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Abstract

This special project presents a study of spectrum
analysis by using an IBM PC microcomputer combined with a
homemade  analog-to-digital converter and spectrum analysis
software. Time domain input signal is digitised by the intel
ADC0820 half-flash analog-to-digital converter with sampling
rate up to 20 kHz and resolution of 8 bit. The digitised data
is then transformmed to frequency domain data using FFT (Fast
Fourior Transform) algorithm written _in C language. Raw data
file and transformmed data file can rgad and processed by the
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graphing, ect.
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Wy ey sfefinwuadae auns
W(n) = 1.0 ; n-=s -N/Z,.o.,"l,o,l,...,N/z (2-12)

Sunanouaupe M whvaswidreeuud vl sefimmni ooy
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w(n) = cos2[(#/N)n]
= 0.5[1.0 + cos[(21/N)n] - (2.14)
R n o= -N/2,...,-1,0,1,...,N/2
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fRNoU 18 dB/octave
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w(n) = 0.54 + 0.46 cos[(21/N)n] (2.15)
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('S v [ .
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Rear of PC
GND B1 Al /B CHCK
RESET DRV 07
+5VvDC D6
IRQ2 D5
-5VDC D4
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Reserved D1
+12 vDC DO
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- IOR (1/0 Read; 31 B14) :
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Blackman window’s frequency response
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log—-magnitude (dB)

log-magnitude (dB)

Spectral of 1 kHz with Rectangle window

Fn-.quency resolution = 9.765625 Hz
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log—magnitude (4B)

log—magnitude (dB)

Spectral of 4 kHz with Rectangle window
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log-magnitude (4B)

log-magnitude (4dB)

Spectral of 6 kHz with Re;-}tangle window
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Spectral of Ka with Blackman—Harris
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TYsunsu SAMPLING

#include <stdio.h>
#include <stdlib.h>
#include <dos.h>

#include "disk.h"
#include "get.h"

#define PORTIA %3080
#define PORTIB #x301
#define PORTIC Px302
#define CTRLPORT ©#x303
#define CTRLWORD éx8;
#define ON AxFF
#define OFF Px00
#define END 26

void main()

{

register unsigned 1i,J;

unsigned char a, #*buff;

int

point, delayltime, trigger;

float *signal:;

FILE

*¥fps

outportb(CTRLPORT, CTRLWORD) ;
outportb(PORTIC,ON);

tu-1

point = getlnum("number of samples",2,10000);
delayltime = get]num(”delay loop",2,1000);
“trigger = getlnum("level trigger",0,255);



if c(buff=(char #)malloc(point)) != NULL) {
printf ("\nHit any key for sampling\n");
getch();
do {
outportb(PORTIC, OFF);
outportb(PORTIC,ON);
#buff = inportb(PORTIB);

} vhile (kbuff < trigger);

for(i=@;i<point;i++) {
outportb(PORTIC, OFF) ;
outportb(PORTIC,ON);

¥(buff+i) = inportb(PORTIB);

for(j=@;3;j<delayltime;j++);

}
)
else {
printf ("Error: can’t allocate memory");
exit(1);
)
ift(signal = (float*)calloc(point,sizeof(float))) != NULLY {

for(i = @31 < point ;i++)
¥(signal+i) = (¥(buff+i)/7256.0%5.0)-2.5;3

)
else printf("\nError: cannot allocate memory for ’signal’\n"

/% open file .PRN for LOTUS 123 %/

fp = fopentgetlstring("file name (.PRN1"),"w'")3



ifetfp) |
printf ("\nError: cannot open file\n");

exit(1);

for(i=@;i<point;i++)

fprintf(fp,"%#d,%f\n",i,%(signal+i));

fputc(END,fp);
fclose(fp):



Vlaunssutan FET

#include <math.h>
#include (stdlib;h)
#include <(stdio.h>
#include "dft.h"

void {ft(x,m)
COMPLEX #%x;

int ms;

static COMPLEX #ws;
static int mstore = 8;
static int n = 1; *
COMPLEX u,temp,tn;

COMPLEX *xi.#xip,*xj,*wptr;
int i,J,k,1,le,windex;

double arg,wlreal,wlimag,wrecurlreal,wrecurlimag,wtemplreal;

ifim !'= mstore) {
iftmstore != @) freetvwi;
mstore = m;

iftm == @) return;

/4 n = 244m = ffi length #/
n =1 << m;
le = ns2; =
w = (COMPLEX %) calloctle-1,sizeof (COMPLEX));
ifctw)y |
printf ("\nUnable Lo allocate complex W array\n"):
exit(1);

).
arg = Pl/le; /% P1/71e caleulalion &/



to~-5

wrecurlreal = wlreal = costarg);

wrecurlimag - wlimag = -sintarg);

XJ = w3

for (j =1 35 j < le 5 j++) {
xj->real = (float)wrecurlreal;
Xj->imag = (floai)wrecur]imag;
XJ++3
wtemplreal = wrecurlreal%wlreal - wrecurlimag*wlimag
wrecurlimag = wrecurlreal*wlimag + wrecurlimag*wlrea
wrecurlreal = wtemplreal;

}

/% start fft

le n;

windex
for (1
le

1]

/

fort

}
wplr

for

*/

13
]

-
»

17 ¢

23

i
xi

Xip = xi +

temp.real

1]

temp. imag

xip->real

n

Xip->imag

*x1 temp

Ww 4+ wind

J

s 1++4) o

n s i=11 2%le) {
les

Xi->real 1+ xip->reals;
‘Xi->imag 4+ xip->imags
Xi->real - xip->>real;
Xi->imag - xip->imags
ex - 13

< le 5 J44) |

s i <n ;s i=14+ 2¥le) {
1 13

i+ Jes



}

windex #=

}

Lemp.real

temp. imag

"

tm.real

"

tm.imag
xip->real
xip->imag

*xi =

"

xi->real

Xi->real + xip->reals;
Xi->imag + xip->imags;

- Xip->reals

xi->imag - xip->imag;

"

temps

wptr += windex;

23

tm.real#%u.real - tm.imag¥%u. imag;

tm.realfu.imag + tm.imag#u.real;

/4 rearrange data by bit reversing %/

Jj = B3
for (i = 1 3 1 < (n=1)
k = n/2;
whiletk <= Jj) «
J -= ks
k 7= 23
}
J += ks
if (i ¢ gy «
Xi = x + 1%
XJ = x + Js
temp = #*xJ;
¥xj = ¥xi;
¥xi = temp;
)
)

it+) |



Tsunaunandn WINDOW

/4 Tusunindenfuniine1euuungung #/
void Ham(x, n)
COMPLEX ¥X3

int n;

int is
double ham,factor;
2%PI/(n-1);

B3 1 <ns it d

factor

for (i
ham = 8.54 - @.46%cos(factor#i);

x->real %= ham;
x->imag %= ham;

X++3

7% TusunTudleAfunine 1 uug Uty #/
void Hant(x, n) .
COMPLEX ¥X3

int ns

int is
double factor,han:

2%P1/(n-1)3

1

factor
for (i =B 3 1 < n s i+4)4
han = #.5 - @.5%cos(factor¥i);
x->real #= han;
x->imag %= hanj;

x443



/4 Waunanil e Funlind 1enunanu i vany 4/
void triangix, n).

COMPLEX *X3

int n;

int is

double tri,a;

a = 2.8/(n-1);

for (i = 8 3 i <= (n-1)/2 5 i++)
tri = i¥a;
x->real %= tri;

x->imag *= trig;

X443
L ]
}
for ¢ 3 i ¢ n 3 i14) {
tri = 2.6 - ix%xa;

x->real %= tris
x->imag #4= tri;

X443

/% TUTunTul 9N FUNBIA 1M UULUANUNY * /
void Black(x, n)
COMPLEX X3

int ns;

int is

double black,factor;

factor = 24%PI/(n-1)3

for (i=@; i<n; +4i)d
black

x->real 4= black:

#.42 - @B.54cos(Tactor+i)

+ A.PR4cos24faclortirs



N=>imag += black:

X+43

/% Tﬂ1un1uﬂqﬁiuﬂﬁ1d1euuuunanuuu-ﬁ1§§a %/
void Har(x, n)
COMPLEX *X3

int ns;

int is
double harris,factor,arsg;
factor = 2%PI/n;

L ]
P; i<n; ++i){

(]

for «i

arg factor % is;

harris = 0.35875 - @#.48829%cos (arg)
- p.B1168%cos(3*arg);

x->real #= harris;

X->imag %= harris;

X++3

+ 0.14128%cos (2%arg)
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4-Bit Magnitude Comparator

Schottky TTL + High-Spoed TTL Low-Power Schotlhy TTL Standard TTL Low-Power TTL
Packapo Package Package Pack Packajs
Dovice Typo Device T Dovice T Device Type Duvice Type =y
onee TP reTeTaler] oVt TP IETR MIcE YPereTpImr YeereTeImlcr, c|p]uk:
Tl Shsausn iy W SNSAL 58 54 i1 | sNsasy ] W] snevat es ) 1.
e SNJALBL e SNTAL 58% Jstdhin SNTe8% J it S0 41 8 12{uaf |
[rYZLTD o
FAIRCHLD Teres 7 Tovi [
MOTOROLA I o -
NS.C UMby 588 . DML BS safnal T
T DMI4L SBb o, LM 1488 v 1 DranL 85 Jaftea] 1.
PHLIPS NMbBY 0 NI4L 585 [T N85 -
55485
SIGNETICS NIes8s 0. NI SES 4.1)] NIaBs
SIEMENS FLH 1 !
FUJTSU 1 4L 585 o] ME 848 i ¢ |
HITACH HDT4L S 85 P T wley
MTSUBISH) |- — b it SE o] "1} wsises W )
NEC LPD2Is, 1]
TOSHBA e o e —1
Electrical Characteristics SNS4LSE5/SN74L585 Pin Assignments (Top View)
absolute mosinun taings Over operaling fres-air lomporature range w @ .
Supply voltag Ve w Oputaling  treo-an Sadas | - $5C 10 l_f_b’t_‘ Dala u:wls wWEUlS LU S weuty
gl vulton v fanpialsy ey | SRIGLY LW M0 voc "A) Uz A 41 BY AU LD Viw 43 b) Admest w A8
Rleteiniblon vellugo (oay Pooge ! PR Staage letgntate v 13 £4°Clo 150°C n
roconmended openng condilions L,
- —— " uc Ach ach B2 a9 1
SHLALbEY sn7aLsas | unit WIS STyl } ;
- [ MiN_ oM MAd jf.«m NOM_ MAX ve e §
Supply voilene. Vg s Ty sy Jas S 5251 v Aibany ATBAZEA-Y A b LB AsH Avp A i
gl ee il Galinal, oy, wy | wa D o007 633 82 o uip i ) :
1uwiownl o 4 vat Ly 4 8] ma ¢
b T ] w!l c L3 i Rd [}
cloctrical characloncs over recomiwnded oprating b et AEU Y B Sh A S B U0 ‘-niv—‘:-'-' aari EB ik A7k AL
froo-air lomperatute range NPUL CALCALING INFUTS DUTHUTS CALAL®S nnns
pAuAm:uu. ST CONDITIONS § MIN_ TYP] MAX | UNIT postiive lonu. sot tuncton labios | pusilive logic: iy Laxlun labin !
v Hegl iaed sl wnita s | I Vi 7 v
'.:‘ l':.—‘n-lu—‘:l ::..- ~v“'-n_m ak a Funclion Table
o wwitage 11 -
Vi et oo velten T T R I OOMPERNO CASCADING oUTPUTS
Voo M. Vag 2V - INUTS B oS 1
Von Ml wig se e v“— o'"‘ ut e | 7T 34 v A3.83]Az, BZJAL, B1[AD, BD|ASE AcB A.B|A>H ACH A :
. . - & =
Roc. N1 :m. 7v A3>83] X X i x xo X PR L
Vou  Lonivel slpet suitage v"" ) o ¥ pat 04l v A3<B3] X x x x x x L W
0 - e
[, = o 190 2 ot A3=Balaz>Bz| x x x x x |a U 4,
ot ey [B LN | TG v Y Y IRK a3e83laz<Ba| x x | x x ox fuv oW
Bt vultafe ol olfnt agul 6.3 AdmBylazeB2ia) B X x X X L] L 8
- - 3 X 8 H L
A Haiclovat |ASS_ st wqate B . LCl B A3eB3lazeBila)cty X X 3
M wat caaront o siter maun [ (OCT MR VIm2IY W] ~ A3eBilazeBz[aiaBifaossol x  x x| u ot !
Lowionl 4GB atwts | e v S b ) Aj=B3lAzeb2|laiBijAOcBO}l X X X L H L
W e [ et N " c2 AzeB3]az=B2lAteBifA0=bO| H L L I Y ,
b b ef A3eB3jaz=B2laraBija0=BO] L K L L H 1
Ve L - 169
195 St s CHEWI Vulput Sastent Vep-Max, ]SNM‘ o 5y P A3=Billa2«B2|a1=B)|A0=BD] L L H L L [ !
V- 0 Jsrrmses |- 20 - 160 T, o 14
)_ﬂ:___Sunpl: Lutteal o JdeemMar. bes tee . .4 20f wa AToB3|AT B AT=Bi|A0~60 % X m T T Pl
Wrom Am & &5 dole syl 4 g A3mB3|azab2{AleB)|a0aBO| H H L L Lot
Vo Bulint A<l ¢ L. a1-B3fazmB7lAraBifasaBo] L L L {w W U
wLh " 3 s Loy - -
':W Any L b sata bt . e [AiG3]jAr=B2|A1=B1[A0=BO]" T W H | L W N
bl A- B ' AjmB3fageBlai~Br{aomBo| W L M | M L &
fum Ay Ao B oswemt {0 uy uMbn ; “: AjeB3fazeB2|arebrfa0=BO| N H H LI T ]
AEKSTNLAC R L R DORPME [ =1 AdmB3[AzmBi[Alabijao=BOf H H L a W
[IYTS b Ay b o U deie byt Gy~ 10 Galt 3 i x a3uB3lazeBz|at1eBi{aceBo| L L L L L e
Aol A-b B TN tevieuldl. [} L3 R O T vam
1) H BomAC o A -l v
‘['K W buipul Adps T“
WPy fhem A-U ? B
'l'ﬂ o wayt - I - _I_
Py Jbem Aol o &8 i3
Apyy  Jlo weipst A b !
NOTL S 10 o Awoswsd wilth vuipuls wuon, &« B8 yroundug, s ali vling agute of 4.5V, :
!
. !
TFo contnions siswn sy MING MAY, uae 1o apstumto vakeo mwsshed Walod wiiet § ourtitonmied v sley BEGIUNG W0 10 skpiiabi Lype H
AN typingl, valus @ o) Vog- SV T4 -20C
SNl mwp Phan s vstged stald be b iod a1 8 lut Cutstmasl Uh AT PAs H
Spsp g o Prupmjolan dole, tuno  Bw o hegh-lo el anipul A
BHL = ptepaiiofabion doley by B, Dol 10 low “lovel wutpul

.-



1

k

e

Pl B . "
. !‘ " B . ; '
W et . . N :
L, v . 1 | .
s R ‘ .
i c Pt . - i
! e { ' , .
0 ]
15
o 5485/ T485(CONTINUED)
_Paclrnpa
ClPIM[CF
Jiy
P2 () O
!
B Y S O Functional Block Diagrams
- N (O '
3 MN2 '
] LIS
"
m
—- ay 0¥
o
A7 ” ace 2
s s 1]
a S
" m
NI S
W
1" " ‘V
ﬂl ol an O
[Catreamy ] —
.
n
an N
MY A 'B5, *S85. 'L SBS 4-BIT MAGNITUDE COMPARATOR
L JUT)
g0 B oin
— T uput
aune.
viw v nbire
G
—— o
anpins
A T A N ar-tie
o T
KoL D557
\ 1 ‘j___
H L
L L
K t
L L
N L HD-————-
:; t ) —— FEE OSSN
ot "o ";"}Q
"""" I L
‘L :—l . —Do— 4\ ) o= wr 4. p
. I ) A o
L I : E] )___j F[
T ,3L<.{>_g
L " > I o—
" W ol > D
[ 1 .
L i §
T ot JH% —
PO aCE =
e e
‘L85 4-BIT MAGNITUDE COMPARATOR
WY raL, '
e O r‘




158

54138,/74138
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National
Semiconductor
Corporation

ADC0820 8-Bit High Speed P Compatible

microCMOS

A/D Converter with Track/Hold Function

General Description

By using a hall-flash conversion technique, the B-bit
ADC0820 CMOS A/D offers a 1.5 ps conversion time and ,
dissipates only 75 mW of power, The hali-flash lechnlque
consists of 32 comparators, a most significant 4-bit ADC
and a loas! significant 4-bit ADC.

The input to the ADCOB20 is tracked and held by the input
sampling circuitry eliminating the need for an external sam-
ple-and-hold for signals moving at less than 100 mV/ps.
For ease of interface to microprocessors, the ADC0820 has
been designad 1o appear as a memory location or 170 port
without the need for external interfacing logic.

Key Specifications
® Rosolution
u Converslon Time

8 Blts
2.5 ps Max (RD Mode)
1.5 ps Max (WR-RD Mode)
B Inpul slgnals with slew rate of 100 mV/us converted
without external sample-and-hold to 8 bils
= Low Powor
u Total Unadjusted Error

75 mW Max
+ % LSBand £ 1LSB

Features

= Built-in track-and-hold function

= No missing codes”

= No extemnal clocking

u Single supply—5 Vpc

® Easy interface to ali microprocessors, or oparates
stand-alone

® Latched TRI-STATE® outpul

® Logic inputs and outputs meal both MOS and T2L voli-
age leve! specifications

8 Operates raliometrically or with any reference value
equal-to or less than Ve

= OV 1o 5V analog input voltage range with singlo 5V
supply

m No zoro or (uli-scale adjurl roquired

m Overflow output avallabla for cascading

u 0.3 standard width 20-pin DIP

m 20-pin molded chip carrier package

® 20-pin small oulline package

Connection and Functional Diagrams

Dual-In-Line and Smatl
Outline Packages
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See Ordering Information
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Absolute Maximum Ratings (Notes 15 2)
It Military/Aerospace specified devices are required,
contact the Natlonal Semiconductor Sales Office/
Distributors for avalisbllity and specifications.

Supply Voltage (Vce) v
Loglc Control Inputs ~0.2V1io Vgg +0.2V
Voltage at Other Inputs and Oulput  —0.2Vto Vs +0.2V
Storage Temperature Range ~65"Cto +150°C
Package Disslpation at Ty = 25°C 875 mW
Input Current at Any Pin (Note 5) 1mA
Package Input Current (Note 5) 4mA
ESD Susceptability {Note 9) 1200V

Lead Temp. (Soldaring, 10 sec.)

Dusl-In-Line Package (plastic) 260°C
Dual-la-Line Package (ceramic) ' 300°C |
Surlace Mount Package
Vapor Phase (60 sec.) 215C
Infrared (15 sec.) 220°C

Operating Ratings (votes 128 2)

Temperature Range TMINSTAS Tiaax
ADC0820BD, ADC0B20C) =~ —55C<Tas< +125°C
ADCO08208CD, ADC0820CCJ —~40°C<Tao< +85C
ADCO0B20BCN, ADC0820CCN 0°C<Ta<70'C
ADC0820BCV, ADC0820CCV 0"C<TaA<70°C
ADC08208CWM, ADT0820CCWM 0°CsTA<70°C

Vec Range 4.5V to 8V

Converter Characteristics the foltowing specitications apply for RD mode (pin 7 = 0), Vg = 5V.
VRer(t) = 5V, and VRer(—) = GND uniess otherwise specilied. Boldface limits apply from Ty to Tyay: all other limits

tacco. A
Falling £

CwA.RL
WR-RD

twa. Wri

tap. Res

tacct. A
Falling £

cey. A
Faling €

Ta=Tj=25°C.
ADC0820BD, ADC0820CY ADC0820BCN, ADCOB20CCN
ADC0820BCD, ADC0820CCJ ADC0520REVRRDC0820CCY
’ ADC0820BCWM, ADC0B20CCWM |- Limit
Parameter Conditions T Tested Deslgn T Tested Deslgn Units
(No"': o | Lmt Limit (No:':e) Limit Umit
{Note 7) | (Note8) {Note 7) (Note 8)
Resolution 8 O 8 Bits
Total Unadjusted Error | ADCOB20BD, BCD 1Y LsB
(Note J3) ADCO820BCN 1% Y, LSB
ADC0820CD, CCD 1 . LSB
ADCOB20CCN 11 i1 LSB
Minimum Reference ’ 23 1.00 2.3 1.2 kN
Reslistance
Maximum Reference 23 (] 23 53 6 kN
Resistance
Maximum Vgpeg(+) Vee Vee Vee v
input Voltage
Minimum Vpeg(=) GND GND GND v
Input Voltage
Minimum VRge(+) VRer(-) VRer(=) | Vrer(=) |V
input Voltage
Maximum Vpep(~) VRer(+) VRer(+) | Vaer(+) v
Input Vollage
Maximum V, Input Vec 0.1 Vec+0.1 | Vget0.1 v
Voltage
Minimum Vi Input GND - 0.1 GND-0.1 | GND 0.1 | v
Voltago
Maximum Analog T3=Vcc
Input Leaskage Current | Vin= Ve 3 0.3 3 HA
’ Vin=GND -3 -0.3 -3 pA
Power Supply Voo~ 5V15% 1Y%, 1Y, 1V 1Y% 1Y% Lse
Sensitivity o
J-02




260°C
300°C

215°C
220°C

1&2)
TMINSTASTmax
55°C<Tas +125°C
~40°C<Tax +85°C
0°C<Tas70°C
0°C<TaAs70°C
0°C<TA=<70°C
4.5Vio 8v

-5V,
all other limits

DC Electrical Characteristics e following specifications apply for Vog = 5V, unless otherwise specifiad.
Boldface limits apply from Tyy to Tyax: &!l other timils Ta=Ty= 25°C.

DB20CCN
ps2oCCV
DB20CCWM Limit
Design Units
Limit
(Note 8)
8 Bits
——
LSB
1Y% ISR
LSB
11 LSB
L$}]
8 kN
Vee v
GND v
VRer(—) v
VRer(+) v
Veet 0.1 v
GND-0.1 v
3 rA
-3 nA
A LsB

ADCO820BD, ADC0B20CJ ADCOB20BCN, Aocoazoccc
ADCOB20BCD. ADCOB200CY ADC0820BCY, ADC0820CC
* ADC0820BCWM, ADCOB20CCWM |\
Parameter Conditions Tested | Design Tested Design  [Units
Typ Typ
(Note 6) Limit Limit (Note 6) Uimit Limit
{Note 7) | (Note 8) {Note 7) {Note 8)
% | Vi), Logical 1" |Veco=6.25v TS, WH, Bb 2.0 2.0 2.0 v
[t Vollage Mode 3.5 a5 35 v
Vi), Logicat "0"  |Vpg=4.75V CS,WR,RD 0.8 0.8 0.8 v
bput Voliage Mods 15 15 15 v
by, Logical “1"  [Vyn(qy=5V; TS, AD 0.005 1 0.005 1 nA
fnpul Current Vingy = 5v; WR 0.4 3 0.1 0.3 3 pA
Vinp1) ~ 5V; Mode 50 200 50 170 | 200 | pA
by, Logical "0" | VN = 0V, TS, RD, WA, -0005] -1 -0.005 -1 pA
wput Current Moda
Voury), Logical 1| Ve = 4.75V, lgyr = — 360 pA; 2.4 28 2.4 v
Output Voltage DB0-DB?, OFT, INT
Vec=4.75V,lpyr= — 10 pA; 4.5 4.6 4.5 v
DB0-DB7, OFL, INT
Vour(o). Logical “0" | Ve = 4.75V, Ioyy = 1.6 mA; 0.4 0.34 0.4 v
Output Voltage DBO-DB7, OFL, INT, RDY
lour. TRI-STATE | Voyr = 5V; DBO~DB7, RDY 0.1 3 0.1 0.3 3 pA
Output Current Vour = 0V; DBO-DB7, RDY -0.1 -3 -0.1 -0.3 -3 pA
kource. Output | Vour = OV; DBO-DB7, OFL -12 -6 -12 -7.2 -6 mA |
Source Current INT -9 -4.0 -9 , -53 - 4.0 mA
lonk, Output Sink | Voyr = 5v; DBO-DB7, OFL, 14 7 14 8.4 7 mA
Current INT, RDY .
koc. Supply Current |C8=WR=KD=0 75 15 7.5 13 15 mA

AC Electrical CharacteristiCs The foltowing specifications epply for Vo= 5V, t, = y= 20 ns, VRer(4 )= 5V.
VRer(—)= OV and T = 25°C unless otherwise specified.

T Tested Deslgn
Parameter Conditions (No‘;: 6) Limit Limit Units
E. {Note 7) (Note 8)
¥ { tenp. Convarsion Timo for RD Mordo Pin?7 — 0, (Figure 2) 1.6 7 25 pe
! tagco. Accuss Timo (Dulay from Pz O yune ) fonp 1+ 20 T t 50 nu
Faling Edge ol RD 1o Oulput Valid)
tewnr.RD. Conversion Time for Pin7 = Vgg: twg = 600 ns, 1.52 ns
WR-RD Mode trp = 600 ns; (Figures 3a and 3b)
twr, Write Timo Min Pin 7 = Vg (Figures 3a and 3b) 600 ns
Max (Note 4) See Graph 50 ns
tap. Reed Time Min Pin 7 = Vg {Figures 3a and 3b) 600 ns
{Note 4) Ses Graph )
tacc1, Access Time (Dolay from Pin7 = Voo, lpp<h;
Falling Edge of RD to Output Valid) (Figure 3a)
C_ = 15pF 190 280 ns
C, - 100pF 210 320 ns
lacc2. Access Time (Delay from Pin 7 = Vge. trp> 4 (Figure 3b)
Faling Edge of RD to Output Valid) C_ =15pF 70 120 ns
CL = 100 pF 80 150 ns
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ADC0820

AC Electrical Characterlstics (Continued) The following specifications apply for Vo= 5V, t;=t;= 20 ns, T
VRer(+ )= 5V, Vage(=—) =0V and Tp = 25°C unless otherwise specified.
T Tested Design
Parameter Conditions (NJ:s) Limit . Limit Units
(Note 7) (Note 8)
1), Internal Comparison Time Pin 7= Vg, (Figures 3b and 4) 800 1300 ns
C_ =50 pF
t1H. toH. TRI-STATE Contro! Ry =1k, C_ = 10 pF 100 200 ns
(Delay from Rising Edge of RD to
Hi-Z State)
1. Delay trom Rising Edge of Pin7 = Voo, CL= 50 pF !
to Falling Edge of INT trp> \i; (Figure 3b) 4 ns
tnp<t; (Figure 3a) tap+ 200 1gp+ 290 ns
fiNTH, Delay from Rising Edge of (Figures 2, 3a and 3b) 125 225 ns
RD to Rising Edge of INT Cy =50pF
tiNTHwR. Delay from Rising Edge of (Figure 4), C = 50 pF 175 270 ns
WR to Rising Edge of INT
tnpy. Dalay from T8 1o RDY (Figuro 2),C =50 pF,Pin7 ~0 50 100 m '
1p. Delay from INT to Output Valid (Figuro 4) 20 50 ns
try. Delay from RD to INT Pin 7= Vee, tRo<Y 200 280 ns
(Figure 3a) |
1p, Delay from End of Conversion {Figures 2, 38, 3b and 4) 500 ns
1o Next Conversion (Note 4) See Graph
Slew Rate, Tracking 0.1 V/ps
Cvin, Analog Input Capacilance 45 pF
Couyr. Logic Outpul Capacilance 5 pF
C)n. Logic Input Capacitance ] pF
Note 1: Absolute Maxim: tings fimizs boyond which damage lo the device may occur, DC and AC electrical specifications do not apply when operaling
the davice beyond ils ihed oparating 2
Note 2: Al voliapes sre measured with respect lo the GND pin, unleas olherwise specified.
Note 3: Totat unadjusted emer Includes ofiset, tull-scale, and Enoarity errore
Note 4: Accuracy may degrade i twyy Of tgp is shorter than the mint value spocified. Ses A y vs twp and Atcuracy v lpp graphs.
Note 5: When the input voltage (Vi) 8t any pin excerds the power supply ralis (Viy < V= or Vi > V+) tha absolute vatue of current at that pin shouid be timited
10 1 mA of less The 4 mA packags input current kimits the number of pins that can exceed the power supply boundaries with 8 1 mA cument iimit to four,
Note &: Typicals are 8! 25°C and rep most kxely p ic norm.
Note 7: Tested hmits ere guaranieod to Nationsl's AOOL (Average Outgoing Quality Level).
Note 8: Dasign limits are guaranised but not 100% tesied These limits are not used to calculate cutgoing quality levels. 3
Note 9: Human body model, 100 pF dmcharaged through a 1.5 k12 resisior. l
TRI-STATE Test Circuits and Waveforms
vee M typ. Cy = $0-pF v
b, Yee
o oo o [
ono
[ 1Y
I pata "o -
= = = = outrurs
tox TLAH/S501-3 LeZom g TLIH/E501-4
ton towe, €y = 10 pF wez.00
Yee Ve
1)
11 [
(1] oata F:
() anieur ¥
& wl';:'v:
I t=~20 ns VoL b TLINIE501-8
= = = TLIHIE501-8
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\y=1y=20ns, Timing Diagrams
— o\ / \
Design . N \\___u--
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[Note 8) '-—--—\
1300 ns " N__ / }h—-
. e
200 ns b I
DY !r /o WM EXTERNAL PULLUP
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4 ns w F
p+ 250 ns oo )
225 ns -
DIB-D"——————T-——————-t' J - - — - - - -
X 1
270 ns b e . - -t tow .
LIN/3501-7
100 ns FIGURE 2. RD Mode (Pin 7 Is Low)
50 ns
290 ns B\ /-\ /
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t apply when operating W r
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FIGURE 3a. WR-RD Mode (Pin 7 is High and tgp <t;)

€8 1ow
* A\ /TN A DI

- y - S T I, -
" ' h Jr_ wh |
A v - - y- .-—-: -
TLIHIBE01-4 l wn___f

) TL/H/5501-10

L e e -

FIGURE 4, WR-RD Mode (Pin 7 Is High)
hggr—e] fo— Stand-Alone Opersation
rn. lgny == po—
TLIHIBE01 -P
FIGURE 3b. WR-RD Mode (Pin 7 Is High and tgp> 1))

T /H/3501-8

0ce00Qqy

3.85




ALV

Loglc Input Threshold
Voltage vs Supply Voltage
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Typlical Performance Characteristics
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Description of Pin Functions

Pin Name Function

Vin Analog input; range = GND<SVinSVee

.DBO TRI-STATE data output—bit 0 (LSB)

DB1 TRI-STATE data oulput—blit 1

DB2 TRI-STATE data output—bit 2

DB3 TRI-STATE data output—bit 3

WR/RDY WR-RD Mode
WR: with TS low, the conversion Is start-

. ed on the faling edge of WR. Approxi-
mately 800 ns (the preset internal time
oul, b)) atter the WH rising edge, the result
of the conversion will be strobed into the
output fatch, provided that RD does not
occur prior to this lime out (soe Figures
Ja and 3b).
RD Mode
RDY: This is an open drain output (no In-
ternal pull-up device). RDY will go low af-
ter the talling edge of TS; RDY will go
TRI-STATE when the result of the conver-
sion is strobed into the output latch. It is
used to simplify the interface to a micro-
. processor system (sea Figure 2).

7 Mode Mode: Mode selection input—it Is inter-
nally tied to GND through a 50 pA current
source.

RD Mode: When mode is low
WR-RD Mode: When mods is high

¢ RD WR-RD Mode
With T3 low, the TRI-STATE data oulputs
(DBO-DB7) will be activated when RD
goos low (see Figure 4). RD can also be
usod to increase the speod of the con-
verter by reading data prior to the preset
internal time out (1, ~ 800 ns). I this is
done, the data result transferred o output
lalch is latched after the falling edge of
the RD (see Figures 3a and 3b).

RD Mode

With C5 low, the conversion will start with

RD going low, also RD wili enable the

TRI-STATE data outpuls al the comple-

tion of the conversion. RDY going TRI-

STATE and INT going low indicates the

complotion of the conversion (see Figure

2).

1.0 Functional Description

1.1 GENERAL OPERATION

The ADC0820 uses two 4-bit flash A/D converters to make
an 8-bit measuremant (Figure.1). Each flash ADC is made
up of 15 comparators which compare the unknown input to
8 reference ladder 1o get a 4-bit result. To take a full 8-bit
reading, one flash conversion is done 1o provide the 4 most
significant data bits (via the MS flash ADC). Driven by the 4
MSBs, an internal DAC recreates an analog approximation
of the input voltage. This analog signal is then sublracted
tom the input, and the difference voltage Is converted by a
socond 4-bit flash ADC (the LS ADC), providing the 4 least
significant bils of the outpul data word:

DRSS -

Pin Name [ Function

s INT WR-RD Mode
TRT going low indicatas thal thn convar-
sion is completed and the data result is in
the output latch. INT will go low, ~ 800 ns
(the preset internal time out, t)) after the
rising edge of WR (see Figure 3b); or INT
will go low after the falling edge of RD, if
RD goes low prior to the BOO ns time out
(see Figure 3a). INT Is reset by the rising
edge of RD or TS (see Figures Ja and
3b).

RD Mode

INT going tow Indicatos that tho convin-
sion is complolod and tho data rosult is in
the oulput latch, INT Is reset by the rising
edge of RD or T35 (see Figure 2).

10 GND Ground '

11 Vgep(—) The bottom of resistor ladder, vollage
range; GND<VRep(~)<VRer(4) (Noto
5)

12 Vgee(+) Tha top of resistor iadder, voitage range:
Vrer(=)<Vper(+)<Vce (Note 5)

13 T8 TS5 must ba low in order for the RD or WR
to be recognized by the convarter.

14 DB4 TRI-STATE data output—bit 4

15 DBS TRI-STATE data output—bit §

16 DB6 TRI-STATE data oulpul—bil 6

17 DB? TRI-STATE data output—bit 7 (MSB)

18 OFC Overllow output—H the analog input is
higher than the VRgg{+ ), OFL will be low
at the end of convarsion. It can be used to
cascade 2 or more dovices to have moro
resolution {9, 10-bit). This oulput is always
active and does not go into TRL.STATE
as DB0-DB7 do.

18 NC No connection

20 Veo Power supply voltage

The internal DAC is actually 8 subsoction of tho MS flash
converter, Thig Is accomplished by using the same resistor
ladder for the A/D as well as for generating the DAC signal.
The DAC oulput is actually the tap on the resisior ladder
which most closely approximates the analog input. In addi-
tion, ina “sampled-data” comparators used In the ADC0820
provide the abllity lo compare the magniludes of several

analog signals simultansously, withou! using input summing

emplifiers, This Is especially useful in the LS flash ADC,
whore the signal to be converted is an analog difieronce.
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ALCOYB20

1.0 Functional Description (continued)

1.2 THE SAMPLED-DATA COMPARATOR .

Each comparator in the ADCOB20 consists of a CMOS in-
verter with @ capacitively coupled input (Figure 5). Analog
swilches connect the two comparator inputs to the input
capacitor (C) and also connect the inverter's input and out-
put. This device in effect now has one differential input pair.
A comparison requires two cycles, one for zeroing the com-
parator, and another for making the comparison.

In the first cycle, one input swilch and the inverter's feed-
back swilch (Figure 5a) are closed. In this interval, C is
charged to the connected input {V1) less the inverter's bias
voltage (Vg, approximately 1.2V). in the second cycle (Fig-
vre 5b), these two swilches are opened and the other (V2)
input's switch is closed. The input capaciior now subtracts
its stored voltage from the second input and the difference
is amplified by the inverter's open loop gain. The inverter's

input (Vg') becomes
C

Va—(Vi— —_—

B—{(Vi—-V2) cT

and the output will go high or low depending on the sign of
Vg'-Vp.

n
3

n—o""c :’
Pgall

TL/H/3S01-12
- VO - VB
svonC ~ Vi-Vg

* Cg = stray inpul
node capacitor

* Vg = mverlor input
biae voltago

FIGURE 5a. Zerolng Phase

FIGURE 5. Sampled-Data Comparator

z
h LADDER ”
({4} 4} 4
5
Vin O/
Vo)
Vo

172188 D/
(L]

TLIHI5501 - 34

FIGURE €. ADC0820 Comparator (from MS Flash ADC)

The actual circuitry used in the ADC0820 is a simple but
important expansion of the basic comparator described
above. By adding a second capacitor and another set of
switches to the input (Figure 6), the scheme can be expand.
ed to make dual differential comparisons. In this circuit, the
feedback switch and one Input switch on each capacitor (2
switches) are closed in the zerolng cycle. A comparison is
then made by connscting the second input on each capaci-
tor and opening all of the other swilches (S switches). The
change in vollage at the inverter’s input, 85 a result of the
change in charge on each input capacitor, will now depand
on both Input signal ditierences.

1.3 ARCHITECTURE

In the ADC0B20, one bank of 15 comparators is used in
each 4-bit flash A/D converter (Figure 7). The MS (most
significant) flash ADC siso has one additlonal comparator to
detect input overrange. These two sels of comparators op-
erate alternately, with one aroup in its zeroing cycle while
the other is comparing.

n—o""
-
I (1]

V2

TL/H/B501-13

c
*Vg'~Vp = M-Vl)m
A
c+cslcv2—cvu
aVy' is dependent on V2 - V1

Vo' -

FIGURE 5b. Compare Phase

Vg mw ——A

0T C1iCz+Gs
-A

" Civczics

ICH{V2-V1)+ C2(v4 - V3))

1801 4 80¢7]
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1.0 Functional Description (continued)
Whon a typical conversion is siarted, the WR lino is brought
low. At this instant tha MS comparalors go from zerolng to
comparison mode (Figure §). When WR Is retumed high at-
ter at lgast 600 ns, the oulput from the tirst set of compara-
tors (the first llash) is decoded and latched. At this point the
two 4.blt converters change modes and the LS (feast signifl
cant) flash ADC enters its compare cycle. No less than 600
ns later, the RD line may be pulied low to latch the lower 4
data bits and finish the 8.-bit converslon. When RD goss low,
the flash A/Ds change state once again In preparation for
the next convarsion.

Figura ¢ also oullinos how the convartor's intorlace timing
relaies 1o s enalog Inpul (Vi) In WR-RD modo, Vy is
measured while WR is low. In RD mode, sampling occurs
during the firsl 800 ns of RD. Because of the input connec-
tions fo the ADC0820's LS and MS comparators, the con-
verter has the ability 1o sample Vi at ons instant {(Section
2.4), despite the fact that two saparate 4-bit convorsions are
being done. More specilicelly, when WH Is fow tho MS flash
is In compare mode (connecled 1o V,y), and the LS flash is
in zero mode (also connected to Vin). Therefore both flash
ADCs sample Viy at the same time.

1.4 DIGITAL INTERFACE

The ADC0820 has two basic interiace modes which are se-
lected by strapping the MODE pin high or low.

RD Mode

With the MODE pin grounded, the converler is set to Read
modo. In this configuration, a complete conversion is done
by pulting RD low until output data appears. An INT line is
provided which goes low at the end of the conversion as
woll as a RDY outpul which can be used to signal a proces-
sor that the convertor is busy or can also sarve as a systom
Transfer Acknowledge signal.

RD Mode (Pin 7 Is Low)

bBo-0B) -----—————————D - e v o

TLAHIE501-18

When in RD modo, the comparator phases aro intornally
triggered. At the (alling edge of RD, the MS fiash converter
goes from zero 1o compare mode and the LS ADC's com-
parators enter thelr zero cycle. After 800 ns, data from the
MS flash Is latched end the LS flash ADC enters compare
mode. Following another 800 ns, the lower 4 bits are recov-
ered.

WR then RD Mode

With the MODE pin tied high, the AZD will be sel up for ths
WR-RD mode. Here, 8 conversion Is started with the WR
Input; however, there are two options for reading the outpu
data which relate 1o interlace timing. il an interrupt driven
schemo Is deslred, the user can walt for TRT to go low be-
fore reading the conversion result (Figure B). INT will typk
cally go low 800 ns after WR's rising edpe. However, il a
shorter conversion time is desired, the processor nesd not

wait for INT and can exercise a fead after only 600 ns (Fp- | ‘

. ure A). It this is done, INT will immediately go low and data

will appear-at the oulputs,

o __/
. N/
080-&7-—-————-@—————

TLIHIB50Y- 1T
FIGURE A. WR-RD Mode (Pin 7 Is High and tgp <1}

wr

nao-on7-——--_____..:i

TL/HISS01 18
FIGURE B, WR-RD Mode (Pin 7 Is High and tgp > ;)

Stand-Alone

For stand-alone operation in WR-RD mode, CS and RD can
be tied low and a conversion can be staried with WH. Dats
will be valid approximalely B0 ns following WR's rising
edge.

|

WR-RD Mode (Pin 7 Is High) Stand-Alone Operation
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1.0 Functional Description (continued)

w

« WS COMPARATOHS ZE80
70 REFERENCE LADDER

» LS COMPANATORS FLOAT | | * MS COMPARATORS COMPARE
Vin T0 THEIR REFERENCE
LADDER YAP THE COMPARATOR
OUTPUTS DIGITALLY TRACK
Vin-Vianpra 1ae

*» L5 COMPARATORS ZERD 10
Vin. THE COMPARATOR'S
INPUY CAPACITORS TRACK Wi,

Note: MS meana mos) significant
LS maans least significant

| 800 m -~
- « LS COMPARATOR DUTPUYS
» M§ COMPARATOR OUTPUTS ARE LATCHID AND CAN

ARE LATCHID THE MS »f A1AD

DAC IS 51T, THE WS

COMPARATOR FLOATS. . ;':;::’::‘n;m RETURN
4|+ LS COMPARATORS COMPAAE

LB SECVION OF REFERENCE

LADDER

TL/HIASDY . 20

FIGURE 8. Operating Sequence (WR-RD Mode)

-OTHER INTERFACE CONSIDERATIONS

In order to maintain conversion accuracy, WH has a maxi-
_mum width spec of 50 ps. When the MS flash ADC's sam-
pled-data comparators (Section 1.2) are in comparison
mode (WR is low), the input capacitors (C, Figure 6) must
hold thelr charge. Switch leakage and inverter bias current
can cause errors if the comparator Is left in this phase for
too long. )

Since the MS flash ADC enters its zeroing phase at the end
of a convorsion {Section 1.3), a new conversion cannot be
startod unlil this phase Is complete. The minimum spac for
this time (ip, Figures 2, 3a, 3b, and 4) is 500 ns.

2.0 Analog Considerations

2.1 REFERENCE AND INPUT

The two Vrer inputs of the ADC0820 are fully differential
and define the zero to full-scale inpul range of the A to D
converter. This aflows the designer to easily vary the span
‘ol the analog input since this range will be equivalent to the
vollage difference between Vin(+ ) and Vin(=). By reducing
Vaer(VRer = VREF(+ )= VRer(~)) to less than 5V, the sen-
sitivity of the converter can be increased (i.e.. if Vrer=2V
then 1 LSB=7.8 mV). The inpul/reference arrangement
siso facilitates ratiometric operation and in many cases the
¢hip power supply can be used for transducer power as well
88 the VeF source.

This reference fiexibility lets the input span not only be var-
led but also offsot from zero. The voltage at Vrep(=—) sets
the input ievel which produces a digital output of all zeroes.

Though Vi in not leall ditterontial, tha aforence design
elfords nearly dilferential-input capabliity for most measure-
ment applications. Figure 9 shows some of the configura-
tions that are possible.

2.2 INPUT CURRENT

Due to the unique conversion techniques employed by the
ADC0820, the analog input bshaves somawhat differontly
than in conventional devices. The A/D's sampled-data com-
parators take varying amounts of input current depending
on which cycle the conversion is in.

The equivalent input circuit of the ADC0820 is shown in
Figure 10a. When a conversion starts (WR fow, WR-RD
mode), all input switches close, connecting Vyy to thirty-one
1 pF capacitors. Although the two 4-bit flash clrcuils are not
both In thelr compare cycle at the same time, Vyy slil’ seos
all input capacitors at once. This is because tho MS flash
converier is connected to the inpul during its compare inter-
vai and the LS fiash is connected to the input dunng its
zoroing phase (Seclion 1.3). In other wards, thy LS ADU
uses Vi as its zero-phase input.

The input cepacilors° must charge to the input voltage
through the on resistance of the analog switches {about 5
k0 to 10 kN). In addition, about 12 pF of inpul stray capaci-
tance must also be charged. For large source resistances,
the analog input can be modeled as an RC noiwork as
shown In Figure 10b. As Rg increases, it will take longer for
the Input capacitance to charge.

In RD mode, the Input switches are closed for approximately
800 ns a1 the starl of the conversion. In WR-RD mode, the
time that the switches are closad to allow this charging is
the time that WH Is low. Since other factors forco this lime
fo be a! least 600 ns, input {ime constants of 100 ns can be
accommodated without special consideration. Typical total
input capacitance values of 45 pF aliow Rg to bn 1.5 k)
without tangthening WR (o give Vi nuve tinma (o setile
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2.0 Analog Considerations (continued)

Extornal Reference 2.5V Full-ﬁule

Vin { ¢ | e g o

Vi [ ITG’JD

L
Y = L.UKY]

1M3es28
L UL

TL/H/S501-21

FIGURE 9. Analog Input Options
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FIGURE 10a

2.3 INPUT FILTERING

it should be made clear that transients in the analog input
signal, caused by charging current flowing into Vi, will not
degrade the A/D’s performance in most cases. In effect the
ADC08B20 does no! “look"” at the input when these tran-
sients occur. The comparalors' oulpuls are not latched
while WR is low, s0 at least 600 ns will be provided to
chargo the ADC's input capacitance. it Is therefore not nec-
essary to filler out these transients by pulling an external
cap on the Vyy terminal.

2.4 INHERENY SAMPLE-HOLD

Another benefit of the ADC0820's input mechanism is its
ability 1o moasure a variaty of high spaed signals without the
help of an external sample-and-hold. In & conventional SAR
type converier, regardless of its speed, the input must re-
main at least %, LSB stable throughout the conversion pro-
cess i full accuracy is to be maintained. Consequently, for
many high spoed signals, this signal must be externally
sampled, and held stationary during the conversion.

Vi (¢ ) omemmmed

vm-nT

B ommammaneend

Power Supply as Reference

input Not Referred to GND

Me LI Y
GND -rw [11) i
L
RiFt o} L) L Ey]
1M325-2.5
Y- REFy- )

]

.
TL/HI8501-22

'“‘"’~'.‘f

* Cutrent path must
s{ill exist rom V(=)

to ground
TLIH/S501-22
Ay 350
Vin
s
TL/HIBS01-28

FIGURE 10b

Sampled-data comparators, by nature of their inpul switch-
ing, already accomplish this function to a large degree (Sec-
tion 1.2). Although the conversion time for the ADC0820 is
1.5 ps, the time through which Vi must be 1/2 LSB stable
is much smaller. Since the MS flash ADC uses Vyy as ils
“compare” Input and the LS ADC uses V| as its “zero”
input, the ADC0B20 only “samples” Viy when WR is tow
(Soctions 1.3 and 2.2). Even though the two flashes are not
done simultaneously, the analog signal is measurod at one
instant. The value of Vyy approximately 100 ns after the

rising edge of WR (100 ns due o internal logic prop delay)
will be the measured value.

Input signals with slew rates typically below 100 mV/us can
be converted withoul error. However, because of the input
time constants, and charge injection through the opened
comparator input switches, faster signals may cause errors

Still, the ADC0820's toss In accuracy for a given increase in
signal slope is far less than whal would be witnessed in &'
conventional successive approximation device, An SAR
typo converier wilh a conversion time as fast as 1 us would
siill not be able to measure a8 5V 1 kHz sino wave without
the aid of an external sample-and-hold. The ADCOB20, with
no such holp, can typically measure 5V, 7 kHz waveforms

_
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3.0 Typical Applications

8-Bit Resolutlon Configuration
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ADC0820

3.0 Typical Applications (Continued)

8-Bit 2-Quadrant Analog Multiplier
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Ordering Information

rature
Part Number Un M‘l:;:"‘ Error Package T"::;;.
ADCO08208BD D20A—Cavily DIP -55'Cto +125°C
ADC0820BCD D20A—Cavity DIP -40°Cto + 80°C
ADC0820BCV 1%1LS8 V20A—Molded Chip 0°Cto +70°C
Carrier
ADC0820BCM M20B—Wide Body Small 0°Cto +70°C
- - ~Outline
ADCO0820BCN N20A-—Molded DIP 0°Cto +70°C
ADC0820CJ J20A—Cerdip ~55Cto +125°C
ADC0820CCJ J20A—Cerdip -40*Cto +85°C
ADCO0820CCV 111SB V20A—Molded Chip 0*Cto +70°C
Carrisr
ADCO0820CCM MJ20B—Wide Body Small | 0°Cto 4 70°C
Outline
ADC0820CCN N20A—Motded DIP 0"Cto +70°C

National
M Semicondt

Corporatiol
ADC0829 P
with 11-Char

General Descrip

The ADC0828 is an 8-bit
converier with an 11-chan
bo usod as digital inputs, e
This A/D is dosigned to opt
& smngle 5V supply.

Channa! solaclion, convars
tion and bus inlorfaco logic
lithic CMOS dovice.

This devica contains thran
cossod vin doubin byl et
witlo sy ve vt whin:h wan
sion, selects thu channo! to
bit 170 port as input or outp
the 8-bit output registor.

Tho conversion rasulls rog:s
contains the current slatus
sults. The discrete inpul req
which contains the lour add
nel, and tho six discroto inpt

analog mulliploxor.

Connection and |
[
AGND ~f1
CND~12
DB7 43
DB6~14
DBS5—{3%
DBd —~4¢
AR ¥
DB2—48
0Bt —{9
0BO—10
R/W=d1}

¢, CL0cKk—{12
RS1=413

4’:'5-114

Top View

Ordering Informat
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N v 400 mv

National :
Semiconductor
Corporation

LM741/LM741A/LM741C/LM741E Operational Amplifier

General Description

The LM741 series are general purpose operational amplifi-
ers which feature improved performance over industry stan-
dards like the LM709. They are direct, plug-in replacemonts
for the 708C, LM201, MC1439 aqd 748 in most applications.
The amplifiers offer many foalures which make their appli-
cation noarly {oolproof: overioad protection on the input and

' ..

output, no letch-up when the common mode rango is ox-
ceeded, as well as freedom from oscillations,
The LM741C/LM741E are idontical 10 tho LM741/LM741A
except that the LM741C/LM741E have their performance
guaraniesd ovor 8 0°C 1o + 70°C temperatwe range, in-
slead of —55°C to +125°C.

Schematic and Connection Diagrams (vop views)
I v
o8 (- (1} - 13
. : Kou
mwr:::: 3 o 02 2mmc 8
< 9K VWA
R7 Ola——t
45K
=;§;pf‘ RS |
AR 13K 2

F b €
01% - OUTPUT

>
S R10

o«
': < S0k
o
o6 010 \l
os\| }/ o1 022 r\/ozo
OFFSET NULL — S_orrser
NULL
R SR SR R Srz 3
1K > 50K 1K 5K > 50K < SOK
.-
TLAVEMY -
Metal Can Package Dual-In-Line or S.0. Packsge
NC \ O j
OFFSTY NULL — 1 L] = d
oreser nuLt (1)
INVERTING INPUT ~—{ 2 v
INVERTING INPUT(2) (6) ourPUT
NON=INVERTING —{ 3 & p~outrut
NON~INVERTING INPUT (3) 0 OFFSET NULL neut
v —4 S [—OFFSET NULL
T -2 AV 3
Order Number LM7‘1H. LM7“AH, Order Number LM741CJ, LM741CM,

LM741CH or LM741EH
See NS Package Number HOBC

LM741CN or LM741EN
See NS Package Number JOBA, MOBA or NOSE
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Absolute Maximum Ratings :
it Military/Aerospace specified devices are required, contact the ch .al Semiconduetor Sales Office/Distributors for 1

Electrical Characterl:

avaliabllity and specifications. 53 Parameter C
{Note 6)
LM741A LM741E LM741 LM741C ; V. 1
Supply Voltage 122V $22v 122V 18V Output Voitago Swing Ar . 10
Power Dissipation (Note 1) 500 mwW 500 mw 500 mW 500 mwW RL -2k
Differential Input Voltage 130V 130V 30V +30v -v_—_a_
Input Voltage {Note 2) $15V 16V 15V +15V nf - 10
Output Short Circuit Duration indefinite Indefinite indefinite indefinite Ry .- 2k
Operating Temperature Range -55'Clo +125°C 0*Cto +70C =55°Cto +125°C 0°Cto +70°C - 1. 25
Storage Tomporaturo Range ~B5'Clo 4 150°C  -85'Clo +150°'C  —65'Clo #150°C  —65°Clo +150C Outpun Short Circul oz
Junction Temperature 150°C 100°C 150°C 100°C JGurent AMIN
Soldering Information {§ Common-Mode Tanwy &
N-Package (10 seconds) 260'C 260"C 260°C 260°C Rejection Ratio Rg -. 10
J- or H-Package (10 seconds) 300°C 300°C 300°C 300°C Rs -. 50
M-Package Supply Voltago Rujoction | Tanw -
Vapor Phase (60 saconds) 215°C 215°C 215°C - 215°C v ,
Infrared (15 seconds) 215°C 215'C 215°C 215°C Ravo n§ 50
Soo AN-450 “Surface Mounting Methods and Thelr Effect on Product Reliability” {Appendix D) for other mothods of soldering "’” _ 'w
surface mount devices. ' S -
Yransiont Responso Ta 2%
Electrical Characteristics (vote 3) Ao Timo
. Overshnot
Parameter Conditions LM741A/LM741E LM741 LM741C Units ——
Bandwidth (Noto 4) A
Min | Typ | Max | Min | Typ | Max | Min | Typ | Max "
Input Offset Voltage Ta = 25°C Siew Rato Ta_ %
Rg < 10k 10 | 5.0 20 | 60 ] mv Supply Current Ta_ 2
Rg < 5001 08 | 30 Y Consumption . 2
Tamin < Ta € Tamax vg !
Rs s 500 40 my VR
Rg = 10k} 6.0 75 | ymv . Ve
1 (3
Averago Input Ofiset 15 JVPC 1.
Vollngn Dnn ) e . A ! “|&Ld ) b g | - TRT
Input Ollsol Vollage Ta = 25'C vs - 120V v N
Adjustment Range 118 K i ™ e Ti 1
Input Offset Current Tp = 25°C 3.0 30 20 | 200 20 | 200 | nA T T
Tamin = Ta S Tamax 70 85 | 500 300 A LM741 vg !
Average Input Otfset nAPC Ta T
Current Drift L Tan 1,
input Bias Curmrent Ta = 25°C 30 80 80 | 500 80 | 500 nA Note §: For at vlovatod
METT)
Tamin € Ta < Tamax 0.210 1.5 0.8 LI “.:w-. Yo Te Gt Ceoreltp {
- el desisiances @l
Input Roniatanco Ta-265C,Vs 120V | 10 | 60 va | 20 03 | 20 M Ypouus! tovie) prop
- Bja Lunction to Ambeant) fore,
IIAMIN: 2.:;0 Sgasar. 0.5 LU #¢. Ghclon to Caso) e
s L
Input Voltage Range Ta = 25°C 12§ 13 v Note 2: For supply voliages loss thar 115
Nole 3: Unlnss pthorwisg spacifind, 110se
Tamin < Ta < Tamax 112 213 v cieatons aro kmind t6 0°C - Ta - ¢
Large Signal Voltage Gain | T4 = 25°C,R = 2kf} Kote 4&; Catculnted valuo from. BW (-2}
Vg = 220V,Vp = 215V | 50 ; vimv Wote 8: For matary spocikcations xec RET
Vg = £15V,Vpg = 110V 50 | 200 20 200 V/my
Tamin < Ta € Tamax,
Ry 2 2kN,
Vg = 120V,Vg= 215V | 32 Vimy
Vg = 115V,Vp = 210V 25 15 V/my
Vg = 35V,Vg = 12V 10 Vimy .
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i1, Electrical Characterlistics (note 3) (Continued) ;
lice/Distributors for ¢ LM7 LM741E L LM741C
g Parameter Conditions 4“ns ! M741 1 Units
Mn | T Max | Min | T Max | Min | T Max
LM741C : LLd ye Y
+18V " { Output Voltage Swing Vg = 20V )
500 mW y :g 10k 116 v
+30V L2 2k0 115 v
+15v Vg = $15v .
Indefinite Ry 2 10k} i ?12 ‘ 1“!4 $12} 14 v
0'Cto +70°C 5 RL 2 2kn +10 113. +10| 213 v
~65°Cto +150°C Ovtput Shont Circuit Ta = 25°C 10 25 | 35 25 25 mA
100°C Current TaMIN £ Ta < Tamax 10 40 mA
| Common-Mode Tamin S Ta < Tamax
260°C *| Rejsction Ratio Rg < 10k, Vo = £ 12V : 70 80 70 80 dB
300°C Rg < 50kN, Vou = 212v] 80 | 95 dB
215°C Supply Vollago Relection TamiN = Ta & Tamax. : A
215°C Ratio Vg = $20VioVg = 15V :
1athods of soldoring Rg « 500 86 | 86 ' . 40
Rg < 10kN! 77 06 77 86 [ 13}
Trensiont Response Ta = 25°C, Unity Gain
Rise Time 025| 0.8 0.3 0.9 ns
M741C Units Ovarshoot 6.0 20 5 5 n
Typ | Max Bandwidth (Note 4) Tp = 25C 04374 1.5 MHz
Slow Rate Ta = 25°C, Unity Gain 03 | 07 0.5 0.5 Vips
20 | 60 mx Supply Current Ta = 25°C ' 1.7 | 28 17| 28 | ma
m
'} Power Consumption Ta = 25°C
Vg = $20V 80 | 150 mw
75 Vg = 115V 50 85 50 85 mw
LM741A Vg = 420V
Ta = Tamn 165 mw
TA "1 TAMAX 135 mw
115 LM741E Vg = 120V
20 | 200 Ta = Tamin 150 mw
Ta = Tamax 150 mw
300
AM741 Vg + 115V
Ta = Tamin 60 | 100 mw
Ta - Tamax 45 | 75 mw
80 509 Kote 1: For at el d . these dovicos must be desatod based on tharmal sosistanca, snd 1, max (iRted undir “Alwalile Maunnsns
0.8 Ratingn™). T) = T 4 (fa Pp).
20 Thorms! Reslslance Cerdip (J) DIP {N) T0-8 (H) 80-8 (M)
62 [unction to Ambrent) 100°C/W 100°C/W 1SCIwW 185°C/W
6 (Junction 1o Caso) N/A N/A BOC/W N/A
113 Note 2: For supply voliagos less than 2 15V, tho absolule maximum inpul voltage s equal 10 the supply voltago.
Note 3: Untoas BU 6] thase apply for Vg = 218V, ~B5°C 4 Ty «. 4 125°C (LM741/LM741A) For tha L M7410C/1M741) | these
specihications aro kmiled 10 0°C » T4 & 4+ 70°C.
Nole &: Calculatod value trom: BW (MHz2) = 0.35/Riso Timo(;:s)
Note §: For military spocihcalions aoe RETS741X lor LM741 and RETS741AX for LM741A
'00
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