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ABSTRACT

This project is the design and fabrication of the LPG meter. As to application LPG sensor

number TGS 2612 with 1IC C§5526 use for convert analog signal to digital signal level 20 bit with

microcontroller MCS-51 number AT89CS1AC2 use for processing signal before send to LCD

nokia3310 display section. This LPG meter can be measures concentration of LPG gas between

400 — 10,000 ppm. Moreover in this project has fabrication of LPG sensor test system.
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i1
Circuit Voltage (V) 5.020.2V DC (Max. 24 V)
Heater Voltage (V,) 5.0+0.2V DC/AC

Heater Current (I,))

56 5 mA

Heater Resistance (R,,) Approx. 592 at room temp.
Load Resistance (Rv) Variable 0.45 k{2 min.
Power Dissipation (Ps) Less than 15 mW

Heater Power Consumption (Pu)

Approx. 280 mW

Sensor Resistance {(Rs)

0.68 ~ 6.8 k{2 in 5,000 ppm mrthane

Typical Detection Range

300 ~ 10,000 ppm

Operating & Storage Temperature

~40 °C~+70°C
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Propana .
log N -16g Y0 + log X0
: m
01 ppm: 10 “VRL"
100 1000 10000 100000

Gas concentration (ppm)

{ Grex o o o o
1 4.15 uraans MpumnidvesdansnduMsueafitives TGS2612 unzATiIwMeT -

@139

b= (logy1-log yo)
(log X1 - log X0}

CHY)

J or T o ' [2J gy
Aomsdszanumaruiuvesnimsznin RyR, fudmanududuvssiauea®d Tagein

niezlininutul seuim -0.54887

log RsfRo -log YO =m (log ppm - log X0 ) 42)



38
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[m(logppm -log X0} + log vo]
Rs= Ro10

aun1Imiat R nnmanududuvesisueaiituas R,

VRL = Ve'RLARS+RL)

aumin v, 1 1dnnm R inldouslasl

N=(Ve - VRLIRLIVRL"'Ro

aumiand aldan v, uaz R,

m
ppm= 10 : “VRL"

[ logN-log YO + log XO]

aynmswismnududuresfaueaid lumeuves v,

e usssuAnasoudd Ui Ivan (V)

s ar &7 o o
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i o e a [ o o ]
307 5.3 nsmuamennuduiutusdnidiu R, AU R, uaz v, dusmanudutuvesie

Hoane

—— VRL (V) 18T - VRL (V) 2ND VRL (V) Average
—+—RSRO 15T — RSMO 2ND — RSIRO Average

34
324
3.0 -

0 1000 2000 3000 4000  $000 5000 7,000 G000 9000 10000 1,000
Gas concemration (ppmj

919 5.1 uaRIAIANUAIIAINABUYEIM V  , R, Jaldfiun v, R i ldanmsaiuam

Concentration Ve (V) R, (Ohm)})

LPG gas (ppm) | fignune | #5018 | srdiewana % | fdna | #3018 | Arfiawana %
400.000 1170 | 1.166 0.360 7200 7238 -0.528
500.000 1284 | 1276 0.588 6370 | 6424 -0.848
600.000 1.381 1.375 0.457 5763 5803 -0.694
700.000 1467 | 1.465 0.169 5296 5311 -0.283
800.000 1545 | 1.545 -0.026 4922 4922 0.000
900.000 1614 | 1.613 0.089 4613 4622 -0.195
1000.000 1678 | 1677 0.077 4354 4359 0,115
1200.000 1792 | 1787 0.259 3940 3957 -0.431
1400.000 1.890 | 1.888 0.107 3620 3626 -0.166
1600.000 1977 | 1977 -0.004 3364 3365 -0.030
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1800.000 2055 | 2054 0.034 3154 | 3155
2000.000 2.125 2.125 0.002 2976 2976
2200.000 2189 | 2.186 0.146 2825 | 2832
2400.000 2248 | 2246 0.095 2693 | 2699
2600.000 2303 | 2295 0.330 2577 | 2503
2800.000 2353 | 2351 0.094 274 | 2480
3000.000 2400 | 2.393 0.300 2383 | 2397
3200.000 2445 | 2444 0.027 2300 | 2301
3400.000 2486 | 2485 0.050 ma | 2227
3600.000 2525 | 2520 0.216 2156 | 2166
3800.000 2563 | 2.557 0.216 2003 | 2102
4000.000 2.508 | 2.595 0.104 2035 | 2039
4200.000 2631 | 2623 0.308 1981 1994
4400.000 2663 | 2655 0.207 1931 1943
4600.000 2603 | 2685 0.306 ‘1884 | 1898
4800.000 2722 | 2713 0.340 1841 1855
5000.000 2750 | 2.744 0.218 1500 | 1809
5200.000 2717 | 2769 0274 762 | 13
5400.000 2802 | 2795 0.255 1726 | 1736
5600.000 2827 | 2.820 0.238 1691 1701
$800.000 2850 | 2.844 0.223 1659 | 1668
6000.000 2873 | 2.865 0.283 1629 | 1639
6200.000 2895 | 2.886 0314 1600 | 1612
6400.000 2016 | 2.900 0.559 1572 | 1503
6600.000 2937 | 2927 0.333 1546 | 1559
6800.000 2057 | 2948 0.292 1520 | 1531

-0.032
0.000
-0.248
-0.223
-0.621
-0.243
-0.587
-0.043
-0.135
-0.464
-0.430
-0.197
-0.656
-0.621
-0.743
-0.760
-0.500
0.624
-0.579
-0.591
-0.542
0.614
-0.750
-1.336

-0.841

. 0.724
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http://www.geocities.com/thaikeramos/product/advance_product/gas_senser/gas_sensors.html

http:/fwww.nectec.or.th/Optical & Quantum/intern/intern_Achieve/26Sayun/solar¥%20cell.pdf
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#include <reg5l.h>
#include <intrins.h>
dinclude <math.h>
#include <string.h>
finclude <stdio.h>

fdefine uchar unsigned char
fdefine uint unsigned int
#define buffer unsigned int

sbit nok_sclk =pP2"1;
sbit nok_sda =p2°2;
sbit nek dc =p2"3;
sbit nok_cs =P274;
sbit nok_res =P2°5;
sbit TMDAT =pP0"~7;
sbit 5WU =pP3"5;
sbit SWL =p3~4;
sbit SWD =p3°1;
sbit SWR =P3"0:
sbit SWA =pP3"3;
sbit SWM =P3°2;
sbit Speaker =P3"6;

typedef unsigned char byte;

/7 LCD Control

// INPUT DS1820

// BW Control

unsigned char x,y,Range,C,W,3=2,i,CK,CL=1;

unsigned chaxr TEMBUF[Z];
long N hex,ref,l;

sbit SCLK = P175; /* Shifting date teo cr :rom ADC */
sbit SDO = P1~7; /* Transfer data from AL rto CPU */
sbit SDI = P1°6; /* Transfer data from CPU to ADC #*/
sbit CS = P1"™4; /* Chip Select */

sbit led g = P1°2;

sbit led r = P173;

/* Global variable declaration
unsigned char data HIGH,MID, LOW, TEMP;

unsigned char LCDBUF[17]:
unsigned char LBUF([5];

long 1:;

fdefine CSET_RD 0x90
#define GAIN RD 0x92
#define CONF_RD 0x54
#idefine CONV_RD 0x96
#define SETU_RD 0x98

#define OSET WR 0x80

#define GAIN_WR 0x82
fdefine CONF_WR Ox84
#define CONV_WR Q0x86
#define SETU_WR O0x88

void nokia_init {void);

/*
/i—
/r:
/&
/ﬂr
/»\'
/*
/*
/*
/*

+/

Qf Fset
Gain
Config
Data
Setup
Offset
Gain
Config
Data
Setup

read
read
read
read
read
Write
Write
Write
Write
Write

command */
command */
command */
cemmand */
cemmand */
command*/
command*/
command*/
command?®/
command*/

void nokia write_command (char bytefornokia_command):
void nokia_write_data(char bytefornokia_data);

void nokia_write derci{char bytefornokia}:
void nokia_gotoxy(byte xnokia, byte ynokia}:

Page: 1
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void nokia printchar (byte cvar);
void nokia_clean_ddram(void);
void table_to_nokialcd{veid);
Clear Graph (unsigned char M}:
void Display{veoid):

void Show{void};

Calculate (unsigned char m);

SV siagle byte 4/
void WriteByte (unsigned char dat) |

unsigned char clock;
for{clock=0; clock<B; clock++) {

SDI = ({(dat & 0Ox80;;
dat = (dat << 1});
SCLK = 1;
SCLK = 0;

}

SDI = 0;

}

/" Resid gsingle byte */
unsigned char ReadByte {void) |
ungigned char clock, dat;

dat = 0;
for{clock=0; clock<8; clock++} {
dat = (dat << 1};
dat = (dat { SDO);
SCLK = 1;
SCLK = 0;

}
return {dat) ;

}

/Y Wrize register 3 bytes */
void WriteReg (unsigned char comm,high,mid,low) {
WriteByte {comm} ;
WriteByte(high};
WriteByte {mid);
WriteByte (low);

‘¥ Read reglster 3 bytes */
void ReadReg {unsigned char comm) |
WriteByte {comm) ;

HIGH = ReadByte(};
MID = ReadByte();
LOW = ReadByte(}:

}

/% Resd configuration register */
void ReadConf (void) { '

ReadReg (CONF_RD) ; /* Read configuration reg */
ReadReg (OSET_RD) /* Read otfset reg */
ReadReg (GAIN_RD); /* Read gain reg */

}

void Initialize (void) {
unsigned int count;

Cs = 0;
SCLK = 0;
Spo = 0;
SDI = 0;
for (count=0; count<2047; count++) |
SCLK = 1; /* Assert SCLK */

Page: 2




D:\Engineerinq\ENG_PROJECT\UPDATE\USE\TEM LPG

SCLK + 0;
}
5DI = 1;
for (count
SCLK
S5CLK

i

0:; count<255;

N count++) f
1;
0

T

}
SDI
S5CLK
SCLK

|
OO

¢
¢
’

WriteReg (CONF_WR, 0x00, 0x00, 0x80) ; SR e
WriteReq (CONF_WR, 0x00, 0x08,0x00); s
ReadConf (};

}

/* Read data conversicn */
unsigned long ReadConv (void] {
unsigned long 1;
WriteReg (CONF WR, 0x00,0x£f2, 0x00);
WriteByte {0xc0);
do |
ReadReg (CONF_RD) ; /S
}while (! (LOW & 0x08));
ReadReg (CONV_RD} ;
= HIGH;
<<= B;
|= MID;
<<= G;
f= LOW;
>>= 4;
return(l);

b

}

long loopx (void} {
long 1:

DISPLAY

3310\LCD3210N.c

DRI R | s

catosDL e

‘s

Initiuvlize configuration */

Read Configurarion Register s/

float x0=400.0,x1=5000.0,y0=2.0,y1=0.5,VRL,N,m,ppm;

ReadConv () l*
1 + ReadConv(};
1/2;

1 Read
1
1

%

/*calculation*/
VRL=1*0.00374794;
N={ (5000-VRL)Y*2170)/ (VRL*3600);

Conversion */

m=(1logl0(yl)-loglO{yl})/{logll(x1)-1loglO{x0}};
ppm=(pow {10, ( {({logl0{N)-1ogl0 ({y0)}/m})+1logl0{x0}}));

ppm=ppm*1ogl0 (N_hex);
1=(long) (ppm*1);
return (1} ;

char char_row,charsel,charpos,chardata;
int ddram,T,count=0,use, Origin,value,Min,N,R, M;
/*

uchar code dall]=
{

Ox00, 0x00,0x02,0xFA,0x8A,0x8A, 0x8A, OxFA, 0:02,
0xC9,0x79,0x48,0xCF, 0400, 0xFC,0x00,0x00,0xFF,
OxA2,0:22,0x22,0xA2,0x02,0x00,0x00,0x01,0x01

Page: 3

002,
000,
L0010,
0x00,0:x00,0x10,0x14,0x14,0x94,0xD4,0xBF,0x894,0x5C,

OxFE,0x03,0x02,0x00,0x40,0x4F,
0:02,0x82,0x02,0xBE,0x22,0x63,
0xF9,0x09,0x05,0x03,0x01,
0x54,0x12,0x10,0x00, 0500, 0XFF,

0x01,
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et
Letle, R O0,
x02, 001
x4, 005
=00, =010,
AT, 044,
Fie
=I10, 0500,
Dx04,0:84,
%18,0::80,
=60, 062,
=00, 0=
00,0~
“IZ,OxIZ,OxlF,OH
#£2,0540,0x20,0x

EET,O>12 OxEZ2,0x4
0=20,0x%
Omx2l,0:x
0x24,0:
O=zF,0x

'l](ll\‘\
!\f‘\

[ A

=00, 0=

L0204, 0~
L, 0704, 0=
00,0
(i34 ,0x
(132, 0

0,
G4

A G, R,

o071,

0203,

0. b ,
axe.

s

VR

Gaad

yarll

Jrdd,
L0800, 001,004, 0 Oﬂ,ﬂ
L 0x04,0504,
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O g, Cud, dald, i

0=07,0=07, 30

06,0x00,0:x07,0: JJ,O (0,0x80,0:40,0:44,0:84,0

02,

0:x82,0

97,0x02,9x)',
w0, S .,
0x78,0x04,0x049, 3¢,

0+849,0x82,0x02,0x".7,
0:80,0~00,0x00,0xF0,

i,

,;\?J

~

) \\] ) (‘0 n"’f(l 25

')/ D"]
O 7 Oz
2, 0

00,

01,
=07,

52 7,0x14,0:14,0:14,0x04,0:
q\P} 007,000,

=07,
:-:C :,O 04, 0.

, 1,(: (70 O_
LG, Oedd, 0500, 0500, 0 Lu,J,]L (835
?xﬂz,OxUl,OMBl,

02,
ag,

B2,

Ox41,0x21,0x21,0:20,

2x0C,0x03,0x00,0FC, 0:00,0x00,0:014,
0:37,0212,0x90,0x16,0x19,0x7A,0xFC,0xF8,0xF0,0x:80,0:40,

00, 000,000, 0x00,0x00,0x00,0x00, 0x00,0x00,0:00,0x00,0x00,
00, 0:07,0208,0x10,0xE0,0x00,0x00,0x00,0xF8,0x07,0x00,0=00,
F4,0x40,0:00,0x00,0x00,0x40,0480,0x81,0x8C,0x5C, 0=3C, 0x2C,
00,0-00,0x80,0xC0,0x64,0x5F,0x45,0xC9,0x83,0x04,0x04,0x01,
%25,0%40,0:80,0x80,0x01,0x00,0:00,0x00,0x00,0x10,0x14,0523,0x21,0xAl,0x51,
0,0x80,0x00,0x00,0x00,0x00,0x00,0x00,0x00,0x00,0x00,0x00,
L 0:0%, 0%00, 0200, 0x00, 0200, 0x00, 0x00,0x00,0x00,0x00,0~03,0:0C, 0x10,0x20,
L0222,0222,057F,0:41,0x41,0x47,0x49,9xCB, 0x0F, 0x06,0x06,0x04,0x0C,0x1C,
,,O w2¢,0224,0=14,0x14,0x12,0x0A,0x06,0x01,0:00,0x00,0x00,0x00,0=E0,0x20,
S %00, 200,000,000, 0x00,0x00, 0500, 9x01,0x01,0x01,0x01,0x01,0x01,0x01,

0x31,0x% ,0=00,0:00,0xF8,0x21,0x21,0x40,0x40,0x20,0xD1,0x84,0x0C,0x10,0x20,0xC0,
0:20,0457,0x96,0x00,0:00,0220,0x00,0x20,0x0C,0x20,0x00,0x20,0x00,0x20, 0:00,0x20,
0525,0x27,0:05,0:20,0%00,0x20,0x00,0x20,0x00,0x20,0x00, 0x20,0:00,0x20,0x1F, 0x20,
0x00, szu,O 00, 0x20, 000, 0x20,0x00,0x20,0x00,0x20,0%00,0x20,0x00,0x20,0x00,0-20,
0:70,0525,0x07,0%38,0x00,0:3F,0x00,0x20,0x00,0x20,0x00,0x20,0x00,0x20, 0x00,0x20,
0220, 0:22,0:00,0x20,0x00,0x20,0x00,0x20,0x07,0x38,0x04,0x22,0x01, 0x31,0x10,0x28,

0:x73,0x24,
) >/

{
Ox3e, 0x51,0x49,0x45, 0x3e,
0x00,0x42,0x7f, 0x40,0x00,
0x42,0x61,0x51,0x49,0x46,
0Ox21,0x41,0x45,0x4b, 0x31,
0x18,0x14,0x12,0x7f, 0x10,
0x27,0x45, 0x45, 0x45, 0x39,
Ox3c, Oxfa, 0x49,0x49, 0x30,
Ox01,0x71, 0x09, 0x05, Ox03,
Ox36,0x49,0x49,0x49, 0x36,
0Ox06,0x49,0x49,0x29, Oxle,
0x7e,0x11,0x11i,0x11,0x7¢,
Ox7f,0x49,0x49,0x49,0x36,
Ox3e,0x41,0x41,0x41,0x22,
Ox7f,0x41,0x41,0x22,0x1lc,
0x7f,0x49,0x49,0x49, 0x41,
0x7f,0x09, 0x09,0x09,0x01,
 0Ox3e,0x41,0x49,0x49,0x72,
Ox7f,0x08,0x08,0x08,0x7£,
0x00,0x41,0x7f,0x41, 0x00,
0x20,0x40,0x41,0x3f,0x01,
0ox7f,0x08,0x14,0x22,0x41,
Ox7f,0x40,0x40,0x40,0x40,
0x7£,0x02,0x0c, 0x02, Ox7£,
0x7f, 0x04,0x08, 0x10, 0x7L,
Ox3e,0x41,0x41,0x41, 0x3e,
Ox7f,0x09,0x09,0x09,0x06,
Ox3e,0x41,0x51,0x21,0x5e,
Ox7f,0x09,0x19,0x29,0x46,
0x46,0%x49,0x49, 0x49, 0x31,
0x01,0x01,0x7£,0x01, 0x01,
Ox3f,0x40,0x40,0x40, 0x31,
Ox1f,0x20,0x40,0x20,0x1f%,
O0x3f, 0x40,0x38,0x40,0x3f,
0x63, 0x14, 0x08,0x14, 0x63,

buffer code CHARACTER [1[5]=

4
’r
4
7
s
4
4
7/
4
4
4
I
V4
v
7
I
4
7
4
s
7l
Vs
s
4
4
V4
4
/Y
s
I
4
o4
o4
’

xEqcammomozabmuwmmmmmnmbmmummamMHo

6x0¢,0x23,0:00,0x20,0x00,0x20

10
15

25
30
35
40
45
50
55
60
65
70
75
80
85
20
25
100
105
110
115
120
125
130
135
140
145
150
155
160
165

Wb LWl =O
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Ox07,0x08, 0x70, 0x08, 0x07, . Y
0x61,0x51,Ox49,0345,0x43, Sl
0x20,0x54, 0x54, 0x54,0x78, +/ 4
Ox7f,0x48, 0x44,0x44,0x38, /° h
0x38,0x44,0xd4,0x44,0x20, EF A
0x38,0x44,0x44,0x48,0x7f, /. ol
0x38,0x54,0x54, 0x54, 0x18, . -
0x08, Ox7e, 0x09, 0x01, 0x02, ,, i
0x0c,0x52,0x52,0x52,0x3e, // g
Ox7f,0x08,0x04, 0x04, 0x78, /.~
0x00,0x44,0x7d, 0x40, 0x00, //
0x20,0x40, 0x44, 0x3d, 0x00, //
Ox7£,0x10,0x28,0x44,0r00, //
0x00,0x41,0x7f,0x40, 0x00, //
Ox7c,0x04,0x18, 0x04, 0x78, //
Ox7c,0x08,0x04,0x04,0x78, //
Ox38, 0xd4,0x44,0x44,0x38, //
0x7¢,0x14,0x14,0x14,0x08, //
0x08,0x14,0x14,0x18,0x7c, //
Ox7¢c, 0x08, 0x04, 0x04, 0x08, //
0x48,0x54,0x54,0x54,0x20, //
0x04,0x3f, Ox44,0x40, 0x20, //
0x3c,0x40,0x40, 0x20, 0x?c, //
Oxlc, 0x20,0x40,0x20,0x1c, //
Ox3c, 0x40,0%x30,Cx40,0x3¢e, //
Ox44,0x28,0x10,0x28, 0x44, //
0x0c, 0x50, 0x50, 0x50, 0x3c, //
0x44,0x64,0x54,0x4c,0x44, //
0x06,0x09, 0x09, 0x06, 0x00, //
0x00, 0x00, 0x00, 0x00,0x00, //
0x00, 0x00, 0x5f£, 0x00, 0x00, //
0x00, 0x07, 0x00, 0x07, 0x00, //
0x14,0x7f,0x14,0=x7£, 0x14, //
Ox24,0x2a,0x7£f,0x2a,0x12, //
Ox23,0x13,0x08,0x64,0x062, //
0x36,0x49, 0x55,0x22, 0x50, //
0x00, 0x05, 0x03, 0x00, 0x00, //
0x00, 0x1c,0x22,0x41,0x00, //
. 0x00,0x41,0x22,0x1c, 0x00, //
0x14,0x08,0x3e, 0x08, 0x14, //
0x08, 0x08, 0x3e, 0x08, Ox08, //
0x00,0x50, 0x30, 0x00, Ox00, //
0x08, 0x08, 0x08, 0x08, 008, //
0x00, 0x60, 0x60, 0x00, 0x00, //
0x20,0x10,0x08,0x04,0x02, //
0x00,0x36,0x36,0x00, 0x00, //
0x00, 0x56, 0x36, 0x00, 0x00, //
0x08,0x14,0x22,0x41, 0x00, //
Ox14,0x14,0x14,0x14,0x14, //
0x00,0x41,0x22,0x14,0x08, //
0x02,0x01,0x51,0x09, O0x06, //
O0x32,0x49,0x79, 0x41, 0x3e, //
Oxff,0x81,0x00,0x00,0x00, // f

Ox81,0xff, 0x00,0x00,0x00, // | b

gl

.\+*»ﬁ-mmm%:w%%mkxzccwmhahozahruu
o Q

Nt

— @V Il AN

1/
I/5h

180
184
1740
795
on
Eaoi
210
215
220
225
230
235
240
245
250
255
260
265
270
275
280
285
290
295
200
305
210
315
320
325
330
335
340
345
350
355
360
365
370
375
380
385
390
395
400
405
410
415
420
425
430

435 87

0x01,0x01,0x01,0x01,0x01 // Cusor

}i

uchar code Graph_BAR [][7]=

{

OxfB, O0x88, 0xf8, 0x00, 0x80, Oxff, 0x88,
0x90,0xf8, OxB0, Ox00,0x80,0xff, 0x88,
Oxe8, OxaB, OxbB, 0x00, 0xBO0, Oxff, Ox88,
OxaB,0xa8, 0x£f8, 0x00, Ox80, Oxff, Ox88,
0x38,0x20,0xf8, 0x00, OxB0O, Oxff, OxB8,
Oxb8, 0xa8, 0xe8, Ox00, OxBO0, Oxf£f, OxB8,
Oxf8,0xaB,0xed, 0x00, 0xB0, Oxf£f, Ox88,
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5.
ih
16
R
13
3
1
55,
12
13
44
15
96
47
18
43
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
&8
69
70
71
72
73
74
75
76
77
78
79
80
81
82
83
84
85
86

88

/.
/7
e
a4
Ve
/7
7

b o O

bar
bar
bar
bar
bar
bar
bar

o

i4
21
28
35
42

s WO
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Oxcl, 0x2%, 0x18&, 0x00,0%80,0xf[, 0x88, /7 7 bar a9 7
0x£8, 0xal, Oxf&, 2x00, 0x80, Oxff, OxB8, /7S 8 har 56 8
0xb8, Oxal, Oxf&, 0x00,0x80,0xff, 0xB8, s/ 9 bar 63 4
0x£f8,0x10, 0xf&, O0x00,0x80,0xf£f, Ox88, // M bar 70 10
0x00, 0x00, 000, 900, 0x00, Oxf£, Ox88, /7 | bar 77 11
0x00, 0x00, 0x00, 3200, 0208, 0x£ff, 0x88, /7 | bar 84 12
0x90, 0x{3, 0x80, 3200, 0xf8, 0x88, Ox£8, s/ 0 Q1 13
0x00,0x1f,0x11, 3x1E,0x00,0x00, 0x00, /7 0 power 98 14
0x00,0x12,0x1f,0x10,0x00,0x00,0x00, /7 1 power 105 15
0x00, Ox1d, 0x15%, 0x13, 0x00, 0x00, 0x00Q, /S 2 power 112 16
0x00,0x15,0%15,0x1f, 0x00, 0x00, 0x00, // 3 power 119 17
0x00,0x07,0x04,0x1£f, 0x00, 0x00, 0x00, // 4 power 126 18
0x50, 0x20, 0x50, 0x00, 0x00, Ox00, 0x00, /7S x mul 133 19
0x18,0x18,0x1€,0x18,0x18,0x18,0x18, // ~-- bar Z0
0x04,0x06, Oxff,0xf£f, 0x06, 0x04, 0x00, /S up 21
0x00, 0x18, 0x3¢,0x3¢c, 0x18,0x00,0x00, /7 dot 22
0x20, 0x60,0xff,0xff,O0x60, 0x20, 0x00, /7 down 23
0x00, 0x00, 000, Ox00, 0x00, 0x00, Ox00 /7 spa 24
bi
uchar code LEVEL BAR {8]= {0x01,0x02,0x04,0x08,0x10,0x20,0x40,0x80}); // level bar
Lse - M5B
void dmsec {unsigned int count) | // m8ec Delay 11.0592 Mhz

unsigned int i;

while {(count} {
i = 20%; while (i>0Q) i--;
count--;

}

J*raswrssoswx START DSI1G20 FUNCTION ***rewssrssrst/

void tmreset (void) { // Reset TX
unsigned int i;
TMDAT = 0; -
i = 103; while ({i>0) i--: /7 Approx %00 uS
TMDAT = 1; :

i = 4; while (i>0) i--;

}

void tmpre {void) { // Wait for Presence RX
unsigned int i;
while (TMDAT});
while {~TMDAT):;
i = 4; while (i>0) i--;

bit tmrbit (wveoid) { // read one bit
unsigned int i;
bit dat;
TMDAT = 0; i++;
TMDAT = 1; i++4; i++;
dat = TMDAT:;
i = 8; while (i>0} i--; // Approx 65 us
return {dat};

}

unsignaed char tmrbyte (wvoid} { // read cne byte
unsigned char i,j,dat;
dat = 0;

for (i=1;i<=B;i++) {
j = tmrbit ():
dat = {j << 7) | (dat >> 1);
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}
raturn ({(dat):

1

void tmwbyte {unsigned char dat) {
unsigned int i;
unsigned char j;
bit testh:;
for (j=1;j<=8;j++} |
testbh = dat & Ox01:
dat = dat >> 1:

if (testb) |
TMDAT = 0;
i++; i++;
TMDAT = 1:
i = 8; while {(i>0) i--;
}
else |
TMDAT = 0;
i = B; while (i>0) i--;
TMDAT = 1;

i+4; i++4;

-}

void tmstart (void) { s
tmreset ();
tmpre ():
dmsec (1): :
tmwbyte (0Oxcc): Vs
tmwbyte (0xd44); ’r
}
void tmrtemp {(void) { Ved

unsigned char a,b;
TEMBUF[0] = 0;
TEMBUF[1] = 0;
tmreset {);

tmpre ():

dmsec (1)

tmwbyte (Oxcc); &4
tmwbhyte (Oxbe); /7
a = tmrbyte ();: S/
b = tmrbyte (}: s
if (b==1) return:; S/
TEMBUF[1] = a & Oxl; /7
a =a >>» 1;

TEMBUF[0] = a + 1; 74

I

TSowrile one byte

/7 Write 1
// Approx 4 uS

// Approsx 65 uS
// Write 0
S/ Approx 65 uS

// Approx 4 uS

ds1820 start convert

skip rom
convert

read temp

skip rom

convert

L5B

MSB

don't care negative temp
O=x.0 1=x.5

adjust for thailand

/****f(**i’**** END D51820 STUNCTION i'*******'tr*#i-/

void nokia_init (void)

{

nok_dc=1;

nok cs=1;

nok_res=0;

nok res=1;
nokia_write_command(0x21);
nokia_write_command(0xC4);
nokia_write_command {0x13);
nokia_write_command (0x20);
nokia_write command (0x09);
nokia_clean_ddram(};
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nokia_write command (0x08);
nokia_write_command {0x0c) ;

}

void nokia_clean ddram({void)
{
nokia_gotoxy (0, 0);

for {(ddram=504;ddram>0;ddram—~) [nokia write data (0x00);1}
) _ _

void nokia_write command(char bytefornokia command)
; .
nok_dc=0;

nok_cs=0;

nokia write_dorc (bytefornokia_command);

nok cs=1;

}

void nokia_write_data (char bytefornokia_data)
{

nok dc=1;

nok_cs=0;
nokia_write_dorc(byteforncokia_data);
nok_cs=1;

) R

void nokia_write dorc(char bytefornokia)
{

char caa;

for (caa=B;caa>0;caa--)

{

nok_sclk=0;

if ((bytefornokia&0x80)==0) {nok_sda=0;}
elsa {nok sda=1;}

nok sclk=1: :
bytefornokia=bytefornokia<<l;

}

}

void nokia gotoxy({byte xnokia, byte ynokia) // Nokia LCD 3310 Position cursor
{

nokia_write command{Ox40iynokial); // Y axe initialisation: 0100 Oyyy
nokia_write_command (0x80|xnokia); // X axe initialisation: 1xXx XXX

}

Cleér_Graph(unsigned char M)
{

for (M=7; M<=83; M++){
nokia_gotoxy (M,1l};
nokia_write_data(0x00);
}

for (M=7; M<=B3; M++}{
nokia_gotoxy (M, 2);
nokia write_data (0x00);
1

for (M=7; M<=83; M++){
nokia_gotoxy (M, 3};
nokia_write_data{0x00};
} :

for (M=7; M<=83; M++){

- nokia_gotoxy(M,4):
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nokia write data(0xb0);
}

for (M=7; M<=B3; M+4)(
nokia gotoxy (M, 5};
nokia_write_data (0x00);

}
H
/1
voeid Graphic(void)
{
uchar e;
wchar t;
uchar k:
uint d;
d=0;
forft=0;t<6,;t++)
{
for({k=0;k<84;:k++)
{
e=dal {d]
nokia write data (e}
d=d+1;
}
}
: w/

void Writh Graph{unsigned int i,unsigned char ND)

{ for (char row=0;char_row< ND ;char_row++)
éhardata= Graph BAR[i] [char row]:
nokia_write_data (chardata);

: }

void Writh Char (unsigned long Hum,unsigned long NC)
{

for (char_row=0;char_row<NC;char_row++)

{

chardata=CHARACTER [Num] [char__ row},

nokia write data (chardata};

}

nokia write data (0x00)}; .
) -
void Writh level (unsigned int i)
{

chardata = LEVEL BAR{[i];

nokia_write_data (chardata):

}

/* WRITE GRAFPH*/
void graph (unsigned int use)

if( 1000 <= use && use < 10000 }{ CK= 2; M=10000; R=10000; W=18;}
if( use < 1000 ) { CK= 1; M=1000; R=1000; W=17;}
T = usetR;
Range = {use-T) /R;
Min = use-T;

nokia gotoxy (0,0} ;
Writh Graph (Range+l,7};

nekia gotoxy{0,1);
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Writh_Graph(11,7);

nokia gotoxy(0,2);
Writh Graph{11,7};

nokia_gotoxy {0, 3);
Writh_Graph(12,7):

nokia_gotoxy(0,4):
Writh Graph{1l1,7);

nokia_gotoxy{0d,5);
Writh_Graph (Range, 7);

nokia_gotoxy(19,0);
Writh_Graph(W,5};

if{ use > 400 )
{

/* WRITE %RAPH  */

Xx=x+1; -

if{ x>83 ){Clear Graph(7); x=7;}

if{ Origin != Range ){ Clear_Graph(7);}
if{ CL != CK ){ Clear_Graph(7);}

CL=CK;

value = use ~ Min:

if{ 0 <= value && value <= 0.175*M }
{
if( x < 7) =x=7;
Origin = Range;
nokia_gotoxy(x,5);

if{ 0 == value } Writh level (7);
if (O < wvalue && value <= 0.025*M } Writh level (6);
if{ 0.025*M < value && value <= 0.050*M ) Writh level({5);
if{ 0.050*M < value && value <= 0.075*M ) Writh level({4);
if{ 0.075*M < value && value <= 0.100*M '} Writh level (3);:
if( 0.100*M < value && value <= 0.125%*M ) Writh level{2);
if( 0.125*M < value && value <= 0.150*M )} Writh level (1);
if{ 0.150*M <  value && value <= 0.175*M ) Writh level (0};
]
if{ 0,.175*M < value && value <= 0.375*M )
{

if{ x < 7) x=7;

Origin = Range;

nokia gotoxy(x,4):
if{ 0.175*M < value && value <= 0.200*M ) Writh level(7);
if( 0.200*M < value && value <= 0.225*M ) Writh level (6):
if{ 0.225*M < value && value <= 0.250*M } Writh level (5);
if( 0.250*M <  value && value <= 0.275*M ) Writh level(4);
if( 0.275*M < value && value <= 0.300*M ) Writh level(3);
if( 0.300*M < value && value <= 0.325*M } Writh level (2};

. : if{ 0.325*M < value && value <= (0.350*M ) Writh level(1);

if{ 0.350*M < value && value <= 0.375*M )

Writh_level (0);
\ .
if{ 0.375*M < value && value <= 0.575*M }

{
if{ x < 1Y x=7;
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1

Origin

= Range;

nokia_gotoxy (x,3);

if(
if (
if (
if(
if (
if (
if (
if (

if{ 0.575*M < value

{

)
if
{

}

0.775*M

if{ x <
Origin

0.375H*M
0.400*M
0.425*M
. Aa4no*'M
0.475*M
0.500*M
0.525*M
0.550*M

&& value

7)) x=7;
= Range;

value
value
value
value
value
value
value
value

mANA

AN AN A

&&
&&
&&
b &
k&
& &
&
&&

<= 0.775*M

nokia_gotoxy (x,2);

if(
if {
if (
if (
if (
if(
if(
if {

< wvalue

if{ x <
Origin

0.575*M
0.600*M
0.625*M
0.650*M
0.675*M
0.700*M
0.725*M
0.750*M

&& value

7y x=7;
= Range;

value
value
value
value
value
value
value
value

AAANANAANANANANAN

L

nokia_gotoxy (x,1);

if (
if (
if(
if (
if {
if(
if (
if (

- wvoid Show (void)

{

nokia gotoxy(8,0);
Writh Graph(19%,4);:

X /SR
Writh Graph(13,7}): //

.775*M
.800*M
.825*M
.850*M
.875*M
.500*M
.925*M
.950*M

QOO0 O0OO0O0O

10~

nokia gotoxy(24,0); // f
Writh Char (86, 3);

if (1>400)
{

nokia gotoxy({27,0); //

< value
< value
< value
< value
< value
< value
< value
< value

value

Writh Char ((1%100000)/10000,5};
Writh Char {(1%10000)/1000,5};
Writh_Char ((1%1000)/100,5);
Writh_Char ({1%100)/10,5};

Writh_Char (1%10,5);

}
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& &
&&
&&
&&
&&
& &
&&
&&

0.975*M

&&
&&
&&
&&
&&
&&
&&
&&

value
value
value
value
value
value
value
value

value
value
value
value
value
value
value
value

value
value
value
value
value
value
value
value

D ANAN A ATATEA
| | | R | R | I |

A

0.400*M

+ 0.425*M

0.A50+M
BLATHAM
0.5L00*M
0.525*M
0.550*M

= 0.575*M

= 0.600*M
= 0.625"M

0.650*M

= 0.675*M

0.700*M
0.725*M

0.750*M

0.775*M

= 0.800*M
= 0.825*M

0.850*M

= (0.B75*M

0.900*M
0.925*M
0.950*M

= 0.975*M

et Tt Tt Tapt Mt Mt e

Writh level (7}
Writh level (6}
Writh level (5};
Writh level (4}
Writh level (3};
Writh level (2};
Writh level (1}
Writh level (0);

Writh_level (7}
Writh level(6):
Writh _level (5);
Writh level (4);
Writh level (3);
Writh level {2):
Writh_level({l):
Writh_level (0);

Writh _level (7}5
Writh level (6):
Writh_level (5);
Writh level {4);
Writh_level({3);
Writh level(2);
Writh level (1};
Writh level (0}
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if (1<400)
{

nokia gotoxy{(27,0); // value

Writh Char (0,5} ;
Writh Char (0,5);
Writh Char(0,5);
Writh Char{0,3);
Writh_Char{0,53);
}

nokia_gotoxy(57,0); // ]
Writh Char (87,3);

Writh Graph(60,0): // Tem
Writh Char ((N_hex%100)/10,5};
Writh_Char (N_hex%10,5);

Writh Char(62,3):

Writh Char(12,3};

}

void model (void)

{
nokia_clean_ddram({};
led_r =0;
led g =1;

while (SWM==1)

{

tmstart {):
tmrtemp {):
N_hex=TEMBUF [0];
1= loopx(};

Show () :
graph(l)};

)

void mode?Z {void)

{

nokia clean_ddram();

while (SWM==1)

{

led r =0;
led_g =1;
Speaker=1;
tmstart {):;
tmrtemp {);
1= loopx{};:
Show () ;
graph (1) ;

nokia_gotoxy (60,5);
Writh_Char(2,5);
Writh Char({0,5};
Writh Char(0,5);
Writh Char (0, 5});

whila (1>2000 && SWM==

{
Speaker=0;
led_r =1;

S/ ds:820 start convert
// reed temperature

// Write coordinate power ppm tem
// Write Graph

// dsl1820 start convert
// read temperature

// Write coordinate power ppm tCem
// Write Graph

// POSITION

/2
/50
s/0
/70

1)
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led g =0;
nokia_clean_ddram():
dmsec (100} ;

nokia_gotoxy(6,1);
for(i=0; 1<12; i++}]
Writh Graph (20, 6);}

nokia gotoxy(6,2): s PR PTON
Writh Char (32,5}); LW

Writh Char (10,5}; S A

Writh Char(27,5): 7SR

Writh Char(23,5); /7N

Writh Char{18,5); VAR,

Writh Char(23,5}; /7N

Writh Char{16,5); /75 G
Writh_Char (64, 5); YA

Writh Char (63, 5); /s

Writh Char(21,5); /7L

Writh Char(25,5); S/SP

Writh Char (16,5); /G /7 0k
nokia_gotoxy (6, 3): /7 POSITION
Writh Char{24,5); /70

Writh Char (31,5); /S

Writh Char(14,5); /S E

Writh Char (27,5); // R

Writh Char(63,5}; S/
Writh_Char{2,5}; Sl 2
Writh_Char{0,5); AN

Writh Char(0,5); /70

Writh Char (0, 5); /70

Writh Char (51, 5); /7 p

Writh Char(51,5); SSp
Writh_Char (48,5); /om

nokia gotoxy (6,4}
for{i=0; i<l12; i++){
Writh Graph(20,6):}
dmsec {400} ;
nokia_clean_ddram{);
1= loopx(}:

1

void mode3 (void)

{

unsigned int ref;

char a=0,b=0,c=4,d=0,p=60,9=0, k=0;
nokia_clean ddram(};

dmsec (21} ;

while (SWA==0) ;

while (SWA==1}

{

led r =0;

led g =1;

nokla_gotoxy{0,2); // POSITION
Writh Char(28,5); lS8

Writh Char(14,5}); //E
Writh_Char({29,5); /7T

Writh Char (63,5); /7

Writh Char({31,5); YV
Writh_Char(10,5); /7 A

Writh Char(21,5); // L
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Writh Char (30,5); A

Writh Char(14,5); /r O E

Writh Char (63,5); o4

Writh Char (d, 5} ; /7 N o= 60

Writh Char{c,5}; £S5 SR 1]
Writh_Char(b,S); A N - 72

Writh Char(a,5); A w78

if (p==60) {nokia_gotoxy(60,3); Writh Char (88, 5); d=k;}

elsa (nokia_gotoxy(60,3); Writh _Char (63,5} ;}

if (p==66) {nokia gotoxy (66, 3); Writh Char (88,5); c=k;}
else (nokia_gotoxy{66,3); Writh Char (63,5);}

if (p==72) {nokia_gotoxy(72,3}; Writh Char (88,5); b=k:}
else {nokia_gotoxy({72,3}); Writh Char(63,5);}

if {(p==78) {nokia gotoxy(78,3); Writh Char(88,5); a=k;}

else [(nokia_gotoxy(78,3); Writh Char(63,5);}

if (SWU==0} {k=k+1; if (kx>2) k=0; dmsec(5); while (SWU==0):;}
if (SWD==0) {k=k-1; if{k<0) k=9; dmsec(5); while (SWD==0) ; }
if (SWR==0}) (g=g+l; whila (SWR==0); if (g>3)g=0;

10) ;1
if {(SWL==0) [g=g-1; while(SWL==0)}; if(g<0)g=3;
103+ //ok
}
nokia_clean_ddram();
s 60 66-1 72-2
while (SWM==1)
{
ref= d*1000+c*100+b*10+a;
Speaker=1;
led r =0;
led g =1;
tmstart (); 7/ dsl820 start convert
tmrtemp (): // read temperature
N_hex=TEMBUF [0] ;
1= loopx(};
Show () ; ' // Krite oordinate power ppm
graph (1) ; // Write Graph
nokia_gotoxy(60,5); // POSITION

if (d==0) nokia_gotoxy(66,9);

elge Writh_ Char(d,5);

if (c==0&&d==0)nokia_gotoxy{72,5);

else Writh Char(c, 5);

if (b==0&&c==0&&d==0)nokia_gotoxy({78,5);

elsa Writh Char (b, 5);

Writh_Char{a,5}: 7l a
while (1>ref&& SWM==1)

{

Speaker=0;

led_r =1;

led g =0;

nokia clean_ddram{);

dmsec (100} ;

nokia gotoxy(6,1);
for{i=0; i<12; i++){
Writh_Graph (20, 6);}

nokia_gotoxy (6,2} ; // POSITION

p= 60+g*6; dmsec(

p= 60+g*6; dmsec (

78-3
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Writh Char(32,5

=
-

¥
Writh Char(10,5); SA
Writh Char(27,5); Aok
Writh Char {23, 5); /. M
Writh Char(18,5); /o
Writh Char (23,5); 7 .
Writh Char{1l6,5); s .
Writh Char(64,5); /. !
Writh Char (63,5); /.
Writh Char(21,5); 7, i
Writh Chari{25,5); loooP
Writh Char(16,5); lSG S/ok
nokia_gotoxy (6, 3); // PGSITION
Writh Char (24, 5); 7SS0
Writh Char(31,5); SV
Writh_Char ({14, 5}; s/ E
Writh_Char (27,5):; // R
Writh Char{63,5}); A

if {(d==0) Writh Chax (63,5} ;

@lse Writh Char{d,5);

if (c==0&&d==0) Writh_Char{63,5}:

else Writh_ Char{c,5};

if (b==0&6c==046&d==0) Writh_Char(63,5);
else Writh Char(b,5);

Writh_Char{a, 5} /S a
Writh Char({51,5); YO <
Writh Char (51, 5); /P
Writh_Char{48,5); Ao

nokia gotoxy(6,4);
for (1i=0; i<12; i++){
Writh_Graph(20,6);}

dmsec (400) ;
nokia_clean_ddram{);
1= loopx{):

}

}

void main|()

{

unsigned char i;
led r =1;
led g =0;

nokia init(};
//Graphic() ;

dmsec (5000} ;
TH1 = Oxfd; /7 THI1
TR1 = 1;
for{l=0;1<5000;1++):;
Initialize():

for(l=0;1<5000;1++);
dmsec (1000) ;

nokiamclean_ddram()f

led r =0
led g =1;
while (1)

{
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nokia_clean ddram{);

led r =0;
led g =1;
Speaker=1;

whila (SWM==0} ;
while (SWA==1)
{

count=0;

nokia_gotoxy (6,0}’
for{i=0; i<12; i++){
Writh Graph(20,6);}

nokia_gotoxy(0,2);
Writh Graph(21,8);
nokia_gotoxy (0, 3);
Writh _Graph(22,6);
nockia gotoxy(0,4):
Writh Graph(23,6);

nokia_gotoxy(6,5);
for (i=0; i<12; i++){
Writh_Graph({20,6);)

nokia_gotoxy(6,1}; // POSITICN
Writh Char (63, 5); s
Writh Char(28,5}; /7 8
Writh Char (14,5); // E
Writh Char (21, %) ; // L
Writh Char{14,5): /7S E
Writh Char{12,5}; /S C
Writh Char {29,5); /7T
Writh Char (63,5); 4
Writh Char (22,5); /S M
Writh Char {24,5); /0
Writh Char (13,5); /S D
Writh_Char (14,5); /O E
nokia_gotoxy(6,2); // POSITION
if (j==2)Writh Char (83,5); //
@else Writh Char {63,5); 4
Writh _Char{1,5); o
Writh Char (63,5); Vo4
Writh Char{10,5); Sl A
Writh Char (21,5); /7 L
Writh Char{21,5); // L
Writh Char (63, 5}; 4
Writh Char(31,5); rLV
Writh Char(10,5); // A
Writh Char(21,5); // L
Writh Char(30,5); /7 U
Writh Char (14,5); // E
nokia gotoxy (6, 3}; // POSITION
if(j==3)Writh_Char(83,5); Yy
alse Writh Char (63,5); 4
Writh_Char(2,5): /2
Writh Char{63,5): ’
Writh Char(24,5); /70
Writh Char (31,5} ; /v
Writh Char(14,5); /7S E
Writh Char(27,5); // R
Writh Char{63,5}; A
Writh Char(2,5); ;S22
Writh Char(0,5); F/ 0
Writh Char (0,5)}; /r0
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Writh_Char {0, 5); Joo 0
nokia gotexy(6,4); /7 POSITION
if (j==4)Writh Char(83,5); /7
else Writh Char(63,5); 4
Writh Char(3,5); /503
Writh Char(63,53); Vs
Writh Char({28,53): V.
Writh Char({14,3); VO
Writh Char{22,5); T
Writh Char{63,5); Y74
Writh Char{10,5); /7 A
Writh Char (21,5}; /L
Writh Char (10,5); s/ A
Writh Char(27,5); // R
Writh_Char (22,5): /M

if ( SWU==0 && 1<3 && 3<5 )
{
j=3-1;
if (3<2) j=4;
}

if ( SWD==0 && 1<j && j<5 )
{
j=j+1;
if (3>4) j=2;
}

while {SWU==0 || SWD==0):
}

while (SWA==0} ;

if (j==2) model () ;
if (j==3) mode2 () ;
if (j==4) mode3 () ;
nokia clean_ddram{};

}
1
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A DIVISION OF & CIRRUS LOGIC

CS5525
CS5526

16-Bit/20-Bit Multi-Range ADC with 4-Bit Latch

Features

e Delta-Sigma A/D Converter

- Linearity Error: 0.0015%FS

- Noise Free Resolution: 18-bits
e Bipolar/Unipolar Input Ranges

-« 26mVY,55mV,100mv,1V,25Vand5Vv
e Chopper Stabilized instrumentation Amplifier
© On-Chip Charge Pump Drive Circuitry
¢ 4-Bit Output Latch
e Simple three-wire serial interface

- SPI™ and Microwire™ Compatible

- Schmitt Trigger on Senal Clock (SCLK)
¢ Programmable Output Word Rates

- 3.76 Hz to 202Hz (XIN = 32.768 kHz)

= 11.47 Hz to 616 Hz (XIN = 100 kHz)
o Qutput Settles in One Conversion Cycle
o Simultaneous 50/60 Hz Noise Rejection

o System and Self-Calibration with
Read/Write Registers

e Single +5 V Analog Supply
+3.0 V or +5 V Digitat Supply

e Low Power Mode Consumption: 4 mW
-1.8mWin1V, 2.5V, and 5V Input Ranges

General Description

The 16-bit CS5525 and the 20-bit CS5526 are highly in-
tegrated AYX A/D converters which include an
instrumentation amplifier, a PGA (programmable gain
amplifier), eight digital filters, and self and system cali-
bration circuitry.

The converters are designed to provide their own nega-
tive supply which enablas their on-chip instrumentation
amplifiers to measure bipolar ground-referenced signals
<+100 mV. By directly supplying NBV with -2.5 V and
with VA+ at 5V, +2.5V signals (with respect to ground)
can be measured.

The digital filters provide programmable outptt update
rates betwean 3.76 Hz to 202 Hz (XIN = 32.768 kHz).
Output word rates can ba increased by approximately 3X
by using XIN = 100 kHz. Each filter is designed to setile
to full accuracy for its output update rate in one conver-
sion cycle. The fillers with word rates of 15 Hz or less
(XIN = 32.768 kHz) reject both 50 and 60 Hz (+3 Hz) line
interference simultaneously.

Low power, single conversion settling time, programma-
ble output rates, and the ability to handle negative input

- signals make these single supply products ideal solu-

tions for isolated and non-isolated applications.

ORDERING INFORMATION
See page 26.
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NBV =-2.1V, FCLK = 32.768 kHz, OWR (Output Word Rate)

See Notes 1 and 2.)

C85525 CS5526

W
ANALOG CHARACTERISTICS (T, =25°C: VA+ VD+=5V +5%; VREF+ = 2.5V, VREF-

=AGND,

= 15 Hz, Bipolar Mode, Input Range = +100 mV;

€55525 CS85526
Parameter Min | Typ | Max | Min | Typ | Max | unit
Accuracy
Linearity Emor - 10.0015| 40.003 - 10.0007 (100015 %FS
No Missing Codes 16 - - 20 - - Bits
Bipolar Offset (Note 3) - 11 +2 - 116 32 LsSB
Unipolar Offset (Note 3) - +2 44 - 132 164 LSB
Offset Drift {Notes 3 and 4) - 20 - - 20 - nv/°C
Bipolar Gain Error - 18 31 - 18 +31 ppm
Unipolar Gain Error - +16 162 - +16 162 ppm
|Gain Drift {Note 4) - 1 3 - ] 1 3 ppm/°C
Voitage Reference Input
{Range (VREF+) - (VREF-) 1 25 3.0 1 25 3.0 v
Common Mode Rejection  dc - 110 - - 10 - dB
50, 60 Hz - 130 - - 130 - ds
Input Capacitance - 16 - - 16 - pF
CVF Current {Note 5) - 06 - - 0.6 - wAN
Notes: 1. Applies after system calibration af any temperature within 40 °C ~ +85 °C.
2. Specifications guaranteed by design, characterization, and/or test.
3. Specification applies to the device only and does not include any effects by extemal parasitic
thermocouples. LSB = LSBg for the CS5525, and LSB,, for the CS5526.
4. Dirift over specified temperature range after calbration at power-up at 25 °C.
5. See the saction of the data sheet which discusses input models on page 15.
RMS NOISE (Notes 6 and 7)
Output Rate | -3 dB Filter input Range, (BipolarfUnipolar Mode}
{Hz) Frequency 25 mV 55 mV 100 mv iV 25V 5V
3.76 327 90 nV 90 nV 130 nV 1.0 v 20w 4.0V
7.51 6.55 110 nV 130 nV 190 nV 1.5uv 3.0V 7 uv
15.0 12.7 170 nV 200 nV 250 nv 2.0 pv 50pv 10 pv
30.1 254 250 nV 300 nV 500 nv 4.0 pv 10 pv 15 pVv
60.0 50.4 500 nV 1.0 pv 1.5 pv 15 pv 45 uv 85 v
123.2 (Note 8) 103.6 2.0uv 4.0 pv B.Opv 72 WV 180 uv 350 yv
168.9 (Note 8) 141.3 10 pv 20.0 pv 30 v 340 pv 900 pv 20mvV
202.3 (Note 8) 169.2 30 uv 55 v 105 pV 1.1 mV 24 mVv 53 mV

Notes: 6. Wideband noise aliased into the baseband. Referred to the input. Typical values shown for 25 °C.
7. For Peak-to-Peak Noise multiply by 6.6 for all ranges and output rates.

8. Forinput ranges <100 mV and output word rates >60 Hz, 32.768 kHz chopping frequency is used.
Specifications are subject to change without notice.
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AR B B N A Awam N ™~
[ N 4 L Wy [

— 4TV 7 N ¥7T7] 4 CS5525 CS5526
I e
ANALOG CHARACTERISTICS (Continued)
Parameter Min Typ | Max J Unit
Analog Input
Common Mode + Signal on AIN+ or AIN- Bipolar/Unipolar Mode
NBV=-18to-25V Range = 25 mV, 55 mV, or 100 mV -0.150 - 0.950 v
Range=1V,25V,or5V NBV - VA+ v
NBV = AGND Range = 25 mV, 55 mV, or 100 mV 1.85 - 2.65 A
Range=1V,25V,or5V 0.0 - VA+ v
Common Mode Rejection dc - 120 - dB
50, 60 Hz - 120 - dB
Input Capacitance - 10 - pF
CVF Current on AlN+ or AIN- , {Note 5)
Range = 25 mV, 55 mV, or 100 mV - 100 300 pA
Range=1V,25V,or5V - 1.2 - WAV
System Calibration Specifications
Full Scale Calibration Range Bipolar/Unipolar Mode {Note 9) .
25mV 17.5 - 325 mv
56 mv 38.5 - 7.5 mv
100 mV 70 - 105 mvV
1v 0.70 - 1.30 v
25V 1.75 - 3.25 v
5V 3.50 - VA+ v
COffset Calibration Range Bipolar/Unipolar Mode
25 mv - - 125 mv
55 mv - - 1+27.5 mv
100 mV (Note 10) - - 150 mv
1V - - 0.5 v
25V - - $1.25 v
5V - - +2.50 A
Power Supplies
DC Power Supply Currents (Normal Mode) las - 13 17 mA
In+ - 15 30 PA
INBV - 400 550 uA
Power Consumption Nomal Mode (Note 11) - 7.5 10 mwW
Low Power Mode - 4.0 6.5 mw
Standby - 1.2 - mW
Sleep - 500 - - BW
Power Supply Rejection  dc Positive Supplies - 95 - ds
dc NBV - 110 - dB

Notes: 9. The minimum Full Scale Calibration Range (FSCR}) is limited by the maximum allowed gain register

value (with margin). The maximum FSCR is limited by the AL modulator's 1's density range.

10. The maximum full scale signal can be limited by saturation of circuitry within the internal signal path.

11. Al outputs unloaded. All input CMOS levels.
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r 4 Y r 7 7/ J [ &
F Y 4 5 Wy Jj

37— 777 C355525 CS5526

5 V DIGITAL CHARACTERISTICS (T, =25°C; VA+, VD+ = 5 V £5%; GND = 0;

See Notes 2 and 12.})

Parameter Symbol Min Typ Max Unit
High-Level Input Voltage All Pins Except XIN and SCLK ViH 0.6 VD+ - - v
XIN 35 - VD+ \'4
SCLK (VD+) - 045 - - v
Low-Level Input Voltage All Pins Except XIN and SCLK Vi - - 0.8 v
XIN 0.0 - 1.5 v
SCLK - - 0.6 v
High-Level Output Voltage Vo .
All Pins Except CPD and SDO (Note 13} (VA+)-1.0 - - \'
CPD, Iy =-4.0mA {VD+)-1.0 - - vV
SDO, Iy = -5.0 mA (VD+)-10 | - - v
Low-Level Output Voltage VoL
All Pins Except CPD and SDO, 1,4 = 1.6 mA - - 0.4 \
CPD, I, =2 mA - - 04 v
SDO, lgg = 5.0 mA - - 0.4 v
Input Leakage Current lin - +1 10 HA
3-State Leakage Current loz - - +i0 HA
Digital Output Pin Capacitance Cout - 9 - pF

Notes: 12. All measurements performed under static conditions.
13. Iy = -100 pA unless stated otherwise. (Vo = 2.4 V @ loq = 40 pA.)

3.0 V DIGITAL CHARACTERISTICS (T, =25 °C; VA+ =5V 15%; VD+ = 3.0 V $+10%; GND = 0;

See Notes 2 and 12.))

Parameter Symbol Min Typ Max Unit
High-Level Input Voltage All Pins Except XIN and SCLK Vig 0.6 VvD+ - - v
XIN 0.54 VA+ - VD+ v
SCLK (VD+)-045| - - -V
Low-Level Input Voltage All Pins Except XiN and SCLK Vi - - (016VD+] V
XIN 0.0 - 1.5 v
SCLK - - 0.6 \
High-Level Output Voltage VoH
All Pins Except CPD and SDO, |y, = -400 pA (VA+)-03 - - \'
CPD, Iy =4.0mA (VD+)-10 - - v
SDO, Iy = -5.0 mA (VD+}-10 | - - v
Low-Level Output Voltage VoL
All Pins Except CPD and SDQ, |, ; = 400 pA - - 0.3 v
CPD, It=2mA - - 0.4 v
SDO, i, = 5.0 mA - - 04 v
Input Leakage Curent hn - +1 10 HA
3-State Leakage Current oz - - 10 KA
Digital Output Pin Capacitance Cout - 9 - pF

DS202F1




o34~
P CS5525 CS5526
e - wemwwe—we

DYNAMIC CHARACTERISTICS

Parameter Symbol : Ratio Unit
Modulator Sampling Frequency fs XIN/2 Hz
Filter Setlling Time to 1/2 LSB (Full Scale Step) i out s

RECOMMENDED OPERATING CONDITIONS (AGND, DGND = 0 V; See Note 14.))

Parametar _ Symbol Min Typ Max Unit
DC Power Supplies Positive Digital VD+ 2.7 5.0 5.25 v
Positive Analog VA+ 475 5.0 5.25 v
Analog Reference Voltage (VREF+) -{VREF-)| VRefyg 1.0 2.5 3.0 A"
Negative Bias Voltage NBV -1.8 -2.1 2.5 Vv

Notes: 14. All voltages with respect to ground.

ABSOLUTE MAXIMUM RATINGS (AGND, DGND = 0 V; See Note 14.)

Parameter Symbol Min Max Unit
DC Power Supplies (Note 15)
Positive Digital VD+ 0.3 +6.0 Vv
Positive Analog VA+ 0.3 +6.0 \
Negative Bias Voltage Negative Potential NBV . +03 -3.0 v
Input Current, Any Pin Except Supplies {(Note 16 and 17) hn - 10 mA
Output Current loyt - 425 mA
Power Dissipation {Note 18) PDN - 500 mw
Analog Input Voltage VREF pins ViNR 0.3 (VA+)+ 0.3 v
AIN Pins ViNA NBV - 0.3 (VA+)+ 0.3 Vv
Digital Input Voltage Vinp -0.3 (VD+}+ 03 v
Ambient Operating Temperature Ta -40 85 °C
Storage Temperature Tag 65 150 °C

Notes: 15. No pin should go more negative than NBV - 0.3 V.
16. Applies to all pins including continuous overvoltage conditions at the analog input {AIN) pins.

17. Transient current of up to 100 mA will not cause SCR latch-up. Maximum input current for a power
supply pin is £50 mA.

18. Total power dissipation, including all input curments and output currents.

WARNING: Operation at or beyond thesa limits may result in permanent damage to the device.
Normal operation is not guaranteed at these extremes.

DS202F1 5
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Input Levels: Logic 0 = 0 V, Logic 1 = VD+; C|_ = 50 pF.))

CS5525 CS5526
m
SWITCHING CHARACTERISTICS (T, =25°C; VA+ = 5V £5%; VD+ = 3.0 V £10% or 5 V +5%:

Parameter Symbol Min Typ Max Unit
Master Clock Frequency (Note 19) XIN
Intemnal Clock 30 32.768 36 kHz
Extemal Clock 30 32,768 100
Master Clock Duty Cycle 40 - 60 %
Rise Times {Note 20) tise
Any Digital Input Except SCLK - - 1.0 HS
SCLK - - 100 [VE]
Any Digital Qutput - 50 - ns
Fall Times (Note 20) tall
Any Digital Input Except SCLK - - 1.0 s
SCLK - - 100 HS
Any Digital Output - 50 - ns
Start-up
Oscillator Start-up Time XTAL = 32.768 kMz  (Note 21) tost - 500 - ms
Power-on Reset Period toor - 1003 - XIN
cycles
Serial Port Timing
Seriat Clock Frequency SCLK 0 = 2 MHz
SCLK Falling to CS Falling for continuous running SCLK 7 100 - - ns
(Note 22) _ '
Saral Clock Pulse Width High t4 250 - - ns
Pulse Width Low t 250 - - ns
SDI Write Timing
TS Enable to Valid Latch Clock ty 50 - - ns
Data Set-up Time prior to SCLK rising ty 50 - - ns
Data Hold Time After SCLK Rising ts 100 - - ns
SCLK Falling Prior to TS Disable 5 100 - - ns
SDO Reawd Timing ) B i
TS to Data Valid ty - - 150 ns
SCLK Falling to New Data Bit tg - - 150 ns
CS Rising to SDO Hi-Z ty - - 150 ns

Notes: 19. Device parameters are specified with a 32.768 kHz clock; however, clocks up to 100 kHz can be used

for increased throughput.

20. Specified using 10% and 90% points on waveform of interest. Output loaded with 50 pF.
21. Osdcillator start-up time varies with crystal parameters. This specification does not apply when using an

extemal clock source.
22. Applicable when SCLK is continuously running.
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Continuous Running SCLK Timing (Not to Scale)
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SDI Write Timing (Not to Scale)
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£

SDO Read Timing (Not to Scale)
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CS5525 CS5526

T S

GENERAL DESCRIPTION

The CS5525 and CS5526 are 16-bit and 20-bit pin
compatible converters which include a chopper-
stabilized instrumentation amplifier input, and an
on-chip programmable gain amplifier. They are
both optimized for measuring low-level unipolar or

bipolar signals in process control and medical ap-
plications.

The CS5525/26 also include a fourth order delta-
sigma modulator, a calibration microcontrolier,
eight digital filters, a 4-bit analog latch, and a serial
port. The digital filters provide any one of eight
different output update rates.

The CS5525/26 include a CPD (Charge Pump
Drive) output (shown in Figure 1). CPD provides a
negative bias voltage to the on-chip instrumenta-
tion amplifier when used with a combination of ex-
ternal diodes and capacitors. This enables the
CS5525/26 to measure negative voltages with re-

spect to ground, making the converters ideal for
thermocouple temperature measurements,

Theory of Operation

The C55525/26 A/D converters are designed to op-
erate from a single +5 V analog supply and provide
several different input ranges. See the Analog
Characteristics section on page 3 for details.

Figure 1 illustrates the CS5525/26 connected to
generate their own negative bias supply using the
on-chip CPD (Charge Pump Drive). This enables
the CS5525/26 to measure ground referenced sig-
nals with magnitudes down to NBV (Negative Bias
Voltage, approximately -2.1 V in this example).
Figure 2 illustrates a charge pump circuit when the
converters are powered from a +3.0 V digital sup-
ply. Alternatively, the negative bias supply can be
generated from a negative supply voltage or a resis-
tive divider as illustrated in Figure 3.

1060

ol Ay
Analog
Supply to1pF Jo.ayF
< Cam—e L
VA+ VD+ 10
2.5V 20 | yREF+ XOUT - 32768 ~ 100 kHz
19 Optional
VREF-
< < REF XIN jo2 T Clock
Up to £ 100 mV Input CS5525 Source
10 kQ
BAV109 3 C55526
® _WV _L AlN+ — 1| 18
O.1|1F_1_£§31124. cs py Seria
ena
® —Whv— 1] AIN- SCLK Data
10 kil AGND sDI 12
18 1o Interface
Note: Cold-junction ] spo 4
measurement is performed o Al
by a second A/D orvia a <8 A0
multiplexer. NBV _ CPD DGND)
Logic Outputs: S 8 12, Optional, see Charge
AD - A3 Switch from VA+ to AGND. *5 Pump Drive section.
Fl
1N4148 0.015 uF Charge-pump network
‘ for VD+ = 5V only and
1 1N4148 XIN = 32.768 kHz.

I

_____ J

Figure 1. CS5525/26 Configured to use on-chip charge pump to supply NBV.
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Figure 4 ilfustrates thc CS5525/26 connected to
measure ground referenced unipolar signals of a
positive polarity using the 1 V, 2.5V, and 5 V input
voltage ranges on the converter. For the 25 mV, 55
mV, and 100 mV ranges the signal must have a
common mode near +2.5 V (NBV = 0V),

CPD
C,=68nF —— ——Cy=68nF
C,=10uF
< Sl Cy= 1 4F [ o
I~ +

‘17 XIN = 32.768 kHz

Figure 2. Charge Pump Drive Circuit for VD+=3 V.

CS5525 CS5526

The CS5525/26 arc optimized for the measurement
of thermocouple outputs, but they are also well
suited for the measurement of ratiometric bridge
transducer outputs. Figure 5 illustrates the
(CS5525/26 connected to measure the output of a
ratiometric differential bridge transducer while op-

erating from a single +5 V supply.

2N5087
or similar 34.8K
NBV

NBY
304K

-5V -5V
Figure 3. Alternate NBV Circuits.

+5v 100
A
Anglog \N\r
Supply loawr loape
g 2 13 g
: " VA+ VD+
10
2.5V 20 | \REF+ XOUTI—" 32.768 ~ 100 kHz
19 } vREF- 9 T Qptional
XIN . Clock
CcS5525 Source
3 AIN+ CS5526
Oto +5V Input  , Csi1B
AIR- " Seral
AGND SCLK
Data
A3 sotfe 17
Interface
nz spol4
CM = 0to VA+ Al
AOQ
NBV CPD DGND

‘4;98492

Figure 4, C85525/26 Configured for ground-referenced Unipolar Signals.
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Figure 5. CS5525/26 Configured for Single Supply Bridge Measurement.

~ System Initialization

When power to the CS5525/26 is applied, they are
held in a reset condition until their 32.768 kHz os-
cillators have started and their start-up counter-tim-
er elapses. Due to the high Q of a 32.768 kHz
crystal, the oscillators take 400-600 ms to start. The
converter’s counter-timer counts no more than
1024 oscillator clock cycles to make sure the oscil-
lator is fully stable. During this time-out period the
serial port logic is reset and the RV (Reset Valid)
bit in the configuration register is set. A reset can be
initiated at any time by writing a logic 1 to the RS
(Reset System) bit in the configuration register.
This automatically sets the RV bit until the RS bit
is written to logic 0, and the configuration register
isread. After a reset, the on-chip registers are ini-
tialized to the following states and the converters
are ready to perform conversions.

configuration register: 000040(H)
offset register: 000000(H)
galn register: 800000(H)

Command Operation

The CS5525/26 include a microcontroller with five
registers used to control the converter. Each regis-
ter is 24-bits in length except the 8-bit command
register (command, configuration, offset, gain, and
conversion data). After a system initialization or re-
set, the serial port is initialized to the command
mode and the converter stays in this mode until a
valid 8-bit command is received (the first 8-bits
into the serial port). Table 1 lists all the valid com-
mands. Once a valid 8-bit command (a read or a
write command word) is received and interpreted
by the command register, the serial port enters the
data mode. In data mode the next 24 serial clock
pulses shift'data either into or out of the serial port
(72 serial clock pulses are needed if set-up register
is selected). See Table2 for configuring the
C55525/26.

10
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Reading/Writing On-Chip Registers

The C85525/26’s offset, gain, and configuration
registers are read/writable while the conversion
data register is read only.

To perform a read from a specific register, the R/'W
bit of the command word must be a logic 1. The SC,
CC, and PS/R bits must be logic 0 and the CB
(MSB) bit must be a logic 1. The register to be writ-
ten is selected with the RSB2-RSBO bits of the
command word.

To perform a write to a specific register, the R/'W
bit of the command word must be a logic 0. The SC,

CC, and PS/R bits must be logic 0 and the CB (MSB)
bit must be a logic 1. The register to be written is se-
lected with the RSB2-RSBO bits of the command
word. Figure 6 illustrates the serial sequence neces-
sary to write to, or read from the serial port.

If the Set-up Registers are chosen with the RSB2-
RSBO bits, the registers are read or written in the
following sequence: Offset, Gain and Configura-
tion. This is accomplished by following one 8-bit
command word with three 24-bit data words for a
total of 72 data bits.

Command Register
D7(MSB) D6 D5 D4 D3 D2 o1 Do .
[ cB T sc T ¢ | RW | Rse2 | RsBt | RsBo | PSR |
BIT NAME VALUE FUNCTION
07 Command Bit, CB 0 Nuli command (no operation). All command bits, including
CB mustbe 0.
1 Logic 1 for executable commands.
D6 Single Conversion, SC 0 Single Convarsion not aclive.
1 Perform a conversion.
D5 Continuous Conversions, 0 Continuous Conversions not active.
cC 1 Perform conversions continuously.
D4 Read/Write, RIW 0 Write to salected register.
) 1 Read from selected register.
D3-D1 Register Select Bit, 000 Offset Register
RSB2-RSBO 001 Gain Register
010 Configuration Reqgister
011 Conversion Data Register (read only)
100 Set-up Registers {Offset, Gain, Configuration)
101 Reserved
110 Resarved
11 Reserved
Do Power Save/Run, PS/R [i] Run
1 Power Save
Table 1. Command Set
DS202F1 1
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Configuration Register

D23}{MSB) D22 D21 D20 D18 D18 D17 D16 D15 D14 D13 D12

| A3 ] A [ A | A [ N [ crs | NU [ LPM [ WR2 T WR1. [ WRO [ UB |
D11 010 D9 D8 07 D6 D5 D4 D3 D2 D1 Do

[ 62 [T e J o | o [ RS | RV J PF [ PS§ | OF | cc2 | cc1 | cco |
BIT NAME VALUE FUNCTION:

D23-D20 [Latch Qutputs, A3-AD 0000 R" |Latch Output Pins A3-AD mimic the D23-D20 Register bits.

b19 Not Used, NU 0 R |Must always be logic 0.
D18 Chop Frequency Select, 0 R |256 Hz Amplifier chop frequency
CFs 1 32768 Hz Amplifier chop frequency
D17 Not Used, NU 0 R |Must always be logic 0.
D16 Low Power Mode, LPM 0 R {Nomal Mode
1 Reduced Power mode
D15-D13 |Word Rate, WR2-0 000 R {15.0 Hz (2182 XIN cycles)
Note: For ’ 001 30.1 Hz {1090 XIN cycles)
] XIN = 32.768kHz 010 60.0 Hz (546 XIN cycles)
on 123.2 Hz (266 XIN cycles)
100 168.9 Hz (194 XIN cycles)
101 202.3 Hz (162 XIN cycles)
110 3.76 Hz (8722 XIN cycles)
111 7.51 Hz (4362 XIN cycles)
D12 Unipotar/Bipolar, U/B 0 R |Bipolar Measurement mode
1 Unipolar Measurement mode
D11-D9 [Gain Bits, G2-G0 000 R {100 mV (assumes VREF = 2.5V)
001 55 mv
010 25mv
011 1V
100 S50V
101 25V
110/111 Not Used.
D8 Pump Disable, PD 0 R {Charge Pump Enabled
1 For PD = 1, the CPD pin goes to a Hi-Z output state.
D7 Reset System, RS 0 R [Norma! Operation
1 Activate a Reset cycle. To return to Normal Operation write bit to Zero.
D6 Reset Valid , RV 0 No resst has occurred or bit has been cleared (read only).
1 R [|valid Raset has occurrad. (Cleared when read.)
D5 Port Flag, PF 0 R |Port Flag mode inactive
1 Port Flag mode active
D4 Power Save Select, PSS 0 R |Standby Mode (Oscillator active, allows quick power-up)
1 Sleep Mode (Oscillator inactive)
03 Done Flag, DF 0 R |Done Flag bit is cleared (read only).
1 Calibration or Conversion cycle completed (read only).

D2-DO Calibration Control Bits, 000 R |Nomal Operation {no calibration)

CC2-CCo 001 Offset - Self-Calibration
010 Gain — Self-Calibration _
o011 Offset Sefl-Calibration followed by Gain Self-Calibration
100 Not used.
101 Offset — System Calibration
110 Gain -~ System Calibration
111 Not Used.

* R indicates the bit value after the part is reset
Table 2. Conflguration Reglster

12 DS202F1
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Read Cycle
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Figure 6. Command and Data Word Timing.
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Analog Input

Figure 7 illustrates a block diagram of the analog in-
put signal path inside the C85525/26. The front end
consists of a chopper-stabilized instrumentation am-
plifier with 20X gain and a programmable gain sec-
tion. The instrumentation amplifier is powered from
VA+ and from the NBV (Negative Bias Voltage) pin
allowing the CS5525/26 to be operated in either of
two analog input configurations. The NBV pin can
be biased to a negative voltage between -1.8 V and
-2.5 V, or tied to AGND. The choice of the operating
mode for the NBV voltage depends vpon the input
signal and its common mode voltage.

Forthe 25mV, 55 mV, and 100 mV input ranges, the
input signals to AIN+ and AIN- are amplified by the
20X instrumentation amplifier. For ground refer-
enced signals with magnitudes less then 100 mV, the
NBYV pin should be biased with-1.8 Vto -2.5V. If
NBYV is tied between -1.8 V and -2.5 V, the (Com-
- mon Mode + Signal) input on AIN+ and AIN- must
stay between -0.150 V and 0.950 V to ensure prop-
er operation. Altemmatively, NBV can be tied to
AGND where the input (Common Mode + Signal)
on AIN+ and AIN- must stay between 1.85 V and
2.65 V to ensure that the amplifier operates prop-
erly. '

Forthe 1 V,2.5 V,and 5 V input ranges, the instru-
mentation amplifier is bypassed and the input sig-
nals are directly connected to the Programmable
Gain block. With NBV tied between -1.8 V and
-2.5 'V, the (Common Mode + Signal) input on
AIN+ and AIN- must stay between NBV and VA+,

Alternatively, NBV can be tied to AGND where
the input (Common Mode + Signal) on AIN+ and
AIN- pins can span the entire range between
AGND and VA+.

The CS5525/26 can accommodate full scale ranges
other than 25 mV, 55 mV, 100 mV, 1 V, 2.5 Vand
5 V by performing a system calibration within the
limits specified. See the Calibration section for
more details. Another way to change the full scale
range is to increase or to decrease the voltage refer-
ence to other than 2.5 V. See the Voltage Refer-
ence scction for more details.

Three factors set the operating limits for the input
span. They include: instrumentation amplifier satu-
ration, modulator 1’s density, and a lower reference
voltage. When the 25 mV, 55 mV.or 100 mV range
is seleeted, the input signal (including the common
mode voltage and the amplifier offset voltage)
must not cause the 20X amplifier to saturate in ei-
ther its input stage or output stage. To prevent sat-
uration the absolute voltages on AIN+ and AIN-
must stay within the limits specified (refer to the
‘Analog Inpur’ table on page 3). Additionally, the
differential output voltage of the amplifier must not
exceed 2.8 V. The equation

ABS(VIN +VOS)x20=2.8V
defines the differential output limit, where
VIN = (AIN+) - (AIN-)

is the differential input voltage and VOS is the ab-
solute maximum offset voltage for the instrumenta-
tion amplifier (VOS will not exceed 40 mV). If the

VREF+ VREF-
L1 Differential 4th Digital Filter
AN+ © Progrca;rr?mable order delta-
ain || sigma modulator
AIN-

NBV o—

Figure 7. Block Diagram of Analog Signal Path

14
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Max. Differential Output A-X Nominatt! a-x
I 4 VREF | Gain Fact
nput Range 20X Amplifier anractor 1 bifferential input | Max. Input
+ 25 mV 28V @ 2.5V 5 05V +0.75V
56 mV 28V @ 2.5V 2272727 .. £11V +165V
+ 100 mV 28V @ 25V 1.25 20V +30V
10V - 2.5v 25 +10V 1.5V
25V - 2.5V 1.0 25V +50V
+50V - 2.5V 0.5 50V oV, VA+
Note: 1.

The converter's actual input range, the deita-sigma’s nominal full scale input, and the delta-sigma’s

maximum full scale input all scale directly with the value of the voltage reference. The values in the

table assume a 2.5 V VREF voltage.

Table 3. Relationship between Full Scale Input, Gain Factors, and Internal Analog Signal Limitations

differential output voltage from the amplifier ex-
ceeds 2.8 V, the amplifier may saturate, which will
cause a measurement error.

The input voltage into the modulator must not
cause the modulator to exceed a low of 20 percent
or a high of 80 percent 1% density. The norninral full
scale input span of the modulator (from 30 percent
to 70 percent 1’s density) is determined by the
VREF voltage divided by the Gain Factor. See Ta-
ble 3 to determine if the CS5525/26 are being used
properly. For example, in the 55 mV range to de-
termine the nominal input voltage to the modulator,
divide VREF (2.5 V) by the Gain Factor (2.2727).

When a smaller voltage reference is used, the re-
sulting code widths are smaller causing the con-
verter output codes to exhibit more changing codes
for a fixed amount of noise. Table 3 is based upon

Note: Residual noise appears in the corverter’s baseband for
culput word rates greater than 60 Hz if CFS is logic 0. By set- .
ting CFS to logic I, the amplifier’s chop frequency chops at
32768 Hz eliminating the residual noise, but increasing the
current. Note that C=48pF is for input current modeling only.
For physical input capacitance see ‘Input Capacitance’ spec-
ification under "Analog Characteristics’ on page 3.

25mV, 55mV, and 100mV Ranges

— 0 O

AIN 0—+ j\—?—

C = 48pF
g P

Vs £ 25mV
[ ' o

CF5=0,f=256 Hz
‘CFS=1,f=32.768 kHz

1V, 2.5V, and 5V Ranges
AIN+O——0

AIN-0————

a VREF =2.5 V. For other values of VREF, the val- T C=32pF
ues in Table 3 must be scaled accordingly. i = [(Vae) - (Vamm. )] £
Figure’s 8 and 9 illustrate the input models for the f=32768 kHz

AIN and VREF pins. The dynamic input current for
each of the pins can be determined from the models
shown and is dependent upon the setting of the CFS
(Chop Frequency Select) bit. The effective input

Figure 8. Input models for AIN+ and AIN- pins

VREF+ 0-———0

VREF-0—o Y >

Q;C = 16pF
impedance for the AIN+ and AIN- pins remains _ [(VRE -
constant for the three low level measurement rang- i =[(VR fF=+;£ %ﬁﬁf fc

es (25 mV, 55 mV, and 100 mV). The input current
is lowest with the CFS bit cleared to logic 0.

Figure 9. Input model for VREF+ and VREF- pins.

DS202F1
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Charge Pump Drive

The CPD (Charge Pump Drive) pin of the convert-
ers can be used with external components (shown
in Figure 1) to develop an appropriate negative bias
voltage for the NBV pin. When CPD is used to.gen-
erate the NBV, the NBV voltage is regulated with
an internal regulator lcop referenced to VA+,
Therefore, any change on VA+ results in a propor-
tional change on NBV. With VA+ =5V, NBV’s
regulation is set proportional to VA+ at approxi-
mately -2.1 V.

Figure 3 illustrates a means of supplying NBV volt-
age from a -5 V supply. For ground based signals
with the instrumentation amplifier engaged (when
in the 25mV, 55mV, or 100mV ranges), the voltage
on the NBV pin should at no time be less negative
than -1.8 V or more negative than -2.5 V. To pre-
vent excessive voltage stress to the chip the NBV
voltage should not be more negative than -3.0 V.

The components in Figure 1 are the preferred com-
ponents for the CPD filter. However, smaller ca-
pacitors can be used with acceptable results. The
10 uF ensures very low ripple on NBV. Intrinsic
safety requirements prohibit the use of electrolytic
capacitors. In this case, two .47 puF ceramic capac-
itors in parallel can be used.

The CPD pin itself is a tri-state output and enters
tri-state whenever the converters are placed into the
Sleep Mode, Standby Mode, or when the charge
pump is disabled (when the Pump Disable bit, bit
D8 in the configuration register, is set). Once in tri-
state, the digital current can increase if this CPD
output floats near 1/2 digital supply. To ensure the
CPD pin stays near ground and to minimize the
digital current, add a SMCQ resistor between it and
DGND (see Figure 1). If the resistor is left out, the
digital supply current may increase from 2 A to 10

HA.

Voltage Reference

The CS5525/26 are specified for operation with a
2.5 V reference voltage belween the VREF+ and
VREF- pins of the devices. For a single-ended ref-
erence voltage, such as the LT1019-2.5, the refer-
ence’s output is connected to the VREF+ pin of the
CS5525/26. The ground reference for the LT1019-
2.5 is connected to the VREF- pin.

The differential voltage between the VREF+ and
VREF- can be any voltage from 1.0 Vup to 3.0 V,
however, the VREF- pin can not go below analog
ground.

Calibration

The CS5525/26 offer five different calibration
functions including self calibration and system cal-
ibration. However, after the C55525/26 are reset,
they can perform measurements without being cal-
ibrated. In this case, the converters will utilize the
initialized values of the on-chip registers (Gain =
1.0, Offset = 0.0) to calculate output words for the
4100 mV range. Any initial offset and gain errors
in the internal circuitry of the chips will remain.

The gain and offset registers, which are used for
both self and system calibration, are used to set the
zero and full-scale points of the converter’s transfer
function. One LSB in the offsct register is 2°2* pro-
portion of the input span (bipolar span is 2 times the
unipolar span). The MSB in the offset register de-
termines if the offset to be trimmed is positive or
negative (0 positive, 1 negative). The converters
can typically trim £50 percent of the input span.
The gain register spans from 0 to (2 - 223}, The
decimal equivalent meaning of the gain register is

[
D=52"+52"+5,27+ . +5 2" = ¥ b2
i=0
where the binary numbers have a value of either

zero or one (by corresponds to the MSB). Refer to
Table 4 for details.

16
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Offset Register
MSB

Lse

Register [ Sign I 22 I >3 I 74 [ 75 I 28 ?z 218 | 220 [ 221 l 222 | 723 l 224 |
h ]

Reset (R) 0 0 0 0 0 0

0 0 0 0 0 0

One LSB represents 2°2% proportion of the input span (bipolar span is 2 times unipolar span)
Offset and data word bits align by MSB (bit MSB-4 of offset register changes bit MSB-4 of data)

Gain Register
MsSB

LS8

Y
Register ! 20 [ 21 l 72 I >3 | o4 I 26 ll 18 | 2-18 I 20 | z-zﬂ 222 | 23 |
-
0

Reset {R) 1 0 0 0 0 0

0 0 0 0 0

The gain register span is from 0 to (2-223). After Reset the MSB = 1, all other bits are 0.

Table 4. Offset and. Gain Registers

The offset and gain calibration steps each take one
conversion cycle to complete. Atthe end of the cal-
ibration step, the calibration control bits will be set
back to logic 0, and the DF (Done Flag) bit will be
set to a logic 1. For the combination self-calibra-
tion {CC2-CCO0=011; offset followed by gain), the
calibration will take two conversion cycles to com-
plete and will set the DF bit after the gain calibra-
tion is completed. The DF bit will be cleared any
time the data register, the offset register, the gain
register, or the setup register is read. Reading the
configuration register alone will not clear the DF
bit.

Self Calibration

The CS5525/26 offer both self offset and self gain
calibrations. For the self-calibration of offset in the
25 mV, 55 mV, and 100 mv ranges, the converter
internally ties the inputs of the instrumentation am-
plifier together and routes them to the AIN- pin as
shown in Figure 10. For proper self-calibration of
offset to occur in the 25 mV, 55 mV, and 100 mV
ranges, the AIN- pin must be at the proper com-
mon-mode-voltage (i.e. AIN- = 0V, NBV must be
between -1.8 V to -2.5 V). For self-calibration of
offset in the 1.0 V, 2.5 V, and 5 V ranges, the inputs

of the modulator are connected together and then
routed to the VREF- pin as shown in Figure 11.

For self-calibration of gain, the differential inputs
of the modulator are connected to VREF+ and

81
ki
AN+ + *
s2 X20
CLOSED
AN- - -

Figure 10. Self Calibration of Offset (Low Ranges).

51
OPEN
AIN+ \-—I—

+

a8
(5]
AN e S .
VREF- |—.J OPEN
a
é CLOSED

Figure 11. Self Calibration of Offset (High Ranges).
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Figure 12. Self Calibration of Gain (All Ranges).

VREF- as shown in Figure 12. For any input range
other than the 2.5 V range, the modulator gain error
can not be completely calibrated out. This is due to
the lack of an accurate full scale voltage internal to
the chips. The 2.5 V range is an exception because
the éxternal reférence voltage is 2.5 V notninal and
is used as the full scale voltage. In addition, when
self-calibration of gain is performed in the 25 mV,
55mV, and 100 mV input ranges, the instrumenta-
tion amplifier’s gain is not calibrated. These two
factors can leave the converters with a gain error of
up to £20% after self-calibration of gain. There-
fore, a system gain is required to get better accura-
cy, except for the 2.5 V range.

System Calibration

For the system calibration functions, the user must
supply the converters calibration signals which rep-
resent ground and full scale. When a system offset
calibration is performed, a ground reference signal
must be applied to the converter. See Figures 13
and 14. As shown in Figures 15 and 16, the user
must input a signal representing the positive full
scale point to perform a system gain calibration. In
either case, the calibration signals must be within
the specified calibration limits for each specific
calibration step (refer to the System Calibration
Specifications).

Figure 13, System Calibration of Offset (Low Ranges).

Extenal

-l B

—
AN+

ov (@)
N'nﬂ—-[

L1

oM

-,

Figure 14. System Calibration of Offset (High Ranges).

Conmeckors e

Im>
AN- L

Figure 15. System Calibration of Gain (Low Ranges)

Extesral
Connections
-—

AN+

L1

Fult Scale (%)

—

RED

Ay

Figure 16. System Calibration of Gain (High Ranges).
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Assuming a system can provide two known voltag-
es, equations can allow the user to manually com-
pute the calibration register’s values based on two
uncalibrated conversions. The offset and gain cali-
bration registers are used to adjust a typical conver-
sion as follows:

Rc = (Ru + Co>>4) * Cg / 223,

Calibration can be performed using the following
equations:

Co = (Rc0/G - Ru) << 4
Cg= 28+ G
where G = (Rcl - Rc0)/(Rul-Ru0).

Note: Uncalibrated conversions imply that the gain and offset
registers are at default {gain register = (x800000 (Hex) and
offser register = 0x000000 (Hex)}.

The variables are defined below.

V0 = First calibration voltage

V1 = Second calibration voltage (greater than V()

Ru = Result of any uncalibrated conversion

Ru0 = Result of uncalibrated conversion VO
(20-bit integer or 2’s complement)

Rul = Result of uncalibrated conversion of V1
(20-bit integer or 2’s complement)

R¢ = Result of any conversion

Rc0 = Desired calibration result of converting VO
(20-bit integer or 2’s complement)

Rcl = Desired calibration result of converting V1
(20-bit integer or 2°s complement)

Co = Offset calibration register value (24-bit 2’s
complement)

Cg = Gain calibration register value

' (24-bit integer)

>> = Theshift right operator(e.g. x >>2 is X shift-
ed right 2 bits)

<< = The shift left operator (e.g. x<<2 is x

shifted left 2 bits)

Note: The shift operators are used here to align the decimal
points of words of various lengths. Data to the right of the
decimal point may be used in the calculations shown. For the
CS5525 all conversion results (Ru, Rc...) are 186 bits instead

af 20 bits. To get the equations to work correctly pad the 16
hit results with four zeros (on the right).

Calibration Tips

Calibration steps are performed at the output word
rate selected by the WR2-WRO bits of the configu-
ration register. Since higher word rates result in
conversion words with more peak-to-peak noise,
calibration should be performed at lower output
word rates. Also, to minimize digital noise near
the devices, the user should wait for each calibra-
tion step to be completed before reading or writing
to the serial port.

For maximum accuracy, calibrations should be per-
formed for offset and gain for each gain setting (se-
lected by changing the G2-GO bits of the
configuration register). And if factory calibration is
performed using the system calibration capabilities
of the CS5525/26, the offset and gain register con-
tents caii be read by thie system microcontrollér arid
recorded in EEPROM. These same calibration
words can then be uploaded into the offset and gain
registers of the converters when power is first ap-
plied to the system, or when the gain range is
changed.

Two final tips include two ways to determine when
calibration is complete: 1) wait for SDO to fall. It
falls to logic O if the PF (Port Flag) bit of the con-
figuration register is set to logic 1; or 2) poll the DF
(Done Flag) bit in the configuration register which
is set at completion of calibration. Whichever
method is used, the calibration control bits (CC2-
CC0) will return to logic 0 upon completion of any
calibration.

Limitations in Calibration Range

System calibration can be limited by signal head-
room in the analog signal path inside the chip as
discussed under the Analog Input section of this
data sheet. System calibration can also be limited
by the intrinsic gain errors of the instrumentation
amplifier and the modulator. For gain calibrations

DS202F1
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the input signal can be reduced to the point in
which the gain register reaches its upper limit of 2.0
(decimal) [FFFFFF Hex] (this is most likely to oc-

cur with an input signal approximately 1/2 the-

nominal range). Alternatively, the input signal can
be increased to a point in which the modulator
reaches its one’s density upper limit of 80% (this is
most likely to occur with an input signal approxi-
mately 1.5 times the nominal range). Also, for full
scale inputs larger than the nominal full scale value
of the range selected, there is some voltage at
which the various internal circuits may saturate due
- to limited amplifier headroom (this is most likely to
occur on the 100 mV range setting when NBV = -

1.8 V).
Analog Output Latch Pins

The A3-A0 pins of the converters mimic the D23-
D20 bits of the configuration register. A3-A0 can
be used to control multiplexers and other logic
functions outside the converter. The outputs can
sink or source at least | mA, but it is recommended
to limit drive currents to less than 20 pA to reduce
self-heating of the chip. These outputs are powered
from VA+, hence, their output voltage for a logic 1
will be limited to the VA+ voltage.

Serial Port Interface

The CS5525/26 serial interface consist of four pins,
SCLK, SDO, SDI, and CS. The CS pin must be
held low (logic 0) before SCLK transitions can be

recognized by the port logic. The SDO output will

be held at high impedance any time CS is a logic 1.

If the CS pin is tied low, the port can function as a
three wire interface.

The SCLK input is designed with a Schmitt-trigger
input to allow an optoisolator with slower rise and
fall times to directly drive the pin.

The SDO output is capable of sinking or sourcing
up to 5 mA to directly drive an optoisolator LED.
SDO will have less than a 400 mV loss in the drive
voltage when sinking or sourcing 5 mA.

Serial Port Initialization

The serial port is initialized to the command mode
whenever a power-on reset is performed inside the
converter, when the port initialization sequence is
completed, or whenever a command byte, data
word sequence is completed. The port initialization
sequence involves clocking 15 (or more) bytes of
all 1's, followed by one byte with the following bit
contents (11111110). This sequence places the
chips in the command mode where it waits for a
valid command.

Performing Conversions (With PF bit=0)

Setting the SC (Single Conversion) bit of the com-
mand word to a logic 1 with the CB bit = 1, all other
command bits = 0, the CS5525/CS5526 will per-
form one conversion. At the completion of the con-
version the DF (Done Flag) bit of the configuration
register will be set to a logic 1. The user can read
the configuration register to determine if the DF bit
is set. If DF has been sct, a command can be issued
to read the conversion data register to obtain the
conversion data word. The DF bit of the configu-
ration register will be cleared to logic 0 when the
data register, the gain register, the offset register, or
the set-up registers are read. Reading only the con-
figuration register will not clear the DF flag bit.

If an SC command is issued to the converters while
they are performing a conversion, the filter will re-
start a convolution cycle to perform a new conver-
sion.

Performing Conversions (With PF bit = 1)

Setting the PF bit of the configuration register to a
logic 1 enables the SDO output pin to behave as a
flag signal whenever conversions are completed.
This eliminates the need for the user to read the DF
flag bit of the configuration register to determine if
the conversion data word is available.

If the SC (Single Conversion) command is issued
(SC = 1, CB= 1, all other command bits = 0) thé
SDO pin will go low at the completion of a conver-
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sion. The user would then issue 8 SCLKs (with
SDI1 =logic 0) to clear the SDO flag. Upon the fall-
ing edge of the 8th SCLK, the SDO pin will present
the first bit (MSB) of the conversion word. 24
SCLKs (high, then low) are required to read the
conversion word from the port. The user must not
give an explicit command to read the conversion
data register when the PF bit is set to logic 1. The
data conversion word must be read before a new
command can be entered (if the SC command is
used with PF = 1).

If the CC (Continuous Conversion) command is is-
sued (CC = 1, CB =1, all other command bits = Q)
the SDO pin wili go low at the completion of a con-
version. The user would then issue 8 SCLKs (with
SDI =logic 0) to clear the SDO flag. Upon the fall-
ing edge of the 8th SCLK, the SDO pin will present
the first bit (MSB) of the conversion word. 24
SCLKs (high, then low) are required to read the
conversion word- from the port. The user must not
give an explicit command to read the conversion
data register when the PF bit is set to logic 1. When
operating in the continuous conversion mode, the
user need not read every conversion. If the user
does nothing after SDO falls, SDO will rise one
XIN clock cycle before the next conversion word is
available and then fall again to signal that another
conversion word is available. If the user begins to
clear the SDO flag and read the conversion data,
this action must be finished before the conversion
cycle which is'occurring in the background is com-
plete if the user wants to be able to read the new
conversion data.

To exit the continuous conversion mode, issue any
valid command to the SDI input when the SDO flag
falls. If a CC command is issued to the converter
while it is performing a conversion, the filter will
restart a convolution cycle to perform a new con-
version.

CS55525 CS55526

Output Word Rate Selection

The WR2-WRO bits of the configuration register
set the output conversion word rate of the convert-
ers as shown in Table 2. The word rates indicated
in the table assume a master clock of 32.768 kHz.
Upon reset the converters are set to operate with an
output word rate of 15.0 Hz.

Clock Generator

The CS5525/26 include a gate which can be con-
nected with an external crystal to provide the master
clock for the chips. They are designed to operate us-
ing a low-cost 32.768 kHz “tuning fork™ type crys-
tal. One lead of the crystal should be connected to
XIN and the other to XOUT. Lead lengths should be
minimized to reduce stray capacitance.

The converters will operate with an extemnal

{CMOS compatible) clock with frequencies up to.

three times the typical crystal frequency of 32.768
kHz. Figure 17 details the converter’s performance
at increased clock rates.

Poerformance Vs Clock Rate

B 3

1 1.5 z 3
XIN tx 32.7T68 kHz}

Figure 17. High Speed Clock Performance

The 32.768 kHz crystal is normally specified as a
time-keeping crystal with tight specifications for
both initial freéluency and for drift over temperature.
To maintain excellent frequency stability, these
crystals are specified only over limited operating
temperature ranges (i.e. -10 °C to +60 °C). However,
applications with the C§5525/26 don’t generally re-
quire such tight tolerances. When 32.768 kHz sur-
face mount crystals are used, it is recommended that
protection components, an external resistor and ca-
pacitor as shown in Figure 18, be used.

DS202F1
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The CS5525/26 have eight different linear phase
digital filters which set the output word rates
{OWRs) as stated in Table 2. These rates assume
that XIN is 32.768 kHz. Each of tle filters has a
magnitude response similar to that shown in Figure
19. The filters are optimized to settle to full accura-
¢y every conversion and yield better than 80 dB re-
jection for both 50 and 60 Hz with output word
rates at or below 15.0 Hz.

The converter’s digital filters scale with XIN. For
example with an output word rate of 15 Hz, the fil-
ter’s corner frequency is typically 12.7 Hz. If XIN
is increased to 64.536 kHz the OWR doubles and
the filter’s corner frequency moves to 25.4 Hz.

Output Coding

-The CS5525/26 output data in binary format when
operating in unipolar mode and in two's comple-
ment when operating in bipolar mode.

The output conversion word is 24 bits, or three
bytes long, as shown in Table 5. The MSB is output

Figure 19. Filter Response
(Normalized to Qutput Word Rate=1)

first followed by the rest of the data bits in descend-
ing order. For the CS5525 the last byte is composed
of bits D7-D4, which aré always logic 1; D3-D2,
which are always logic 0; and bits D1-D0 which are
the two flag bits. For the CS5526 the last byte in-
cludes data bits D7-D4, D3-D2 which are always
logic 0 and the two flag bits.

The OF (Overrange Flag) bit is set to a logic 1 any
time the input signal is: 1) more positive than posi-
tive full scale, 2) more negative than zero (unipolar
mode), 3) more negative than negative full scale
(bipolar mode). It is cleared back to logic O when-
ever a conversion word occurs which is not over-
ranged. '

The OD (Oscillation Detect) bit is set to a logic 1 any
time that an oscillatory condition is detected in the
modulator. This does not occur under normal oper-
ating conditions, but may occur whenever the input

Output Conversion Data CS5525 (16 bits + flags)
D23 D22 D21 D20 D18 D18 D17 D16 D15 D14 D13 D12 D11 D10 D D8 D7 D6 DS D4 D3 D2 D1 DO

[MSB|14|13|12111]10[9,]B|7|s|5|4|3|2]1|LSB|1|1]1]1|0]0]00|0F|

Output Conversion Data CS5526 (20 bits + flags)
D23 D22 D24 D20 D18 D48 D17 D16 D15 D14 D13 D12 D11 D10 D9 D8 D7 D6 D5 D4 D3 D2 D1 DO

[MSB|18]17]16'15]14|13]12]11|10‘9|8|7I6]5]4]3[2]1‘LSB|0|0|ODIOFJ

Table 5. Data Conversion Word

22
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-

C85525 16-Bit Output Coding

C55526 20-Bit Cutput Coding

Unipolar input | Offset Bipolar Input Two's Unlpolar Input | Offset| Bipolar Input Two's
Voltage Binary Voltage Complement Voltage Binary Voltage Complement

>(VFS-1.5L88)| FFFF | >(VFS5-1.5LSB) TFFF >(VFS-1.5LSB) | FFFFF| >(VFS-1.5LSB) TFFFF
FFFF 7FFF . |FFFFF TFFFF

VFS-1.5LSB — VFS-1.5LSB —— VFS-1.5LSB — VFS-1.5LSB —_—
FFFE 7FFE FFFFE 7FFFE
8000 0000 80000 00000

VFSR20.5LSB | — -0.5LSB —_ VFSROS5LSB | — 0.5LSB —
' 7FFF FFFF 7FFFF FFFFF
0001 |- - 8001 00001 80001

+H.5LSB — VF5+0.5LSB —— +.5LS8 — VFSH).5LSB —
0000 8000 00000 80000
<(+0.518B) | 0000 | <{-VFS+0.5LSB) 8000 <(+0.5LSB) |00000 | <(-VFS+0.5LSB) 80000

Note: VFS in the table equals the voltage between ground and full scale for any of the unipolar gain ranges, or the
voltage between 1 {ull scale for any of the bipolar gain ranges. See text about emor flags under overrange

conditions.

to the converters is extremely overranged. If the OD
bit is set, the conversion data bits can be completely
erroneous, The OD flag bit will be cleared to logic 0
when the modulator becomes stable. Table 6 illus-
trates the output coding for the CS5525/26.

Power Consumption

The CS5525/26 accommodate four power con-
sumption modes: normal, low power, standby, and
sleep. The normal mode, the default mode, is en-
tered after a power-on-reset and typically con-
sumes 7.5 mW. The low power mode is an altenate
mode that reduces the consumed power to 4 mW. It
is entered by setting bit D16 (the low power mode
bit) in the configuration register to logic 1. Since
the converter’s noise performance improves with
increased power consumption, slightly degraded
noise or linearity performance should be expected
in the low power mode. The final two modes are re-
ferred to as the power save modes. They power
down most of the analog portion of the chips and
stop filter convolutions. The power save modes are
éntered whenéver theé PS/R bit and the CB bit of the

Table 6. 5525/26 Qutput Coding

command word are set to logic 1. The particular
power save mode entered depends on state of bit
D4 (the Power Save Select bit) in the configuration
register. If D4 is logic 0, the converters enters the
standby mode reducing the power consumption to
1.2mW. The standby mode leaves the oscillator
and the on-chip bias generator running. This allows
the converters to quickly return to the normal or
low power mode once the PS/R bit is set back to a
logic 1. If D4 in the configuration register and CB
and PS/R in the command word are set to logic 1,
the sleep mode is entered reducing the consumed
power to less than 500 pW. Since the sleep mode
disables the oscillator, approximately a 5¢0ms os-
cillator start-up delay period is required before re-
turning to the normal or low power mode. .

PCB Layout

The CS5525/26 should be placed entirely over an
analog ground plane with both the AGND and
DGND pins of the device connected to the analog
plane. Place the analog-digital plane split immedi-
ately adjacent to the digital portion of the éhip.

DS202F1
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PIN DESCRIPTIONS

o
ANALOG GROUND AGND (J1 - 20[] VREF+VOLTAGE REFERENCE INPUT
POSITIVE ANALOG POWER  VA+ [[2 19 [ VREF- VOLTAGE REFERENCE INPUT
DIFFERENTIAL ANALOG INPUT  AIN+ []3 18[1TS  CHIP SELECT
DIFFERENTIAL ANALOG INPUT  AIN- [|4 17|1SDI  SERIAL DATA INPUT
NEGATIVE BIAS VOLTAGE  NBV [|5 16[JA3  LOGIC OUTPUT
LOGIC OUTPUT A0 {i6 15[1A2  LOGIC OUTPUT
LOGIC OUTPUT a1 []7 14[1SDO  SERIAL DATA OUTPUT
CHARGE PUMP DRIVE  cPD (|8 13JvD+ POSITIVE DIGITAL POWER
CRYSTALIN  XIN [|9 121 DGND DIGITAL GROUND
CRYSTALOUT xouTt (10 11[1 SCLK SERIAL CLOCK INPUT

Clock Generator ) _
XIN; XOUT - Crystal In; Crystal Out, Pins 9, 10.

A gate inside the chip is connected to these pins and can be used with a crystal to provide the
master clock for the device. Alternatively, an external (CMOS compatible) clock can be
supplied into the XIN pin to provide the master clock for the device.

Control Pins and Serial Data I/0

CS - Chip Select, Pin 18.

When active low, the port will recognize SCLK. When high the SDO pin will output a high
impedance state. CS should be changed when SCLK = 0.

SDI - Serial Data Input, Pin 17.
SDI is the input pin of the serial input port. Data will be input at a rate determined by SCLK.

SDO - Serial Data Output, Pin 14.
SDO is the serial data output. It will output a high impedance state if CS = 1,

SCLK - Serial Clock Input, Pin 11.

A clock signal on this pm determines the input/output rate of the data for the SDI/SDO pms
respectively. This input is a Schmitt trigger to allow for slow rise time signals. The SCLX pin
will recognize clocks only when TS is low.

A0, Al, A2, A3 - Logic Outputs, Pin 6, 7, 15, 16.

The logic states of A0-A3 mimic the states of the D20-D23 bits of the configuration register.
Logic Output 0 = AGND, and Logic Output 1 = VA+.
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Measurement and Reference Inputs

AIN+, AIN- - Differential Analog Input, Pins 3, 4,
Differential input pins into the device.

VREF+, VREF- - Voltage Reference Input, Pins 20, 19.
Fully differential inputs which establish the voltage reference for the on-chip modulator.

NBYV - Negative Bias Voltage, Pin 5.

Input pin to supply the negative supply voltage for the 20X gain instrumentation amplifier.
May be tied to AGND if AIN+ and AIN- inputs are centered around +2.5 V; or it may be tied
to a negative supply voltage (-2.1 V typical) to allow the amplifier to handle low level signals

more negative than ground.
CPD - Charge Pump Drive, Pin 8.

Square wave output used to provide energy for the charge pump.

Power Supply Connections

VA+ - Positive Analog Power, Pin 2.
Positive analog supply voltage. Nominally +5 V.

VD+ - Positive Digital Power, Pin 13.
Positive digital supply voltage. Nominally +3.0 Vor +5 V.

AGND - Analog Ground, Pin 1.
Analog Ground.

DGND - Digital Ground, Pin 12.
Digital Ground.

DS202F1 25
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SPECIFICATION DEFINITIONS

Lincarity Error

The deviation of a code from a straight line which connects the two endpoints of the A/D
Converter transfer function. One endpoint is located 1/2 LSB below the first code transition
and the other endpoint is located 1/2 LSB beyond the code transition to all ones. Units in

percent of full-scale.

Differential Nonlinearity
The deviation of a code’s width from the ideal width. Units in LSBs.

Full Scale Error
The deviation of the last code transition from the ideal [{{VREF+) - (VREF-)} - 3/2 LSB].
Units are in LSBs.

Unipolar Offset
The deviation of the first code transition from the ideal (1/2 LSB above the voltage on the
AIN- pin.). When in unipolar mode (U/B bit = 1). Units are in LSBs.

Bipolar Offset

The deviation of the mid-scale transition (111...111 to 000...000) from the ideal (1/2 LSB below
the voltage on the AIN- pin). When in bipolar mode (U/B bit = 0). Units are in LSBs.

ORDERING GUIDE
Mode! Number Linearity Error (Max) Temperature Range Package
CS85525-AP +0.003% -40°C to +85°C 20-pin 0.3" Plastic DIP
CS85525-A8 +0.003% -40°C to +85°C 20-pin 0.2" Plastic SSOP
C85526-BP +0.0015% -40°C to +85°C 20-pin 0.3" Plastic DIP
CS5526-BS +0.0015% -40°C to +85°C 20-pin 0.2" Plastic SS0P

Schematic & Layout Review Service

Before Building Your Board.

For Our Free Review Servica
Call Applications Engineering.

Call: (512)445-7222

SPI™ js a trademark of Motorola Inc., Microwire™ is a trademark of Nétional Semiconductor Corp.
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20 PIN PLASTIC (PDIP) PACKAGE DRAWING

A 'h_f'ﬂ \

A SEATING s _L A 1 \,w bec
TOP VIEW PLANE .] far o Fe— op—
e

l SIDE VIEW

bl

b
BOTTOM VIEW
INCHES MILLIMETERS

BIM MIN MAX MIN MAX
A 0.155 0.180 3.94 457
Al 0.020 0.040 0.51 1.02
b 0.015 0.022 0.38 0.56
b1 0.050 0.065 1.27 1.65
c 0.008 0.015 0.20 0.38
D 0.960 1.040 2438 26.42
E 0.240 0.260 6.10 6.60
e 0.095 0.105 2.41 2.67
eA 0.300 0.325 7.62 8.25
L 0.125 0.150 3.18 3.81
o 0° 15° 0° 15°

Notes: 1. Positional tolerance of ieads shall be within 0.25 mm (0.010 in,) at maximum material condition, in
relation to seating plane and each other.

2. Dimension eA to center of leads when formed parallel.
3. Dimension E does not include mold flash,

DS5202F1 27
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20 PIN SSOP PACKAGE DRAWING

N
1000
A\ *—— 0 —— e E{—— o]
| Y i X
E ] 1 A2 A
MR _t.4 ﬂf‘ .
e be] A \ L END VIEW
O \ SEATING
SIDE VIEW PLANE
TITRQUIT__t
123
TOP VIEW
INCHES MILLIMETERS . NOTE
DiM WMIN MAX MIN MAX
A — 0.084 - 2.13
Al 0.002 0.010 0.05 0.25
A2 0.064 0.074 1.62 1.88
b 0.009 0.015 0.22 0.38 2,3
D 0.272 0.295 6.90 7.50 1
E 0.291 0.323 7.40 8.20
E1 0.197 0.220 5.00 5.60 1
e 0.024 0.027 0.61 0.69
L 0.025 0.040 0.63 1.03
s 0° 8° 0° a°

Notes: 1. “D" and “E1" are reference datums and do not included mold flash or protrusions, but do include mold

mismatch and are measured at the parting line, mold flash or protrusions shall not exceed 0.20 mm per
side.

2. Dimension “b” does not include dambar protrusionfintrusion. Allowable dambar protrusion shall be
0.13 mm total in excess of “b" dimension at maximum material condition. Dambar intrusion shall not
reduce dimension *b” by more than 0.07 mm at least material condition.

3. These dimensions apply to the flat section of the lead between 0.10 and 0.25 mm from lead tips.
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TL431/TL431A

Programmable Shunt Regulator

Features

* Programmable output voltage to 36 volts

Low dynamic output impedance (.20 typical

Sink current capability of 1.0 to 100mA

Equivalent full-range temperature coefficient of S0ppm/

*

°C typical

operating temperature range
Low output noise voltage
* Fast tum-on response

Temperature compensated for operation over full mted

Descripiion

The TL431/TL431Aare three-termninal adjustable regulator
series with a guarantecd thermal stability over applicable
temperature ranges. The output voltage may be set 1o any
value between VREF (approximately 2.5 volts) and 36 volts
with two external resistors These devices have a typical
dynamic output impedance of 0.2W Active output circuitry
provides a very sharp tum-on characteristic, making thesc
devices excel lent replacement for zener diodes in many
applications.
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Internal Block Diagram

AEFERENCE (R)

Absolute Maximum Ratings

(Operating temperature range applies unless otherwise specified.)

Parameter Symbol Value Unit
Cathode Voliage VKA a7 \Y
Cathode current Range (Continuous) IKA -100~ + 150 mA,
Reference Input Current Range IREF 0.05~+ 10 mA
Power Dissipation :
D, LP Suffix Package PD 770 mw
P Suffix Package 1000 mw
Operating Temperature Range TOPR . -25~+85 °c
Storage Temperature Range TsTG 65~ + 150 o°C
Recommended Operating Conditions

Parameter Symbol Min Typ Max .Unlt
Cathode Voltage VKA VREF - 36 v
Cathode Current IKA 1.0 - 100 mA
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Electrical Characteristics
(Ta = +25°C, unless otherwise specified)

TL431 TL431A
Parameter Symbol Conditions Unit
‘ Min. | Typ. | Max, | Min, | Typ. | Max,

Reference [nput Voltage VREF | VKA=VREF, IKA=10mA | 2.440 2,495 2.550 [2.470{2495|2520| V
Deviation of Reference
Input Voltage Over- AVREF/ | VKA=VREF, IKA=10mA - -
Temperature (Note 1) AT TMINSTASTMAX 45 7 45 7 mv
Ratio of Change in AVREF/ AVKA=10V- : 210 | -27 . 210 | -27
Referenca Input Voltage AVKA KA VREF VA
to the Change In =10mA | AvKa=36V- . | o051 20 . | 051 .20
Cathode Voltage 10V ) | ‘ :
Reference Input Current IKA=10mA, i ]

IREF | R1=$0Kf,Ro=es 15 | 4 15| 4 | pA
Deviation of Reference Ika=10mA,
Inout Current Qver Full R1=10K{} Rz== - -
Temperature Range AIREF/AT Ta =Full Range 04 12 04 i 12 HA
Minimum Cathode Cur- o _
rent for Regulation IKA(MIN) | VKA=VREF 045 | 1.0 045 | 1.0 | mA
Off - Stage Cathode ViKa=36V, . )
Current IKA(OFF) VREF=0 005 | 1.0 005§ 1.0 | pA
Dynamic Impedance VKA=VREF,
{Note 2) ZKA Ika=1 to 100mA - 015 | 05 - 015} 05 0

f21.0KHz

* TMIN= -25 °C, TMAX= +B5°C
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Test Circuits
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Figure 1. Test Circuit for VKA=VREF
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Typical Perfomance Characteristics
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Figure 1. Cathode Current vs. Cathode Voltage
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Typical Application
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Mechanical Dimensions

Package

TO-92

+0.25
4.58 1552

I
&
-~ b
~ ) B
~
046 +0.10
1 2
%
-~
<
b
. U ou 1 L]
1.27TYP 1.27TYP . 038390
[1.27 0.20] [1.27 x0.20] -
3601020
: 1
- ! '
2 i '
@© )
™ o]
! o
ow e
o o
T 99 (R2.29)
a ==
o
S 3




TLA3V/TLAJMA

Mechanical Dimensions (continued)

Package

6.40 +0.20
0.252 +0.008

#1[] O L

7.62
0.300

8-DIP

MAX

9.60
0.378

9.20 10.20
0.362 +0.008

5.08

0.200 MAX

3.40 1020
0.134 +0.008

+0.10

0.25 005
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Mechanical Dimensions (continueq

Package
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[=) -
o (5]
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i
i
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MAX0.10
MAX0.004

[
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1.27
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Ordering Information

Product Number Output Voltage Tolerance Package Operating Temperature
TL431ACLP 1% TO-92
TL431ACD 8-S0P
TL431CLP TO-92 -25~ +B85°C
- TL431CP 2% 8-DIP
TL431CD 8-SOP
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DISCLAIMER

FAIRCHILD SEMICONDUCTOR RESERVES THE RIGHT TO MAKE CHANGES WITHOUT FURTHER NOTICE TO ANY
PRODUCTS HEREIN TO IMPROVE RELIABILITY, FUNCTION OR DESIGN. FAIRCHILD DOES NOT ASSUME ANY
LIABILITY ARISING OUT OF THE APPLICATION OR USE OF ANY PRODUCT OR CIRCUIT DESCRIBED HEREIN; NEITHER
DOES IT CONVEY ANY LICENSE UNDER ITS PATENT RIGHTS, NOR THE RIGHTS OF OTHERS.

LIFE SUPPORT POLICY

FAIRCHILD'S PRODUCTS ARE NOT AUTHORIZED FOR USE AS CRITICAL COMPONENTS IN LIFE SUPPORT DEVICES

OR SYSTEMS WITHOUT THE EXPRESS WRITTEN APPROVAL OF THE PRESIDENT OF FAIRCHILD SEMICONDUCTOR
CORPORATION. As used herein:

1. Life support devices or systems are devicas or systems 2, A critical component in any component of a life support
which, (a) are intended for surgical implant into the body, davice or systam whose failure to perform can be
or {b) support or sustain life, and (c) whose failure to reasonably expected to cause the failure of the life support
perform when property used in accordance with device or system, or to affect its safety or effectiveness.

instructions for use provided in the labeling, can be

reascnably expected to result in a significant injury of th
user.

wrw fairchikisermd.com

4/17/01 0.0m 001
Stock#D
. © 2001 Fairchikd Semiconductor Corporation
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1 FEATURES

0 Single chip LCD controller/driver
0 48 row, 84 column outputs

0 Display data RAM 48 (] 84 bits

0 On-chip:

— Generation of LCD supply voltage (extarnal supply
also possible}

— Generation of intermediate LCD bias voltages

— Oscillator requires no external components {(extemnal
clock also possible).

0 External RES (reset} input pin

0 Serial interface maximum 4.0 Mbits/s

0 CMOS compatibie inputs

0 Mux rate: 48

0 Logic supply voltage range Vpp to Vgs: 2.7103.3 V
0 Display supply voltage range Vi cp to Vs

— 6.0to 8.5 V with LCD voltage intermnally generated
(voltage generator enabled)

— 6.0 t0 9.0 V with LCD voltage externally supplied
{voltage generator switched-off).

0 Low power consumption, suitable for battery operated
systems

0 Temperature compensation of Vicp
0 Temperature range: 25 to +70 OC.

4 ORDERING INFORMATION

2 GENERAL DESCRIPTION

The PCDB8544 is a low power CMOS LCD controller/dniver,
designed to drive a graphic display of 48 rows and

84 columns. All necessary functions for the display are
provided in a singte chip, including on-chip generation of
LCD supply and bias voltages, resulting in a minimum of
extemal components and low power consumplion.

The PCD8544 intarfaces to microcontrollers through a
serial bus interface.

The PCD8544 is manufactured in n-well CMOS
technology.

3 APPLICATIONS

0 Telecommunications equipment.

PACKAGE
TYPE NUMBER

NAME DESCRIPTION VERSION
PCD8544U _l chip with bumps in tray; 168 bonding pads + 4 dummy pads ' A

1999 Apr 12
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5 BLOCK DIAGRAM

C1toCB83

RO to R47

» 4
l—-l COLUMN DRIVERS | I—-r ROW DRIVERS
:

BIAS
ooz | YUTGE 1 '
[ DATALATCHES ]————I SHIFT REGISTER |
l__ ) RESET — RES
OSGILLATOR — 0SC
v viep
Lco1 GENERATOR DISPLAY DATA RAM
] ‘Egm) “ TIMING

. . . GENERATOR

Vop1 o Voo2 - 7

Vss1 1o Vss2 4 | DISPLAY

ADDRESS
1 ADDRESS COUNTER COUNTER
T2 +——
DATA
T3t REGISTER | | PCDBS44
T4 ——p 4‘
l : 1O BUFFER
& F s 3 »
_ b MOLE2E
SDIN SCLK D/IC SCE
Fig.1 Block diagram.
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6 PINNING
SYMBOL. DESCRIPTION
RO to R47 LCD row driver outputs
COto C83 LCD column driver outputs
Vss1. Vss2 ground
Voo1, Vop2 supply voltage
Vicots Vico? LCD supply voltage
T test 1 input
T2 test 2 output
T3 test 3 input/output
T4 test 4 input '
SDIN serial data input
SCLK serial clock input
DIC data/command
SCE chip enable
0sC oscillator
RES external reset input
dummy1, 2, 3, 4 | not connected

Note

1. For further details, see Fig.18 and Table 7.
4

6.1 Pin functions

68.1.1 RO 1O R47 ROW DRIVER QUTRUTS

These pads output the row signals.

6.1.2 CO 1O C83 COLUMN DRIVER OUTPUTS

These pads output the column signais.

6.1.3  Vgg1, Vso! NEGATIVE POWER SUPPLY RAILS

Supply rails Vgg1 and Vssz must be connected together.

6.1.4  Vpp4. Vppz: POSITIVE POWER SUPPLY RALS

Supply rails Vpp¢ and Vpp; must be connected together.

1999 Apr 12

615  V(icon Vicoz: LCD POWER SuPPLY

Positive power supply for the liquid crystal display. Supply
rails V| cp1 and Vi ¢pz must be connected together.
6.1.6

T1, T3 and T4 must be connected to Vgg, T2 is to be left
open. Not accessible to user,

T1, T2, T3 AND T4: TEST PADS

6.1.7
Input for the data line.

SDIN: SERIAL DATA LINE

6.1.8
input for the clock signal: 0.0 to 4.0 Mbits/s.

SCLK: SERIAL CLOCK LINE

6.18 D/C: MODE SELECT

Input to selact either command/address or data input.

6.1.10 SCE: CHIP ENABLE
The enable pin aliows data to be clecked in. The signal is
active LOW.

6.1.11  OSC: OSCILLATOR

When the on-chip oscillator is used, this input must be
connected to Vpp. An external clock signal, if used, is
connected to this input. If the oscillator and external clock
are bhoth inhibited by connecting the OSC pin to Vgg, the
display is not clocked and may be left in a DC state.

To avoid this, the chip should always be put into
Power-down mode before stopping the clock.

6.1.12 RES: RESET

This signal will reset the device and must be applied to
properly initialize the chip. The signal is active LOW.
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7 FUNCTIONAL DESCRIPTION
A Oscillator

The on-chip oscillator provides the clock signal for the
display system. No extemal components are required and
the OSC input must be connected to Vpp. An external
clock signal, if used, is connected to this input.

7.2  Address Counter (AC)

The address counter assigns addresses to the display
data RAM for writing. The X-address Xg o X and the
Y-address Yz to Yy are sel separately. After a write
operation, the address counter is automatically
incremented by 1, according to the V flag.

7.3 Display Data RAM (DDRAM)

The DDRAM is a 48 0 84 bit static RAM which stores the
display data. The RAM is divided into six banks of 84 bytes
{60 80 84 bits). During RAM access, data is transferred

to the RAM through the senial interface. There is a direct

correspondence between the X-address and the column

output number,

1999 Apr 12

7.4  Timing generator

The timing generator produces the various signals
required to drive the internat circuits. Internal chip
operation is not affected by operations on the data buses.

7.5 Display address counter

The display is generated by continuously shifting rows of
RAM data to the dot matrix LCD through the column
outputs. The display status (all dots on/off and
normalfinverse video) is set by bits E and D in the ‘display
control’ command.

7.6 LCD row and column drivers

The PCD8544 contains 48 row and 84 column drivers,
which connect the appropriate LCD bias voltages in
sequence to the display in accordance with the data to be
displayed. Figure 2 shows typical waveforms. Unused
outputs should be left unconnected.
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ROW 0
Ro (1)

ROW 1
Ri{1)

CoLo
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Fig.2 Typical LCD driver waveforms.
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DDRAM
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Fig.3 DDRAM to display mapping.
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7.7  Addressing Fig.5). After the last Y address (Y = 5), ¥ wraps around

. . ) . to 0 and X increments to address the next column. In the
5::’: c;?s?:?a‘:(nt?:t?;dolfnpbétsggf tai;ei:clai:ai::i:“s RAM horizontal addressing mode (V = 0}, the X address
’ [ Fig.6).
Figs. 3, 4, 5 and 6. The columns are addressed by the increments after each byte (see Fig.6). After the last

. X address (X = 83), X wraps around to 0 and
address pointer. The address ranges are: X 0to 83 -
(1010011), Y O to 5 (101). Addresses outside these Y increments to address the next row. After the very last

ranges are not allowed. In the vertical addressing mode :E:Jﬁzstc());: d?,: sasn&izsa)l;g“? :d(;:l)ress pointers wrap
(V = 1), the Y address increments after each byte (see ’

7.71 DATA STRUGTURE

LSB

R EeEl

e e ! Y.address
/ : .

M5B

Fig.4 RAM format, addressing.

0|6 0

117

2 :

———————— — : Y-address

3 e

s :

§ 503 E]

[ R R EEEL LR 83

Fig.5 Sequence of v«friting data bytes into RAM with vertical addressing (V = 1).
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85186

168[169{170

________ — ! Y-address
252|2531254 :

336|337(338
420[421j422 503[— &

Fig.6 Sequence of writing data bytes into RAM with horizontal addressing (V = 0).

78  Temperature compensation contrast. Figure 7 shows Vi ¢p for high multiplex rates. .
o . Inthe PCD8544, the temperatura coefficient of V| ¢p, can

D'ue to the temperature de.pendency of the liquid crystals be selected from four values (see Table 2) by setting bits

viscosity, the LCD controlling voltage Vi cp must be TG+ and TC

increased at lower temperatures to maintain optimum 1 0

vicD

M
@
{3}
4)

1]e ] temperature
MGLEAT

(t) Upper limit.

{2) Typical curve,

{3) Temperature coefficlant of IC.
(4) Lower [imit.

Fig.7 Vicp as function of liquid crystal temperature (typical values).
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8 INSTRUCTIONS

The instruction format is divided into two modes: If D/C
{mode select) is set LOW, the current byte is interpreted as
command byte (see Table 1). Figure 8 shows an example
of a serial data stream for initializing the chip. If D/C is set
HIGH, the following bytes are stored in the display data
RAM. After every data byte, the address counter is
incremented automatically.

The level of the D/C signal is read durint_;} the last bit of data
byte.

Each instruction can be sent in any order to the PCD8544,
The MSB of a byte is transmitted first. Figure 9 shows one
possible command stream, used to set up the LCD driver.

The serial interface is initialized when SCE is HIGH. In this
state, SCLK clock pulses have no effect and no power is
consumed by the serial interface. A negative edge on SCE
enables the serial interface and indicates the startof a data
transmission.

MSB (DB?) LSB (DB

0)

BEEEEEER

T
]

]
|

[
!

I
1

[
data
|

Fig.8 General format of data stream.

MGLESS

TTTT711 FITT T TTTTTTTTVRTRETTTITI R
function set (H=1) bias system set Vop tem| re control
[T T 0 T T T T I I I
""" TTTTTTT[TTTTTTEFITTTTVITTIIT 0§
function set (H = 0) display control Y address X address
_____ [ 1 1 1 T T T T I I I A I B
MGLS42

Fig.9 Serial data stream, example.

Figures 10 and 11 show the serial bus protocol.

0 When SCE is HIGH, SCLK clock signals are ignored,
during the HIGH time of SCE, the serial interface is
initialized (see Fig.12)

0 SDIN is sampled at the positive edge of SCLK

0 D/C indicates whether the byte is a command (D/C = 0)
or RAM data (D/C = 1); it is read with the eighth SCLK
pulse

1999 Apr 12

0 If SCE stays LOW afler the last bit of a command/data
byte, the serial interface expects bit 7 of the next byte at
the next positive edge of SCLK (see Fig.12)

0 A reset pulse with RES interrupts the transmission.
No data is written into the RAM. The registers are_
cleared. If SCE is LOW afier the positive edge of RES,
the serial interface is ready to receive bit 7 of a
command/data byte (see Fig.13).

1
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m ] - T
ot | X
P N o 1 T e Y e 1 o O e M N
S G T8 S 0 G 0 S

Fig.10 Serial bus protocol - transmission of one byte.

§CE I

- X
P ) 0 00 () ) 0 0 ) o ) () ) ) . 0 . e )
. m’

Fig.11 Serial bus protocol - transmission of several bytes.

1889 Apr 12 12




Philips Semiconductors Product specification

48 [ 84 pixels matrix LCD controller/driver PCD8544

S —

X -

v iplpipipipigipigipigipipipipiyl s

S ) ) 0 20 £ 0, 0 0 0 ) 0 ) 0, 0 0 0 o D
e

Fig.12 Serial bus reset function (SCE).

som ___YoerYoee foes Yoo YoeaY Yo7 oes oes Yoe {oms Y pez {ost JomoY oerY pes foes Joes)
’ MGLEX)

Fig.13 Serial bus reset function (RES).
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Table 1 Instruction set

—_ COMMAND BYTE
INSTRUCTION DiC DESCRIPTION
DB7 | DB6 | oBs | DB4 | DB3 | DB2 | DB1 | DBO
(H=00r1)
{ NOP 0 0 0 0 0 0 0 0 0 no operation
Function set 0 0 0 1 o 0 PO |V H power down control; entry
mode; extended instruction set
control (H)
Write data 1 Dy Dg D5 D, D4 (] D, Do writes data to display RAM
(H=0)
Reserved 0 0 0 0 0 0 1 X X do not use
Display control 0 0 0 0 0 1 D 0 E sets display configuration
Reserved ¢ 0 0 0 1 X X X X do not use
Set Y address of |0 0 1 0 0 0 Yz Y4 Yo sets Y-address of RAM;
RAM . ooyaos
Set X address of |0 1 Xg X5 X4 X3 X2 X4 Xg sets X-address part of RAM;
RAM oo xoae3
(H=1)
Reserved 0 0 ¢] 0 o 0 0 1 do not use
o ) 0 0 1] 9 X do not use
Temperature 0 a ¥} 0 0 o 1 TCy | TCp |set Temperature Coefficient
control (TCy)
Reserved 0 0 0 0 0 1 X X X do not use
Bias systemn 0 ] 0 o 1 0 BS, [BSy |BSp |set Bias Systemn (BSy)
Reserved 0 0 1 X X X X X X do not use
Set Vop 0 1 Vors | Vors | Vors | Vors | Vopz | Vop1 | Voro | write Vop to register
Table 2 Explanations of symbols in Table 1
BIT 0 1
PD chip is active chip is in Power-down mode
v horizontal addressing vertical addressing
H use basic instruction set use extended instruction set
Dand E
00 _ display blank
10 normal mode
01 all display segments on
11 inverse video mode
TCqand TCy
00 Vicp temperature coefficient O
01 Viep temperature coefficient 1
10 Vico temperature coefficient 2
11 Vicp temperature coefficient 3

1999 Apr 12 14
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8.1 Initialization

Immediately following power-on, the contents of all intemal
registers and of the RAM are undefined. A RES pulse
must be applied. Attention should be paid to the
possibility that the device may be damaged if not properly
reset.

All internal registers are reset by applying an external RES
pulse (active LOW) at pad 31, within the specified time.
However, the RAM contents are still undefined. The state
after raset is described in Section 8.2.

The RES input must be 30.3Vpp when Vpp reaches Vppmin
(or higher) within a maximum time of 100 ms after Vpp
goes HIGH (see Fig.16).

8.2 Reset function

After reset, the LCD driver has the following state:
0 Power-down mode (bit PD = 1)

0 Horizontal addressing (bit V = 0) normal instruction set
{bitH=0)

0O Display blank (bit € =D =0)

O Address counter Xgto Xg=0; Y2to Yg=0

0 Temperature control mode (TCy TCp = 0)

O Bias systemn (BS3 to BSg = 0)

0 Vi cp is equal to 0, the HV generator is switched off
{Vors to Vopg = 0)

0 After power-on, the RAM contents are undefined.

83 Function set
831 BiT PD

0 ANl LCD outputs at Vgg {display off)

0 Bias generator and V(¢p generator off, V| cp can be
disconnected

O Oscillator off (external clock possible)
0 Serial bus, command, etc. function

O Before entering Power-down mode, the RAM needs to
be filled with '0’'s to ensure the specified current
consumption.

832 BTV

When V = 0, the horizontal addrassing is selected.

The data is written into the DDRAM as shown in Fig.6.
When V = 1, the vertical addressing is selected. The data
is written into the DDRAM, as shown in Fig.5.

1999 Apr 12

833 BITH

When H = 0 the commands ‘display control’, ‘set

Y address’ and ‘set X address’ can be performed; when
H = 1, the others can be executed. The 'write data' and

‘function set’ commands can be executed in both cases.
8.4 Display control

8.4.1 BITsDAND E

Bits D and E select the display mode (see Table 2).

8.5 SetY address of RAM
Y, defines the Y vector addressing of the display RAM.

Table 3 Y vector addressing

Y2 Y4 Yo BANK

—lalOlo|lolo
olo|a]la|Q|O
alolalo=—|O
{ib|lw|N]=]O

8.6 Set X address of RAM

The X addrass points to the columns. The range of X is
0 to 83 (53H).

8.7 Temperature control
The temperature coefficient of V| ¢p is selected by bits
TC and TCq.

8.8. Bias value

The bias voltage levels are set in the ratio of
R-R-nR-R -R, giving a 1/{n + 4) bias system. Different
multiplex rates require different factors n (see Table 4).
This is programmed by BS; to BSy. For Mux 1 : 48, the
optimum bias value n, resulting in 1/8 bias, is given by:

n=/48-3=23928 =4 hH
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Table 4 Programming the required bias system
RECOMMENDED
B8S; BS1 BSo n MUX RATE
0 0 0 7 1:100
0 0 1 6 1:80
0 1 0 5 1:65/M:65
0 1 1 4 1:48
1 0 0 3 1:40M1:4
1 0 1 2 1:24
1 1 0 1 1:18M1:16
1 1 1 0 1:10/1:9M1:8
Table § LCD bias voltage
SYMBOL BIAS VOLTAGES BIAS VOLTAGE FOR 13 BIAS
Vi Vico Vico
v2 (n+ 3¥(n+4) 30 Viep
V3 (n+ 2)’(" +4) FQ 0 Vico
V4 2f(n + 4) % 0 Viep
V5 1/(n + 4) '@ 0 Vico
V6 Vss Vsg
8.9 SetVpp value
The operation voltege Vi cp can be set by software.
The values are dependent on the liquid crystal selected. Vico
Vico = @ + (Vops 10 Vopo) O b [V]. In the PCD8544,
a = 3.06 and b = 0.06 giving a program range of _—
3.00 to 10.68 at room temperature. ' b o
Note that the charge pump is tumned off if Vopg to Vgpg is i —_
set to zoro. : $
For Mux 1 ; 48, the optimurn operation voltage of the liquid. a
can be calculated as:
Viep = 1+ /%8 ov,, = 6.060V,, (2) 00'01'02'03'04 05 06 07 08'09 GA ...

—_—
fzcguﬁg

where VY, is the threshold voltage of the liquid crystal

matedal used.

MGLE4Z

a = 3.06.
b = 0.06.
Vors 10 Voeg (programmed) [00 to 7FH].

Caution, as Vp increases with lower temperatures,
care must be taken notto set a Vgp that will exceed the
maximum of 8.5 V when operating at _35 (C.

1999 Apr 12

Fig.14 Vgp programming.
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9 LIMITING VALUES
in accordance with the Absolute Maximum Rating System (IEC 134); see notes 1 and 2.
SYMBOL PARAMETER CONDITIONS MIN. MAX. UNIT
Voo supply voltage note 3 o5 +7 Y
Vico supply voltage LCD note 4 o5 +10 v
Vi all input voltages 05 Voo +05 |V
lsg ground supply current .50 +50 mA
I o DC input or output current do +10 mA
Piot total power dissipation - 300 mw
Po power dissipation per output - 30 mw
Tamb operating ambient temperature 35 +70 oc
T operating junction temperature 45 +150 oc
Tetg storage temperature 85 +150 oc
Notes

1. Stresses above those listed under limiting values may cause permanent damage to the device.

2. Parameters are valid over operating temperature range uniess otherwise specified. All voltages are with respect to
Vgg unless otherwise noted.

3. With extemat LCD supply voltage extemnally supplied (voltage generator disabled). Vppmax = 5 V if LCD supply
voitage is internally generated (voltage generator enabled).

4. When setting Vcp by software, take care not to set a Vop that will exceed the maximum of 8.5 V when operating at
-150C, see Caution in Section 8.9.

10 HANDLING

Inputs and outputs are protected against electrostatic discharge in normal handiing. However, to be totally safe, itis
desirable to take normal precautions appropriate to handling MOS devices (see “Handling MOS devices").

1999 Apr 12
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11 DC CHARACTERISTICS
Vo =2.7t03.3V, Vg5 =0V, Vicp = 6.010 9.0 V; Tams = —25 to +70 OC; unless otherwise specified.

SYMBOL PARAMETER CONDITIONS MIN. TYP. MAX. UNIT
Vop1 supply voltage 1 LCD voltage externally 27 _I 33 v
supplied (voltage generator
disabled)
Vop2 supply voltage 2 LCD voltage internally 27 _ i3 \'
generated (voltage
generator enabled)
Vicor LCD supply voltage LCD voltage externally 6.0 Il 9.0 v
supplied (voltage generator
disabled)
Vicoz LCD supply voltage LCD voltage intemally 6.0 J 8.5 v
generated (voltage
generator enabled); note 1
lopy supply current 1 (normal mode) |Vpp=2.85V;Vico=7.0V; | 240 300 DA
for intemal Viep fesok = 0; Tamp = 250C;
display load = 10 0A; note 2
lopz supply current 2 (normal mode} |Vpp=270V;Vicp=70V; [ - 320 DA
for internal Vi ¢p fscik = 0; Tamw = 250C;
display load = 10 0A; note 2
lppa 1supply current 3 (Power-down with intemal or external LCD 1.5 OA
mode) supply voltage; note 3 :
{DD4 supply current external Vi cp Vpp =285V Vicp=9.0V; 25 0A
fsck = 0; nDtes 2 and 4
feo supply current extemal V| cp Vop =27V, Viep=7.0V; 42 0A -
fsak=0; T=250C;
display load = 10 0A,
notes 2 and 4
Logic
Vi LOW level input voltage Vss _| 0.3Vpp |V
ViH HIGH level input voitage 0.7vpp |- Vpp v
i teakage current V| = Vg oF Vgg 4 - +1 DA
Column and row outputs
Ro(c) column output resistance - 12 20 K
C0to C83
Ro(Ry row output resistance RO to R47 _I 12 20 i
Vbiastol) bias voltage tolerance on —doo 0 +100 mVv
C0 to C83 and RO to R47
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SYMBOL PARAMETER CONDITIONS min. | Tve | max. | uwir
LCD supply voltage generator
Vico Vico tolerance intemally Voo =285V, Vicp=70V, | 0 300 mV

generated fseik=0;
display load = 10 0A; note 5
TCO Vico temperature coefficient0  {Vpp=2.85V; Vicp=7.0V, | 1 | mV/K
fscik = 0
display load = 10 0A
TCH Vico temperature coefficient 1 Vop=285V,Vicp=7.0V; | 1 9 A mv/K
fscik = 0;
display load = 10 0A
TC2 Vico ternperature coefficient2  |Vpp =285V, Vicp=7.0V; | 17 _1 mVv/K
fsak = 0;
) display load = 10 0A
TC3 V_cp temperature coefficient 3  |Vpp=285V;Vicp=70V; | 24 - mV/K
fsck = 0.
display load = 100A
Notes
1

I

The maximum possible V| «p voltage that may be generated is dependent on voltage, temperature and (display) load.
Intemal clock. '

RAM contents equal '0’. During power-down, all static currents are switched off.

if external V| cp, the display load current is not transmitted to ipp.

Tolerance depends on the temperature (typically zero at 27 OC, maximum tolerance values are measured at the
temperate range limit).

1989 Apr 12 19




Philips Semiconductors

Product specification

48 0 84 pixels matrix LCD controller/driver PCD8544
12 AC CHARACTERISTICS
SYMBOL PARAMETER CONDITIONS MIN. TYP. MAX, | UNIT

fosc oscillator frequency 20 34 65 kHz
feufexy external clock frequency 10 32 100 kHz
frrame frame frequency fosc of fexenty = 32 kHz; note 1 - 67 ] Hz
tvHRL Vop to RES LOW Fig.16 0@ - 30 ms
twi(RES) RES LOW pulse width Fig.16 100 il _ ns
Serial bus timing characteristics

fseLk clock frequency Vpp = 3.0 VD010% 0 | 400 MHz
Tey clock cycle SCLK All signal timing is based on 250 d - ns
twn1 SCLK pulse width HIGH 20% to 80% of Vpp and 100 [J _l ns
tw 1 SCLK puise width LOW :'?:::num rise and fall times of 100 _! - ns
teu2 SCE set-up time 60 _I il ns
the SCE hold time 100 _I _J ns
twHz SCE min. HIGH time 100 ] A ns
ths SCE start hold time; note 3 100 - _J ns
toua D/C set-up time 100 - il ns
th D/C hold time 100 [ _J ns
tow SDIN set-up time 100 J - ns
the SDIN hold time 100 _! - ns
Notes

f v
1 Tiame = St

2. RES may be LOW before Vpp goes HIGH.
3. tys5is the time from the previous SCLK positive edge (irrespective of the state of SCE) to the nega

(see Fig.15).
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12.1 Serial intarface
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Fig.15 Serial interface timing.
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13 APPLICATION INFORMATION

Table 6 Programming example

SERIAL BUS BYTE

STEP pu DISPLAY OPERATION
o/C | oB7 | oB6 | 0B5 | DB4 | DB3 | DB2 | DB1 | DBO
1 start SCE is going LOW
2 0 0 0 1 0 0 0 0 1 function set
PD=0and V =0, select
extended instruction set
(H = 1 mode)
3 0 1 0 0 1 0 0 0 0 set Vop; Vop is setto a
. +160b [V}
4 0 0 0 1 0 0 0 0 0 function set
“|PD=0andV =0, select
normal instruction set
(H = 0 mode)
5 0 0 0 0 0 1 1 0 0 display control sat

normal mode
(D=1andE=0)

6 1 o 0 0 1 1 1 1 1 : data write Y and X are
E % |initialized to O by default,
so they are not set here
MGLBI
7 1 0 0 0 0 0 1 0 1 data write
1
LIL
MGLET4
8 1 0 0 0 0 0 1 1 1 data write
H
d
MGLETS
9 1 0 0 0 0 0 0 o 0 data write
H
H

10 1 ].0 0 0 1 1 1 1 1

data write

{,5: .
i
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SERIAL BUS BYTE

STEP _ DISPLAY OPERATION
D/C | DB7 | DB6 | DB5 | DB4 { DB3 | DB2 | DB1 | DBO
E? : e | lAta write

11 1 0 0 ¢ 0 0 1 0 0

12 1 0 0 0 1 1 1 1 1 data write

13 0 0 0 0 o 1 1 0 1 display control; set
inverse video mode

(D=1andE=1)

14 0 1 0 0 0 0 0 0 0 set X address of RAM;

set address to ‘0000000’

15 1 0 0 (6] 0 0 o 0 0 data write

The pinning is optimized for single plane wiring e.g. for chip-on-glass display modules. Display size: 48 0 84 pixels.

The required minimum value for the external capacitors is:

Ca‘“ =1.00F.
Higher capacitor values are recommended for ripple
DISPLAY 48 D 84 pixels reduction.
A 24 A'B4 A24 14 BONDING PAD LOCATIONS
- 14.1 Bonding pad information (see Fig.18)
PCDOS44 -
PARAMETER SIZE
] LL'I'—_L\# Pad pitch min. 1000m
‘ Cext Pad size, aluminium 800 1000m
O VDD Vss VicD  wouss Bump dimensions 500 890 17.5 (05) Om
Wafer thickness max. 3800m

Fig.17 Application diagram.
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14.2 Bonding pad location
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Fig.18 Bonding pad locations.
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Table 7 Bonding pad locations (dimansions in Om).
All X/Y coordinates are referenced to the centre
of chip (see Fig.18)

PAD PAD NAME x y PAD PAD NAME x ¥
1 dummy1 +5932 +1060 39 T4 2709 +1085
2 R36 +5704 +1060 40 Vss1 4876 +1085
3 R37 +5604 +1060 41 Vss1 _4976 +1085
4 R38 +5504 +1060 42 Vssi -3076 +1085
5 R39 +5404 +1060 - 43 Vssi 3176 +1085
6 R40 +5304 +1060 44 T1 -3337 +1085
7 R41 +5204 +1060 45 Vico2 -3629 +1085
8 R42 +5104 +1060 46 Vicoz 3789 +1085
g R43 +5004 +1060 47 Vico 4231 +1085
10 R44 +4904 +1060 48 Vicos _4391 +1085
11 R45 +4804 +1060 49 T2 4633 +1085
12 R46 +4704 +1060 50 R23 4894 +1060
13 R47 +4604 +1060 51 R22 _4994 +1060
14 Vop1 +4330 +1085 52 R21 8094 +1060
15 Vob1 +4230 +1085 53 R20 3194 +1060
16 Voo +4130 +1085 54 R19 3294 +1060
17 Vo1 +4030 +1085 55 R18 8394 +1060
18 Voo +3930 +1085 56 R17 3494 +1060
19 Vooz +3750 +1085 57 R16 4594 +1060
20 Vpo2 +3650 +1085 58 R15 5694 +1060
21 Vbpz +3550 +1085 59 R14 5794 +1060
22 Vooz +3450 +1085 60 R13 -5894 +1060
3 Vooz +3350 +1085 61 R12 4994 +1060
24 Vooz2 +3250 +1085 62 dummy2 4222 +1060
25 Vpo2 +3150 +1085 63 dummy3 6238 1238
26 Vo2 +3050 +1085 64 RO -8979 138
27 SCLK +2590 +1085 65 R1 4879 138
28 SDIN +2090 +1085 66 R2 8779 138
29 DiC +1090 +1085 67 R3 8679 a8
30 SCE +90 +1085 68 R4 8579 _T38
31 RES 910 +1085 69 R5 8479 -138
32 0sC 4410 +1085 70 R6 4379 138
33 T3 4826 +1085 71 R7 - 4279 238
34 Vss2 2068 +1085 72 R8 4179 138
35 Vss2 2168 +1085 73 R9 3079 138
36 Vssz _4268 +1085 74 R10 _4979 _Ias
37 Vesz2 2368 +1085 75 R11 4879 _138
38 Vgs2 | 2468 +1085 76 co 4646 7T
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PAD PAD NAME x PAD PAD NAME x y
77 C1 | zd546 348 118 c42 498 246
78 c2 4446 1246 19 c43 LT tas
79 C3 4346 48 120 C44 96 _t46
80 C4 4246 146 121 C45 _b 146
81 C5 4146 145 122 C46 +104 146
82 c6 4046 246 123 c4a7 +204 146
a3 c7 3946 i 7T 124 c4a8 +304 745
84 cs -3846 i T 125 C49 +404 146
85 c9 3746 46 126 C50 +504 148
86 c10 3646 146 127 C51 +604 —148
87 c11 3546 146 128 C52 +704 146
88 c12 3446 346 139 C53 +804 146
89 1c13 3346 -146 130 C54 +904 146
90 C14 3248 146 131 C55 +1004 _246
91 c15 3148 146 132 C56 +1254 346
92 C16 3046 d46 133 Cs7 +1354 346
93 c17 2946 146 134 Cs8 +1454 146
94 c18 2848 146 135 C59 +1554 | 248
95 c19 2748 146 136 C60 +1654 146
a6 C20 2648 7T 137 c61 - +1754 246
97 c21 2546 146 138 c62 +1854 _146
98 Cc22 2446 246 139 ce3 +1954 146
99 c23 -2348 146 . 140 C64 +2054 146
100 C24 4246 146 141 C65 +2154 246
101 Cc25 2146 46 142 C66 +2254 146
102 C26 —1046 i 7T 143 ce7 +2354 246
103 c27 946 246 144 C68 +2454 _148
104 c28 696 146 145 CB9 +2554 146
105 c29 596 d48 146 C70 +2654 146
106 C30 1496 148 147 C71 +2754 346
107 Cc31 1396 246 148 c72 +2854 146
108 C32 4208 146 149 C73 +2954 146
109 Cc33 41985 146 150 C74 +3054 148
10 Cc34 —1096 146 151 C75 +3154 146
1M c3s 996 148 152 C76 +3254 146
112 C36 -496 146 153 c77 +3354 746
113 ca7 96 148 154 c78 +3454 146
114 Cc3as 896 146 155 Cc79 +3554 a6
115 C39 -396 246 156 C80 +3654 _t46
116 CA0 496 146 157 C81 +3754 146
17 cH 396 146 158 C82 +3854 146
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PAD NAME

PAD x

159 ca3 +3954 —tag
160 R35 +4328 138
161 R34 +4428 138
162 R33 +4528 138
163 R32 +4628 38 .
164 R31 +4728 138
165 R30 +4828 138
166 R29 | +4928 -138
167 R28 +5028 138
168 R27 +5128 138
169 R26 +5228 138
170 R25 +5328 338
171 R24 +5428 138
172 dummy4 +5694 -138
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Vpp SUPPLY LCD O/Ps
Voo1: Vbo2 l Vicoz
E: Vss1
VLcp SUPPLY ¢ Vss1
Vicot Vico2
T2, T3
Vss1 _L VpD2

— 1
e i

Vs31
SCLK, SOIN, OSC,
RES, DIC, SCE,
T1,T4 Vss2
Vss1 rl EI
+ Vss1
Vico? Vico
VSS‘I"“I | Vss-l—{[:{
Vopi Vssz

MGLE3

Fig.19 Device protection diagram.
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15 TRAY INFORMATION

N
T

v | T I
1 I | T | )
: R D o

: DI I

| 0 T ——
Pl ik o0 0
| D 0 )
1 o I 0
— o1 T
I [ il T
[ 0 0| I
MGLE4E

For the dimensions of x, y and A to F, see Table 8.

Fig.20 Tray details.

Table 8 Dimensions

DIM. DESCRIPTION : VALUE

no. of pockets in the x direction |3
no. of pockets in the y direction 1"

MGLE4T

A pocket pitch, in the x direction 14.82 mm

B pocket pitch, in the y direction 4.39 mm
3 C pocket width, in the x direction 13.27 mm
é D pocket width, in the y direction 28mm

E tray width, in the x direction 50.67 mm

F tray width, in the y direction 50.67 mm

X

Y

The orlentation of the IC in a pocket Is indicated by the
position of the IC type name on the die surface with
respect to the chamfer on the uppar kR cornar of tha tray.
Refar ta the bonding pad tocation diagram for the
orentatfon and position of the type name on the die
surface.

Fig.21 Tray alignment.
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18 DEFINITIONS

Data sheet status

Objective specification This data sheet contains target or goal specifications for product development.
Preliminary specification This data sheet contains preliminary data; supplementary data may be published later.
Product specification This data sheet contains final product specifications.

Limiting values

Limiting values given are in accordance with the Absolute Maximum Rating System (IEC 134). Stress above one or
more of the limiting values may cause permanent damage to the device. These are stress ratings only and operation
of the device at these or at any other conditions above those given in the Characteristics sections of the specification
is not implied. Exposure to limiting values for extended pericds may affect device reliability.

Application information

Where application information is given, it is advisory and does not form part of the specification.

_ 17 UIFE SUPPORT APPLICATIONS "

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