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A a Y Y @ A a 1
s=0 Weoudeyaudl 72 CURSOR vzgnidiou I luniamevesal /D
S=1 le@eudoyaudl 7 CURSOR azadnui uazaasnyse 1 ludfismisvess /D
MIfmuA I/D tag S s nuaneumsiloudeyaly DDRAM waziliofvuaud)
vz laidoe1df1da CLEAR DISPLAY 8

4) DISPLAY ON/OFF

RS R/W DB7 DB6 DB5 DB4 DB3 DB2 DB1 DBO

0 0 0 0 0 0 1 D C B
D=0 fmualy OFF DISPLAY
D= fMual¥ ON DISPLAY
C=0 fmualy OFF CURSOR
C= S1muald ON CURSOR lae CURSOR agiiluidudialddisnys
B=0 Smuald liinisnsensufidumis CURSOR
B= fualdfinsnszwsuiidumils CURSOR (fugilfimao)

5) DISPLAY SHIFT

RS R/W DB7 DB6 DB5 DB4 DB3 DB2 DBl DBO0

0 0 0 0 0 1 S/C R/L * *

s/c =0 Smualdlfifou CURSOR muiamia R/L 14 1 @umnle

s/C =1 fmualdideuseauuuuHuEaIuRan1e R/L 1 1 COLUMM



R/L =0 Sualiiname ldmedne

R/L = 1 Smualidnsmnie lmewn

6) FUNCTION SET
RS R'W | DB7 | DB6 | DB5 | DB4 | DB3 | DB2 | DBl | DBO
0 0 0 0 1 DL N F * *
DL =0 Amualdnmsaasdeny woa @ @ Tuga 1iunuy 4 On
DL =1 Amualdmsdadeyioa & A Tuga 1funuy 8 On
N=0 AMUUATIUIUYTINALUD 1/8 DUTY 1ag 1/11 DUTY
N= AUUATIUIUYTINAUUY 1/16 DUTY
F=0 fvualiasnusdluuuy 5x7 DOTS
F= fuualdddnusduuuy 5%10 DOTS
7) SET CGRAM ADDRESS
RS R'W | DB7 | DB6 | DB5 | DB4 | DB3 | DB2 | DBl | DBO
0 0 0 1 CGRAM ADDRESS

FMSUMIAIMUA ADDRESS 184 CGRAM 1o 1avinisdviua 1Audanmserunas

=

v v v
[@Wou DATA Naea1nil azilu'lUe ADDRESS s nuasiuf

8) SET DDRAM ADDRESS
RS R/W DB7 DB6 DBS5 DB4 DB3 DB2 DB1 DBO0
0 0 1 DDRAM ADDRESS

MIMHUA ADDRESS %99 DDRAM (o ldvmssiviual3udinssmazimou

v v '
DATA fine1ni v21ilul1/a1u ADDRESS Aifviuaius
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9) BUSY FLAG AND ADDRESS READ

RS R/W DB7 DB6 DBS5 DB4 DB3 DB2 DBI1 DBO

0 1 BF ADDRESS

o 3 1

[ 2 @
dm¥umserua1 BUSY FLAG F3uendennuniouyed LCD MODULE lumssy
doya &1 BF = 0 nweanuimdeuisziudoyade 114 61 BF = 1 nineanuiidalinien
E4
Awv d ' '
wennnilfailun1se1ua1 ADDRESS 489 CGRAM 138 DDRAM At

10) WRITE DATA TO CGRAM OR DDRAM

RS R/W DB7 DB6 DBS5 DB4 DB3 DB2 DBl DBO0

1 0 DATA

msdoudoyaniuumilenust CGRAM W3e DDRAM lastiloviimsidound,

ADDRESS 3gniiuniont lagda ludanunimuainm /D TuA1de ENTRY MODE SET

4 ' Y
2

=1 I~{ Y 1 1 o J=P=1 o
uaxmﬁwau%mﬂu CGRAM ‘H?ﬂ DDRAM ﬁuﬂU’JWﬂﬂuﬁﬁHﬂWﬁ HUNIININUA ADDRESS

l
=

fla

11) READ DATA FROM CGRAM OR DDRAM

RS R/W DB7 DB6 DBS5 DB4 DB3 DB2 DB1 DBO

1 1 DATA

misudeynasuuniionwil CGRAM n3e DDRAM lasflerhimsideundd
ADDRESS 9zgniiu3oad lasdn Iulfnuiimuaana /D luA1de ENTRY MODE SET
' I3 g [ o o Vet o
uazmye ezl CGRAM %30 DDRAM AiufuNneuniimdeiiiinissimua ADDRESS

nla
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/* Filename SWR.C )
Description DIGITAL POWER & SWR METER
Hardware MCS-51 Board
Compiler Franklin v3.2
Engineer Nuttapornchai Ounsorn
KMITL ED.ENGINEER 20 version 5.0 06/05/2000

#pragma cd

#include <reg51.h>
#include <math.h>
float volt cof,
mis loss,
ret loss,
VsSwr, vmin, vmax, power,
vf,vr,store,
sqrvolt_cof;
sbit BF = ACC"7;
sbit P1 0 = P1"0;
sbit P1J¥ = P1"1;
sbit PY¥ 2 P172;
sbit RES = P370;
int i,3j,k,a,c;
unsigned char vil,vi2, vref, pow;
unsigned char msb,lsb,m,lev;
void delay(int count);
void measure (void) ;
void set8255(void);
void indata (void);
void again(void) ;
void wait (void) ;
void dtlicd (fhoat Ed,intykow)
void clear lcd(void);
void ptext (char ab[4][20]);
void out dtlcd(char ab([7],int num);
char getstr (int num);
int check key(void);
int xch(unsigned char m);
int change data(unsigned char lev);
void debound(void) ;
void delay(int count);
void get vswr (void);
void get vcoef (void);
void get misloss (void);
void get retloss(void);
void credit (void);
unsigned char xdata *ptrdat;
unsigned char xdata *waitda;
int power50(unsigned char b);
void multi (int step);
void plus(float refer);
void wO_5(void);
void wl 5(void);
void w2 5(void);
( )
( )

r

void w3 0(void
void w5 0(void

’
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void w6 0 (void);

void wl5(void) ;

void w30 (void) ;

void range50 (int got);

int power50 (unsigned char b)
{ /*RANGE 50 WATTS*/

int got;
if ((b >=0x01) && (b <= 0x21)) got = 1; else
if ((b >=0x22) && (b <= 0x32)) got = 2; else
if ((b >=0x33) && (b <= 0x48)) got = 3; else
if ((b >=0x49) && (b <= 0x52)) got = 4; else
if ((b >=0x53) && (b <= 0x61)) got = 5; else
if ((b >=0x62) && (b <= 0x70)) got = 6; else
if ((b >=0x71) && (b <= 0xb0)) got = 7; else
if ((b >=0xbl) && (b <= 0xff)) got = 8; else got = 0;
return(got) ;
}
void range50 (int got)
{
switch(got)
{
case 0 : power = 0.0;
break;
case 1 : w0 5();
break;
case 27 SuWdspbriEll/
break;
cagselQle wils(( )}
break;
case 4 : w3 0();
break;
case 5, : w520 ();
break;
case 6 : w6 _0();
break;
case 7 : wlh();
break;
case 8 : w30();
break;
}
}
void w0 _5(void)
{
if ((pow == 0x1f) || (pow == 0x20) || (pow == 0x21))
power = 0.5;
else

{
i = pow - 0x00;
store = 0.01612903226;
multi(i);
plus (0.0);
}
}
void wl 5(void)
{
if ((pow == 0x30) || (pow == 0x31) || (pow == 0x32))
power = 1.5;
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else

i = pow - 0x21;
store = 0.06666666667 ;
multi(i);
plus (0.5);
}
}
void w2 5(void)

{

if ((pow == 0x46) || (pow == 0x47) || (pow == 0x48))
power = 2.5;
else

{
i = pow - 0x32;
store = 0.05;
multi(i);
plus (I=8.)-;
}

}

void w3 0(void)

{

if ((pow == 0x50) || (pow == 0x51) || (pow == 0x52))
power = 3.0;
else

{
i = pow - 0x48;
store = 0.0625;
multi(i);
pl6a's 2 | St
}
}
void w5 0(void)
{
if ((pow == 0x5f) || (pow == 0x60) || (pow == 0x61))
power = 5.0;
else
{
i = pow - 0x52;
store = 0.06666666667;
multi(i);
plus {(3.0) 7
}
}
void w6 0 (void)
{
if ((pow == 0x6e) || (pow == 0x6f) || (pow == 0x70))
power = 6.0;
else
{
i = pow - 0x61;
store = 0.07692307692;
multi(i);
plus (5.0);
}
}

void wl5 (void)
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if ((pow == Oxae) || (pow == Oxaf) || (pow == 0xb0))
power = 15.0;
else
{
i = pow - 0x70;
store = 0.1451612903;
multi(i);
plus (6.0);
}
}
void w30 (void)
{
if ((pow == 0xf0) || (pow == 0xfl) || (pow == 0xf2))
/*ET*/
power = 30.0;
else
{
i = pow - 0xbO0;
store = 0.234375;
multi(i);
plus (15.0) ;
}
}
void multi (int step)
{
power = (float)store * step;
}
void plus(float refer)
{
power = (float)refer + power;
}
int check key(void)
{
int inpl;
m2: inpl = 0;
if (P1_0==0)
{
debound() ;
inpl = 1;
return (inpl) ;
}
else
if (Pl _1==0)
{
debound () ;
inpl = 2;
return (inpl);
}
else
if (Pl _2==0)
{
debound () ;
inpl = 3;
return(inpl) ;
}
if ((inpl!=1) || (inpl!=2) || (inpl!=3))
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goto m2;
}
void debound(void)
{
w_key: delay(50);
if ((P1_0==0) || (Pl _1==0) || (P1_2==0))
goto w_key;

}
void ptext (char ab[4][20])
{
for (i=0;i<4;i=i+1)
for (3=0;3<20;j=j+1)
{
ptrdat = 0x£f002;
*ptrdat = (ab[i][]j]);
wait ()
}
}
void dtlcd(float fd,int row)
{
int dint,dintl,dint2;
float resal,resall;
char tab([8];
resal = fd;
dint = resal;
if (dint<=9)
{
tab[0] = 0x20;

tab[l] = getstr(dint);
tab[2] = 0x2e;

}

else

{

resall = (float)dint/10;
dintl = resall;

tab[0] = getstr(dintl);
dint2 = dint;

dint2 = din®2 e (dintid1L0)
tab[1l] = getstr(dint2);
tab[2] = 0x2e;

}

k=2;

do

{

k=k+1;

resal = resal - dint;
resal = resal*10;

dint = resal;

tab[k] = getstr(dint);

}while (k<8) ;
out dtlcd(tab, row);

char getstr (int num)

char strout ;
switch (num)
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case 0 : strout = 0x30;
break;

case 1 : strout = 0x31;
break;

case 2 : strout = 0x32;
break;

case 3 : strout = 0x33;
break;

case 4 : strout = 0x34;
break;

case 5 : strout = 0x35;
break;

case 6 : strout = 0x36;
break;

case 7 : strout = 0x37;
break;

case 8 : strout = 0x38;
break;

case 9 : strout = 0x39;
break;

}
return(strout) ;
}
void out dtlcd(char ab[8],int num)
{
ptrdat = 0x£f000;
switch (num)
{
case 1 : *ptrdat
wait ();
break;
case. 2 : *ptrdat
wait ();
break;
case 3 : *ptrdat
wait ();
break;

0x88;

OgC 3w

0x9c;

}
for (i=0;1<8;i=1i+1)
{
ptrdat = 0x£f002;
*ptrdat = (ab[i]);
wait () ;
}
}
void int lcd(void)
{
ptrdat = 0x£f000;
*ptrdat = 0x38;

wait () ;
*ptrdat = 0x0c;
wait ()
*ptrdat = 0x06;
wait();
*ptrdat = 0x01;

wait () ;
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*ptrdat = 0x80;
wait () ;
}
void delay(int count)
{
int i,73;
for (i=0; i<count; i++)
for (j=0;3<500; j++) ;
} /* end of delay function */
void clear lcd(void)
{
ptrdat = 0x£f000;
*ptrdat = 0x01;

wait () ;
*ptrdat = 0x80;
wait () ;

}
volid wait (void)
{
bit check;
do
{
waitda = 0x£f001;
ACC = *waitda;
check = BF;
}
while (check) ;

int change data (unsigned char lev)

nmsb = lev;

1lsb lev & 0x0f;
1lsb xch (1lsb);
for (i=0;1<4;i++)
{
msb
}
msb xch (msb) ;

msb = msb*16;

c = msb + lsb;
return(c);

}
int xch(unsigned char m)
{

switch (m)

{

Il

Il

msb >> 1;

case 0 : a = 0;
break;
case 1 : a = 1;
break;
case 2 : a = 2;
break;
case 3 : a = 3;
break;
case 4 : a = 4;
break;

case 5 : a = 5;
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break;
case 6 : a = 6;
break;
case 7 : a = 17;
break;
case 8 : a = 8;
break;
case 9 : a = 9;
break;
case Oxa : a = 10;
break;
case Oxb : a = 11;
break;
case Oxc : a = 12;
break;
case Oxd : a = 13;
break;
case Oxe : a = 14;
break;
case 0xf : a = 15;
break;

}
return(a) ;
}
void indata (void)
{
in: ptrdat = 0xe000;
vil = *ptrdat;
if (vil == 0x00)

goto in;
else
{

inl: vref = vil;

ptrdat = 0xe001;

vi2 = *ptrdat;

ptrdat = 0xe002;

pow = *ptrdat;

}

if ((vi2 == 0x00) || (pow == 0x00))
{

again();

goto in;

}

else

{

vmax = change data(vil) ;
vmin = change data(vi2) ;
k = power50 (pow) ;
rangeb50 (k) ;

vmax = vmax * 0.01953125;

vmin = vmin * 0.01953125;
vf = ((vmax+vmin)/2);
vr = vmax - vf ;

}
}
void titlel (void)

{
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code char tab[4][20] ={

ptext(tab);
delay (400);
}
void title2(void)
{
code char tab[4][20] ={

ptext (tab);
delay (400);
}
void mainmenu(void)

{
code char tab[4][20] ={

ptext (tab);
}
void mea(void)

{
code char tab[4][20] ={

ptext (tab);
}
void again(void)
{
code char tab[4][20] ={

ptext (tab);
}
void meal (void)

{
code char tab[4][20] ={

ptext(tab);
get _vswr();
dtlcd(power, 3) ;
}
void mea?2 (void)

{
code char tab([4][20] ={

ptext (tab);

{"
{"

(v KMITL 2000 L
" "} i
i "}
{" POWER & SWR METER Ll o
{ DIGITAL "}
(" "}
{" SELECT ITEM WY
("= (g2 GREPIE F2 "},
{"  1.MEASUREMENT F1 "},
(N "}
@ "}
il *PRESS PTT 2 sec * "},
" READY "k
38 "}}
{ " " } ,
{" Again PLEASE ! "y,
{7 *PRESS PTT 2 sec * "},
{" "}
" VSWR & POWER "},
(" POWER = W "},
{" VSWR = %
o ZL< >>> END "}};
{"™ VF v "},
{"Coeff = "}
(" VR = v "},
" <<< >>> END "} 1}

ED.ENGINEER 20

"},
”},
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dtlcd(vf,1);
dtlecd(vr, 2);
dtlcd(volt cof, 3);
}
vold mea3 (void)

{
code char tab([4][20]

ptext (tab);
get misloss();
get retloss();
}
void crel (void)

{
code char tab([4][20]

ptext (tab);
}
void cre2(void)

{
code char tab(4][20]

ptext (tab);
}

void cre3(void)
{
code char tab(4][20]

ptext (tab);
}

void cred (void)

{
code char tab([4]([20]

ptext (tab);
}

void creb (void)

{
code char tab[4]([20]

ptext (tab);
}

void cre6 (void)

{

{"
{n
{"
{"

{ n
{ "
{ "
{ "

{"
{"
{"
{"

{"
{"
{"
{"

{H
{"
{"

{"
{"
{"
{"

Loss
Match
Return =
<<L<L >>>

Speacial Thank
Assist.Prof.Wisuit
Advisor:
Atiporntam

Speacial Thank
Mr.Piya
Co-Advisor:
Supavarasuwat

Project
P/
Mr.Chaiyapruk
Dunlapakpaisan

Group

2.
Mr.Nuttapornchai
HS5IGB
Ounsorn

3.
Mr.Wichit Nanakorn
HS8IGN

dB
dB
END

"}’
"},
"},
"}}i

"},
"}I
"}I
"}}i

ot gt Rt e
~ 0~
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code char tab[4][20] ={ " 4 "l
" Mr.Somsak Namhachai "},
(" HS4LPT ",
{" "} 1}
ptext (tab);

}
void get vswr (void)
{
vswr = (vmax)/ (vmin) ;
dtlcd(vswr, 2) ;
}
void get vcoef(void)
{
volt cof = fabs ((vswr-1)/(vswr+l));
}
void get misloss(void)
{
sgrvolt cof = volt cof * volt cof;
mis loss = -10 * (loglO(1l- sgrvolt cof));
dtlcd(mis_loss, 3);
}
void get retloss(void)
{
ret loss = 20 -* loglO(l/volt cof);
dtlcd(ret loss,2);
}
void reset (void)

{

RES = 1;
delay (50) ;
RES = 0;

}
void head title(void)
{
int select;
delay (100) ;
titlel () ;
title2();
st2: mainmenu () ;
for (i=0;1i<1000;i=i+1)
for (3=0;3j<500;j=7+1)
{
if ((P1_0==0) || (P1_1==0) || (P1_2==0))
goto start;
}
goto st2;
start: reset();
select = check key();
switch(select)

{

case 1 : measure();
break;

case 2 : credit();
break;

}
clear lcd();
goto st2;
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}
void measure(void)
{
int key;
clear lcd();
mea () ;
delay (30);
indata() ;
delay (150);
Pl clear lcd():
meal();
get _vcoef();
agl: key = check key();
if (key == 2)
goto p2;
else
if (key == 3)
goto exit;

else
if (key == 1)
goto p3;
p2: clear lcd();
mea2();
agz: key = check key();
if (key == 2)
goto p3;
else

if (key == 3)
goto exit;
else
if (key == 1)
goto pl;

p3: clear lcd();
mea3 () ;

ag3: key = check key();
if (key == 2)
goto pl;
else
if (key == 3)
goto exit;
else
if (key == 1)
goto p2;

exit: clear lcd();
delay (10);

}

void credit (void)

{

clear lcd();

crel();
delay (200);
cre2();
delay (200);
cre3();
delay (200);
cred ();
delay (200)
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creb (

)i
delay(200) ;
cre6 () ;
delay (200) ;

}

void set8255 (void)

|
ptrdat = 0xe003;
*ptrdat = 0x9b;

main ()
int lcd();

set8255();
head title();
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ADC0801/ADC0802/ADC0803/ADC0804/ADC0805
8-Bit yP Compatible A/D Converters

General Description

The ADC0801, ADCO0802, ADC0803, ADC0804 and
ADCO0805 are CMOS 8-bit successive approximation A/D
converters that use a differential potentiometric
ladder — similar to the 256R products. These converters are
designed to allow operation with the NSC800 and INS8080A
derivative control bus with TRI-STATE® output latches di-
rectly driving the data bus. These A/Ds appear like memory
locations or I/O ports to the microprocessor and no interfac-
ing logic is needed.

Differential analog voltage inputs allow increasing the
common-mode rejection and offsetting the analog zero input
voltage value. In addition, the voltage reference input can be
adjusted to allow encoding any smaller analog voltage span
to the full 8 bits of resolution.

u Differential analog voltage inputs

u Logic inputs and outputs meet both MOS and TTL
voltage level specifications

8 Works with 2.5V (LM336) voltage reference

& On-chip clock generator

= OV to 5V analog input voltage range with single 5V
supply

® No zero adjust required

m 0.3" standard width 20-pin DIP package

u 20-pin molded chip carrier or small outline package

B Operates ratiometrically or with 5 Ve, 2.5 Ve, or
analog span adjusted voltage reference

Key Specifications

u Resolution 8 bits
Features u Total errf:r : +14LSB, £'2LSB and £1 LSB
= Conversion time 100 ps
B Compatible with 8080 uP derivatives— no interfacing
logic needed - access time - 135 ns
® Easy Interface to all microprocessors, or operates “stand
- alone”
Connection Diagram
ADCO080X
Dual-In-Line and Small Outline (SO) Packages
1 20 Ve (OR Vier)
2 19]—CLKR
3 18—DB0 (1L58)
4 17}=DB1
5 16}~DB2
6 15}=DB3
7 141084
3 13}—DB5
9 12—DB8
10 11}—D87 (MsB)
£S005871-30
See Ordering Information
Ordering Information
TEMP RANGE 0CTOT70C 0CTO70C 40CTO+85C
+1.4 Bit Adjusted ADCO801LCN
ERROR 112 Bit Unadjusted ADC0802LCWM ADCO802LCN
12 Bit Adjusted ADCO803LCN
+1Bit Unadjusted ADC0804LCVWM ADCO804LCN ADCO80SLCN/ADC0804LCJ
PACKAGE OUTLINE M20B — Small N20A —Molded DIP
Qutline
TRI-STATE® is a regi of National Semiconductor Corp.

Z-80° is a registered trademark of Zilog Corp.
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Error Specification (Includes Full-Scale,
Zero Error, and Non-Linearity)
Part Full- VRer/2=2.500 Vpc Vrer/2=No Connection
Number Scale (No Adjustments) (No Adjustments)
Adjusted
ADC0801 | +'4LSB
ADCO0802 +12 LSB
ADC0803 | 1'2LSB
ADC0804 +1LSB
ADC0805 +1LSB
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Absolute Maximum Ratings (Notes 1, 2) Infrared (15 seconds) 220C

If Military/Aerospace specified devices are required, Storage Temperature Range 65Cto+150 C

please contact the National Semiconductor Sales Office/ Package Dissipation at TA\=25 C 875 m\WW

Distributors for availability and specifications. ESD Susceptibility (Note 10) 800V

= im S *¥  Operating Ratings otss 1, 2

Logic Control Inputs 0.3V to +18V Temperature Range TminsSTaSTmax
At Other Input and Outputs 0.3Vto (Vect0.3V) ADC0804LCJ 40 C<T,<+85 C
Lead Temp. (Soldering, 10 seconds) ADC0801/02/03/05LCN 40 C<Tps+85 C
Dual-in-Line Package (plastic 260 C ADCO0804LCN 0 C<T;s+70 C
Dual-In-Line Package (ceramic) 300C ADC0802/04LCVWM 0 C<TAS+70 C
Surface Mount Package Range of Ve 4.5 Vpe 10 6.3 Vpe
Vapor Phase (60 seconds) 215¢C
Electrical Characteristics
The following specifications apply for Vec=5 Vpe, TuinSTasTmax and fo«=640 kHz unless otherwise specified.
Parameter Conditions Typ Max Units
ADC0801: Total Adjusted Error (Note 8) With Full-Scale Adj. t14 LsB
(See Section 2.5.2)
ADC0802: Total Unadjusted Ermor (Note 8) VRer/2=2.500 Vpe *12 LsB
ADCO0803: Total Adjusted Emor (Note 8) With Full-Scale Adj. t12 LSB
(See Section 2.5.2)
ADCO0804: Total Unadjusted Error (Note 8) VRer/252.500 Vpe +1 LsB
ADC0805: Total Unadjusted Error (Note 8) Vgrer/2-No Connection 1 LsSB
Vree/2 Input Resistance (Pin 9) ADC0801/02/03/05 8.0 kQ
ADC0804 (Note 9) 1.1 kQ
Analog Input Voltage Range (Note 4) V(+) or V( ) Gnd-0.05 Vect+0.05 Voc
DC Common-Mode Error Over Analog Input Voltage +1/16 t1g LSB
’ Range
Power Supply Sensitivity Vec™5 Vpe £10% Over +£1/16 t1s LsB
Allowed Vin(+) and Vi( )
Voltage Range (Note 4)
AC Electrical Characteristics
The following specifications apply for Vcc=5 Vpc and Tyn<Ta<Tuax unless otherwise specified.
Symbol Parameter Conditions Min Typ Max Units
Te Conversion Time fc=640 kHz (Note 6) 103 114 Hs
Te Conversion Time (Notes 5, 6) 66 73 1k
foc Clock Frequency V=5V, (Note 5) 100 640 1460 kHz
Clock Duty Cycle 40 60 %

CR Conversion Rate in Free-Running INTR tied to WR with 8770 9708 conv/s
Mode CS =0 Vpc, fo x=640 kHz

tvaamL Width of WR Input (Start Pulse Width) TS =0 Vpc (Note 7) 100 ns

tace Access Time (Delay from Falling C_ =100 pF 135 200 ns
Edge of RD to Output Data Valid)

tyn, ton TRI-STATE Control (Delay C_=10 pF, R_.=10k 125 200 ns
from Rising Edge of RD to (See TRI-STATE Test
Hi-Z State) Circuits)

tw, tri Delay from Falling Edge 300 450 ns
of WR or RD to Reset of INTR

Cin Input Capacitance of Logic E] 7.5 pF
Control Inputs
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AC Electrical Characteristics (continued)
The following specifications apply for Vec™5 Vpe and TyinsSTasTmax unless otherwise specified.

Symbol Parameter Conditions Min Typ Max Units

Cour TRI-STATE Output S 75 pF
Capacitance (Data Buffers)

CONTROL INPUTS [Note: CLK IN (Pin 4) is the input of a Schmitt trigger circuit and is therefore specified separately]

Vin (1) Logical “1™ Input Voltage Vec=5.25 Vpe 20 15 Vpe
(Except Pin 4 CLK IN) :

Vin (0) Logical “O" Input Voltage Vec=4.75 Vpe 08 Voc
(Except Pin 4 CLK IN)

Iin (1) Logical “1” Input Current Vin=5 Vpe 0.005 1 HApe
(All Inputs)

Iin (0) Logical “0" Input Current Vin=0 Vpc 1 0.005 HApc
(All Inputs)

CLOCK IN AND CLOCK R

V+ CLK IN (Pin 4) Positive Going b 2 341 35 Voc
Threshold Voltage

Vr CLK IN (Pin 4) Negative 1.5 1.8 21 Voe
Going Threshold Voltage

Vy CLK IN (Pin 4) Hysteresis 0.6 1.3 20 Voe
(Vrt) (V7))

Vour (0) Logical “0" CLK R Output 16=360 pA 0.4 Voc
Voltage Vec=4.75 Vpe

Vour (1) Logical “1" CLK R Output 10= 360 pA 24 Vbe
Voltage Vec™4.75 Vpe

DATA OUTPUTS AND INTR

Vour (0) Logical “0" Output Voltage

Data Outputs lour=1.6 MA, Vcc=4.75 Vpe 0.4 Vbc

INTR Output lour=1.0 MA, Vcc=4.75 Vpe 0.4 Vbe
Vour (1) Logical “1" Output Voltage lo= 360 pA, Vec™4.75 Vpe 24 Voe
Vour (1) Logical “1" Output Voltage 1o= 10 pA, Vcc=4.75 Vpc 45 Voc
lout TRI-STATE Disabled Output Vour=0 Vpe 3 HApc

Leakage (All Data Buffers) Vout=5 Vpc 3 HApc
lsource Vour Short to Gnd, Ta=25 C 45 6 mApc
lsink Vour Short to Vg, TA=25 C 9.0 16 mApc
POWER SUPPLY
lec Supply Current (Includes fo=640 kHz,

Ladder Current) Vrer/2=NC, TA=25 C

and CS =5V
ADC0801/02/03/04LCJ/05 1.1 1.8 mA
ADCO0804LCN/LCWM 19 25 mA

Note 1: Absolute Maximum Ratings indicate limits beyond which damage to the device may occur. DC and AC electrical specifications do not apply when operating
the device beyond its specified operating conditions.

Note 2: All voltages are measured with respect to Gnd, unless otherwise specified. The separate A Gnd point should atways be wired to the D Gnd.

Note 3: A zener diode exists, intemally, from Ve to Gnd and has a typical breakdown voitage of 7 Vpc.

Note 4: For Vp( R Vn(#) the digital output code will be 0000 0000. Two on-chip diodes ere tied to each analog input (see block diagram) which will forward conduct
for analog input voitages one diode drop below ground or one diode drop greater than the Ve supply. Be careful, during testing at low Ve levels (4.6V), as high
level analog inputs (6V) can cause thisinput diode to conduct-especially at elevated temperatures, and cause efrors for analog inputs near full-scale. The spec allows
50 mV forward bias of either diode. This means that as long as the analog Vy does not exceed the supply voitage by more than 50 mV, the output code will be correct.
To achieve an absolute 0 Vpc to 5 Vpc input voltage range will therefore require a minimum supply voltage of 4.950 Vpc over temperature variations, initial tolerance
and loading.

Note 5: Accuracy is guaranteed at fc; = 640 kHz. At higher clock frequendies accuracy can degrade. For lower dock frequendies, the duty cyde limits cen be ex-
tended so long as the minimum dock high time interval or minimum clock low time interval is no less than 275 ns.

Note 6: With an asynchronous start pulse, up to 8 clock periods may be required before the intemal clock phases are proper to start the conversion process. The
start request is intemally latched, see Figure 4 and section 2.0.
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AC Electrical Characteristics (continued)

Note 7: The TS input is assumed to bracket the WR strobe input and therefore timing is dependent on the WR pulse width. An arbitrarity wide pulse width will hold
the converter in a reset mode and the start of conversion is initiated by the low to high trensition of the WR puise (see timing diagrems).

Note 8: None of these A/Ds requires a zero adjust (see section 2.5.1). To obtain zero code at other analog Input voitages see section 2.5 and Figure 7.

Note 9: The Vrer/2 pin is the center point of a tworesistor divider copnected from Vice to ground. In all versions of the ADC0801, ADC0802, ADC0803, and
ADC0805, and in the ADCO804ALC, each resistor Is typically 16 k. In all versions of the ADC0804 except the ADCOB04LC, each resistor is typically 2.2 kQ.

Note 10: Human body model, 100 pF discharged through a 1.5 kQ resistor.

Typical Performance Characteristics

Logic Input Threshold \oitage Delay From Falling Edge of CLK IN Schmitt Trip Levels
vs. Supply Voltage RD to Output Data Valid vs. Supply Voltage
= i vs. Load Capacitance
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s w
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DS005671-39
fcuk vs. Clock Capacitor Full-Scale Error vs Effect of Unadjusted Offset Error
Conversion Time vs. Vgred2 Voltage
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C N1 [ 16 T
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TRI-STATE Test Circuits and Waveforms

tin
Vee
RO DATA
[ oUTPUT
o 10K
DS00567147
ton
Vee Voo
10k
RO DATA
5 OUTPUT
.
DS00567149

tiy, CL=10 pF

Y
vee 50%
AD 58%
GND 1%
I
0%

v
oata O
QUTPUTS
6ND
DS00567148
t=20ns
ton, CL=10 pF
—]
Vee T [ fwx
L 50%
GND J0%
r—*ou
v, S
oATA /'
QUTPUTS N o
DS005671-50
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Timing Diagrams (All timing is measured from the 50% voltage points)
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Timing Diagrams (All timing is measured from the 50% voltage points) (Continued)

Output Enable and Reset with INTR

rﬁn_—&L THTR RESET

"3—‘— \ a1 o /—_—
m | j‘ /
o | N L™ NN

r7»
—! tQACC |=—
—1 YH. YH L-——
DS005671-62
Note: Read strobe must occur 8 dock periods (8/fcix) after assartion of intemupt to guarantee reset of INTR .
Typical Applications
6800 Interface Ratiometeric with Full-Scale Adjust
Y
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Fore FS ADJUST
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Note: before using caps at Vpy of VRer/2,
see section 2.3.2 Input Bypass Capaditors.



Functional Description (Continued)

Figure 2 shows a worst case error plot for the ADC0801. All
center-valued inputs are guaranteed to produce the comrect
output codes and the adjacent risers are guaranteed to be
no closer to the center-value points than *'4 LSB. In other
words, if we apply an analog input equal to the center-value
+1, LSB, we guarantee that the A/D will produce the correct
digital code. The maximum range of the position of the code
transition is indicated by the horizontal arow and it is guar-
anteed to be no more than '2 LSB.

The error curve of Figure 3 shows a worst case error plot for
the ADC0802. Here we guarantee that if we apply an analog
input equal to the LSB analog voltage center-value the A/D
will produce the correct digital code.

Transfer Function
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Next to each transfer function is shown the corresponding
error plot. Many people may be more familiar with error plots
than transfer functions. The analog input voltage to the A/D
is provided by either a linear ramp or by the discrete output
steps of a high resolution DAC. Notice that the error is con-
tinuously displayed and includes the quantization uncertainty
of the A/D. For example the error at point 1 of Figure 1is +'2
LSB because the digital code appeared '2 LSB in advance
of the center-value of the tread. The error plots always have
a constant negative slope and the abrupt upside steps are
always 1 LSB in magnitude.

Error Plot
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FIGURE 1. Clarifying the Error Specs of an A/D Converter
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FIGURE 2. Clarifying the Error Specs of an A/D Converter
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Functional Description (continued)

Transfer Function
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Error Plot
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FIGURE 3. Clarifying the Error Specs of an A/D Converter
Accuracy=112 LSB

2.0 FUNCTIONAL DESCRIPTION

The ADC0801 series contains a circuit equivalent of the
256R network. Analog switches are sequenced by succes-
sive approximation logic to match the analog difference input
voltage [Vin(+) Vin( )] to a corresponding tap on the R net-
work. The most significant bit is tested first and after 8 com-
parisons (64 clock cycles) a digital 8-bit binary code (1111
1111 = fulk-scale) is transferred to an output latch and then
an interrupt is asserted (INTR makes a high-to-low transi-
tion). A conversion in process can be interrupted by issuing a
second start command. The device may be operated in the
free-running mode by connecting INTR to the WR input with
CS =0. To ensure start-up under all possible conditions, an
external WR pulse is required during the first power-up
cycle.

On the high-to-low transition of the WR input the internal
SAR latches and the shift register stages are reset. As long
as the CS input and WR input remain low, the A/D will remain
in a reset state. Conversion will start from 1 to 8 clock pen-
ods after at least one of these inputs makes a low-to-high
transition.

A functional diagram of the A/D converter is shown in Figure
4. All of the package pinouts are shown and the major logic
control paths are drawn in heavier weight lines.

The converter is started by having CS and WR simulta-
neously low. This sets the start flip-flop (F/F) and the result-
ing “1" level resets the 8-bit shift register, resets the Interrupt
(INTR) F/F and inputs a “1" to the D flop, F/F1, which is atthe
input end of the 8-bit shift register. Intemal clock signals then
transfer this “1" to the Q output of F/F1. The AND gate, G1,
combines this “1" output with a clock signal to provide a reset
signal to the start F/F. If the set signal is no longer present
(either WR or CS is a “1") the start F/F is reset and the 8-bit
shift register then can have the “1” clocked in, which starts
the conversion process. If the set signal were to still be
present, this reset pulse would have no effect (both outputs
of the start F/F would momentarily be at a “1” level) and the
8-bit shift register would continue to be held in the reset
mode. This logic therefore allows for wide TS and WR sig-
nals and the converter will start after at least one of these
signals retums high and the intemnal clocks again provide a
reset signal for the start F/F.
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Functional Description (continued)

“17 = RESET SHIFT REGISTER
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Note 13: CS shown twice for clarity.
Note 14: SAR = Successive Approximation Register.

FIGURE 4. Block Diagram

After the “1" is clocked through the 8-bit shift register (which
completes the SAR search) it appears as the input to the
D-type latch, LATCH 1. As soon as this “1" is output from the
shift register, the AND gate, G2, causes the new digital word
to transfer to the TRI-STATE output latches. When LATCH 1
is subsequently enabled, the Q output makes a high-to-low
transition which causes the INTR F/F to set. An inverting
buffer then supplies the INTR input signal.

Note that this SET control of the INTR F/F remains low for 8
of the extemnal clock periods (as the intemal clocks run at 's
of the frequency of the external clock). If the data output is
continuously enabled (CS and RD both held low), the INTR
output will still signal the end of conversion (by a high-to-low
transition), because the SET input can control the Q output
of the INTR F/F even though the RESET input is constantly
at a “1" level in this operating mode. This INTR output will
therefore stay low for the duration of the SET signal, which is
8 periods of the external clock frequency (assuming the A/D
is not started during this interval).

When operating in the free-running or continuous conversion
mode (INTR pin tied to WR and CS wired low —see also
section 2.8), the START F/F is SET by the high-to-low tran-
sition of the INTR signal. This resets the SHIFT REGISTER

which causes the input to the D-type latch, LATCH 1, to go
low. As the latch enable input s still present, the Q output will
go high, which then allows the INTR F/F to be RESET. This
reduces the width of the resulting INTR output pulse to only
a few propagation delays (approximately 300 ns).

\When data is to be read, the combination of both CS and RD
being low will cause the INTR F/F to be reset and the
TRI-STATE output latches will be enabled to provide the 8-bit
digital outputs.

2.1 Digital Control Inputs

The digital control inputs (CS, RD, and WR) meet standard
T2L logic voltage levels. These signals have been renamed
when compared to the standard A/D Start and Output Enable
labels. In addition, these inputs are active low to allow an
easy interface to microprocessor control busses. For
non-microprocessor based applications, the CS input (pin 1)
can be grounded and the standard A/D Start function is ob-
tained by an active low pulse applied at the WR input (pin 3)
and the Output Enable function is caused by an active low
pulse at the RD input (pin 2).



Functional Description (continued)

2.2 Analog Differential Voltage Inputs and
Common-Mode Rejection

This A/D has additional applications flexibility due to the ana-
log differential voltage input. The Vin( ) input (pin 7) can be
used to automatically subtract a fixed voltage value from the
input reading (tare correction). This is also useful in 4 mA-20
mA current loop conversion. In addition, common-mode
noise can be reduced by use of the differential input.

The time interval between sampling Vin(+) and Vin( ) is 4-1 2
clock periods. The maximum error voltage due to this slight
time difference between the input voltage samples is given
by:

4.5
AVg(MAX) = (Vp) (27rfcrm) (E})

where:
AV, is the error voltage due to sampling delay
Vp is the peak value of the common-mode voltage
f-m is the common-mode frequency

As an example, to keep this error to 14 LSB (-5 mV) when
operating with a 60 Hz common-mode frequency, fom, and
using a 640 kHz A/D clock, fo .k, would allow a peak value of
the common-mode voltage, Vp, which is given by:

_ [AVemax) okl

VP = T artom) (4.5)
or
_(5x1079) (640%103)
P~ T (6.28) (60) (4.5)
which gives
Vp=1.9V.

The allowed range of analog input voltages usually places
more severe restrictions on input common-mode noise lev-
els.

An analog input voltage with a reduced span and a relatively
large zero offset can be handled easily by making use of the
differential input (see section 2.4 Reference Voltage).

2.3 Analog Inputs
2.3 1 Input Current

Normal Mode

Due to the intemal switching action, displacement currents
will flow at the analog inputs. This is due to on-chip stray ca-
pacitance to ground as shown in Figure 5.
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ron of SW 1 and SW2 = 5kQ
r=ron Cstray = 5 kQ x 12 pF = 60 ns

FIGURE 5. Analog Input Impedance

The voltage on this capacitance is switched and will result in
currents entering the Vn(+) input pin and leaving the Vin( )
input which will depend on the analog differential input volt-
age levels. These current transients occur at the leading
edge of the intemal clocks. They rapidly decay and do not
cause errors as the on-chip comparator is strobed at the end
of the clock period.

Fault Mode

If the voltage source applied to the Vin(+) or Vin( ) pin ex-
ceeds the allowed operating range of Vc+50 mV, large in-
put currents can flow through a parasitic diode to the Vec
pin. If these cuments can exceed the 1 mA max allowed
spec, an external diode (1N914) should be added to bypass
this current to the Vec pin (with the current bypassed with
this diode, the voltage at the Viy(+) pin can exceed the Ve
voltage by the forward voltage of this diode).

2.3.2 Input Bypass Capacitors

Bypass capacitors at the inputs will average these charges
and cause a DC cumrent to flow through the output resis-
tances of the analog signal sources. This charge pumping
action is worse for continuous conversions with the Viy(+) in-
put voltage at full-scale. For continuous conversions with a
640 kHz clock frequency with the Vi (+) input at SV, this DC
current is at a maximum of approximately 5 pA. Therefore,
bypass capacitors should not be used at the analog inputs or
the Virer/2 pin for high resistance sources (> 1 kQ). if input
bypass capacitors are necessary for noise filtering and high
source resistance is desirable to minimize capacitor size, the
detrimental effects of the voltage drop across this input resis-
tance, which is due to the average value of the input cument,
can be eliminated with a full-scale adjustment while the
given source resistor and input bypass capacitor are both in
place. This is possible because the average value of the in-
put current is a precise linear function of the differential input
voltage.

2.3.3 Input Source Resistance

Large values of source resistance where an input bypass ca-
pacitor is not used, will not cause errors as the input currents
settle out prior to the comparison time. If a low pass filter is
required in the system, use a low valued series resistor
(< 1 kQ) for a passive RC section or add an op amp RC ac-
tive low pass filter. For low source resistance applications,
(< 1kQ), a 0.1 yF bypass capacitor at the inputs will prevent
noise pickup due to series lead inductance of a long wire. A



Functional Description (continued)

100Q series resistor can be used to isolate this
capacitor— both the R and C are placed outside the feed-
back loop— from the output of an op amp, if used.

2.3.4 Noise

The leads to the analog inputs (pins 6 and 7) should be kept
as short as possible to minimize input noise coupling. Both
noise and undesired digital clock coupling to these inputs
can cause system errors. The source resistance for these in-
puts should, in general, be kept below 5 k(2. Larger values of
source resistance can cause undesired system noise
pickup. Input bypass capacitors, placed from the analog in-
puts to ground, will eliminate system noise pickup but can
create analog scale errors as these capacitors will average
the transient input switching currents of the A/D (see section
2.3.1.). This scale error depends on both a large source re-
sistance and the use of an input bypass capacitor. This error
can be eliminated by doing a full-scale adjustment of the A/D
(adjust Vger/2 for a proper full-scale reading— see section
2.5.2 on Full-Scale Adjustment) with the source resistance
and input bypass capacitor in place.

2.4 Reference Voltage

2.4.1 Span Adjust

For maximum applications fiexibility, these A/Ds have been
designed to accommodate a § Vpc, 2.5 Vpe or an adjusted
voltage reference. This has been achieved in the design of
the IC as shown in Figure 6.
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FIGURE 6. The Vrererence Design on the IC
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Notice that the reference voltage for the IC is either ' 2 of the
voltage applied to the Ve supply pin, or is equal to the volt-
age that is externally forced at the Vreg/2 pin. This allows for
a ratiometric voltage reference using the Vcc supply, 2 S
Vpc reference voltage can be used for the Ve supply or a
voltage less than 2.5 Vpc can be applied to the Vrer/2 input
for increased application flexibility. The internal gain to the
Vges/2 input is 2, making the full-scale differential input volt-
age twice the voltage at pin 9.

An example of the use of an adjusted reference voltage is to
accommodate a reduced span— or dynamic voltage range
of the analog input voltage. If the analog input voltage were
to range from 0.5 Vpc to 3.5 Vi, instead of OV to 5 Vpc, the
span would be 3V as shown in Figure 7. With 0.5 Vpc ap-
plied to the Vin( ) pin to absorb the offset, the reference volt-
age can be made equal to 'z of the 3V span or 1.5 Vpc. The
A/D now will encode the Vn(+) signal from 0.5V to 3.5 V with
the 0.5V input corresponding to zero and the 3.5 Vpc input
comesponding to full-scale. The full 8 bits of resolution are
therefore applied over this reduced analog input voltage
range.

2.4.2 Reference Accuracy Requirements

The converter can be operated in a ratiometric mode or an
absolute mode. In ratiometric converter applications, the
magnitude of the reference voltage is a factor in both the out-
put of the source transducer and the output of the A/D con-
verter and therefore cancels out in the final digital output
code. The ADC0805 is specified particularly for use in ratio-
metric applications with no adjustments required. In absolute
conversion applications, both the initial value and the tem-
perature stability of the reference voltage are important fac-
tors in the accuracy of the A/D converter. For Vgege/2 volt-
ages of 2.4 Vpc nominal value, initial errors of £10 mVpc will
cause conversion errors of 1 LSB due to the gain of 2 of the
Vger/2 input. In reduced span applications, the initial value
and the stability of the Vree/2 input voltage become even
more important. For example, if the span is reduced to 2.5V,
the analog input LSB voltage value is correspondingly re-
duced from 20 mV (5V span) to 10 mV and 1 LSB at the
VRer/2 input becomes 5 mV. As can be seen, this reduces
the allowed initial tolerance of the reference voltage and re-
quires correspondingly less absolute change with tempera-
ture variations. Note that spans smaller than 2.5V place
even tighter requirements on the initial accuracy and stability
of the reference source.

In general, the magnitude of the reference voltage will re-
quire an initial adjustment. Errors due to an improper value
of reference voltage appear as full-scale errors in the AID
transfer function. IC voltage regulators may be used for ref-
erences if the ambient temperature changes are not exces-
sive. The LM336B 2.5V IC reference diode (from National
Semiconductor) has a temperature stability of 1.8 mV typ
(6 mV max) over 0 C<T,<+70 C. Other temperature range
parts are also available.
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b) Accommodating an Analog Input from
0.5V (Digital Out = 00yex) to 3.5V
(Digital Out=FFex)

FIGURE 7. Adapting the A/D Analog Input Voltages to Match an Arbitrary Input Signal Range

2.5 Errors and Reference Voltage Adjustments

2.5.1 Zero Error

The zero of the A/D does not require adjustment. If the mini-
mum analog input voltage value, Vinminy is not ground, a
zero offset can be done. The converter can be made to out-
put 0000 0000 digital code for this minimum input voltage by
biasing the A/D Vin( ) input at this Vininy Value (see Appli-
cations section). This utilizes the differential mode operation
of the A/D.

The zero error of the A/D converter relates to the location of
the first riser of the transfer function and can be measured by
grounding the Viy ( ) input and applying a small magnitude
positive voltage to the Vin (+) input. Zero error is the differ-
ence between the actual DC input voltage that is necessary
to just cause an output digital code transition from 0000 0000
to 0000 0001 and the ideal 12 LSB value (2 LSB = 9.8 mV
for Vrer/2=2.500 Vo).

2.5.2 Full-Scale

The full-scale adjustment can be made by applying a differ-
ential input voltage that is 112 LSB less than the desired ana-
log full-scale voltage range and then adjusting the magni-
tude of the Vres/2 input (pin 9 or the Vec supply if pin 9 is
not used) for a digital output code that is just changing from
1111 1110 to 1111 1111,

2.5.3 Adjusting for an Arbitrary Analog Input Voltage
Range

If the analog zero voltage of the A/D is shifted away from
ground (for example, to accommodate an analog input signal
that does not go to ground) this new zero reference should
be properly adjusted first. A Vin(+) voltage that equals this
desired zero reference plus 12 LSB (where the LSB is calcu-
lated for the desired analog span, 1 LSB=analog span/256)

is applied to pin 6 and the zero reference voitage at pin 7
should then be adjusted to just obtain the 00pex to O01hex
code transition.

The fullscale adjustment should then be made (with the
proper Vin( ) voltage applied) by forcing a voltage to the
Vn(+) input which is given by:

(VMAX — VMIN)]

V|N(+)fsad1=VMAx—1.5[ 556

where:
Vmax=The high end of the analog input range

and

Vuin=the low end (the offset zero) of the analog range.
(Both are ground referenced.)
The Vrer2 (ar Vec) voltage is then adjusted to provide a
code change from FEpex to FFuex- This completes the ad-
justment procedure.

2.6 Clocking Option

The clock for the A/D can be derived from the CPU clock or
an external RC can be added to provide self-clocking. The
CLK IN (pin 4) makes use of a Schmitt trigger as shown in
Figure 8.
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Heavy capacitive or DC loading of the clock R pin should be
avoided as this will disturb normal converter operation.
Loads less than 50 pF, such as driving up to 7 A/D converter
clock inputs from a single clock R pin of 1 converter, are al-
lowed. For larger clock line loading, a CMOS or low power
TTL buffer or PNP input logic should be used to minimize the
loading on the clock R pin (do not use a standard TTL
buffer).

2.7 Restart During a Conversion

If the A/D is restarted (CS and WR go low and return high)
during a conversion, the converter is reset and a new con-
version is started. The output data latch is not updated if the
conversion in process is not allowed to be completed, there-
fore the data of the previous conversion remains in this latch.
The INTR output simply remains at the “1” level.

2.8 Continuous Conversions

For operation in the free-running mode an initializing pulse
should be used, following power-up, to ensure circuit opera-
tion. In this application, the CS input is grounded and the WR
input is tied to the INTR output. This WR and INTR node
should be momentarily forced to logic low following a
power-up cycle to guarantee operation.

2.9 Driving the Data Bus

This MOS A/D, like MOS microprocessors and memories,
will require a bus driver when the total capacitance of the
data bus gets large. Other circuitry, which is tied to the data
bus, will add to the total capacitive loading, even in
TRI-STATE (high impedance mode). Backplane bussing
also greatly adds to the stray capacitance of the data bus.
There are some alternatives available to the designer to
handle this problem. Basically, the capacitive loading of the
data bus slows down the response time, even though DC
specifications are still met. For systems operating with a
relatively slow CPU clock frequency, more time is available
in which to establish proper logic levels on the bus and there-
fore higher capacitive loads can be driven (see typical char-
acteristics curves).

At higher CPU clock frequencies time can be extended for
1/O reads (andfor writes) by inserting wait states (8080) or
using clock extending circuits (6800).

Finally, if time is short and capacitive loading is high, external
bus drivers must be used. These can be TRI-STATE buffers
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(low power Schottky such as the DM74LS240 series is rec-
ommended) or special higher drive current products which
are designed as bus drivers. High current bipolar bus drivers
with PNP inputs are recommended. ’

210 Power Supplies

Noise spikes on the V¢ supply line can cause conversion
errors as the comparator will respond to this noise. A low in-
ductance tantalum filter capacitor should be used close to
the converter V¢ pin and values of 1 pF or greater are rec-
ommended. If an unregulated voltage is available in the sys-
tem, a separate LM340LAZ-5.0, TO-92, 5V voltage regulator
for the converter (and other analog circuitry) will greatly re-
duce digital noise on the Vcc supply.

2.11 Wiring and Hook-Up Precautions

Standard digital wire wrap sockets are not satisfactory for
breadboarding this A/D converter. Sockets on PC boards
can be used and all logic signal wires and leads should be
grouped and kept as far away as possible from the analog
signal leads. Exposed leads to the analog inputs can cause
undesired digital noise and hum pickup, therefore shielded
leads may be necessary in many applications.

A single point analog ground that is separate from the logic
ground points should be used. The power supply bypass ca-
pacitor and the self-clocking capacitor (if used) should both
be returned to digital ground. Any Vgeg/2 bypass capacitors,
analog input filter capacitors, or input signal shielding should
be returned to the analog ground point. A test for proper
grounding is to measure the zero error of the A/D converter.
Zero errors in excess of '« LSB can usually be traced to im-
proper board layout and wiring (see section 2.5.1 for mea-
suring the zero error).

3.0 TESTING THE A/D CONVERTER

There are many degrees of complexity associated with test-
ing an A/D converter. One of the simplest tests is to apply a
known analog input voltage to the converter and use LEDs to
display the resulting digital output code as shown in Figure 9.

For ease of testing, the Vgree/2 (pin 9) should be supplied
with 2.560 Vpe and a Ve supply voltage of 5.12 Vpe should
be used. This provides an LSB value of 20 mV.

If a full-scale adjustment is to be made, an analog input volt-
age of 5.090 V¢ (5.120—112 LSB) should be applied to the
Vin(#) pin with the Viy( ) pin grounded. The value of the
Vger/2 input voltage should then be adjusted until the digital
output code is just changing from 1111 1110 to 1111 1111.
This value of Vree/2 should then be used for all the tests.

The digital output LED display can be decoded by dividing
the 8 bits into 2 hex characters, the 4 most significant (MS)
and the 4 least significant (LS). Table 1 shows the fractional
binary equivalent of these two 4-bit groups. By adding the
voltages obtained from the “VMS" and “VLS" columns in
Table 1, the nominal value of the digital display (when
Vrer/2 = 2.560V) can be determined. For example, for an
output LED display of 1011 0110 or B6 (in hex), the voltage
values from the table are 3.520 + 0.120 or 3.640 Vpc. These
voltage values represent the center-values of a perfect A/D
converter. The effects of quantization error have to be ac-
counted for in the interpretation of the test results.



Functional Description (continued)

10

1
U — 5.120 Vit
s S CShws
2 ) g; TAXTALLY

1585F

]

N o O N®
W
[ G
A n G B
START
Lt @)

—O5Vpe

DS005671-18

FIGURE 9. Basic A/D Tester
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For a higher speed test system, or to obtain plotted data, a
digitak-to-analog converter is needed for the test set-up. An
accurate 10-bit DAC can serve as the precision voltage
source for the A/D. Ermors of the A/D under test can be ex-
pressed as either analog voltages or differences in 2 digital
words.

A basic A/D tester that uses a DAC and provides the erroras
an analog output voltage is shown in Figure 8. The 2 op
amps can be eliminated if a lab DVM with a numerical sub-
traction feature is available to read the difference voltage,
“A-C", directly. The analog input voltage can be supplied by
a low frequency ramp generator and an X-Y plotter can be
used to provide analog error (Y axis) versus analog input (X
axis).

For operation with a microprocessor or a computer-based
test system, it is more convenient to present the errors digi-
tally. This can be done with the circuit of Figure 11, where the
output code transitions can be detected as the 10-bit DAC is
incremented. This provides '« LSB steps for the 8-bit A/D un-
der test. If the results of this test are automatically plotted
with the analog input on the X axis and the error (in LSB's)
as the Y axis, a useful transfer function of the A/D under test
results. For acceptance testing, the plot is not necessary and
the testing speed can be increased by establishing internal
limits on the allowed error for each code.

4.0 MICROPROCESSOR INTERFACING

To dicuss the interface with 8080A and 6800 microproces-
sors, a common sample subroutine structure is used. The
microprocessor starts the A/D, reads and stores the results
of 16 successive conversions, then returns to the user's pro-
gram. The 16 data bytes are stored in 16 successive
memory locations. All Data and Addresses will be given in
hexadecimal form. Software and hardware details are pro-
vided separately for each type of microprocessor.

4.1 Interfacing 8080 Microprocessor Derivatives (8048,
8085)

This converter has been designed to directly interface with
derivatives of the 8080 microprocessor. The A/D can be
mapped into memory space (using standard memory ad-
dress decoding for CS and the MEMR and MEMW strobes)
or it can be controlled as an 1/O device by using the /O R
and 1/0 W strobes and decoding the address bits A0 — A7
(or address bits A8 — A15 as they will contain the same 8-bit
address information) to obtain the CS input. Using the 1/O
space provides 256 additional addresses and may allow a
simpler 8-bit address decoder but the data can only be input
to the accumulator. To make use of the additional memory
reference instructions, the A/D should be mapped into
memory space. An example of an A/D in I/O space is shown
in Figure 12.
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&Natzonal Semiconductor
LF155/LF156/LF157 Series Monolithic
JFET Input Operational Amplifiers
General Description
These are the first monolithic JFET input operational ampli- B Photocell amplifiers
fiers to incorporate well matched, high voltage JFETsonthe  m Sample and Hold circuits
same chip with standard bipotar transistors (BI-FET™ Tech-
nology). These amplifiers feature low input bias and offset  Common. Features
currents/low offset voltage and offset voltage drift, coupled
with offset adjust which does not degrade drift or common- (LF155A, LF156A, LF157A)
mod rejection. The devices are also designed for high slew ~ ® LW input bias current 30 pA
rate, wide bandwidth, extremely fast settling time, low volt- & Low Input Offset Current 3 pA
age and current noise and a low 1/f noise comer. @ High input impedance 1012
H Low input offset voltage 1mV
Advantages m Low input offset voitage temp. drift 3 wv/eC
® Replace expensive hybrid and module FET op amps B Low input noise current 0.01 pA/VHz
®m Rugged JFETs allow blow-out free handling compared B High common-mode rejection ratio 100 dB
with MOSFET input devices m Large dc voitage gain 106 dB
. B Excellent for low noise apptications using either high or
low source impedance—very low 1/f comer Uncommon Features
B Offset adjust does not degrade drift or common-mode LF157A
rejection as in most monolithic amplifiers LF1S5A \LF156A  _ g Units
m New output stage allows use of large capacitive loads g Extremely 4 15 15 1S
(5,000 pF) without stability problems fast settling
m Intemal compensation and large differential input voit- time to
age capability 0.01%
. . B Fast slew
Applications rate 12 50 Vs
m Precision high speed integrators ® Wide gain
m Fast D/A and A/D converters bandwidth a3 5 2 MHz
m High impedance buffers m Low input
B Wideband, low noise, low drift amplifiers noise voltage 20 12 12 nV/VHz
m Logarithmic amplifiers
Simplified Schematic
m
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*3 pF in LF157 series. ~ -VEE TL/H/5646-1
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Absolute Maximum Ratings

It Milttary/Aerospace specifled devices are required, contact the National Semiconductor Sales Ottice/Distributors tor
avallability and specifications.

(Note 8)

Supply Voltage

Differential Input Voltage
Input Voltage Range (Note 2)
Output Short Circuit Duration

TimMax
H-Package
N-Package
M-Package

LF155A/6A/7A
+22V
+40V
+20V

Continuous

150°C

Power Dissipation at Ty = 25°C (Notes 1 and 9)

H-Package (Still Air)

H-Package (400 LF/Min Air Flow)

N-Package
M-Package

Thermal Resistance (Typical) 6,4

H-Package (Still Air)

H-Package (400 LF/Min Air Flow)

N-Package
M-Package

(Typical) 8¢
H-Package

Storage Temperature Range

Soldering Information (Lead Temp.)

Metal Can Package

Soldering (10 sec.)
Dual-In-Line Package

Sotdering (10 sec.)
Small Outline Package

Vapor Phase (60 sec.)

Infrared (15 sec.)

See AN-450 "Surface Mounting Methods and Their Effect on Product Reliability” for other methods of soldering surface

mount devices.

560 MW
1200 mW

160°C/W
85°C/W

23°C/W
—65°Cto +150°C

300°C

—65°Cto +150°C

LF355B/6B/7B LF355/6/7
LFias/e7 LF255/6/7 LF355A/6A/7A
+22V +22v +18V
+40V +40V +30V
+20V +20V +16V
Continuous Continuous Continuous
150°C 115°C 115°C
100°C 100°C
100°C 100°C
560 mwW 400 mMw 400 mwW
1200 mW 1000 mW 1000 mW
670 mW 670 mW
380 mW 380 mwW
160°C/W 160°C/W 160°C/W
85°C/W 85°C/W 85°C/W
130°C/W 130°C/W
195°C/W 195°C/W
23°C/W 23°C/W 23°C/W

300°C

260°C

—65°Cto +150°C

—65°C to +150°C

300°C 300°C
260°C 260°C
215°C 215°C
220°C 220°C

ESD tolerance
(100 pF discharged through 1.5 kf2) 1000V 1000V 1000V 1000V
DC Electrical Characteristics (note 3} 7, = T) = 25°C
. LF155A/6A/7A LF355A/6A/7A
Symbol Parameter Conditions Units
Min Typ Max Min Typ Max
Vos Input Offset Voltage Rg=500, To=25°C 1 2 1 2 mV
Over Temperature 25 23 mV
AVog/AT Average TC of Input Rg =500 "
Offset Voltage 9 = 2 2 wV/°C
ATC/AVps | Changein Average TC | Rg=504, (Note 4) pv/°C
: : 0.5 0.5
with Vog Adjust permV
los Input Ottset Current Tj=25°C, (Notes 3, 5) 3 10 3 10 pA
Ti<THiGH 10 1 nA
g Input Bias Current Tj=25°C, (Notes 3, 5) 30 50 30 50 pA
Tj <THIGH 25 5 nA
RiNn Input Resistance Tj=25°C 1012 1012 (9%
AvoL Large Signal Voltage Vg=+ 15V, TaA=25°C 50 200 50 200 v/mV
Gain Vo= +10V, Ry =2k
Over Temperature 25 23 Mmy:
Vo Output Voltage Swing Vg= £ 15V, R =10k +12 +13 +12 +13 \
Vg=+ 15V, R =2k +10 +:12 +10 +12 v
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DC Electrical CharacteristiCs (Note 3) Ta = Tj = 25°C (Continued)

. LF155A/6A/7A LF355A/6A/7A
Symbol Parameter Conditions Units
Min Typ Max Min Typ Max
Veum Input Common-Mode - +15.1 +15.1 \"
Voltage Range VgmEiN | 21 | g G v
CMRR Common-Mode Rejection 85 100 85 100 a8
Ratio
PSRR gup_ply Voltage Rejection (Note 6) 85 100 85 100 a8
atio
AC Electrical Characteristics 1, = 1, = 25°c, vg=+15v
LF155A/355A LF156A/356A LF157A/357A
Symbol Parameter Conditions Units
Min | Typ | Max | Min | Typ | Max | Min | Typ | Max
SR Slew Rate LF155A/6A; Ay=1, 3 5 10 12 V/ps
LF157A; Ay=5 40 | 50 V/us
GV, ] Gl Benvicn 25 4 | 45 15 | 20 MHz
Product
ts Settling Time t0 0.01% | (Note 7) 4 1.5 15 1S
€n Equivalent Input Noise | Rg=100§
Voltage =100 Hz 25 15 15 nv/{Hz
f=1000 Hz 20 12 12 nV/JHz
in Equivalent Input =100 Hz 0.01 0.01 0.01 pA/VHz
Noise Current f=1000 Hz 0.01 0.01 0.01 pA/vHz
Cin tnput Capacitance 3 3 3 pF
DC Electrical Characteristics (note 3)
LF255/6/7
LF155/6/7 LF355/6/7
Symbol Parameter Conditions LF355B/6B/78 Units
Min | Typ |Max| Min| Typ |Max| Min | Typ |Max
Vos Input Offset Voltage Rg =500, To=25°C 8 5 3 5 3 10 mV
Over Temperature v g 6.5 13 mV
AVos/AT | Average TCof Input | Rg=500 .
Offset Voltage S 5 5 RV7G
ATC/AV(s | Change in Average TC | Rg =501, (Note 4) wv/eC
. 3 0.5 0.5 0.5
with Vog Adjust per mV
los Input Offset Current Tj=25°C, (Notes 3, 5) 3 3 20 3 50 pPA
Ti<THIGH 1 2 nA
Ig Input Bias Current Tj=25°C, (Notes 3, §) 30 | 100 30 | 100 30 |200] pA
Ti<THiGH 50 5 8 nA
RiN Input Resistance Tj=25°C 1012 1012 1012 Q
AvoL Large Signal Voltage |Vs= 115V, To=25°C| 50 200 50 200 25 200 V/mV
Gain Vo= +10V, R =2k
Over Temperature 25 25 15 V/mV
Vo Output Voltage Swing | Vg= £ 15V, R =10k | £12| +13 +12| £183 +12| 13 \
Vg= +15V, R.=2k +10| *12 +10| *£12 +10| %12 \"
Ve Input Common-Mode _ +15.1 +16.1 +15.1 v
Voltage Range Vs= 15V LA P L P s v
CMEHR Commorijpdeinajse: 85 | 100 85 | 100 80 | 100 ds
tion Ratio
PSRR S_upply \_/oltage Rejec- | (Note 6) 85 100 85 100 80 100 48
tion Ratio
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DC Electrical Characteristics 1, = 1, = 25°C,vs = +15v

LF155A/155,
! LF156A/156 LF157A/157
LF255, LF355 ! LF356A/356 LF357A/357
Parameter LF355A/3558 LF256/356B LF257/357B Units

Typ Max | Typ| Max | Typ Max Typ Max Typ Max Typ Max

Supply Current 2 4 2 4 5 7 5 10 5 7 5 10 mA

AC Electrical Characteristics 1, = 1;= 25°c,vs = +15v

LF155/255/ | LF156/256, | LF156/256/ | LF157/257, | LF157/257/
Symbol Parameter Conditions 355/3558 LF356B 356/356B LF357B 357/357B | Units
Typ Min Typ Min Typ
SR Slew Rate LF155/6: Ay=1, 5 7.5 12 V/ps
LF157: Ay=5 30 50 V/ps
GBW Gain Bandwidth 25 5 20 MHz
Product
ts Settling Time to0 0.01% | (Note 7) 4 1.5 1.5 us
on Equivalent Input Noise | Rg= 1000
Voltage =100 Hz 25 15 15 nv/vHz
£=1000 Hz 20 12 12 nV/VHz
in Equivalent Input f=100 Hz 0.01 0.01 0.01 pA/NHZ
Current Noise f=1000 Hz 0.01 0.01 0.01 pA/VHzZ
CiN Input Capacitance 3 3 3 pF

Notes for Electrical Characteristics

Note 1: The maximum power dissipation for these devices must be derated at slevated temperatures and is dictated by Tpuax, 8ja, and the ambient temperature,
Ta. The maximum available power dissipation at any temperature is Pg=(Tjmax —Ta)/6ja or the 25°C Pgymax, whichever is less.

Note 2: Unless otherwise specified the maximum negative input voltage is equal to the negalive power supply voltage.
Note 3: Unless otherwise stated, these test conditions apply:
LF155A/6A/7A
LF155//6/7 LF255//6/7 LF355A/6A/7A LF355B/6B/7B LF355//6/7
Supply Voltage, Vg | £15V<Vgs £20V +16V<Vg< £20V | £15V<Vg<s +18V | £15V<Vg+20V | Vg= £15V
TA —55°C<Ta< +125°C | —25°CSTAS +85°C | 0°C<Tp< +70°C 0°CSTAS +70°C | 0°C<STas +70°C
THIGH +125°C +85°C +70°C +70°C +70°C

and Vgg, Ig and log are measured at Ve =0.

Note 4 The Temperalure Coefficient of the adjusted inpul otfset voltage changes only a small amount (0.5uV/°C typically) for each mV of adjusiment from its
original unadjusted value. Common-mode rejection and open loop voitage gain are also unatfected by offset adjustment.

Note 5: The input bias currents are junction leakage currents which approximetely double for every 10°C increase in the junction temperature, T,. Due to imited
production test time, the input bias currents d are co d 10 junction 6. In normal ion the junction rises above the ambient
temperature as a result of internal power dissipation, Pd. Tj=Ta+68js Pd where 64 is the thermal resistance from junction to ambient. Use of a heat sink is
recommended if input bias current is to be kept lo a minimum.

Note 6 Supply Voltage Rejection is measured for both supply magnitudes increasing or decreasing simultaneously, in accordance with common practice.

Note 7: Settling time is defined here, for a unity gain inverter connection using 2 kft resistors for the LF155/6. It is the time required for the error voltage (the
voltage at the inverting input pin on the amplifier) 10 settle 1o within 0.01% of its final value from the time a 10V step input is applied to the inverter. For the LF157,
Ay= —5, thé 1eedback resistor from oulput 10 input is 2 k1 and the outpul step is 10V (See Setlling Time Test Circuit).

Note 8: Refer 10 RETS155AX for LF155A, RETS155X for LF155, RETS156AX for LF156A, RETS156X for LF156, RETS157A for LF157A and RETS157X for
LF157 military specifications.

Note 9: Max. Power Dissipation is defined by the package characteristics. Operaling the part near the Max. Power Dissipation may cause the parl to operate
oulside guaranieed limits.
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Typical DC Performance Characteristics
Curves are for LF155, LF156 and LF157 unless otherwise specified.
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Typical AC Performance Characteristics (Continued)

COMMON-MODE REJECTION RATIO (dB) GAIN {d8B) OUTPUT SWING (V) FROM 8V
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Detailed Schematic
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a
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*C = 3 pF in LF157 series. TL/H/5646-13
Connection Diagrams (Top Views)
Metal Can Package (H) Dual-In-Line Package (M and N)
BALANCE ! u .—-N:
mrut —24 L
INPUT J}—‘--‘—OUT’UT
TL//S646-14 v = 5 waiance
Order Number LF156AH, LF155H, LF156H, LF255H,
TL/H/5646-29

LF256H, LF257H, LF355AH, LF356AH,
LF357AH, LF356BH, LF355H, LF356H,
LF357H, LM155AH/883, LM155H/883, LM156AH/883,
LM156H/883, LM157AH/883 or LM157H/883"
See NS Package Number HO8C

Order Number LF355M, LF356M, LF357M, LF355BM,
LF356BM, LF355BN, LF356BN, LF357BN, LF355N,
LF356N or LF357N
See NS Package Number MOSA or NOSE



Application Hints

The LF155/6/7 serles are op amps with JFET input de-
vices. These JFETs have large reverse breakdown voltages
from gate to source and drain eliminating the need for
clamps across the inputs. Therefore large differential input
voltages can easily be accomodated without a large in-
crease in input current. The maximum differential input voit-
age is independent of the supply voltages. However, naither
of the input voltages should be allowed to exceed the nega-
tive supply as this will cause large currents ta flow which
can result in a destroyed unit.

Exceeding the negative common-mode limit on either input
will force the output to a high state, potentially causing a
reversal of phase to the output. Exceeding the negative
common-mode fimit on both inputs will force the amplifier
output to a high state. In neither case does a latch occur
since raising the input back within the common-mode range
again puts the input stage and thus the amplifier in a normal
operating mode.

Exceeding the positive common-mode limit on a single input
will not change the phase of the output however, it both
inputs exceed the limit, the output of the amplifier will be
forced to a high state.

These amplifiers will operate with the common-mode input
voltage equal to the positive supply. In fact, the common-
mode voltage can exceed the positive supply by approxi-
mately 100 mV indepandent of supply voitage and over the
full operating temperature range. The positive supply can
therefore be used as a reference on an input as, for exam-
ple, in a supply current monitor and/or limiter.

Typical Circuit Connections

Vos Adjustment

142

Driving Capacitive Loads

® Vg is adjusted with a 25k potenti-
ometer

‘LF155/6 R="5k
LF157 R=1.25k

* The potentiometer wiper is con-
nected to V+

© For polentiometers with tempera-
ture coetficient of 100 ppm/°C or
less the additional drift with adjust
is = 0.5 pVv/°C/mV of adjustment

* Typical overall drift: 5 uV/°C 2 (0.5
©V/C/mV of adj)

WF.

Overshoot < 20%

Settling time (lg) = 5 ps

Precautions should be taken to ensure that the power sup-
ply for the integrated circuit never becomes reversed in
potarity or that the unit is not inadvertently instalied back-
wards in a socket as an unfimited current surge through the
resulting forward diode within the IC could cause fusing of
the internal conductors and result in a destroyed unit.

All of the bias currents in these amplifiers are set by FET
current sources. The drain currents for the amplitiers are
therefore essentially independent of supply voltage.

As with most amplifiers, care should be taken with lead
dress, component placement and supply decoupling in or-
der to ensure stability. For example, resistors from the out-
put to an input should be placed with the body close to the
input to minimize “pickup” and maximize the frequency of
the feedback pote by minimizing the capacitance from the
input to ground.

A feedback pole is created when the feedback around any
amplifier i resistive. The parallel resistance and capaci-
tance from the input of the device (usually the inverting in-
put) to ac ground set the frequency of the pole. In many
instances the frequency of this pole is much greater than
the expected 3 dB frequency of the closed loop gain and
consequently there is negligible effect on stability margin.
Howaver, if the feedback pole is less than approximately six
times the expected 3 dB frequency a lead capacitor should
be placed from the output to the input of the op amp. The
value of the added capacitor should be such that the RC
time constant of this capacitor and the resistance it parallels
is greater than or equal to the original feedback pole time
constant.

LF157. A Large Power BW Amplitier

WX

TL/H/5646—15
For distortion < 1% and a 20 Vp-p Voyt swing,
power bandwidth is: 500 kHz.

Due 10 @ unique oulput stage design, these am-
plifiers have the abilily to drive large capacitive
loads and still maintain stability. Cguax) = 0.01
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Typical Applications (continued)

Fast Logarithmic Converter
",
-

_L A0 Vs W

L]
Q
< np
ap 1L
e i o Dynamic range: 100 pA < & < 1 mA (5 dec-
= ks g ades), |Vo|=1V/decade
* Transient response: 3 us for A= 1 decade

e Ci, C2, R2, R3: addad dynamic compensation
® Vpg adjust the LF156 to minimize quiescent error

B I o Ry:Tol Labs type Q81 + 0.3%/°C
L]
VY
TL/H/5646-21
Voutl = [1 + E] Eln Vi [ i ] = bgV|-LR2 = 15.7k, Ry = 1k, 0.3%/°C (for temperature compensation)
Rrlq VREF Ri Rile

Precision Current Monitor

* Vg=5R1/R2 (V/mA of Is}

* R1, R2, R3: 0.1% resistors

sysTER * Use LF155 tor

8 Common-mode range 10 supply range
_l_ = Low I

= = Low Vos

= Low Suppty Current

TL/H/5646-31

8-Bit D/A Converter with Symmetrical Otfset Binary Operation

Y
o

w53 8
WY B B2 83 84 85 38 87 &8

rdsfelielnliz,
‘o

“
VRer = 1ov O—AAA]

-15v. TL/H/5646-32

* R1, R2 should be matched within +0.05%
* Full-scale response time: 3us

Eo Bt B2 B3 B4 B5 B6 B7 BS Comments
+98.920 | 1 101 1 1 1 1 k| Positive Full-Scale
+0.040 | 1 o 0 0 o0 O o0 o (+) Zero-Scale
-0.040({ 0 1 1 1 1 1 1 1 (—) Zero-Scale
-99201 0 0 0 O O O 0 0 |NegatveFull-Scale




Typical Applications (Continued
Wide BW Low Noise, Low Drift Amplifier

il

1]

AAA

a2 191 ke
1w
awZ T

b—0

© Power BW: fyax = -Zf’—vp = 191 kHz

e Parasitic input capacitance C1 = (3 pF for LF155, LF156 and LF157 plus
any additional layout capacitance) interacts with feedback elements and
creates undesirable high frequency pole. To compensate add C2 such
that R2 C2 = Rt Ct.

Boosting the LF156 with a Current Ampiifier
]

th

© louT(uax = 150 mA (will drive R = 1000)
* AVoyr _ 0.15
AT 10-2

« No additional phase shift added by the current amplifier

V/ps (with Ci_shown)

3 Decades VCO

c

[T
11
N

EE]

Y
3

v

<
<
<

Jiz

22
v

>
<
S

i

TL/H/5646-24

, - _VYc(RB+RY)
(8 Vpy RBR1)C’

R1, R4 malched. Linearity 0.1% over 2 decades.

0<Vp<30V, 10 Hz<t< 10 kHz
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Isolating Large Capacitive Loads

2
6.1k
o A4 O Your
V‘ J—
m o
8.0k
l A R e
= =4
B
':F &.1
-av. ‘
o3 =
© Overshoot 6% TL/H/5646-22
e 1510 ps

° When driving large Ci, the Vout Slew rate determined by C_ and
loutmaxy:
AVout P tout < 0.02

AT c. 05 V/ps = 0.04 V/us (with C shown)

Low Drift Peak Detector
Wy B
M
o, 1
fine VW 1
A2 U
o2 | wou et Yrex
Bl Bl ==3 %
b gl S i I
[
I
- TL/H/5646

-18Y Vi

© By adding D1 and Ry, Vpy=0 during hold mode. Leakage of D2 provided
by feedback path through Ry.

* Leakage of circuit is essentially k, (LF155, LF156) plus capacitor leakage
of Cp.

* Diode D3 clamps Vout (A1) to Viy—Vpg to improve speed and to limit
reverse bias of D2.

e Maximum input frequency should be << YmR({Cp, where Cpy s the
shunt capacitance ot D2.

Non-Inverting Unity Gain Operation for LF157

Rt

1
RIC > ST

_R2+Rs
4

R1

Avipe) = 1
f_3dg = 5MHz

RIC2 (27) (5 MHz)

Hz
TL/H/5646-25
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Physical Dimensions inches (milimeters)

0.350 —0.370
(8.890-9.398)
DIA

<

0.315-0.335

{8.001—8.509) ot

n A :
5% UNCONTROLLED

0.165 -0.185 535) LEAD DA

{€.191-4.699) | i

) ‘
REFERENCE PLANE Toss =JE= T‘ SEATING PLANE
050 T8 4 pers—oow
— 1 0.381-1.016)

|

8.016 -0.019
-»”-1——-——-———(0406 8.483) DIATYP
0.195-0.205 DIA
{4.953-5.207) P.C.

0.029-0.045
07371, 143)

AP 0.115-0.145

1 _u 864 R Che Lk o2

(° 7' ) \*/ (2.921-3.683)

DIA
45= EQUALLY
SPACED ~—3=| HOBC (REV E)

Metal Can Package (H)
Order Number LF156 AH, LF155H, LF156H, LF255H, LF256H, LF257H, LF355AH, LF356AH, LF357AH, LF356BH,
LF355H, LF356H or LF357H

NS Package Number HO8C
0.189-0.197
(4.800—5.004)
| 1] 7 6 5
T
0.228-0.244
{5.781-6.188)
p 0010 pax
———/\, .25
teaok0. 1/ Y 23 4 T
3u°
IDENT T
0.150-0.157
(3.310-2.383)
0.010-0.020 g5 | } m—?g
{0.254~0.508) | | o BAXTYP e 0.004-0.010
ALLLEADS {0.102-0.254)

SEATING
PLANE

oo £ ]

%:;f%% _ﬁ{ -

©.10)
0.008—0.010 ! 0.014-0.028
Q008010 \eapTies 06008 0358 D00 _ | v
{0.203-0.254) — SRt ) dzm 10.356-0.508)
TYP AL LEADS a1 v 0.008 1yp
TYP AL LEADS 023 h woss v

Small Outline Package (M)
Order Number LF355M, LF356M, LF357M, LF355BM or LF356BM
NS Package Number MOSA
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Physical Dimensions inches (milimeters) (Continued)

0.373-0.400
(9.474-10.16)

—
L1 0.032 1 0.005
2.3 N 081320121 "\
0.250:+0.005 RAD
PIN NO. 1 IDENT I ETR] I menr—\N
OPTION 1
il R EIRU]
0.280 0.040
— ———WIN [ o
(1.112) 0030 L. [1.016] TvP —
0,200 —0.320 (0.762) —= ~<—m 0.145-0.200
{T.62-8.128) & “‘*”—’1 [ s (3.683 -5.080)
“"‘—‘F——f ‘ — T 4 cimtoos
) Tl Y (33020.427) ‘
0 ap / E U 0.125-0.140
0.055 {3.175-3.556)
0125 {651 T s
0.003-0.016 > - B - 80°+4 {0.508;
(0.229-0.381) DIA TP MIN
+0.040 NOM | Bot820.003
0325 {0457 £0.076)
(s.255" 1-015) il 8.100+0.810
\*49 _0.381 (2.540£0.254)
0.045 4 0.015
1.143£0.381
( ) 0.060
ol 3 {1.524)
(1'm) ’ NOBE \REV F)

Molded Dual-In-Line Package (N)
Order Number LF355N, LF356N, LF357N, LF355BN, LF356BN, LF357BN

LIFE SUPPORT POLICY

NS Package Number NOSE

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 OF NATIONAL

SEMICONDUCTOR CORPORATION. As used herein:

1. Life support devices or systems are

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

devices or

labeling, can effectiveness.

be reasonably expected to result in a significant injury

2. A critical component is any component of a life
support device or system whose failure to perform can
be reasonably expected to cause the failure of the life
support device or system, or to affect its safety or

National Semi conductor

Hong Kong Ltd.
: (+49) 0-180-530 85 86

National Semiconductor

13th Floor, Straight Block,

National Semiconductor
Japan Ltd.

Tel: 81-043-299-2309
Fax 81-043-239-2408

to the user.
Bi ’ Natlonal Semiconductor
Corporation Europe
1111 West Barcin Road Fax
. TX 76017 Emait
Tel: 1(800) 272-9959 Deutsch Tel
Fax: 1(800) 737-7018 Engksh  Tel:
Frangais Tel:

ltaliano  Tel

cnwge @ tevm2.nsc.com
(+49) 0-180-530 85 85
(+49) 0-180-532 78 32
(+49) 0-180-532 93 58
(+49) 0-180-534 16 80

Ocean Centre, 5 Canton Rd.
Tsimshatsu, Kowloon

Hong Kong

Tel (852) 2737-1600

Fax (852) 2736-3960
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Features

» Compatible with MCS-51™ Products

» 8K Bytes of In-System Reprogrammable Downloadable Flash Memory
— SPI Serial Interface for Program Downloading
— Endurance: 1,000 Write/Erase Cycles

2K Bytes EEPROM
— Endurance: 100,000 Write/Erase Cycles

4.0V to 6V Operating Range

Fully Static Operation: 0 Hz to 24 MHz

Three-Level Program Memory Lock

256 x 8-bit Internal RAM

32 Programmable /O Lines

Three 16-bit Timer/Counters

Nine Interrupt Sources

Programmable UART Serial Channel

SPI Serial Interface

Low Power Idle and Power Down Modes

Interrupt Recovery From Power Down

Programmable Watchdog Timer

Dual Data Pointer

Power Off Flag

.

Description

The AT89S8252 is a low-power, high-performance CMOS 8-bit microcomputer with
8K bytes of Downloadable Flash programmable and erasable read only memory and
2K bytes of EEPROM. The device is manufactured using Atmel’s high density nonvol-
atile memory technology and is compatible with the industry standard 80C51 instruc-
tion set and pinout. The on-chip Downloadable Flash allows the program memory to
be reprogrammed in-system through an SP! serial interface or by a conventional non-
volatile memory programmer. By combining a versatile 8-bit CPU with Downloadable
Flash on a monolithic chip, the Atmel AT89S8252 is a powerful microcomputer which
provides a highly flexible and cost effective solution to many embedded control appli-
cations.

The AT89S8252 provides the following standard features: 8K bytes of Downloadable
Flash, 2K bytes of EEPROM, 256 bytes of RAM, 32 I/O lines, programmable watch-
dog timer, two Data Pointers, three 16-bit imer/counters, a six-vector two-level inter-
rupt architecture, a full duplex serial port, on-chip oscillator, and clock circuitry. In
addition, the AT89S8252 is designed with static logic for operation down to zero fre-
quency and supports two software selectable power saving modes. The Idle Mode
stops the CPU while allowing the RAM, timer/counters, serial port, and interrupt sys-
tem to continue functioning. The Power Down Mode saves the RAM contents but
freezes the oscillator, disabling all other chip functions until the next interrupt or hard-
ware reset.

The Downloadable Flash can be changed a single byte at a time and is accessible
through the SPI serial interface. Holding RESET active forces the SPIbusinto a serial
programming interface and allows the program memory to be written to or read from
unless Lock Bit 2 has been activated.

8-Bit
Microcontroller
with 8K Bytes
Flash

AT89S8252
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Pin Configurations

PDIP
@ Prog 40fyvee
(REX)P1.1C]2 39 [1P0.0 (ADO)
P23 38 [1P0.1 (ADY)
P304 37 [1P02 (AD2)
(ES)Pr14C]5 38 [1P0.3 (ADJ)
(MOSH) P1.5C]6 357 P04 (AD4)
MiSO) P1.8 L] 7 34 1 P05 (ADS)
scP1.708 33 [1P0.6 (ADS)
RSTC}9 32[1P07 (ADT)
(RXD) P3.0] 10 31 D EAVPP
(TXD)Pa1 Y 11 30 [ ALE/PROG
(INTO) P32} 12 29D PSEN
(NT)P33(]13 28[1P27 (A15)
(TO)P3.4 ] 14 27[31P28 (A14)
T P3s15 28[IP25 (A13)
(WR)P3.6]18 25[1P24 (A12)
(RD)P37 ] 1T 24OP23 (A1)
XTAL2(] 18 23[1P22(A10)
XTALY ] 19 22[01P2.1 (A9)
GND 20 21 [1P20 (A8)
PQFP/TQFP
- & gz88
4 pE 2322
Tanno vo-oaa
TiaaazoB8EE
falalalalalalalalalalia}
IIYTIB35883
(MOSI) P1.5 11 33 P04 (AD4)
(MIsO) P1.6 (]2 32[5 P05 (ADS)
(scKP1.73 312 P0.6 (ADS)
RSTC]4 301 PO7 (AD7)
(RXD)P3.0]5 29[3 EAVPP
de 28[3NC
mxoyPa1 g7 273 ALEPROG
(INTO) P32 8 261 PSEN
(INT1) P339 253 P27 (A15)
(To)P3.4 ] 10 24[1 P26 (A14)
(TyPasgn 223 P25(A13)
RT3 @
"E'ULJLJ =3
sy = <
g833 X
7a %% a
El =

Pin Description

Vee

Supply voltage.
GND

Ground.

Port 0

Port 0 is an 8-bit open drain bidirectional I/O port. As an
output port, each pin can sink eight TTL inputs. When 1s
are written to port 0 pins, the pins can be used as high-
impedance inputs.

Port 0 can also be configured to be the multiplexed low-
order address/data bus during accesses to external pro-
gram and data memory. In this mode, PO has intemal pul-
lups.

P PSEN

[ P27 (A15)
P26 (A14)
P P25 (A13)

XTAL2(] 20
XTALIC] 21
GND (22
NCO23

(WR)P3.6(] 18
(RD)P3.T] 19

(A8

(A9)
(A10)
(A1,
{A12)

Port 0 also receives the code bytes during Flash program-
ming and outputs the code bytes during program verifica-
tion. External pullups are required during program verifica-
tion.

Port 1

Port 1 is an 8-bit bidirectional /O port with intemal pullups.
The Port 1 output buffers can sink/source four TTL inputs.
When 1s are written to Port 1 pins, they are pulled high by
the internal pullups and can be used as inputs. As inputs,
Port 1 pins that are externally being pulled low will source
current (I, ) because of the intemnal pullups.

Some Port 1 pins provide additional functions. P1.0 and
P1.1 can be configured to be the timer/counter 2 external
count input (P1.0/T2) and the timer/counter 2 trigger input
(P1.1/T2EX), respectively.
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Block Diagram
P00 - P07 P20 - P27
¥ itiIJ‘ ATII¢AAAL
e mmmmeecmemamemnaas T S B B B h el DR TR B e B Jobob e
» ] { 1 '
Vee ! vy y v i 4 Yy Lv :
: ( PORT 0 DRIVERS [ PORT 2 DRIVERS ] :
GND ! s T 4 !
: l :
: i E
T RAM ADDR. PORT 0 PORT 2 :
! | EEPROM REGISTER [—»] RAM LATCH LATCH FLASH :
E A Y LY '
! l ! H
1 | i )
' Y A 4 A 3
: 7y 7y : X :
A Y I Y
! i PROGRAM 1
: 8 ; STACK '
: REGISTER ACC i POINTER ADORESS :
| ! : |
: <4—»|  BUFFER >
: T™P2 TMP1 ;
\ ; T E
: | pC i
: ALV INCREMENTER [€—>]
h INTERRUPT, SERIAL PORT,
! ‘ AND TIMER BLOCKS :
: ? :
: 3 o PROGRAM |, .|
: - COUNTER "o
E T 5
PSEN 4——- :
PROG <€— TIMING H
NEPROG 4= THIS fINsTRUCTIN |, v ¥ Y oikd i« ]
ER J Vp ——P| CONTROL :
RST —— 5
' A A A A !
: | WATCH PORT 3 poRT 1 || spi PROGRAM :
; i 00G LATCH wtcH || port [€% "ol ;
o ; : z
' ! 4
. | )
: 0sc 3 Y

[ PORT 3 DRIVERS ]{-——

PORT 1 DRIVERS

AAA

P30 - P37

P10 - P17

Ad A [ X X Al
R 1 1 A —
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Furthermore, P1.4, P1.5, P1.6, and P1.7 can be configured

as the SPI slave port select, data input/output and shift
clock input/output pins as shown in the following table. et AgrnataFunctions
P3.0 ial i
Port Pin Alternate Functions R (serial nput podl)
P1.0 T2 (external count input to Timer/Counter 2), Fo.d TXRiserial autput pori)
clock-out P3.2 INTO (external interrupt 0)
P1.1 T2EX (Timer/Counter 2 capture/reload trigger P3.3 INTT (external interrupt 1)
a_"d direction control) | P34 TO (timer O external input)
P14 SSi{Slave port select ipul) P3.5 T1 (timer 1 external input)
P1.5 MOSI (Master data output, slave data input pin r— ,
for SPI channel) P3.6 WR (external data memory write strobe)
P1.6 MISO (Master data input, slave data output pin Pa.r RD (external data memory read strobe)
for SPI ch: I
r annel) RST
P1.7 SCK (Master clock output, slave clock input pin Reset input. A high on this pin for two machine cycles while
for SPI channel) the oscillator is running resets the device.

Port 1 also receives the low-order address bytes during
Flash programming and verification.

Port 2

Port 2 is an 8-bit bidirectional I/O port with internal pullups.
The Port 2 output buffers can sink/source four TTL inputs.
When 1s are written to Port 2 pins, they are pulled high by
the internal pullups and can be used as inputs. As inputs,
Port 2 pins that are externally being pulled low will source
current (1, ) because of the internal pullups.

Port 2 emits the high-order address byte during fetches
from external program memory and during accesses to
external data memory that use 16-bit addresses (MOVX @
DPTR). In this application, Port 2 uses strong intemal pul-
lups when emitting 1s. During accesses to external data
memory that use 8-bit addresses (MOVX @ RI), Port 2
emits the contents of the P2 Special Function Register.

Port 2 also receives the high-order address bits and some
control signals during Flash programming and verification.

Port 3

Port 3 is an 8 bit bidirectional /O port with internal pullups.
The Port 3 output buffers can sink/source four TTL inputs.
When 1s are written to Port 3 pins, they are pulled high by
the internal pullups and can be used as inputs. As inputs,
Port 3 pins that are externally being pulled low will source
current (I, ) because of the pullups.

Port 3 also serves the functions of various special features
of the AT89S8252, as shown in the following table.

Port 3 also receives some control signals for Flash pro-
gramming and verification.

ALE/PROG

Address Latch Enable is an output pulse for latching the
low byte of the address during accesses to external mem-
ory. This pin is also the program pulse input (PROG) during
Flash programming.

In normal operation, ALE is emitted at a constant rate of 1/6
the oscillator frequency and may be used for external tim-
ing or clocking purposes. Note, however, that one ALE
pulse is skipped during each access to external data mem-
ory.

If desired, ALE operation can be disabled by setting bit O of
SFR location 8EH. With the bit set, ALE is active only dur-
ing a MOVX or MOVC instruction. Otherwise, the pin is
weakly pulled high. Setting the ALE-disable bit has no
effect if the microcontroller is in external execution mode.

PSEN
Program Store Enable is the read strobe to external pro-
gram memory.

When the AT89S8252 is executing code from external pro-
gram memory, PSEN is activated twice each machine
cycle, except that two PSEN activations are skipped during
each access to external data memory.

EA/Vpp S

External Access Enable. EA must be strapped to GND in
order to enable the device to fetch code from external pro-
gram memory locations starting at 0000H up to FFFFH.
Note, however, that if lock bit 1 is programmed, EA will be
internally latched on reset.

EA should be strapped to V¢ for internal program execu-
tions. This pin also receives the 12-volt programming
enable voltage (Vpp) during Flash programming when 12-
volt programming is selected.
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XTAL1
Input to the inverting oscillator amplifier and input to the
internal clock operating circuit.

XTAL2
Output from the inverting oscillator amplifier.

Table 1. AT89S8252 SFR Map and Reset Values

Special Function Registers

A map of the on-chip memory area called the Special Func-
tion Register (SFR) space is shown in Table 1.

Note that not all of the addresses are occupied, and unoc-
cupied addresses may not be implemented on the chip.
Read accesses to these addresses will in general return
random data, and write accesses will have an indeterminate
effect.

OF8H OFFH
OFOH ° OF7H
00000000
OEBH 0EFH
ACC
OBOH | (oo 00 OETH
0DBH i ODFH
PSW SPCR
0D0H | 0000000 000001XX 0D7H
ocen | T2CON T2MOD RCAP2L | RCAP2H T2 . TH2 b
00000000 | XXXXXX00 | 00000000 | 00000000 | 00000000 | 00000000
0COH ! OCT7H
P E
0BBH | 4000000 ; 0BFH
P3 |
OBOH | 44111111 | 0B7H
IE SPSR i
OABH | 0x000000 00XXXXXX ; OARH
P2 i
0AOH 1 44411111 ; OATH
SCON SBUF ;
98H | 00000000 |  XXXXXXXX ] 9FH
P1 i WMCON
9OH 1 41111114 1 oosBaafo 97H
go | TCON TMOD TLO L1 THO | TH1 -
00000000 00000000 | 00000000 | 00000000 | 00000000 | 00000000
- PO se | DPOL DPOH DPIL | DPHH SPOR PCON | oo,
11111111 00000111 | 00000000 | 00000000 | 00000000 | 00000000 | XXXXXXXX | OXXX0000
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Product specification

Quad bilateral switches

74HC/HCT4066

FEATURES

o Very low “ON” resistance:
50 Q (typ.) at Vgc =4.5V
45Q (typ.) atVec=6.0V
35Q (typ.) at Ve =9.0V
e Output capability: non-standard

e lcc category: SSI.

GENERAL DESCRIPTION

The 74HC/HCT4066 are high-speed Si-gate CMOS
devices and are pin compatible with the “4066" of the
“4000B” series. They are specified in compliance with
JEDEC standard no. 7A.

QUICK REFERENCE DATA
GND=0V; Tamp=25°C;t,=ty=6ns

The 74HC/HCT4066 have four independent analog
switches. Each switch has two input/output terminals (nY,
nZ) and an active HIGH enable input (nE). When nE is
LOW the belonging analog switch is tumed off.

The “4066” is pin compatible with the “4016” but exhibits a
much lower “ON” resistance. In addition, the “ON"
resistance is relatively constant over the full input signal
range.

TYPICAL
SYMBOL PARAMETER CONDITIONS UNIT
HC | HCT
tezu/ tpzL turn-on time nE to Veg CL=15pF; RL=1kQ;Vec=5V |11 12 ns
tprz/ teLz turn-off time NE to Vs 33 16 ns
C input capacitance 3.5 35 pF
Cpp power dissipation capacitance per switch | notes 1 and 2 " 12 pF
Cs max. switch capacitance 8 8 pF
Notes

1. Cpp is used to determine the dynamic power dissipation (Pp in pW):
a) Pp=Cppx Vee?xfi+ X {(CL+ Cs) x Vec? x o) where:

b) f; = input frequency in MHz
c) f, = output frequency in MHz
d) X {(CL+ Cs) x Vcc? x fo} = sum of outputs
e) C_ = output load capacitance in pF
f) Cs = maximum switch capacitance in pF
g) Vcc = supply voltage in V
2. For HC the condition is V; = GND to V¢
For HCT the condition is Vi = GND to Vgc—- 1.5V
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Quad bilateral switches 74HC/HCT4066
ORDERING INFORMATION
TYPE PACKAGE
NUMBER NAME DESCRIPTION VERSION
74HC4066 DIP14 plastic dual in-line package; 14 leads (300 mil) SOT27-1
74HC4066 SO14 plastic small outline package; 14 leads; body width 3.9 mm SOT108-1
74HC4066 SSOP14 plastic shrink small outline package; 14 leads; body width 5.3 mm SOT337-1
74HC4066 TSSOP14 | plastic thin shrink small outline package; 14 leads; body width 4.4 mm | SOT402-1
74HCT4066 DIP14 plastic dual in-line package; 14 leads (300 mil) SOT27-1
74HCT4066 SO14 plastic small outline package; 14 leads; body width 3.9 mm SOT108-1
74HCT4066 SSOP14 plastic shrink small outline package; 14 leads; body width 5.3 mm SOT337-1
74HCT4066 TSSOP14 | plastic thin shrink small outline package; 14 leads; body width 4.4 mm | SOT402-1

PIN DESCRIPTION

PIN NO. SYMBOL NAME AND FUNCTION
1,4,8, 11 1Y to 4Y independent inputs/outputs
2,3,9 10 1Zto 42 independent inputs/outputs
7 GND ground (0 V)
13,5, 6,12 1E to 4E enable inputs (active HIGH)
14 Vee positive supply voltage

1] & T vec
1z[2] [13] 1€
22[3] [12]4€
2r[4] 4066  [11]ay
2e[5] 10] 4z
3 [6] [9]az
oND [7] BE;

MGR253

Fig.1 Pin configuration.

1Y—1
38 51 1E

12852

2Y[—4
5—12E

2Z—3

3Yr—s8
6 — 3E

3Z—9

ayr—n
12 —4E

4Z— 10

MGR254

Fig.2 Logic symbol.
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1 2 1 2
— - —1 1H—=
Y] Eiix
4 I . 3
5 # == s =2
r . 3 B
- o
. 5 1, 2
i 7 g 2%
124
MGR255
24,
MGR256
a b.

Fig.3 IEC logic symbol.

FUNCTION TABLE
INPUT NE SWITCH
L off
H on
Note

1. H = HIGH voltage level; L = LOW voltage level.

P31t |5 4 |8 |8 |12 |1

1E |1Y |2E |2Y |3E |3Y |4E |4Y
nY

1Z 2Z 3z 4z

I2 I3 To I10
MGR257 nE

— LT T
—

»—Vce Vee
}&E-LJ—'
=

GND nZ  MGR258

Fig.4 Functional diagram. Fig.5 Schematic diagram (one switch).
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RATINGS

Limiting values in accordance with the Absolute Maximum System (IEC 134) Voltages are referenced to GND
(GND=0V)

SYMBOL PARAMETER MIN. | MAX. | UNIT CONDITIONS

Vee DC supply voltage -0.5 |+11.0 |V

+ik DC digital input diode current 20 mA for Vj<-0.5VorV,>Vec+05V

tlsk DC switch diode current 20 mA for Vg<-0.5VorVs>Vec+0.5V

His DC switch current 25 mA for 0.5V <Vg<Vec+05V

tlee: DC V¢ or GND current 50 mA

Henp

Tsig storage temperature range -65 |+150 |°C

Piot power dissipation per package for temperature range: —40 to +125 °C

74HC/HCT

plastic DIL 750 mW above +70 °C: derate linearly with 12 mW/K
plastic mini-pack (SO) 500 mwW above +70 °C: derate linearly with 8 mW/K

Ps power dissipation per switch 100 mwW

Note

1. To avoid drawing Vcc current out of terminal nZ, when switch current flows in terminal nY, the voltage drop across
the bidirectional switch must not exceed 0.4 V. If the switch current flows into terminal nZ, no V¢c current will flow
out of terminal nY. In this case there is no limit for the voltage drop across the switch, but the voltages at nY and nZ
may not exceed V¢c or GND.

RECOMMENDED OPERATING CONDITIONS

T4HC T4HCT
SYMBOL PARAMETER UNIT CONDITIONS
min. | typ. | max. | min. | typ. | max. )
Vee DC supply voltage 20 50 |10.0 |45 5.0 |55 \Y
V) DC input voltage range GND Vece |GND Vee |V
Vs DC switch voltage range GND Vec |GND Vee |V
Tamb operating ambient —40 +85 |40 +85 |[°C see DC and AC
temperature range CHARACTERISTICS
Tamb operating ambient —40 +125 |40 +125 |°C
temperature range
te, ty input rise and fall times 6.0 | 1000 6.0 |500 |ns Vec =20V
500 VCC =45V
400 Ve =6.0V
250 Vee =100V
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DC CHARACTERISTICS FOR 74HC/HCT
For 74HC: Vcc = 2.0, 4.5, 6.0 and 9.0 V; For 74HCT: Vgc = 4.5 V

Tamb (°C) TEST CONDITIONS
74HC/HCT
SYMBOL PARAMETER -~ a0 toas 140 UNIT |y | s v 9
2 ™| wa| e
min. | typ. | max. | min. | max. | min. | max.

Ron ON-resistance (peak) - |- - - Q 2.0 100 |Vee |V
54 |95 18 142 |Q 45 |1000 |0 for
42 |84 105 126 |Q 6.0 | 1000 | NP VL

32 |70 88 105 |[Q 9.0 [ 1000
Ron ON-resistance (rail) 80 |- - - Q 2.0 {100 [GND|Vh
350175, 95 115 |[Q 4.5 {1000 or
27 |65 82 100 [Q 6.0 |1000 Vit

20 |55 70 85 Q 9.0 {1000
Ron ON-resistance (rail) 100 |- - - Q 2.0 |100 |Vce | VK
42 |80 106 128 |Q 4.5 11000 gr
35 |75 94 13 |Q 6.0 | 1000 Vi

27 |60 78 95 Q 9.0 | 1000
ARon maximum variation of Q 2.0 Vee | Vv
ON-resistance between 5 0 45 to or
any two channels 4 a 6.0 GND | Vi

3 Q 9.0

Note

1. Atsupply voltages approaching 2 V, the analog switch ON-resistance becomes extremely non-linear. Therefore itis
recommended that these devices be used to transmit digital signals only, when using these supply voltages.
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HIGH &
(from enable inpuls)
nY
nZ
Vis =010 Vg — GND I lis

7/1, GND
4 MGR259

Fig.6 Test circuit for measuring ON-resistance (Ron).

Low

(from enable inputs) 2

nY

V) = Vg or GND —(A)—o-

nZ
{ ] o——(A)— Vo =GNDorVee

GND
7% MGR260

Fig.7 Test circuit for measuring OFF-state current.

HIGH
(from enable inputs)

nY

nZ
V| = Vg or GND ——(A)—o— E ] o——(A)— Vo (open circuit)

7;7 GND
4 MGR251

Fig.8 Test circuit for measuring ON-state current.
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