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FUNCTIONAL INDEX

type no. description . page
AMPLIFIERS
NE592 video amplifier 93
NE5204 wide-band high frequency amplifier 71
NE5205 wide-band high frequency amplifier 81
NE5539 ultra high frequency operational amplifier 103
NE5592 video amplifier 65
SAB92 video amplifier 93
SA5204 wide-band high frequency amplifier 71
SAb5205 wide-band high frequency amplifier 81
SE592 video amplifier 93
SE5539 ultra high frequency operational amplifier 103
uA733 differential video amplifier 2201
rA733C differential video amplifier 2201
CAMERA ICs
SAA1043 universal sync generator 431
SAA1044 subcarrier coupler circuit 447
SAD1019 multi-norm pulse pattern generator 971
CLOCK/CALENDAR
PCF8573 clock calendar; 12 C-bus 215
PCF8583 clock calendar with 256 x 8-bit static RAM;

12C-bus 377
COLOUR DECODERS
SAA9055 digital SECAM colour decoder; 12C-bus 817
TDA3501 video control combination 1421
TDA3505 video control combination with automatic cut-off control;

—(B-Y) and —(R-Y) input 1429
TDA3506 video control combination with automatic cut-off control:

+(B-Y) and + {R-Y) input 1429
TDA3507 video control combination with automatic cut-off control:

—{(B-Y) and —(R-Y) input 1439
TDA3510 PAL decoder 1451
TDA3561A PAL decoder 1455
TDA3565 PAL decoder 1467
TDA3566 PAL/NTSC decoder 1477
TDA3567 NTSC decoder 1495
TDA3569 NTSC decoder with fast RGB blanking 1507
TDAS3590A SECAM processor circuit (improved TDA3590) 1519
TDA3592A SECAM/PAL transcoder 15635
TDA4510 PAL decoder 1771
TDA4532 " SECAM decoder : 1777
TDA4555 multistandard decoder for —(R-Y) and —(B-Y) signals '1783
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TDA4556 multistandard decoder for + {R-Y) and + (B-Y) signals 1783
TDAA4557 multistandard colour decoder 1791
TDAA4560 colour transient improvement circuit 1799
TDA4565 colour transient improvement circuit; output signal

delayed 180 us less than that of TDA4560 1805
TDAA4566 ’ colour transient improvement circuit; switchable delay time 1813
TDA4570 NTSC decoder 1821
TDA4580 video control combination with automatic cut-off control 1827
TDAS8390 single-chip PAL decoder and RGB matrix 1935
TDA8442 1?2 C-bus interface for colour decoders 2055
TDAB8443A 12 C-bus-controlled YUV/RGB interface circuit 2063
TDAB8451 P2CCD delay line and matrix for colour decoders 2087
TDA8452 P2CCD filter combination for colour decoders 2097
TDAS8461 PAL/NTSC decoder; 1 C-bus 211
TDA8490 SECAM decoder 2135
TDA9080 video control combination circuit 2151
DATA CONVERSION
ADCs, DACs
NE5150 RGB video DAC 57
NE5151 RGB video DAC 57
NEb152 RGB video DAC 57
PCF8591 8-bit ADC/DAC; I2C-bus 395
PNA7509 7-bit ADC; 22 MHz; 3-state output 413
PNA7518 8-bit multiplying DAC; 30 MHz 425
SAA9079 ADC for digital TV 889
SAD1009 universal DAC (UDAC) 959
TDA1534 14-bit ADC 171
TDA1541A dual 16-bit DAC 1179
TDA1543 dual 16-bit economy DAC (12 S-bus format) 1187
TDA8444 octuple 6-bit DAC; 12C-bus 2079
DIGITAL PROCESSING
SAAZ050 digital multistandard TV decoder; 12 C-bus 785
SAAQ055 digital SECAM colour decoder; 12 C-bus 817
SAA9057 clock generator circuit 839
SAAS058 sample rate converter 845
SAA9060 video digital-to-analogue converter (VDAC) 851
SAA9068 picture-in-picture controller (PIPCO); I*>C-bus 865
SAA9069 digital vertical filter (DVF) 881
SAAS079 ADC for digital TV 889
DISPLAY DRIVERS
PCF1303T 18-element bar graph LCD driver (with analogue input} 123
PCF2100 LCD duplex driver; 40 segments 129
PCF2110 LCD duplex driver; 60 segments and 2 LEDs 129
PCF2111 LCD duplex driver; 64 segments 129
PCF2112 LCD driver; 32 segments 129
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PCF2201 LCD flat panel row/column driver 145
PCF8566 universal LCD driver for low multiplex rates

(1:1 to 1:4); max. 96 elements; 12C-bus 175
PCF8576 universal LCD driver for low multiplex rates

(1:1 to 1:4); max. 160 segments; |2C-bus 245
PCF8577 LCD direct driver {32 segments) or duplex driver

{64 segments); 12C-bus 279
PCF8577A LCD direct driver {32 segments) or duplex driver

{64 segments); 12 C-bus; different slave address 279
PCF8578 LCD row/column driver for dot matrix graphic

displays; 40 outputs, of which 24 are programmable;

12C-bus 295
PCF8579 LCD column driver for dot matrix graphic

displays; 40 column outputs; 12C-bus 333
SAA1060 LED display/interface circuit 455
SAA1064 4-digit LED driver; 12C-bus 461
EAST/WEST CORRECTION
TDA1082 east-west correction driver circuit 1061
MEMORIES
PCF8570 256 x 8-bit static RAM; 12C-bus 205
PCF8570C 256 x 8-bit static RAM; |2 C-bus; different slave address 205
PCF8571 128 x 8-bit static RAM: 12 C-bus 205
PCF8582A 256 x 8-bit EEPROM; 12 C-bus; —40 to +85 oC 367
PCF8583 clock calendar with 256 x 8-bit static RAM; 12C-bus 377
MICROCONTROLLERS (8-bit)
8051/80C51 family, NMOS
MAB8031AH-2 microcontroller; 128 x 8 RAM; 3.5 to 12 and

3.5to 15 MHz; 0 to + 70 °C 47
MAB8032AH microcontroller; 256 x 8 RAM; 3.5 to 12 MHz;

Oto+700°C 49
MAB8051AH-2 microcontroller; 128 x 8 RAM; 4 K x 8 ROM;

3.5t0 12 MHz; 0 to +70 ©C 47
MAB8052AH microcontroller; 256 x 8 RAM; 8 K x 8 ROM;
: 3.5t0 12 MHz;0to +700C 49
MAF80A31AH-2 microcontroller; 128 x 8 RAM; 3.5 to 12 MHz;

| —40to+1100C 47
| MAF80AL1AH-2 microcontroller; 128 x 8 RAM; 4 K x 8 ROM;

3.5t0 12 MHz; —40to +1100C 47
MAF8031AH-2 microcontroiler; 128 x 8 RAM; 3.5 to 12 MHz;

—40 to +850C 47
MAF8051AH-2 microcontroller; 128 x 8 RAM; 4 K x 8 ROM;

3.5to 12 MHz; —40to +85 °C 47
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8051/80C51 family, CMOS

PCA80C31BH-3 microcontroller; 128 x 8 RAM; 1.2 to 12 MHz;

—40to+ 126 °C 111
PCA80C51BH-3 microcontroller; 128 x 8 RAM; 4 K x 8 ROM;

1.2 to 12 MHz; —40 to + 125 °C 111
PCA80C552 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; [2C-bus; 1.2 to 12 MHz;

—40 to + 125 °C 115
PCA80C652 microcontroiler; 266 x 8 RAM; serial 1/0; UART;

12C-bus: 1.2 to 12 MHz; —40 to + 125 °C 117
PCA83C552 microcontroller; 266 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; 12C-bus; 1.2 to 12 MHz;

—-40to+1256°0C . 115
PCA83C652 microcontroller; 266 x 8 RAM; 8 K x 8 ROM; serial 1/0;

UART; 12C-bus; 1.2 to 12 MHz; —40 to + 125 °C 117
PCB80C31BH-2 microcontrolier; 128 x 8 RAM; 0.5 to 12 MHz;

Oto+700C 111
PCB80C31BH-3 microcontroller; 128 x 8 RAM; 1.2 to 16 MHz;

Oto+700C 111
PCB80C51BH-2 microcontroller; 128 x 8 RAM; 4 K x 8 ROM;

0.5 to 12 MHz;0to +70 °C 111
PCB80C51BH-3 microcontroller; 128 x 8 RAM; 4 K x 8 ROM;

1.2 t0 16 MHz; 0 to +70°C 11
PCB80CH52 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; 12C-bus; 1.2 to 12 MHz;

Oto+700C 115
PCB80C652 microcontroller; 256 x 8 RAM; serial 1/0; UART;

12C-bus; 1.2 to 12 MHz; 0 to +70 °C 117
PCB80C851 microcontroller; 128 x 8 RAM; 256 x 8 EEPROM;

1.2t0 12 MHz; 0 to +70 °C 121
PCB83C552 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; 12C-bus; 1.2 to 12 MHz;

Oto+700C 115
PCB83C652 microcontroller; 256 x 8 RAM; 8 K x 8 ROM; seria! 1/0;

UART; |12C-bus; 1.2 to 12 MHz; 0 to + 70 °C 117
PCB83C654 microcontrolier; 256 x 8 RAM; 16 K x 8 ROM; serial 1/0;

UART; 12C-bus; 1.2 to 12 MHz; 0 to +70 ©C 119
PCB83C851 microcontroller; 128 x 8 RAM; 256 x 8 EEPROM;

1.2 to 12 MHz; 0 to +70 °C 121
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PCF80C31BH-3 microcontroller; 128 x 8 RAM; 1.2 to 12 MHz;

—40 to +85 0C 11
PCF80C51BH-3 microcontroller; 128 x 8 RAM; 4 K x 8 ROM;

1.2 t0 12 MHz; —40 to + 85 °C 11
PCF80C552 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 muitiplexed input lines; 1>C-bus; 1.2 to 12 MHz;

—40to +85°C 115
PCF80C652 microcontroller; 256 x 8 RAM; serial 1/0; UART;

12C-bus; 1.2 to 12 MHz; —40 to + 85 0C 117
PCF80C851 microcontroller; 128 x 8 RAM; 256 x 8 EEPROM;

1.210 12 MHz; 0 to +70 ©C 121
PCF83C552 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; 12C-bus; 1.2 to 12 MHz;

—40 to +85 °C 115
PCF83C652 microcontroller; 256 x 8 RAM; 8 K x 8 ROM; serial 1/0;

UART; 12C-bus; 1.2 to 12 MHz; —40 to + 85 °C 117
PCF83C851 microcontroller; 128 x 8 RAM; 256 x 8 EEPROM;

1.2t0 12 MHz;0to +70 0C 121
84CXX family, CMOS
PCF84C00 microcontroller; 256 x 8 RAM; external program memory 171
PCF84C12 low cost microcontrolier; 64 x 8 RAM; 1 K x 8 ROM 169
PCF84C21 microcontroller; 64 x 8 RAM; 2 K x 8 ROM; plus 8-bit

LED driver; {2C-bus; —40 to + 85 0C 171
PCF84C22 low cost microcontroller; 64 x 8 RAM; 1 K x 8 ROM 169
PCF84C41 microcontroller; 128 x 8 RAM; 4 K x 8 ROM; plus

8-bit LED driver; 12C-bus; —40 to +85 °C 171
PCF84C42 low cost microcontroller; 64 x 8 RAM; 4 K x 8 ROM 169
PCF84C81 microcontroller; 256 x 8 RAM; 8 K x 8 ROM; plus

8-bit LED driver; 1?C-bus: —40 to +85 °C 171
PCF84C85 microcontroller; 256 x 8 RAM; 8 K x 8 ROM; 32 |/0;

plus 8-bit LED driver; |2C-bus; —40 to +85 °C 173
84 XX family, NMOS
MAB8401 microcontroller; 128 x 8 RAM; piggy-back version for

MAB84XX family plus 8-bit LED driver; 12C-bus;

1.0to 6 MHz;0to +70 °C 53
MAB8411 microcontrolier; 64 x 8 RAM; 1 K x 8 ROM plus

8-bit LED driver; 20 1/0O lines; 12C-bus; 1.0 to 6 MHz;

Oto+700C 63
MAB8421 microcontroller; 64 x 8 RAM; 2 K x 8 ROM plus

8-bit LED driver; 20 1/0 lines; I?>C-bus; 1.0 to 6 MHz;

0to+700C 53
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MAB8422

MAB8441

MAB8442

MAB8461

MAF84A11

MAF84A21

MAF84A22

MAF84A41

MAF84A42

MAF84A61

MAF8411

MAF8421

MAF8422

MAF8441

MAF8442

MAF8461

microcontroller; 64 x 8 RAM; 2 K x 8 ROM plus
8-bit LED driver; 15 1/O lines; 12C-bus; 1.0 to 6 MHz;
Oto+700C

microcontroiler; 128 x 8 RAM; 4 K x 8 ROM plus
8-bit LED driver; 20 1/0 lines; 12C-bus; 1.0 to 6 MHz;
Oto+700C

microcontroller; 128 x 8 RAM; 4 K x 8 ROM plus
8-bit LED driver; 16 1/0 lines; 12C-bus; 1.0 to 6 MHz;
Oto+700C

microcontroller; 128 x 8 RAM; 6 K x 8 ROM plus
8-bit LED driver: 20 1/O lines; 12C-bus; 1.0 to 6 MHz;
Oto+709C

microcontrofler; 64 x 8 RAM; 1 K x 8 ROM plus
8-bit LED driver; 20 1/0 lines; 12C-bus; 1.0 to 5 MHz;
—40to+110°C

microcontroller; 64 x 8 RAM; 2 K x 8 ROM plus
8-bit LED driver; 20 1/O lines; I2C-bus; 1.0 to 5 MHz;
—40to +1100C

microcontroller; 64 x 8 RAM; 2 K x 8 ROM plus
8-bit LED driver; 15 1/O lines; 12C-bus; 1.0 to 5 MHz;
—-40to+ 1100C

microcontrolier; 128 x 8 RAM; 4 K x 8 ROM plus
8-bit LED driver; 20 1/0 lines; 12C-bus; 1.0 to 5 MHz;
—40to+1100C

microcontrolier; 128 x 8 RAM; 4 K x 8 ROM plus
8-bit LED driver; 15 1/0 lines; 12C-bus; 1.0 to 5 MHz;
—40to+1100C

microcontroller; 128 x 8 RAM; 6 K x 8 ROM plus
8-bit LED driver; 20 1/0 lines; I2C-bus; 1.0 to 5 MHz;
—40 10 +1100°C

microcontroller; 64 x 8 RAM; 1 K x 8 ROM plus
8-bit LED driver; 20 1/0 lines; 12C-bus; 1.0 to 6 MHz;
—-40 to+85 oC

microcontroller; 64 x 8 RAM; 2 K x 8 ROM plus
8-bit LED driver; 20 1/0 lines; 12C-bus; 1.0 to 6 MHz;
—40to +85 0C

microcontroller; 64 x 8 RAM; 2 K x 8 ROM plus
8-bit LED driver: 15 1/0 lines; 12C-bus; 1.0 to 6 MHz;
—40to +85°C

microcontroller; 128 x 8 RAM; 4 K x 8 ROM plus
8-bit LED driver; 20 1/0 lines; 12C-bus; 1.0 to 6 MHz;
—40 to + 85 °C

microcontroller; 128 x 8 RAM; 4 K x 8 ROM plus
8-bit LED driver; 15 1/O lines; 12C-bus; 1.0 to 6 MHz;
—40to+850C .

microcontroller; 128 x 8 RAM; 6 K x 8 ROM plus
8-bit LED driver; 20 1/0 lines; 12C-bus; 1.0 to 6 MHz;
—40 to +85 °C

55

53

55

53

53

53

55

53

55

53

53

53

55

53

56

53

10
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8048 family; NMOS
MABSO035HL microcontroller; 64 x 8 RAM; 1.0 to 11 MHz;

Oto+700C 51
MAB8039HL microcontroller; 128 x 8 RAM; 1.0 to 11 MHz;

Oto+700C 51
MABB8040HL microcontroller; 256 x 8 RAM; 1.0 to 11 MHz;

0to+700C 51
MAB8048H microcontroller; 64 x 8 RAM: 1 K x 8 ROM;

1.0to 11 MHz; 0 to +70 ©C 51
MAB8049H microcontroller; 128 x 8 RAM; 2 K x 8 ROM;

1.0to 11 MHz; 0 to + 70 °C 51
MABS8050H microcontroller; 2566 x 8 RAM; 4 K x 8 ROM;

1.0to 11 MHz;0to +70 0C 51
MAF80A35HL microcontroller; 64 x 8 RAM; 1.0 to 10 MHz;

—-40to+1100C 51
MAF80A39HL microcontroller; 128 x 8 RAM; 1.0 to 10 MHz;

—-40to +1100C 51
MAF80A40HL microcontroller; 256 x 8 RAM; 1.0 to 10 MHz;

—-40to+1100C 51
MAF80A48H microcontroller; 64 x 8 RAM; 1 K x 8 ROM;

1.0to 10 MHz; —40to + 110 °C 51
MAF80A49H microcontrotler; 128 x 8 RAM; 2 K x 8 ROM:;

1.0 to 10 MHz; -40to +110 ©C 51
MAF80AG0H microcontroller; 2566 x 8 RAM; 4 K x 8 ROM;

1.0to 10 MHz; —40to +110°C 51
MAF8035HL microcontroller; 64 x 8 RAM; 1.0to 11 MHz;

—40 to +850C 51
MAF8039HL microcontroller; 128 x 8 RAM; 1.0 to 11 MHz;

—40 to +85 °C 51
MAF8040HL microcontroller; 256 x 8 RAM; 1.0 to 11 MHz;

—40to0 +85 °C 51
MAF8048H microcontroller; 64 x 8 RAM; 1 K x 8 ROM;

1.0to 11 MHz; -40to +85 °C 51
MAF8049H microcontroller; 128 x 8 RAM; 2 K x 8 ROM;

1.0to 11 MHz; —-40 to +85 °C 51
MAF8050H microcontroller; 256 x 8 RAM; 4 K x 8 ROM;

1.0to 11 MHz; —40 to +85 °C 51
8048 family, CMOS
PCB80C39 microcontroller; 128 x 8 RAM; 1.0 to 15 MHz;

Oto+700C 113
PCB80C49 microcontroller; 128 x 8 RAM; 2 K x 8 ROM;

1.0t0 15 MHz; 0to +700C 113
PCF80C39 microcontroller; 128 x 8 RAM; 1.0 to 15 MHz;

—40 to +85 0°C 113
PCF80C49 microcontroller; 128 x 8 RAM; 2 K x 8 ROM;

1.0 to 15 MHz; —40 to +85 °C 113
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POWER SUPPLY ICs
SMPS controllers
TDAS8380 SMPS controller 1917
TEA1039 SMPS controller 2163
PPS controllers
TDA2582 control circuit for PPS 1313
RECORDER ICs
SAA4700 video recorder VPS dataline processor 561
SAA5235 dataline slicer for video cassette recorders 585
SAA5236 dataline slicer 591
SAD1009 universal DAC (UDAC) 959
SAF1135 dataline decoder 999
TDA3724 SECAM identification circuit for video recorders 1569
TDA3725 SECAM (L) chrominance signal processor for video recorders 1571
TDA3730 frequency demodulator and drop-out compensator for
video recorders 1575
TDA3740 video processor/frequency modulator for video recorders 1581
TDA3755 PAL/NTSC sync processor for video recorders (VHS system) 1589
TDA3760 PAL chrominance signal processor for video recorders
{VHS system) 1599
TDA3765 NTSC chrominance signal processor for video recorders
(VHS system) 1607
TDA3791 band selector and window detector 1615
TDA4720 SECAM identification circuit for video recorders 1843
TDA6800 video modulator circuit 1883
TDA8405 TV and video recorder stereo/dual sound processor; 12 C-bus 1951
TDA8415 TV and video recorder stereo/dual sound processor with
integrated filters and 12C-bus control 1961
TEA2000 PAL/NTSC colour encoder 217%
REMOTE I/0 EXPANDERS
PCF8574 remote 8-bit 1/0 expander; |2C-bus 233
PCF8574A remote 8-bit 1/0 expander; 12 C-bus; different slave address 233
REMOTE CONTROLLERS
SAA3004 high performance transmitter (455 kHz) for infrared
remote control; up to 448 commands 491
SAA3006 high performance transmitter (RC-5) for infrared
remote control; up to 2048 commands 501
SAA3008 high performance transmitter (38 kHz) for infrared
remote control; low voltage _ 5156
SAA3009 infrared remote control decoder; decodes 64 commands
{(RECS80/RC-5); up to 32 subaddresses; high current output
for direct LED drive 529
SAA3027 infrared remote control transmitter (RC-5) 539

12
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SAA3028 high performance transcoder {RC-5) for infrared

remote control; 12C-bus 553
SAA3049 infrared remote control decoder; low current

version of SAA3009 529
SAF1032 receiver/decoder for infrared remote control 985
SAF1039 transmitter for infrared remote control 985
TDA3047 high performance receiver for infrared remote control;

positive output voltage 1409
TDA3048 high performance receiver for infrared remote control;

negative output voltage 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
TDAA4501 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 |F amplifier/demodulator for TV 1011
TDA10138B 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
TDA15208 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
TDA1521Q0 2 x 12 W hi-fi stereo audio power amplifier 1091
TDA1524A stereo tone/volume control circuit 1111
TDA1525 stereo tone/volume control circuit 1167
TDA2543 AM sound IF 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

" \w (May 1989
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TDA3803A stereo/dual TV sound decoder 1629
TDA3806 multiplex PLL stereo decoder 1637
TDA3808 second audio programme (SAP) signal processor 1643
TDA3810 spatial, stereo and pseude-stereo sound circuit 1649
TDA3825 single FM TV sound demodulator system with

external AF input and mute 1653
TDA3826 single FM TV sound demodulator system with

mute and 6 dB AF amplifier 1663
TDA3845 quasi-split-sound circuit and AM demodulator 1673
TDAS8405 TV and video recorder stereo/dual sound processor; |2 C-bus 1951
TDA8415 TV and video recorder stereo/dual sound processor with

integrated filters and 1?C-bus control 1961
TDA8420 hi-fi stereo audio processor; 12 C-bus 1979
TDA8B421 hi-fi stereo audio processor; 12C-bus 2001
TDA8425 hi-fi stereo audio processor; 12C-bus 2023
SYNC PROCESSORS
Horizontal
TBA920S horizontal combination 1017
TDA2593 horizontal combination 1327
TDA2594 horizontal combination with transmitter identification 1335
TDA2595 harizontal combination with transmitter identification

and protection circuits 1343
Vertical
TDA2653A vertical deflection circuit; PIL-S4; 30AX systems and monitors 1371
TDA2655B vertical deflection circuit; colour and monochrome (900) 1387
TDA2658 vertical deflection circuit (900) 1395
TDA3653B vertical deflection and guard circuit (900) 1549
TDA3653C vertical deflection and guard circuit {(900) 1549
TDA3654 vertical deflection and guard circuit {1100} 1559
TDA3654Q vertical deflection and guard circuit {11090) 1559
Horizontal/vertical
TDA2577A horizontal/vertical synchronization circuit 1269
TDA2578A horizontal/vertical synchronization circuit 1283
TDA2579A horizontal/vertical synchronization circuit 1297
TDA8370 synchronization processor for TV; 12C-bus 1899
TEXT SYSTEMS
SAAB231 teletext video processor {successor of SAA5030) 573
SAA5235 dataline slicer for video cassette recorders 585
SAAB243E enhanced computer-controlled teletext circuit (ECCT);

625-line system; 1% C-bus (West European language version) 597
SAAB243H enhanced computer-controlied teletext circuit (ECCT);

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

625-line system; 12C-bus {Arabic and English version) 597
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SAAbB243L enhanced computer-controlled teletext circuit (ECCT);

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

circuit (USECCT); I2C-bus (West European language version) 627
SAAB250 interface for data acquisition and control 649
SAA5G351 EUROM 50 Hz, CRT controller 681
SAA5355 FTFROM, CRT controller {525-line) 709
SAA5361 EUROM 60 Hz, CRT controller 737
SAA9041 digital video teletext (DVTB) processor for Philips digital

TV system (525 and 625-line systems); 12 C-bus (West

European language version) 765
SAA9068 picture-in-picture controller {PIPCO); 12 C-bus 865
SAA9069 digital vertical filter (DVF) 881
TUNER/TUNING CIRCUITS
SAA1300 tuner switching circuit; 12C-bus 487
SAB3035 computer interface for tuning and control (CITAC);

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

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

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

switchable prescaler 947
SAB8726 2.6 GHz divide-by-2 prescaler 953
TDAS030A mixer/oscillator for VHF tuner 1849
TDAS030AT mixer/osciltator for VHF tuner 1855
TDAB330T VHF, UHF & hyperband mixer/oscillator for TV and

VCR 3-band tuners 1861
TDAbB332T double mixer/oscillator for TV and VCR tuners 1875
TSA5510 1.3 GHz PLL frequency synthesizer 2183
TSA5510T 1.3 GHz PLL frequency synthesizer 2193
VIDEO/AUDIO SWITCHES
TDAS8440 video/audio switch for CTV receivers; 12C-bus 2045
TDAB443A 12C-bus-controlled YUV/RGB interface circuit 2063
TDAS9045 video processor and input selector 2145
VIDEO GAMES
SAA1099 stereo sound generator for sound effects and music

synthesis (uC-controlled) 471
TDAB800 video modulator circuit 1883
VISION IF ICs
TDA2549 IF amplifier and demodulator for muitistandard TV receivers 1251
TDAS8340 TV IF amplifier and demodulator 1887
TDA8340Q TV IF amplifier and demodulator 1887
TDA8341 TV IF amplifier and demodulator 1887
TDA8341Q TV IF amplifier and demodulator 1887
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MAB8031AH-2P microcontroller; 128 x 8 RAM; 3.5 to 12 and

3.5t0 15 MHz;0to +70 °C 47
MABB8031AH-2WP microcontroller; 128 x 8 RAM; 3.5 to 12 and

3.5t0 15 MHz;0to +70 °C 47
MAB8032AHP microcontroller; 256 x 8 RAM; 3.5 to 12 MHz;

0to+700C 49
MABB8032AHWP microcontroller; 256 x 8 RAM; 3.5 to 12 MHz;

. Oto+700C 49

MABS80O35HLP microcontroller; 64 x 8 RAM; 1.0 to 11 MHz;

0to+7090C 51
MABS8035HLWP microcontroller; 64 x 8 RAM; 1.0 to 11 MHz;

0to+7090C 51
MABS8039HLP microcontroller; 128 x 8 RAM; 1.0 to 11 MHz;

Oto+70°C 51
MAB8039HLWP microcontroller; 128 x 8 RAM; 1.0 to 11 MHz;

Oto+70°C 51
MABS80O40HLP microcontroller; 256 x 8 RAM; 1.0 to 11 MHz:

Oto+700C 51
MAB8040H LWP microcontroller; 256 x 8 RAM; 1.0 to 11 MHz;

Oto+700°C 51
MAB8048HP microcontroller; 64 x 8 RAM; 1 K x 8 ROM;

1.0 to 11 MHz; 0 to + 70 °C 51
MAB8048HWP microcontroller; 64 x 8 RAM; 1 K x 8 ROM:

1.0to 11 MHz;0to+700C 51
MABB8049HP microcontrolier; 128 x 8 RAM; 2 K x 8 ROM;

1.0to 11 MHz;0to +70°C 51
MAB8049HWP microcontroller; 128 x 8 RAM; 2 K x 8 ROM;

1.0to 11 MHz;0to + 70 oC 51
MAB8050HP microcontroller; 256 x 8 RAM; 4 K x 8 ROM;

1.0to 11 MHz;0to +70°C 51
MAB8050HWP microcontroller; 256 x 8 RAM; 4 K x 8 ROM;

1.0to 11 MHz; 0 to + 70 °C 51
MAB8051AH-2P microcontroller; 128 x 8 RAM; 4 K x 8 ROM;

3.5t0 12 MHz; 0 to + 70 °C 47
MAB8051AH-2WP microcontroller; 128 x 8 RAM; 4 K x 8 ROM;

3.5t0 12MHz;0to+70°C 47
MAB8052AHP microcontroller; 256 x 8 RAM; 8 K x 8 ROM;

3510 12MHz;0to+70°C 49
MAB8052AHWP microcontroller; 256 x 8 RAM; 8 K x 8 ROM;

3.5t0 12 MHz;0to+70°C 49
MAB8401B microcontroller; 128 x 8 RAM; piggy-back version

for MAB84XX family plus 8-bit LED driver; I2C-bus;

1.0to 6 MHz;0to +70 °C 53
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MABS8401WP

MAB8411P

MABB411T

MAB8421pP

MAB8421T

MAB8422pP

MABS8441P

MAB8441T

MAB8442pP

MABB8461P

MAB8461T

MAF80A31AH-2P
MAF80A31AH-2wP
MAF80A35HLP
MAF80A35HLWP
MAF80A39HLP
MAF8CA39HLWP
MAF80A40HLP

MAF80A40HLWP
MAF80A48HP

microcontroller; 128 x 8 RAM; piggy-back version for
MABB84XX family plus 8-bit LED driver; 12C-bus;

1.0 to 6 MHz; 0 to +70 °C

microcontroller; 64 x 8 RAM; 1 K x 8 ROM plus
8-bit LED driver; 20 1/0 lines; 12C-bus; 1.0 to 6 MHz;
Oto+700C

microcontroller; 64 x 8 RAM; 1 K x 8 ROM plus
8-bit LED driver; 20 1/0 lines; 1C-bus; 1.0 to 6 MHz;
Oto +70°C

microcontroller; 64 x 8 RAM; 2 K x 8 ROM plus
8-bit LED driver; 20 1/0 lines; 12C-bus; 1.0 to 6 MHz;
Oto +700C

microcontroller; 64 x 8 RAM; 2 K x 8 ROM plus
8-bit LED driver; 20 1/0 lines; 12C-bus; 1.0 to 6 MHz;
Oto +700C

microcontroller; 64 x 8 RAM; 2 K x 8 ROM plus
8-bit LED driver; 15 1/0 lines; 12C-bus; 1.0 to 6 MHz;
Oto +700C

microcontrotler; 128 x 8 RAM; 4 K x 8 ROM plus
8-bit LED driver; 20 1/O lines; 12C-bus; 1.0 to 6 MHz;
Oto +700C

microcontroller; 128 x 8 RAM; 4 K x 8 ROM plus
8-bit LED driver; 20 1/0 tines; 12C-bus; 1.0 to 6 MHz;
Oto +700C

microcontroller; 128 x 8 RAM; 4 K x 8 ROM plus
8-bit LED driver; 16 1/0 lines; 12C-bus; 1.0 to 6 MHz;
Oto+709C

microcontroller; 128 x 8 RAM; 6 K x 8 ROM plus
8-bit LED driver; 20 1/0 lines; 12 C-bus; 1.0 to 6 MHz;
Oto +700C

microcontroller; 128 x 8 RAM; 6 K x 8 ROM plus
8-bit LED driver; 20 1/0 lines; I2C-bus; 1.0 to 6 MHz;
Oto +700C

microcontroller; 128 x 8 RAM; 3.5 to 12 MHz;
—-40to+1109C

microcontroller; 128 x 8 RAM; 3.5 to 12 MHz;
—40to+1100C

microcontroller; 64 x 8 RAM; 1.0 to 10 MHz;

—40 to +1100C

microcontroller; 64 x 8 RAM; 1.0 to 10 MHz;

—40 to + 110 0C

microcontroller; 128 x 8 RAM; 1.0 to 10 MHz;
—~40to+1100C

microcontroller; 128 x 8 RAM; 1.0 to 10 MHz;
—40to+1100C

microcontroller; 256 x 8 RAM; 1.0 to 10 MHz;
—40to+1100C

microcontroiler; 256 x 8 RAM; 1.0 to 10 MHz; +110°C
microcontroller; 64 x 8 RAM; 1 K x 8 ROM;

1.0 to 10 MHz; —~40 to + 110 ©C

53

53

53

53

53

b5

53

53

55

53

53

47

a7

51

51

51

51

51
51

51
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MAF80A48HWP microcontroller; 64 x 8 RAM: 1 K x 8 ROM;

1.0to 10 MHz; —40to +1100°C : 51
MAF80A49HP microcontroller; 128 x 8 RAM; 2 K x 8 ROM;

1.0to 10 MHz; —40to +1100C 51
MAF80A49HWP microcontroller; 128 x 8 RAM; 2 K x 8 ROM;

1.0to 10 MHz; —40 to +1100C 51
MAF80A50HP microcontroller; 256 x 8 RAM; 4 K x 8 ROM;

1.0to 10 MHz; -40to0 +1100C 51
MAF80AB0HWP microcontroller; 256 x 8 RAM; 4 K x 8 ROM;

1.0to 10 MHz; —40to +1100C 51
MAF80A51AH-2P microcontroller; 128 x 8 RAM; 4 K x 8 ROM;

3.5t0 12 MHz; —40to +110°C 47
MAF80A51AH-2WP microcontroller; 128 x 8 RAM; 4 K x 8 ROM;

3.5t0 12 MHz; -40t0 +1100C 47
MAF8031AH-2P microcontrolier; 128 x 8 RAM; 3.5 to 12 MHz;

—40 to +85 °C 47
MAF8031AH-2WP microcontroller; 128 x 8 RAM; 3.5 to 12 MHz;

—40 to +85 °C 47
MAF8035HLP microcontroller; 64 x 8 RAM; 1.0 to 11 MHz;

—40 to + 85 0C 51
MAF8035HLWP microcontroller; 64 x 8 RAM; 1,0 to 11 MHz;

—40 to +85 °C 51
MAF8039HLP microcontroller; 128 x 8 RAM; 1.0 to 11 MHz;

—40 to +85 0C 51
MAF8039HLWP microcontroller; 128 x 8 RAM; 1.0 to 11 MHz;

—40 to +859C 51
MAF8040HLP microcontroller; 256 x 8 RAM; 1.0 to 11 MHz;

—40 to +85 °C 51
MAF8040HLWP microcontroller; 256 x 8 RAM; 1.0 to 11 MHz;

—40 to +85 °C 51
MAF8048HP microcontroller; 64 x 8 RAM; 1 K x 8 ROM;

1.010 11 MHz; —40 to +85 °C 51
MAF8048HWP microcontroller; 64 x 8 RAM; 1 K x 8 ROM;

1.0to 11 MHz; —40 to +85 °C 51
MAF8049HP microcontroller; 128 x 8 RAM; 2 K x 8 ROM;

1.0to 11 MHz; —40 to +85 oC 51
MAF8049HWP microcontroller; 128 x 8 RAM; 2 K x 8 ROM;

1.0to 11 MHz; —40to +85°0C 51
MAF8050HP microcontroller; 256 x 8 RAM; 4 K x 8 ROM;

1.0to 11 MHz; —40 to +85 0C 51
MAF8050HWP microcontroller; 256 x 8 RAM; 4 K x 8 ROM;

1.0to 11 MHz; —40 to +85 0C 51
MAF8051AH-2P microcontroller; 128 x 8 RAM; 4 K x 8 ROM;

3.5t0 12 MHz; —40 to +85 °C 47
MAF8051AH-2WP microcontroller; 128 x 8 RAM; 4 K x 8 ROM;

3.5t012MHz; -40to 850C 47
MAF84A11P microcontroller; 64 x 8 RAM; 1 K x 8 ROM plus

8-bit LED driver; 20 1/O lines; 1> C-bus:

1.0to 5 MHz; —-40to + 110 °C 53
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MAF84A21P microcontroller;: 64 x 8 RAM; 2 K x 8 ROM plus

8-bit LED driver; 20 1/0 lines; 12C-bus;

1.0to 5 MHz; —40to +110°C 53
MAF84A22P microcontroller; 64 x 8 RAM; 2 K x 8 ROM plus

8-bit LED driver; 15 /O lines; 1“C-bus;

1.0 to 5 MHz; —-40 to +1100C 55
MAF84A41P - microcontroller; 128 x 8 RAM; 4 K x 8 ROM plus

8-bit LED driver; 20 1/0 lines; 12C-bus;

1.0 to 5 MHz; —40 to +110°C 53
MAF84A42P microcontroller; 128 x 8 RAM; 4 K x 8 ROM plus

8-bit LED driver; 15 1/O lines; I2C-bus;

1.0 to 5 MHz; —40 to + 110 °C 55
MAF84A61P microcontroller; 128 x 8 RAM; 6 K x 8 ROM plus

8-bit LED driver; 20 1/O lines; I12C-bus;

1.0to 5 MHz; —40 to +1100C 53
MAF8411P microcontroller; 64 x 8 RAM; 1 K x 8 ROM plus

8-bit LED driver; 20 1/0 lines; 12C-bus;

1.0 to 6 MHz; —40 to +85 °C 53
MAF8421P microcontroller; 64 x 8 RAM; 2 K x 8 ROM plus

8-bit LED driver; 20 1/0 lines; I2C-bus;

1.0 to 6 MHz; —40 to +85 ¢C 53
MAF8422pP microcontroller; 64 x 8 RAM; 2 K x 8 ROM plus

8-bit LED driver; 15 1/0 lines; I>C-bus;

1.0 to 6 MHz; —40 to + 85 °C 565
MAF8441P microcontroller; 128 x 8 RAM; 4 K x 8 ROM plus

8-bit LED driver; 20 1/O lines; I>C-bus;

1.0to 6 MHz; —40 to +85 °C 53
MAF8442P microcontroiler; 128 x 8 RAM; 4 K x 8 ROM plus

8-bit LED driver; 15 1/0 lines; 12C-bus;

1.0 to 6 MHz; —40 to +85 °C 55
MAF8461P microcontroller; 128 x 8 RAM; 6 K x 8 ROM plus

8-bit LED driver; 20 1/0O lines; 12C-bus;

1.0 to 6 MHz; —40 to +85 0C 53
NE5150F RGB video DAC 57
NE5151F 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
NEB539D ultra high frequency operational amplifier 103
NEbGB39F ultra high frequency operational amplifier 103
NE5S539N ultra high frequency operational amplifier 103
NEG592D video amplifier 65
NEB592N video amplifier 65
NE592D14 video amplifier 93
NE592D8 video amplifier 93
NEbG92F 14 video amplifier 93
NE592F8 video amplifier 93
NES92H video amplifier 93
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NES92HD14 video amplifier 93
NEB92HDS8 video amplifier 93
NEB92HN14 video amplifier 93
NEG92HNS video amplifier 93
NEbB92N14 video amplifier 93
NEB92N8 video amplifier 93
PCA80C31BH-3P microcontroller; 128 x 8 RAM; 1.2 to 12 MHz;

-40 to + 125 °C 111
PCA80C31BH-3WP microcontroller; 128 x 8 RAM; 1.2 to 12 MHz;

~-40to+1250C 11
PCA80C51BH-3P microcontrolier; 128 x 8 RAM; 4 K x 8 ROM;

1.2to 12 MHz; —40 to + 125 0C 111
PCA80C51BH-3WP microcontroller; 128 x 8 RAM; 4 K x 8 ROM;

1.2t0 12 MHz; —40 to + 125 oC 111
PCA80C552wWP 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; |2C-bus; 1.2 to 12 MHz;

~40to+1250C 115
PCAB0C652P microcontroller; 256 x 8 RAM; serial 1/0; 12C-bus;

1.2to 12 MHz; —40 to + 125 °C 117
PCA80C652WP microcontroller; 256 x 8 RAM; serial 1/0; UART;

12C-bus; 1.2 to 12 MHz; —40 to + 125 °C 117
PCA83C552WP 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; 12C-bus; 1.2 to 12 MHz;

—40to +1250C 115
PCA83C652P microcontroller; 256 x 8 RAM; 8 K x 8 ROM; serial 1/0;

UART; 12C-bus; 1.2 t0 12 MHz; —40 to + 125 °C 117
PCA83C652wWP microcontroller; 256 x 8 RAM; 8 K x 8 ROM; serial 1/0;

UART; 12C-bus; 1.2 to 12 MHz; —40 to + 125 °C 117
PCB80C31BH-2P microcontroller; 128 x 8 RAM; 0.5 to 12 MHz;

Oto +700C 11
PCB80C31BH-2WP microcontroller; 128 x 8 RAM; 0.5 to 12 MHz;

Oto +700C 111
PCB80C31BH-3P microcontroller; 128 x 8 RAM; 1.2 to 16 MHz;

Oto +700C 11
PCB80C31BH-3WP microcontrotler; 128 x 8 RAM; 1.2 to 16 MHz;

Oto +700C 111
PCB80C39P microcontroller; 128 x 8 RAM; 1.0 to 15 MHz;

Oto +700C 113
PCB80C39WP microcontroller; 128 x 8 RAM; 1.0 to 15 MHz;

Oto +70°C 113
PCB80C49P microcontroller; 128 x 8 RAM; 2 K x 8 ROM;

1.0to 15 MHz; 0 to +70 °C 113
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PCB80C49wWP microcontroller; 128 x 8 RAM; 2 K x 8 ROM;

1.0to 15 MHz; 0 to +70 ©°C 13
PCB80C51BH-3P microcontroller; 128 x 8 RAM; 4 K x 8 ROM;

1.2 to 16 MHz; 0 to +70 ©°C 1
PCB80C51BH-3WP microcontroller; 128 x 8 RAM; 4 K x 8 ROM;

1.2to 16 MHz; 0 to +70 0C 1M1
PCB80C552WP 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; 1>C-bus; 1.2 to 12 MHz;

Oto+700C 115
PCBB0C652P microcontroller; 256 x 8 RAM; serial 1/0; UART; I2C-bus;

1.2t0 12 MHz;0to +70 °C 117
PCB80C652WP microcontroller; 2566 x 8 RAM; serial 1/0; UART; {2C-bus;

1.2to 12 MHz; 0 to +700C 117
PCB80C851P microcontroller; 128 x 8 RAM; 256 x 8 EEPROM;

1.2 to 12 MHz; 0 to +70 °C 121
PCB80C851WP microcontroller; 128 x 8 RAM; 256 x 8 EEPROM;

1.21t0 12 MHz; 0t0o +70 °C 121
PCB83C552WP 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; 1> C-bus; 1.2 to 12 MHz;

Oto+700C 115
PCB83C652P microcontroller; 256 x 8 RAM; 8 K x 8 ROM; serial 1/0;

UART; I12C-bus; 1.2t0 12 MHz; 0 to +70 ©C 117
PCB83C652WP microcontroller; 2566 x 8 RAM; 8 K x 8 ROM:; serial 1/0;

UART; 12C-bus; 1.2 to 12 MHz; 0 to +70 °C 117
PCB83C654P microcontroller; 256 x 8 RAM; 16 K x 8 ROM; serial 1/0;

UART; I12C-bus; 1,2 t0 12 MHz; 0 to +70 °C 119
PCB83C654WP microcontroller; 266 x 8 RAM; 16 K x 8 ROM; serial 1/0;

UART; I?C-bus; 1.2 to 12 MHz; 0 to + 70 0C 119
PCB83C851P microcontroller; 128 x 8 RAM; 256 x 8 EEPROM;

1.2t0 12MHz;0to +700C 121
PCB83C851WP microcontroller; 128 x 8 RAM; 256 x 8 EEPROM;

1.2t0 12 MHz;0to +700C 121
PCF1303T 18-element bar graph LCD driver (with analogue input) 123
PCF2100P LCD duplex driver; 40 segments 129
PCF2100T LCD duplex driver; 40 segments 129
PCF2110P LCD duplex driver; 60 segments and 2 LEDs 129
PCF2110T LCD duplex driver; 60 segments and 2 LEDs 129
PCF2111P LCD duplex driver; 64 segments 129
PCF2111T LCD duplex driver; 64 segments 129
PCF2112pP LCD driver; 32 segments 129
PCF2112T LCD driver; 32 segments 129
PCF2201Vv LCD flat panel row/column driver 145
PCF80C318BH-3P microcontroller; 128 x 8 RAM; 1.2 to 12 MHz;

—40 to +85 0C 111
PCF80C31BH-3WP microcontroller; 128 x 8 RAM; 1.2 to 12 MHz;

—40 to +85 °C 11
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PCF80C39P microcontroller; 128 x 8 RAM; 1.0 to 15 MHz;

—40 to +85 oC 113
PCF80C39wWP microcontroller; 128 x 8 RAM; 1.0 to 15 MHz;

—40 to +85 0C 113
PCF80C49P microcontroller; 128 x 8 RAM, 2 K x 8 ROM;

1.0to 15 MHz; —40 to +85 °C 113
PCF80C49wWP microcontroller; 128 x 8 RAM; 2 K x 8 ROM;

1.0 to 15 MHz; —40 to +85 °C 113
PCF80C51BH-3P microcontrolier; 128 x 8 RAM; 4 K x 8 ROM:

1210 12 MHz; —40 to +85 °C M
PCF80C51BH-3WP microcontroller; 128 x 8 RAM; 4 K x 8 ROM;

1.2t0 12 MHz; —40 to +85 °C 1M1
PCF80C552WP microcontroller; 256 x 8 RAM; 80C31 CPU pilus

16-bit capture/compare timer/counter; watch-dog timer;

2 puise-width modulated signals; 10-bit ADC with

8 multiplexed input lines; 12C-bus; 1.2 to 12 MHz;

—40 t0 +85 0C 115
PCF80C652P microcontrolier; 2566 x 8 RAM; serial 1/0; UART:

12C-bus; 1.2 to 12 MHz; —40 to +85 °C 117
PCF80C652WP microcontrolier; 256 x 8 RAM; serial 1/0; UART;

12C-bus; 1.2 to 12 MHz; —40 to +85 °C 117
PCF80C851P microcontroller; 128 x 8 RAM; 256 x 8 EEPROM;

1.2t0 12 MHz; 0 to + 70 °C 121
PCF83C551WP microcontroller; 128 x 8 RAM; 256 x 8 EEPROM:

1.2to 12 MHz; 0 to +70 °C 121
PCF83C552wWP 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; 12C-bus; 1.2 to 12 MHz;

—40 to +85 °C 115
PCF83C652P microcontroller; 256 x 8 RAM; 8 K x 8 ROM; serial 1/0;

UART; 12C-bus; 1.2 to 12 MHz; —40 to +85 °C 117
PCF83C652WP microcontroller; 256 x 8 RAM; 8 K x 8 ROM; serial 1/0;

UART:; 12C-bus; 1.2 to 12 MHz; —40 to +85 °C 117
PCF83C851P microcontroller; 128 x 8 RAM; 256 x 8 EEPROM;

1.2t0 12 MHz;0 to +70 °C 121
PCF83C851WP microcontrolier; 128 x 8 RAM; 256 x 8 EEPROM;

1.2t0 12 MHz;0to +700C 121
PCF84C00B microcontroller; 256 x 8 RAM; bond-out version

PCF84CXX family; 12C-bus 167
PCF84C00T microcontroller; 256 x 8 RAM; bond-out version

PCF84CXX family; 12C-bus 167
PCF84C12P low cost microcontroller; 64 x 8 RAM; 1 K x 8 ROM 169
PCF84C12T low cost microcontrolier; 64 x 8 RAM: 1 K x 8 ROM 169
PCF84C21P microcontroller; 64 x 8 RAM; 2 K x 8 ROM; plus

8-bit LED driver; 12C-bus; —40 to +85 °C 171
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PCF84C21T microcontrotler; 64 x 8 RAM; 2 K x 8 ROM; plus

8-bit LED driver; 12C-bus; —40 to +85 °C 171
PCF84C22pP 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; 1> C-bus; —40 to +85 °C 171
PCF84C41T microcontroller; 128 x 8 RAM; 4 K x 8 ROM; plus

8-bit LED driver; 12C-bus; —40 to +85 °C 171
PCF84C42P low cost microcontroller; 64 x 8 RAM; 1 K x 8 ROM 169
PCF84C42T low cost microcontrolier; 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 0C 171
PCF84C81T microcontroller; 256 x 8 RAM; 8 K x 8 ROM; plus

8-bit LED driver; 12C-bus; —40 to +85 °C 171
PCF84C85P microcontroller; 256 x 8 RAM; 8 K x 8 ROM; 32 1/0;

plus 8-bit LED driver; 12C-bus; —40 to +85 0C 173
PCF84C85T microcontroller; 256 x 8 RAM; 8 K x 8 ROM; 32 1/0;

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

(1:1 to 1:4); max. 96 elements; I2C-bus 175
PCF8566T universal LCD driver for low multiplex rates

{1:1 to 1:4); max. 96 elements; |12 C-bus 175
PCF8570P 256 x 8-bit static RAM; 12C-bus 205
PCF8570T 256 x 8-bit static RAM; I>C-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
PCF8571P 128 x 8-bit static RAM; 12C-bus 205
PCF8571T 128 x 8-bit static RAM; 12C-bus 205
PCF8573P clock calendar; 12C-bus 215
PCF8573T clock calendar; 12 C-bus 215
PCF8574AP remote 8-bit 1/0 expander; |2 C-bus; different slave address 233
PCF8574AT remote 8-bit /0 expander; 12 C-bus; different slave address 233
PCF8574P remote 8-bit 1/0O expandar; 12C-bus 233
PCF8574T remote 8-bit 1/0 expander; I2C-bus 233
PCF8576T universal LCD driver for low multiplex rates

{1:1 to 1:4); max. 160 segments; I2C-bus 245
PCF8576U universal LCD driver for low multiplex rates

(1:1 to 1:4); max. 160 segments; 12C-bus 245
PCF8576U/10 universal LCD driver for low multiplex rates

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

{1:1 to 1:4); max. 160 segments; 12C-bus 245
PCF8577AP 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) 12C-bus; different slave address 279
PCF8577P LCD direct driver (32 segments) or duplex driver

{64 segments); 12C-bus 279
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PCF8577T — 0 sy eriver (1 segments) or duplex driver

(64 segments); 12C-bus 279
PCF8577U LCD direct driver (32 segments)} or duplex driver

(64 segments); 12C-bus 279
PCF8578T LCD row/column driver for dot matrix graphic displays;

40 outputs. of which 24 are programmable; 12 C-bus 295
PCF8578U LCD row/column driver for dot matrix graphic displays;

40 outputs, of which 24 are programmable; |2 C-bus 295
PCF8578Vv LCD row/column driver for dot matrix graphic displays;

40 outputs, of which 24 are programmable; 12C-bus 295
PCF8579T LCD column driver for dot matrix graphic displays;

40 column outputs; 12C-bus 333
PCF8579U LCD column driver for dot matrix graphic displays;

40 column outputs; 12C-bus 333
PCF8579V LCD column driver for dot matrix graphic displays;

40 column outputs; 12C-bus 333
PCF8582AP 256 x 8-bit EEPROM; 12C-bus; —40 to +85 °C 367
PCF8582AT 256 x 8-bit EEPROM; I2C-bus; —40 to +85 °C 367
PCF8583P clock calendar with 256 x 8-bit static RAM; 12C-bus 377
PCF8583T clock calendar with 266 x 8-bit static RAM; 12C-bus 377
PCF8591P 8-bit ADC/DAC; I2C-bus 395
PCF8591T 8-bit ADC/DAC; 12C-bus 395
PNA7509P 7-bit ADC; 22 MHz; 3-state output 413
PNA7509T 7-bit ADC; 22 MHz; 3-state output 413
PNA7518 8-bit multiplying DAC; 30 MHz 425
SAbB204D wideband high frequency amplifier 71
SAB204N wideband high frequency amplifier 71
SAB205D wideband high frequency amplifier 81
SA5205FE wideband high frequency amplifier 81
SA5205N wideband high frequency amplifier 81
SAA1043 universal sync generator 431
SAA1044 subcarrier coupler circuit 447
SAA1060 LED display/interface circuit 455
SAA1064P 4.digit LED driver; 12C-bus 461
SAA1064T 4-digit LED driver; 12 C-bus 461
SAA1099 stereo sound generator for sound effects and

music synthesis (uC-controlled) 471
SAA1300 tuner switching circuit; 12C-bus 487
SAA3004P high performance transmitter (455 kHz) for

infrared remote control; up to 448 commands 491
SAA3004T high performance transmitter (455 kHz) for

infrared remote control; up to 448 commands 491
SAA3006P high performance transmitter (RC-5) for infrared

remote control; up to 2048 commands 501
SAA3008 high performance transmitter {38 kHz) for

infrared remote control; low voltage 515
SAA3009P infrared remote control decoder; decodes 64

commands (RECS80/RC-5); up to 32 subaddresses;

high current output for direct LED drive 529
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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; 12C-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
SAA5B235 dataline slicer for video cassette recorders 585
SAAB236 dataline slicer 591
SAA5243E enhanced computer-controlled teletext circuit (ECCT);

625-line system; 12C-bus (West European language version) 597
SAAB243H enhanced computer-controlled teletext circuit (ECCT);

625-line system; 1>C-bus {East European language version) 597
SAAB243K enhanced computer-controlled teletext circuit (ECCT);

625-line system; 12C-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
SAAB250P interface for data acquisition and control 649
SAAB250T interface for data acquisition and control 649
SAAB351 EUROM 50 Hz; CRT controller 681
SAAL355 FTFROM, CRT controller (525-line) 709
SAAbB361 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 muitistandard TV decoder; 12 C-bus 785
SAA9055 digital SECAM colour decoder; 12 C-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); 12C-bus 865
SAAQ069T digital vertical filter (DVF) 881
SAA9079P ADC for digital TV 889
SAA9079T ADC for digital TV 889
SAB3035 computer interface for tuning and controi (CITAC);

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

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

4 DACs; I>C-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 2.6 GHz divide-by-2 prescaler 953
SAD1009pP universal DAC (UDAC) 959
SAD1009T universal DAC (UDAC) 959
SAD1019P multi-norm pulse pattern generator 971
SAD1019T multi-norm pulse pattern generator 971
SAF1032pP receiver/decoder for infrared remote control 985
SAF1039pP transmitter for infrared remote control 985
SAF1135 detaline decoder 999
SES539F ultra high frequency operational amplifier 103
SE5539N ultra high frequency operational amplifier 103
SE592F 14 video amplifier 93
SEB92F8 video amplifier 93
SE592H video ampilifier 93
SE592N14 video amplifier 93
TBA120U sound |F amplifier/demodulator for TV 1011
TBA920S horizontal combination 1017
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
TDA1082 east-west correction driver circuit 1061
TDA1512 12 to 20 W hi-fi audio power amplifier 1067
TDA1512Q 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 1091
TDA1521Q 2 x 12 W hi-fi stereo audio power amplifier 1091
TDA1524A stereo tone/volume control circuit 111
TDA1525 stereo tone/volume control circuit 1157
TDA1534 14-bit ADC 1169
TDA1541A dual 16-bit DAC 1179
TDA1543 dual 16-bit economy DAC (1?S-bus format) 1187
TDA2501 PAL/NTSC encoder 1195
TDA2506 SECAM encoder 1201
TDA2506T SECAM encoder 1213
TDA2507 FM modulator controller for video recorders 1225
TDA2507T FM modulator controller for video recorders 1225
TDA2543 AM sound IF circuit for French standard 1233
TDA2545A quasi-split-sound circuit 1239
TDA2546A quasi-split-sound circuit with 5.5 MHz demodulation 1245
TDA2549 IF amplifier and demodulator for multistandard TV receivers 1251
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
TDA2577A horizontal/vertical synchronization circuit 1269
TDA2578A horizontal/vertical synchronization circuit 1283
TDA2579A horizontal/vertical synchronization circuit 1297
TDA2582 control circuit for PPS 1313
TDA25820 control circuit for PPS 1313
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TDA2593 horizontal combination 1327
TDA2594 horizontal combination with transmitter identification 1335
TDA2595 horizontal combination with transmitter identification

and protection circuits 1343
TDA2611A 5 W audio power amplifier 1353
TDA2613 6 W hi-fi audio power amplifier 1363
TDA2653A vertical deflection circuit; PIL-S4; 30AX systems and monitors 1371
TDA2654 vertical deflection circuit; monochrome 1109; tiny-vision

colour, 900 1379
TDA2655B vertical deflection circuit: colour and monochrome (90°) 1387
TDA2658 vertical deflection circuit (900) 1395
TDA2795 TV stereo/dual sound identification decoder 1403
TDA3047P high performance receiver for infrared remote control;

positive output voltage 1409
TDA3047T high performance receiver for infrared remote control;

positive output voltage 1409
TDA3048P high performance receiver for infrared remote control;

negative output voltage 1415
TDA3048T high performance receiver for infrared remote control;

negative output voltage 1415
TDA3501 video control combination 1421
TDA3505 video control combination with automatic cut-off control;

—(B-Y) and —(R-Y) input 1429
TDA3506 video controi combination with automatic cut-off control;

. +{B-Y) and + (R-Y) input 1429

TDA3507 video control combination with automatic cut-off control;

—(B-Y} and —(R-Y) input 1439
TDA3510 PAL decoder 1451
TDA3561A PAL decoder 1455
TDA3565 PAL decoder 1467
TDA3566 PAL/NTSC decoder 1477
TDA3567 NTSC decoder 1495
TDA3569 NTSC decoder with fast RGB blanking 1507
TDA3590A SECAM processor circuit (improved TDA3590) 1519
TDA3592A SECAM/PAL transcoder 1535
TDA3653B vertical deflection and guard circuit (800) 1549
TDA3653C vertical deflection and guard circuit (909) 1549
TDA3654 vertical deflection and guard circuit (11009) 1559
TDA3654Q vertical deflection and guard circuit (1100°) 1559
TDA3724 SECAM identification circuit for video recorders 1569
TDA3725 SECAM (L) chrominance signal processor for video recorders 1571
TDA3730 frequency demodulator and drop-out compensator for

video recorders 1575
TDA3740 video processor/frequency modulator for video recorders 1581
TDA3755 PAL/NTSC sync processor for video recorders (VHS system) 1589
TDA3760 PAL chrominance signal processor for video recorders

{VHS system) 1599
TDA3765 NTSC chrominance signal processor for video recorders

{VHS system) 1607
TDA3791 band selector and window detector 1615
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TDA3800G stereo/dual TV sound processor (dynamic selection} 1621
TDA3800GS stereo/dual TV sound processor {static selection) 1621
TDA3803A stereo/dual TV sound decoder 1629
TDA3806 muttiplex PLL stereo decoder 1637
TDA3808 second audio programme (SAP) signal processor 1643
TDA3810 spatial, stereo and pseudo-stereo sound circuit 1649
TDA3825 single FM TV sound demodulator system with external

AF input and mute 16563
TDA3826 single FM TV sound demodulator system with mute and

6 dB AF amplifier 1663
TDA3845 quasi-split-sound circuit and AM demodulator 1673
TDAA4301 vertical driver (video camera) 1683
TDA4301T vertical driver (video camera) 1687
TDAA4306P master gain circuit (video camera) 1691
TDA4306T master gain circuit (video camera) 1691
TDA4500 small signal combination for B/W TV 1697
TDA4501 small signal combination with sound circuit for colour TV 1709
TDA4502A small signai combination with video switch for colour TV 1723
TDA4503 small signal combination for B/W TV (improved TDA4500) 1741
TDAA4505 small signal combination IC for colour TV 1755
TDA4510 PAL decoder 1771
TDA4532 SECAM decoder 1777
TDAA4555 multistandard decoder for —(R-Y) and —{B-Y) signals 1783
TDAA4556 multistandard decoder for +(R-Y) and + (B-Y) signals 1783
TDAA4557 multistandard colour decoder 1791
TDAA4560 ‘ colour transient improvement circuit 1799
TDAA4565 colour transient improvement circuit; output signal

delayed 180 us less than that of TDA4560 1805
TDA4566 colour transient improvement circuit; switchable delay time 1813
TDA4570 NTSC decoder 1821
TDA4580 video control combination with automatic cut-off control 1827
TDA4720 SECAM identification circuit for video recorders 1843
TDA4720T SECAM identification circuit for video recorders 1843
TDABO30A mixer/oscillator for VHF tuner 1849
TDABO30AT mixer/oscillator for VHF tuner 1855
TDAS330T VHF, UHF & hyperband mixer/oscillator for TV and

VCR 3-band tuners 1861
TDAS332T double mixer/oscillator for TV and VCR tuners 1875
TDA6800 video modulator circuit 1883
TDAG800T video modulator circuit 1883
TDA8340 TV IF amplifier and demodulator 1887
TDA8340Q TV IF amplifier and demodulator 1887
TDAS8341 TV IF amplifier and demodulator 1887
TDA8341Q TV IF amplifier and demodulator 1887
TDAS8370 synchronization processor for TV; |2C-bus 1899
TDAS8380 SMPS controller 1917
TDAS8390 single-chip PAL decoder and RGB matrix 1935
TDA8405 TV and video recorder stereo/dual sound processor; 12C-bus 1951
TDAB415 TV and video recorder stereo/dual sound processor with

integrated filters and 12 C-bus control 1961
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TDAB420 hi-fi stereo audio processor; 12C-bus 1979
TDA8421 hi-fi stereo audio processor; |2C-bus 2001
TDA8425 hi-fi stereo audio processor; 12C-bus 2023
TDA8440 video/audio switch for CTV receivers; 12C-bus 2045
TDA8442 12C-bus interface for colour decoders 2055
TDAB443A 12C-bus-controlled YUV/RGB interface circuit 2063
TDA8444 octuple 6-bit DAC; 12C-bus 2079
TDA8451 P2CCD delay line and matrix for colour decoders 2087
TDAS8452 P2CCD filter combination for colour decoders 2097
TDAB8461 PAL/NTSC decoder; 12C-bus 2111
TDAB490 SECAM decoder 2135
TDA9045 video processor and input selector 2145
TDA9080 video control combination circuit 2151
TEA1039 SMPS controller 2163
TEA2000 PAL/NTSC colour encoder 2175
TSAL510 1.3 GHz PLL frequency synthesizer 2183
TSAL510T 1.3 GHz PLL frequency synthesizer 2193
nA733CF differential video amplifier 2201
uA733CN differential video amplifier 2201
uA733F differential video amplifier 2201
#A733N differential video amplifier 2201

30
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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
SAB1164
SAB1165
SAB1256
SAF3019
TDA2502
TDA2503
TDA3540:Q
TDA3541Q
TDA3571B
TDA3576B
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 SAB6456)
clock/timer with serial 1/0; 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 TDA3591A)
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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PRODUCT STATUS
DEFINITION

For type numbers with prefixes NE, SA, SE and pA

DEFINITIONS
Data Sheet
Identification Product Status Definition
This data sheet contains the design target or goal
Objective Specification Formative or In Design ifications for product ificati may
change in any manner without notice,
This data sheet contains iminary data and Y

P data wilt be published at a later date. Signetics reserves the
"y Spec tion Preproduction ut 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 1o make changes at any time without
Specification Fult Prod n notice in order to improve design and supply the best
possiblo product.
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ORDERING
INFORMATION

Signetics' Linear integrated circuit prod- Table 1. Part Number Description

ucts may be ordered by contacting either

the local Signetics sales office, Signetics |PART NUMBER :::TSSNS_EF ::a?&dr D::&[::T%N
representatives and/or Signetics autho-

rized distributors. A complete listing is NE5537N LF398 LIN Sample-and-Hold Amy
located in the back of this manual. T_ — T

Minimum Factory Order:
Commercial Product:

$1000 per order
$250 per line item per order

Military Product:

$250 per line item per order \——> Linear Product Family

Table t 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 L m= Package Descriptions — See Table 2
presently existing types, while Tables 3
and 4 provide appropriate explanations -—————m= Dovice Number

on the various prefixes employed in the
part number descriptions. L = Dovice Family and Temperature Range Prefix — See
Tables 3 & 4

Description of
Product Function

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 and/
or contacting your local sales office.
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Table 2. Package Descriptions
PACKAGE
oLb NEW DESCRIPTION

A, AA N 14-lead plastic DIP

A N-14 14-lead plastic DIP
(selected analog
products only)

B, BA N 16-lead plastic DIP

D Microminiature
package (SO)

F F 14-, 16-, 18-, 22-,
and 24-lead
ceramic DIP
(Cerdip)

I, IK | 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

QR 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

DEVICE TEMPERATURE

PREFIX RANGE
NE 0 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
HA Linear Industry Standard
uc Linear Industry Standard

December 1988
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TYPE
DESIGNATION

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

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 LETTERS identify the FAMILY (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:

Microcomputer
MA . .
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 FIRST TWO LETTERS identify the following:

NH : Hybrid circuits

NL : Logic circuits

NM : Memoaries

NS : Analogue signal processing, using switched capacitors
NT : Analogue signal processing, using CTDs

NX : Imaging devices

NY : Other correlated circuits

Notes

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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DESIGNATION

THIRD LETTER

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

temperature range not specified
: 0to+700C

—551t0+ 125 9C
—-25to+700°C

—25t0 + 85 °C

—40 10 + 85 °C

—b55 to + 85 0C

OTMMOO®@>

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 O to + 75 ©C can be indicated by ‘B’ 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:
: for cylindrical

: for ceramic DIL

: for flat pack

. for chip on tape

: for plastic DIL

: for QIL

: for miniature plastic {mini-pack}

: for uncased chip

Alternatively a TWO LETTER SUFFIX may be used instead of a single package version letter, if the
manufacturer (sponsor) wishes to give more information.

CcCHOoOrnooO

FIRST LETTER: General shape SECOND LETTER: Material
C : Cylindrical C : Metal-ceramic

D : Dual-in-line (DIL) G : Glass-ceramic (cerdip)

E : Power DIL {with external heatsink) M : Metal

F : Flat (leads on 2 sides) P : Plastic

G : Flat {leads on 4 sides)

K : Diamond (TO-3 family)

M : Multiple-in-line {except Dual-, Triple-, Quadruple-in-line)

Q : Quadruple-in-line (QIL)

R : Power QlL (with external heatsink)

S : Single-in-line

T : Triple-in-line.

W : Lead chip-carrier (LCC)

X : Leadless chip-carrier {LLCC) A hyphen precedes the suffix to avoid
Y : Pin grid array (PGA) confusion with a version letter.

40
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For type numbers with prefixes MAB, MAF, PCA, PCB, RATING
PCD, PCF, SAA, SAB, SAD, SAF, TDA and TEA 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 ¢apability 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 chosen 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.
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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 under 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 alf our MOS integrated circuits incorporate protection against electrostatic discharges, they
can nevertheless be damaged by accidental over-voltages. {n storing and handling them, the following
precautions are recommended.

Caution

Testing or handling and mounting call for special attention to personal safety. Personnel handling MOS
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 MOS 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 MOS circuits and the board.

Static charges

Dress personnel in clothing of non-electrostatic material (no wool, sitk or synthetic fibres). After the
MOS 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 feads 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 MOS devices, or
printed-circuit boards with MOS 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 MA88031AH'2

specifications are subject to change without notice. MA88051AH - 2

FOR DETAILED INFORMATION SEE RELEVANT DATA BOOK OR DATA SHEET

SINGLE-CHIP 8-BIT MICROCONTROLLER

DESCRIPTION

The MAB8051AH-2 family of single-chip 8-bit microcontrollers is manufactured in an advanced 2 u
NMOS process. The family consists of the following members:

® MABB031AH-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 MAB8031AH-2. In the
following, the generic term “MAB8051AH-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 MAB8051AH-2 contains a non-volatile 4 K x 8 read-only program memory (not ROM-less version);
avolatile 128 x 8 read/write data memory; 32 |/0 lines; two 16-bit timer/event counters; a five-source,
two-priority-level, nested interrupt structure; a serial 1/0 power for either multi-processor communi-
cations, 1/0 expansion, or full duplex UART; and on-chip oscillator and timing circuits. For systems
that require extra capability, the MAB8051AH-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 MHz crystal, 58% of the instructions are executed in 1 us and
40% in 2 us. Multiply and divide instructions require 4 us. 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 microcontroliers’.

Features

4 K x 8 ROM (MAB8051AH-2 only), 128 x 8 RAM
Four 8-bit ports, 32 1/0 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-source interrupt structure with two priority levels
58% of instructions executed in 1 us; multiply and divide in 4 us (at 12 MHz clock)
Enhanced architecture with:
non-page-oreinted 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 °C (MAF8031/51AH-2)
® Auvailable with automotive temperature range: —40 to + 110 °C (MAF80A31/51AH-2)

PACKAGE OUTLINES

MAB8031/51AH-2P; MAF8031/61AH-2P; MAF80A31/51AH-2P; 40-lead DIL; plastic (SOT129).
MAB8031/51AH-2WP; MAF80/31/51AH-2WP; MAF80A31/51AH-2WP: 44-lead, plastic leaded-chip-

carrier, ‘pocket’ version (PLCC); (SOT187AA).
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DEVELOPMENT DATA
This. r:lata sheet cont.alns advance inf'ormation and MABBO32AH
specifications are subject to change without notice. MABBOS 2AH

FOR DETAILED INFORMATION SEE RELEVANT DATA BOOK OR DATA SHEET
SINGLE-CHIP 8-BIT MICROCONTROLLERS

DESCRIPTION

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 u NMOS process. For this version the following
members exist:

® MABS8032AH: ROM-less version of the MAB8052AH
e MABB052AH: 8 K bytes mask programmable ROM, 256 bytes RAM

Both types are available in 12 MHz versions. In the foliowing, 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 1/0 lines; three 16-bit timer/event counters; a six-source,
two-priority-level, nested interrupt structure; a serial 1/0 port for either multi-processor communications,
1/0 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 us and 40%
in 2 us. Multiply and divide instructions require 4 us.

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 1/0 lines
e Three 16-bit timer/event counters
® Full-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 us; multiply and divide in 4 us
® 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
e 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
MABB8032/52AHP: 40-lead DIL, plastic (SOT129).
MAF8032AH/52AH/A32AH/A52AHP: 40-lead DIL, plastic (SOT129).

MAB/MAF8032/52AHWP/A32/A52AHWP: 44-lead plastic leaded chip carrier (PLCC); (SOT187
‘pedestal’ or SOT187AA ‘pocket’ versions, these are interchangeable).
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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
MABB8035HL: ROM-less version of the MAB8048H

MABB8049H: 2 K bytes mask-programmed ROM, 128 bytes RAM
MABB8039HL: ROM:-less version of the MAB8049H

MABB8050H: 4 K bytes mask-programmed ROM, 256 bytes RAM
MAB8040HL: 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 1/0 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 (+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 1/0

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 1/0 lines

TTL compatible inputs and outputs

Single 5 V supply

Standard and extended temperature ranges (see Table 5}): MAB8OXX: 0to +700C
MAF80XX: —40to+850C
MAF80AXX: —40to +110°C

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 DIL; plastic (SOT129).

MABS8035/8048/8039/8049H/HLWP : 44-lead PLCC; plastic leaded chip-carrier
‘pocket’ version (SOT187AA).
‘pedestal’ version (SOT 187).
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MAB84X1
MAF84X1
MAF84AXi1
FAMILY

FOR DETAILED INFORMATION SEE RELEVANT DATA BOOK OR DATA SHEET

SINGLE-CHIP 8-BIT MICROCONTROLLER

DESCRIPTION
The MAB84X1 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 {10mA),

emulation of MAB/F8422/42* possible
® MAB/MAF8411 — 1K byte ROM/64 bytes RAM plus 8-bit LED-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 1/0 port lines, one serial 1/0 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 1/0 in a single 28-lead DIL package

1K, 2K, 4K or 6K ROM bytes plus a ROM-less version

64 or 128 RAM bytes

20 quasi-bidirectional 1/0 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 1/0

® Serial I/ that can be used in single or multi-master systems (serial 1/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

® QOver 80 instructions (based on MAB8048) all of 1 or 2 cycles

@ Single 5 V power supply {+ 10%)

® Operating temperature ranges: Oto+ 700C MAB84X1 family
—40to+ 850C MAF84X1 family only
—40to+110°C MAF84AX1 family only

PACKAGE OUTLINES
MABB84018B: 28-lead ‘Piggy-back’ package {with up to 28-pin EPROM on top).

MAB/MAF8411/21/41/61P: 28-lead DIL; plastic ' (SOT117).
MAF84A11/21/41/61P: 28-lead DIL; plastic (SOT117).
MAB8411/21/41/61T: 28-lead mini-pack; plastic (SO28; SOT163A).

MABB8401WP: 68-lead plastic leaded chip-carrier (PLCC) (SOT 188).
| (Deeember 1987
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MAB84X1
MAF84X1
MAF84AX1
FAMILY
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Fig. 4b Replacement for dotted part in Fig. 4a
for the MABB401WP bond-out version.

Fig. 4c Replacement of dotted part in Fig. 4a
for the MAB8401B ‘Piggy-back’ version.
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MAB8422/42
MAF8422/42
MAF84A22/A42

FOR DETAILED INFORMATION SEE RELEVANT DATA BOOK OR DATA SHEET

SINGLE-CHIP 8-BIT MICROCONTROLLER

DESCRIPTION

The MABB8422/8442 is a high-performance microcontroller incorporating dedicated hardware, memory
capacity and 1/0 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
e MABB8442 - 4K x 8 ROM/128 bytes RAM

Each version has 15 1/O port lines comprising one 8-bit parallel port (PO}, one 2-bit parallel port (P1.0
and P1.1 that are shared with the serial 1/0 lines SDA and SCL), one 3-bit parallel port (P2.0 - P2.2) and
two input lines (INT/TO and T1).

The serial 1/0 interface is 12 C compatible and therefore the MAB8422/8442 can operate as a siave or
a master in single and multi-master systems. Conversion from paralle! to serial data when transmitting,
and vice versa when receiving, is done mainly in software. There is a minimum of hardware for the
serial 1/0 implemented. This hardware is controlled by the status of the SDA and SCL lines and can
be read or written under software control. Standard software for 12C-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 |/0
20 pin package
MAB8422: 2K x 8 ROM/64 bytes RAM
MAB8442: 4K x 8 ROM/128 bytes RAM
13 quasi-bidirectional 1/0 port lines
Two testable inputs T1 and INT/TO
High current output on PO (Io_=10mA at VoL = 1V)
One interrupt line combined with the testable input line INT/TO
Single-level interrupts: external, timer/event counter, serial 1/0
12C-compatible serial 1/0 that can be used in single or multi-master systems (serial |/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: 0to +700C (MAB84X2)
—40 to +85 0C (MAF84X2)
—40 to +110 °C (MAF84AX2)

PACKAGE OUTLINES
MAB/MAF84X2, MAFB4AX2: 20-lead DIL; plastic (SOT146).
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Fig. 1 Block diagram of the MAB8422/8442.
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DESCRIPTION

The NE5150/5151/5152 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,
butis 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 all
the composite video functions to make
the output waveforms meet RS-170 and
RS-343 standards, and produce 1Vp.p
into 7582 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 all
reference generation circuitry and termi-
nation resistors on-chip, by building in

ORDERING INFORMATION

NE5150,/5151/5152

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

Product Specification

high-frequency PSRR (eliminating sepa-
rate Vges 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 1W of power.

The NE5151 is a simplified version of
the NE5150, including all functions ex-
cept the memory. Maximum operating
frequency is 150MHz.

FEATURES

¢ Single-chip

e On-board ECL static RAM
® 4096 colors

¢ ECL and TTL compatible

o 110MHz update rate (NE5150,
5152)

o 150MHz update rate (NE5151)
o Low power and cost

o Drives 75 cable directly

o internal reference

e 40dB PSRR

o No external components
necessary

APPLICATIONS

e Bit-mapped graphics

e Super high-speed DAC
e Home computers

o Raster-scan displays

PIN CONFIGURATIONS

DESCRIPTION TEMPERATURE RANGE ORDER CODE
24-Pin Ceramic DIP 0°C to +70°C NES150F
24-Pin Ceramic DIP 0°C to +70°C NES151F
24-Pin Ceramic DIP 0°C to +70°C NES5152F
24-Pin Plastic SOL 0°C to +70°C NE5152D
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NOTE:
1. Available in large SO pakage only.
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Product Specification

Triple 4-Bit RGB D/A Converter

2
With and Without Memory NE5150/5151/515

BLOCK DIAGRAMS

NE5150 NE5151
A0 A1 A2'A300 D1 D2 D3
6) @) @) @ M @822
???????? G0 G1 G2 G3 RO R1 R2 R3
WRITE (21) O— INPUT ©) &) @ (@ (M 32
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SYNC (1) O—] LATCHES 20069808
BLANK (8) O sy
BRIGHT (8) 0—| e = |
DAC, DAC, DAC
1) (13) (15}
GREEN  RED BLUE
BDDGAROS.
NE5152
A0 A1 A2 A3 DO D1 D2 D3
[ORCR N ?ﬂ%)(n)?
WRITEG (21) INPUT
‘,',‘l'}"r'fs':%o_ BUFFERS
RIW
Ve 6,12, 16) 0—
RAM
REFERENCE| 16 x 12
GND (14)0—]
I I Ji
STROBE (17) O—] LATCHES
WHITEmO—] 1o
SYNC (10) O—] LATCHES
BLANK (9) O— sy
BRIGHT (8) O— -3
DAC, DAC, DAC
(W] (13) (15}
GREEN RED  BLUE
BDOE970S
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Product Specification

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

NE5150/5151/5152

ABSOLUTE MAXIMUM RATINGS

SYMBOL PARAMETER RATING UNIT
Temperature range
Ta Operating 0to +70 °C
Tsta Storage -65 to +150 °C
Vee 7.0 \'
Vee Power supply -7.0 v
Logic levels
TTL-high 55 "
TTL-ow -0.5 v
ECL-high 0.0 Vv
ECL-low 0 to Vge \"
DC ELECTRICAL CHARACTERISTICS vcc = +5V (TTL), OV (ECL), Veg = -5V, 0°C < Tp < +70°C, for NE5150/5151;
Ve = +5V (TTL), GND = 0V for NE5152, unless otherwise noted.
LIMITS
SYMBOL PARAMETER UNIT
Min Typ Max
Resolution 4 bits
Monotonicity 4 bits
NL Non-linearity +le ¥ LSB
DNL Differential non-linearity +% +1 LSB
Offset error (25°C) (1111] (BRT = 1) - +1 LSB
Gain error (25°C) [0000] (BRT = 1) +% +1 LSB
Positive power supply (TTL mode) (NE5150) 4.5 5.0 5.5 "
Vee (TTL mode) (NE5151) 4.75 5.0 5.5 A
(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
; Positive supply current (NE5150/5151) 15 25 mA
cC (NE5152) 175 210 mA
I Negative supply current (NE5150) 175 210 mA
EE (NE5151) 145 175 mA
Analog voltage range (ZS to FS) 603 mv
Gain tracking (any two channels) +V LSB
LSB Least significant bit 40.2 mvV
EWH Enhanced white level (25“0)2 W] mv
BS Bright shift (25°C)(0 to 1) 71.4 mv
EBL Enhanced blanking level (25°C)? -674 mv
ESY Enhanced sync level (25°C) -960 mv
Ro Output resistance (25°C) 67.5 75.0 82.5 Q
VIH TTL logic input high 20 v
ViL TTL logic input low 0.8 v
in TTL logic high input current (Vi = 2.4V) 20 MA
lie TTL logic low input current (Viy = 0.4V) -1.6 mA
ViR ECL logic input high -1.045
ViL ECL logic input low -1.48 v
IiH ECL logic high input current (Viy =-0.8V) -1.0 mA
[ ECL logic low input current (Vi =-1.8V) -1.0 mA
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Product Specification

Triple 4-Bit RGB D/A Converter

150/5151/5152
With and Without Memory NE5150/5151/

TEMPERATURE CHARACTERISTICS Vo= +5V (TTL), OV (ECL), Vgg = -5V, 0°C < Tp < +70°C, for NE5150/5151;
Voo = +5V (TTL), GND = 0V for NE5152, unless otherwise noted.

LIMITS
SYMBOL PARAMETER . UNIT
Min Typ Max
Offset TC' +50 £100 | ppm/°C
Gain TC! +70 200 | ppm/°C
Gain Tracking TC (any two channels) +20 +50 ppm/°C
Enhanced white level TC' 150 +100 ppm/°C
Bright shift TC +70 +200 ppm/°C
Enhanced blanking level TC +100 +300 ppm/°C
Enhanced sync level TC +100 +300 ppm/°C
Output resistance TC +1000 +2000 | ppm/°C

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

AC ELECTRICAL CHARACTERISTICS vcc=+5V (TTL), OV (ECL), Vgg =-5V, 0°C < Tp < +70°C, for NE5150/5151;
Vge = +5V (TTL), GND =0V 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 Wirite 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 composite! setup (NE5150/5152) 3 ns
trcH Read composite! hold (NE5150/5152) 2 ns
tras Read address setup (NE51 50/5152) 3 ns
tRaH Read address hold {NE5150/5152) 2 ns
thsw Read strobe pulse width (NE5150/5152) 3 ns
troD Read DAC delay (NE5150/5152) 8 ns
fmax Maximum operating frequency (NE5151) 150 MHz
tcs Composite® setup (NE5151) 3 ns
ton Composite’ hold (NE5151) 2 ns
tps Data-bits setup (NE5151) 1 ns
tou Data-bits hold (NE5151) 5 ns
tsw Strobe pulse width (NE5151) 3 ns
top DAC delay (NE5151) 8 ns
th DAC rise time (10 -90%) 3 ns
ts DAC full-scale settling time? 10 ns
Cour Output capacitance (each DAC) 10 pF
SR Slew rate 200 V/us
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Product Specification

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

NE5150/5151/5452

LIMITS
SYMBOL PARAMETER UNIT
Min Typ Max

GE Glitch energy 30 pV-s

PSRR? Power supply rejection ratio (to red, green or blue outputs)
Vee at 1kHz 43 dB
Vee at 10MHz 28 dB
Ve at 50MHz 14 d8
Ve at 1kHz 80 dB
Vce at 10MHz 50 dB
Vce at 50MHz 36 dB

NOTES:

1. Composite implies any of the WHITE, BRIGHT, BLANK or SYNC signals.
2. Setting to + %2 LSB, measured from STROBE 50% point (rising edge). This time includes the delay throught the strabe input butfer and latch.
3. Listed PSRR is for the NE5150/51. The NE5152 PSRR specs are identical to the Vgg 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 V¢¢ is
taken high (5V), all inputs are TTL compati-
ble. When V¢ 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 -1V (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 (noninverted) 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 A0 (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 —71mV 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
—71mV (10 IRE unit) switch. Absolute output
is -67tmV. Can be modified another —-71mVv
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 —671mV for the red and
blue channels, and -957mV for the green
channel. All levels can be shifted -71mV by
taking BRIGHT low. Overtides WHITE and
BLANK.

Pins 11, 13, 15: GREEN, RED, BLUE. Analog
outputs with 7582 internal termination resis-
tors. Can directly drive 7582 cable and shouid
be terminated at the display end of the line
with 7582. 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 %o of fuli-scale (eg.,
BRIGHT function).
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Pins 19, 20, 21: WRITEp, 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 wili be written into
address AO~A3 of each memory when its
corresponding write enable pin goes fow.

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: Agnp, Dgnp- Both Analog and
Digital ground carry a maximum of approxi-
mately 100mA of DC current. For proper
operation, the difference voltage between
Agnp and Dgnp should be no greater than
50mV, preferably less.

Pin 14: Vgg. The negative power supply is the
main chip power source. Vgg 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
né elaborate power supply filtering is neces-
sary.

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



Product Specification

Triple 4-Bit RGB D/A Converter

With and Without Memory

NE5150/5151/5152

NE5150/5152 TIMING DIAGRAMS

LY

ADDRESS (
COMPOSITE
}|E twas J:—"—'un
m——ﬂ DATA * (
STROBE * 7 — T tvon
1 1, i
| e l a WRITE ENABLE {_\_
ADDRESS
N twew—i
I‘—'Rno WF148305
WF 145308
Read Cycle Write Cycle
NE5151 PIN DESCRIPTION AND NE5151 TIMING DIAGRAM
TIMING DIAGRAM
The eleven digital inputs DO -D3, A0 - A3, tos I
WRITE g/r/B. and the unused Pin 18 of the
NES150 are replaced in the NE5151 with the COMPOSITE
three 4-bit DAC digital inputs GO -G3,
RO - R3, and BO - B3. All other pin functions tsw T—ton
(e.g., composite functions, power supplies, \
strobe, etc.) are identical 1o the NE5150. STROBE N Y,
tps tou |
NE5152 PIN DESCRIPTION DATA BITS X *
The NE5152 is a TTL-compatible-only version
of the NE5150, operating off of a single +5V l-—‘nn
supply. Vec Pins 6, 12 and 16 should be
connected to +5V and Pin 14 to 0V. DAC DAc ouTPUT
output is referenced to Vcg. WEraotos
NE5150/NE5151/NE5152 LOGIC TABLE
SYNC BLANK WHITE BRIGHT DATA ADDRESS ouTPUT? CONDITION
1 X X ] X X -1031mv SYNC!
1 X X 1 X X -960mV Enhanced SYNC'
0 1 X 0 X X -746mV BLANK
0 1 X 1 X X -674mV Enhanced BLANK
0 0 1 0 X X -71mV WHITE
0 0 1 1 X X omv Enhanced WHITE
0 0 0 0 [0000] Note 2 -674mV BLACK (FS)
0 0 0 1 [0000] Note 2 -603mV Enhanced BLACK (EFS)
0 0 0 0 [11114] Note 2 -71mv WHITE (ZS)
0 0 o 1 [1111] Note 2 omV Enhanced WHITE (EZS)
NOTES:

1. Green channel output only. RED and BLUE will output BLANK or Enhanced BLANK under these conditions.
2. For the NE5150/6152 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 Vg for the NE5152 only.
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Product Specification

Triple 4-Bit RGB D/A Converter

With and Without Memory NE5150/5151/5152

COMPOSITE VIDEO WAVEFORM

SYNC
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DESCRIPTION

The NE5592 is a dual monolithic, two-
stage, differential output, wideband vid-
eo ampilifier. 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

NES592

Video Amplifier

Product Specification

FEATURES

¢ 110MHZ unity gain bandwidth

¢ Adjustable gain from 0 to 400

e Adjustable pass band

¢ No frequency compensation
required

o Wave shaping with minimal
external components

APPLICATIONS
e Floppy disk head amplifier
e Video amplifier

® Puilse amplifier in
communications

e Magnetic memory
e Video recorder systems

PIN CONFIGURATION

D, N Packages

IN A E
N A E
INED
6a[e]

Vee E
oure, 6]

out 8, E

|

[14] ouT A,
[13] ouT A,
E Vee
o

10] Ga
B
s me,

DESCRIPTION TEMPERATURE RANGE ORDER CODE
14-Pin Plastic DIP 0 to 70°C NES592N
14-Pin SO package 0 to 70°C NE5592D

EQUIVALENT CIRCUIT
O +V
$hMOSR 3R $Re 3R
1 < < > 1) V
Qg
Ny
4 Qs
¥ Q @
o
T ’ ;‘Y 4 O OUTPUT 1
INPUT 1 -3 [ —AA
p——O OUTPUT 2
G G
Ry Rg
Q7a Q78 Qnt l Q Gup~ ¢ Oon
? R7a Rze 5‘15 ? Ris '} Ru’} Rig
‘ . ‘ . ——0 -V
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Product Specification

Video

Amplifier

NE5592

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

SYMBOL PARAMETER RATING UNIT
Vee Supply voltage +8 Vv
Vin Differsntial input voltage 5 v
Vom Common mode Input voltage 16 \
lout Qutput current 10 mA
Operating temperature range o
Ta NE5592 0to +70 C
Tsta Storage temperature range -65 to +150 °C
Pp max Maximum power dissipation,
Ta = 25°C (stitt air)’
D package 1.03 w
N package 1.48 W
NOTE:

1. Derate above 25°C at the following rates:
D package 8.3mW/°C
N package 11.9mw/°C

DC ELECTRICAL CHARACTERISTICS T, = +25°C, Vgg=£6V, Vey =0, unless otherwise specified. Recommended
operating supply voltage is Vg =1 6.0V, and gain select pins are connected together.

SYMBOL PARAMETER TEST CONDITIONS LTS UNITS
Min Typ Max
AvoL Differential voltage gain Ry = 2k, Vout =3Vpp 400 480 600 VIV
RiN Input resistance 3 14 k2
Cin Input capacitance 25 pF
los Input offset current 0.3 3 uA
Igias Input bias current 5 20 pA
input noise voltage BW 1kHz to 10MHz 4 nv/vhz
ViN Input voltage range +10 \
CMRR | Common-mode rejection ratio V\ngii11\/\’/,ff<=1E?3:_::z 60 ::; gg
PSRR Supply voltage rejection ratio AVg = * 0.5V 50 85 dB
Channel separation (Ol\‘/t‘;ﬂz Te:e\iz;:.;:ef dT ;TO:':T(Q 65 70 dB
Vos Outpyt offset vf)ltage R =9 0.5 1.5 \
gain select pins open R = 0.25 0.75 v
Vem Output common-mode voltage R = 2.4 3.1 3.4 v
Vour Output differential voltage swing Ry = 2k 3.0 4.0 v
Rour Output resistance 20 Q
IR
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Product Specification

Video Amplifier (

NES592

DC ELECTRICAL CHARACTERISTICS vgs = £6V, Vo =0, 0°C < Ty <70°C, unless otherwise specified. Recommended
operating supply voltage is Vg =+ 6.0V, and gain select pins are connected together.

LiMmITs
SYMBOL PARAMETER TEST CONDITIONS UNITS
Min Typ Max
AvoL Differential voltage gain R = 2k, Vout = 3Vpp 350 430 600 \'74%
Rin Input resistance 1 11 k§2
los Input offset current 5 A
Isias Input bias current 30 pA
VIN Input voltage range 1.0 v
+
CMRR | Common-mode rejection ratio Vom * 1':\{8 i<¢100kHz 55 dB
PSRR Supply voltage rejection ratio AVg= + 0.5V 50 dB
" Vout = 1Vp.p; f=100kHz
Channel separation (output referenced) Ry = 1kS2 70 dB
Vos Output offset voltage
gain select pins connected R = 1.5 \
together
gain select pins open R =9 1.0
Vour Output differential voltage swing R = 2k2 2.8 v
Icc Power supply current
(total for both sides) Ry = 47 mA
AC ELECTRICAL CHARACTERISTICS T, =+25°C, Vgg = +6V, Vg =0, unless otherwise specified. Recommended
operating supply voltage Vg = *6.0V. Gain select pins connected together.
LIMITS
SYMBOL PARAMETER TEST CONDITIONS UNITS
Min Typ Max
BW Bandwidth Vour = 1Vpp 25 MHz
tr Rise time 15 20 ns
tep Propagation delay Vout = 1Vpp 75 12 ns
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Product Specification

Video Amplifier NE5592

TYPICAL PERFORMANCE CHARACTERISTICS

Common-Mode Rejection Ratio Output Voitage Swing as a Channel Separation as a
as a Function of Frequency Function of Frequency Function of Frequency
. L LA I TIT T 117
e % Nz zev o O T e
3 o N i a8 ® 10 i
g - § -2 T
E :: § \‘~‘n 5—30 "]
g 3 g -
w © > \ @ -s0 2 P
o % z = 2 2.
2 afpiaY g , %a
g w-\'?:.‘."sz 3 5-70
§ ol L 11it -80
108 108 107 108 0 -90
FREQUENCY - Hz 104 105 108 107 10 108 108 107 10t 10°
FREQUENCY - Hz FREQUENCY - Kz
OP 185808 OPIISNS OP186008
Differential Overdrive Pulse Response as a Pulse Response as a
Recovery Time Function of Supply Voltage Function of Temperature
so T T T 1.6 T
H] Vs = 16V ! L_Jvs = zev]
. 45 Th = 25°C7] 18R = fka l TR e
z 4 o MATA s s s = 6V > 12
= asl IRE — y 1 —
Ess P 8”, Vs = tov g osE T JTa=0c -
W L/ < JEEY PR (RPN B JEP 45 ™ pmt SR - T
> [ 2 o6 [ NTa = 25°C_|
82 A 3 os T g oo
w 2 os y Vg = £3V. E 0.4 ETa = 700c—]
w 0.4 0.2
ST pr L1 -+ +F++F 14
NP 3wk =@
g [ -0.2
3 -0.4 n
o -15-10-5 0 10 15 20 25 30 35 -15-10-5 10 15 20 25 30 3§
) 4 80 120 160 200 TIME - ns TIME - ns
DIFFERENTIAL INPUT VOLTAGE - mV
0P196108 OP186208 OP1mNS
Voltage Gain as a Gain vs Frequency as a Voltage Gain as a
Function of Temperature Function of Temperature Function of Supply Voltage
14 T ] © Vs = £6V 4 T 1o
£ 12 y‘. o IR. = 1k0 i 3 :. :%‘5""—
Z 4. 1= IMHz ] e 50 2
3 TN ; e
0.4 z M J
g ~ 3 1 Z o
- 0 N 3 °
g ~ - P Ta = 0°CH g
i o e o e e 5 Th 2 7] g -2 <
g =Y B § A 'a-' _a /)
g2 = > LA
"M 20 % %0 S0 80 7o 10 -5 A
RATURE: °C 108 10¢ 107 00 w0 -6 4
FREQUENCY - Hz 3 4 5 6 7 [}
SUPPLY VOLTAGE - V
OP1ISA0S OP198508 OP 190008
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Product Specification

Video Amplifier

NES592

TYPICAL PERFORMANCE CHARACTERISTICS (Continued)

Gain vs Frequency as a
Function of Supply Voltage

0
e T
ol Ve = zov AL = ik
=
? Vs = +6VIHT N
g“—v-z:w
8
30
s WAl
g, i
10

108 108 10? 100 100
FREQUENCY - Hz

o708

Supply Current as a
Function of Temperature

+

T
Vs = 6V ]

SUPPLY CURRENT - mA
b
4

0 10 20 30 40 S0 &0 70
TEMPERATURE - °C

Output Voltage Swing as a
Function of Load Resistance

»
-
]
1.3
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3

-
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—

10! 102 108 104
LOAD RESISTANCE - OHMS
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PHASE SHIFT - DEGREES

SUPPLY CURRENT - mA
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o

INPUT RESISTANCE - kR

Phase vs Frequency as a
Function of Supply Voltage
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Product Specification

Video Amplifier NE5592

TEST CIRCUITS T, =25°C, unless otherwise specified.

—0
0.24F
[ ®in
Vin 559 SR Vour O 5o
o— ! i 0.24F
L ©
<
‘: 5 51 ‘b ‘b ‘Wl .Oll'
> S
J_ ;:51 51 K Sk ::u( ®
- T 1 L |
TC213708 - = - - - —
TC213808 = -
Vs = $8V T = 25°C
TC213808
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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 200MHz. 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 7552
system and 6dB in a 5082 system.

The NE/SA5204 is a relaxed version of
the NE5205. Minimum guaranteed band-
width is relaxed to 350MHz 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 7582
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
350MHz operating range.

Since the part is a small, monolithic I1C
die, problems such as stray capacitance
are minimized. The die size is small
enough to fit into a very cost-effective 8-
pin small-outiine (SO) package to further
reduce parasitic effects.

ORDERING INFORMATION

NE/SA5204

Wide-band High-Frequency

Amplifier

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 7552.
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 5082 test
equipment such as signal generators,
oscilloscopes, frequency counters, and
all kinds of signal analyzers. Other appli-
cations at 5052 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

o Bandwidth (min.)

200 MHz, +0.5dB
350 MHz, -3dB
® 20dB insertion gain
e 4.8dB (6dB) noise figure
2o = 7582 (Zo = 5052)
¢ No external components required

© Input and output impedances
matched to 50/75) systems

e Surface-mount package avallable
e Cascadable

DESCRIPTION TEMPERATURE RANGE ORDER CODE
0 to +70°C NES5204N
8-Pin Plastic DIP —40 to +85°C SA5204N
0 to +70°C NES204D
8-Pin Plastic SO package —40 to +85°C SA5204D
November 3, 1987 71

PIN CONFIGURATION
N, D Packages

TOP VIEW

cD127608

APPLICATIONS

e Antenna amplifiers
e Amplified splitters
o Signal generators

e Frequency counters
e Oscilloscopes

o Signal analyzers

e Broadband LANs

® Networks

e Modems

¢ Mobile radio

e Security systems

e Telecommunications
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Product Specification

Wide-band High-Frequency Amplifier NE/SA5204

ABSOLUTE MAXIMUM RATINGS

SYMBOL PARAMETER RATING UNIT
Vee Supply voltage 9 \
VIN AC input voltage 5 Ve.p
Ta Operating ambient temperature range

NE grade 0 to +70 °C
SA grade -40 to +85 °C

b Maximum power dissipation® 2
DMAX | T, =25°C (still-air)

N package 1160 mw
D package 780 mw
Ty Junction temperature 150 °Cc
Tsta Storage temperature range -55 to +150 °C

Lead temperature

T, X 300 °C
soLb (soldering 60s)
NOTES:
1. Derate above 25°C, at the following rates
N package at 9.3mw/°C
D package at 6.2mwW/°C.
2. See "Power Dissipation Considerations’ section.
EQUIVALENT SCHEMATIC"
Ve
> S R:
S 3™ "
Qs A ‘) A —O Vour
—hj Qe
R
v 3R
1N Oy a, Q b
RFy
>
< Re2
Rey |
E o‘
Rra2
TCOB480S
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DC ELECTRICAL CHARACTERISTICS at Voc =6V, Zg =2, = 2o = 5052 and T4 = 25°C, in all packages, unless otherwise

specified.
LIMITS
SYMBOL PARAMETER TEST CONDITIONS UNIT
Min Typ Max
Vee Operating supply voltage range Over temperature 5 8 \'
lec Supply current Over temperature 19 24 31 mA
S21 Insertion gain f = 100MHz, over temperature 16 19 22 dB
f= 100MHz 25 dB
S11 Input return loss
DC -550MHz 12 dB
f = 100MHz 27 dB
S22 Output return loss
DC -550MHz 12 dB
f = 100MHz -25 dB
S12 Isolation
DC -550MHz -18 d8
BW Bandwidth +0.5dB 200 350 MHz
BW Bandwidth -3dB 350 550 MHz
Noise figure (7552) f = 100MHz 48 dB
Noise figure (5082) f = 100MHz 6.0 dB
Saturated output power f = 100MHz +7.0 dBm
1dB gain compression f = 100MHz +4.0 dBm
Third-order intermodulation _
intercept {output) f=100MHz +17 dBm
Second-order intermodulation
intercept (output) f = 100MHz +24 dBm
tr Rise time 5 ps
Propagation delay 5 ps
9
35
34 ] ]
T
< R 20 =500
E 39 ) a8 Tas25°C
.1 |- Ta=25°C b
z & vee=8V N
g 2 > 3 Voor TV N\ u
3 2 Q v§= FANN \
R ~ g
[y ]
2 2
18 I
% s
5 5.5 6 6.5 7 7.5 8 w2 ¢ 802 2 AR
SUPPLY VOLTAGE—V FREQUENCY—MHz
0048405 ‘OPD468S0S
Figure 1. Supply Current vs Supply Voltage Figure 2. Noise Figure vs Frequency
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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:

Vout

—— = (Rry + Rey) /Ry
Vin

A}

which is series-shunt feedback. There is also
shunt-series feedback due to Rg, and Rgp
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, Rgy and the base resistance of Qg
are kept as low as possible, while Rgy is
maximized.

The noise figure is given by the following
equation:

KT
h + Rgy + ——

NF=10Log } 1 + 2dlc1” (dB

Ro @

where Igq = 5.5mA, Rgq =128, r,= 13082,
KT/q = 26mV at 25°C and Rg = 50 for a 5002
system and 75 for a 752 system.

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

VIN = Vet + (Ic1 + Ic3) Req 3

where Rgy =128, Vgg=0.8V, gy =5mA
and icz = 7mA (currents rated at Vo = 6V).

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

Level shifting is achieved by emitter-follower
Q3 and diode Q4, which provide shunt feed-
back to the emitter of Q; via Rgq. The use of
an emitter-follower buffer in this feedback
loop essentially eliminates problems of shunt-
teedback loading on the output. The value of
Re1 = 14082 is chosen to give the desired
nominal gain. The DC output voltage Voyr
can be determined by:

Vout = Voe = (Ic2+ lce)R2, 4

where Vg = 6V, Ry = 2258, Ic = 7mA and
|(;5 = 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 Qg is included for bias purposes to
allow direct coupling of Rgz to the base of Q.
The dual feedback loops stabilize the DC
operating point of the amplifier.

The output stage is a Darlington pair (Qg and
Q) which increases the DC bias voltage on
the input stage (Q;) to a more desirable
value, and also increases the feedback loop
gain. Resistor Ry optimizes the output VSWR
(Voltage Standing Wave Ratio). Inductors L,
and Lz 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 Igc versus Veg curves.
The supply current is inversely proportional to
temperature and varies no more than tmA
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 SO and N package bodies
against the PC board plane.

Vee

L

> SR
$h o225
< 650 Ro L2
a - AM—eo
] V Vour
1 ‘) 10 3nH
Q
|
;_K o
b 3Ry
oY
Vin AM Q Qq S 4o
Re1
120 S PRe:
Sz
Rey
2 {
Qs
Rea2
—AAA
200 1

Figure 15. Schematic Diagram
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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 (i.e., all
GND and Vg pins on the package). The
power supply should be decoupled with a
capacitor as close to the Vg 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.

This is because at Voo =6V, the input is
approximately at 1V 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-p ters. S-p ters are
measurements of incident and reflected cur-
rents and voltages between the source, am-

vee
o

RF CHOKE

DECOUPLING
I CAPACITOR
Vin 0'—{ l—O Vout
AC AC
COUPLING COUPLING
CAPACITOR CAPACITOR

TCoBS1 18!

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.

Sy — INPUT RETURN LOSS

5,, — FORWARD TRANSMISSION LOSS

&a POWER REFLECTED OR INSERTION GAIN
s FROM INPUT PORT Sy x‘/mmsoucsn POWER GAIN
" POWER AVAILABLE FROM
GENERATOR AT INPUT PORT S22 — OUTPUT RETUAN LOSS
Su £ POWER REFLECTED
S,, — REVERSE TRANSMISSION LOSS FROM OUTPUT PORT
| AT 1
OR ISOLATION POWER AVAILABLE FROM
sux REVERSE TRANSDUCER GENERATOR AT OUTPUT PORT
[ 2 POWER GAIN
AF036805 AF036505
a. Two-Port Network Defined
Figure 17
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Actual S-parameter measurements, using an
HP network analyzer (model 8505A) and an
HP S-parameter tester (models 8503A/B),
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 Sa1. It is defined as the square root
of the power gain, and, in decibels, is equal to
voltage gain as shown below:

Zp = Zin = Zoyt for the NE5204

Vin? ©—] NE5204 |—° Vour?
Pn= N Pour= 24T
Zp O— Zp —O Zp
Vour?
Pour _ 2o Vour® P
TS TOUT _p,
Pn VN2 vin?
Zp
Pi=V2

P, = Insertion Power Gain
V| = Insertion Voltage Gain

Measured value for the
NE5204 =18, 12 = 100

P
=2 s, 2= 100
PiN
V,
and V|=—O—UI= VP =83;=10
Vin

In decibels:

Pig) = 10Log 1S 12 = 2008
Vids) = 20Log S;¢ = 20dB

~. Pag) = Viige) = S2108) = 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:

INPUT RETURN LOSS = S4;dB
S44dB = 20Log 1Sy, |

OUTPUT RETURN LOSS = Sp,dB
S,50B = 20Log |Sp, |

[1+ 841
INPUT VESWR = —— < 1.
- [1-844]
[1+ 85!
OUTPUT VSWR=——"-<

M-Spl

1dB GAIN COMPRESSION AND
SATURATED OUTPUT POWER

The 1dB gain compression is a measurement
of the output power level where the small-
signal insertion gain magnitude decreases
1dB 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 ampilifier'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 1dB
to 1dB 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:

IPa = Poyrt + IMR2
IP3 = Poyt + IMR3/2

where Poyr is the power level in dBm of each
of a pair of equal level fundamentai output
signals, IP; and [P3 are the second- and third-
order output intercepts in dBm, and IMR; and
IMR; 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 1dB 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 IP; and 1P3 at output levels well
below 1dB compression. One must be care-

20 2.0 T T T
19 19 i L R 1
1. T T
8 TiossC 18 i
« 17 Voo=6V x 17 + Ta=25°C {
2 16 y 4 = T Vec=6v ——F
Z @ 16 1 T T
> s z 1 T T
(=3 7 5 8 T T
2 y 4 T T
a 1.4 a T T
H I 5 14 t t 1
13— o7 3 s — : /-
12 [1 7 12 | Zo = 750 +
. 1 o A
19 [ — 2o=500 -] \ 11 f—zo=500 -
1.0 L [ 1.0 T
10! 2 4 8 84 2 4 6 8403 10 2 4§ 8492 2 4 6 3403
FREQUENCY—MHz FREQUENCY—MHz
OPO4S40S OPOAR50S
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 -10.5dBm
was chosen with fundamental frequencies of
100.000 and 100.01MHz, 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,

November 3, 1987
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DESCRIPTION

The NE/SA/SE5205 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 ampilifier
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/SA/SE5205 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 7552 system and 6dB in
a 508} 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/SA/
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 75Q2
input and output impedances. The
Standing Wave Ratios in 50 and 7552
systems do not exceed 1.5 on either the
input or output from DC to the -3dB
bandwidth fimit.

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/SA/SESB205 is internally
compensated and matched to 50 and

November 3, 1987

NE/SA/SE5205
Wide-band High-Frequency

Amplifier

Product Specification

7582. 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 7582
cable television applications such as
decoder boxes, satellite receiver/decod-
ers, and front-end amplifiers for TV re-
ceivers. It is also useful for ampilified
splitters and antenna amplifiers.
The part is matched well for 5052 test
equipment such as signal generators,
oscilloscopes, frequency counters and
all kinds of signal analyzers. Other appli-
cations at 5052 include mobile radio, CB
radioc 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/SA/SE5205s in series
as required, without any degradation in
amplifier stability.
FEATURES
o 600MHz bandwidth
e 20dB insertion gain
¢ 4.8dB (6dB) noise figure

2o =752 (Zo = 50%2)
o No external components required
e Input and output impedances

matched to 50/75<) systems
e Surface mount package available
o MIL-STD processing available

APPLICATIONS

e 7552 cable TV decoder boxes
¢ Antenna amplifiers
o Amplified splitters
o Signal generators

e Frequency counters
o Oscilloscopes

o Signal analyzers

e Broad-band LANs

e Fiber-optics

¢ Modems

o Mobile radio

o Security systems

o Telecommunications

81

PIN CONFIGURATIONS

N, FE, D Packages

TOP VIEW
cD27608

EC Package

NOTE:
Tab denotes Pin 1.
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ORDERING INFORMATION

DESCRIPTION TEMPERATURE RANGE ORDER CODE
8-Pin Plastic SO 0 to +70°C NE5205D
4-Pin Metal can 0 to +70°C NE5S205EC
8-Pin Cerdip 0 to +70°C NE5205FE
8-Pin Plastic DIP 0 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 SES5205FE
8-Pin Plastic DIP -55°C to +125°C SE5205N

EQUIVALENT SCHEMATIC

vee
. > Ry
2z 3 "
-] p——"WA—————0 Vour
—+ 0
p 3
Vit O———— a [ 3$h
Rr1
e
S Rez
Rey
Qs
Ar
AAA

TC0B480S
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ABSOLUTE MAXIMUM RATINGS

SYMBOL PARAMETER RATING UNIT
Vee Supply voltage 9 v
Vac AC input voltage 5 Vep
Ta Operating ambient temperature range
NE grade 0 to +70 °C
SA grade ~40 to +85 °C
SE grade -55 to +125 °C
P Maximum power dissipation,
DMAX Ta=25°C (still-ain': 2
FE package 780 mw
N package 1160 mw
D package 780 mw
EC package 1250 mw
NOTES:

1. Derate above 25°C, at the following rates:
FE package at 6.2mW/°C
N package at 9.3mwW/°C
D package at 6.2mW/°C
EC package at 10.0mw/°C

2. See ""Power Dissipation Considerations’” section.

DC ELECTRICAL CHARACTERISTICS at Voo =6V, Zg =2 = Zo =502 and Ta = 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 \
5 6.5 5 8 \
lec Supply current Over temperature 20 24 30 20 24 30 mA
19 31 19 31 mA
s21 Insertion gain f = 100MHz 17 19 21 17 19 21 dB
Over temperature 16.5 215 | 165 215
S11 Input return loss f=100MHz D, N, FE 25 25 dB
DC-fmax D, N, FE 12 12 dB
S11 Input return loss f=100MHz EC package 24 dB
DC - fyax EC 10 dB
822 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 ~ Fpax 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 V=6V, Zg=Z_ =Zo =500 and Ta = 25°C, in all packages, unless otherwise

specified.
SE5205 NE/SA5205
SYMBOL PARAMETER TEST CONDITIONS UNIT
Min Typ Max | Min | Typ | Max
BW Bandwidth 10.5dB D, N 450 MHz
fmAX Bandwidth +0.5dB EC 500 MHz
fmax Bandwidth +0.5dB FE 300 300 MHz
fMAX Bandwidth -3dB D, N 550 MHz
fmax Bandwidth -3dB EC 600 MHz
fmax Bandwidth ~3dB FE 400 400 MHz
Noise figure (7582) f=100MHz 4.8 48 dB
Noise figure (5082) f = 100MHz 6.0 6.0 dB
Saturated output power f=100MHz +7.0 +7.0 dBm
1dB gain compression f = 100MHz +4.0 +4.0 dBm
Third-order intermodulation f = 100MHz +17 +17 dBm
intercept (output)
Second-order intermodulation f =100MHz +24 +24 dBm
intercept (output)
L]
: = [
<« 2 N ot Rz
F o ~ - 3
- Ta=25°C w 30(::% =
2 =
g 2 > - g’ vg:;-'ev N \ -
o 24 W Veo= 5V N\
5 7 ] -
g = 2,
3 oA
8 f——
"B . [ 1]
55 6 6.5 7 7.5 8 10! 2 L) s 8 402 2 4 6 8 yp3
SUPPLY VOLTAGE—V FREQUENCY—MHz
OP04B40S. OPO4BS0S
Figure 1. Supply Current vs Supply Voltage Figure 2. Noise Figure vs Frequency
25
25 i
f
? Veo=8vy T -] Ta= -55°C
1w Vog= 7V ; 20 Ta=26°C
8 ; : = 3 =
Vgo= V. ] : Ta=85°C | ]
g ,I \‘I::c-svi E T:=1 S'(:___1 |}
& 15 —Zo=800 @ 15 [ Voe=ov -
2 [—Ta=asc 2 — 20=500
10 10
10! 2 4 6 8 452 2 L) 8 8493 101 2 4 6 8 92 2 4 8 840
FREQUENCY—MHz FREQUENCY—MHz '
OPoaghos OPodares
Figure 3. Insertion Gain vs Frequency (Szy) Figure 4. Insertion Gain vs Frequency (S2¢)
November 3, 1987 84




Product Specification

Wide-band High-Frequency Amplifier NE/SA/SE5205

10 ——
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£ N =
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-4 1T =25°C -4 T I
o5 t - I I
10! 2 4 & 8y 2 4 8 84 10 2 4 & 842 2 4 6 8 40
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Figure 5. Saturated Output Power vs Frequency Figure 6. 1dB Gain Compression vs Frequency
[ 30
§ §
g = Y as
B ]
= w 20
2 3 A
25 -
§ / 15 pd Tam25°C
g 20 Ta=25°C 20 =500
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]
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OPOT08 OPO47108
Figure 7. Second-Order Output Intercept vs Figure 8. Third-Order Intercept vs
Supply Voltage Supply Voltage
2.0 2.0
19 1.9
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A= J 4
17 Voo =8V 17 Ta=25°C
g 18 v 4 g 1. Vec=oV
; 1.5 7 15
] 14 14 4
I Zo=750 .
1.3 — " bt [ — 2o=750
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Figure 9. Input VSWR vs Frequency Figure 10. Output VSWR vs Frequency
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Figure 11. Input (S14) and Output (S3;) Return Loss vs
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Figure 12. Isolation vs Frequency (S12)
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Figure 13. insertion Gain vs Frequency (Sy,)

Figure 14. Insertion Gain vs Frequency (Sz¢)
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THEORY OF OPERATION

The design is based on the use of multiple
feedback foops 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:

Vout
—— = (Rry + Re1)/Rg4
Vin

Y}
which is series-shunt feedback. There is also
shunt-series feedback due to Rgp; and Rgx
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, Rgq and the base resistance of Q,
are kept as low as possible while Rg; is
maximized.

The noise figure is given by the following
equation:

NF =

[romer+ o]
o+ Rg + ——

10Log ) 1+ 2dlc1” ( dB (2)

Ro

where Icy =5.5mA, Rgq =128, rp=130%2,
KT/q =26mV at 25°C and Rq = 50 for a 502
system and 75 for a 7552 system.

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

Vin = Vee1 + (Ic1 + Ica) Rex

where Rgq = 12Q, Vee = 0.8V, Ic1 =5mA
and Icg = 7mA (currents rated at Vg = 6V).

Under the above conditions, V|y is approxi-
mately equal to 1V.

Level shifting is achieved by emitter-follower
Qg and diode Q4 which provide shunt feed-
back to the emitter of Q4 via Rgy. The use of
an emitter-follower buffer in this feedback
loop essentially eliminates problems of shunt
feedback loading on the output. The value of
Rrq = 140%2 is chosen to give the desired
nominal gain. The DC output voltage Vout
can be determined by:

Vourt = Vee - (lea+ Ice)R2, @
where Voo = 6V, Ry = 22552, Icp = 7mA and
Ice = 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 Qs is included for bias purposes to
allow direct coupling of Re» to the base of Q.
The dual feedback loops stabilize the DC
operating point of the amplifier.

The output stage is a Darlington pair (Qg and
Q) which increases the DC bias voltage on
the input stage (Q4) to a more desirable
value, and also increases the feedback loop
gain. Resistor Rg optimizes the output VSWR
(Voltage Standing Wave Ratio). Inductors L,
and Lz 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 Igc versus Ve curves.
The supply current is inversely proportional to
temperature and varies no more than 1mA
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.

Vee
>
2R SR
> > 225
$ 650 { 1 Ro L
Q3 A A=Y voyr
l) 10 3nH
Q
|
r_k Q,
3R
$ a0
:t Rez
2
ljk Qs
Re2
AAA
200

Figure 15. Schematic Diagram

TCo85008
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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 (i.e., all
GND and V¢c 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 V¢ 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

input and output should be AC coupled. This
is because at Vgg = 6V, the input is approxi-
mately at 1V 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 powsr. 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/SA/
SES5205 are listed as S-parameters. S-param-
eters are measurements of incident and re-
flected currents and voltages between the

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

Vee
O

RF CHOKE

DECOUPLING
I CAPACITOR
viwo— o vour
AC AC
COUPLING COUPLING
CAPACITOR CAPACITOR
TCoes 08|

Figure 16. Circuit Schematic
for Coupling and Power Supply
Decoupling

St

S S22

S

AFO0BB0S

Figure 17a. Two-Port Network Defined

S,, — INPUT RETURN LOSS

POWER REFLECTED
FROM INPUT PORT

POWER AVAILABLE FROM
GENERATOR AT INPUT PORT

Sy =

S, — REVERSE TRANSMISSION LOSS

S5, — FORWARD TRANSMISSION LOSS
OR INSERTION GAIN

Sz z\lmmsoucsn POWER GAIN

S,; — OUTPUT RETURN LOSS

POWER REFLECTED
FROM OUTPUT PORT

OR ISOLATION 22 POWER AVAILABLE FROM
s.m REVERSE TRANSDUCER GENERATOR AT OUTPUT PORT
2 POWER GAIN
AFGI800S
Figure 17b
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Actual S-parameter measurements using an
HP network analyzer (model 8505A) and an
HP S-parameter tester (models 8503A/B) 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/SA/
SE5205 to other high-frequency ampilifiers.
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The most important parameter is Spy. It is
defined as the square root of the power gain,
and, in decibels, is equal to voltage gain as
shown below:

Zp = Zy = Zoyt for the NE/SA/SE5205

NE/SA/
2 o0 Lo 2
_— Vin SE5205 Vour
IN=—— Pout =
o o 2z o Zo
Vour
Poutr _ Zp _ Vour b
PN Vin Vin?
Zp
Pi=V?

P, = Insertion Power Gain
V) = Insertion Voitage Gain

Measured value for the
NE/SA/SE5205 =18, 12 = 100

P
P|=ﬁ=|321 [2=100
Pin

\ —
and V|=ﬂ=1/P( =851 =10
Vin

In decibels:

Pios) = 10 Log 18,412 = 2008
Vigs) = 20 Log Sy = 20dB

> Pygp) = Vi@B) = S21(dg) = 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:

INPUT RETURN LOSS = S$,,dB
S110B =20 Log IS¢, |

OQUTPUT RETURN LOSS = S5,dB
SpodB =20 Log ISy, |

l1+s“|<1

INPUT VSWR = <1
11-8441

11 +Sgg|

OUTPUT VSWR = <1
[1-8p,1

1dB GAIN COMPRESSION AND
SATURATED OUTPUT POWER
The 1dB gain compression is a measurement
of the output power level where the small-
signal insertion gain magnitude decreases
1dB 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 1dB

to 1dB 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:

IPo = Poyt + IMR2
IP3 = Poyt + IMR3/2

where Poyr is the power level in dBm of each
of a pair of equal level fundamental output
signals, IP» and IP3 are the second and third
order output intercepts in dBm, and IMR, and
IMR; 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 1dB 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 IP; and IP; at output levels well
below 1dB 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/SA/SE5205 we have chosen an output
level of -10.5dBm with fundamental frequen-
cies of 100.000 and 100.01MHz, respectively.

2.0 2.0 T— T T T S —— )

19 = 19 T + T :

18 T

Ta=25°C 1.8 t }
. 17 Veo=6V x 7 Ta=25°C
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2 s — - 15 T T 4}
5 > —
g 12 & 14 T
2 [ z0=7s 3, i ’

13 [— %o=7 8 s :

Y s — 2o =750

12 T - - 12 —pe ’ 7
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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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NE/SA/SE592
Video Amplifier

Product Specification

DESCRIPTION FEATURES PIN CONFIGURATIONS

The NE/SA/SE592 is a monolithic, two- & 120MHz unity gain bandwidth D, F, N Packages
stage, differential output, wideband vid- o Adjustable gains from 0 to 400 T
eo amplifier. It offers fixed gains of 100 o Adjustable pass band
and 400 without external components oN l‘; P " weut2 [7] 73] NeuT 1
and adjustable gains from 400 to 0 with o Iree:uency compensation ne [2] 73] NC
one external resistor. The input stage requir . Gap GAIN = T7] G2a GAIN
has been designed so that with the © Wave shaping with minimal o ELEcy T
addition of a few external reactive ele-  ©xternal components Seeecr (& 1] otk
ments between the gain select termi- ® MIL-STD processing avallable v- [5] 6] v+
nals, the circuit can function as a high- ne 5 31 Ne
pass, low-pass, or band-pass filter. This APPLICATIONS ] o)
feature makes the circuit ideal for use as  ® Floppy disk head amplifier outPuT2 7 8] outeut 1
a video or pulse amplifier in communica- ® Video amplifier TOP VIEW coorics
tions, magnetic memories, display, video e Pulge amplifier in .
recorder systems, and floppy disk head communications H Package
amplifiers. Now available in an 8-pin 4 Magnetic memory Gza GAIN SELECT
version with fixed gain of 400 without
INPU
external components and adjustable Video recorder systems ) sueam
gain from 400 to O with one external
resistor. neuT 2 f @ ®)\vs
S oA ® fourpur 1
EQUIVALENT CIRCUIT Gyp GAIN outPuT 2’
SELECT -
—o-Y NOTES: Coosecos
2R SR She $he 2Ry J Pin 5 connected 1o case.
91 9 < < b 4 “Metal cans (H) not recommended for new designs.
—K 0
) s D, F, N, Packages
€
—N‘__QQP—] NPUT 2 [T] B INPUT 1
G
INPUT 2 - ?“v“v ¢ O OUTPUT 1 g 5 [T St
INPUT 1 V-3 €] ve
. ——O oUTPUT 2 outPuT 2[7] (5] outPut 1
",
TOP VIEW
CDORE10S
Gaa
Qza Gt
LT
-0 -v
TC08391S
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ORDERING INFORMATION

DESCRIPTION TEMPERATURE RANGE ORDER CODE
14-Pin Plastic DIP 0 to +70°C NES592N14
14-Pin Cerdip 0 to +70°C NE592F14
14-Pin Cerdip -55°C to +125°C SE592F14
14-Pin SO 0 to +70°C NE592D14
8-Pin Plastic DIP 0 to +70°C NES592N8
8-Pin Cerdip -55°C to +125°C SE592F8
8-Pin Plastic DIP -40°C to +85°C SAB92N8
8-Pin SO 0 to +70°C NES592D8
8-Pin SO -40°C to +85°C SA592D8
10-Lead Metat Can 0 to +70°C NE592H
10-Lead Metal Can -55°C to +125°C SE592H

NOTE:

N8, N14, D8 and D14 package parts also available in "High" gain version by adding ""H'" before package

designation, i.e., NES92HDS.

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

SYMBOL PARAMETER RATING UNIT
Ve Supply voitage +8 \
Vin Differential input voltage 5 v
Vem Common-mode input voltage +6 v
lout Output current 10 mA
Ta Operating ambient temperature range
SE592 -40 to +85 °C
NE592 0 to +70 °C
Tsta Storage temperature range -65 to +150 °C
Pp max Maximum power dissipation,
Ta =25°C (still air)’
F-14 package 117 w
F-8 package 0.79 w
D-14 package 0.98 w
D-8 package 0.79 W
H package 0.83 w
N-14 package 1.44 w
N-8 package 1.17 w
NOTE:
1. Derate above 25°C at the following rates:
F-14 package at 9.3mW/°C
F-8 package at 6.3mw/°C
D-14 package at 7.8mw/°C
D-8 package at 6.3mwW/°C
H package at 6.7mw/°C
N-14 package at 11.5mW/°C
N-8 package at 9.3mwW/°C
[y
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DC ELECTRICAL CHARACTERISTICS T, = +25°C, Vgg = 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 1! Ry = 2k, Voyrt = 3Vp.p 250 400 600 300 400 500 VIV
Gain 22 4 80 | 100 | 120 [ 90 | 100 | 110 4%
High gain part 400 | 500 | 600 Vv
Rin Input resistance
Gain 1’ 40 40 k2
Gain 22 4 10 | 30 20 | 30 39}
Cin Input capacitance? Gain 2% 20 20 oF
los Input offset current 0.4 5.0 0.4 3.0 HA
IBias Input bias current 8.0 30 9.0 20 HA
VNOISE Input noise voltage BW 1kHz to 10MHz 12 12 MVpms
Vin Input voltage range 1.0 1.0 v
CMRR Common-mode rejection ratio
Gain 2¢ Vomt 1V, f < 100kHz 60 86 60 86 dB
Gain 2¢ Vomt 1V, f=5MHz 60 60 dB
PSRR Supply voltage rejection ratio
Gain 2* AVg =+ 0.5V 50 | 70 5 | 70 dB
Vos Output offset voltage
Gain 1 R =00 15 1.5 '
Gain 2% RL = 1.5 1.0 v
Gain 3° R =0 035 | 0.75 035 | 0.75 v
Veum Output common-mode voltage RL=o0 24 29 3.4 24 29 34 v
Vout Output voitage swing R = 2kQ2 3.0 4.0 3.0 4.0 \
differential
Rout Output resistance 20 20 1]
lec Power supply current R =2 18 24 18 24 mA
NOTES:

1. Gain select Pins Gy4 and Gyg connacted together.
2. Gain select Pins Ggs and Gg connected together.
3. All gain select pins open.

4. Applies to 10- and 14-pin versions only.
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DC ELECTRICAL CHARACTERISTICS vgs =16V, Voy =0, 0°C < T4 <70°C for NE592; ~40°C < T, < 85°C for SA592,

-55°C < Ta < 125°C for SE592, uniess 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 1’ R = 2k§Y, Vour =3Vep | 250 600 | 200 600 VIV
Gain 2% ¢ 80 120 | 80 120 VIV
High gain part 400 | 500 | 600 \'74'%
Rin Input resistance
Gain 22 ¢ 8.0 8.0 kS
los Input offset current 6.0 5.0 uA
Igias Input bias current 40 40 HA
Vin Input voltage range +1.0 +1.0 \
CMRR Common-mode rejection ratio
Gain 2° Vemt 1V, f < 100kHz 50 50 dB
PSRR Supply voitage rejection ratio
Gain 2¢ AVg = +0.5V 50 50 dB
Vos Output offset voitage
Gain 1 Ry =2 1.5 1.5 A
Gain 2* RL = o0 1.5 1.2 v
Gain 37 R =0 1.0 1.0 v
Output voltage swing _
. Vour differential R = 2kQ2 28 25 A
lcc Power supply current R =o° 27 27 mA
NOTES:

1. Gain select Pins Gyo and Gig connected together.
2. Gain select Pins Gpa and Ggg connected together.

3. All gain select pins open.
4. Applies 1o 10- and 14-pin versions only.

AC ELECTRICAL CHARACTERISTICS T, = +25°C, Vgg = £6V, Vcy =0, unless otherwise specified. Recommended
operating supply voltages Vg = = 6.0V. All specifications apply to both standard and
high gain parts unless noted differently.

NE/SA592 SES592
SYMBOL PARAMETER TEST CONDITIONS UNIT
Min | Typ | Max | Min | Typ | Max
BW Bandwidth
Gain 1! 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 a5 | 12 45 10 ns
tep Propagation delay
Gain 1’ Vout = 1Vp.p 7.5 7.5 ns
Gain 22 4 60 | 10 60 | 10 ns
NOTES:
1. Gain select Pins Gya and G+g connected together.
2. Gain select Pins Gps and Gpg connected together.
3. All gain select pins open.
4. Applies to 10- and 14-pin versions only.
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TYPICAL PERFORMANCE CHARACTERISTICS

C Mode Rejection Ratio Output Voltage Swing as
as a Function of Frequency a Function of Frequency Puise Response
100 ryT 70 16
FEp e
Vg*= = = 28°¢
I o TR #C L 80 2= - Ho
b4 a 12
% e n >[
T . & 50 > .0
3 z " LA
E b H w0 Y
@ u- o1
g » H g N g os
“ ) 5 20
g« g g o
g
; » § 20 ’g. 02
§ = g \ °
g 10
8 0 0.2
] -
10k 100k ™ 10M 100M °| 5 10 50 100 500 1000 n"ﬂs -0 -5 0 15 20 26 30 35
FREQUENCY—Hz FREQUENCY—MHz TIME—ns
OPO4421S OPO4ANS OP04440S
Differential Overdrive Pulse Response as a Pulse Response as a
Recovery Time Function of Supply Voltage Function of Temperature
70— 16 T 16 T
Vg = 16V GAINZn GAN 2
. 25°c 14 :ffs c+ 14 = tev
- [" GAIN 2 I.= 11 R‘.: kN
3 // 12 VeI TeV 12
z 50 > >
s 4 4" Vs = T8V A Yoo 0C
g o 2 os - 2 s ¥ 4 SPEPr
H 5 y 75 5
o 08 o
§ » A 4 / - oe TA® 70°C]
w 74 2 04 2 04
2 / E E
é 2 4 3 3 o2
g o [
o 10
02 -02
] -04 -04
20 40 €0 80 100 120 140 160 180 200 -15 -10 -5 0 15 20 25 30 35 15 -1 -5 0 5 10 15 20 25 30 35
DIFFERENTIAL INPUT VOLTAGE—mV TIME—ns TIME—ns
OPO44505 OPO4480S 0POMTS
Voltage Gain as a Gain vs Frequency as a Voltage Gain as a
Function of Temperature Function of Temperature Function of Supply Voltage
1.10 &0 14
V= tev Ve v Taz 25°C
108 LISAIY 3
g % IGAIN 2
1.06 | 12
z z z
S 104 S v 5 ’/
- ™M w —-’
2 102 - g
<
3 10 * 3 k 3 s .—ﬁ’//
2 g e
% om N e v o8 4 ]
£ N a H v
% 096 N [ = s°c < o07{—
I w A 2
L3 - I_I 1 . [
0.94 G g . \ A= 28°C 0.6
092 > ra= os
-~ 125 °C.
o%0 162 %6 WM e T v ] 50 100 500 7900 04
TEMPERATURE—"C FREQUENCY—MHz SUPPLY VOLTAGE— tV
OP04480S. OPCA490S OPO4500S

November 3, 1987 97




Product Specification

Video Amplifier NE/SA/SE592

TYPICAL PERFORMANCE CHARACTERISTICS (Continued)

Gain vs Frequency

as a Function of Voitage Gain Voltage Gain as a
Supply Voitage Adjust Circuit Function of RADJ (Figure 3)
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TYPICAL PERFORMANCE CHARACTERISTICS (Continued)
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NE/SA/SES592

TYPICAL APPLICATIONS

TCOB4Z0S
NOTE:
Vols) _ 14X 104
Vi) Z8) + 21
o 14xa0f
Tz +32

Basic Configuration

S U

3

L

|
AwPLITUDE: 10 mv e |
PREQUENCY: 14 MMs |
|
|
|

1L—AAA
T

AEAD HEAD OIPFERENTIATOR/AMPLIFIER ZRRO CROSSING DETECTOR
TC084308

Disc/Tape Phase-Modulated Readback Systems

NOTE:
For frequency Fy <<% (32)C

dvi
Vg = 1.4 X 10%C—
dr

Ditferentiation with High
Common-Mode Noise Rejection
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FILTER NETWORKS

FILTER Vo (s) TRANSFER
Z NETWORK [ o (8
TYPE V1 (s) FUNCTION
R N 1.4 % 10* 1
O——AMWA— T —o LOW PASS —
L s+ R/L
R c 1.4 % 10* s
o—wW——}—o HIGH PA _—
ss R s+ 1/AC
R L c 5 1.4 % 104 s
O—WA——YY"—J{| 0 | BAND PASS
L 2+ RA s+ 1/LC
8
n 1.4 x 10* 82+ YLC
BAND REJECT R 82+ 1/LC + 8/RC

NOTES:

S=jw
w=2af

TCos4225

In the networks above, the R value used is assumed to include 2re, Or approximately 32§2.

November 3, 1987
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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 aliow
design operation over a wide range of
closed-loop gains, both inverting and
non-inverting, to meet specific design
requirements.

ORDERING INFORMATION

NE/SE5539

High Frequency Operational

Amplifier

Product Specilfication

FEATURES
e Bandwidth
- Unity gain - 350MHz
- Full power - 48MHz
- GBW - 1.2 GHz at 17dB
e Slew rate: 600/Vus
® AyoL: 52dB typical
o Low noise - 4nv/v/Hz typical
e MIL-STD processing available

APPLICATIONS

o High speed datacomm

e Video monitors & TV

o Satellite communications
¢ Image processing

e RF instrumentation & oscillators

e Magnetic storage
e Military communications

PIN CONFIGURATION

D, F, N Packages

+weur [7] 4] -euT
vwlZ]l V7 Bl
~vsuery [3] [77] Freouency
ne [} [11] nc
VosAdyavadi[s ] [1a] +v
ne 6] [9] ne
ano [7] [2] outeur

€Doge21S

TOP VIEW

DESCRIPTION TEMPERATURE RANGE ORDER CODE
14-Pin Plastic DIP 0 to +70°C NE5539N
14-Pin Plastic SO 0 to +70°C NE5539D
14-Pin Cerdip 0 to +70°C NE5539F
14-Pin Plastic DIP -55°C to +125°C SE5539N
14-Pin Cerdip -55°C to +125°C SES5539F

ABSOLUTE MAXIMUM RATINGS!

SYMBOL PARAMETER RATING UNIT
Voo Supply voltage 12 v
Ppmax Maximum power dissipation,

Ta = 25°C (sill-air)?

F package 117 w

N package 1.45 w

D package 0.99 w
Tsra Storage temperature range -65 to +150 °C
Ty Max junction temperature 150 °C
Ta Operating temperature range

NE 0 to 70 °C

SE -55 to +125 °C
Tsown Lead temperature (10sec max) 300 °C

NOTES:

-

than 10mA.
. Derate above 25°C, at the following rates:
F package at 9.3 mw/°C
N package at 11.6 mw/°C
D package at 7.9 mw/°C

n

November 3, 1987

. Differential input voltage should not exceed 0.25V to prevent excessive input bias current and
common-mode voltage 2.5V. These voltage (imits may be exceeded if current is limited fo less
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High Frequency Operational Amplifier NE/SES539

EQUIVALENT CIRCUIT

O (12} FREQUENCY COMP.

— 0 (10 +vge

AAA
Vv
VWA

AAA
VWA
AAA
W

(=) 1 Om
INVERTING INPUT

) O———t
NON-INVERTING ‘N
weUT L
-
v
<b >
‘h
:: <S < 3 < —o0 ® oureur
b < < &
4 g 22x
3
-0 (NoNo
< J
s
< < 1
3 3
: > : —O (3) =Vge
50— 7 :
TC08730S
DC ELECTRICAL CHARACTERISTICS v c =8V, T4 = 25°C, unless otherwise specified.
SE5539 NE5539
SYMBOL PARAMETER TEST CONDITIONS UNIT
Min | Typ | Max | Min | Typ | Max
Over temp 2 5
Vos Input offset voltage Vo =0V, Rg = 100Q mv
Ta=25°C 2 3 25| 5
AVos/ AT 5 5 uv/°Cc
| Inout offsst Qver temp 0.1 3
os nput offset current
Ta=25°C 01| 1 2 HA
Alos/ AT 0.5 0.5 nA/°C
Over temp 6 25
Ig Input bias current HA
Ta=25°C 5 13 5 20
Alg/ AT 10 10 nA/°C
CMRR | Common-mode rejection ratio F = 1kHz, Rg = 10082, Vom 1.7V 70 | 80 70 | 80 dB
r0ver temp | 70 | 80 dB
Rin Input impedance 100 100 k2
Rout Output impedance 10 10 Q
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High Frequency Operational Amplifier NE/SE5539

DC ELECTRICAL CHARACTERISTICS (Continued) Vcc=+8V, Ta=25°C, unless otherwise specified.

SES5539 NE5539
SYMBOL PARAMETER TEST CONDITIONS UNIT
Min | Typ | Max | Min | Typ | Max
. RL=150§ to GND and | +Swing +237+27
Vi Output voltage swin L v
our ® ge swing 4709 to -Vcg —~Swing 17| -22
+Swing |+23|+3.0
Over temp o 15121 \
= —OWin =1. -2,
Vour | Output voltage swing AL = 2k to 9
GND +Swing |+25|+3.1
Ta=25°C - v
-Swing -20|-27
leg+ Positi b it V 0, R Ovef temp " 18 A
cc ositive supply curren 0=0, Ry=00 m
! Ta=25°C 14 | 17 14 | 18
| Negati | ‘ V=0 R Over temp 11 15 A
oG- egative supply curren =0, Ry=o° m
° ! Ta-25°C 1| 14 1|15
X . Over temp 300 | 1000
PSRR Power supply rejection ratio AVgo =1V /v
Ta=25°C 200 | 1000
. . Vo=+23V, -1.7V
AvoL Large signal voltage gain RL = 1508 to GND, 47082 to —Vee 47 52 57 dB
. ) Vo=+23V, -1.7V
A Large signal voltage gain ’ dB
VoL 9 9e ¢ AL=2Q to GND Ta=25°C 47 | 52 | 57
) . Vo =+25V, -2.0V Over temp | 46 60
A Large signal voltage gain ! dB
VoL ge sl 9e 9 RL =2k to GND Ta=25°C | 48 | 53 | 58
DC ELECTRICAL CHARACTERISTICS Vcc =16V, Ta=25°C, unless otherwise specified.
SE5539
SYMBOL PARAMETER TEST CONDITIONS UNIT
Min Typ Max
Over temp 2 5
Vos Input offset voltage mv
Tp=25°C 2 3
| | - " Over temp 01 3 A
nput offset curren
08 P Ta=25°C 0.1 1
Over temp 5 20
g Input bias current HA
Ta=25C 4 10
CMRR | Common-mode rejection ratio Vem = £ 1.3V, Rg = 1002 70 85 dB
| P ; t Over temp 11 14 A
+ ositive su curren m
e PPy Ta=25°C 1 13
N " Over temp 8 11 A
lcc— legative supply curren m
cc 9 PRl Ta=25°C 8 10
Over temp 300 1000
PSRR Power supply rejection ratio AVeg =11V /v
Ta=25°C
+ Swing +14 | +20
Over temp -
Vi Output voltage swing RL =150 to GND ~Swing -1 17 v
out and 39082 to -V +Swing | +15 | +20
Ta=25°C
—Swing -1.4 -1.8
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High Frequency Operational Amplifier NE/SES539

AC ELECTRICAL CHARACTERISTICS vcc =8V, R = 15052 to GND & 47052 to ~Vcc, unless otherwise specified.

SES5539 NESS539
SYMBOL PARAMETER TEST CONDITIONS UNIT
Min Typ Max Min Typ Max
BW Gain bandwidth product AcL=7, Vp=0.1 Vpp 1200 1200 MHz
Small-signal bandwidth AcL =2, B = 150! 110 110 MHz
ts Setiling time AcL =2, R =150Q" 15 15 ns
SR Slew rate AcL =2, R, = 150Q! 600 600 V/us
tpp Propagation delay AcL =2, AL = 150Q! 7 7 ns
Full power response AcL =2, Ry = 15082! 48 48 MHz
Full power response Ay =7, R_=150Q! 20 20 MHz
Input noise voltags Rg = 500, 1MHz 4 4 nv/vHz
Input noise current 1MHz 6 6 pA/vVHz
NOTE:

1. External compensation.

AC ELECTRICAL CHARACTERISTICS vcc =6V, R_= 1508 to GND and 3902 to —Vg, unless otherwise specified.

SE5539
SYMBOL PARAMETER TEST CONDITIONS UNIT
: Min Typ Max
BW Gain bandwidth product AcL=7 700 MHz
Small-signal bandwidth AgL=2! 120 MHz
ts Settling time AgL=2! 23 ns
SR Slew rate AgL=2! 330 V/us
tpp Propagation delay Ac =2' 45 ns
Full power response AgL=2! 20 MHz
NOTE:
1. External compensation.
TYPICAL PERFORMANCE CURVES
NES5539 Open-Loop Phase NE5539 Open-Loop Gain
60
o N 50 F‘L‘ m
= 90 0
] & N
=3 "N =
4 N 2
80 F N
4 N a \
20
270
I *
1MHz 10MHz 00MHz 1GHz ?MH: 0MHz 100 MH2z 1GHz
FREQUENCY (H2) FREQUENCY (H2)
OP05208 0P205308
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TYPICAL PERFORMANCE CURVES (Continued)

Power Bandwidth (SE) Power Bandwidth (NE)
.
s ,...,,.,,,,,”//////////////////////////////,/
%
3
g £ \
§ e A\
E :
t o
2
e 10MH 1Q0MKz 00NN
1 FREQUENCY (Hx)
1 oMb 100z oM opesnize
FRRQUENCY (Hx)
OPOS2028
Power Bandwidth
REF
3.0av

g 3
i 5 .
% -8 \
AN
“ol— R0
AN
T Atz 0 e 100 Mz 300 Mbiz
PREQUENCY (Hx}
OPOR2IS
SE5539 Open-Loop Phase vs Frequency Gain Bandwidth Product vs Frequency
L \ 2 Ay = X10 oo = v
_ ® n = 1504
H it **W'N —
é w0 g 18— Av=Xx78
g pe—  ¥EC* TEV 1" %‘
Ay, = 1281
\ 1
it [ I
AL g 10 Mz 100 Wbz J00MMY 12
FREQUENCY (Hz) 1 M 0 Mz 100 Mg 300Ma
FREQUENCY (Hz)
OPOSISIS

NOTE

VI seeion=25c 1, 5 25

OPOSZAtE.

November 3, 1987 107



Product Specification

High Frequency Operational Ampilifier

NE/SE5539

CIRCUIT LAYOUT
CONSIDERATIONS

As may be expected for an ultra-high frequen-
¢y, wide-gain bandwidth amplifier, the physi-

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

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

L3

OPTIONAL VWA~
OFFSET
ADJ. +v nF
+V O——AM () ~ ¥
Rs.
Re RFC
AAA— ~ '
R 75
[ 75 NESS29 ) ht ——A::w/-—-ovour .
4. . 3 470 TERM
+y l R
™ = né
RFC
R2
15
F ==
- -V
YC08740S
NOTES:
Ry = 755 5% GARBON Rs = 20k TRIMPOT (CERMET) RFC 3T # 26 BUSS WIRE ON
Ry = 750 5% CARBON R = 1.5k (28dB GAIN) FERROXCUBE VK 200 09/38 CORE
Ry = 750 5% CARBON Rg = 47082 5% CARBON BYPASS CAPACITORS
Ry = 36k 5% CARBON nf CERAMIC
(MEPCO OR EQUIV)
Top Plane Copper’ Component Side Bottom Plane
(Component Side) {Component Layout) Copper’
.
.
L]
*»
w/comp
NOTES:
{X) indicates ground connection to top plane.
*Rg is on bottom side.

NOTE:

1. Bond edges of top and botiom ground plane copper.
Figure 1. 28dB Non-inverting Amp Sample PC Layout
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NES§539 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’ 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 7582
input and output termination impedance with
a gain of approximately 10 (20dB).

NOTE:
1. The input signal was 200mV and the output 2v.
Voo was *8V.

= ki]

TCu8750S

Figure 2. NE5539 Video Amplifier

Figure 3. Input Signal

OF05950S

Figure 4. Differential Gain < 0.5%

NOTE:

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

November 3, 1987
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SEALBRATED 5
PHASE

3

1

PHASE

L / ERROR

]

DFOS960S

Figure 5. Ditferential Phase +0.1°

APPLICATIONS
+8V
-8v
Zin =500 —anp L1
820 5 2-100F 470 118
- p NES539 5 Zo =500
202
- 87 -
14
[ 2K =
A AN
L CLeEAD
= 1.5pF
TCO8760S
Figure 6. Non-Inverting Follower
18
7 }

3.3pF

TO087708

Figure 7. Inverting Follower
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DEVELOPMENT DATA

This data sheet contains advance information and
specifications are subject to change without notice.

PCB80C51BH-3
PCB80C31BH-3

FOR DETAILED INFORMATION SEE RELEVANT DATA BOOK OR DATA SHEET

SINGLE-CHIP 8-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:

e PCB80C51BH-3: 4 K bytes mask-programmable ROM, 128 bytes RAM
® PCB80C31BH-3: ROM-less version of the PCB8OC51BH-3

tn the following text, the generic term “PCB80C51BH-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 PCBBOC51BH-3 contains a non-volatile 4 K x 8 read-only program memory; a volatile

128 x 8 read/write data memory; 32 1/0 lines; two 16-bit timer/event counters; a five-source,

two-priority level, nested interrupt structure; a serial |/0 port for either multi-processor communications,

1/0 expansion, or full duplex UART; and on-chip oscillator and timing circuits. For systems that

require extra capability, the PCB80C51BH-3 can be expanded using standard TTL compatible memories

and logic.

The PCBBOCS 1BH-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 MHz crystal, 58% of the instructions are
executed in 1 us and 40% in 2 us. Muitiply and divide instructions require 4 us. Multiply, divide,
subtract and compare are among the many instructions included in the instruction set.

Features

e 4 K x 8 ROM (80C51BH-3 only), 128 x 8 RAM e Enhanced architecture with:

e Four 8-bit ports, 32 {/0 lines non-page-oriented-instructions

o Two 16-bit timer/event counters direct addressing

o Full-duplex serial port four 8-byte + 1-byte register blanks

o External memory expandable to 128 K, external stack depth up to 128-bytes
ROM up to 64 K and/or externat RAM up to 64 K multiply, divide, subtract and compare

® Boolean processing instructions

® 218 bit-addressable locations PCB80C51/C31BH-3

o On-chip oscillator XTAL frequency range: 1,2 to 16 MHz

e Five-source interrupt structure with two priority temperature range: Q °C to+ 70 °C
levels PCF80C51/C31BH-3

o With a 12 MHz clock, 58% of the instructions XTAL frequency range: 1,2 to 12 MHz

execute in 1 ys; multiply and divide instructions
execute in 4 us; all other instructions execute in
2 us

PACKAGE OUTLINES

PCB/PCF80C51/C31BH-3P, PCAB0C51/C31BH-3P: 40 lead DIL; plastic (SOT129).
PCB/PCF80C51/C31BH-3WP, PCABOC51/C31BH-3WP: 44-lead PLCC; plastic leaded chip-carrier

(SOT 187 pedestal or SOT 187AA pocket version depending on source, versions are interchangeable.

temperature range: —40°C 10 + 85 °C
PCA80C51/C31BH-3

XTAL frequency range: 1,2 to 12 MHz
temperature range: —40 °C to +125 °C

| (June 1988
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PCB80C51BH-3
PCB80C31BH-3

frequency
reference counters
——t— —
XTAL2 XTAL1 TO T
4
A4 v v
OSCILLATOR PROGRAM DATA TWO 16-BIT
AND MEMORY (1) MEMORY FIMER/EVENT
TIMING (4K x 8 ROM} (128 x 8 RAM) COUNTERS
1 L PCHB80OC31BH-3
PCB80OC51BH-3
CPU (‘L

A4 V4

64 K-BYTE BUS PRSOE%?:yPMQA:#E
EXPANSION PROGRAMMABLE 1/0 FULL DUPLEX UART

CONTROL
internal SYNCHRONOUS SHIFT
interrupts y
NEA TN M v
INTO INT1 control parallel ports, serial in serial out
address/data bus
external interrupts and 1O pins
7222355
Vge +5V MAIN SUPPLY
POWER
SUPPLY 1 vgs  GROUND

—_—

(1) PCBBOC51BH-3 only.

Fig. 1 Block diagram.

112 June 1988
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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.

e 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 PC8OCXX 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 /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
ins’gructions 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, 1/0 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 1/0

TTL compatible inputs and outputs

Single 5 V supply

Wide frequency operating range

Low current consumption

Available with extended temperature ranges: (PCB version) Oto+70°C
{PCF version} —40to + 850C
(PCA version) —40to + 1109C

® 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 DIL; plastic (SOT 129).
PCB/F/A80C39/C49WP: 44-lead PLCC; plastic leaded chip carrier, ‘pocket’ version (SOT187AA);
‘pedestal’ version (SOT 187). These versions are interchangeable.
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DEVELOPMENT DATA

This data sheet contains advance information and
specifications are subject to change without notice.

PCB83C552
PCB80C552

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
® PCBB0OCG52: ROM-less version of the PCBB3C552

This I/Q intensive device provides architectural enhancements to function as a controlier 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 1/0 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-level,
nested interrupt structure, an 8-input ADC, a dual DAC puise width modulated interface, two serial
interfaces (UART and 12C-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 us

and 40% in 2 us. Multiply. and divide instructions require 4 us.

Features

® 80C51 central processing unit ¢ PCB80CH52/83C552

o 8 K x 8 ROM, expandable externally to 64 K bytes XTAL frequency range: 1.2 to 12 MHz

® 256 x 8 RAM, expandable externally to 64 K bytes temperature range: 0 0C to +700C

¢ Two standard 16-bit timer/counters PCF80C552/83C552

® An additional 16-bit timer/counter coupled to four XTAL frequency range: 1.2 to 12 MHz
capture registers and three compare registers temperature range: —40 0C to +85 0C

o A 10-bit ADC with 8 multiplexed analogue inputs PCA80C552/83C552

® Two 8-bit resolution, Pulse Width Modulated outputs XTAL frequency range: 1.2 to 12 MHz

e Five 8-bit /0O ports plus one 8-bit input port shared temperature range: —40 ©C to + 125 0C

with analogue inputs

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

® Full-duplex UART compatible with the standard
PCB80CH1

® On-chip watchdog timer

PACKAGE OUTLINES

PCA/PCB/PCF/83C552/80C552WP
B8-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 noticse.

PCB83C652
PCB80C652

FOR DETAILED INFORMATION SEE REVELANT DATA BOOK OR DATA SHEET

'SINGLE-CHIP 8-BIT MICROCONTROLLER

GENERAL DESCRIPTION

The PCB83C652 single-chip 8-bit microcontroller is manufactured in an advanced CMOS process and

is a derivative of the PCB80C51 microcontrolier 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
® PCBBOC652: 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 1/0 ports, two 16-bit timer/event counters (identical to the timers of the 80C51),
a multi-source, two-priority-level, nested interrupt structure, an 12C 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 1us

and 40% in 2 us. Multiply and divide instructions require 4 us. .

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 1/0 ports

12C-bus serial 1/0 port with byte orientated master and slave functions
Full-duplex UART facilities

Three temperature ranges available

0 to + 70 OC; PCB83C652 versions

—40 to + 85 OC; PCF83C652 versions

—40 to + 125 °C; PCA83C652 versions

e Extended frequency range: 1.2 MHz to 12 MHz

PACKAGE OUTLINES

PCA/PCB/PCFB3C652P; PCA/PCB/PCF80CE52P: 40-lead DIL; 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.

PCB83C654

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 PCB8OC51. The ROM-less PCBBOCB52 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 volatile 256 x 8 read/write
data memory, four 8-bit 1/0 ports, two 16-bit timer/event counters (identical to the timers of the 80C51},
a multi-source, two-priority-level, nested interrupt structure, an 12C 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 1us

and 40% in 2 us. Multiply and divide instructions require 4 us.

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 |/0 ports

12C-bus serial 1/Q 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 DIL; plastic (SOT129).
PCB83C654WP: 44-|ead plastic leaded chip-carrier (PLCC); (SOT 187 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 PCB80CS51 microcontroller family. The
PCB83C851 has the same instruction set as the PCB80C51.
Two versions of the derivative exist although the generic
term ‘PCB83C851’ is used to refer to both family members:

® PCBB83C851: 4 K bytes mask-programmable ROM, 128
bytes RAM, 256 bytes EEPROM
® PCBB80C851: ROM-less version of the PCB83C85!

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 1/O lines; two 16-bit
timer/event counters (identical to the timers of the
PCB80CS51); a seven source, five-vector, two-priority-level,
nested interrupt structure; a serial I/O port for either multi-
processor communications, /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 us and 40% in 2 ps. Multiply and divide
instructions require 4 us.

PACKAGE OUTLINES
PCB /PCF83C851/80C851P: 40-lead DIL; plastic (SOT 129)

Features

PCBB8OCSI central processing unit

4K 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 ps; multiply

and divide in 4 us; 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/PCF83C851/80C851 WP: 44-lead PLCC; plastic, leaded-chip-carrier (SOT187AA)
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PCF1303T

18-ELEMENT BAR GRAPH LCD DRIVER

GENERAL DESCRIPTION

The PCF1303T is an 18-element bar graph LCD driver with linear relation to control voltage (V)

when in pointer or thermometer mode.

27] Vref max

Vref min

R1

R1

A1

VOSC

OSCILLATOR

PCF1303T

PACKAGE QUTLINE

MODE

SELECTOR

O o |V |

LATCH
AND

DIVIDER
CIRCUITRY

cp Qs

Fig. 1 Block diagram.

PCF1303T: 28-lead mini-pack; plastic (SO28; SOT 136A).

7281228
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PCF1303T

PIN DESCRIPTION

Vosc [I U E Voo pin no. symbol name and function
m [2] [27] Vref max 1 Vosc oscillator pin
(1) E E Vref min -
I E E v 4 I mode select input
Vss 5| [24] QR 5 Vss ground (0 V)
@ e ] At 6t0 23 Q4 to Qqg segment outputs
% E PCF1303T ZI o 24 QR back-plane output
Q3 [8 [21] Q46
Q, E E Qq 25 Ve control voltage
Qs @ 19] Q14 26 Vref min reference voltage inputs
Qs E 18] Q1 27 Vref max
a7 [iz 7] @12 28 VoD positive supply voitage
Qg [13] 18] Q14
Qg [14 [15] Q40

7281229

(1) Pins 2 and 3 should be connected to Vgs.
Fig. 2 Pin configuration.

FUNCTION TABLE
14 mode
L pointer
H thermometer

H = HIGH voltage level
L = LOW voltage level
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18-element bar graph LCD driver PC F1303T

FUNCTIONAL DESCRIPTION

The PCF1303T is an 18-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 fess than the trigger voitage (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 (QR) to drive the back-plane and 18 outputs (Q4 to Qqg)
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

Vstep = Vstep’ * AVstep ]
Vstep’ is the voltage drop (internal) across the resistor-ladder network.
AV gtep is the differential on Vep,.

v _ (Vref max £ 8V27) — (Vief min * AV2) )
step’ = 18 (2]

AV5 and AV are the maximum offset voltage spread of the on-chip voltage followers.

ABSOLUTE VOLTAGE TRIGGER LEVEL
The absolute voltage trigger level at the V¢ pin is VT (par)n:
VT(bar)n = (Vrefmin £ AV2#) + {(n- W)Vgtep' + AVR } + AV £ VY (3]
n = number of segments; 2 < n< 18.
AVR is the voltage deviation at step n of the resistor-ladder network {for n =2 or 18, AvVp = Avstep).
AV is the offset voltage for the on-chip comparator.
VH is the hysteresis voltage: 30% Vgiep = Vi > 10% Vgiep-

* For AV the same sign (+ or —) should be used as in equation [2] .
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PCF1303T

RATINGS
Limiting values as in accordance with the Absolute Maximum System (IEC 134)
Supply voltage VDD —05to+15 V
Voltage on any input V) —05t0Vpp+05 V
D.C. current into any input or output 1 max. 10 mA
Storage temperature range Tstg —26to+ 126 ©C
Operating ambient temperature range Tamb —401to +85 ©C
D.C. CHARACTERISTICS
Vgg=0V
Tamb (°C)
parameter Vpp | symbol —40 +25 + 85 unit | notes
\Y
min. | max. | min. | typ. | max. |min. | max.
Quiescent device | 10,0 | Ipp 1200 1200 1200jpA |1
current
Operating supply | 8,2 Ipp 2,0 2,0 20 mA |2
current
Input leakage 6,0 £ 300 300 1000nA | 3
current 8,2 Ll 300 300 1000 | nA
100 | £ 1y 300 300 1000 | nA
HIGH level 6,0 Viy 42 4,2 42 Y
input voltage 8,2 ViH 5,8 5,8 58 v
select input 4 10,0 | ViH 7,0 7,0 7,0 A%
LOW level input 6,0 ViL 1,8 1,8 18 |V
voltage 8,2 ViL 2,4 24 24 \Y
select input |4 10,0 | V| 3,0 3,0 30 |V
HIGH level 6,0 Von 5,95 5,95 5,95 Vv 4
output voltage 8,2 VoH 8,15 8,15 8,15 \%
10,0 | Voy 9,95 9,95 9,95 Y
LOW level 6,0 VoL 0,05 0,05 005V 4
output voltage 8,2 VoL 0,05 0,05 0,05 1V
100 | VoL 0,05 0,05 0,05 |V
Output current 6,0 —loH 0,6 0,5 0,35 mA |5
HIGH 8,2 —lon 0,85 0,7 0,45 mA
10,0 | —lgH 1,0 0,85 06 mA
Output current 6,0 loL 0,65 0,5 04 mA | 6
Low 8,2 loL 1,0 0,8 0,6 mA
10,0 | loL 1,3 1,0 0,8 mA

For notes see page 6
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18-element bar graph LCD driver

PCF1303T

Tamb (°C)
parameter VDD | symbol —40 +25 + 856 unit ( notes
\Y
min. [ max. | min. | typ. | max.| min. | max.

Input voltage 6,0 Vic 0,0 16,0 0,0 6,0 {0,0 |60 |V
control input V, | 8,2 Vic 0,0 |8,2 0,0 82 (00 (82 |V

100 | V¢ 0,0 1100 [0,0 10,0 (0,0 { 10,0 |V
Input voltage 6,0 ViRmax | 386 |55 3,6 55 36 |55 |V
Vref max input 8,2 ViRmax | 36 |77 3,6 77 (36 |77 |V

100 | VIRmax | 36 | 9.6 3,6 95 136 |95 |V
Input voltage 6,0 ViRmin |05 [ 1,0 0,5 1,0 105 11,0 v
Vref min input 8,2 ViIRmin |05 |45 0,5 45 105 |45 |V

100 | ViRmin {05 [6,0 0,5 6,0 (05 |60 |V
Vryef max — 6,0 AV 3,0 3,0 3,0 \

Vrief min 8,2 AV 3,0 3,0 3,0 \

10,0 | AV, 3,0 3,0 3,0 \%
DC component 82 |xvpp 25 10 (25 25 |mv |7
bar output to
back-plane output
Back-plane 8,2 fgp 90 [110 100 90 {110 (Hz |8
frequency
Input offset 82 |*Vipo 120 120 120 imVv |9
voltage
Step voltage 8,2 * AVgtep 50 50 50 mV |10
variation
Input voltage 6,0 SR 50 50 50 |V/s |11
slew rate 8,2 SR 50 50 50 |V/s
V¢ input 10,0 | SR 50 50 50 |V/s

For notes see next page.
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PCF1303T

Notes to D.C. characteristics

1. Viefmin=0.5V, Vigfmax =95V, Vg =Vggc =0V, 17 at Vgg or Vpp.

2. See Fig. 2.

3. Pin under test at Vgg or Vpp. All other inputs simultaneously at Vgg or Vpp.
4. lp=0,all inputs at Vgg or Vpp.

5. VoH = Vpp — 0,5V, all inputs at Vgg or Vpp.

6. VoL =0.4V,allinputs at Vgg or Vpp.

7. fgp =100 Hz, load segment outputs to back-plane output.
C1—-C1g<0,01uF,Cgp=Cy+Cy+...C18<0,06 uF, R —R1g =2 MQ.

8. Rgge = 0,1 ML, Cyoge = 390 pF.
9. Number of segments 2 or 18.

Forn=2:

V10 = Ve — Veef min — (Vref max) 1—8(Vrefmin) LV
Forn=18:

V10 = Ve — Vref max * (Vref max) :S(Vrefmin) LV

10. See equation [1].
11. Condition applies with clock oscillator such that fgp = 100 Hz.

500
.
input r_—_.l l
J
VoD Vret Viet Vo QR Qg Q7 Qig Q15 Q14 Q13 Q12 Qyq Qqg
0.1 max min
by PCF1303T
Iy Vss Q Q Q3 Q4 Q5 Q¢ Q7 Qg Qg
| L — I
asopr VDD O
T Vs I
L J
—

HHEEEHH007

7281230

Fig. 3 Typical application.
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DEVELOPMENT DATA
i e s e fomaten PCF21XX
FAMILY

LCD DRIVER

GENERAL DESCRIPTION

The members of the PCF21XX 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 t0 6,5 V
® |Low current consumption

® Serial data input

® CBUS control

® One-point built-in oscillator
® Expansion possibility

® Power-on reset clear

PCF2100 PCF2110 PCF2111 PCF2112
® LCD segments 40 60 64 32
® LED segments - 2 - -
® Muitiplex rate 1:2 1:2 1:2 1:1
® Word length 22 bit 34 bit 34 bit 34 bit

PACKAGE OUTLINES
PCF2100P: 28-lead DIL; plastic (SOT117).

PCF2110P:
PCF2111P: 40-lead DIL; plastic (SOT 129).
PCF2112P:

PCF2100T: 28-lead mini-pack; plastic (S028; SOT136A).

PCF2110T:
PCF2111T: 40-lead mini-pack; plastic (VS040; SOT158A).
PCF2112T:
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PCF21XX
FAMILY

40-SEGMENT LCD
BP1| |ep2 Y]] (" $20
26| |25 24 5
SEGMENT ANALOGUE
BACKPLANE & = 1 VOLTAGE
— 2o
A 680
DLEN —28 —| LATCHES OSCILLATOR Co or
B 1 BUS & & 3 T
P
°® 1,, ] controL | 5 | oRIvVER 0sC
DATA | CONTROL DIVIDER
1 ______ Ry | |1 ma
M SHIFT PCE2100 .4
— | REGISTER Vss
7283453.3

cue[1] U [28] DLEN

Fig. 1 Block diagram; PCF2100

voo [ 2] [27] oATA

osc 3] 26] BP1
Vss [4] % 8P2
s20 5 | [24] s1
s19 6] 23] 52

s18[7] 22] 53

PCF2100
st7[8] (sot-117) |21] 4
{SOT-136A)

s16[0 20] 55
s15||§' 19] s6
s14[_1__1" %w
s13 12 [17] 58

s12[13 16] s9
s11 E T_ET] 510

7297736.1

Fig. 2 Pinning diagram; PCF2100

PINNING
Supply

27
28

Outputs

5to 24
25
26

Vpp
Vss

CLB
0osc
DATA
DLEN

§20 to S1
BP2
BP1

}

positive supply
negative supply

clock burst (CBUS)
oscitlator input

data line

data line enable cBUS

L.CD driver outputs
backplane drivers
(commons of LCD)

130

December 1987



LCD driver

PCF21XX
FAMILY

DEVELOPMENT DATA

60-SEGMENT LCD

BP1 BP2 Y3 P—
71 |6 5|______
SEGMENT ANALOGUE
BACKPLANE & = VOLTAGE
T ______ T 11} Vop
A 680
pLen —2 LATCHES OSCILLATOR C°T pF
10 BUS & 12
cLB — &
CONTROL B DRIVER 0SsC
DATA 8 —*| conTROL DIVIDER
I ______ Ry | [1 M
| SHIFT PCF2110 1
—| REGISTER Vgs
7283449.3
Fig. 3 Block diagram; PCF2110 (SOT-129).
51| U s6 o ¢
s4[2] 39] s7
s3] 5l s PINNING (SOT-129)
I
s2[4] 37] s9 Supply
11 VDD positive supply
s1[s] 36/ s10 13 Vss negative supply
8p2 [6 | [35] s11
BP1[7] 34] 512 Inputs
8 DATA data line
paTA [8 | 313 9 DLEN data line enable | CBUS
pLen[o] 32] 514 10 CLB clock burst
et [ T sts 12 0sC oscillator input
PCF2110
Voo [1] (s01-129) =0 Outputs
osc [12] 29] 517 1tob S5 to S1 L.CD driver outputs
6 BP2 } backplane drivers
v s18
s [E % ! 7 BP1 {commons of LCD)
s32[14 27] s19
(1] 14 532 } LED driver outputs
$31[15] 26]s20 15 831
s30 [fg] %521 16 to 40 $30 to S6 LCD driver outputs
s29 [17] 24] 522
s28 [18] 23] s23
s27 [19] 22] 524
526 [20] 21] 525
7Z83445.4

Fig. 4 Pinning diagram; PCF2110

I ﬁ)ecember 1987
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PCF21XX
FAMILY

PINNING (SOT-158A)

cs [1] U [40] oLEN Supply
Vop 2 2 VbD positive supply
oo (2] 9] oaTa 4 Vgs negative supply
osc[3] 38] e
ves [4] 37] 8p2 Inputs
1 CLB clock burst (CBUS)
s32[5] 36] s+ 3 0sC oscillator input
s31 (e 35] 52 39 DATA data line
a 40 DLEN data line enable BUS
s30[7] [34] 53
s29 8] [33] s4 Outputs
sz28 9] 32]s5 5 532 LED driver outputs
6 S$31
s27[10] perz110  131] 56 7 to 36 $30 to S1 LCD driver outputs
26 77 {SOT-158A) %] s 37 BP2 } backplane drivers
! 38 BP1 {commons of LCD)
525 [12] 129] s8
s24 (13 28] s9
s23 [14] 27] s10
s22 [15] [26] s11
s21 [16] E] s12
s20 [17 24] s13
st 18 23] s14
s18 19 [22] 515
s17 {20 21] s16
7297733.1

Fig. 6 Pinning diagram; PCF2110
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s24 [13]
s23 [14]
s22 15}
s21 [16]

$20 |17

S19 |18

518 [19]
s17 [20]

28] s9

27| S10

[26] 511
[25] 512
24] 513
23] s14
[22] s15

21| 516

7297731

Fig. 7 Pinning diagram; PCF2111

LCD driver PCF21XX
FAMILY
64-SEGMENT LCD
BP1 BP2 1)) R $32
38| |37 a8 _____ 5
SEGMENT ANALOGUE
BACKPLANE & VOLTAGE
= e
oLEN —f22 | A, LaTcHES OSCILLATOR c, T 6::
s 4! BUS & . & 3
DRIVER 05C
oara—]38, | cONTROL | 8 | e DIVIDER
r ______ Ry | |1 M2
SHIFT PCF2111 4
+| REGISTER Vss
7284581.3
Fig. 6 Block diagram; PCF2111
< ce[1 U 40| DLEN
-
g Vo [2] 39] DATA PINNING
E osc[3] [38] BP1 Supply
g vss [2] 371 gp2 2 Vbp positive supply
8 4 Vgs negative supply
S saz2[s] 36] 51
w
2 safs] 35] 52 Inputs
(2] 1 CLB clock burst {CBUS)
$30 E E s3 3 0sc oscillator input
s29 8] 33] s4 2(9; DATA data I!ne CBUS
DLEN data line enable
s28 9] 32) 56
527 E PCF2111 31] S6 Outputs
<26 [m (‘S%OTT_]‘::X) ) 57 5 to 36 S32 10 S1 LCD driver outputs
38 BP1 backplane drivers
s25 [12 @ s8 37 BP2 {commons of LCD)

l (December 1987
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PCF21XX
FAMILY

32-SEGMENT LCD
BP Sl |-—=—-a 832
38 36| _____ 5
SEGMENT ANALOGUE
BACKPLANE & DRIVERS VOLTAGE
] e
40 C, F
DLEN LATCHES OSCILLATOR o o=1,50
cLB 1 BUS & & 3
CONTROL DRIVER 0sc
39 DIVIDER
DATA CONTROL
I ______ T Ro | [T MQ
SHIFT 4
P 1 i
—| REGISTER CF2112 VSS
7286381.3

PCF2112
{SOT-129)
(SOT -158A)

[40] oLEN
[39] DATA
38] 8P
[37] n.c.
36} s1
[35] 52
34] 53

33154

32] s5
% s6
[30] 57
29] s8

m $10

26 s11
25| 512
24 513
23 s14

@ 15

21| $16

7297732

Fig. 9 Pinning diagram; PCF2112

Fig. 8 Block diagram; PCF2112

PINNING

Supply

2 VpbD
4 Vgs
Inputs

1 CLB

3 0sc
39 DATA
40 DLEN
Outputs

5to 36 §32 1o St
38 BP

37 n.c.

positive supply
negative supply

clock burst (CBUS)
oscillator input
data line

data line enable CBUS

LCD driver outputs
backplane driver {common
of LCD)

not connected
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LCD driver

PCF21XX
FAMILY

DEVELOPMENT DATA

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-latches
(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-latches (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-latches
(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 |

| 1 | 2 3
—] |
test leading zero
DATA
bit no. 0 1 2
output S1 S2
1 2
s1 82
leading zero

4 5 6 7 8 32

- L

r=4

33 34 135 - 2110, 2111, 2112
20 21 22 23 «—— 2100 .
load pulse

3 4 5 6 7 3t 32 33} '
$3 sS4 S5 S6 S7 531 532 — 2110, 2111, 2112
3 4 5 6 7 19 20 21} 2100
S3 sS4 S5 S6 S7 19 520

{oad bit 7297738.3

Fig. 10 CBUS data format.

Viep
R
—_ /
PCF2110 4
L Vpp LED
I 531,832
! VoL
7283447.2

Fig. 11 LED driver circuitry.

l (December 1987
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PCF21XX
FAMILY

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 DLEN and DATA signals during transmission.

If one of the test conditions is not fulfilled, no action follows the load condition (load pulse with

DLEN LOW) and the driver is ready to receive new data,

v OFF/OFF | ON/OFF | OFF/ON | ON/ON
pp —m8m 8
voorvade —— T Ly | (T ) (T | T e
Vs
VDD -
Vpp + Veg)/2 .L,J—L BP2
Ves
VDD ———
LI s
Vss
Vpp — Vgg! -
Vpp - Ves)/2
s J’Lu_ .U_J_L BP1-Sx
~Vpp - Vegl/2 ——————
- {Vpp - Vgg) ——— L
Vpp—Veg)
{Vpp - Ves)/2
oo 'LL,J' J'rLL BP2-Sx
— Vpp— Vggl/2 —————
- Vpp—Vss { | |
e o 7297739.1
Fig. 12 Timing diagram (except PCF2112).
OFF ON
Voo -
J °°
VSS EE— - L
v - —
DD Segment X
(SX)
VSS E—— — L.
(Vpp—Vss! T
0o —— BP —5X
- {Vpp—Vsgg) —
- _1_
fieo 7297730.2

Fig. 13 Timing diagram for PCF2112.
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LCD driver PCF21XX

FAMILY
BUS DRIVER PCE21XX
—_ ‘
’ ) Vppz VoDt
Y x|
R 1 k2 ,_J%
100k%2 1 1
& 4
Vss Vss
‘ 7283448.3

Fig. 14 Input circuitry.

Note to Fig. 14
Vgg line is common. In systems where it is expected that Vpp2>Vpp1+0.,5 V, a resistor should be
inserted to reduce the current flowing through the input protection, Maximum input current <40 pA.

LCD
= AN
< [§))]
[a]
[ .
& |
s 1 )
8 BP1 BP2  S110 532 BP1 BP2  S1to 532 8P18P2 St to§32
- Voo []
'-'>-' DLEN DLEN DLEN
0sC 08
g —lcs  perann O ——CLB  PCF2111 — Jce  perainn O
DATA DATA DATA
MASTER Vs SLAVE1  ygg SLAVE2 vgg
DATA
CLB ~»-
DLENT —pd
DLEN2 ——
DLEN3 7297735.1

{1} In the slave mode, the serial resistors between 8P 1 and BP2 of the PCF2111 and the backplane
of the LCD must be > 2,7 kS2. In 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 Vg the BP-pins become inputs and generate signals synchronized to the single
oscillator frequency, thus allowing expansion of several members of the PCF21XX 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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PCF21XX

i

FAMILY
RATINGS
Limiting values in accordance with the Absolute Maximum System (IEC 134)
parameter conditions | symbol min, max. unit
Supply voltage range VpD —-0,5 9,0 A"
Input voltage range
DLEN, CLB, DATA and OSC \7 Vgg—0,5 Vpp+t05 | V
Output voltage range
BP1, BP2 and S1 to §32 Vo Vgg—0,5 Vpp+t 05|V
Supply current tlpp. tigg - 50 mA
DC input current ) - 20 mA
DC output current tlg - 25 mA
Total power dissipation
per package note 1 Ptot - 500 mwW
Power dissipation per output Po - 100 mwW
Storage temperature range Tstg —65 +150 oC

Note to the ratings
1. Derate by 7,7 mW/OC when Ty, > 60 °C.

HANDLING

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

totally safe, it is advised to take handling precautions appropriate to handling MOS devices {see

‘Handling MOS devices').
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PCF21XX
FAMILY

LCD driver

DC CHARACTERISTICS

Vsg=0V;Vpp=2,25106,5V; Tamp = —40 to + 85 0C; Rg = 1 MQ; CQ = 680 pF; unless otherwise
specified

DEVELOPMENT DATA

parameter conditions symbol min, typ. max. | unit
Supply voltage VDD 2,25 - 6,5 A
Supply current note 1 iDD1 - 20 50 A
Supply current note 1; Tamb =
-25to +85°C IpD2 - 20 30 uA
Power-on reset level note 2 VPOR - 1,0 14 A
Inputs CLB, DATA
DLEN
Input voltage
LOW ViL — — 0,8 Vv
HIGH VIH 2,0 -~ - \%
Leakage current V| =VgsgorVpp h - - 1 MA
Input capacitance note 3 Cy - - 10 pF
Input OSC
Oscillator start-up
current V| =Vgg losc 05 1,2 5,0 HA
LCD outputs
DC component of
backplane drivers tVgp - 20 - mv
Backplane driver
output impedance note 4 Vpp=5V Rgp - 0,5 5 kQ2
Segment driver
output impedance note 4; Vpp =5V Rs - 1 7 k&
LED outputs
(S31 and 832 in
PCF2110)
Output current LOW VoL=0,4V;VpD=5V} lgL 8 14 - mA
Output leakage
current Vo=VDD tlg - - 1 MA
k Load current ILED - - 20 mA
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PCF21XX
FAMILY

AC CHARACTERISTICS (note 5)
Vgg=0V;Vpp=225t065V; Tamb = —40 to + 85 9C; Rg = 1 MQ; Cq = 680 pF; unless otherwise

specified

parameter conditions symbol min. typ. max. unit
Inputs CLB, DATA
DLEN
Data set-up time tSUDA 3 — - us
Data hold time tHDDA 3 — - us
Leading zero set-up time tsuyLz 3 — - us
Enable set-up time tSUEN 1 - - us
Disable set-up time tsuD! 2 - - us
Load pulse set-up time tSULD 25 - - us
Busy time tgUSY 3 - - us
CLB HIGH time twH 1 - - us
CLB LOW time WL 5 - — us
CLB period . tcLB 10 - - us
Rise and fall times tr, t - - 10 us
LCD timing
LCD frame frequency fLed 60 75 100 Hz
LCD frame '

frequency for

PCF2112 Co=15nF fLco 30 35 50 Hz
Transfer time with

test loads Vpp=5V tgg - 20 100 us
Driver delay with

test loads Vpp=5V tpLCD - 20 100 us
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PCF21XX
FAMILY

LCD driver

DEVELOPMENT DATA

Notes to the characteristics

1. Outputs open; CBUS inactive.

2. Resets all logic, when Vpp < VpOR.

3. Periodically sampled (not 100% tested).

4, Outputs measured one at a time.

5. All timing values are referred to V|H and V| levels with an input voltage swing of Vgg to Vpp.

BP (PCF2112), BP1,BP2 _®_

—_—
fLoAD = 25¢A

S1to §32 ——q)——

e
ILoaD = 15#A
1,5 k2

$31, 832

v
{PCF2110 only) 7T 0b

7297737.1

Fig. 16 Test loads.
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J k[eﬁ[ Jaquiadag L

ENABLE DISABLE
ViKmin ViHmin
DLEN
—— ViLmax ViLmax
‘cLe
TViumin Y ViHmin
I 22 23 (1)
CLB
1 \ I 34 35 (2)
ViLmax ViLmax J
ol |t | [w=tg | |ty | a=tf
. y ViHmin
DATA suLz A
A VILmax
—l e tSUEN
t
HDDA
TSUDA —>| e tsypa—! le— typpa —| e— tsup; —»| le—tgyp —» - tgysy —|
h——twL—J le— Yy —o| .._KWL_,I
LEADING ZERO DATA 1 LOAD BIT LOAD PULSE
tpLCD
05V
Sx (Vpp =5V
J( 05V
tes ‘
Voo = 05V
BP1, BP2 2 (Vpp = 5V
{except PCF2112) Y
= 05V
1 05V
BP (PCF2112) {Vpp =5V}
= i 05V
7297734.1

(1) Load pulse 23 (for PCF2100).
(2) Load pulse 35 {for PCF2110, PCD2111 and PCF2112; see Fig. 10).

Fig. 17 CBUS timing.
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PCF21XX

DEVELOPMENT DATA

Fig. 18 Displays frequency as a function
of supply voltage; Co = 680 pF (except
PCF2112).

Fig. 20 Display frequency as a function

of Rg and CQ; Tamb = + 25 °C; Vpp =5 V.

Ro = 1 MQ;
—— —— RQ=100kS.

LCD driver
80 7282809.2 a7 7286696.1
fLeo fLep
{Hz) (Hz}
78
36 -
t L1

e |2 Yp A -
78 /’?’ / -1

Z

7 . s
L7 "z
74 Vv A
A "/'
Z e
" 34 A~
72 A P
17/ va
,0
70 33
0 2 4 6 0 2 4 6 8
Vpp (V) Vpp (V)

Fig. 19 Display frequency as a function
of supply voltage; Co = 1,5 nF (except
PCF2112).

Tamb = —40 °C; Tamb = —40 °C;
———— Tamp=+25°C; ———— Tamp=+25°C;
—.—.— Tamp = +850°C. —.—.— Tamp=+850C.
1000 7282808.2 20 7282810.2
bp /
fleo K : N {uA) ]
{Hz)
\\\ \\ 16 7
N typ N il Y7
100 \\ \\‘ / / //
c, 7
P // //
//' /
\\ N 12 /j./'/
N /7
N 74 '/4’
\ 2/
10 8
0,1 1 10 0 2 4 6 8
Co (nF) Vpp (V)

Fig. 21 Supply current as a function
of supply voltage.

Tamh =—-40 OC;

— = —— Tamb =+ 25 °C;
—.—.— Tamb=+850°C.
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PCF21XX

Fig. 22 Output resistance of backplane
and segments.

Tamb = —40 °C;
— === Tamp=+25°C;
~.—.— Tamb =+ 85 0°C.

2 7286695.1 18 7Z86698.1
\ loL
N Ly {mA) =
\\ \ 16
15 % typ P
. >4
\ N\ /.r
NN w 14 o =
1 \\\ ~. ,/ /"
N 7
-~ [~~~ y
\\ \ ™~ ~ Rs_ 12 //l ”/
N - / 7
N g
05 N oY : 4
~~—~—1= Rgp 10 d
typ /
0 8 /
0 2 4 6 8 0 2 4 6 8
Vpp (V) Vpp (V}

Fig. 23 Output current as a function
of supply volitage (only PCF2112).

Tamb = —40 °C;
———~— Tamb=+2509C;
— . —.— Tamb =+ 85 oC.
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DEVELOPMENT DATA

This data sheet contains advance information and
specifications are subject to change without notice.

PCF2201

LCD FLAT-PANEL ROW/COLUMN DRIVER

GENERAL DESCRIPTION

The PCF2201 is a row or column L.CD driver, designed to drive LCD flat-panels at multiplex rates
ofupto 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

controlier,

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 26 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 Vpp 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)

August 1987
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PCF2201

Y1 to Y80 F/ve
r'y
80
|
V1 >
" > 4-LEVEL
vervs > 4-LEVEL DRIVER (x 80) DRIVER
VEE >
r
i | 80
> LEVEL
) | LEVEL SHIFTER (x 80) SHIFTER

Voo ——— T\rso ,——-——J
Vgs ———]

RL/EL < R 81 STAGE BIDIRECTIONAL e » RR/ER
D M SHIFT REGISTER < CL1
PCF2201 | ieo t FON
+ COLUMN MODE DATA PRESENTATION
LATCH (x 80)
y F s
Do . 4 i“i (20 INSTANGES) fI"
D1 > DATA 4 - T = —
D2 »| SCRAMBLER
D3 > s1 |e2 5 20
cL2 SELECTOR
4 | | 5
UP/DOWN COUNTER, CARRY LOGIC
AND CONTROL

»

3 4 4 4

_ 7281313.1
SHL COL/ P/S§ LNG
ROW

Fig. 1 Block diagram.
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PCF2201

LCD flat-panel row/column driver

DEVELOPMENT DATA

bus level lines
A

19)
1)

n
1n.c.
1n.c
1n.c.

1 RR/ER
1Vsg

] FON

J SHL
1Vpp

) n.c.

[—CL1
1M
1 V1
] n.c.
1V2/V3

———1Vv4/V5
1 n.c.
1Vee
JF/Y81
1Y80
1Y79
1Y78
1Y77
1Y76
1Y75
1Y74
1Y73
] Y72
1Y71
1Y70
1Y69
1Y68
1 Y67

1 Y66
1 Y65

1n.c.

84— Y64

120
115
110
5
00
9
9
|
5

1

80— ve60

75 /Y55

70 L —Y50

65 [——1Y45

PCF2201

60— Y40

40— Y20
Y19
——1Y18
7 —vv7

D3 C—1
D2 ——]
D1 ——]
D0 ——]
ne. C—15
RL/EL ]
n.c. ——]
P/S —]
LNG —]
COL/ROW C——} 10
cL2
n.c. C—]
n.c. C—]
nc. ]
ne. C—]15
nc. ]
nec. ]
nc.
nc. ]
nc. [C—] 20
—]
Y2 [
Y3 ]
—]
Y5 —] 25
A m—
Y7 ——]
Y8 —]
Yo —]
Y10 ——] 30
Y11 —]
Y12 —]
Y13 C——]
Y14 ———]
Y15 ] 35
A4 () —

7781314.2

19
1

v~
bus level lines

Fig. 2 Pinning diagram.
) mark orientation
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PCF2201

PINNING FUNCTIONS

mnemonic | 1/0 | function
VbD P | Positive supply voltage {5 V)
Vgg P | Logic ground (0 V)
Vi P | Most positive LCD supply voltage (< Vpp), selection level
Va/V3 P | Upper non-selection level for row (V2) or column (V3) driver
V4/Vs P | Lower non-selection level for row {V5} or column (V4) driver
VEE P | Most negative LCD supply voltage (—20 V), selection level
Y1to Y80 {O | Liqguid crystal driver outputs
CL1 | 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 | Data transfer clock in column driver modes
Data must be valid on the negative edge of CL2
Unused in row driver mode (may be left open)
COL/ROW || Column/row driver mode select
P/S I | Parallel/serial mode select for column drivers
Tie to Vgg in row driver mode
SHL | Shift direction select
DOtoD3 || Data inputs in column driver modes
Unused in row driver mode (may be left open)
Filling order:
COL/ROW |P/S |SHL DO D1 D2 D3
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,¥9,.(Y2,Y6,Y10,/Y3,Y7,Y11,. |Y4,Y8,Y12,.
H H H |Y80,Y76,.. |Y79,Y75,..(Y78,Y74,.. |Y77,Y73,.....
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 PCF2201

DEVELOPMENT DATA

mnemonic

1/0

function

RL/EL
RR/ER

/0

Left/right serial input/outputs in row driver mode, left/right enable input/outputs
in column driver modes

COL/ROW (P/S | SHL || RL/EL | RR/ER | comments

L L L | O | shift direction: o
RL/EL —> RR/ER(Y1—>F/Y81)

L L H 0 I shift direction:

RR/ER—> RL/EL (F/Y81—>Y1)
H L L | O | RR/ER goes LOW 80 CL2 pulses
after RL/EL

H L H 0 | RL/EL goes LOW 80 CL2 pulses
after RR/ER

H H L | O | RR/ER goes LOW 20 CL2 pulses
after RL/EL

H H H 0 I RL/EL goes LOW 20 CL2 pulses
after RR/ER

In the serial column mode, the device accepts one bit of display data at each CL2
pulse after RL/EL (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 CL1 is HIGH and CL2 is LOW

In the paratlel 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 CL1 is HIGH and CL2 is LOW

LNG

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-bitcolumn |Y1..Y64 Y65...Y80
H L H |mode operation (Y 17...Y80 Y1...Y16
H H L {80-bitcolumn |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 SHL) can no longer be accessed

and should be left open circuit.
w (August 1987
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PCF2201

PINNING FUNCTI

ONS (continued)

mnemonic | 1/0 | function
F/Y81* O | 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
FON [ Frame control
Defines the contents of the shift register cell corresponding to F/Y81 in column
driver mode
Tie to Vpp or Vgg in row driver mode
M | Signal to convert LCD drive waveform into a.c.:
COL/ROW | SR data M | output level (Yjor F/Y81) | note
L L L Vo/Vg
L L H Vq/V
4Y5 row driver
L H L VEE
L H H \Z
H L L Vo/Vg
H L H V4/Vg | dri
0
H H L v column driver
H H H VEE
n.c. — { not connected

* Patent application pending.
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LCD flat-panel row/column driver PCF2201

DEVELOPMENT DATA

FUNCTIONAL DESCRIPTION
4-level driver

One of the liquid crystal driver levels (V4, V2/V3, V4/Vg 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 SHL.

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 controf 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, P/S, LNG, RL/EL and RR/ER).
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PCF2201

RATINGS

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

Supply voltage VpD Vgg —03toVgg+7 \
LCD supply voltage range VEE Vpp —30to Vpp \

Vpp +V

V1, V2/V3 voltage range (note 1) Vu %———EE -1toVpp V
' Vpp +V

V4/Vg voltage range (note 1) VL VEE to _2D_2__El5 -1V
Input voltage range

{CL1, CL2, COL/ROW, P/5,

SHL, DO, D1, D2, D3,

RL/EL, RR/ER, LNG, FON, M) \ Vgg—0,3toVpp+0,3 V
Output voltage range

(RL/EL, RR/ER) Vo Vgs -03toVpp+0,3 V
Driver output voitage range

(F/Y81, Y1 to Y80) Vy VEg -03toVpp +0,3 V
DC input current £ max. 20 mA
DC output current tlg max. 25 mA
VbD. Vss, V1, V2/V3,

V4/Vg or VEE current t lgyp max. 20 mA
Power dissipation per package Ptot max. 400 mwW
Power dissipation per output Po max. 100 mwW
Storage temperature range Tstg —65 to + 160 ©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’).
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LCD flat-panel row/column driver

PCF2201

DEVELOPMENT DATA

DC CHARACTERISTICS

Vgg=0V;Vpp=45to55V;

VEE=01t0-20V;Vpp=V12Vy/V3>

Vpp +
2

VEE

Tamb = —40 to + 85 OC; unless otherwise specified.

— 1V =2Vy/Vg > VEE; fm= 100 Hz

parameter conditions symbol | min. typ. | max. unit
Positive supply
voltage Vpp 45 - 55 v
Negative LCD supply
voltage VEE Vpp—25 - Vpp-5 \'
Static supply current | for1= foL2
=0 Hz; COL/ROW
=H;M=1L;
note 2 IpD1 - 15 40 HA
Operating supply COL/ROW=H;
current fcL1 = 26 kHz;
fcro =4 MHz;
note 2 IppD2 - 04 1 mA
Operating supply COL/ROW = H;
current RL/EL=H
(SHL=1L) or
RR/ER=H
{SHL = H);
fcL1 = 256 kHz;
note 2 Ipp3 — 50 150 MA
Operating supply COL/ROW=1L;
current for1 = 100 kHz;
note 2 IpD4 - 75 200 BA
Logic
Input voltage
LOW ViL 0 - 0.3VpDp Vv
HIGH VIH 0,7 Vpp - Vbp
Output voltage LOW
to RL/EL and
RR/ER lp=0mA VoL - - 0,05 \'
Output voitage HIGH
to RL/EL and
RR/ER Ig=0mA VOH Vpp—0.05 | — - v
Output current LOW
to RL/EL and
RR/ER VoL=1V oL 1 — - mA
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PCF2201

DC CHARACTERISTICS (continued)

parameter conditions symbol min. typ. max. unit
Output current HIGH

RL/EL and

RR/ER VoH=Vpp—1V loH - - 1 mA
Leakage current at

CL1,CL2, COL/ROW,

P/S, SHL, DO to D3,

RL/EL, RR/ER,

LNG, FON and M £l - - 1 HA
Input capacitance note 3 C — - 7 pF
LCD outputs
Leakage current at

V1,Vo/V3, V4/Vg 9 — — 2 HA
Resistance ON between

V1, Va/V3,V4/Vs, lo = 100 pA;

VEgand Y110 Y80, | VEg=Vpp—25V

F/Y81 note 4 RonN - - 2 kQ

AC CHARACTERISTICS (note 5)

Vgg=0V;Vpp=451t055V;
SS i DD . Vpp + VEE

VEE=0t0o-20V;Vpp =V Vo/V3=> — 1V >=Vy/Vg 2 VEE;

i = 100 Hz; see Figs 4 and 5; Tymp = —40 to + 85 OC; unless otherwise specified.
parameter conditions symbol min. typ. max. unit
Column driver

data transfer rate foro — — 4 MHz
CL2 HIGH time tcL2H 100 - - ns
CL2 LOW time tcLoL 100 - — ns
CL2 rise time tcL2r - - 25 ns
CL2 fall time toLof - - 25 ns
Row driver clock rate fcLg — — 100 kHz
CL1 HIGH time tCL1H 275 — - ns
CL1 LOW time tcL1L 5 - — us
CL1 rise time tcLir - - 50 ns
CL1 fall time toL1f — - 50 ns
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LCD flat-panel row/column driver

PCF2201

DEVELOPMENT DATA

AC CHARACTERISTICS (continued)

parameter conditions symbol min, typ. max. unit
Column data set-up time COL/ROW=H tsuc 50 — - ns
Column data hold time COL/ROW =H tHDC 30 - - ns
Row data set-up time COL/ROW =L tSUR 200 - - ns
Row data hold time COL/ROW =1L tHDR 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 tECcL 85 - ~ ns
Propagation delay

to enable HIGH COL/ROW=H tPEH - - 185 ns
Propagation delay

to enable LOW COL/ROW=H tPEL - - 140 ns
CL2 to CL1 time COL/ROW =H tcL21 50 - - ns
CL1 to CL2 time COL/ROW =H tcL12 50 — - ns
Overlap time of

CL2=LOW and o

CL1 = HIGH COL/ROW =H toy 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 = VDD

toY1...Y80,F/Y81 -20V tpy - - 3 us

Notes to characteristics

1. Maintain Vpp = V1 > Vo/V3 >

Vop + VEE
2

2. Qutputs open, inputs at Vgg or Vpp.
3. Periodically sampled, not 100% tested.

4. Qutputs measured one at a time.

~ 1V >=Vy4/Vg > VEE.

5. All timing values referred to V| and V||_ levels with an input voltage swing of Vgg to Vpp.

3,6 k()

0.5Vpp
(2 %)

RL/EL (SHL=H)
RR/ER (SHL=L)

Fig. 3 Test loads.

— 1LOAD=100 uA

..... Y80,F/Y81

7281315
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(861 isnbny

N

tcLzH

ClL2 /l

toLaL le— tcLar

tsuc—» j=

0.7Vpp
03Vpp

D0,D1,02,03 , X

X oavoD
03Vpp

t
¢ ECL
RL/EL (SHL=L) ECH ‘
or RR/ER (SHL=H) 1F
(input) yd N g';\\;m
tcLir toLt e
1, A £
P CL1H / cL12
cL1 / ) 0.7Vpp
—_—_— tov 1 03Vpp
tPEH tPEL
RR/ER E<_sr-u.=|.)
or RL/EL (SHL=H) s
0,7VDD
{output)
I’IL
M X 07Vpp
,,,, 0.3VDD
tpy
tpy
05V
Y1to Y80, F/Y81 X (Vop-VEE =20V) 3T oy
7281316.1

Fig. 4 Column driver timing waveforms.
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LS1

DEVELOPMENT DATA

o)

':o*li

-
i

) t,
[e——1CcL1H toLiL re—tCLar

cL1 7

[e— tSUR —»| [« tHDR-»

b 0,7V
N S N e

RL/EL (SHL=L) 0,7Vpp
or RR/ER (SHL=H) X K X 0.3Vpp
(input) PLH,PHL
RR/ER (SHL=L) X 07Vpp
or RL/EL (SHL=H) 03Vpp
(output)
- 07Vpp
M x 03Vpp
tpy:
tpy
05V
Y110 Y80, F/Y81 K (op-Vee=20V) b Ly
7281317.1

Fig. 5 Row driver timing waveforms.
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PCF2201

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). V¢, 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)

Va v Vg _ vi-l Vg 2 Vs _ 1
Vop VNH1 Vop VAt Vop VN1 Vop /At
Voff(rms) 2(/n-1) Von(rms) 1 +\/_n— 1
Vop Vit 1)? Vop n nk/m+1)
_ Von(rms) Vn-1 Vop _ NLES
Voff(rms) vi-1 Vth 2(1-14/n

158
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LCD flat-panel row/column driver PCF2201

DEVELOPMENT DATA

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.

VoD
Vi
-L c to other column
R driver PCF2201s
C
v V2
58 4+ =
R ] 5 z 4 8
c > == >
= _L
COL/ROW PCF2201
(Vn-3)R
C
L - V4
F 7281318.2
Vss
R
_ﬁ V5
r
L’]R
¢
i VEE
-
VoD
VEE
| V1
vV2/v3
V4/V5 | PCF2201
VEE
COL/ROW
\W__/
to other row
driver PCF2201s Vss

Fig. 6 Unbuffered LCD biasing level generation.
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PCF2201

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 Vpp to compensate for the limited common mode valtage range {(V+ —1,5 V) when
the operational amplifiers are powered between Vpp and VEE.

Vob
¢ J- h 4 -I- C to other column
T T driver PCF2201s
Vss Vi
w|m
R E - |V2 w 3 2 [a]
Ww| | Nj— (=]
/ 355 =

Rl O~ | COL/ROW PCF2201
- V3 Vgg —|
7281319.1
n-3)R |
(VAi-3) [ ~ IV4
"

[t
R
VEE
| Voo
VEE
V1
v2/v3
V4/V5 | PCF2201
VEE
|——| COL/ROW
to other row Vgg
driver PCF2201s

Fig. 7 Buffered LCD bias level generation.

Typical LCD flat-panel application

Alphanumeric/graphic computer terminals with LCD flat-panel screens using 200 x 640 dots are very
popular. 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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(861 15'15"‘9’)

191

ALPHANUMERIC/
GRAPHIC
CONTROLLER

DEVELOPMENT DATA

DUO.DUT.
puzDU3[ 44
cL2 7
cL1
M T i i ]
gLo RN T [ J—L 1
CEEAEA M _CL1CLz D, Vi
i’ ${RL/EL RR/ER
Vop—|LNG  pcF2201  P/S|—VDD VDD PCF2201 PCF2201 VYoo Voo — PCF2201 — Voo
st (4#1) FON [ R (#2) (#7) R (#8) R
QTAVDD— COL/ROW Vop —1 Voo —
80 80 80
Y; Y,
S 80
8
&
b1 <} Y;
-
8,—1,
>
UPPER HALF 100 x 640
ﬁ«
20
- 7
8 Yi
8§ |- ]
- - 9 60
1 ]
Y
[=]
o
>
4
LOWER HALF 100 x 640
° ¢
' [
_E E
[
& 40
g
- 2 E i
T8
o
4 i Ig iy T, v vi% v,%
223550 80 80 80 80
’Ji L’JJ COL/ROW [— VoD —Vop [~ Vob — Voo
o NHFON  PCF2201  SHL[—Vpp R PCF2201 - Voo - PCF2201 — VoD R PCF2201 — Voo
Vpp —{P/8 (#1) LNG—Vop  Vpp —] (#2) — VoD Voo —] (#7) —Voo Vob — (#8) — VoD
— ¥rR/ER RL/EL F——— === —
Vi _Di c2 oLy M
X

[ [ ] [ ]
; 1

11
I

7281321.2

see Fig. 9 for waveforms

Fig. 8 LCD flat-panel with 1:100 multiplex rate in upper and lower half screens.
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Fig. 9 Timing for the upper half screen of the LCD flat-panel (Fig. 8).
For the lower half screen, replace RR/ER, DUO, DU1, DU2 and DU3
with RL/EL, DLO, DL1, DL2, DL3.
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LCD flat-panel row/column driver PCF2201

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 'OF F’ 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 'OFF’ 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.

=)
o -
©
> Q
S O
c 2

|coLs

~ Joovs
~JeoLe
~JeoLa

ROW O

margin
zone

margin
zone

Row 1[ row 1| |
ROW 2| row2| [
ROW 3 rows| [
outside é margin used matrix area outside margin used matrix area
cover zone cover zone
(a) (b) 7281320.1
(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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PCF2201

CHIP DIMENSIONS AND BONDING PAD LOCATIONS

6,68 mm

0 | coL/Row
0 | NG

OoooonooooDooOoo00OooooOooooooooooo

O
O

a|ers

O | RL/EL

Qoo

m]

O | RR/ER
0O | Vss
O | FoN
O [sHL
O (Voo
0 | cL1
Om

D V2/V3
[m] V4/V5
0 | Vee

0 | bt
O | b2
O | o3
0| vt

]
a
a

ooonopOoo0opooooOooc0ooOo0oooonoooooon

7296970

Chip area: 25,66 mm?

Y31
Y32

v33 | O

v3a | O

Y35

v36 | O

Y37
vy3s | O
vae | O
vao | O
Y41

va2 |3
va3 |
vas | O
vas | O
vas | O
va7

vas | O

3,84 mm

va9 i 0O
vs0| O

Bonding pad dimensions: 104 um x 104 um

Fig. 11 Bonding pad locations.

J

F/Y81
Y80
Y79
Y78
Y77
Y76
Y75
Y74
Y73
Y72
Y71
Y70
Y69
Yé8
Y67
Y66
Y66
Y64
Y63
Y62
Y61
Y60
Y59
Y58
Y57
Y56
Y55
Y54
Y53
Y52
Y51
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LCD fiat-panel row/column driver

PCF2201

DEVELOPMENT DATA

Table 2 Bonding pad centre locations (dimensions in um)

All x/y co-ordinates are referenced to the bottom left corner, see Fig. 11.

pad X Y pad X Y

D3 1556 6526 Y43 2364 154
D2 1372 6526 Y44 2540 154
D1 1188 6526 Y45 2716 154
DO 1004 6526 Y46 2892 154
RL/EL 820 6526 Y47 3068 154
P/S 636 6526 Y48 3244 154
LNG 452 6526 Y49 3420 154
COL/R 268 6526 Y50 3596 154
CL2 156 5982 Y51 3684 702
Y1 156 5806 Y52 3684 878
Y2 156 5630 Y53 3684 1054
Y3 156 5454 Y54 3684 1230
Y4 156 5278 Y55 3684 1406
Y5 156 5102 Y56 3684 1582
Y6 156 4926 Y57 3684 1758
Y7 156 4750 Y58 3684 1934
Y8 156 4574 Y59 3684 2110
Y9 156 4398 Y60 3684 2286
Y10 156 4222 Y61 3684 2462
Y11 156 4046 Y62 3684 2638
Y12 156 3870 Y63 3684 2814
Y13 156 3694 Y64 3684 2990
Y14 156 3518 Y65 3684 3166
Y15 156 3342 Y66 3684 3342
Y16 156 3166 Y67 3684 3518
Y17 156 2990 Y68 3684 3694
Y18 156 2814 Y69 3684 3870
Y19 156 2638 Y70 3684 4046
Y20 156 2462 Y71 3684 4222
Y21 156 2286 Y72 3684 4398
Y22 156 2110 Y73 3684 4574
Y23 156 1934 Y74 3684 4750
Y24 156 1758 Y75 3684 4926
Y25 156 1582 Y76 3684 5102
Y26 156 1406 Y77 3684 5278
Y27 156 1230 Y78 3684 5454
Y28 156 1054 Y79 3684 5630
Y29 156 878 Y80 3684 5806
Y30 156 702 F/Y81 3684 5982
Y31 252 154 VEE 3580 6526
Y32 428 154 V4/Vs 3396 6526
Y33 604 154 Va2/V3 3212 6526
Y34 780 154 V1 3028 6526
Y35 956 154 M 2844 6526
Y36 1132 154 CL1 2660 6526
Y37 1308 154 VDD 2476 6526
Y38 1484 154 SHL 2292 6526
Y39 1660 154 FON 2108 6526
Y40 1836 154 Vss 1924 6526
Y41 2012 154 RR/ER 1740 6526
Y42 2188 154

l (August 1987

165






DEVELOPMENT DATA

This data sheet contains advance information and
specifications are subject to change without notice.

FAMILY

PCF84CXXX

FOR DETAILED INFORMATION SEE REVELANT DATA BOOK OR DATA SHEET

SINGLE-CHIP 8-BIT MICROCONTROLLER FAMILY

DESCRIPTION

An advanced CMOS process is used to manufacture the PCF84CXXX microcontroller family. The family
consists of the following devices:

e PCF84C00 ® PCF84C12 ® PCF84C121 e PCF84C430
® PCF84C21 ® PCF84C22 e PCF84C230 ® PCF84C470
® PCF84C41 ® PCF84C42 e PCF84C270 ® PCF84C640
e 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 1/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 controliers 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
MABB8048 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, 1/0 in a single DIL or SO package

1K, 2K, 4K or 8K x 8 ROM; there is also a ROM-less device
64, 128 or 256 x 8 RAM

Quasi-bidirectional 1/0 port lines

Two test inputs: one of which is also an externa! 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 10 5,56 V)

STOP and IDLE modes

Power-on-reset circuit

Operating temperature range: —40 to + 85 ©C

PACKAGE QUTLINES
Consult individual data sheets.
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PCF84CXXX

FAMILY
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| ]
AV AV g AV
) INTER- OGR RAM MULTIPLEXER
ACCUMULATOR TEMP. REG. 1 TEMP. REG. 2 RUPT g%i:::: ADDRESS I |
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T REGISTER 1
REGISTER 2
POWER v ARITHMETIC INSTRUCTION REGISTER 3
ON le— Yref LoGicuNiT | REGISTER REGISTER 4
RESET 15V J & REGISTER 5§
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o CONTROL & TIMING ACCBIT
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‘} + + RESIDENT RAM ARRAY
INTERRUPT INITIALIZE ~ OSCILLATOR
XTAL 7222399
Fig. 1 PCF84CXXX block diagram.
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PCF84C12
PCF84C22
PCF84C42

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 MICROCONTROLLERS

DESCRIPTION

An advanced CMOS process is used to manufacture the PCF84C12, PCF84C22 and PCF84C42
microcontrollers. Each device has 13 quasi-bidirectional 1/0 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 Kx 8 ROM
® PCF84C22 — 64 x 8 RAM, 2K 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 microcontroliers are members of the PCF84CXXX family. For detailed information, consuit the
PCF84CXXX data sheet.

Features

e 8bit CPU, ROM, RAM, 1/0 in asingle 20-lead DIL or SO package
® 1K, 2Kor4Kx8ROM

® 64 x 8 RAM

® 2 timers (8-bit programmabile)

® 13 quasi-bidirectional 1/0 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 0C

For following sections see PCF84CXXX family data sheet

Program memory Program counter

Data memory Central processing unit
Program counter stack Conditional branch logic
IDLE and STOP modes Test input T1

1/0 facilities Power-on-reset
Interrupts

Oscillator

Timer/event counters
Program status word

PACKAGE OUTLINES

PCF84C12/22/42P: 20-lead DIL; plastic {(SOT146).
PCF84C12/22/42T: 20-lead mini-pack; plastic {S020, SOT163A).
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PCF84C12
PCF84C22
PCF84C42

r- === hl
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Fig. 1 Block diagram.
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PCF84C00
PCF84C21/C
PCF84C41/C
PCF84C81/C

FOR DETAILED INFORMATION SEE RELEVANT DATA BOOK OR DATA SHEET

SINGLE-CHIP 8-BIT MICROCONTROLLERS
WITH 1°C-BUS INTERFACE

DESCRIPTION

An advanced CMOS process is used to manufacture the PCF84C00, 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 1/0 port lines, a serial 1/0 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:

® PCF84C00 — 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,2K 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 microcontroliers are members of the PCF84CXXX family. For detailed information, consult the
PCF84CXXX data sheet.

Features

® 8-bit CPU, ROM, RAM, 1/0O in a single 28-lead ® 8-bit programmable timer/event counter

DIL or SO package ® Clock frequency range: 100 kHz to 10 MHz ;
® 2K, 4 K or 8 K x ROM; also a ROM-less version C versions: 1 MHz to 12 MHz
® 64, 128 or 256 x 8 RAM ® Over 80 instructions (similar to those of the
® 20 quasi-bidirectional 1/0 port lines MABB8048) all of 1 or 2 cycles
® Two test inputs, one of which is also the @ Single supply voltage (2,5 t0 5,5 V)

external interrupt input ® STOP and IDLE modes
® Single-level vectored interrupts: external, ® Power-on reset circuit

timer/event counter and serial 1/0 ® Operating temperature range: —40 to +85 °C
® |2C hardware interface for serial data transfer e High current on Port 1: Ig = 10 mA at

on two lines {serial 1/0 data via an existing VoL = 1,2 V (all versions except the

port line and clock via a dedicated line) PCF84C00).

For following sections see PCF84CXXX family data sheet

Program memory Program counter

Data memory Central processing unit
Program counter stack Conditional branch logic
IDLE and STOP modes Test input T1

1/0 facilities

Serial 1/0 Power-on reset
Interrupts. Instruction set
Oscillator

Timer/event counter
Program status word

PACKAGE OUTLINES

PCF84C21/41/81P: 28-lead DIL; plastic (SOT117).

PCF84C21/41/81T: 28-lead mini-pack; plastic (S028; SOT136A).

PCF84C00B : 28-lead ‘piggy-back’ package (supports up to 28-pin EPROM).
PCF84C00T : 56-lead mini-pack; plastic (VS056; SOT190).
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PCF84C00

PCF84C21/C
PCF84C41/C
PCF84C81/C
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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.

PCF84C85

FOR DETAILED INFORMATION SEE REVELANT DATA BOOK OR DATA SHEET

SINGLE-CHIP 8-BIT MICROCONTROLLER
WITH 32 1/0 LINES

DESCRIPTION

The PCF84C85 microcontrotler is manufactured in CMOS, and is designed to be an efficient controlier
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 BCD arithmetic.

For detailed information on the PCF84CXX see the "’Single-chip 8-bit Microcontrollers’’ user manual.

Features

@ 8-bit CPU, ROM, RAM, 1/0 in a single 40-lead DIL or mini-pack package
e 3 K ROM

® 256 RAM bytes

® 32 quasi-bidirectional 1/0 port lines

® Two test inputs: one of which is also the external interrupt input

® Single-leve! vectored interrupts: external, timer/event counter, serial 1/0
® |2C hardware interface for two-line serial data transfer

(serial 1/0 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 25V t0 5,5V

STOP and IDLE mode

Power-on-reset circuit

Operating temperature range: —40 to +85 °C

PACKAGE OUTLINES

PCF84C85P: 40-lead DIL; piastic (SOT129).
PCF84C85T: 40-lead; mini-pack (VS040; SOT 158).
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DEVELOPMENT DATA

This data sheet contains advance information and
specifications are subject to change without notice.

PCF8566

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. |t generates the drive signals for any static or multiplexed LCD containing up to
four backplanes and up to 24 segments and can easily be cascaded for larger LCD applications. The
PCF8566 is compatible with most microprocessors/microcontrollers and communicates via a two-line
bidirectional bus (1?C). Communication overheads are minimized by a display RAM with auto-incre-
mented addressing, by hardware subaddressing and by display memory switching {static and duplex
drive modes).

Features

Single-chip LCD controller/driver

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

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

Internal LCD bias generation with voltage-follower buffers

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

24 x 4-bit RAM for display data storage

Auto-incremented display data loading across device subaddress boundaries

Display memory bank switching in static and duplex drive modes

Versatile blinking modes

LCD and logic supplies may be separated

2,5V to 6 V power supply range

Low power consumption

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

12C 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 (VS0-40; SOT-158A)

No external components required (even in multiple device applications)

Manufactured in silicon gate CMOS process

PACKAGE OUTLINES

PCF8566P: 40-lead DiL; plastic {SOT129).
PCF8566T: 40-lead mini-pack (VSO40; SOT158A).
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Universal LCD driver for low multiplex rates PCF8566

DEVELOPMENT DATA
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Fig. 2 Pinning diagram.
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PCF8566

FUNCTIONAL DESCRIPTION

The PCF8566 is a versatile peripheral device designed ta 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 12C bus communication channel
with the PCF8566. The internal oscillator is selected by tying OSC (pin 6) to Vgs. 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 (VpD. Vss and V| cp) and to the

LCD panel chosen for the application.

Voo
to
R Jrise
2Chus Voo_|Vico
SDA 5 12
S 1 LCD PANEL
L
Mﬂg%- _ - sc 2 17—-40{ 24 segment drives
PROCESSOR/ PCF8566 (up to 96
MICRO - elements)
CONTROLLER ose 13-16 | 4 backplanes
6
7 8 g 10 1
A0 |A1 |A2 |sAO Vsg
Vss 7297493

Fig. 3 Typical system configuration.
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Universal LCD driver for low multiplex rates

PCF8566

DEVELOPMENT DATA

Power-on reset

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

2. Ali segment outputs are set to Vpp.

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 I2C 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.

L.CD bias generator

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

LCD voltage selector

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

Table 2 Preferred LCD drive modes: summary of characteristics

LCD drive mode LCD.bias ) Voff(rms) Von (rms) D Von(rms)
configuration Vop Vop Voff(rms)

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

1:2MUX (2 BP) 1/2 (3 levels) V2/4=0,354 | /10/4=0,791 | \/5=2,236

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

1:3MUX (3 BP) 1/3 (4 levels) 1/3=0,333 \/33/9=0,638 | 4/33/3=1915

1:4MUX (4 BP) 1/3 (4 levels) 1/3=0,333 /3/3=0,577 \/3=1,732

~

December 1987

179



PCF8566 I L

LCD voltage selector {(continued)

A practical value for Vo 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 Vith.

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 (\/§= 1,732 for 1 : 3 multiplex or\/ﬁ/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 =1/6 Votf(rms) = 2.449 Votf(rms)
1: 4 multiplex (1/2 bias) : Vop =4/3/3 Voff(rms) = 2:309 Voff(rms)
These compare with Vo = 3 Vg#f(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.

|<-Tf”‘me_>‘ LCD segments
Vpp — ~—
BPO
Vicp L
VoD —
Sn
Vicp ——
VDD — -~
Sn+1
Vicp L
{a) WAVEFORMS AT DRIVER
Vop _
state1 0 —— At any instant (t):
Vstate 1(t) = Vg, (t) - Vgpo(t)
“Vop ——— Von({rms) = Vop
Vop —
Vstate 2(t) =Vg (1) - Vgpol(t)
stae2 0 — Voff(rms) =0 V
“Vop —

(b) RESULTANT WAVEFORMS
AT LCD SEGMENT
7291465

Fig. 4 Static drive mode waveforms: Vop = VDD — VLCD-
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Universal LCD driver for low multiplex rates

PCF8566

DEVELOPMENT DATA

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.
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Fig. 5 Waveforms for 1 : 2 muitiplex drive mode with 1/2 bias: Vo, = Vpp — VLCD-
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PCF8566

LCD drive mode waveforms (continued)
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Vop
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0
~Vop/3
~2Vgp/3

—Vop

Vstate 2(t) = Vg (t) — Vgp1(t)

Vop
Voff(rms) = 3 - 0,333Vgp

state 2

7291466

(b} RESULTANT WAVEFORMS

AT LCD SEGMENT

Fig. 6 Waveforms for 1 : 2 multiplex drive mode with 1/3 bias: Vop = Vpp — VLcD-

The backplane and segment drive wavefront for the 1 : 3 multiplex drive mode (three LCD backplanes)
and for the 1 : 4 multiplex drive mode (four LCD backplanes) are shown in Figs 7 and 8 respectively.
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{b} RESULTANT WAVEFORMS
AT LCD SEGMENT

7291478

Fig. 7 Waveforms for 1 : 3 multiplex drive mode: Vop =VDD — VLCD-
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LCD drive mode waveforms {continued)
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7291479

At any instant (t):

Vstate 1(t) =
Vs, (th — Vppolt)

Von(rms) =
\/
—/3=057TVgp

Vstate 2(t) =
Vs, (t) — Vgp1(t)
Voff{rms) =

v
—gﬂ =0,333Vop

Fig. 8 Waveforms for 1 : 4 multiplex drive mode: Vop = Vpp — V|_cD-
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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 {fo K) determines the LCD frame frequency and the maximum rate for data
reception from the 12C bus. To allow 12C bus transmissions at their maximum data rate of 100 kHz,
fcLK should be chosen to be above 125 kHz.

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

Internal clock

When the internal oscillator is used, OSC (pin 6) should be tied to Vgg. In this case, the output from
CLK (pin 4) provides the clock signal for cascaded PCF8666s and PCF8576s in the system.

External clock

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

Timing

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

Table 3 LCD frame frequencies

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

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

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

Shift register

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

Segment outputs

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

Backplane outputs

The LCD drive section includes four backplane outputs BPO to BP3 which should be connected directly
to the LCD. The backplane output signals are generated in accordance with the selected LCD drive mode.
If less than four backplane outputs are required the unused outputs can be left open. In the 1: 3 multi-
plex drive mode BP3 carries the same signal as BP1, therefore these two adjacent outputs can be tied
together to give enhanced drive capabilities. In the 1: 2 multiplex drive mode BPQ and BP2, BP1 and

BP3 respectively carry the same signals and may also be paired to increase the drive capabilities. In the
static drive mode the same signal is carried by all four backplane outputs and they can be connected in
parallel for very high drive requirements.

Display RAM

The display RAM is a static 24 x 4-bit RAM which stores LCD data. A logic 1 in the RAM bit-map
indicates the ‘on’ state of the corresponding LCD segment; similarly, a logic 0 indicates the ‘off’ state.
There is a one-to-one correspondence between the RAM addresses and the segment outputs, and between
the individual bits of a RAM word and the backplane outputs. The first RAM column corresponds to the
24 segments operated with respect to backplane BP0 (Fig. 9). in multiplexed LCD applications the
segment data of the second, third and fourth column of the display RAM are time-multiplexed with

BP1, BP2 and BP3 respectively.

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

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

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

With reference to Fig. 10, in the static drive mode the eight transmitted data bits are placed in bit 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. 10. The data pointer is automati-
cally incremented according to the LCD configuration chosen. That is, after each byte is stored, the
contents of the data pointer are incremented by eight (static drive mode), by four (1 : 2 multiplex

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

Subaddress counter

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

The storage arrangements described lead to extremely efficient data loading in cascaded applications.
When a series of display bytes are being sent to the display RAM, automatic wrap-over to the next
PCF8566 occurs when the last RAM address is exceeded. Subaddressing across device boundaries is
successful even if the change to the next device in the cascade occurs within a transmitted character.
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Fig. 10 Relationships between LCD layout, drive mode, display RAM filling order
and display data transmitted over the 12C bus (x = data bit unchanged).
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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 muitiplex
sequence. In 1 : 4 multiplex, all RAM addresses of bit O are the first to be selected, these are followed
by the contents of bit 1, bit 2 and then bit 3. Similarly in 1 : 3 multiplex, bits 0, 1 and 2 are selected
sequentially. In 1 : 2 multiplex, bits O then 1 are selected and, in the static mode, bit O is selected.

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

Input bank selector

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

Blinker

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

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

In the 1 : 3and 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.

|f the entire display is to be blinked at a frequency other than the nominai 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
made ratio mode ratio fblink (Hz)

off - - blinking off

2 Hz fcLk/92160 foLk/15360 2

1 Hz foLk/184320 foLk/30720 1

0,5 Hz fcL /368640 foL /61440 0,5
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CHARACTERISTICS OF THE I°C BUS

The I°C bus is for 2-way, 2-line communication between different [Cs or modules. The two lines are

a serial data line (SDA) and a serial clock line (SCL). Both lines must be connected to a positive supply
via a pull-up resistor when connected to the output stages of a device. Data transfer may be initiated
only when the bus is not busy.

Bit transfer

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

!

| data line { change

i stable: | of data

\ data valid ) allowed 7287019

Fig. 11 Bit transfer.

Start and stop conditions

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

r—=/ ro=—=A
—_— ! - | —_—

| i | |

SDA | \ 1 1 SDA
Ik -- — !
| | | 1

scL ! ! \ / \ / ! ! sCL
| | ] )
| s | | P |
[ — L —d

start condition stop condition

7287005

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 ] I ]
MASTER SLAVE MASTER
SLAVE
TRANSMITTER/ REéEIVER TRANSMITTER/ TRZ:;;;F:TER TRANSMITTER/
RECEIVER RECEIVER RECEIVER
7287004
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 hoid times must be taken into account. A master receiver
must signal an end of data to the transmitter by not generating an acknowledge on the last byte that
has been clocked out of the slave. In this event the transmitter must leave the data line HIGH to enable
the master to generate a stop condition.

start clock pulse for
condition acknowledgement
t

|
SCL FROM |
MASTER | 1 2 . M

|
| .
DATA OUTPUT '
BY TRANSMITTER ) __
1
s

DATA QUTPUT
BY RECEIVER

7287007

Fig. 14 Acknowledgement on the 12C bus.
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PCF8566 12C bus controller

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

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

In the power-saving mode it is possible that the 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
ocecur.

Input filters

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

I’C 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 ievel 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 I2C bus for very large LCD applications;
(b) the use of two types of LCD multiplex on the same I12C bus.

The I12C bus protocol is shown in Fig. 16. The sequence is initiated with a start condition (S) from the
12C bus master which is followed by one of the two PCF8566 slave addresses available. All PCF8566s
with the corresponding SAOQ level acknowiedge in parallel the slave address but all PCF8566s with the
alternative SAQ level ignore the whole [2C 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 (AQ, A1, A2)
addressed PCF8566. After the last display byte, the I*C bus master issues a stop condition (P).
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. acknowledge by

R/W (AD, A1, A2) - selected
slave address acknowledge by all PCF8566 only
—_—— { addressed PCF8566s }
T T T T et 7T 1T T 1 T 1T T F 17T
Sfo1 111 1[Alo[A(C COMMAND A DISPLAY DATA Al P
[ R N T T T T T | T S T Y T N |
J —— - [ —
Y Y v
1 byte m 2 1 bytes n 2 0 bytes
update data pointer
and, if necessary,
7297489.1 subaddress counter
Fig. 16 12C bus protocol.
Command decoder

The command decoder identifies command bytes that arrive on the I12C bus. All available commands
carry a continuation bit C in their most-significant bit position {Fig. 16). When this bit is set, it indicates
that the next byte of the transfer to arrive will also represent a command. If the bit is reset, it indicates
the last command byte of the transfer. Further bytes will be regarded as display data.

0= last command
1 = commands continue

T T T 717
C| REST OF OPCODE
| I Y OO A I |
msb isb
7791471

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

power-saving mode

command/opcode options description
Defines LCD drive mode
LCD drive mode bits M1 MO
MODE SET .
static (1 BP) 0 1
1:2MUX (2 BP) 1 0
{CI1 0|LP|E|B!M1|M0] 1:3 MUX (3 BP) 1 1
1:4MUX (4 BP) 0 O
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

LOAD DATA POINTER

lClOl 0 IP4 P3 P2 P1 POJ

bits

P4 P3 P2 P1 PO

5-bit binary value of 0 to 23

Five bits of immediate data,

bits P4 to PO, are transferred

to the data pointer to define
one of twenty-four display RAM
addresses

DEVICE SELECT

[c]1 10 0[a2 A1 A0|

bits

A0 A1

A2

3-bit binary value of 0 to 7

Three bits of immediate data,
bits AQ to A2, are transferred
to the subaddress counter to
define one of eight hardware
subaddresses
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command/opcode options description
BANK SELECT Defines input bank selection
static 1:2MUX bit | |(storage of arriving display data)
lc[1 111 0[]
RAM bit 0 { RAM bits0, 1| O
RAM bit2 | RAM bits 2, 3 | 1
Defines output bank selection
static 1:2MUX bit O |(retrieval of LCD display data)
RAM bit0 | RAM bits0, 1| O
RAM bit2 | RAM bits 2, 3 | 1
The BANK SELECT command has
no effectin 1: 3 and 1 : 4 multi-
plex drive modes
BLINK Defines the blinking frequency
blink frequency |bits BF1 BFO
lc[1 1 1 0]a[BF1 BFO|
off 0 0
2 Hz 0 1
1 Hz 1 0
0,56 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

blinking by alternation of

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

Display controller

The display controller executes the commands identified by the command decoder. It contains the

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

In large display configurations, up to 16 PCF8566s can be distinguished on the same I12C bus by using
the 3-bit hardware subaddress (A0, A1, A2) and the programmable I°C slave address (SAQ). It is also
possible to cascade up to 16 PCF8566s. When cascaded, several PCF8566s are synchronized so that they
can share the backplane signals from one of the devices in the cascade. Such an arrangement is cost-
effective in large LCD applications since the backplane outputs of only one device need to be through-
plated to the backplane electrodes of the display. The other PCF8566s of the cascade contribute
additional segment outputs but their backplane outputs are left open-circuit (Fig. 17).

The SYNC line is provided to maintain the correct synchronization between all cascaded PCF8566s.
This synchronization is guaranteed after the power-on reset. The only time that SYNC s 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.

LCD PANEL
{up to 1636
Vop [Vico elements)
spal, 12
ScL 2 17-40 | 24 segment drives )
SYNC|, PCFB566
CLK], .
osc|, 13-
8 9 10 11 |BPO-BP3

AO [AT |AZ [sA0]vgg (open-circuit)

Lo

Vico
VoD [[]
trise
R<
2Cbus Vbp | Vico
soa, 5 12
HOST :r\
MICRO— _ﬁ' 2 17-40] 24 segment drives
PROCESSOR/ SYNC}, PCF 8566
MICRO— ok,
CONTROLLER osc 13-16 4 backplanes
6 BPO to BP3
7 8 9 10 11
AD |A1 |A2 |SAO VSS 7297486.1
Vss

Fig. 17 Cascaded PCF8566 configuration.
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- Tframe = fframe — |

BPO

SYNC

S p—

{a) STATIC DRIVE MODE

(V:Z;s) | I
g E—

BP1
(/3 bias)

SvNE | | | |
(b) 1:2 MULTIPLEX DRIVE MODE
BP2 L
| [ 1
i 1
SVNC

{c) 1:3 MULTIPLEX DRIVE MODE U

J

B8P3

¢ o

SYNC

{d) 1:4 MULTIPLEX DRIVE MODE I—l
7291481

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

For single plane wiring of PCF8566s, see section “APPLICATION INFORMATION".
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RATINGS

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

Supply voltage range; see note
LCD supply voltage range

Input voltage range (SCL; SDA;
A0 to A2; OSC; CLK; SYNC; SA0)

Output voltage range (SO to §23;
BPO to BP3)

DC input current

DC output current

Vpp. Vgs or V| ¢p current
Power dissipation per package
Power dissipation per output
Storage temperature range

Note

VbpDp
VLeD

Vi

Vo

th

tlp

tlipp, tlss. 2 ILcD

Prot
Po
Tstg

—-05t0+7 V
Vpp -7 to Vpp V

Vgg -05t0Vpp +0,5 V

Vicp-05toVpp + 05V

max. 20 mA
max. 25 mA
max. 50 mA
max. 400 mwW
max. 100 mwW

—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 MOS devices (see

‘Handling MOS devices’).

DC CHARACTERISTICS

Ves=0V;Vpp=25t06V;V| cp=VpDp —25toVpp —6V;

Tamb = —40 to +85 OC; unless otherwise specified

parameter symbol min. typ. max. unit
Operating supply voltage VpD 25 - 6 v
LCD supply voltage Vico Vpp —6 - VDD —2,56 A
Operating supply current

(normal mode) at fo| K

= 200 kHz (note 1) IpD - 30 90 HA
Power-saving mode supply current

atVpp=35V;Vicp=0V;

foLk =35 kHz; AO, A1 and A2

tied to Vgg (note 1) iLp — 15 40 uA
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Universal LCD driver for low multiplex rates

_J

PCF8566

DEVELOPMENT DATA

parameter symbol min typ. | max. unit
Logic
Input voltage LOW ViL Vss — 0,3VDD \Y
Input voltage HIGH ViH 0.7VpD - VDD \Y
Output voltage LOW at 1o =0 mA VoL — - 0,05 \
Output voltage HIGH at 1Ig =0 mA VOH Vpp 0,05 | — - \
Output current LOW (CLK, SYNC)

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

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

atVoL=04V;Vpp=5V loL2 3 - - mA
Leakage current {SAQ, CLK, OSC, AQ,

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

or Vpp L — - 1 HA
Pull-down current (AD; A1; A2; OSC)

atVy=1Vand Vpp =5V Ipd 15 50 150 uA
Pull-up resistor (SYNC) RSYNC 15 25 60 kQ
Power-on reset level (note 2} VREF - 1,3 2,0 \
Tolerable spike width on bus tsw - - 100 ns
Input capacitance (note 3) Ci - - 7 pF
LCD outputs
D.C. voltage component (BPQ to BP3)

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

atCg=5nF Vg - 20 - mV
Qutput impedance (BPO to BP3)

atVicp=Vpp -5 V (note 4) Rgp - 1 5 k2
Qutput impedance (SO to $23)

atVicp =VpD -5 V (note 4) Rsg - 3 7,0 k&

\ ﬁecember 1987 199



PCF8566

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

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

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

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

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

(repeated start code only) tsu; sTA | 4.7 - - us
Data hold time tHD; DAT | O - - us
Data set-up time tsuU; DAT | 250 - — ns
Rise time t - - 1 us
Fall time 2 - - 300 ns
Stop condition set-up time tsy:; sTO | 4.7 - - us

Notes to characteristics

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

Periodically sampled, not 100% tested.

Outputs measured one at a time.

All timing values referred to V|4 and V| |_ levels with an input voltage swing of Vgg to Vpp.
At foLk < 125 kHz, 12C bus maximum transmission speed is derated.

oo s N =
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Universal LCD driver for low multiplex rates

PCF8566

DEVELOPMENT DATA

CLK
(pin 4}

B8P0 to B8P3
{pins 1310 16)

33kQ SDA, SC

1,5k

SYNC

L vV
0.5V g bD
2%) oD {pins 1, 2} (2%)
sYRe 68kQ Voo
tpin3) %)
$010 523
= loag ™ 258A lpins 17 t0 40) =0y~ 16pA
7287480
Fig. 19 Test loads.
- 1
feuk
<——— ICLKH toLkL I
F B 0,7 Vpp
CLK
- 0,3Vpp
X 0,7 Vpp
0,3Vpp
tpsYNC L ]
Phactl IR U

«——— tgyNCL ———

{

BPO to BP3
SOt0S23

/ 05V
(Vpp=5V)

t——JO.SV

-—— tpcp —

7297491

Fig. 20 Driver timing waveforms.
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PCF8566

SDA
tauF — YOW |e— tg
SCL
—>| tHp;sTA | K - > HIGH
r -~ >
HD;DAT tsu;DAT
SDA
7287013.2 tsy;sTA tsu;sTO

Fig. 21 12C bus timing waveforms.

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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Universal LCD driver for low multiplex rates

40

Ipp
(uA)

30

20

Rpp
(k)

DEVELOPMENT DATA

(a) Backplane output impedance BP0 to BP3 (Rgp);
Vpp=5V:Tagmp=—40to +85 ocC.

PCF8566

7224051 24 7224052
)
_400(;/ (1A} _40°C
A/ 16 = <
859 A 4);
/ V V
F 8
0
0 4 yppv 8 0 4 vop (v 8
{a) Normal mode; V| cp=0V; {b) Low power mode; V| cp =0 V:
external clock = 200 kHz. external clock = 35 kHz.
Fig. 22 Typical supply current characteristics.
7224053 12 7224054
Rs
(kQ)
8 t
\/—go°c
259 |
85°C
4
\ W
\
[
0
0 4 vop(v) 8 0 4 vppvi 8

Vpp=5V.

Fig. 23 Typical characteristics of LCD outputs.

{b} Segment output impedance SO to S23 (Rg);
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APPLICATION INFORMATION

BACKPLANES

SDA
scL
————— §WNC
CLK
Vop
Vss
Viep
SDA [J1_‘ [40}— 523 ——— |J1__ a0}~ 547 ———
scL [z} [30}— 522 — —-@J 35— 546 —
SYNC [Zr— $21 — —-—EF 38}~ s45 —
CLK E_‘ [37}— 520 — s | [37}— 544 —
Voo B e 510 — 1| | [E-ses—
osc —{&| [35]— s18 — E:f [35}— s42 —
A0 —{7] 3a}— 517 — (=] [3a}— 541 —
Al —{s] [5s)— s16 — 8 [33]— s40 —
A2 —{s] [32}— 515 — ° [321— 539 —
sa0—{o] 31— s14 — 1 [31}— 538 —
Vss —{1] [30}— 513 — gl f30}— 537 —
Vieo [z 70} s12 — -1z} [75]— 536 —
BP0 —13 = — §35 —
o~ BP0 [of | ases 2} sas
BP2 —1a [27}— s10 — B2 [m [27]— 534 —
open-circuit
BP1 —15] %1— 59 — 6}— 533 —
B8P3 —is] %|l— 58 — %532 —
$0 —17 [2a}— 57 — [24]— 531 —
— 51 —{is [z} s6 — [23}—s30 —
— 52 19} 72}~ s5 — [22]— 529 —
— s3 21} — s4 — 21}~ 528 —
S0 m— e m e s23l IS4 -m—m e s47
— .
SEGMENTS 7297487.1

Fig. 24 Single plane wiring of packaged PCF8566s.
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PCF8570
PCF8570C
PCF8571

PCF8570C are organized as 256 words by 8-bits and the PCF8571 is organized as 128 words by 8-bits.
Addresses and data aré transferred serially via a two-line bidirectional bus (12C). The built-in word
address register is incremented automatically after each written or read data byte. Three address pins
A0, A1 and A2 are used for hardware address, allowing the use of up to eight devices connected to the
bus without additional hardware. For system expansion over 8 devices the PCF8570/71 can be used in
conjunction with the PCF8750C which has an alternative slave address for memory extension up to

16 devices.

Features

128 X 8-BIT/256 X 8-BIT

STATIC RAMS WITH 12C-BUS INTERFACE

GENERAL DESCRIPTION
The PCF8570, PCF8570C and PCF8571 are low-power static CMOS RAMs. The PCF8570 and

® Operating supply voltage

® Low data retention voltage

® Low standby current
® Power saving mode

Applications
@ Telephony

® Radio and television
® Video cassette recorder
® General purpose

25Vto6V
min. 1.0V
max. 15 pA
typ. 50 nA

® Serial input/output bus (1?C)

® Address by 3 hardware address pins
® Automatic word address incrementing
® 8-lead DiL package

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

channel presets
channel presets

RAM expansion for the microcontroller families MAB8400,

PCF84CXX and most other microcontrollers

PCF8570 WORD
ﬁgiggzgc ADDRESS I ROW MEMORY
REGISTER |~ SELECT CELL
] - ARRAY
AD—»
a5 r
3 4
A2 > v l ly *r
6
SCL - INPUT [ 2c | COLUMN
SDA 5> FILTER {4 BUS CONTROL T SELECT MULTIPLEXER
L 7 j‘ )
f;—" " !
SHIFT W
REGISTER co:g;on.
8 POWER ] M FF,
Voo ON }
Vg — LU RESET -
TeST — -
PACKAGE OUTLINES Fig.1 Block diagram. 7290776.3
PCF8570/PCF8570C/PCF8571/P: 8-lead DIL; plastic (SOT97).
PCF8570/PCF8570C/PCF8571/T: 8-lead mini-pack (SO8L; SOT176C).
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PCF8570

PCF8570C
PCF8571
PINNING
1103 AO0to A2 address inputs
4 Vss negative supply
5 SDA serial data line 1,,
6 SCL serial clock line | 1*C-bus
7 TEST test input for test speed-up; must be connected to Vgg when not in use
(power saving mode, see Figs 12 and 13}
8 VpD positive supply
AD E U E VDD
At Iz PCFB570 | 7] TEST
PCF8570C
A2 [3] rcres7i E scL
ves [4] E SDA
7Z87034.3
Fig.2 Pinning diagram.
RATINGS
Limiting values in accordance with the Absolute Maximum System (1EC 134)
parameter symbol min. max. unit
Supply voltage range VDD -0.8 +8.0 A
input voitage range Vi -0.8 Vpp+0.8 \Y
DC input current 1) - 10 mA
DC output current tlp - 10 mA
Vpp or Vss current tIpp; £ 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 MOS devices (see

"Handling MOS Devices').

Purchase of Philips’ I2C components conveys a license under the

Philips’ 12C patent to use the components in the 12C-system

provided the system conforms to the 12C specifications defined

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

PCF8570

PCF8570C
PCF8571
CHARACTERISTICS
Vpp =251t06V; Vg5 =0V; Tzmp = —40 to +85 OC unless otherwise specified
parameter conditions symbol { min. typ. | max. unit
Supply
Supply volitage Vpp |25 — 6.0 Vv
Supply current V| =Vpp or Vss
operating fscL = 100 kHz ipD - - ]200 kA
standby fscL=0Hz IpDO |— - 15 RA
Tamb = —25to +70 0C ippo |- - |5 kA
Power-on reset level note 1 VpoR (1.5 1.9 | 23 Vv
Inputs, input/output SDA
Input voltage LOW note 2 ViL -0.8 - 03Vpp |V
Input voltage HIGH note 2 VIH 0.7VppD |- Vpp+08iV
Output current LOW VoL=04V loL 3 - - mA
Leakage current V|=Vpp or Vgs [ipl — - 1 pA
Inputs AO to A2; TEST
Input leakage current Vi=Vpp or Vgs g |- - 250 nA
Inputs SCL; SDA
Input capacitance V| =Vsgg C - - 7 pF
LOW Vpp data retention
Supply voltage for
data retention VDDR |1 — 6 \Y
Supply current VDpDR=1V IDDR |— - 5 HA
Supply current VDDR=1V;
Tamb =—25t0+700C IpDR |- - 2 HA
Power saving mode see Figs 12 and 13
Supply current TEST=Vpp:
Tamb =25 °C
PCF8570/PCF8570C IDDR {— 50 | 400 nA
PCF8571 IDDR |— 50 | 200 nA
Recovery time tHD2 |— 50 | — us

Notes to the characteristics

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

acknowledge bit.

2. If the input voltages are a diode voltage above or below the supply voltage Vpp or Vgg an input

current will flow: this current must not exceed + 0.5 mA.

March 1989
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PCF8570
PCF8570C
PCF8571

CHARACTERISTICS OF THE I*)C-BUS

The 1*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.

Il
' X
§ i
i I
i I
! LT
SCL—/__——\——I'/_
i
|
!
I

—e —
|
b
i
t
[
|
|
{

1 .

| data line . | change

1 stable_: | of data

| data valid i allowed 7287019

Fig.3 Bit transfer.

Start and stop conditions
Both data and clock lines remain HIGH when the bus is not busy. A HIGH-to-LOW transition of the

data line, while the clock is HIGH is defined as the start condition (S). A LOW-to-HIGH transition of
the data line while the clock is HIGH is defined as the stop condition (P).

o ion
start condition stop conditio 7287005

Fig.4 Definition of start and stop conditions.
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PCF8570
128 x 8-hit/256 x 8-bit static RAMs with 12C-bus interface 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
R N [ N T
MASTER SLAVE MASTER
LAVE
TRANSMITTER/ RgCEIVER TRANSMITTER/ TR,TII:;;!E:TER TRANSMITTER/
RECEIVER RECEIVER RECEIVER
7287004
Fig.5 System configuration.
Acknowledge

The number of data bytes transferred between the start and stop conditions from transmitter to

receiver is not limited. Each byte of eight bits is followed by one acknowledge bit. The acknowledge

bit is a HIGH level put on the bus by the transmitter whereas the master generates an extra acknowledge
related clock pulse. A slave receiver which is addressed must generate an acknowledge after the reception
of each byte. Also a master must generate an acknowledge after the reception of each byte that has
been clocked out of the siave transmitter. The device that acknowledges has to pull down the SDA line
during the acknowledge clock pulse, so that the SDA line is stable LOW during the HIGH period of

the acknowledge related clock pulse, set-up and hold times must be taken into account. A master
receiver must signal an end of data to the transmitter by not generating an acknowledge on the last

byte that has been clocked out of the slave. In this event the transmitter must leave the data line HIGH
to enable the master to generate a stop condition.

start clock pulse for
condition acknowledgement

| {
SCL FROM |
§
| -
DATA OUTPUT !
BY TRANSMITTER , L

|
S

DATA QUTPUT
BY RECEIVER

7287007

Fig.6 Acknowledgement on the 12C-bus.
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PCF8570
PCF8570C

PCF8571

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

parameter symbol min, typ. max. unit
SCL clock frequency fscL - - 100 kHz
Tolerable spike width on bus tSsw - - 100 ns
Bus free time tBUF 4.7 - - us
Start condition set-up time tSU; STA 4.7 - - us
Start condition hold time tHD:STA 4.0 - - us
SCL LOW time tLow 4.7 - -~ us
SCL HIGH time tHIGH 4.0 -~ - Hs
SCL and SDA rise time ty - - 1.0 Ms
SCL and SDA fall time ¢ — - 0.3 us
Data set-up time tSy: DAT 250 - - ns
Data hold time tHD: DAT 0 - - ns
SCL LOW to data out valid tvD: DAT - - 34 us
Stop condition set-up time tsuU; STO 4.0 - - us
START BIT 7 BIT 6 BIT 0 ACKNOW- | sTOP
PROTOCOL CONDITION MSB LSB LEDGE CONDITION
(8) (A7) (AB) (R/W) (A) (P)
tsu;sTA Low HiGH MscL
r —
scL ’ \ / \
- .J’ L 1
tBUF tr tf
- AT W)
-
7281193.2 tHD;STA 'SU;DAT  'HD;DAT tvD; DAT t5U;ST0

Fig.7 12C-bus timing diagram.
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PCF8570
PCF8570C

PCF8571

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

Bus protocol

Before any data is transmitted on the {2 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 |2 C-bus
configuration for different PCF8570/PCF8570C/PCF8571 READ and WRITE cycles is shown in Fig.8.

acknowledge acknowledge acknowledge
from s|ave from slave from slave
LS SLAVE ADDRES 01 L WORD ADDRESS i l DATA lAJjjI
N Loy PR T S
R /W L n bytes '

auto increment
7287031.2 memory word address

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

acknowledge acknowledge acknowledge acknowledge
from slave from slave from slave from master

—T—TT —TT —— T NLJEE e s S e s
[S SLAVE ADDRESS 0 | L WORD ADDRESS J:I S SLAVE ADDRESS 1 IA DATA [:"‘7
n AR P R S T

- at this moment master =
N W n bytes
R / w transmitter becomes R/ |
master receiver and auto increment
7290778.2 PCF8570/ NI word address
PCF8570C /PCF8571 no acknowled
slave receiver becomes ?rgm rr?av;terge

slave transmitter

!
S e [Pl

L——— last byte —4?

auto increment
word address

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

acknowledge acknowledge no acknowledge
from slave from master from master
—TT — T T T T T
LS l SLAVE ADDRESS [ l DATA Ai J 1 I PJ
L i 1 i 1 A 1 i 1 B I T L1
R/w — n bytes l [T last byte |
auto increment auto increment
7290777 word address word address

Fig.8(c} Master reads slave immediately after first byte (READ mode).

March 1989 21



PCF8570
PCF8570C
PCF8571

APPLICATION INFORMATION

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

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

group 1 group 2 —| 7287030.1

Fig.9 PCF8570 and PCF8571 address.

1 0 1 1 a2 | a1 | ao |rR/W

«——— group 1 ——le——group 2 —»| 7295973

Fig.10 PCF8570C address.

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

PCF8570
PCF8570C
PCF8571

\
lDD

A0
Al

A2

Vobp
PCF8570/
PCF8571

‘1010 SDA
TEST Vss

SCL

IVDD

-
>ISPA  masTer
L TRANSMITTER

—4— SC

’ )»

o

l Vpp

AO
| A1

|A2

Vpp
PCF8570/
PCF8571

"1010°  SDA
TEST Vss

sCL

L upto8 PCF8670/PCF8571

w

l Voo

Vpp +——

Voo +——

VpD 4—

AQ
A

-

A2

Vpp
PCF8570/
PCF8571

‘1010'  SDA
TEST Vss

SCL

» o

V|
IDD

AQ
Al

Voo
PCF8570C

1011 gpa
TEST Vss

to Vpp
Pt
J r llr
R : pull - up resistor
L Lrise
Caus

o

| Vpp

AD

A1l

Vpp
PCF8570C

1011 SDA
TEST Vss

up to 8 additional
devices

w

1 Vbbb

Vop +—

s
Vpp +——

Vobp 4._1J

Al

A2

Voo
PCF8570C

01 oo
TEST Vss

sCL

w

[ using PCF8570C
(16 max.}
|
|
SDA SCL
{12C bus) 7290774.3

It is recommended that a 4.7 uF/10 V solid aluminium capacitor {SAL) be connected between Vpp and

Vss.

Fig.11 Application diagram.
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PCF8570
PCF8570C
PCF8571

POWER SAVING MODE

With the condition TEST = Vpp or VppR the PCF8570/PCF8570C/PCF8571 goes into the power
saving mode and |2 C-bus logic is reset.

power saving power saving
«— mode (1) —m(«———— operating mode ————»[«— mode (2} —»|
TEST =Vppp TEST =Vpp

S

TEST e N VbpR
_____) ov

D

S e (/) mm—
- DY N T
w TN

- - ov

WV W A,

Ibps

V
V|

7296997
(1) Power saving mode without 5 V supply voltage.
(2) Power saving mode with 5 V supply voltage.
(3) tgy and typq > 4 ps and typy > 50 ps.

Fig.12 Timing for power saving mode.

+5Vv »

R A
;l/; Vbo
8
) SDA 5 a2
—— 3 +| Voor
! SEL g PCF8570  [a4 12v
_[_1 PCF8570C 2 (NiCd)
PCF8571 A0
MICROCONTROLLER TesT{(1) 3
I 7
4 ” 7
Vss
” ,

7290776.3

(1) In the operating mode TEST = 0; In the power saving mode TEST = VppR.

It is recommended that a 4.7 uF/10 V solid aluminium capacitor (SAL) be connected between Vpp and
Vss.
Fig.13 Application example for power saving mode.
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PCF8573

CLOCK/CALENDAR WITH SERIAL 1/0

GENERAL DESCRIPTION

The PCF8573 is a low threshold, CMOS circuit that functions as a real time clock/calendar with an
12C-bus interface.

The IC incorporates an addressable time counter and an addressable alarm register for minutes, hours,
days and months. Three special control/status flags, COMP, POWF and NODA, are also available.
Information is transferred via a serial two-line bidirectional bus {12C). Back-up for the clock during
supply interruptions is provided by a 1.2 V nickel cadium battery. The time base is generated from

a 32.768 kHz crystal-controlled oscillator.

Features

® Serial input/output 12C-bus interface for minutes, hours, days and months
® Additional pulse outputs for seconds and minutes

@ Alarm register for presetting a time for alarm or remote switching functions
® Battery back-up for clock function during supply interruption

® Crystal oscillator control (32.768 kHz)

QUICK REFERENCE DATA

parameter symbol min. typ. max. unit

Supply voltage range

clock {pin 16 to pin 15) VDD-Vss1 1.1 - 6.0 \Y
I2C interface (pin 16 to pin 8) VDp-Vss2 25 ~ 6.0 \%
Crystal oscillator frequency fosc - 32.768 | — kHz

PACKAGE OUTLINES

PCF8573P: 16-lead DIL; plastic (SOT38).
PCF8573T: 16-lead mini-pack; plastic (SO16L; SOT162A).
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PCF8573

FSET MIN  SEC Vpp
(11 s Lo 18
LS +
32,768 kz 1,5V
osco |14
ey ) O0SCILLATOR PRESCALER ggﬁ‘;’frgi POWER-ON |15
_0sCl E m 1:218 l 1:60 s -ﬁ RESET Vgs1
Cr N 1 8 | Vgsp
Voo gl W ]
v
4 6
SDA -~ — TIME COUNTER EXTPF
N >
5 DAYS —»
ScL— MINUTES — HOURS —» DATE <— MONTHS 1 .
s ] I I
3
T r COMPARATOR —-E »— comP
I L ]
wor [T 120 L 1 §
FILTER CONTROL ALARM REGISTER #—E TEST
LS LEVEL SHIFTER PCF8573
1 2
7286691.1
A0 At
Fig.1 Block diagram.
PINNING
1 A0 address input
A0 E U i8] Voo 2 Al address input
3 CcOomP comparator output
15| V 4 SDA serial data line ‘
Al E }—_—‘ S81 . . } 12C-bus
w41 osco 5 SCL serial clock line
comp E 4 6 EXTPF enable power fail flag input
sDA [4] 13] osct 7 PFIN power fail flag input
R+ 151d ; 8 Vgso negative supply 2 (12C interface)
scL E 12| TeST 9 MIN one pulse per minute output
EXTPF E El FSET 10 SEC one pulse per second output
11 FSET ascillator tuning output
priN [7] [10] sec 12 TEST test input; must be connected
to V when not in use
Vgsa L8 9 | MIN vSS2 W
ss I: j 13 OSCi oscillator input
72866851 14 0SCOo oscillator input/output
Fig.2 Pinning diagram. 15 Vss1 negative supply 1 (clock)
16 VoD common positive supply
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Clock/calendar with serial 1/0

J L PCF8573

FUNCTIONAL DESCRIPTION
Oscillator

The PCF8573 has an integrated crystal-controlled oscillator which provides the timebase for the
prescaler. The frequency is determined by a single 32.768 kHz crystal connected between OSC! and
0SCO. A trimmer is connected between OSCI and Vpp.

Prescaler and time counter

The prescaler provides a 128 Hz signal at the FSET output for fine adjustment of the crystal oscillator
without loading it. The prescaler also generates a pulse once a second to advance the seconds counter.
The carry of the prescaler and the seconds counter are available at the outputs SEC, MIN respectively,
and are also readable via the 12C-bus. The mark-to-space ratio of both signals is 1 : 1. The time counter
is advanced one count by the faliing edge of output signal MIN. A transition from HiGH-to-LOW of
output signal SEC triggers MIN to change state. The time counter counts minutes, hours, days and
months, and provides a full calendar function which needs to be corrected once every four years. Cycle
lengths are shown in Table 1.

Table 1 Cycle fength 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 011012 12 —01

Note to Table 1
1. Day counter may be set to 29 by a write transmission with EXECUTE ADDRESS.

Alarm register

The alarm register is a 24-bit memory. It stores the time-point for the next setting of the status flag
COMP. Details of writing and reading of the alarm register are included in the description of the
characteristics of the 12C-bus.

Comparator

The comparator compares the contents of the alarm register and the time counter, each with a length
of 24 bits. When these contents are equal the flag COMP will be set 4 ms after the falling edge of MIN.
This set condition occurs once at the beginning of each minute. This information is latched, but can be
cleared by an instruction via the 12C-bus. A clear instruction may be transmitted immediately after the
flag is set and will be executed. Flag COMP information is also available at the output COMP. The
comparison may be based upon hours and minutes only if the internal flag NODA (no date} is set,
Flag NODA can be set and cleared by separate instructions via the 12C-bus, but it is undefined until
the first set or clear instruction has been received. Both COMP and NODA flags are readable via the
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PCF8573

FUNCTIONAL DESCRIPTION (continued)
Power on/power fail detection

If the voltage Vpp—Vggy falls below a certain value the operation of the clock becomes undefined.
Thus a warning signal is required to indicate that faultless operation of the clock is not guaranteed.

This information is latched in a flag called POWF {Power Fail) and remains latched after restoration

of the correct supply voltage until a write procedure with EXECUTE ADDRESS has been received.

The flag POWF can be set by an internally generated power fail level-discriminator signal for application
with (Vpp—Vgg1) greater than VTH1, or by an externally generated power fail signal for application
with (Vpp—Vsgg1) 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

power fail is sensed internally
test mode

power fail is sensed externally
no power fail sensed

- -0 0
- 0O =0

0 : connected to Vgg1 (LOW)
1: connected to Vpp (HIGH)

The external power fail control operates by absence of the Vpp—Vss2 supply. Therefore the input
levels applied to PFIN and EXTPF must be within the range of Vpp—Vgg1. A LOW levef at PFIN
indicates a power fail. POWF is readable via the 12C-bus. A power on reset for the 12C-bus control is
generated on-chip when the supply voltage Vpp—Vsg2 is less than VTH2.

Interface level shifters

The level shifters adjust the 5 V operating voltage (Vpp—Vggo) of the microcontroller to the internal
supply voltage (Vpp—Vsgs1) of the clock/calendar. The oscillator and counter are not influenced by
the Vpp—Vss2 supply voltage. I the voltage Vpp—Vsga is absent {(Vpp = Vgg2) the output signal
of the level shifter is HIGH because Vpp is the common node of the Vpp—Vsg2 and the Vpp—Vgs1
supplies. Because the level shiftersinvert the input signal, the internal circuit behaves as if a LOW signal
is present on the inputs. FSET, SEC, MIN and COMP are CMOS push-pull output stages. The driving
capability of these outputs is lost when the supply voltage Vpp—Vgs2 = 0.
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Clock/calendar with serial 1/0 PCF8573

CHARACTERISTICS OF THE 12C-BUS

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

a serial data line {SDA) and a serial clock line {SCL). Both lines must be connected to a positive supply
via a pull-up resistor when connected to the output stages of a device. Data transfer may be initiated
only when the bus is not busy.

Bit transfer (see Fig.3)

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

e\
e

i .

) data line | change

{ stable: { of data

| data valid | allowed 7287019

Fig.3 Bit transfer.

Start and stop conditions (see Fig. 4)

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

r—=——A
- | _
/ \ A SDA
- } 1
I l
! ! scL
o

|
[Nquup——— L -

. ndition
start condition stop conditio 7287005

Fig.4 Definition of start and stop conditions.

System configuration (see Fig.5)

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

SDA
SCL
1 I I [ [
MASTER SLAVE MASTER
AV R
TRANSMITTER/ R:(II-EWT-ER TRANSMITTER/ TRXICSS;IETTER TRANSMITTER/
RECEIVER RECEIVER RECEIVER
7287004

Fig.5 System configuration.
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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 isa HIGH level put on the bus by the transmitter whereas the master generates an extra acknowledge
related clock pulse. A slave receiver which is addressed must generate an acknowledge after the reception
of each byte. Also a master must generate an acknowledge after the reception of each byte that has been
clocked out of the slave transmitter. The device that acknowledges has to pull down the SDA line during
the acknowledge clock pulse, so that the SDA line is stable LOW during the HIGH period of the
acknowledge related clock pulse, set up and hold times must be taken into account. A master receiver
must signal an end of data to the transmitter by not generating an acknowledge on the last byte that
has been clocked out of the slave. In this event the transmitter must leave the data line HIGH to enable
the master to generate a stop condition. (See Fig.10 and Fig.11).

start clock pulse for
condition acknowledgement
!

SCL FROM i
| ’
I - -
DATA OUTPUT ;
8Y TRANSMITTER !

|
S

DATA QUTPUT
BY RECEIVER

7287007

Fig.6 Acknowledgement on the |2 C-bus.
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Clock/calendar with serial 1/0 PCF8573

Timing specifications

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

parameter symbol min. typ. max. unit
SCL clock frequency fscL - - 100 kHz
Tolerable spike width on bus tsw - -~ 100 ns
Bus free time : tBUF 4.7 - - us
Start condition set-up time tSyU; STA 4.7 ~ - us
Start condition hold time tHD; STA 4.0 - - s
SCL LOW time tLOwW 4.7 - - us
SCL HIGH time tHIGH 40 - - Hs
SCL and SDA rise time tr - — 1.0 us
SCL and SDA fall time tf - - 0.3 us
Data set-up time tsu; DAT 250 - - ns
Data hold time tHD: DAT 0 - - ns
SCL LOW to data out valid tvD; DAT - - 3.4 us
Stop condition set-up time tSuy: STO 4.0 - - us
START BIT7 BIT6 BITO ACKNOw- [ sToP
PROTOCOL CONDITION MsB Ls8 LEDGE CONDITION
(8) (A7) (A6) (R/W) (A) (P)
tsu;sTA flow  tHIGH MiscL
1 \ r
. / / \ L_/_\__/
ad —
'BUF. tr K
- Yo 7
SDA / X >\
7281193.2 tHD;STA 'SU;DAT  ™HD;DAT tvD;DAT tsu;sTO

Fig.7 12C-bus timing diagram.
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PCF8573

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 Ls8

1 1 0 1 0 | a1 | A0 |R/W

7286686

Fig.8 Slave address.

The subaddress bits AQ and A1 correspond to the two hardware address pins AOQ and A1 which allows
the device to have 1 of 4 different addresses.

Clock/calendar READ/WRITE cycles

The 12C-bus configuration for different clock/calendar READ and WRITE cycles is shown in Figs 9,
10 and 11.

acknowledge acknowledge acknowledge
from slave from slave from slave
R/W& i MSB LSB ‘
T T 7T ) B B B s S T T T
CLOCK/CALENDAR M POINTER
S ADDRESS 0fA ODE POIN A DATA Al P
L G S T, P S W VT S |
n bytes
(n=0,1,2,...)
auto increment
of B1, 80
0 [C2}{C1iCO} O (B2|B1|BO
7286687

Fig.9 Master transmitter transmits to clock/calendar slave receiver.

The write cycle is used to set the time counter, the alarm register and the flags. The transmission of the
clock/calendar address is followed by the MODE-POINTER-WORD which contains a CONTROL-nibble
(Table 3) and an ADDRESS-nibble {Table 4). The ADDRESS-nible is valid only if the preceding
CONTROL-nibble is set to EXECUTE ADDRESS. The third transmitted word contains the data to be
written into the time counter or alarm register.
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Clock/calendar with serial 1/0 P CF8573

Table 3 CONTROL-nibble

C2 | C1 ) CO | function
0 10 |0 |0 |executeaddress
0 |0 |0 |1 |readcontroi/status flags
0 {0 {1 |0 |resetprescaler, including seconds counter; without carry for minute counter
0 [0 |1 1 time adjust, with carry for minute counter (see note)
0 {1 10 |0 |{reset NODA flag
0o |1 0 1 set NODA flag
0 |1 1 |0 |reset COMP flag
Note

If the seconds counter is below 30 there is no carry. This causes a time adjustment of max. —30 s.
From the count 30 there is a carry which adjusts the time by max. + 30s.

Table 4 ADDRESS-nibble

B2 [ B1

v}
o

addressed to:

time counter hours
time counter minutes
time counter days
time counter months
alarm register hours
alarm register minutes
alarm register days
alarm register months

cocooocooo
“asso00cO0OO0
D00 =00
“o—=0=0-0

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 b shows the placement of the BCD upper and lower digits in the DATA byte for writing into the
addressed part of the time counter and alarm register respectively.

Table 5 Placement of BCD digits in the DATA byte

MSB DATA LSB

upper digit lower digit B
UD|[UC|UB|UA{LD|LC|LB |LA {addressed to:
X (X |[D (D (D (D D [D |hours
X |[D {D [D |D |D {D |]D |minutes
X |X |D |D |D (D |D {D |days
X 11X |[X |D |D |D |D {D [months

Where:

"X’ is the don’t care bit
"D’ is the data bit
Acknowledgement response of the clock calendar as slave receiver is shown in Table 6.
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ADDRESSING (continued)

Table 6 Slave receiver acknowledgement

acknowledge on byte
mode pointer address | mode pointer | data
c2(c1|co B2 | B1 | BO
010 |0 |0 {0 |X |X |X |yes yes yes
00 |0 (0 |t X | X I X |yes no no
0/0 |0 |1 X | X | X | X |vyes yes no
0/ 0 {1 {0 [ X [|[X |X |X |vyes yes no
010 |1 1 XX | X | X |yes yes no
01 0 {0 { X [X IX X |yes yes no
0|1 0 {1 X | X | X [ X [vyes yes no
01 1 0 IX | X X | X |yes yes no
01 1 1 X | X | X | X |yes no no
1 X1 X | X [ X IX | X X lyes no no
Where:

"X is the don’t care bit.

Table 7 Organization of the BCD digits in the DATA byte

MSB DATA LSB
upper digit lower digit

UDJUC|UB|UA|LD|LC LB LA addressed to

¢ (0 |D {D |D D D D hours

o |D |D |D |D ID D D minutes

0 (0 |[D |D |D D D D days

0 (0 [0 |D |D |D D D months

0 10 (0 {* [|** [NODA| COMP | POWF | control/status flags
Where:

D’ is the data bit
* = minutes
** = seconds.
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6861 ABU k

144

acknowledge acknowledge acknowledge acknowledge m
from slave from slave from slave from master no acknowledge
RIW ¢ ¢ RIW ¢ MSB LSB ¢ MSB LSB ¢
LOCK/CALENDAR © ODE POINTER CLOCK/CALENDAR " oata AR
CLOCK.
S ADDRESS ofa MODE P‘OINTER Al S ‘ADDRESS 1A DATA A DATA 1| P
PR e PR SR S N R R PR T T S
|
at this moment master (n—1) bytes —»lad—— nt byte — !
transmitter becomes
master receiver and -—
CLOCK/CALENDAR .
becomes slave transmitter auto increment auto increment
ofB1,80 of B1, B0 7286890.1

(1) The master receiver must signal an end of data to the slave transmitter by not generating an acknowledge on the /ast 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
R/W¢ Ms8 LSB ¢
T — 7T
CLOCK/CALENDAR A
S ADDRESS 1A DAYA P
PRt wbd s SIS T S N S R

1 |
|<—T—~ n bytes ——|

auto increment
of B1, BO 7286689

(1) The master receiver must signal an end of data to the slave transmitter by not generating an acknowledge on the /ast byte that has been
clocked out of the slave.

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
oceurs,

0O/1 1BHBS Ylm Jepus)ed/90))
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PCF8573

RATINGS
Limiting values in accordance with the Absolute Maximum System (IEC 134)
parameter condition { symbol min. max. unit
Supply voltage range )
pin 16 to pin 15 VDD-Vss1 -0.3 8.0 v
pin 16 to pin 8 VDp-_Vss2 -0.3 8.0 \
Voltage input
pins 4 and 5 note 1 Vi Vgs2—0.8 Vpp+0.8 \%
pins 6,7, 13 and 14 Vi Vgs1-0.6 Vpp +0.6 Y
any other pin \ Vss2—0.6 VppD+0.6 \%
Input current I — 10 mA
Output current lo - 10 mA
Power dissipation
per output Po - 100 mW
Total power dissipation Ptot - 200 mwW
Operating ambient
temperature range Tamb —40 +85 oC
Storage temperature range Tstg —55 +125 oC

Note to the Ratings
1. With input impedance of minimum 500 §2.

HANDLING

Inputs and outputs are protected against electrostatic charge in normal handling. However, to be
totally safe, it is desirable to take normal precautions appropriate to handling MOS devices (see
'Handling MOS devices’).
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Clock/calendar with serial 1/0

CHARACTERISTICS

PCF8573

V§s2 =0 V; Tamp = —40 to +85 OC unless otherwise specified. Typical values at Tamp =+ 256 °C

parameter conditions symbol min. typ. | max. unit
Supply
Supply voltage
12C interface Vpp~—-Vss2 | 2.5 5.0 16.0 Y
clock HD; DAT =
300 ns Vpp—-Vss1 | 1.1 1.5 {Vpp—Vss? Y
Supply current
Vgg1 (pin 15) Vpp—Vss1 =1.5V|—issy - 3 10 HA
Vpp—Vss1=56V |~-Iss1 — 12 |50 HA
Vss2 (pin 8) VDD-Vss2=5V;
10=0alloutputs |~Iggn - -~ |50 LA
Input SCL;
input/output SDA
Input voltage LOW ViL - — 0.3Vpp \)
Input voltage HIGH VIH 0.7VDpD - - \
Leakage current Vi=Vsggo or Vpp (il - - 1 LA
Input capacitance Cy — — 7 pF
Inputs AOQ, A1,
TEST
Input voltage LOW ViL - - 0.2Vpp \%
Input voltage HIGH ViH 0.7Vpp — — 0%
Input leakage currentlV|=Vgg2 or Vpp {* 1| - — 250 nA
Inputs EXTPF,
PFIN
Input voitage LOW ViL 0 - 0.2Vpp—-Vsst |V
Input voltage HIGH ViH 0.7Vpp—Vss | — - \Y%
Input leakage currentVy=Vggq to Vpp [ I} - - 1.0 HA
Tamb =25 ©C;
Vi=Vgg1 to Vpp [+ 1L - - 0.1 RA

May 1989
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PCF8573

CHARACTERISTICS (continued)

parameter conditions symbol | min, typ. | max. | unit
Output SDA
(n channel open drain)
Output “ON"’ lo =3 mA;

VpDp—Vss2=2.51t0

to6V VoL |- - 04 |V
Leakage current VDD—-Vss2=6V;

Vp=6V Ll - - 1 HA
Outputs

Outputs SEC, MIN, COMP, FSET
{normal buffer outputs)

Output voltage LOW Vpp—Vss2 =2.5V;
lp=0.3mA VoL |- - 0.4 \'
Vpp—Vss2=4ta 6 V;
lp=16mA voL (— - 0.4 Vv
Output voltage HIGH Vpp—Vss2=25V;
—~lp=0.1TmA VOH |VDD-04 | — - \'
Vpp—Vss2 =4to 6 V;
—lp=0.5mA VOH |VDD-04 | — - v
Internal threshold voltage
Power failure detection VTH1 |1 1.2 14 \'%
Power “ON" reset VTH2 |1.5 2.0 25 \%
Rise and fall times of
input signals
input EXTPF te, tf |- - 1 us
Input PFIN ty, tf - - oo us
Input signals except EXTPF
and PFIN between V{|_and
ViH levels
rise time ty - - 1 HS
fall time tf - - 03 |us
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Clock/calendar with serial 1/0

PCF8573

parameter conditions symbol | min. | typ. max. | unit
Oscillator
Integrated oscillator
capacitance Cout |- 40 - pF
Oscillator feedback
resistance R¢ - 3 - MQ
Oscillator stability A(Vpp—Vssi)
=100 mV; at
VpD—Vss1 =155 V;
Tamb =250C f/fosc —_ 2x 10‘7 - -
Quartz crystal parameters f =32.768 kHz
Series resistance Rg - - 40 k&2
Parallel capacitance CL - 10 - pF
Trimmer capacitance Ct 5 - 25 pF

w (May 1989
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APPLICATION INFORMATION

@ +5V
R: pulf-up resistor R R
VoD SDA  \MASTER DEVICE
PCF8570 scL MICROCONTROLLER
128 x 8 BIT STATIC CMOS RAM
Vgs ,L
»l) 7
4
. 32,768kHz
[] Ww —[
R1 Al
Cr PCF8577
EXTPF Vpp 0SCO OSCi 64 LCD
SDA SEGMENT DRIVER
PCF8573
PFIN scL
A0 Al Vss2 TEST Vssi
R2 |[|{R3
D—V;‘L—J 12v _1* 8 DIGIT LCD
7 (NiCa) T
detection circuit Reh + resistor for
with very high permanent charging
impedance /
—
12C bus 7286688.3
Fig.12 Application example of the PCF8573 clock/calendar.
+5V ' @ l
J; c
+ 4
R R[] J; +15V
7
-—» SDA
J ] — SCL
SCL SDA Vpp SCL SDA Vpp cr SCL SDA Vpp
§ A0
osci
MASTER YA pergsa
MICRO - § TEST —- PCF8571
CONTROLLER I
N 05C0
§ExTPF
Vss © [ Vss2___ Vssi Vss

Fig.13 Application example of the PCF8573 with common Vgg1 and Vgg2 supply.
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7224490

—lss1

(uA) /

0 2 4 6
Vpp—Vsst (V!

Fig.14 Typical supply current (—lgg1) as a function of clock supply voltage (Vpp—Vss1) at
Tamb =—-401t0+85 OC.

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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PCF8574
PCF8574A

REMOTE 8-BIT 1/0 EXPANDER FOR 12C-BUS

GENERAL DESCRIPTION

The PCF8574 is a single-chip silicon gate CMOS circuit. It provides remote 1/O expansion for the
MAB8400 and PCFB4CXX microcontroller families via the two-line serial bidirectional bus {12C).
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 12C interface.

The PCF8574 has low current consumption and includes latched outputs with high current drive
capability for directly driving LEDs. It also possesses an interrupt line {INT) which is connected to the
interrupt logic of the microcomputer on the 12 C-bus. By sending an interrupt signal on this line, the
remote 1/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 PCF8574 A versions differ only in their slave address as shown in Fig.9.

Features

® Operating supply volitage 25Vto6V
® [ ow stand-by current consumption max. 10 uA
® 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
® | atched outputs with high current drive capability for directly driving LEDs
® Address by 3 hardware address pins for use of up to 8 devices {up to 16 with PCF8574A)
— _ |13 INTERRUPT
iNT LOGIC LP FILTER
PCF8574
3 PCF8574A
AO
A Z 41 +po
A2 A
1 4 2Ly Py
14 6
scL —  inpUT | 12c s > T P2
spA <15, FILTER | conTROL fe—a| oy o e L YN
3 REGISTER 88T PORTS 91 . p4
ol s
L PREN I
21, py
4
write pulse T r r
d pul
Voo 16 POWER-ON —J e
Vgg ___B__D RESET
7285821.2

PACKAGE QUTLINES

PCF8574P, PCF8574AP: 16-lead DIL; plastic (SOT38).
PCF8574T, PCF8574AT: 16-lead mini-pack; plastic (SO16L; SOT162A).

Fig.1 Block diagram.
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PCF8574
PCF8574A

PINNING

a0 (1] U 78] Voo

a1 2] 15] spa

A2 E E sCL

PO E E NT
PCFB574

» [5] PoFes7aA [ig] o

P2 [& E] P6

P3 [7 Eps
Vgs 8. EPA

7287597.1 Fig.2 Pinning diagram.
1t03 A0 to A2 address inputs
4107 POto P3 | 8-bit quasi-bidirectionat 1/0 port
9t012  P4toP7 |
8 Vssg negative supply
13 iNT interrupt output
14 SCL serial clock line
15 SDA serial data line
16 VpD positive supply

write pulse —p— |
100 uA

—_—
data from N D a 4‘
shift register — “l..>_.1
—_
FF
Cy
—— s POtoP7
power-on ___ J
reset > II——J ?i
l Vss
D Q
FF
1€
read pulse —p——— S

data to ‘—jD—_, to interrupt
shift register ¥ ’ logic

7287698.1
Fig.3 Simplified schematic diagram of each port.
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Remote 8-bit 1/0 expander for 12C-bus PCF8574
PCF8574A

CHARACTERISTICS OF THE 1°C-BUS

The 12C-bus is for 2-way, 2-line communication between different 1Cs or modules. The two lines are

a serial data line (SDA) and a serial clock line (SCL). Both lines must be connected to a positive supply
via a pull-up resistor when connected to the output stages of a device. Data transfer may be initiated
only when the bus is not busy.

Bit transfer

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

e

><

J ]
SDA /} | X
1 L
| f
| i
| )
| i
{
|
|
|

| .

| data line | change

| stable: | of data

! data valid 1 allowed 7287019

Fig.4 Bit transfer.

Start and stop conditions

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

-7 | s |

- i - l _—
SDA \ | / \ | } SDA
+ - =
i |

- e

i stop condition
start condition P © 7287005

Fig.5b 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
T L i [ [
MASTER SLAVE MASTER
TRANSMITTER/ R:(I;-Q\\//EER . TRANSMITTER/ TR'I\\AI\}:SSI\;IE:TER TRANSMITTER/
RECEIVER RECEIVER RECEIVER
7287004

Fig.6 System configuration,
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CHARACTERISTICS OF THE 12C-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 HIGH level put on the bus by the transmitter whereas the master generates an extra acknowledge
related clock pulse. A slave receiver which is addressed must generate an acknowledge after the reception
of each byte. Also a master must generate an acknowledge after the reception of each byte that has been
clocked out of the slave transmitter. The device that acknowledges has to pull down the SDA line during
the acknowledge clock pulse, so that the SDA line is stable LOW during the HIGH period of the
acknowledge related clock pulse, set up and hold times must be taken into account. A master receiver
must signal an end of data to the transmitter by not generating an acknowledge on the last byte that
has been clocked out of the slave. In this event the transmitter must leave the data line HIGH to enable
the master to generate a stop condition,

start clock pulse for
condition acknowiedgement

SCL FROM

sE TN/ N\ N\
DATA OUTPUT T

8Y TRANSMITTER

w—

DATA OUTPUT
BY RECEIVER

7287007

Fig.7 Acknowledgement on the 12 C-bus.
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Remote 8-bit 1/0 expander for 12C-bus

Timing specifications

All the timing values are valid within the operating supply voltage and ambient temperature range and

refer to V| and V| with an input voltage swing of Vgg to Vpp.

PCF8574

PCF8574A

parameter symbol min. typ. max. unit
SCL clock frequency fscL - - 100 kHz
Tolerable spike width on bus tSw - - 100 ns
Bus free time tBUF 47 - - us
Start condition set-up time tsU: STA 47 - - us
Start condition hold time tHD; STA 40 - - us
SCL LOW time tLow 47 - - us
SCL HIGH time tHIGH 4.0 - - us
SCL and SDA rise time t, - - 1.0 us
SCL and SDA fall time tf - - 0.3 us
Data set-up time tSU; DAT 250 - - ns
Data hold time HD; DAT ] - - ns
SCL LOW to data out valid tvD; DAT - - 34 us
Stop condition set-up time tsy; STO 4.0 - - us
START BIT7 BIT6 BIT 0 ACKNOW- | STOP
PROTOCOL CONDITION MSB LsB LEDGE CONDITION
(S) (A7) (A6) (R/W) (A) (P)
'su; 8TA tow  tHIGH scL
- ST UL N\
- JI T L 1
tBUF t |
- 4
SDA / x > /
7281193.2 tHD;STA 'SU:DAT  'HD;DAT tvD;DAT tsu;sTO

Fig.8 12C-bus timing diagram.

w (May 1989
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FUNCTIONAL DESCRIPTION
Addressing (see Figs 9, 10 and 11)

slave address slave address
A A —

N

LI T T T T T T T T T T T 1l
Lsio 10 0 A2 A1 Ag 0 l AJ [il 0 ! . 141 IA2IA1IA040 l AJ
(a) PCF8574. (b) PCF8574A. 7%
Fig.9 PCF8574 and PCF8574A slave addresses.

Each bit of the PCF8574 /0 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. Qutput data is transmitted to the port by the WRITE mode.

|
—
\
|

V¥.S840d
¥.6840d

SCL 1 2 3 4 5 © 7 8
| I |
slave address { PCF8574) : data to port : data to port :
A A | A
r ™ I~ ) f =Y
LI T T T L + T T L T T T ' T T T T Ll L Jr
SDA [ S0 1 0 0 A2 Al A0 O —I—FA DATA 1 LA DATA 2 TIA ]
1 | 1 1 1 3 ) } S S R N N | 1 ' L A i i S T B 4
tn 4 't
start condition R/ i acknowledge from slave i acknowledge from siave acknowledge from stave
WRITE )
TO ! \
PORT T ! ﬁly_\__
' |
| | !
| I
| — % |
DATA OUT
FROM PORT f E—K DATA 1 VALID | XB_ATA 2 VALID
I b b
l toy—»l e toy ==

7287593.1

Fig.10 WRITE mode {output port).
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6€C

SDA

READ FROM
PORT

DATA INTO
PORT

Note

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

slave address (PCF8574)

data from port

data from port

r —A A r A— N\ r— —A N\
T LR T T I T LI T T T T L) L T LR
[il 0 1 0 0 A2 Al A0 1 I,A DATA 1 ]TAT DATA 4 ||1 P
* 1 i 1 1 L L ’ t + L 1 1 1 1 L 1 ‘1, 1 1 1 | L 1 '
¥ 7
start condition R/W :acknowledge 'acknowledge | stop
i from slave : from master | condition
A A }
} | !
I ' !
| ! |
T\ ; —
DATA 1 | XDATA 2% DATA 3 X : DATA 4 }
3+
i
P |
—-»: {4— tph > =<— tps :
} | |
L1 L I
-.l ] 1| o i
b Ty > et - et | 72875961

Fig.11 READ mode (input port}.

stop condition. When this occurs, data present at the last acknowledge phase is valid (output mode). Input data is lost.

v¥.16840d

$NQ-,| 10} Jepuedxa /| 1q-g sl0wey
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PCF8574
PCF8574A

Interrupt (see Figs 12 and 13)

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

PCF8574 PCF8574 PCF8574A
Voo (1) (2) {16}
INT iNT iNT
MICROCOMPUTER
INT —e—d ———
7287599.1

Fig.12 Application of multiple PCF8574s with interrupt.

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

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

® In the READ mode at the acknowledge bit after the rising edge of the SCL signal.

® 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 TNT.

Reading from or writing to another device does not affect the interrupt circuit.

slave address (PCF8574) data from port
s ~A — 7 —A N
L LS T T LB I L T T T T T
SDA LSJ 0 1 0 0 Az Al A0 1 I|A 1 i 1 [:‘
+ | I L ] 1 y Jr* i I 1 i L A L *
. L
start condition R/W | acknowledge P5 stop
| from slave condition
!
}
SCL 12 /3 4\ S5\ e\ /7\ /8
I
|
|
, !
DATA INTO P5 e T
| |
| |
l ‘
I '
|
INT 1 T
bt R 4
- e tiy —>' "—'ir 7287694.1

Fig.13 Interrupt generated by a change of input to port P5.
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Remote 8-bit 1/0 expander for 12C-bus

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

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

slave address (PCF8574A) data to port data to port
r —A N r —A— = r— —A
sba [STD:‘I:‘ITi 'A2:A|1A0‘0|A o ' " |1: Jf " ;JT : j 7707 ' ! hﬂd
1 [ ¥ | [} |
start condition R/W  acknowledge P3 | P3 :
from slave | (
§ i
scL W AWAWAWESWAWAWT | !
} !

P3 ! !

VOLTAGE = L
i !

P3 -t )
PULL-UP =
k T

ToHt ) 7287595.1 low
Fig.14 Transient puli-up current gt while P3 changes from LOW-to-HIGH and back to LOW.
RATINGS
Limiting values in accordance with the Absolute Maximum System ({EC 134}
parameter symbol min. max. unit
Supply voltage range VbD -0.5 +7.0 \%
Input voltage range Vi Vgg —0.5 Vpp +0.5 Vv
DC input current T - 20 mA
DC output current tlpg - 25 mA
Vpp or Vgg cutrent +ipp: ¢ lgs - 100 mA
Total power dissipation Piot — 400 mW
Power dissipation per output Po - 100 mw
Operating ambient temperature range Tamb —-40 +85 oC
Storage temperature range Tstg —65 +150 oc

HANDLING

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

totally safe, it is desirable to take normal precautions appropriate to handiing MOS devices {see

‘Handling MOS Devices’).
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CHARACTERISTICS
Vpp =25t06V;Vgg=0V; Tamp = —40 to + 85 OC unless otherwise specified

parameter conditions symbo! | min. typ. | max. unit
Supply
Supply voltage Vpp 25 - 6.0 A\
Supply current Vpp=6V;

no load;

Vi=Vppor

Vss

operating fscL=100kHz |Ipp - 40 1100 HA

standby Ippo — 25 110 uA

Power-on reset level note 1 VPOR - 1.3 124 \%
Input SCL; input/output SDA
Input voltage LOW ViL —0.5 - |03vpp |V
input voltage HIGH ViH 0.7Vpp | — Vpp+05iV
Output current LOW VoL=04V lop 3 - |- mA
Leakage current V) =Vpp or

Vsg il - - 1 uA
Input capacitance (SCL, SDA) | V| = Vgg Cy — — 7 pF
1/0 ports
Input voltage LOW ViL —0.5 - 0.3vpp \
Input voltage HIGH ViH 0.7Vpp | — Vpp+0.5|V
Maximum allowed input

current through Vi=Vppor

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

Vpp=5V loy 10 25 | - mA
Output current HIGH VOH = Vss IoH 30 - 300 UA
Transient pull-up current

HIGH during acknowledge VoH = Vgs:

(see Fig.14) Vpp=25V ~loHt | — 1 - mA
Input/Output capacitance Ci/o - - 10 pF
Port timing
{see Figs 10 and 11) CL=<100pF
Output data valid toy - - 4 us
Input data set-up tps 0 - - us
Input data hold tph 4 — — us

242
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Remote 8-bit (/0 expander for 12C-bus PCF8574
PCF8574A

parameter conditions symbol | min, Ttyp. max. unit
Interrupt INT
Output current LOW VoL=04V oL 1.6 i mA
Leakage current Vi{=Vppor

Vss el - - 1 HA
INT timing
{see Figs 11 and 13) CL=<100pF
Input data valid tiv - —_ 4 us
Reset delay tir - - 4 us
Select inputs A0, A1, A2
Input voitage LOW ViL ~0.5 - 0.3Vpp \
Input voltage HIGH VIH 0.7Vpp | — Vpp +0.5V
Input leakage current pinatVpp or

Vss Il ~ - 250 nA

Note to the characteristics

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

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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PCF8574A
7224449.1 7224450
4 200 o)
'bpo (1) lon
(nA) (nA)
3 150
2)
2
Y. i / J/
2 // 4 i 100 A / 4 4
/ 7 @
/ // — ]
1 % 50 b
0 0 4
0 2 4 6 Voo ¥ 8 0 2 6 Vop ) 8

(1) Tgmp=—40°C

(2) Tamb =+25 OC

(3) Tamp=+85°C

Fig.15 Typical standby current (Ippo)
as a function of supply voltage (Vpp).

40

(1) Tamp=-400°C

{2} Tagmp=t+25°C

‘3) Tamb =+ 85 OC

Fig.16 Typical port output current HIGH
{lgR) as a function of supply voltage
(Vpp); VOH = Vss.

7224451

loL

(mA)

30

1

(2)

20

@

10

N
A

0

0 2

(1) Tamb =-—-400C
(2) Tamb =+250C
(3) Tamp =+ 85°C

8 8
Vpp (V)

Fig.17 Typical port output current LOW (Ig|)
as a function of supply voltage (Vpp); VoL =1V.
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PCF8576

UNIVERSAL 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 {12C). Communication overheads are minimized by a display RAM with auto-
incremented addressing, by hardware subaddressing and by display memory switching (static and
duplex drive modes).

Features

Single-chip LCD controller/driver

Selectable backplane drive configuration: static or 2/3/4 backplane multipiexing

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

Internal LCD bias generation with voltage-follower buffers

40 segment drives: up to twenty 8-segment numeric characters; up to ten 15-segment alphanumeric
characters; or any graphics of up to 160 elements

40 x 4-bit RAM for display data storage

Auto-incremented display data loading across device subaddress boundaries

Display memory bank switching in static and duplex drive modes

Versatile blinking modes

LCD and logic supplies may be separated

Wide power supply range: from 2 V for low-threshold LCDs and up to 9 V for guest-host LCDs and
high-threshold (automobile) twisted nematic LCDs

Low power consumption

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

12C-bus interface

TTL/CMOS compatible

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

May be cascaded for large LCD applications {up to 2560 segments possible)

Cascadable with the 24-segment LCD driver PCF8566

Optimized pinning for single plane wiring in both single and multiple PCF8576 applications
Space-saving 56-lead plastic mini-pack (VSO56)

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’ 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.

PACKAGE OUTLINES

PCF8576T: 56-lead mini-pack; plastic (VS056; SOT190).
PCF8576U: uncased chip in tray
PCF8576U/10: chip-on-film frame carrier (FFC).

w (March 1987
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l kLSBL yaejp

BPO BP2 BP1 BP3 S0 539
413 L1a J15 16 17 —m————— 56 4
Vpp |6
BACKPLANE —,
] QUTPUTS DISPLAY SEGMENT OUTPUTS
LCD -
R VOLTAGE DISPLAY LATCH
SELECTOR |-
N o il
BIAS
Viep (12 GENERATOR SHIFT REGISTER
PCF8576
CLK {4
SYNC|3 TIMING [+ BLINKER INPUT DISPLAY OUTPUT
- BANK RAM =D BANK
SELECTOR 40x 4 BITS SELECTOR
1t 3 DISPLAY <:>
"| CONTROLLER
osc |6 it
+{ osciLLATOR
POWER- t DATA
ON |4 POINTER
Rosc RESET COMMAND <;:
DECODER Y
Vss |1
3 r ]
suB-
scL |2
SN . ADDRESS
INPUT *l  1%cBUs >‘ COUNTER
SoA I, , | FILTERS |, ] CONTROLLER :—:>
b 44
10 7 [8 |o
SAD A0 A1 A2
72914751

Fig. 1 Block diagram.
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Universal LCD driver for low multiplex rates

PCF8576

so [1]
scu [2]
SYNC|3
cLK E
vop [5]
r
ao[7]
Al E
azfe

SA0 |10

vss [11]

Viep |12
8pP0 é
er2[12
8p1 15|
ep3 [16

so[17
s1 [18]
sz [19
s3 [20]
sa E
s5 [22
s6 [23]
s7 [24]
s |z:s
s9 (28

$10 27

s11[28]

U [56] s39

55] 538
[54] sa7

Er,—g] 536
El 535

61} S34

:E_B] 533
49] s32
28] 531
[47] 530

”26] s29
45] 528

E] 827
[43] s26
[42] 525
41] 524
40] 523
E:o'_l s22
38] s21
37] 520
36] s19
E] 18
[34] 517
EI 516
[32] sts
31] s14
30] s13
29] 512

PCF8576T

7291476.2

Fig. 2 Pinning diagram.

PINNING
1 SDA
2 scL
3 §YNC
4 CLK
5 Vpp
6 OSC
7 A0
8 A1
9 A2
10  SAO
1 Vgs
12 Viep
13 BPO
14 BP2
15 BP1
16  BP3
17 S0
to to
56  S39

|
J

12C-bus data input/output

12C-bus clock input/output

cascade synchronization input/output
external clock input/output

positive supply voltage

oscillator input

12C-bus subaddress inputs

12C-bus slave address bit 0 input
logic ground
LCD supply voltage

LCD backplane outputs

LCD segment outputs

w ﬂnarch 1987
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PCF8576

FUNCTIONAL DESCRIPTION

The PCF8576 is a versatile peripheral device designed to interface any microprocessor/microcontroller to

a wide variety of LCDs. It can directly drive any static or multiplexed LCD containing up to four back-
planes and up to 40 segments. The display configurations possible with the PCF8576 depend on the
number of active backplane outputs required; a selection of display configurations is given in Table 1.

Table 1 Selection of display configurations

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

20 digits + 10 characters + 160 dots
4 160 20 indicator 20 indicator (4 x 40)

symbols symbols

15 digits + 8 characters + 120 dots
3 120 15 indicator 8 indicator {3 x 40)

symbals symbols

10 digits + 6 characters + 80 dots
2 80 10 indicator 10 indicator (2 x 40)

symbols symbols

5 digits + 2 characters + 40 dots
1 40 5 indicator 12 indicator

symbols symbols

All of the display configurations given in Table 1 can be implemented in the typical system shown in
Fig.3. The host microprocessor/microcontroller maintains the 2-line 12C-bus communication channel
with the PCF8576. A resistor connected between OSC (pin 6) and Vgg (pin 11} controls the device
clock frequency. The appropriate biasing voltages for the multiplexed L.CD waveforms are generated
internally. The only other connections required to complete the system are to the power supplies
(Vpp, Vss and V| cp) and to the LCD panel chosen for the application.

Voo
trise
RE —=
2Chus Vpp |Vico
5 12
- SDA4 LCD PANEL
HOST scL i
MICRO— - 2 17-56 | 40 segment drives
PROCESSOR/ PCF8576 {up to 160
MICRO— . )
CONTROLLER osc 13-16 | 4 backplanes
6
7 8 9 18 1"
V,
ose A0 |A1 [A2 [sA0|vgs
VSS 7291464.2
Fig.3 Typical system configuration.
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Universal L.CD driver for low multiplex rates

Power-on reset

At power-on the PCF8576 resets to a defined starting condition as follows:
1. All backplane outputs are set to Vpp.

2. All segment outputs are set to Vpp.

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 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 {Vqp) is obtained from Vpp — V| ¢cp. The LCD voltage may be temperature
compensated externally through the V| cp supply to pin 12. Fractional LCD biasing voltages are obtained
from an internal voltage divider of three series resistors connected between Vpp and V| ¢p. 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 votltage selector coordinates the multipiexing of the LCD according to the selected LCD drive
configuration. The operation of the voltage selector is controlled by MODE SET commands from the
command decoder. The biasing configurations that apply to the preferred modes of operation, together
with the biasing characteristics as functions of Vop = Vpp ~ V| cp and the resuiting discrimination
ratios (D), are given in Table 2.

Table 2 Preferred LCD drive modes: summary of characteristics

L.CD drive mode LCD.bias ) Voff (rms) Von (rms) b= Von (rms)
configuration Vop Vop Voff (rms)

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

1:2MUX (2BP) | 1/2(3 levels) V2/4=0354 | /10/4=0.791 | /5= 2.236

1:2MUX (2BP) | 1/3(4 levels) 1/3=0.333 | /6/3=0745 |/5=2.236

1:3MUX (3 BP) 1/3 (4 levels) 1/3=10.333 \/33/9=0638 |./33/3=1.915

1:4MUX (4BP) | 1/3(4 levels) 1/3=0333 |/3/3=0577 |/3=1.732

March 1987
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PCF8576

LCD voltage selector (continued)

A practical value for Vg, 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 Vo % 3 Vih.

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/21/3 = 1.528 for 1 : 4 multiplex).

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

1: 3 multiplex (1/2 bias) : Vop =1/6 Vot (rms) = 2.449 Vst (rms)
11 4 multiplex (1/2 bias) : Vop = 4/3/3 Voff (rms) = 2.309 Vo (rms)
These compare with Vo, = 3 Voff (rmg) 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 Fig.4.

[~ Térame™

LCD segments

Vop ——
BPO

Vico
Vpp

. Vicp
-._ VoD

sn+fx/

S—
{a) WAVEFORMS AT DRIVER
Vop —

Vico

ik — At any instant (t):

Vstate 1(t) = Vg, (t) — Vgpglt)
Vi Von (rms) = Vop

Vstate 2(t) = Vg, ,(t) ~ Vppglt)
Voff (rms) =0V

state 2 0 ————

_.Vop —_—

(b) RESULTANT WAVEFORMS
AT LCD SEGMENT
7281468

Fig.4 Static drive mode waveforms: Vo, = Vpp — Vi cD-
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Universal LCD driver for low multiplex rates

PCF8576

When two backplanes are provided in the LCD the 1 : 2 multiplex drive mode applies. The PCF8576
allows use of 1/2 or 1/3 bias in this mode as shown in Figs 5 and 6.

8PO

8P1

Sn

Sn+1

state 1

state 2

VoD
(Vpp+Vicpltiz—

Tirame

S N B

Viep
Vbb

(Vpp+Vicp)/2—

Viep

VbD

Viep
Vbp

—y

-

LCD segments

state 1
state 2

Viep

(a) WAVEFORMS AT DRIVER

Vop

Vop/2
0

~Vgp/2

~Vop
Vop

Vop/2

I
LI

0
“Vop/2

~Vop

L

—

{b} RESULTANT WAVEFORMS
AT LCD SEGMENT

At any instant (t):

Vstate 1(t) = Vsn(t) — Vppo(t)
Vo
Von {rms) = Tp\/ 10=0.791 Vg,

Vstate 2(t) = Vs, (1) — Vgp1(t)
v
Voff (rms) = —5v/Z = 0.354 Vop

7291477

Fig.5 Waveforms for 1 : 2 multiplex drive mode with 1/2 bias: Vo, = Vpp ~ Vi cD-
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LCD drive mode waveforms (continued)

BPO

BP1

Sn

Sp+q

state 1

state 2

Vop —————
VDD—VQP/S —_—
VDD ~2Vop/3 —
Vico

<—— Tframe ——»

Vpp ———m8Mm8—
Vpp~Vop/3 —
VDD—2Vop/3 —
Viep

VpD—2Vgp/3 —
Vico
Vb

T

Vpp ————— )
VDD ~Vop/3— _.I-—1

L o

VoD —Vop/3 —
Vpp—~2Vgp/3—

LCD segments

Vico

Vop
2Vgp/3

0
—Vop!3
—2Vgp/3
_vop

Vop
2Vgpl3
Vop/3

Vop/3 ——— —I

{a) WAVEFORMS AT DRIVER

[}

~Vop/3
—2Vep/3
_Vop

(b) RESULTANT WAVEFORMS
AT LCD SEGMENT

At any instant (t):
Vstate 1(t) = Vg_(t) — Vgpo(t)

VO
Von (rms) = T"\/E = 0.745 Vp

Vstate 2(t) = Vg, (1) — Vgp1{t)

V,
_I Voff (rms) = _;_p =0.333 Vop

7291466

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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Universal LCD driver for low multiplex rates

PCF8576
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Fig.7 Waveforms for 1 : 3 muitiplex drive mode: Vo = Vpp — V cD-

March 1987

253



PCF8576

LCD drive mode waveforms {continued)
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At any instant (t):

Vstate 1(1) =
Vs, (t) — Vgpolt)

Von (rms) =
\%
-399\/5 =0.577 Vgp

Vstate 2(t) =
Vg, (th = Vppq(t)

Votf (rms) =
Vop
=" 0.333 Vgp

Fig.8 Waveforms for 1 : 4 muitiplex drive mode: Vo, = Vpp — VL CD-
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Oscillator
Internal clock

The internal logic and the LCD drive signals of the PCF8576 are timed either by the built-in oscillator
or from an external clock. When the internal oscillator is used, frequency control is performed by a
single resistor connected between OSC (pin 6) and Vgg (pin 11) as shown in Fig.9. In this application,
the output from CLK (pin 4) provides the clock signal for cascaded PCF8576s in the system.

7291467.1
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fork
(kHz) goq
N
200 \\ﬁ
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Fig.9 Oscillator frequency

00 200 500 1000 2060 5000 as a function of Rggg:
Rlose (k) feLk & (3.4 X 107 /Rgge) kHz- 2.

External clock

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

The clock frequency (fc) ) determines the LCD frame frequency and the maximum rate for data
reception from the 12C-bus. To allow 12C-bus transmissions at their maximum data rate of 100 kHz,
fc Lk should be chosen ta 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 Rosc 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 Rgqc (k2) fframe nominal fframe (Hz)
normal mode 180 foLk /2880 64
power-saving mode 1200 fcLi /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, Rggc = 180 k2 will result in the nominal frame frequency.
In the power-saving mode the reduction ratio is six times smaller; this allows the clock frequency to be
reduced by a factor of six and for the same frame frequency Rggc will be 1.2 MQ. The reduced clock
frequency and the increased value of Rgsc 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 stows down the transmission rate of the 12C-bus but no data loss occurs.

Display latch

The display latch holids 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 dispiay 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 BP0 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 BP 1, therefore these two adjacent outputs can be tied
together to give enhanced drive capabilities. In the 1 : 2 multiplex drive mode BP0 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 O indicates the ‘off’ state.
There is a one-to-one correspondence between the RAM addresses and the segment outputs, and between
the individual bits of a RAM word and the backplane ocutputs. The first RAM column corresponds to the
40 segments operated with respect to backplane BP0Q (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.

March 1987



Universal LCD driver for low multiplex rates PCF8576

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

0 1 2 3 4 e 35 36 37 38 39
display RAM bits 0
{columns) / —_—
backplane outputs 1 —_——
(BP) 2
3
7291468

Fig.10 Display RAM bit-map showing direct relationship between display RAM addresses and segment
outputs, and between bits in a RAM word and backplane outputs.

When display data are transmitted to the PCF8576 the display bytes received are stored in the display
RAM according to the selected LCD drive mode. To itlustrate the filling arder, an example of a 7-seg-
ment numeric display showing all drive modes is given in Fig.11; the RAM filling organization depicted
applies equally to other LCD types.

With reference to Fig.11, in the static drive mode the eight transmitted data bits are placed in bit 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 AQ, A1 and A2 (pins 7, 8, and 9). The subaddress counter value is defined by the DEVICE SELECT
command. If the contents of the subaddress counter and the hardware subaddress do not agree then data
storage is inhibited but the data pointer is incremented as if data storage had taken piace. The subaddress
counter is also incremented when the data pointer overflows.
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Fig. 11 Relationships between LCD layout, drive mode, display RAM filling order
and display data transmitted over the I°C bus (x = data bit unchanged).
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Subaddress counter (continued)

The storage arrangements described Jead 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 1o the next device in the cascade occurs within a transmitted character
(such as during the 14th display data byte transmitted in 1 : 3 muitiplex 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 seiected
sequentially. In 1 : 2 multiplex, bits 0 then 1 are selected and, in the static mode, bit Q is selected.

The PCF8576 includes a RAM bank switching feature in the static and 1 : 2 multiplex drive modes. In
the static drive mode, the BANK SELECT command may request the contents of bit 2 to be selected
for display instead of bit 0 contents. In the 1 : 2 drive mode, the contents of bits 2 and 3 may be
selected instead of bits 0 and 1. This gives the provision for preparing display information in an
alternative bank and to be able to switch to it once it is assembled.

Input bank selector

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

Blinker

The display blinking capabilities of the PCF8576 are very versatile. The whole display can be blinked
at frequencies selected by the BLINK command. The blinking frequencies are integer multiples of the
clock frequency; the ratios between the clock and blinking frequencies depend on the mode in which
the device is operating, as shown in Table 4.

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

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

off - — blinking off

2Hz foLk/92160 foLk/15360 2

1 Hz fcLk/184320 foLk/30720 1

05 Hz foLK /368640 foLk /61440 0.5

CHARACTERISTICS OF THE I?C-BUS

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

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

R

SDA /{
L
i i
i ] _—
|
|
|
i

__,__r__r
><
i
|~

]

| data line | change

§ stable: ) of data

i data valid 1 allowed 7287019

Fig.12 Bit transfer.

Start and stop conditions

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

. stop condition
start condition P 7287006

Fig.13 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
1 1 I r
MASTER SLAVE MASTER
MASTER
TRANSMITTER/ RESCLQ‘\’/EER TRANSMITTER/ TRANSMITTER TRANSMITTER/
RECEIVER RECEIVER RECEIVER
7287004
Fig.14 System configuration.
Acknowledge

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

start clock puise for
condition acknowledgement
1

t
SCL FROM 1

[

!

DATA OUTPUT !
BY TRANSMITTER | _

I}

S

DATA QUTPUT
BY RECEIVER

7287007

Fig.15 Acknowledgement on the 12C bus.

Note

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 videc equipment.
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PCF8576 1°C-bus controller

The PCF8576 acts as an 12C slave receiver. It does not initiate 12C-bus transfers or transmit data to an
12C master receiver, The only data output from the PCF8576 are the acknowledge signals of the selected
devices. Device selection depends on the 12C-bus slave address, on the transferred command data and on
the hardware subaddress.

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

In the power-saving mode it is possible that the PCF8576 is not able to keep up with the highest trans-
mission rates when large amounts of display data are transmitted. I this situation occurs, the PCF8576
forces the SCL line LOW until its internal operations are completed. This is known as the ‘clock
synchronization feature’ of the 12C-bus and serves to slow down fast transmitters. Data loss does not
occur.

Input filters

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

12C-bus protocol

Two 12C-bus slave addresses (0111000 and 0111001) are reserved for PCF8576. The least-significant
bit of the slave address that a PCF8576 will respond to is defined by the level tied at its input SAQ
(pin 10). Therefore, two types of PCF8576 can be distinguished on the same 12C-bus which allows:

{a) up to 16 PCF8576s on the same 12C-bus for very large LCD applications;
(b} the use of two types of LCD multiplex on the same 12C-bus.

The 12C-bus protocol is shown in Fig.16. The sequence is initiated with a start condition (S) from the
12C-bus master which is followed by one of the two PCF8576 slave addresses available. Afl PCF85786s
with the corresponding SAQ level acknowledge in parallel the slave address but all PCF8576s 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 PCF8576s. The last command byte is tagged
with a cleared mist significant bit, the continuation bit C. The command bytes are also acknowledged
by all addressed PCF8576s on the bus.

After the last command byte, a series of display data bytes (n)} may follow. These display data bytes
are stored in the display RAM at the address specified by the data pointer and the subaddress counter.
Both data pointer and subaddress counter are automatically updated and the data are directed to the
intended PCF8576 device. The acknowledgement after each byte is made only by the (AD, A1, A2)
addressed PCF8576. After the last display byte, the 12C-bus master issues a stop condition (P).
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_ acknowledge by

RIW {AD, A1, A2) - splected
slave address acknowledge by all PCFB8576 only
——A————{ | addressed PCF85765
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01 110 0}A Al|C COMMAND A DISPLAY DATA Al P |
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update data pointer
and, if necessary,
7291470.2 subaddress counter

Fig.16 12C-bus protocol.

Command decoder
The command decoder identifies command bytes that arrive on the 1?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.

0 = last command
1 = commands continue

‘Ierll

C ] REST OF OPCODE
TR TN T DU S |
msb isb

7291471

Fig.17 General format of command byte.

The five commands available to the PCF8576 are defined in Table 5.
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Command decoder {continued)

Table 5 Definition of PCF8576 commands

command/opcode options description
Defines LCD drive mode
LCD drive mode bits M1 MO
MODE SET
static (1 BP) 0 1
1:2MUX (2 8P) 1 0
lc|1 ofte[e[s]m1]mo] |1:3mux (3BP) 11
1:4MUX (4 BP) 0 0
Defines LCD hias 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 (P
normal mode 0
power-saving mode 1
LOAD DATA POINTER Six bits of immediate data,
bits P5 P4 P3 P2 Pt PO |bitsP5 to PO, are transferred
lC TOTP5 P4 P3 P2 P1 FG] to the data pointer to define
6-bit binary value of 0 to 39 one of forty display RAM
addresses
DEVICE SELECT Three bits of immediate data,
bits A0 A1 A2 |bits AO to A2, are transferred
[CF 100 lA2 Al AOJ 3-bit binary value of 0 to 7 to t‘he subaddrgss 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 | [{storage of arriving display data)
e[ 1 1 o[1o]

RAMbit0 [RAMbits0, 1|0

RAM bit2 [RAMbits 2, 3| 1
Defines output bank selection

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

RAM bit 0 | RAM bits0, 1] 0

RAMbit2 |RAM bits 2, 3| 1
The BANK SELECT command has
no effectin 1 : 3 and 1 : 4 multi-
plex drive modes

BLINK Defines the blinking frequency
blink frequency |bits BF1 BFO0
[cl1 1 1 o]a[BF1BFO]

off 0 0

2 Hz 0 1

1 Hz 1 0

0.5 Hz 1 1

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

normal blinking 0 set by bits BF1, BFQ, or

alternation blinking 1 blinking by alternation of

dispiay RAM banks, Alternation
blinking does not appiy 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 targe display configurations, up to 16 PCF8576s can be distinguished on the same 12C-bus by using
the 3-bit hardware subaddress (A0, A1, A2} and the programmable 12C slave address (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 YNC is likely to be
needed is if synchronization is accidently lost (e.g. by noise in adverse electrical environments: or by
the definition of a multiplex mode when PCF8576s with differing SAQ levels are cascaded). SYNC is
organized as an input/output pin; the output section being realized as an open-drain driver with an
internal pull-up resistor. A PCF8576 asserts the SYNC line at the onset of its last active backplane
signal and monitors the SYNC line at all other times. Should synchronization in the cascade be fost, 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.

P | |
llllll I I
Lt | I

LCD PANEL
{up to 2560
Vpp |Vico elements)
SDA 12
1
seL 2 17-56 | 40 segment drives Dl
SYNC14 PCF8576
CLK
4
13-16
oscl
7 8 9 10 11 {BPO—BP3(open)
A0 [A1 1A2 ISAO Vss
Vico
Voo
rise
RS
2Cpus Vop | Vico
soal, ®© 12
HOST ScLy, 17-56 4D segment drives
MICRO—~ g—m
PROCESSOR/ 3 PCF8576
MICRO— cLk|,
CONTROLLER 0sC 13-16] 4 backplanes
6 BPO to BP3
7 8 9 10 1
Rosc A0 [A1 |A2 {SAQ|Vsg 7291480.3
Vss
Fig.18 Cascaded PCF8576 configuration
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7291481

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 Vpp). Degradation of the positive edge of the SYNC pulse may be
countered by an external pull-up resistor,

Fig.19 Synchronization of the cascade for the various PCF8576 drive modes.

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 (IEC 134)

Supply voltage range Vpp —05t0+11 V
LCD supply voltage range Viep Vpp—-11toVpp V
Input voltage range (SCL; SDA;

A0 to A2; OSC; CLK; SYNC; SA0) Vv, Vgs—0,5to Vpp +0,5 V
Output voltage range (SO to $39;

BPO to BP3) Vo Vicp—-05toVpp+05 V
D.C. input current L max. 20 mA
D.C. output current tlg max. 256 mA
VpD. Vgsg or V| ¢p current tipp.tlgs. £l cD max. 50 mA
Power dissipation per package Ptot max, 400 mwW
Power dissipation per output Po max, 100 mWw
Storage temperature range Tstg —~65 to + 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
‘Handiing MOS Devices’).

D.C. CHARACTERISTICS

Vgg=0V;Vpp=2t09V; Vicp =Vpp—2toVpp-9V;
Tamb = —40 to + 85 OC; unless otherwise specified

parameter symbol | min, typ. max. unit
Operating supply voltage Vbp 2 — 9 A
LCD supply voltage (note 1) Vico | Vpop—9 - Vpp—2 \
Operating supply current (normal mode)

at fok = 200 kHz (note 2) IbD - - 180 uA
Power-saving mode supply current

atVpp=35V; Vi cp=0V:

foLk = 35 kHz (note 2) ILp - - 60 kA
Logic
Input voltage LOW ViL Vgs — 0,3 Vpp \
Input voltage HIGH ViH 0,7 Vpp — Vpb A\
Output voltage LOW at | =0 mA VoL - - 0,05 v
Output voltage HIGH at Ig = 0 mA VOH Vpp—0.05 | — - \
Output current LOW (CLK, SYNC) at

VoL=10V;Vpp=5V oLt 1 - - mA
Output current HIGH (CLK) at

VouH=40V.Vpp=5V loH - — ~1 mA
Output current LOW (SDA; SCL) at

VorL=04V:Vpp=5V loL2 3 - - mA
L_eakage current (SAD; AO to A2; CLK;

SCL;SDA) at V) = Vgg or Vpp ENTR] - — 1 HA
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Universal LCD driver for low multiplex rates

PCF8576

parameter symbol min. typ. max, unit
Leakage current (OSC)
atV)=Vpp tlL2 - - 1 uA
Pull-up resistor (§YNC) Rsyne 20 50 150 k&
Power-on reset fevel (note 3) VREF - 1,0 1,6 v
Tolerable spike width on bus tow - - 100 ns
Input capacitance (note 4) o — — 7 pF
LCD outputs
D.C. voltage component {BPO to BP3)
atCgp=35nF +Vgp - 20 - mV
D.C. voitage component (SO to S39)
atCg=5nF t Vg - 20 - mV
Output impedance {BPO to BP3)
atVicp = Vpp-—5 V (note 5) Rgp - - 5 k&
QOutput impedance (SO to $39)
at Vi cp= Vpp—5 V (note 5) Rg -~ — 7,0 k&2
A.C. CHARACTERISTICS (note 6)
Vgs=0V;Vpp=2t09V;Vicp=Vpp—-2toVpp-9V;
Tamb = —40 to + 85 OC; unless otherwise specified
parameter symbol min. typ. max. unit
Oscillator frequency {normal mode)
at Vpp =5 V; Rggc = 180 k2
{note 7) foLk 125 185 288 kHz
Oscillator frequency (power-saving
mode) at Vpp =3,5 Vi Rgsc = 1,2 MQ | fo kP 21 31 48 kHz
CLK HIGH time tCLKH 1 - - us
CLK LOW time tCLKL 1 - -~ us
SYNC propagation delay tPSYNC - - 400 ns
SYNC LOW time tgYNCL 1 - - us
Driver delays with test loads at
Vicp=Vpp-5V tPLCD - - 30 ps
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A.C. CHARACTERISTICS (continued)

parameter symbol min, typ. max. unit
IC bus
Bus free time iBUF 4,7 - - us
Start condition hold time tHD; STA 4 - - us
SCL LOW time tLow 4,7 - - us
SCL HIGH time tHIGH 4 — — us
Start condition set-up time

(repeated start code only) tsuU; STA 4,7 - -~ Hs
Data hold time tHD;: DAT 0 - - us
Data set-up time tsU; DAT 250 - -~ ns
Rise time tg - - 1 us
Fall time tp - - 300 ns
Stop condition set-up time tSU; STO 47 - - us

Notes to characteristics

1.Vyep <Vpp—3 V for 1/3 bias.

2. Outputs open; inputs at Vgg or Vpp; external clock with 50% duty factor; 12C bus inactive.
3. Resets all logic when Vpp < VREE-

4. Periodically sampled, not 100% tested.

5. Outputs measured one at a time.

6. All timing values referred to V{4 and Vjy_levels with an input voltage swing of Vgg to Vpp.
7. At fok < 125 kHz, 12C bus maximum transmission speed is derated,

270
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Universal LCD driver for low multiplex rates J L PCF8576

3.3kQ 1.5 kQ

(;ﬁyl:Kq —{}—05Vpp ;?:s 1scz|; Voo
(2%) , '—-!:}‘—(2%,
m—c 6.8Q
v
i [s]s]
1nF (pin3) (2%) o
BPO to BP3 010 539 .

{pins 13 to 16} "‘"—-— Voo i }__ oo
7291472.3

Fig. 20 Test loads.
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foLk
teLKH LKL {

- ) 07V
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SYNG 03Vgp

tpSYNC \ ]
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tSYNCL

4 05V

BPO to BP3 }

S0 to 539 {(Vpp=5V)

v
N 05V

<— tprcD —> T

7231473.2

Fig. 21 Driver timing waveforms,
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— _———
SDA
tBuUF —> tow [|<— tg
scL
~— 1HD;STA l=— ; - > tyigH T
r - >
tHD;DAT tSU;DAT
SDA
. I S
7287013.2 tsu;sTA tsu;sTO

Fig. 22 12C bus timing waveforms.
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PCF8576
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(a) VLD =0 V; Tamp = 25 °C.
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0
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{d) Vicp = 0 V; external clock;
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Fig. 23 Typical supply current characteristics.
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(b) VDp=5V;V cp=0V.
Fig. 24 Typical characteristics of LCD outputs.
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APPLICATION INFORMATION

BACKPLANES

SDA
scL
SYNC
CLK
Voo
Vss
Vico
spa [1] [f: 56}-579
SCL E 0y 56578 —
SYNC [3] {3 53}—577—
cLk (%] ——{a— 53}—~S76—
Voo [E {5} §7—s75—
osc-{& [ j 51}—S74—
A0 —{7] % o573 —
R Al—8 ——{3] }—s72—
g A2 —{3] {7 8—571—
sa0—{} [l T —s70—
Vss —fi1 'm €}—569—
Vico [2 j'1:5 A5} —568—
8p0 —{13] 3] pop  [SU—567—
BP2 {14} 4] ss767T fiE~se6—
BP1 —{iE] 15 42}~S565 —
8P3 {15} 18] AT]—S64 —
$0 —{17] 7 o563 —
— s1 —{is} 18 $62—
— 52 —1g] T 36}—561—
— 53 —{20}
' ! [34)—S57—
— §7 24 #L} 3 s66—
— s8 —{zg] —S48—{2%]} 32} —S865—~
— 59 —{2g] ~$49—{26] [31}—554 —
$10—{77] $50~{27] [30}—s53
511 —128 [28] 28}—552
Js0 --- 510 |;1 :I §13 - - - 539 $40 - - - S50 E s.;] §53 -- - 579
SEGJENTS 7291482.2

Fig. 25 Single plane wiring of packaged PCF8576s.




Universal LCD driver for low multiplex rates PCF8576

Chip-on-glass cascadability in single plane

In chip-on-glass technology, where driver devices are bonded directly onto the glass 6f the LCD, itis
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 Vpp, Vss, VL cD. CLK, SCL, SDA and SYNC. These lines may be fed to the corresponding pads of
the next PCF8576 through the wide opening between V, cp 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

VL cD. being the cascade centre. The placing of Vy gp adjacent to Vgg 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 V(_cp pad and the backplane output pads to route Vpp,
Vgs, 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, OSC of all devices should be tied to Vpp. The pads
0SC, AQ, A1, A2 and SAO have been placed between Vgg and Vpp to facilitate wiring of osciilator,
hardware subaddress and slave address.
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APPLICATION INFORMATION (continued)

"2.‘9'212?.‘:9:»;,.\@.:,«
(%] v »nw w v w o wn Lo v w w
O00Ooo0gooDpooooo o
si8 { [J El] 53
s2
si9 | [J Ols
s20 | [ 0l so
st O | spr3
s22 | [ | ee
z:z g 3| spr2
3| eero
s25 | [J
pa PCF8576
s26 | [J
s27 1 O
s2s { (O
s29 [ [J
=0\ D c::ﬁ?ie Vicp
s31 1 O
1 vss
s32 ([ 01 sao
s33 | [J 0Ol az
. %DDDDDDDDDDDDDD
3,07 mm
Y 72914743
Fig. 26 PCF8576 bonding pad locations.
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Universal LCD driver for low muitiplex rates PCF8576

Bonding pad locations
All x/y coordinates are referenced to left-hand bottom corner (0/0, Fig. 26).

Dimensions in um

pad X y pad X y
S34 160 160 bottom | | S33 160 400 left
$35 380 ‘ i 532 ‘ 640 $
S36 580 $31 860
37 780 $30 1060
38 980 29 1260
39 1180 28 1460
SDA 1380 527 1660
scL 1580 526 1860
SYNC 1780 25 2260
CLK 1980 524 2460
Vbb 2180 523 2660
0sC 2400 s22 2860
A 2640 V v 21 3060
Al 2910 160 bottom | | S20 3260
S19 ¥ 3480 L
517 160 3960 top s18 160 3720 left
S16 380 ' 4
S15 580 A2 2910 360 right
S14 780 SAD 3 560 '
S13 980 Vss 2910 760
S12 1180 Vicp 2880 960
SN 1380 BPO 2910 2360
S10 1580 B8P2 4 2560
s9 1780 BP1 2760
S8 1980 BP3 2960
s7 2180 S0 3160
S6 2400 S1 3360
S5 2640 J v S2 | 3560 v
S4 2910 3960 top S3 2910 3760 right
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APPLICATION INFORMATION (continued)

Vico

vieo

Vss

s7¢9

oo PCF8578
%
o
%o
o
%
o o
SIKY
O

S40 539

PCF8576

S0

segments

backplanes
7291483.1

Fig. 27 Chip-on-glass application; cascaded PCF8576s with single-plane wiring {viewed from back of chip).




DEVELOPMENT DATA

This data sheet contains advance information and
specifications are subject to change without notice.

PCF8577
PCF8577A

LCD DIRECT/DUPLEX 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 substantiaily 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 PCF8577A 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: 25t0 9 V
® Low power consumption
® |2C-bus interface
e Optimized pinning for single plane wiring
® Single-pin built-in oscillator
e Auto-incremented loading across device subaddress boundaries
e 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 PCF8577A)
® Power-on-reset blanks display
]
—— $32
39 ,
st o Bl SEGMENT BYTE :
(2¢ BUS INPUT i2c-BUS | | |  REGISTERS BACKPLANE ;
FILTERS CONTROLLER AND :> SEMENT ;
spA —49. e MULTIPLEX !
> LOGIC | DRIVERS |, 32|
331 ges
s +*
« 1 341 a2/BP2
 36] .,
-,
25 r - } AD/OSC
i t
- PCF8577 CONTRO
POC\)ILEER PCF8577A :NF:)EGIerR L] OSCI}I\.:‘_STOR
RESET COMPARATOR DIVIDER
v ﬂ_l_;
ss —1
7287556.3
Fig.1 Block diagram.
PACKAGE OUTLINES
PCF8577P, PCF8577AP: 40-lead DIL; plastic (SOT129}.
PCF8577T, PCF8577AT: 40-lead mini-pack; plastic (VSO40; SOT158A).
PCF8577T, PCF8577AT: in blister tape.
PCF8577U/5, PCF8577AU/5:  wafer unsawn.
PCF8577U/10, PCF8577AU/1Q: chip-on-fiim frame carrier {FFC).
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PCF8577
PCF8577A
U

sz [1] 7] soa PINNING
Supply
31 2] [39] scL .
35 Vpp positive supply
$30 [z }Q Vss 38 Vgs negative supply
520 [4 osc
[ E Aol 12C-bus
528 |5 36] A1 40 SDA 12 C-bus data line
S27 E E Vpp 39 SCL IZC‘bUS clock line
526 [7] 34] A2/8P2 Inputs
s25 (8] [33] ep1 36 Al hardware address line
s24 [9] [32] st 37 AQ/OSC  hardware address line/ascillator pin
s23 [10] PeF577 [31] s2 Outputs
$22 (E PCF8677A [30] s3 1~32 S32 —~S1 segment outputs
s21 [12] Lz_?) 54 Input — Qutput
$20 E E S5 34 A2/8P2 harware address line/cascade sync
input/backplane output
§19 E 27| 56 33 BP1 cascade sync input/backplane output
s18 [15] E:] s7
s17 [18] %] se
s16 E @ $9
sts 18] 23] s10
s1a [19] [ 22] s11
513 [20] 21] s12

7287657.1

Fig.2 Pinning diagram.

FUNCTIONAL DESCRIPTION

Hardware subaddress A0, A1, A2

The hardware subaddress lines A0, A1, A2 are used to pragram the device subaddress for each PCF8577
on the bus. Lines AQ and A2 are shared with OSC and BP2 respectively to reduce pin-out requirements.

AD/OSC Line AD is defined as LOW (logic 0) when this pin is used for the local oscillator or when
connected to Vgg. Line AQ is defined as HIGH (logic 1) when connected to Vpp.

Al Line A1 must be defined as LOW {logic 0} or as HIGH (logic 1) by connection to Vgg or Vpp
respectively.

A2/BP2 In the direct drive mode the second backplane signal BP2 is not used and the A2/BP2 pin is
exclusively the A2 input. Line A2 is defined as LOW (logic 0} when connected to Vgs or,
if this is not possible, by leaving it unconnected (internal puil-down). Line A2 is defined as
HIGH (iogic 1) when connected to Vpp.

in the duplex drive mode the second backplane signal BP2 is required and the A2 signal is
undefined. In this mode device selection is made exclusively from lines AO and A1.
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LCD direct/duplex driver with 12 C-bus interface PCF8577
PCF8577A

DEVELOPMENT DATA

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 AQG/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 AO/OSC pin to either Vpp or VSS
depending on the required state for AO. 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 BANK A. Odd numbered segment byte registers are called BANK B.

There are two slave addresses, one for PCF8577, and one for PCF8577A (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 1> 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, A1 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 V0) address one of the segment byte registers within
the enabled chip for loading segment data.

[—CONTROL REGISTER—| i—— SEGMENT BYTE REGISTERS——I
DISPLAY

CONTROL SEGMENT BYTE VECTOR (SBV)
A
—

-
msb Isb msb Isb
T L T s T T T T T T 3
L jV5 V4 V31V2 V1 Vil ] [ j
L 11 L [ U
segment byte
T register address 2 r T T ! T T J
. v v 1 i B I 1 i 1
m oW } BANK ‘A’
T T T T T T T
| o |
comparison L 1 L ! L) 1
T € 1 T T T L
Jl |
1 i 1 | | I i Py
Y L ﬁ T T T 1 T T N
T T 1 l l
AZ At A0 { 1 { X i 4 {
device subaddress 3 l:j LI I A E J
. 1 1 A 1 ] 1
> BANK ‘B’
Lm— T T T
4] BANK A’ 5 I '
BANK NI 1 1 B B L
1| Bank B ( I ——
7
L 1 1 L 1 1 L 1 l J
0 | DIRECT DRIVE I .
pispLAY (1) Bits ignored in duplex maode.
1 DUPLEX DRIVE MODE 7287558.2

Fig.3 PCF8577 register organization.
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PCF8577
PCF8577A

FUNCTIONAL DESCRIPTION (continued)

The control register also has two display contro! bits. These bits are named MODE and BANK. 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 accurs 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 0. In this
mode only four bytes are needed to store the data for the 32 segment drivers. Setting the BANK bit to
logic O selects even bytes (BANK A); setting the BANK bit to logic 1 selects odd bytes (BANK B).

In the direct drive mode 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 autput
waveforms are shown in Fig.4.

OFF oN
Vop _I._ -
| BP1
Vgg ———od —
Vi —
bo Segment x
{Sx)
Vgg ——= L.
Vop ~ Vss -
| ——— 8P1 - Sx
~(Vpp — Vgg) - Von(rms) = Vpp — Vsg
o Voff(rms) =
fLeo 7287559.3

Fig.4 Direct drive mode display output waveforms.

Duplex mode

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.

All of the segment bytes are needed to store data for the 32 segment drivers and the BANK bit is
ignored.

Duplex mode output waveforms are shown in Fig.5.

i e, .. 4
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PCF8577

LCD direct/duplex driver with 12 C-bus interface

DEVELOPMENT DATA

OFF [OFF ON/OFF OFF /ON ON/ON
Vbp
i __TI—LL JJ_LL .IJ—LL .l_n_\_ >
VSS —_——
Vop
D.SJVDD+VSS)—— -l_,—rL _LJ_,—L _l—r_rL BP2
Vog ——————
v, , - _
bb I_ Segment x
Ves l | I | | {Sx}
Voo — Vss
05 (Vpp + Vgg)
05 e rve J—LLI' 'IJJ_L e
~05 (Vpp + Vgg) ———————
~(Vpp —Vgg) — -
Vop ~ Vss
05 (Vpp + Vgg) ~——
0 — J—-,— LL BPZ - Sx
~05 {Vpp *+ Vgg! L
—(VDD - Vss) J
e
fLeo 7287560.3

Von(rms) = 0.791 (VDD — VSS)

Voff(rms) = 0.354 (Vpp — Vss)
Von(rms) _ 2936
Votf(rms)

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 Vgg in master mode; to 3-state in cascade mode.
2. All segment outputs are set to Vgg.

3. The segment byte registers and control register are cleared.

4. The 12C-bus interface is initialized.
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PCF8577
PCF8577A

Slave address
The slave address for PCF8577 and PCF8577A are shown in Fig.6.

T T 1T T T 7T T T
sfo1 1 1010 0}A SI0 111 0 1 1 0fA
L4\ I T ) L1 1 1 1. L
l—SL/\VE ADDRESS . LSLAVE ADDRESS—I
7287561.2

(a) PCF8577 (b) PCF8577A
Fig.6 PCFB8577 and PCF8577A 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.

12C-bus protoco!
The PCF8577 12C-bus protocal is shown in Fig.7.

acknowiedge by acknowledge by acknowledge by
all PCF8577 all PCFB577 selected PCF8577 oniy
J lmsb Isb ‘
L T T T W~ T T T T T 1 T T 1T 7T T
alz SEGMENT
S| SLAVE ADDRESS |O|A 2lz! svre vecToR A SEGMENT DATA Al P
L1 1 A1 1 L 1 1 i 1 | - i 1 3 1

f

R/W L control byte ——4 L —— n bytes —— 1r

auto increment
segment byte vector
7287553.2

Fig.7 12C-bus protacol.

The PCFg577 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 contro!l 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 contro! byte acknowledge

the segment data remains unchanged. This aliows 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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PCF8577A

LCD direct/duplex driver with 12C-bus interface

DEVELOPMENT DATA

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 BANK bit allows
swapping of display information. {f BANK is set to lagic 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 T Segment byte-segment driver mapping in the direct drive mode

MOPE BANK} v2 | V1 |vO r::::::t" o M7SB 6 5 4 3 2 1 LgB backplane
0 040 ([0 (O 0 S8 S7 S6 S5 S4 S3 S2 S1 BP1
¢ 1 0 0 1 1 S8 S7 S6 S5 sS4 S3 S2 S1 BP1
0 0 0 1 4] 2 S16 {S15 [S14 S13 [S12 |S11 }S10 |S9 BP1
0 1 0 1 1 3 516 |S15 |S14 513 |S12 |S11 (S10 |S9 BP1
0 0 1 0 g 4 S24 {S23 S22 |S21 |S20 |S19 |S18 [S17 BP1
0 1 1 0 1 5 S24 {S23 |S22 |S21 1S20 |S19 |S18 [S$17 BP1
0 0 1 1 0 6 $32 [S31 [S30 |S29 |S28 |S27 }S26 |S25 BP1
0 1 1 1 1 7 $32 {S31 {S30 S29 |S28 }S27 [S26 |S25 BP1

Mapping example: bit 0 of register 7 controls the LCD segment $25 if BANK bit is a logic 1.

In duplex mode even bytes (BANK A} correspond to backpiane 1 (BP1) and odd bytes (BANK B}
correspond to backplane 2 (BP2).

Table 2 Segment byte; segment driver mapping in the duplex mode

MODE|BANK| V2 | V1 {VO :::;r:t o N;SB [¢] 5 4 3 2 1 Lg B backplane

1 x 0 0 0 0 S8 s7 S6 S5 S4 S3 S2 S1 BP1
1 X ¢ |0 1 1 S8 S7 S6 |S5 sS4 S3 S2 S1 BP2
1 x [¢] 1 0 2 S$16 {S156 1S14 [S13 |S12 [S11 }S10 |S9 BP1
1 X 0 1 1 3 S16 |S16 |S14 1S13 ]S12 [S11 |S10 |S9 BP2
1 X 1 0|0 4 S24 |S23 (S22 |S21 |S20 |S19 |S18 |S17 BP1

1 X 1 0 1 5 S24 823 S22 s21 |S20 [S19 ([S18 |S17 BP2
1 X 1 1 0 6 832 )S31 |S30 |S29 ]|S28 (S27 |S26 |S25 8P1
1 X 1 1 1 7 832 }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 I°C-BUS

The 12C-bus is for 2-way, 2-line communication between different ICs or modules. The two lines are
a serial data line (SDA) and a serial clock line {SCL). Both lines must be connected to a positive supply
via a pull-up resistor when connected to the output stages of a device. Data transfer may be initiated
only when the bus is not busy.

Bit transfer

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

data line | change
stable: | of data
data valid I allowed

L l L
SDA / ! i X | \
L -4 N
i i ¥
i | : ——
scL m \
{ | !
| i
i |
| 1 7287019

Fig.8 Bit transfer,

Start and stop conditions

Both data and clock tines 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).

F =7 r—==3
- ! - I —

| | | |

SDA | | I | SDA
| + _— —mt |
| | ! i

SCL : : } ; SCL
l s | | i !
[ P | I |

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
T i | 1 [
MASTER SLAVE MASTER
TRANSMITTER/ HESCL:I\\/IER TRANSMITTER/ TRZ:::/I—IET:ER TRANSMITTER/
RECEIVER RECEIVER RECEIVER
7287004

Fig.10 System configuration.
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PCF8577A

LCD direct/duplex driver with 12 C-bus interface

L e s A oy S,

DEVELOPMENT DATA

Acknowledge

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

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

start clock pulse for
condition acknowledgement
|

SCL FROM
DATA OUTPUT -
BY TRANSMITTER - \
DATA OUTPUT -
BY RECEIVER

7287007

-

Fig.11 Acknowledgement on the I12C-bus.

RATINGS

Limiting values in accordance with the Absolute Maximum System (IEC 134)
parameter symbol _min. max. unit
Supply voltage range . VpD —-0.5 +11.0 \
Voltage on pin \7 - -0.5 Vpp+0.5 \%
Vpp or Vgg current IpD: 188 -50 +80 mA
DC input current h -20 +20 mA
DC output current fe) -25 +25 mA
Power dissipation per package Ptot - 500* mwW
Power dissipation per output Po - 100 mW
Storage temperature range Tstg —-65 + 150 oC

HANDLING

Inputs and outputs are protected against electrostatic discharge in norma)l handling. However, to be
totally safe, it is good practice to take normal precautions appropriate to handling MOS devices {see
‘Handling MOS Devices’}.

a

* Derate 7.7 mW/K when Tymp > 60,°C.

P s . i S o
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DC CHARACTERISTICS

VDD =25109.0V;Vgg=0V; Tamp = —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
atVpp or Vsg
at fgc = 100 kHz no load; Rosc =1 MQ;
Cosc = 680 pF IDD1 ~ 80 250 A
atfgcpL =0 no load; Rosc =1 MQ;
Cosc =680 pF ipD2 - 25 150 uA
atfgeoL =0 no load; Rosc = 1 MQ;
Cosc = 680 pF;
Vpp =5V;Tamb=25°C|ipp3 | - 25 |40 HA
atfger =0 no load;
A0/OSC =VpporVss |IpD4 — 10 20 HA
Power-on reset level note 1 VPOR | — 1.1 2.0 Vv
Input AO
Input voltage LOW Vil 0 - 0.05 \'
Input voltage HIGH ViH1 Vpp-0.05| — VbbD A
Input A1
Input voltage LOW ViL2 0 - 0.3Vpp|V
Input voltage HIGH ViH2 0.7Vpp |- Vpp \
Input A2
Input voltage LOW ViLs 0 - 0.10 A
Input voltage HIGH ViH3 Vpp-0.10|—~ VDD \Y
Inputs SCL; SDA
Input voltage LOW ViLa 0 - 0.08 A
Input voltage HIGH Vida 2.0 - 9.0 \Y
Input capacitance note 2 Cjy - — 7 pF
Output SDA
Output current LOW VoL =04V:Vpp=5ViloL 3.0 - — mA
A1;SCL; SDA
Leakage current Vi =Vpp or Vss +i1 - - 1 HA
A2; BP2
Leakage current Vi=Vgg Lo - - 1 uA
Pull-down current Vi=VDpD —l2 - 1.5 5 uA

* Typical conditions: Vpp =5 V; Tamp = 25 °C.

March 1989w (




LCD direct/duplex driver with I2C-bus interface

PCF8577

PCFB8577A
Tparameter conditions symbol min. typ.* | max. | unit
A0/OSC
Leakage current Vi=VpD -1 3 - - 1 LA
Oscillator
Start-up current Vi=Vss losc - 1.2 5 MA
LCD outputs
DC component of LCD driver tVgp ~ 20 - mV
Segment output current VoL = 04V;
Vpp=5V loL 0.3 - — mA
VoH = VDD 04 V;
Vpp=5V —oH 0.3 - - mA
Backplane output resistance
(BP1; BP2) Vo =Vss, VDD,
(Vsgs+Vpp)/2; note 3 | Rpp — 0.4 5 kS
AC CHARACTERISTICS (note 2)
ﬁ Vpp =25109.0V; Vgg =0 V; Tyyp = —40 to + 85 OC unless otherwise specified
g parameter conditions symbol min. typ.* | max. unit
-
5 Display frequency Cosc = 680 pF;
2 Rosc=1M2 | fLco 65 | 90 120 | Hz
‘% Driver delays with test loads Vpp=5V tBs -~ 20 100 us
>
a8 12C-bus
SCL clock frequency fscL ~ - 100 kHz
Tolerable spike width on bus tsw ~ - 100 ns
Bus free time tBUF 4.7 - - us
Start condition set-up time tsu;sTA | 47 - - us
Start condition hold time tHp;sTA | 40 - - us
SCL LOW time tLow 4.7 - - us
SCL HIGH time tHIGH 4.0 - — us
SCL and SDA rise time 1 - - 1.0 us
SCL and SDA fall time 1 - - 1.3 us
Data set-up time tsu; DAT | 250 - - ns
Data hold time HD:DAT | O - - ns
Stop condition set-up time tSU: STO 4.7 - - us

* Typical conditions: Vpp =5 V; Tamp = 25 9C.
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Notes to the characteristics

1. Resets all logic when Vpp < VPOR-

2. Periodically sampled, not 100% tested.

3. Outputs measured one at a time; Vpp =5 V; ljgad = 100 pA.

4. All the timing values are valid within the operating supply voltage and ambient temperature range
and refer to Vy} and Vjy with an input voltage swing of Vgg to Vpp.

15kQ 6.8 k02
SCL, SDA : $110532
gy —_—{ . {Vpp + Vgg)/2
{pins 39, 40) Vop (pins 1 to 32) DD ™ “ss
7221918
Fig.12 Test loads.
05V
Sx (VDD =5V}
! 05V
4
t
BS
% . 05V
DD ,
5 I
BP1, BP2 IVpp =5V)
i
T 05V
7221816
Fig.13 Driver timing waveforms.
SDA
tsUF — LOW |~— t¢ -—
scL
—»l 1HD;STA | - > YHIGH M
T — —]
HD;DAT 1SU;DAT
SDA
—] ——— _>I l‘ =
7287013.2 tsu;sTA tsu;5T0

Fig.14 12C-bus timing diagram; rise and fall times refer to Vi and Vyy.
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[1:74

APPLICATION INFORMATION

DEVELOPMENT DATA

DIRECT DRIVE LCD DISPLAY

32 64

backplane }—

256

ﬂrﬂlﬂi g 8

device subaddress device subaddress
A2.A1.A0=000 A2.A1.A0=001

Vo

Ll

[ ﬁ_ﬂ

BP2

=}

Al
AD
Vss

SCL

SDA

Fig.15 Direct drive display; expansion to 256 segments using eight PCF8577.

531
PCF8577 E—

device subaddress
A2.A1LAD=1N

7287554.3

80181U1 SNG-O | YRIM JBALIP Xajdnp/10a1p 49}

Vv.1.6840d
£1.G840d
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J k6861 yasen

APPLICATION INFORMATION (continued)

BP2
DUPLEX LCD DISPLAY
BP1
1 32 33 64 128
S s s e e e e e s e e e e e e e e s e e e e e s e e e s e e e

§2 82
s1 S1
_E Bp1
VoD Voo
E Al
—a A0
Vss Vss
SCL scL
SDA SDA

device subaddress device subaddress device subaddress

A1.AC=00 ALAD=01 __ ALAOD=11
== p— 7287555.3

Fig.16 Duplex display; expansion to 2 x 128 segments using four PCF8577.
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LCD direct/duplex driver with 12C-bus interface PCF8577
PCF8577A

DEVELOPMENT DATA

32 output lines

® 6 9 @ 06 0 0 0 0 s " 0 8 s A A
52
$1
BP1
BP2
Vop Voo
Al
AO
Vss Vss
o & PCF8577
SDA SDA
device subaddress
A2, A1, AO = 000
7287562.1 ;} expansion

Notes

1. MODE bit must always be set to logic O (direct drive).

2. BANK switching is permitted.

3. BP1 must always be connected to Vgg and A0/OSC must be connected to
either Vpp or Vss {no LCD modulation).

Fig.17 Use of PCF8577 as 32-bit output expander in |12C-bus application.

Purchase of Philips’ 12 C components conveys a ficense 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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CHIP DIMENSIONS AND BONDING PAD LOCATIONS

8
-] =] (=3 = N < - 8 g -
S 888 888F 8 <
b
gooooO0oOQooOoano
s27| O O | Voo
s26 | O] | a2/Bp2
s25({ O O |ert
s24| O O tst
s23| PCF8577 a |s2
284mm 20| O PCFB577A O |ss
s21| O O [s4
s20| O O |ss
s1i9| O [ [ss
s18( J O |s7
OoonooOoooooao
0>< ~ © W ¥ M N - O O ]
G oodvodabaos ® @
Y 2.24mm
Chip area: 5.91 mm? 72218171
Bonding pad dimensions: 120 um x 120 um-
Fig.18 Bonding pad locations.
Table 3 Bonding pad locations (dimensions in um)
All x/y coordinates are referenced to bottom corner, see Fig.18.
pad X Y pad X Y
832 1020 2480 s12 1220 160
831 820 2480 S11 1420 160
S30 620 2480 S10 1620 160
29 400 2480 S9 1840 160
$28 160 2480 S8 2080 160
S27 160 2240 S7 2080 400
826 160 2020 S6 2080 620
S25 160 1820 S5 2080 820
$24 160 1620 S4 2080 1020
S23 160 1420 S3 2080 1220
S22 160 1220 S2 2080 1420
S21 160 1020 S1 2080 1620
S20 160 820 BP1 2080 1820
S19 160 620 A2/BP2 2080 2020
sS18 160 400 VDD 2080 2240
S17 160 160 A1 2080 2480
S16 400 160 A0/0SC 1840 2480
S15 620 160 Vss 1620 2480
s14 820 160 SCL 1420 2480
S13 1020 160 SDA 1220 2480
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DEVELOPMENT DATA

This data sheet contains advance information and
specifications are subject to change without notice.

PCF8578

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
dispiays 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 astand-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 microcontroliers 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

o 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 dispiay

Logic voltage supply range 2.5 V t0 6.0 V

Maximum LCD supply voltage 9 V

Low power consumption

12C-bus interface

TTL/CMOS compatible

Compatible with most microcontrollers

Optimized pinning for single plane wiring in multiple device applications (with PCF8579)
Space saving 56-lead plastic mini-pack

Compatible with chip-on-glass technology

APPLICATIONS

Automotive information systems
Telecommunication systems
Point-of-sale terminals
Computer terminals
Instrumentation

PACKAGE OUTLINES

PCF8578T: 56-lead mini-pack; plastic {(VS056; SOT190).
PCF8578V: 64-lead tape-automated-bonding module (SOT267A).
PCF8578U: chip with bumps on-tape.
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PCF8578

€39-C32
R31/C31-R8/C8
R7—-RO

A17-56

Vpp — 2 »
vy 10 Y . PCF8578
V3 11 . ROW/COLUMN
v, —{12 > DRIVERS
v 13 -,
5™ Ta »
Viep —»)
TEST —{53 DISPLAY OUTPUT
MODE CONTROLLER
CONTROLLER
Y DECODER
ANS SENSING 32x 40 BIT DISPLAY
AMPLIFIERS DISPLAY RAM DECODER
X DECODER
4 { l L l
»3 SYNC
POWER - ON SUBADDRESS RAM DATA POINTER TIMING
RESET COUNTER GENERATOR L4 CLK
Y X >
scL —42 N ) > 8 osc
INPUT 12C-BUS COMMAND OSCILLATOR
1 «_a| FILTERS ,| conTrROLLER .| DECODER
SDA > < —> Rosc
Y
5
D_f v
15 16 7 ss
7221372.2
n.c. n.c. SA0

{1} LCD voltage levels , all other blocks operate at iogic levels

Fig.1 Block diagram.
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LCD row/column driver for dot matrix graphic displays

PCF8578

DEVELOPMENT DATA

PINNING

sba [1
scL [2]
% 3]
cik [4]
vss [5]
TesT [6]
sao [7]
osc [&]
voo [2]
vz [a0]
vz [11]
vq [12]
vs [13]
Vico E
ne. [15]
nc. [16]
cae [17]
cas [18]
car [i9]
c3e [20]
¢35 [21]
c3a [22]
ca3 [23]
c32

R31/C31 [28]

R30/C30 [26]
R29/C29 [27]

R28/C28 rz_?

PCF8578

56] RO
[55] R
[54] r2
53] R3
52] Ra
51] RS
[50] R6
[49] A7
48] ra/cs
[47] Ro/co

[46] R10/C10

[45] R11/c11
[44] R12/C12
[43] R13/C13
[42] R14/c14
[41] Ris/c15

[40] R16/C16
[39] R17/C17
38] Ris/c18

[37] R19/c19

[36] R20/C20
[35] R21/C21
E_] R22/C22

[33] R23/C23
[32] R24/C24
[31] R25/C25

[30] R26/C26

_2_3| R27/C27

Fig.2 (a) Pinning diagram: VSO56; SOT190.

7221371.2
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PCF8578

PINNING (continued)

Vicp ] &4 1=1ne
vs [ —1nec
vy W —ne
V3 E 0 — TN
vy | 80 H s —1nc
vpp — — T
osc —] [ nec.
E7.0 N —— —Inec
TEST ——Jne.
Vv, 55 10— n.c.
ss PCF8578 0
c =1 cas
SYNC [ ] C38
SCL [—1c37
SDA ] [~ C36
RO ] 50 15[ C35
R1 [ 1C34
R2C] —cs3
RI[—] [—c32
R4 [——1 R31/C31
RS 45 20 [ R30/C30
=3 w0 (=] g
R6 l; b @ i 1 R2gjc29
- EEE-EEE-EEEEEEEREES
¢ 222 292929 900 900 0900000 09
C € 8~ & & 4 U & KN O 60 -~ 6 O F 5 6 K D
- T - - - r e - - - & N N 8 & N & N & 7221552.1
T Cr & oCeockorEeseees c &

(1) Orientation mark.

Fig.2 (b) Pinning diagram; SO121,
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LCD row/column driver for dot matrix graphic displays

PCF8578

DEVELOPMENT DATA

pin no.

mnemonic description

SOT190 S0O121
SDA 1 51 12C-bus serial data line
SCL 2 52 12C-bus serial clock line
SYNC 3 53 cascade synchronization output
CLK 4 b4 external clock input/output
Vss 5 55 ground {logic)
TEST 6 56 test pin {connect to Vgg)
SAO 7 57 12C-bus slave address input (bit 0)
0sc 8 58 oscillator input
VDD 9 59 positive supply voltage
V2 to Vg 10-13 60-63 LCD bias voltage inputs
VLCD 14 64 LCD supply voltage
n.c. 15- 16 1-10 not connected
C39 to C32 17-24 11-18 LCD column driver outputs
R31/C31 to R8/C8 25 -48 19-42 LCD row/column driver outputs
R7 to RO 49 - 56 43 - 50 L CD row driver outputs

January 1989
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PCF8578 J l

FUNCTIONAL DESCRIPTION
The PCF8578 row/column driver is designed for use in one of three ways:

® Stand-alone row/column driver for small displays {mixed mode)
® Row/column driver with cascaded PCF8579s {mixed mode)
® Row driver with cascaded PCF8579s (row mode)

Mixed mode

In mixed mode, the device functions as both a row and column driver. It can be used in small stand-alone
applications, or for larger displays with up to 156 PCF8579s (31 PCF8579s when two slave addresses
are used). See table 1 for common display configurations.

Row mode

ln row mode, the device functions as a row driver with up to 32 row outputs and provides the clock and
synchronization signals for the PCF8579. Up to 16 PCF8579s can normally be cascaded (32 when two
slave addresses are used).

Table 1 Possible display configurations

mixed mode row mode
multiplex
application rate rows | columns rows columns | typical applications
1.8 8 32 - -
tand-al 1:16 16 24 - - small digital or
stand-alone 1:24 24 16 - - alphanumeric displays
1:32 32 8 - —
1:8 8 632 8x4 640
. 1:16 16 624 16x2 | 640 alphanumeric displays
with PCF8579 | 4,04 240|616 24 640 and dot matrix
1:32 32 608 32 640 graphic displays
using 15 using 16
PCF8579s PCF8579s )

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

Commands sent on the 12C-bus from the host microprocessor set the mode {row or mixed),
configuration (multipiex rate and number of rows and columns) and control the operation of the
device. The device may have one of two slave addresses. The only difference between these slave
addresses is the least significant bit, which is set by the logic level applied to SAQ. The PCF8578

and PCF8679 also have subaddresses. The subaddress of the PCF8578 is only defined in mixed mode
and is fixed at 0. The RAM may only be accessed in mixed mode and data is loaded as described for
the PCF8579.

Bias levels may be generated by an external potential divider with appropriate decoupling capacitors.
For large displays, bias sources with high drive capability should be used. A typical mixed mode
system operating with up to 156 PCF8579s is shown in Fig.3 (a stand-alone system would be identical
but without the PCF8579s).
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LCD row/column driver for dot matrix graphic displays PCF8578

DEVELOPMENT DATA

Multiplexed LCD bias generation

The bias levels required to produce maximum contrast depend on the multiplex rate and the LCD
threshold voltage (Vih). Vih is typically defined as the RMS voltage at which the LCD exhibits 10%
contrast. Table 2 shows the optimum voltage bias levels for the PCF8578 as functions of Vop

(Vop = VDD - VLCD), together with the discrimination ratios (D) for the different multiplex rates.
A practical value for Vg, is obtained by equating Voff(rms) with Vih.

Table 2 Optimum LCD bias voltages

multiplex rate
parameter
1:8 1:16 1:24 1:32
v
yz 0.739 0.800 0.830 0.850
Vop
v
Y3 0.522 0.600 0.661 0.700
Vop
v
4 0.478 0.400 0.339 0.300
Vop
V.
M 0.261 0.200 0.170 0.150
Vop
v
Yofflrms) 0.207 0.245 0.214 0.193
Vop
v
Yon{rms) 0.430 0.316 0.263 0.230
Vop
p= Yon(rms) 1.447 1.291 1.230 1.196
Voff(rms)
v
-op 3.37 4.08 4.68 5.19
Vih

January 1989
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multiplex rate (n)
n=8 n=16,24,632
R R
WR—-2)R R $
{3—-y/MNIR W/n—-3)R c 40— n
columns

J l 6861 Asenuep z0¢€

[9]

VoD
L@i
V2

L

R

!

2

o

HOST
MICROPROCESSOR
p—1 SCL.
SDA

=

V3

R3

|

V4  PCF8678

~

R
R

=

3

c
L|l Vico

Vss
Vico C osc SAO [— V3s/Vpp
osc SDA SCL CLK SYNC

11

y A 4 {

40
columns

i .
2
C v Vss/Vpp —1
5

PCF8579

SDA SCL CLK SYNC V4 V3

tt 11

(penunuod) NOILAIHOS3A TYNOILINNSY

subaddress 1
Vss/Vpp

n = multiplex rate

Fig.3 Typical mixed mode configuration.

7Z21375.2
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LCD row/column driver for dot matrix graphic displays PCF8578

DEVELOPMENT DATA

72215331
1.0
Vbias
Vop Vo
0.8
Va
06
0.4
V4
0.2
Vs ]
0

1:8 1:16 1:24 1:32
muitiplex
rate

Fig.4 LCD bias voitages as a function of the multiplex rate.

Power-on reset
At power-on the PCF8578 resets to a defined starting condition as follows:

. Display blank

. 1:32 multiplex rate, row mode

. Start bank 0 selected

. Data pointer is set to X, Y address 0, 0
. Character mode

. Subaddress counter is set to 0

. |12C-bus interface is initialized.

NOOAWN =

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

January 1989
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PCF8578

FUNCTIONAL DESCRIPTION (continued)

ROW O

COLUMN

ROW 0

COLUMN

ROW 0

COLUMN

ROW 0

COLUMN

T
frame - ON
—— OFF
N P I
Voo
Va
Va
Vs

I

7

r

—

HER

[} l 1 ‘ 2 {3 ' 4 '5 . 6 ’ 7 } 8 ‘ 9 '10}11|12}13|14(15’15|17|13]19'20‘21’22‘23}24‘25‘25{27}28‘29‘30’31

IR

L

=

Fig.5 LCD row/column waveforms.
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LCD row/column driver for dot matrix graphic displays

PCF8578

DEVELOPMENT DATA

ROW 1 V3
R1(H Vg

ROW 2 V3
R2 (v Vy

COLUMN 1V,
1) Vg4

COLUMN 2 V3
c2 () Vs

0.261 V-

vV, M ov
state 1 _0.261 V

op

op

Vop

0.478 Vg~
0.261 V, ~
ov—28

-0.261 Vo

0478 V-

Vstate 2

~Vop

r~ Thame ——
=

72215441

state 1 (ON)
state 2 (OFF)

dot matrix
1 : 8 multiplex rate

Vstate 1(t) = C1(t) — R1{t):

Von(rms) _ 1, ‘[8_—_L_ =0.430
Vop 8 8hB8+1

Vstate 2(t) = C2(t) — R2(t):

Voff(rms) . /2/B—1) = 0.297
Vop VB /B +1)?

general relationship (n = multiplex rate)

_V_on(rms)= 1_+\/ﬁ"1 ,
Vop n nk/n+1)
Voff(rms) _ 24/n—1)

Vor NAVCERIE

Fig.6 LCD drive mode waveforms for 1:8 mulitiplex rate.
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FUNCTIONAL DESCRIPTION (continued)

R1(t) vy

coLi vy
1w v,

coLz2 v,
c2m v,

0.2V,
Vstate 1 () ov

-0.2 Vop

~Vop ——

Vop
06 Vg,

ozvo
Vstate 2 (¥ ov
-02 V

-0.8V,

p

op
op
“Vop

Vstate 1(t} =

op —

~

[

Tframe

C1(t) — R1{t):

1 16— 1
—F ——— =0,316
16 16 (/16 + 1)

Von(rms) _

Vop

Vstate 2(t) = C2(t} — R2(t):

Voff(rms) _ 26/T6-1) 0.045
Vop V16 (/16 + 1)?

1]
SihRshinhhnhinnl

— s

“rpnnnn g

7221543.1

general relationship (n = multiplex rate)

Von(rms) - 1_ " Vn—1
Vop n ni/n+1)
Voffirms)_  /26/n—1)
Vop Vi /0 +1)?

Fig.7 LCD drive mode waveforms for 1:16 multiplex rate.

state 1 (ON)
state 2 (OFF)

dot matrix
1: 16 multiplex rate

306 : January 1989



LCD row/column driver for dot matrix graphic displays PCF8578

DEVELOPMENT DATA

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 Fig.8. For normal use a value of
330 kS 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.

103 7221532.1
fosc
(kHz)
102
~
N
NN
10
<Y
1
10 102 10

3 4
10
Rosc (k)

Fig.8 Oscillator frequency as a function of RQgc.

Note

To avoid capacitive coupling, which could adversely affect oscillator stability, Rogc should be placed
as closely as possible to the OSC pin. If this proves to be a problem, a filtering capacitor may be
connected in parallel to RQgc-

External clock

If an external clock is used, OSC must be connected to Vpp and the external clock signal to CLK.
Table 3 summarizes the nominal CLK and SYNC frequencies.

Table 3 Signal frequencies required for nominal 64 Hz frame frequency

oscillator frequency | frame frequency multiplex rate clock frequency
{Rosc = 330 kQ2) division

fosc (Hz) TSYNC (Hz) n ratio feLK (Hz)
12288 64 1:8; 1:16; 1:32 8 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 mulitiple 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 €32 to C39 are fixed as row and column drivers respectively. The remaining
24 outputs R8/C8 to R31/C31 are programmable and may be configured {in blocks of 8) to be either
row or column drivers. The row select signal is produced sequentially at each output from RO up to
the number defined by the multiplex rate (see Table 1). In mixed mode the remaining outputs are
configured as columns. In row mode all programmable outputs (R8/C8 to R31/C31) are defined as
row drivers and the outputs C32 to C39 should be left open-circuit. Using a 1: 16 multiplex rate,

two sets of row outputs are driven, thus facilitating split-screen configurations; i.e. a row select

pulse appears simultaneously at RO and R16/C16, R1 and R17/C17 etc. Similarly, using a multiplex
rate of 1:8, four sets of row outputs are driven simultaneously. Driver outputs must be connected
directly to the LCD. Unused outputs should be left open-circuit.

Display mode controller

The configuration of the outputs {row or column) and the selection of the appropriate driver waveforms
are controlled by the display mode controiler.

Display RAM

The PCFB578 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 12C-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,
controlied by commands sent on the 12C-bus.

Subaddress counter

The storage and retrieval of display data is dependent on the content of the subaddress counter.
Storage takes place only when the contents of the subaddress counter agree with the hardware
subaddress. The hardware subaddress of the PCF8578, valid in mixed mode only, is fixed at 0000.

12C-bus controller

The 12C-bus controller detects the |2 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 12C-bus siave transmitter/receiver in mixed mode, and as a slave receiver

in row maode. A slave device cannot control bus communication.

Input filters

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

RAM access

RAM operations are only possible when the PCF8578 is in mixed mode. [n this event its hardware
subaddress is internaily 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

® Fuli-graphic

These modes are specified by bits G1 and GO of the RAM ACCESS command. The RAM ACCESS
command controls the order in which data is written to or read from the RAM (see Fig.9).

To store RAM data, the user specifies the location into which the first byte will be loaded (see Fig.10):

e Device subaddress (specified by the DEVICE SELECT command)
® RAM X-address (specified by the LOAD X-ADDRESS command)
® RAM bank (specified by bits Y1 and YO of the RAM ACCESS command)

Subsequent data bytes will be written or read according to the chosen RAM access mode. Device
subaddresses are automatically incremented between devices until the last device is reached. If the last
device has subaddress 15, further display data transfers will lead to a wrap-around of the subaddress
to 0.

Display control

The display is generated by continuously shifting rows of RAM data to the dot matrix LCD via the
column outputs. The number of rows scanned depends on the multiplex rate set by bits M1 and MO

of the SET MODE command.

The display status (all dots on/off and normal/inverse video) is set by bits E1 and EO of the SET MODE
command. For bank switching, the RAM bank corresponding to the top of the display is set by

bits B1 and BO of the SET START BANK command. This is shown in Fig.11. This feature is useful
when scrolling in alphanumeric applications.
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PCF8578/PCFB579 PCF8579
driver 1 driver 2 driver k
I o~ A — —_
l«——— bank 0
|«———— bank 1
RAM
4 bytes
fe————— bank 2
|«————— bank 3
- —v~ g PCF8578/PCFB579 system RAM
40-bits 1 k< 16
] ——————— A P
| I - -7
ibyteJlol1]2]|3]4|5]6!7[8]9]10[11
| l charactst mode ~~ -
| | ~~_
| I
[ ! —
0f2|4|6]|8|10|12[14|16|18{20]22
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] |
| I
| ! o
014 (812{16]20124128132(36140{4a
1]5(8[13]17]|21|25|29(33|37{41]45
4 bytes _—
2|6 |10]14(18]22]26]|30(|34|38]|42|46
317 p1p5(19123{27131135(39143147
—_ 7221539.1
| RAM data bytes are | full-graphic mode
| written or read as |
] indicated above |

Fig.9 RAM access mode.
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DEVELOPMENT DATA

DEVICE SELECT:
subaddress 12

RAM ACCESS:

: -—— bank 0
character mode {
bank 1 |

{

|

{

|

-«—— bank 1

RAM -«—— bank 2

-«—— bank 3

R/W
LOAD X-ADDRESS: X-address = 8 __ elave ad dmsT l
READ T T T U1 [s T 1+ 1T 1T 1T 1.1 -
AW SJo 1t 111 ofaj1{a DATA A
I T I O B I I | .
~— slave atdress — l ——DEVICE SELECT —— — LOAD X-ADDRESS — —— RAM ACCESS ——
T T T T [s T I T T T T T T T 11 T T T T 1
Slo1 1 1 1 o]ajolaj1]1 1 01 1 0o0al1]oo o1 00 ojajofr 11 00 0 1]a
P11 Jo L)1)l N T N O B I
(aee 12G-bus protocol) I
LA L T T 1T 1T 17T o
last command DATA A DATA A
WRTE | ) v v v g Pty v 1y e

72215491

Fig.10 Example of commands specifying initial data byte RAM locations.
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FUNCTIONAL DESCRIPTION (continued)

RAM

bank 0
VL‘ A top of LCD
1 CNONONONONONONGNG)
™ (ONONONONONCONONONONG®]
1 [CNONONONCRONONONG!
T oNoNoNONONONONG
— OO0OO0O00O0O0
1 OO0O0O0O0O0
7 999090
— OO0
] />
1 |
}_ |
_o’_bankz
-
m ﬁ
_T_banka
-
5
e
L 7221550

Fig.11 Relationship between display and SET START BANK;
1:32 multiplex rate and start bank = 2,
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DEVELOPMENT DATA

12C-BUS PROTOCOL

Two 7-bit slave addresses (0111100 and 0111101) are reserved for both the PCF8578 and PCF8579.
The least-significant bit of the slave address is set by connecting input SAO to either 0 (Vgg) or

1 {VDD). Therefore, two types of PCF8578 or PCF8579 can be distinguished on the same 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 |2C-bus.

In most applications the PCF8578 will have the same slave address as the PCF8579.

The 12C-bus protocol is shown in Fig. 12. All communications are initiated with a start condition (S)
from the 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 oniy by the (AQ, A1, A2 and A3}
addressed PCF8579 or PCF8578 with its implicit subaddress 0. After the last data byte has been
acknowledged, the 12 C-bus master issues a stop condition (P).

in READ mode, indicated by setting the read/write bit HIGH, data bytes may be read from the

RAM foilowing the slave address acknowledgement. After this acknowledgement the master transmitter

becomes a master receiver and the PCF8578 becomes a slave transmitter. The master receiver must
acknowledge the reception of each byte in turn. The master receiver must signal an end of data to
the slave transmitter, by not generating an acknowledge on the last byte clocked out of the slave. The
slave transmitter then leaves the data line HIGH, enabling the master to generate a stop condition (P).

Display bytes are written into, or read from, the RAM at the address specified by the data pointer and
subaddress counter. Both the data pointer and subaddress counter are automatically incremented,
enabling a stream of data to be transferred either to, or from, the intended devices.

In multiple device applications, the hardware subaddress pins of the PCF8579s (Aq to A3} are connected

1o Vgs or VP to represent the desired hardware subaddress code. |f two or more devices share the
same slave address, then each device must be allocated a unique hardware subaddress,

I ( January 1989
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12C-BUS PROTOCOL (continued)

acknowledge
by AQ, A1, A2 and A3

acknowls by
— '"nadv;re:;g:edy selected PCFB578s/
AW [ pcras7es/pcres7os PCF8579s onty
’— slave address —— l l
T TTTT s T T T TTTrT 17177
§|0 1 111 0|lafola|c COMMAND A DISPLAY DATA Al P
I T T I I O O O Y
l——1by!e——} L—n}Ibytes—J |%n>0t:ytes—~J

update data pointers
and i necessary
subaddress counter

7221547

Fig.12(a) Master transmits to siave receiver (WRITE mode).

acknowledge

by alt
PCF8578s/PCF8579s
slave address st da acknowledge no acknowledge
ave address from master from master
I'TTTTTs T T TTTT FTTT T s rrrrrrT T
Sjo 111 1 0lAa]o]alc COMMAND Al S0 11 1 1 0JAl1]{A DATA A DATA 1| P
I O Y I T Y T | B L) B T T Y I I N I T WY B |
T L— n > 1byte ——] T n bytes ——— last bytes——J
RIW AW
at this moment master
transmitter becomes a update data pointers
master receiver and pand if necspssary
PCF8578/PCFB579 slave subaddress counter
7221548

receiver becomes a
slave transmitter

Fig.12(b) Master reads after sending command string (WRITE commands; READ data).

acknowledge
no acknowledge
from master

y all 9
PCF8578s/PCF8579s from master

— slave address —,
F1rrrd
DATA 11 P
f W |

L1 1] N O Y N | J I - |
T nbytes——] ——IaslbyleA

rr 1T T

T T T T TTs
Af1|A DATA A
4]

update data pointers
“—- and if nacessary ——
subaddress counter

7221546

Fig.12(c) Master reads slave immediately after sending slave address (READ mode).
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DEVELOPMENT DATA

Command decoder

The command decoder identifies command bytes that arrive on the 12 C-bus. The most-significant bit

of a command is the continuation bit C (see Fig.13). When this bit is set, it indicates that the next

byte to be transferred will also be a command. If the bit is reset, it indicates the conclusion of the command
transfer. Further bytes will be regarded as display data. Commands are transferred in WRITE mode

only.

MSB Lse
LU
C| REST OF OPCODE
SO T T N

7221545

C = 0; last command
C = 1, commands continue

Fig.13 General format of command byte.
The five.commands available to the PCF8578 are defined in Tables 4 and 5.

Table 4 Summary of commands

code command description
coDDDDDD LOAD X-ADDRESS 0to 39
cC10DDDDD SET MODE multiplex rate, display status, system type
c110DDDD DEVICE SELECT defines device subaddress
cC111DDDD RAM ACCESS graphic mode, bank select

{D D D D > 12 is not allowed; see

SET START BANK opcode)
cC11111DD SET START BANK defines bank at top of LCD

Where:

C = command continuation bit
D = may be a logic 1 or O.

I ( January 1989
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12C-BUS PROTOCOL (continued)

Table 5 Definition of PCF8578/PCF8579 commands

command / opcode

options

description

SET MODE

lc]1 ofr]e1 eo[m1 mo]

LCD drive mode bits M1 MO

1:8 MUX (8 rows)

1:16 MUX (16 rows)
1:24 MUX {24 rows)
1:32 MUX (32 rows)

O = =0
O=0 =

defines LCD drive mode

display status bits E1 EO

blank 0 o0
normal o 1
all segments on 1 0
inverse video 1 1

defines display status

system type bit T

PCF8578 row only 0
PCF8578 mixed mode 1

defines system type

SET START BANK

start bank pointer bits B1 B0

defines pointer to RAM bank
corresponding to the top of

Ci1 1 0]A3 A2 A1 AD

4-bit binary value of 0 to 156

bank 0 0 o0 the LCD. Useful for scrolling,
bank 1 0 1 pseudo-motion and background
cit1111{B1 B0 bank 2 1 0 preparation of new display
bank 3 1 1
DEVICE SELECT bits A3 A2 A1 A0 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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PCF8578

DEVELOPMENT DATA

command / opcode

options

description

RAM ACCESS

C|1 1 1}G1 GO|Y1 YO

RAM access mode bits G1 GO

defines the auto-increment
behaviour of the address for

character 0 0 RAM access

half graphic 0 1

full graphic 1 0

not allowed * 1 1

bits Y1 YO two bits of immediate data,

2-bit binary vaiue of 0 to 3

bits YO to Y1, are transferred
to the Y-address pointer to
define one of four banks for
RAM access

LOAD X-ADDRESS

[clo[xs x4 x3 x2 x1x0]

bits X5 X4 X3 X2 X1 X0

6-bit binary value of 0 to 39

six bits of immediate data,
bits X0 to X5, are transferred
to the X-address pointer to
define one of forty display
RAM columns

* See opcode for SET START BANK,

\ (January 1989
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CHARACTERISTICS OF THE 12C-BUS

The 12C-bus is for bidirectional, two-line communication between different 1Cs 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.

!
f
)

l
SDA { !
|
i i
| | ———
SCL_/—_\—__V— \
) 1
i
i
[
i

<

|

) data line | change

[ stable: | of data

| data valid t allowed 7287019

Fig.14 Bit transfer.

Start and stop conditions

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

start condition stop condition
P 7287005

Fig.15 Definition of start and stop condition.
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DEVELOPMENT DATA

System configuration

A device transmitting a message is @ "transmitter”’, a device receiving a message is the "receiver’.
The device that controls the message fiow is the “master”” and the devices which are controlled by
the master are the "'slaves’’. -

SDA
] T [ T ]
MASTER SLAVE MASTER
SLAVE R
TRANSMITTER/ RECEIVER TRANSMITTER/ TRZIC;\:IETTEH TRANSMITTER/
RECEIVER RECEIVER RECEIVER
7287004

Fig.16 System configuration.

Acknowledge

The number of data bytes transferred between the start and stop conditions from transmitter to
receiver is unlimited. Each data byte of eight bits is followed by one acknowledge bit. The acknowledge
bit is a HIGH level put on the bus by the transmitter, whereas the master generates an extra
acknowledge related clock pulse. A slave receiver which is addressed must generate an acknowledge
after the reception of each byte. Also a master must generate an acknowledge after the reception of
each byte that has been clocked out of the slave transmitter. The device that acknowledges must

pull down the SDA line during the acknowledge clock pulse, so that the SDA line is stable LOW
during the HIGH period of the acknowledge related clock pulse {set-up and hold times must be taken
into consideration}. A master receiver must signhal the end of a data transmission to the transmitter -
by not generating an acknowledge on the last byte that hag been clocked out of the slave. In this event
the transmitter must leave the data line HIGH to enable the master to generate a stop condition.

start clock pulse for
condition acknowiedgement

i
I {
SCL FROM |
MASTER || 1 2 8 9
|
' -
DATA OUTPUT y
BY TRANSMITTER |
! -

s

DATA OUTPUT
B8Y RECEIVER

7287007

Fig.17 Acknowledgement on the 12C-bus.

Note
The general characteristics and detailed specification of the 12C-bus are available on request.
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RATINGS

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

parameter symbol min. max.
Supply voltage range VDD -0.5 +8.0 \Y
LCD supply voliage range \ ) Vpp -1 VDD Vv
input voltage range at

SDA, SCL, CLK, TEST,

SAQ and OSC Vi1 Vss —0.5 Vpp +0.5 \

V2 to Vg Vi2 VLcp -0.5 Vpp +0.5 \%
Output voltage range at

SYNC and CLK Vo1 Vgs —0.5 Vpp +0.5 \

RO to R7, R8/C8 to R31/C31,

and C32 to C39 Vo2 Vicp 0.5 Vpp+0.5 \
DC input current Iy -10 10 mA
DC output current 10 -10 10 mA
VDD, Vss or VLD current DD, Iss. ILCD —50 50 mA
Power dissipation per package Piot - 400 mW
Power dissipation per output Po - 100 mw
Storage temperature range Tstg —65 + 150 oC

HANDLING

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

totally safe, it is desirable to take normal precautions appropriate to handling MOS devices {see

"Handling MOS Devices’).

320
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DEVELOPMENT DATA

DC CHARACTERISTICS

VpD=25V1t06.0V;Vgs=0V; V| cD=VDD —3.5VtoVpp—9V; Tamb=—40 °C to +85 °C;

unless otherwise specified

parameter conditions symbol min. typ. | max. unit
Supply
Supply voltage VDD 25 - |60 v
LCD supply voltage VLCcD Vpp -9 | — Vpp -3.5; V
Supply current note 1;
external clock fcLk =2 kHz IDD1 - 6 15 uA
internal clock Rosc =330 k&2 IDD2 - 20 |50 uA
Power-on reset level note 2 VPOR 0.8 1.3 | 1.8 \'
Logic
Input voltage LOW ViL Vss - 03Vpp |V
Input voltage HIGH ViH 0.7VpD | — VDD v
Output current LOW
at SYNC and CLK voL=1.0V
Vpp=5V loL 1 - - mA
Qutput current HIGH
at SYNC and CLK VoH =40V
Vpp=5V l10H1 - - -1 mA
SDA output current LOW [V =04 V;
Vpp=5V loL2 3.0 — - mA
Leakage current
at SDA, SCL, SYNC,
CLK, TEST and SAO V| =Vpp or Vgg I -1 — 1 MA
Leakage current
at OSC V| =Vpp L2 -1 - 1 uA
Input capacitance
at SCL and SDA note 3 Ci - - 5 pF
LCD outputs
Leakage current at
Vo to Vg Vi=VpporVico | L3 -2 — 2 uA
DC component of LCD
drivers RO to R7,
R8/C8 to R31/C31,
and C32 to C39 *Vpe - 20 | — mV
Output resistance at note 4
RO to R7 and R8/C8 to
R31/C31 row mode RRow — 156 | 3.0 k&
R8/C8 to R31/C31
and C32 to C39 column mode RcoL - 3 6 k2

| ﬂanuary 1989
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AC CHARACTERISTICS (note 5)

VpD=251t06V;Vgg=0V; Vi cp=VpD —3.5V toVpp —-9 V; Tgmp = - 40 to +85 °C;

unless otherwise specified

parameter conditions symbol min. | typ. max. unit
Clock frequency at Rosc = 330 kQ;

multiplex rates of Vpp=6V

1:8, 1:16 and 1:32 foLK1 1.2 2.1 3.3 kHz

1:24 feLk2 09 |16 25 kHz
SYNC propagation delay tPSYNC - - 500 ns
Driver delays Vpp - Viep=9V;

with test loads tPLCD - - 100 us

12C-bus
SCL clock frequency fscL — — 100 kHz
Tolerable spike width

on bus tsw - - 100 ns
Bus free time tBUF 47 - — Ms
Start condition

set-up time repeated start

codes only 1SU: STA 47 - - Hs

Start condition

hold time tHD; sTA | 4.0 - - Ms
SCL LOW time tLow 4.7 - - us
SCL HIGH time tHIGH 4.0 - - Ms
SCL and SDA rise time tr - - 1.0 us
SCL and SDA fall time tf - - 0.3 us
Data set-up time tSU; DAT | 250 | - - ns
Data hold time tHD; DAT | O - - ns
Stop condition

set-up time tSU; STO 40 |- - us
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DEVELOPMENT DATA

Notes to the characteristics

1.

Outputs are open; inputs at Vpp or Vgg; 12C-bus inactive; external clock with 50% duty factor,
“DD'l Onlv). ’

Resets all logic when Vpp < VPOR-

Periodically sampled; not 100% tested.

Resistance measured between output terminal (RO to R7, R8/C8 to R31/C31 and C32 to C39)
and bias input {V2 to V5, VDD and VD) when the specified current flows through one output
under the following conditions (see Table 2):

VopP=VDD—ViCcD=9V;
row mode, RO to R7 and R8/C8 to R31/C31 (row mode):
V2 -~V cD>6.65V;Vs—VcD<235V;ILoAD = 150 pA

column mode, R8/C8 to R31/C31 {column mode) and C32 to C39:
V3 -VLIeD =470V, V4 -VicD <4.30V; 1 0AD = 100 pA.

All timing values are referred to V| and V| levels with an input voltage swing of VgS to Vpp.

3.3kQ 1.5kQ
SYNC, CLk  —— }—— 0.5 Vpp SDA — — Vpo
€39 to C32,
R31/C31 to RB/C8 "
and R7 to RO
1nF 7221535.1

Fig.18 Test loads.
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foLk
oK 0.7 Vpp
K y 0.3 Vpp
SYNC
—> PSYNC *— > tpgync |<— ;
05V
€39 to €32, }
R31/C31 to R8/CB Vpp-Vicp=9V)
and R7 to RO }
k 1A 05V
tPLCD
72215311
Fig.19 Driver timing waveforms.
SDA
tBUF Yow |+ 1 >
i fscL ————
scL
™1 Y4D;3TA —"( -~ ™ tigH ™
r — - —b{
{ tHD:DAT tsu;DAT
SDA
— tSU'STA |t ——»l l<—
' su;sTO
7221536

Fig.20 12C-bus timing waveforms.
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DEVELOPMENT DATA

LCD DISPLAY

RO R1 R2 R3

SDA SCL SYNC CLK

R4 R5 R6 R7 RB/ R9/ R10/ R11/ R12/R13/ R14/ R15/ R16/ R17/ R18/ R18/ 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 C28 C27

PCF8578

Vgg TEST SA0 R31/ R30/ R29/ A28
T ] 956 Voo Y2 Vg Va Vs Vigpno. no €39 C38 C37 G35 C36 C34 C33 CI2 C31 O3 C20 C28

I I_J

Rosc

Fig.21 Stand-alone application using 8 rows and 32 columns.
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APPLICATION INFORMATION (continued)

Fig.22 Typical LCD driver system with 1:32 multiplex rate.

Vop
R
32 rows 1 : 32 multiplex rate
—iF A LCD DISPLAY 32 x 40 x k dots (1 < k < 16)
20480 {max)
A
i+ V3
(@V2-3) R
g r 2
1 v, PCFes78 1
W * (ROW MODE)
R 8
St v 40 columns 40 columns 40 columns
L 1) 5 unused columns
R subaddress 0 subaddress 1 subaddress k-1
11 SA0 ’-—v
it Yico 8
v,
LcD
V.
P ss osc Voo — Voo A0 = Vpp — |- Vpp — -
v, — R
88 0SC |
DA SCL GLK SYNC -
S! Vico #1 A w2 #k
3 v PCFBST9 PCFB579 PCF8578
¥ v \* s$ r \7 A2 — — — ’-——- —
Va Y. I~ -
Vgg SYNC CLK SCL SDA SAS
[ wr wk Tl # r I b Tk [y 1L T b ry Iy Y '
y r
Voo Yss Vss Vss Vssl , Vss Vss
] L
7 /-
7/
7 L
SGL > i
SDA 4+ 7 /[ 72215511
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/|
I
]
J |
—
f
/7/
Voo 1 Vss VoD ﬂ Vss Voo l l Vss
) } 13 v 1 1 y |
‘J SAD SDA SCL. CLK SYNC vgg
— -1 — A3 V3l
a2 v,
7 #k N #2 #1 4
PCF857 5 PCF8579
] F8579 1 PCFB579 ‘ da Vien
— Voo -—l — Voo e Vop t— Voo
subaddress k-1 a0 subaddress 1 a0 subaddress O 20
ocolumns columns columns
Voo y L
Vop 16 1: 18 muttiplex rate
LCD DISPLAY 18 x 40 x k dots {k < 16)
c R rows (10240 dots max.}
1t V2
[ ER 18 1:16 multiplex rate
—{} V3 +——> 16 x 40 x k dots (k < 18}
w Q rows (10240 dots max.)
R
c
4 vy PCFES78 s 1
{ROW MODE) |——r—b 40 40 40
c G R unused columes colurns subaddress 0 columns subaddres 1 calumns subaddress k-1
it A
R $AD [ Vss/Vpp
0 v Voo —{ Voo A0 |- Vpp — — Vpp — -
Ll I Leo
Vv Al - — - ——>]
Vieo * Vico #1 #2 #k »
Vss osc V3 PCF8579 AZ f— — ) PCF8579 L__ ] PCFB579 -
Vss | spA SCL CLK SYNC Rosc Ve a3 )__ | -
y w v
Ves Vgg SYNC CLK SCL SDA SAO
kR R i b 1 3 1 1
v, Vss w} Vs Vss y Vss Vss y Vss
” ~
] [
/|
7] [F
CL
o — |
I 7 7221376.3

Fig.23 Split screen application with 1:16 muitiplex rate for improved contrast.
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APPLICATION INFORMATION (continued) |/
] [
7
J
—
—
/L
Voo I\ L Vss Voo ¢ Vss Voo 3 J Vss
|_+ | _1 ] v
SAQ SDA SCL CLK SYNC Vgg
—-1 — e/ —#s vs lel
] A2 v,
1 #k #2 7 #1 N
] PCF8579 | PCFB579 _{ ar POFESTS
— Voo — — Voo — a0 Voo |— Voo
subsddress k-1 40 subaddress 1 10 subsddress O 10
columns columns columns
Vop < <
1 Voo 1:32 multiplex rats
LD DISPLAY 32 x40 x K (k< 16)
¢ R {20480 dots max.)
1 vz 32
¢ ﬂ R avz-3R 32 1:32 multiplex rate
1} V. # 32x40xk (k< 16)
W / 3 rows {20480 dots max.)
i 3
i vy PCFB578 8
{ROW MODE) 40 40 w
¢ LR unused columns columns sibaddress 0 columns swbeddress 1 columns subaddress k-1
1t Vs
D: 50 |— Vss/Vpp
c
Vpp —{ V| A0 - Vpp — — Vpp — -
- Vieo DD 2104 DD oD
v - - ) -
Vico Leo #1 Al #2 #k
1 vss os¢ [_, v3 PCFE579 azj— . PCFE5TS I — PCFRSTO L
v i
'ss | spa scL cLk SVNC
SDA SCL CL Rosc Va nsf- - |
Vs Vgg SYNE CLK SCL SDA -SA0
! T 7 S T T 4r 3 T
Vpo Vss b Vss Vss Y Vss / Vss {L Vss
A
]
I A
] [
scL / f
soas 7 [ 7221523.1

Fig.24 Split screen application with 1:32 multiplex rate.
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LCD row/column driver for dot matrix graphic displays
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CHIP DIMENSIONS AND BONDING PAD LOCATIONS

Vss
SYNC

[ (resr
O

[ (ck
O

[ |sc

RO

[J |spa
[
O |s

O {ns

[] |r2
DOD0O 0 O |

O O {sa

R5
0SsC

R6
R7
Re/C8

R9/C9

R10/C10

R11/C11

ogooaoag d

R12/C12
R13/C13

35

81 Viep
m

PCF8578

R14/C14
R15/C15
R16/C16
R17/C17

R18/C18
c39 /

c38 R19/C19

car R20/C20

cs6 R21/C21

C35 R22/C22

e[ OOOOO

cal ]
cz| [

Rra1/c31| ]
raojcan| [
Rr29/c29 | [
rzs/c28 | []
rzrjee7 | [
R26/c26 | [
r2s/c2s | [
R24/C24 | []
rycn|[] O O0O0O0O0OODO0O0OO0OO0O OO

- 2.94 mm

7221538

Chip area: 14.14 mm?
Bonding pad dimensions: 120 um x 120 um.

Fig.26 Bonding pad locations.
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LCD row/column driver for dot matrix graphic displays PCF8578

DEVELOPMENT DATA

Table 6 Bonding pad locations (dimensions in um)

All x/y co-ordinates are referenced to the bottom left corner, see Fig.26.

pad X Y pad X Y

SDA 1642 4642 R27/C27 1936 160
SCL 1438 4642 R26/C26 2140 160
SYNC 1234 4642 R25/C25 2344 160
CLK 1000 4642 R24/C24 2548 160
Vss 742 4642 R23/C23 2776 160
TEST 454 4642 R22/C22 2776 424
SAO 160 4642 R21/C21 2776 670
osc 160 4318 R20/C20 2776 886
VDD 160 3514 R19/C19 2776 1096
Vo 160 3274 R18/C18 2776 1300
V3 160 3064 R17/C17 2776 1504
V4 160 2860 R16/C16 2776 1708
Vs 160 2656 R15/C15 2776 1912
Viep 160 2452 R14/C14 2776 2116
n.c. - ~ R13/C13 2776 2320
n.c. — ~ R12/C12 2776 2524
C39 160 1252 R11/CN 2776 2752
Cc38 160 1048 R10/C10 2776 3004
Cc37 160 844 R9/C9 2776 3502
C36 160 628 R8/C8 2776 3706
Cc35 160 406 R7 2776 3916
C34 160 160 R6 2776 4132
C33 454 160 R5 2776 4378
Cc32 742 160 R4 2776 4642
R31/C31 1000 160 R3 2548 4642
R30/C30 1234 160 R2 2344 4642
R29/C29 1438 160 R1 2140 4642
R28/C28 1642 160 RO 1936 4642

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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CHIP-ON GLASS INFORMATION

0 <> <><> <><> PCF8579 O<>
S <><> (&S % <><>
o <><> <><>
RRREEE &

RO R}

aul -
JCD Ttz

| LGD DISPLAY

72215541

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 Vpp.
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DEVELOPMENT DATA

This data sheet contains advance information and
specifications are subject to change without notice.

PCF8579

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 12C-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 microcontrotlers
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

o 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 multiplex rates; 1:8, 1:16, 1:24 or 1:32

Externally selectable bias configuration, 5 or 6 levels

Easily cascadable for large applications {up to 32 devices)

1280-bit RAM for display data storage

Display memory bank switching

Auto-incremented data loading across hardware subaddress boundaries
Power-on reset blanks display

Logic voltage supply range 25V 10 6.0 V

Maximum LCD supply voltage 9 V

Low power consumption

12C-bus interface

TTL/CMOS compatible

Compatible with most microcontrollers

Optimized pinning for single plane wiring in multiple device applications
Space saving 56-lead plastic mini-pack

Compatible with chip-on-glass technology

APPLICATIONS

Automotive information systems
Telecommunication systems
Point-of-sale terminals
Computer terminals
Instrumentation

PACKAGE OUTLINES

PCF8579T: 56-lead mini-pack; plastic (VS056; SOT190).
PCF8579V: 64-lead tape-automated-bonding module {SOT267A).
PCF8579U: chip with bumps on-tape.
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c38-co
{75
v 12 >
oD »
v _a > PCF8579
v, —1® i cotumn (U
i6 il
Vieo ) DRIVERS
TesT —|%»

ves — 201

OUTPUT
CONTROLLER

-

POWER-ON
RESET F‘

Y DECODER

ANll))ESE?vsmG 32x 40 BIT DISPLAY

AMPLIFIERS DISPLAY RAM DECODER
X DECODER

¢ 1 3
A3 : —» . 3
A2—Tig —¥| SUBADDRESS RAM DATA POINTER TIMING
Al T —»  COUNTER GENERATOR | 4
AQ —»] Y X
! T it |
2
scL >
d INPUT 12C-BUS COMMAND
1 < FILTERS | ) CONTROLLER DECODER
SDA <>
[
13 7
l 7721374.2
n.c. SAD

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

Fig.1 Biock diagram.

SYNC

CLK
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LCD column driver for dot matrix graphic displays

PCF8579

DEVELOPMENT DATA

PINNING

SDA D:
scL [2]
svw 3]
cik [4]
vss [5]
TEST [E
sao [7]
A3 s
a2 [9]
A1 [10]
a0 [11]
Vpp E
n.c. IE
V3 E
va [15
Vico E
cag [17]
cas 18]
c37 18]
€36 @
c3s [21]
c34 [22]
ca3 [23]
c32 [24]

C31 {25
€30 {28

c29 @

c28 [28]

PCF8579

[56] co
55] c1
[54] c2
53] c3
[52] ca
51] cs5
[50] co
o o

Eca
47] co

L@] c1o

E c11
[44] c12
[43] 13

[42] c14

41 C15

E c16
39] ¢
38] c18
37) c19
E] c20
35] c21
[24] c22
33] c23
32] c24
31] c25
g 26

291 c27

Fig.2 (a) Pinning diagram: VS056; SOT190.

7221373.1
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PINNING (continued)

Vieo =4 1 e
V4 —— — XN
vy T O —nec.

Vpp ] o RS
A0 ] 60 H s—lnc
Al C—] L Inc.
a2 1 ——Jnc.
A3 : ——nec.

sAao [ — nc.

TEST [ 55 10 — 1039

Vgs 1 [——1c38

oLk ——1 PCF8579 ——car

SYNC ] —1c3s

scL ] — v ]

SDA [ 50 15[ "1 C34
cor—] ——1cas
) —— 3 ca2
c2 —] ——3c3
cat—1 —cso
c4—] 45 20——J c29
cs ] ] < _ 8 8 _ & _ F—c2e

—UUUUuguunyuiuuuueiuty =
©w ~ «© [~ o - ~N (] bt w © N~ «© (-] Qo - o m - [ (7= M~
©COO0OO0 5556060006060 0838888°8 7221553.1

(1) Orientation mark.

Fig.2 {b) Pinning diagram: SO122.
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LCD column driver for dot matrix graphic displays

PCF8579

DEVELOPMENT DATA

pin no.

mnemonic description

SOT190 S0122
SDA 1 50 12C-bus serial data line
SCL 2 51 12C-bus seriat clock line
SYNC 3 52 cascade synchronization input
CLK 4 53 external clock input
Vss 5 54 ground (logic)
TEST 6 55 test pin (connect to Vsg)
SAO 7 56 12C-bus slave address input (bit O}
A3 to AO 8- 11 57 - 60 12C-bus subaddress inputs
VpD 12 61 positive supply voltage
n.c. 13* 1-9 not connected
V3to Vg 14-15 62-63 L.CD bias voltage inputs
VicD 16 64 LCD supply voltage
C39 to CO 17 - 56 10- 49 LCD column driver outputs

* Do not connect, this pin is reserved.

January 1989
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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 PCF8578s is identified by
a unique 4-bit hardware subaddress, set by pins AQ to A3. The PCF8578 can operate with up to

32 PCF8579s when using two 12 C-bus slave addresses. The two slave addresses are set by the logic level
on input SAQ.

Multiplexed LCD bias generation

The bias levels required to produce maximum contrast depand on the muitiplex rate and the LCD
threshold voltage (V). Vi, is typically defined as the RMS voltage at which the LCD exhibits 10%
contrast. Table 1 shows the optimum voltage bias levels for the PCFS578/PCF8579 chip set as
functions of Vo, (Vop = VDD ~ VLCD), together with the discrimination ratios (D} for the different
multiplex rates, A practical value for Vop is obtained by equating Voff(rmg) with Vih.

Table 1 Optimum LCD bias voltages

multiplex rate
parameter
1:8 1:16 1:24 1:32

v

2 0.739 0.800 0.830 0.850
Vop
v
M 0.522 0.600 0.661 0.700
Vop
v
A 0.478 0.400 0.339 0.300
Vop
v
5 0.261 0.200 0.170 0.150
Vop
v
Yoft(rms) 0.297 0.245 0.214 0.193
Vop
v
Yon{rms) 0.430 0.316 0.263 0.230
Vop

v
D= von(rms) 1.447 1.291 1.230 1.196
Votf{rms)

v
Vop. 3.37 4.08 468 5.19
Vth

338 -
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DEVELOPMENT DATA

10 7221533.1
Vbias
Vop Vo
0.8
V3
0.6
0.4
\2)
0.2
Vs —

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

Fig.3 LCD bias voltage as a function of the multiplex rate.

Power-on reset
At power-on the PCF8579 resets to a defined starting condition as follows:

Display biank {in conjunction with PCF8578)

1:32 multiplex rate

start bank O selected

Data pointer is set to X, Y address 0, 0

Character mode

Subaddress counter is set to O

12C-bus is initialized.

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

N o sWN S

January 1989
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FUNCTIONAL DESCRIPTION (continued)

= ON
—= OFF

Vpp — S
Va
V3
s |
1:8
Yoo T ] —
v, .
Vs
coLomn V. A,_J—_L_l_—l_l_"l__l_\__l_l_r_'—l_‘
Vs

ROWO

e

V2

Vs
COLUMN V4

Vs

Vico—

o Lo s« oo o ool e

%
—

6

=

ROW 0

-

< < <
new N g
o

g

Voo

vz

V3
cotumn Vg

Vs

Vico —

SYNC™ Lr

| < o e

¥
: J h ’
Vico—

COLUMN Vv,
SYNC | 1

‘ column
dispiay

. |

ROW 0

3!

1

E-

7221542

Fig.4 LCD row/column waveforms.
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PCF8579

state 1 (ON)
state 2 (OFF)

dot matrix
1 : 8 multiplex rate

DEVELOPMENT DATA

Vstate 1{t) = C1{t) — R1(t):

Von(rms) -1
= 0.4
8 (\/§+ 1) 0.430
Vstate 2(t) = C2{t) — R2(t):
Voff(rms)_ /2 W8-1) - 0.297

Vop JBRB

general relationship (n = multiplex rate)

Von(rms) _ /1, v -1
Vop n nk/nt1)

Voff(rms)_ /2 Wn-1
Vop Vi)

Fig.5 LCD drive mode waveforms for 1:8 multiplex rate.

January 1989



PCF8579

FUNCTIONAL DESCRIPTION (continued)

T
frame
v -— state 1 (ON)
o state 2 (OFF)
V2
ROW1 vz ——
R1(Y) vy
Vs
Vico
Voo —
V2
ROW2 Vg
R2 (1) v,
v
s
Vico—— _U

COL 1 Vg

- - [ ] @
—Ll— dot matrix

ci@ Vy —[_l— 1: 16 muitiplex rate
Vico — — —

Yoo i B

V2
COL 2 Vg
C2 (t) Vg [

Vs

Vieo

0.2Vyy
Vstate 1 () ov -

-0.2 Vop -

op

op

0.6 Vop —

0.2 Vop —

Vstate 2 (¥ ov -
-0.2 Vop

-0.6 Vop —

_vop —

Vstate 1(t) = C1{t) — R1{t):

7221543.1

general retationship (n = multiplex rate)

v 1 V61
M) = _—t \_{_______ = 0.316 von(rms) _ 1 \/ﬁ - 1
Vop /16 16&/T8+1T) Voo 0 wimr)

Vop
Vstate 2(t) = C2{t} — R2(t):

Voff(rms)_ /2k/n—1)
Voff(rms)= 2L/16 - 1) - 0.245 Vop Vi k/n+1)?
V16 /76 + 1)2 )

Vop

Fig.6 LCD drive mode waveforms for 1: 16 multiplex rate.
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DEVELOPMENT DATA

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 12C-bus.

Data pointer

The addressing mechanism for the display RAM is realized using the data pointer. This allows an
individual data byte or a series of data bytes to be written into or read from the display RAM, as
specified by commands sent on the 12C-bus.

Subaddress counter

The storage and retrieval of display data is dependent on the content of the subaddress counter. Storage
and retrival take place, only when the contents of the subaddress counter agree with the hardware
subaddress at pins AQ, A1, A2 and A3.

12C-bus controfier

The 12C-bus controller detects the |12C-bus protocol, slave address, commands and display data bytes.
It performs the conversion of the data input (serial-to-parallel) and the data output {parallel-to-serial).
The PCF8579 acts as an 1% C-bus slave transmitter/receiver. Device selection depends on the i2C-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 fines.

January 1989
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PCF8579

FUNCTIONAL DESCRIPTION {continued)

RAM access
There are three RAM ACCESS modes:

® Character

® Half-graphic

® Full-graphic

These modes are specified by bits G1 and GO of the RAM ACCESS command. The RAM ACCESS
command controls theorder in which data is written to or read from the RAM (see Fig.7).

To store RAM data, the user specifies the location into which the first byte will be loaded {see Fig.8):

® Device subaddress {specified by the DEVICE SELECT command)
® RAM X-address (specified by the LOAD X-ADDRESS command)
® RAM bank (specified by bits Y1 and YO of the RAM ACCESS command)

Subsequent data bytes will be written or read according to the chosen RAM access mode. Device
subaddresses are automatically incremented between devices until the last device is reached. I the

last device has subaddress 15, further display data transfers wil} lead to a wrap-around of the subaddress
to 0.

Display control

The display is generated by continuously shifting rows of RAM data to the dot matrix LCD, via the
column outputs. The number of rows scanned depends on the multiplex rate set by bits M1 and MO

of the SET MODE command.

The display status (ail dots on/off and normal/inverse video) is set by bits E1 and EQ of the SET MODE
command. For bank switching, the RAM bank corresponding to the top of the display is set by bits B1
and B0 of the SET START BANK command. This is shown in Fig.9. This feature is useful when
scrolling in aiphanumeric applications.
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Sve

DEVELOPMENT DATA

PCF8579 PCF8579 PCF8579
driver 1 driver 2 driver k
A A A
7 N
|l «—— bank O
|¢———— bank 1
RAM | o
4 bytes
l«———— bank 2
|-«———— bank 3
ME d PCF8579 system RAM
40-bits 15k<16
| e - -
| | _ -7
1bY‘e{01234567891011
_— S~
| | character mode ~
| ! ~~
S~
1 |
| I _
o|2]4|6|8[10]12]14|16]|18]20|22
2 bytes —_——
113]|5]|7]|9|11[13{15[17(19]21|23
I [ half-graphic mode
I I
I I
I ! o
O(4[8|12[16(20(24(28(32{36(4044
1|5]9[13]17(21]|25]29|33|37 (4145
4 bytes < _
2|6 |10{14[18]|22{26|30(34|38(42 |46
3|7 [11]15]19]23[27]31]35]39|43 |47
7Z21540.1

| RAM data bytes are |
| written or read as |
I indicated above I

full-graphic mode

Fig.7 RAM ACCESS mode.
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LCD column driver for dot matrix graphic displays

PCF857S

DEVELOPMENT DATA

bank 0 /
/

bank 1

bank 2

O
@)

bank 3

000000

[d\llllllk\I\IIIITl*IIIIIII [ 1 T]
00
00

7221550

Fig.9 Relationship between disptay and SET START BANK;
1:32 multiplex rate and start bank = 2.

top of LCD
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12C-BUS PROTOCOL

Two 7-bit slave addresses (0111100 and 0111101) are reserved for both the PCF8578 and PCF8579.
The least-significant bit of the slave address is set by connecting input SAQ to either 0 (Vgg) or 1
(VDD). Therefore, two types of PCF8578 or PCF8579 can be distinguished on the same 12C-bus
which allows:

{(a) one PCF8578 to operate with up to 32 PCF8579s on the same 12 C-bus for very large applications.
(b) the use of two types of LCD multiplex schemes on the same |2 C-bus.

In most applications the PCF8578 wili have the same slave address as the PCF8579.

The 12C-bus protocol is shown in Fig. 10. All communications are initiated with a start condition (S)
from the 12C-bus master, which is followed by the desired slave address and read/write bit. All devices
with this slave address acknowledge in parallel. All other devices ignore the bus transfer.

In WRITE mode {indicated by setting the read/write bit LOW) one or more commands follow the
slave address acknowledgement. The commands are also acknowledged by all addressed devices on
the bus. The last command must clear the continuation bit C. After the last command a series of data
bytes may follow. The acknowledgement after each byte is made only by the (AO, A1, A2 and A3)
addressed PCF8579 or PCF8578 with its implicit subaddress 0. After the last data byte has been
acknowledged, the 12 C-bus master issues a stop condition (P).

In READ mode, indicated by setting the read/write bit HIGH, data bytes may be read from the RAM
following the slave address acknowledgement. After this acknowledgement the master transmitter
becomes a master receiver and the PCF8579 becomes a slave transmitter. The master receiver must
acknowledge the reception of each byte in turn. The master receiver must signal an end of data to the
slave transmitter, by not generating an acknowledge on the last byte clocked out of the slave. The
slave transmitter then leaves the data line HIGH, enabling the master to generate a stop condition (P).

Display bytes are written into, or read from, the RAM at the address specified by the data pointer and
subaddress counter. Both the data pointer and subaddress counter are automatically incremented,
enabling a stream of data to be transferred either to, or frem, the intended devices.

In multiple device applications, the hardware subaddress pins of the PCF8579s (A0, A1, A2 and A3)
are connected to Vsg or Vpp 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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PCF8579

DEVELOPMENT DATA

acknowledge
by AQ, A1, AZ and A3

Knowledge b
aclnowiedge oY selected PCF8578s/
PCF85789s only

RW all addressed
/ PCFB578s/PCF8579s
’— slave address — l l

I'T T T T s TTT T T TT 17T 1711771
$[o 1 11 1 o|ajo|alc COMMAND A DISPLAY DATA Al P
(I | |

L1 11110 1 11 [
I—szte—l l——n>1bytes L—n>0bytes—l

update data pointers
and if necessary
subaddress counter

7221547

Fig.10(a) Master transmits to slave receiver (WRITE mode).

acknowledge

by ali
PCF8578s/PCF8579s
- acknowledge no acknowledge
—slave address — slave ldd"’“j from master from master
T T T TTs TTTTTT FTTT7T [s rTrrTrrid TT T T T TT
0111 10|Alo [o] COMMAND Al S0 11 1 1 0f[Aa|1]A DATA A DATA 1| P
B S I I I R B WO N N T T e K 11 1 1 1 1.1 | T T I T |
T n = 1 byte T L nbytes —— iast bytes
R/W R/W
at this moment master
transmitter becomes a update data pointers
master receiver and and If necessary ——
PCF8578/PCFB579 slave subaddress counter
receiver becomes a
7221548

slave transmitter

Fig.10(b) Master reads after sending command string (WRITE commands; READ data).

acknowledge

by all addressed acknowledge no acknowledge

PCF8578s/PCFB8579s from master from master
—slave address —— l i l

T T T T s TTT T T TT T 17T LI
S10 11 11 0faf1]a DATA A OATA 1P

B o 7 N T T I I T T T I

T_ n bytes last byte ———
R/W
update data pointers

—— and if necessary ——
subaddress counter

7221546

Fig.10{(c) Master reads-slave immediately after sending slave address (READ mode).
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12C-BUS PROTOCOL (continued)

Command decoder

The command decoder indentifies command bytes that arrive on the 12C-bus. The most-significant

bit of a command is the continuation bit C {see Fig.11). When this bit is set, it indicates that the

next byte to be transferred will be a command. If the bit is reset, it indicates the conclusion of the
command transfer. Further bytes will be regarded as display data. Commands are transferred in WRITE
mode only.

MSB LsB
T T T
REST OF OPCODE
| T
7221545

O

C = 0; last command
C = 1, commands continue

Fig.11 General format of command byte.
The five commands available to the PCF8579 are defined in Table 2.

Table 2 Summary of commands

code command description

coDDDDDD LOAD X-ADDRESS 0to 39

cC10DDDDD SET MODE multiplex rate, display status, system type

C110DDDD DEVICE SELECT defines device subaddress

C111DDDD RAM ACCESS graphic modes, bank select
(D D D D > 12 is not allowed; see SET
START BANK opcode)

C11111DD SET START BANK defines bank at top of LCD

Where:

C = command continuation bit
D = may be a logic 1 or 0.
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PCF8579

DEVELOPMENT DATA

Table 3 Definition of PCF8578/PCF8579 commands

command / opcode

SET MODE

[c 1I0|T|E1 EOIM1 MoJ

options description

LCD drive mode bits M1 MO defines LCD drive mode
1:8 MUX(Brows) 0O 1

1:16 MUX {16rows) 1 O

1:24 MUX (24 rows) 1 1

1:32 MUX (32rows) O O

display status bitsE1 EO defines display status
blank 0 0

normal 0 1

all segments on 1 0

inverse video 1 1

system type bit T

PCF8578 row only 0
PCF8578 mixed mode 1

defines system type

SET START BANK

start bank pointer bits B1 BO

defines pointer to RAM bank
corresponding to the top of

|ﬂ1 1 oJés A2 A1 AO

bank 0 0 0 the LCD. Useful for scrolling,
bank 1 0 1 pseudo-motion and background
lgl:l 1111 I B1 Bﬂ bank 2 1 0 preparation of new display
bank 3 1 1
DEVICE SELECT bits A3 A2 A1 A0 four bits of immediate data,

4-bit binary value of 0 to 15

bits AQ to A3, are transferred
to the subaddress counter to
define one of sixteen hardware
subaddresses

W (January 1989
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I12C BUS PROTOCOL (continued)

Table 3 (continued)

command / opcode

options

description

RAM ACCESS

fc[1 1 1]G1 Go[v1 vo]

RAM access mode bits G1 GO

defines the auto-increment
behaviour of the address for

character 0 0 RAM access

half graphic 0o 1

full graphic 1 0

not allowed* 1 1

bits Y1 YO two bits of immediate data,

2-bit binary value of 0 to 3

bits YO to Y1, are transferred
to the Y-address pointer to
define one of four banks for
RAM access

LOAD X-ADDRESS

| clo]xs x4 x3 x2 X1x0]

bits X5 X4 X3 X2 X1 X0

6-bit binary value of 0 to 39

six bits of immediate data,
bits X0 to X5, are transferred
to the X-address pointer to
define one of forty display
RAM columns

* See opcode for SET START BANK.
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LCD column driver for dot matrix graphic displays PCF8579

DEVELOPMENT DATA

CHARACTERISTICS OF THE 12C-BUS

The 12C-bus is for bidirectional, two-line communication between different ICs or modules. The two
lines are a serial data line (SDA) and a serial clock line (SCL). Both lines must be connected to a
positive supply via a pull-up resistor. Data transfer may be initiated only when the bus is not busy.

Bit transfer

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

—

SDA /E X E

o\

1 .

| data line | change

i stable : | of data

) data valid | allowed 7287018

Fig.12 Bit transfer.

Start and stop conditions

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

r—==A r==-
- ! -

| | |

| | 1 SDA

| - t |

| |

i
scL : ; \ / ! ! scL
S | | P |

| E— | NpEp—|
start condition stop condition

SDA

7287005

Fig.13 Definition of start and stop condition.
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CHARACTERISTICS OF THE I2C-BUS (continued)

System configuration

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

SDA
T I { 1 l
MASTER SLAVE MASTER
MASTER
TRANSMITTER/ R:é:l\\//EER TRANSMITTER/ TRANSMITTER TRANSMITTER/
RECEIVER RECEIVER RECEIVER

7287004

Fig.14 System configuration.

Acknowledge

The number of data bytes transferred between the start and stop conditions from transmitter to

receiver is unlimited. Each data byte of eight bits is followed by one acknowledge bit. The acknowledge
bit is a HIGH level put on the bus by the transmitter, whereas the master generates an extra acknowledge
related clock pulse. A slave receiver which is addressed must generate an acknowledge after the reception
of each byte. Also a master must generate an acknowledge after the reception of each byte that has

been clocked out of the slave transmitter. The device that acknowledges must pull down the SDA line
during the acknowledge clock pulse, so that the SDA line is stable LOW during the HIGH period of the
acknowledge related clock pulse (set-up and hold times must be taken into consideration), A master
receiver must signal the end of a data transmission to the transmitter by not generating an acknowledge
on the last byte that has been clocked out of the slave. In this event the transmitter must leave the

data line HIGH to enable the master to generate a stop condition.

start clock pulse for
condition acknowledgement
|

| /

SCL FROM i
DATA OUTPUT T
BY TRANSMITTER |
DATA OUTPUT -
BY RECEIVER

7287007

Fig.15 Acknowledgement on the 12C-bus.

Note
The general characteristics and detailed specification of the 12C-bus is available on request.
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LCD column driver for dot matrix graphic displays

DEVELOPMENT DATA

RATINGS

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

PCF8579

parameter symbol min. max. unit
Supply voltage range VbpD -0.5 +8.0 \'
LCD supply voltage range Vich Vpp —11 VDD \
Input voltage range at

SDA, SCL, SYNC, CLK, TEST,

SAQ, AQ, A1, A2 and A3 Vi1 Vgg —0.56 Vpp+0.5 \'

V3to V4 Vi2 Vicp -0.5 Vpp+0.6 A
Output voltage range at

SDA Vo1 Vgg —-0.5 Vpp +0.5 A

CO to C39 Vo2 Vicp -0.5 Vpp +0.56 \%
DC input current | -10 10 mA
DC output current lo -10 10 mA
VDD. Vss or VL Cp current IDD. Iss, ILCD —50 50 mA
Power dissipation per package Piot — 400 mW
Power dissipation per output Po — 100 mW
Storage temperature range Tstg —65 +150 oC

HANDLING

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

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

‘Handling MOS Devices').
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DC CHARACTERISTICS

Vpp=25V1t06.0 V; Ves=0V;VicD=VpD —3.5V to Vpp —9 V: Tamb = —40 °C to +85 oC;

unless otherwise specified

parameter conditions symbol min. typ. | max. unit
Supply
Supply voltage VDD 25 - 6.0 \'4
LCD supply voltage VLCD Vpp -9} — Vpp 35V
Supply current note 1;
fcLk = 2kHz IDD1 - 9 20 A

Power-on reset level note 2 VPOR - 1.3 1.8 Vv
Logic
Input voltage LOW ViL Vss - 03Vpp |V
Input voltage HIGH VIH 0.7 VDpD|— VDD v
Leakage current

at SDA, SCL, SYNC,

CLK, TEST, SAQ,

AOQ, A1, A2 and A3 Vi=Vpp or Vss TR —1 - 1 JTEN
SDA output current LOW | Vg =04 V;

Vpp=5V loL 3 - - mA

Input capacitance note 3 Ci - - 5 pF
LCD outputs
l_eakage current at

V31to V4 Vi=VpporVicp | IL2 -2 - 2 HA
DC component of LCD

drivers CO to C39 *Vpe - 20 — mV
Output resistance at

COto C39 note 4 RcoL - 3 6 k2
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LCD column driver for dot matrix graphic displays PCF8579

DEVELOPMENT DATA

AC CHARACTERISTICS (note 5)

VDD=251t06V;Vss=0V;VicD=VpD —-3.5V to Vpp —9 V; Tamp = —40 to + 85 OC; unless
otherwise specified

parameter conditions symbol min. | typ. max. unit
Clock frequency 50% duty factor foLk - * 10 kHz
Driver delays Vpb- VLcD=9V;
with test loads tPLCD - - 100 us

12C-bus
SCL clock frequency fscL - - 100 kHz
Tolerable spike width

on bus tsw - - 100 ns
Bus free time tBUF 4.7 - - us
Start condition repeated start

set-up time codes only tSU; STA 4.7 - - us
Start condition

hold time tHD; STA | 4.0 - - us
SCL LOW time tLow 4.7 - - us
SCL HIGH time tHIGH 40 | - - us
SCL and SDA rise time ty - - 1.0 us
SCL and SDA fall time tf - - 0.3 us
Data set-up time tSU; DAT | 250 | — - ns
Data hold time tHD; DAT | O _ _ ns
Stop condition

set-up time tSU; STO 40 | - - us

* Typically 0.9 to 3.3 kHz.
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Notes to the characteristics

1.

2,
3.
4

Outputs are open; inputs at Vpp or Vss; 12C-bus inactive; clock with 50% duty cycle.
Resets all logic when Vpp < VpoR.
Periodically sampled; not 100% tested.

Resistance measured between output terminal {CO to C39) and bias input (V3 to V4, VDD and

VLCD) when the specified current flows through one output under the following conditions
(see Table 1):

VoP=VDD -VLCD=9V;
V3—-Vicp=2470V; Va4 -V cp<430V; I _oaAD = 100 nA.
All timing values are referred to V|4 and V| levels with an input voltage swing of Vgg to Vpp.

1.5 kQ
SDA —{F—— Voo
(2%)

€O to C39 ——

1nF

7221534.1

Fig.16 Test loads.
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PCF8579

DEVELOPMENT DATA

-

|— —_ |
foLk
07V
CLK DD
03 Vpp
F ? 0.5V
coto Vpp-Viep =9V
ca9 oo~ Vico ) *
L 0.5V
tpLCD T
7Z21530.1
Fig.17 Driver timing waveforms.
SDA / }
BUF Low
scL /
— typ;sTA 1 <
‘l’ -
| tHD;DAT tsu;pAT
SDA
1 'su;sTA —
tsu;sTO
7221536

Fig.18 12C-bus timing waveforms.
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APPLICATION INFORMATION

Voo

Voo
R
32 rows 1: 32 multiplex rate
—t vy LCD DISPLAY 32 x 40 x k dots (1 < k < 16)
20 480 (max)
R
it V3
(4V2-3) A
'Y > h
I v, PCFB578
(ROW MODE)
R 8
L—] L v 40 columns 40 columns 40 columns
i 5 unused columns
R subaddress 0 subaddress 1 subaddress k-1
. SAD |—V,
i T Vieo ss
A/
Lco M
rJ s 0sc Voo — Voo Ao [~ Voo — Voo —
V, —_— R
8s 0SC
SDA SCL CLK SYNC Vico 1 A w2 . px L
42 PCF8579 PCF8579 PCFB579
Y T y Vss — A2 f- F—T L |
A A3 |— r_ -
Vgg SYNC CLK SCL SDA SAQ
I 4§ ] 3 Arl 3 I 3 2 & T
A
v Vss Vss Vss Vss Vss Vss
bo 1
]/
] /
/
ScL »>— [/
SDA -« { F 7221551.1

Fig.19 Typical LCD driver system with 1:32 multiplex rate.
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DEVELOPMENT DATA

/
] L
I A
A
=
=
—
Voo 4 Vss Voo 4 Vss Vop Vss
| ~ | y 3 I Yy v 3
SAD SDA SCL CLK SYNC Vgg J
- — J — A3 V3
- - — a2 v
#k #2 #1 4
PCFB578 PCFB579 ’ PCFBE79
I - 1A Lco
— — Voo - — Voo — a0 Vop F— Voo
subaddress k-1 40 subaddress 1 20 subsddress 0 20
columm columns cotumns
Vi)D y y A
Voo 18 1:18 multiplex rate
LCD DISPLAY 16 x 40 x k dots (k < 16}
¢ |® ows 110240 dots max.)
i} V2
C ﬂ R 1% 1: 16 multiplex rate
1L V. ~ 16 x 40 x k dots (k < 16)
L 3
rows (10240 dots max.)
L
! v, PCFB678 1
L 4 8
{ROW MODE) 40 40 J 40
¢ D R unused columns columny subaddress 0 columns subaddress 1 columns subaddress k-1
i} Vs
ﬂ R A0 [— Vss/Vpp
c
Voo — V| A0 — Vpp — — Vpp — —
H } Vico oD oD oD oD
—>{V Al b ——>] - —> }—
Vieo Leo #1 #2 #k
T Vss osc vy PCFB579 A2 l— PCF8579 | PCF8579 -
v —
ss | spA scLCLK SVRE| | |r
osc =
r 3 Va A3 — -
Y 4 *7
Vgg SYNC CLK SCL SDA SAO
Vs ss
| 1 | T |
¥op Vss Vss Vss Vs /1 Vss ¢ Vss
— =
i
]/
SCL 4 —
SDAEII— J [
e 7 T 7221376.3

Fig.20 Split screen application with 1:16 multiplex rate for improved contrast.
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/
] [
] L
] L
/[
[
/[
Voo J Vss Voo 4 Vss Voo 4 Vss
y v | | 1 v | iL |
SA0 SDA SCL CLK SYNC Vgg
- — !—‘ —{ A3 V3 ’J
- - | a2 v,
#x #2 A #1 4
| PCF8579 . _ PCFB579 . a POFBSTO
— — Yoo - — Voo —{ A0 Voo [— Yoo
subaddress k-1 40 subaddraess 1 40 subaddress ¢ 40
columns : columns columns
Vf“ v
Vop 1:32 multiplex rate
LCD DISPLAY 32x40xk (k <.16)
c R {20480 dots max.)
I+ V2 32
[
¢ E 4V2-3)R 32 1:32 multiplex rate
1l _/ vy - 32x40xk (k< 16)
W / rows (20480 dots max.}
i PCEB 4
! ﬂ va vop g 0 4 40
(ROW MODE) 4 0
¢ 1R unused columns columns subaddress 0 columns subaddress 1 columns subaddress k-1
1t Vs
D R sa0 r—‘ Vss/Vop
c
1 v Voo —{ Voo A0 I— Voo — - Vop —]
r T LcD
Vico Al - -
Vicp #1 #2 #k
] vss osc [_. vs PCFB579 Az — . PCFB579 | — PCFB579 |
Vss | soa scL ek VNG| [|roge v a3 | |
A -
Y
ves Vgg SYNC CLK SCL SDA -SAD
I 1 T | 4 i T 44 4
Vop Vss Vss Vss ¥ VYss Ly Vss y Vss
)
")
] [
] [
scL -
‘17 /E

Fig.21 Split screen application using double screen with 1:32 multiplex rate.
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DEVELOPMENT DATA

Rosc
23R R R
) Il 4

1 X =

i

1

LCD DISPLAY

ne.

ne.

PCFB578

AN EEEENEN
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©o c2z7 c28 c39 co 27| c28 c¥

PCFBS7Y
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§
H
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Fig.22 Example of single plane wiring, single screen with 1:32 multiplex rate (PCF8578 in row driver mode).
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PCF8579

CHIP DIMENSIONS AND BONDING PAD LOCATIONS

Q (7) 0 x g P
2 5 ¥ QY0188 85838 8
O0Oo0oO0oogdoooooo
22| [ [ |es
Al I
r| 0O [ |cs
O (e
O [cs
[ |ce
vop | [J [ (c10
ne. | O] O fen
va| O [ (c12
4.61 vl O [ ]c1s
ool vLc; 0 PCF8579 O o
O {cs
O lc1e
O |e17
O ]cs
Otew
o3| [] O [ c20
css | (] O | cat
c37
36 B ] |ce2
|0 0000oo0oooaan
o8 3 888888 38838
2.95 mm
7221537

Chip area: 13.6 mm?
Bonding pad dimensions: 120 um x 120 um

Fig.23 Bonding pad locations.
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LCD column driver for dot matrix graphic displays PCF8579

DEVELOPMENT DATA

Table 4 Bonding pad locations (dimensions in um)
All x/y co-ordinates are referenced to the bottom left corner, see Fig.23.

pad X Y pad X Y

SDA 1726 4444 Cc27 1972 160
SCL 1522 4444 C26 2176 160
SYNC 1318 4444 C25 2380 160
CLK 1114 4444 C24 2584 160
Vss 910 4444 c23 2788 160
TEST 688 4444 C22 2788 472
SAQ 442 4444 C21 2788 736
A3 160 4444 C20 2788 976
A2 160 4222 c19 2788 1180
A1l 160 4018 ci8 2788 1384
AO 160 3814 c17 2788 1588
VDD 160 3010 Cc16 2788 1792
n.c. 160 2806 C15 2788 1996
Vo 160 2602 Cci4 2788 2200
V3 160 2398 c13 2788 2404
Vieb 160 2194 ci2 2788 2608
Cc39 160 994 Cc11 2788 2812
Cc38 160 790 c10 2788 3016
Cc37 160 586 co 2788 3220
C36 160 382 cs8 2788 3424
C35 160 160 Cc7 2788 3628
c34 442 160 Cc6 2788 3868
C33 688 160 C5 2788 4132
Cc32 910 160 C4 2788 4444
C31 1114 160 Cc3 2584 4444
C30 1318 160 Cc2 2380 4444
C29 1522 160 c1 2176 4444
c28 1726 160 co 1972 4444

Purchase of Philips’ 12C components conveys a license under the
Philips’ 12C patent to use the components in the |2C-system
provided the system conforms to the |12C specifications defined

by Philips.
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CHIP-ON GLASS INFORMATION

PCFB578 0
<><> 65 <><> . OO <><>
N o 7 o
(o) <& (o) S &
& 7S o
<& O > (&
LR > o
o o, &
RN &

LCD DISPLAY

72215641

Fig.24 Typical chip-on glass application {viewed from underside of chip).

| Note to Fig.24
‘ If inputs SAQ and A0 to A3 are left unconnected they are internaily pulled-up to Vpp.
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DEVELOPMENT DATA

This data sheet cantains advance information and
specifications are subject to change without notice.

PCF8582A

256 x 8-bit STATIC CMOS EEPROM
WITH 1°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 DIL package is sufficient.
Up to eight PCFB582A 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 (12C)

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 PCD8572
External clock signal possible.

A version with automotive temperature range —40 to + 125 0C
{PCF8582B) and a version with extended temperature range
—40 to + 85 °C (PCF8582C) are in preparation.

PACKAGE OUTLINE

PCF8582AP; 8-lead dual in line; plastic (SOT97).
PCF8582AT; 16-lead mini-pack; plastic {SO16L; SOT 162A).
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Fig. 1 Block diagram.
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256 x 8-bit Static CMOS EEPROM with 12C-bus interface

PCF8582A

DEVELOPMENT DATA

a0 [1] U 8] Voo
Al IZ 7] pTC

PCF8582AP
A2 [3] 6| ScL

Vss [4] 5] spa

7296671.2

Fig. 2 (a) Pinning diagram.
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Fig. 2 (b} Pinning diagram.
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Figs. 3 (a) and {b) RC circuit connections to PCF8582AP and PCF8582AT
when using the internal oscillator
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PCF8582A

FUNCTIONAL DESCRIPTION
Characteristics of the 12C-bus

The 12C-bus is intended for communication between different ICs. The serial bus consists of two
bi-directional lines, 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 {ine must remain stable whenever the clock line is HIGH. Changes in the
data line while the clock line is HIGH will be interpreted as control signals.

The following bus conditions have been defined:

Bus not busy; both data and clock lines remain HIGH.

Start data transfer; a change in the state of the data line, from HIGH to LOW,

while the clock is HIGH defines the start condition. Stop data transfer; a change in the state of the data
line, from LOW to HIGH, while the clock is HIGH, defines the stop condition.

Data valid; the state of the data line represents valid data when, after a start condition, the data line

is stable for the duration of the HIGH period of the clock signal. There is one clock pulse per

bit of data.

Each data transfer is initiated with a start condition and terminated with a stop condition; the number
of the data bytes, transferred between the start and 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 128-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 d