 04 03 02 01 DO 

AIR X X RW4 RW3 RW2 RW1 RWO 

Without prefix 

All the data following the framing code are stored in the FIFO memory. 
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Table 21 Prefix processing 

construction 
prefixes of prefixes 

DIDON A1, A2, A3, 
long CI, F and D 

DIDON 
medium A1, A2 and D 

DIDON 
short A1, F and D 

NABTS A1, A2, A3 
CI, PS and D 

U.K. 
teletext MRAG and D 

without 
prefix 

Note 

* = after page/flag detection 
A 1, A2, A3 are channel numbers 
CI = continuity index 
F = format 
PS = packet structure 
D = data 

bytes stored in FI FO bytes stored in F I F 0 
memory during slow mode memory during fast mode 

CI, F and D CI*, F* and D* 

D D* 

F and D F* and D* 

CI, PS and D CI*, PS* and D* 

MRAG and D MRAG* and D* 

all bytes of the data packet following the framing code are 
written into the FIFO memory 

M RAG = magazine and row address group 
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SAVE CI BYTE 

Fig.4 DI DON (long) acquisition flow chart. 

SAA5250 
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SET PAGE IN PROGRESS FLAG 

7Z96687 

Fig. 5 DIDON (medium) acquisition flow chart. 
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SET PAGE IN PROGRESS FLAG 

Fig. 6 DIDON (short) acquisition flow chart. 

SAA5250 
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SAVE CI BYTES 

LOAD FORMAT COUNTER 

FAST 

Fig. 7 NABTS acquisition flow chart. 
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~---------------------'ISLOW 

SET PAGE IN PROGRESS FLAG 

WRITE ROW NUMBER INTO FIFO 

LOAD FORMAT COUNTER 

WITH IMPLICIT FORMAT 

Fig.8 U.K. teletext acquisition flow chart. 
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Fig. 9 Without prefix acquisition chart. 

DCK o----Il-""-5 ___ - __ I-~ clock input to 
~('>--4--' data acquisition 

circuit 
o 

SDo----I~+-----------~ 
data input to 

"'>---.... data acquisition 

January 19871 ( 

o = clamping diodes 

CBI = clamping pulse, the pulse width 
is given by the R 7 register 

Fig. 10 SD and DCK input circuitry. 

circuit 
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RATINGS 

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

parameter conditions symbol min. max. unit 

Supply voltage range VOO -0,3 6,5 V 

Input voltage range VI -0,3 VOO+O,3 V 

Total power 
dissipation Ptot - 400 mW 

Operating ambient 
temperature range Tamb 0 70 °C 

Storage temperature 
range Tstg -20 +125 °C 

D.C. CHARACTERISTICS (except SO and OCK) 

VOO = 5 V ±10%; VSS = 0 V; Tamb = 0 to 70 oC, unless otherwise specified 

parameter conditions symbol min. typo max. unit 

Supply voltage range VOO 4,5 5,0 5,5 V 

Input voltage HIGH VIH 2 - VOO V 

Input voltage LOW VIL - - 0,8 V 

Input leakage current II - - 1,0 IlA 

Output voltage HIGH Iload = 1 mA VOH VOO-O,4 - - V 

Output voltage LOW Iload = 4 mA, 
at pins 9 to 16 
and 22 to 29 VOL - - 0,4 V 

Iload = 1 mA 
all other 
outputs VOL - - 0,4 V 

Power dissipation P - 5 - mW 

Input capacitance CI - - 7,5 pF 
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___ SA_AS2_S0_Jl ______________ __ 
SO and DCK D.C. CHARACTERISTICS (see Fig. 10) 

VOO = 5 V; VSS = 0 V; T amb = 0 to 70 oC, unless otherwise specified 

parameter conditions symbol min. typo max. unit 

DCK 

Input voltage range 
(peak-to-peak value) VI(p_p) 2,0 - - V 

Input current VI = 0 to VOO II 5 - 200 J.1A 

I nput capacitance CI - - 30 pF 

External coupling 
capacitor Cext 10 - - nF 

SO 

D.C. input voltage 
range HIGH note 1 VIH 2,0 - - V 

D.C. input voltage 
range LOW note 2 VIL - - 0,8 V 

A.C. input voltage 
(peak-to-peak value) VI(p_p) 2,0 - - V 

I nput leakage cu rrent VI = 0 to VOO II - - 10 J.1A 

Input capacitance CI - - 30 pF 

External coupling 
capacitor Cext 10 - - nF 
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Interface for data acquisition and control SAA5250 

A.C. CHARACTERISTICS 

VDD = 5 V ±10%; Reference levels for all inputs and outputs, VIH = 2 V; VIL = 0,8 V; VOH = 2,4 V; 
VOL = 0,4 V; CL = 50 pF on DB7 to DBO; Tamb = 0 to 70 °C, unless otherwise specified 

parameter conditions symbol min. typo max. unit 

Microcontroller 
interface Figs 11 and 12 

Cycle time tCY 400 - - ns 

Address pulse width tLHLL 50 - - ns 

RD HIGH or WR to 
I ALE HIGH Fig. 11 tAHRD 0 - - ns 

DS LOW to AS HIGH Fig. 12 tAHRD 0 - - ns 
-

ALE LOW to RD 
LOW or WR LOW Fig. 11 tALRD 30 - - ns 

AS LOW to DS HIGH Fig. 12 tALRD 30 - - ns 

Write pulse width tWL 120 - - ns 

Address and chip 
select set-up time tASL 10 - - ns 

Address and chip 
select hold time tAHL 20 - - ns 

Read to data out 
period tRD - - 130 ns 

Data hold after RD tDR 10 - 100 ns 

R/W to DS set-up 
time Fig. 12 tRWS 40 - - ns 

R/W to DS hold time Fig. 12 tRWH 10 - - ns 

Data set-up time write cycle tDW 50 - - ns 

Data hold time write cycle tWD 10 - - ns 

Read pulse width note 3 tRL 
150 or - - ns 
DCK+50 
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SAA5250 J 
A.C. CHARACTERISTICS (continued) 

parameter conditions symbol min. typo max. unit 

Memory interface Fig. 13 

WE LOW to DCK 
falling edge tWEL 10 - 80 ns 

WE HIGH to DCK 
falling edge tWEH 10 - 80 ns 

MS LOW to DCK 
rising edge tMSL 10 - 80 ns 

MS HIGH to DCK 
rising edge tMSH 10 - 85 ns 

Address output from 
DCK rising edge tAV 10 - 120 ns 

Data output from 
WE falling edge tDWL 0 - 10 ns 

Data hold from 
WE rising edge tDWH 0 - - ns 

Address set-up time 
to data note 4 tAD - - 3x DCK 

- 110 ns 
WE pulse width note 5 tWEW 3x DCK - - ns 
MS pulse width note 6 tMSW 2 x DCK - - ns 

Demodulator interface 
(see SD and DCK D.C. 
CHARACTE RISTICS) Fig. 14 

DCK LOW conversion 
tDCKL 55 rate < 7,5 MHz - - ns 

DCK HIGH conversion 
rate < 7,5 MHz tDCKH 55 - - ns 

Serial data set-up time tSSD 0 - - ns 
Serial data hold time tHSD 30 - - ns 
Validation signal 

set-up time tSVALI 50 - - ns 
Validation signal 

hold time tHVALI 50 - - ns 

Other I/O signals Fig. 15 

User definable width 
as a multiple of DCK 
period tWCBB 0 - 63 DCK 

Validation signal width note 7 tWVAL X 12 X DCK 
User definable delay 

as a multiple of DCK 
period tDVAL 0 - 127 DCK 
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Interface for data acquisition and control l ____ S_AA_5_2_5_0 ____ __ 

Notes to the characteristics 

1. Unless R7 = 00 the value given is unacceptable. 

2. When CBI signal is maintained at 0 V (R7 = 00) and if SD input signal is correctly referenced to 
ground, no coupling capacitor is required. 

3. DCK + 50 is the DCK period plus 50 ns. 

4.3 x DCK - 110 is 3 x DCK period - 110 ns. 

5. 3 x DCK is 3 x DCK period. 

6. 2 x DCK is 2 x DCK period. 

7. X = irrelevant. 
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READ CYCLE 

1~----------------------tCY----------------------~~1 

ALE 

_tRL ___ 

RD 

BUS 

WRITE CYCLE 
tCY ----------------------_1 

ALE 

-tWL-

WR 

RD 

CS 

BUS 

Fig. 11 Timing diagram for microcontroller interface (Intel). 
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I nterface for data acqu isition and control SAA5250 

DCK 

VAL IN! 
SYNC 

SD 

VAL 
OUT 

CBB 

1~-----tDCKL------~r 

DCK 

SD 

1..---- tSSD • • 

VAL IN! 
SYNC 

r __ --- tSVALI -------.,.~I_ tHVALI _ 7Z96678 

Fig. 14 Timing diagram for demodulator interface. 

VAL, CBB 

rrrrrrrrrrr 

" 

" I 

I CLOCK SYNCHRONIZATION I FRAMING 
BITS CODE 

f--------~---tDVAL-----------•• ~I'WVAL~ 

__ +-____ ~--------------~J \~ __________ __ 
-tWCBB-

1/ 
\ I, J 7Z96677 

Fig. 15 Timing diagram for all other I/O signals. 
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DEVELOPMENT DATA 
This data sheet contains advance information and 
specifications are subject to change without notice. l ____ S_AA_5_3_5_1 ____ __ 

EUROM 50Hz 

GENERAL DESCRIPTION 

The SAA5351 EUROM is a single-chip VLSI NMOS crt controller capable of handling all display 
functions required by the CEPT videotex terminal, model A4. Only minimal hardware is required to 
produce a videotex terminal using EUROM - the simplest configuration needs just a microcontroller 
and 4 Kbytes of display memory. 

Features 

• Minimal additional hardware required 

• Screen formats of 40/80 character by l-to-25 row display 

• 512 alphanumeric or graphical characters on-chip or extendable off-chip 

• Serial attribute storage (ST AC K) and parallel attribute storage 

• Dynamically redefinable character (ORCS) capability over full field 

• Interfaces with 8/16-bit microprocessors with optional direct memory access 

• On-chip scroll map minimizes data to be transferred when scrolling 

• On-chip colour map RAM (4096 locations) and three on-chip digital-to-analogue converters allow 
32 colours on-screen 

• On-chip digital-to-analogue converters are non-linear to compensate for crt non-linearity 

• Memory interface capable of supporting mUlti-page terminals. EUROM can access up to 128 Kbytes 
of display memory . 

• Programmable cursor 

• Programmable local status row 

• Three synchronization modes: 
stand-alone built-in oscillator operating with an external 6 MHz crystal 
simple slave directly synchronized from the source of text composite sync 
phase-locked slave indirect synchronization allows picture-in-text displays (e.g. VCR/VLP video 

with text overlay) 

• On-chip timing composite sync output 

• Zoom feature which allows the height of any group of rows to be increased to enhance legibility 

PACKAGE OUTLINE 

40-lead 01 L; plastic (SOT129). 
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______ EU_R_O_M_50_H_Z ________________________ Jl ____ S_A __ AS3_S_1 ____ __ 

PINNING 

1 VSS1 

2 BUFEN 

3 RE 

4 to 19 A 16 to A 1/ 
015 to DO 

20 VSS2 
21 REF 

22 B 
23 G 
24 R 

25 VDS 

26 00 
<C 
I-
<C 27 CLKO 0 
I-
;Z 
w 28 SAND 
~ 
Il.. 
0 
..J 
W 

> w 29 F1/F6 c 
30 F6 

31 VCS/OSCO 

32 TCS 

33 FS/DDA 

34 UDS 

35 LDS 

36 DTACK 

37 BR 

38 AS 

39 R/W (S/R) 

40 VDD 

Ground 0 V. 

Buffer enable input to the 8-bit link-through buffer. 

Register enable input. This enables A 1 to A6 and UDS as inputs, and D8 to 
D 15 as input/outputs. 

Multiplexed address and data bus input/outputs. These pins also function 
as the 8-bit link-through buffer. 

Ground (0 V). 

Analogue reference input. 

Analogue outputs (signals are gamma~corrected). 

Switching output for dot, screen (row), box and window video data; for 
use when video signal is present (e.g. from tv, VLP, alpha + photographic 
layer). This output is LOW for tv display and HIGH for text and will inter
face directly with a number of colour decoder ICs (e.g. TDA3560, 
TDA3505). 

Output disable causing R, G, Band VDS outputs to go to high-impedance 
state. Can be used at dot-rate. 

12 MHz clock output for hard-copy dot synch ron ization( referenced to 
output dots). 

Sandcastle feedback output for SAA5230 teletext video processor or other 
circuit. Used when the display must be locked to the video source (e.g. VLP). 
The phase-lock part of the sandcastle waveform can be disabled to allow 
free-running of the SAA5230 phase-locked loop. 

1 MHz or 6 MHz output. 

6 MHz clock input (e.g. from SAA5230). Internal a.c. coupling is provided. 

Video composite sync input (e.g. from SAA5230) for phase reference 
of vertical display timing when locking to a video source (e.g. VLP) or, 
in stand-alone sync mode, output from internal oscillator circuit (fixed 
frequency). 

Text composite sync input/output depending on master/slave status. 

Field sync pulse output or defined-display-area flag output (both referenced 
to output dots). 

Upper data strobe input/output. 

Lower data strobe output. 

Data transfer acknowledge (open drain output). 

Bus request to microprocessor (open drain output). 

Address strobe output to external address latches. 

Read/write input/output. Also serves as send/receive for the link-through 
buffer. 

Positive supply voltage (+ 5 V). 
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PINNING (continued) 
VDD 

R/W{S/R) 

AS 

BR 

DTACK 

LDS 

UDS 

FS/DDA 

TCS 

A10/D9 VCS/OSCO 
SAA5351 

F6 

A8/D7 F1/F6 

A7/D6 SAND 

A6/DS CLKO 

AS/D4 OD 

A4/D3 VDS 

A3/D2 

A2/D1 

A1/DO 

21 REF 

7Z80578.1P 

Fig. 2 Pinning diagram. 

RATINGS 

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

Supply voltage range (pin 40) VDD 

Maximum input voltage (except F6, TCS, REF) 

Maximum input voltage (F6, TCS) 

Maximum input voltage (REF) 

Maximum output voltage 

Maximum output current 

Operating ambient temperature range 

Storage temperature range 

Vlmax 

Vlmax 

VREF 

VOmax 

lOmax 

Tamb 

Tstg 

Outputs other than CLKO, OSCO, R, G, 8, and VDS are short-circuit protected. 

June 19881 ( 

-0,3 to + 7,5 V 

-0,3 to + 7,5 V 

-0,3 to + 10,0 V 

-0,3 to + 3,0 V 

-0,3 to + 7,5 V 

10 rnA 

-20 to + 70 0C 

-55 to + 125 °C 
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CHARACTERISTICS 

VOO = 5 V ± 5%; VSS = 0 V; Tamb = -20 to + 70 oC; unless otherwise specified 

parameter symbol min. typo max. 

SUPPLY 

Supply voltage (pin 40) VOO 4,75 5,0 5,25 

Supply current (pin 40) 100 - - 390 

INPUTS 

F6 

Slave modes (Fig. 3) 

Input voltage (peak-to-peak value) VI (p-p) 1,0 2,0 7,0 

Input leakage current at 
VI = 0 to VCC max; Tamb = 25 oC III - - 20 

I nput capacitance CI - - 12 

Stand-alone mode (Fig. 4) 

Series capacitance of crystal Cl - 28 -
Parallel capacitance of crystal Co - 7,1 -

Resonance resistance of crystal Rr - - 60 

BUFEN, RE, 00 

I nput voltage LOW VIL 0 - 0,8 

Input voltage HIGH VIH 2,0 - 6,5 

I nput leakage current at 
VI = 0 to VOO+0,3 V; Tamb = 25 °C IlL -10 - +10 

I nput capacitance CI - - 7 

REF (Fig. 5) 

I nput voltage VREF 0 1 to 2 2,7 

Resistance (pin 21 to pin 20) with 
REF supply and R, G, 8 outputs OFF RREF - 125 -

1 (June 1988 
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V 

rnA 

V 

JlA 

pF 

fF 

pF 

n 

V 

V 

JlA 

pF 

V 

n 
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CHARACTERISTICS (continued) 

parameter symbol min. typo max. unit 

OUTPUTS 

SAND 

Output voltage high level at 
10 = a to -1 a ~A VOH 4,2 - Voo v 

Ou.tput voltage intermediate level at 
10= -10 to + 10 ~A VOl 1,3 2,0 2,7 V 

Output voltage low level at 
10 = 0,2 rnA VOL a - 0,2 V 

Load capacitance (note 1) CL - - 130 pF 

F1/F6, ODA/FS 

Output voltage HIGH VOH 2,4 - VOO V 

Output voltage LOW at 10L = 3,2 rnA VOL a - 0,4 V 

Load capacitance (note 1) CL - - 50 pF 

LDS, AS 

Output voltage HIGH at 
10H = -200~A VOH 2,0 - VOO V 

Output voltage LOW at 10L = 3,2 mA VOL a - 0,8 V 

Load capacitance (note 1) CL - - 200 pF 

DTACK, BR (open drain outputs) 

Output voltage LOW at 10L = 3,2 rnA VOL a - 0,4 V 

Load capacitance (note 1) CL - - 150 pF 

C~pacitance (OFF state) COFF - - 7 pF 

R, G, B (note 2) 

Output voltage HIGH (note 3) at 
10H = -100 ~A; VREF = 2,7 V VOH 2,4 - - V 

Output voltage LOW at 10L = 2 rnA (note 10) VOL - - 0,4 V 

Output resistance during line blanking ROBL - - 150 .n 
Output capacitance (OFF state) COFF - - 12 pF 

Output leakage current (OFF state) 
at VI = a to VOO+0,3 V; 
Tamb = 25 °C 10FF -10 - +10 ~A 

CLOCKO 

Output voltage H IG H VOH 2,0 VOO V 
Output voltage LOW VOL a 0,8 V 
Load capacitance (note 1) CL - 50 pF 
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parameter 

VDS 

Output voltage HIGH 
Output voltage LOW 
Output leakage current (OFF state) 

at VI = 0 to VOO+ 0,3 V; 
Tamb = 25 °C 

INPUTS/OUTPUTS 

VCS/OSCO 

I nput voltage HI G H 
I nput voltage LOW 
Output leakage current (output OF F) at 

VI = 0 to VOO+ 0,3 V; 
Tamb = 25 °C 

I nput capacitance 
Load capacitance (note 1) 

TCS 

Input voltage HIGH 
I nput voltage LOW 
Output leakage current at 

VI = 0 to VOO+ 0,3 V; 
Tamb = 25 °C 

Input capacitance 
Output voltage HIGH at 

IOH = -200 to 100 J.LA 
Output voltage LOW at VOL = 3,2 rnA 
Load capacitance (note 1) 

A1/DO to A16/D15 

I nput voltage LOW 
Input voltage HIGH 
Output leakage current 

VI = 0 to VOO+ 0,3 V; 
Tamb = 25 °C 

Input capacitance 
Output voltage HIGH at IOH = -200 J.LA 
Output voltage LOW at IOL = 3,2 rnA 
Load capacitance (note 1) 

UDS; R/W 

I nput voltage LOW 
Input voltage HIGH 
Output leakage current at 

VI = 0 to VOO+ 0,3 V; 
Tamb = 25 °C 

I nput capacitance 
Output voltage HIGH 

(lOH = -200 J.LA) 
Output voltage LOW 

(lOH = 3,2 mAl 
Load capacitance (note 1) 

symbol 

VOH 
VOL 

ILO 

VIH 
VIL 

ILO 
CI 
CL 

VIH 
VIL 

ILO 
CI 

VOH 
VOL 
CL 

VIL 
VIH 

ILO 
CI 
VOH 
VOL 
CL 

VIL 
VIH 

ILO 
CIN 

VOH 

VOL 
CL 

min. typo max. unit 

2,0 - VOO V 
0 - 0,8 V 

-10 - + 10 J.LA 

2,0 - 6,0 V 
0 - 0,8 V 

-10 - + 10 J.LA 
- - 10 pF 
- - 50 pF 

3,5 - 10,5 V 
0 - 1,5 V 

-10 - + 10 J.LA 
- - 10 pF 

2,0 - 6,0 V 
0 - 0,8 V 
- - 50 pF 

0 - 0,8 V 
2,0 - 6,0 V 

-10 - + 10 J.LA 
- - 10 pF 
2,4 - VOO V 
0 - 0,4 V 
- - 200 pF 

0 - 0,8 V 
2,0 - 6,0 V 

-10 - + 10 J.LA 
- - 10 pF 

2,0 - VOO V 

0 - 0,8 V 
- - 200 pF 
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CHARACTERISTICS (continued) 

parameter symbol min. typo max. unit 

TIMING 

Values guaranteed at 0,8 V and 2,0 V levels 
F6 input frequency at 6 MHz 

FS (Fig. 3) 

Rise and fall times t r, tf 10 - 80 ns 

Frequency fF6 5,9 - 6,1 MHz 

CLKO, F1/FS, R, G, B, VOS, 
FS/OOA, 00 (notes 4, 5 and Fig. 6) 

CLKO HIGH time tCLKH 25 - - ns 

CLKO LOW time tCLKL 15 - - ns 

CLKO rise and fall times tCLKr - - 10 ns 

tCLKf 
CLKO HIGH to R, G, S, VOS floating 

after OD fa II tFOO 0 - 30 ns 

Skew between outputs R, G, S, V OS tvs - - 20 ns 

R, G, S, VOS rise and fall times tVr, tVf - - 30 ns 

CLKO HIGH to R, G, S, VOS active 
after OD rise tAOO 0 - 60 ns 

F 1 HIGH time (note 5) tF1H 400 500 580 ns 

F1 LOW time (note 5) tF1 L 400 500 580 ns 

F6 HIGH time tF6H 40 83 120 ns 

F6 LOW time tF6L 40 83 120 ns 

00 to CLKO rise set-up taos - - 45 ns 

00 to CLKO HIGH hold tOOH - - 0 ns 

MEMORY ACCESS TIMING 

(notes 1,6, 7 and Fig. 7) 

UOS, LOS, AS 

Cycle time tcyc - 500 - ns 

OL>S HI G H to bus-active for address output tSAA 75 - - ns 

Address valid set-up to AS fall tASU 20 - - ns 

Address valid hold from AS LOW tASH 20 - - ns 

Address·float to UOS fall tAFS 0 - - ns 
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parameter 

AS LOW to U DS fall delay 

UDS, LDS HIGH time 

UDS, LDS LOW time (note 9) 

AS HIGH time 

AS LOW time 

AS LOW to UDS HIGH 

Data valid set-up to UDS rise 

Data valid hold from UDS HIGH 

UDS HIGH to AS rise delay 

AS LOW to data valid 

Link-through buffers 

(notes 6, 7 and Fig. 8) 

SUFEN LOW to output valid 

Link-through delay time 

I nput data float prior to direction change 

Output float after direction change 

Output float after SUFEN HIGH 

Microprocessor READ from EUROM 

(Fig.9) 

R!W HIGH set-up to UDS fall 

UDS LOW to returned-data access time 

R E LOW to returned data access time 

Data valid to DTACK LOW delay 

DTACK LOW to UDS rise 

UDS HIGH to DTACK rise 

UDS HIGH to address hold 

UDS HIGH to data hold 

UDS HIGH to RE rise 

UDS HIGH to R!W fall 

UDS LOW to DTACK LOW 

Address valid to UDS fall 

symbol 

tATD 

tHDS 

tLDS 

tHAS 

tLAS 

tAUH 

tDSU 

tDSH 

tUAS 

tAFA 

tSEA 

tLTD 

tlFR 

tOFR 

tSED 

tRUD 

tUDA 

tREA 

tDTL 

tDLU 

tDTR 

tDSA 

tDSH 

tSRE 

tUDR 

tDSD 

tAUL 

min. typo max. unit 

50 - - ns 

220 - - ns 

200 - - ns 

125 - - ns 

290 - - ns 

280 - - ns 

30 - - ns 

10 - - ns 

0 - 15 ns 

- - 270 ns 

- - 100 ns 

- - 85 ns 

0 - - ns 

- - 60 ns 

- - 60 ns 

0 - - ns 

- - 210 ns 

- - 210 ns 

40 - - ns 

10 - - ns 

0 - 75 ns 

10 - - ns 

10 - - ns 

10 - - ns 

0 - - ns 

250 - 350 ns 

0 - - ns 
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CHARACTERISTICS (continued) 

parameter symbol min. typo max. unit 

MEMORY ACCESS TIMING (continued) 

Microprocessor WRITE to EUROM (Fig. 10) 

Write cycle time (note 8) tWCY 500 - - ns 

R!W LOW set-up to UDS fall twuo 0 - - ns 

BE LOW to UDS fall tRES 30 - - ns 

Address valid to UDS fall tASS 30 - - ns 

UDS LOW time tLUS 100 - - ns 

Data valid to UDS rise toss 80 - - ns 

UDS LOW to DTACK LOW tOTA 0 - 60 ns 

UDS HIGH to DTACK rise tOTR 0 - 75 ns 

UDS HIGH to data hold tDSH 10 - - ns 

UDS HIGH to address hold tDSA 10 - - ns 

UDS HIGH to RE rise tSRE 10 - - ns 

UDS HIGH to R/W rise tUDW 0 - - ns 

F1/F6 to memory access cycle (Fig. 11) 

UDS HIGH to F6 (component of F1/F6) 
rise (notes 1,6 and 7) tUF6 20 - - ns 

F6 (component of F1/F6) HIGH to UDS rise tF6U 40 - - ns 

SYNCHRONIZATION and BLANKING 

TCS, SAND, FS/DDA 

See Fig. 12 for timing relationships 
and Fig. 13 for vertical sync and 
blanking waveforms. 

Notes to the characteristics 

1. All pins are tested with a 150 pF load capacitor. 
2. 16-level analogue voltage outputs. 
3. Output voltage guaranteed when programmed for top level. 
4. CLKO, F1/F6, VOS, FS/DOA: reference levels = 0,8 to 2,0 V. 

R, G, B: reference levels = 0,8 to 2,0 V with VREF = 2,7 V. 
5. These times may momentarily be reduced to a nominal 83 ns in slave-sync mode at the moment 

of re-synchronization. 
6. Reference levels = 0,8 to 2,0 V. 
7. F6 input at 6 MHz. 
8. Microprocessor write cycle times of less than 500 ns are permitted but often result in Wait States 

being generated, the precise timing of DTACK will then depend on the internal synchronization time. 
9. This timing may be infringed at the beginning and end of the memory access window. 
10. Output voltage guaranteed when programmed for bottom level. 
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Fig.3 F6 input waveform. 

SAA5351 

30 31 

F6 1M!1 oseo 
4,7 k!1 

VDD 

20pF 

T T 
r 7Z80580.P 

Vss 

(a) (b) 

(1) Catalogue number of crystal: 4322 143 04101 

Fig.4(a) Oscillator circuit for SAA5351 stand-alone sync mode and (b) equivalent circuit of crystal at 
resonance (see characteristics for values). 

r---------------------------RREF--------------------------~ 

R,G, or B analogue 
output 

7Z80581 

Fig.5 Circuit arrangement giving one-of-sixteen reference voltage levels for the R, G or B analogue 
outputs. 
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CLKO 

R,G,B, 
VDS 

tODH ..... ~ -. p~ODS 
-----------------------------------. tODS tODH ~-----------------------

OD 

DO to D15 
A1 to A16 

J/ 

I~' 
ADDRESS 
OUTPUT 

tHDS 

tASU tASH -- --

\--------------1 7Z22377 

Fig.6 Video timing. 

I" ./ DATA INPUT ~ V " -tDSU- --tDSH 
.. tLOS 

tAFS 
1\ V 

-tATD- - -tUAS .. tAFA .. 
._.__t HAS - . tAUH .. 

1~--------------------tLAS---------------------1 

I~----------------------------tcyc----------------------------~~~ 7Z80583 

Fig.7 Memory access timing. 
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Fig.8 Timing of link-through buffers. 
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Fig. 9 Timing of microprocessor read from EUROM. 
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A1/DO to 
AB/D7 

A9/D8 to 
A16/015 

Riw 

ADDRESS VALID 

DATA INPUT 

1~-------tDSS--------~ 

I~--------- t LUS--------~I 

tUDW 

tSRE-

lZ80586.1 

Fig. 10 Timing of microprocessor write to EUROM. 

UDS 
--------------~ 

F1/F6 

lZ80581.1 

Fig. 11 Timing of F1/F6 to memory access cycle. 
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EUROM 50 Hz 

APPLICATION INFORMATION 

More detailed application information is available on request 

BASIC VIDEOTEX DECODER CONFIGURATION 

SAA5351 

A basic, practical decoder configuration is shown in Fig. 14, reference should also be made to the 
block diagram Fig. 1. 

R 

G 

B 
sync 

Fig. 14 Basic videotex decoder configuration. 

Character and attribute data is fetched from the external memory, processed by the row buffer fill 
logic according to the stack coding scheme (in stack mode) and then fed into one half of the dual 
display row buffer. The data fetch process takes place during one line-flyback period (per row) and, 
since time is required to complete the fill, the other half of the dual row buffer is used for display. 
The row buffers exchange functions on alternate rows - each holds the 40 columns of 32 bits required 
to define explicitly every character in a row. 

The addresser is used for row buffer filling and for fetching screen colours, and during the display time 
it is also used for addressing D RCS characters. 

Timing 

The timing chain operates from an external 6 MHz clock or an on-chip fixed-frequency crystal 
oscillator. The basic video format is 40 characters per row, 24/25 rows per page and 10 video lines 
per row. EUROM will also operate with 20/21 rows per page and 12 video lines per row. The two extra 
lines per row are added symmetrically and contain background colour only for ROM-based alpha
numeric characters. DRCS characters, block and smooth mosaics and line drawing characters occupy 
all 12 lines. 

The display is generated to the normal 625-line/50 Hz scanning standard (interlaced or non-interlaced). 
In addition to composite sync (pin 32) for conventional timebases, a clock output at 1 MHz or 6 MHz 
(pin 29) is available for driving other videotex devices, and a 12 MHz clock (pin 27) is available for 
hard-copy dot synchronization. A defined-display-area timing signal (pin 33) simplifies the application 
of external peripherals such as a light pen; this signal is nominally coincident with the character dot 
information. 
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APPLICATION INFORMATION (continued) 

Character generation 

EU ROM supports eight character tables, each of (nominally) 128 characters. Four tables are in on-chip 
ROM and contain fixed characters and four are stored in an external RAM. The contents of the fixed 
character tables (Tables 0 to 3) are shown in Figs 15 and 16. 

Aa OIlPgp 
1Ea!!lAQaq 
se"2BRbr 
uu§3CScs 
caa.4DTdt 
BeoSEUeu 
iiij6FVfv 
<E6'7GWgW 
uu(8HXhx 
Ail)9IYiy 
e_*:JZjz 

... 0 K- -k-me_j A a 
ii,iLolo 
iii-oMtimti 
Aa.eHinB 
Cr;./? O#o.~ 

(a) (b) 

Fig. 15 On-chip characters: (a) Table 0; (b) Table 1. 
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Fig. 16 On-chip characters: (a) Table 2; (b) Table 3. 
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APPLICATION INFORMATION (continued) 

Character generation (continued) 

The 128 most commonly used characters are contained in Table 0, these are the standard upper and 
lower-case letters of the Roman alphabet, numerals, punctuation and the more common accented 
characters. In normal text transmission, Table 0 is used most of the time. Table 1 contains other 
accented characters. Miscellaneous characters, mathematical symbols, the line drawing character set 
and accents without associated symbols are contained in Table 2. Table 3 contains the block mosaics 
for the basic alpha-mosaic service and also the new smooth mosaics. 

The four tables stored in the external RAM (Tables 4 to 7) are used for ORCS. 

Scroll map 

The scroll map uses a 26-byte area of on-chip RAM and functions in association with the timing chain. 
It maps the scan row on to the fetched memory row so allowing the stored page to be displayed in any 
row order. For each row, a 1-byte pointer to the display memory row is stored in the scroll map. This 
allows scrolling without the need for data transfer to, or from, side storage. 
Additional control bits are stored, allowing 1 to 25 rows to be displayed at any location on the screen. 

Colour map and digital-to-analogue converters 

The colour map RAM contains thirty-two 12-bit words that are loaded by the microprocessor and read 
out in three 4-bit groups at pixel rate. Each group is fed to a non-linear (gamma-corrected) D-A con
verter. The resulting R, G and B outputs are low-impedance with peak-to-peak amplitudes controlled 
by the reference voltage applied at pin 21. 

Cursor 

The cursor is available in the stack mode. Its position, character code, character table, foreground 
colour, background colour, lining and flash attributes are all software programmable via internal 
register bits. 

NON-VIDEOTEX APPLICATIONS 

For non-Videotex applications, the device will also support the following operating modes: 

Explicit fill mode. An alternative 40 character/rows mode which does not use the memory compression 
technique of stack coding. More display memory is required but there are no limitations on the number 
of display attribute changes per row. 

80 characters/rows mode. When operating with 80 characters per row, the available display attributes 
are eight foreground colours, eight (potentially different) background colours (including transparent) as 
well as underline and blink. 

Full field ORCS mode. This mode is not mutually exclusive to the explicit fill and 80 characters/rows 
modes but rather the available ORCS memory is expanded so that the whole screen can be covered, 
thus enabling a 'bit map'. All ROM-based characters and all display attributes remain available. 

MICROPROCESSOR and RAM BUS INTERFACE 

Three types of data transfer take place at the bus interface: 

• EUROM fetches data from the display memory 

• The microprocessor reads from, or writes to, EU ROM's internal register map 

• The microprocessor accesses the display memory 
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EUROM access to display memory (Figs 17 and 18) 

EU ROM accesses the external display memory via a 16-bit multiplexed address and data bus with a cycle 
time of 500 ns. The address strobe (AS) signal from EU ROM flags the bus cycle and writes the address· 
into octal latches (74LS373). The display data is stored in bytes of upper (most-significant) and lower 
(least-significant) display information and is always fetched in pairs of bytes (upper + lower = 16 bits). 
The upper and lower display RAM sections are enabled simultaneously by the upper and lower data 
strobes (respectively UOS and LOS) which are always asserted together to fetch a 16-bit word. The 
read/write control R!W is included although EUROM only reads from the display memory. 

EUROM 
SAA5351 

A16to A9 
D15 to D8 

A8to A1 
D7 to DO 

8 

RAM RAM 

DISPLAY MEMORY 

(1) 74LS373 octal transparent latch (3-state) 

8 

R 

G 
B 
TCS 

A8to A1 

7Z95258.P 

Fig. 17 Simple RAM interface circuit for display memory access. 

AS I 1 

~----~~~ ______________________ --J;fr-------
1 1 

~ AD~~,'SS) ~ DATA:'" >-
: I 
I 1 

"1" 

R/W I 1 

1 1,..-----: \~ ______ ~t UDS,LDS 

7Z95257 

Fig. 18 Bus timing for display memory access. 
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APPLICATION INFORMATION (continued) 

EUROM access to display memory (continued) 

The display memory organization uses the word/byte addressing convention adopted for the SCN68000 
microprocessor series. Data fetched on the 16-bit bus is considered in terms of bytes where the even 
numbered bytes use the upper (most-significant) part of the bus as shown in Fig. 19. The word addresses 
are numerically the same as the upper byte that they contain - there are no odd-numbered word 
addresses. 

015 to 08 07 to DO 

WOROO 
8YTEO I BYTE 1 

I 

WOR02 
BYTE 2 I BYTE 3 

: 
WOR04 

BYTE 4 I BYTE 5 I 
I 

: - -
I 

WORD 1FFFE 
BYTE1FFFE : BYTE1FFFF 

I 

7Z95251 

Fig. 19 Display memory word/byte organization. 

Warning time 

As EUROM is a real-time display device, it must have direct access to the display memory with 
priority over the microprocessor and other peripheral devices. This is achieved by EUROM issuing a bus 
request (B'R)signal for the duration of the memory access plus a programmable advance warning time 
which allows the microprocessor to complete its current bus cycle. 

In systems where the buses of the microprocessor and EUROM are intimately connected (connected 
systems), BR may be used to suspend all microprocessor activity so that EUROM can act as a dedicated 
DMA controller. In systems where the two buses are separated by buffers (disconnected systems), BR 
may be used either to generate an interrupt or as a direct signal. To these ends, the warning time 
between the assertion of BR and the beginning of EUROM's bus activity is programmable to be between 
o and 23 IlS. 
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Microprocessor access to register map 

EUROM has a set of internal registers which, when memory-mapped, behave as an 8-bit wide RAM 
connected to the upper part ofthe data bus (Fig. 20). The control signals UDS and R/W are reversed 
to become inputs and the register map is enabled by the signal RE" . Addresses are input via the lower 
part of the bus. A data transfer acknowledge signal (DTACK) indicates to the microprocessor that the 
data transfer is complete. 

RE 

--1 REGISTER }--
MAP 

-
UOS 

8 

A16toA9 
015to08 

-
R/W 

EUROM 
SAA5351 

-

6 

A6 to A1 OTACK 
05 to 00 

7Z22375 

Fig. 20 Microprocessor access to register map. 

The main data and address paths used in a connected 68000 interface are shown in Fig. 21. The outputs 
from the octal latches (74LS373) are enabled only when the 68000 has made the bus available in 
response to a bus request (BR). When the register map is accessed data is transferred via the upper part 
of the bus and the microprocessor's low-order address is passed to EU ROM via the octal buffers 
(74LS244). At the same time the bidirectional buffers (74LS245) disable the signals from the low order 
data bus of the 68000. 

The buffers '244 and '245 may be omitted in a 16-bit write-only configuration where the least-significant 
data byte is interpreted by EU ROM as an address. Here it will generally be necessary for the micro
processor to hold a (readable) 'master copy' of EUROM's scroll map contents at a location in its main 
memory. 

8-bit microprocessors 

Although the control bus is optimised for the SCN68000 16-bit microprocessor unit, EUROM will 
operate with a number of widely differing industry-standard 8, 16 or more-bit microprocessors or 
microcontrollers (e.g. SCN68008, MAB8051). The interfacing of 8-bit microprocessors to the 16-bit 
wide display memory is made simple by EUROM's on-chip link-through buffer which provides the 
microprocessor with bidirectional access to the lower (odd) half of the memory. The link-through 
buffer is enabled by the buffer-enable signal BUFEN, and the send/receive direction is controlled by the 
signal SIR. 

The main data and address paths used in a connected 8-bit microprocessor system are shown in Fig. 22. 
The interface is similar to that of the 16-bit system but here the display memory does not receive AO 
as an address, rather AO is used as the major enabling signal for BO"F"El\l (enables when HIGH). 
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APPLICATION INFORMATION (continued) 

EUROM 
SAA5351 

RE ,..j REGISTER 
-I MAP -

~ AS 

A16to A9 A8to A1 
D15 to D8 D7 to DO 

UPPER LOWER 
DISPLAY DISPLAY 

RAM RAM 
----- r-----

UPPER LOWER 
SYSTEM SYSTEM 
MEMORY MEMORY 

R/W 

H (3) 
245 

t 
BR D15 to DB R/W D7 to DO A23to A17 

68000 

(1) 74LS373 octal transparent latch (3-state) 
(2) 74LS244 octal buffer (3-state) 
(3) 74LS245 octal bus transceiver (3-state) 
(4~ SCN68000 microprocessor unit 

RE 

t 
I (1)1 LE 1 (1)~ 

373 OE I 
373 

IOE 

tt ? 

~ r2
) 244 OE 

BUS ACK t 

A16to A9 ABto A1 
(4) 

lZ95259.P 

Fig.21 Connected 16-bit microprocessor system. 
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Fig. 22 Connected 8-bit microprocessor system. 
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APPLICATION INFORMATION (continued) 

Disconnected systems 

For many applications it may be desirable to disconnect EU ROM and the display memory from the 
microprocessor and its ROM, RAM and other peripherals by using isolating buffers as shown in Fig. 23. 
The two parts of the system then operate independently and communicate only when the micro
processor accesses EUROM's register map or the display memory. 

EUROM 
SAA5351 ~R 

- ,. REGISTER address 
RE 

1 MAP ~G 

data ~B 

~ LINK I~ ~TCS THROUGH 
BUFFER AS 

BR+-

I 
(1)1 

373 1 

UPPER LOWER 
.. 

(EVEN) (ODD) A16toAl 
DISPLAY DISPLAY 
MEMORY MEMORY 

(3) (2) 
---- 245 -------------------- 244 

data bus 

address bus 

(11 74LS373 octal transparent latch (3-state) 
(21 74LS244 octal buffer (3-state) 
(31 75LS245 octal bus transceiver (3-state) 

Fig. 23 Disconnected 8-bit system. 
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Synchronization 

Stand-alone mode 

As a stand-alone device (e.g. in terminal applications) EU ROM can output a composite sync signal (TCS) 
to the display timebase IC or to a monitor. Timing is obtained from a 6 MHz on-chip oscillator using an 
external crystal as shown in Fig. 24. 

Simple-slave 

F6 

+ 

VCS/OSCO 

EUROM 
SAA5351 

7Z95254.P 

R,G,B 

TCS 
to timebase 

Fig. 24 Stand-alone synchronization mode. 

In the simple-slave mode EUROM synchronizes directly to another device, such as to the TCS signal 
from the SAA5240 European computer-controlled teletext circuit (CCT) or from another EUROM as 
shown in Fig. 25. EUROM's horizontal counter is reset by the falling edge of TCS. A dead time of 250 ns 
is built in to avoid resetting the counter at every tv line and so prevents screen jitter. 
Field synchronization is made using EUROM's internal field sync separator. 

6MHz 

t t 
F6 F6 

- -
TCS TCS EUROM r---+ R,G,B 

SAA5240 SAA5351 

-
TCS 

7Z95255.P 

to timebase 

Fig. 25 Simple-slave (direct sync) mode. 
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APPLICATION INFORMATION (continued) 

Synchronization (continued) 

Phase-locked slave 

The phase-locked slave (indirect sync) mode is shown in Fig. 26. A phase-locked veo in the SAA5231 
teletext video processor provides sync to the timebases. When EUROM is active, its horizontal counter 
forms part of the phase control loop - a horizontal reference is fed back to the SAA5230 from the 
SAND output and a vertical reference is generated by feeding separated composite sync to EUROM's 
field sync separator via the ves input. In the phase-locked slave mode, the display derived from EUROM 
can sync with that from a tv source or a local VLP player, thus giving picture-in-text display possiblities. 

broadcast 
video 

(baseband) 

t 
SAA5230 

~ 
sync 

to timebase 

F6 

SAND 

VCS 

TCS 

F6 

SAND EUROM 
~ 

VCS SAA5351 
-
TCS 

7Z95253.P 

Fig. 26 Phase-locked slave (indirect sync) mode. 
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SINGLE-CHIP COLOUR CRT CONTROLLER (FTFROM) 

GENERAL DESCRIPTION 

The SAA5355 FTFROM (Five-Two-Five-ROM) is a single-chip VLSI NMOS crt controller capable of 
handling the display functions required for a 525-line, level-3 videotex decoder. Only minimal hardware 
is requ ired to produce a videotex terminal using FTF ROM - the simplest configuration needs just a 
microcontroller and 4 Kbytes of display memory. 

Features 

• Minimal additional hardware required 

• Screen formats of 40/80 character by 1-to-25 row display 

• 512 alphanumeric or graphical characters on-chip or extendable off-chip 

• Serial attribute storage (STACK) and parallel attribute storage 

• Dynamically redefinable character (ORCS) capability over full field 

• I nterfaces with 8/16-bit microprocessors with optional direct memory access 

• On-chip scroll map minimizes data to be transferred when scrolling 

• 32 on-screen colours redefinable from a palette of 4096 

• Three on-chip digital-to-analogue converters which compensate for crt non-linearity 

• Memory interface capable of supporting mUlti-page terminals. FTFROM can access up to 128 Kbytes 
of display memory 

• Programmable cursor 

• Programmable local status row 

• Three synchronization modes: 
stand-alone built-in oscillator operating with an external 6,041957 MHz crystal 

simple slave directly synchronized from the source of text composite sync 

phase-locked slave indirect synchronization allows picture-in-text displays (e.g. VCR/VLP video 
with text overlay) 

• On-chip timing with composite sync output 

• Zoom feature which allows the height of any group of rows to be increased to enhance legibility 

PACKAGE OUTLINE 

40-lead OIL; plastic (SOT129). 
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Single-chip colour crt controller (FTFROM) SAA5355 

PINNING 

1 VSS(1) Ground (0 V). 

2 BUFEN Buffer enable input to the 8-bit link-through buffer. 

3 RE Register enable input. This enables A 1 to A6 and UDS as inputs, and 08 to 
015 as input/outputs. 

4 to 19 A 16 to A 1/ Multiplexed address and data bus input/outputs. These pins also function 
015 to DO as the 8-bit link-through buffer. 

20 VSS(2) Ground (0 V). 

21 REF Analogue reference input. 

22 B 
23 G Analogue outputs (signals are gamma-corrected). 
24 R 

25 VDS Switching output for dot, screen (row), box and window video data; for 
use when video signal is present (e.g. from tv, VLP, alpha + photographic 
layer). This output is LOW for tv display and HIGH for text and will inter-
face directly with a number of colour decoder ICs (e.g. TDA3563, 
TDA3562A). 

26 00 Output disable causing R, G, Band VDS outputs to go to high-impedance 
<t state. Can be used at dot-rate. I-
<t 

27 CLKO 12 MHz clock output for hard-copy dot synchronization (referenced to Q 

I- output dots). z 
w 28 SAND Sandcastle feedback output for SAA5230 teletext video processor or other :E 
0.. circuit. Used when the display must be locked to the video source (e.g. VLP). 
0 
...J The phase-lock part of the sandcastle waveform can be disabled to allow w 

free-running of the SAA5230 phase-locked loop. > w 
Q 29 F1/F6 1,00699 MHz or 6,041957 MHz output. 

30 F6 6,041957 MHz clock input (e.g. from SAA5230). Internal a.c. coupling 
is provided. 

31 VCS/OSCO Video composite sync input (e.g. from SAA5230) for phase reference 
of vertical display timing when locking to a video source (e.g. VLP) or, 
in stand-alone sync mode, output from internal oscillator circuit (fixed 
frequency). 

32 TCS Text composite sync input/output depending on master/slave status. 

33 FS/DDA Field sync pulse output or defined-display-area flag output (both referenced 
to output dots). 

34 UDS Upper data strobe input/output. 

35 LOS Lower data strobe output. 

36 DTACK Data transfer acknowledge (open drain output). 

37 BR Bus request to microprocessor (open drain output). 

38 AS Address strobe output to external address latches. 

39 R/W (S/R) Read/write input/output. Also serves as send/receive for the link-through 
buffer. 

40 VDD Positive supply voltage (+ 5 V). 

" (MarCh 1986 711 



712 

SAA5355 

PINNING (continued) 

VOO 

BUFEN 2 R/W{S/R) 

AS 

SA 

OTACK 

LOS 

UOS 

FS/OOA 

TCS 

A10/09 VCS/OSCO 
SAA5355 

F6 

Aa/O? F1/F6 

A?/06 SAND 

A6/0S CLKO 

AS/04 00 

A4/03 VOS 

A3/02 17 24 R 

A2/01 

A1/00 

VSS (2) REF 

7Z96198 

Fig. 2 Pinning diagram. 

RATINGS 

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

Supply voltage range (pin 40) VDD 

Maximum input voltage (except F6, TCS, REF) 

Maximum input voltage (F6, TCS) 

Maximum input voltage (REF) 

Maximum output voltage 

Maximum output current 

Operating ambient temperature range 

Storage temperature range 

Vlmax 

Vlmax 

VREF 

VOmax 

lOmax 

Tamb 

Tstg 

Outputs other than CLKO, OSCO, R, G, B, and VDS are short-circuit protected. 

March 19861 ( 

-0,3 to + 7,5 V 

-0,3 to + 7,5 V 

-0,3 to + 10,0 V 

-0,3 to + 3,0 V 

-0,3 to + 7,5 V 

10 mA 

-20 to + 70 0C 

-55 to + 125 °C 
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Single-chip colour crt controller (FTFROM) l ____ S_A_A_53_5_5 ____ __ 

CHARACTERISTICS 

VOO = 5 V ± 5%; VSS = 0 V; Tamb = -20 to + 70 °C; unless otherwise specified. 

parameter symbol min. typo max. unit 

SUPPLY 

Supply voltage (pin 40) VOO 4,75 5,0 5,25 V 

Supply current (pin 40) 100 - - 350 rnA 

INPUTS 

F6 (note 1) 

Slave modes (Fig. 3) 

Input voltage (peak-to-peak value) VI(p_p) 1,0 - 7,0 V 

I nput peaks relative to 
50% duty factor ± Vp 0,2 - 3,5 V 

Input leakage current at 
V I = 0 to 10 V; T amb = 25 °C III - - 20 J,lA 

I nput capacitance CI - - 12 pF 

Stand-alone mode (Fig. 4) 

Series capacitance of crysta I Cl - 28 - fF 

Parallel capacitance of crystal Co - 7,1 - pF 

Resonance resistance of crystal Rr - - 60 .n 
Gain of circuit G - - * V/V 

BUFEN,RE,OD 

Input voltage LOW VIL 0 - 0,8 V 

Input voltage HIGH VIH 2,0 - 6,5 V 

Input current at 
VI = 0 to VOO+0,3 V; Tamb = 25 °C II -10 - +10 J,lA 

I nput capacitance CI - - 7 pF 

REF (Fig. 5) 

I nput voltage VREF 0 1 to 2 2,7 V 

Resistance (pin 21 to pin 20) with 
REF supply and R, G, B outputs OFF RREF - 125 - .n 

* Value under investigation. 
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___ S_AA_535_5_jl _______________ __ 
CHARACTER ISTICS (continued) 

parameter symbol min. typo max. unit 

OUTPUTS 

SAND 

Output voltage high level at 
10 = 0 to -10 IlA VOH 4,2 - VOO V 

Output voltage intermediate level at 
10 = -1 0 to + 10 IlA VOl 1,3 2,0 2,7 V 

Output voltage low level at 
10 = 0,2 rnA VOL 0 - 0,2 V 

Load capacitance CL - - 130 pF 

F1/F6, CLKO, DDA/FS 

Output voltage HIGH at 
IOH = -200 IlA VOH 2,4 - VOO V 

Output voltage LOW at IOL = 3,2 mA VOL 0 - 0,4 V 

Load capacitance CL - - 50 pF 

LDS,AS 

Output voltage HIGH at 
10H = -200 IlA VOH 2,4 - VOO V 

Output voltage LOW at IOL = 3,2 mA VOL 0 - 0,4 V 

Load capacitance CL - - 200 pF 

DTACK, BR (open drain outputs) 

Output voltage LOW at IOL = 3,2 mA VOL 0 - 0,4 V 

Load capacitance CL - - 150 pF 

Capacitance (OFF state) COFF - - 7 pF 

I 
R, G, B (note 2) 

Output voltage HIGH (note 3) at 

I 
10H = -100 IlA; VREF = 2,7 V VOH 2,4 - - V 

I Output voltage LOW at 10L = 2 mA VOL - - 0,4 V 
I Output resistance during line blanking ROBL - - 150 .n 

Output capacitance (OFF state) COFF - - 12 pF 

Output leakage current (OFF state) 
at VI = 0 to VOO+0,3 V; 
Tamb = 25 °C IOFF -10 - +10 IlA 
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Single-chip colour crt controller (FTFROM) 

parameter 

VOS 

Output voltage HIGH at IOH = -250J,lA 

Output voltage lOW at IOl = 2 mA 

Output voltage lOW at IOl = 1 mA 

Output leakage current (OFF state) 
at V, = 0 to VOO+0,3 V; 
Tamb = 25 °C 

I N PUT/OUTPUTS 

VCS/OSCO 

Input voltage HIGH 

I nput voltage lOW 

Input current (output OFF) at 
V, = 0 to VOO+ 0,3 V; 
Tamb = 25 DC 

I nput capacitance 

load capacitance 

TCS 

Input voltage HIGH 

I nput voltage lOW 

I nput current at 
V, = 0 to VOO+0,3 V; 
Tamb = 25 °C 

I nput capacitance 

Output voltage HIGH at 
IOH = -200 to 100 J,lA 

Output voltage lOW at VOL = 3,2 mA 

Load capacitance 

A1/00 to A16/015, UOS, R/W 

I nput voltage lOW 

Input voltage HIGH 

Input current at 
V I = 0 to V 0 0 + 0,3 V; 
Tamb = 25 °C 

I nput capacitance 

Output voltage HIGH at IOH = -200 J,lA 

Output voltage lOW at IOl = 3,2 mA 

load capacitance 

symbol 

VOH 

VOL 

VOL 

IOFF 

V,H 

V,l 

" 
C, 

Cl 

V,H 

V,l 

" 
C, 

VOH 

VOL 

Cl 

V,l 

V,H 

" 
C, 

VOH 

VOL 

Cl 

l ___ SA_A_5_3_5_5 __ _ 

min. typo max. unit 

2,4 - VOO V 

0 - 0,4 V 

0 - 0,2 V 

-10 - +10 J,lA 

I 

2,0 - 6,0 V 

0 - 0,8 V 

-10 - +10 J,lA 

- - 10 pF 

- - 50 pF 

3,5 - 10,0 V 

0 - 1,5 V 

-10 - +10 J,lA 

- - 10 pF 

2,4 - 6,0 V 

0 - 0,4 V 

- - 50 pF 

0 - 0,8 V 

2,0 - 6,0 V 

-10 - +10 J,lA 

- - 10 pF 

2,4 - VOO V 

0 - 0,4 V 

- - 200 pF 
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___ SAA_535_5_Jl ______________ __ 
CHARACTERISTICS (continued) 

parameter symbol min. typo max. unit 

TIMING (note 4) 

F6 (Fig. 3) 

Rise and fall times t r, tf 10 - 80 ns 

Frequency fF6 5,9 - 6,1 MHz 

CLKO, F1/F6, R, G, B, VDS 
FS/DDA, OD (notes 5, 6 and Fig. 6) 

CLKO HIGH time tCLKH 25 - - ns 

CLKO LOW time tCLKL 15 - - ns 

CLKO rise and fall times tCLKr - - 10 ns 

tCLKf 

CLKO HIGH to R, G, B, VOS change tVCH 10 - - ns 

R, G, B, VOS valid to CLKO rise tvoc 10 - - ns 

CLKO HIGH to R, G, B, VOS valid tcov - - 60 ns 

CLKO HIGH to R, G, B, VOS floating 
after 00 fall tFOO 0 - 30 ns 

Skew between outputs R, G, B, VOS tvs - - 20 ns 

R, G, B, VOS rise and fall times tVr, tVf - - 30 ns 

CLKO HIGH to R, G, B, VOS active 
after 00 rise tuoo 0 - 60 ns 

CLKO HIGH to FS/OOA change tOCH 10 - 60 ns 

FS/OOA valid to CLKO rise tooc 5 - - ns 

F1 HIGH time (note 7) tF1H - 500 - ns 

F1 LOW time (note 7) tF1 L - 500 - ns 

F6 HIGH time tF6H - 83 - ns 

F6 LOW time tF6L - 83 - ns 

00 to CLKO rise set-up toos - - 45 ns 

00 to CLKO HIGH hold tOOH - - 0 ns 

MEMORY ACCESS TIMING 

(notes 8, 9 and Fig. 7) 

UDS, LDS, AS 

Cycle time tcyc - 500 - ns 

(Jl)S" HIGH to bus-active for address output tSAA 75 - - ns 

Address valid set-up to AS fall tASU 20 - - ns 

I 
Address valid hold from AS LOW tASH 20 - - ns 

Address float to UOS fall tAFS 0 - - ns 
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Single-chip colour crt controller (FTFROM) 

parameter 

AS LOW to UDS fall delay 

UDS, LDS HIGH time 

UDS, LDS LOW time 

AS HIGH time 

AS LOW time 

AS LOW to UDS HIGH 

Data valid set-up to UDS rise 

Data valid hold from UDS HIGH 

UDS HIGH to AS rise delay 

AS LOW to data valid 

Link-through buffers 

(notes 8, 9 and Fig. 8) 

BUFEN LOW to output valid 

Link-through delay time 

I nput data float prior to direction change 

Output float after direction change 

Output float after BUFEN HIGH 

Microprocessor READ from FTFROM 

(Fig.9) 

R/W HIGH set-up to UDS fall 

UDS LOW to returned-data access time 

RE LOW to returned data access time 

Data valid to DTACK LOW delay 

DTACK LOW to UDS rise 

UDS HIGH to DTACK rise 

UDS HIGH to address hold 

UDS HIGH to data hold 

UDS HIGH to RE rise 

UDS HIGH to R!W fall 

UDS LOW to DTACK LOW 

Address valid to UDS fall 

symbol 

tATD 

tHDS 

tLDS 

tHAS 

tLAS 

tAUH 

tDSU 

tDSH 

tUAS 

tAFA 

tBEA 

tLTD 

tlFR 

tOFR 

tBED 

tRUD 

tUDA 

tREA 

tDTL 

tDLU 

tDTR 

tDSA 

tDSH 

tSRE 

tUDR 

tDSD 

tAUL 

l ____ S_A_A_5_35_5 ____ __ 

min. typo max. unit 

50 - - ns 

220 - - ns 

200 - - ns 

125 - - ns 

320 - - ns 

305 - - ns 

30 - - ns 

0 - - ns 

0 - 15 ns 

- - 275 ns 

- - 100 ns 

- - 85 ns 

0 - - ns 

- - 60 ns 

- - 60 ns 

0 - - ns 

- - 210 ns 

- - 210 ns 

40 - - ns 

0 - - ns 

0 - 75 ns 

10 - - ns 

10 - - ns 

10 - - ns 

0 - - ns 

250 - 350 ns 

0 - - ns 
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CHARACTERISTICS (continued) 

parameter symbol 

MEMORY ACCESS TIMING (continued) 

Microprocessor WRITE to FTFROM (Fig. 10) 

Write cycle time (note 10) tWCY 

R/W LOW set-up to UOS fall twuo 

RE LOW to UOS fall tRES 

Address valid to UOS fall tASS 

UOS LOW time tLUS 
Data valid to U OS rise toss 

UOS LOW to OTACK LOW tOTA 

UOS HIGH to OTACK rise tOTR 

UDS HIGH to data hold tOSH 
UOS HIGH to address hold tOSA 

UOS HIGH to RE rise tSRE 

UOS HIGH to R/W rise tuow 

Fl/F6 to memory access cycle (Fig. 11) 

UOS HIGH to F6 (component of Fl/F6) rise tUF6 

F6 (component of Fl/F6) HIGH to UOS rise tF6U 

SYNCHRONIZATION and BLANKING 

TCS, SAND, FS/DDA 

See Fig. 12 for timing relationships 
and Fig. 13 for vertical sync and 
blanking waveforms. 

Notes to the characteristics 

1. Pin 30 must be biased externally. 
2. 16-level analogue voltage outputs. 
3. Output voltage guaranteed when programmed for top level. 
4. All timings are related to a 6,00 MHz clock. 
5. CLKO, R, G, B, Fl/F6, VDS: CL = 25 pF. 

FS/OOA: CL = 50 pF 
6. CLKO, Fl/F6, VOS, FS/OOA: reference levels = 0,8 to 2,0 V 

R, G, B: reference levels = 0,8 to 2,0 V with VREF = 2,7 V 

min. typo max. unit 

500 - - ns 

0 - - ns 

30 - - ns 

30 - - ns 

100 - - ns 

80 - - ns 

0 - 60 ns 

0 - 75 ns 

10 - - ns 

10 - - ns 

10 - - ns 

0 - - ns 

20 - - ns 

40 - - ns 

7. These times may momentarily be reduced to a nominal 83 ns in slave-sync mode at the moment 
of re-synchronization. 

8. CL = 150 pF. 
9. Reference levels = 0,8 to 2,0 V. 
10. Microprocessor write cycle times of less than 500 ns are permitted but often result in Wait States 

being generated, the precise timing of OT ACK will than depend on the internal synchronization 
time. 
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Single-chip colour crt controller (FTFROM) l ____ S_A_A_53_5_5 ____ __ 

_1/fF6-

1 J, 
Vllp_p) j 
j -Vp 

~ __ ~~ __________ ~~~7---~-+--~--r-90%~ 

7Z80579 

Fig. 3 F6 input waveform. 

SAA5355 

30 31 C1 L Rr 

F6 1M!), OSCO CJ-VDD 

20pF 

T Co 

r 7Z96199 

vss 

(a) (b) 

C (1) for 525-1 ine operation, frequency = 6,041957 MHz. 

Fig.4(a) Oscillator circuit for SAA5355 stand-alone sync mode and (b) equivalent circuit of crystal at 
resonance (see characteristics for values). 

r----------------------------RREF--------------------------~ 

R,G, or B analogue 
output 

7Z80581 

vss 

Fig. 5 Circuit arrangement giving one-of-sixteen reference voltage levels for the R, G or B analogue 
outputs. 
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SAA5355 Jl ___ _ 
----------------------

720 

tODH -. ~ --. p ~ ODS 

------------------------------------. taos tODH ~------------------------

'------------r lZ96200 

DO to 015 
A1 to A16 

I 

Fig. 6 Video timing. 

J/ ADDRESS I" 

I~ 
OUTPUT 1/ 

tHDS .. tLDS 

tASU 
l .. 

tASH
• -- tAFS 

1\ 
-tATD-

- tAFA 

I-tHAS- .. tAUH 

\- tLAS 

.. tcyc 

Fig. 7 Memory access timing. 

March 19861 ( 

/ v----DATA INPUT 

"' -tDSU- I~ 
tDSH 

~ 

V 

- _tUAS 

• 
• 
·V 

• 7Z80583 



« 
I« 
C 
I-
2 
w 
:iE 
c.. o 
..oJ 
W 

> 
W 
C 

Single-chip colour crt controller (FTFROM) 

DO to 07 DATA 1 INPUT 

08 to 015 ----1.111 

R/W 

A1/DO to 
A8/D7 

A9/D8to 
A16/D15 

R/W 

Fig.8 Timing of link-through buffers. 

ADDRESS VALID 

l ____ S_A_A_53_5_5 ____ __ 

Fig.9 Timing of microprocessor read from FTF ROM. 
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Al/DO to 
AB/D7 

A9/D8 to 
A16/D15 

R/W 

RE 

ADDRESS VALID 

DATA INPUT 

~--~---tDSS--------~ 

1-+-----tDLU --------.I 
tUDW 

Fig. 10 Timing of microprocessor write to FTFROM. 

DDS 
--------------~ 

Fl/F6 

lZ80581.1 

Fig. 11 Timing of F1/F6 to memory access cycle. 
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TCS 

SAND 

VIDEO 

DDA 

DEVELOPMENT DATA 

OIlS 
4.717 ¢> 63.555¢> 

5V .1 33.267 ¢> 65.0445¢> 

2V---
(PL) 

OV 
(CBB) 

16.3854¢> 56.1076/lS 

~ L,.48,s \ 
\ I c:J=========~ r I. .1. .1. .1. .1. .1 

10.914¢> 6,951 J.lS 39.722¢> 5,958J.1s 10.914/lS 
blanking screen display text screen blanking 

Fig. 12 Timing of synchronization and blanking outputs; 
all timings are nominal and assume fF6 = 6,041957 MHz. 
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INTERLACE 1st FIELD 

line number I 522 
(260) 

INTERLACE 2nd FIELD 

259 260 

NON -INTERLACE 

line number I 260 

I field blanking (20 lines and line blanking) 

523 
(261) I 524 I 52i1 I 2 (262) (263) 

end of 2nd field I 
start of 1st field (even) 

/ I 

3 4 

/ I FTFROM internal reset / } r I and odd/even field detection 

261 I 262 I 2~3 I 264 I I 265 I 
(1) (2) I (3) 

end of 1st field -----l I 
~ start of 2nd field (odd) 

I 

I 

I 

I 
I 

266 
(4) 

l'~~,~ ':'f;el~ (~n) 
I 

263 261 262 

267 
(5) 

4 

5 

268 
(6) 

5 

Fig. 13 Vertical synchronization and blanking waveforms; separation 
of broad pulses = 4,717 J.1.S; equalizing pulse widths = 2,23 J.1.s. 
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Single-chip colour crt controller (FTFROM) l ____ S_A_A_5_35_5 ____ __ 

APPLICATION INFORMATION 

More detailed application information is available on request 

BASIC VIDEOTEX DECODER CONFIGURATION 

A basic, practical decoder configuration is shown in Fig. 14, reference should also be made to the 
block diagram Fig. 1. 

R 

G 

B 

sync 

8051 

Fig. 14 Basic videotex decoder configuration. 

Character and attribute data is fetched from the external memory, processed by the row buffer fi II 
logic according to the stack coding scheme (in stack mode) and then fed into one half of the dual 
display row buffer. The data fetch process takes place during one line-flyback period (per row) and, 
since time is required to complete the fill, the other half of the dual row buffer is used for display. 
The row buffers exchange functions on alternate rows - each holds the 40 columns of 32 bits required 
to define explicitly every character in a row. 

The addresser is used for row buffer filling and for fetching screen colours, and during the display time 
it is also used for addressing D RCS characters. 

Timing 

The timing chain operates from an external 6,041957 MHz clock or an on-chip fixed-frequency crystal 
oscillator. The basic video format is 40 characters per row, 20/21 rows per page and 10 video lines per 
row. FTFROM will also operate with 25 rows per page and 9 video lines per row. 

The display is generated to the normal 525-line/59,94 Hz scanning standard (interlaced or non
interlaced). In addition to composite sync (pin 32) for conventional timebases, a clock output at 
approximately 1 MHz or 6 MHz (pin 29) is available for driving other devices, and a clock output 
(pin 27) is available for hard-copy dot synchronization. A defined-display-area timing signal (pin 33) 
simplifies the application of external peripherals such as a light pen; this signal is nominally coincident 
with the character dot information. 
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__ SA_A53_55_Jl _______ _ 
APPLICATION INFORMATION (continued) 

Character generation 

FTFROM supports eight character tables, each of (nominally) 128 characters. Four tables are in 
on-chip ROM and contain fixed characters and four are stored in an external RAM. The fixed 
character tables (Tables 0 to 3), shown in Figs 15 and 16, are applicable to 1 O-lines-per-row applications. 
For 9 lines per row applications, the characters will be as shown but with the last line removed from 
alpha characters and line 5 (labelling 0 to 9) removed from mosaic and line drawing characters. 

aa OIPgp 
IEte! lAQaq 
Be"2BRbr 
Uu.!3CScs 
caa4DTdt 
Beo5EUeu 
iiijBFVfv 
<Eo'7GWgw 
uu(BHXhx 
Ail)9IYiy 
"ta*:JZjz 
meQ;KAka 
ii,iLOlo 
No-oMtimti 
Aa.eNinB 
f;r;./?O#oL 

lZ96211 

(a) 

... -I -I II. 

ULElOK 
-I -I...... -I -I...... 
NnElaRrUU 
ssCcYyl)d 
zZEeioua 
CCGgiJ:Sh 
Ggizooyg 
HnlJ:~iiiilJo 
Sj 1--,), ccI:.l: 
ssljll}Eal.l 
WW~FEeii 
9:Y4iilDDUU 
AaJ;~NiiE:Y 
Ee-l--i-irJ.1I 
iiV\lss~t 
06~!i6dnl) 
iiiiTtGZhii 

lZ96212 

(b) 

Fig. 15 On-chip characters: (a) Table 0; (b) Table 1. 
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7Z96213 7Z96214 

(a) (b) 

Fig. 16 On-chip characters: (a) Table 2; (b) Table 3. 
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APPLICATION INFORMATION (continued) 

Character generation (continued) 

The 128 most commonly used characters are contained in Table 0, these are the standard upper and 
lower-case letters of the Roman alphabet, numerals, punctuation and the more common accented 
characters. In normal text transmission, Table 0 is used most of the time. Table 1 contains other 
accented characters. Miscellaneous characters, mathematical symbols, the line drawing character set 
and accents without associated symbols are contained in Table 2. Table 3 contains the block mosaics 
for the basic alpha-mosaic service and also the new smooth mosaics. 

The four tables stored in the external RAM (Tables 4 to 7) are used for ORCS. 

Scroll map 

The scroll map uses a 26-byte area of on-chip RAM and functions in association with the timing chain. 
It maps the scan row on to the fetched memory row so allowing the stored page to be displayed in any 
row order. For each row, a 1-byte pointer to the display memory row is stored in the scroll map. This 
allows scrolling without the need for data transfer to, or from, side storage. 
Additional control bits are stored, allowing 1 to 25 rows to be displayed at any location on the screen. 

Colour map and digital-to-analogue converters 

The colour map RAM contains thirty-two 12-bit words that are loaded by the microprocessor and read 
out in three 4-bit groups at pixel rate. Each group is fed to a non-linear (gamma-corrected) D-A con
verter. The resulting R, G and B outputs are low-impedance with peak-to-peak amplitudes controlled 
by the reference voltage applied at pin 21. 

Cursor 

The cursor is available in the stack mode. Its position, character code, character table, foreground 
colour, background colour, lining and flash attributes are all software programmable via internal 
register bits. 

NON-VIDEOTEX APPLICATIONS 

For non-Videotex applications, the device will also support the following operating modes: 

Explicit fill mode. An alternative 40 character/rows mode which does not use the memory compression 
technique of stack coding. More display memory is required but there are no limitations on the number 
of display attribute changes per row. 

80 characters/rows mode. When operating with 80 characters per row, the available display attributes 
are eight foreground colours, eight (potentially different) background colours (including transparent) as 
well as underline and blink. 

Full field ORCS mode. This mode is not mutually exclusive to the explicit fill and 80 characters/rows 
modes but rather the available ORCS memory is expanded so that the whole screen can be covered, 
thus enabling a 'bit map'. All ROM-based characters and all display attributes remain available. 

MICROPROCESSOR and RAM BUS INTERFACE 

Three types of data transfer take place at the bus interface: 

• FTF ROM fetches data from the display memory 

• The microprocessor reads from, or writes to, FTF ROM's internal register map 

• The microprocessor accesses the display memory 
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Single-chip colour crt controller (FTFROM) SAA5355 

FTFROM access to display memory (Figs 17 and 18) 

FTF ROM accesses the external display memory via a 16-bit multiplexed address and data bus with a 
cycle time of 496,5 ns (F6 = 6,041957 MHz). The address strobe (AS) signal from FTFROM flags the 
bus cycle and writes the address into octal latches (74LS373). The display data is stored in bytes of 
upper (most-significant) and lower (least-significant) display information and is always fetched in pairs 
of bytes (upper + lower = 16 bits). The upper and lower display RAM sections are enabled simul
taneously by the upper and lower data strobes (respectively UOS and LOS) which are always asserted 
together to fetch a 16-bit word. The read/write control R;W is included although FTFROM only reads 
from the display memory. 

FTFROM 
SAA5355 

A16to A9 
D15 to D8 

A8to A1 
D7to DO 

8 

RAM RAM 

DISPLAY MEMORY 

(1) 74LS373 octal transparent latch (3-state) 

B 

8 

R 

G 
B 
TCS 

ABto A1 

7Z96206 

Fig. 17 Simple RAM interface circuit for display memory access. 

AS I I 
~----~~~ ______________________ --J;fr-------

I I 

~ AD~~lESS) a< DATA: IN )--

: I 
I I 

"1" 

R/W I I 
I Ir--------: \~ ______ ~t UDS,LDS 

7295257 

Fig. 18 Bus timing for display memory access. 
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APPLICATION INFORMATION (continued) 

FTFROM access to display memory (continued) 

The display memory organization uses the word/byte addressing convention adopted for the SCN68000 
microprocessor series. Data fetched on the 16-bit bus is considered in terms of bytes where the even 
numbered bytes use the upper (most-significant) part of the bus as shown in Fig. 19. The word addresses 
are numerically the same as the upper byte that they contain - there are no odd-numbered word 
addresses. 

015 to 08 07 to DO 

WORDO 
8YTE 0 I BYTE 1 

I 

WORD 2 
BYTE 2 I BYTE 3 

I 
1 

WORD4 
BYTE 4 I BYTE 5 I 

I 

J 
~ .-- ; -=--

WORD 1FFFE 
BYTE1FFFE I ByrE 1FFFF I 

I 

7Z95251 

Fig. 19 Display memory word/byte organization. 

Warning time 

As FTFROM is a real-time display device, it must have direct access to the display memory with 
priority over the microprocessor and other peripheral devices. This is achieved by FTFROM issuing a 
bus request (B R) signal for the duration of the memory access plus a programmable advance warning 
time which allows the microprocessor to complete its current bus cycle. 

In systems where the buses of the microprocessor and FTFROM are intimately connected (connected 
systems), BR may be used to suspend all microprocessor activity so that FTFROM can act as a 
dedicated DMA controller. In systems where the twO buses are separated by buffers (disconnected 
systems), BR may be used either to generate an interrupt or as a direct signal. To these ends, the 
warning time between the assertion of BR and the beginning of FTFROM's bus activity is program
mable to be between 0 and 22,84 J1.S. 
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Single-chip colour crt controller (FTFROM) l ____ S_A_A_5_3_55 ____ __ 

Microprocessor access to register map 

FTF ROM has a set of internal registers which, when memory-mapped, behave as an 8-bit wide RAM 
connected to the upper part of the data bus (Fig. 20). The control signals U OS and R/W are reversed 
to become inputs and the register map is enabled by the signal RE . Addresses are input via the lower 
part of the bus. A data transfer acknowledge signal (OTACK) indicates to the microprocessor that the 
data transfer is complete. 

RE 

rl REGISTER ~ 
MAP 

UOS 

8 

A16toA9 
D15toD8 

R/W 

FTFROM 
SAA5355 

t---

6 

A6 to Al OTACK 
05 to DO 

lZ96201 

Fig. 20 Microprocessor access to register map. 

The main data and address paths used in a connected 68000 interface are shown in Fig. 21. The outputs 
from the octal latches (74LS373) are enabled only when the 68000 has made the bus available in 
response to a bus request (BR). When the register map is accessed data is transferred via the upper part 
of the bus and the microprocessor's low-order address is passed to FTF ROM via the octal buffers 
(74LS244). At the same time the bidirectional buffers (74LS245) disable the signals from the low order 
data bus of the 68000. 

The buffers '244 and '245 may be omitted in a 16-bit write-only configuration where the least-significant 
data byte is interpreted by FTFROM as an address. Here it will generally be necessary for the micro
processor to hold a (readable) 'master copy' of FTFROM's scroll map contents at a location in its main 
memory. 

a-bit microprocessors 

Although the control bus is optimised for the SCN68000 16-bit microprocessor unit, FTFROM will 
operate with a number of widely differing industry-standard 8, 16 or more-bit microprocessors or 
microcontroliers (e.g. SCN68008, MAB8051). The interfacing of 8-bit microprocessors to the 16-bit 
wide display memory is made simple by FTFROM's on-chip link-through buffer which provides the 
microprocessor with bidirectional access to the lower (odd) half of the memory. The link-through 
buffer is enabled by the buffer-enable signal BUFEN, and the send/receive direction is controlled by the 
signal SIR. 

The main data and address paths used in a connected 8-bit microprocessor system are shown in Fig. 22. 
The interface is similar to that of the 16-bit system but here the display memory does not receive AO 
as an address, rather AO is used as the major enabling signal for BUFEN (enables when HIGH). 
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APPLICATION INFORMATION (continued) 

FTFROM 
SAA5355 

-
~ REGISTER RE 

MAP 
-

~ AS 

A16toA9 A8to A1 
015 to 08 07 to DO 

UPPER LOWER 
DISPLAY DISPLAY 

RAM RAM 
----- f------

UPPER LOWER 
SYSTEM SYSTEM 
MEMORY MEMORY 

-
R/W 

H (3) -
245 RE 

i 
BR 015 to 08 R/W 07 to DO A23toA17 

68000 

(1) 74LS373 octal transparent latch (3-state) 
(2) 74LS244 octal buffer (3-state) 
(3) 74LS245 octal transceiver (3-state) 
(4) SCN68000 microprocessor unit 

t 
I 373 (1)1 - 1 (1)~ LE 

373 
DEI IOE 

? ? 

~ r2
) 244 DE 

BUS ACK t 

A16 to A9 A8to A1 
(4) 

lZ96201 

Fig. 21 Connected 16-bit microprocessor system. 
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Single-chip colour crt controller (FTFROM) 

FTFROM r----+ R 

FiE REGISTER address SAA5355 
-I MAP --'G 

data 
--'B 4 LINK ~ --'TCS THROUGH 

- BUFFER -BR .. AS 

I ~ 
J~ 
SIR BUFEN 

A1 to A16 

~ (1)1 
UPPER LOWER 373

0EI (EVEN) (ODD) 
DISPLAY DISPLAY ? 
MEMORY MEMORY ... >----+---------

AO to A7 

SYSTEM 
MEMORY A8toA15 

A16 to AXX 

BUS REG 07 to DO A16 to AXX A15toA8 

8 - BIT MICROPROCESSOR 

(1) 74LS373 octal transparent latch (3-state) 
(2) 74 LS244 octal buffer (3-state) 

l ____ S_A_A_5_35_5 ____ __ 

1 (1) 

373 
IOE 

? 

~ 
(2)1 

244 
OE 

I ---
BUS ACK RE 

A7 to AD 

7Z96209 

Fig. 22 Connected 8-bit microprocessor system. 
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APPLICATION INFORMATION (continued) 

Disconnected systems 

For many applications it may be desirable to disconnect FTFROM and the display memory from the 
microprocessor and its ROM, RAM and other peripherals by using isolating buffers as shown in Fig. 23. 
The two parts of the system then operate independently and communicate only when the micro
processor accesses FTF ROM's register map or the display memory. 

FTFROM 
~R 

- REGISTER address SAA5355 
RE ....J 

MAP ~G 

data 
~B 4 LINK I~ ~TCS THROUGH 

BUFFER -
AS 

BR+-

I (lll , 373 1 

UPPER LOWER .... 
(EVEN) (ODD) 

A16 to A1 
DISPLAY DISPLAY 
MEMORY MEMORY 

(3) (2) 

---- 245 -------------------- 244 

data bus 

address bus 

(1) 74LS373 octal transparent latch (3-state) 
(2) 74LS244 octal buffer (3-state) 
(3) 74LS245 octal bus transceiver (3-state) 

Fig. 23 Disconnected 8-bit system. 
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Single-chip colour crt controller (FTFROM) 

Synchronization 

Stand-alone mode 

SAA5355 

As a stand-alone device (e.g. in terminal applications) FTFROM can output a composite sync signal 
(TCS) to the display timebase IC or to a monitor. Timing is obtained from a 6,041957 MHz on-chip 
oscillator using an external crystal as shown in Fig. 24. 

Simple-slave 

F6 VCS/osco 

FTFROM 
SAA5355 

lZ96203 

R,G,B 

TCS 
to timebase 

Fig. 24 Stand-alone synchronization mode. 

In the simple-slave mode FTFROM synchronizes directly to another device as shown in Fig. 25. 
FTFROM's horizontal counter is reset by the falling edge of TCS. A dead time of 250 ns is built in 
to avoid resetting the counter at every tv line and so prevents screen jitter. 
Field synchronization is made using FTFROM's internal field sync separator. 

6,041957 MHz 

t t 
F6 F6 

R,G,B 
- FTFROM 

--+ TCS TCS 
SAA5355 

SAA5355 

- lZ96204 
TCS 

to tin'lebase 

Fig. 25 Simple-slave (direct sync) mode. 
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APPLICATION INFORMATION (continued) 

Synchronization (continued) 

Phase-locked slave 

The phase-locked slave (indirect sync) mode is shown in Fig. 26. A phase-locked veo in the SAA5230 
teletext video processor provides sync to the timebases. When FTF ROM is active, its horizontal counter 
forms part of the phase control loop - a horizontal reference is fed back to the SAA5230 from the 
SAND output and a vertical reference is generated by feeding separated composite sync to FTFROM's 
field sync separator via the ves input. In the phase-locked slave mode, the display derived from 
FTF ROM can sync with that from a tv source or a local VLP player, thus giving picture-in-text display 
possibilities. 

broadcast 
video 

(baseband) 

t 
SAA5230 

~ 
sync 

to timebase 

F6 

SAND 

VCS 

TCS 

F6 

SAND FTFROM 
~ SAA5355 VCS 

-
TCS 

7Z96202 

Fig. 26 Phase-locked slave (indirect sync) mode. 

March 19861 ( 

R,G,B 



DEVELOPMENT DATA 
This data sheet contains advance information and 

specifications are subject to change without notice. l ____ S_A_A_5_36_1 ____ __ 

EUROM 60 Hz 

GENERAL DESCRIPTION 

The SAA5361 EUROM is a single-chip VLSI NMOS crt controller capable of handling all display 
functions required by the CEPT videotex terminal, model A4. Only minimal hardware is required to 
produce a videotex terminal using EUROM - the simplest configuration needs just a microcontroller 
and 4 Kbytes of display memory. 

Features 

• Minimal additional hardware required 

• Screen formats of 40/80 character by 1-to-25 row display 

• 512 alphanumeric or graphical characters on-chip or extendable off-chip 

• Serial attribute storage (STAC K) and parallel attribute storage 

• Dynamically redefinabie character (ORCS) capability over full field 

• I nterfaces with 8/16-bit microprocessors with optional direct memory access 

• On-chip scroll map minimizes data to be transferred when scrolling 

• On-chip colour map RAM (4096 locations) and three on-chip digital-to-analogue converters allow 
32 colours on-screen 

• On-chip digital-to-analogue converters are non-linear to compensate for crt non-linearity 

• Memory interface capable of supporting multi-page terminals. EUROM can access up to 128 Kbytes 
of display memory . 

• Programmable cursor 

• Programmable local status row 

• Three synchronization modes: 
stand-alone built-in oscillator operating with an external 7.2 MHz crystal 
simple slave directly synchronized from the source of text composite sync 
phase-locked slave indirect synchronization allows picture-in-text displays (e.g. VCR/VLP video 

with text overlay) 

• On-chip timing composite sync output 

• Zoom feature which allows the height of any group of rows to be increased to enhance legibility 

PACKAGE OUTLINE 

40-lead 01 L; plastic (SOT129). 
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PINNING 

1 

2 

3 

4 to 19 

20 

21 

22 
23 
24 

25 

26 

« 27 l-
e:( 
0 
I- 28 
2 
w 
~ 
c.. 29 
0 
..J 30 w 
> 31 w 
0 

32 

33 

34 

35 

36 

37 

38 

39 

40 

VSS1 

BUFEN 

RE 

A 16 to A 1/ 
015 to DO 

VSS2 

REF 

B 
G 
R 

VDS 

00 

CLKO 

SAND 

F1/F6 

F6 

VCS/OSCO 

TCS 

FS/DDA 

UDS 

LOS 

DTACK 

BR 

AS 

R/W (S/R) 

VDD 

Ground 0 V. 

Buffer enable input to the 8-bit link-through buffer. 

Register enable input. This enables Alto A6 and UDS as inputs, and 08 to 
015 as input/outputs. 

Multiplexed address and data bus input/outputs. These pins also function 
as the 8-bit link-through buffer. 

Ground (0 V). 

Analogue reference input. 

Analogue outputs (signals are gamma-corrected). 

Switching output for dot, screen (row), box and window video data; for 
use when video signal is present (e.g. from tv, VLP, alpha + photographic 
layer). This output is LOW for tv display and HIGH for text and will inter
face directly with a number of colour decoder ICs. 

Output disable causing R, G, Band VDS outputs to go to high-impedance 
state. Can be used at dot-rate. 

14.4 MHz clock output for hard-copy dot synchronization (referenced to 
output dots). 

Sandcastle feedback to other circuit, when display must be locked to 
a VLP. The phase-lock part of the sandcastle waveform can be disabled. 

1.2 MHz or 7.2 MHz output. 

7.2 MHz clock input. Internal AC coupling is provided. 

Video composite sync input for phase reference of vertical display timing 
when locking to a video source or, in stand-alone sync mode, output from 
internal oscillator circuit (fixed frequency). 

Text composite sync input/output depending on master/slave status. 

Field sync pulse output or defined-display-area flag output (both referenced 
to output dots). 

Upper data strobe input/output. 

Lower data strobe output. 

Data transfer acknowledge (open drain output). 

Bus request to microprocessor (open drain output). 

Address strobe output to external address latches. 

Read/write input/output. Also serves as send/receive for the link-through 
buffer. 

Positive supply voltage (+ 5 V). 
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PINNING (continued) 

VDD 

R/W{S/R) 

38 AS 

BR 

DTACK 

LDS 

UDS 

FS/DDA 

TCS 

A10/D9 VCS/OSCO 
SAA5361 

F6 

A8/D? F1/F6 

A?/D6 SAND 

A6/DS CLKO 

AS/D4 OD 

A4/D3 VDS 

A3/D2 

A2/D1 

A1/DO 

21 REF 

7Z22628 

Fig. 2 Pinning diagram. 

RATINGS 

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

Supply voltage range (pin 40) VDD 

Maximum input voltage (except F6, TCS, REF) 

Maximum input voltage (F6, TCS) 

Maximum input voltage (REF) 

Maximum output voltage 

Maximum output current 

Operating ambient temperature range 

Storage temperature range 

Vlmax 

Vlmax 

VRI;F 

VOmax 

lOmax 

Tamb 

Tstg 

Outputs other than CLKO, OSCO, R, G, 8, and VDS are short-circuit protected. 

July 19881 ( 

-0.3 to + 7.5 V 

-0.3 to +7.5 V 

-0.3 to + 10.0 V 

-0.3 to + 3.0 V 

-0.3 to + 7.5 V 

10 rnA 

o to +60 0C 

-55 to + 125 0C 
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CHARACTERISTICS 

VOO = 5 V ±5%; VSS = 0 V; Tamb = 0 to +60 oC, unless otherwise specified 

parameter symbol min. typo max. 

SUPPLY 

Supply voltage (pin 40) VOO 4.75 5.0 5.25 

Supply current (pin 40) 100 - - 390 

INPUTS 

F6 

Slave modes (Fig. 3) 

Input voltage (peak-to-peak value) VI (p-p) 2.5 3.0 7.0 

Input leakage current at 
V I = 0 to V CC max; T amb = 25 oC III - - 20 

I nput capacitance CI - - 12 

Stand-alone mode (Fig. 4) 

Series capacitance of crystal C1 - 28 -

Parallel capacitance of crystal Co - 7.1 -

Resonance resistance of crystal Rr - - 60 

BUFEN, RE, 00 

I nput voltage LOW VIL 0 - 0.8 

Input voltage HIGH VIH 2.0 - 6.5 

I nput leakage current at 
VI =OtoVOO+0.3V;Tamb=25 0 C IlL -10 - +10 

I nput capacitance CI - - 7 

REF (Fig. 5) 

Input voltage VREF 0 1 to 2 2.7 

Resistance (pin 21 to pin 20) with 
REF supply and R, G, B outputs OFF RREF - 125 -

1 (JUlY 1988 

unit 

V 

rnA 

V 

JlA 

pF 

fF 

pF 

n 

V 

V 

JlA 

pF 

V 

n 
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CHARACTERISTICS (continued) 

parameter symbol min. typo max. unit 

OUTPUTS 

SAND 

Output voltage high level at 
10 = 0 to -1 0 IlA VOH 4.2 - VOO V 

Ou.tput voltage intermediate level at 
10= -10 to + 1 0 IlA Val 1.3 - 2.7 V 

Oiltput voltage low level at 
10=0.2mA VOL 0 - 0.2 V 

Load capacitance (note 1) CL - - 130 pF 

F1/F6, DDA/FS 

Output vo Itage H I G H VOH 2.4 - VOO V 

Output voltage LOW at IOL = 3.2 mA VOL 0 - 0.4 V 

Load capacitance (note 1) CL - - 50 pF 

LDS, AS 

Output voltage HIGH at 
10H = -200 IlA VOH 2.0 - VOO V 

Output voltage LOW at 10L = 3.2 mA VOL 0 - 0.8 V 

Load capacitance (note 1) CL - - 200 pF 

DTACK, BA- (open drain outputs) 

Output voltage LOW at 10L = 3.2 mA VOL 0 - 0.4 V 

Load capacitance (note 1) CL - - 150 pF 

C~pacitance (OFF state) COFF - - 7 pF 

R, G, B (note 2) 

Output voltage HIGH (note 3) at 
IOH = -100 IlA; VREF = 2.7 V VOH 2.4 - - V 

Output voltage LOW at IOL = 2 mA (note 10) VOL - - 0.4 V 

Output resistance during line blanking ROBL - - 150 n 
Output capacitance (OFF state) COFF - - 12 pF 

Output leakage current (OFF state) 
at VI = 0 to VOO+ 0.3 V; 
Tamb = 25 °C IOFF -10 - +10 IlA 

CLOCKO 

Output voltage HIGH VOH 2.0 VOO V 
Output voltage LOW VOL 0 0.8 V 
Load capacitance (note 1) CL - 50 pF 
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parameter 

VDS 

Output voltage HIGH 
Output voltage LOW 
Output leakage current (OFF state) 

at VI = 0 to VOO+ 0.3 V; 
Tamb = 25 °C 

INPUTS/OUTPUTS 

VCS/OSCO 

Input voltage HIGH 
I nput voltage LOW 
Output leakage current (output OFF) at 

VI = 0 to VOO+ 0.3 V; 
Tamb = 25 °C 

I nput capacitance 
Load capacitance (note 1) 

TCS 

Input voltage HIGH 
I nput voltage LOW 
Output leakage current at 

VI = 0 to VOO+ 0.3 V; 
Tamb = 25 °C 

I nput capacitance 
Output voltage HIGH at 

IOH = -200 to 100 JJ.A 
Output voltage LOW at VOL = 3.2 rnA 
Load capacitance (note 1) 

Al/DO to A16/D15 

I nput voltage LOW 
Input voltage HIGH 
Output leakage current 

VI = 0 to VOO+ 0.3 V; 
Tamb = 25 °C 

I nput capacitance 
Output voltage HIGH at IOH = -200 JJ.A 
Output voltage LOW at IOL = 3.2 mA 
Load capacitance (note 1) 

UDS; R/W 

I nput voltage LOW 
Input voltage HIGH 
Output leakage current at 

VI = 0 to VOO+ 0.3 V; 
Tamb = 25 °C 

I nput capacitance 
Output voltage HI G H 

(lOH = -200 JJ.A) 
Output voltage LOW 

(lOH = 3.2 mAl 
Load capacitance (note 1) 

symbol 

VOH 
VOL 

ILO 

VIH 
VIL 

ILO 
CI 
CL 

VIH 
VIL 

ILO 
CI 

VOH 
VOL 
CL 

VIL 
VIH 

ILO 
CI 
VOH 
VOL 
CL 

VIL 
VIH 

ILO 
CIN 

VOH 

VOL 
CL 

min. typo max. unit 

2.0 - VOO V 
0 - 0.8 V 

-10 - + 10 JJ.A 

2.0 - 6.0 V 
0 - 0.8 V 

-10 - +10 JJ.A 
- - 10 pF 
- - 50 pF 

3.5 - 10.0 V 
0 - 1.5 V 

-10 - + 10 JJ.A 
- - 10 pF 

2.0 - 6.0 V 
0 - 0.8 V 
- - 50 pF 

0 - 0.8 V 
2.0 - 6.0 V 

-10 - + 10 JJ.A 
- - 10 pF 
2.4 - VOO V 
0 - 0.4 V 
- - 200 pF 

0 - 0.8 V 
2.0 - 6.0 V 

-10 - +10 JJ.A 
- - 10 pF 

2.0 - VOO V 

0 - 0.8 V 
- - 200 pF 
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CHARACTE R ISTICS (continued) 

parameter symbol min. typo max. unit 

TIMING 

Values guaranteed at 0.8 V and 2.0 V levels 
F6 input frequency at 7.2 MHz 

F6 (Fig. 3) 

Rise and fall times t r, tf 10 - 69 ns 

Frequency fF6 - 72 - MHz 

CLKO, F1/F6, R, G, a, VOS, 
FS/OOA, 00 (notes 4, 5 and Fig. 6) 

CLKO HIGH time tCLKH 20 - - ns 

CLKO LOW time tCLKL 12 - - ns 

tCLKr - - 10 ns 
CLKO rise and fall times 

tCLKf - - 10 ns 
CLKO HIGH to R, G, S, VDS floating 

after OD fall tFOD a - 30 ns 

Skew between outputs R, G, S, V DS tvs - - 20 ns 

R, G, S, VDS rise and fall times tVr, tVf - - 30 ns 

CLKO HIGH to R, G, S, VDS active 
after 0i5 rise tAOD a - 60 ns 

F1 HIGH time (note 5) tF1H 333 417 500 ns 

F1 LOW time (note 5) tF1 L 333 417 500 ns 

F6 HIGH time tF6H 33 69 100 ns 

F6 LOW time tF6L 33 69 100 ns 

OD to CLKO rise set-up tODS - - 45 ns 

OD to CLKO HIGH hold tODH - - a ns 

MEMORY ACCESS TIMING 

(notes 1,6, 7 and Fig. 7) 

UOS, LOS, AS 

Cycle time tcyc - 417 - ns 

0l)'S HI G H to bus-active for address output tSAA 65 - - ns 

Address valid set-up to AS fall tASU 16 - - ns 

Address valid hold from AS LOW tASH 16 - - ns 

Address·float to UDS fall tAFS a - - ns 
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parameter 

AS LOW to UDS fall delay 

UDS, LDS HIGH time 

UDS, LDS LOW time (note 9) 

AS HIGH time 

AS LOW time 

Data valid set-up to UDS rise 

Data valid hold from UDS HIGH 

UDS HIGH to AS rise delay 

AS LOW to data valid 

Link-through buffers 

(notes 6, 7 and Fig. 8) 

BUFEN LOW to output valid 

Link-through delay time 

Input data float prior to direction change 

Output float after direction change 

Output float after BUFEN HIGH 

Microprocessor READ from EUROM 

(Fig.9) 

R/W HIGH set-up to UDS fall 

UDS LOW to returned-data access time 

RE LOW to returned data access time 

Data valid to DTACK LOW delay 

DTACK LOW to UDS rise 

UDS HIGH to DTACK rise 

UDS HIGH to address hold 

UDS HIGH to data hold 

UDS HIGH to RE rise 

UDS HIGH to R/W fall 

UDS LOW to DTACK LOW 

Address valid to UDS fall 

symbol 

tATD 

tHDS 

tLDS 

tHAS 

tLAS 

tDSU 

tDSH 

tUAS 

tAFA 

tBEA 

tLTD 

tlFR 

tOFR 

tBED 

tRUD 

tUDA 

tREA 

tDTL 

tDLU 

tDTR 

tDSA 

tDSH / 

tSRE 

tUDR 

tDSD 

tAUL 

min. typo max. unit 

42 - - ns 

180 - - ns 

160 - - ns 

100 - - ns 

240 - - ns 

25 - - ns 

10 - - ns 

0 - 15 ns 

- - 225 ns 

- - 85 ns 

- - 70 ns 

0 - - ns 

- - 50 ns 

- - 50 ns 

0 - - ns 

- - 210 ns 

- - 210 ns 

0 - - ns 

10 - - ns 

0 - 50 ns 

10 - - ns 

8 - - ns 

10 - - ns 

0 - - ns 

- - 260 ns 

0 - - ns 
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CHARACTERISTICS (continued) 

parameter symbol min. typo max. unit 

MEMORY ACCESS TIMING (continued) 

Microprocessor WRITE to EUROM (Fig. 10) 

Write cycle time (note 8) tWCY 500 - - ns 

R!W LOW set-up to'OI5'S fall tWUD 0 - - ns 

BE LOW to UDS fall tRES 30 - - ns 

Address valid to UDS fall tASS 30 - - ns 

UDS LOW time tLUS 100 - - ns 

Data valid to UDS rise tDSS 80 - - ns 

UDS LOW to DTACK LOW tDTA 0 - 60 ns 

UDS HIGH to DTACK rise tDTR 0 - 50 ns 

UDS HIGH to data hold tDSH 10 - - ns 

UDS HIGH to address hold tDSA 10 - - ns 

UDS HIGH to RE rise tSRE 10 - - ns 

UDS HIGH to R/W rise tUDW 0 - - ns 

F1/F6 to memory access cycle (Fig. 11) 

UDS HIGH to F6 (component of Fl/F6) 
rise (notes 1,6 and 7) tUF6 20 - - ns 

F6 (component of Fl/F6) HIGH to UDS rise tF6U 40 - - ns 

SYNCHRONIZATION and BLANKING 

TCS, SAND, FS/DDA 

See Fig. 12 for timing relationships 
and Fig. 13 for vertical sync and 
blanking waveforms. 

Notes to the characteristics 

1. All pins are tested with a 150 pF load capacitor. 
2. 16-level analogue voltage outputs. 
3. Output voltage guaranteed when programmed for top level. 
4. CLKO, F l/F6, VDS, FS/DDA: reference levels = 0.8 to 2.0 V. 

R, G, B: reference levels = 0,8 to 2,0 V with VREF = 2.7 V. 
5. These times may momentarily be reduced to a nominal 69 ns in slave-sync mode at the moment 

of re-synchronization. 
6. Reference levels = 0.8 to 2.0 V. 
7. F6 input at 6 MHz. 
8. Microprocessor write cycle times of less than 500 ns are permitted but often result in Wait States 

being generated, the precise timing of DTACK will then depend on the internal synchronization time 
9. This timing may be infringed at the beginning and end of the memory access window. 
10. Output voltage guaranteed when programmed for bottom level. 
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Fig.3 F6 input waveform. 

SAA5361 

30 31 C1 L Rr 

F6 1Mfl OSCO CJ-4.7 kfl 
VOO 

20pF 

T T 
Co 

r 
7Z22629 

Vss 

(a) (b) 

Fig.4(a) Oscillator circuit for SAA5361 stand-alone sync mode and (b) equivalent circuit of crystal at 
resonance (see characteristics for values). 

r----------------------------RREF--------------------------~ 

R,G, or B analogue 
output 

7Z22630 

Fig. 5 Circuit arrangement giving one-of-sixteen reference voltage levels for the R, G or B analogue 
outputs. 
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CLKO 

R,G,B, 
VDS 

tVr,tVf 

FS, 
DDA 

tODH .... ~ ptODS 

---------------------------------1- tODS tODH ~-----------------------

DO to 015 
A1 to A16 

'i----------f lZ22377 

Fig.6 Video timing. 

/ r t/ ADDRESS I"' DATA INPUT 

1tsAif' OUTPUT 1/ "-
-tDSU-

I --tDSH 
tHDS " tLDS 

V tAFS \ tASU tASH - -
~tATD- - _tUAS . t FA A • 

-tHAS-
1~--------------------tLAS---------------------1 

I~----------------------------tcyc-----------------------------I lZ22631 

Fig. 7 Memory access timing. 
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D8to D15 ---{/./I 

R/W 

A1/DO to 
A8/D7 

A9/D8to 
A16/D15 

R/W 

Fig.8 Timing of link-through buffers. 

ADDRESS VALID 

Fig. 9 Timing of microprocessor read from EUROM. 
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A1/DO to 
AB/D7 

A9/DB to 
A16/D15 

UDS 

RiW 

RE 

ADDRESS VALID 

DATA INPUT 

1~-------tDSS--------~ 

1.-------twUD---- 1 .. t(f-------tLUS--------c~1 

tDTR

tSRE-

Fig. 10 Timing of microprocessor write to EUROM. 

UDS ~ 

F1/F6~-)~tF6U \ '1.--
7Z80587.1 

Fig. 11 Timing of F 1/F6 to memory access cycle. 
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Fig. 12 Timing of synchronization and blanking outputs; 
all timings are nominal and assume fF6 = 7.2 MHz. 
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APPLICATION INFORMATION 

More detailed application information is available on request 

BASIC VIDEOTEX DECODER CONFIGURATION 

A basic, practical decoder configuration is shown in Fig. 14, reference should also be made to the 
block diagram Fig. 1. 

R 

G 

sync 

8051 

Fig. 14 Basic videotex decoder configuration. 

Character and attribute data is fetched from the external memory, processed by the row buffer fill 
logic according to the stack coding scheme (in stack mode) and then fed into one half of the dual 
display row buffer. The data fetch process takes place during one line-flyback period (per row) and, 
since time is required to complete the fill, the other half of the dual row buffer is used for display. 
The row buffers exchange functions on alternate rows - each holds the 40 columns of 32 bits required 
to define explicitly every character in a row. 

The addresser is used for row buffer filling and for fetching screen colours, and during the display time 
it is also used for addressing D RCS characters. 

Timing 

The timing chain operates from an external 7.2 MHz clock or an on-chip fixed-frequency crystal 
oscillator. The basic video format is 40 characters per row, 24/25 rows per page and 10 video lines 
per row. EUROM will also operate with 20/21 rows per page and 12 video lines per row. The two extra 
lines per row are added symmetrically and contain background colour only for ROM-based alpha
numeric characters. DRCS characters, block and smooth mosaics and line drawing characters occupy 
all 12 lines. 

The display is generated to 625-line/60 Hz scanning (interlaced or non-interlaced). 
I n addition to composite sync (pin 32) for conventional timebases, a clock output at 1.2 M Hz or 7.2 MHz 
(pin 29) is available for driving other videotex devices, and a 14.4 MHz clock (pin 27) is available for 
hard-copy dot synchronization. A defined-display-area timing signal (pin 33) simplifies the application 
of external peripherals such as a light pen; this signal is nominally coincident with the character dot 
information. 
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APPLICATION INFORMATION (continued) 

Character generation 

EU ROM supports eight character tables, each of (nominally) 128 characters. Four tables are in on-chip 
ROM and contain fixed characters and four are stored in an external RAM. The contents of the fixed 
character tables (Tables 0 to 3) are shown in Figs 15 and 16. 

aa. 0iPgp 
A:a!!lAQaq 
Be" 2BRbr 
uu~3CScs 
caa.4DTdt 
BeoSEUeu 
iiij6FVfv 
<Eo'7GWgw 
u6(BHXhx 
ail)9IYiy 
"m*=JZjz 
meQ;KAka 
ii,iLOlo 
iii-oMtimti 
Aa.eNinB 
Cr;./ ?O#DM~l 

(a) (b) 

Fig. 15 On-chip characters: (a) Table 0; (b) Table 1. 
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Fig. 16 On-chip characters: (a) Table 2; (b) Table 3. 
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APPLICATION INFORMATION (continued) 

Character generation (continued) 

The 128 most commonly used characters are contained in Table 0, these are the standard upper and 
lower-case letters of the Roman alphabet, numerals, punctuation and the more common accented 
characters. In normal text transmission, Table a is used most of the time. Table 1 contains other 
accented characters. Miscellaneous characters, mathematical symbols, the line drawing character set 
and accents without associated symbols are contained in Table 2. Table 3 contains the block mosaics 
for the basic alpha-mosaic service and also the new smooth mosaics. 

The four tables stored in the external RAM (Tables 4 to 7) are used for ORCS. 

Scroll map 

The scroll map uses a 26-byte area of on-chip RAM and functions in association with the timing chain. 
It maps the scan row on to the fetched memory row so allowing the stored page to be displayed in any 
row order. For each row, a 1-byte pointer to the display memory row is stored in the scroll map. This. 
allows scrolling without the need for data transfer to, or from, side storage. 
Additional control bits are stored, allowing 1 to 25 rows to be displayed at any location on the screen. 

Colour map and digital-to-analogue converters 

The colour map RAM contains thirty-two 12-bit words that are loaded by the microprocessor and read 
out in three 4-bit groups at pixel rate. Each group is fed to a non-linear (gamma-corrected) D-A con
verter. The resulting R, G and B outputs are low-impedance with peak-to-peak amplitudes controlled 
by the reference voltage applied at pin 21. 

Cursor 

The cursor is available in the stack mode. Its position, character code, character table, foreground 
colour, background colour, lining and flash attributes are all software programmable via internal 
register bits. 

NON-VIDEOTEX APPLICATIONS 

For non-Videotex applications, the device will also support the following operating modes: 

Explicit fill mode. An alternative 40 character/rows mode which does not use the memory compression 
technique of stack coding. More display memory is required but there are no limitations on the number 
of display attribute changes per row. 

80 characters/rows mode. When operating with 80 characters per row, the available display attributes 
are eight foreground colours, eight (potentially different) background colours (including transparent) as 
well as underline and blink. 

Full field ORCS mode. This mode is not mutually exclusive to the explicit fill and 80 characters/rows 
modes but rather the available ORCS memory is expanded so that the whole screen can be covered, 
thus enabling a 'bit map'. All ROM-based characters and all display attributes remain available. 

MICROPROCESSOR and RAM BUS INTERFACE 

Three types of data transfer take place at the bus interface: 

• EU ROM fetches data from the display memory 

• The microprocessor reads from, or writes to, EU ROM's internal register map 

• The microprocessor accesses the display memory 
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EUROM access to display memory (Figs 17 and 18) 

EU ROM accesses the external display memory via a 16-bit multiplexed address and data bus with a cycle 
time of 417 ns. The address strobe (AS) signal from EU ROM flags the bus cycle and writes the address. 
into octal latches (74LS373). The display data is stored in bytes of upper (most-significant) and lower 
(least-significant) display information and is always fetched in pairs of bytes (upper + lower = 16 bits). 
The upper and lower display RAM sections are enabled simultaneously by the upper and lower data 
strobes (respectively UDS and LDS) which are always asserted together to fetch a l6-bit word. The 
read/write control R/W is included although EU ROM only reads from the display memory. 

EUROM 
SAA5361 

A16 to A9 
015 to D8 

A8to Al 
D7 to 00 

UOS R/W LDS 

8 8 

RAM RAM 

DISPLAY MEMORY 

(1) 74LS373 octal transparent latch (3-state) 

8 

8 

R 

G 
B 
TCS 

AS 

A8 to Al 

7Z22633 

Fig. 17 Simple RAM interface circuit for display memory access. 

AS I I 

------~~~ ______________________ --J;fr-------
I I 

~ AD~~,'SS) a\ DATA:'" >-
: I 
I I 

"1" 

R/W I I 

I Ir-------: \~ ____ ~t UDS,LDS 

7Z95257 

Fig. 18 Bus timing for display memory access. 
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APPLICATION INFORMATION (continued) 

EUROM access to display memory (continued) 

The display memory organization uses the word/byte addressing convention adopted for the SCN68000 
microprocessor series. Data fetched on the 16-bit bus is considered in terms of bytes where the even 
numbered bytes use the upper (most-significant) part of the bus as shown in Fig. 19. The word addresses 
are numerically the same as the upper byte that they contain - there are no odd-numbered word 
addresses. 

D15 to D8 D7 to DO 

WORDO 
BYTE 0 I BYTE 1 

I 

WORD 2 
BYTE 2 I BYTE 3 

I 

WORD4 
BYTE 4 I BYTE 5 I 

I 
I 

J 
- -

I 

WORD 1FFFE 
BYTE1FFFE : BYTE1FFFF 

I 
7Z95251 

Fig. 19 Display memory word/byte organization. 

Warning time 

As EUROM is a real-time display device, it must have direct access to the display memory with 
priority over the microprocessor and other peripheral devices. This is achieved by EUROM issuing a bus 
request {BR)signal for the duration of the memory access plus a programmable advance warning time 
which allows the microprocessor to complete its current bus cycle. 

In systems where the buses of the microprocessor and EUROM are intimately connected (connected 
systems), BR may be used to suspend all microprocessor activity so that EUROM can act as a dedicated 
DMA controller. In systems where the two buses are separated by buffers (disconnected systems), BR 
may be used either to generate an interrupt or as a direct signal. To these ends, the warning time 
between the assertion of BR and the beginning of EUROM's bus activity is programmable to be between 
o and 19.2 J,LS. 
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Microprocessor access to register map 

EUROM has a set of internal registers which, when memory-mapped, behave as an 8-bit wide RAM 
connected to the upper part of the data bus (Fig. 20). The control signals UDS and R/W are reversed 
to become inputs and the register map is enabled by the signal R'E . Addresses are input via the lower 
part of the bus. A data transfer acknowledge signal (DTACK) indicates to the microprocessor that the 
data transfer is complete. 

-
RE 

~ REGISTER ~ 
MAP 

UOS 

8 

A16to A9 
015to08 

R/W 

EUROM 
SAA5361 

-

V6 

A6 to Al OTACK 
05 to DO 

7Z22634 

Fig. 20 Microprocessor access to register map. 

The main data and address paths used in a connected 68000 interface are shown in Fig. 21. The outputs 
from the octal latches (74LS373) are enabled only when the 68000 has made the bus available in 
response to a bus request (BR). When the register map is accessed data is transferred via the upper part 
of the bus and the microprocessor's low-order address is passed to EUROM via the octal buffers 
(74LS244). At the same time the bidirectional buffers (74LS245) disable the signals from the low order 
data bus of the 68000. 

The buffers '244 and '245 may be omitted in a 16-bit write-only configuration where the least-significant 
data byte is interpreted by EUROM as an address. Here it will generally be necessary for the micro
processor to hold a (readable) 'master copy' of EUROM's scroll map contents at a location in its main 
memory. 

8-bit microprocessors 

Although the control bus is optimised for the SCN68000 16-bit microprocessor unit, EUROM will 
operate with a number of widely differing industry-standard 8, 16 or more-bit microprocessors or 
microcontrollers (e.g. SCN68008, MAB8051). The interfacing of 8-bit microprocessors to the 16-bit 
wide display memory is made simple by EUROM's on-chip link-through buffer which provides the 
microprocessor with bidirectional access to the lower (odd) half of the memory. The link-through 
buffer is enabled by the buffer-enable signal BU FEN, and the send/receive direction is controlled by the 
signal SIR. 

The main data and address paths used in a connected 8-bit microprocessor system are shown in Fig. 22. 
The interface is similar to that of the 16-bit system but here the display memory does not receive AD 
as an address, rather AO is used as the major enabling signal for BUF"El\i (enables when HIGH). 
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APPLICATION INFORMATION (continued) 

EUROM 
SAA5361 

- REGISTER RE - MAP 
-

~ AS 

A16toA9 A8to Al 
D15toD8 D7 to DO 

UPPER LOWER 
DISPLAY DISPLAY 

RAM RAM 
----- r-----

UPPER LOWER 
SYSTEM SYSTEM 
MEMORY MEMORY 

-
R/W 

H (3) 
245 

i 
BR D15 to D8 R/W D7 to DO A23toA17 

68000 

(1) 74LS373 octal transparent latch (3-state) 
(2) 74LS244 octal buffer (3-state) 
(3) 74LS245 octal bus transceiver (3-state) 
(4) SCN68000 microprocessor unit 

RE 

t r 

I (1)1 
-

1 (1)~ LE 

373 OE I 373 
IClE 

9 9 

~ r2
) 244 ill 

BUS ACK 

+ 

A16 to A9 A8to Al 
(4) 

7Z22635 

Fig. 21 Connected 16-bit microprocessor system. 
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EUROM r-+ R 
- REGISTER address SAA5361 
RE -I MAP r------+ G 

data ----+ B H LINK r-.- -
THROUGH ----+TCS 

- BUFFER -
BR AS 

1 Y 
J --±-
SIR BUFEN 

A1 toA16 

rn ( 111 
UPPER LOWER 373 OEJ 

(EVEN) (ODD) 
DISPLAY DISPLAY ? 
MEMORY MEMORY 

~ f----+------

AOto A7 

SYSTEM 
MEMORY A8 to A15 

A16 to AXX 

BUS REQ 07 to DO A16 to AXX A15 to A8 

8-BIT MICROPROCESSOR 

(1) 74LS373 octal transparent latch (3-state) 
(2) 74LS244 octal buffer (3-state) 

J 

J (1) 

373 .... 
IOE 

j 

I 
(2) 

244 
OE 

--- I 
BUS ACK RE 

A7 to AD 

7Z22636 

Fig. 22 Connected 8-bit microprocessor system. 
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APPLICATION INFORMATION (continued) 

Disconnected systems 

For many applications it may be desirable to disconnect EUROM and the display memory from the 
microprocessor and its ROM, RAM and other peripherals by using isolating buffers as shown in Fig. 23. 
The two parts of the system then operate independently and communicate only when the micro
processor accesses EUROM's register map or the display memory. 

EUROM 
~R SAA5361 

- - REGISTER address 
RE 

MAP ~G 

data ~B H LINK I~ -
THROUGH ~TCS 
BUFFER AS 

BR+--

I 
(lIl 

373 I 

UPPER 
.... LOWER 

(EVEN) (ODD) A16toAl 
DISPLAY DISPLAY 
MEMORY MEMORY 

(3) 
(2) 

---- 245 -------------------- 244 

data bus 

address bus 

(1) 74LS373 octal transparent latch (3-state) 
(2) 74LS244 octal buffer (3-state) 
(3) 75LS245 octal bus transceiver (3-state) 

----

Fig. 23 Disconnected 8-bit system. 
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Synch ronization 

Stand-alone mode 

As a stand-alone device (e.g. in terminal applications) EUROM can output a composite sync signal (TCS) 
to the display timebase IC or to a monitor. Timing is obtained from a 7.2 MHz on-chip oscillator using 
an external crystal as shown in Fig. 24. 

Simple-slave 

F6 VCS/OSCO 

EUROM 

SAA5361 

lZ22639 

R,G,B 

TCS 
to timebase 

Fig. 24 Stand-alone synchronization mode. 

In the simple-slave mode EUROM synchronizes directly to another device, such as to the TCS signal 
from another EUROM as shown in Fig. 25. EUROM's horizontal counter is reset by the falling edge 
of TCS. A dead time of 208 ns is built in to avoid resetting the counter at every tv line and so prevents 
screen jitter. 
Field synchronization is made using EUROM's internal field sync separator. 

7.2MHz 

i t 
F6 F6 

- -
TCS TCS 

EUROM EUROM f---+ R,G,B 

SAA5361 SAA5361 

TCS lZ22631 

to timebase 

Fig. 25 Simple-slave (direct sync) mode. 
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APPLICATION INFORMATION (continued) 

Synchronization (continued) 

Phase-locked slave 

The phase-locked slave (indirect sync) mode is shown in Fig. 26. Part of a VIP2 forms alu. When 
EUROM is active, its horizontal counter forms part of the phase control loop - a horizontal reference 
is fed back to the VIP2 from the SAND output and a vertical reference is generated by feeding separated 
composite sync to EUROM's field sync separator via the VCS input. In the phase-locked slave mode, 
the display derived from EUROM can sync with that from a tv source or a local VLP player, thus 
giving picture-in-text display possibilities. 

broadcast 
video 

(baseband) 

t 
VIP2 

l 
sync 

to timebase 

F6 

SAND 

VCS 

TCS 

F6 

SAND EUROM 
---+ SAA5361 VCS 

TCS 

7Z22640 

Fig. 26 Phase-locked slave (indirect sync) mode. 
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DEVELOPMENT DATA 
This data sheet contains advance information and 

specifications are subject to change without notice. l ___ S_A_A_90_4_1 __ _ 

TELETEXT Ie FOR ANALOGUE AND DIGITAL TV 

GENERAL DESCRIPTION 

The SAA9041 is a CMOS integrated circuit designed for reception, decoding and display of 625 and 
525 line World System Teletext (WST). 

It is used in conjunction with a teletext video processor (SAA5231 or SAA5236) for data regeneration, 
and a single-chip 64 K x 4-bit or 256 K x 4-bit dynamic RAM page memory. 

The SAA9041 acquires teletext packets defined at levels 1,2 and 3 in the WSTspecification and 
produces a level 1 display. 

The device is IlC controlled via the standard 12C-bus and is compatible with the Philips digital 
TV chip-set. 

Features 

General 

• Interfaces with the Philips digital TV chip-set 
• I nterfaces with analogue TV 
• Directly interfaces up to 1 Mbit dynamic RAM 
• Fully independent acquisition and display timing 
• 3 display modes 

normal 
32 kHz (progressive scan) 
100 Hz/120 Hz (field doubling) 

• 1
2C controlled 

• Single 5 V power supply 

Acquisition 

• Simultaneous update of up to 8 pages 
• Up to 100 page background memory capability 
• Software selectable 625/525 line operation 
• Full Level One Features (FLOF) operation 
• VBI and full channel operation 
• Extension packets 26/27/28/29 and 30 fully decoded 

Display 

• Stable display by slaving from scan-related timing signals 
• Automatic selection of up to seven different languages 
• Storage of 192 characters (12 x 10 dot matrix) 
• Software controlled RGB level removes the need for hardware adjustment 
• Up to 27 display rows; 0 to 24 and up to 2 status rows 

PACKAGE OUTLINE 

40-lead DI L; plastic (SOT129). 
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Teletext Ie for analogue and digital TV l ____ S_AA_9_0_4_1 ____ __ 

PINNING 

OOO/EVEN 

TTO 

SOA 3 38 TTC 

SANO 

INT 

VSO 6 VSS3 

HSO '7 VSS1 

00/04 

32 01/05 

<t 31 02/06 

I- SAA9041 
<t 03/07 
C 
I- R/W Z 
w 
~ COAC CAS 
Q.. 
0 

VSSO RAS ...J 
W 
> VOO 15 A8/A17 
W 
C 

VSS2 16 A7/A16 

LL 1.50/LL30 A6/A15 

A9/AO A5/A14 

Al0/Al A4/A13 

All/A2 A3/A12 

7Z81926 

Fig.2 Pinning diagram 
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Pin functions 

pin no. mnemonic 

SCS 

2 SCL 

3 SDA 

4 VSA 

5 HSA 

6 VSD 

7 HSD 

8 LL3A 

9 VDS 

10 R } 11 G 
12 B 

13 CDAC 

14 VSSO 
15 VDD 

16 VSS2 

17 LL30/ 
LL 1.5D 

18 to 26 AO to A8/ 
A9 to A 17 

27 RAS 

28 CAS 

29 R/W 

description 

Scan Composite Sync: active LOW output containing line and field 
information related to the timing of the display section. It is used to slave 
an-external display device such as the SAA5350 (EUROM). 

Serial Clock: input signal which is the 12Cbus clock from the 
microcontroller. 

Serial Data: is the 12C-bus data line connected to the microcontroller. 
It is an input/output function with an open-drain output. 

Vertical Synchronization Acquisition: vertical synchronization signal from 
the SAA9050 (VS), derived from the incoming video. This input enables 
field timing to be established in the acquisition section. 

Horizontal Synchronization Acquisition: horizontal synchronization signal 
from the SAA9050 (HSY), derived from the incoming video. This active 
LOW input enables line timing to be established in the acquisition section. 

Vertical Synchronization Display: vertical synchronization signal from the 
SAA9050 (VS), which indicates the vertical position of the TV picture. 
The input follows field synchronization of the display section. 

Horizontal Synchronization Display: horizontal synchronization signal from 
the SAA9050 (HS). This input enables the display section to be 
synchronized to line timing of the TV picure. 

Line-Locked system clock: 13.5 MHz system clock input for the 
acquisition section. 

Video/Data Switch: push-pull active HIGH 3-state output which controls 
the switching between text (HIGH) and normal TV (LOW) picture for both 
normal text and superimposed displays. 

Red, Green, Blue: analogue 3-state outputs which contain video character 
and background information for text display. The output level is adjustable 
over 16 steps and is controlled by VSSO, VDD and an internal register. 

DAC output: DAC output level external decoupling capacitor 
not less than 1 JlF. 

Ground: ground connection for video outputs. 

Power Supply: + 5 V (typ.). 

Ground: ground connection. 

Line-Locked system clock: 13.5 MHz or 27 MHz system clock input for 
the display, memory interface and control sections. 

Address: mUltiplexed address outputs for the external nibble-wide 
dynamic RAM (DRAM). With a 256-Kbit (16 K x 4) DRAM the address A8 
pin is not used. 

Row Address Strobe: active LOW output for the external DRAM. 

Column Address Strobe: active LOW output for the external DRAM. 

Read/Write: input/output enable signal for the external DRAM. 
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Teletext IC for analogue and digital TV l ____ S_A_A_90_4_1 ____ __ 

pin no. mnemonic 

30to33 03 to 00/ 
04 to 07 

34 VSS1 

35 VSS3 

36 INT 

37 SAND 

38 TTC 

39 TTD 

40 ODD/EVEN 

description 

Data: data inputs/outputs to and from the external 
nibble-wide DRAM. 

Ground: ground connection. 

Ground: ground connection. 

Interrupt: open-drain active LOW output which provides an interrupt signal 
for a microprocessor indicating the arrival of a page in anyone of the 
acquisition channels. 

Sandcastle: 3-level output for the SAA5231 or SAA5236 
representing the PL/CBB signal. 

Teletext Clock: input from the SAA5231 or SAA5236 
supplied via an external coupling capacitor. 

Teletext Data: input from the SAA5231 or SAA5236 supplied via an 
external coupling capacitor with pin 39 clamped to VSS for 4 to 8 J.lS 
of each line to maintain the correct DC level. 

Odd/Even: output for de-interlacing circuits. The signal is LOW for odd 
fields and HIGH for even fields when text but no picture is displayed. 
It is forced LOW when a TV picture is present. 
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RATINGS 

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

parameter symbol min. max. 

Supply voltage VDD -0.5 +6.5 

DC input voltage VI -0.5 VDD + 0.5 

DC input current II -20 +20 

DC output voltage Vo -0.5 VDD + 0.5 

DC output current 10 -20 + 20 

DC VDD current 100 * * 

Storage temperature range Tstg -55 + 125 

Operating ambient temperature range Tamb -20 +70 

Electrostatic handling** Yes -1000 + 1000 

Notes to the ratings 

1. All voltages are with respect to VSS. 
2. VSSO is considered as an output. 

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

* Value to be fixed. 
** Equivalent to discharging a 100 pF capacitor through a 1.5 kU series resistor 

with a rise time of 15 ns. 
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Teletext IC for analogue and digital TV l ____ S_A_A9_0_4_1 ____ __ 

CHARACTERISTICS 

VOO = 4.5 to 5.5 V; VSS = 0 V; T amb = -20 to + 70 oC unless otherwise specified 

parameter conditions symbol min. typo max. unit 

Supply 

Supply voltage note 1 VOO 4.5 5.0 5.5 V 

Supply current 100 - * - mA 

Inputs note 2 

TTO note 3 

I nput voltage 

(peak-to-peak value) VI(p_p) 2.0 - 5.0 V 

External coupling capacitor Cext - - 50 nF 

Input rise and fall times note 4 tri tf 10 - 80 ns 

I nput data set-up time note 5 tsu; OAT 40 - - ns 

I nput data hold time note 5 tHO;OAT 40 - - ns 

I nput leakage current VI = 0 to VOO III -10 - +10 IlA 

I nput capacitance CI - 7 - pF 

Clamp start time note 6 tCLon 3.5 4.0 4.5 IlS 

Clamp finish time note 6 tCLoff 7.5 8.0 8.5 IlS 

Clamp output current note 7 Iclamp 1.0 - - mA 

TTC note 8 

I nput voltage 

(peak-to-peak value) VI(p_p) 2.0 - 5.0 V 

External coupling capacitor Cext - 10 - nF 

Peak input current 11M -10 - +10 mA 

I nput peaks relative to 50% 
duty factor ±VIM 0.2 - 3.5 V 

I nput rise and fall times note 4 tr, tf 10 - 80 ns 

I nput capacitance CI - 7 - pF 

I nput impedance VI = VSS I ZII - * - n 
I nput impedance VI = VOO I ZII - * - n 
Clock frequency 

625 line fTTC - 6.9375 - MHz 

525 line fTTC - 5.7272 - MHz 

* Value to be fixed. 
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CHARACTE R ISTICS (continued) 

parameter conditions symbol min. typo max. unit 

Inputs (continued) note 2 

HSA note 9 

I nput voltage LOW VIL 0 - 0.8 V 

I nput voltage HI G H I VIH 
2.0 - VOO V 

I nput rise and fall times note 4 t r, tf - - 500 ns 

I nput leakage current VI = Oto VOO III -10 - + 10 pA 

I nput capacitance CI - - 7 pF 

VSA 

I nput voltage LOW VIL 0 - 0.8 V 

I nput voltage HIGH VIH 2.0 - VOO V 

I nput rise and fall times note 4 t r, tf - - 500 ns 

I nput leakage current VI = Oto VOO III -10 - + 10 pA 

I nput capacitance CI - - 7 pF 

LL3A (TTL mode) 

I nput voltage LOW VIL 0 - 0.8 V 

I nput voltage HI G H VIH 2.0 - VOO V 

LL3A cycle time note 10 tCA 69 74 80 ns 

LL3A HIGH time tCAH 30 - - ns 

L L3A LOW time tCAL 30 - - ns 

I nput leakage current VI = Oto VOO III -100 - + 100 pA 

I nput capacitance CI - - 10 pF 

LL3A (AC mode) 13.5 MHz 

Mean voltage level note 24 VACM -12 - + 12 V 

AC voltage 
(peak-to-peak value) V AC(p-p) 1.0 - 3.0 V 

Voltage HIGH w.r.t. mean VACH 0.3 - 2.0 V 

Voltage LOW w.r.t. mean VACL -2.0 - -0.3 V 

HIGH time w.r.t. mean tACH 30 - - ns 

LOW time w.r.t. mean tACL 30 - - ns 

Series capacitor Cs 47 100 220 pF 

I nput impedance note 24 ZACI 10 - - kn 

SCL 

I nput voltage LOW VIL 0 - 1.5 V 

Input voltage HIGH VIH 3.0 - VOO V 

I nput rise time note 4 tr - - 1 ps 

I nput fall time note 11 tf - - 300 ns 

I nput leakage cu rrent note 12; 
VI = Oto VOO III -10 - +10 pA 
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parameter conditions symbol min. typo max. unit 

I nput capacitance CI - - 7 pF 

SCL clock frequency fSCL 0 - 100 kHz 

HSO 

I nput voltage LOW VIL 0 - 0.8 V 

Input voltage HIGH VIH 2.0 - VOO V 

I nput rise and fall times note 4 t r, tf - - 500 ns 

I nput leakage current VI = 0 to VOO III -10 - + 10 IlA 

I nput capacitance CI - - 7 pF 

VSO 

I nput voltage LOW VIL 0 - 0.8 V 

Input voltage HIGH VIH 2.0 - VOO V 

I nput rise and fall times note 4 t r, tf - - 500 ns 

I nput leakage current VI = 0 to VOO III -10 - +10 IlA 

I nput capacitance CI - - 7 pF 

LL30 (TTL mode) 

« I nput voltage LOW VIL 0 - 0.8 V .... « I nput voltage HI G H VIH 2.0 - VOO V c 
.... LL30 cycle time note 10 z 13.5 MHz tCA 69 74 80 w ns 
~ 27.0 MHz tCA 35 37 40 ns Q. 
0 LL30 HIGH time ..J 
w 13.5 MHz tCAH 30 ns > - -
w 27.0 MHz tCAH 15 - - ns C 

L L3D LOW time 
13.5 MHz tCAL 30 - - ns 
27.0 MHz tCAL 15 - - ns 

Input leakage current VI = 0 to VOO III -100 - + 100 IlA 

I nput capacitance CI - - 10 pF 

L L30 (AC mode) 

Mean voltage level note 24 VACM -12 - +12 V 

AC voltage 
(peak-to-peak value) VAC(p-p) 1.0 - 3.0 V 

Voltage High w.r.t. mean VACH 0.3 - 2.0 V 

Voltage LOW w.r.t. mean VACL -2.0 - -0.3 V 

HIGH time w.r.t. mean tACH 30 - - ns 

LOW time w.r.t. mean tACL 30 - - ns 

Series capacitor Cs 47 100 220 pF 

I nput impedance note 24 ZACI 10 - - k!2 

Inputs/Outputs (I/O) note 13 

SOA (open drain I/O) 

I nput voltage LOW VIL 0 - 1.5 V 

I nput voltage HI G H VIH 3.0 - VOO V 
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CHARACTERISTICS (continued) 

parameter conditions symbol min. typo max. unit 

SDA (open drain I/O) 
(continued) 

I nput rise time note 4 tr - - 1 J.ls 

I nput fall time note 11 tf - - 300 ns 

I nput leakage current note 12; 
VI = Oto VDD; 
(with output off) III -10 - + 10 J.lA 

Input capacitance CI - - 7 pF 

Output voltage lOW 10l = 3 rnA Val 0 - 0.4 V 

Output fall time note 11 tf - - 300 ns 

load capacitance Cl - - 400 pF 

D3 to DO 

I nput voltage lOW Vil 0 - 0.8 V 

Input voltage HIGH VIH 2.0 - VDD V 

I nput leakage current note 12; 
VI = Oto VDD; 
(with output off) III -10 - + 10 J.lA 

I nput capacitance CI - - 7 pF 

Output voltage lOW 10l = 1.6 rnA Val 2.4 - VDD V 

Output voltage HIGH IOH=-200J.lA VOH 2.4 - VDD V 

Output rise and fall times 
between 0.6 V and 1.8 V trl tf ns 

load capacitance note 21 Cl - - 100 pF 

Outputs note 13 

SAND note 22 

Output voltage lOW 10l = 0.2 rnA Val 0 - 0.3 V 

Output voltage 
INTERMEDIATE ±IOI =30J.lA Val 1.3 - 2.7 V 

Output voltage HIGH 10H = 0 to 
-1OJ.lA VOH 4.2 - VDD V 

Output rise time 
Val to Val 
between 0.4 V and 1.1 V trl tf - - 400 ns 

Output rise time 
Val to VOH 
between 2.9 V and 4.0 V trl tf - - 200 ns 

Output fall time 
VOH to Val 
between 4.0 V and 0.4 V trl tf - - 50 ns 

load capacitance Cl - - 30 pF 
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Teletext Ie for analogue and digital TV 

parameter conditions 

I NT (open-drain output) 

Output voltage lOW IOl = 1.6 rnA 

Pull-up voltage 

Output leakage current output off; 
VPU = Oto VOO 

Output fall time note 15 

load capacitance 

AOto AB 

Output voltage lOW IOl = 1.6 rnA 

Output voltage HIGH IOH =-200p.A 

Output rise and fall times 
between 0.6 V and 1.B V 

load capacitance note 23 

RAS, CAS, R/W 

Output voltage lOW IOl = 1.6 rnA 

Output voltage HIGH IOH = -2001lA 
Output rise and fall times 

between 0.6 V and 1.B V 

load capacitance note 23 

SCS, ODD/EVEN 

Output voltage lOW IOl = 1.6 rnA 

Output voltage HI G H IOH =-200p.A 

Output rise and fall times note 16 

load capac itance 

R, G, B (3-state) 

VSSO voltage level 

Output voltage lOW note 17; 
IOl = 2.0 rnA 

Output voltage HIGH note 1B; 
lOH=-2mA 

Output rise and fall times 
between 0.6 V and 1.B V notes 4 and 17 

Skew delay between output 
rise and fall times notes 17 and 19 

load capacitance 

Output capacitance OFF state 

Output leakage current OFF state; 
VI = Oto VOO 

VOS (3-state) 

Output voltage lOW IOl = 1.0 rnA 

Output voltage HIGH lOH=-200p.A 

Ou~put rise and fall times 

load capac itance 

* Adjustable over 0.5 to 1.5 V. 

l ___ SA_A_9_0_4_1 __ _ 

symbol min. typo max unit 

VOL 0 - 0.4 V 

VPU - - VOO V 

-10 - + 10 p.A 

tf - - 50 ns 

Cl - - 100 pF 

VOL 0 - 0.4 V 

VOH 2.4 - VOO V 

t r, tf ns 

Cl - - 100 pF 

VOL 0 - 0.4 V 

VOH 2.4 - VOO V 

t r, tf ns 

Cl - - 100 pF 

VOL 0 - 0.4 V 

VOH 2.4 - VOO V 

t r, tf - - 200 ns 

Cl - - 200 pF 

VSSO VSS-0.5 - VSS+0.5 V 

VOL VSSO - VSSO+0.2 V 

VOH - * - V 

t r, tf ns 

!d ns 

Cl - - 30 pF 

Coff pF 

I off -10 - + 10 p.A 

VOL 0 - 0.2 V 

VOH 1.1 - 2.8 V 

t r, tf ns 

Cl - - 30 pF 
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CHARACTERISTICS (continued) 

parameter conditions symbol min. typo max. unit 

TIMING 

12C-bus note 20 

SCL clock frequency fSCL 0 - 100 kHz 

I nput clock period 

HIGH time tHIGH 4 - - J.l.s 

LOW time tLOW 4 - - J.l.s 

Oata set-up time tsu; OAT 250 - - ns 

Oata hold time tHO; OAT 0 - - ns 

Stop set-up time 
from clock HIGH tSU;STO 4 - - J.l.s 

Start set-up time 
following a stop tBUF 4 - - J.l.s 

Start hold time tHO;STA 4 - - J.l.s 

Start set-up time following 
clock LOW-to-HIGH 
transition tSU;STA 4 - - J.l.s 

Memory interface note 14 

Cycle time tCY - 481 - ns 

Transition time tT - - 10 ns 

RAS pulse width tw; RAS 120 - - ns 

RAS pre-charge time tpc; RAS 90 - - ns 

CAS hold time tHO; CAS 120 - - ns 

Page mode cycle time tCY;PM 120 - - ns 

RAS to CAS delay time td 25 - - ns 

CAS pulse width tW;CAS 60 - - ns 

CAS pre-charge time tpC;CAS 50 - - ns 

Row address set-up time tsu; ROW 0 - - ns 

Row address hold time tHO; ROW 15 - - ns 

Column address set-up time tsu; COL 0 - - ns 

Column address hold time tHO;COL 20 - - ns 

Read command set-up time tsu; RO 0 - - ns 

Read command hold time 
referenced to CAs tHO; ROC 0 - - ns 

Read command hold time 
referenced to RAS tHO; ROR 10 - - ns 

Access time from CAS tACC;CAS - - 60 ns 
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Teletext Ie for analogue and digital TV l ___ S_A_A_9_0_4_1 ____ __ 

parameter conditions symbol min. typo max. unit 

Output buffer turn-off delay 
referenced to CAS toff - - 30 ns 

Write command pulse width tW;WR 50 - - ns 

Write command hold time tHD;WR 40 - - ns 

Data-in set-up time tsu; DATI 0 - - ns 

Data-in hold time tHD;DATI 40 - - ns 

Access ti me from R AS tACC; RAS - - 120 ns 

RAS hold time after CAS tHD; RC 60 - - ns 

CAS to RAS pre-charge time tpc; CR 10 - - ns 

Column address hold time 
referenced to RAS tHD;COLR 80 - - ns 

Data-in hold time 
referenced to RAS tHD;DATIRO - - ns 

RAS pre-charge to CAS 
hold time tpc; RCH 0 - - ns 

Notes to the characteristics 

1. The rise time of VDD from 0 to 4.5 V must be> 150 ns to ensure that the internal power-on-reset 
triggers. For this circuit to reset the chip, VDD must be initially < 1.0 V or fall to < 1.0 V for at 
least 100 ns. Spikes on VDD are tolerable provided that VDD is not reduced to <2.5 V. 

2. All inputs are protected against static charge under normal handling. 

3. The TTD input incorporates an internal clamping diode in addition to the active clamping transistor. 

4. Rise and fall times are measured between 10% and 90% levels. 

5. Teletext input data set-up and hold times are measured with respect to 50% duty factor level of the 
rising edge of the teletext clock input (TTC). Data stable 1 ~ 2.0 V, data stable 0 ~ 0.8 V. 

6. Clamp times measured from the line sync reference point. 

7. Clamp transistor on, VTTD to VSS = 0.1 V. 

8. The TTC input has an internal clamping diode. 

9. HSA is falling edge triggered. 

10. Minimum and maximum cycles times are ± 7.1% of the typical value. 

11. Fall time is measured between 3.0 V and 1.5 V. 

12. Applies even when VDD = 0 V. 

13. All input/outputs and outputs are protected against static charge under normal handling. 

14. For details of memory interface timings to and from external DRAM see Fig. 5 and Fig. 6. 
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778 

Notes to the characteristics (continued) 

15. Output fall time measured between 4.0 V and 1.0 V levels with a 3.3 kn load to 5.0 V. 

16. Output rise and fall times measured between 0.8 V and 2.0 V levels. 

17. Measured with VSSO = VSS and output voltage (CDAC) = 1.5 V. 

18. Measured with VSSO = VSS and output voltage (CDAC) = 0.5 V to 1.5 V. 

19. Skew delay time measured at 0.7 V levels. 

20. For details of 12 C-bus timings see Fig. 3; timings are referred to VI H = 3.0 V and VI L = 1.5 V. 

21. Load capacitance measured with two DRAM data inputs; 50 pF maximum. 

22. A current of lilA flows out of the SAA5231 or SAA5236 while its output is in the range 
of 1 V to 3.5 V. 

23. Load capacitance measured with eight DRAM data inputs; 80 pF maximum. 

24. Measured through a 200 pF capacitor with a 13.5 MHz sinewave. 

SDA 

SCL 

SDA 

7Z87013.2 

LL3A 

LL3D 

tSU;STA 

Fig. 3 12 C-bus timing. 

V AC(p-p) 

vss - - - - ~r_ -------L 
7Z21528 

-tSU;DAT 

---tSU;STO 

Fig.4 Line-Locked system clock LL3A and LL3D timing diagram. 
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.. tCY . 

.. tW;RAS 

RAS ~ / L 
tpC;RAS 

-tHD;CAS--

F 
- tHD;RC-

-td -
tW;CAS 

tT - - -
CAS \ II ~ / 

tHD;ROW .... - tHD;COL tSU;COL 
-tpC;CR-

tSU;ROW tSU;COL .... r l 1-- tHD;COL 

I - -I - ~ 1-
AOtoAB ===X __ R~O_W~~ XCOLUMNX~ ________________ __ 

1 '----t -----J 
CY;PM tHD;WR 

tHD;WR -

R/W 

-- tW;WR -- -- tW;WR---

tSU,DATI I t -I 1- tHD",DATI 
-,-- HD,DATI -1-- 1- tSU;DATI 

D3 to DO ------.:....----'-"""'X VAll D ~ VALID Xr
--------------------

1- tHD;DAT,R-1 
lZ81930 

Fig. 5 Memory interface timing for write cycle to external DRAM. 
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. tCY . 
. tW;RAS . 

\ V IL 
tpC;RAS 

RAS 

-tHO;CAS- -tHO;RC- --tpC;CAS 

-td - -- tW;CAS 

tT - -
CAS i\ II ~ II 
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f.+ 

F~Ol 
tHO;COL tSU;COL -tpC;CR-

tSU;ROW ~ r l 1- tHO;COL 

I 1 1- I-I- ~ r 

AO to A8 ===X~R~O_W~~~ __ ~ ___ XCOLUMNX~ __ ~ __ ~ ________ __ 

I I 'cy,J --='Ji 'SURD 

- rtHO;ROC 

~~r-------~ .--r-------+-----~ 

R/W 

03 to DO -----------------------< 

-11-
toft bU- 7Z81929 

tACC;CAS 

Fig. 6 Memory interface timing for read cycle from external DRAM. 
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Teletext Ie for analogue and digital TV 

B bS - 0 0 0 0 0 
I b7- 0 0 0 0 , 
T ba- a 0 , , a 
S 

bS- 0 , 0 , 0 

b4 b3 b2 b, column 0 
1 2 2. 3 3. 4 r-lilJJf 

W alpha-
graphics D D [Q] ~ ~ o 0 0 0 0 numeric:s 

black black 

alpha-
graphics rn LJ [!] ~ ~ o 0 0 , 1 numerics 

red red 

alpha-
graphics ~ [j ~ ~ ~ o 0 , 0 2 numerics 

green green 

alpha-
graphics ~ U ~ ~ ~ o 0 , , 3 numerics 

yellow yellow 

alpha-
graphics ~ ~ ~ iJ [Q] o , 0 0 4 numerics 

blue blue 

alpha-
graphics ~ [J ~ IJ ~ o , 0 , 5 numerics 

magenta magenta 

alpha-
graphics ~ ~ [§] ij [E] o , , 0 6 numerics 

cyan cyan 

alpha-*· 
graphics ~ ~ LZJ Ij ~ o , , , 7 numerics 

white white 

, 0 0 0 8 flash 
conceal KJ ~ [m ~ [8] display 

.. m ~ ~ ~ ~ , 0 0 , 9 steady contiguous 
graphics .. 
~ ~ [!J ~ g , 0 , 0 10 end box separated 

graphics 

, 0 , , 11 start box ESC ~ ~ [] ~ ~ 
12 normal 

black ** [J ~ ~ ~ [Q , , 0 0 back-height 
ground 

13 double 
new EJ ~ EJ ~ ~ , , 0 , back-

height 
ground . 

GJ ~ ~ ~ ~ , , , 0 14 ~ hold 
graphics . 

[Z] ~ ~ ~ [Q] , , , , 15 g release 
graphics 

* These control characters are reserved for compatibility with other data codes 

** These control characters are presumed before each row begins 

l SAA9041 

0 0 0 , , , , , , , , , , , 0 0 0 0 , , , , 
0 , , 0 0 , , 0 0 , , , 0 , 0 , 0 , 0 , 0 , 
S 6 6. 7 7. 8 9 10 11 '2 13 14 15 

~ ~ ~ [Q ~ IJ 00 D [Q] ~ m ~ ~ 
[Q] ~ ~ [g] ~ ~ ~ rn [!] [I] ~ [I] ~ 
~ ~ ~ [a ~ m ~ ~ ~ [5J rn ~ ~ 
~ [9 ~ [§ C ~ ~ [g ~ [8J ~ [B ~ 
[] ~ ~ ~ ~ [5] ~ [!] ~ [Q] ~ [Q1 [!] 
g ~ ~ ~ IJ ~ ~ ~ ~ [g [!] ~ ~ 
~ [rJ ~ M ~ [f] 00 ~ [§] ~ [Q] [g ~ 
~ [i] ~ ~ ~ [I] ~ ~ [ZJ D ~ D [g] 

~ [6] [j ~ ~ 8 ~ KJ ~ ~ ~ ~ ~ 
L!J [!] Li M Ci ~ ~ m ~ ~ [g ~ ~ 
~ [J [J ~ ~ [II] [g ~ [!J [g [ij] [QJ ~ 
~ ~ LI ~ =- ~ ~ L!J [J [g ~ ~ ~ 
~ [lJ ~ [g iii ~ ~ [J ~ ~ ~ [g [i] 
C!J m ~ ~ Ii ~ ~ EJ EJ ~ ~ ~ ~ 
[f] rn ~ [!] iI II ~ GJ ~ [Q] ~ ~ [fi] 
[I] [QJ ~ ~ • ~ ~ [Z] ~ ~ ~ ~ ~ 

7Z22650 

Fig. 7 SAA9041 A West Eu ropean character set. 
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SAA9041 Jl 
--------------

PHCB (1) CHARACTER POSITION (COLUMN/ROW) 
LANGUAGE 

C12 C13 C14 2/3 2/4 4/0 5/11 5/12 5/13 5/14 5/15 6/0 7/11 

ENGLISH 0 0 0 ~ [I m ~ [5J ~ [f] [I] 8 ~ 
GERMAN 0 0 1 [I] [I [§] [8] [g [g ~ D ~ ~ 
SWEDISH 0 1· 0 [I] ~ ~ [8] [g ~ [g D ~ ~ 
ITALIAN 0 1 1 ~ [I ~ ~ [£ ~ [f] [I] ~ ~ 
FRENCH 1 0 0 ~ 00 ~ .~ ~ ~ [!] [I] [i ~ 
SPANISH 1 0 1 [£ [I rn ~ ~ [!J [g [g ~ [g 

(1) Where PHCB are the page Header Control Bits. Other combinations of PHCB 
default to English. 

Fig. 8 SAA9041 A West Eu ropean national option sets. 
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Fig. 9 SAA9041 application in analogue TV. 
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DEVELOPMENT DATA 
This data sheet contains advance information and 

specifications are subject to change without notice. l __ S_A_A_9_0_5_0 __ _ 

DIGITAL MULTISTANDARD TV DECODER 

GENERAL DESCRIPTION 

The SAA9050 digital multistandard decoder (DMSD) performs demodulation and decoding of all 
quadrature modulated colour TV standards, and contains luminance and part-synchronization processing 
for all TV standards. 

Features 

• Luminance signal processing for all TV standards (PAL, NTSC, SECAM, B/W) 

• Horizontal and vertical sync detection for all standards (525/625 lines) 

• Chrominance signal processing for all quadrature amplitude modulated colour-carrier signals (PAL-B, 
G, H, I, M, N; NTSC-M) 

• Requires only one crystal (24.576 MHz), which may also be used for audio processing 

• Functions, settings and adjustments programmable under software control via the 12C-bus 

• User-programmable aperture correction (horizontal peaking) 

• Compatible with memory-based features (line-locked clock) 

e Parallel (nibble) output format selectable (Y /U6, U5, V6, V5; U4, U3, V4, V3; U2, U 1, V2, V1; 
UO, CS, VO, X) 

• SECAM interface 

• Cross-colour reduction by chrominance comb-filtering (NTSC) 

• Comb-filters adapt automatically to line frequency 

• I nternal overflow protection 

• Selectable chrominance amplitude control protection for non-standard signals 

• Programmable horizontal position of the active video signal in each line 

• Indirect 1
2 C control capability to select input from one of four video sources 

• Indirect 1
2 C control capability for automatic flesh-tone correction 

• Wide range hue control 

• I nternal coincidence detection 

PACKAGE OUTLINE 

40-lead 0 I L; plastic with internal heat spreader (SOT 129). 
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__ SAA_905_0 _Jl ________ _ 
PINNING 

1 SOA 

2 SCL 

3 BL 

4 06(MSB) 
5 05 
6 04 
7 03 
8 02 
9 01 
12 OO(LSB) 

10;31 VSS 

11; 30 VOO 

LFCO 

XTALI 

XTAL 

XCL2 

HS 

VS 

HSY 

HC 

CVBS6 

VSS 31 VSS 
SAA905ID 

VOO VOO 

00 CVBS5 

UV3 CVBS4 

UV2 CVBS3 

UVl CVBS2 

UVO CVBSl 

LL3 CVBSO 

SSO 18 LL3 

SSl 19 RES 

AFCC 20 TEST 

7Z81083.2 

Fig.2 Pinning diagram. 

12 C-bus serial data input/output 

1
2 C-bus serial clock input 

Blanking output to indicate the active video and line blanking periods. Active 
LOW 

Luminance (Y) outputs, luminance is unipolar. The transmission 
is synchronized externally by B L. The delay from CVBS input to 
00-06 output is 55 LL3 clocks in multiplexed format, and 58 LL3 
clocks in semi-parallel format. Luminance only is transmitted when 
LL3 = 13.5 MHz. 

Ground (0 V) 

Positive supply voltage (+ 5 V) 
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Digital multistandard TV decoder l __ S_A_A_9_0_50 __ _ 

13 UV3 PAL or NTSC colour difference signal output. In the input mode, CS 
14 UV2 (colour-SECAM) signals are received from the SECAM decoder. U and V 
15 UV1 signals are transmitted at 13.5 MHz. Output data format is two's 
16 UVO complement with positive polarity 

17 LL3 13.5 MHz line-locked clock 

18 SSO Source select output signals, set via the 12C-bus to control the input switch 
19 SSl (e.g. TDA9045) 

20 AFCC 
Automatic flesh-tone correction control activated via the 12C-bus to control the 
colour track circuit of NTSC systems 

21 TEST Test input, when HI G H enables the scan-test mode 

22 RES 
Reset input, active LOW, causes control registers 1 and 2 to be reset during the 
reset phase. The minimum LOW period of RES is 120 LL3 clocks 

23 LL3 13.5 MHz line-locked system clock 

24 CVBSO(LSB) 
25 CVBS1 
26 CVBS2 Digitized composite video, blanking and synchronization signal containing 
27 CVBS3 luminance, chrominance and all synchronization information. 
28 CVBS4 Two's complement format 

« 29 CVBS5 
I-

32 CVBS6(MSB) « 
0 
I- Horizontal clamping signal that indicates the black-level position before 
Z 33 HC analogue-to-digital conversion. The start and stop time is programmable via w 
:iE the 12C-bus in the range of -9.4 to + 9.5 fJ.S in steps of 74 ns 
c.. 
0 Horizontal synchronization signal that indicates the sync pulse position before ...J 
w 34 HSY analogue-to-digital conversion. The start and stop time is programmable via > w the 12 C-bus in the range of -14.2 to + 4.7 fJ.S in steps of 74 ns 
0 

35 VS 
Vertical synchronization output that indicates the vertical position of the 
picture for 50 or 60 Hz field frequency 

Horizontal synchronization pulse output. Duration = 16 LL3 clocks. 

36 HS 
Synchronizes the horizontal position of the active video signal in each line and 
is programmable via the 12C-bus in the range of -32 to + 32 fJ.S in steps of 
300 ns 

37 XCL2 Clock output at half the crystal clock frequency (12.288 MHz). In phase with 
XTAL (pin 38) 

Crystal input/output. Input to the internal clock generator (from an external 
38 XTAL oscillator, when used), or output of the inverting amplifier to an external 

crystal (24.576 MHz) 

39 XTALI 
Input to the inverting amplifier from the external crystal (24.576 MHz); 
connected to ground when an external oscillator is used 

Line frequency control. Analogue output representing a multiple of the line 
40 LFCO frequency (6.75 MHz) with a 4-bit resolution, the phase of which is compared 

with the system clock by the clock generator circuit (SAA9057) 
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___ SAA_90_50_Jl ______________ __ 
FUNCTIONAL DESCRIPTION (Fig.1) 

The DMSD performs demodulation and decoding for PAL-B, G, H, I, M, N, NTSC-M TV standards 
and contains luminance and parts of the synchronization processing for all PAL, NTSC and SECAM 
TV standards. All of the controllable functions of the DMSD, user controls as well as factory adjustments, 
are accessed via the two-line, bidirectional 1

2 C-bus, so enhancing the adaptability of the digital TV concept. 

Operation is based on a line-locked sampling frequency of 13.5 MHz, making the system fully adaptable 
to all line frequencies and requiring only one crystal for all TV standards. 

Output formats (Fig.3) 

The Y and U, V signals are transmitted separately, the Y signals in a data stream of 13.5 MHz from 
DO-D6 and the U, V signals in a nibble format from UVO to UV3. The SECAM-decoder option also 
uses this clock mode. 

Processing 

The digital CVBS input is separated into its luminance (VBS) and chrominance (CG) parts by 
chrominance trap and chrominance bandpass circuits, which can be switched by the standard 
identification signals (PN/YPN) according to the detected PN centre frequency (3.58 or 4.43 MHz). 
The range of binary values for input/output signals are shown in Fig.4. 

The separated luminance signal (VBS) is passed to an aperture-correction circuit that has programmable 
horizontal peaking. The corrected signal (VAS) is then matched to the fu II-scale of the appropriate 
word-width and limited to prevent overflow. The signal (now VLD) undergoes delay compensation to 
equalize the delays of the luminance and chrominance channels. Differences of delay compensation 
requirements in PAL and NTSC modes are catered for when switching is performed by the standard 
identification signal (PN). 

In the chrominance channel, the amplitude of the chrominance signal (CG) is controlled to give a signal 
with constant burst amplitude (CO). The control signal (AG) for gain-control is derived in the amplitude 
and colour-killer detection circuit. If there is a non-standard ratio between burst and chrominance 
amplitudes (-17% in the NTSC mode), an automatic colour-levelling circuit takes the function of 
amplitude detection to ensure correct chrominance amplitude and to avoid overflow and limiter defects. 

Demodulation of the square-modulated chrominance signal (CO) is performed by the quadrature 
demodulator which gives the baseband colour difference signals (LCU and LCV). The comb-filter stage 
then separates remaining luminance components from these signals and (for PAL) corrects their phase 
to give the signals CCU and CCV. The number of delay elements required in the comb-filter is minimized 
by the use of a reduced, blanked, line-locked clock. The comb-filter structure is changeable under the 
control of the standard-identification signal (AL T). 
The colour-killer, under the control of amplitude and colour-killer detection (AC1 and CD), removes 
incoming signals that do not comply with the chosen standard. The PAL switch restores the correct 
phasing of the V signal when in PAL mode. 

Regeneration of the colour carrier frequency is achieved by the phase-locked-loop comprising quadrature 
modulator, low pass filter, burst gate, loop filter 1 and discrete time oscillator (DTO 1). The latter is 
controlled by standard identification signals (CCF RO, CCF R 1) and a signal (H UE) that influences the 
demodulation phase of the chrominance signal. 
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Digital multistandard TV decoder l __ S_A_A_9_0_50 __ _ 

In the synchronization circuit, prefilter synchronization is implemented to normalize sync slopes. 
A sync-slicer provides the detected sync pulses (SP) to the H, V processing and phase detector stages. 

The H and V processing comprises part of a PLL circuit for the regeneration of the horizontal 
synchronization (HS) and an adaptive filter for the detection of vertical sync (VS), see Fig.5. The 
H, V processing also generates the coincidence signal (H LOCK) which controls the mute function, 
and a standard identification signal (FO) which identifies nominal 625 or 525 lines per picture. 

The phase detectors that receive the SP signal, also part of the PLL, control the generation of the 
line-locked clock (PL). Loop filter 2, which has a changeable bandwidth controlled by the video 
recorder/TV time constant signal (VTR), generates two increment signals (INCl and INC2) with 
different delays. INC2 is programmable via the increment-delay signal (IDEL). INCl corrects the 
regenerated subcarrier frequency at OTO 1 and I NC2 performs phase incrementing of DTO 2. The 
crystal clock generator provides a stable 24.576 MHz clock input to OTO 2 which in turn supplies the 
4-bit OAC with a digital control signal of 432 or 429-times the line frequency. The analogue output 
(LFCO) from the OAC goes to the clock generator (SAA9057). 

The output signals 00 to 06 can be multiplexed under the control of an internal blanking and format 
signal. It is a time-multiplex interface that also provides an external blanking and format signal (B L). 

For real-time inputs to the OMSO, the line-locked clock LL3 is required as well as the digital CVBS 
signal (CVBSO to CVBS6). 

PAL-B, G, H, I and NTSC detection 

The current version of the OSMO is unable to distinguish between the PAL-B, G, H, I and 
NTSC 4.4 standards, if the NTSC 4.4 standard is chosen. To overcome this problem in automatic 
standard routine it is necessary to: 

• check the NTSC 4.4 standard before the PAL-B, G, H and I standards 

or 

• cross check the PAL-B, G, H and I, if the NTSC 4.4 standard is detected. 
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__ SAA_905_0 _Jl __________ _ 
FUNCTIONAL DESCRIPTION (continued) 

f C-bus interface 

The following control signals are received via the 12 C-bus (SDA and SCl) and the 12 C-bus interface: 

- standard identification signals (CCFRO, CCFR1, AlT, FS, CE, YPN) 
- time constant VTR/TV (VTR) 
- hue control (HUE) 
- delay programming of the horizontal signals (HS, HC, HSY) 
- increment-delay (I DE L) 
- aperture-correction control (HO, H 1, H2) 
- fixed clock generation command (HPll) 
- internal colour ON/OFF (CO) 
- internal colour forced ON for test purposes (CI) 
- sync output enable (OES) 
- luminance output enable (OEY) 
- chrominance output enable (OEC) 
- source select signal (SSO, SS1) 
- automatic flesh-tone control (AFCC) 

Signals transmitted from the DMSD via the 12 C-bus are: 

- standard identification signals (FD, CS) 
- colour-killer status signal (CD) 
- coincidence information (HlOCK) 
- selected output format indicator (OFS) 
- power-on-reset of DMSD (PON RES) 

Time-multiplex interface (Fig.6) 

The UVO to UV3 signals from the SECAM decoder are received in a 13.5 M Hz data stream in the 
following format: 

input sample 
signal 0 1 2 3 0 1 2 

UV3 repeating 

UV2 U5 U3 U1 CS repeating 

UV1 repeating 

UVO repeating 

The signal CS is an information bit from the SECAM decoder: 

CS = logic 0 indicates colour not detected in SECAM 
CS = logic 1 indicates colour detected in SECAM 
X = don't care 

3 

This bit is latched in the DMSD. The CS bit is transmitted to control circuits via the 12 C-bus. 
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Commands that control the outputs of the time-multiplex interface are OES, OEY, OEC, CO and CI 
which are received via the 12 C-bus, and CD which is detected in the DMSD. The start condition of 
OES, OEY, OEC, CO and CI after initialization is always zero. The outputs are controlled as follows: 

OES OEY OEC outputs output status 

0 X X 
HS and VS HIGH-impedance OFF-state 

1 X X active 

X 0 X 
DO to D6 and BL HIGH-impedance OFF-state 

X 1 X active 

X X 0 
UVO to UV3 HIGH-impedance OFF-state 

X X 1 active 

CO CI CD outputs output status 

0 X X colour OFF (zero) 

1 0 0 
UVO to UV3 colour OFF} controlled 

1 0 1 colour ON by CD 

1 1 X colour forced ON 

~ X = don't care. 
o 
..J 
W 
> 
W 
C 
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- 51 

U-component 
output range 

-64.1..-----

(c) U output range (B-Y). 

7Z81084 
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+ 127 -r-----

+ 115 

+ 64 
luminance 

output 
range 

+7 
0.1..---------

(b) Y output range. 

+ 63 ,--------

+53 1---- --

o +------t---

- 54 

v -component 
output range 

- 64 -"--------

(d) V output range (R-Y). 

FigA Diagram showing input/output range of the DMSD (levels are given in binary values). 
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__ SAA_90_50 _Jl ________ _ 
FUNCTIONAL DESCRIPTION (continued) 

second field _ first field -

firstfield - second field --

Fig.5 Vertical sync (VS): time ta is approximately 24 f..LS; time tb = 64 f..LS 
(the minimum vertical sync pulse length is 75 f..Ls). 
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___ SAA_905_0_Jl _______________ _ 
SLAVE RECEIVER ORGANIZATION 

Slave address and receiver format 

Slave address for the digital multistandard decoder is: 

o o 
start 

/ condition / 
SUB ADDRESS 

o o 

n bytes t 

Fig.7 Slave receiver format. 

Subaddress byte and data byte formats 

register sub data byte 
function address D7 D6 D5 D4 D3 

I ncrement de lay IDE L 00 A07 A06 A05 A04 A03 

Horizontal sync 
HSY start time 01 A17 A16 A15 A14 A13 
HSY stop time 02 A27 A26 A25 A24 A23 

Horizontal clamp 
HC start time 03 A37 A36 A35 A34 A33 
HC stop time 04 A47 A46 A45 A44 A43 

Horizontal sync 
after PHil 

HS start time 05 A57 A56 A55 A54 A53 

Horizontal peaking 06 X X X X X 

Hue control 07 A77 A76 A75 A74 A73 

Control 1 08 HPLL FS VTR CO ALT 

Control 2 09 OES OEY OEC CE CI 

Reserved OA to OF X X X X X 

Notes 

acknowledge 
from slave 

11 'stop condition 

auto increment of 
slave address 7Z81086 

D2 D1 DO 

A02 A01 AOO 

A12 All Al0 
A22 A21 A20 

A32 A31 A30 
A42 A4l A40 

A52 A51 A50 

H2 Hl HO 

A72 A7l A70 

YPN CCFRl CCFRO 

AFCC SSl SSO 

X X X 

The subaddress is automatically incremented. This enables quick initialization by the 1
2 C-bus controller 

within one transmission. 

All eight bits of the subaddress have to be decoded by the device. 

The subaddresses shown are acknowledged by the device. Subaddresses 10 to 1 F (reserved for the SECAM 
decoder SAA9055) are not acknowledged. The subaddress counter wraps-around from 1 F to 00. 
Subaddresses 20 to FF are not allowed. 

X = don't care. 

After power-on-reset the control registers 1 and 2 (subaddresses 08 and 09) are set to logic 0, all other 
registers are undefined. 

The least significant bit of an analogue control or alignment register is defined as AXO. 
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Digital multistandard TV decoder l __ S_A_A_9_05_0 __ _ 

Increment delay control IDEL (application dependent) 

decimal delay time (step size control bits* 
multiplier = 2/13.5 MHz = 148 ns) A07 A06 A05 A04 A03 A02 A01 AOO 

-1 -148 ns (min. value) 1 1 1 1 1 1 1 1 
to 

-110 -16.3 I1S (outside 
available range) 1 0 0 1 0 0 1 0 

-111 -16.44I1s 1 0 0 1 0 0 0 1 
to 

-214 -3.17I1s (max. 
value if FS = logic 1) 0 0 1 0 1 0 1 0 

-215 -31 .85 I1S (outside 
central counter if 
FS = logic 1 )** 0 0 1 0 1 0 0 1 

-216 -3211s (max. value 
if FS = logic 0) 0 0 1 0 1 0 0 0 

-217 -32.148I1s (outside 
central counter if 
FS = logic 0)** 0 0 1 0 0 1 1 1 

to 
-256 -37.9 I1S (outside 

central counter) * * 0 0 0 0 0 0 0 0 

* A sign bit, designated A08 and internally set to HIGH, indicates values are always negative. 
** The horizontal PLL does not function in this condition: the system clock frequency is set to a 

value fixed by the last update and is within ± 7.1 % of the nominal frequency. 

Horizontal sync HSY start time (application dependent) 

decimal delay time (step size control bits 
multiplier = 1/13.5 MHz = 74 ns) A17 A16 A15 A14 A13 A12 A 11 A10 

+ 191 -14.2 I1S (max. 
negative value) 1 0 1 1 1 1 1 1 

to 
+ 1 -0.074I1S 0 0 0 0 0 0 0 1 

0 o I1S reference point 0 0 0 0 0 0 0 0 

-1 + 0.074 11S 1 1 1 1 1 1 1 1 
to 

-64 + 4.7 I1S (max. 
positive value) 1 1 0 0 0 0 0 0 

1 (December 1988 799 



__ SAA_90_50 _Jl ________ _ 
SLAVE RECEIVER ORGANIZATION (continued) 

Horizontal sync HSY stop time (application dependent) 

decimal delay time (step size control bits 
multiplier = 1/13.5 MHz = 74 ns A27 A26 

+ 191 -14.2 fJ.S (max. 
negative value) 1 0 

to 
+ 1 -0.074 fJ.S 0 0 

0 o fJ.S reference point 0 0 

-1 + 0.074 fJ.S 1 1 
to 

-64 + 4.7 fJ.S (max. 
positive value) 1 1 

Horizontal clamp HC start time (application dependent) 

decimal delay time (step size control bits 
multiplier = 1/13.5MHz=74ns) A37 A36 

+ 127 -9.4 fJ.S (max. 
negative value) 0 1 

to 
+ 1 -0.074 fJ.S 0 0 

0 o fJ.S reference point 0 0 

-1 + 0.074 fJ.S 1 1 
to 

-128 + 9.5 fJ.S (max. 
positive value) 1 0 

Horizontal clamp HC stop time (application dependent) 

decimal delay time (step size control bits 
multiplier = 1/13.5MHz=74ns) A47 A46 

+ 127 -9.4 fJ.S (max. 
negative value) 0 1 

to 
+ 1 -0.074 fJ.S 0 0 

0 o fJ.S reference point 0 0 

-1 + 0.074 fJ.S 1 1 
to 

-128 + 9.5 fJ.S (max. 
positive value) 1 0 

800 December 19881 ( 

A25 A24 A23 A22 A21 A20 

1 1 1 1 1 1 

0 0 0 0 0 1 

0 0 0 0 0 0 

1 1 1 1 1 1 

0 0 0 0 0 0 

A35 A34 A33 A32 A31 A30 

1 1 1 1 1 1 

0 0 0 0 0 1 

0 0 0 0 0 0 

1 1 1 1 1 1 

0 0 0 0 0 0 

A45 A44 A43 A42 A41 A40 

1 1 1 1 1 1 

0 0 0 0 0 1 

0 0 0 0 0 0 

1 1 1 1 1 1 

0 0 0 0 0 0 
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Digital multistandard TV decoder 

Horizontal sync after PHil HS start time (application dependent) 

50 Hz; 625-line mode and FS = logic 

decimal delay time (step size control bits 
multiplier = 4/13.5 MHz = 296 ns) A57 A56 A55 

+ 127 forbidden; a 1 1 
to outside available 

+ 109 central counter range a 1 1 

+ 108 -32 /1S (max. neg. value) a 1 1 
to 

+ 1 -0.296/1S a a a 

a a /1S reference point a a a 

-1 + 0.296/1s 1 1 1 
to 

-107 + 31.7 /1S (max. pos. value) 1 a a 

-108 forbidden; 1 a a 
to outside available 

-128 central counter range 1 a a 
I
:z 
w 60 Hz; 525-line mode and FS = logic 
~ 
0.. 
o 
..J 
W 
> 
W 
C 

decimal 
multiplier 

+ 127 
to 

+ 107 

+ 106 
to 

+ 1 

a 

-1 
to 

-107 

-108 
to 

-128 

delay time (step size 
= 4/13.5 MHz = 296 ns) 

forbidden; 
outside available 
central counter range 

-31.8/1s (mag. neg. value) 

-0.294/1S 

a /1S reference point 

+ 0.294/1s 

+ 31.5/1s (max. pos. value) 

forbidden; 
outside available 
central counter range 

control bits 
A57 A56 A55 

a 1 1 

a 1 1 

a 1 1 

a a a 

a a a 

1 1 1 

1 a a 

1 a a 

1 a a 

l ___ S_A_A_9_0_5_0 ____ __ 

A54 A53 A52 A51 A50 

1 1 1 1 1 

a 1 1 a 1 

a 1 1 a a 

a a a a 1 

a a a 0 a 

1 1 1 1 1 

1 a 1 0 1 

1 a 1 0 a 

a a a 0 a 

A54 A53 A52 A51 A50 

1 1 1 1 1 

a 1 a 1 1 

a 1 1 0 a 

a a a 0 1 

a a a 0 a 

1 1 1 1 1 

1 a 1 0 1 

1 a 1 0 a 

a a a 0 a 
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__ SAA_905_0 _Jl ________ _ 
SLAVE RECEIVER ORGANIZATION (continued) 

Horizontal peaking H2, H1, HO, PN (user dependent) (see Fig.13) 

aperture factor (af) 
control bits 
H2 Hl HO YPN 

0 0 0 0 0 
1 0 0 1 0 
2 0 1 0 0 
3 0 1 1 0 

4 1 0 0 0 
5 1 0 1 0 
6 1 1 0 0 
7 1 1 1 0 

0 0 0 0 1 
1 0 0 1 1 
2 0 1 0 1 
3 0 1 1 1 

4 1 0 0 1 
5 1 0 1 1 
6 1 1 0 1 
7 1 1 1 1 

Chrominance trap select (system mode dependent) 

YPN chrominance trap 

0 4.43 MHz 

1 3.58 MHz 
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Digital multistandard TV decoder l ___ S_A_A_9_0_5_0 ____ __ 

Hue phase (user dependent) 

hue phase control bits 
A77 A76 A75 A74 A73 A72 A71 A70 

+ 178.6 deg 1 1 1 1 1 1 1 1 
to 

o deg 1 0 0 0 0 0 0 0 
to 

-180 deg 0 0 0 0 0 0 0 0 

Step size per least-significant bit (A70) = 1.4 deg. 

Reference point for positive colour difference signals = 0 deg. 

The hue phase may be shifted ± 180 deg from the reference point using bit A77, the colour difference 
signals are then switched from normal positive to negative polarity. 

Horizontal clock PLL (application dependent) 

function HPLL control bit 

horizontal clock PLL 
open, horizontal 
frequency fixed 1 

horizontal clock PLL 
closed 0 

w Field frequency select (system mode dependent) 
> w 
C function FS control bit 

60 Hz; 525-line mode 1 

50 Hz; 625-line mode 0 

VTR/TV mode select (system mode dependent) 

function VTR control bit 

VTR mode 1 
TV mode 0 

1 (December 1988 803 
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804 

SLAVE RECEIVER ORGANIZATION (continued) 

Colour-on control (system mode dependent) 

function CO control bit 

colour ON 1 

colour OFF (all colour 
output samples zero) 0 

Alternate/non-alternate mode (system mode dependent) 

function AL T control bit 

alternate mode (PAL) 1 

non-alternate mode 
(NTSC) 0 

Colour carrier frequency control (system mode dependent) 

colour carrier frequency 
control bits 
CCFR1 CCFRO 

4433618.75 Hz (PAL-B, G, H, I; NTSC-4.43) 0 0 

3575611.49 Hz (PAL-M) 0 1 

3582056.25 Hz (PAL-N) 1 0 

3579545 Hz (NTSC-M) 1 1 

Colour decoding table 

colour standard 
control bits 

FS ALT 

PAL-B, G, H, I 0 1 

NTSC-4.43; 50 Hz 0 0 

NTSC-4.43; 60 Hz 1 0 

PAL-M HPLL 1 VTR CO 1 YPN 

PAL-N 0 1 

NTSC-M 1 0 

Sync output enable (system mode dependent) 

function control bit OES 

outputs HS and VS active 1 

outputs HS and VS HIGH-Z 0 

December 19881 ( 
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Digital multistandard TV decoder 

Y output enable (system mode dependent) 

function control bit OEY 

outputs DO to 06 and B L active 1 

outputs DO to 06 and BL HIGH-Z 0 

Chrominance output enable (system mode dependent) 

function control bit OEC 

outputs UVO to UV3 active; 
chrominance signal when CD = logic 1 ; 
zero signal when CD = logic 0 1 

outputs UVO to UV3 HIGH-Z 0 

External colour select (system mode dependent) 

function control bit CE 

select external colour channel; 
serial format via inputs UVO to UV3 1 

select internal colour channel 0 

C Internal colour forced ON/OFF (for test or service requirements only) 
I
Z 
w 
~ c.. 
o 
..J 
W 

> 
W 
C 

function control bit CI 

colour forced ON if CO = logic 1 (CD = X) 
1 

colour OFF if CO = logic 0 (CD = X) 

colour OFF if CO = logic 0 (CD = X) 
0 colour controlled by CD if CO = logic 1 

X = don't care 

Automatic flesh-tone corrector (colour track) (user dependent) 

function AFCC control bit 

colour track ON 1 

colour track OFF 0 

Source select (system mode dependent) 

function control bits 
SS1 SSO 

select input CVBSO 0 0 

select input CVBS1 * 0 1 

select input CVBS2 1 0 

select input CVBS3 1 1 

* Not allowed when operating with TDA9045. 

l ____ SA_A_9_0_5_0 ____ __ 
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SLAVE TRANSMITTER ORGANIZATION 

Slave transmitter format 

start I condition 
acknowledge I from slave I no acknowledge 

Ir-' s"T""1 """~LA""-:V"""'E:A-"'~D--'R~--'S~~11-'-1 A--rI--':--'~r--ATr-:A B"-!YT-r-~ _""T"":1 ..,...: -rl :-:-1~ lr---1p I 

7Z8l0a7 \ stop condition 

Fig.8 Slave transmitter format (a general call address is not acknowledged). 

The format of data byte 1 is: 

PONRES 

HLOCK 

OFS 

I PONRES HLOCK OFS FO o co CS o 

Status bit for power-on-reset (RES) and after a power failure: 

logic 1 after the first power-on-reset and after a power failure. Also set to logic 1 after 
a severe voltage dip that may have disturbed slave receiver data in the PAL/NTSC 
decoder (SAA9050). PON R ES sets all data bits of control registers 1 and 2 to zero. 

logic 0 after a successful read of the PAL/NTSC decoder status byte. 

Status bit for horizontal frequency lock (transmitter identification, stop or mute bit): 

logic 1 if horizontal frequency is not locked (no transmitter available); 

logic 0 if horizontal frequency is locked (transmitter received). 

Status bit for output format selection: 

logic 1 when quasi-parallel format is selected: 

DO to 06 
UVO to UV3 U6 U5 

y 

V6 

y 

V5 U4 U3 V4 V3 U2 U1 

y y 

V2 V1 UO CS VO 

~ 1 LL3 clock 

E time frame 

X = don't care 
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Digital multistandard TV decoder 

FD 

CD 

CS 

Detected field frequency status bit: 

logic 1 when received signal has 60 Hz sync pulses; 

logic 0 when received signal has 50 Hz sync pulses. 

PAL/NTSC colour-detected status bit: 

logic 1 when PAL/NTSC colour signal is detected; 

logic 0 when no PAL/NTSC colour signal is detected. 

SECAM colour-detected status bit: 

logic 1 when SECAM colour signal is detected; 

logic 0 when no SECAM colour signal is detected. 

l __ S_A_A_9_0_50 __ _ 
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PROGRAMMING IDEL, HSY, He and HS 

These variables are programmed via data words on the 12 C-bus. In the following examples decreasing 
numbers correspond to increasing time. 

IDEL (Fig.9) 

The I DE L data word compensates for the time delays in data processing between loop fi Iter 2 and the 
quadrature demodulator and includes internal and external (system) signal paths. The internal path 
from loop filter 2 takes INC1 to the divider and DTO 1. This delay (tREF) corrects the relationship 
between the subcarrier frequency and the line frequency. The external path accounts for the following 
time delays: 

tlDCL 
ta 
tb 

programmable delay time 

tCGC 
tADC 
tSRC 
tSECAM 

processing time of DTO 2 and the D-A converter 
chrominance bandpass and gain control stage delay times 
clock generator circuit delay time in LL3 periods 
analogue-to-digital converter delay time 
sample-rate converter delay time 
SECAM colour decoder deJay time 

As the delays ta and tb are known constants, tl DE L is programmed as follows: 

tlDEL = -115 - 0.5 (99 - tCGC - tADC - tSRC* - tSECAM*) 

Programming range: -115 to -214/-216. 

r 
I 

tb -I 
SECAM CVBS CHROMINANCE f--+ GAIN 

~ AM DECODER BANDPASS CONTROL tSEC 

r T t CHROMINANCE 
'+ TRAP 

C SAMPLE-RATE 
tREF CONVERTER SAA9050 

1 

PREFILTER (PART) 

r SYNC 

+ ANALOGUE-
DC TO-DIGITAL 

PHASE LOOP CONVERTER 
DETECTOR --+ FILTER 2 

c!ss i tlDEL 

CLOCK LFCO DIGITAL· TO· J. GC GENERATOR ANALOGUE +- DTO 2 

l CIRCUIT CONVERTER 

I ta -I -I 

QUADRATURE 
DEMODULATOR 

t 
DTO 1 

DIVIDER 

INC1 

IDEL 
(l2C) 

~ 
PROGRAMMABLE 

DELAY 

-

H 

+-/ 

-
7Z81088.1 

Fig.9 Compensation of delay times by increment delay control I DE L. 

* When included in the application. 
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Digital multistandard TV decoder l __ S_A_A_9_05_0 __ _ 

PROGRAMMING IDEL, HSY, HC and HS (continued) 

HSY (Fig.10) 

Referring to Fig.10 points (1), (2) and periods, a, b: 

HSY start time = T(1) _ (2) + 42 - a LL3 clock periods 

HSY stop time = T (1) _ (2) + 42 - b LL3 clock periods 

Programming range of HSY start/stop time: + 191 to -64 LL3 clock periods. 

HC (Fig.10) 

Referring to F ig.1 0 points (1), (2) and periods c, d: 

HC start time = T(1) _ (2) + 42 - c LL3 clock periods 

HC stop time = T (1) _ (2) + 42 - d LL3 clock periods 

Programming range of HC start/stop time: + 127 to -128 LL3 clock periods. 

HS (Fig.10) 

The reference positions of HS in PAL and NTSC modes are shown in Fig.10 at points (4) and (5) 
respectively. To move the HS pulse to the centre of blanking pulse BL the following equation is used: 

HS (NTSC): - [position of HS relative to point (3) + 17 LL3] 
4 LL3 

HS (PAL) : - [position of HS relative to point (3) + 14 LL3] 
4 LL3 

In the example given in Fig.10: 

HS (NTSC): - [55 + 17] /4 = -18 (decimal) = 1110 1110 (bianry) 

HS (PAL) : - [62 + 14]/4 = -19 (decimal) = 1110 1101 (binary) 

') (De<:ember 1988 809 
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Digital multistandard TV decoder l __ S_A_A_9_0_50 __ _ 

Notes to Fig.10 

represents PAL signals 
- - - - - represents NTSC signals (showing tolerance of active video) 

HSY and HC inputs are referenced to the analogue input CVBS (1) 

BL and HS outputs are referenced to the digital input CVBS (2) or to the DMSD output (3). 

Waveform timing is indicated in numbers (n) of LL3 cycles (n x 1/fLL3), where n = 1 for HSY, HC, 
CVBS input to DMSD and B L, and n = 4 for HS. 
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___ SAA_90_50_Jl ______________ __ 
RATINGS 

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

parameter conditions symbol min. max. unit 

Supply voltage range VDD -0.5 + 7.0 V 

Input voltage range VI -0.5 + 7.0 V 

Output voltage range 10 max = 20 mA Va -0.5 + 7.0 V 

Maximum power dissipation per package Ptot - * W 

Operating ambient temperature range Tamb 0 + 75 °C 

Storage temperature range Tstg -65 + 150 °C 

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 MaS devices (see 
'Handling MaS Devices'). 

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

* Value to be fixed. 
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Digital multistandard TV decoder 

CHARACTE R ISTICS 

VOO = 4.5 to 5.5 V; T amb = 0 to + 70 °C; unless otherwise specified 

parameter conditions symbol 

Supplies 

Supply voltage VOO 
Supply current note 1 100 

Inputs 

I nput voltage LOW 
pins 13 to 17,21 to 29, 32 and 38 VIL 
pins 1 and 2 VIL 

Input voltage HIGH 
pins 13 to 16,21,22,24 to 29 and 32 VIH 
pins 1,2 and 38 VIH 
pins 17 and 23 VIH 

Input leakage current 
pins 1,2,13 to 17,21 to 29 and 32 III 

Input capacitance 
pins 13 to 16,24 to 29 and 32 CI 
pin 17 

I CI 
pin 23 CI 
pin 39 CI 
pins 1,2,21,22 and 38 CI 

Outputs 

Output capacitance pins 4 to 9 and 12 Co 
Output voltage LOW 

pins 3 to 9, 12 to 16, 18 to 20 and 
33 to 37 IOL = 2 mA VOL 
pin 1 IOL = 5 mA VOL 

Output voltage HIGH 
pins 1, 3 to 9, 12 to 16, 18 to 20 
and 33 to 37 -IOH = 0.5 mA VOH 

Output leakage current 
pins 3 to 9,12 to 16,35 and 36 note 2 ILO 

LFCO output voltage note 3 
(peak-to-peak value) 

RL ~ 10 k.n; 
CL<15pF VO(p-p) 

RL~1 k.n; 
CL < 15 pF VO(p-p) 

l ___ S_A_A_9_0_5_0 ____ __ 

min. typo max. unit 

4.5 - 5.5 V 

- 350 450 rnA 

-0.5 - +0.8 V 
-0.5 - + 1.5 V 

2.0 - VOO V 
3.0 - VOO V 
2.4 - VOO V 

- - 10 p.A 

- - 5 pF 
- - 15 pF 
- - 30 pF 
8 - - pF 
- - 7.5 pF 

- - 7.5 pF 

0 - 0.6 V 
0 - 0.45 V 

2.2 - VOO V 

- - 10 p.A 

1 - - V 

0.5 - - V 

1 (December 1988 813 
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CHARACTERISTICS (continued) 

parameter conditions symbol min. typo max. unit 

Timing (Fig.11) 

LL3 cycle time note 4 TC3 69 - 80 ns 

L L3 duty factor TC3H/TC3 d 43 - 57 % 

LL3 rise and fall times note 5 t r, tf - - 6 ns 

Input set-up time tsu 12 - - ns 

Input hold time tlH 5 - - ns 

Output hold time CL =7.5t025pF tOH 3 - - ns 

B L output (pin 3) 

Output hold time tOH 9 - - ns 

Output delay time CL = 7.5 to 25 pF td - - 50 ns 

HC, HSY (pins 33, 34) 

Output delay time CL = 25 pF; VOH = 2.6 V td - - 80 ns 

Crystal oscillator (Fig.12) 

Nominal frequency (third harmonic) fn - 24.576 - MHz 

Permissible deviation from nominal 
frequency (adjustment tolerance) ilf/fn -50 - +50 10-6 

Temperature deviation ilf/fn -20 - +20 10-6 

Crystal temperature range TXTAL 0 - + 70 °C 

Load capacitance CL 8 - - pF 

Resonance resistance Rr - 40 - n 
Motional inductance L1 - * - mH 

Motional capacitance C1 - 1.5 - fF 
±20% 

Parallel capacitance Co - 3.5 - pF 
± 20% 

Notes to the characteristics 

1. Supply current measured at f n, inputs LOW and outputs unconnected. 

2. Output leakage current measured with outputs in HIGH impedance state. 

3. LI FCO output voltage measured with pin 40 AC coupled and a 4-bit triangular waveform clocked 
at 24.576 MHz. 

4. For minimum and maximum cycletimesilf= ± 7.1% of typical frequency value. 

5. Difference between tr and tf of LL3 must be less than 1 ns; rising and falling edge are assumed to 
be smooth due to low pass filtering. 

* Value to be fixed. 
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Fig.12 Oscillator circuit requirements: (a) with quartz crystal; (b) with external clock. 
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DEVELOPMENT DATA 
This data sheet contains advance inforrnation and 

specifications are subject to change without notice. l ___ S_A_A_9_0_5_5~ __ __ 

DIGITAL SECAM DECODER (DSD) 

GENERAL DESCRIPTION 

The SAA9055 is designed to provide colour difference signals for a digital TV signal processing system. 

Features 

• Phase-linear chrominance bandpass filter for cross-colour improvement 
• Programmable filter characteristics for optimum adaption for different I F stages 
• Recursive "Cloche" (Bell) filter 
• Zero-crossing detection, FM demodulator with high AM rejection 
• One demodulator for both carrier frequencies 
• Base-band signal adjustment in gain and offset 
• De-emphasis with recursive filter structure 
• Line delay and cross-over switch for colour difference signals 
• Output multiplexer for the UV format of the Digital Mu Itistandard Secam Decoder 
• Standard identification circuit with programmable sensitivity 
• Programmable delay for the composite video blanking signal 
• Address selection for 12 C-bus: 

SAA9055P/8A == address 8A (HEX) 
SAA9055P/8E == address 8E (HEX) 

PACKAGE OUTLINE 

28-lead D I L; plastic (SOT117). 
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Digital SECAM decoder Jl SAA9055 

PINNING 

SDA 12C-bus serial data input, receive only, no 
data is transmitted from the DSD 

2 BL This signal from the digital multistandard 
decoder indicates the active video and 
line blanking period 

3 DCVBS6 Delayed composite video, blanking and 
synchronization output 

4 DCVBS5 As pin 3 
5 DCVBS4 As pin 3 
6 VSS Ground 
7 VDD + 5 V supply 

SCl 8 DCVBS3 As pin 3 
9 DCVBS2 As pin 3 

TEST 
10 DCVBS1 As pin 3 

CVBS6 11 DCVBSO As pin 3 (MSB) 
12 UV3 UV colour difference signals, via this port 

CVBS5 the decoded colour difference signals are 

CVBS4 transmitted to the DMSD in a mixed 
parallel/serial format. Additionally the 

« vss status flag CS (colour in SECAM detected) 
I- is encoded in the UV data stream. The « VDD 
C output drivers can be set to high impedance 
I- CVBS3 (3-state) via the 12 C-bus. Z 
w 13 UV2 As pin 12 :E CVBS2 
c.. 14 UV1 As pin 12 
0 
..J DCVBS1 CVBS1 15 UVO As pin 12 
w 

16 LL3 LL3 is the line-locked system clock at > CVBSO 
W (lSB) 13.5 MHz c 

UV3 RES 17 RES The reset signal (active LOW) disables the 
UV buffers 

UV2 ll3 
18 CVBSO Composite video, blankino and synchro-

UV1 uvo nization (LSB) input 
19 CVBS1 As pin 18 

7Z81758 
20 CVBS2 As pin 18 
21 CVBS3 As pin 18 
22 VDD As pin 7 
23 VSS As pin 6 
24 CVBS4 Composite video, blanking and synchro-

nization 
25 CVBS5 As pin 24 
26 CVBS6 As pin 24 (MSB) 
27 TEST This signal (active HIGH) enables the 

scan test mode 
Fig. 2 Pinning diagram. 28 SCL 12 C-bus serial clock input 
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FUNCTIONAL DESCRIPTION 

The Digital Secam Decoder (DSD) forms an integral part of a digital TV signal processing system. 
The system incorporates a Video Processor and Input Selector (TDA9045), an A/D Converter 
(PNA7509), a Sample Rate Converter (SAA9058), a Digital Multi-Standard Decoder (SAA9050) or a 
Digital Multi-Standard Decoder with separate chrominance and luminance input (SAA9051), a Digital 
Deflection Controller (SAA9062/3/4)* , a Clock Generator Circuit (SAA9057), a Video Processor with 
DACs (SAA9060), a Colour Transient Improvement Circuit (TDA4565), a Video Control Combination 
Circuit (TDA4580), and an Octuple 6-bit DAC and a Feature Box. Figure 9 illustrates the timing of 
the input and output signals relative to the input clock (LL3). 

The DMSD decodes and demodulates the colour information from all TV standards which employ a 
quadrature modulated colour carrier. The DMSD also processes the luminance and synchronization 
signals and generates auxiliary signals. 

The DSD separates the colour information which it demodulates and decodes to provide the colour 
difference signals. These signals are subsequently encoded to produce a serial/parallel data stream at 
the UV output. Figure 4 illustrates the formatting and timing of the UV output port. Because SECAM 
colour processing takes longer than PAL/NTSC processing the CVBS signal for the DMSD is delayed 
in the DSD. The length of delay can be programmed via the 12 C-bus to adapt the signal for the different 
design realizations of the DMSD. The possible range of variations is between 0 and 31 clock periods 
of LL3. The minimum delay is 55 periods of LL3. 

The chrominance bandpass filter for separating the frequency modulated colour carrier consists of 
several phase-linear FIR filters which improve the cross-colour behaviour. The non-linear phase (Bell) 
filter has a recursive structure (II R filter). Figure 3 illustrates the frequency response of the chrominance 
band-pass filter and Bell filter. One of the FIR filters can be programmed via the 12 C-bus to provide 
optimal adaption for the various I F stages. Different responses can be selected by means of a 7-bit 
control word. Figure 8 illustrates some examples of frequency responses of the programmable 
adaptive filer. 

Only one FM demodulator is used to demodulate the chrominance signal; this accomodates both 
carrier frequencies regardless of the centre frequency. It is a zero-crossing demodulator with a real 
time divider which is a pipeline structure. After demodulation the baseband signal is adjusted, line 
sequentially, to the appropriate colour difference signal. During the clamping period, the demodulated 
reference carrier is compared with the previous reference signal by the line identification circuit. The 
identification circuit compares the phase of the two demodulated burst signals and, if the phase 
relationship is incorrect for several lines (not SECAM), the CS flag (colour in SECAM) will be reset. 

The baseband filter consists of a linear phase low-pass filter together with a de-emphasis filter with 
a recursive structure. Figure 5 illustartes the frequency response of the de-emphasis and band-pass 
filters for the colour difference signals. After filtering, the sample rate is reduced to a quarter 
(LL 12 = 3.375 MHz). The word length is truncated to seven bits. The resultant signal is delayed by 
one line period (64 J.LS = 216 clock periods of 3.375 MHz). The signals, delayed and non-delayed, can 
be switched either directly or cross-wise to two different outputs which correspond to the colour 
difference signals. 

The cross-over switch is controlled by the line identification circuit. At the end of the chrominance 
path an output formatter transforms the 14 bits (2 x 7 bits clocked by 3.375 MHz) to a 4-bit wide 
channel which is clocked by 13.5 MHz (LL3). The bits are separated into odd and even and then 
serialized. 

* The digital TV signal processing system has the option of using one of three Digital Deflection 
Controllers (SAA9062/3/4). The choice of DDC is dependent on the format of the CRT and 
the line/field frequency. 

June 19881 ( 



______ D_i9_it_al_s_Ec_A_M_d_ec_O_de_r __________________________ ~~ ____ S_A_A __ 9_0_5_5 ______ _ 

« 
I-« 
CI 
I-
Z 
W 
~ 
0.. 
0 
...J 
W 
> 
W 
0 

The format for the UV output is the same as that of the UV I/O port in the DSMD (SAA9050/51). 
The tim ing mu Itiplexer is controlled by the external signal B L from the DSM D. Signal B L is also used 
as a line-locked synchronization signal to generate several internal burst gate pulses. Figure 6 
illustrates the timing relationship between the line-reference signal (B L) and the composite video 
signal. 

The CS flag is transmitted via the chrominance data-stream because the DSD has no 12C-bus 
transmitter. If no SECAM colour is detected the UV port will be set to zero. After reset the UV 
lines will be set to high impedance (3-state) and the DSD must be re-initialized via the 12C-bus to 
enable further operation. 
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12C-BUS PROTOCOL 

Slave receiver organization 

The slave addresses for the digital SECAM decoder are shown in Figure 7. 
The slave address is selected by bonding and is marked on the package. 

or 

Fig. 7 Slave receiver format. 

= BE (HEX) 

acknowledge 
from slave 

stop condition 

auto increment of 
slave address 

7Z81759 

e:( 
l
e:( 
C Table 1 Subaddress definition 
I
:2 
w 
~ 
Q. 
o 
...J 
W 
> 
W 
C 

register subaddress D7 D6 D5 D4 D3 D2 D1 DO 
function (HEX) (MSB) (LSB) 

CVBS delay time 10 MA1 MAQ X DT4 DT3 DT2 DT1 DTO 

Main counter start address 
(MAg ..... MAO) 11 MAg MA8 MA7 MA6 MA5 MA4 MA3 MA2 

Burst gate begin 12 BB7 BB6 BB5 BB4 BB3 BB2 BB1 BBO 

Burst gate end 13 BE7 BE6 BE5 BE4 BE3 BE2 BE1 BEO 

Standard recognition 
sensitivity 14 R7 R6 R5 R4 R3 R2 R1 RO 

Programmable adaptive filter 15 X P6 P5 P4 P3 P2 P1 PO 

Control register 16 X X X X X C2 C1 CO 

Reserved 17-1 F X X X X X X X X 

Notes to Table 1 

1. The subaddress is automatically incremented to enable quick initialization by the 12 C-bus controller 
within one transmission. 

2. All eight bits of the subaddress are dec_oded by the device. 

3. The subaddresses shown are acknowledged by the device. Subaddresses 00 to OF (reserved for the 
Digital Multi-Standard Decoder) are not acknowledged. The subaddress counter wraps-around from 
1 F to 00. Subaddresses 20 to FF are not allowed. 

4. X = don't care. 

5. After power-on-reset the control register (subaddress 16) is set to logic 0, all other registers are 
undefined. 
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Subaddress 10 (HEX) 

Delay compensation between SECAM processing and PAL/NTSC chrominance processing. 

Application dependent. 

DT4 DT3 DT2 DT1 DTO 

0 0 0 0 0 

0 0 0 0 1 

1 1 1 1 1 

Stepsize = = 74 ns 
13.5 MHz 

Subaddress 10 and 11 (HEX) 

Main counter start address. 

Application dependent. 

MAg MA8 MA7 MA6 MAS 

0 1 1 1 1 
-

-

-

-

0 1 1 0 1 

0 1 1 0 1 
-

-
-

0 0 0 0 0 

0 0 0 0 0 

delay time 

no additional delay for CVBS (minimum fixed delay through 
DSD = 55 x LL3) 

1 x 74 ns = 74 ns 

31 x 74 ns = 2.3 J,J.S (maximum delay = 86 x LL3) 

MA4 MA3 MA2 MA1 MAO delay time 

1 1 1 1 1 + 511 
-

- outside central 

- counter range 

-

0 0 0 1 0 + 418 

0 0 0 0 1 + 417 417 x 74 ns ;::::: + 31 J,J.S 

- (maximum positive value) 

-

-

0 0 0 0 1 + 1 + 74 ns 

0 0 0 0 0 0 reference point* 

* Reference point position to be fixed. 
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MAg MA8 MA7 MA6 MA5 MA4 

1 1 1 1 1 1 

-

-

-

1 0 0 1 0 0 

1 0 0 1 0 0 

-

-

-

-

1 0 0 0 0 0 

Stepsize = = 74 ns 
13.5 MHz 

Internal cou nter range: -446 to + 417 

Subaddress 12 (HEX) 

Burst gate begin (start time) 

Application dependent . 

BB7 BB6 BB5 BB4 BB3 

0 0 0 0 0 

0 0 0 0 0 

- - - - -

- - - - -
1 1 1 1 1 

Stepsize = = 74 ns 
13.5 MHz 

BB2 

0 

0 

-

-

1 

MA3 MA2 MA1 MAO delay time 

1 1 1 1 -1 -74 ns 

-

-

-

0 0 1 0 -446 -446 x 74 ns ~ -33 J.LS 
(maximum negative value) 

0 0 0 1 -447 

-

- outside central 

- counter range 

-

0 0 0 0 -512 

BB1 BBO dec delay time 

0 0 0 zero reference point 

0 1 1 74 ns 

- - -

- - -

1 1 255 18.89 J.LS 

1 (June 198B 827 



__ SAA_90_55 _Jl ________ _ 

828 

Subaddress 13 (HEX) 

Burst gate end (stop time) 

Application dependent. 

BE7 BE6 BE5 BE4 

a a a a 

0 0 0 0 

- - - -

- - - -

1 1 1 1 

BE3 

a 

0 

-

-

1 

Stepsize = = 74 ns 
13.5 MHz 

BE2 BEl BEa 

a a a 

0 0 0 

- - -

- - -

1 1 1 

The stop time must be greater than the start time. 

dec delay time 

a zero reference point 

1 74 ns 

- -

- -

255 18.89 J.1.S 

The reference point position of the burst gate start/stop time is identical with the main counter zero 
position. 

Subaddress 14 (HEX) 

Standard recognition sensitivity 

Appl ication dependent 

R7 R6 R5 R4 R3 

0 0 0 0 0 

a a a a a 

a a a 1 1 

1 1 1 1 1 

R2 Rl Ra function 

relationship between the number of line 
identification errors related to a window of 
312 lines 

0 0 0 a : 312 theoretical highest sensitivity 

a a 1 1 : 312 

a a 1 25 : 312 

1 1 1 255 : 312 theoretical lowest sensitivity 

For programmed numbers from a to approximately 25 (dec) the colour signal is switched off. 
With the value 25 (dec) the colour signal will be enabled only when extremely good signal quality is 
present. If the colour signal quality is reduced, i.e. VCR signal source, bad SIN ratio, bad quantization, 
diminished colour carrier and insufficient IF adaption, the sensitivity should be set lower (higher 
programmed number up to 255 (dec) in order to prevent excessive switching and thus ensure 
constant colour. 
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Subaddress 15 (HEX) 

Programmable adaptive filter PAF (P6-PO) 

Application (I F stage) dependent 

The programmable adaptive filter, together with the cloche and linear bandpass filter, forms a 
filter-curve that treats the chrominance frequency spectra with different gain but linear phase. The 
frequency characteristic is a system of sinusoidal waveforms which are described by: 

• Reference "knots" of constant gain (0 dB) 
• Frequency points ("tops") with maximum gain 
• The amount of maximum gain 

(There is also a switchable pre-amplifier in another stage of the bandpass filter). 

The components of the PAF can be programmed via the 12 C-bus by using device address 8A (or 8E) and 
subaddress 15 thereby producing 57 different transfer functions. An example of some transfer functions 
is given in Figure 8 (a) to (d). 

MSB P6 P5 P4 P3 P2 P1 PO function 

maximum gain at tops 
- X X X X 1 1 1 19 dB 
- X X X X 1 1 0 14 dB 
- X X X X 1 0 1 9.5 dB 
- X X X X 1 0 0 6 dB 
- X X X X 0 1 1 3.5 dB 
- X X X X 0 1 0 2 dB 
- X X X X 0 0 1 1 dB 

I 

- X X X X 0 0 0 0 dB 

position of tops and knots (MHz) 

top knot top Figs 8a-d 

- X 1 1 1 X X X 3.375 4.5 5.625 + A/dB (d) 
- X 1 1 0 X X X 4.5 5.625 6.75 -A/dB (d) 

- X 1 0 1 X X X 4.219 5.063 5.906 -A/dB (c) 
- X 1 0 0 X X X 3.375 4.219 5.063 + A/dB (c) 

- X 0 1 1 X X X 4.05 5.4 6.75 -A/dB (b) 
- X 0 1 0 X X X 2.7 4.05 5.4 + A/dB (b) 

- X 0 0 1 X X X 2.89 3.86 4.82 + A/dB (a) 
- X 0 0 0 X X X 3.86 4.82 5.79 -A/dB (a) 

additional pre-amplification 
- 1 X X X X X X times two 
- 0 X X X X X X times one 

* X X X X X X X * MSB not used 
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Fig. 8(c) Example of frequency response for the programmable adaptive filter; 

from 20 to 26 (HEX). 
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Fig, 8(d) Example of frequency response for the programmable adaptive filter; 

from 38 to 3E (HEX). 
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Subaddress 16 (HEX) 

Control 3 

Relevent for system configuration 

C2 C1 CO UV - output 

high impedance (3-state) 
active zero 
colour enable (if CS flag then colour on) 
colour forced on (independent of CS flag) 

positive UV 
negative UV 

After power-on-reset the control register is set to logic O. 

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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RATINGS 

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

parameter conditions symbol min. max. unit 

Supply voltage VOO -0.5 7.0 V 

Voltage input VI -0.5 7.0 V 

Voltage output Imax = 20 mA Va -0.5 7.0 V 

Total power dissipation Ptot - 1.2 W 

Operating ambient temperature range Tamb 0 70 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 MaS devices (see 
'Handling MaS devices'). 
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CHARACTER ISTICS 

VDD = 4.5 to 5.5 V; T amb = 25 oC; unless otherwise specified. All voltages are referenced to ground 
(pins 6 and 23) unless otherwise specified. 

parameter conditions symbol min. typo max. unit 

Supply voltage VDD 4.5 - 5.5 V 

Supply current (fnom) VDD = 5.5 V 

I nputs LOW; outputs with 
maximum load IDD - - 180 rnA 

Inputs 

I nput voltage LOW (clock data) 
pins 2,16, 17 to 21!; and 24 to 27 VIL 0 - 0.8 V 

Input voltage LOW (1 2 C) 
pins 1 and 28 VIL 0 - 1.5 V 

Input voltage HIGH (data) 
pins 2, 17 to 21; and 24 to 27 VIH 2 - VDD V 

Input voltage HIGH (LL3) 
pin 16 VIH 3.0 - VDD V 

Input voltage HIGH (1 2 C) 
pins 1 and 28 VIH 3 - VDD V 

Input leakage current 
pins 2, 16, 17 to 21; and 24 to 27 II -10 - 10 J.lA 

Input capacitance (data) 
pins 2, 18 to 21; and 24 to 27 CI 2 - 7.5 pF 

I nput capacitance (clock) 
pin 16 CI 15 - 40 pF 

I nput capacitance (reset) 
pin 17 CI 2 - 10 pF 

Outputs 

Output voltage LOW 
pins3t05;8t015 IOL=2 mA VOL 0 - 0.4 V 

Output voltage LOW 
SDA pin 1 IOL = 5 mA VOL 0 - 0.45 V 

Output voltage HIGH 
pins 3 to 5; 8 to 15 IOL = -0.5 rnA VOH 2.4 - VDD V 

Capacitive load of outputs in 
high impedance 
pins 12 to 15 Cz 2 - 15 pF 
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CHARACTERISTICS 

VDD = 4.5 to 5.5 V; T amb = 25 °C; unless otherwise specified. All voltages are referenced to ground 
(pins 6 and 23) unless otherwise specified. 

parameter conditions symbol min. typo max. unit 

Clock timing (LL3) 

Cycle time note 1 tC3 69 - 80 ns 

Duty factor ~ 43 - 57 % 

Rise time note 2 tr - - 6 ns 

Fall time note 2 tf - - 6 ns 

Input timing 

Data set up time tsu 12 - - ns 

Data hold time note 3 
VIH(LL3) = 4 V tlH 8 - - ns 

Output timing 

Data load capacitance CL 7.5 - 25 pF 

Data hold time VIH(CLK) = 3 V tOH 3 - - ns 

Data delay time CL = 25 pF tOD - - 50 ns 

Notes to the characteristics 

1. Static deviation = ±4%; dynamic deviation = ±7% for signal path CVBS-DCVBS (this is required for 
the running-in of the DMSD sync processor) . 

2. The rising and falling edges of the clock signal are assumed to be smooth due to roll-off low-pass 
filtering. 

3. Matches to SAA9050/SAA9057 for VIH(LL3);;;;' 3 V. 

input clock 
LL3 

input data 

output data 

~---------------tC3----------------~ 

'------
too --------------l~ 

7Z81757 

Fig.9 Timing diagram. 

2.0 V 

0.8 V 

2.4 V 

0.4 V 
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DEVELOPMENT DATA 
This data sheet contains advance information and 

specifications are subject to change without notice. l ____ S_A_A_9_0_57 ____ __ 

CLOCK GENERATOR CIRCUIT 

GENERAL DESCRIPTION 

The SAA9057 clock generator circuit is for application in memory-based feature tv receivers and in 
digital tv concepts with line-locked sampling. The circuit employs a PLL frequency multiplier to give 
three different line-locked clock output frequencies, a bypass switch for the PLL is provided. All clock 
outputs have high driving capability. Skew control and power-fail detection circuits are included. 

VDD(an) VDD(dig) vSS(an) VSS(dig) SLL1.5 SLL2A 

MS 1 

LOOP 
FILTER 

PHASE 
DETECTOR 

PRE-FILTER 
LFCO 11 & 

PULSE 
SHAPER 

CE 2 

PACKAGE OUTLINE 

VCO 

FREQUENCY 
DIVIDER 

xX 

POWER
ON

RESET 

paRD 

20-lead DIL; plastic (SOT146). 

FREQUENCY 
DIVIDER 

x~ 

FREQUENCY 
DIVIDER 

xX 

Fig. 1 Block diagram. 

SLL2 SLL3 SLL3T 

7 LLl.5 

10 LL2A 

SKEW 
CONTROL 

15 LL2 

14 LL3 

20 LL3T 

12 paRa 

lZ81054.1 
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PINNING 

1 MS 

2 CE 

3 paRD 

4 VSS(an) 

5 VDD(an) 

6 SLL 1.5 

7 LL1.5 

8 VDD(dig) 

9 SLL2A 

10 LL2A 

11 LFCO 

LL3T 

SLL3T 

VSS(dig) 

vDD(dig) 

SLL2 
SAA9057 

LL2 

LL3 

SLL3 

paRa 

lZ81 055. 1 

Fig. 2 Pinning diagram. 

mode select input. 

MS = LOW for normal operation in which the CGC generates clocks with 
reference to LFCO 

MS = HIGH disables the PLL and connects the LFCO input to the control 
input of the VCO, providing VCO, frequency divider and buffer facilities only 

chip enable. CE = HIGH enables the VCO and the output buffers; CE = LOW 
sets the buffers to high impedance off-state and inhibits VCO oscillation 

power-an-reset delay. Duration of delay is determined by an external capacitor 
at this pin 

ground (0 V) for analogue circuits 

positive supply voltage (+ 5 V) for analogue circuits 

sensing input for LL 1.5 skew control. Pin 6 input amplifier can handle low-level 
sinusoidal clock waveforms. Strap to pin 7 when not using external clock drivers 
or low-level clocks 

27 MHz line-locked clock. The waveform is rectangular and the duty factor is 
50% 

positive supply voltage (+ 5 V) for digital circuits (no internal connection to 
pin 17) 

sensing input for LL2A skew control. Pin 9 input amplifier can handle low-level 
sinusoidal clock waveforms. Strap to pin 10 when not using external clock 
drivers or low-level clocks 

20,25 MHz line-locked clock. The waveform is rectangular and the duty factor 
is 50% 

line frequency control input to which all internal clocks are referred. The 
waveform is triangular with 4-bit quantization and 24,576 MHz sample rate 
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power-on-reset output. Goes LOW following power-on or power fail. Remains 
LOW for a period determined by external capacitor at pin 3. It is also activated 
by a slow or fast fall of supply voltage to below operating level. PO RO can be 
used as a reset signal for the whole digital tv system. 

sensing input for LL3 skew control. Pin 13 input amplifier can handle low-level 
sinusoidal waveforms. Strap to pin 14 when not using external clock drivers 
or low-level clocks 

13,5 MHz line-locked clock. The waveform is rectangular and the duty factor 
is 50% 

20,25 MHz line-locked clock. The waveform is rectangular and the duty factor 
is 50% 

sensing input for LL2 skew control. Pin 16 input amplifier can handle low-level 
sinusoidal waveforms. Strap to pin 15 when not using external clock drivers 
or low-level clocks 

positive supply voltage (+ 5 V) for digital circuits 

ground (0 V) for digital circuits (no internal connection to pin 8) 

sensing input for LL3T skew control. Pin 19 input amplifier can handle low
level sinusoidal waveforms. Strap to pin 20 when not using external clock 
drivers or low-level clocks 

13,5 MHz line-locked clock. The waveform is rectangular and the duty factor 
is 50% 
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FUNCTIONAL DESCRIPTION 

The SAA9057 provides all the clock waveforms required in a typical digital tv system. This can 
comprise an analogue-to-digital converter (ADC, PNA7509), a sample-rate converter (SRC, SAA9058), 
a digital multi-standard decoder (DMSD, SAA9050), a digital deflection controller (DOC, SAA9060) 
with single or double line-frequency, plus extensions to add to the features available in the system. 

The frequency of the reference input LFCO (a 6,75 MHz triangular waveform from the DMSD) is 
multiplied to 27 MHz by the PLL. All clock outputs are derived from this by frequency dividers with 
ratios as shown in Figs 1 and 3. 

Each clock output is skew-controlled so that a temperature and load-independent phase relationship 
is maintained between the clock outputs. 

The LL 1.5, LL2 and LL3 outputs are rectangular waveforms with a 50% duty factor. 

The clock outputs are inhibited from power-on until the circuit has stabilized. The inhibit time is 
determined by the capacitor at pin 3. A power-fail detector is combined with the inhibit circuit so that 
the DOC is protected from unspecified clock frequencies that could occur in the event of a power 
failure. The PORO output (pin 12) indicates that the power supply is stable and can be used to drive 
other power-on-reset circuits. 

The phase detector and loop filter are disabled by the mode select input at pin 1 which internally 
connects the VCO control input to the LFCO input at pin 11. The circuit now operates as an oscillator 
followed by stages of frequency division, uses for which may be found in analogue environments of 
feature tv applications. 

LL1.5 

LL2 
LL2A 

LL3 
LL3T 

June 1986] ( 
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RATINGS 

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

Supply voltage range VDD(dig) -0,5 to + 0,7 V 

I nput voltage at any pin 
with respect to ground 

Input/output current 

Total power dissipation 

Operating ambient temperature range 

Storage temperature range 

HANDLING 

VDD(an) -O,5to +7,0 V 

VI -0,5 to +7,0 V 

11,10 max. * rnA 

Ptot * W 

Tamb o to + 70 °C 

Tstg -65 to -150 °C 

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'). 

CHARACTER ISTICS 

T amb = 0 to + 70 °C; VDD = 4,5 to 5,5 V; unless otherwise specified 

parameter symbol min. typo max. unit 

Supplies 

Supply voltage range VDD 4,5 5,0 5,5 V 

Supply current IDD - * * rnA 

Input LFCO (triangular waveform; 
resolution = 4 bits) 

Frequency fLFCO 6,0 6,75 7,4 MHz 

Amplitude (peak-to-peak value) VLFCO(p-p) 1,0 2,0 VDD V 

PLL 

Natural frequency fn 55 80 115 kHz 

Damping coefficient D 0,5 0,7 1,0 

Jitter - - * ns 

Clock outputs 

Rise time (all clocks) tr - - 3 ns 

Fall time (all clocks) tf - - 3 ns 

Skew (all clocks) tskew -2 - +2 ns 

Output voltage HIGH (except LL2A) VOH 2,8 - VDD V 

Output voltage HIGH (LL2A only) VOH 3,5 - VDD V 

Output voltage LOW (all clocks) VOL 0 - 0,4 V 

Duty factor 5 45 50 55 % 

* Values not yet available. 
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CHARACTERISTICS (continued) 

parameter symbol min. typo max. unit 

Load capacitance: 
LL1.5 CL - - 30 pF 

LL2 CL - - 50 pF 

LL2A CL - - 20 pF 

LL3T CL - - 20 pF 

LL3 CL - - 50 pF 

J---- - 2,8V 

LL1.5 - 1,5V 

- O,4V 

- 2,8V 
(LL2A = 3,5 V) 

LL2 - 1,5V 

'------,- - 0,4 V 

- 2,8V 

LL3 - 1,5V 

- 0,4V 
7Z81057 

Fig. 4 Timing diagram. 
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DEVELOPMENT DATA 
This data sheet contains advance information and 
specifications are subject to change without notice. l ____ S_A_A_90_5_8 ____ __ 

SAMPLE-RATE CONVERTER 

GENERAL DESCRIPTION 

The SAA9058 sample-rate converter (SRC) is for use in digital TV receiver applications. It converts the 
sampling rate of digital signals by a factor of 2/3, e.g. from 20,25 to 13,5 MHz, using a phase-linear, 
finite impulse response (F I R) filter with time-varying coefficients. Only two clocks are required; the 
data format is two's complement, and the word length at both input and output is seven bits. 

The FIR filter creates a filter-algorithm to interpolate digitized composite video signals (DCVBS) into 
a slower sample rate that is suitable for video decoding. The circuit gives low attenuation of colour 
subcarrier, gives high rejection of aliasing components and has unity DC gain. 

It is intended for use with the 7-bit analogue-to-digital converter PNA7509 and the digital 
multistandard decoder SAA9050, with DCVBS in PAL, NTSC or SECAM. Other applications are 
digital anti-aliasing filtering, rejection of harmonics caused by analogue-to-digital conversion and data 
reduction. 

LL2-T~----~------~--------~--------~------~~-------' 

INO 

IN1 

IN2 

IN3 

IN4 

IN5 

IN6 

LL3-T~~--r-~+-------~r-------~------~~-------+4-------~ 

n.c. 

TE 

VDD 

Vss 

1Z80 135. 2 

Fig. 1 Block diagram (see Fig. 3 for switch timing). 

PACKAGE OUTLINE 

20-lead D I L; plastic (SOT 146). 

OUT6 

OUT5 

OUT4 

OUT3 

OUT2 

OUT1 

OUTO 
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SAA9058 Jl 
n.c. 

IN6 

INS 

IN4 

IN3 

IN2 

IN1 

INO 

LL2 

LL3 

7Z80736.2 

Fig. 2 Pinning diagram. 

OPERATION 

clock LL2 

input data 
INOtolN6 

clock LL3 

output data ~ 
OUT Oto OUT 6 

switch control l (state alb 
see Fig.1) 

n-2 

a 

PINNING 

1 OUT6 

} 
2 OUT5 

output data 3 OUT4 
4 OUT3 

5 VSS ground (0 V) 
6 VDD positive supply voltage (+5 V) 

7 OUT2 
8 OUT1 output data 
9 aUTO 

10 LL3 output clock 

production test input; 
11 TE 

VSS for all applications 

12 LL2 input clock 

13 INa 
14 IN1 
15 IN2 
16 IN3 

J 

input data 
17 IN4 
18 IN5 
19 IN6 

20 n.c. not con nected 

X n X n+1 X n+3 

b a b 

7Z80737.2 

Fig. 3 Relationship of inputs to outputs. 
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Frequency response 
The virtual frequency response in the 2 x LL2 (40,5 MHz) domain is interpreted as the characteristic 
of the interpolation filter directly before conversion to the LL3 (13,5 MHz) sample rate and the 
spectral components beyond LL3/2 are aliased into the baseband. 

gain 
(dB) 

o 

-12 

-24 

-36 

-48 

-54 

-........... 

" 

o 4 

7Z80738 

"-I\. 
\ 

\ 
\ 

\ 

\ 
"\ """"""'\. / 

1\ I \ I 
8 12 16 f (MHz) 20 22 

Fig. 4 Frequency response. 

RATINGS 

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

Supply voltage range VDD -0,5 to + 7 V 

I nput voltage range 

Output voltage range to lOmax = 20 mA 

Maximum power dissipation 

Operating ambient temperature range 

Storage temperature range 

V I -0,5 to + 7 V 

Vo -0,5 to + 7 V 

Ptot 0,5 W 

T amb 0 to + 70 °C 

Tstg -65 to + 150 0C 
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HANOLING 

I nputs 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'). 

CHARACTERISTICS 

Tamb = 0 to +70 oC; VDD = 4,5 to 5,5 V; unless otherwise specified 

parameter symbol min. typo max. 

Supplies 

Supply voltage range VDD 4,5 5,0 5,5 

Supply current at VOD = 5,5 V, 
data outputs not connected, data 
inputs LOW and frequency nominal IDD - < 100* 65 

Inputs 

I nput voltage LOW VIL 0 - 0,8 

Input voltage HIGH (except LL2, LL3) VIH 2,0 - VDD 

Input voltage HIGH (LL2, LL3) VIH 2,4 - VDD 
I nput leakage current II - - 10 

Input capacitance (LL2) CI - - 10 

I nput capacitance (L L3) CI - - 10 

Input capacitance (DO to 06) CI - - 5 

Outputs 

Output voltage HIGH at IOH = -0,5 rnA VOH 2,4 - VOO 
Output voltage LOW at IOH = 2,0 rnA VOL 0 - 0,6 

Timing (Fig. 5) 

LL2 cycle time tC2 46 - 53 

LL2 duty factor tC2H/tC2 - 45 - 55 

LL2 rise and fall time t r, tf - - 6** 

LL3 cycle time tC3 69 - 80 

L L3 duty factor tC3H/tC3 - 45 - 55 

LL3 rise and fall time t r, tf - - 6** 

Skew time tskew -2 - +2 

Input data set-up time tsu 12 - -
I nput data hold time tHD 3 - -

Output data load capacitance CL 7,5 - 15 

Output data hold time tOH 3 - -
Output data delay time taD - - 33 

* For digital TV application. 

** Difference between t r, tf of LL2 and tr, tf of LL3 shall be less than 2 ns. R ising and falling 
edges of clocks are assumed to be smooth due to low pass filtering. 

December 19871 ( 

unit 

V 

rnA 

V 

V 

V 

p.A 

pF 

pF 

pF 

V 

V 

ns 

% 

ns 

ns 

% 

ns 

ns 

ns 

ns 

pF 

ns 

ns 



« 
I« 
C 
I
Z 
w 
:E 
0... 
o 
...I 
W 
> 
W 
C 

Sample-rate converter 

clock LL3 

clock LL2 

input data 
IN Oto IN 6 

output data 
OUT Oto OUT6 

Jl SAA9058 

- 2,4V 

-1.5V 

-O.8V 

~-----------------tC2--------------~--~ 

tC2L -2,4V 

-1.5V 

~-----tC2H -----4-.-t -O.8V 

-2.0V 

-O.8V 

-2,4V 

-O,6V 

~-------------tOD--------------~ 7Z80739.2 

Fig. 5 Timing diagram. 
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DEVELOPMENT DATA 
This data sheet contains advance information and 

specifications are subject to change without notice. l ___ SA_A_9_0_6_0 __ _ 

VIDEO PROCESSOR WITH DACs .(VDA) 

GENERAL DESCRIPTION 

The SAA9060 is a video processor with OACs (VOA), which converts the digital luminance and 
chrominance data into analogue information for a RGB controller. The SAA9060 forms part of 
a chip-set for digital TV systems. 

Features 

• Single scan or double scan applications 
• Parallel data input 
• 7-bit O/A conversion of the colour difference signals 
• 8-bit O/A conversion of the luminance signal 

QUICK REFERENCE DATA 

parameter conditions symbol min. typo max. 

Supply voltage VOO 4.5 5.0 5.5 

Input cu rrent 100 - 170 250 

Power dissipation Ptot 
_. - 1.4 

Back-bias voltage -3 - 0 

Operating ambient temperature range Tamb 0 - +70 

PACKAGE OUTLINE 

28-lead OIL; plastic (SOT117). 
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Fig.l Block diagram. 
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PINNING 

2,3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

VSUB 

n.c. 

CTRL 1 

CTRLO 

OS 

VSSA 

IBIAS 

-(B-Y) 

-(R-Y) 

YO 

n.c. 

LL3/ 
LL1.5 

BL 

06 

05 

04 

03 

02 

01 

00 

vsso 

UV3 

UV2 

UV1 

UVO 

LL2 

7Z81794.1 

Fig.2 Pinning diagram. 

Substrate pin for external capacitor, smooths internally generated voltages 

Not connected 

Control input ·for resolution enhancement filter 

Control input for resolution enhancement filter 

Data format switch-over (from serial to parallel) 
at inputs 00 ... 06, UVO ... UV3, BLN 

Analogue ground 

Reference current for the OACs 

Chrominance analogue output; inverted colour difference signal B-Y 

Chrominance analogue output; inverted colour difference signal R-Y 

Luminance analogue output 

Not connected 

Clock input: single scan parallel mode, f = 13.5 MHz 
double scan parallel mode, f = 27 MHz 
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PINNING (continued) 

14 VOO Supply voltage 

--. 15 LL2 (Clock input for data word 00 ... 06) for serial data format only* / 
f = 20.25 MHz; low-level version 
Do not connect pin when selecting parallel data format 

16 UVO 

) 17 UV1 Digital chrominance input; f = 13.5 MHz or 27 MHz 
18 UV2 
19 UV3 

20 VSSD Digital ground (0 V) 

21 00 

1 
22 01 
23 D2 
24 D3 Digital 7-bit luminance input; f = 13.5 MHz or 27 MHz 
25 D4 

J 
26 05 
27 D6 

28 BL Format input; indicates the start of a transmission of a data line 
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FUNCTIONAL DESCRIPTION (see Fig. 1) 

The VDA, DMSD/S-DMSD and a RGB controller form the video channel of a digital TV system. The 
VDA receives the luminance and chrominance data from the DMSD/S-DMSD and converts this data 
into an analogue output for a RGB controller. 

Chrominance data signal 

The chrominance data consist of alternating UV samples with a sample frequency of 3.375 MHz (single 
scan), the sample frequency is increased to 13.5 MHz by using two cascaded interpolation filters. The 
7-bit chrominance data is then converted to an analogue signal (inverted colour difference signals B-Y 
and R-Y) for use in a RGB controller. 

Luminance data signal 

The luminance data frequency is clocked at 13.5 MHz or 27 MHz into the resolution enhancement 
filter (controlled by CTR LO and CTR L 1), this improves the quantization noise behaviour in areas 
with small variation and produces an 8-bit data output. The 8-bit data is converted into an analogue 
signal for use in a RGB controller. 

BL signal (see Fig. 3) 

The B L signal is used to indicate the active video length within the line and synchronizes the demulti
plexing of the UV data. 

Operating modes 

There are two operating modes: 

• parallel data transmission (single scan); LL3/LL 1.5 = 13.5 MHz 

• parallel data transmission (double scan), LL3/LL 1.5 = 27 MHz . 

Output signals 

The output signals are AC-coupled to a RGB controller. During the horizontal synchronization gap 
the luminance and chrominance signals are blanked (black and no colour difference respectively) and 
the RGB controller clamps the input signals. 
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RATINGS 

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

parameter 

Supply voltage 

Input voltage 

Back-bias voltage 

Storage temperature range 

Operating ambient temperature range 

THERMAL RESISTANCE 

Junction to ambient 

conditions symbol 

VOO 

VI 

VBIAS 

Tstg 

Tamb 

Rthj-a 

min. max. unit 

-0.3 6.0 V 

-0.5 6.0 V 

-3 0 V 

-55 + 125 °C 
0 +70 °C 

-

50 K/W 
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CHARACTERISTICS 

Tamb = 25 °C; VDD = 5 V; all values referred to VSS; unless otherwise specified 

parameter conditions symbol min. typo max. unit 

Supply 

Supply voltage VDD 4.5 5.0 5.5 V 

Supply current IDD * 170 250 mA 

Voltage on pin 1 with clock VSUB -3.0 -2.5 -2.0 V 

Current on pin 1 without clock ISUB - 0.2 40 J,lA 

Voltage ripple 
on pin 1 Vripple - - 10 mV 

Inputs 

LL3 input signal note 1; 
see Fig. 4 

Input voltage HIGH VIH 2 - VDD V 

I nput voltage LOW VIL -0.5 - 0.8 V 

I nput capacitance 
(pin 20) VI =0 V CI - - 10 pF 

LL3 time period f nom = 
13.5 MHz tLL3 69 74 80 ns 

Duty factor tpH/tLL3 43 50 57 % 

Lt 1.5 input signal note 2; 
see Fig. 5 

Input voltage HIGH VIH 2 - VDD V 

I nput voltage LOW VIL -0.5 - 0.8 V 

I nput capacitance 
(pin 20) VI =OV CI - - 10 pF 

LL 1.5 time period fnom = 
27 MHz tLL1.5 35 37 40 ns 

Duty factor tPH/tLL 1.5 43 50 57 % 

* Value to be fixed. 
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parameter 

BL input signal 

I nput voltage HI G H 

I nput voltage LOW 

I nput capacitance 
(pin 20) 

Input current HIGH 

Input current LOW 

Pulse width HIGH 

Pulse width LOW 

LL3 set-up time 

DO-D6 and UVO to UV3 

Input voltage HIGH 

I nput voltage LOW 

Input capacitance 
(pin 20) 

Input current HIGH 

Input current LOW 

LL 1.5 set-up time 

LL 1.5 hold time 

CTRLO and CTRL 1 
input signals 

I nput voltage HI G H 

I nput voltage LOW 

Input capacitance** 

IBIAS input signal 

Input current 

Bias resistance 

I nput voltage 

Potential difference 
across RIB lAS 

* Clock periods of LL3. 
** Referred to pin 20. 

conditions symbol 

note 3; 
see Figs 6 
and 7 

VIH 

VIL 

VI =OV CI 

IIH 

IlL 

tpH 

NTSC/PAL tPL 

tsu 

note 2; 
see Fig. 8 

VIH 

VIL 

VI =OV C, 

IIH 

IlL 

tsu 

tHO 

note 4 

note 5 VIH 

note 5 VIL 

VI =OV CI 

Fig.9 

note 6 IIBIAS 
note 7 RIBIAS 
note 7 VIBIAS 

note 8 UIBIAS 

min. typo max. unit 

2 - VOO V 

-0.5 - 0.8 V 

- - 10 pF 

- - 1 IlA 

- - 100 IlA 

- 720 - * 
- 138/144 - * 
12 - - ns 

2 - VOO V 

-0.5 - 0.8 V 

- - 10 pF 

- - 1 IlA 

- - 100 IlA 

13 - - ns 

3 - - ns 

2 - VOO V 

VSS - 0.8 V 

- - 10 pF 

- 100 - IlA 

- 39 - kU 

- VOO - V 

- 1.5 - V 
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CHARACTERISTICS (continued) 

parameter conditions symbol min. typo max. unit 

OUTPUTS 

Y signal output note 9 

Resolution - 8 - bits 

Nominal range max. 255 14 - 230 

Output current max. 2.55 10 0.14 - 2.3 mA 

Resolution per step IIBIAS= 
100 #LA Res - 10 - #LA 

Load on pin 11 RL - 180 - n 
Coupling capacitance 

to RGB controller see Fig. 10 COC - 47 -. nF 

Total output capacitance 
(pin 11) note 10 Co - 7 - pF 

Conversion time tDAC - - 30 ns 

Time constant :::::: RL 
(CS + CD + CE) tc - 50 - ns 

Output voltage range Vo VDD-2 - VDD V 

Differential non-linearity -0.5 - +0.5 LSB 

Equality of converter 
output normalized 
to maximum level -1 - + 1 LSB 

Temperature dependency LlIIBIAS = 0 -0.5 - + 0.5 LSB 

Glitch -0.5 - + 0.5 LSB 

-(8-Y) signal output note 10 

Resolution - 7 - bits 

Nominal range max. 127 13 - 114 

Output current 10 0.26 - 2.28 mA 

Resolution per step IIBIAS= 
100 #LA Res - 20 - #LA 

Load on pin 9 RL - 750 - n 
Coupling capacitance 

to RGB controller see Fig. 10 COC - 10 - nF 

Total output capacitance including pin 
(pin 9) capacitance 

and wiring Co - 7 - pF 

Conversion time tDAC - - 30 ns 

Time constant :::::: RL (CS + 
CD + CE) tc - 50 - ns 
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parameter 

Output voltage range 

Differential non-linearity 

Equality of converter 
output normalized 
to maximum level 

Temperature dependency 

Glitch 

-( R -Y) signal output 

Resolution 

Nominal range 

Output current 

Resolution per step 

Load on pin 10 

Coupling capacitance 
to RGB controller 

Total output capacitance 
(pin 10) 

Conversion time 

Time constant 

Output voltage range 

Differential non-I inearity 

Equality of converter 
output normalized 
to maximum level 

Temperature dependency 

Glitch 

conditions symbol 

Vo 

LlIIBIAS= 0 

note 10 

max. 127 

max. 2.55 

IIBIAS= 
100~A Res 

RL 

see Fig. 10 COC 

including pin 
capacitance 
and wiring Co 

tDAC 

~ RL (CS + 
CD + CE) tc 

Vo 

~IIBIAS 

min. typo max. unit 

VDD-2 - VDD V 

-0.5 - + 0.5 LSB 

-1 - + 1 LSB 

-0.5 - + 0.5 LSB 

-0.5 - + 0.5 LSB 

- 7 - bits 

10 - 117 

0.2 - 2.34 mA 

- 20 - ~A 

- 560 - n 

- 10 -. nF 

- 7 - pF 

- - 30 ns 

- 50 - ns 

VDD-2 - VDD V 

-0.5 - +0.5 LSB 

-1 - + 1 LSB 

-0.5 - +0.5 LSB 

-0.5 - +0.5 LSB 
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Notes to the characteristics 

1. 25/30 Hz picture frequency with interlace. 

2.50/60 Hz picture frequency, parallel data transmission. 

3. 25/30 Hz picture frequency, f = 20.25 MHz. 

4. Static input signal; input HIGH by means of an internal pull-up resistor of 100 kU. 

5. 
CTRL1 CTRLO filter function 

0 0 bypass (min.) 
1 1 lowpass (max.) 

6. When IIBIAS = 100 /lA the quantization steps of the Y output DAC is 10 /lA and -(B-Y), -(R-Y) 
outputs are 20 /lA. The maximum voltage at R L is 2 V. If RIB lAS is used, the temperature coefficients 
of IBIAS and the DACs are compensated. 

7. Effective voltage noise is ~ 1 mV. 

8. UIBIAS = 1.2 V + IIBIAS x 3 kU. 

9. Values measured from the Y output DAC. 

10. Values measured from the -(B-Y) output DAC. 

_tpH -

LL3 t- VIH 
input 

signal --I.----+----t----T---~~-1.5 v(p-p min) 

--~-VIL 
7Z81790.1 

Fig.4 LL3 timing waveform; 25/30 Hz picture frequency with interlace. 

LL1.5 

input 

signal 

7ZB1792.1 

Fig.5 LL 1.5 timing waveform; 50/60 Hz picture frequency, parallel data transmission. 
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Video processor with DACs Jl SAA9060 

\ VIH 

1 J 1.5V 

- VIL 

LL3 ( 

\ j 
~~"' S ___ -ts-u-------------__ _ 
signal 

7Z81789.1 

Fig.6 BL timing waveform; 25/30 Hz picture frequency; f = 13.5 MHz. 
\ 

LL1.5\J~ut 
BL .---------------
input 

signal 

\"'"--~/ \ 

7Z81793 

Fig.7 BL timing waveform; 50/60 Hz picture frequency; f = 27 MHz. 

BL 

DO-D6 

UVO-UV3 

input 

signals 

LL1.5 

7Z81791 

Fig.8 DO to D6 and UVO to UV3 timing waveform; 50/60 Hz picture frequency, f = 27 MH-z. 
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APPLICATION INFORMATION 

---+ 
n-bits 

----------, 
SAA9060 I 

I 
I 
I 
I 

SAA9060 

* RIBIAS "" 40 kn, then IIBIAS "" 100 IlA. 

7Z81787 

Fig.9 IBIAS input circuit. 

r------------
I RGB controller 
I 
I 
I 
I 

7Z81788.1 

(1) RIBIAS = RL (Y OUtput), RL (B-Y output), RL (R-Y output) 

Fig. 10 Application of the DACs. 
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DEVELOPMENT DATA 
This data sheet contains advance information and 

specifications are subject to change without notice. l ___ S_A_A_9_0_6_8 ____ __ 

PICTURE-IN-PICTURE CONTROLLER (PIPCO) 

GENERAL DESCRIPTION 

The SAA9068 is a controller for picture-in-picture applications. The PIPCO receives time multiplexed 
YUV data from an external analogue-to-digital converter (ADC) or from the Digital Vertical Filter 
(SAA9069). The device provides YUV data, via an internal digital-to-analogue converter (DAC), to the 
external filters. The device automatically detects the 50/60 Hz acquisition. Picture data is stored in an 
external 10k by 8-bit SRAM. The device also produces the control signal for the SAA9069 (DVF). All 
features of the PIPCO are software controlled via an 12 C bus. 

Features 

• Automatic detection of acquisition signals 
• Automatic detection of display signals 
• The following features are software controlled via an 12 C bus: 

PIP ON/OFF 
border colour, one out of eight 
freeze PIP 
PIP top or bottom of screen 
PIP left or right of screen 
blank PIP 

• Y-delay to compensate for delay differences in the pre-filters 

QUICK REFERENCE DATA 

parameter conditions symbol 

Supply voltage range VDD 
I nput voltage range note 1 VI 

Maximum input current 11M 
Maximum output current 10M 

Inputs 

I nput voltage LOW VIL 
I nput voltage HI G H VIH 
I nput leakage current Tamb = 25 oc ±II 

Outputs except analogue outputs 

Output voltage LOW IOL = 0,8 rnA VOL 
Output voltage HI G H IOH = 0,8 mA VOH 

Note to the Quick Reference Data 

1. VDD + 0,5 V must not exceed 7,0 V 

PACKAGE OUTLINE 

68-lead plastic leaded chip-carrier (SOT188). 

min. typo max. unit 

-0,5 - 7,0 V 

-0,5 - VDD+O,5 V 

- - ±10 rnA 

- - ±10 mA 

° - 0,8 V 

2,0 - VDD V 

- - 1 p.A 

° - 0,4 V 

VDD-O,4 - VDD V 
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SAA9068 Jl 
ADO-AD4 SO,S1 ADCL 

50-54 48-49 37 

2 

38 
ACL 

40 
VA 

39 
ACQUISITION HA 

CONTROL 36 

4,6,10-16 
VF3 

13 18-21 RADDRO-
RADDR12 

47 
CS8K 

22-26 
8 30-32 DRO-

DR7 

5 
WE 

17 
ROE 

58 
DCL 

DISPLAY 56 
CONTROL VD 

57 
HD 

41 
AO 

55 
PFB 

44,45 
SCL, SDA 

65 66 67 35 68 60 34 59 

Y U V lZ21256.2 

ty = 3 periods of ADCL 

Fig. 1 Block diagram. 
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N I-,.... :::> 
~ cr: cr: 0 

0 0 l- I- I-
U U 

0 

I~ 
0 en en en en 

U U U U U <I: <I: w w w en c: c: c: cr: cr: l- I- I- > > :::> >- c: c: c: c: 

RADDR6 60 VSSA 

RADDR8 11 59 Vref 

RADDR5 12 58 DCl 

RADDR9 13 57 HD 

RADDR4 14 56 VD 

RADDR11 15 55 PFB 

RADDR3 16 54 AD4 

ROE 17 53 AD3 

RADDR2 SAA9068 52 AD2 

RADDR 10 19 51 AD1 
<C 
I-
<C RADDR1 20 50 ADO 
C 
I- RADDRO 21 49 S1 
2 
W 

DR7 22 48 SO :E 
a.. 
0 DRO 23 47 CS8K 
...J 
W 

> DR6 24 46 n.c. 
W 
C DR1 25 45 SDA 

DR5 26 44 SCl 

7Z21263.2 

Fig.2 Pinning diagram. 
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PINNING 

pin 

Power supplies 

34 
35 
60 
68 

Inputs 

1 
2 
33 

38 
39 
40 
41 
50 to 54 
56 
57 
58 

Outputs 

3 
4 
5 
6 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
36 
37 
47 
48 to 49 
55 

I nputs/ outputs 

22 to 26, 
30 to 32 
44 
45 

mnemonic 

VSST 
VDD 
VSSA 
VSS 

TEST IN 
TEST 
GTEST 

ACl 
HA 
VA 
AO 
ADO to AD4 
VD 
HD 
DCl 

TEST OUT 
RADDR12 
WE 
RADDR7 
RADDR6 
RADDR8 
RADDR5 
RADDR9 
RADDR4 
RADDR11 
RADDR3 
ROE 
RADDR2 
RADDR10 
RADDRl 
RADDRO 
VF3 
ADCl 
CS8k 
SO and Sl 
PFB 

DRO to DR7 

SCl 
SDA 

November 1987 ( 

description 

ground for dynamic shift registers 
positive supply voltage 
ground for digital-to-analogue converters 
ground (0 V) 

data input for testing the DAC 
when HIGH, test mode for DAC enabled 
when lOW GTEST returns all memory elements to a known 
state, except for line memories 
acquisition clock, typo 10,9 MHz 
start of line in acquisition mode 
start of field in acquisition mode 
programming of 12 C bus slave address 
YUV data stream from ADC or SAA9069 
start of field in display mode 
start of line in display mode 
display clock, typo 15,8 MHz 

test data to DAC 
SRAM address output 
write enable (active lOW) 
SRAM address output 
SRAM address output 
SRAM address output 
SRAM address output 
SRAM address output 
SRAM address output 
SRAM address output 
SRAM address output 
RAM output enable (active lOW) 
SRAM address output 
SRAM address output 
SRAM address output 
SRAM address output 
line selection to SAA9069 
acquisition clock signal (ACLl2) to ADC or SAA9069 
chip select for 8 k SRAM 
Y, U and V selection signal to analogue switch or SAA9069 
picture-in-picture fast blanking 

data to and from S R AM 

12 C bus clock 
12 C bus data signals 
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Picture-in-picture controller (PIPeO) 

Analogue outputs 

59 
65 
66 
67 

Others 

7 to 9, 27 to 29, 
42,43, 62 to 64 

Vref 
y 

U 
V 

n.c. 

voltage reference level for DAC 
analogue video signal from 5-bit DAC 
analogue video signal from 5-bit DAC 
analogue video signal from 5-bit DAC 

not internally connected 

l __ S_A_A_9_06_8 __ _ 
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FUNCTIONAL DESCRIPTION (see Fig. 1) 

The YUV data stream is converted from analogue-to-digital data by the 5-bit ADC, this data is then 
stored in an acquisition line memory every third line. When enabled by the display section of the PIPCO, 
the data is transferred to the external SRAM. Data from the SRAM is transferred to the display line 
memory after which it is converted from digital to analogue by the DAC. 

12 C bus (SDA; SCL) 

The 1
2 C bus provides bidirectional 2-line communication between different ICs or modules. The SDA 

is the serial data line; SCL is the serial clock line. 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. 

12 C bus format (slave address and receiver formats) 

All 8 bits of the subaddress have to be decoded by the device. After power-on reset all control bits 
are set to zero. This device does not respond to the general call address. 

1 0 1 0 11 1 0 1 0 11 1 AO 1 0 1 

Fig.3 Slave address. 

DETAILED INFORMATION ON 12C BUS SPECIFICATION IS AVAILABLE ON REQUEST. 

Table 1 Data byte format 

function 

D7 D6 D5 D4 D3 D2 D1 DO 

control PIPON STILL BLPIP TOP LEFT BOC2 BOC1 BOCO 

Table 2 Definition of bits D7 to D3 

bit definition 

PIPON PIPON = 1, picture-in-picture is ON 
PIPON = 0, picture-in-picture is OFF 

STILL STI LL = 1, still picture-in-picture 
STI LL = 0, moving picture-in-picture 

BLPIP BLPIP = 1, blanking of picture-in-picture 
BLPIP = 0, display picture-in-picture 

TOP TOP = 1, picture-in-picture in upper part of screen 
TOP = 0, picture-in-picture in lower part of screen 

LEFT LE FT ::: 1, picture-in-picture in left part of screen 
LEFT = 0, picture-in-picture in right part of screen 
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Table 3 Colour reproduction 

colour BOC2 BOC1 BOCO -u -V 

dark pink 0 0 0 0,00 -0,50 
reddish brown 0 0 1 0,25 -0,50 
light brown 0 1 0 0,50 -0,50 
light purple 0 1 1 -0,25 -0,50 
dark grey 1 0 0 0,00 0,00 
dark green 1 0 1 0,25 0,00 
green 1 1 0 0,50 0,00 
medium blue 1 1 1 -0,20 0,00 

If a function is not implemented, the bit related to this function is transmitted as a logic 0 and the 
general call address is not accepted. If no supply voltage is present, inputs SCL and SDA are in a high 
ohmic state. 
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RATINGS 

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

parameter conditions symbol min. max. unit 

Supply voltage range VOO -0,5 7,0 V 

I nput voltage range note. 1 VI -0,5 VOO+0,5 V 

I nput current II - ±10 mA 

Output current 10 - ±10 mA 

Supply current in VSS ISS - 60 mA 

Supply current in VOO 100 - 60 mA 

Power dissipation per output P - 40 mW 

Total power dissipation Ptot - 300 mW 

Storage temperatu re range Tstg -55 + 150 oC 

Operating ambient temperature range Tamb -25 +70 oC 

Note 

1. V 00+0,5 must not exceed 7,0 V. 

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 Oevices'). 
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Picture-in-picture controller (PIPCO) 

DC CHARACTE R ISTICS 

VOO = 5 V ± 5%; Tamb = 0 to 70 oC; unless otherwise specified 

parameter conditions 

Supply current 

Quiescent current Tamb = 25 oC; 
all inputs to VOO or VSS 

Inputs 

Input voltage LOW 

Input voltage HIGH 

I nput leakage current Tamb = 25 oC; 
except GTEST 

Input leakage current GTEST 

Outputs except analogue outputs 

Output voltage LOW IOL = 0,8 mA 

Output voltage HI G H IOH = 0,8 mA 

Analogue outputs Y, U, Vat output 
load = 22 kr2 

Output voltage LOW 

Output voltage HIGH 

Output level n+1 (step) note 1 

Output voltage HIGH to 
output voltage LOW 
with 1 kr2 load 

Voltage reference 

Output voltage VOO = 5 V 

Note to the DC characteristics 

VOH-VOL 
1. Vs=----

31 

symbol 

100 

VIL 

VIH 

±II 

±II 

VOL 

VOH 

VOL 

VOH 

Vn 

VOH-VOL 

Va 

l __ S_A_A_9_0_68 __ _ 

min. typo max. unit 

- - 175 /lA 

0 - 0,8 V 

2,0 - VOO V 

- - 1 /lA 

-- - 30 /lA 

0 - 0,4 V 

Voo-O,4 - VOO V 

0,80 - 1,45 V 

3,75 - 4,75 V 

level n level n level n 
+ Vs + 2Vs V 

1,75 1,95 2,15 V 

0,7 - 1,3 V 
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AC CHARACTERISTICS 

VDD = 5 V ± 5%; Tamb = 0 to 70 oC; unless otherwise specified 

parameter conditions symbol min. typo max. unit 

I nput capacitance Ci - - 3 pF 

ADO - AD4 to ACl Fig. 8 
data set-up time tsu; DAT 30 - - ns 
data hold time tHD; DAT 10 - - ns 

DRO - DR7 to DCl Fig. 7 
data set-up time tsu; DAT 30 - - ns 
data hold time tHD; DAT 10 - - ns 

HA, HD, VA, VD notes 1 to 4 

ACl note 5 
pulse width lOW twl 25 - - ns 
pulse width HI G H twH 25 - - ns 
rise time tr - - 7 ns 
fall time tf - - 7 ns 
frequency fACl .-,~ 10,9 - MHz 

DCl note 6 
pulse width lOW tWl 18 - - ns 
pulse width HIGH twH 18 - - ns 
rise time tr - - 4 ns 
fall time tf - - 4 ns 
frequency fDCl - 15,8 - MHz 

Outputs DCl = 15,8 MHz 

load capacitance Cl - - 20 pF 

DCl to DRO - DR7 
propagation delay Fig.6 td 10 - 135 ns 

DCl to RADDRO -
RADDR12 and CS8K 
propagation delay Fig.6 td 0 - 70 ns 

DCl to ROE 
propagation delay Fig. 6 td 0 - 150 ns 

DCl to WE (falling edge) 
propagation delay Fig. 6 !d 70 - 105 ns 

DCl to WE (rising edge) 
propagation delay Fig.6 td 195 - 235 ns 

DCl to PFB 
pr~pagation delay Fig. 7 td 0 - 50 ns 

ACl to ADCl 
propagation delay Fig.8 td 0 - 115 ns 

ACl to SO and S1 
propagation delay Fig. 8 td 0 - 115 ns 
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Picture-in-picture controller (PIPCD) l __ S_A_A_9_0_68 __ _ 

Notes to the AC characteristics 

1. Pulse width HA (typ. 250 ns): the first sample of a line occurs after approximately 124 periods 
of ACl (counted on the negative edge of HA). The internal horizontal acquisition off-set value 
is chosen in such a way that ACl = 10,9 MHz, when this condition is satisfied the acquired picture 
is centralized within the PIP. The off-set value is dependent upon the acquisition frequency, 
50 Hz or 60 Hz (124 ACl periods of 50 Hz and 108 ACl periods of 60 Hz). If the pulse width 
of HA increases, the acquired picture will shift to the left within the PIP picture (see Fig. 4). 

frame 
of main 
picture ([) 

I 

centralized 
(normal condition) 

(a) 

picture- in
- picture 

I -1 J-.. e.t=-e.WHA 3 

7Z21262 

(b) 

Fig.4 PIP position; (a) ACl = 10,9 MHz, (b) ~t = -1/3 ~WHA-

2. Pulse width HD (typ. 250 ns): the first sample of a line is displayed after XXX periods of DCl 
with respect to the negative edge of HD. The internal horizontal display off-set is fixed in the 
hardware and depends upon the frequency (50 Hz or 60 Hz) and the right/left position of the 
display. 
The following values are implemented: 

• 50 Hz; position of display, right; t = 574 periods of DCl 

• 50 Hz; position of display, left; t = 134 periods of DCl 

• 60 Hz; position of display, right; t = 558 periods of DCl 

• 60 Hz; position of display, left; t = 126 periods of DCl 

If the pulse width of H D increases the distance between screen border and the left border of the 
PIP will enlarge and the picture will shift to the right. The width of the complete PIP, inclusive 
of border, is 268 clock pulses. 

3. VA pulse width, minimum 8 pulses of ACL. 

4. VD pulse width, minimum 5 pulses of DCl. 
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5. If ACl = k x 10,9 MHz, the effects are shown in Fig. 5: 

• if k > 1 then the acquired picture will be expanded horizontally and its centre will shift to 
the right. 

• if k < 1 then the acquired picture will be reduced horizontally and its center will shift to the 
left. 

cD 
I 

(a) 

Fig.5 PIP geometry; (a) k> 1, (b) k < 1. 

6. DCl: if DCl *15,8 MHz but Del = k x 15,8 MHz the effects are: 

• all horizontal sizes and values are multiplied by k. 
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Picture-in-picture controller (PIPeO) l ___ S_A_A_9_0_6_8 ____ __ 

DCl 

RADDRO
RADDR 12, 
CS8K 

DRO-
DR7 
OUTPUT 

DCl 

ROE 

PFB 

DRO
DR7 
INPUT 

7Z21259.1 

Fig.6 Data and display clock timing waveform. 

tHD; DAT 

lZ21260.1 
tsu; DAT 

Fig.7 Data and display clock timing waveform. 
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ACL 

ADCL, 
SO, S1 

ADO
AD4 

u 1 

tsu; DAT 

tHD;DAT 

Fig.8 Input data and acquisition clock waveform. 

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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DEVELOPMENT DATA 
This data sheet contains advance information and 

specifications are subject to change without notice. l __ S_A_A_9_0_6_9 __ _ 

DIGITAL VERTICAL FILTER (DVF) 

GENERAL DESCRIPTION 

The SAA9069 is a digital vertical line filter for use in picture-in-picture applications. The OVF 
accomplishes the filtering by computing the average of three horizontal video lines. The summation 
is carried out in the following order, 1/4 x line 1, 112 x line 2 and 1/4 x line 3. The OVF outputs 
the averaged information during the third line period. The 5-bit data is multiplied by a weighting 
factor and added to the output of the 201-bit long, 6-bit wide shift register which is used as a line 
memory to store input data or the averaged data. The most significant 5-bits are output as filtered 
data. The OVF has been designed for use with the Picture-in-Picture Controller (SAA9068) in digital 
or analogue televisions. 

Features 

• 201-bit shift register for storage of input data or the averaged data 
• Most significant 5-bits are output as filtered data 

QUICK REFERENCE DATA 

parameter conditions symbol min. typo max. unit 

Supply voltage range VOO -0,5 - 7,0 V 

I nput voltage range VI -0,5 - VDO+O,5 V 

Maximum input current 11M - - ±10 I1A 

Maximum output current 10M - - ±10 I1A 

Inputs 

Input voltage LOW VIL 0 - 0,8 V 

Input voltage HIGH VIH 2,0 - VOO V 

Outputs 

Output voltage LOW 10L = 2,0 mA VOL 0 - 0,4 V 

Output voltage HIGH 10H = 1,5 rnA VOH Voo-O,4 - VOO V 

PACKAGE OUTLINE 

20-lead mini-pack; plastic (S020; SOT163A) 
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Digital vertical filter (DVF) 

PINNING 

Power supplies 

1 

10 

11 

Inputs 

5 to 9 

17 

18 to 19 

20 

Outputs 

2 to 3 

4 

12 to 16 

VDD1 

TEST 

VSS 

ADIN4 to 
ADINO 

ADCLIN 

SIN1 to 
SINO 

VF3 

SOUTO to 
SOUT1 

ADCLOUT 

ADOUTO to 
ADOUT4 

l ___ SA_A_9_0_6_9 __ _ 

VF3 

SINO 

SINl 

ADCLIN 

ADOUT4 

ADOUT3 

ADOUT2 

ADOUTl 

ADOUTO 

TEST 

lZ21 085. 1 

Fig.2 Pinning diagram. 

positive supply voltage 

test pin; normally connected to ground 

ground (0 V) 

5-bit input data from ADC (timing information shown in Fig. 4) 

clock signal from SAA9068. The signal is buffered and then fed 
directly to the clock input of the ADC 

control signals for analogue mu Itiplexer from SAA9068. Delayed 
by 2 and 1 ADCL clock pulses, these signals are inverted and then 
fed to the analogue multiplexer 

signal from SAA9068 (at line rate) used to determine the K-factor, 
addition sequence and provide a general reset (see Fig. 6) 

regenerated SI NO and SI N 1 signals used for proper data selection 
(due to delay of the DVF) 

buffered output of ADCL 

filtered 5-bit data output. Data is only valid on one of the three 
lines (determined by VF3) 
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FUNCTIONAL DESCRIPTION (see Figs 1 and 3 to 7) 

The main functions of the DVF are as follows: 

Mu Iti plexing/M ulti plying 

The incoming 5-bit data from the ADC is clocked through a block of flip-flops and then fed to a 
multiplexer/multiplier where line 1 is shifted 1-bit to right (K == 1/4), line 2 is unshifted (K == 1/2) 
and line 3 is shifted 1-bit to right (K == 1/4). The multiplexer is controlled by a signal derived from 
the VF3 signal. This creates a 5-bit signal which is retained during the filtering process. 

Addition 

The data is then added, with 6-bits of resolution, to the output of the shift register to form the new 
averaged data. This data is then fed to the 6-bit shift register (the first line has a binary 1 added, which 
is used as a rounding factor). The 5 most significant bits of data are output to two blocks of flip-flops. 
The first block provides the synchronization with the shift register clock and the second block with 
the output clock. 

Synchronization 

The ADC L clock and the analogue selection control signals are received from SAA9068. These signals 
ensure the synchronous operation between the two devices. Whether the EDVF is used or not the 
phase relationship between these signals always remains the same. The buffered ADCL clock signal 
is used as the shift register clock, while S1 and SO are delayed in order to derive the proper data 
stream from the ADC. The required ADC characteristics are shown in Fig. 5. 
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Digital vertical filter (DVF) l __ S_A_A_9_0_6_9 __ _ 

RATINGS 

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

parameter conditions symbol min. max. unit 

Supply voltage range VOO -0,5 7,0 V 

I nput voltage range note 1 VI -0,5 VOO+0,5 V 

I nput voltage pin 19 V 19-11 -0,5 9 V 

Maximum input current 11M - ±10 rnA 

Maximum output current 10M - ±10 mA 

Maximum supply current 
in VSS ISS - 60 mA 

Maximum supply current 
in VOO 100 - 60 rnA 

Maximum power dissipation 
per output P - 40 mW 

Total power dissipation Ptot - 300 mW 

Storage temperature range Tstg -55 +150 oC 

Note 

1. Input voltage should not exceed 7 V unless otherwise specified. 

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 MaS devices (see 
'Handling MaS Devices'). 
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DC CHARACTERISTICS 

VDD = 5 V ± 10%; Tamb = 0 to 70 oC, unless otherwise specified 

parameter conditions symbol min. typo max. unit 

Supply current 

Quiescent current Tamb = 25 oC; 
all inputs to 
VDD or VSS IDD - - 10 J.lA 

Inputs all inputs 

I nput voltage LOW VIL 0 - 0,8 V 

Input voltage HIGH VIH 2,0 - VDD V 

Input leakage current LOW IlL - - 1,0 J.lA 

Input leakage current HIGH IIH - - 1,0 J.lA 

Outputs all outputs 

Output voltage LOW IOL = -2,0 rnA VOL 0 - 0,4 V 

Output voltage HI G H IOH = +1,5 rnA VOH VDD-O,4 - VDD V 

AC CHARACTERISTICS 

VDD = 5 V ± 10%; Tamb = 0 to 70 oC, unless otherwise specified 

parameter conditions symbol min. typo max. unit 

Inputs all inputs; 
except ADCLIN 

I nput capacitance CI - - 7,5 pF 

Set-up time see Fig. 4 tsu 30 - - ns 

Hold time tHD 10 - - ns 

ADCLIN 

Pulse frequency f max - 5,33 - MHz 

Pulse width LOW twL 45 - - ns 

Pulse width HIGH tWH 65 - - ns 

Outputs all outputs; 
except ADC LOUT 

Propagation delay taD - - 50 ns 

Output hold tOH 0 - - ns 

ADCLOUT 

Propagation delay see Fig. 3 taD - - 30 ns 
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Digital vertical filter (DVF) l __ S_A_A_9_0_6_9 __ _ 

TIMING INFORMATION 

INPUT CLOCK: to. \ / 
2,OV 

ADCLIN 
0,8 V 

~D} ;,.4 V OUTPUT CLOCK: \ ADCLOUT 
50% 

0,4 V 

7Z21088 

Fig. 3 Input and output clock signal phase relationship. 

INPUT CLOCK: ~-----2,OV 

ADCLIN 50% 
'--______ ..J _______ 0,8 V 

tsu tHD 
e:( 
t-
e:( INPUT DATA: rT7"TT"T'TT"TT"rT7"TT"rrTTTT". 2,0 V 

C ADINO to ADIN4, 50% 
t- SINO, SIN1, VF3 
Z 
W 
:iE 
Q. 
0 OUTPUT DATA: 
..J 

rrT'T7"TT"T'T7"TT"T'T7"TT"T'TT"TT""" 2,4 V 

W ADOUTO to ADOUT4, 

> SOUTO, soun w 
C 

I~------ tOD-------~1 7Z21086.2 

Fig. 4 Input and output data phase relationship. 
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ADCLIN 

VF3 '--J 
SINO 

SINl 

ADOUTO to ADOUT4 

x = DON'T CARE 

SOUTO 

SOUTl 

ADINOtoADIN4 Y V Y Vly U y Uly V y Vly U y Uly V y Vly U y U-Iy V y VIY U Y UIY,V'Y2V2IY3U,Y4U2IY5V3YSV4IY7U3YSU4 

ADCL 

ANALOGUE 

INPUT 

ADC OUTPUT 

1---- PROCESSED DATA ----

Fig. 5 Timing diagram. 

lZ22095 

Fig.6 ADC required. 

KFACTOR __ -+ ___________ l~/4 __________ ~ ____ -.-_____ 1~/2 ________ --+_---------1~/4--------__ ~ 

ADINO 
to 

ADIN4 
X PROCESSED IS . X PROCESSED a x PROCESSED jt;;;:;;:v--

~'IJ :J J ~~ VF3 

~29B 1 .' U~30 ". Ub30 298~ L-J 

30 = 30 CLOCK CYCLES 
298 = 298 CLOCK CYCLES 
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DEVELOPMENT DATA 
This data sheet contains advance information and 

specifications are subject to change without notice. -l __ S_A_A_9_0_7_9 __ _ 

7-BIT ANALOGUE-TO-DIGITAL CONVERTER (ADC 7) 

GENERAL DESCRIPTION 

The SAA9079 is a monolithic NMOS 7-bit analogue-to-digital converter (ADC) designed for video 
applications. The device converts the analogue input signal into 7-bit binary coded digital words at a 
sampling rate of 22 MHz. 

The circuit comprises 129 comparators, a reference resistor chain, combining logic, transcoder stages, 
and TTL output buffers which are positive edge triggered and can be switched into 3-state mode. The 
digital output is selectable in two's complement or binary coding. 

The use of separate outputs for overflow and underflow detection facilitates full-scale driving. 

Features Applications 

• 7-bit resolution • High-speed AID conversion 
• No external sample and hold required • Video signal digitizing 
• High input impedance • Radar pulse analysis 
• Binary or two's complement 3-state TTL outputs • Transient signal analysis 
• Overflow and underflow 3-state TTL outputs • High energy physics research 
• All outputs positive-edge triggered 
• Standard 24-pin package 

QUICK REFERENCE DATA 

Measured over full voltage and temperature range unless otherwise specified 

parameter conditions symbol min. typo max. unit 

Supply voltage (pins 3, 12, 23) VOD5 4.5 - 5.5 V 

Supply voltage (pin 24) V0010 9.5 - 10.5 V 

Supply current (pins 3, 12,23) note 1 1005 - - 65 rnA 

Supply current (pin 24) note 1 10010 - - 13 rnA 

Reference current (pins 4, 20) I ref 150 - 450 JlA 

Reference voltage LOW (pin 20) VrefL 2.4 2.5 2.6 V 

Reference voltage HIGH (pin 4) VrefH 5.0 5.1 5.2 V 

Non-linearity fi = 1.1 kHz 
integral INL - - ±% LSB 
differential ONL - - ±% LSB 

-3 dB Bandwidth B 11 - - MHz 

Clock frequency (pin 14) fCLK 1 - 22 MHz 

Total power dissipation note 1 Ptot ~ - 500 mW 

Note to quick reference data 

1. Measured under nominal conditions: V005 == 5 V; VOOlO = 10 V; Tamb = 22 °C. 

PACKAGE OUTLINES 

24-lead 01 L; plastic (SOT101A). 
24-lead mini-pack; plastic (S024; SOT137A). 
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Note 

reference 
voltage 
HIGH 

(VrefH) 

4 

reference 
voltage 
LOW 

(Vref L) 

select 
clock input two's complement 

(fCLK) (STC) CE1 CE2 

13 

6 
overflow 

7 MSB 
bit 6 

8 
bit 5 

9 
bit4 

10 
bit 3 

11 
bit 2 

15 
bit 1 

16 
bit 0 

17 LSB 
underflow 

7Z93495.P 

All three pins 3, 12 and 23 must be connected to positive supply voltage + 5 V. 

Fig. 1 Block diagram. 
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7-bit analogue-to-digital converter (ADC 7) ~l SAA9079 

PINNING 

1 VI analogue voltage input 

2 AGNO analogue ground 
vOO1O 3 VOO5 positive supply voltage (+ 5 V) 

VOO5 4 VrefH reference voltage HI G H 

n.e. 5 STC select two's complement 

CE2 6 OVFL overflow 

vrefL 
7 bit 6 most-significant bit (MSS) 

vaa 
8 bit 5 

SAA9079 9 bit 4 
CE1 10 bit 3 
UNFL 11 bit 2 

bit 0 12 VOO5 positive supply voltage (+ 5 V) 

bit 3 bit 1 13 OGNO digital ground 

fCLK 
14 . fCLK clock input 

15 bit 1 
VOO5 DGND 

16 bit 0 least-significant bit (LSS) 
7Z93493.P 17 UNFL underflow 

Fig.2 Pinning diagram. 18 CEl chip enable input 1 

19 VSS back bias output 

20 VrefL reference voltage LOW 

21 CE2 chip enable input 2 

22 n.c. not connected 

23 VOO5 positive supply voltage (+ 5 V) 

24 VOO10 positive supply voltage (+ 10 V) 

RATINGS 

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

parameter symbol min. max. unit 

Supply voltage range (pins 3, 12, 23) VOO5 -0.5 + 7.0 V 

Supply voltage range (pin 24) VOOlO -0.5 + 12.0 V 

I nput voltage range VI -0.5 + 7.0 V 

Output current 10 - 5 mA 

Total power dissipation Ptot - 1 W 

Storage temperature range Tstg -65 + 150 °C 

Operating ambient temperature range Tamb 0 + 70 °C 

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 MaS devices (see 
"Handling MaS Oevices"). 
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CHARACTERISTICS 

V005 = V3 12 23-13 = 4.5 to 5.5 V; V0010 = V24-2 = 9.5 to 10.5 V; CBB = 100 nF; 
T amb = 0 to + 10 °C 

parameter symbol min. typo 

Supply 

Supply voltage (pins 3, 12, 23) V005 4.5 -

Supply voltage (pin 24) V0010 9.5 -

Supply current (pins 3, 12, 23) 1005 - -

Supply current (pin 24) 10010 - -

Reference voltages 

Reference voltage LOW (pin 20) VrefL 2.4 2.5 

Reference voltage HIGH (pin 4) VrefH 5.0 5.1 

Reference current Iref 150 -

Inputs 

Clock input (pin 14) 

I nput voltage LOW VIL -0.3 -

Input voltage HIGH (note 1) VIH 3.0 -

Digital input levels (pins 5,18,21; note 2) 

I nput voltage LOW VIL 0 -

Input voltage HIGH VIH 2.0 -

I nput current 
at V 5 = 0 V; V 13 = G NO -15 15 -

at V 18 = 5 V; V 13 = G N 0 118 15 -

at V 21 = 0 V; V 13 = G NO -121 15 -
I nput leakage current 

(except pins 5, 18 and 21) III - -
Analogue input levels (pin 1) 

at V ref L = 2.5 V; V refH = 5.1 V 

Input voltage amplitude 
(peak-to-peak value) VI(p_p) - 2.6 

I nput capacitance (note 3) C1-2 - -

Notes to characteristics 

1. Maximum input voltage must not exceed 5.0 V. 
2. If pin 5 is LOW binary coding is selected. 

If pin 5 is HIGH two's complement is selected. 
If pin 5,18 and 21 are open-circuit, pin 5, 21 are HIGH and pin 18 is LOW. 
For output coding see Table 1 and mode selection see Table 2. 

3. Tested on sample base. 

892 July 19881 ( 

max. 

5.5 

10.5 

85 

18 

2.6 

5.2 

450 

0.8 

V005 

0.8 

V005 

70 

70 

120 

10 

-
30 

unit 

V 

V 

mA 

rnA 

V 

V 

IJ.A 

V 

V 

V 

V 

IJ.A 

IJ.A 

IJ.A 

IJ.A 

V 

pF 
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7-bit analogue-to-digital converter (ADC 7) 

parameter symbol 

Outputs 

Digital voltage outputs 
(pins 6 to 11 and 15'to 17) 

Output voltage LOW 
at 10 = 2 rnA VOL 

Output voltage HI G H 
at -10 = 0.5 mA VOL 

Table 1 Output coding (VrefL = 2.50 V; VrefH = 5.08 V) 

step Vl-2 UNFL OVFL binary 
note 1 bit 6 - bit 0 

underflow < 2.51 1 0 0 0 0 0 0 0 

0 2.51 0 0 0 0 0 0 0 0 

1 2.53 0 0 0 0 0 0 0 0 

. 
126 5.03 0 0 1 1 1 1 1 1 

127 5.05 0 0 1 1 1 1 1 1 

overflow ~5.07 0 1 1 1 1 1 1 1 

Note to Table 1 

1. Approximate values. 

Table 2 Mode selection 

CEl CE2 bit 0 to bit 6 UNFL,OVFL 

X 0 HIGH impedance HIGH impedance 

0 1 active active 

1 1 HIGH impedance active 

min. 

0 

2.4 

0 1 

0 1 

1 1 

0 0 

1 0 

1 0 

l ___ S_AA_9_0_7_9 __ _ 

max. 

+0.4 

VDD5 

two's complement 
bit 6 - bit 0 

0 0 0 0 0 0 

0 0 0 0 0 0 

0 0 0 0 0 1 

1 1 1 1 1 0 

1 1 1 1 1 1 

1 1 1 1 1 1 

1 (JUlY 1988 

unit 

V 

V 

steps 

2-125 
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CHARACTERISTICS (continued) 

VDD5 = V3, 12,23-13 = 4.5 V to 5.5 V; VDD10 = V24-2 = 9.5 V to 10.5 V; VrefL = 2.5 V; 
VrefH = 5.1 V; fCLK = 22 MHz; CBB = 100 nF; Tamb = 0 to + 70 0C 

parameter symbol min. max. 

Timing characteristics (see also Fig. 3) 

Clock input (pin 14) 

Clock frequency fCLK 1 22 
Clock cycle time LOW tLOW 20 -
Clock cycle time HIGH tHIGH 20 -
Input rise and fall times (pin 1) 

rise time tr - 5 
fall time tf - 5 

Analogue input (note 1) 

Bandwidth (-3 dB) B 11 -
Non-harmonic noise - -36 

Peak error (non-harmonic noise) - 3 
Harmonics (full scale) 

fundamental fO - 0 
RMS (2nd and 3rd harmonic) f2.3 - -28 

RMS (4th + 5th + 6th + 7th harmonic) f4-7 - -35 
Digital outputs (notes 1 and 2) 

Output hold time tHOLD 6 -

Output delay time at CL = 15 pF td - 38 

Output delay time at CL = 50 pF td - 48 

3-state delay time tdt - 25 

Capacitive output load COL 0 15 

Transfer function 

Non-linearity at fi = 1.1 kHz 
integral INL - ±% 

differential DNL - ±% 

Notes to timing characteristics 

1. Clock input rise and fall times are at the maximum clock frequency (10% and 90% levels). 

unit 

MHz 

ns 

ns 

ns 

ns 

MHz 

dB 

LSB 

dB 

dB 

dB 

ns 

ns 

ns 

ns 

pF 

LSB 

LSB 

2. The timing values of the digital outputs at pins 6 to 11 and 15 to 17 are measured with the clock 
input reference level at 1.5 V. 
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7-bit analogue-to-digital converter (ADe 7) l __ S_A_A_9_0_7_9 __ _ 

CLOCK INPUT 
(pin 14) 

ANALOGUE INPUT 
(pin 1) 

DIGITAL OUTPUTS 
(pins 6 to 11 and 15 to 17) 

1+----- 3tCL~"'-) ---.-.1 

clock input 
---'1----1--- reference level 

(1,5V) 

(1) There is a delay of 3 clock cycles between sampling of an analogue input signal and the corresponding 
digital output. 

Fig.3 Timing diagram. 
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APPLICATION INFORMATION 

The minimum and maximum values provided in the data sheet are guaranteed over the whole voltage 
and temperature range. This note gives additional information to the data sheet where the typical 
values indicate the behaviour under nominal conditions; VDD5 = 5 V, VDD10 = 10 V, T amb = 22 °C. 

parameter symbol typo 

Supply 

Supply current (pins 3, 12, 23) IDD5 51 

Supply current (pin 24) IDD10 11 

Maximum clock frequency fCLK 25 

Bandwidth (-3 dB) B 20 

Total power dissipation Ptot 365 

Peak error (non-harmonic noise) 1.5 

Suppression of harmonics 
sum of: 
f2nd + f3rd 31 
f4th + f5th + f6th + f7th 39 

Non-linearity 
integral INL ± 1/4 
differential DNL ± 1/3 

Differential gain dG ±3 

Differential phase dP ± 1 

Large signal phase error Pe 10 

Non-harmonic noise 40 

Duty factor (20.25 MHz) 50 ± 10 

Typical values are measured on sample base. 

Application recommendation 

Spikes at the 10 V supply input must be avoided (e. g. overshoots during switching). 
Even a spike duration of less than 1 J.l.S can destroy the device. 

July 19881 ( 
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7-bit analogue-to-digital converter (A DC 7) l __ S_A_A_9_0_7_9 __ _ 

Test philosophy 

Fig.4 is a block diagram showing analogue-to-digital testing with a phase locked signal source. The 
signal generator provides a 5 MHz sinewave for the device under test (except for the linearity test). 
The 22 MHz clock input is provided by the clock generator. The phase relationship between signal and 
clock generator is shifted by 100 pice sec. each 'signal period to provide an effective clock rate of 10 GHz 
for analysis. 
Most calculations are carried out in the spectral domain using Fast Fourier Transformation (FFT) and 
the inverse FFT to return to time domain. 
The successive processing completes the specific measurement (Fig. 5 and 6). 

The non-linearities of the converter, integral (INL) and differential (DNL), are measured using a low 
frequency ramp signal. Within a general uncertain range of conversion between two steps the output 
signal of the converter randomly switches. 
After low-pass filtering the different step width is used for calculating the line of least squares to obtain 
integral non-linearity. 

phase 
lock 

r--+ 
CLOCK 

~ 
PULSE 

GENERATOR FORMER clock 
input 

(22 MHz) 

I DEVICE 
LOGIC 

UNDER ~ ANALYZER 
TEST 

~ 
SIGNAL 

GENERATOR 

analogue 
input 

7Z97665 

Fig.4 Analogue-to-digital converter testing with locked signal source. 
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APPLICATION INFORMATION (continued) 

stimulus; HF sinewave 

HARMONICS 

7Z97664 

Where: FFT = Fast Fourier Transformation. 
IFFT = Inverse Fast Fourier Transformation. 

Fig. 5 Sinewave test; non-harmonic noise and peak error. 

stimulus; LF ramp 

Where: 

July 19881 ( 

INL = Integral Non-Linearity. 
DNL = Differential Non-Linearity. 

7Z97666 

Fig.6 Low frequency ramp test; linearity. 



DEVELOPMENT DATA 
This data sheet contains advance information and 
specifications are subject to change without notice. l __ S_A_B_3_0_3_5 __ _ 

COMPUTER INTERFACE FOR TUNING AND CONTROL (CITAC) 

GENERAL DESCRIPTION 

The SAB3035 provides closed-loop digital tuning of TV receivers, with or without a.f.c., as required. It 
also controls up to 8 analogue functions, 4 general purpose I/O ports and 4 high-current outputs for 
tuner band selection. 

The IC is used in conjunction with a microcomputer from the MAB8400 family and is controlled via a 
two-wire, bidirectional 12 C bus. 

Features 

• Combined analogue and digital circuitry minimizes the number of additional interfacing components 
required 

• Frequency measurement with resolution of 50 kHz 

• Selectable prescaler divisor of 64 or 256 

• 32 V tuning voltage amplifier 

• 4 high-current outputs for direct band selection 

• 8 static digital to analogue converters (OACs) for control of analogue functions 

• Four general purpose input/output (//0) ports 

• Tuning with control of speed and direction 

• Tuning with or without a.f.c. 

• Single-pin, 4 MHz on-chip oscillator 

• 12 C bus slave transceiver 

QUICK REFERENCE DATA 

Supply voltages 
(pin 16) 

(pin 22) 

(pin 17) 

Supply currents (no outputs loaded) 
(pin 16) 

(pin 22) 

(pin 17) 

Total power dissipation 

Operating ambient temperature range 

PACKAGE OUTLINE 

28-lead OIL; plastic (SOTl17). 

VP1 

VP2 

VP3 

'p1 

'p2 
Ip3 

Ptot 

Tamb 

typo 12 V 

typo 13 V 

typo 32 V 

typo 32 rnA 

typo 0,1 rnA 

typo 0,6 rnA 

typo 400 mW 

-20 to +70 oC 
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f1 ,--- PRESCALER 

Vp1 
C:=J Vp2 VP3 GND OSC FDIV 

I I 1 I 
16 t-- Vp1 ~4 24 23 22 17t-- VP3 

[ill] 21 
POWER-DOWN REFERENCE 

DETECTOR OSCILLATOR 0Il 
20 

t 
PORT 1 

SAB3035 CONTROL TUNER 
WRITE CIRCUIT 

SDA 5 ~ !1IiJ 
19 

12C 

SCL 6 READ ill]] 18 
BUS r-+--r.-.-."I 

t riVIijijj\jl '-- CD 
TIME 1.. ___ " 

1 REFERENCE IFDIVMI r--- GATE ~ 15-81T 
2-81T 

FREQUENCY BUFFER 
ADC 

COUNTER IT@ """----
15f 

f 7 

I 
15-BIT h P20 rpli6' 1.: __ :.1 FREQUENCY COUNTER 

8 
P21 rPi21' L..: __ J 

9 
P22 [6~2J ~:?~~ 12 3 )~ , [~~J [f~6.f~ [Ill] 

10 
P23 [Pli]J ~]~n TUNING CONTROL CIRCUIT 

PORT 2 ITDIRIIAFCTI 

CONTROL CI RCUIT I TUW IIAFCRI IVTMII 

DIVISOR 3-BIT 
SELECTOR DAC 

VP3 

+ TUN 15 
ITUHN I 

f--..!.!. 12-81T CHARGE 
-

T 

A 

TUNING COUNTER 
PUMP TUNING 

VOLTAGE CINT =~ 
VP1~ AMPLIFIER 

FC+ 11 

AM;~F~ER~ 
13 TI 

FC- 12 

AFCP 

AFCS 

A 

ICOIB I 
CORRECTION-

IN-BAND 
CIRCUIT 

I CillI,Cill I ~I@]I em Uf,J~1 
[£I 

DACO DAC1 DAC2 DAC3 DAC4 
DAC: DAC: DAC7 

h5 j26 27 t 28 t 1 14 7Z90132 

I I I I I I I I 

Fig. 1 Block diagram. 

900 June 19831 ( 



« 
I-« 
0 
I-
Z 
W 
~ a.. 
0 
..J 
W 
> 
W 
0 

Computer interface for tuning and control (CITAC) l __ S_A_B_3_0_3_5 __ _ 

PINNING 

1 DAC4 

2 DAC5 
outputs of static DACs 

3 DAC6 

4 DAC7 

5 SDA serial data line 
} 1

2 Cbus 
6 SCL serial clock line 

DAC3 

DAC2 
7 P20 

DAC1 8 P21 general purpose 
DACO 9 P22 input/output ports 

osc 10 P23 

11 AFC+ 

12 AFC-
a.f.c. inputs FDIV 

vp2 
13 TI tuning voltage amplifier inverting input 

P13 
14 GND ground 

P12 15 TUN tuning voltage amplifier output 

P23 P11 16 VP1 + 12 V supply voltage 

P10 17 VP3 +32 V supply for tuning voltage 
amplifier 

18 P10 
AFC- vP3 

TI v p1 19 P11 High-current band-selection output 
GND TUN 20 P12 ports 

7Z86564.1 21 P13 

22 Vp2 positive supply for high-current band-
selection output circuits 

23 FDIV input from prescaler 
Fig. 2 Pinning diagram. 

24 OSC crystal oscillator input 

25 DACO 

26 DAC1 

27 DAC2 
outputs of static DACs 

28 DAC3 

Purchase of Philips' 1
2 C components conveys a license under the 

Philips' 12 C patent to use the components in the 12 C-system 
provided the system conforms to the 12 C specifications defined 
by Philips. 
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FUNCTIONAL DESCRIPTION 

The SAB3035 is a monolithic computer interface which provides tuning and control functions and 
operates in conjunction with a microcomputer via an 1

2 C bus. 

Tuning 

This is performed using frequency-locked loop digital control. Oata corresponding to the required tuner 
frequency is stored in a 15-bit frequency buffer. The actual tuner frequency, divided by a factor of 256 
(or by 64) by a prescaler, is applied via a gate to a 15-bit frequency counter. This input (FOIV) is 
measured over a period controlled by a time reference counter and is compared with the contents of 
the frequency buffer. The result of the comparison is used to control the tuning voltage so that the 
tuner frequency equals the contents of the frequency buffer multiplied by 50 kHz within a program
mabl~ tuning window (TUW). 

The system cycles over a period of 6,4 ms (or 2,56 ms), controlled by the time reference counter which 
is clocked by an on-chip 4 MHz reference oscillator. Regulation of the tuning voltage is performed by a 
charge pump frequency-locked loop system. The charge IT flowing into the tuning voltage amplifier is 
controlled by the tuning counter, 3-bit OAC and the charge pump circuit. The charge IT is linear with 
the frequency deviation ~f in steps of 50 kHz. For loop gain control, the relationship ~IT/~f is 
programmable. In the normal mode (when control bits TUHNO and TUHN1 are both at logic 1, see 
OPERATION), the minimum charge IT at ~f = 50 kHz equals 250}J.A f.J.S (typical). 

By programming the tuning sensitivity bits (TUS), the charge IT can be doubled up to 6 times. If 
correction-in-band (COIB) is programmed, the charge can be further doubled up to three times in 
relation to the tuning voltage level. From this, the maximum charge IT at ~f = 50 kHz equals 
26 x 23 x 250 }J.A }J.S (typical). 

The maximum tuning current I is 875}J.A (typical). In the tuning-hold (TUHN) mode (TUHN is active 
LOW), the tuning current I is reduced and as a consequence the charge into the tuning amplifier is also 
reduced. 

An in-lock situation can be detected by reading F LOCK. When the tuner oscillator frequency is within 
the programmable tuning window (TUW), F LOCK is set to logic 1. If the frequency is also within the 
programmable a.f.c. hold range (AFCR), which always occurs if AFCR is wider than TUW, control bit 
AFCT can be set to logic 1. When set, digital tuning will be switched off, a.f.c. will be switched on and 
FLOCK will stay at logic 1 as long as the oscillator frequency is within AFCR. If the frequency of the 
tuning oscillator does not remain within AFCR, AFCT is cleared automatically and the system reverts 
to digital tuning. To be able to detect this situation, the occurrence of positive and negative transitions 
in the FLOCK signal can beread (FL/1N and FLlON). AFCT can also be cleared by programming the 
AFCT bit to logic o. 
The a.f.c. has programmable polarity and transconductance; the latter can be doubled up to 3 times, 
depending on the tuning voltage level if correction-in-band is used. 

The direction of tuning is programmable by using control bits TOI RO (tuning direction down) and 
TOI RU (tuning direction up). If a tuner enters a region in which oscillation stops, then, providing the 
prescaler remains stable, no FOIV signal is supplied to CITAC. In this situation the system will tune up, 
moving away from frequency lock-in. This situation is avoided by setting TOI RO which causes the 
system to tune down. In normal operation TOI RO must be cleared. 

If a tuner stops oscillating and the prescaler becomes unstable by going into self-oscillation at a very high 
frequency, the system will react by tuning down, moving away from frequency lock-in. To overcome 
this, the system can be forced to tune up at the lowest sensitivity (TUS) value, by setting TOI RU. 

Setting both TOI RO and TOI RU causes the digital tuning to be interrupted and a.f.c. to be switched on. 

The minimum tuning voltage which can be generated during digital tuning is programmable by VTMI to 
prevent the tuner being driven into an unspecified low tuning voltage region. 

June 1983 ') ( 
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Computer interface for tuning and control (CITAC) l ____ S_A_B_30_3_5 ____ __ 

Control 

For tuner band selection there are four outputs Plato P13 which are capable of sourcing up to 50 rnA 
at a voltage drop of less than 600 mV with respect to the separate power supply input Vp2. 

For additional digital control, four open collector I/O ports P20 to P23 are provided. Ports P22 and 
P23 are capable of detecting positive and negative transitions in their input signals. With the aid of port 
P20, up to three independent module addresses can be programmed. 

Eight 6-bit digital-to-analogue converters DACO to DAC7 are provided for analogue control. 

Reset 

CITAC goes into the power-down-reset mode when VPl is below 8,5 V (typical). In this mode all 
registers are set to a defined state. Reset can also be programmed. 

OPERATION 

Write 

CITAC is controlled via a bidirectional two-wire 12 C bus; the 12 C bus is specified in our data handbook 
"ICs for digital systems in radio, audio, and video equipment". For programming, a module address, 
R!W bit (logic 0), an instruction byte and a data/control byte are w~itten into CITAC in the format 
shown in Fig. 3. 

MODULE ADDRESS INSTRUCTION BYTE DATA/CONTROL BYTE 

msb 

7Z90129 

Fig.3 12 C bus write format. 

The module address bits MA 1, MAO are used to give a 2-bit module address as a function of the voltage 
at port P20 as shown in Table 1. 

Acknowledge (A) is generated by CITAC only when a valid address is received and the device is not in 
the power-down-reset mode (Vpl > 8,5 V (typical)). 

Table 1 Valid module addresses 

MAl MAO P20 

a a don't care 
0 1 GND 
1 a %Vpl 
1 1 Vpl 

1 (June 1983 903 
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OPERATION (continued) 

Tuning 

Tuning is controlled by the instruction and data/control bytes as shown in Fig. 4. 

INSTRUCTION BYTE DATA/CONTROL BYTE 

17 16 15 14 13 12 11 10 D7 D6 D5 D4 D3 D2 

freq. F14 F13 F12 Fll FlO F9 Fa F7 F6 F5 F4 F3 F2 
-

TCDO 0 0 AFCT VTMIO AFCR 1 AFCR 0 TUHN 1 TUHN 0 
-

TCDl 0 0 VTMll COIBl COIBO AFCSl AFCSO TUS2 
-

Dl DO 

Fl FO 

TUWl TUWO 

TUSl TUSO 

TCD2 0 0 0 0 0 AFCP FDIVM TDIRD TDIRU 
i 

Fig. 4 Tuning control format. 
7290125 

Frequency 

Frequency is set when bit 17 of the instruction byte is set to logic 1; the remainder of this byte 
together with the data/control byte are loaded into the frequency buffer. The frequency to which the 
tuner oscillator is regulated equals the decimal representation of the 15-bit word multiplied by 50 kHz. 
All frequency bits are set to logic 1 at reset. 

Tuning hold 

The TUHN bits are used to decrease the maximum tuning current and, as a consequence, the minimum 
charge IT (at .1f = 50 kHz) into the tuning amplifier. 

Table 2 Tuning current control 

TUHN1 TUHNO 
typ.l max typo IT min typo .1VTUNmin at CINT = 1 J..l.F 

J..l.A J..l.AJ..l.s 

0 0 3,5* 1* 
0 1 29 8 
1 0 110 30 
1 1 875 250 

* Values after reset. 

During tuning but before lock-in, the highest current value should be selected. 
After lock-in the current may be reduced to decrease the tuning voltage ripple. 

J..l.V 

1* 
8 

30 
250 

The lowest current value should not be used for tuning due to the input bias current of the tuning 
voltage amplifier (max. 5 nA). However it is good practice to program the lowest current value during 
tuner band switching. 

Tuning sensitivity 

To be able to program an optimum loop gain, the charge IT can be programmed by changing Tusing 
tuning sensitivity (TUS). Table 3 shows the minimum charge IT obtained by programming the TUS 
bits at Af = 50 kHz; TUHNO and TUHN1 = logic 1. 
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Table 3 Minimom Charge IT as a function of TUS 

4f ~ 50 kHz; TUHNO ~ logic 1; TUHN 1 ~ logic 1 

rUS2 
rUS1 

rUSO 
typo IT rnin 

rnA tLs 

0 
0 

0 
0 

0 0 
0 1 1 0,25* 
1 1 0 0,5 
1 0 1 1 
1 0 0 2 

4 1 
8 

1 
0 

16 
* Values after rese 

t. 

typo 4 VTUNmin at CINT ~ 1 "F 
rnv 

0,25* 
0,5 
1 

2 
4 
8 

CorreCfion-in_band 16 

This Control is oSed to correct the loop gain of the t n' , 

non-linear VO/tage/freqoency charaCteristic of the to 0 m~ sYStem toredoce m-band variations doe to a 
of the Charge eqUation IT and tak .. into accOOnt th ,,;,r, , oritlon'~-b.nd ICC}IB) Controls the time T 
faCtors as shown in Table 4, e onlOg va tage TUN to g,Ve charge mOitiplYing 

Table 4 Programming correction-in_band 

COIB1 
COIBO 

charge mOltiPIYing factors at tYPical va/o .. of V

TUN 

at' 
0 

0 
1* 

0 
1 

1* 
1 

1 0 1 
<::: 12 V I 12 to 18 V 18 to 24 V )..24 V 

1* 
1* 

1 

1 

1 1 

1 1 * Values after reset. 

The transcondoctance mOltiPIYing factor of the a fc ff'", 

2 2 2 
4 J 4 
8 

the loWest transcondOctance Which is not affected, ' ,amp I ler IS SImIlar When COIB is osed, except for Tuning Window 

Digital tuning is interrupted and FLOCK is se " 

between the tOner OSCillator freqoency and th t to log,C 11m-lOCk) When the absO/

ote 

deViation 14fl 
TUW va/oe lsee Table 5), If 14fl is op to 50 k~/~gra";,med freqoencYis smaller than the programmed 

SYstem to be lOCked dePending on the phase rei t~ ovh
e
. t be va/oes lIsted m Table 5, it is POSsible for the 

a Ions Ip etWeen FDIV and the reference COunter, 

Table 5 Toning Window programming 

rUW1 

rUWO 0 

14f/ (kHz) 

tuning Window (kHz) 

0 

0* 

0 

1 

50 
0* 

1 

0 

150 
lalues after reset. 

100 
300 

I 
J 
j 



PER~ 1',ON {COnt\nu
ed

) A.F.e. . .' bleared and the a f c will remain on as long as \1>1\ is less than 
When AFCT is set to logIC' It w:11 n~t Ide C AFCil \see ;'~ble 6). It is possible for the a.f·c. to remain 
the value programmed for the a. .c. a range d value depending on the phase relationshiP 

on for values of uP to SO \<Hz more than the programme 
be"""",n FOW and the reference counter. 

Table 6 A.F .C. hOld range programmIng 

1 

\At\ ~K\-\Z) 

a.t .c. ho\d range 
~K\-\Z) 

p..fCRO 0* 

0* 
700 

'\600 

p..fCR'\ 

0 

0 

0 

'\ 

360 

'\ 

0 

760 

* \/a\ues atter reset. rransconductaflC8 .. ' . AFC5 s 
The transconductance \g) of the a.f.

c
. amplifier is programmed via the a.f·c. sen"",ltV bIts a 

shown \n 1'ab\e 7. 

1'ab\e 7 

1'ransconductance prograrnrn\ng 

p..fCS'\ 

p..fCSO 

tVP. transconductance IVAN) 

0 

0,26* 
26 

'\ 
60 

'\00 
0 0 
0 '\ 
'\ 
1 

* \/ a\ue atter reset. A.F.e. polarity . rf the tuning voltage 
\I a positive differential input voltage .is applied to the IsWl~he~ on~a.f .~p ~:~FCP ~ logiC' • 

VTUN falls wh
e
" the a.l.c. polaritV bIt AFCP IS at logIC 0 va ue a er r . 

"TUN r\ses. 
Minimum tuning voltage . 

. . . \ t \ bits VTM\\ and VTMIO are at logic 0 alter reset. Further detaIls 

\loth mInImum tunIng va tage can ro • • 
are given in CHAilACTEilISTIC5. 
FrequencY measuring windoW . .' I I the The freQUencY measuring ",indoW which is programmed must corresPond ",ith the dIVISIon actor a 

prose
aler 

in use lsee Table \l). 

Tab\e S 
requenc'l measunng 

presca\er d\\I\S\on factor 

c'lc\e per\od {rns) 

measUf\ng W\ndoW \rn
s
) 

fO,\/M 
266 

6,4* 

6,'\2* 

2,66 

1,28 

0 64 
'\ 

Tuning direction 
\loth tuning direction bits. TO III U luP) and TO III 0 \ down). are at logiC 0 alter reset. 

~ 

* \/ a\ues atter reset. 
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Table 3 Minimum charge IT as a function of TUS 

~f = 50 kHz; TUHNO = logic 1; TUHN1 = logic 1 

TUS2 TUS1 TUSO typo IT min 
rnA JIS 

0 0 0 0,25* 
0 0 1 0,5 
0 1 0 1 
0 1 1 2 
1 0 0 4 
1 0 1 8 
1 1 0 16 

* Values after reset. 

Correction-in-band 

typo ~VTUNmin at CINT = 1 JIF 
mV 

0,25* 
0,5 
1 
2 
4 
8 

16 

This control is used to correct the loop gain of the tuning system to reduce in-band variations due to a 
non-linear voltage/frequency characteristic of the tuner. Correction-in-band (COl B) controls the time T 
of the charge equation IT and takes into account the tuning voltage VTUN to give charge multiplying 
factors as shown in Table 4. 

Table 4 Programming correction-in-band 

COIB1 COIBO 
charge mUltiplying factors at typical values of VTUN at: 

< 12V 12 to 18 V 18 to 24 V >24V 

0 0 1* 1* 1* 1* 
0 1 1 1 1 2 
1 0 1 1 2 4 
1 1 1 2 4 8 

* Values after reset. 

The transconductance mUltiplying factor of the a.f.c. amplifier is similar when COIB is used, except for 
the lowest transconductance which is not affected. 

Tuning window 

Digital tuning is interrupted and F LOCK is set to logic 1 (in-lock) when the absolute deviation I~fl 
between the tuner oscillator frequency and the programmed frequency is smaller than the programmed 
TUW value (see Table 5). If I~fl is up to 50 kHz above the values listed in Table 5, it is possible for the 
system to be locked depending on the phase relationship between FDIV and the reference counter. 

Table 5 Tuning window programming 

TUW1 TUWO I~fl (kHz) tuning window (kHz) 

0 0 0* 0* 
0 1 50 100 
1 0 150 300 

* Values after reset. 
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OPERATION (continued) 

A.F.C. 

When AFCT is set to logic 1 it will not be cleared and the a.f.c. will remain on as long as IAfl is less than 
the value programmed for the a.f.c. hold range AFCR (see Table 6). It is possible for the a.f.c. to remain 
on for values of up to 50 kHz more than the programmed value depending on the phase relationship 
between FOIV and the reference counter. 

Table 6 A.F.C. hold range programming 

AFCR1 AFCRO IAfl (kHz) a.f.c. hold range (kHz) 

0 0 0* 0* 
0 1 350 700 
1 0 750 1500 

* Values after reset. 

Transconductance 

The transconductance (g) of the a.f.c. amplifier is programmed via the a.f.c. sensitivity bits AFCS as 
shown in Table 7. 

Table 7 Transconductance programming 

AFCS1 AFCSO typo transconductance (j.lA/V) 

0 0 0,25* 
0 1 25 
1 0 50 
1 1 100 

* Value after reset. 

A.F.C. polarity 

If a positive differential input voltage is applied to the (switched on) a.f.c. amplifier, the tuning voltage 
VTUN falls when the a.f.c. polarity bit AFCP is at logic 0 (value after reset). At AFCP = logic 1, 
VTUN rises. 

Minimum tuning voltage 

Both minimum tuning voltage control bits, VTMll and VTMIO, are at logic 0 after reset. Further details 
are given in CHARACTERISTICS. 

Frequency measuring window 

The frequency measuring window which is programmed must correspond with the division factor of the 
prescaler in use (see Table 8). 

Table 8 Frequency measuring window programming 

FOIVM prescaler division factor cycle period (ms) measuring window (ms) 

0 256 6,4* 5,12* 
1 64 2,56 1,28 

* Values after reset. 

Tuning direction 

Both tuning direction bits, TOI RU (up) and TOI RO (down), are at logic 0 after reset. 

June 19831 ( 
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Computer interface for tuning and control (CITAC) l ____ S_A_B_30_3_5 ____ __ 

Control 

The instruction bytes POD (port output data) and DACX (digital-to-analogue converter control) are 
shown in Fig. 5, together with the corresponding data/control bytes. Control is implemented as follows: 

P13, P12, P11, P10 Band select outputs. If a logic 1 is programmed on any of the POD bits 03 to 
DO, the relevant output goes HI G H. All outputs are LOW after reset. 

P23, P22, P21, P20 Open collector I/O ports. If a logic 0 is programmed on any of the POD bits 
07 to D4, the relevant output is forced LOW. All outputs are at logic 1 after 
reset (high impedance state). 

DACX 

17 16 IS 

POD~ 0 

: 

0 

: 

1 

OACX 

Read 

Digital-to-analogue converters. The digital-to-analogue converter selected 
corresponds to the decimal equivalent of the DACX bits X2, X1, XO. The 
output voltage of the selected DAC is set by programming the bits AX5 to 
AXO; the lowest output voltage is programmed with all data AX5 to AXO at 
logic 0, or after reset has been activated. 

INSTRUCTION BYTE DATA/CONTROL BYTE 

14 13 12 11 10 D7 06 Ds 0 4 03 O2 0 1 DO 

: 

0 

: 

1 

: 

0 

: 

0 

: 

0 

I 
P23 P22 P21 P20 P13 P12 Pll Pl0 

X2 Xl XO AXS AX4 AX3 AX2 AXl AXO 

7Z90127 

Fig. 5 Control programming. 

Information is read from CITAC when the R/W bit is set to logic 1. An acknowledge must be generated 
by the master after each data byte to allow transmission to continue. If no acknowledge is generated by 
the master the slave (CITAC) stops transmitting. The format of the information bytes is shown in Fig. 6. 

MODULE ADDRESS TUNING / RESET INFORMATION PORT INFORMATION 

Fig.6 Information byte format. 

"] (June 1983 907 



__ SAB_30_35 _Jl _______ _ 

908 

OPERATION (continued) 

Tuning/reset information bits 

FLOCK 

FLll N 

FLION 

FOV 

RESN 

MWN 

Set to logic 1 when the tuning oscillator frequency is within the programmed tuning 
window. 

Set to logic 0 (active LOW) when F LOCK changes from 0 to 1 and is reset to logic 1 
automatically after tuning information has been read. 

As for F Lll N but is set to logic 0 when F LOCK changes from 1 to O. 

Indicates frequency overflow. When the tuner oscillator frequency is too high with 
respect to the programmed frequency, FOV is at logic 1, and when too low, FOV 
is at logic O. FOV is not valid when TDI RU and/or TDI RD are set to logic 1. 

Set to logic 0 (active LOW) by a programmed reset or a power-down-reset. It is reset 
to logic 1 automatically after tuning/reset information has been read. 

MWN (frequency measuring window, active LOW) is at logic 1 for a period of 
1,28 ms, during which time the results of frequency measurement are processed. 
This time is independent of the cycle period. During the remaining time, MWN is 
at logic 0 and the received frequency is measured. 

When slightly different frequencies are programmed repeatedly and a.f.c. is 
switched on, the received frequency can be measured using FOV and FLOCK. 
To prevent the frequency counter and frequency buffer being loaded at the same 
time, frequency should be programmed only during the period of MWN = logic O. 

Port information bits 

P23/1 N, P22/1 N 

P23/0N, P22/0N 

P123, P122, P121, 
PI20 

Reset 

Set to logic 0 (active LOW) at a LOW-to-HIGH transition in the input voltage on 
P23 and P22 respectively. Both are reset to logic 1 after the port information has 
been read. 

As for P23/1 Nand P22/1 N but are set to logic 0 at a HIGH-to-LOW transition. 

Indicate input voltage levels at P23, P22, P21 and P20 respectively. A logic 1 
indicates a HIGH input level. 

The programming to reset all registers is shown in Fig. 7. Reset is activated only at data byte HEX 06. 
Acknowledge is generated at every byte, provided that CITAC is not in the power-down-reset mode. 
After the general call address byte, transmission of more than one data byte is not allowed. 

GENERAL CALL ADDRESS HEX06 

7Z90128 

Fig. 7 Reset programming. 
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RATINGS 

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

Supply voltage ranges: 
(pin 16) Vp1 -0,3 to + 18 V 

(pin 22) Vp2 -0,3 to + 18 V 

(pin 17) VP3 -0,3 to +36 V 

I nput/output voltage ranges: 
(pin 5) VSDA -0,3 to + 18 V 

(pin 6) VSCL -0,3 to + 18 V 

(pins 7 to 10) Vp2X -0,3 to +18 V 

(pins 11 and 12) V AFC+,AFC- -0,3 to Vp1 * V 

(pin 13) VTI -0,3 to VP1* V 

(pin 15) VTUN -0,3 to VP3* V 

(pins 18 to 21) Vp1X -0,3 to VP2** V 

(pin 23) VFDIV -0,3 to VP1* V 

(pin 24) VOSC -0,3 to +5 V 
o:! (pins 1 to 4 and 25 to 28) VDACX -0,3 to Vp1 * V I-
o:! Total power dissipation Ptot max. 1000 mW 0 
I- Storage temperature range Tstg -55 to +125 oC z 
w Operating ambient temperature range Tamb -20 to +70 °C :?! 
c-
O 
...J 
W 

> 
W 
0 

* Pin voltage may exceed supply voltage if current is limited to 10 mA. 
** Pin voltage must not exceed 18 V but may exceed VP2 if current is limited to 200 mAo 
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CHARACTE R ISTICS 

Tamb = 25 oC; Vpl, Vp2, VP3 at typical voltages, unless otherwise specified 

parameter symbol min. ,typo max. unit 

Supply voltages Vpl 10,5 12 13,5 V 

Vp2 4,7 13 16 V 

VP3 30 32 35 V 

Supply currents (no outputs loaded) Ipl 20 32 50 mA 

Ip2 0 - 0,1 mA 

Ip3 0,2 0,6 2 mA 

Additional supply currents (A) Ip2A -2 - IOHP1X mA 

(note 1) Ip3A 0,2 - 2 mA 

Total power dissipation Ptot - 400 - mW 

Operating ambient temperature Tamb -20 - +70 °C 

12 C bus inputs/outputs 

SDA input (pin 5); 
SCL input (pin 6) 

Input voltage HIGH (note 2) VIH 3 - Vpl-l V 

I nput voltage LOW VIL -0,3 - 1,5 V 

Input current HIGH (note 2) IIH - - 10 J.tA 

Input current LOW (note 2) IlL - - 10 J.tA 

SDA output (pin 5, open collector) 

Output voltage LOW at IOL :::: 3 rnA VOL - - 0,4 V 

Maximum output sink current IOL - 5 - mA 

Open collector I/O ports 

P20, P21, P22,P23 
(pins 7 to 10, open collector) 

Input voltage HIGH VIH 2 - 16 V 

I nput voltage LOW VIL -0,3 - 0,8 V 

Input current HIGH IIH - - 25 J.tA 

Input current LOW -IlL - - 25 J.tA 

Output voltage LOW at IOL :::: 2 rnA VOL - - 0,4 V 

Maximum output sink current IOL - 4 - mA 
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Computer interface for tuning and control (CITAC) 

parameter 

A.F.C. amplifier 

Inputs AFC+, AFC- (pins 11, 12) 

Transconductance for input voltages 
up to 1 V differential: 

AFCSl AFCS2 
0 0 
0 1 
1 0 
1 1 

Tolerance of transconductance 
mUltiplying factor (2, 4 or 8) 
when correction-in-band is used 

Input offset voltage 

Common mode input voltage 

Common mode rejection ratio 

Power supply (Vpl) rejection ratio 

Input current 

Tuning voltage amplifier 

Input TI, output TUN (pins 13, 15) 

Maximum output voltage at 
Iload = ±1,5 rnA 

Minimum output voltage at 
Iload = ± 1,5 rnA 

VTMll VTMIO 
0 0 
1 0 
1 1 

Maximum output source current 

Maximum output sink current 

Input bias current 

Power supply (Vp3) rejection ratio 

symbol 

goo 
gOl 
g10 
gll 

LlMg 

Vloff 

Vcom 

CMRR 

PSRR 

II 

VTUN 

VTMOO 
VTM10 
VTMll 

-ITUNH 

ITUNL 

ITI 

PSRR 

l __ S_A_B_3_0_3_5 __ _ 

min. typo max. unit 

100 250 800 nA/V 
15 25 35 Jl.A/V 
30 50 70 Jl.A/V 
60 100 140 Jl.A/V 

-20 - +20 % 

-75 - +75 mV 

3 - VP1-2,5 V 

- 50 - dB 

- 50 - dB 

- - 500 nA 

VP3- 1,6 - VP3-0,4 V 

300 - 500 mV 
450 - 650 mV 
650 - 900 mV 

2,5 - 8 mA 

- 40 - mA 

-5 - +5 nA 

- 60 - dB 

'I (June 1983 911 
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CHARACTERISTICS (continued) 

parameter symbol min. typo max. unit 

Tuning voltage amplifier (continued) 

Minimum charge IT to tuning voltage amplifier 

TUHN1 TUHNO 
0 0 CHOO 0,4 1 1,7 /lA /lS 
0 1 CH01 4 8 14 /lA /lS 
1 0 CHlO 15 30 48 /lA /lS 
1 1 CH11 130 250 370 /lA /lS 

Tolerance of charge (or.6VTUN) 
multiplying factor when 
COIB and/or TUS are used .6CH -20 - +20 % 

Maximum current I into tuning amplifier 

TUHNl TUHNO 
0 a ITOO 1,7 3,5 5,1 /lA 
0 1 ITOl 15 29 41 /lA 
1 0 IT10 65 110 160 /lA 
1 1 IT11 530 875 1220 /lA 

Correction-in-band 

Tolerance of correction-in-band 
levels 12 V, 18 V and 24 V .6VCIB -15 - +15 % 

Band-select output ports 

P10, Pll, P12, P13 (pins 18 to 21), 

Output voltage HIGH at 
-IOH = 50 mA (note 3) VOH VP2-0,6 - - V 

Output voltage LOW at IOL = 2 mA VOL - - 0,4 V 

Maximum output source current (note 3) -IOH - 130 200 mA 

Maximum output sink current IOL - 5 - mA 

FDIV input (pin 23) 

Input voltage (peak-to-peak value) 
(trise and tfall ~ 40 ns) VFDIV(p-p 0,1 - 2 V 

Duty cycle - 40 - 60 % 

Maximum input frequency fmax 14,5 - - MHz 

Input impedance Zi - 8 - kQ 

Input capacitance C· I - 5 - pF 
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Computer interface for tuning and control (CITAC) l ___ S_A_B3_0_3_5 __ _ 

parameter symbol min. typo max. unit 

OSC input (pin 24) 

Crystal resistance at resonance (4 MHz) RX - - 150 n 

DAC outputs 0 to 7 
(pins 25 to 28 and 1 to 4) 

Maximum output voltage (no load) 
at Vp1 = 12 V (note 4) VOH .10 - 11,5 V 

Minimum output voltage (no load) 
at Vp1 = 12 V (note 4) VOL 0,1 - 1 V 

Positive value of smallest step 
(1 least-significant bit) AVO 0 - 350 mV 

Deviation from linearity - - - 0,5 V 

Output impedance at Iload = ± 2 mA Zo - - 70 n 
Maximum output source current -IOH - - 6 mA 

Maximum output sink current IOL - 8 - rnA 

Power-down-reset 

Maximum supply voltage Vp1 at which 
power-down-reset is active VPO 7,5 - 9,5 V 

VP1 rise-time during power-up 
(up to VPO) tr 5 - - J..ls 

Voltage level for valid module address 

Voltage level at P20 (pin 7) for valid module 
address as a function of MA 1, MAO 

MAl MAO 
0 0 VVAOO -0,3 - 16 V 
0 1 VVAOl -0,3 - 0,8 V 
1 0 VVA10 2,5 - Vp1-2 V 
1 1 VVA11 VP1-0,3 - Vpl V 

Notes to the characteristics 

1. For each band-select output which is programmed at logic 1, sourcing a current 'OHP1X, the addi
tional supply currents (A) shown must be added to Ip2 and Ip3 respectively. 

2. If Vp1 < 1 V, the input current is limited to 10 J..lA at input voltages up to 16 V. 

3. At continuous operation the output current should not exceed 50 mA. When the output is short
circuited to ground for several seconds the device may be damaged. 

4. Values are proportional to VP1' 
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12 C BUS TIMING (Fig. 8) 

12 C bus load conditions are as follows: 
4 kn pull-up resistor to + 5 V; 200 pF capacitor to GND. 

All values are referred to V IH = 3 V and VI l = 1,5 V. 

parameter symbol min. typo 

Bus free before start tBUF 4 -

Start condition set-up time tSU,STA 4 -

Start condition hold time tHD,STA 4 -
SCl, SDA lOW period tlOW 4 -

SCl HIGH period tHIGH 4 -

SCl, SDA rise time tR - -

SCl, SDA fall time tF - -

Data set-up time (write) tSU,DAT 1 -
Data hold time (write) tHD,DAT 1 -
Acknowledge (from CITAC) set-up time tSU,CAC - -

Acknowledge (from CIT AC) hold time tHD,CAC 0 -

Stop condition set-up time tSU,STO 4 -

Data set-up time (read) tSU,RDA - -

Data hold time (read) tHD,RDA 0 -

Acknowledge (from master) set-up time tSU,MAC 1 -

Acknowledge (from master) hold time tHD, MAC 2 -

Note 

Timings tsu DAT and tHD DAT deviate from the 1
2 C bus specification. 

After reset has been activated, transmission may only be started after a 50 JlS delay. 

SOA 
(write) 

SCL 

SOA 
( read) 

--tsu, STA tHO, STA tLow 

-tsu, ROA 

tsu, OAT 

'A'from 
master 

tsu, MAC 

Fig. 8 12 C bus timing SAB3035. 
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max. 

-

-

-

-

-

1 

0,3 

-

-

2 

-

-

2 

-

-
-

unit 

JlS 

JlS 

JlS 

JlS 

JlS 

JlS 

JlS 

JlS 

JlS 

JlS 

JlS 

JlS 

JlS 

JlS 

JlS 

JlS 

--tsu, STO 
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DEVELOPMENT DATA 
This data sheet contains advance information and 

specifications are subject to change without notice. l __ S_A_B_3_0_36 __ _ 

COMPUTER INTERFACE FOR TUNING AND CONTROL (CITAC) 

GENERAL DESCRIPTION 

The SAB3036 provides closed-loop digital tuning of TV receivers, with or without aJ.c., as required. 
It also controls 4 general purpose I/O ports and 4 high-current outputs for tuner band selection. 

The IC is used in conjunction with a microcomputer from the MAB8400 family and is controlled via 
a two-wire, bidirectional 12C bus. 

Features 

• Combined analogue and digital circuitry minimizes the number of additional interfacing components 
required 

• Frequency measurement with resolution of 50 kHz 

• Selectable prescaler divisor of 64 or 256 

• 32 V tuning voltageamplifier 

• 4 high-current outputs for direct band selection 

• Four general purpose input/output (I/O) ports 

• Tuning with control of speed and direction 

• Tuning with or without aJ.c. 

• Single-pin, 4 MHz on-chip oscillator 

• FC bus slave transceiver 

QUICK REFERENCE DATA 

Supply voltages 
(pin 5) 

(pin 14) 

(pin 9) 

Supply currents (no outputs loaded) 
(pin 5) 

(pin 14) 

(pin 9) 

Total power dissipation 

Operating ambient temperature range 

PACKAGE OUTLINE 

18-lead DI L; plastic (SOT102). 

Ip1 

Ip2 

Ip3 

Ptot 

Tamb 

typo 12 V 

typo 13 V 

typo 32 V 

typo 23 rnA 

typo 0,1 rnA 

typo 0,6 rnA 

typo 300 mW 

-20 to + 70 °C 
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15 1 f'l I 

15-BIT 
1 >--
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P22 ~6~2J IT'1f~ " [f9}iJ :£:[o~iS Ct:L].J 
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P23 ~l2)J ~]~n TUNING CONTROL CIRCUIT 

PORT2 
ITDIR IIAFCTI 

CONTROL CIRCUIT I TUW IIAFCR I IVTMII 

I DIVISOR 3-BIT 

I SELECTOR DAC 
VP3 

l + 
ITUHN I 

8 TUN 

IT 
12-BIT T CHARGE 

TUNING COUNTER 
PUMP TUNING 

VOLTAGE CINT =;: 
AFC+ 

VP1~ AMPLIFIER 

AM:~F~ER~ 
6 TI 

AFC-
AFCP 

AFCS 

ICOIB I 
CORRECTION-

IN-BAND 
CIRCUIT 

7Z90165 

Fig. 1 Block diagram. 
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7Z90163 

Fig. 2 Pinning diagram. 

PINNING 

1 P20 
2 P21 

general purpose 
input/output ports 

3 P22/AFC+ \ general purpose input/output 
ports and a.f.c. inputs 4 P23/AFC- f 

5 VP1 

6 TI 

7 GND 

8 TUN 

9 VP3 

10 P10 
11 P11 
12 P12 
13 P13 

14 Vp2 

15 FDIV 

16 OSC 

17 SDA 
18 SCL 

+ 12 V supply voltage 

tuning voltage amplifier 
inverting input 

ground 

tuning voltage amplifier output 

+ 32 V supply for tuning 
voltage amplifier 

1 
high-current band-selection 
output ports 

positive supply for high-current 
band-selection output circuits 

input from prescaler 

crystal oscillator input 

ser~al data Ii~e } 12C bus 
senal clock Ime 

Purchase of Philips' 12C components conveys a license under the 
Philips' 12 C patent to use the components in the t2 C-system 
provided the system conforms to the t2 C specifications defined 
by Philips. 
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FUNCTIONAL DESCRIPTION 

The SAB3036 is a monolithic computer interface which provides tuning and control functions and 
operates in conjunction with a microcomputer via an 12 C bus. 

Tuning 

This is performed using frequency-locked loop digital control. Data corresponding to the required tuner 
frequency is stored in a 15-bit frequency buffer. The actual tuner frequency, divided by a factor of 256 
(or by 64) by a prescaler, is applied via a gate to a 15-bit frequency counter. This input (FDIV) is 
measured over a period controlled by a time reference counter and is compared with the contents of 
the frequency buffer. The result of the comparison is used to control the tuning voltage so that the 
tuner frequency equals the contents of the frequency buffer multiplied by 50 kHz within a program
mable tuning window (TUW). 

The system cycles over a period of 6,4 ms (or 2,56 ms), controlled by the time reference counter which 
is clocked by an on-chip 4 MHz reference oscillator. Regulation of the tuning voltage is performed by a 
charge pump frequency-locked loop system. The charge IT flowing into the tuning voltage amplifier is 
controlled by the tuning counter, 3-bit DAC and the charge pump circuit. The charge IT is linear with 
the frequency deviation bof in steps of 50 kHz. For loop gain control, the relationship bolT/bof is 
programmable. In the normal mode (when control bits TUHNO and TUHN1 are both at logic 1, see 
OPE RATION), the minimum charge IT at bof = 50 kHz equals 250 /-LA /-LS (typical). 

By programming the tuning sensitivity bits (TUS), the charge IT can be doubled up to 6 times. If 
correction-in-band (COIB) is programmed, the charge can be further doubled up to three times in 
relation to the tuning voltage level. From this, the maximum charge IT at bof = 50 kHz equals 
26 x 23 x 250 /-LA /-LS (typical). 

The maximum tuning current I is 875 /-LA (typical). In the tuning-hold (TUHN) mode (TUHN is active 
LOW), the tuning current I is reduced and as a consequence the charge into the tuning amplifier is also 
reduced. 

An in-lock situation can be detected by reading F LOCK. When the tuner oscillator frequency is within 
the programmable tuning window (TUW), F LOCK is set to logic 1. If the frequency is also within the 
programmable a.f.c. hold range (AFCR), which always occurs if AFCR is wider than TUW, control bit 
AFCT can be set to logic 1. When set, digital tuning will be switched off, a.f.c. will be switched on and 
F LOCK will stay at logic 1 as long as the oscillator frequency is within AFCR. If the frequency of the 
tuning oscillator does not remain within AFCR, AFCT is cleared automatically and the system reverts 
to digital tuning. To be able to detect this situation, the occurrence of positive and negative transitions 
in the FLOCK signal can be read (FL/1N and FL/ON). AFCT can also be cleared by programming the 
AFCT bit to logic O. 

The a.f.c. has programmable polarity and transconductance; the latter can be doubled up to 3 times, 
depending on the tuning voltage level if correction-in-band is used. 

The direction of tuning is programmable by using control bits TDI RD (tuning direction down) and 
TDI RU (tuning direction up). If a tuner enters a region in which oscillation stops, then, providing the 
prescaler remains stable, no FDIV signal is supplied to CITAC. In this situation the system will tune up, 
moving away from frequency lock-in. This situation is avoided by setting TD I R D which causes the 
system to tune down. In normal operation TDI RD must be cleared. 

If a tuner stops oscillating and the prescaler becomes unstable by going into self-oscillation at a very high 
frequency, the system will react by tuning down, moving away from frequency lock-in. To overcome 
this, the system can be forced to tune up at the lowest sensitivity (TUS) value, by setting TDI RU. 

Setting both TDIRD and TDIRU causes the digital tuning to be interrupted and a.f.c. to be switched on. 

The minimum tuning voltage which can be generated during digital tuning is programmable by VTMI to 
prevent the tuner being driven into an unspecified low tuning voltage region. 
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Computer interface for tuning and control (CITAC) l ___ SA_B_3_0_3_6 __ _ 

Control 

For tuner band selection there are four outputs P10 to P13 which are capable of sourcing up to 50 rnA 
at a voltage drop of less than 600 mV with respect to the separate power supply input Vp2' 

For additional digital control, four open collector I/O ports P20 to P23 are provided. Ports P22 and 
P23 are capable of detecting positive and negative transitions in their input signals and are connected 
with the AFC+ and AFC- inputs respectively. The a.f.c. amplifier must be switched off when P22 
and/or P23 are used. When a.f.c. is used, P22 and P23 must be programmed HIGH (high impedance 
state). With the aid of port P20, up to three independent module addresses can be programmed. 

Reset 

CITAC goes into the power-down-reset mode when Vp1 is below 8,5 V (typical). In this mode all 
registers are set to a defined state. Reset can also be programmed. 

OPERATION 

Write 

CITAC is controlled via a bidirectional two-wire 12 C bus; the 12 C bus is specified in our data handbook 
"ICs for digital systems in radio, audio, and video equipment". For programming, a module address, 
RM bit (logic 0), an instruction byte and a data/control byte are written into CITAC in the format 
shown in Fig. 3. 

MODULE ADDRESS 

S 

msb l _msb 

R/W 

INSTRUCTION BYTE 

Fig.3 12 C bus write format. 

DATA/CONTROL BYTE 

msb 

7Z90129 

The module address bits MA 1, MAO are used to give a 2-bit module address as a function of the voltage 
at port P20 as shown in Table 1. 

Acknowledge (A) is generated by CITAC only when a valid address is received and the device is not in 
the power-down-reset mode (Vp1 > 8,5 V (typical». 
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OPERATION (continued) 

Table 1 Valid module addresses 

MAl MAO P20 

0 0 don't care 
0 1 GND 
1 0 %Vp1 
1 1 Vp1 

Tuning 

Tuning is controlled by the instruction and data/control bytes as shown in Fig. 4. 

INSTRUCTION BYTE DATA/CONTROL BYTE 

17 16 15 14 13 10 Dl 

freq. F14 F13 F12 Fll FlO F9 FB F7 F6 F5 F4 F3 F2 Fl FO 
-

TCDO AFCT VTMIO AFCRl AFCRO TUHNl TUHNO TUWl TUWO 
-

TCDl 0 o VTMll COIBl COIBO AFCSl AFCSO TUS2 TUSl TUSO 
-

TCD2 o o AFCP FDIVM TDIRD TDIRU 
~ I 

Fig. 4 Tuning control format. 
7Z90125 

Frequency 

Frequency is set when bit 17 of the instruction byte is set to logic 1; the remainder of this byte 
together with the data/control byte are loaded into the frequency buffer. The frequency to which the 
tuner oscillator is regulated equals the decimal representation of the 15-bit word multiplied by 50 kHz. 
All frequency bits are set to logic 1 at reset. 

Tuning hold 

The TUHN bits are used to decrease the maximum tuning current and, as a consequence, the minimum 
charge IT (at ~f = 50 kHz) into the tuning amplifier. 

Table 2 Tuning current control 

TUHNl TUHNO typ.lmax typo IT min typo ~VTUNmin at CINT = 1 JlF 
JlA JlA JlS 

0 0 3,5* 1* 
0 1 29 8 
1 0 110 30 
1 1 875 250 

* Values after reset. 

During tuning but before lock-in, the highest current value should be selected. 
After lock-in the current may be reduced to decrease the tuning voltage ripple. 

JlV 

1* 
8 

30 
250 

The lowest current value should not be used for tuning due to the input bias current of the tuning 
voltage amplifier (max. 5 nA). However it is good practice to program the lowest current value during 
tuner band switching. 
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Tuning sensitivity 

To be able to program an optimum loop gain, the charge IT can be programmed by changing Tusing 
tuning sensitivity (TUS). Table 3 shows the minimum charge IT obtained by programming the TUS 
bits at Lif = 50 kHz; TUHNO and TUHN1 = logic 1. 

Table 3 Minimum charge IT as a function of TUS 

Lif = 50 kHz; TUHNO = logic 1; TUHN1 = logic 1 

TUS2 TUS1 TUSO typo IT min 
mA ,us 

0 0 0 0,25* 
0 0 1 0,5 
0 1 0 1 
0 1 1 2 
1 0 0 4 
1 0 1 8 
1 1 0 16 

* Values after reset. 

typo LiVTUNmin at CINT = 1,uF 
mV 

0,25* 
0,5 
1 
2 
4 
8 

16 

~ Correction-in-band 
o 
.... This control is used to correct the loop gain of the tuning system to reduce in-band variations due to a 
~ non-linear voltage/frequency characteristic of the tuner. Correction-in-band (COIB) controls the time T 
~ of the charge equation IT and takes into account the tuning voltage VTUN to give charge mUltiplying 
o factors as shown in Table 4 . 
..J 
W 

~ Table 4 Programming correction-in-band 
o 

COIB1 COIBO 
charge multiplying factors at typical values of VTUN at: 

< 12V 12 to 18 V 18 to 24 V >24V 

0 0 1 * 1* 1* 1* 
0 1 1 1 1 2 
1 0 1 1 2 4 
1 1 1 2 4 8 

* Values after reset. 

The transconductance multiplying factor of the a.f.c. amplifier is similar when COl B is used, except for 
the lowest transconductance which is not affected. 

Tuning window 

Digital tuning is interrupted and F LOCK is set to logic 1 (in-lock) when the absolute deviation JLifJ 
between the tuner oscillator frequency and the programmed frequency is smaller than the programmed 
TUW value (see Table 5). If JLifJ is up to 50 kHz above the values listed in Table 5, it is possible for the 
system to be locked depending on the phase relationship between FDIV and the reference counter. 
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OPERATION (continued) 

Table 5 Tuning window programming 

TUW1 TUWO IAfl (kHz) tuning window (kHz) 

0 0 0* 0* 
0 1 50 100 
1 0 150 300 

* Values after reset. 

A.F.C. 

When AFCT is set to logic 1 it will not be cleared and the a.f.c. will remain on as long as IAfl is less than 
the value programmed for the a.f.c. hold range AFCR (see Table 6). It is possible for the a.f.c. to remain 
on for values of up to 50 kHz more than the programmed value depending on the phase relationship 
between FDIV and the reference counter. 

Table 6 A.F.C. hold range programming 

AFCR1 AFCRO IAfl (kHz) a.f.c. hold range (kHz) 

0 0 0* 0* 
0 1 350 700 
1 0 750 1500 

* Values after reset. 

Transconductance 

The transconductance (g) of the a.f.c. amplifier is programmed via the a.f.c. sensitivity bits AFCS as 
shown in Table 7. 

Table 7 Transconductance programming 

AFCS1 AFCSO typo transconductance (/J.A/V) 

0 0 0,25* 
0 1 25 
1 0 50 
1 1 100 

* Value after reset. 

A.F.C. polarity 

If a positive differential input voltage is applied to the (switched on) a.f.c. amplifier, the tuning voltage 
VTUN falls when the a.f.c. polarity bit AFCP is at logic 0 (value after reset). At AFCP = logic 1, 
VTUN rises. 

Minimum tuning voltage 

Both minimum tuning voltage control bits, VTMI1 and VTMIO, are at logic 0 after reset. Further details 
are given in CHARACTERISTICS. 
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Computer interface for tuning and control (CITAC) LSAB3036 

Frequency measuring window 

The frequency measuring window which is programmed must correspond with the division factor of the 
prescaler in use (see Table 8). 

Table 8 Frequency measuring window programming 
-

FOIVM prescaler division factor cycle period (ms) measuring window (ms) 

a 256 6,4* 5,12* 
1 64 2,56 1,28 

* Values after reset. 

Tuning direction 

Both tuning direction bits, TOI RU (up) and TOI RD (down), are at logic a after reset. 

Control 

The instruction byte POD (port output data) is shown in Fig. 5, together with the corresponding datal 
control byte. Control is implemented as follows: 

I 

P13, P12, Pl1, Pl0 Band select outputs. If a logic 1 is programmed on any of the POD bits 03 to 
DO, the relevant output goes HI G H. All outputs are LOW after reset. 

P23,P22, P21, P20 Open collector I/O ports. If a logic a is programmed on any of the POD bits 
07 to D4, the relevant output is forced LOW. All outputs are at logic 1 after 
reset (high impedance state). 

INSTRUCTION BYTE DATA/CONTROL BYTE 

7Z90164 

Fig. 5 Control programming. 
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OPERATION (continued) 

Read 

I nformation is read from CIT AC when the R/W bit is set to logic 1. An acknowledge must be generated 
by the master after each data byte to allow transmission to continue. If no acknowledge is generated by 
the master the slave (CITAC) stops transmitting. The format of the information bytes is shown in Fig. 6. 

MODULE ADDRESS TUNING / RESET INFORMATION PORT INFORMATION 

7Z90130 

R/W J III L F~V RbWN llll L~, p~orrom mort" 

FL/ON PI22 
FL/1N PI23 

FLOCK P22/0N 
P22/1N 

'-- P23/0N 
'-- P23/1N 

'- from CIT AC '- from master 

Fig.6 Information byte format. 

Tuning/reset information bits 

F LOCK Set to logic 1 when the tuning oscillator frequency is within the programmed tuning 
window. 

F Ll1 N Set to logic 0 (active LOW) when F LOCK changes from 0 to 1 and is reset to logic 1 
automatically after tuning information has been read. 

F LION As for F Ll1 N but is set to logic 0 when F LOCK changes from 1 to O. 

FOV Indicates frequency overflow. When the tuner oscillator frequency is too high with 
respect to the programmed frequency, FOV is at logic 1, and when too low, FOV 
is at logic O. FOV is not valid when TDI RU and/or TDI RD are set to logic 1. 

RESN Set to logic 0 (active LOW) by a programmed reset or a power-down-reset. It is reset 
to logic 1 automatically after tuning/reset information has been read. 

MWN MWN (frequency measuring window, active LOW) is at logic 1 for a period of 
1,28 ms, during which time the results of frequency measurement are processed. 
This time is independent of the cycle period. During the remaining time, MWN is 
at logic 0 and the received frequency is measured. 

When slightly different frequencies are programmed repeatedly and a.f.c. is 
switched on, the received frequency can be measured using FOV and FLOCK. 
To prevent the frequency counter and frequency buffer being loaded at the same 
time, frequency should be programmed only during the period of MWN = logic o. 
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Computer interface for tuning and control (CITAC) l __ S_A_B3_0_3_6 __ _ 

Port information bits 

P23/1 N, P22/1 N Set to logic 0 (active LOW) at a LOW-to-HIGH transition in the input voltage on 
P23 and P22 respectively. Both are reset to logic 1 after the port information has 
been read. 

P23/0N, P22/0N 

P123, P122, P121, 
PI20 

As for P23/1 Nand P22/1 N but are set to logic 0 at a HIGH-to-LOW transition. 

Indicate input voltage levels at P23, P22, P21 and P20 respectively. A logic 1 
indicates a HIGH input level. 

Reset 

The programming to reset all registers is shown in Fig. 7. Reset is activated only at data byte HEX 06. 
Acknowledge is generated at every byte, provided that CITAC is not in the power-down-reset mode. 
After the general call address byte, transmission of more than one data byte is not allowed. 

GENERAL CALL ADDRESS HEX06 

7Z90128 

Fig. 7 Reset programming. 

RATINGS 

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

Supply voltage ranges: 

(pin 5) Vp1 -0,3 to + 18 V 
(pin 14) Vp2 -0,3 to + 18 V 
(pin 9) VP3 -0,3 to + 36 V 

Input/output voltage ranges: 

(pin 17) VSDA -0,3 to + 18 V 
(pin 18) VSCL -0,3 to + 18 V 

(pins 1 and 2) Vp20, P21 -0,3 to + 18 V 

(pins 3 and 4) Vp22, P23, AFC -0,3 to VP1* V 
(pin 6) VTI -0,3 to Vp1 * V 
(pin 8) VTUN -0,3 to VP3* V 
(pins 10 to 13) Vp1X -0,3 to VP2** V 
(pin 15) VFDIV -0,3 to Vp1 * V 
(pin 16) VOSC -0,3 to + 5 V 

Total power dissipation Ptot max. 1000 mW 

Storage temperature range Tstg -55 to + 125 oC 

Operating ambient temperature Tamb -20 to + 70 oC 

* Pin voltage may exceed supply voltage if current is limited to 10 mAo 
** Pin voltage must not exceed 18 V but may exceed VP2 if current is limited to 200 mA. 
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CHARACTE R ISTICS 

Tamb = 25 oC; Vp1, VP2, Vp3 at typical voltages, unless otherwise specified 

parameter symbol min. typo max. unit 

Supply voltages Vp1 10,5 12 13,5 V 

VP2 4,7 13 16 V 

Vp3 30 32 35 V 

Supply currents (no outputs loaded) Ip1 14 23 40 rnA 

Ip2 0 - 0,1 rnA 

Ip3 0,2 0,6 2 rnA 

Additional supply currents (A) Ip2A -2 - IOHP1X rnA 

(note 1) Ip3A 0,2 - 2 rnA 

Total power dissipation Ptot - 300 - mW 

Operating ambient temperature Tamb -20 - +70 °C 

12 C bus inputs/outputs 

SDA input (pin 17); 
SCL input (pin 18) 

Input voltage HIGH (note 2) VIH 3 - VP1-1 V 

Input voltage LOW VIL -0,3 - 1,5 V 

Input current HIGH (note 2) IIH - - 10 IlA 

Input current LOW (note 2) IlL - - 10 IlA 

SDA output (pin 17, open collector) 

Output voltage LOW at IOL = 3 rnA VOL - - 0,4 V 

Maximum output sink current IOL - 5 - rnA 

Open collector I/O ports 

P20,P21,P22, P23 
(pins 1 to 4, open collector) 

Input voltage HIGH (P20, P21) VIH 2 - 16 V 

Input voltage HIGH (P22, P23) AFC switched off VIH 2 - Vp1-2 V 

I nput voltage LOW VIL -0,3 - 0,8 V 

Input current HIGH IIH - - 25 IlA 

Input current LOW -IlL - - 25 IlA 

Output voltage LOW at IOL = 2 rnA VOL - - 0,4 V 

Maximum output sink current IOL - 4 - rnA 
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Computer interface for tuning and control (CITAC) 

parameter 

A.F .C. amplifier 

Inputs AFC+, AFC- (pins 3, 4) 

Transconductance for input voltages 
up to 1 V differential: 

AFCSl AFCS2 
0 0 
0 1 
1 0 
1 1 

Tolerance of transconductance 
multiplying factor (2, 4 or 8) 
when correction-in-band is used 

Input offset voltage 

Common mode input voltage 

Common mode rejection ratio 

Power supply (Vpl) rejection ratio 

Input current (P22 and P23 programmed HIGH) 

Tuning voltage amplifier 

Input TI, output TUN (pins 6,8) 

Maximum output voltage at 

" oad = ± 1,5 mA 

Minimum output voltage at 
"oad = ± 1,5 mA 

VTMll VTMIO 
0 0 
1 0 
1 1 

Maximum output source current 

Maximum output sink current 

Input bias current 

Power supply (Vp3) rejection ratio 

symbol 

goo 
gOl 
g10 
gll 

~Mg 

V'off 

Vcom 

CMRR 

PSRR 

" 

VTUN 

VTMOO 
VTM10 
VTM11 

-ITUNH 

'TUNL 

'TI 
PSRR 

l __ S_A_B_3_0_3_6 __ _ 

min. typo max. unit 

100 250 800 nA/V 
15 25 35 IlA/V 
30 50 70 IlA/V 
60 100 140 IlA/V 

-20 - +20 % 

-75 - +75 mV 

3 - Vpl-2,5 V 

- 50 - dB 

- 50 - dB 

- - 500 nA 

Vp3- 1,6 - VP3-0,4 V 

300 - 500 mV 
450 - 650 mV 
650 - 900 mV 

2,5 - 8 mA 

- 40 - rnA 

-5 - +5 nA 

- 60 - dB 
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CHARACTE R ISTICS (continued) 

parameter symbol min. typo max. unit 

Tuning voltage amplifier (continued) 

Minimum charge IT to tuning voltage amplifier 

TUHNl TUHNO 
0 0 CHOO 0,4 1 1,7 MA IlS 

0 1 CH01 4 8 14 IlA IlS 

1 0 CH10 15 30 48 IlA IlS 

1 1 CH11 130 250 370 IlA IlS 

Tolerance of charge (or~ VTUN) 
multiplying factor when 
COIS and/or TUS are used ~CH -20 - +20 % 

Maximum current I into tuning amplifier 

TUHN1 TUHNO 
0 0 ITOO 1,7 3,5 5,1 IlA 
0 1 ITOl 15 29 41 IlA 
1 0 IT10 65 110 160 IlA 
1 1 IT11 530 875 1220 IlA 

Correction-in-band 

Tolerance of correction-in-band 
levels 12 V, 18 V and 24 V ~VCIS -15 - +15 % 

Band-select output ports 

Pl0, Pl1, P12, P13 (pins 10to 13) 

Output voltage HIGH at 
-IOH = 50 mA (note 3) VOH VP2-0,6 - - V 

Output voltage· lOW at 10 l = 2 rnA VOL - - 0,4 V 

Maximum output source current (note 3) -IOH - 130 200 mA 

Maximum output sink current IOl - 5 - mA 

FDIV input (pin 15) 

Input voltage (peak-to-peak value) 
(trise and tfall ~ 40 ns) VFDIV(p-p 0,1 - 2 V 

Duty cycle - 40 - 60 % 

Maximum input frequency fmax 16 - - MHz 

Input impedance z· I - 8 - kQ 

Input capacitance Ci - 5 - pF 
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parameter symbol min. typo max. unit 

asc input (pin 24) 

Crystal resistance at resonance (4 MHz) RX - - 150 Q 

Power-d own-reset 

Maximum supply voltage Vp1 at which 
power-down-reset is active VPO 7,5 - 9,5 V 

Vp1 rise-time during power-up 
(up to VPO) tr 5 - - J1S 

Voltage leve! for valid module address 

Voltage level at P20 (pin 1) for valid module 
address as a function of MA 1, MAO 

MA1 MAO 
0 0 VVAOO -0,3 - 16 V 
0 1 VVA01 -0,3 - 0,8 V 
1 0 VVA10 2,5 - VP1-2 V 
1 1 VVA11 VP1-0,3 - VP1 V 

Notes to the characteristics 

1. For each band-select output which is programmed at logic 1, sourcing a current IOHP1X, the addi
tional supply currents (A) shown must be added to Ip2 and Ip3 respectively. 

2. If VP1 < 1 V, the input current is limited to 10 J1A at input voltages up to 16 V. 

3. At continuous operation the output current should not exceed 50 rnA. When the output is short
circuited to ground for several seconds the device may be damaged. 

4. Values are proportional to VP1. 
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12C BUS TIMING (Fig. 8) 

12 C bus load conditions are as follows: 
4 kn pull-up resistor to +5 V; 200 pF capacitor to GND. 

All values are referred to VIH = 3 V and VIL = 1,5 V. 

parameter symbol min. typo max. 

Bus free before start tBUF 4 - -

Start condition set-up time tSU,STA 4 - -

Start condition hold time tHD,STA 4 - -

Sr.l, SDA LOW period tLOW 4 - -

SCl HIGH period tHIGH 4 - -

SCl, SDA rise time tR - - 1 

SCl, SDA fall time tF - - 0,3 

Data set-up time (write) tSU,DAT 1 - -

Data hold time (write) tHD,DAT 1 - -

Acknowledge (from CITAC) set-up time tSU,CAC - - 2 

Acknowledge (from CITAC) hold time tHD,CAC 0 - -

Stop condition set-up time tSU,STO 4 - -

Data set-up time (read) tSU,RDA - - 2 

Data hold time (read) tHD,RDA 0 - -

Acknowledge (from master) set-up time tSU,MAC 1 - -

Acknowledge (from master) hold time tHD MAC 2 - -

Note 

Timings tsu DAT and tHD DAT deviate from the 12 C bus specification. 
After reset has been activated, transmission may only be started after a 50 JJ.s delay. 

SOA 
(write) 

SCL 

SOA 
( read) 

--tsu, STA tHO, STA 

tsu, ROA tHO, ROA tsu, MAC tHO, MAC 

Fig. 8 12 C bus timing SAB3036. 
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DEVELOPMENT DATA 
This data sheet contains advance information and 
specifications are subject to change without notice. l ___ S_A_B_3_0_37 __ _ 

COMPUTER INTERFACE FOR TUNING AND CONTROL (CITAC) 

GENERAL DESCRIPTION 

The SAB3037 provides closed-loop digital tuning of TV receivers, with or without a.f.c., as required. It 
also controls up to 4 analogue functions, 4 general purpose I/O ports and 4 high-current outputs for 
tuner band selection. 

The IC is used in conjunction with a microcomputer from the MAB8400 family and is controlled via a 
two-wire, bidirectional 12 C bus. 

Features 

• Combined analogue and digital circuitry minimizes the number of additional interfacing components 
required 

• Frequency measurement with resolution of 50 kHz 

• Selectable prescaler divisor of 64 or 256 

• 32 V tuning voltage amplifier 

• 4 high-current outputs for direct band selection 

• 4 static digital to analogue converters (OACs) for control of analogue functions 

• Four general purpose input/output (I/O) ports 

• Tuning with control of speed and direction 

• Tuning with or without a.f.c. 

• Single-pin, 4 MHz on-chip oscillator 

• 12 C bus slave transceiver 

QUICK REFERENCE DATA 

Supply voltages 
(pin 13) 

(pin 19) 

(pin 14) 

Supply currents (no outputs loaded) 
(pin 13) 

(pin 19) 

(pin 14) 

Total power dissipation 

Operating ambient temperature range 

PACKAGE OUTLINE 

24-lead 01 L; plastic (SOT101A). 

Vp1 

Vp2 

VP3 

IPl 

Ip2 

Ip3 

Ptot 

Tamb 

typo 

typo 

typo 

typo 

typo 

typo 

typo 

-20 to 

12 V 

13 V 

32 V 

30 mA 

0,1 mA 

0,6 mA 

380 mW 

+70 0 C 
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n r--- PRESCALER 

Vp1 GND ~ FDIV Vp2 VP3 

I I 
osc 

1 I 
13~VP1 ~1 21 20 19 14~VP3 

[ffi] 18 
POWER-DOWN REFERENCE 

DETECTOR OSCILLATOR [ill] 17 

t SAB3037 PORT 1 
CONTROL TUNER 

WRITE CIRCUIT 

SDA 2 ~ [ill] 
16 

12C 

SCL 3 READ [ill] 
15 

BUS 
--+-[~=-J 

t TIME [~~EJ '---i CD 
REFERENCE IFDIVMI 

GATE 

1 
15-BIT 

2-BIT f-+----1 FREQUENCY BUFFER - COUNTER [@ 
ADC 

15J 

frl l 15-BIT 
4 

rpTio1 

~ 
P20 L.: __ J FREQUENCY COUNTER 

5 
P21 rPi:21' 

'j 
t..: __ J 

6 
P22 ~~[2J ~:?~~ 12 

[[b:YJ r£~o1[s [ILL] 
7 

P23 [!>12YJ ~l~Zl TUNING CONTROL CIRCUIT 

PORT 2 ITDIRIIAFCTI 

CONTROL CIRCUIT I TUW IIAFCRI IVTMI/ 

DIVISOR 3-BIT 
SELECTOR DAC 

VP3 

l + 12 TUN 
ITUHN I 

12-BIT CHARGE r-r-!!. -
T 

A 

TUNING COUNTER 
PUMP TUNING 

VOLTAGE CINT r 
VP1~ AMPLIFIER 

FC+ 8 

AM~~;";ER~ 
10 TI 

FC- 9 
AFCP 

AFCS 

A 

IcolB I 
CORRECTION-

IN-BAND 
CIRCUIT 

~~ 
[@ 

~ DACO DAC1 DAC2 DAC

1

3 

22 23 h4 7Z90133 

I I I I 

Fig. 1 Block diagram. 
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Computer interface for tuning and control (CITAC) l __ S_A_B_3_03_7 __ _ 

DAC2 

DAC1 

DACO 

osc 

FDIV 

vp2 

P13 

P12 

P11 

TI P10 

VP3 

TUN vp1 

7Z86665.1 

PINNING 

1 DAC3 

2 SDA 

3 SCL 

4 P20 

5 P21 

6 P22 

7 P23 

8 AFC+ } 

9 AFC-

10 TI 

11 GND 

12 TUN 

13 Vp1 

14 VP3 

15 P10 

output of static DAC 

serial data line \ 

serial clock line f 

general purpose 
input/output ports 

a.f.c. inputs 

tuning voltage amplifier inverting input 

ground 

tuning voltage amplifier output 

+ 12 V supply voltage 

+ 32 V supply for tuning voltage 
amplifier 

16 P11 
high-current band-selection output ports 

Fig. 2 Pinning diagram. 

17 P12 

18 P13 

19 Vp2 positive supply for high-current 
band-selection output circuits 

20 FDIV input from prescaler 

21 OSC crystal oscillator input 

22 DACO ! outputs of static DACs 23 DACl 

24 DAC2 

Purchase of Philips' 12 C components conveys a license under the 
Philips' 12 C patent to use the components in the 12 C-system 
provided the system conforms to the 12C specifications defined 
by Philips. 
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SAB3037 

FUNCTIONAL DESCRIPTION 

The SAB3037 is a monolithic computer interface which provides tuning and control functions and 
operates in conjunction with a microcomputer via an 12 C bus. 

Tuning 

This is performed using frequency-locked loop digital control. Data corresponding to the required tuner 
frequency is stored in a 15-bit frequency buffer. The actual tuner frequency, divided by a factor of 256 
(or by 64) by a prescaler, is applied via a gate to a 15-bit frequency counter. This input (FOIV) is 
measured over a period controlled by a time reference counter and is compared with the contents of 
the frequency buffer. The result of the comparison is used to control the tuning voltage so that the 
tuner frequency equals the contents of the frequency buffer multiplied by 50 kHz within a program
mable tuning window (TUW). 

The system cycles over a period of 6,4 ms (or 2,56 ms), controlled by the time reference counter which 
is clocked by an on-chip 4 MHz reference oscillator. Regulation of the tuning voltage is performed by a 
charge pump frequency-locked loop system. The charge IT flowing into the tuning voltage amplifier is 
controlled by the tuning counter, 3-bit OAC and the charge pump circuit. The charge IT is linear with 
the frequency deviation ~f in steps of 50 kHz. For loop gain control, the relationship ~IT/~f is 
programmable. I n the normal mode (when control bits TU H NO and TU H N 1 are both at logic 1, see 
OPERATION), the minimum charge IT at ~f = 50 kHz equals 250 jJ.A jJ.S (typical). 

By programming the tuning sensitivity bits (TUS), the charge IT can be doubled up to 6 times. If 
correction-in-band (COIB) is programmed, the charge can be further doubled up to three times in 
relation to the tuning voltage level. From this, the maximum charge IT at ~f = 50 kHz equals 
26 x 23 x 250 jJ.A jJ.S (typical). 

The maximum tuning current I is 875 jJ.A (typical). In the tuning-hold (TUHN) mode (TUHN is active 
LOW), the tuning current I is reduced and as a consequence the charge into the tuning amplifier is also 
reduced. 

An in··lock situation can be detected by reading FLOCK. When the tuner oscillator frequency is within 
the programmable tuning window (TUW), FLOCK is set to logic 1. If the frequency is also within the 
programmable a.f.c. hold range (AFCR), which always occurs if AFCR is wider than TUW, control bit 
AFCT can be set to logic 1. When set, digital tuning will be switched off, a.f.c. will be switched on and 
FLOCK will stay at logic 1 as long as the oscillator frequency is within AFCR. If the frequency of the 
tuning oscillator does not remain within AFCR, AFCT is cleared automatically and the system reverts 
to digital tuning. To be able to detect this situation, the occurrence of positive and negative transitions 
in the FLOCK signal can be read (FLllN and FLlON). AFCT can also be cleared by programming the 
AFCT bit to logic O. 

The a.f.c. has programmable polarity and transconductance; the latter can be doubled up to 3 times, 
depending on the tuning voltage level if correction-in-band is used. 

The direction of tuning is programmable by using control bits TO I R 0 (tuning direction down) and 
TDt RU (tuning direction up). If a tuner enters a region in which oscillation stops, then, providing the 
prescaler remains stable, no FOIV signal is supplied to CITAC. In this situation the system will tune up, 
moving away from frequency lock-in. This situation is avoided by setting TOI RO which causes the 
system to tune down. In normal operation TOI RO must be cleared. 

If a tuner stops oscillating and the prescaler becomes unstable by going into self-oscillation at a very high 
frequency, the system will react by tuning down, moving away from frequency lock-in. To overcome 
this, the system can be forced to tune up at the lowest sensitivity (TUS) value, by setting TOI RU. 

Setting both TOI RO and TDt RU causes the digital tuning to be interrupted and a.f.c. to be switched on. 

The minimum tuning voltage which can be generated during digital tuning is programmable by VTMI to 
prevent the tuner being driven into an unspecified low tuning voltage region. 
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Computer interface for tuning and control (CIT AC) l ___ ~_~A_8_3_0_37 __ _ 

Control 

For tuner band selection there are four outputs P10 to P13 which are capable of sourcing up to 50 rnA 
at a voltage drop of less than 600 mV with respect to the separate power supply input Vp2. 

For additional digital control, four open collector I/O ports P20 to P23 are provided. Ports P22 and 
P23 are capable of detecting positive and negative transitions in their input signals. With the aid of port 
P20, up to three independent module addresses can be programmed. 

Four 6-bit digital-to-analogue converters DACO to DAC3 are provided for analogue control. 

Reset 

CITAC goes into the power-down-reset mode when Vp1 is below 8,5 V (typical). In this mode all 
registers are set to a defined state. Reset can also be programmed. 

OPERATION 

Write 

CITAC is controlled via a bidirectional two-wire 12 C bus; the 12 C bus is specified in our data handbook 
"ICs for digital systems in radio, audio, and video equipment". For programming, a module address, 
R/W bit (logic 0), an instruction byte and a data/control byte are written into CITAC in the format 
shown in Fig. 3. 

MODULE ADDRESS INSTRUCTION BYTE DATA/CONTROL BYTE 

o 0 0 MA MA 
1 0 

msb 

Fig. 3 12 C bus write format. 

The module address bits MA 1, MAO are used to give a 2-bit module address as a function of the voltage 
at port P20 as shown in Table 1. 

Acknowledge (A) is generated by CITAC only when a valid address is received and the device is not in 
the power-down-reset mode (Vp1 > 8,5 V (typical)). 

Table 1 Valid module addresses 

MAl MAO P20 

0 0 don't care 
a 1 GND 
1 0 %Vp1 
1 1 Vp1 

June 1983 935 



___ SA_B30_37_Jl~ ______________ _ 

936 

OPERATION (continued) 

Tuning 

Tuning is controlled by the instruction and qata/control bytes as shown in Fig. 4. 

INSTRUCTION BYTE DATA/CONTROL BYTE 

17 16 15 14 13 12 11 10 D7 D6 D5 D4 D3 D2 Dl 

freq. F14 F13 F12 Fll FlO F9 F8 F7 F6 F5 F4 F3 F2 Fl 
-

TCDO 0 0 0 AFCT VTMIO AFCRl AFCRO TUHNl TUHNO TUWl 
-

TCDl 0 0 0 VTMll COIBl COIBO AFCSl AFCSO TUS2 TUSl 

-

DO 

FO 

TUWO 

TUSO 

TCD2 0 0 0 0 0 0 AFCP FDIVM TDIRD TDIRU 

7290125 
Fig. 4 Tuning control format. 

Frequency 

Frequency is set when bit 17 of the instruction byte is set to logic 1; the remainder of this byte 
together with the data/control byte are loaded into the frequency buffer. The frequency to which the 
tuner oscillator is regulated equals the decimal representation of the 15-bit word multiplied by 50 kHz. 
All frequency bits are set to logic 1 at reset. 

Tuning hold 

The TUHN bits are used to decrease the maximum tuning current and, as a consequence, the minimum 
charge IT (at Llf = 50 kHz) into the tuning amplifier. 

Table 2 Tuning current control 

TUHN1 TUHNO 
typ.l max typo IT min typo LlVTUNmin at CINT = 1 J.l.F 

J.l.A J.l.AJ.l.s 

0 0 3,5* 1* 
0 1 29 8 
1 0 110 30 
1 1 875 250 

* Values after reset. 

During tuning but before lock-in, the highest current value should be selected. 
After lock-in the current may be reduced to decrease the tuning voltage ripple. 

J.l.V 

1* 
8 

30 
250 

The lowest current value should not be used for tuning due to the input bias current of the tuning 
voltage amplifier (max. 5 nA). However it is good practice to program the lowest current value during 
tuner band switching. 

Tuning sensitivity 

To be able to program an optimum loop gain, the charge IT can be programmed by changing Tusing 
tuning sensitivity (TUS). Table 3 shows the minimum charge IT obtained by programming the TUS 
bits at Llf = 50 kHz; TUHNO and TUHN1 = logic 1. 
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Computer interface for tuning and control (CITAC) l ____ S_A_B_3_0_3_7 ____ _ 

Table 3 Minimum charge IT as a function of TUS 

L\f =: 50 kHz; TUHNO = logic 1; TUHN1 = logic 1 

TUS2 TUS1 TUSO typo IT min 
rnA }lS 

0 0 0 0,25* 
0 0 1 0,5 
0 1 0 1 
0 1 1 2 
1 0 0 4 
1 0 1 8 
1 1 0 16 

* Values after reset. 

Correction-in-band 

typo L\ VTU Nmin at CI NT = 1 }IF 
mV 

0,25* 
0,5 
1 
2 
4 
8 

16 

This control is used to correct the loop gain of the tuning system to reduce in-band variations due to a 
non-linear voltage/frequency characteristic of the tuner. Correction-in-band (COl B) controls the time T 
of the charge equation IT and takes into account the tuning voltage VTUN to give charge multiplying 
factors as shown in Table 4. 

Table 4 Programming correction-in-band 

COIB1 COIBO 
charge multiplying factors at typical values of VTUN at: 

< 12V 12 to 18 V 18 to 24 V >24V 

0 0 1* 1* 1* 1 * 
0 1 1 1 1 2 
1 0 1 1 2 4 
1 1 1 2 4 8 

* Values after reset. 

The transconductance mUltiplying factor of the a.f.c. amplifier is similar when COl B is used, except for 
the lowest transconductance which is not affected. 

Tuning window 

Digital tuning is interrupted and F LOCK is set to logic 1 (in-lock) when the absolute deviation lL\fl 
between the tuner oscillator frequency and the programmed frequency is smaller than the programmed 
TUW value (see Table 5). If lL\fl is up to 50 kHz above the values listed in Table 5, it is possible for the 
system to be locked depending on the phase relationship between FDIV and the reference counter. 

Table 5 Tuning window programming 

TUW1 TUWO lL\fl (kHz) tuning window (kHz) 

0 0 0* 0* 
0 1 50 100 
1 0 150 300 

* Values after reset. 
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OPERATION (continued) 

.A.F.C. 

When AFCT is set to logic 1 it will not be cleared and the a.f.c. will remain on as long as l.6fl is less than 
the value programmed for the a.f.c. hold range AFCR (see Table 6). It is possible for the a.f.c. to remain 
on for values of up to 50 kHz more than the programmed value depending on the phase relationship 
between FOIV and the reference counter. 

Table 6 A.F .C. hold range programming 

AFCRl AFCRO l.6fl (kHz) a.f.c. hold range (kHz) 

0 0 0* 0* 
0 1 350 700 
1 0 750 1500 

* Values after reset. 

Transconductance 

The transconductance (g) of the a.f.c. amplifier is programmed via the a.f.c. sensitivity bits AFCS as 
shown in Table 7. 

Table 7 Transconductance programming 

AFCSl AFCSO typo transconductance (/lA/V) 

0 0 0,25* 
0 1 25 
1 0 50 
1 1 100 

* Value after reset. 

A. F. C. polarity 

If a positive differential input voltage is applied to the (switched on) a.f.c. amplifier, the tuning voltage 
VTUN falls when the a.f.c. polarity bit AFCP is at logic 0 (value after reset). At AFCP = logic 1, 
VTUN rises. 

Minimum tuning voltage 

Both minimum tuning voltage control bits, VTMll and VTMIO, are at logic 0 after reset. Further details 
are given in CHARACTERISTICS. 

Frequency measuring window 

The frequency measuring window which is programmed must correspond with the division factor of the 
prescaler in use (see Table 8). 

Table 8 Frequency measuring window programming 

FOIVM prescaler division factor cycle period (ms) measuring window (ms) 

0 256 6,4* 5,12* 
1 64 2,56 1,28 

* Values after reset. 

Tuning direction 

Both tuning direction bits, TOI RU (up) and TOI RO (down), are at logic 0 after reset. 
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Control 

The instruction bytes POO (port output data) and OACX (digital-to-anaiogue converter control) are 
shown in Fig. 5, together with the corresponding data/control bytes. Control is implemented as follows: 

P13, P12, P11, Pl0 Band select outputs. If a logic 1 is programmed on any of the POD bits 03 to 
00, the relevant output goes HI G H. All outputs are LOW after reset. 

P23, P22, P21, P20 

OACX 

Open collector I/O ports. If a logic 0 is programmed on any of the POO bits 
07 to 04, the relevant output is forced LOW. All outputs are at logic 1 after 
reset (high impedance state). 

Oigital-to-analogue converters. The digital-to-analogue converter selected 
corresponds to the decimal equivalent of the OACX bits X1, XO. The 
output voltage of the selected DAC is set by programming the bits AX5 to 
AXO; the lowest output voltage is programmed with all data AX5 to AXO at 
logic 0, or after reset has been activated. 

INSTRUCTION BYTE DATA/CONTROL BYTE 

17 16 15 14 13 12 11 10 0 7 06 °5 0 4 0 3 °2 D1 DO 

poo~ 0 

: 

0 

: I 
P23 P22 P21 P20 P13 P12 P11 P10 

0 X1 XO AX5 AX4 AX3 AX2 AX1 AXO DACX 

7Z90126 

Fig.5 Control programming, 

Read 

I nformation is read from CIT AC when the R/W bit is set to logic 1. An acknowledge must be generated 
by the master after each data byte to allow transmission to continue. If no acknowledge is generated by 
the master the slave (CIT AC) stops transmitting. The format 0;' the information bytes is shown in Fig. 6. 

MODULE ADDRESS TUNING I RESET INFORMATION PORT INFORMATION 

Fig.6 Information byte format. 
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OPERATION (continued) 

Tuning/reset information bits 

FLOCK 

Fl/l N 

Fl/ON 

FOV 

RESN 

MWN 

Set to logic 1 when the tuning oscillator frequency is within the programmed tuning 
window. 

Set to logic 0 (active LOW) when F LOCK changes from 0 to 1 and is reset to logic 1 
automatically after tuning information has been read. 

As for F L/1N but is set to logic 0 when F LOCK changes from 1 to O. 

Indicates frequency overflow. When the tuner oscillator frequency is too high with 
respect to the programmed frequency, FOV is at logic 1, and when too low, FOV 
is at logic O. FOV is not valid when TDI RU and/or TDI RD are set to logic 1. 

Set to logic 0 (active LOW) by a programmed reset or a power-down-reset. It is reset 
to logic 1 automatically after tuning/reset information has been read. 

MWN (frequency measuring window, active LOW) is at logic 1 for a period of 
1,28 ms, during which time the results of frequency measurement are processed. 
This time is independent of the cycle period. During the remaining time, MWN is 
at logic 0 and the received frequency is measured. 

When slightly different frequencies are programmed repeatedly and a.f.c. is 
switched on, the received frequency can be measured using FOV and FLOCK. 
To prevent the frequency counter and frequency buffer being loaded at the same 
time, frequency should be programmed only during the period of MWN ::= logic O. 

Port information bits 

P23/1 N, P22/1 N 

P23/0N, P22/0N 

P123, P122, P121, 
PI20 

Reset 

Set to logic 0 (active LOW) at a LOW-to-HIGH transition in the input voltage on 
P23 and P22 respectively. Both are reset to logic 1 after the port information has 
been read. 

As for P23/1 Nand P22/1 N but are set to logic 0 at a HI G H-to- LOW transition. 

Indicate input voltage levels at P23, P22, P21 and P20 respectively. A logic 1 
indicates a HIGH input level. 

The programming to reset all registers is shown in Fig. 7. Reset is activated only at data byte HEX 06. 
Acknowledge is generated at every byte, provided that CITAC is not in the power-down-reset mode. 
After the general call address byte, transmission of more than one data byte is not allowed. 

GENERAL CALL ADDRESS HEX06 

7Z90128 

Fig.7 Reset programming. 
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RATINGS 

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

Supply voltage ranges: 
(pin 13) Vp1 -0,3 to + 18 V 

(pin 19) Vp2 -0,3 to +18 V 

(pin 14) VP3 -0,3 to +36 V 

I nput/output voltage ranges: 
(pin 2) VSDA -0,3 to +18 V 

(pin 3) VSCL -0,3 to + 18 V 

(pins 4 to 7) Vp2X -0,3 to + 18 V 

(pins 8 and 9) V AFC+,AFC- -0,3 to Vp1 * V 

(pin 10) VTI -0,3 to Vp1 * V 

(pin 12) VTUN -0,3 to VP3* V 

(pins 15to 18) Vp1X -0,3 to VP2**V 
(pin 20) VFDIV -0,3 to VP1* V 
(pin 21) VOSC -0,3 to +5 V 

<3: (pins 1 and 22 to 24) VDACX -0,3 to VP1* V 
t-
<3: Total power dissipation Ptot max. 1000 mW C 
t- Storage temperature range Tstg -55 to +125 oC 
2 
w Operating ambient temperature range Tamb -20 to +70 oC :E 
a... 
0 
..J 
W 
> 
W 
C 

* Pin voltage may exceed supply voltage if current is limited to 10 mA. 
** Pin voltage must not exceed 18 V but may exceed Vp2 if current is limited to 200 rnA. 
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CHARACTE R ISTICS 

Tamb = 25 °C; Vp1, Vp2, Vp3 at typical voltages, unless otherwise specified 

parameter symbol min. typo max. unit 

Supply voltages Vp1 10,5 12 13,5 V 

Vp2 4,7 13 16 V 

VP3 30 32 35 V 

Supply currents (no outputs loaded) 'p1 18 30 45 rnA 

'p2 0 - 0,1 rnA 

'p3 0,2 0,6 2 rnA 

Additional supply currents (A) 'p2A -2 - 'OHP1X rnA 

(note 1) 'p3A 0,2 - 2 rnA 

Total power dissipation Ptot - 380 - mW 

Operating ambient temperature Tamb -20 - +70 °C 

12 C bus inputs/outputs 

SDA input (pin 2); 
SCl input (pin 3) 

Input voltage HIGH (note 2) V,H 3 - Vp1-1 V 

I nput voltage lOW V,l -0,3 - 1,5 V 

Input current HIGH (note 2) "H - - 10 p,A 

Input current lOW (note 2) ',l - - 10 p,A 

SDA output (pin 2, open collector) 

Output voltage lOW at IOl = 3 mA Val - - 0,4 V 

Maximum output sink current IOl - 5 - rnA 

Open collector I/O ports 

P20, P21, P22, P23 
(pins 4 to 7, open collector) 

Input voltage HIGH V,H 2 - 16 V 

I nput voltage lOW V,l -0,3 - 0,8 V 

Input current HIGH "H - - 25 p,A 

Input current lOW -',l - - 25 p,A 

Output voltage lOW at tal = 2 mA Val - - 0,4 V 

Maximum output sink current IOl - 4 - rnA 
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Computer interface for tuning and control (CITAC) 

parameter 

A.F.C. amplifier 

Inputs AFC+, AFC- (pins 8,9) 

Transconductance for input voltages 
up to 1 V differential: 

AFCSl AFCS2 
a a 
a 1 
1 a 
1 1 

Tolerance of transconductance 
multiplying factor (2, 4 or 8) 
when correction-in-band is used 

Input offset voltage 

Common mode input voltage 

Common mode rejection ratio 

Power supply (Vpl) rejection ratio 

Input current 

Tuning voltage amplifier 

Input TI, output TUN (pins 10,12) 

Maximum output voltage at 
"oad = ± 1,5 mA 

Minimum output voltage at 
"oad = ± 1,5 mA: 

VTMll VTMIO 
a a 
1 a 
1 1 

Maximum output source current 

Maximum output sink current 

Input bias current 

Power supply (Vp3) rejection ratio 

symbol 

goo 
g01 
g10 
g11 

..1Mg 

V'off 

Vcom 

CMRR 

PSRR 

" 

VTUN 

VTMOO 
VTM10 
VTM11 

-ITUNH 

'TUNL 

'T' 
PSRR 

l ___ S_A_B_30_3_7 __ _ 

min. typo max. unit 

100 250 800 nA/V 
15 25 35 JiA/V 
30 50 70 JiA/V 
60 100 140 JiA/V 

-20 - +20 % 

-75 - +75 mV 

3 - VPl-2,5 V 

- 50 - dB 

- 50 - dB 

- - 500 nA 

VP3- 1,6 - VP3-0,4 V 

300 - 500 mV 
450 - 650 mV 
650 - 900 mV 

2,5 - 8 mA 

- 40 - mA 

-5 - +5 nA 

- 60 - dB 
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CHARACTERISTICS (continued) 

parameter symbol min. typo max. unit 

Tuning voltage amplifier (continued) 

Minimum charge IT to tuning voltage amplifier 

TUHN1 TUHNO 
0 0 CHOO 0,4 1 1,7 IlA IlS 
0 1 CH01 4 8 14 IlA IlS 
1 0 CH10 15 30 48 IlA IlS 
1 1 CHll 130 250 370 IlA IlS 

Tolerance of charge (or~ VTUN) 
multiplying factor when 
CO I Band/or TUS are used ~CH -20 - +20 % 

Maximum current I into tuning amplifier 

TUHN1 TUHNO 
0 0 ITOO 1,7 3,5 5,1 IlA 
0 1 IT01 15 29 41 IlA 
1 0 IT10 65 110 160 IlA 
1 1 IT11 530 875 1220 IlA 

Correction-in-band 

Tolerance of correction-in-band 
levels 12 V, 18 V and 24 V ~VCIB -15 - +15 % 

Band-select output ports 

P10, P11, P12, P13 (pins 15 to 18) 

Output voltage HI GHat 
-IOH = 50 mA (note 3) VOH Vp2-0,6 - - V 

Output voltage LOW at IOL = 2 mA VOL - - 0,4 V 

Maximum output source current (note 3) -IOH - 130 200 mA 

Maximum output sink current IOL - 5 - mA 

FDIV input (pin 20) 

Input voltage (peak-to-peak value) 
(trise and tfall ~ 40 ns) VFDIV(p-p 0,1 - 2 V 

Duty cycle - 40 - 60 % 

Maximum input frequency fmax 14,5 - - MHz 

Input impedance Zi - 8 - kn 

Input capacitance Ci - 5 - pF 
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parameter symbol min. typo max. unit 

OSC input (pin 21) 

Crystal resistance at resonance (4 MHz) RX - - 150 n 

DAC outputs 0 to 3 
(pins 22 to 24 and pin 1) 

Maximum output voltage (no load) 
at VP1 = 12 V (note 4) VOH 10 - 11,5 V 

Minimum output voltage (no load) 
at Vp1 = 12 V (note 4) VOL 0,1 - 1 V 

Positive value of smallest step 
(1 least-significant bit) ~VO 0 - 350 mV 

Deviation from linearity - - - 0,5 V 

Output impedance at I'oad = ± 2 mA Zo - - 70 n 
Maximum output source current -IOH - - 6 rnA 

Maximum output sink current IOL - 8 - rnA 

Power-down-reset 

Maximum supply voltage VP1 at which 
power-down-reset is active VPO 7,5 - 9,5 V 

Vp1 rise-time during power-up 
(up to VPO) tr 5 - - JlS 

Voltage level for valid module address 

Voltage level at P20 (pin 4) for valid module 
address as a function of MA 1, MAO 

MA1 MAO 
0 0 VVAOO -0,3 - 16 V 
0 1 VVA01 -0,3 - 0,8 V 
1 0 VVA10 2,5 - Vp1-2 V 
1 1 VVA11 VP1-0,3 - VP1 V 

Notes to the characteristics 

1. For each band-select output which is programmed at logic 1, sourcing a current 'OHP1 X, the addi
tional supply currents (A) shown must be added to 'p2 and 'p3 respectively. 

2. If Vp1 < 1 V, the input current is limited to 10 JlA at input voltages up to 16 V. 

3. At continuous operation the output current should not exceed 50 rnA. When the output is short
circuited to ground for several seconds the device may be damaged. 

4. Values are proportional to VP1' 
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12 C BUS TIMING (Fig. 8) 

12 C bus load conditions are as follows: 
4 kn pull-up resistor to +5 V; 200 pF capacitor to GND. 

All values are referred to VI H = 3 V and VI l == 1,5 V. 

parameter symbol min. typo max. 

Bus free before start tBUF 4 - -

Start condition set-up time tSU,STA 4 - -

Start condition hold time tHD,STA 4 - -

SCl, SDA lOW period tlOW 4 - -
SCl HIGH period tHIGH 4 - -

SCl, SDA rise time tR - - 1 

SCl, SDA fall time tF - - 0,3 

Data set-up time (write) tSU,DAT 1 - -

Data hold time (write) tHD,DAT 1 - -

Acknowledge (from CITAC) set-up time tSU,CAC - - 2 

Acknowledge (from CITAC) hold time tHD,CAC 0 - -

Stop condition set-up time tSU,STO 4 - -

Data set-up time (read) tSU,RDA - - 2 

Data hold time (read) tHD,RDA 0 - -

Acknowledge (from master) set-up time tSU,MAC 1 - -

Acknowledge (from master) hold time tHD, MAC 2 - -

Note 

Timings tsu DATand tHD DAT deviate from the 1
2 C bus specification. 

After reset h~s been activated, transmission may only be started after a 50 IlS delay. 

SDA 
(write) 

SCL 

SDA 
( read) 

-tsu, STA tHD, STA tLOW 

tsu, RDA tHD, RDA tsu, MAC tHD, MAC 

Fig.8 12 C bus timing SAB3037. 
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DEVELOPMENT DATA 
This data sheet contains advance information and 
specifications are subject to change without notice. 

SAB6456 
SAB6456T 

SENSITIVE 1 GHz DIVIDE-BY -64/0IVIDE-BY -256 

SWITCHABLE PRESCALER 

GENERAL DESCRIPTION 

The SAB6456/SAB6456T is a prescaler for UHF/VHF tuners. It can be switched to divide-by-64 or 
divide-by-256 by the mode-control (Me) pin. The circuit has an input frequency range of 70 MHz to 
1 GHz, has high input sensitivity and good harmonic suppression. 

8 SAB6456;T 

Fig. 1 Block diagram. 

QUICK REFERENCE DATA 

parameter conditions symbol 

Supply voltage pin 8 to pin 4 Vee 

Supply current pin 8 lee 

I nput frequency range pins 2 and 3 fi 

Sensitivity to input voltage 
(r.m.s. value) Vi(rms) 

Output voltage 
(peak-to-peak value) pins 6 and 7 Vo(p-p) 

Operating ambient 
temperature range Tamb 

PACKAGE OUTLINES 

SAB6456 : 8-lead DI L; plastic (SOT97). 
SAB6456T: 8-lead mini-pack (S08; SOT96A). 

min. 

4,5 

-

70 

-

-

0 

typo max. unit 

5,0 5,5 V 

21 - rnA 

- 1000 MHz 

- 10 mV 

1 - V 

- 80 oe 
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SAB6456 l SAB6456T 

PINNING 

1. n.c. not connected 

2. C1 
differential inputs 

3. C2 

4. VEE ground (0 V) 

5. MC mode control 

6. OH complementary outputs 7. °L 7Z96290 

8. VCC positive supply voltage 

Fig.2 Pinning diagram. 

FUNCTIONAL DESCRIPTION 

The circuit comprises an input amplifier, a divider stage with selectable division ratio and an output 
stage. 

The input amplifier is driven by a sinusoidal signal from the local oscillator of a television tuner. The 
inputs (C1, C2) are differential and are biased internally to permit capacitive coupling. When driven 
asymmetrically the unused input should be connected to ground via a capacitor. 

The mode-control (MC) input to the divider stage is intended for static control of the division ratio, 
selection is made as follows: 

divide-by-64 : MC pin open-circuit 

divide-by-256: MC pin connected to ground 

The divider stage may oscillate during no-signal conditions but this oscillation is suppressed when 
input signals are received. 

Two complementary signals (OH, OU are provided by the output differential amplifier stage. The 
voltage-edges of the output signals are slowed internally to reduce harmonics in the television 
intermediate frequency band. 
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Sensitive 1 GHz divide-by-64/divide-by-256 switchable prescaler SAB6456 
SAB6456T 

ELECTROSTATIC DISCHARGE PROTECTION 

Inputs and outputs have electrostatic discharge protection according to specification M I L-883C, class B. 

RATINGS 

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

parameter conditions 

Supply voltage pin 8 to pin 4 

I nput voltage 

Storage temperature range 

Junction temperature 

THERMAL RESISTANCE 

From junction to ambient 
8-lead D I L; plastic (SOT -97 A) 

8-lead mini-pack (SO-8; SOT-96A) 
on printed circuit board 
on ceramic substrate 

D.C. CHARACTERISTICS 

symbol 

VCC 

Vi 

Tstg 

Tj 

min. typo 

- -

- -

-55 -

- -

max. unit 

7,0 V 

VCC V 

+150 oC 

+150 oC 

Rth j-a 120 K/W 

Rth j-a 
Rth j-a 

260 K/W 
170 K/W 

VCC = 5 V; VEE = 0 V; Tamb = 25 oC; test IC mounted in a test socket or on a printed circuit board; 
measurements taken after thermal equilibrium is established 

parameter conditions symbol min. typo max . unit 

Output voltage HI G H VOH - - VCC V 

Output voltage LOW VOL - - VCC V -0,8 

Supply current ICC - 21 28 mA 

Mode-control (MC) 

I nput voltage LOW 
(divide-by-256) VIL 0 - 0,2 V 

Input current LOW -IL - 25 60 JlA 

Input voltage HIGH 
(divide-by-64) pin 5 open-circuit VIH 1,4 - 3,0 V 
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SAB6456 l 
SAB6456~ 

'----------------------------------------------------------
A.C. CHARACTERISTICS 

Vee = 4,5 to 5,5 V; VEE = 0 V; Tamb = 0 to +80 oe 

parameter conditions symbol min. typo max. unit 

Sensitivity to input 50 n system 
voltage (r.m.s. value) fi = 70 MHz Vi(rms) - - 10 mV 

fi == 150 MHz Vi{rmsi - - 10 mV 
fi = 300 MHz Vi{rms) - - 10 mV 
fi = 500 MHz Vi{rms) - - 10 mV 
fi = 900 MHz Vi{rms) - - 10 mV 
fi = 1000 MHz Vi{rms) - - 10 mV 

Input overload voltage 50 n system 
I 

(r.m.s. value) fi = 70 MHz to 
1000 MHz Vi 300 - - mV 

Input parallel resistance fi = 70 MHz Ri - 560 - n 
fi = 1000 MHz Ri - 30 - n 

I nput capacitance fi = 70 MHz Ci - 5 - pF 
fi = 1000 MHz Cj - 1,5 - pF 

Output voltage HIGH I VOH - - Vee V 

Output voltage LOW VOL '- - Vec V -0,8 

Output voltage swing 
(peak-to-peak value) fj = 70 MHz Vo{p-p) 0,8 1,0 1,2 V 

fi = 1000 MHz; 
RL = 820n; 
CL = 60 pF Vo{p-p) 0,17 - - V 

Attenuation of third I 
I harmonic at output fi = 800 MHz; 

RL == 820 n; 
eL = 60 pF -15 -23 - dB 

Output unbalance see Fig. 3 b.Vo -- - 0,1 V 

Output resistance Ro -

I 
500 - n 
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Sensitive 1 GHz divide-by-64/divide-by-256 switchable prescaler SAB6456 
SAB6456T 

lOnF 

~ 
f = 70MHz 

81-------.-- Vee 

SAB6456 
SAB6456T 

4,7 k.l1 

3 6 I---C::==:J~ 

0--

~100nF 

Pi 
(dBm) 

20 

o 

-20 

-40 

-60 

-80 
o 

7Z96292 

/::~t//"// ~ ~ guaranteed 
/;::~ operation ~ /'::t/~ area// 

V::~ ~ ~ ~ // 

JV 
""'- / 

\ 1I 

~ 
I 

1000 f (MHz) 2000 

Fig. 3 Test circuit for output unbalance measurement. Fig.4 Typical input sensitivity curve: 
Vee = 5 V; Tamb = 25 oe. 

+jt 
10 

0 ex:> 

-j ~ 
10 

Fig.5 Smith chart of typical input impedance: 
Vi(rms) = 25 mV; Vee = 5 V; reference value = 50 n. 
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DEVELOPMENT DATA 
This data sheet contains advance information and 

specifications are subject to change without notice. l ___ S_A_B_87_2_6 __ _ 

SENSITIVE 2.6 GHz DIVIDE-BY -2 PRESCALER 

GENERAL DESCRIPTION 

The SAB8726 is a prescaler for satellite television applications. It has an input frequency range of 
1 GHz to 2.6 GHz with high input sensitivity. 

C1 -

C2 -

QUICK REFERENCE DATA 

parameter 

Supply voltage 

Supply current 

I nput frequency range 

I nput sensitivity 

I nput voltage (RMS value) 

Output voltage (RMS value) 

Operating ambient 
temperature range 

PACKAGE OUTLINE 

8-lead DI L; plastic (SOT97). 

n.c. 

I 
1 SAB8726 /8 

I 
2 - t> t-- DIVIDE- t-- t> 3 

BY-

- t-- 2 t--

I 
4 5 

Fig. 1 Block diagram. 

conditions symbol min. 

pin 1 to pins 4, 5 Vee 4.5 

pin 1 ICC -

pins 2 and 3 fi 1 

Vi(rms) -
pins 6 and 7 Vo(rms) -

Tamb 0 

6 
r-- -

7 
t-- -

7Z81863 

typo max. unit 

5.0 5.5 V 

35 - rnA 

- 2.6 GHz 

- -10/70 dBm/mV 

-8/90 - dBm/mV 

- 80 oe 
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SAB8726 Jl 
PINNING 

1 VCC positive supply voltage 

2 C1 } differential inputs 
3 C2 

4 VEE ground (0 V) 

5 VEE ground (0 V) 

6 °1 } 7Z81858 complementary outputs 
7 °2 

Fig.2 Pinning diagram. 8 n.c. not connected 

FUNCTIONAL DESCRIPTION 

This IC is designed to be driven by a sinusoidal 1 GHz to 2.6 GHz signal from the local-oscillator of a 
satellite TV tuner. 

The inputs (C1, C2) are differential and are internally biased to permit capacitive coupling (Fig. 5a). 
When driven asymmetrically the unused input should be connected to ground via a capacitor (Fig. 5b). 

The divider stage will oscillate without an input signal but this oscillation will be suppressed when an 
input signal within the specified range is applied. 

Two complementary signals (01, 02) are provided by the output differantial amplifier stage (Fig. 5c). 

For asymmetrical output, the unused output should be connected to ground via a 50 n resistor and 
a capacitor (Fig. 5d). 
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Sensitive 2.6 GHz divide-by-2 prescaler SAB8726 

ELECTROSTATIC DISCHARGE PROTECTION 

Inputs and outputs have electrostatic discharge protection in accordance with specification MIL-STD-883C, 
class A. 

RATINGS 

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

parameter symbol min. max. unit 

Supply voltage (DC) Vec - 7.0 V 
Input voltage Vi 0 Vee V 
Storage temperature range Tstg -55 + 150 °e 
Operating ambient temperature range Tamb 0 +80 °e 
Junction temperature 

I Tj - + 150 °C 

THERMAL RESISTANCE 

From junction to ambient Rthj-a 120 KIlN 

DC CHARACTERISTICS 

Vee = 5 V ± 10%; VEE = 0 V; T amb = 0 to 80 oe; test Ie mounted in a test socket or on a printed 
circuit board; measurements taken after thermal equilibrium is established; unless otherwise specified. 

parameter conditions symbol min. typo max. unit 

Supply current ICC - 35 45 mA 

Output voltage HI G H VOH - - Vee V 
Output voltage LOW VOL - - Vee-O.4 V 
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AC CHARACTERISTICS 

Vee = 5 V ± 10%; Tamb = 0 to + 80 oe; unless otherwise specified 

parameter 

Input 

I nput frequency range 

I nput sensitivity 
Input voltage 

(RMS value) 

I nput overload voltage 
(RMS value) 

Output 

Output voltage HIGH 

Output voltage LOW 

Output voltage level 
at Vi == 0 dBm 

Output resistance 

15 

Vi 
(dBm) 

-5 I 
\ 

-15 \ 
\V"-\ 

conditions 

50 n system 

fi = 1 GHz 

fi = 2.6 GHz 

50 n system 

fi=1GHz 

fi = 2.6 GHz 

fi = 2 GHz; 
RL = 50 n 

// // // 

~ ~ ~ 
~ ~ 0 
~ ~ ~ 

,.-t---

-25 
\~ /' 

-35 
o 1000 

symbol min. typo max. 

f-I 1 - 2.6 

Vi(rms) - I - -10/70 

Vi(rms) - - -10/70 

Vi(rms) 7/500 - -

Vi(rms) 7/500 - -

VOH - - Vee 

VOL - - VCC-O.4 

Vo - -8/90 -

Ro - 50 -

// // // VLL ~ 
///// '/;8 ~ ~ guaranteed 
operation ~ ~ ~ / area 

~~ ~ ~ ~ / 
- / 

- V - --~ i 
'\ / 
ri 

2000 3000 
f(MHz) 

Fig. 3 Typical input sensitivity curve: V CC = 5 V; T amb = 25 °C. 
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unit 

GHz 

dBm/mV 

dBm/mV 

dBm/mV 

dBm/mV 

V 

V 

dBm/mV 

n 

7Z81861 

4000 
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Sensitive 2.6 GHz divide-by-2 prescaler l __ S_A_B_8_7_26 __ _ 

Fig.4 Smith chart of typical input impedance: input level = -10 dBm; 
Vee = 5 V; reference value = 50 Q. 
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APPLICATION INFORMATION 

Vcc--~~----------~ 

2.2 nF I 2.2 nF 
"/ input ---; 2 

2.2 nF 

input'--t 3 

4 

SAB8726 

7Z81859 

Vcc--~-------------; 

2.2 nF 
T 2.2 nF 
~ input ---; 2 

SAB8726 

3 

2.2 nF 

4 

7Z81860 

(a) Symmetrical input. (b) Asymmetrical input. 

8 n.c. n.c. 

2.2 nF 

. 7 ~-----1I--------t 

SAB8726 2.2 nF 

61-------t1~------t3 

4 

(c) Symmetrical output. 

8 n.c. n.c. 

2.2 nF 

SAB8726 50n 

2.2 nF 2.2 nF 

5 ~--------t 

'(d) Asymmetrical output. 

SAB6456 
SAB6456T 

7Z81888 

3 

SAB6456 
SAB6456T 

7Z81889 

Fig.5 Pin configurations for symmetrical/asymmetrical input and output. 

Note to Fig. 5 

To minimize possible harmonics the symmetrical output is preferred. 
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DEVELOPMENT DATA 
This data sheet contains advance information and 

specifications are subject to change without notice. l ___ S_A_D1_0_0_9 __ _ 

UNIVERSAL DAC (UDAC) 

GENERAL DESCRIPTION 

The SAD1009 is intended as a peripheral to a microcontroller-based servo system in video cassette 
recorders. The device relieves the microcontroller of some of the real time functions. These functions 
include; generation of programmable pulse width signals (duty factor etc.) and accurate measurement 
of time period signals (tacho signal etc.). The SAD 1 009 has nine programmable output ports. All 
functions of the U DAC are programmable. Commands and data from the microcontroller are loaded 
via a bidirectional bus using a 16-bit format. Data from the time period measurement is transferred to 
the microcontroller via the same bidirectional bus, also using a 16-bit format. The clock signal for 
this device is provided by the quartz oscillator of the microcontroller. 

Features 

• Generation of programmable pulse width signals 
• Measurement of time period signals 
• All functions are programmable 

QUICK REFERENCE DATA 

parameter conditions symbol min. typo max. unit 

Supply 

Supply voltage range VDD 4,75 5,0 5,25 V 

Inputs 

I nput voltage 
LOW VIL - - 0,8 V 
HIGH VIH 2,4 - - V 

I nput leakage current ±II - - 1 JlA 

I nput capacitance CI - - 7,5 pF 

Outputs 

Output voltage 
LOW 10L = 1,6 mA VOL - - 0,4 V 
HIGH 10H = -1,0 mA VOH VDD -0,4 - - V 

Output sink current 10 - - 1,6 mA 

Output source current -10 - - 1,0 mA 

PACKAGE OUTLINES 

SAD1009P: 24-lead DI L; plastic (SOT101A). 
SAD1009T: 24-lead mini-pack; plastic (S024; SOT137A). 
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TIM --1-=-21'"+-_--<>1 

1--__ --'1.=.31-- FOSG 

RIO -1r20~_-l 

RXD _1-'1.::...9 __ --...I. 

TXD -11-'1~8 +_---+--. 

siC 

11 PPW7 

17 
07 

16 06 

VDD 
24 

12 10 PPW6 
VSS 

15 05 
14 04 

PPW5 

PPW4 

PPW3 

PPW2 

5 PPW1 
22 08 

M1 
M2 

03 
02 1 
01 

23 
00 

7Z81459 

Fig. 1 Block diagram. 
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PINNING 

Power supply 

VDD 
VSS 

Inputs 

S/C 
FOSC 
TXD 

Special inputs 

TIM 

Outputs 

00 to 08 
PPW1 to PPW7 

Input/outputs 

RXD 
R/O 

08 

TIM 

RXD 

TXD 

07 

06 

PPW6 05 

04 

vSS FOSC 

7Z81461 

Fig. 2 Pinning diagram. 

positive supply voltage (+5 V) 
ground (0 V) 

shift/latch input 
oscillator input 
serial clock 

timer input 

programmable output ports 
programmable pulse width outputs 

serial data 
handshake 
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FUNCTIONAL DESCRIPTION 

Loading data 

All commands and data are loaded into the SA01009 via the bidirectional bus (TXO, RXO). The 
bidirectional bus is compatible with the serial interface of the '8051' microcontroller, using mode O. 

A 16-bit word is used to program a function of the UOAC. The first 3-bits received from the RAM 
constitute the address and the remaining 13-bits are data (LSB first, MSB last). None of the functions 
require all 13-bits of data, therefore, 16-bit words contain a number of immaterial bits (x). The 
programming format is shown in Table 1. 

To shift a program word into the input buffer of the UOAC the S/L line (shift/latch not) must be 
HIGH. The contents of the input buffer are transferred to the appropriate RAM on the HIGH-to-LOW 
transition of the S/L signal. When S/C is LOW the input buffer is disabled and cannot accept new 
incoming information. Fig. 3 illustrates the program reception cycle. 

Table 1 Programming format 

bit status PPW1 PPW2 PPW3 PPW4 PPW5 PPW6 PPW7 

1 L H L H L H L H 
2 L L H H L L H H 
3 L L L L H H H H 
4 RESET 08 X X X X 04 06 
5 X X X X X X 05 07 
6 X X X X X X X X 
7 X X X X X X X X 
8 X X X X X X X X 
9 00 08 08 08 08 08 08 08 

10 01 07 07 07 07 07 07 07 
11 02 06 06 06 06 06 06 06 
12 03 05 05 05 05 05 05 05 
13 X 04 04 04 04 04 04 04 
14 X 03 03 03 03 03 03 03 
15 M1 02 02 02 02 02 02 02 
16 M2 01 01 01 01 01 01 01 

Where: 

X : don't care 
01 to 08: data for programming pulse width, 01 = MSB and 08 = LSB 
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RXD 

TXD 

Si[~ L 
(a) 

RXD ~~ ________________________________________ _ 

TXD 

siC ~ ___ nJlJlJ1J 
(b) 

Fig. 3 Program reception cycle: a) normal reception cycle; b) no information is loaded into the input 
buffer, the RAMs contents remain unchanged. 

Pulse width modulated outputs 

The UDAC has seven pulse width modulated outputs (PPW1 to PPW7). The output PPW1 is slightly 
different to outputs PPW2 to PPW7, the difference is explained below. Each output produces a pulse 
width modulated signal with a duty factor programmable in steps of 1/256 and has a repetition frequency 
of approximately 23 kHz. These pseudo analogue signals are used to control the capstan and reel drives. 
Motor control can be performed in the following ways: 

• convert the pulse width modulated signal into an analogue signal using filtering and analogue power 
amplification 

• by feeding the pulse width modulated signal to the motor via a power switch and a switch mode 
filter 

To conserve power use the second method for control of the capstain and reel motors. For the 
scanner control two outputs are available, so that by weighted addition a higher resolution can be 
achieved. 

PPW1 is also an 8-bit programmable output, with a repetition frequency of 23 kHz. The difference 
is the low frequency contents of the signal are reduced by changing the distribution of the HIGH and 
LOW level portions. This redistribution means that a filter with two poles; each at 43 jlS, is sufficient 
to reduce the peak-to-peak ripple to less than 1 LSB. This output is for use in applications where long 
filter delays are not tolerated. 
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Clock frequency 

The clock signal of the UDAC is derived from the quartz oscillator of the microcontroller. The clock 
frequency should not exceed 6 MHz. The device also contains a programmable 'divide by two' circuit 
which allows these frequencies to be doubled, thus 6 MHz or 12 MHz microcontrollers can be used. 
The FOSC signal can be divided by two using bit M 1 of RAM 0 (see Table 2). 

Table 2 U DAC adjustment 

bit quartz frequency 
M1 (MHz) 

H 12 

L 6 

Programmable output ports 

A total of nine output ports can be programmed to supply a HIGH or LOW level signal. Four of these 
outputs (04 to 07) are intended to supply information about the breaking and direction of the capstan 
and reel motors, therefore these output ports must be programmed at the same time as the pulse widths 
of PPW6 and PPW7. Output port 08 is programmed at the same time as PPW1. The other four output 
ports (00 to 03) are programmed by RAM O. 

Measurement of the time period 

To facilitate accurate measurement of the time period (falling edge to falling edge) of a signal applied 
to TI M, the U DAC contains a 16-bit counter and a buffer to store the contents of the previous counter 
measurement. The counter operates at a frequency of fCLOCK/2 or fCLOCK/16, the counter can be 
programmed using bit M2 of RAM O. This timer can record periods of up to 21,8 ms and 175 ms 
respectively (see Table 3). When the time period is too long and the timer overflows, the microcontroller 
is loaded with a hex 'FFFF' when it reads the time period after the next pulse. 

Table 3 Counter frequency 

M2 
division time period 

frequency resolution ratio (max.) 

L 2 21,8 ms 46 Hz 333 ns 

H 6 175 ms 5,7 Hz 2,67 j1S 
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Data from the timer can be transferred to the microcontroller via a bidirectional bus when the 
handshaking signal pin R/O is pulled LOW by the microcontroller. The LSB is transferred first and 
the MSB last. After the data has been transferred pin R/O remains in a LOW state (pulled down by the 
UDAC) until a new measurement of the time period is concluded. Note that each measurement of a 
time period can only be read once. After the next input pulse the 'data ready' state is signalled to 
the microcontroller by releasing the R/O pin, so that the microcontroller reads a HIGH level on this pin. 

Note 

During the 'data not ready' state the R/O is in a low impedance state and during the 'data ready' state 
the R/O is in a high impedance state (= HIGH). To speed up the transition from LOW-to-HIGH, the 
high impedance state is preceded by a short period of low impedance HIGH state. 

Reset 

The device can be reset by software by loading a LOW into the RESET bit of RAM O. The effect of 
this reset is as follows: 

• RAM 0; not influenced 
• RAM 1; duty factor = 50%, 08 = LOW 
• RAM 2 to 5; duty factor = 50% 
• RAM 6 to 7; duty factor = 0 and 04 to 07 = LOW 

The reset is de-activated automatically on the next LOW-to-HIGH transition of S/c. This allows new 
program information to be loaded and transferred to any RAM without having finished the reset. 
Due to RAM 0 not being influenced by the reset, the data required after the reset can be loaded along 
with the reset command. 
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RATINGS 

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

parameter conditions symbol min. max. unit 

Supply voltage range VDD - 7 V 

I nput voltage range note 1 VI -0,5 VDD + 0,5 V 

I nput voltage at SIC V4-12 -0,5 VDD + 2,0 V 

D.C. current into any input ±II - 10 mA 

D.C. current from any output ±IO - 10 mA 

D.C. current into VDD ±II - 25 mA 

D.C. current into VSS ±II - 25 mA 

Total power dissipation note 2 Ptot - 200 mW 

Storage temperature range Tstg -55 +150 oC 

Operating ambient temperature range Tamb -20 +70 oC 

Notes to ratings 

1. Input voltage should not exceed 7 V unless otherwise specified. 

2. Diminishes by 5 mW/K from 60 0C. 

HANDLING 

I nputs 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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D.C. CHARACTERISTICS 

VOO = 4,75 to 5,25 V; Tamb = -20 to 70 oC, unless otherwise specified 

parameter conditions symbol min. 

Supply 

Supply voltage range VOO 4,75 

Supply current range Va = VOO, 10 = 0 rnA 
on all outputs;VI = VSS 
on all inputs 100 -

TXD, RXD, S/L, RIO 
Input voltage 

LOW VIL -
HIGH VIH 2,4 

I nput leakage current note 1 ±II -
I nput capacitance CI -

RXD, RIO, 00 to 07 

Output voltage note 2 
LOW 10L = 1,6 rnA VOL -
HIGH 10H = -1,0 rnA VOH Voo-O,4 

Output sink current 10 -
Output source current -10 -

FOSC 

I nput voltage 
LOW VIL -
HIGH VIH 2,4 

I nput leakage current ±II -
I nput capacitance CI -

typo max. unit 

5,0 5,25 V 

100 - /lA 

- 0,8 V 
- - V 

- 1 /lA 

- 7,5 pF 

- 0,4 V 

- - V 

- 1,6 rnA 

- 1,0 rnA 

- 0,8 V 
- - V 

- 1 /lA 

- 7,5 pF 
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D.C. CHARACTERISTICS (continued) 

parameter conditions symbol min. typo max. unit 

RXD used as input 

I nput leakage current ±II - - 10 J.l.A 

TIM 

I nput voltage 
LOW VIL - - 0,3xV OO V 
LOW V 0 0 = 5 V at 20 oC VIL - 1,8 - V 
HIGH VIH 0,7xV OO - - V 
HIGH V 0 0 = 5 V at 20 oc VIH - 2,9 - V 

Hysteressis used as input Vhys - 730 - mV 

RIO used as input 

Output resistance RO 500 - 1000 on 
I nput leakage current ±II - - 10 J.l.A 

RIO used as output; open 
drain output; note 3; 
see Fig. 7 

Output voltage 
LOW 10L = 0,4 rnA VOL - - 0,8 V 
HIGH 10H = --0,4 mA VOH VOO-0,8 - - V 

PPW1 to PPW7 

Output voltage 
LOW 10L = 4 mA VOL - - 0,4 V 
HIGH 10H = -4 mA VOH Voo-O,4 - - V 

Output sink current 10 - - 4 mA 

Output source current -10 - - 4 mA 

Notes to the d.c. characteristics 

1. This value applies to TXO and S/L, the input leakage current for RXO and RIO is shown above. 

2. This value applies to RXO and 00 to 07, the output voltage for RIO is shown above. 

3. After a LOW-to-HIGH transition of the RIO output, the port is held HIGH for approximately one 
clock cycle. This low impedance HIGH period is followed by the high impedance OFF-state. 

April 19871 ( 



___ Un_iv_erS_81_DA_C ____________ ]l ___ S_A_D_10_0_9 __ _ 

<3: 

~ 
C 
I
Z 
w 
~ 
Q. 

o 
..J 
W 
> 
W 
C 

A.C. CHARACTERISTICS 

parameter 

RXD, RIO, 00 to Q7 

Output transition time 
LOW-to-HIGH 
HIGH-to-LOW 

FOSC 

Maximum pulse 
frequency 

Minimum pulse width 
LOW 
HIGH 

TXD 

Pulse frequency 

Pulse width 
LOW 
HIGH 

RXD 

Set-up time 
RXD to TXD 

Hold time 
RXD to TXD 

RXD 

Propagation delay 
TXD to RXD 
RIO to RXD 

S/[ 

Pulse width LOW 

Set-up time 
TXD to S/[ 

Hold time 
TXD to S/[ 

Propagation delay 
S/[ to 00 - 07 

TIM 

Pulse width 
LOW 
LOW 
HIGH 

conditions 

CL = 50 pF 

M1 = L 
M1 = H 

used as input; 
see Fig. 5 

used as output; 
see Fig. 6 

see Fig. 7 

M2 = LOW 
M2 = HIGH 

symbol min. typo max. unit 

tTLH - - 30 ns 

tTHL - - 30 ns 

fmax - - 12 MHz 
fmax - - 6 MHz 

tWL 20 - - ns 

tWH 20 - - ns 

fmax - - 6 MHz 

tWL 50 - - ns 

tWH 50 - - ns 

tSURXD 50 - - ns 

tHDRXD 50 - - ns 
I 

tpRXD - - 50 ns 

tPR/O - - 50 ns 

tSUTXD 50 - - ns 

tHDTXD 50 - - ns 

tp - - 50 ns 

tWL 700 - - ns 

tWL 5,4 - - J.ls 
tWH 100 - - ns 
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Fig.4 Equivalent RIO output port. 

DATA VALID 

7Z81468 

Fig. 5 RXD input waveform. 
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Fig.6 RXD output waveform. 

7Z81470 

Fig. 7 S/[ input waveform. 



DEVELOPMENT DATA 
This data sheet contains advance information and 

specifications are subject to change without notice. l __ SA_D_1_0_19 ___ _ 

MULTI-NORM PULSE-PATTERN GENERATOR 

GENERAL DESCRIPTION 

The SAD1019 is part of a frame transfer image sensor camera system which uses the NXA series of 
frame transfer image sensors. The device provides the vertical transport pulses necessary, for the 
operation of the frame transfer image sensors and a start-stop signal for the horizontal clock generator. 
The drive pulses and clock signals for the SAD1019 are provided by the universal sync generator (SAA 1043). 

Features 

• Vertical transport pulses for the image region and storage region of the image sensor during field 
blanking (¢A and ¢B pulses) 

• Colour separation and transport of one line of sensor information to the output register during line 
blanking (¢B, TG and ¢C pulses) 

• Other additional pulses required for the control and processing in the frame transfer image sensor 
camera 

PACKAGE OUT~INES 

SAD1019: 24-lead DIL; plastic (SOT101B). 
SAD1019T: 24-lead mini-pack; plastic (S024; SOT137A). 
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Multi-norm pulse-pattern generator l ___ SA_D_1_0_19 ___ ~ 
PINNING 

Power supplies 

VDD 

VSS 

Inputs (CMOS) 

CLOCK 

FH80 

H1 

V1 

NORM 

7Z81380 

Fig.2 Pinning diagram. 

positive supply voltage (+ 5 V) 

ground (0 V) 

clock input from SAA 1043, typo 2.5 MHz (625 lines) or typo 2.51748 MHz (525 lines). 
5 MHz mode, typo 5 MHz (625 lines) or 5.03496 MHz (525 lines) 

clock input from SAA 1043, typo 1.25 MHz (625 lines) or 1.25874 MHz (525 lines) 

H1 input from SAA1043, typ.15.625 kHz (625 lines) or typ.15.734 kHz (525 lines) 

V1 input from SAA 1043, typo 50 Hz (625 lines) or 59.94 Hz (525 lines) 

norm-selection input, 625 lines = LOW, 525 lines = HIGH 

Outputs (CMOS push-pull) 

<P1A to <P4A 

<P1B to <P4B 

¢1C to ¢3C 

DCP 

FI 

SS 

BLC 

TG1 and TG2 

sensor image section control to drivers 

sensor storage section control to drivers 

low frequency outputs for transport pulses to pixel oscillator 

DC clamp pu Ise 

frame identification 

start/stop for pixel generator 

black-level clamping 

transfer gate control to drivers 
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__ S_AD_101_9 _Jl_. _______ _ 
FUNCTIONAL DESCRIPTION 

625 line mode (NORM = LOW, see Figs 3 to 7) 

One complete cycle of the multi-norm pulse-pattern generator (MNPPG) occurs after a command from 
the synchronization pulse generator (SYN). This cycle consists of 294 line cycles which are used to 
read out the sensor information followed by transport of the integrated information from the image 
area to the storage area of the sensor. Once this cycle has been completed the device enters into a 
'wait' status period which lasts until the device receives a start command from the SYN. 

The cycle is restarted with a V-pulse from the SYN. The falling edge of this pulse is detected in the 
MNPGG and results in a reset of the start counter as well as providing the field information (field 1/2). 
The start counter counts 11 lines and then the line cycle information is read from the line ROM. The 
start of the line cycle occurs at line 22 in frame 1 and line 335 in frame 2. The H 1 pulse of the SYN 
controls the position of the line cycle with respect to the SYN pulses. The H 1 pulse sets the correct 
value in the line counter of the MNPPG. 

The control counter counts the number of line cycles and switches the line cycle to field cycle after 
294 lines (in both fields), then the field cycle information is read from the field ROM. The control 
counter was reset before the switch over had taken place, it now counts the field cycles. The field 
cycle lasts for 294 cycles of the </>48 pulse and then the device enters the wait status period again. 

The device will continue to operate in the manner described, until the overall system is switched off. 

525 line mode (NORM = HIGH) 

The basic operation is identical except for variations in the start points and number of transports (see 
Figs 8 to 12). 

Operati ng modes 

Synchronization generator (SAA 1 043) 

The H1 pulse from the SAA 1043, due to internal delays, is out of phase with the MNPPG clock signal. 
The following method is used to obtain the correct phase relationship between the H 1 pulse and the 
MNPPG output. The H1 pulse and the FH80 are clocked into a flip-flop, at the output of the flip-flop 
the timing of the H1 and FH80 signals are in phase. The output of the flip-flop is sampled with that 
of the CLOCK, which is in phase with the FH80. In this way a reliable fixed phase relationship between 
SYN and MNPPG is obtained. 

Other operating modes 

• single 2.5 MHz operation: 
If another synchronization pulse generator is used, in which an H 1 pulse is in phase with the CLOCK, 
a single 2.5 MHz clock signal can be used. 

Connect the 2.5 MHz to the CLOCK and with delay circuitry (RC elements, 50 ns approx.) to FH80 . 

• single 5 M Hz operation: 
If another synchronization pulse generator is used, in which an H 1 pulse is in phase with the CLOCK, 
a single 5 MHz clock signal can be used. 

Connect the 5 MHz to the CLOCK and connect FH80 to ground. 
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Multi-norm pulse-pattern generator l ____ S_A_D_10_19 ______ ~ 
RATINGS 

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

parameter symbol min. max. unit 

Supply voltage range (pin 24) VDD -0.5 +7.0 V 

Supply current (pin 24) IDD - 50 rnA 

Supply current (pin 12) ISS - 50 rnA 

I nput voltage range VI -0.5 VDD + 0.5* V 

Input current ± II - 10 rnA 

Output current ± 10 - 10 rnA 

Total power dissipation per package Ptot - 500 mW 

Power dissipation per output Po - 25 mW 

Operating ambient temperature range Tamb -25 + 70 °C 
Storage temperature range Tstg -55 + 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'). 

* VDD + 0.5 V not to exceed 7.0 V. 
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___ S_AD1_019 __ jl~ ______________ _ 
CHARACTER ISTltS 

VOO = 4.5 to 5.5 V; Tamb = 25 oC, unless otherwise specified 

parameter conditions symbol min. typo max. unit 

Current 

Supply current on all outputs; 
10 = 0 rnA 100 - - 10 p.A 

Inputs H1, V1, NORM, 
CLOCK and FH80 

Input voltage HIGH VIH 0.7VOO - - V 

Input voltage LOW CMOS compatible VIL - - 0.3VOO V 

Outputs 

Output voltage HIGH all outputs except 
BLC; -10 = 0.8 rnA; 
VOO = 5 V VOH - - VOO-0.5 V 

Output voltage LOW all. outputs except 
BLC; 10 = 2.9 rnA; 
VOO = 5 V VOL - - 0.5 V 

Black level clamping (BlC) 

Output voltage HIGH -10 = 2.6 rnA; 
VOO = 5 V VOH - - VOO-0.5 V 

I 

Output voltage LOW 10 = 2.9 rnA; 
VOO = 5 V VOL - - 0.5 V 
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Multi-norm pulse-pattern generator l __ S_A_D_1_01_9 __ _ 

cf>18 LJ LJ 
ii>2B ~ ____________ ~r--l~ ____________ __ 

cf>38 __________ ~n~ ________ ~rl~ ________________ ~r__l~ __________ __ 

¢4B ~ ____ ~r__l~ ______ ~ 

TG1 ~ ____ ~r__l~ ______ ~ 

TG2 

cf>1C ~ ________ ~r--l~ ______________ ~ 

cf>2C L----1 

cf>3C 

55 

DCP ---. ~ __________________________________________ ~r___ 

H1 ------1 

CLOCK 
7Z81381 

Fig.3 Line transport (625 lines). 

cf>1A 

cf>2A 

cf>3A -----------~' 
cf>4A 

cf>18 

cf>28 -~~ I I ----------

cf>38 

iP4s 
TG

1 
(1) 

DCP ---, 
FI 

~~ 
---------1iif--~-

II 

H1 
11---1 ------

CLOCK 

(1) TG1 = HIGH state. Fig.4 Image sensor transport, field 2 (625 lines). 
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_____ S_A_D_10_1_9 __ ~jl _______________________________ __ 
if.iA 

II 

t/>2A 

CJ>3A --~~L...----
t/>4A 

t/>1B 

t/>2B ~~ ------ II ------

4GB 

<i>4B 
TG

1 
(1) 

DCP --, 
FI 

~~ 
II "'-------IIr-----
II 

H1 ---.J ---'It---I --~ 
CLOCK II 

(1) TG, = HIGH state. Fig.5 Image sensor transport, field 1 (625 lines). 
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DEVELOPMENT DATA 

(H1) 

CCO-video ____ !-field shift (7.4H) _I_ wait status (10.6H) .1 

1st field sensor 
BLC 

OCP 

cf>1A 

I- 294 x cf>4B - -I 
cf>3A 

FI 

VI 1 
10H 

composite 
blanking 

(CB)~ ~2ndfieldSync. 
LJUlJLJL 

horizontal 
drive (H1) 

V V V ~:~t bla k V V V V V 
CCO-video ~ ~ ~ ..",. ~ .---. ...::. Ill" field shift 'I- wait status (11.6H) "Ie ~ ~ ~ ~ ~ 

BLC n'---_________________________ _ 
2 nd field sensor 

OCP 

cf>1A 1-= =-1 
I- 294 x <P4B _I 

-I 

cf>3A 1--= =-1 
FI 

lZ81390.1 

Fig,6 Pulse pattern during field blanking (625 lines), 
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Multi-norm pulse-pattern generator l ___ S_A_D_10_1_9 __ 

4>1B LJ 
4>2B ~ ____________ ~r--lL ______________ _ 

4>3B __________ ~nL ________ ~nL ________________ ~r__lL __________ __ 

<P4B ~ ____ ~r__l~ ______ ~ 

TG1 L-______ ~r__l~ ______ ~ 

TG2 

<P1C ~ ________ ~r__l~ ______________ ~ 

<P2C L-J 

<P3C 

SS 

DCP ~ 

H1 ~ 

CLOCK 

7Z81385 

Fig.8 Line transport (525 lines) . 

<P1A 

<P2A 

<P3A ----_~' 
<P4A 

<P1B 

<P2B ~~------------- II 

<P3B 

<P4B 

TG
1 

(1) 

DCP ---, 
FI 

~~ 
--------jI,l----------

II 

H1 ---.J 
II 

CLOCK 

(1) TG1 = HIGH state. Fig.9 I mage sensor transport, field 2 (525 lines). 
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___ SA_D10_19_jl _______________ _ 
¢lA 

II 

<P2A 

¢3A --~~L.-..-
¢4A 

<P1B 

<P2B -~~-II 

<P3B 

<P4B 

TG
1 

(1) 

OCP ----, 
FI 

~~ 
II 

L...----__ --.,1'-------,=== 
II 

Hl ~ --'~~II---I --,--
CLOCK II 

( 1) T'"G1 = H I G H state. Fig.10 I mage sensor transport, field 1 (525 lines). 
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CD 
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(Xl 

lZ81389.1 

(Xl 

Fig.11 Pulse pattern during field blanking (525 line~ 
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~--j SAF1032P 
SAF1039P 

REMOTE CONTROL SYSTEM FOR INFRARED OPERATION 

The SAF 1032P (receiver/decoder) and the SAF 1 039P (transmitter) form the basic parts of a sophis
ticated remote control system (pcm: pulse code modulation) for infrared operation. The ICs can be 
used, for example, in TV, audio, industrial equipment, etc. 
Features: 

SAF1032P receiver/decoder: 
• 16 programme selection codes 
• automatic preset to stand-by at power 'ON', including automatic analogue base settings to 50% and 

automatic preset of programme selection '1' code 
• 3 analogue function controls, each with 63 steps 
• single supply voltage 
• protection against corrupt codes. 

SAF1039P transmitter: 
• 32 different control commands 
• static keyboard matrix 
• current drains from battery only during key closure time 
• two transmission modes selectable. 

The devices are implemented in LOCMOS (Local Oxidation Complementary MOS) technology to 
achieve an extremely low power consumption. 
Inputs and outputs are protected against electrostatic effects in a wide variety of device-handling 
situations. However, to be totally safe, it is desirable to take handling precautions into account. 

SELA SELC 

VDD I SELB H¢LD 

TRY2 

I 
TRSL TRi1l1 

TRi1l2 I 
18 

SAF1032P 

146 2 4 6 
L30T I L1I1lT I BINC I BINA TRXO I TRX2 I TROT I TRi1lS 

L2fZ}T BIND BINB TRX1 TRX3 TINH 
7Z74348 7Z74349.1 

Fig. 1 Pin designations. 

PACKAGE OUTLINES 

SAF1032P: l8-lead. DIL; plastic (SOT102). 
SAF1039P: l6-lead DI L; plastic (SOT38Z). 
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SAF1032P l 
SAF1039P 

'------------------------------------------------------
PINNING 
To facilitate easy function recognition, each integrated circuit pin has been allocated a code as shown 
below. 

SAF1032P 
1 L30T I i near output 10 H0LD control input 
2 L20T linear output 11 DATA data input 
3 L10T Hnear output 12 MAIN reset input 
4 BIND binary 8 output 13 0SCI clock input 
5 BINC binary 4 output 14 SELD binary 8 output 
6 BINB binary 2 output 15 SELC binary 4 output 
7 BINA binary 1 output 16 SELB binary 2 output 
8 TV0T on/off input/output 17 SELA binary 1 output 
9 VSS 18 VDD 

SAF1039P 
1 TRXO keyboard input 9 TR01 oscillator control input 
2 TRX1 keyboard input 10 TR02 oscillator control input 
3 TRX2 keyboard input 11 TRSL keyboard select line 
4 TRX3 keyboard input 12 TRY3 keyboard input 
5 TRDT data output 13 TRY2 keyboard input 
6 TINH inhibit output/mode select input 14 TRY1 keyboard input 
7 TR0S osci lIator output 15 TRYO keyboard input 
8 VSS 16 VDD 
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Remote control system for infrared operation 

BASIC OPERATING PRINCIPLES 

SAF1032P 
SAF1039P 

The data to be transmitted are arranged as serial information with a fixed pattern (see Fig. 2), in 
which the data bit-locations BO to B4 represent the generated key-command code. To cope with I R 
(infrared) interferences of other sources a selective data transmission is present. Each transmitted bit 
has a burst of 26 oscillator periods. 

Before any operation will be executed in the receiver/decoder chip, the transmitted data must be 
accepted twice in sequence. This means the start code must be recognized each time a data word is 
applied and comparison must be true between the data bits of two successively received data words. If 
both requirements are met, one group of binary output buffers will be loaded with a code defined by 
the stored data bits, and an internal operation can also take place. See operating code table. 

The contents of the 3 analogue function registers are available on the three outputs in a pulse code 
versus time modulation format after D (digital) to A (analogue) conversion. The proper analogue levels 
can be obtained by using simple integrated networks. For local control a second transmitter chip 
(SAF1039P) is used (see Fig. 7). 

DATA 
MODE1 

DATA 
MODE2 

TINH 

r---~LJ--____ ~~ ________ L-__ ~~~ __ ~~~~ ____ ~LJ~ ____________ ~ 

rkey down 

I ..... r------- start code ------------l .. ~I ..... I------------- data bits -------------l .. ~1 

one data word -----------------------------l .. ~ 
32 x To = 32 x 7.

7 
ms (2) 7Z743S1.2 

ft 

.. 

(1) TO = 1 clock period = 128 oscillator periods. (2) ft in kHz. 

Fig. 2 Pattern for data to be transmitted. 

TIMING CONSIDERATIONS 

The transmitter and receiver operate at different oscillator frequencies. Due to the design neither 
frequency is very critical, but correlation between them must exist. Calculation of these timing 
requirements shows the following. 

With a tolerance of ±1 0% on the oscillator frequency (ft ) of the transmitter, the receiver oscillator 
frequency (fr = 3 x ft ) must be kept constant with a tolerance of ±20%. 
On the other hand, .the data pulse generated by the pulse stretcher circuit (at the receiver side) may 
vary ±25% in duration. 
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SAF1032P 
SAF1039P 

GENERAL DESCRIPTION OF THE SAF1039P TRANSMITTER 

SAF1039P 
1 TRXO 

2 TRX1 
ENCODING 

~ 
OUTPUT 

3 TRX2 GATING 

4 TRX3 

it 15 TRYO INPUT 
CONTROL 

~J 14 TRY1 

13 TRY2 

TRY3 ~ SCALER 
12 OSCILLATOR 27 

11 TRSL 

& N (f) 

S S 

VOO 
0::: 0::: 0::: 

Vss r r r 

J16 9 10 7 18 

Fig. 3 Block diagram of SAF 1 039P transmitter. 

TROT 5 

TINH 6 

7Z74350.1 

Any keyboard activitY on the inputs TRXO to TRX3, TRYO to TRY3 and TRSL will be detected. For 
a legal key depression, one key down at a time (one TRX and TRY input activated), the oscillator 
starts running and a data word, as shown on the previous page, is generated and supplied to the output 
TRDT. If none, or more than 2 inputs are activated at the same time, the input detection logic of the 
chip will generate an overall reset and the oscillator stops running (no legal key operation). 

This means that for each key-bounce the logic will be reset, and by releasing a key the transmitted data 
are stopped at once. 

The minimum key contact time required is the duration of two data words. The on-chip oscillator is 
frequency controlled with the external components R 1 and C1 (see circuit Fig. 6); the addition of 
resistor R2 means that the oscillator frequency is practically independent of supply voltage variations. 
A complete data word is arranged as shown in Fig. 2, and has a length of 32 x TO ms, where TO = 271ft . 

Operation mode 

1 

2 

DATA 

unmodulated: LOCAL operation 

modulated: REMOTE control 

June 1981 1 ( 

FUNCTION OF TINH 

output, external pull-up resistor to VDD 

input, connected to VSS 



Remote control system for infrared operation SAF1032P 
SAF1039P 

GENERAL DESCRIPTION OF THE SAF1032P RECEIVER/DECODER 

7 6 5 4 17 16 15 14 

« III u 0 « III ~ 0 
z z z z -' -' -' 
iIi iIi iIi iIi w w w w 

(/) (/) (/) (/) 

10 H(lJLD r BINARY OUTPUT I I BINARY SELECT 1 LINEAR 1 
DIGITAL TO 

I FLAGS (BINF) FLAGS (SELF) REGISTER f-+-
ANALOGUE L10T 3 

CONVERSION 
(LlN1) (D/A) 

LINEAR 2 DIGITAL TO 
ANALOGUE L20T 2 

IT REGISTER -+--
CONVERSION 

(LlN2) 
(DiA) 

LINEAR 3 
DIGITAL TO 

I I r I 
ANALOGUE L30T 1 BUFFER ANALOGUE REGISTER r+-REGISTER DECODER CONVERSION 

(BFR) (ANDEC) (LlN3) (DiA) 

'1 1 m 

~ ~ 

I DATA SHIFT COMPARATOR I COMPARATOR 

I I MAIN MAIN 12 
REGISTER 

(K0M) 
COUNTER FLAG 

(SRDT) (C0MP) (MAINF) 

+ 1 
,'0/'1' DETECTOR 

BIT COUNTER , [TV ON/OFF TV0T 8 
I FLAG 

(BITC) (TV0NF) 

+ T f 
11 DATA I START CODE 

I , TIMER COUNTER' I PRESET 
DETECTION TIl FLAG OSCI 13 

I (CST0) (CTIM) (PREST) 

VOD 
SAF1032P 

Vss 

118 19 7Z74352 

Fig.4 Block diagram of SAF1032P receiver/decoder. 

The logic circuitry of the receiver/decoder chip is divided into four main parts as shown in the block 
diagram above. 

Part I 

This part decodes the appl ied DATA information into logic '1' and '0'. 
It also recognizes the start code and compares the stored data-bits with the new data-bits accepted. 
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SAF1032P 
SAF1039P 

Part II 

This part stores the programme selection code in the output group (BIN F) and memorizes it for 
condition HC])LD = LOW. 

It puts the functional code to output group (SE LF) during data accept time, and decodes the internally 
used analogue commands (ANDEC). 

Part III 

This part controls the analogue function registers (each 6-bits long), and connects the contents of the 
three registers to the analogue outputs by means of D/ A conversion. During sound mute, output L 1 C])T 
will be forced to HIGH level. 

Part IV 

This part keeps track for correct power 'ON' operation, and puts chip in 'stand-by' condition at supply 
voltage interruptions. 

The logic design is dynamic and synchronous with the clock frequency (c])SCI), while the required 
control timing signals are derived from the bit counter (BITC). 

Operation 

Serial information applied to the DATA input will be translated into logic '1' and '0' by means of a 
time ratio detector. 

After recognizing the start code (CSTC])) of the data word, the data bits will be loaded into the data 
shift register (SRDT). At the first trailing edge of the following data word a comparison (KC])M) takes 
place between the contents of SRDT and the buffer register (BFR). If SRDT equals BFR, the required 
operation will be executed under control of the comparator counter (CC])MP). 

As shown in the operating code table on the next page, the4-bit wide binary output buffer (BINF) will be 
loaded for BFRO = '0', while for BFRO = '1' the binary output buffer (SELF), also 4-bit wide will be 
activated during the data accept time. 

At the same time operations involving the internal commands are executed. The contents of the 
analogue function registers (each 6-bits long) are controlled over 63 steps, with minimum and maximum 
detection, while the D/ A conversion results in a pulsed output signal with a conversion period of 
384 clock periods (see Fig. 5). 

First power 'ON' will always put the chip in the 'stand-by' position. This results in an internal 
clearing of all logic circuitry and a 50% presetting of the contents of the analogue registers (analogue 
base value). The programme selection '1' code will also be prepared and all the outputs will be non
active (see operating output code table). 

From 'stand-by' the chip can be made operational via a programme selection command, generated 
LOCAL or via REMOTE, or directly by forcing the TV ON/OFF output (TVc])T) to zero for at least 
2 clock periods of the oscillator frequency. 

For POWER ON RESET a negative-going pulse should be applied to input MAIN, when VDD is 
stabilized; pulse width LOW ~ 100 J..I.s. 

....1 1.-.6 clock periods 

ANALOGUE n n n n n n n n Jlf1JlJl 
OUTPUT ...J U U U U U U U L __ 

(50 % contents) I.. 384 clock periods ~ 1 
7Z76078 

Fig. 5 Analogue output pulses. 
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Remote control system for infrared operation 

OPERATING CODE TABLE 

key-matrix buffer BINF SELF 
position BFR (BIN.) (SEL.) 

TRX. TRY. TRSL 0 1 2 3 4 A B C D A B C 

0 0 0 0 0 1 1 0 0 0 0 0 1 1 1 
0 1 0 0 0 0 1 0 1 0 0 0 1 1 1 
0 2 0 0 0 1 0 0 0 1 0 0 1 1 1 
0 3 0 0 0 0 0 0 1 1 0 0 1 1 1 
1 0 0 0 1 1 1 0 0 0 1 0 1 1 1 
1 1 0 0 1 0 1 0 1 0 1 0 1 1 1 
1 2 0 0 1 1 0 0 0 1 1 0 1 1 1 
1 3 0 0 1 0 0 0 1 1 1 0 1 1 1 

2 0 0 0 0 1 1 1 0 0 0 1 1 1 1 
2 1 0 0 0 0 1 1 1 0 0 1 1 1 1 
2 2 0 0 0 1 0 1 0 1 0 1 1 1 1 
2 3 0 0 0 0 0 1 1 1 0 1 1 1 1 
3 0 0 0 1 1 1 1 0 0 1 1 1 1 1 
3 1 0 0 1 0 1 1 1 0 1 1 1 1 1 
3 2 0 0 1 1 0 1 0 1 1 1 1 1 1 
3 3 0 0 1 0 0 1 1 1 1 1 1 1 1 

0 0 1 1 0 1 1 0 X X X X 0 1 1 
0 1 1 1 0 0 1 0 X X X X 0 0 1 
0 2 1 1 0 1 0 0 X X X X 0 1 0 
0 3 1 1 0 0 0 0 X X X X 0 0 0 
1 0 1 1 1 1 1 0 0 0 0 0 0 0 0 
1 1 1 1 1 0 1 0 X X X X 1 0 1 
1 2 1 1 1 1 0 0 X X X X 1 1 0 
1 3 1 1 1 0 0 0 X X X X 1 0 0 

2 0 1 1 0 1 1 1 X X X X 0 1 1 
2 1 1 1 0 0 1 1 X X X X 0 0 1 
2 2 1 1 0 1 0 1 X X X X 0 1 0 
2 3 1 1 0 0 0 1 X X X X 0 0 0 
3 0 1 1 1 1 1 1 X X X X 1 1 1 
3 1 1 1 1 0 1 1 X X X X 1 0 1 
3 2 1 1 1 1 0 1 X X X X 1 1 0 
3 3 1 1 1 0 0 1 X X X X 1 0 0 

Note 

Reset mute also on programme select codes, (LI N 1) ± 1, and analogue base. 

D 

1 
1 
1 
1 
1 
1 
1 
1 

1 
1 
1 
1 
1 
1 
1 
1 

1 
1 
1 
1 
0 
1 
1 
1 

0 
0 
0 
0 
0 
0 
0 
0 

SAF1032P 
SAF1039P 

function 

programme 
select + ON 

programme 
select + ON 

analogue base 
reg. (LlN3) + 1 
reg. (LlN2) + 1 
reg. (LlN1) + 1 
OFF 
reg. (LlN3) - 1 
reg. (LlN2) - 1 
reg. (LlN1) - 1 

mute (set/reset) 

spare functions 
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992 

SAF1032P l 
SAF1039P 

'---------------------------------------------------------
OPERATING OUTPUT CODE 

(BIN.) (SEL.) (L.0T) 

A B e D A B e D 1 2 3 TV0T 

'stand-by' OFF 
0 0 0 0 0 0 0 0 1 0 0 1 

via remote 

ON - 'not hold' condition 
1 1 1 1 1 1 1 1 X X X 0 

non-operating 

ON - 'hold' condition X X X X 1 1 1 1 X X X 0 
non-operati ng 

RATINGS 

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

Supply voltage VDD-VSS -0,5 to 11 V 

Input voltage 

Current into any terminal 

Power dissipation (per output) 

Power dissipation (per package) 

Operating ambient temperature 

Storage temperature 

June 19811 ( 

VI 

±II 

Po 

Ptot 

Tamb 
Tstg 

max. 11 V 

max. 

max. 

max. 

10 mA 

50 mW 

200 mW 

-40to +85 oe 

-65 to +150 oe 



Remote control system for infrared operation 

CHARACTERISTICS 

Tamb = 0 to +85 °C (unless otherwise specified) 

SAF1039P only 

symbol min. 

Recommended supply voltage VDD 7 

Supply current 
-

quiescent IDD -
operating; TR01 at VSS; 

outputs unloaded; 
one keyboard switch 

-
closed IDD -

Inputs (note 1) 
TR02; TINH (note 2) 

input voltage HIGH VIH 0,8VDD 
input voltage LOW VIL 0 
input current II -

Outputs 
TRDT; TR0S; TR01 

output current HIGH 
at VOH = VDD -0,5 V -IOH 0,4 

output current LOW 
at VOL = 0,4 V IOL 0,4 

TRDT output leakage 
current when disabled 
Vo = VSS to VDD IOL -

TINH 
output current LOW 

IOL 0,4 
VOL = 0,4 V 

Oscillator 
maximum oscillator 
frequency fosc 120 

frequency variation with 
supply voltage, temperature 
and spread of I C properties 
at fnom = 36 kHz (note 3) Af -
oscillator current drain 
at fnom = 36 kHz losc -

Notes follow characteristics. 

typo 

-

-
1 

-
0,8 

-
-
10-5 

-

-

-

-

-

-

1,3 

max. 

10 V 

10 JlA 
50 JlA 

1,7 mA 
- mA 

VDD V 
0,2VDD V 
1 JlA 

- mA 

- mA 

1 JlA 

- mA 

- kHz 

0,15fnom 

2,5 mA 

SAF1032P 
SAF1039P 

VDD Tamb 
V °C 

10 25 
7 65 

10 all 
10 25 

7 to 10 all 
7 to 10 all 
10 25 

7 all 

7 all 

10 25 

7 all 

7 to 10 all 

10 25 
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SAF1032P l 
SAF1039P ~ 

'---------------------------------------------------------
CHARACTERISTICS 

T amb = 0 to +85 °C (unless otherwise specified) 

SAF1032P only 

symbol min. typo max. VOO Tamb 
V °C 

Recommended supply voltage VOO 8 - 10 V 

Supply current 

quiescent 100 
- - 50 p.A 10 25 
- 1 300 p.A 10 85 

operating; 10 = 0; at 
100 - - 1 rnA 10 all 

0SCI frequency of 100 kHz 

Inputs 
OATA; 0SCI; H0LO; 
TV0T (see note 4) 
input voltage HI G H VIH 0,7VOO - VOO V 8 to 10 all 
input voltage LOW VIL 0 - 0,2VOO V 8 to 10 all 

MAIN; tripping levels 
input voltage increasing Vti O,4Voo - 0,9VOO V 5 to 10 all 
input voltage decreasing Vtd 0,1VOO - 0,6VOO V 5 to 10 all 

input current; all inputs 
II - 10-5 1 p.A 10 25 

except TV0T 

input signal rise and fall 
times (10% and 90% VOO) t r, tf - - 5 p.s 8 to 10 all 
all inputs except MAl N 

Outputs 
programme selection: 

BINA/B/C/O 
auxiliary: 

SELA/B/C/O 
analogue: 

L30T; L20T; L 10T 
TV0T (note 4) 

all open drain n-channel 
output current LOW 

at VOL = 0,4 V 10L 1,6 - - rnA 8 all 

output leakage current 
at Va = VSS to VOO 10L - - 10 p.A 10 all 

For note 4 see next page. 
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Remote control system for infrared operation 

Notes to characteristics 

SAF1032P 
SAF1039P 

1. The keyboard inputs (TRX.; TRY.; TRSL) are not voltage driven (see application information 
diagram Fig. 6). 

If one key is depressed, the circuit generates the corresponding code. The number of keys 
depressed at a time, and this being recognized by the circuit as an illegal operation, depends on the 
supply voltage (VOO) and the leakage current (between device and printed-circuit board) externally 
applied to the keyboard inputs. 

If no leakage is assumed, the circuit recognizes an operation as illegal for any number of keys> 1 
depressed at the same time with VOO = 7 V. At a leakage due to a 1 M.n resistor connected to each 
keyboard input and returned to either VOO or VSS, the circuit recognizes at least 2 keys depressed 
at a time with VOO = 7 V. 

The highest permissible values of the contact series resistance of the keyboard switches is 500 .n. 

2. Inhibit output transistor disabled. 

3. ~f is the width of the distribution curve at 2 0 points (0 = standard deviation). 

4. Terminal TVQ)T is input for manual'ON'. When applying a LOW level TVQ)T becomes an output 
carrying a LOW level. 
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SAF1032P l 
SAF1039P _ 

'-----------------------------------------------------
APPLICATION INFORMATION 

+ + 
9V 

SAF1039P 

~ 

I 
~ r __ ----J..'--_, 

I 

R2100kn 

7Z74353.2 

C1 
150 pF 
(2%) 

s: saturation 
B: brightness 
V:volume 

Fig.6 Interconnection diagram of transmitter circuit SAF1039P in a remote 
control system, for a television receiver with 12 programmes. 
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POWER ON 
RESET 
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~ 
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> 
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L--_---,I I 
~ 

lOOk" 
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~ ~ 52J 
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rn rn 

DATA 11 

MAIN 1~ 

Q)SCI 13 
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SELC 15 

n.c. SELB 
16 

~ 
SELA 17 

VDD 18 

B 

CJ I 

SAF 
1032P 
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I·· - I I I 

~ 
I TVQ)T 

BINA 

BINB 

5 BINC 

BIND 

~ 

~ 
L3Q)T 

10 
kn 

for interface 
see Fig. 8 

I 1 
1 

PULSE 
STRETCHER 
(2x 1/4HEF4011B) 

OSCI LLA TOR 
(2x 1/4HEF4011B) 

VSS 

} '"mo"m"" selection 
switch ICs 

Fig. 7 Interconnection diagram showing the SAF1032P and SAF1039P used in a TV control system. 
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SAF1032P l 
SAF1039P _ 

'--------------------------------------------------------

Voo +12V 

volume 
(pin 5; TBA750) 

Voo +12V 

2 brightness 
(pin 11; TDA2560) 

Voo +12V 

3 saturation 
(pin 16; TDA2560) 

33k.Cl 
to pin 9 of TDA2581 

...-----.-+ to pin 4 of TDA2581 

7Z74354,1 

Fig. 8 Additional circuits from outputs L 10T (1) I L20T (2) I L30T (3) and 
TV0T (4) of the SAF1032P in circuit of Fig. 7. 
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DEVELOPMENT DATA 
This data sheet contains advance information and 
specifications are subject to change without notice. l ___ S_A_F_11_3_5 __ _ 

DATA LINE DECODER 

GENERAL DESCRIPTION 

The SAF1135 is a data line decoder, designed in CMOS technology, which operates in conjunction with 
the data line processor (SAA5235) to form a data line receiver system. 

This system receives and decodes binary data that is transmitted in line 16 of every first field of a 
standard television signal. The decoded information is accessed via the built-in 12 C bus interface. This 
information can be used to program a video tape recorder to start and stop the recording of a television 
program at the correct time, regardless of a delay or extension in the transmission time of the required 
television program. 

Valid Video Programming System (VPS) data is transmitted in line 16 only. There is no VPS information 
in line 329. 

The data transmission is biphase modulated and the bit transfer rate is 2,5 Mbit/s. 

Features 

• Field selection 
• Line 16 decoding 
• Start code check 
• Biphase check 
• Storage of data line information 
• Generation of data reset pu Ise 
• 12 C bus transmitter 

QUICK REFERENCE DATA 

parameter 

Supply voltage (pin 14) 

Supply current (pin 14) 

Bit transfer rate at input 0 LO (pin 8) 

Clock frequency at input OLCL (pin 11) 

Storage temperature range 

Operating ambient temperature range 

PACKAGE OUTLINES 

14-lead 01 L; plastic (SOT27). 

symbol 

VOO 

100 

BROLO 

fOLCL 

Tstg 

Tamb 

min. typo max. unit 

4,5 5,0 5,5 V 

- 1 - rnA 

- 2,5 - Mbits/s 

- 5 - MHz 

-65 - +150 oC 

0 - 70 oC 
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c 
to 
C 

~ 

co 
00 
0> 

data line 
data input 

(OLD) 

video composite 
sync input 

(VCS) 

data line 
clock input 

(DlCl) 

data reset 
output 
(DAR) 

SAF1135 

~ START CODE DETECTOR 
BIPHASE CHECKER 

line 16 

~ LINE 16 DECODER 

~ 

sync clock 

~ 
~ 

TIMING 

TEST 1 TEST 2 

biphase data 

911.10 

write address 

VDD 
(+5V) 

114 

(BlOAT) >to.. (WRADDR)" 
~ 

~ ~ 

~ 

/ -'" 

write 

data valid transfer 
(DAVID) 

~ 

\ 
DATA VALID CONTROL 

~ 
data available reset new data flag 

(DAVRES) 

6 

, 
data available output 

(DAV) 

(NWDAT) 

reset +--

7 

~ 

Fig. 1 Block diagram. 

REGISTER BANKS 
(2 x 40-bit) 

read 
data address 

(RDADDR) 

2 

1
2
C BUS MODULE 

3 

t 4 

1 

POWER ON RESET 
5 

7Z81272 

serial clock input 
(SCl) 

serial data 1/0 
(SDA) 

AO } address 
A1 inputs 

RESET 

en » 
""T1 
~ 
~ 

c.v 
01 
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FUNCTIONAL DESCRIPTION 

The SAF1135 is designed to receive and decode Video Tape Recorder (VTR) control information 
which is transmitted in line 16 of every first field of a standard television signal. The following 
description refers to the block diagram Fig. 1 unless otherwise stated. 

Data line 16 

The total information of data line 16 consists of fifteen 8-bit words. The contents of the information 
is shown in Fig. 2, a timing diagram of the data line in Fig. 3 and a survey of VTR control labels in 
Fig. 4. 

From the total fifteen 8-bit words, the SAF 1135 extracts words 5, 11, 12, 13 and 14. The contents 
of these words can be requested via the built-in 12 C bus interface (see Fig. 9). The circuit is fully 
transparent, thus each bit is transferred without modification. Only the sequence of the words is 
changed; words 11 to 14 being transmitted first followed by word 5. 

By evaluation of the Video Composite Sync (VCS) signal at pin 12 the SAF 1135 identifies the begin
ning of line 16 in the first field. The line 16 decoder stage releases the start code detector. When a 
correct start code is detected (for timing of start code detection, see Fig. 5) words 5 and 11 to 14 are 
decoded, checked for biphase errors and stored in register bank R (Receive). If no biphase error has 
occurred, the contents of register bank R are transferred to register bank T (Transmit) by the data 
valid control signal (DAVID). If the system has been addressed, this transfer is delayed until the 
next start or stop condition of the 12 C bus has been received. 

The last correct data line information remains available until it is read via the 1
2 C bus. After it is read 

once the stored information is no longer considered to be valid, the internal new data flag (NWDAT) 
is reset and if the circuit is addressed, the only VPS data sent back is "FFF ... F". The same conditions 
apply after power-up. Then no data can be read out. 

New data is available after reception of another error-free line 16. 

Power-on Reset 

Reset pulses applied externally to pin 5 (RESET; active LOW) are latched internally by the power-on 
reset circuit. 

RESET = LOW influences: 

• 12 C bus logic to no acknowledge 
• NWDAT flag and internal timing to reset 
• Data available output (DAV; active LOW) at pin 6 forced to LOW 
• Data reset output (DAR) at pin 13 forced to HIGH 
• Serial data (SDA) input/output at pin 3 released 

When RESET changes to HIGH the reset period is terminated with the next negative-going transition 
of the data line clock (DLCL) input at pin 11. Then, the data available (DAV) output at pin 6 will go 
HIGH. 

When an external reset is not used pin 5 is connected to VDD. If an external reset is required, the rise 
time (trl of RESET voltage must be greater than 50 fJ.s. An external 10 kQ resistor connected between 
pin 5 and VDD and an external 2,7 nF capacitor connected to VSS will result in tr;;;:' 50 fJ.s. 
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______ S_AF_1_13_5 ___ jl _______________________________ _ 
FUNCTIONAL DESCRIPTION (continued) 

Word Content 

1 Runin 

2 Start code 

3 Program source identification (binary coded) 

4 Program source identification (ASCII sequential) 

5 I Sound and VTR control information I 
6 Program/Test picture identification 

7 Internal information exchange 

8 
Address assignment of signal distribution 

9 

10 Messages/Commands 

11 
VTR 

12 
Control 

13 

Information 
14 

15 Reserve 

Fig.2 Total information of data line 16. 

peak white level -1- T - - - - - - - - - - - - - - - - - - -
picture 

amplitude 
O,7V colour O,5V ± 5% 

standard TV signal 1 V burst 

'Y""""" _1 __ 
data line amplitude 

12,5 ±1,5 JJS 7Z81273 

Fig. 3 Timing diagram of data line 16; modulation depth 71,4%. 
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VTR Control Information 

Word-no. 5 11 12 13 14 

Bit-no. 1 12 314 51 6 17 18 _ a 1 2 3 4 5 6 7 8 9 1011 2131415 1617181 2~1 ~2l .l 1 J28~9~~1 
en 

Label Bit 1 Bit 2 Status 
binary a a 2-Channel 

a 1 Mono 

gjC1l 
Program ~C: 

Day Month Hour Minute Nation -oC:: 
Source ~~ 

1 a Stereo Special System Code 
1 1 2-Channel 

System 
Status Code 1 XO o a a 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 NC .. NC PC. · .. PC 

Bit 3 Bit4 

Pause Code 1 a not for 
children 1 XO a 0 o 0 1 1 1 1 1 1 1 1 a 1 1 1 1 1 1 NC .. NC PC. · .. PC 

Interrupt 
a 1 free Code 1 XO o 0 a a 1 1 1 1 1 1 1 o 1 1 1 1 1 1 1 NC .. NC PC. · .. PC 

-

Where: 

X = 0 or 1 (bit) 
NC is the Nation Code 
PC is the Program Source Code 

Fig.4 VTR control information of data line 16. 

DLCL input 

run in (word 1) start code (word 2) word 3 

00 010101001100 
~~~ __ ~~ __ ~~~ __ ~-y __ A-.~ 

: 0 0 
I 

error-I ~ 

start code pulse -------------:-: ----------------

I 
I 
I 

~phaseerrorpu~e ___________ ~~~ _________________ ~ 
(ignored in word 2) 7Z81274 

Fig. 5 Timing diagram of start code detection. 
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______ SA_F_11_3_5 ___ jl _______________________________ __ 

1004 

FUNCTIONAL DESCRIPTION (continuedl 

DLCL input 
(5 MHz) 

VCS input 

DAR output 

1~4.7Ms~J'-------I/~ 
1~~---------------------------64MS--------------------------.J 
~ __ ~~ ______ ~r~ 
~------------------- 7.8 MS ---------------------.1 7Z81275 

Fig.6 Timing diagram of the data reset pulse generation. 

~-----------------------64J1S-------------------------~ 

CVBS input 

DAV output ---=u 
-- __ 100ns 

r--------
line 16 L 

start code pulse n 
--------------------~~--------------------------------------------

word 5 latch pulse n 
----------------~~-----------------------

word 11 latch pulse n 
--------------------------~~--------------

word 14 latch pulse n 
--------------------------------~~-------

7Z81276 

Fig.7 Timing diagram of the data available output and word latch pulses. 
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Data line data and clock inputs (OLD; OlCL) 

The data line data and clock signals from the SAA5235 are input at pins 8 and 11 respectively. The data 
transmission is biphase modulated, the bit transfer rate is 2,5 Mbit/s and the clock frequency is 5 MHz. 

Input OLD incorporates an internal active clamping circuit. DlCl is internally a.c. coupled. 

Video composite sync input (VeS) 

The ves input pulse at pin 12 is used for: 

• Generation of the data reset pulse (DAR) 
• Identification of the first field 
• Selection of line 16 

The timing of the data reset pulse generation is shown in Fig. 6. 

12 C bus address inputs (AO; A1) 

The two 12 C address inputs at pins 4 and 1 respectively, provide the four different addresses 20H, 22H, 
24H and 26H. 

Data reset output (D A R ) 

The DAR output at pin 13 is a line frequency pulse with a 0,88 duty factor derived from the ves pulse. 
The DAR pulse is fed to the SAA5235 to reset the data slicer circuit and the clock phase detector 
circuit. 

Data available output (DAV) 

The DAV active lOW output at pin 6 is set to lOW after reception of one error-free data line 16. DAV 
returns to HIGH after at the beginning of the next first field. 

If no valid data is available DAV remains HIGH. However, a short duration (100 ns) pulse inserted at 
the beginning of line 16 ensures that a HIGH-to-lOW transition occurs, which can be used for triggering. 

The timing of DAV output and word latch pulses is shown in Fig. 7. 

12 C bus 

The internally latched data from words 5 and 11 to 14 can be clocked out via the 1
2 C interface by a 

bus master. The lines are the serial clock input (Sel) at pin 2 and the serial data input/output (SDA) 
at pin 3. 

The SA F 1135 can operate only as a slave transmitter on the bus. 
Data format is shown in Fig. 8. 

o 0 0 0 A1 AO 

~~--------~r-------~~ 
address R/W 

Fig.8 12 e bus data format. 

• The MSB of each word is transmitted first. 

7Z81277 

• There is no restriction on the number of words to be transmitted, but if more than five words are 
requested, word 5 will be repeated. 

• Noise pulses less than 200 ns duration are ignored on the bus lines. 
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______ S_A_F1_13_5 ___ jl ________________________________ _ 
RATINGS 

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

Supply voltage range (pin 14) VOO -0,5 to +7,0 V 

Supply current (pin 14) 100 max. 20 rnA 

20 mA Supply current (pin 7) ISS max. 

Input voltage (pins 8 and 11) 

Input voltage on all other pins 

Input current 

Output current 

Power dissipation per package** 

Power dissipation per output 

Storage temperature range 

Operating ambient temperature range 

HANDLING 

VI 

VI 

±II 

±IO 

Ptot 

P 

Tstg 

Tamb 

-0,5 to +12 V 

-0,5 to VOO +0,5* V 

max. 10 rnA 

max. 10 rnA 

max. 400 mW 

max. 100 mW 

-65 to +150 oC 

Oto+70 oC 

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'). 

Voo +0,5 not to exceed 7,0 V. 
** Above +60 OC: derate linearly with 8 mW/K. 
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D.C. CHARACTERISTICS 

VDD = 5 V ± 10%; T amb = 0 to 70 oC; unless otherwise specified 

parameter conditions symbol min. 

Supply (pin 14) 

Supply voltage - VDD 4,5 

Supply current Quiescent at 25 oC 
All inputs at VDD or VSS 
RESET at VSS 
TEST 1 and TEST 2 at VDD 
10 = 0 mA IDD -
During normal operation 
(without LED at DAV, 
VDD = 5 V) IDD -

Inputs 

AO, A1, TEST 1, 
TEST 2, SCL 

Input voltage LOW VIL -
Input voltage HIGH VIH 0,7VDD 

Leakage current III -

DLCL 

I nput voltage Clock internally a.c. 
coupled VI -

Leakage current VI = 0 to 10 V III -
RESET During normal operation 

pin 5 connected to VDD 

I nput voltage LOW VIL -
Input voltage HIGH VIH 0,9VDD 

Input current HIGH IIH -
Leakage current III -
VCS 

I nput voltage LOW VIL -
Input voltage HIGH VIH 2,0 

Leakage current III -

typo max. unit 

5 5,5 V 

- 10 J.l.A 

1 - mA 

- 0,2VDD V 

- - V 

- 1 J.l.A 

- 12 V 

- 10 J.l.A 

- 0,3VDD V 

- - V 

- 15 J.l.A 

- 10 J.l.A 

- 0,8 V 

- - V 

- 1 J.l.A 
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___ S_A_F1_13_5 __ Jl ...... _______________ _ 
D.C. CHARACTERISTICS (continued) 

parameter conditions symbol min. typo max. unit 

Inputs/Outputs 

OLO Internal active clamping 
circuit, open drain output 

Input voltage LOW VIL - - 0,9 V 

Input voltage HIGH VIH 2,0 - 12 V 

Leakage current III - - 1 IJ,A 

Output voltage LOW IOL =4 mA VOL - - 0,4 V 

SOA open drain output 

I nput voltage LOW VIL - - 0,9 V 

Input voltage HIGH VIH 3,15 - - V 

Leakage current VOO = 6 V; VI = 0 or VOO III - - 6 IJ,A 

Output voltage LOW IOL = 4 mA VOL - - 0,4 V 

Outputs 

OAR 

Output voltage LOW IOL = 1 mA VOL - - 0,4 V 

Output voltage HIGH -IOH = 400 IJ,A VOH VOO-0,5 V - - V 

OAV 

Output voltage LOW IOL = 10 mA VOL - - 1,0 V 

Output voltage HIGH -IOH = 400 IJ,A VOH VOO-0,5 V - - V 

1008 August 19861 ( 
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A.C. CHARACTERISTICS 

VOD = 5 V ± 10%; T amb = 0 to 70 oC; unless otherwise specified 

parameter 

Inputs 

I nput capacitance 

AO, A1, TEST 1, 
TEST 2, SCL 

Rise time 

DLCL 

Clock frequency 

I nput voltage 

DLD 

Coupling capacitor 

Set-up time 

Hold-up time 

Outputs 

DAR, DAV 

Rise and fall times 

DAR-time LOW 

SDA 

Fall time 

12 C bus • Input/Output 

Input current HIGH 

I nput capacitance 

Rise time 

Fall time 

Clock frequency 

Pulse duration LOW 

Pulse duration HIGH 

conditions symbol min. typo max. unit 

CI - - 10 pF 

VIL(max) to VIH(min) tr 50 - - #J.s 

sinusoidal input signal fDLCL - 5 - MHz 

peak-to-peak value VI(p_p) 1 - - V 

CEXT - 1 4,7 nF 

relative to rising edge 
of DLCL tsu 40 - - ns 

relative to rising edge 
of DLCL tHD 40 - - ns 

CL = 50 pF tr, tf - - 50 ns 

tDAR,L - 7,8 - #J.s 

CL = 400 pF tf - - 300 ns 

For both SDA and SCL valid 

0,9 VDD, including I LI of 
possible output stage IIH - - 10 #J.A 

CI - - 10 pF 

tr - - 1 #J.s 

tf - - 0,3 #J.s 

fCL - - 100 kHz 

tLOW 4,7 - - #J.S 

tHIGH 4,0 - - #J.s 

Purchase of Philips' 12 C components conveys a license under the 
Philips' 12 C patent to use the components in the 12C-system 
provided the system conforms to the 12 C specifications defined 
by Philips. 
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______ S_A_F1_13_5 ___ jl~ ________________________________ __ 
APPLICATION INFORMATION 

DAR AO A1 

! I ~ 1 r--

DATA LINE PROCESSOR DATA LINE DECODER 
SAA5235 SAF1135 

CEXT 
SDA --" II FIELD SELECTOR II 

OLD LINE 16 DECODER 

CVBS 
DATA SLICER START CODE DETECTOR 

BIPHASE CHECKER ---+ CLOCK REGENERATOR 
DATA REGISTER BANKS PHASE SHIFTER 

(2 x 40-bit) 
DlCl DATA RESET GENERATOR SCl 

12C BUS TRANSMITTER ... 

l 1 ! i v-. 
VCS RESET 7Z81278 

Fig.9 Data line receiver. 
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_________ Jl __ TB_A12_0U_ 

SOUND LF. AMPLIFIER/DEMODULATOR FOR TV 

The TBA120U is an i.f. amplifier with a symmetrical FM demodulator and an a.f. amplifier with 
adjustable output voltage. The a.f. amplifier is also provided with an.output for volume control and 
an input for VCR operation. 

The input and output of the TBA 120U are especially designed for LC-circuits, but the input can also 
be used with a ceramic filter. 

QUICK REFERENCE DATA 

Supply voltage (pin 11) 

Supply current 

I.F. voltage gain at f = 5,5 MHz 

Input voltage starting limiting 

AM suppression at ~f = ± 50 kHz 

A.F. output voltage adjustment range (pin 8) 

AF. output voltage at ~f = ± 50 kHz (r.m.s. value) 
at pin 8 

at pin 12 

11 

i 
+ 

14 

3 

13 x 
-11-

6 10 9 

Fig. 1 Block diagram. 

PACKAGE OUTLINE 

14-lead 01 L; plastic (SOT27). 

5 

Vp 

Ip 

Gv if 

Vi 

ex 

~Vo af 

Vo af(rms) 

Vo af(rms) 

TBA120U 

3,6V 

4 

typo 12' V 

typo 13,5 mA 

typo 68 dB 

typo 30 p.V 

typo 60 dB 

typo 85 dB 

typo 1,2 V 

typo 1,0 V 

a.f. 

a.f. 
(adjustable) 

7Z84978 
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_____ T_B_A_12_0_U ___ Jl _________________________________ _ 
RATINGS 

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

Supply voltage (pin 11) Vp = V11-1 

Adjustment voltage (pin 5) V5-1 

Total power dissipation 

By-pass resistance 

Storage temperature range 

Operating ambient temperature range 

CHARACTERISTICS 

Vp = 12 V; Tamb = 25 oC; f = 5,5 MHz 

I. F. voltage gain 

Input voltage starting limiting 
at ~ f = ± 50 kHz; f m = 1 kHz 

I.F. output voltage at limiting 
(peak-to-peak value) 

AM suppression at ~f = ± 50 kHz; Vi = 500 J1.V; 
fm = 1 kHz; m = 30% 

I. F. residual voltage without de-emphasis 
at pin 12 

at pin 8 

A.F. voltage gain 

A.F. adjustment 
at R4-5 = 5 kn;"R5_1 = 13 kn 

A.F. output voltage control range 

Adjustment resistor** 

D.C. voltage portion at the a.f. outputs 
pin 12 

pin 8 

Output resistance of the a.f. outputs 
pin 12 

pin 8 

Input resistance of the a.f. input 

Stabilized reference voltage 

Source resistance of reference 
voltage source 

Supply voltage operating range is 10 to 18 V. 

Ptot 

R13-14 
Tstg 

Tamb 

Gv if6-14 

Vi 

Vo if (p-p) 

ex 

Vif 12 

Vif8 

Gvaf8-3 

~Vo af 

~Voaf 

R4-5 

V12-1 

V8-1 

Ro 12-1 

R08-1 

Ri 3-1 

V4-1 = Vref 

R4-1 

max. 

max. 

max. 

max. 

18 V* 

6 V 

400 mW 

1 kn 

-40 to + 125 °C 

o to + 70 °C 

typo 68 dB 

typo 30 J1.V 
< 60 J1.V 

typo 250 mV 

> 50 dB 
typo 60 dB 

typo 30 mV 

typo 20 mV 

typo 7,5 

20 to 36 dB 
typo 28 dB 

> 70 dB 
typo 85 dB 

1 to 10 kn 

typo 5,6 V 

typo 4,0 V 

typo 1,1 kn 

typo 1,1 kn 

typo 2 kn 

4,2 to 5,3 V 
typo 4,8 V 

typo 12 n 

** Pin 5 must be connected to pin 4, when volume control adjustment is not applicable. 
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Sound Lt. amplifier/demodulator for TV 

Hum suppression 
at pin 12 

at pin 8 

Supply current (pin 11) 

I.F. input impedance 

A.F. output voltage at ~f = ± 50 kHz; fm = 1 kHz; 
Vi = 10 mV; 0 0 = 45; r.m.s. value 
at pin 12 

at pin 8 

Distortion at ~f = ± 50 kHz; fm = 1 kHz; 
Vi = 10m V; 0 0 = 20 

100n 

47 Jl.F 

H+ 

S:;D~MA ~~PF 
820 390 

(1) n (1) Ll pF 

~ ~ °0=75 

(1) Either one of these 
circu its may be used 

7Z84979 

14 

13 

l TBA120U 

V12/Vll typo 30 dB 

V8/V 11 typo 35 dB 

Ip = 111 
9,5 to 17,5 mA 

typo 13,5 mA 

IZi/ typo 40 kQ/4,5 pF 

> 15 kQ/<6 pF 

Vo af (rms) typo 1,0 V 

Vo af (rms) typo 1,2 V 

dtot typo 1 % 

vp a.f. a.f. a.f. (adjustable) 

12.2J1.F 2,212,21 
Jl.F +Jl.F + 

H 

11 12 

10 

TBA120U '~ nF 

6 
°0=40 

4 

Fig.2 Application example using TBA 120U. 
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1014 

+ 20 

Vo(af) 0 
(dB) 

-20 

-40 

-60 

~/-

7Z84980 

1/-
/ 

v 
/ 

V 
/ 

~I 
rt- Vi (at) over Lt. 

V/- f- Vi (at) at pin 3 
-80 

-100 / 
o 

2,4 

4 

2,8 

6 Rx (kn) 8 

3,2 3,6 

R5 -1/ R4-5 

Fig.3 The a.f. output voltage at pin 8 as a 
function of the resistance values as shown 
in Fig. 4. 

+20 

Vo(af) 
(dB) 0 
(3) 

-20 

-40 

-60 

-BO 

-100 

I' 

7Z84982 

I Vo(af) (1) 

/ 

/V IT 
.... V AM suppression 

V t--- I 
'-L. 

l- I'-.. m=80% 

- ) noise .......... 

Ix 
~m=O 

1"- 30llV 

-100 -80 -60 -40 --20 0 
Vi (dB) (2) 

(1) Vo af with de-emphasis at ~f = ± 50 kHz; 
fm = 1 kHz; dtot = 1,5%; 0 dB ~ 770 mV. 

(2) Vi: 0 dB ~ 200 mV at 60 n. 

Fig. 5 The a.f. output voltage at pin 8 as a 
function of the input voltage with SFC 5,5 MA 
at the input (see Fig. 2). 

May 19821 ( 

4 5 

Fig.4 Resistor conditions for 
curves in Fig. 3. 

+ 20 

Vo(af) 
(dB) 0 
(3) 

-20 

-40 

-60 

-80 

-100 

7Z84983 

;, Vo(af) (1) 

/1 
.......-

/. V t II 
'l AM s~ppression 
'/ '1'\ I II 
V /\ V ....... ~Il 
r-"" PX V"'""- J".,. m=80% 

noise '\. " m=30% 

\,m=O -
....... ~ 3Lv f--r---

-100 -80 -60 -40 -20 0 
Vi (dB) (2) 

(1) Vo af with de-emphasis at f m = 1 kHz; 
OdB~770mV; 

curve a: ~f = ± 50 kHz; dtot = 3%; 
curve b: ~f = ± 25 kHz; dtot = 1 %. 

(2) Vi: 0 dB ~ 200 mV at pin 14. 

Fig.6 The a.f. output voltage at pin 8 
as a function of the input voltage with 
broadband input (60 n). 



Sound i.f. amplifier/demodulator for TV 

+5 

Vo(af) 

(dB) 

o 

-5 
o 

V 

I 

V 10-

-!--

V 

10 

7Z84984 

Vo(af) 

PT 8 

l-I-I-
1-1--

Vo(af) 
pin 12 

15 Vp (V) 20 

Fig. 7 The a.f. output voltages at pins 8 
and 1 as a function of the supply voltage; 
o dB ~ 770 mV. 

17 
7Z84986 5 

Ip 

(rnA) 

16 

15 

14 

13 

12 

./ 

"" 
I--~ 

~ 

./ 
V 

/1/' 

I--I-

I/' 
[./V 

V4 - 1- f---l-

V 
Ip !--

V4 - 1 
(V) 

4,5 

4 
5 10 15 Vp(V} 20 

Fig. 9 Supply current and the reference 
voltage at pin 4 as a function of supply 
voltage. 
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7Z84985 

d tot 
(%) 

o 
-100 

\ 

\ 
\ 
\\ 

'['....1-

.... --
-50 

j' ' ... 
/ " 

-- .... ' 

I:l Vo(af} (dB) 

Fig. 8 Total distortion as a function 

o 

of the a.f. output voltage change. 
---0 dB ~ 900 mVover i.f. (pin 8) 
- - --0 dB ~ 1,15 V (pin 8) 
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_______________ Jl __ TB_A92_0S __ 

HORIZONTAL COMBINATION 

The TBA920 is a monolithic integrated circuit intended for television receivers with transistor, thyris
tor, or tube-equipped output stages. 
It combines the following functions: 
- noise gated sync separator 
- line oscillator 
- phase comparison between sync pulse and oscillator 
- loop gain and time constant switching (also for video recorder applications) 
- phase comparison between line-flyback pulse and oscillator 
- output stage for drive a variety of line output stages 

QUICK REFERENCE DATA 

Supply voltage V1-16 nom. 12 V 

Ambient temperature Tamb 25 0 C 

Input signals 

Video input voltage (positive-going sync) 
typo 3 V top sync to white value V8-16(p-p) 1 to 7 V 

Noise gate input current (peak value) 19M > 30 JlA 

I nput resistance of noise gate R9-16 typo 200 n 
Flyback signal input voltage (peak value) V5-16M typo ±1 V 

Flyback signal input current (peak value) 15M typo 1 rnA 

Output signals 

Line driver output voltage (peak-to-peak value) V2-16(p-p) typo 10 V 

Line driver output current (average value) 12(AV) max. 20 rnA 

Line driver output current (peak value) 12M max. 200 rnA 

Composite sync output voltage (peak value) V7-16M typo 10 V 

PACKAGE OUTLINE 

16-lead dual in-line; plastic (SOT38). 

1 ( January 1985 1017 
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_____ H_or_izo_nm_l_co_mb_in_at_ion ______________________ Jl ____ T_B_A_92_0_S ____ __ 

RATINGS 

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

Supply voltage (Vp) Vl-16 

Phase shift voltage 

Video input voltage 

Coincidence detector voltage 

Line driver output current (average value) 
(peak value) 

Horizontal pulse current (peak value) 

Composite sync current (peak value) 

Pos. sync pulse current (peak value) 

Noise gate current (peak value) 

Total power dissipation 

Storage temperature 

Operating ambient temperature 

CHARACTERISTICS 

V3-16 

-VS-16 

Vl0-16 

12(AV) 
12M 

15M 

17M 

ISM 

19M 

Ptot 

Tstg 

Tamb 

At Vl-16 = 12 V; Tamb = 25 oC. Measured in circuit of Fig. 1 (CCIR standard). 

max. 13,2 V 

Ot013,2V 

max. 12 V 

-0,5 to +5 V 

max. 20 mA 
max. 200 mA 

max. 10 mA 

max. 10 mA 

max. 10 mA 

max. 10 rnA 

max. 600 mW* 

-55 to +125 oC 

o to + 70 oC 

Current consumption at 12 = 0 11 typo 36 mA 

Required input signals 

Video signal 

Input voltage (positive going sync) 
typo 3 V peak-to-peak value Vi(p-p) 1 to 7 V 

Input current during sync pulse (peak value) ISM typo 100 }.LA 

Noise gating (pin 9) 

Input voltage (peak value) V9-16M > 0,7 V 

Input current (peak value) 19M 
> 30 }.LA 
< 10 mA 

Input resistance R9-16 typo 200 n 
Flyback pulse (pin 5) 

Input voltage (peak value) V5-16M typo ±1 V 

Input current (peak value) 15M > 50 }.LA 
typo 1 mA 

Input resistance R5-16 typo 400 n 
Pulse duration at 15625 Hz t5 > 10 }.LS 

* 800 mW permissible while tubes are heating up. 

'1 ( March 1986 1019 



__ TBA_92_0S_Jl _______ _ 
CHARACTE R ISTICS (continued) 

Delivered output signals 

Composite sync pulses (positive; pin 7) 

Output voltage (peak-to-peak value) 

Output resistance 
at leading edge of pulse (emitter follower) 
at trailing edge 

Additional external load resistance 

Driver pulse (pin 2) 

Output voltage (peak-to-peak value) 

Average output current 

Peak output current 

Output resistance (low ohmic) 

Output pulse duration when synchronized 

Permissible delay between leading edge 
of output pulse and flyback pulse at t5 = 12 IlS 

Supply voltage at which output pulses are obtained 

V7-16(p-p) 

R7-16 
R7-16 

R7-16(ext) 

V2-16(p-p) 

12(AV) 

12M 

R2-16 

t2 

to tot 

V1-16 

typo 10 V 

~ 50 Q 
typo 2,2 kQ 

> 2 kQ 

typo 10 V 

< 20 mA 

< 200 mA 

typo 2,5 or 15 Q* 

12 to 32 J.LS ** 

o to 15 J.LS 

> 4 V 

* Depends on switch position and polarity output current. R2-16 = 2,5 Q is valid for V2-16 = +10,5 V 
and a load between pins 2 and 16 (e.g. an external resistor). 

** The output pulse duration is adjusted by shifting the leading edge (V3-16 from 6 V to 8 V). The 
pulse duration is a result of delay in the line output device and the action of the second control 
loop in the TBA920S. 
For a line output stage with a BU108 high-voltage transistor the resulting duration is about 22 J.LS, 
and in such a way that the line output transistor is switched on again about 8 J.LS after the middle 
of the line-flyback pulse. This pulse duration must be taken into account when designing the driver 
stage and driver transformer as this way of driving the line output device differs from the usual, 
i.e. a driver duty cycle of about 50%. 

1020 January 19851 ( 



Horizontal combination Jl TBA920S 

Oscillator 

Frequency; free running (R 15-16 = 3,3 kQ) 

Spread of frequency at 
R15-16 = 3,3 kQ; C14-16 = 10 nF 

Frequency change when decreasing the 
supply down to minimum 4 V 

Frequency control sensitivity 

Adjustment range of frequency (in Fig. 2) 

Influence of supply voltage 
on frequency at V P = 12 V 

Control loop 1 (between sync pulse and oscillator) 

Control voltage range 

Control current (peak values) 
at V 1 0-16 > 4,5 V; V 6-16 > 1,5 V 
at V 10-16 < 2 V; V 6-16 > 1,5 V 

Loopgain of APC system 

a. Time coincidence between sync pulse and 
flyback pulse or V1O-16 > 4,5 V 

b. No time coincidence or V 10-16 < 2 V 

Catching and holding range 

fo 

Llfo 
< 

fo 

1~:OI < 

Llfo 
typo -

Lll15 

Llfo 
typo 

fo 

MO/OVP < 
fo VPnom 

V12-16 

'12M typo 

'12M typo 

Llf 

Llt 
typo 

Llf 

Llt 
typo 

Llf typo 

+12V 

470kfl 

>15,825 kHz 

15625 Hz * 

1,5 % ** 

10 % 

16,5 HZ/JiA 

±5 % 

5 % 

0,8 to 5,5 V 

±2 mA 
±6 mA 

kHz/Jis 

3 kHz/Jis 

±1 kHz .. 

o 15,625 ± 0,2 kHz 

Fig. 2 Possibilities for oscillator frequency adjustment. 

* The osci /lator frequency can be changed for other TV standards by an appropriate value of C14-16. 

* * Exclusive external components tolerances . 

.. Adjustable with R 12-15. 
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1022 

CHARACTERISTICS (continued) 

Pull-in time for df/fo = ±3%(df = 470 Hz) 

Switch-over from large control sensitivity 
to small control sensitivity 
after catching 

Control loop /I (between flyback pulse and oscillator) 

Permissible delay between leading edge of output 
pulse (pin 2) and leading edge of flyback pulse 

Static control error 

Output current during flyback pulse (peak value) 

Overall phase relation 

Phase relation between leading edge of sync 
pulse and middle of flyback pulse 

Tolerance of phase relation 

Voltage for T2 = 12 to 32 I.l.s 

Adjustment sensitivity 

t 

t 

t 

Idt\ 
V3-16 

dT2 

dV3-16 

~ 20 ms 

~ 20 ms 

o to 15 I.l.S 

< 0,5 % 

typo ±0,7 rnA 

typo 4,9 I.l.S 

< 0,4 I.l.S 

6 to 8 V 

typo 10 I.l.s/V 

Input current 13 < 2 I.l.A 

(note 1) 

(note 1) 

(note 2) 

(note 3) 

(note 4) 

External switch-over of parameters (loop filter and loop gain) of control loop I (e.g. for video recorder 
application) see note 5. 

Required switch-over voltage 
at R 11-16 = 1 50 n V10-16 > 4,5 V 
at R11-16 = 2kn V10-16 < 2 V 

Required switch-over current 
at R11-16 = 150 n; V10-16 = 4,5 V 110 typo 80 1.1. A (note 6) 
at R11-16 = 2 kn; V1O-16 = 2V 110 typo 120l.l.A 

1. See Fig. 1. 
2. The control error is the remaining error in reference to the nominal phase position between leading 

edge of the sync pulse and the middle of the flyback pulse caused by a variation in delay of the line 
output stage. 

3. This phase relation assumes a luminance delay line with a delay of 500 ns between the input of the 
sync separator and the drive to the picuture tube. If the sync separator is inserted after the luminan
ce delay line or if there is no delay line at all (black-and-white sets), then the phase relation is 
achieved at C5-16 = 560 pF. 

4. The adjustment of the overall phase relation and consequently the leading edge of the output pulse 
at pin 2 occurs automatically by the control loop II or by applying a d.c. voltage to pin 3. 

5. With sync pulses at pin 7 and 8; without RC network at pin 10. 
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DEVELOPMENT DATA 
This data sheet contains advance information and 
specifications are subject to change without notice. l ___ TD_A_1_01_3_B __ _ 

4 W AUDIO POWER AMPLIFIER WITH DC VOLUME CONTROL 

GENERAL DESCRIPTION 

The TDA 1013B is an integrated audio amplifier circuit with DC volume control, encapsulated in a 
9-lead single in-line (SI L) plastic package. The wide supply voltage range makes this circuit ideal for 
applications in mains and battery-fed apparatus such as television receivers and record players. 

The DC volume control stage has a logarithmic control characteristic with a range of more than 80 dB; 
control is by means of a DC voltage variable between 2 and 6.5 V. 

The audio amplifier has a well defined open loop gain and a fixed integrated closed loop. This device 
requires only a few external components and offers stability and performance. 

Features 

• Few external components • Fixed gain 
• Wide supply voltage range • High signal-to-noise ratio 
• Wide control range • Thermal protection 
• Pin compatible with TDA 1013A 

QUICK REFERENCE DATA 

parameter conditions symbol min. typo max. unit 

'Supply voltage Vp 10 18 40 V 

Repetitive peak output 
current IORM - - 1.5 A 

Total sensitivity Po = 2.5W; 
DC control at max. gain Vi 44 55 69 mV 

Audio amplifier 

Output power THD=10%;RL=8U Po 4.0 4.3 - W 

Total harmonic distortion Po = 2.5 W; RL = 8 U THO - 0.5 0.1 % 

Sensitivity Po = 2.5W V· I 100 125 160 mV 

DC volume control unit 

Gain control range lilGvl 80 - - dB 

Signal handling THO < 1%; 
DC control = 0 dB Vi 1.2 1.5 - V 

Sensitivity (pin 6) Vo = 125 mV; 
max. voltage gain Vi 44 55 69 mV 

Input impedance (pin 8) IZil 23 29 35 kU 

PACKAGE OUTLINE 

9-lead SI L; plastic (SOT110B). 
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__ TDA_1013_B _Jl'--_______ _ 
TDA1013B 

9 

PINNING 

signal ground 

2 amplifier output 

3 supply voltage 

4 electronic filter 

5 amplifier input 

6 control unit output 

7 control voltage 

8 control unit input 

9 power grou nd 

1024 January 19891 ( 
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Fig.1 Block diagram. 
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4 W audio power amplifier with DC volume control l ___ TD_A_1_0_13_B __ _ 

RATINGS 

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

parameter symbol min. 

Supply voltage Vp -
Non-repetitive peak output current IOSM -

Repetitive peak output current 

Storage temperature range 

Crystal temperature 

Total power dissipation 

20 

Ptot 
(W) 

15 

10 

5 

"-

IORM -
Tstg -65 

Tc -

Ptot 

7Z21647 

!\. 
'\ 
~ 
'\ 

"-
'\ 

1-- ~ .. '" 

HEATSINK DESIGN EXAMPLE 

o 
-25 

-- -- ~ -- --
50 100 150 

Tamb (oC) 

---- infinite heatsink 
------ without heatsink 

Fig.2 Power derating curve. 

max. 

40 

3 

1.5 

+ 150 

+ 150 

see Fig. 2 
I 

unit 

V 

A 

A 

°C 

°C 

Assume Vp = 18 V; RL = 8 fl; Tamb = 60 oC; Tc = 150 °C (max.); for a 4 W application, the maximum 
dissipation is approximately 2.5 W. The thermal resistance from junction to ambient can be expressed 
as: 

Rth j-a = Rth j-tab + Rth tab-h + Rth h-a = 

Tj max - Tamb max = 150 - 60 = 36 K/W 
Pmax 2.5 

Since R,th j-tab = 9 K/W and Rth tab-h ,= 1 K/W, Rth h-a = 36 - (9 + 1) = 26 K/W. 
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_____ T_D_A_10_13_B ___ jl _________________________________ _ 
CHARACTERISTICS 

Vp = 18 V; RL = 8 n; f = 1 kHz; Tamb = 25 oC; see Fig.10; unless otherwise specified 

parameter conditions symbol min. typo max. unit 

Supply voltage range Vp 10 18 40 V 

Total qu iescent cu rrent I tot - 25 60 rnA 

Noise output voltage note 1 

at maximum gain RS=On Vn - 0.4 - mV 

at maximum gain RS = 5 kn Vn - 0.4 1.4 mV 

at minimum gain RS=On Vn - 0.2 - mV 

Total sensitivity Po = 2.5W; 
OC control at max. gain Vi 44 55 69 mV 

Audio amplifier 

Repetitive peak output 
current IORM - - 1.5 A 

Output power THO = 10%; RL = 8 n Po 4.0 4.3 - W 

Total harmonic distortion Po = 2.5 W; RL = 8 n THO - 0.5 1.0 % 

Sensitivity Po = 2.5W Vi 100 125 160 mV 

I nput impedance (pin 5) IZil 100 200 500 kn 

Power bandwidth Bp - 30 to 
40000 - Hz 

DC volume control unit 

Gain control range IllGvl 80 - - dB 

Signal handling THO < 1%; 
OC control = 0 dB Vi 1.2 1.5 - V 

Sensitivity (pin 6) Vo= 125 mY; 
max. voltage gain V· I 44 55 69 mV 

I nput impedance (pin 8) IZil 23 29 35 kn 

Output impedance (pin 6) IZol - 60 - n 

Note to the characteristics 

1. Measured in a bandwidth in accordance with lEG 179, curve 'A'. 
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APPLICATION INFORMATION 
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______ TD_A_1_0_13_B ___ Jl _________________________________ _ 
APPLICATION INFORMATION (continued) 
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Fig.5 Power bandwidth; Vp = 18 V; RL = 8 Q; 
THO= 10% and control voltage (V7) = 6.5 V. 
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F ig.6 Total harmonic distortion as a function of frequency; 
Vp = 18 V; RL = 8 Q; Po = 2.5 Wand control voltage = 6.5 V. 
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__ TDA_1013_B _Jl ________ _ 
APPLICATION INFORMATION (continued) 

0.6 

vn 
(mV) 

0.4 

0.2 

o 
o 

/ 
/ 

f----I-'"' 

4 

7Z21646 

f\ 
I \ 

~ 

'\ 

6 8 

Fig.9 Noise output voltage as a function of the control voltage; Vp = 18 V; 
RL = 8 n (in accordance with lEG 179, curve 'A'). 
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TDA1015 

1 TO 4 W AUDIO POWER AMPLIFIER 

The TDA 1015 is a monolithic integrated audio amplifier circuit in a 9-lead single in-line (51 L) plastic 
package. The device is especially designed for portable radio and recorder applications and delivers up 
to 4 W in a 4 n load impedance. The very low applicable supply voltage of 3,6 V permits 6 V applications. 
Special features are: 
• single in-line (SI L) construction for easy mounting 
• separated preamplifier and power amplifier 
• high output power 
• thermal protection 
• high input impedance 
• low current drain 
• limited noise behaviour at radio frequencies 

QUICK REFERENCE DATA 

Supply voltage range Vp 3,6 to 18 V 

Peak output cu rrent 10M max. 2,5 A 

Output power at dtot = 10% 
Vp = 12 V; RL = 4 n Po typo 4,2 W 
Vp= 9V;RL=4n Po typo 2,3 W 
Vp= 6V;RL=4n Po typo 1,0 W 

Total harmonic distortion at Po = 1 W; RL = 4 n dtot typo 0,3 % 

Input impedance 
preamplifier (pin 8) IZd > 100 kn 
power amplifier (pin 6) !ZiI typo 20 kn 

Total quiescent current Itot typo 14 rnA 

Operating ambient temperature Tamb -25 to + 150 oC 

Storage temperature Tstg -55 to + 150 °C 

PACKAGE OUTLINE 

9-lead SI L; plastic (SOT 110B). 
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1 to 4 W audio power amplifier l ____ T_D_A_1_01_5 ____ __ 

RATINGS 

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

Supply voltage Vp max. 18 V 

2,5 A Peak output current 10M max. 

Total power dissipation 

Storage temperature 

Operating ambient temperature 

A.C. short-circuit duration of load 
during sine-wave drive; Vp = 12 V 

7,5 

Ptot 
(W) 

5 

2,5 

"" ..... 

a 
-25 

i"""oo 

"" ........ r--... 

a 

~ , 
~ infinite , heatsink 

~ , 
without ~ 

I"- "",heatsink , 
i"""oo 

"""" 
~ 

....... '" , 
1"-""" ~ 

f"""o ~ 
+50 +100 

Fig. 2 Power derating curve. 

HEATSINK DESIGN 

Assume Vp = 12 V; RL = 4 U;Tamb = 45 0C maximum. 

The maximum sine-wave dissipation is 1,8 W. 

150 -45 
Rth j-a = Rth j-tab + Rth tab-h + Rth h-a = ~ = 58 KIW. 

see derating curve Fig. 2 

Tstg -55 to + 150 0C 

Tamb -25 to + 150 °C 

max. 100 hours 

7Z78628.2 

Where Rthj-a of the package is 45 KIW, so no external heatsink is required. 
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~_TD_A101_5 ____ Jl"'---_______ _ 
D.C. CHARACTERISTICS 

Supply voltage range 

Repetitive peak output current 

Total quiescent current at Vp = 12 V 

A.C. CHARACTERISTICS 

Vp 3,6 to 18 V 

IORM < 2 A 

typo 

< 
14 rnA 
25 rnA 

T amb = 25 oC; V P = 12 V; R L = 4 n; f = 1 kHz unless otherwise specified; see also Fig. 3. 

A.F. output power at dtot = 10% (note 1) 
with bootstrap: 
Vp=12V;RL=4n Po typo 4,2 W 

Vp= 9V;RL=4n Po typo 2,3 W 

Vp= 6V;RL=4n Po typo 1,0 W 

without bootstrap: 
Vp=12V;RL=4n Po typo 3,0 W 

Voltage gain: 
preamplifier (note 2) Gv1 typo 23 dB 

power amplifier Gv2 typo 29 dB 

total amplifier Gvtot 
typo 52 dB 

49 to 55 dB 

Total harmonic distortion at Po = 1,5 W dtot 
typo 0,3 % 
< 1,0 % 

Frequency response; -3 dB (note 3) B 60 Hz to 15 kHz 

Input impedance: 
> 100 kn preamplifier (note 4) I Zi11 typo 200 kn 

power amplifier IZi21 typo 20 kn 

Output impedance preamplifier I Z011 typo 1 kn 

Output voltage preamplifier (r.m.s. value) 
dtot < 1% (note 2) Vo(rms) typo 0,8 V 

Noise output voltage (r.m.s. value; note 5) 
RS=On Vn(rms) typo 0,2 mV 

RS=10kn Vn(rms) typo 0,5 mV 

Noise output voltage at f = 500 kHz (r.m.s. value) 
B = 5 kHz; RS = 0 n Vn(rms) typo 8 J.N 

Ripple rejection (note 6) 
f= 100 Hz RR typo 38 dB 
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1 to 4 W audio power amplifier l ____ T_D_A_10_1_5 ____ __ 

Notes 

1. Measured with an ideal coupling capacitor to the speaker load. 

2. Measured with a load resistor of 20 kU. 

3. Measured at Po = 1 W; the frequency response is mainly determined by C1 and C3 for the low 
frequencies and by C4 for the high frequencies. 

4. Independent of load impedance of preamplifier. 

5. Unweighted r.m.s. noise voltage measured at a bandwidth of 60 Hz to 15 kHz (12 dB/octave). 

6. Ripple rejection measured with a source impedance between 0 and 2 kU (maximum ripple 
amplitude: 2 V). 

7. The tab must be electrically floating or connected to the substrate (pin 9). 

V' I 

j 
9 7 

3 

6 

Fig. 3 Test circuit. 

• C6 .1. 
100nF 

4 

2 
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Vp 

7Z89094.1 
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___ TD_A101_5_Jl ______________ __ 
APPLICATION INFORMATION 
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Fig. 4 Circuit diagram of a 1 to 4 W amplifier. 
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Fig. 5 Total quiescent current as a function of supply voltage. 
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1 to 4 W audio power amplifier 
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Fig.6 Total harmonic distortion as a function of output power across R L; -- with bootstrap; 
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___ T_DA_1015 __ Jl~· ______________ _ 
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Fig. 8 Voltage gain as a function of frequency; Po relative to 0 dB = 1 W; Vp = 12 V; RL = 4 n. 
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Fig.9 Total harmonic distortion as a function of frequency; Po = 1 W; Vp = 12 V; RL = 4 n. 
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1 to 4 W audio power amplifier l ____ T_D_A_10_1_5 ____ __ 
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Fig. 11 Noise output voltage as a function of R2 (see Fig. 4); measured according to A-curve; capacitor 
C5 is adapted for obtaining a constant bandwidth. 

1 ( November 1982 1039 



___ T_DA_1015 __ Jl~ ______________ __ 
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Fig. 12 Noise output voltage as a function of frequency; curve a: total amplifier; curve b: power 
amplifier; B = 5 kHz; RS = 0; typical values. 
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Fig. 13 Voltage gain asa function of R2 (see Fig. 4). 
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___________________________________ Jl ____ TD_A_1_0_15_T ____ _ 

0,5 W AUDIO POWER AMPLIFIER 

GENERAL DESCRIPTION 

The TDA 1 015T is a low-cost audio amplifier which can deliver up to 0,5 W output power into a 16 n 
load impedance at a supply voltage of 9 V. The amplifier is specially designed for portable applications 
such as radios and recorders. The Ie has a very low supply voltage requirement (3,6 V min.). 

Features 

• High input impedance 
• Separated preamplifier and power amplifier 
• Limited noise behaviour at radio frequencies 
• Short-circuit protected 
• Miniature encapsulation 

QUICK REFERENCE DATA 

Supply voltage range 

Peak output current 

Output power 

Voltage gain power amplifier 

Voltage gain preamplifier 

Total quiescent current 

Operating ambient temperature range 

Storage temperature range 

PACKAGE OUTLINE 

8-lead mini-pack; plastic (S08; SOT96A). 

Vp 3,6 to 12 V 

10M max. 1 A 

Po typo 0,5 W 

Gv1 typo 29 dB 

Gv2 typo 23 dB 

Itot max. 22 rnA 

Tamb -25 to +150 oe 

Tstg -55 to +150 oe 
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2 

Fig. 1 Block diagram. 

RATINGS 

POWER 
AMPLIFIER 

TDA1015T 

5 

4 

3 

7Z87971.1 

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

Supply voltage V P 

Peak output current 10M 

max. 

max. 

12 V 

1 A 

Total power dissipation 

Storage temperature range 

see derating curve Fig. 2 

-55 to +150 oC 

A.C. short-circuit duration of load 
during sine-wave drive at Vp = 9 V 

0,6 

Ptot 
(W) 

0,4 

0,2 

o 

'" 

o 

7Z87973 

"" ~ ~ 
'" ~ 50 100 0 150 

Tamb( C) 

Fig. 2 Power derating curve. 
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____ 0,_5 _w_aU_d_io_p_ow_e_r_am_p_lif_ie_r ____________ Jl ___ T_D_A_10_15_T ___ _ 

CHARACTERISTICS 

Tamb = 25 oC; Vp = 9 V; R L = 16 n; f = 1 kHz; see Fig. 3; unless otherwise specified 

parameter symbol min. typo max. unit 

Supply voltage Vp 3,6 9 12 V 

Repetitive peak output current IORM - - 1 A 

Total quiescent current Itot - 12 22 mA 

A.F. output power at dtot = 10% 
(note 1) 
Vp=9V;RL=16n Po - 0,5 - W 
Vp = 6 V; RL = 8n Po - 0,3 - W 

Voltage gain power amplifier Gv1 - 29 - dB 

Voltage gain preamplifier (note 2) Gv2 - 23 - dB 

Total voltage gain Gtot 49 52 55 dB 

Frequency response at -3 dB (note 3) B 
60 to 

Hz -
15 000 

-

Input impedance power amplifier IZ i11 - 20 - kn 

Input impedance preamplifier (note 4) IZ i21 100 200 - kn 

Output impedance preamplifier IZ021 0,5 1 1,5 kn 

Output voltage preamplifier (r.m.s. value) 
dtot < 1 % (note 2) V02(rms) - 0,7 - V 

Noise output voltage (r.m.s. value) 
(note 5) 
RS = on Vn(rms) - 0,2 - mV 
RS = 10 kn Vn(rms) - 0,5 - mV 

Noise output voltage (r.m.s. value) 
f = 500 kHz; B = 5 kHz; RS = on Vn(rms) - 8 - J.LV 

Ripple rejection at f = 100 Hz; 

I C2 = 1 flF (note 6) RR - 38 - dB 

Notes to the characteristics 

1. Output power is measured with an ideal coupling capacitor to the speaker load. 

2. Measured with a load resistance of 20 kn. 

3. The frequency response is mainly determined by the capacitors, C1, C3 (low frequency) and C4 
(high frequency). 

4. I ndependent of load impedance of preamplifier. 

5. Effective unweighted r.m.s. noise voltage measured in a bandwidth from 60 Hz to 15 kHz (slopes 
12 dB/octave). 

6. Ripple rejection measured with a source impedance between a and 2 kn (maximum ripple amplitude 
of 2 V). 
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___ TD_A10_15_T_jl _______________ __ 
APPLICATION INFORMATION 
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Fig.6 Total distortion as a function of output 
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________________ jl __ TD_A1O_29 __ 

SIGNAL-SOURCES SWITCH 

The TOA 1029 is a dual operational amplifier (connected as an impedance converter) each amplifier 
having 4 mutually switchable inputs which are protected by clamping diodes. The input currents are 
independent of switch position and the outputs are short-circuit protected. 

The device is intended as an electronic two-channel signal-source switch in a.f. amplifiers. 

QUICK REFERENCE DATA 

Supply voltage range (pin 14) Vp 6 to 23 V 

Operating ambient temperature Tamb -30 to + 80 °C 

Supply voltage (pin 14) Vp typo 20 V 

Current consumption 114 typo 3,5 mA 

Maximum input signal handling (r.m.s. value) Vi(rms) typo 6 V 

Voltage gain Gv typo 

Total harmonic distortion dtot typo 0,01 % 

Crosstalk a typo 70 dB 

Signal-to-noise ratio SIN typo 120 dB 

PACKAGE OUTLINE 

l6-lead 01 L; plastic (SOT38). 
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__ TD_A102_9 __ Jl __________ _ 
signal sources 'V 

Rbias =470kU (8x) 

signal inputs ll-4 

8 

signal 9 
output 

n 

ll-3 

SWITCH n 

BIAS 
VOLTAGE 

Rl =4,7kU 2 T ICl = 100pF 
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_____ S_ig_na_l-so_u_rce_ss_w_itc_h _______________________ ~l ____ T_D_A_10_2_9 ____ __ 

RATINGS 

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

Supply voltage (pin 14) Vp max. 23 V 

Input voltage (pins 1 to 8) VI max. Vp 
-VI max. 0,5 V 

Switch control voltage (pins 11,12 and 13) Vs o to 23 V 

Input current ± II max. 20 mA 

Switch control current -IS max. 50 mA 

Total power dissipation Ptot max. 800 mW 

Storage temperature Tstg -55 to + 150 °C 

Operating ambient temperature Tamb -30 to +80 °C 

CHARACTERISTICS 

Vp = 20 V; T amb = 25 oC; unless otherwise specified 

Current consumption 
3,5 mA 

without load; 19 = 115 = 0 114 typo 
2 to 5 mA 

Supply voltage range (pin 14) Vp 6 to 23 V 

Signal inputs 

I nput offset voltage 
of switched-on inputs 

typo 2 mV 
RS~ 1 kU Vio < 10 mV 

I nput offset cu rrent 
typo 20 nA 

of switched-on inputs lio < 200 nA 

Input offset current 
of a switched-on input with respect to a 

typo 20 nA 
non-switched-on input of a channel lio < 200 nA 

Input bias current 
typo 250 nA 

independent of switch position I· I < 950 nA 

Capacitance between adjacent inputs C typo 0,5 pF 

D.C. input voltage range VI 3 to 19 V 

Supply voltage rejection ratio; RS ~ 10 kU SVRR typo 100 pV IV 

Equivalent input noise voltage 
RS = 0; f = 20 Hz to 20 kHz (r.m.s. value) Vn(rms) typo 3,5 JlV 

Equivalent input noise current 
f = 20 Hz to 20 kHz (r.m.s. value) In(rms) typo 0,05 nA 

Crosstalk between a switched-on input 
and a non-switched-on input; 
measured at the output at RS = 1 kU; f = 1 kHz (){ typo 100 dB 
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___ TDA_102_9_Jl~ ______________ _ 
CHARACTERISTICS (continued) 

Signal amplifier 

Voltage gain of a switched-on input 
at 19 = 115 = 0; R L = 00 

Current gain of a switched-on amplifier 

Signal outputs 

Output resistance (pins 9 and 15) 

Output current capability at Vp = 6 to 23 V 

Frequency limit of the output voltage 
. Vi(p-p) = 1 V; RS = 1 kU; RL = 10 MU; CL = 10 pF 

Slew rate (unity gain); .llV9-16/.llt; .llV15-16/.llt 
RL = 10 MU; CL = 10 pF 

Bias voltage 

D.C. output voltage 

Output resistance 

Switch control 

switched-on i ntercon nected 
inputs pins 

V11-16 

1-1, 11-1 1-15,5-9 H 
1-2, 11-2 2-15,6-9 H 
1-3, 11-3 3-15,7-9 H 
1-4, 11-4 4-15,8-9 L 

1-4,11-4 4-15,8-9 L 
1-4, 11-4 4-15,8-9 L 
1-4, 11-4 4-15,8-9 L 
1-3, 11-3 3-15,7-9 H 

Gv typo 

Gi typo 105 

Ro typo 400 U 

±19;±115 typo 5 rnA 

typo 1,3 MHz 

S typo 2 V I/-Ls 

V1O-16 
typo 11 V * 
10,2 to 11,8 V 

R1O-16 typo 8,2 kU 

control voltages 

V12-16 V13-16 

H H 
H L 
L H 
H H 

L H 
H L 
L L 
L L 

In the case of offset control, an internal blocking circuit of the switch control ensures that not more 
than one input will be switched on at a time. In that case safe switching-through is obtained at 
VSL ~ 1,5 V. 

Control inputs (pins 11,12 and 13) 

Required voltage 
HIGH VSH > 3,3 V ** 
LOW VSL < 2,1 V 

I nput current 
HIGH (leakage current) ISH < 1 /-LA 
LOW (control current) -ISL < 250 /-LA 

* V1O-16 is typically 0,5·V14-16 + 1,5·VBE· 
** Or control inputs open (R11,12,13-16>33 MU). 
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APPLICATION INFORMATION 

Vp = 20 V; Tamb = 25 °C; measured in Fig. 1; RS = 47 kn; Ci = 0,1 J,LF; Rbias = 470 kn; RL = 4,7 kn; 
CL = 100 pF (unless otherwise specified) 

Voltage gain Gv typo -1,5 dB 

Output voltage variation when switching 
Ll V9-16; 

1 
typo 10 mV 

the inputs 
LlV15-16 < 100 mV 

Total harmonic distortion 
over most of signal range (see Fig. 4) dtot typo 0,01 % 
Vi = 5 V; f = 1 kHz dtot typo 0,02 % 
Vi = 5 V; f = 20 Hz to 20 kHz dtot typo 0,03 % 

Output signal handling > 5,0 V 
dtot = 0,1%; f = 1 kHz (r.m.s. value) Vo(rms) typo 5,3 V 

Noise output voltage (unweighted) 
f = 20 Hz to 20 kHz (r.m.s. value) Vn(rms) typo 5 J,LV 

Noise output voltage (weighted) 
f = 20 Hz to 20 kHz (in accordance with DIN 45405) Vn typo 12 Ji.V 

Amplitude response 
LlV9-16; 1 Vi = 5 V; f = 20 Hz to 20 kHz; Ci = 0,22 J,LF 
LlV 15-16 J 

< 0,1 dB * 

Crosstalk between a switched-on input 
and a non-switched-on input; 
measured at the output at f = 1 kHz a typo 75 dB ** 

Crosstalk between switched-on inputs 
and the outputs of the other channels a typo 90 dB ** 

* The lower cut-off frequency depends on values of Rbias and Ci. 
** Depends on external circuitry and RS' The value will be fixed mostly by capacitive crosstalk of the 

external components. 
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APPLICATION NOTES 

Input protection circuit and indication 

r-----Vp 

.-----Vp 

+ 0-...... ---( 

«23V) 

11 

TDA1029 

SWITCH 
CONTROL 

Fig. 7 Circuit diagram showing input protection and indication. 

Unused signal inputs 

Any unused inputs must be connected to a d.c. (bias) voltage, which is within the d.c. input voltage 
range; e.g. unused inputs can be connected directly to pin 10. 

Circuits with standby operation 

The control inputs (pins 11, 12 and 13) are high-ohmic at VSH ~ 20 V (ISH ~ 1 p.A), as well as, when 
the supply voltage (pin 14) is switched off. 
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+20Vd.c. --------------------------~----------------------~ 

820 
kU 

820 
kU 

RADIO 

input L t 
(8x) 

470kU 
10 

input R ~--------------------I t---+------+_~ 
TAPE 1 

~ 

PREAMPLIFIER 
(with RIAA equalization) 

4 

8 

6 

14 

TDA1029 

pin connected to OV 
11 or LDW level: 

} 

none = radio 
12 13=pick-up 

12=tape1 
13 11 = tape 2 

15 

OUTPUT 

~9=--....:R..:.-__ +-____ -+ R 

0,1 0,1 
j.lF j.lF 

Fig. 8 TDA 1029 connected as a four input stereo source selector. 
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+20Vd.c. --------------------------~----------------------~r-----------------------~ 

RADIO 

inputL t 
(8x) 

470kn 
10 

input R €~------------------___I) I---+------+_~ 

PREAMPLIFIER 
(with RIAA equalization) 

4 

6 

14 

pin connected to 0 V 
11 or LOW level: 

} 

none = radio 
12 13=pick-up 

12 = tape 1 
13 11 = tape 2 

15 

TDA1029 

R 

.-------------~----------------~ 

Fig. 9 TDA 1029 and TDA 1028 connected as a 
five input stereo source selector with monitor
ing facilities. 

OV or LOW = AUX. on 

OV or LOW = monitor on 

12 

2,2kn ~ L 

TAPE 
LINE 

~ OUT 

2,2 kn R 

OUTPUT 

R 

7Z84042.1A 
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left 

10 BIAS 

VOLTAGE 

mute 

TDA1029 

SWITCH 

CONTROL 

11 12 13 

15 left 
output 

9 right 
output 

Vp 
1--1-..-(+ 20 V) 

on [ff on lOff 
rumble subsonic 

filter filter 7Z84185 

Fig. 10 TDA 1029 connected as a third-order active high-pass filter with Butterworth response and 
component values chosen according to the method proposed by Fjallbrant. It is a four-function 
circuit which can select mute, rumble filter, subsonic filter and linear response. 

Switch control 

function V11-16 V12-16 V13-16 

linear H H H 
subsonic filter 'on' H H L 
rumble filter 'on' H L X 
mute 'on' L X X 
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Fig. 11 Frequency response curves for the circuit of Fig; 10. 
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EAST -WEST CORRECTION DRIVER CIRCUIT 

The TDA 1082 is a monolithic integrated circuit driving east-west correction of colour tubes in television 
receivers. The circuit can be used for class-A and class-D operation and incorporates the following 
functions: 
• differential input ampl ifier 
• squaring stage 
• differential output amplifier with driver stage 
• protection stage with threshold 
• switching off the correction during flyback 
• voltage stabilizer 

QUICK REFERENCE DATA 

Supply voltage (pin 1) 

Current consumption 

Total power dissipation 

Operating ambient temperature range 

Collector voltage drift external transistor 

PACKAGE OUTLINE 

l6-lead D I L; plastic (SOT38). 

Vp 

Ip 

Ptot 

Tamb 

typo 

typo 

max. 

typo 

12 V 
17 mA 

600 mW 

o to + 70 °C 

0,7 V 
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East-west correction driver circuit l ___ TD_A_1_0_8_2 __ _ 

RATINGS 

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

Supply voltage (pin 1) Vp max. 16 V 

Output current (pin 15) -10 max. 50 mA 

Total power dissipation Ptot max. 600 mW 

Storage temperature range Tstg -25 to + 150 0C 

Operating ambient temperature range Tamb o to + 70 0C 

Voltages 
with respect to ground (pin 2) min. max. 

Pins 1, 5, 7,8,9, 12, 13 and 16 0 16 V 

Pins3 and 4 0 V 

Pins 10, 11 and 15 0 5 V 

Currents 

Pins 3, 4 and 6 5 mA 

Pin 14 0 1,5 mA 

Pins 15 and 16 (-115 and + 116) 0 50 mA 

CHARACTERISTICS 

Vp = 12 V (range 10,5 to 14 V); Tamb = 25; measured 
in circuit Fig. 1 with colour tube A66-500X; unless 
otherwise specified 

Supply 

Voltage range Vp 10,5 to 14 V 

Voltage peak value VpM max. 15 V 

Current range Ip 11 to 30 mA 

Current typical value Ip typo 17 mA 

Sawtooth signal (pin 10 or 11) 

Input voltage d.c. value Vi typo 2,5 V 

Input resistance Ri 
typo 5,6 kn 
< 7,0 kn 

Correcting signals (pin 13) 

Input voltage d.c. value V13 typo 0,6 V 

Input current 113 typo 0,5 mA 

Flyback keying (pin 3) 

Input current range 13 0,05 to 5 mA 

Peak value, d = 5% 13 typo 20 mA 

Threshold (pin 14) 

Input voltage at 114 = 200/JA 
typo 8 V for switching off the driver stage Vi 7,2 to 8,8 V 
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TDA1082 Jl 
Output stage (pin 6) 

Generator current 16 typo 1 rnA 

Flyback differential amplifier (pin 5) 

D.C. value output voltage V5 typo 6 V 

Output resistance R5 typo 5,6 kn 

Squaring stage (pin 7) 

D.C. value output voltage V7 typo 6 V 

Peak to peak value output voltage V7(p-p) typo 1,5 V 

Output resistance R7 
5,6 to 9,4 kn 
typo 7,5 kn 

Correction trapezoidal deformation (pins 9 and 12) 

D.C. voltage V9,12 typo 5 V 

Output resistance Rg,12 typo 7,5 kn 

Driver output (pin 15) 

Output current -115 < 50 mA 

Drift of d.c. collector voltage 

Of external transistor in closed loop 
T amb = 15 to 70 oC; V CO = 8 V DoVC typo 0,7 V 
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____________________________________ 11-: ___ T_D_A_15_1_2 ____ _ ) l TDA1512Q 

12 to 20 W HI-FI AUDIO POWER AMPLIFIER 

The TDA 1512 is a monolithic integrated hi-fi audio power amplifier designed for asymmetrical power 
supplies for mains-fed apparatus. 
Special features are: 

• Thermal protection 
• Low intermodulation distortion 
• Low transient intermodulation distortion 
• Built-in output current limiter 
• Low input offset voltage 
• Output stage with low cross-over distortion 
• Single in-line (SI L) power package 

QUICK REFERENCE DATA 

Supply voltage range 

Total quiescent current at Vp =.25 V 

Output power at dtot = 0,7% 
si ne-wave power 
V p = 25 V; R L = 4 n 
Vp = 25 V; RL = 8 n 
music power 
Vp = 32 V; RL = 4 n 
Vp = 32 V; RL = 8 n 

Closed-loop voltage gain (externally determined) 

Input resistance (externally determined) 

Signal-to-noise ratio at Po = 50 mW 

Supply voltage ripple rejection at f = 100 Hz 

PACKAGE OUTLINES 

TDA1512: 9-lead SIL; plastic power (SOT131). 
TDA 1512Q: 9-lead SI L-bent-to-DI L; plastic power (SOT157). 

/' 

Vp 15 to 35 V 

Itot typo 65 rnA 

Po typo 13 W 

Po typo 7 W 

Po typo 21 W 

Po typo 12 W 

Gc typo 30 dB 

R· I typo 20 kn 

SIN typo 72 dB 

RR typo 50 dB 
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12 to 20 W hi-fi audio power amplifier 

RATINGS 

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

Supply voltage Vp max. 

Repetitive peak output current IORM max. 

Non-repetitive peak output current 

Total power dissipation 

IOSM max. 

see derating curve Fig. 2 

TDA1512 
TDA1512Q 

35 V 

3,2 A 

5 A 

Storage temperature Tstg -55 to + 150 °C 

Operating ambient temperature 

A.C. short-circuit duration of load 
during full-load sine-wave drive 
RL = 0; Vp= 30 V with Ri = 4 n 

20 

Ptot 
(W) 

10 

o 
-25 

I'"'" 
' .. ~ 

'" 

o 

'. 
I .... 

~ 

'" '"" 
I .... 

50 

--- mounted on infinite heatsink. 

- - - - mounted on heatsink of 6 K/W. 

Tamb -25 to + 150 oC 

max. 100 hours 

7Z85152 

" I'\. 
'\ 

"\: 
I\. 

"' ......... 1,\ 
."'to. !\. 

..... 1 .... 

..~ 

.... t .. "" 
.~ 

Fig. 2 Power derating curves. 

THERMAL RESISTANCE 

From junction to mounting base Rth j-mb 
typo 
~ 

3 K/W 
4 K/W 
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TDA1512 l" 
TDA1512Q ...... _________________ _ 

D.C. CHARACTERISTICS 

Supply voltage range 

Total quiescent current at Vp = 25 V 

A.C. CHARACTERISTICS 

Vp 

Itot typo 

15 to 35 V 

65 rnA 

Vp = 25 V; R L = 4 Q; f = 1 kHz; Tamb = 25 oC; measured in test circuit of Fig. 3; unless otherwise 
specified 

Output power 
sine-wave power at dtot= 0,7 % 
RL = 4 Q Po typo 13 W 
RL = 8 Q Po typo 7W 

music power at Vp = 32 V 
RL = 4 Q; dtot = 0,7 % Po typo 21 W 
R L = 4 Q; dtot = 1 a % Po typo 25 W 
R L = 8 Q; dtot = 0,7 % Po typo 12 W 
R L = 8 Q; dtot = 1 a % Po typo 15 W 

Power bandwidth; -1,5 dB; dtot = 0,7% B 40 Hz to 16 kHz 

Voltage gain 

open-loop Go typo 74 dB 
closed-loop Gc typo 30 dB 

Input resistance (pin 1) Ri > 100 kU 

Input resistance of test circuit (Fig. 3) Ri typo 20 kU 

Input sensitivity 

for Po = 50 mW Vi typo 16 mV 
for Po = 10 W Vi typo 210 mV 

Signal-to-noise ratio 

at Po = 50 mW; RS = 2 kU; 
f = 20 Hz to 20 kHz; unweighted SIN > 68 dB 

weighted; measured according to 
I EC 173 (A-curve) SIN typo 76 dB 

Ripple rejection at f = 100 Hz RR typo 50 dB 

Total harmonic distortion at Po = 10 W dtot 
typo 0,1 % 
< 0,3 % 

Outout resistance (pin 5) Ro typo 0,1 Q 
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DEVELOPMENT DATA 
This data sheet contains advance information and 
specifications are subject to change without notice. l __ T_D_A_15_1_4 __ _ 

40 W HIGH-PERFORMANCE HI-FI AMPLIFIER 

The TDA 1514 integrated circuit is a hi-fi power amplifier for use as a building block in radio, tv and 
audio recorder applications. The high performance of the IC meets the requirements of digital sources 
(e.g. Compact Disc equipment). 

The circuit is totally protected, the two output transistors both having thermal and SOAR protection. 
The circuit also has a mute function that can be arranged to operate for a period after power-on with a 
delay time fixed by external components. 

The device is intended for symmetrical power supplies but an asymmetrical supply may also be used. 

The theoretical maximum power dissipation with a stabilized power supply is (Vp - VN)2/21T2RL = 19W, 
where Vp = + 27,5 V, VN = -27,5 V and RL = 8 n. Considering, for example, a maximum ambient 
temperature of 50 0C and a maximum junction temperature of 150 oC, the total thermal resistance 
Rthj-a is (150 - 50)/19 = 5,3 KIW. Since the thermal resistance of the SOT-131A encapsulation is 
< 1,5 K/W, the thermal resistance required of the heatsink is < 3,8 K/W. Thus the maximum output 
power, and therefore the music power output, is limited only by the supply voltage and not by the 
heatsink. 

QUICK REFERENCE DATA 

Supply voltage range (pin 6 to pin 4) VP-VN 15 to 60 V 

Total quiescent current at VP-VN = 55 V Itot typo 60 mA 

Output power at THD = -60 dB; 
V p-V N = 55 V; R L = 8 n Po typo 40 W 

Closed loop voltage gain (determined externally) Gc typo 30 dB 

Input resistance (determined externally) RI typo 20 kn 

Signal-to-noise ratio at Po = 50 mW (S+N)/N typo 82 dB 

Supply voltage ripple rejection at f = 100 Hz RR typo 72 dB 

PACKAGE OUTLINE 

9-lead SIL; plastic power (SOT131). 
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Fig. 1 Block diagram. 

RATINGS 

Limiting values in accordance with the Absolute Maximum Rating System (lEe 134) 

Supply voltage (pin 6 to pin 4) VP-VN 

Bootstrap voltage (pin 7 to pin 4) 

Output current (repetitive peak) 

Operating ambient temperature range 

Storage temperature range 

Power dissipation 

Thermal shut-down protection time 

Short-circuit protection time* 

Mute voltage (pin 3 to pin 4) 

* Driven by a pink-noise voltage. 
Symmetrical power supply: a.c. and d.c. short-circuit protected. 
Asymmetrical power supply: a.c. short-circuit protected. 
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40 W high performance hi-fi amplifier 

THERMAL RESISTANCE 

From junction to case 
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Fig. 2 Power derating curve. 
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Rth j-c max. 1,5 KIW 
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CHARACTE R ISTles 

Vp = + 27,5 V; VN = -27,5 V; R L = 8 n; f = 1 kHz; T amb = 25 oC; unless otherwise specified; test 
circuit as per Fig. 1. 

parameter symbol min. typo max. unit 

Supply voltage range (pin 6 to pin 4) VP-VN 15 - 60 V 

Maximum output current (peak value) IOMmax 3,2 - - A 

Total quiescent current Itot 30 60 90 mA 

Output power with THO = -60 dB: 

at VP-VN = 55 V Po 37 40 - W 

at VP-VN = 44 V Po - 25 - W 

at VP-VN = 32 V Po - - 12,5 W 

Total harmonic distortion at Po = 32 W THO - -90 -80 dB 

Intermodulation distortion at Po = 32 W 
(note 1) dim - -80 - dB 

Power bandwidth (-3 dB) atTHO= -60 dB B - 20 to 25k - Hz 

Slew rate dV/dt - 15 - V//ls 
Closed loop voltage gain (note 2) Gc 29,2 29,7 30,2 dB 

Open loop voltage gain Go - 85 - dB 

Input impedance (note 3) z· I 1 - - Mn 

SIN related to Po = 4 mW (note 4) (S+N)/N 80 - - dB 

I nput offset voltage ± Vio - 3 - mV 

I nput offset bias cu rrent ± lio(b) - 0,2 1 /lA 
Input bias current + lib - 1 5 /lA 
Output impedance Zo - - 0,1 n 

Supply voltage ripple rejection at 
ripple frequency = 100 Hz; 
ripple voltage (r.m.s. value) = 500 mY; 
source resistance = 2 kn RR 70 - - dB 

Mute time (note 5) tM - 1,25 - s 

Mute-on voltage (pin 3 to pin 4) VM(on) 0 - 5 V 

Mute-off voltage (pin 3 to pin 4) VM(off) 6 - 7 V 

Quiescent current into pin 2 (note 6) 12tot tbf 20 tbf /lA 
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40 W high performance hi-fi amplifier l ____ T_D_A_1_51_4 ____ ___ 

Notes to the characteristics 

1. Measured with two superimposed signals of 50 Hz and 7 kHz with an amplitude relationship of 4 : 1. 

2. The closed loop gain is determined by external resistors (Fig. 1, R2 and R3) and is variable between 
20 and 46 dB. 

3. The input impedance in the test circuit (Fig. 1) is determined by the bias resistor R 1. 

4. The noise voltage at the output is measured in the band 20 Hz to 20 kHz and source resistance 
RS = 2 kn. 

5. Determined by R4 and C1. 

6. The quiescent current into pin 2 determines (with the value of R4) the minimum power supply 
voltage at which the mute function remains in operation: 

Vp - VN = 12tot x R4 + Vm(on)max' 

'I (November 1985 Ion 





DEVELOPMENT DATA 
This data sheet contains advance information and 

specifications are subject to change without notice. l ____ T_D_A_15_1_4A ____ __ 

40 W HIGH-PERFORMANCE HI-FI AMPLIFIER 

GENERAL DESCRIPTION 

The TDA1514A integrated circuit is a hi-fi power amplifier for use as a building block in radio, tv and 
audio recorder applications. The high performance of the Ie meets the requirements of digital sources 
(e.g. Compact Disc equipment). 

The circuit is totally protected, the two output transistors both having thermal and SOAR protection 
(see Fig. 3). The circuit also has a mute function that can be arranged for a period after power-on with 
a delay time fixed by external components. 

The device is intended for symmetrical power supplies but an asymmetrical supply may also be used. 

Features 

• High output power (without bootstrap) 
• Low offset vo Itage 
• Good ripple rejection 
• Mute/stand-by facilities 
• Thermal protection 
• Protected against electrostatic discharge 
• No switch-on or switch-off clicks 
• Very low thermal resistance 
• Safe operating Area (SOAR) protection 
• Short circuit protection 

QUICK REFERENCE DATA 

parameter symbol min. typo max. unit 

Supply voltage range (pin 6 to pin 4) Vp ± 7,5 - ± 30,0 V 

Total quiescent current at Vp = ± 27,5 V I tot - 60 - mA 

Output power at THD = -60 dB; 
Vp = ± 27,5 V; RL = 8 n Po - 40 - W 

Closed loop voltage gain (determined externally) Gc - 30 - dB 

Input resistance (determined externally) Ri - 20 - kn 

Signal plus noise-to-noise ratio at Po = 50 mW (S+N)/N - 82 - dB 

Supply voltage ripple rejection at f = 100 Hz SVRR - 72 - dB 

PACKAGE OUTLINE 

9-lead SI L; plastic power (SOT131A). 
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(1) Copper block connected to -Vp. 

(2) When used without bootstrap these components are disconnected and pin 6 connected to pin 7; 
decreasing output power by approximately 4 W. 

Fig. 1 Block diagram and test circuit. 
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40 W high performance hi-fi amplifier TDA1514A 

RATINGS 

Limiting values in accordance with the Absolute Maximum Rating System (IEC 134) 

parameter symbol 

Supply voltage (pin 6 to pin 4) Vp 

Bootstrap voltage (pin 7 to pin 4) Vbstr 

Output current (repetitive peak) 10 

Operating ambient temperature range Tamb 

Storage temperature range Tstg 
Power dissipation 

Thermal shut-down protection time tpr 

Short circuit protection time* tsc 

Mute voltage (pin 3 to pin 4) VM 

Symmetrical power supply: AC and DC short circuit protected. 
Asymmetrical power supply: AC short circuit protected. 

* Driven by a pink-noise voltage. 

min. max. unit 

± 30 V 

70 V 

8,0 A 

-25 + 150 oC 

-55 + 150 oC 

see Fig. 2 

1 hour 

10 min 

7 V 
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THERMAL RESISTANCE 

From junction to case 

Ptot 
(W) 

Rth j-c max. 

50 7Z21282 

I 
infinite r---
heatsink 

40 

\ 
r-..... \ 

...... ~ , 30 

'~ ~ 
~ 1 

20 

10 
heatsink 1 
Rth = 4,3 K/W i'-. \ I I 

o N 
-25 0 50 100 150 

Fig.2 Power derating curve. 

The theoretical maximum power dissipation for Po = 40W with a stabilized power supply is: 
vp2 

-2-= 19W 
211' RL 

where Vp = ± 27,5 V; RL = 8 n. 

1,0 K/W 

Considering, for example, a maximum ambient temperature of 50 oC and a maximum junction 
temperature of 150 oC the total thermal resistance is: 

150 - 50 
Rth j-a = 19 = 5,3 K/W 

Since the thermal resistance of the SOT-131A encapsulation is < 1,0 K/W, the thermal resistance 
required of the heatsink is < 4,3 K/W. The maximum output power (music power) is limited only by 
the allowable supply voltage. 

SAFE OPERATING (SOAR) PROTECTION 

10 
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Fig. 3 SOAR protection curve. 
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40 W high performance hi-fi amplifier TDA1514A l ------------------------
CHARACTERISTICS 

Vp = ± 27,5 V; RL = 8 Q; f = 1 kHz; Tamb = 25 oC; unless otherwise specified; test circuit as per Fig. 1 

parameter symbol min. typo max. unit 

Supply voltage range (pin 6 to pin 4)* Vp ± 7,5 - ±30,0 V 

Maximum output current (peak value) IOMmax 6,4 - - A 

Total quiescent current Itot 30 60 90 rnA 

Output power with THO = -60 dB: Po 37 40 - W 
at Vp = 22 V Po - 25 - W 
at Vp = 16 V Po - 12,5 - W 

Output power with THO = -60 dB: 
at V P = 21 V; R L = 4 Q Po - 40 - W 

Total harmonic distortion at Po = 32 W THO - -90 - dB 

I ntermodulation distortion at Po = 32 W 
(note 1) dim - -80 - dB 

Power bandwidth (-3 dB) at THO = -60 dB B - 20t025 k - Hz 

Slew rate dV/dt - 10 - V/J,lS 

Closed loop voltage gain (note 2) Gc I - 30 - dB 

Open loop voltage gain Go - 85 - dB 

Input impedance (note 3) z· I 1 - - MQ 

Signal plus noise to noise ratio 
at Po = 50 mW (note 4) (S+N)/N 80 82 - dB 

Input offset voltage ± Vio - 3 - mV 

I nput offset bias cu rrent ± lio b - 0,2 1,0 J,lA 

I nput bias current + lib - 1 5 J,lA 

Output impedance Zo - - 0,1 Q 

Supply voltage ripple rejection at 
ripple frequency = 100 Hz; 
ripple voltage I(RMS value) = 500 mV; 
source resistance = 2 kQ SVRR 70 72 - dB 

Mute time (note 5) tM - 1,25 - s 

Standby voltage (pin 3 to pin 4) Vstb 0 - 0,5 V 

Standby current Istb - 20 - rnA 

Mute-on voltage (pin 3 to pin 4) VM(on) 1 - 5 V 

Mute-off voltage (pin 3 to pin 4) VM(off) 6 - 7 V 

Quiescent current into pin 2 12 tot - - 1 J,lA 

* See Fig. 3. 
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Notes to the characteristics 

1. Measured with two superimposed signals of 50 Hz and 7 kHz with an amplitude relationship 
of 4: 1. 

2. The closed loop gain is determined by external resistors (Fig. 1, R2 and R3) and is variable between 
20 and 46 dB. 

3. The input impedance in the test circuit (Fig. 1) is determined by the bias resistor R1. 

4. The noise voltage at the output is measured in the band 20 Hz to 20 kHz and source resistance 
RS = 2 kil. 

5. Determined by R4 and C1. 
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DEVELOPMENT DATA 
This data sheet contains advance information and 
specifications are subject to change without notice. 

TDA1520B 
TDA1520BQ 

20 W HI-FI AUDIO POWER AMPLIFIER 

GENERAL DESCRIPTION 

The TOA 1520B is an integrated hi-fi audio power amplifier designed for use with non-stabilized 
symmetrical or stabilized asymmetrical power supplies in mains-fed applications (e.g. stereo radio, 
stereo TV sound and cassette recorder). 

Features 

• Low offset voltage at output (suitable for BTL application) 
• Low cross-over and secondary cross-over distortion 
• Low intermodulation and transient intermodulation distortion 
• Low harmonic distortion 
• Good hum suppression 
• High slew rate 
• No switch-on/switch-off plop 
• Thermal protection 

QUICK REFERENCE DATA (note 1) 

parameter conditions symbol min. typo max. unit 

Supply voltage range Vp 15 - 50 V 

Total quiescent current Itot 22 60 105 mA 

Output power at THO = 0,5% Po 20 22 - W 

I nput impedance ZI 1000 - - kn 

Signal plus noise to 
noise ratio at Po = 50 mW note 2 (S+N)/N 70 75 - dB 

Supply voltage ripple 
rejection at RS = 0 n f = 100 Hz SVRR 45 60 - dB 

f=10kHz SVRR 45 80 - dB 

Notes to the Quick Reference Data 

1. All values measured from test circuit Fig.6; Vp = 33 V; R L = 4 n; f = 1 kHz; T amb = 25 0C; unless 
otherwise specified. 

2. Bandwidth is 20 Hz to 20 kHz; RS = 2 kn (RMS value). 

PACKAGE OUTLINES 

TOA 1520B: 9-lead SI L; plastic power (SOT131). 
TOA1520BQ: 9-lead SIL-bent-to-OIL; plastic power (SOT157). 
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TDA1520BQ ...... ________________ _ 

9 

2 

PINNING 

1 Non-inverting input 

2 Input ground (substrate) 

3 Compensation 

4 Negative supply (ground) 

5 Output 

6 Positive supply (Vp) 

7 Not connected 

TDA1520B 
TDA1520BQ 

3 

Fig. 1 Block diagram. 

8 Supply voltage ripple rejection 

9 Inverting input (feedback) 
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20 W hi-fi audio power amplifier 

RATINGS 

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

parameter conditions symbol min. 

Supply voltage note 1 Vp -
Input voltage 

pins 1 to 2 VI -
pins 9 to 2 VI -

Repetitive peak output current IORM -

Non-repetitive peak output current note 2 IOSM -
Total power dissipation Ptot 
AC short-circuit time of the load 

impedance during signal 
drive at 
Vp = ± 20 V symmetrical 

supply; 
RS = 2 f2; 
f = ~ 20 Hz Tsc -

Vp = 30 V asym metrica I 
supply; 
RS=4f2 Ts -

Operating ambient 
temperature range Tamb 

Storage temperature range Tstg -65 

TDA1520B 
TDA1520BQ 

max. unit 

50 V 

25 V 
25 V 

4 A 

5 A 

see Fig.2 

1 hour 

1 hour 

see Fig.2 

I + 150 °C 

~ Notes to the Ratings 

1. Minimum rise time of the supply must be ~ 20 ms. 
2. Maximum peak current is defined by the internal protection circuits. 

POWER DISSIPATION AND HEATSINK INFORMATION 

The maximum theoretical power dissipation with a stabilized power supply is (Vp = 33 V and R L = 4 f2): 

Vp2 
-2-- = 13.8 W. 
21T RL 

Worst case power dissipation with a non-stabilized power supply is (regulation factor of 15%; over 
voltage of 10% and RL min. = 0.8x RL typ.; VPL is the loaded supply voltage): 

(1.1 X VPL)2 
---~= 23.4W. 
21T2 R L min. 

With a maximum ambient temperature of 50 0C and a maximum crystal temperature of 150 oC, the 
required thermal resistance is: 

150 - 50 
Rth j-a = --- = 4.3 K/W. 

23.4 

The thermal resistance of the encapsulation is ~ 2.5 KIW, therefore the thermal resistance of the 
heatsink must be < 1.8 KIW. 
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Fig. 4 Total harmonic distortion (THD) 
as a function of output power (PO); 
Vp = 33 V; R L = 4 U; f = 1 kHz. 
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20 Watt hi-fi audio power amplifier TDA1520B 
TDA1520BQ 

CHARACTERISTICS 

Vp = 33 V; RL = 4 n; f = 1 kHz; Tamb = 25 oC; unless otherwise specified; measured from test 
circuit, Fig. 6. 

parameter conditions symbol min. typo max. unit 

Supply voltage range Vp 15 - 50 V 

Total quiescent current Ip 22 60 105 mA 

Peak output current 10M - - 3,2 A 

Power output at THO = 0.5% note 1 Po 20 22 - W 

Total harmonic 
distortion at Po = 12 W note 1 THO - 0.01 0.1 % 

Power bandwidth at THO = 0.5% Po = 50 mW 20 to 
to 10W B - 20000 - Hz 

I nput voltage at Po = 20 W note 2 V, 225 290 325 mV 

Input impedance note 3 2, 1000 - - kn 

Signal plus noise to 
noise ratio at Po at 50 mW note 4 (S+N)/N 70 75 - dB 

Offset voltage IV5-81 0 ± 10 ± 100 mV 

Input offset current los - 0 1 /J.A 
Output impedance 20 - - 0.1 n 

Supply voltage ripple 
rejection at RS = 0 n f = 100 Hz SVRR 45 60 - dB 

f=10kHz SVRR 45 80 - dB 

I ntermodulation 
distortion at Po = lOW diM - 0.02 - % 

Transient intermodulation 
distortion note 5 dTiM - 0.01 - % 

Slew rate SR - 6 - V//J.s 

Notes to the Characteristics 

1. Output power is measured directly at the output pin. 
2. The closed-loop gain is determined by external resistors and is variable between 20 to 40 dB. 
3. Input impedance in the test circuit is determined by the bias resistor R. 
4. Unweighted noise measured in a bandwidth of 20 Hz to 20 kHz at RS = 2 kn. 
5. The transient intermodulation distortion is measured at Po = lOW. The input signal is a 3.18 kHz 

square-wave signal mixed with a 15 kHz sine-wave signal and a peak-to-peak voltage ratio of 4: 1. 
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APPLICATION INFORMATION 

~ ~ r----------.---f"--c:::::::r-- V supply (Vs) 
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TDA1520B 
TDA1520BQ 
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Q
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270n 

" 

~2,2 
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,1 
n.c. 

7Z24025.1 

Fig. 6 Test and application diagram. 
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DEVELOPMENT DATA 
This data sheet contains advance information and 

specifications are subject to change without notice. 
TDA1521 
TDA1521Q 

2 X 12 W HI-FI AUDIO POWER AMPLIFIER 

GENERAL DESCRIPTION 

The TDA1521/TDA15210 is a dual hi-fi audio power amplifier encapsulated in a 9-lead plastic power 
package. The device is especially designed for mains fed applications (e.g. stereo tv sound and stereo 
radio), 

Features 

• Requires very few external components 

• Input muted during power-on and off 
(no switch-on or switch-off clicks) 

• Low offset voltage between output and ground 

• Excellent gain balance between channels 

• Hi-fi according to IEC 268 and DIN 45500 

• Short-circuit-proof 

• Thermally protected 

QUICK REFERENCE DATA 

Stereo applications 

Supply voltage range 

Output power at THD = 0,5%, 
Vp = ± 16 V 

Voltage gain 

Gain balance between channels 

Ripple rejection 

Channel separation 

Noise output voltage 

PACKAGE OUTLINES 

TDA 1521: 9-lead single in-line; plastic power (SOT131), 
TDA15210: 9-lead SIL-bent-to-DIL; plastic power (SOT157). 

Vp ± 7,5 to ± 20,0 V 

Po typo 12 W 

Gv typo 30 dB 

AGv typo 0,2 dB 

SVRR typo 60 dB 

0: typo 70 dB 

Vno(rms) typo 70 IlV 
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TDA1521Q _____________________________________ _ 

I NV 1 _+=2=---_-r
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-
BO

-
n
l-_ .... 

-INV 1 -t-'-------, 

GND 
3 

VREF 1 

-INV2 
9 

INV 2 
B 

6BOn 

PINNING 

-INV1 non-inverting input 1 

2 INV1 inverting input 1 

3 GND J ground (symmetrical) 
l % Vp (asymmetrical) 

4 OUT1 output 1 
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+Vp 

V R VB 

VB em 

-Vp 

TDA1521 
TDA1521Q 
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4+-_ OUT 1 
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-( 

20kn 

7Z95533.2 

Fig. 1 Block diagram. 

5 -Vp { negative supply (symmetrical) 
ground (asymmetrical) 

6 OUT2 output 2 

7 + Vp positive supply 

8 INV2 inverting input 2 

9 -INV2 non-inverting input 2 
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2 x 12 watt hi-fi audio power amplifier 

FUNCTIONAL DESCRIPTION 

TDA1521 
TDA1521Q 

This hi-fi stereo power amplifier is designed for mains fed applications. The circuit is designed for both 
symmetrical and asymmetrical power supply systems. An output power of 2 x 12 watts (TH D = 0,5%) 
can be delivered into an 8 n load with a symmetrical power supply of ± 16 V. 

The gain is fixed internally at 30 dB. Internal gain fixing gives low gain spread and very good balance 
between the amplifiers (0,2 dB). 

A special feature of this device is a mute circuit which suppresses unwanted input signals during switching 
on and off. Referring to Fig. 13, the 100 J.lF capacitor creates a time delay when the voltage at pin 3 is 
lower than an internally fixed reference voltage. During the delay the amplifiers remain in their DC 
operating mode but are isolated from the non-inverting inputs on pins 1 and 9. 

Two thermal protection circuits are provided, one monitors the average junction temperature and the 
other the instantaneous temperature of the power transistors. Both protection circuits activate at 
150 °C allowing safe operation to a maximum junction temperature of 150 °C without added distor
tion. 

RATINGS 

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

parameter conditions symbol min. max. unit 

Supply voltage pin 7 Vp = V7-3 - + 20 V 
pin 5 -VP=V5-3 - -20 V 

Non-repetitive peak 
output current pins 4 and 6 IOSM - 4 A 

Total power dissipation see Fig. 2 Ptot 

Storage temperature range Tstg -65 + 150 °C 

Junction temperature Tj - 150 °C 

Short-circuit time: see note 
outputs short-circuited 
to ground symmetrical 
(full signal drive) power supply tsc - 1 hour 

asymmetrical 
power supply; 
Vp<32 V 
(unloaded) ; 
Ri~4n tsc - 1 hour 

Note 

For asymmetrical power supplies (at short circuiting of the load) the maximum supply voltage is 
limited to Vp = 28 V. If the total internal resistance of the supply (Ri) > 4 n, the maximum unloaded 
supply voltage is increased to 32 V. 
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TDA1521Q _____________________________________ _ 

25 
Ptot 
(W) 

20 

15 

10 

o 

'\ 
'\. 

Rth h-a = 3,3 K/W"\. 

-25 0 50 

lZ95531 1 

lnfinit~ 
heatsmk \ .-r--

, 
1\ 

'\. \ 
\ \ 

'\ 1\ 
~\ 
'\ 

Fig. 2 Power derating curve. 

THERMAL RESISTANCE 

From junction to case 

HEATSINK DESIGN EXAMPLE 

Rth j-c = 2,5 KIW 

With derating of 2,5 KIW, the value of heatsink thermal resistance is calculated as follows: 

given R L = 8 nand Vp = ±16 V, the measured maximum dissipation is 14,6 W; then, for a maximum 
ambient temperature of 65 OC, the required thermal resistance of the heatsink is 

150 - 65 
Rth h-a = "- 2,5 = 3,3 KIW 

14,6 

Note: The internal metal block (heatsink) has the same potential as pin 5 (-Vp) 
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2 x 12 watt hi·fi audio power amplifier 

CHARACTERISTICS 

parameter conditions symbol min. typo 

Supply voltage range 
operating mode Vp ± 7,5 ± 16,0 
input mute mode Vp ± 2,0 -

Repetitive peak 
output current IORM - -

Operating mode: symmetrical power supply; test circuit as per Fig. 12; 
Vp = ± 16 V; RL = 8 U; Tamb = 25 0C; f = 1 kHz 

Total quiescent current without RL Itot 18 40 

Output power THO = 0,5% Po 10 12 
THO = 10% Po 12 15 

Total harmonic 
distortion Po= 6W THO - 0,15 

Power bandwidth THO = 0,5% 
note 1 B 20 to 

20k 

Voltage gain Gv 29 30 

Gain balance .1Gv - 0,2 

Noise output voltage 
(r.m.s. value); 
unweighted (20 Hz 
to 20 kHz) RS = 2 kU Vno(rms) - 70 

Input impedance IZil 14 20 

Ripple rejection note 2 SVRR 40 60 

Channel separation RS=OU ex: 46 70 

Input bias current lib - 0,3 

DC output offset with respect 
voltage to ground VOFF - 30 

Input mute mode: symmetrical power supply; test circuit as per Fig. 12; 
Vp=±4V;RL =8U;Tamb=25 0 C;f= 1 kHz 

Total quiescent current without RL Itot 9 30 

Output voltage Vi = 600 mV Vout - 0,6 

Noise output voltage 
(r.m.s. value); 
unweighted (20 Hz 
to 20 kHz) RS = 2 kU Vno(rms) - 70 

Ripple rejection note 2 SVRR 35 55 

DC output offset with respect 
voltage to ground VOFF - 40 

max. 

TDA1521 
TDA1521Q 

unit 

± 20,0 V 
± 5,5 V 

2,2 A 

70 rnA 

- W 
- W 

0,2 % 

Hz 

31 dB 

1,0 dB 

140 JlV 

26 kU 

- dB 

- dB 

- JlA 

200 mV 

40 rnA 

1,8 mV 

140 JlV 

- dB 

200 mV 
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2 x 12 watt hi-fi audio power amplifier TDA1521 
TDA1521Q 

APPLICATION INFORMATION 

Input mute circuit 

The input mute circuit operates only during switching on and off of the supply voltage. The circuit 
compares the % supply voltage (at pin 3) with an internally fixed reference voltage (V ref), derived 
directly from the supply voltage. When the voltage at pin 3 is lower than V ref the non-inverting 
inputs (pins 1 and 9) are disconnected from the amplifier. The voltage at pin 3 is determined by an 
internal voltage divider and the external 100 fJ.F capacitor. 
During switching on, a time delay is created between the reference voltage and the voltage at pin 3, 
during which the input terminal is disconnected, (as illustrated in Fig. 3). 

supply 
voltage 

vp 

Vref 

lZ94901 

I 

'-1---~-~-t--~-
/ 

- - t¥ V4.6 
~- j-- f--1--1--t--

1/ : 
V : 

delay_ time 

Fig.3 Input mute circuit; time delay. 
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TDA1521 
TDA1521Q l ___ ~_ 

APPLICATION INFORMATION (continued) 

20 
7Z21271 

I 
i 

/ / 
If/ 

16 

I V 
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~ I' 
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..... V 4 

o 
o 4 8 12 16 20 

±Vp (V) 

Fig. 4 Output power as a function of 
supply voltage; symmetrical supply; 
RL =8n;f= 1 kHz. 
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Fig. 6 Supply voltage ripple rejection; 
symmetrical supply; Vp = ± 16 V; 
VRR = 200 mV. 

1098 August 1987] ( 

0,8 

THD 
(%) 

0,6 

0,4 

0,2 

o 
10 

l-

7Z21272 

I 
II 

J 
V 

Fig. 5 Distortion as a function of frequency; 
symmetrical supply; Vp = ± 16 V; RL = 8 n; 
Po = 6 W. 
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Fig. 7 Power dissipation as a function of 
output power; symmetrical supply; 
Vp = ± 16 V; RL = 8 Q; f = 1 kHz. 



2 x 12 watt hi-fi audio power amplifier 
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Fig. 8 Output power as a function of 
supply voltage; asymmetrical supply; 
RL =8Q;f= 1 kHz. 
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Fig. 10 Supply voltage ripple rejection; 
asymmetrical supply; Vs = 24 V; 
VRR = 200 mY. 
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Fig.9 Distortion as a function of frequency; 
asymmetrical supply; Vs = 24 V; RL = 8 Q; 
Po = 4 W. 
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Fig. 11 Output power as a function of 
supply voltage; asymmetrical supply; 
RL =4Q;f= 1 kHz. 
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TDA1521 l 
TDA1521Q _____________________________________ _ 

+ 
100ILF J; 

.-----------------------------~--~--+Vp 

680" L 

100 nF 
(1) 

~----------------------------+---~---Vp 
lZ95534.4 

1 To be connected as close as possible to the IC 
Fig. 12 Test and application circuit; symmetrical power supply. 

Vp 

100 nF 

20kn 
(1) I 

+ 

~
22nF ~6801LF 

8,2 n RL 8n 

'/ '/ 

680n 20kn 

'/ 7Z95532.4 

1 To be connected as close as possible to the IC 
Fig. 13 Test and application circuit; asymmetrical power supply. 
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DEVELOPMENT DATA 
This data sheet contains advance information and 

specifications are subject to change without notice. l ___ T_D_A_1_52_1_A ____ __ 

2 X 6 W HI-FI AUDIO POWER AMPLIFIER 

GENERAL DESCRIPTION 

The TDA 1521 A is a dual hi-fi audio power amplifier encapsulated in a 9-lead plastic power package. 
The device is especially designed for mains fed applications (e.g. stereo tv sound and stereo radio). 

Features 

• Requires very few external components 

• Input muted during power-on and off 
(no switch-on or switch-off clicks) 

• Low offset voltage between output and ground 

• Excellent gain balance between channels 

• Hi-fi according to IEC 268 and DIN 45500 

• Short-circuit-proof 

• Thermally protected 

QUICK REFERENCE DATA 

Stereo applications 

Supply voltage range 

Output power at TH D = 0,5%, 
Vp = ± 12 V 

Voltage gain 

Gain balance between channels 

Ripple rejection 

Channel separation 

Noise output voltage 

PACKAGE OUTLINE 

TDA 1521A: 9-lead single in-line; plastic power (SOT 110B). 

Vp ± 7,5 to ± 20,0 V 

Po typo 6W 

Gv typo 30 dB 

AGv typo 0,2 dB 

SVRR typo 60 dB 

a. typo 70 dB 

Vno(rms) typo 70 IlV 
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TDA1521A Jl 
+Vp 

7 

VR 
TDA1521A 

VREF 1 

20kn 

2 680n 
INV 1 VB em 

-INV 1 -( 
4 

OUT 1 

-( 

+Vp 

GND 
3 

V REF 1 

VR VB 

-( 
6 

OUT 2 

-INV 2 
9 -( 

INV 2 
8 

5 

lZ95533.2F 

-Vp 

Fig. 1 Block diagram. 

PINNING 

1 -INV1 non-inverting input 1 

2 INV1 inverting input 1 

5 -Vp { negative supply (symmetrical) 
ground (asymmetrical) 

3 GND J ground (symmetrical) 
l % Vp (asymmetrical) 

6 OUT2 output 2 

7 +Vp positive supply 

4 OUT1 output 1 8 INV2 inverting input 2 

9 -INV2 non-inverting input 2 
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2 x 6 watt hi-fi audio power amplifier l ____ TD_A_1_5_2_1A ____ __ 

FUNCTIONAL DESCRIPTION 

This hi-fi stereo power amplifier is designed for mains fed applications. The circuit is designed for both 
symmetrical and asymmetrical power supply systems. An output power of 2 x 6 watts (TH D = 0,5%) 
can be delivered into an 8 n load with a symmetrical power supply of ± 12 V. 

The gain is fixed internally at 30 dB. I nternal gain fixing gives low gain spread and very good balance 
between the amplifiers (0,2 dB). 

A special feature of this device is a mute circuit which suppresses unwanted input signals during switching 
on and off. Referring to Fig. 12, the 100 IlF capacitor creates a time delay when the voltage at pin 3 is 
lower than an internally fixed reference voltage. During the delay the amplifiers remain in their DC 
operating mode but are isolated from the non-inverting inputs on pins 1 and 9. 

Two thermal protection circuits are provided, one monitors the average junction temperature and the 
other the instantaneous temperature of the power transistors. Both protection circuits activate at 
150 °C allowing safe operation to a maximum junction temperature of 150 °C without added distor
tion. 

RATINGS 

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

parameter conditions symbol min. max. unit 

Supply voltage pin 7 Vp = V7-3 - + 20 V 
pin 5 -VP=V5-3 - -20 V 

Non-repetitive peak 
output cu rrent pins 4 and 6 IOSM - 4 A 

Total power dissipation see Fig. 2 Ptot 

Storage temperature range Tstg -65 + 150 °C 

Junction temperature Tj - 150 °C 

Short-circuit time: see note 
outputs short-circuited 
to ground symmetrical 
(full signal drive) power supply tsc - 1 hour 

asymmetrical 
power supply tsc - 1 hour 

Note 

For asymmetrical power supplies (at short circuiting of the load) the maximum supply voltage is 
limited to Vp = 28 V. 
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_____ T_D_A_15_2_1A ____ jl~ ________________________________ __ 
Ptot 
(W) 

25 

20 

15 

10 

5 

o 
-25 0 

7Z949081 

~ 

~ 
I\. infinite heatsink 

\ 
I".. i\ 
'" i'.... \ 

" ~ 
Rth h-a = 5,5 K/W ", 

~ 
50 100 150 

Fig. 2 Power derating curve. 

THERMAL RESISTANCE 

From junction to case 

HEATSINK DESIGN EXAMPLE 

Rth j-c = 6 K/W 

With derating of 6 K/W, the value of heatsink thermal resistance is calculated as follows: 

given RL = 8 nand Vp = ± 12 V, the measured maximum dissipation is 7,8 W; then, for a maximum 
ambient temperature of 60 oC, the required thermal resistance of the heatsink is 

150 - 60 
Rth h-a = - 6 = 5,5 K/W 

7,8 

Note: The metal tab (heatsink) has the same potential as pin 5 ( - Vp). 
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2 x 6 watt hi-fi audio power amplifier l __ T_D_A_15_2_1A __ _ 

CHARACTERISTICS 

parameter conditions symbol min. typo max. unit 

Supply voltage range 
operating mode Vp ± 7,5 ± 12,0 ± 20,0 V 
input mute mode Vp ± 2,0 - ± 5,5 V 

Repetitive peak 
output cu rrent IORM - - 2,2 A 

Operating mode: symmetrical power supply; test circuit as per Fig. 11; 
Vp = ± 12 V; RL = 8 n; Tamb = 25 °C; f = 1 kHz 

Total quiescent current without RL 'tot 18 40 70 rnA 

Output power THO = 0,5% Po 5 6 - W 
THO = 10% Po 6,5 8,0 - W 

Total harmonic 
distortion Po=4W THO - 0,15 0,2 % 

Power bandwidth THO = 0,5% 
note 1 B 20 to 

16 k Hz 

Voltage gain Gv 29 30 31 dB 

Gain balance ~Gv - 0,2 1,0 dB 

Noise output voltage 
(r.m.s. value); 
unweighted (20 Hz 
to 20 kHz) RS = 2 kn Vno(rms) - 70 140 JlV 

Input impedance IZil 14 20 26 kn 

Ripple rejection note 2 SVRR 40 60 - dB 

Channel separation RS=On ex: 46 70 - dB 

I nput bias current lib - 0,3 - JlA 

DC output offset with respect 
voltage to ground VOFF - 30 200 mV 

Input mute mode: symmetrical power supply; test circuit as per Fig. 11; 
Vp = ± 4 V; RL = 8 n; Tamb = 25 oC; f = 1 kHz 

Total quiescent current without RL 
'
tot 9 30 40 rnA 

Output voltage Vi = 600 mV Vout - 0,6 1,8 mV 

Noise output voltage 
(r.m.s. value); 
unweighted (20 Hz 
to 20 kHz) RS = 2 kn Vno(rms) - 70 140 JlV 

Ripple rejection note 2 SVRR 35 55 - dB 

DC output offset with respect 
voltage to ground VOFF - 40 200 mV 
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_____ T_D_A_15_2_1A ____ Jl __________________________________ _ 
CHARACTERISTICS (continued) 

parameter conditions symbol min. typo max. unit 

I I I I I I 
Operating mode: asymmetrical power supply; test circuit as per Fig. 12; 

Vp=24V; RL=8U;Tamb=25 0 C;f= 1 kHz 

Total quiescent current Itot 18 40 70 rnA 

Output power THO = 0,5% Po 5 6 - W 
THD = 10% Po 6,5 8 - W 

Total harmonic 
distortion Po=4W THO - 0,13 0,2 % 

Power bandwidth THO = 0,5% 40 to 

note 1 B 16 k Hz 

Voltage gain Gv 29 30 31 dB 

Gain balance AGv - 0,2 1,0 dB 

Noise output voltage 
(r.m.s. value); 
unweighted (20 Hz to 
20 kHz) RS = 2 kU Vno(rms) - 70 140 JJV 

Input impedance IZil 14 20 26 kU 

Ripple rejection SVRR 40 50 - dB 

Channel separation RS=OU ex - 45 - dB 

Notes to the characteristics 

1. Power bandwidth at Po max -3 dB. 

2. Ripple rejection at RS = 0 U, f = 100 Hz to 20 kHz; 
ripple voltage = 200 mV (r.m.s. value) applied to positive or negative supply rail. 
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2 x 6 watt hi-fi audio power amplifier 

APPLICATION INFORMATION 

Input mute circuit 

l __ T_D_A_15_2_1A __ _ 

The input mute circuit operates only during switching on and off of the supply voltage. The circuit 
compares the % supply voltage (at pin 3) with an internally fixed reference voltage (V ref), derived 
directly from the supply voltage. When the voltage at pin 3 is lower than V ref the non-inverting 
inputs (pins 1 and 9) are disconnected from the amplifier. The voltage at pin 3 is determined by an 
internal voltage divider and the external 100 J.LF capacitor. 
During switching on, a time delay is created between the reference voltage and the voltage at pin 3, 
during which the input terminal is disconnected, (as illustrated in Fig. 3). 

supply 
voltage 

Vp 

Vref 

7Z94907 

I 

,-~- r--
/ 

~-1--

,- - I- _V -1--1--1--1--
V4.6 I/t/ 
1/ : 

V : 
delay_ time 

Fig. 3 Input mute circuit; time delay. 
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___ T_D_A_15_2_1A __ J l ....... ________________ _ 
APPLICATION INFORMATION (continued) 
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Fig. 4 Output power as a function of 
supply voltage; symmetrical supply; 
RL =8n;f= 1 kHz. 
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Fig. 6 Supply voltage ripple rejection; 
symmetrical supply, Vp = ± 12 V; 
VRR = 200 mV. 
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Fig. 5 Distortion as a function of frequency; 
symmetrical supply; V p = ± 12 V; 
RL=8n;po =3W. 
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Fig. 7 Power dissipation as a function of 
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2 x 6 watt hi-fi audio power amplifier 

12 
lZ21268 

..... v 
1/ 

THD = 10% V .... 
8 

./V ./ V 
V ./ Vo,5% 

4 V ..... V ./ 

V V V V 

~i"" 

o 
15 20 25 27 

VS(V) 

Fig. 8 Output power as a function of 
supply voltage; asymmetrical supply; 
RL =8n;f= 1 kHz. 
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l ___ T_D_A_1_5_21_A ____ __ 
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Fig.9 Distortion as a function of frequency; 
asymmetrical supply; Vs = 24 V; 
RL = 8 n; Po = 3 W. 
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Fig. 10 Supply voltage ripple rejection; 
asymmetrical supply; Vs = 24 V; 
VRR = 200 mW. 

'] (AUgust 1987 1109 



__ TD_A15_21A_Jl ________ _ 
APPLICATION INFORMATION (continued) 

r-----------------------------~--~--+Vp 

100 nF 
(1) 

~----------------------------+---~---Vp 
7Z95534.4F 

(1) To be connected as close as possible to the I.C. 
Fig. 11 Test and application circuit; symmetrical power supply. 

Vp 

100 nF 1+ 
(1) I I 680.' 

20kU 

+ 

2
22nF ~6aO/lF 

a,2 n RL an 

~ / 

+ 

6aon 2
22nF ~6aO/lF 
8,2 n RL an 

/ ~ 

20kn 

7Z95532.4F 

(1) To be connected as close as possible to the I.C. 
Fig. 12 Test and application circuit; asymmetrical power supply. 
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___________________________________ jl ____ TD_A_1_52_4_A ____ _ 

STEREO-TONE/VOLUME CONTROL CIRCUIT 

GENERAL DESCRIPTION 

The device is designed as an active stereo-tone/volume control for car radios, TV receivers and mains-fed 
equipment. It includes functions for bass and treble control, volume control with built-in contour (can 
be switched off) and balance. All these functions can be controlled by d.c. voltages or by single linear 
potentiometers. 

Features 

• Few external components necessary 
• Low noise que to internal gain 
• Bass emphasis can be increased by a double-pole low-pass filter 
• Wide power supply voltage range 

QUICK REFERENCE DATA 

Supply voltage (pin 3) 

Supply current (pin 3) 

Maximum input signal with 
d.c. feedback (r.m.s. value) 

Maximum output signal with 
d.c. feedback (r.m.s. value) 

Volume control range 

Bass control range at 40 Hz 

Treble control range at 16 kHz 

Total harmonic distortion 

Output noise voltage (unweighted; r.m.s. value) 
atf=20 Hzt020kHz;Vp= 12V; 
for max. voltage gain 
for voltage gain Gv = -40 dB 

Channel separation 
at Gv = -20 to + 21,5 dB 

Tracking between channels 
at Gv = -20 to + 26 dB 

Ripple rejection at 100 Hz 

Supply voltage range (pin 3) 

Operating ambient temperature range 

PACKAGE OUTLINE 

18-lead DI L; plastic (SOT102). 

Vp = V3-18 typo 12 V 

35 rnA Ip = 13 typo 

Vi(rms) typo 2,5 V 

Vo(rms) 

Gv 
AG v 

AGv 
THD 

Vno(rms) 
Vno(rms) 

acs 

AGv 
RR 

Vp = V3-18 

Tamb 

typo 3 V 

-80 to + 21,5 dB 

-19 to + 17 dB 

typo ± 15 dB 

typo 0,3 % 

typo 310 JlV 
typo 100 JlV 

typo 60 dB 

max. 2,5 dB 

typo 50 dB 

7,5 to 16,5 V 

-30 to + 80 0C 
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Stereo-tone volume control circuit l __ T_D_A_1_52_4_A __ _ 

56"F~:6"F 

~1::~7199A 

Fig. 2 Double-pole low-pass filter 
for improved bass-boost. 

RATINGS 

TDA1524A 

+ 

1
2,2!lF 

'/ 7Z87200A 

Fig. 3 D.C. feedback with filter network 
for improved signal handling. 

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

Supply voltage (pin 3) Vp = V3-18 max. 20 V 

Total power dissipation 

Storage temperature range 

Operating ambient temperature range 

Ptot 
Tstg 

Tamb 

max. 1200 mW 

-55 to + 150 0C 

-30 to + 80 °C 
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___ TD_A15_24A __ jl ________ ---------
D.C. CHARACTERISTICS 

Vp = V3-18 = 12 V; Tamb = 25 oC; measured in Fig. 1; RG ~ 600 n; R L ~ 4,7 kn; CL ~ 200 pF; 
unless otherwise specified 

parameter symbol min. typo max. unit 

Supply (pin 3) 

Supply voltage Vp = V3-18 7,5 - 16,5 V 

Supply current 
at Vp = 8,5 V Ip = 13 19 27 35 rnA 
atVp=12V Ip = 13 25 35 45 rnA 
at Vp = 15 V Ip= 13 30 43 56 rnA 

D.C. input levels (pins 4 and 15) 
at Vp = 8,5 V V4,15-18 3,8 4,25 4,7 V 
atVp=12V V4,15-18 5,3 5,9 6,6 V 
at Vp = 15 V V 4,15-18 6,5 7,3 8,2 V 

D.C. output levels (pins 8 and 11) 
under all control voltage conditions 
with d.c.feedback (Fig. 3) 
at Vp = 8,5 V V8,11-18 3,3 4,25 5,2 V 
at Vp = 12 V V8,11-18 4,6 6,0 7,4 V 
at Vp = 15 V V8,11-18 5,7 7,5 9,3 V 

Pin 17 

Internal potentiometer supply voltage 
at Vp = 8,5 V V17-18 3,5 3,75 4,0 V 

Contour on/off switch (control by ·117) 
contour (switch open) -117 - - 0,5 rnA 
linear (switch closed) -117 1,5 - 10 rnA 

Application without internal potentiometer 
supply voltage at Vp ~ 10,8 V 
(contour cannot be switched off) 

Voltage range forced to pin 17 V17-18 4,5 - Vp/2-VBE V 

D.C. control voltage range for volume, 
bass, treble and balance 
(pins 1,9, 10 and 16 respectively) 
at V17-18 = 5 V V1,9,1 0,16 1,0 - 4,25 V 
using internal supply V1,9, 10, 16 0,25 - 3,8 V 

Input current of control inputs 
(pins 1, 9, 10 and 16) -11,9,10,16 - - 5 JJ.A 
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Stereo-tone volume control circuit l ___ T_DA_1_5_2_4A __ _ 

A.C. CHARACTERISTICS 

Vp = V3-18 = 8,5 V; Tamb = 25 oC; measured in Fig. 1; contour switch closed (linear position); 
volume, balance, bass, and treble controls in mid-position; RG ~ 600 n; R L ~ 4,7 kn; CL ~ 200 pF; 
f = 1 kHz; unless otherwise specified 

parameter symbol min. typo max. unit 

Control range 

Max. gain of volume (Fig. 5) Gv max 20,5 21,5 23 dB 

Volume control range; Gv max/Gv min ~Gv 90 100 - dB 

Balance control range; Gv = 0 dB (Fig. 6) ~Gv - -40 - dB 

Bass control range at 40 Hz (Fig. 7) ~Gv - -19 to + 17 ± 3 dB 

Treble control range at 16 kHz (Fig. 8) ~Gv - I ± 15 ± 31- dB 

Contour characteristics see Figs 9 and 10 

Signal inputs, outputs 

Input resistance; pins 4 and 15 (note 1) 
at gain of volume control: Gv = 20 dB Ri4,15 10 - - kn 

Gv = -40 dB Ri4,15 - 160 - kn 

Output resistance (pins 8 and 11) Ro8,11 - - 300 n 

Signal processing 

Power supply ripple rejection 
at VP(rms) ~ 200 mV; f = 100 Hz; Gv = 0 dB RR 35 50 - dB 

Channel separation (250 Hz to 10 kHz) 
at Gv = -20 to + 21,5 dB a cs 46 60 - dB 

Spread of volume control with 
constant control voltage V 1-18 = 0,5 V 17-18 ~Gv - - ±3 dB 

Gain tolerance between left and right 
channel V16-18 = Vl-18 = 0,5 V17-18 ~Gv,L-R - - 1,5 dB 

Tracking between channels 
for Gv = 21,5 to -26 dB 
f = 250 Hz to 6,3 kHz; balance adjusted at 
Gv = 10 dB ~Gv - - 2,5 dB 
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_____ T_D_A_15_2_4_A ___ jl~ ________________________________ _ 
A.C. CHARACTERISTICS (continued) 

parameter symbol min. typo max. unit 

Signal handling with d.c. feedback (Fig. 3) 

Input signal handling 
at Vp = 8,5 V; THO = 0,5%; 
f = 1 kHz (r.m.s. value) Vi(rms) 1,4 - - V 

at Vp = 8,5 V; THO = 0,7%; 
f = 1 kHz (r.m.s. value) Vi(rms) 1,8 2,4 - V 

at Vp = 12 V; THO = 0,5%; 
f = 40 Hz to 16 kHz (r.m.s. value) Vi(rms) 1,4 - - V 

at Vp = 12 V; THO = 0,7%; 
f = 40 Hz to 16 kHz (r.m.s. value) Vi(rms) 2,0 3,2 - V 

at Vp = 15 V; THO = 0,5%; 
f = 40 Hz to 16 kHz (r.m.s. value) Vi(rms) 1,4 - - V 

at Vp = 15 V; THO = 0,7%; 
f = 40 Hz to 16 kHz (r.m.s. value) Vi(rms) 2,0 3,2 - V 

Output signal handling (note 2 and note 3) 
at Vp = 8,5 V; THO = 0,5%; 
f = 1 kHz (r.m.s. value) Vo(rms) 1,8 2,0 - V 

at Vp = 8,5 V; THO = 10%; 
f = 1 kHz (r.m.s. value) Vo(rms) - 2,2 - V 

at Vp = 12 V; THO = 0,5%; 
f = 40 Hz to 16 kHz (r.m.s. value) Vo(rrns) 2,5 3,0 - V 

at Vp.= 15 V; THO = 0,5%; 
f = 40 Hz to 16 kHz (r.m.s. value) Vo(rms) - 3,5 - V 

Noise performance (Vp = 8,5 V) 

Output noise voltage (unweighted; Fig. 15) 
at f = 20 Hz to 20 kHz (r.m.s. value) 
for maximum voltage gain (note 4) Vno(rms) - 260 - /J.V 
for Gv = -3 dB (note.4) Vno(rms) - 70 140 /J.V 

Output noise voltage; weighted as OIN 45405 
of 1981, CCIR recommendation 468-2 (peak value) 
for maximum voltage gain (note 4) Vno(m) - 890 - /J.V 
for maximum emphasis of bass and treble 
(contour off; Gv = -40 dB) Vno(m) - 360 - /J.V 

Noise performance (Vp = 12 V) 

Output noise voltage (unweighted; Fig. 15) 
at f = 20 Hz to 20 kHz (r.m.s. value; note 5) 
for maximum voltage gain (note 4) Vno(rms) - 310 - /J.V 
for Gv = -16 dB (note 4) Vno(rms) - 100 200 /J.V 

Output noise voltage; weighted as OIN 45405 
of 1981, CCI R recommendation 468-2 (peak value) 
for maximum voltage gain (note 4) Vno(m) - 940 - /J.V 
for maximum emphasis of bass and treble 
(contour off; Gv = -40 dB) Vno(m) - 400 - /J.V 
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parameter 

Noise performance (Vp = 15 V) 

Output noise voltage (unweighted; Fig. 15) 
at f = 20 Hz to 20 kHz (r.m.s. value; note 5) 
for maximum voltage gain (note 4) 
for Gv = 16 dB (note 4) 

Output noise voltage; weighted as DIN 45405 
of 1981, CCI R recommendation 468-2 (peak value) 
for maximum voltage gain (note 4) 
for maximum emphasis of bass and treble 
(contour off; Gv = -40 dB) 

Notes to characteristics 

1. Equation for input resistance (see also Fig. 4) 

160 kn 
Ri = 1 + G

v 
; Gv max = 12. 

symbol 

Vno(rms) 
Vno(rms) 

Vno(m) 

Vno(m) 

min. typo max. unit 

- 350 - IlV 
- 110 220 IlV 

- 980 - IlV 

- 420 - IlV 

2. Frequencies below 200 Hz and above 5 kHz have reduced voltage swing, the reduction at 40 Hz and 
at 16 kHz is 30%. 

3. In the event of bass boosting the output signal handling is reduced. The reduction is 1 dB for 
maximum bass boost. 

4. Linear frequency response. 

5. For peak values add 4,5 dB to r.m.s. values. 
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Fig. 4 Input resistance (Ri) as a function of gain of volume control (Gv). Measured in Fig. 1. 

1 (september 1987 1117 



____ T_D_A_15_2_4_A ___ Jl~ ________________________________ __ 

1118 

Gy 

(dB) 

20 

o 

-20 

-40 

-60 

-80 

/ 
J 

~ 

o 

7Z86925 

--
V 

/ 
)V' 

/ 
1/ 

/ 
/ 

1/ 

Fig. 5 Volume control curve; voltage gain (Gv) 
as a function of control voltage (V1-1S). 
Measured in Fig. 1 (internal potentiometer supply 
from pin 17 used); Vp = S,5 V; f = 1 kHz. 
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Fig. 7 Bass control curve; voltage gain (Gv) 
as a function of control voltage (V9-1S). 
Measured in Fig. 1 with single-pole filter 
(internal potentiometer supply from pin 17 used); 
Vp=S,5V;f=40Hz. 
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Fig. 6 Balance control curve; voltage gain (Gv) 
as a function of control voltage (V16-1S). 
Measured in Fig. 1 (internal potentiometer supply 
from pin 17 used); Vp = S,5 V. 
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Fig. S Treble control curve; voltage gain (Gv) 
as a function of control voltage (V10-1S). 
Measured in Fig. 1 (internal potentiometer supply 
from pin 17 used); Vp = S,5 V; f = 16 kHz. 
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Fig. 9 Contour frequency response curves; voltage gain (Gv) as a function of audio input frequency. 
Measured in Fig. 1 with single-pole filter; Vp = 8,5 V. 
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Fig. 10 Contour frequency response curves; voltage gain (Gv) as a function of audio input frequency. 
Measured in Fig. 1 with double-pole filter; Vp = 8,5 V. 
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Fig. 11 Tone control frequency response curves; voltage gain (Gv) as a function of audio input 
frequency. Measured in Fig. 1 with single-pole filter; Vp = 8,5 V. 
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Fig. 12 Tone control frequency response curves; voltage gain (Gv) as a function of audio input 
frequency. Measured in Fig. 1 with double-pole filter; Vp = 8,5 V. 
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Fig. 13 Total harmonic distortion (THO); as a function of audio input frequency. Measured in Fig. 1; 
Vp = 8,5 V; volume control voltage gain at 

Vo 
Gv =20109

Vi 
=OdB. 

1120 September 19871 ( 



Stereo-tone volume control circuit 

THD 
(%) 

l ____ T_D_A1_5_2_4A ____ ___ 

7Z86915 

0,4 ......................................................... : ........................ : ................. . 

. . 

! i ' 
........ ~ ................ : ........................ ~.... ........... , ..................... . 

~ ! V~I=0,2V "'" , ' , 
.,,-.~ '.----:: 05 V 

0,2 ....•..•••• V 

o~~~~~~--~~~~~--~~~~~--~~~~~ 

O. 0,5 1,0 1,5 Vo (V) 2,0 

Fig. 14 Total harmonic distortion (THO); as a function of output voltage (Vo). Measured in Fig. 1; 
Vp=8,5V;fi=1 kHz. 

(1)Vp=15V. 
(2) Vp = 12 V. 
(3) Vp = 8,5 V. 
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Fig. 15 Noise output voltage (V no( rms); unweighted); as a function of voltage gain (Gv)' Measured in 
Fig. 1; f = 20 Hz to 20 kHz. 
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