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Thesis Temperture Calibration Set For RTD
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ABSTRACT

The thesis proposed for construction of Temperature Calibration set for RTD. The
Temperature Calibration set for RTD consisted of 4 part ; the first one is the measure parts and
the signal convertor from analog to digital , the second part is a controller , the third is a signal
convertor form digital to be analog and the forth one is the voltage regulator for heatter.

Temperature Calibration set for RTD reveated the principle of measure and control in

industrial. The error of the package is £ 0.5 percent.
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Material Spectific Weight (kg) Spectific heat capacity (kg)
Aluminium 2.% 0.9
Lead 11.3 0.13
Copper 8.9 0.38
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50 50 — 180
65 50 - 200
80 50 - 270
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80 50— 250
100 50 —380
130 65 — 500
150 75-570
180 90 - 690
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#include <reg51RD2.h>
#include <absacc.h>
#include <ctype.h>
#include <intrins.h>
#include <math.h>
#include <stdarg.h>
#include <stdio.h>
#include <stdlib.h>
#include <string.h>

#include "Lcdl.h"

#include "CS5525.h"
#include "KeyPAD.h"
#include "TempTB.h"

sbit Fanl=P1"6;
sbit Fan2=P1"7;

unsigned char data LCDBUF[16];

unsigned char data ASCBUF[9];

unsigned char *StrBUE;

unsigned char Key;

float xdata 1;

float xdata.Data,S0,S1,E0,E1,V0,Al,A2,A3,sv,kp, ki, kd;
float xdata Amp,Volt PV, Suml;

int iR m;

long Show;

float KeyValue (int Select);
void PID Algorithm(float SV, float PV, float Kp, float Ki,float
Kd, float T);

float KeyValue(int Select)
{
int xdata Dot,Count,CountDot;
float xdata SumO,Suml, Sum2, Sum3,Value;

Dot=0;
Count=1;
CountDot=1;
Sum0=0;
Suml=0;
Sum2=0;
Sum3=0;

if (Select==1) Suml=sv;

else if(Select==2) Suml=kp;
else if(Select==3) Suml=ki;
else if(Select==4) Suml=kd;

while (Key!=13{ Value=Suml+Sum3;
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sprintf(ASCBUF,"%0.4f",Value);
strncpy (LCDBUF, ASCBUF, 16) ;
display LCD(0x05,LCDBUF);

Key=ScanKey ()
if (Key!=255)

dtime (1000);
if (Key!=14)
if (Count==1)

Sum0=1*Key;
Suml=5um0;

if (Count==2)

Sum0=(Suml1*10) +Key;
Suml=Sum0 ;
}
if (Count==3)
{
SumO= (Suml*10) +Key;
Suml=Sum0;
}
if (Count==4)
{
Sum0= (Suml*10)+Key;
Suml=Sum0;
}
Count++;
}
else
{
while (Key!=13)
{
Value=Suml+Sum3;

sprintf (ASCBUF,"%0.4f",Value);
strncpy (LCDBUF, ASCBUF, 16)7
display_LCD(OxOS,LCDBUF);

Key=ScanKey () ;
if (Key!=255)

{

dtime (1000);

if (Key!=14)

{

{

Sum2=0.1*Key;
Sum3=Sum2;

}

if (CountDot==2)
{
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Sum2=Sum3+ (Key*0.01) ;
Sum3=Sum?2;

}

if (CountDot==3)

{

Sum2=Sum3+ (Key*0.001) ;

Sum3=Sum?2;

}

if (CountDot==4)
{

Sum2=Sum3+ (Key*0.0001) ;
Sum3=Sum2 ;

}

CountDet ki

}
}

return(Value);

}

void PID Algorithm(float Sv, float PV, float Kp,float Ki,float
Kd, float .T)
{

90 = 0/
EO = 0;
dtime(T);

//Calculate Al,A2 and A3.
Al = Kp;

A2 AR Y T/ 10060

A3 = KA/ " @&@/1000)%

EQ0 = SV -%PW; //Calculate Error.

S0 = (A2 * EO0) + S1;

VO = (Al * EO0) + SO Toesiidmdm(efi@== EL) )
S1 = S0;

E1l = EO;

i=(int) ((V0*255)/150);
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S1 = 0;

El = 0;

}

if (E0<0.30)

{
Fanl=1;
Fan2=1;

}

else

{
Fanl=0;
Fan2=0;

}

PORT_C#255-1i;
}

lvoid main (void)
{
//BAmp=1.257021199;
Fanl=0;
Fan2=0;

for(i=0;4i<=100;1i++)
{
PORT CON=0x82;
dtime(1l);

Table():
In\\ LGB Ly
LCDA\CRR (¢

Init CS85525()3

for(i=0; 1%60@Q: LW

ki=0;
kd=0;

while (1)
{
Key=ScanKey ();

if (Key!=255)
{
dtime (1000) ;

if (Key==10)

Delay

A
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{

LCD_CLR() ;

while (Key!=11)

{

strncpy (LCDBUF, "1 =8V , 2 = Kp ",16);
display LCD(0x00,LCDBUF) ;

strncpy (LCDBUF, "3 = Ki , 4 = Kd ",16);
display LCD(0x40,LCDBUF) ;

Key=ScanKey () ;

if (Key!=255)
{
dtime (1000) ;

i'f (Key=sl)
LCD_CLR({)-#

strncpy (LCDBUF, "SV = i 1\ 677
display_ LCD(0x00,LCDBUF);

sv=KeyValue (1);

LCD_CLR ()
}
else if (Key==2)
{
LCD CLR() }

strncpy (LCDBUF, "Kp = D, 16}
display LCD(0x00, LCDBUE) ;

kp=KeyValue (2);

LCD CLR();

}

else if (Key==3)
{

LeD CLRI) s

strncpy (LCDBUF, "Ki = ",16);
display LCD(0x00, LCDBUF);

ki=KeyValue (3);

LCD_CLR() ;

}

else if (Key==4)
{

LCD CLR();

strncpy (LCDBUF, "Kd = ",16);
display LCD(0x00, LCDBUF);
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kd=KeyValue (4);

LCD CLR();
}

}

}

LGP CIR{}:
}

else if (Key==2)
{

Fanl=0;
Fan2=0;

}

}

1 = ReadConv{() ;

strncpy (LCDBUF,"sSV =",16);
display_LCD(OxOO,LCDBUF);

strncpy (LCDBUF, "PV = ",16);
display_LCD(Ox40,LCDBUF);

Volt PV=(1/65535)*(-1);

Suml=((Volt_PV—((100*4.96)/(100+100)))/4.96)*(—1);
Ohm_PV=(Suml1*100)/ (1-Suml);

for(n=0;n<=150; n++)

{

if((Ohm_PV>=Temp_Cal[n])&&(Ohm_PV<=Temp_Cal[n+l]))

{
Temp_PV=(n+l)—((1/(Temp_Cal[n+l]—Temp_Cal[n]))*(Temp_Cal[n+1]—
Ohm_PV) ) ;

break;

}
PID_Algorithm(sv,Temp_PV,kp,ki,kd,lOO);

sprintf (ASCBU ) . 2L S Ll
strncpy (LCDBUF, ASCBUF, 16) ;
display_LCD(OxO5,LCDBUF);

//Data=40;

sprintf(ASCBUF,"%O.2f",Temp_PV);
strncpy (LCDBUF, ASCBUF, 16) ;
display LCD(0x45,LCDBUF);

/*Show=1;

sprintf (ASCBUF, "%051d", Show) ;
strncpy(LCDBUF,ASCBUF,16);
display_LCD(OxO8,LCDBUF);*/
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11/5unsunIuNMS1INU CS5525

#define OSET RD 0x90 /* Offset read command */
#define GAIN RD 0x92 /* Gain read command */
#define CONF_RD 0x94 /* Config read command */
#define CONV_RD 0x96 /* Data read command */
#define SETU_RD 0x98 /* Setup read command */
#define OSET WR 0x80 /* Offset Write command */
#define GAIN WR 0x82 /* Gain Write command */
#define CONEF_WR 0x84 /* Config Write command */
#define CONV_WR 0x86 /* Data Write command */
#define SETU_WR 0x88 /* Setup  Write command */
sbit CS = P1"2¢# /* Chip Select %/
sbit SDI = P1 34 /* Transfer data from CPU to.ADC */
sbit SDO = P174; /* Transfer data from ADC to CPU */
sbit SCLK & 41" 5 L SBTT@Eg data Po-8r from ADC\ Y

/* Function declaration */

void Init CS5525(void);

unsigned long ReadConv(void);

void WriteReg(unsigned char comm, high, mid, low) ;
void ReadReg (unsigned char comm) ;

void WriteByte (unsigned char dat);

unsigned char ReadByte(void);

/* Global variable declaration */
unsigned char data HIGH,MID, LOW, TEMP;
unsigned char data DISBUF[8];

void Init CS5525(void)
{

unsigned int -ecount;

CS 0;
SCLK = 0%
SDo = 0;
SDI = 0;
for (count=0; count<2047; count++) {
SCLK = 1; /* Assert SCLK */
SCLK = 0; /* Deassert */
}
SDT = 1; /* Assert SDI */
for (count=0; count<255; count++) {
SCLK = 1; /* Assert SCLK */
SCLK = 0; /* Deassert */
}
SDI = 0;
SCLK = 1;
SCLK = 0;
WriteReg (CONF_WR, 0x00,0x00, 0x80) ; /* Reset */

WriteReg(CONF_WR,OxO0,0xOB,OxOO); /* :Initialize. configuration */
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}

{

ReadReg (CONF RD) ;

ReadReg (OSET_RD) ;

/* Read offset reg

ReadReg (GAIN RD); /* Read gain reg

/* Read data conversion */
unsigned long ReadConv(void)

unsigned long 1;
WriteReg(CONF_WR,OXO0,0xl6,0xOO);
WriteByte (0xcO) ;

do {

/* Read configuration reg

ReadReg (CONF_RD) ; /*  Read Configuration Register

}
while (! (LOW & 0x08));
ReadReg (CONV_RD) ;

1 =/HIGH;

1 g<& 8;

1l |= MID;

1 £<==87

i = LOW;

1§ >a=3 8§ /* 'if [ase) GS5526 11 >>="4;
return(l);

}

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

WriteByte (mid);
WriteByte (low);
}

/* Read register 3 bytes */
void ReadReg(unsigned char comm)

{

WriteByte (comm)

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

}

/* Write single byte */
void WriteByte (unsigned char dat)
{
unsigned char clock;
for (clock=0; clock<8; clock++)

{

SDI = (dat & 0x80);
dat = (dat << 1);
SCLK = 1;

SCLK

Il

0;

g/

*

iy
*/

¥/
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/* Read single byte */
unsigned char ReadByte (void)

{

unsigned char clock, dat;

dat = 0;

for (clock=0; clock<8; clock++)

{

dat = (dat << 1);
dat = (dat | SDO);
SCLK = 1;
SCLK = 0;

}

return(dat);

}

l1lsunsumIuanmsniiny . keypad

/*keypad*/

sbit C0=P3"2;
shitC1=P3 By
sbit “C2=P3"4;
sbit C3=P3"53;

#define PORT_ B XBYTE[OxOE(QOL1]
nsigned char data KeyData, KeyBuffer;
unsigned char ScanKey();

nsigned char ScanKey ()

{
KeyData=255;

c0=1;
Cl=1;
c2=1;
C3=1;

C0=0;

KeyBuffer=PORT_B;

switch (KeyBuffer)

{
case 0x7E: KeyData=1l; break;
case 0x7D: KeyData=4; break;
case 0x7B: KeyData=7; break;
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case 0x77: KeyData=14; break;

}

Cc0=1;

C1=0;
KeyBuffer=PORT_B;
switch (KeyBuffer)
{

0xBE:
0xBD:
0xBB:
0xB7:

case
case
case
case

}

Cl=1;
Cc2=0;
KeyBuffer=PORT_B;
switch (KeyBuffer)
{
case 0OxDE:
case 0xDD:
case 0xDB:
case 0xD7:

}

C2=1;

C3=0;
KeyBuffer=PORT B;
switch (KeyBuffer)
{

OXEE:
OxED:
OxEB:
OxE7+

case
case
case
case

return (KeyData) ;

KeyData=2;
KeyData=5;
KeyData=8;
KeyData=0;

KeyData=3;
KeyData=6;
KeyData=9;
KeyData=15;

KeyData=10;

KeyData=11;

KeyData=12;
KeyData=13;

break;
break;
break;
break;

break;

break;

break;
break;

break;
break;
break;
break;
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l1/sunsnniuaumsinauues LCD

sbit LCD_RS=P1"0;
sbit LCD _EN=P1"1;

#define PORT A XBYTE[0x0E000]
#define PORT C XBYTE[0xOE002]
#define PORT_CON XBYTE [0x0EQ03]

void Init LCD();

void LCD_CLR();

void LCD_HOME () ;

void LCD OFF();

void LCD_CLK();

void LCD_ON();

void SET_ADDR_LCD(unsigned char lcd addr);

void WRCHAR LCD (unsigned char lcd data);

void display LCD(unsigned char addr,unsigned char *str);

void dmsec (unsigned char count) ;
void dtime (unsigned long ms);

void dmsec (unsigned char count)

{

unsigned char i;

while (count)

{
for(i=1;i<=113;i++)
coupres

}

}

void dtime (unsigned long ms)
{

unsigned long X;

for (x=0;x<ms;xt+)

{
THO=0xF8; /*11.0592 MHz, 6 Clock*/

TLO=0xCC;
TFO0=0;
TRO=1;
while (TF0==0);
TRO=0;

}

}

void Init LCD()
{

dtime (100);
LCD_RS=0;

PORT A=0x38;
LCD_CLK() ;
dtime (10) ;
PORT A=0x38;
LCD.CLK() 3
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LCD _OFF () ;
LCD_CLR();
PORT_A=OxO6;
LCD CLK() ;
LCD_HOME () ;

}

void LCD CLR()

{
LCD_RS=0;
PORT A=0x01;
LCD_CLK() ;

}

void LCD_ HOME ()

{
LCD_RS=0;
PORT A=0x02;
LCD CEK ()7

}

void LCD OFF ()
{
LCD RS=07
PORT A=0x08;
LCD CLK();
}
void LCD_CLK()
{
LCD_EN=1;
dtime (2) ;
LCD_EN=07;
dtime(2);
}
void LCD_ON()
{
LCD_RS=0;
PORT A=0x0C;
LCD_CLK ()7
}
void SET_ADDR_LCD(unsigned char lcd addr)
{
LCD _RS=0;
PORT_A=(lcd_addr|Ox80);
LCD _CLK() ;
}
void WRCHAR LCD(unsigned char lcd_data)
{
LCD_RS=1;
PORT A=lcd data;
LCD _CLK();
LCD_ON() ;
}
void display LCD(unsigned char addr,unsigned char *str)
{
unsigned char i,count;
count=strlen(str);
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float xdata Temp Cal[151];
float xdata Temp PV,Ohm_PV;

void Table (void);

void Table (void)
{
01=100.00;
11=100.39;
Temp Cal 2]1=100.78;
Temp Cal[3]=101.17;
Temp_Cal[4]=101.56;
Temp Cal[5]=101.95;
Temp_Cal[6]=102.34;
Temp_Cal[7]=102.73;
Temp Cal[8]=103.12;
Temp_Cal[9]=103.51;
Temp_Cal[lO]=lO3.90;
Temp_Cal[ll]=lO4.29;
Temp Cal[12]=104.68;
Temp. Cal[13]1=105.07;
Temp_Cal[14]=lO5.46;
Temp_Cal[15]=105.85;
Temp Cal[16]=106.24;
Temp Cal[17]=106.63;
Temp_Cal[l8]=107.02;
Temp_Cal[l9]=107.40;
Temp Cal[20]=107.79;
Temp_Cal[21]=lO8.l8;
Temp_Cal[22]=108.57;
Temp Cal[23]=108.96;
Temp_ Cal[24]=109.35;
Temp_Cal[25]=lO9.73;
Temp Cal[26]=110.12;
Temp Cal(27]=110.51;
Temp_Cal[28]=110.90;
Temp_Cal[29]=111.28;
Temp_Cal[30]=lll.67;
Temp_Cal[31]=112.06;
Temp_Cal[32]=112.45;
Temp_Cal[33]=112.83;
Temp Cal[34]1=113.22;
Temp Cal[35]=113.61;
Temp Cal[36]=113.99;
Temp_Cal[37]=114.38;
Temp Cal[38]1=114.77;
Temp Cal[39]=115.15;
Temp_Cal[40]=115.54;
Temp_Cal[4l]=115.93;
Temp_Cal[42]=1l6.3l;
Temp_Cal[43]=1l6.70;
Temp Cal[44]=117.08;
Temp_Cal[45]=ll7.47;
Temp_Cal[46]=117.85;

Temp Cal
Temp Cal




Temp_Cal[47]=118.24;

Temp_Cal[48]=118.62;

Temp_Cal[49]=ll9.0l;

Temp Cal[50]=119.40;
[

Temp Cal[51]=119.78;
Temp_ Cal[52]=120.16;
Temp_Cal[53]=120.55;
Temp_Cal[54]=120.93;
Temp_Cal[55]=121.32;
Temp Cal[56]=121.70;
Temp_Cal[57]=122.09;
Temp_Cal[58]=122.47;
Temp_Cal[59]=122.86;
Temp_Cal[60]=123.24;
Temp Cal[61]1=123.62;
Temp Cal[62]=124.01;
Temp_Cal[63]=124.39;
Temp_Cal[64]=124.77;
Temp_Cal[65]=125.16;
Temp_Cal[66]=125.54;
Temp_Cal[67]=125.92;
Temp Cal[68]=126.31;
Temp Cal[69]1=126.69;
Temp Cal[70]=127.07;
Temp_Cal[7l]=127.45;
Temp Cal[72]=127.84;
Temp_Cal[73]=128.22;
Temp Cal[74]1=128.60;
Temp_Cal[75]=l28.98;
Temp, Cal[76]=129.37;
Temp Cal[771=129.75;
Temp_Cal[78]=130.l3;
Temp Cal[79]=130,51;
Temp Cal[80]=130.89;
Temp_Cal [81]=131.27;
Temp_Cal[82]=131.66;
Temp_Cal[83]=l32.04;
Temp_Cal[84]=l32.42;
Temp Cal[85]=132.80;
Temp_Cal[86]=133.18;
Temp Cal[87]=133.56;
Temp_Cal[88]=133.94;
Temp_Cal[89]=l34.32;
Temp Cal[90]=134.70;
Temp Cal[91]=135.08;
Temp_Cal[92]=135.46;
Temp Cal[93]=135.84;
Temp Cal[94]=136.22;
Temp_Cal[95]=l36.60;
Temp_Cal[96]=136.98;
Temp_Cal[97]=137.36;
Temp_ Cal[98]=137.74;
Temp Cal[99]=138.12;
Temp_Cal[lOO]=l38.50;
Temp_Cal[101]=l38.88;
Temp_ Cal[102]=139.26;
Temp_Cal[103]=139.64;
Temp Cal[104]=140,02;
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Temp Cal[105]=140.
Temp Cal[106]=140.
Temp Cal[107]=141.
Temp Cal[108]=141.
Temp Cal[109]=141.
Temp_Cal[llO]=l42.
Temp_Cal[111]=l42.
Temp_Cal[ll2]=l43.
Temp_Cal[ll3]=143.
Temp_Cal[ll4]=l43.
Temp_Cal[1155]=144.17;
Temp Cal[1l16]=144.
Temp_Cal[ll7]=l44.
Temp_Cal[ll8]=l45.
Temp_Cal[119]=l45.
Temp_Cal[120]=l46.
Temp_Cal[121]=l46.
Temp_Cal[122]=l46.
Temp_Cal[123]=l47.
Temp_Cal[l24]=l47.
Temp_Cal[125]=147.
Temp_Cal[126]=l48.
Temp_Cal[127]=l48.
Temp_Cal[128]=l49.
Temp Cal[129]=149.
Temp_Cal[l30]=149.
Temp_Cal[l3l]=150.
Temp_Cal[132]=150.
Temp_Cal[133]=150.
Temp_Cal[134]=151.
Temp_Cal[l35]=151.
Temp_Cal[136]=152.
Temp Cal[137]=152.
Temp_Cal[l38]=152.
2703

Temp Cal[139]=153

Temp_Cal[l40]=153.
Temp_Cal[14l]=153.
Temp_Cal[l42]=154.
Temp_Cal[143]=l54.
b,

Temp Cal[1441=155

Temp Cal[145]=155.
Temp_Cal[l46]=155.
Temp_Cal[147]=156.
Temp_Cal[148]=156.
Temp Cal[149]=156.
Temp_Cal[150]=157.

39;
T
15z
535
91;
29;
66;
04;
42;
80;

55.;
93;
elep
68;
06;
44;
By,
d S
Ol
94 ;
327
o7
07;
45\
82;
20%
5
95;
B39
70;
08;
45%
8B

58;
Qb
32
70;

Vigoy,
82;
19;
57
94,;
315




dy 1 td' ¥ o U ¥ lﬂl = 1 gj 1 Y o ¥ L84 ¥
wnanstiluenasianulidmunisldnuienisfinewingu eugrelihluldusslevimunisén

Laidnsdilas viedu Snvainudividaudastomuazdotdnddiadivaaenaisynasandnisluly



97

\ F 4

A
Ailemslyny

A o Y A
yagoufisugamaiid mTueIsng

a da
ﬂ1ﬂ3‘lﬂﬂ§ﬂ1ﬁﬂﬁ')ﬂ')ﬂii%~l

AMZATAANSQATINNIIN
LY a v P o
anthumalulagnszoeund g msaAnszie

=S =R
UM3AnNY1 2546



98

I3 o lg Y
1. AUEHUDNAY

' a A qu a Ao s =S ] 1A q Y
ﬂaumzmmhﬂm ‘Eﬂﬁ@ﬂlﬂﬂﬂqmﬁ{]ﬂﬁ’lﬂﬁﬁﬂ"ﬁ f ﬂ']iﬁﬂ‘HWﬂ]iﬁl‘lNTu‘l]']ﬂﬂllﬂclﬁ

4 a o l
$lae I msseuisuguugiiiiuledegndos

\ \
2. dauilsznevuuazljuniugu

O

04

bho

d’ 1 1 = a o [ JaA
51 2.1 drutlszneuuaztluniuguuBATOLINELUNQNTINTLDIINA

1317 0.1 TiswazBuadien fail
1 99uDATALAAY A1 SV Lag PV
7 111'7?3
3 gpadmsuieuensia
4 ﬁuﬂmﬁaﬂmiﬁywhmm

a da 4
5 TINYIANDT



929

7 angia-1lanies
8 ¥hd

a ::r Y
3. MIAaAaazMs TNy
] S A 9 =) a A o [ =) 9 v A
3.1 Yhors iandesmsseuifisuunifouisesd msvaouineuniounve1s AnDY
ad 4
RIS
a a o = J a d 4 9/ aA
3.2 Waainduesdanes uazainduouniod vii1veueadAzUAAY “SV PV”
3.3 fms lden sv isdeans
3.4 Wamslam voe PD NAnld lasaatju SET iiohimsiaenmsldasves P, 1
uas D Wil aTasIEAd “1 =SV, 2 =Kp, 3= Ki, 4 =Kd"Tasidmuald Kp=P,Ki=1,Kd
- D favduniiforjudenmslda dovylddives kp Waajuh 2 ndreunsanatudaay
] £ £ v
dioldaIddaus 0 fe10,000 mnTunatly ENT Sidoensldmves ki Wnatjui 3 udaims
il 9 F4 v
natluitelde 1ddaud 0 810,000 Iniunally ENT $ideamildmives kd Wnatuii 4 udih
] E4 k4 [ 1
msnailiiteldarldnus o 81 10,000 mntiunatly ENT deldinsuudalinatlu RUN e
adu T niiuaasmues SV uag Py
3.5 mndesmaifasumues PID 1¥naifu SET udaviminden 3.4
A % a a 4 9 s A J7INa o = o a o
3.6 iemyaeufougungiiasauda Wilaadnsadnsvesamnes taz dIndves

A & d gy dqya v
lﬂﬁ@Qﬂ@ﬂﬂﬁﬂlmgmrl.]l”ll']‘ﬂslwtﬁﬂﬂﬁ@ﬂ

4. maudlamuiiesein

[

4'( 1 9 =1 Aa o ==
wevnudseauilam lumsldnugaaeuifeuguvgid mIueIsna 9111500

v A vy g Y gad
LL‘L!'JV]'Nﬂ']ﬁllﬂllq]fﬂmﬁqiuaﬂﬂu‘lﬂﬂqﬂﬂﬂlﬁ’m9[11\1'&]\1@\711!

asy
21M3 auvquazAsunly
1a Jd a 1 LR y a o
90 uoada luda nafdadad lald As19EVUv e IWAsauazilad
gaaouiioy luiau AsQaInTunaIefunaunTed
= " o a J T a oY ] A
Fauaos Ly ATINYAINTUNAIDIBVDITANDIATUNTAUAT O




100

5. Maquasnywazdenissz e

5.1 MIguainen

v k4
- foumsdouiisunnasaidess it msaaduazldnuvesyadeuifisugungiivn

v
4
AN
o o s g 9 1 v

- Famanuazenyareuifivugunglidimiversiadedny edrldaslan fudlu

u q

&

v o

o @ 4 [
gavnazaemsizoi s unseuiusendenie’la
52 49A135¢3
Y
- Hudsguungiiiny 150 odFisaIEa
~Jumsi$u PID usiazdiadoslaunu 0 410, 000
d' (] as £ d'l Y ad a :1’ 9) =1
Cielingy 5imsauvounisaldieniiimsaaauazldnuves yaaeuinoy

Aa o JAA Y 9 ~ (=1 9}& [ = a
QUM YUTINIVDT arlFanTaen Wifianudifonugeaeuiisugurgil lag

Y o
6. VdYAVUNWI

AMaNDR s18aziven
§unsdouoUungil UMYV 0409150 BIMITAITON
AIULTRING OUAAIHALDLLDATAVUIA 16 AIONHT 2 LVTINA

ANNGR2 IFUALIAT

ANUAANAA £0.5%

LI @ @ o A a 4
UADIYWANTU "lﬂﬁmszu’dﬁa‘u 220 T2a6 A0 50 -60183 A%




-

dy 1 td' ¥ o U £ dl = ! gj 1 Y o ¥ L84 14
wnanstiluenasianulidmiunislidnuienisfinewingu eugelihlulgusslevimunisén

lidnsdilas viedu Snvivinudividaudasiomuazdosdnddiadivaaenarsynasandnisluly



102

INTEGRATED CIRCUITS

DATA SHEET

For a complete data sheet, please also download:

« The 1006 74HG/HCT/HCUHCMOS Logic Family Specifications
s The 1C06 74HC/HCT/HCU/HCMOS Logic Package Information
« The 1C06 74HCIHCT/HCU/HCMOS Logic Package Outlines

74HC/HCT541
Octal bufferfline driver; 3-state

Product specification December 1990
File under Integrated Circuits, IC06

PHILIPS
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Philips Semiconductors Product specification
Octal buffer/line driver; 3-state 74HC/HCT541
e e B et e s e
FEATURES The 74HC/HCT541 are octal non-inverting buffer/line

+ Noinverti it drivers with 3-state outputs. The 3-state outputs are
Ellkiis |ng.c.)u P> ) controlled by the output enable inputs OE4 and OEy.
o Output capability: bus driver A HIGH on OE, causes the outputs to assume a high

impedance OFF-state.

o |cc category: MSI
The “541" is identical to the “540" but has non-inverting

outputs.
GENERAL DESCRIPTION
The 74HC/HCT541 are high-speed Si-gate CMOS devices
and are pin compatible with low power Schottky TTL
(LSTTL). They are specified in compliance with JEDEC
standard no. 7A.
QUICK REFERENCE DATA
GND=0V; Tamp =25°C; t;=t;=6ns
TYPICAL
SYMBOL PARAMETER CONDITIONS UNIT
HC HCT
teH/ ti | propagation delay A, to Y, CL=15pF; Vg =5V 10 12 ns
(o] input capacitance 3§ 35 pF
Cpp power dissipation capacitance per buffer | notes 1 and 2 37 39 pF

Notes
1. Cpp is used to determine the dynamic power dissipation (Pp in yW):
Pp = Cpp x Vee? % fi + ¥ (C x Voc? x f) where:
fi=input frequency in MHz
f, = output frequency in MHz
¥ (CL x Vec? x f,) = sum of outputs
Cy = output load capacitance in pF
Vg = supply voltage in V
2. ForHC the condition is V; = GND to Ve
For HCT the conditionis V; =GNDto Ve - 1.5V

ORDERING INFORMATION

See “74HC/HCTHCUHCMOS Legic Package information”.

December 1990 2
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Philips Semiconductors Product specification
Octal buffer/line driver; 3-state 74HC/HCT541
PIN DESCRIPTION
PIN NO. SYMBOL NAME AND FUNCTION
1,19 OE;4, OE; output enable input (active LOW)
2,3,4,56,7,89 Agto A7 data inputs
10 GND ground (0 V)
18,17, 16, 15, 14, 13,12, 11 Yolo Y7 bus outputs
20 Vee positive supply voltage
Ao B Yo
2 18
A8 U 1
°‘1E EEC a:l-j ?—v' il ) N
Ao E E k2 Az 7 o
._?_
mE 5] Yo £ ’ >
3 3
AiE E“ 5——j ?——-15 _i_ v, 18
7
A 5] E Y2 °:L?_Yi“ 4 18
41 i
Ay 6] h 15 V3 y-f‘—?—viu 5 1
s 7] mi2 e - ;
7 13
%o (8] 1] Y5 ,L:?_ﬁ" N 14
GND {10 [11] Y7 o0 7298767
2907
7295766
Fig.1 Pin configuration. Fig.2 Logic symbol. Fig.3 |EC logic symbol.

December 1990 3




105

Philips Semiconductors Product specification
Octal buffer/line driver; 3-state 7T4HC/HCT541
FUNCTION TABLE
INPUTS OUTPUT

2{h0 N Yoi18 — —

W OE4 OE; A Yn
M _l? il L L L T
dra ] N Nale L L H H

| X H X Z
s|As Y15 H X X Z
8l Yaf1a Notes
2|2 '{ vl 13 1. H=HIGH voltage level

j L = LOW voltage level
sfAe | N, Yofn2 X =don't care

s Z = high impedance OFF-state
lrM N Mn

X
1|08y
eI
298770
Fig.4 Functional diagram.

ONE BUFFER/ LINE DRIVER
Jay
Aa a
Yo
08,
- N :31
08 l GND
A i
Jall I ]
] B4
o f————— st
2 Yp
] 12
i [ AP — — gl
o 13
a ————————— —
.t O Y,
] =4
iy i 1
— _l_"
o s s e el
- ALt
ol e i s
] 17
EIGHT IDENTICAL CIACUITS 7298708

Fig.5 Logic diagram.

December 1990 4
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Philips Semiconductors Product specification

Qctal buffer/line driver; 3-state 7T4HC/HCT541

DC CHARACTERISTICS FOR 74HC
For the DC characteristics see “74HCHCT/HCUHCMOS Logic Family Specifications'.

Output capability: bus driver
Icc category: MSI

AC CHARACTERISTICS FOR 74HC
GND=0V:t = =6ns; C_=50pF

Tamb (°C) TEST CONDITIONS
74HC
SYMBOL | PARAMETER UNIT Vee
+25 -40 to +85 | -40 to +125 V) WAVEFORMS
min. | typ. | max. | min. | max. | min. | max.
tpL/ tpLy | propagation delay 33 |115 145 175 |ns 2.0 |Fig.6
A to Yy 12|23 29 35 45
10 |20 25 30 6.0
tezn/ tpz1 | 3-state output 55 [160 200 240 |ns 2.0 |Fig.7
enable time 20 |32 40 48 4.5
OE to Yy, 16 |27 34 41 6.0
tpuz/ tprz | 3-state output 61 {160 200 240 |ns 2.0 |Fig.7
disable time 22 |32 40 48 45
OE to Yy, 18 |27 34 41 6.0
tr/ iy | output transition time 14 160 75 90  |ns 2.0 |Fig.6
I 15 18 45
4 10 13 15 6.0

December 1990 5
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Product specification

Octal buffer/line driver; 3-state

74HC/HCT541

DC CHARACTERISTICS FOR 74HCT

For the DC characteristics see “74HC/HCT/HCUH!

Output capability: bus driver
Igc category: MSI

Note to HCT types

The value of additional quiescent supply current (Algg) for a unit load of 1 is given in the family specifications.
To determine Algc per input, multiply this value by the unit load coefficient shown in the table below.

Ch

INPUT UNIT LOAD COEFFICIENT
OE; 1.50
O, 1.00
A 0.70

AC CHARACTERISTICS FOR 74HCT
GND =0V; t, =t;=6 ns; C_ =50 pF

O3 Logic Family Specifications”.

Tamb (°C) TEST CONDITIONS
74HCT
SYMBOL | PARAMETER UNIT | yee
+25 -40to+85 |-40to +125 V) WAVEFORMS
min. | typ. | max. | min. | max. | min. [ max.
R T S 15 |28 3 42 s |45 |Figé
Anto Yy
tpzu/ tpz. | 3-state output enable time )
OE oY, 2148135 44 53 |ns 45 |Fig.7
tenz/ trLz Sitateoutputdisabletime y
OF oY, 21..[35 44 53 |ns . |45 |Fig.7
trud/ trun | output transition time 5 12 15 18 e 45 |Figs
December 1990 6
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Philips Semiconductors Product specification

Octal buffer/line driver; 3-state 74HC/HCT541

AC WAVEFORMS

Ay INPUT vt

¥, OUTPUT

12967689

(1) HC : Vi =50%; V; = GNDto Vce.
HCT: Vu=13V; V= GNDto 3 V.

Fig:6 Waveforms showing the input (Aq) to output (Ys) propagation delays and the output transition times.

OUTPUT
LOW - to-OFF
OFF -to-LOW

QUTPUT
HIGH -10-OFF
OFF - ta-HIGH

1203681

(1) HC :Vy=50%; V= GNDto V.
HCT: Vy=13V;V;=GNDto 3V.

Fig.7 Waveforms showing the 3-state enable and disable times.

PACKAGE OUTLINES
See “74HCHCT/HCUMHCMOS Logic Package Outlines”.

December 1990 7
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HM6264A Series

8192-word x 8-bit High Speed CMOS Static RAM

Features Access
Type No. time Package
« Low-power standby : i
— 0.1 mW (typ) HM6264ASP-10 100 ns 300-mil, 28-pin
— lb (W (typ) L-/LL-version plonae B
e HM6264ASP-12 120 ns (DP-28N)
+ Low power operation
— 15 mW/MHz (typ) HM6264ASP-15 150 ns
« Fast access time ‘
— 100/120/150 ns (max) HM6264ALSP-10 100 ns
» Single +5 V supply
« Completely static memory HM6264ALSP-12 120 ns

— No clock or timing strobe required
+ Equal access and cycle time
« Common data input and output. three-state

HM6264ALSP-15 150 ns

HM6264ALSP-10L 100 ns

output
. Dil’CCtly TTL compatible HM6264ALSP-12L 120 ns
— All inputs and outputs
« Battery back up operation capability HM6264ALSP-15L 150 ns
(L-/LL-version)
HM6264AFP-10 100 ns 28-pin plastic
SOP ™
Ordering Information HM6264AFP-12 120 ns (FP-28D/DA)
Access HM6264AFP-15 150 ns
Type No. time Package
HM6264ALFP-10 100 ns
HM6264AP-10 100 ns 600-mil, 28-pin
plastic DIP HM6264ALFP-12 120 ns
HM6264AP-12 120 ns (DP-28)

HM6264ALFP-15 150 ns

HM6264AP-15 150 ns
HM6264ALFP-10L 100 ns

HM6264ALP-10 100 ns
HMB6264ALFP-12L 120 ns

HM6264ALP-12 120 ns
HM6264ALFP-15L 150 ns

HM6264ALP-15 150 ns

Note: 1. Tis added to the end of the type number
HM6264ALP-10L 100 ns for a SOP of 3.00 mm (max) thickness.

HM6264ALP-12L 120 ns

HM6264ALP-15L 150 ns
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HMG6264A Series HMG6264A Series
Pin Arrangement
NC 1 N/ 280 Vee
A12 O 2 27 0 WE
A7 O3 26 [ CS2
A6 [ 4 251 A8
A5 5 24 7 A9
A4 []6 23 0 A11
A3 O7 22 1 OF
A2 8 21 [0 A10
A1 9 200 CS1
A0 [ 10 19 [ /08
o1 411 18 [d 1107
Lo2/Cp2 17 [0 1/06
o3 4 13 16 [ 1/05
Vgs O 14 15 [ 1104
(Top view)
Block Diagram
A11 O—‘E]:
/A\g Oo— i —0 VCC
: Row Memory array
¢l 1.4 . —0 Vss
A12 o— ! decoder . 256 x 256
A5 o— | =)
A6 O— !
A% o—itsI]
R [ [
¢ &1 #] Coumnio [®
Input Column decoder
data
] control
5 —__ L
1108 o—e-—D>r—H B
ﬁ_ A1 A2 AO A10 A3 S P
o5 e
CS2 o— e |
cs1 o— Timing pulse generator
WE o———'
OE O
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HM6264A Series HMG6264A Series
Truth Table
WE €51 <cs2 OE Mode /0 pin Ve current Note
X H x X Notselected  HighZ lss, lsa1
(power down)
X X L X High Z s, lsp1
H E , H H Output disabled High Z lce
H L H L Read Dout lce Read cycle
L L H H Write Din lee Write cycle 1
L L H L Write Din lec Write cycle 2
Note:  x: Don't care.
Absolute Maximum Ratings
Parameter Symbol Rating Unit
Terminal voltage ™! V1 0.5 "2to +7.0 V
Power dissipation Py 1.0 W
Operating temperature Topr 0to+70 °C
Storage temperature Tstg -55 to +125 =C
Storage temperature (under bias) Thias -10to +85 °C
Notes: 1. With respectto Vgg
2. -3.0V for pulse width <50 ns
Recommended DC Operating Conditions (Ta = 0 to +70°C)
Parameter Symbol Min Typ Max Unit
Supply voltage Vee 4.5 5.0 55 \
Ve 0 0 0 v
Input voltage ViH 22 — 6.0 Y
ViL -0.3" — 0.8 v

Note: 1. =3.0V for pulse width <50 ns
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HM6264A Series

HM6264A Series

DC and Operating Characteristics (Ve =5 V £ 10%,Vgg =0V, Ta = 0 to +70°C)

Parameter Symbol Min Typ Max Unit Test condition
Input leakage current |l - - 2 A Vin=VggtoVee
Output leakage current |l o] — - 2 HA  CST=VjporCS2=V or OE=V|yor
WE =V, Vijo = Vss to Vee
Operating power ICCDC — 7 15 mA —@ = V”_, Cs2 = VIH' 'I/O =0mA
supply current
Average operating lcot — 30 45 mA  Min.cycle, duty = 100%,
current =~ 30  55% CS1= V)1, CS2 =V}, lyo =0 mA
leco - 3 5 mA~_Cycle time =1 s, duty = 100%,
lI/O =0 mA. CS1<0.2 V,
CSs2 > VCC —0 2V VIH 2 VCC -02V,
Vip£0.2V
Standby power supply - Isg — 3 mA . CS1=VyorCS2=V,
current
IsB1 *2 — 002 2 mA CS12Vec-02V,CS2>Vee—-0.2Vor
2% 1008 pA  0V<CS2<02V,0V<Vin
- 24 504
Output voltage VoL —  — 04 V lor = 2.1 mA
VOH 24 ) — ] V !OH =-1.0mA
Notes: 1. Typical values are at Vi =5.0'V, Ta = 25°C and not guaranteed.

i V||_ min=-0.3V

. These characteristics are guaranteed only for the L-version.

. For 120 ns/150 ns version.

. For 100 ns version.

Capacitance (f= 1 MHz, Ta =25°C)*!

1
2
3
4. These characteristics are guaranteed only for the LL-version.
5
6

Parameter Symbol Typ Max Unit Test condition
Input capacitance Cin — 5 pF Vin=0V
Input/output capacitance Cio — 7 pF Vio=0V

Note: 1.

This parameter is sampled and is not 100% tested.
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HMO6264A Series HMG6264A Series

AC Characteristics (Vo =5 V£ 10%, Ta=0to +70°C)

AC Test Conditions:

« Input pulse levels: 0.8 V/i2.4V
« Input rise and fall time: 10 ns
* Input timing reference level: 1.5V
+ Output timing reference level
— HMO6264A-10: 1.5V
— HM6264A-12/15: 0.8 Vi2.0V
* Output load: 1 TTL gate and Cy_ (100 pF) (including scope and jig)

Read Cycle
HM6264A-10 -~ HM6264A-12  HM6264A-15

Parameter Symbol  Min Max Min Max Min Max Unit
Read cycle time tre 100 — 120 — 150 — ns
Address access time tan v 100~ - — 129N 150  ns
Chip selectionto output- €81 tcos — A0\ Pe 208 . — 150 ns

CS2  tcop —- 100 - 120 — 150 ns
Qutput enable to output valid toe — 50 — 60 — 70 ns
Chip selection to output = CST -t 7 10 -1 10 1 15 & ns
inlow Z

CS2 iz 10 — 10 — 15 — ns
Output enable to outputinlow Z  tg(7 5 -— 5 — 5, - ns
Chip deselection to CST  tyy 0 35 0 40 0 50 ns
output in high Z

CS2 ' tun 0 35 0 40 0 50 ns
Qutput disable to output in high Z tOHZ 0 35 0 40 0 50 ns
Output hold from address change tOH 10 == 10 . 10 — ns

Notes 1. tyz and toy are defined as the time at which the outputs to achieve the open circuit
condition and are not referred to output voltage levels.
2. At any given temperature and voltage condition, ty;; maximum is less than t ; minimum both for
a given device and from device to device.
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HM6264A Series

HMG6264A Series

Read Timing Waveform

| - tRe -
; Address >< ><
| el tAA B
‘ N tcot 2
\ — - >
0w ANNE /111 /1]
| tz1
9! tco2 = - Lotz 2
R/ = ANANANY
| N 8 > - thze
x‘ torz P Z
 FANENE o ¢ s
| } 7
s tonz -
z :
Dout Valid Data §<X>~
= ;
foH
Note: WE is high for read cycle.
Write Cycle
HM6264A-10 ~ HM6264A-12  HM6264A-15
Parameter Symbol Min Max Min Max Min Max Unit
Write cycle time twe 100 — 120 — 150 — ns
Chip selection to end of write tow 80 — 85 — 100 — ns
Address setup time tas 0 = 0 \— 0 — ns
Address valid to end of write taw 80 S 85 — 100 — ns
Write pulse width twp 60 — 70 e 90 — ns
Write recovery time twr 0 — 0 e 0 — ns
Write to output in high Z twhz 0 35 0 40 0 50 ns
Data to write time overlap tow 40 — 40 — 50 — ns
Data hold from write time ton 0 — 0 — 0 — ns
Output enable to outputinhighZ  toy; 0 35 0 40 0 50 ns
Output active from end of write  toyy 5 — 5 — 5 — ns
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HM6264A Series HM6264A Series
Write Timing Waveform (1) (OE Clock)

T
twe \

X

Address [

e
o NN 4777777777

2 [LL T LA RN

tAS twe it

\

N

WE o
ANGS =7/ /X,
tonz *°
[ XN By S CIT LAY
W, Al A TR R~

N

Din Valid Data /><><
\/
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HM6264A Series

HM6264A Series

Write Timing Waveform (2) (OE Low Fix)

< twe -
Address }( t > <
< AW T
tow 2 ‘4 P>
— N\t 4 /0
‘4 cw i
g IRATARMAN
/e
> 4 twihz fow
YRV Lé T ¢ AT RN
/AP [ JSTSY X6 /0 3 /4 fow | I Ton
Dip Valid Data

Notes: 1.

A write occurs during the overlap of a low CS1, a high CS2, and a low WE. A write begins
at the latest transition among CS1 going low, CS2 going high and WE going low. A write
ends at the earliest transition among CS1 going high, CS2 going low and WE going high.

Time tyyp is measured from the beginning of write to the end of write.

tew is measured from the later of CS1 going low or €S2 going high to the end of write.
tas is measured from the address valid to the beginning of write.
twr is measured from the earliest of CS1 or WE going high or CS2 going low to the end

of the write cycle.

During this period, I/O pins are in the output state, therefore the input signals of opposite
phase to the outputs must not be applied. o’
If CS1 goes low simultaneously with WE going low or after WE goes low, the outputs

remain in high impedance state.
Dout is the same phase of the latest written data in this write cycle.

Dout is the read data of the next address.
If CST is low and CS2 is high during this period, l/O pins are in the output state. Input signals
of opposite phase to the outputs must not be applied to I/O pins
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HMG6264A Series HM6264A Series

Low V¢ Data Retention

In data retention mode. CS2 controls the address, ~ CS2 2 Ve = 0.2 Voor €S2 £0.2 V. The other
WE. CSI. OE. and the Din buffer. If CS2 controls  input levels (address, WE. OE, I/O) can be in the
data retention mode, Vin (for these inputs) can be  high impedance state.

in the high impedance state. If CS1 controls the

data retention mode, CS2 must satisfy either

Low V¢ Data Retention Characteristics (Ta =0 to +70°C)
This characteristics is guaranteed only L/LL-version.

Parameter Symbol  Min Typ Max Unit Test Condition

V¢ for data retention Vpr 2.0 — A \% CS12Vec-0.2YV,
CS2> VCC_ 0.2 V, or
CS2<02V

Data retention current lccor — 1M 50" pA Ve =3.0V,

CST2V¢e =02V,

— 172 257 €822V —-02V, or
0V<CS2<0.2V,0V<Vin

Chip deselect to data Lok 0 — — ns See retention waveform
retention time

Operation recovery time  tg 3 s & ns See retention waveform

Notes: 1. Vj min=-0.3V, 20 yA max at Ta = 0 to 40°C. These characteristics are guaranteed only for
the L-version.
2. Vimin=-0.3V, 10 yA max at Ta = 0 to 40°C. These characteristics are guaranteed only for
the LL-version.

3. trc =Read cycle time.

Low V¢ Data Retention Waveform (1) (CST Controlled)

‘tCDR Data retention mode R

»
>

4

<3

CS12Vgc-02V
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HM6264A Series HM6264A Series

Low V¢ Data Retention Waveform (2) (CS2 Controlled)

Data retention mode

Y

cs2<0.2V

10




119

National Semiconductor

DAC0800/DAC0802

General Description

The DACO0800 series are monolithic 8-bit high-speed
current-output digital-to-analog converters (DAC) featuring
typical settling times of 100 ns. When used as a multiplying
DAC, monotonic performance over a 40 to 1 reference cur-
rent range is possible. The DACO0800 series also features
high compliance complementary current outputs to allow
differential output voltages of 20 Vp-p with simple resistor
loads as shown in Figure 1. The reference-to-full-scale cur-
rent matching of better than £1 LSB eliminates the need for
full-scale trims in most applications while the nonlinearities
of better than £0.1% over temperature minimizes system
error accumulations.

The noise immune inputs of the DAC0800 series will accept
TTL levels with the logic threshold pin, V¢, grounded.
Changing the V¢ potential will allow direct interface to other
logic families. The performance and characteristics of the
device are essentially unchanged over the full £4.5V to
£18V power supply range; power dissipation is only 33 mW
with 5V supplies and is independent of the logic input
states.

8-Bit Digital-to-Analog Converters

June 1999

The DAC0800, DAC0802, DAC0800C and DAC0802C are a
direct replacement for the DAC-08, DAC-08A, DAC-08C,
and DAC-08H, respectively.

Features

Fast settling output current:
Full scale error:  +1 LSB
Nonlinearity over temperature:  £0.1%

Full scale current drift:  £10 ppm/'C

High output compliance: -10V to +18V
Complementary current outputs

Interface directly with TTL, CMOS, PMOS and others
2 quadrant wide range multiplying capability

Wide power supply range: +4.5V to £18V

Low power consumption: 33 mW at 25V

Low cost

100 ns

Typical Applications

DIGITAL INPUTS

B2 B3 B4 B5 BB

it

10V

LS8
87 88

T

10k

10
14

DBAC0800

Ce
v* 007 uF

vt

Ordering Information

FIGURE 1. %20 V,., Output Digital-to-Analog Converter (Note 5)

112 4

Vour T0 20 Vep

DS005686-1

Non-Linearity Temperature Order Numbers
Range J Package (J16A) (Note 1) | N Package (N16E) (Note 1) | SO Package (M16A)
$0.1% FS 0'C<To<+70'C | DAC0802LCJ| DAC-08HQ [DAC0802LCN| DAC-08HP DAC0802LCM
+0.19% FS | -55°C < T, <+125°C | DACO80OLJ | DAC-08Q
10.19% FS 0'C<T,<+70'C | DAC0800LCJ| DAC-08EQ [DACO800LCN| DAC-08EP DACO0800LCM

Note 1: Devices may be ordered by using either order number.

©:2001 National Semiconductor Corporation ~ DS005686
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Absolute Maximum Ratings (ote 2)

If Military/Aerospace specified devices are required,
please contact the National Semiconductor Sales Office/
Distributors for availability and specifications.

Supply Voltage (V' - V") +18V or 36V
Power Dissipation (Note 3) 500 mW
Reference Input Differential Voltage

(V14 to V15) Vo toV*
Reference Input Common-Mode

Range (V14, V15) Vito V!
Reference Input Current 5mA

Logic Inputs V™ to V7 plus 36V
Analog Current Outputs

(Vg— = —15V) 4.25 mA
ESD Susceptibility (Note 4) TBD V

Electrical Characteristics

Storage Temperature
Lead Temp. (Soldering, 10 seconds)
Dual-In-Line Package (plastic)
Dual-In-Line Package (ceramic)
Surface Mount Package
Vapor Phase (60 seconds)
Infrared (15 seconds)

Operating Conditions (ote 2)

Min Max

Temperature (Ta)
DAC0800L -55 +125
DACO0800LC 0 +70
DAC0802LC 0 +70

-65°C to +150°C

260'C
300°C

215°C
220°C

Units

o

The following specifications apply for Vs = +£15V, Ingr = 2 MA and Ty < Ta < Tyax unless otherwise specified. Output char-

acteristics refer to both lo,r and Iy

DAC0802LC DAC0800L/
Symbol Parameter Conditions DAC0800LC Units
Min Typ Max Min Typ Max
Resolution 8 8 8 8 8 8 Bits
Monotonicity 8 8 8 8 8 8 Bits
Nonlinearity 0.1 10.19 %FS
t Settling Time To ¥ LSB, All Bits Switched 100 135 ns
“ON’or "OFF", T4=25°C
DAC0800L 100 135 ns
DAC0800LC 100 150 ns
tPLH, Propagation Delay Ta=25'C
tPHL Each Bit 35 60 35 60 ns
All Bits Switched 35 60 35 60 ns
TClgs Full Scale Tempco 10 +50 10 50 | ppm/'C
Voe Output Voltage Compliance | Full Scale Current Change -10 18 =10 18 \
<¥:LSB, Royr>20 MQ Typ
IFs4 Full Scale Current VRer=10.000V, R14=5.000 k& 1.984 | 1.992 | 2.000 1.94 1.99 2.04 mA
R15=5.000 k2, Tp=25C
IEss Full Scale Symmetry Irsalrs2 0.5 4.0 11 8.0 pA
Izs Zero Scale Current 0.1 1.0 0.2 2.0 pA
lesr Output Current Range V7=-5V 0 2.0 21 0 2.0 2.1 mA
V7=-8V to -18V 0 20 42 0 20 42 mA
Logic Input Levels
ViL Logic “0” Vic=0v 0.8 08 %
V4 Logic 1" 20 20 v
Logic Input Current V=0V
n Logic “0” -10V<V s +0.8V ~2.0 -10 =20 -10 pA
I Logic “1” 2VVps+18V 0.002 10 0.002 10 pA
Vis Logic Input Swing Vv =-15V -10 18 -10 18 \
VTHR Logic Threshold Range Vg=£15V -10 13.5 =10 13.5 \
l1s Reference Bias Current -1.0 -3.0 -1.0 -3.0 pA
di/dt Reference Input Slew Rate (Figure 11) 4.0 8.0 40 8.0 mA/us
PSSlgse | Power Supply Sensitivity 4.5V<V*<18V 0.0001 0.01 0.0001 0.01 %I%
PSSlgs- -4.5V<V<18V 0.0001 0.01 0.0001 0.01 %%
IRE;:=1ITIA
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Electrical Characteristics (continued)
The following specifications apply for Vs = £15V, lgee = 2 mA and Ty < Ta € Tyax Unless otherwise specified. Output char-
acteristics refer to both I,y and lgyr.
DAC0802LC DACO0800L/
Symbol Parameter Conditions DAC0800LC Units
Min Typ Max Min Typ Max
Power Supply Current V=15V, lgge=1 mA
I+ 23 3.8 23 38 mA
I- -43 -5.8 -43 -5.8 mA
Vg=5V, =16V, Ipge=2 mA
I+ 24 3.8 24 38 mA
I- -6.4 -7.8 -6.4 -7.8 mA
V=15V, lggr=2 mA
I+ 25 3.8 25 38 mA
I- -6.5 -7.8 -6.5 -7.8 mA
Po Power Dissipation £5V, Irgr=1 mA 33 48 33 48 mW
5V,-15V, lpgr=2 mA 108 136 108 136 mW
+15V, Iggr=2 mA 135 174 135 174 mW

Note 2: Absolute Maximum Ratings indicate limits beyond which damage lo the device may occur. DC and AC electrical specifications do not apply when operating
the device beyond its specified operating conditions.

Note 3; The maximum junction temperature of the DAC0800 and DAC0802 is 125°C. For operaling at elevated temperatures, devices in the Dual-In-Line J package
must be derated based on a thermal resistance of 100°C/W, junction-to-ambient. 175 C/W for the molded Dual-In-Line N package and 100°C/W for the Small Outline
M package.

Note 4: Human body model, 100 pF discharged through a 1.5 k¢ resistor.

Note 5: Pin-out numbers for the DAC080X represent the Dual-In-Line package. The Small Outline package pin-out differs from the Dual-In-Line package.

Connection Diagrams

Dual-In-Line Package Small Outline Package

cuk’%ﬁﬁiﬁ‘StH ° U > conpensarion Vi1 R 16 |~Bg LSB

507 = L Ve ) Vaee(*) 2 158,

v 1 Vagr Veer ()= 3 14 —Bg

ot = AER COMPENSATION—{ 4 13[—Bg

o o 5 12 0 e THRESHOLD CONTROL, V| ¢ =15 12f=B,

\¢| o lour—16 11}-85

W) o, v -7 10}—8,
i, G lour=18 9B, NsB
DS005686-14

DS096E0-13 Top View
Top View

See Ordering Information

3 www.national.com
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Block Diagram (Note 5)

LS8
B8

T

4 +=lour
-0

o9
10—

o

To+-4¢
{o—1—¢
3

O .o
2 <—igyr

o—9

To1+-4¢
r
| O—1—4

DAC08

v Vig
1 1
BIAS
NETWORK
CURRENT
it SWITCHES
VREF!) Omt—g-
N })
15
VRer(-) O= A
REF
ANP
<
1% (LJ

comp V-

Full Scale Current
vs Reference Current

6 [Ta" Taw T0Tiax |
3 |ALLBITSHIGH
= s LIMIT FOR
= RN
e
o vy
g
>
2
=
2
£
3 2 i
o NG T ron T
o W -yz -5V ~t—1
i L A
T
i [ [N

0 et 2 wil, YW . B
IREF ~ REFERENCE CURRENT (mA)

DS065686-22
Reference Amp
Common-Mode Range
4
3 Ta=Twin TO Taax
_ VT aeims-on
BT
Y]
£ 2
S " [-vesv -vesv | tvetsv
e
b [ I Iggp=2mA
2 16 ;
& 1
a IRgg = 1 mA +—
i I |
o BT —1
04 IRE;=0A2mA___
0 1 1 Ll |
-14 -0 -6 -2 2 6 10 W 18
V15 - REFERENCE COMMON-MODE VOLTAGE (V)
DS005666-25

Note. Positive common-mode range is always
(V+) - 1.5V.

Typical Performance Characteristics

LSB Propagation Delay vs Igs

450

400
30
a0
250 i
m 1158 =78 A
150
10
50

0
00102 00501002051 2 5 10

Ipg ~ OUTPUT FULL SCALE CURRENT (mA)
D$005686-23

1LSB=1,

> i

Pp —PROPAGATION DELAY (ns)

Logic Input Current
vs Input Voltage

1j - LOGIC INPUT CURRENT (uA)

[}
-12-10-8-6-4-202 4 6 81012141618

V; - LOGIC INPUT VOLTAGE (V)

DS005686-26

DS005686-2

Reference Input
Frequency Response

2
10

| R14=R15= 1k ;L
|-RL <500 +
FALL BITS "ON"
IVits = 0V

===

@

-

-2
-4
-5
-8
-10 ;
-12 { Al
-1

RELATIVE OUTPUT (dB)

W, 2 5
FREQUENCY {MHz)

01 02 10

DS05686-24
Curve 1: Cc=15 pF, ViN=2 Vp-p centered at 1V.
Curve 2: C¢=15 pF, V=50 mVp-p centered at
200 mV.

Curve 3: C¢:=0 pF, Viy=100 mVp-p centered at

0V and applied through 50£2 connected to pin
14.2V applied to R14.

Viy — V¢ Vs Temperature

26
24
22

2
18
16
14
12

1 .
08
06
04
02

0

VTH - Vic V)

-50 0 50 100 150
Tp - TEMPERATURE ( C)

DS005686-27
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Typical Performance Characteristics (Continued)

Output Current vs Output

ot e i Output Voltage Compliance Bit Transfer
oltage (Output Voltage vs Temperature Characteristics
Compliance)
0 14
2 ITBTS N Ta= Tyn 10T TR IR AN L2
=Twi AX = L
2 } I } i“ Bt B z 12 [lRep=2mA
| o £
£ Vo1 V-5V [ @ 12 ["I5HADED AREA INDICATES E o1 L
5 2 PR 5 g [ PERMISSIBLEOUTPUT I | 2
& [ REF = 2 VOLTAGE RANGE FOR £ 08
% 16 1 _ £ 4 [ V=15V, pgr <2mA 3——] 3 -
H & (= i
[ = 5 06
2 1 Ipgg =1 mA 5 0 |~JFOROTHER -V ORIRer, §— =2 ol 82
£ AEF E SEE FIGURE 5 e it I
3 o Lo 3 04 MV 185 T
=] o -
i o i i ipge = 02mA Rl PANNRN| mE A Y
I T -12 0 I IRE T T
! g Se O, 150 ~12-10-8-6-4-20 24 6 8 101214 1618
14 -10 -6 -2 2 6 10 14 18
Tp - TEMPERATURE ') v -~ LOGIC INPUT VOLTAGE (V.
Vg - OUTPUT VOLTAGE (V) b !
DS005686-2% DSU05686-30
pross Note. B1-B8 have identical lransfer
characteristics. Bits are fully switched with less
than % LSB error, at less than £100 mV from
actual threshold. These switching points are
guaranteed to lie between 0.8 and 2V over the
operating temperature range (V¢ = 0V).
Power Supply Current Power Supply Current Power Supply Current
vs +V vs -V vs Temperature
8 8
2 ALL BITS HIGH OR LOW W i T
£ g ) I N WL ke e o ALL BITS HIGH OR LOW
c i d I-WITH I = 2mA 2, tgr = 20A [
g 3 I= = ! ! I G
c B By | | i 1 | LB} g 9 Ty <15V
2 < (- WITH g = 1 mA ool -1 |
Z 4 o Ty T >
a >4 1 | z
£ > JOCEAAN" | =5
2 g5 |-WITH Ipg =02mA ;| z .
g 7} | E
z 3 I+ G e Ty =z 3 V=5V
= | | H g -9 L]
Lil : G| : r
& | X9 )
] 0 . PN
0.2 4 5 810121416182 0 -2 -4 -b -8 -10-12-14-16-18 -20 _50 0 100 150
Vg - POSITIVE POWER SUPPLY (V) V - NEGATIVE POWER SUPPLY (V) Ta - TEMPERATURE (C)
DS005686-31 DS005686-32 DS005686-33
Equivalent Circuit
MSB LS8
\g’ Vic 1 B [} 8 85 5 7 [}
13 1 5 6 1 Ol 9 10 11 12
e
? ? IVBE ?
; [ ] [ ; ; lout
4
W 1 1 1 1 1 1 1 2
v, -
& 1A n t x v-d:} a A »—d_i_}}a '/r;{ ;:k‘ oot
(;) } b
“Vaer ot 1} :
comp ol id f } jm Jm Juu 16 Jvaz Juu 28 128
{ l\ 168 [ 44 24 [l 4A 24 YA A
N 5 g N h
![ R 2R R 2R 2R R
R R R R R
v 5 A y DACDB
k)
DS0O5686-15

FIGURE 2.
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Typical Applications

IReF
——» "VRep

o +VRer 255
S Rper 256

lo + 1o = Igs for all logic states

For fixed reference, TTL operation, typical values are:
Vger = 10.000V

Rgrer = 5.000k

R15 = Rpgf

Ce = 0.01 pF

Vi¢ = OV (Ground)

ALY

—
AAA—] 14

5
LowTC
s
sk o IV
1 g 15

3 A
_L 0K

1

DACO800

DS008686-21

FIGURE 4. Recommended Full Scale Adjustment

5 6 7 8 910111324
4

DIGITAL INPUTS

Msg 188
81 B2 B3 B4 85 B6 B7 B8

DAC0800

DS005686-5

FIGURE 3. Basic Positive Reference Operation (Note 5)

Rper

DAC0800

“VREE o, 239
Rper 256

IFs =

Circuit (Note 5) Note. Ryer sets Ips; R15 s for bias current cancellation
FIGURE 5. Basic Negative Reference Operation
(Note 5)
DIGITAL INPUTS
MSB )
81 B2 B B4 BS B6 B7 88 ]
Ipgf = 2mA [0 DACO800
DS005686-17
BI B2 B3 B4 B5 B6 B7 B8 | IomA | IomA | Eg Eo
Full Scale g T, B e | b R 1.992 0.000 | -9.960 | 0.000
Full Scale-LSB 11 S S L e e =00 1084 0.008 | -9.920 | -0.040
Half Scale+LSB 105 a0 240520 550 20500 1.008 0.984 | -5.040 | -4.920
Half Scale 10500070505 540000 5050 1.000 0.992 | -5.000 | -4.960
Half Scale-LSB (RN I iy s S W e 0.992 1.000 | -4.960 | -5.000
ZeroScaletLSB |0 0 0O 0 0 0 0 1 0.008 1.984 | -0.040 | -9.920
Zero Scale 0 0 0 0 0 0 O O0f 0.00 1.992 0.000 | -9.960

FIGURE 6. Basic Unipolar Negative Operation (Note 5)
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Typical Applications (contnued)

*IREF = 2MA Ot

—

DAC0800

) +10000V

DS005536-6

B1 B2 B3 B4 B5 B6 B7 B3| Eo E,
Pos. Full Scale 11 1 1 1 1 1 1]-9.920|+10.000
Pos. FullScale-LSB |1 1 1 1 1 1 1 0]-9.840| +9.920
Zero Scale+LSB 1 0 0 0 0 0 0 1]-0080]|+0.160
Zero Scale 100 0 0 0 0 0| 0000 |+0.080
ZeroScale=LSB_ {0 1 1 1 1 11 _1{+0.080| 0.000
Neg. Full Scale+LSB [0 0 0 0 0 0 0 1]+9.920| -9.840
Neg. Full Scale 0.0 0 0 0 0 0 0]+10.000| -9.920

FIGURE 7. Basic Bipolar Output Operation (Note 5)

s |
VREF = 10V O==AAA—
-255 | 2%
Q¢ = =i
9 v"“( %% +zss)
where X is the input code and
RL = RL = Ragr

DACD300

DS005686-18

If Ry = Ry within £0.05%, output is symmetrical about ground

B1 B2 B3 B4 B5 B6 B7 B8 Eo
Pos. Full Scale Y Gl W& 1 Si1d6:40'960
Pos. Full Scale-LsB~ | 1 -1 1 1 1+ 1 1 0 +9.880
(+)Zero Scale 1 0 0 0 0 0 0 0] +0.040
(~)Zero Scale 01 1 J\GIIN . S -0.040
Neg. Full Scale+LSB {0 0 0 0 0 0 0 1] -9.880
Neg. Full Scale o=g 0=0 0 0 0 0 [<5.950

FIGURE 8. Symmetrical Offset Binary Qperation (Note 5)

R
AN'
Eo
DACOD p—0 070 +1g- By
x5
5 4L L FS = 256 REF

DS005686-19

For complementary output (operation as negative logic DAC), connect inverting input of op amp to To (pin 2), connect lgy (pin 4) to ground.

FIGURE 9. Positive Low Impedance Output Operation (Note 5)

www.national.com
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Typical Applications (continued)

]
O 070 - 1pg Ry,

255
IFs ¥ - IREF

DACI800 256

DS003686-20
For complementary output (operation as a negative logic DAC) connect non-inverting input of op am to To (pin 2); connect lg (pin 4) to ground.
FIGURE 10. Negative Low Impedance Output Operation (Note 5)

+ PMOS
VREF Vpg OV
_Lr- l Natag
TTL, 0TI
OPTIONAL RESISTOR ,,":'. 71 YT
FOR OFFSET INPUTS | Na188
Ry | |
DACOBED I
I—I R+ 200 DAC0800 -
ov
Rp Vic I ZENER
1 % L SV T0-10V
I | P e, W _....._..L_._._
- L= = 5V CMOS + wows | 1
NO CAP Vry =28V I VIH= 5V
DAC0800 I gy,
DS005686-10 l
Typical values: Ryy=5k.+V|y=10V v l o
L
FIGURE 11. Pulsed Reference Operation (Note 5) e, 5 |
4138 I 36k 0.14F ]
D3005686-9

Viy = Ve + 14V

15V CMOS, HTL, HNIL

V= 7.6V

Note. Do not exceed negalive logic input range of DAC

FIGURE 12. Interfacing with Various Logic Families

VRer RRer
“VRer 1"
IREF R15 DACO0800
(OPTIONAL)
N Vin=Bg—  O=AN— 15 ;

S HIGH INPUT Aper ~ RIS

X [MPEDANCE
ViR DSO05686-12

Rin o (b) +Vrer must be above peak positive swing of Vjy
DA

-||-—l

08005686~ 11
(a) Iggr 2 peak negative swing of Iy
FIGURE 13. Accommodating Bipolar References (Note 5)
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Typical Applications (continued)

ViN

SCHOTTKY DIODES

TR

FORTURN“ON", V| =2.1V
FORTURN“0FF“, VL =0.7V

MINIMUM Tk
CAPACITANCE \

VL O

0.1 4F

e

HP5082-2800

VoL
(R

N

il
Vourt w
1 X PROBE o

B

* Rrer "5 6 7 6 9 104112
Vaer O~ 14 ]
DAC0800 (o)
(D.U.T) 15V
Alg T0 DT,
15
13 15
0.01 uF
W G Al | I
0.1 4F 0.1 4F
i 15V 15V 1
DS008686-7
FIGURE 14. Settling Time Measurement (Note 5)
5V STOP
v I CONVERSION
cLock FREE
RUN
TQ 10 2
Wo L1 MR § g
DM2502 7
0.014F SAR 1]
: GND
_q&l a1 02 03 04 05 (35__97__
= 3 {4 |5 |6 |11 2134
(1Yo Sm—
! 15V e
88IT DIGITAL GJNP?;'}M
WORD
R4 R3
MO 39M 5k
R1 12 |1 109 |8 |7 |6 |§
VREF 5k

IN LM38BH-10 OUT

15 |vg~ Io
l vioov- o ocome Vic
- 6

14 [ 158 B7 86 BS B4 B3 BZMSE \ »

vg' To
DACO800

|||—{ I_"

0.1.F

e
hien

-15v

DS005586-8

Note. For 1 ps conversion time with 8-bit resolution and 7-bit accuracy, an LM361 comparator replaces the LM319 and the reference current is doubled by
reducing R1, R2 and R3 to 2.5 k(2 and R4 to 2 MQ.

FIGURE 15. A Complete 2 ps Conversion Time, 8-Bit A/D Converter (Note 5)
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Physical Dimensions inches (millimeters) unless otherwise noted

0.785
[19.94] MAX —"}

16 9
‘hh(\hhhhﬂ

ol
0.220-0.310
/ [5.59-7.87|
i, 4
2 0.025 PRVEVEVEVEVEVRY
o] : : 0.005-0.020
R To.13-0.5t] 1"
0.037£0.005
1005 1 i0.9420.13) e ?_7230-5‘3:%?
bl ] .37-8.1
B S
t 0.020-0.060 ;5 t
0.200 S (0511520 0 150
[5.08] H | [4.57)
MAX TYP L
0:150 yin
f | H \ Began 1
0.125-0.200 j"
[5.18-5.08] P 90ot40 ) }Sfyﬁs"
0.080 s
P2, 081 —1 i~ 0.310-0,410
OTH ENDS \ Oloolgi‘égg? e 1 [787-10,41]
0.190£0.010
[2.5420.25] P e
Molded Small Outline Package (SO)
Order Numbers DAC0800LCM,
or DAC0802LCM
NS Package Number M16A
0.386-0.3%4
T

f hasaaffg

|
0.228-0.244

GLASS SEALANT

30
TYP

b
(:%‘”.)m

0.004-0.010
10.02-0.254)

SEATING

{5791-6.1%)
Tan ko PR G | ) Mg
TCENT
| 0150-0.157
{3.810-3.88) |
0010 -0020 | 0.053-0.069
25 osm) <] { {1346 1.759)
B MAXTYP
18 =N ~\

. oo, |
a L 0.016-0.050
> oo

0.008°0.010 0.3% P
0203 -0.258) - ]
TYPMLLEADS g TYP ALL LEADS - S
0102 e ey il
ALLLEAD TIPS

Molded Small Outline Package (SO)
Order Numbers DAC0800LCM,
or DAC0802LCM
NS Package Number M16A

—»l ie
0.008

? PLANE

0.014-0.020 1yp
{0.35--0.503)

AR
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Physical Dimensions inches (milimeters) unless otherwise noted (Continued)

 0.740-0.780 e
= 18.80- 19.81 : A
¢ ) | (2.286)
8 9]
025080010
(6.350£0.254)
PIN NO. 1_ J
IDENT
OPTION 01 OPTION 02 0065
0.130£0.005 e
0.060 e d0TIP 03000320 {1851)

i (3:302£0.127) -'1 '-m e A oemonac ‘-‘(7‘620-8.128) l‘_ |
0.145-0200 S T '
(3.685-5.080) { §

95045° 00080016
900440 TYP g e
(—gggg) MIN Z [ oz 7] (0:205- 0.406)
: 0.125=0.150 0.030£0.015 (7.112)
(3.175-3.810) ' ™7 (0.762£0.381) MIN
0.014-0.023 0.10040.010 +0.040
{0.356=0.588) o0 (25400.254) (03259015 NIGE (REV F)
ne {127020.258) e (8255t {010
P :

Molded Dual-In-Line Package
Order Numbers DAC0800, DAC0802
NS Package Number N16E

LIFE SUPPORT POLICY

NATIONAL'S PRODUCTS ARE NOT AUTHORIZED FOR USE AS CRITICAL COMPONENTS IN LIFE SUPPORT
DEVICES OR SYSTEMS WITHOUT THE EXPRESS WRITTEN APPROVAL OF THE PRESIDENT AND GENERAL
COUNSEL OF NATIONAL SEMICONDUCTOR CORPORATION. As used herein:

2. A critical component is any component of a life

1. Life support devices or systems are devices or
support device or system whose failure to perform

systems which, (a) are intended for surgical implant

into the body, or (b) support or sustain life, and
whose failure to perform when properly used in
accordance with instructions for use provided in the
labeling, can be reasonably expected to result in a
significant injury to the user.

can be reasonably expected to cause the failure of
the life support device or system, or to affect its
safety or effectiveness.

National Semiconductor
Euro

National Semiconductor
Corporation

Americas

Email: support@nsc.com

o

www.national.com

pe
Fax: +49 (0) 160-530 85 86

Email: europe.support@nsc.com
Deutsch Tel: +49 (0) 69 9508 6208
English Tel: +44 (0) 870 24 0 2171
Frangais Tel: +33 (0) 1 4191 8790

National Semiconductor
Japan Ltd.

Tel: 81-3-5639-7560
Fax: 81-3-5639-7507

National Semiconductor
Asia Pacific Customer
Response Group

Tel: 65-2544466

Fax: 65-2504466

Email: ap.support@nsc.com

National coss not assume any responsibiity for use of any circuitry described, no circult patent licenses are implied and National reserves the right at any time without netic to change said circuitry and specifications.
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