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ABSTRACT

Presently, instruments used in manufacture to measure quantities or control operations of
various system are mostly designed in using of a computer as a controller and data processor.
Because, the computer accept only the digitalized data, where as the quantities to be measured or
the operations to controlled are analog, it is necessary to provide an interfacing unit which can
convert analog signals to digital and digital to analog in vice vesa

This project report is designed a circuit that convert analog to digital and digital to analog

control by PASCAL. This interface card can interface of IBM PC by using of the general

purpose I/O port 8255
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3.4 Quantizing Theory
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v =f—i{(lxz3)+(0x22>+(1x2')+(1><2°>
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Lt mﬁtﬁmﬁuﬂs1ﬂws1uﬁxﬂa§ﬂaﬁ‘f{u‘lugﬂﬁ 34 Suusnldun anwazidue
(Resolution) Y84 Quantizer Farmua'ldnndwaudiavessvaaseea nievinnsmisvuia
nhavesduszdy (Step) MunueuIAenduyAIududadumlaszuienRumnaen
apnAva1 2"

Suuanmzednasmua ldendwaudafie vy 2 ° aawe drednsdl ADC
8 T Quantizer 9z 1#io1inA 256 aauzuoz 12 finld 4096 asuzAsALANmNAYEIBUIAEN
‘lu"lﬂaxuﬂsnmmmﬂa%’ﬂaﬁ%’mztﬁuqmm’a 5¥AU (Decision point N3® Theshold level)
Fyanaeuiasneziiiuan 21 yafiegi 0.625, 1.875, 3.125, 4375, 5.625, uag 8.125 Taan

] o 0 1] Y] & o v aa @ o’/’ [ T y
gnneganananitiudygaeuaendulaatiusiadinen 1 aaue dniu dunaiteg

h.

9 o 9 9/ — 4’! 9 LY VA ° . o
foalfuldgndeannfigarivendasvunavesernaenldnseiumiiins Quantizer 1seduf
4 P @ aa 1Y ’
1.25,2.50, 3.75, 5.0, 6.25, 7.5, 8.75 Tan iluganenarsvessiansaoaaaiuzganie dangh
y
=) ) A -4 Qo Q 1
Tumaquiududunssilezdosriuganinanavessiaataeaanuzgane dunginlumg

y
a 1] A @ aa
nquududuassilszAvriiuganinansveanizAuaIaoa

3.5 Quantizer Resolution and Error
TuudazaniuzvesdyInAsaoammyaszunUuIAveIdy g ImeuIaona1 lan

nilslugaadin 9 szuiugautesedy Sonsradng A ufuvnanils Analog quantization

vionilanudy (Quantum) #3® 1 LSB (Least significant bit) y8amsuilasdayaadetisly

4 @ @ Jd 1 ¥ o
517 3.4 (W) aTudu Ao 1.25 Taan sl ldninmsdiuiunn

F SR

0=
Aot FSR Ao $2afiumnaveansadueniaen (Full Scale Range) Uiag n Aiv $1uudnvossie
ATnDA

pauMIEiin mnsnnudannunavesnudufszanawazd iddyanudy
WAYDY Quantizer analnaeasievesdyanasuasniesmiugimwadsussdyaisou
aaﬂauwmuazmmaaLamvgmﬂu‘mqwaam"lmﬂugﬂﬂumaumgﬂw 34 dwd FeSun
Quantizing error FamnnuAanaauuuiinge 1 Frdyanasuasnulauiusiadtaea 1

A0TUL AINAINUANTUIBS



26
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3.7 2995 qUNATAIAT QYR 18 (Sample and Hold,S&H)
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3.10.3 Inverted R/2R ladder DAC
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Hex range ' Usage
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060-063 PPI 8265A-5 Assigned to
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OEx Reserved

100-1FF Not usable J

200-20F Game control A

210-217 Expansion unit
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2F0-2F7 Reserved

2F8-2FF Asynchronous communications (2)

| 300-31F Prototype card |
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378-37F Printer Assigned to
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380-38C SDLC communications ports

380-389 Binary synchronous communications {2)

3A0-3A9 Binary synchronous communications (1)

3B0-3BF IBM monochrome display/printer

3C0-3CF Reserved

3D0-3DF Color/graphics

3EO0-3F7 Reserved

3F0-3F7 Diskette

3F8-3FF Asynchronaus communications {1) J
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000-00F DMA chip 8237A-5
020-021 Interrupt 8259A
040-043 Timer 8253-5
060-063 PPI 8255A-5
080-083 DMA page registers
0AXx NMI mask register
0Cx Reserved
0Ex Reserved
100-1FF Not usable
200-20F Game control
210-217 Expansion unit
220-24F Reserved
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2F0-2F7 Reserved
2F8-2FF Asynchronous communications (2)
300-31F Prototype card
320-32F Fixed disk
378-37F Printer
380-38C SDLC communications
380-389 Binary synchronous communications (2)
3A0-3A9 Binary synchronous communications (1)
3B0-3BF IBM monochrome display/printer
3C0-3CF Reserved
3D0-3DF Color/graphics
3EQ-3EF Reserved
3F0-3F7 Diskette
3F8-3FF Asynchronous communications (1)
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5.3 Data acquisition control system
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“ msly Signal Conditioner (Output)

okt d
aUnsamiluuveia
1. ICHLM358 8 M
2. Resister timpot 500 kQ 20 2

3. Resister timpot 250 kQ 4 a1

4. Resister 1 % 250 £ 447
5. Resister 1 % 50 k) 497
6. Resister 1 % 10 k(2 467
7. Resister 1 % 100 k€ 36 A2
8. Resister 1 % 3.3 k(2 8 A7
9. Resister 1% 1 Q2 8 1
10. Transister 2N3904 8 A
11. Dip Switch 8 3 167

13. Connector
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Input Digital (D,-D,) Output voltage Output voltage % AIRANIA (%)
(219M3IA) (1AM INMUIV)
00000000 0.02 0.000 +0.02
00001111 0.30 0.295 +1.69
00011110 0.58 0.591 -1.86
00101101 0.87 0.886 -1.80 .
00111100 1.16 1.181 -1.77
01001011 1.48 1.477 +0.20
01011010 1.76 1.772 -0.67
01101001 2.06 2.067 -0.33
01111000 2.34 2.363 -0.97
10000111 2.65 2.658 -0.30
10010110 2.95 2.953 -0.10
10100101 3.26 3.248 +0.36
10110100 3.54 3.544 -0.11
11000011 3.84 3.839 +0.02
11010010 4.13 4.134 -0.09
11100001 4.43 4.430 0.00
11110000 4.71 4.725 -0.31
11111111 5.00 5.020 -0.39

151971 7.1 HaN13NAA0IIN03 DAC 0832
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av v d o a 9 ' sd oA
INHANINANDIN 1A9ZIM 11 DAC 0832 isanuranaiatiosnan 2 wesidua
d' Y 9 " oa d' dy = sg 9/ * dy d' A v o Py 1
dudisensuld  ARanaafinuiiornfaiulesnildunsesiieSalguamuazlinnuniu
o A
§11ANT
d@mfue9s ADC 0809 huleduasdanaeunaeniiudy uaineaving 8 Jn

a0 a o 4 o ] o Ay vo LY o
u.azunamwaﬂweimﬂumwm 8 ‘Ifi)\'lfTiquIJTiu‘ﬁvlﬂVl']ﬂ']iWﬂaUQTﬂUﬂTSﬂﬂuizﬂ‘Ulﬁﬁﬂu

1 o L4 v @ U4 aa . o
an q iWhludglnsaluaziadyanouewinnainea Tasld LED venaniuzhamsnaned

Gl'li"l\‘ﬁ:”i 7.2
Input voltage (V) HanN1INAaeY A12INMIAIUIN % MAANAIA (%)
0 00000000 00000000 0
0.33 00010010 00010001 5.88
0.66 00100011 00100010 2.94
0.99 00110110 00110011 5.88
1.32 01000111 01000100 441
1.65 01010111 01010101 2.35
1.98 01100111 01100110 0.98
231 O1111111 01110111 6.72
2.64 10001000 10001000 0
2.97 10011001 10011001 0
33 10101010 10101010 0
3.63 10111111 10111011 2.13
3.96 11001100 11001100 0
4.29 11011101 11011101 0
4.62 11101111 11101110 0.42
4.95 11111111 11111111 0

A15197 7.2 HANINAR09I993 ADC 0809

t ' a 4 £ 4 o
INNANITNAADINDIT ADC 0809 WAINIUAANAIANILIN LED NUAAIHATIA NN
9 [ v d’ o Y - Y a I Y 3 P
g 14 ludFanuusiidoinnmageuiumsiaaswanminensuiunes idnatluiniwels
[} [~ Y]
JuaIU892995 Signal conditioner Ysznou lUArw99sutasnszuauns ozl
GI é d‘ 1
ssudasusesuidunszuadarses1dFnulduaasBudrluunit 5 ae'luszuansdanants
o’: & o o Py
NAADIVDINVINITDIFINT ) avusedudlunszualdnansnaanafan1s1af 7.3 uaz2393

3 v @ 5
Lulaaﬂszumﬂuusmumm‘snﬁ 7.4
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Input voltage (V) Output current (mA) | Output current (mA) | MAANAIN (%).
(@1pM5IA) (@NMIRUIN)
0.04 4.10 4.13 -0.67
0.50 5.60 5.60 0
1.00 7.20 7.20 0
1.50 8.80 8.80 0
2.00 10.40 10.40 0
2.50 12.00 12.00 0
3.00 13.70 13.60 0.73
3.50 15.30 15.20 0.65
4.00 16.90 16.80 0.59
4.50 18.60 18.40 0.01
5.00 20.20 20.00 0.01

P v o
A1519N 7.3 wamsnaaesesuasuseauilunszua

Input current (mA) Output voltage (V) Output voltage (V) MARNAA (%)
(21PM5IA) (DINMIMHIN)
4 0.01 0 0.01
6 0.63 0.63 0
8 1.25 1.25 0
10 1.88 1.88 0
12 2.51 2.50 0.4
14 3.13 3.13 0
16 3.75 3.75 0
18 4.38 4.38 0
20 5.01 5 0.2

o “ o
15NN 7.4 Han1snaaedva sutlasnssumiluus gy
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INHANITNARDI995 Signal condition NIaee299s IRHaunimeladiaanuda
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'wawﬂusxﬂuﬁmmmm“lummmﬂﬂnmmmmwﬂwmﬂinﬂms?fmmuuaxam';xmu’m

doufivhinmInadousy gungl mIissiioda
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PROGRAM TEST825S;
USES CRT,DOS;
CONST A=2;
B=1;
C=12;
D=25;
E=40;
F=55;
G=10;
VAR
X : INTEGER;
V0,V1,V2,V3,V4,V5V6,V7 V8 : REAL ;
C0,C1,C2,C3,C4,C5,C6,C7,C8 : REAL
PC_LOW,PB : INTEGER;

BEGIN
CLRSCR;
WRITECENTER VOLTAGE CHO (0.00-5.00) :');
READLN(VO0);

WRITE(ENTER VOLTAGE CH1 (0.00-5.00) :");
READLN(VI);

WRITECENTER VOLTAGE CH2 (0.00-5.00) : '),
READLN(V2);

WRITECENTER VOLTAGE CH3 (0.00-5.00) :');
READLN(V3);

WRITECENTER VOLTAGE CH4 (0.00-5.00) :*);
READLN(V4);

WRITE(ENTER VOLTAGE CHS5 (0.00-5.00) :°);
READLN(VS);

WRITE(CENTER VOLTAGE CH6 (0.00-5.00) : *);
READLN(V6);

WRITECENTER VOLTAGE CH7 (0.00-5.00) :°);
READLN(V7),
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WRITELN;

WRITECENTER CURRENT CHO (4.00-20.00) :

READLN(CO0);

WRITE(ENTER CURRENT CH1 (4.00-20.00) :

READLN(CI1);

WRITECENTER CURRENT CH2 (4.00-20.00) :

READLN(C2);

WRITE(ENTER CURRENT CH3 (4.00-20.00) :

READLN(C3);

WRITE(ENTER CURRENT CH#4 (4.00-20.00) :

READLN(C4);

WRITE(ENTER CURRENT CHS5 (4.00-20.00) :

READLN(C5);

WRITECENTER CURRENT CH6 (4.00-20.00) :

READLN(C6);

WRITE(CENTER CURRENT CH7 (4.00-20.00) :

READLN(C7);

WRITELN;

WRITE(ENTER DIGITAL OUTPUT CH7-CHO IN HEX : );

READLN(PB);

WRITE(CENTER DIGITAL OUTPUT CH!1-CHS8 IN HEX : *);

READLN(PC_LOW);

{INITIAL 8255 CARD}

PORT{$303]:=890;

{SHOW SCREEN}

CLRSCR;
TEXTCOLOR(11);

Y

)

Y

)
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GOTOXY(7,A);
WRITE('8255");

TEXTCOLOR(12);
GOTOXY(35,A);
WRITE(DAC");

TEXTCOLOR(14);
GOTOXY(65,A);
WRITE(ADC");

TEXTCOLOR(15);
GOTOXY(1,A+1);
WRITE('

TEXTCOLOR(10);
GOTOXY(1,A+2);
WRITECINPUTY);

TEXTCOLOR(11);
GOTOXY(12,A+2);
WRITECOUTPUT);

TEXTCOLOR(10);
GOTOXY(25,A+2);
WRITE('VOLTAGE'),

TEXTCOLOR(11);
GOTOXY(40,A+2);
WRITE(CURRENT');

TEXTCOLOR(10);
GOTOXY(55,A+2);
WRITE(VOLTAGE),

TEXTCOLOR(11);
GOTOXY(70,A+2);
WRITE('CURRENT);

TEXTCOLOR(15);
GOTOXY(B,A+4);
WRITE(' BO-Y);

GOTOXY(B,A+5);
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WRITE(' B1-);
GOTOXY(B,A+6);
WRITE(' B2-Y);
GOTOXY(B,A+7);
WRITE(' B3-);
GOTOXY(B,A+8);
WRITE(' B4-);
GOTOXY(B,A+9);
WRITE( B5-);
GOTOXY(B,A+10);
WRITE( B6-");
GOTOXY(B,A+11);
WRITE( B7-);
GOTOXY(B,A+12);
WRITE( B8-);
GOTOXY(B,A+13);
WRITE(' B9-);
GOTOXY(B,A+14);
WRITE(B10-);
GOTOXY(B,A+15);
WRITE(B11-Y);

GOTOXY(C,A+4);
WRITE(' BO-);
GOTOXY(C,A+5);
WRITE( B1-);
GOTOXY(C,A+6);
WRITE( B2-);
GOTOXY(C,A+T);
WRITE( B3-);
GOTOXY(C,A+8);
WRITE(' B4-);
GOTOXY(C,A+9);
WRITE(' B5-);
GOTOXY(C,A+10);
WRITE( B6-);
GOTOXY(C,A+11);
WRITE(' B7-);
GOTOXY(C,A+12);
WRITE( B8-);
GOTOXY(C,A+13),
WRITE(' BS-');
GOTOXY(C,A+14),
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WRITE(B10-);
GOTOXY(C,A+15),
WRITE(B11-");

GOTOXY(D,A+4);
WRITE(CHO-");
GOTOXY(D,A+5);
WRITE(CHI-);
GOTOXY(D,A+6);
WRITE(CH2-";
GOTOXY(D,A+7);
WRITE(CH3-;
GOTOXY(D,A+8);
WRITE(CH4-;
GOTOXY(D,A+9);
WRITE(CH5-);
GOTOXY(D,A+10);
WRITE('CH6-";
GOTOXY(D,A+I1);
WRITE(CH7-);

GOTOXY(E,A+4);
WRITE(CHO-");
GOTOXY(E,A+5);
WRITE(CH1-Y);
GOTOXY(E,A+6);
WRITE('CH2-");
GOTOXY(E,A+7);
WRITE(CH3-Y;
GOTOXY(E,A+8);
WRITE('CH4-);
GOTOXY(E,A+9);
WRITE('CH5-);
GOTOXY(E,A+10);
WRITE('CH6-Y;
GOTOXY(E,A+11);
WRITE(CH7-Y),

GOTOXY(F,A+4);
WRITE(CHO-");
GOTOXY(F,A+5);
WRITE(CCH1-);
GOTOXY(F,A+6);
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WRITE(CH2-);
GOTOXY(F,A+7);
WRITE(CH3-"; -

GOTOXY(G,A+4);
WRITE(CHO-");
GOTOXY(G,A+5);
WRITE('CHI-);
GOTOXY(G,A+6);
WRITE(CH2-);
GOTOXY(G,A+7);
WRITE('CH3-);

{OUT 8255 PORT B,PORT C-LOW }

PORT({$302]:= $1F; {SELECT 8255 & CONTROL PORT}
PORT{$301]:= $98; {SEND CONTROL WORD}
PORT($302):= $1B; {SEND 0 TO WRITE CONTROL PORT}
PORT{$302]:= $IF; {SEND 1 TO WRITE CONTROL PORT}

PORT[$302]):= $1E; {SELECT PORT C}
PORT([$301):=PC_LOW;  {SEND DATA}
PORT[$302]:=$1A; {SEND 0 TO WRITE PORT C}
PORT[$302]:= $1E; {SEND 1 TO WRITE PORT C}

X:=PORT[$301] AND $01;
GOTOXY(C+4,A+12);
IF X=$01 THEN
BEGIN TEXTCOLOR (10);
WRITE(ON') END
ELSE
BEGIN TEXTCOLOR (12);
WRITE (OFF'); END;

X:= PORT([$301] AND $02;
GOTOXY(C+4,A+13);
IF X=$02 THEN
BEGIN TEXTCOLOR (10);
WRITECON )  END
ELSE
BEGIN TEXTCOLOR (12);



WRITE ('OFF); END;

X:= PORT[$301] AND $04;
GOTOXY(C+4,A+14);
IF X=$04 THEN
BEGIN TEXTCOLOR (10);
WRITE(ON') END
ELSE
BEGIN TEXTCOLOR (12);
WRITE (OFF'); END;

X:=PORT[$301] AND $08;
GOTOXY/(C+4,A+15);
IF X=$08 THEN
BEGIN TEXTCOLOR (10);
WRITE(ON')  END
ELSE
BEGIN TEXTCOLOR (12);
WRITE (OFF); END;

PORT([$302]):= $1D; {SELECT PORT B}
PORTI[$301]:= PB; {SEND DATA}

PORT[$302]:= $19; {SEND 0 TO WRITE PORT B}
PORT([$302]:= $1D; {SEND 1 TO WRITE PORT B}

X:= PORT[$301] AND $01;
GOTOXY(C+4,A+4);
IF X=3$01 THEN
BEGIN TEXTCOLOR (10);
WRITE(ON') END
ELSE
BEGIN TEXTCOLOR (12);
WRITE ('OFF); END;

X:=PORT[$301] AND $02;
GOTOXY(C+4,A+5);
IF X=$02 THEN

BEGIN TEXTCOLOR (10);
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WRITE(CON') END
ELSE

BEGIN TEXTCOLOR (12);

WRITE ('OFF); END;

X:=PORT[$301] AND $04;
GOTOXY(C+4,A+6);
IF X=$04 THEN
BEGIN TEXTCOLOR (10},
WRITE(ON') END
ELSE
BEGIN TEXTCOLOR (12);
WRITE (OFF'); END;

X:=PORT[$301} AND $08;
GOTOXY(C+4,A+7);
IF X=$08 THEN
BEGIN TEXTCOLOR (10);
WRITE(ON") END
ELSE
BEGIN TEXTCOLOR (12);
WRITE (‘OFF); END;

X:= PORT({$301} AND $10;
GOTOXY(C+4,A+8);
IF X=$10 THEN
BEGIN TEXTCOLOR (10};
WRITE(ON')  END
ELSE
BEGIN TEXTCOLOR (12);
WRITE (OFF); END;

X:=PORT[$301] AND $20;
GOTOXY(C+4,A+9),
IF X=$20 THEN
BEGIN TEXTCOLOR (10);
WRITE(ON') END
ELSE
BEGIN TEXTCOLOR (12);
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WRITE ('OFF); END;

X:=PORT[$301] AND $40;
GOTOXY(C+4,A+10);
IF X=$40 THEN
BEGIN TEXTCOLOR (10);
WRITE(ON') END
ELSE
BEGIN TEXTCOLOR (12);
WRITE (OFF); END;

X:=PORT[$301] AND $80;
GOTOXY(C+4,A+11);
IF X=$80 THEN
BEGIN TEXTCOLOR (10);
WRITE(ON")  END
ELSE
BEGIN TEXTCOLOR (12);
WRITE (OFF"); END;

{IN 8255 PORT A,PORT C-HIGH}

REPEAT
PORT($302):= $5E; {SELECT PORT C}
PORT($302]):= $56; {SEND 0 TO READ PORT C}

X:=PORT[$300] AND $10;
GOTOXY(B+4,A+12);
[F X=$10 THEN
BEGIN TEXTCOLOR (10);
WRITE(ON) END
ELSE
BEGIN TEXTCOLOR (12);
WRITE (OFF"); END;

X:=PORT[$300] AND $20;
GOTOXY(B+4,A+13),
[F X=$20 THEN

BEGIN TEXTCOLOR (10);
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WRITE(ON')  END
ELSE

BEGIN TEXTCOLOR (12);

WRITE (OFF"); END;

X:= PORT{$300] AND $40;
GOTOXY(B+4,A+14);
IF X=$40 THEN
BEGIN TEXTCOLOR (10);
WRITE(ON') END
ELSE
BEGIN TEXTCOLOR (12);
WRITE ('OFF'); END;

X:=PORT[$300] AND £80;
GOTOXY(B+4,A+15);
IF X=$80 THEN
BEGIN TEXTCOLOR (10);
WRITE(ON") END
ELSE
BEGIN TEXTCOLOR (12);
WRITE ('OFF"); END;

PORT{$302]:= $5C; {SELECT PORT A}
PORT[$302]):= $54; {SEND 0 TO READ PORT A}

X:=PORT[$300] AND $01;
GOTOXY(B+4,A+4);
IF X=$01 THEN
BEGIN TEXTCOLOR (10);
WRITE(ON") END
ELSE
BEGIN TEXTCOLOR (12);
WRITE (OFF); END;

X:=PORT{$300] AND $02;
GOTOXY(B+4,A+5);
IF X=$02 THEN

10
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BEGIN TEXTCOLOR (10);
WRITE(ON") END
ELSE
BEGIN TEXTCOLOR (12);
WRITE ('OFF); END;

X:=PORT([$300] AND $04;
GOTOXY(B+4,A+6);
IF X=$04 THEN
BEGIN TEXTCOLOR (10);
WRITE(ON') END
ELSE
BEGIN TEXTCOLOR (12);
WRITE (‘OFF); END;

X:=PORT([$300] AND $08;
GOTOXY/(B+4,A+7);
IF X=$08 THEN
BEGIN TEXTCOLOR (10);
WRITE(ON )  END
ELSE
BEGIN TEXTCOLOR (12);
WRITE (‘OFF); END;

X:= PORT[$300] AND $10;
GOTOXY(B+4,A+8);
IF X=$10 THEN
BEGIN TEXTCOLOR (10);
WRITECON")  END
ELSE
BEGIN TEXTCOLOR (12);
WRITE (OFF); END;

X:= PORT[$300] AND $20;
GOTOXY(B+4,A+9);
IF X=$20 THEN
BEGIN TEXTCOLOR (10);
WRITE(ON) END
ELSE

11
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BEGIN TEXTCOLOR (12);
WRITE (‘OFF); END;

X:= PORT{$300] AND $40;
GOTOXY(B+4,A+10);
IF X=$40 THEN
BEGIN TEXTCOLOR (10);
WRITECONY)  END
ELSE
BEGIN TEXTCOLOR (12);
WRITE ('OFF); END;

X:= PORT[$300] AND $80;
GOTOXY(B+4,A+11);
IF X=$80 THEN
BEGIN TEXTCOLOR (10);
WRITE(ON')  END
ELSE
BEGIN TEXTCOLOR (12);
WRITE (OFF); END;

{OUT DAC}

TEXTCOLOR(13);

PORT[$302]:= $08; {SELECT DAC & CH 8}
PORT[$301]:= ROUND(V0*255/5); {SEND DATA}
DELAY(1); {WAIT FOR CONVERSION OF DAC}
GOTOXY(D+4,A+4);

WRITE(PORTI[$301]*5/255:3:2);

PORT{$302]:= $09; {SELECT DAC & CH 9}
PORT([$301]:= ROUND(V1*255/5); {SEND DATA}
DELAY(1); {WAIT FOR CONVERSION OF DAC}
GOTOXY(D+4,A+5);

WRITE(PORT[$301]*5/255:3:2);

PORT[$302]):= $0A;

PORT([$301]:= ROUND(V2*255/5);
DELAY(1);

GOTOXY(D+4,A+6);

12
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WRITE(PORT[$301]*5/255:3:2);

PORT($302]:= $0B;

PORT($301]:= ROUND(V3*255/5);
DELAY(1);

GOTOXY(D+4,A+7);
WRITE(PORT($301]*5/255:3:2);

PORT($302]:= $0C;

PORT($301]:= ROUND(V4*255/5);
DELAY(1);

GOTOXY(D+4,A+8);
WRITE(PORT[$301]*5/255:3:2);

PORT($302]:= $0D;

PORT($301]:= ROUND(V5*255/5);
DELAY(1);

GOTOXY(D+4,A+9);
WRITE(PORT($301]*5/255:3:2);

PORT($302]:= $OE;

PORT($301]:= ROUND(V6*255/5);
DELAY(1);

GOTOXY(D+4,A+10);
WRITE(PORT($301]*5/255:3:2);

PORT($302]:=$0F;

PORT($301]:= ROUND(V7*255/5);
DELAY(1);

GOTOXY(D+4,A+11);
WRITE(PORT($301]*5/255:3:2);

PORT[$302]:= $00;

PORT($301]:= ROUND((C0-4)*255/16);
DELAY(1);

GOTOXY(E+4,A+4);
WRITE(PORT($301]*16/255+4:3:2);

PORT($302]:= $01;

PORT($301]:= ROUND((C1-4)*255/16);
DELAY(1);

GOTOXY(E+4,A+5);
WRITE(PORT($301]*16/255+4:3:2);

13
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PORT([$302]:= $02;

PORT[3$301]:= ROUND((C2-4)*255/16);
DELAY(1);

GOTOXY/(E+4,A+6),
WRITE(PORT([$301]*16/255+4:3:2);

PORT($302]:= $03;

PORT($301]):= ROUND((C3-4)*255/16);
DELAY(1);

GOTOXY(E+4,A+7);
WRITE(PORT($301)*16/255+4:3:2);

PORT[$302]:= $04;

PORT[$301]):= ROUND((C4-4)*255/16);
DELAY(1);

GOTOXY(E+4,A+8);
WRITE(PORT[$301]*16/255+4:3:2);

PORT[$302]:= $05;

PORT($301]):= ROUND((C5-4)*255/16);
DELAY(1);

GOTOXY(E+4,A+9);
WRITE(PORT($301]*16/255+4:3:2);

PORT($302]:= 306;

PORT[$301]:= ROUND((C6-4)*255/16);
DELAY(1);

GOTOXY(E+4,A+10);
WRITE(PORT([$301]*16/255+4:3:2);

PORT[$302]:= $07,

PORT([$301]:= ROUND((C7-4)*255/16);
DELAY(l);

GOTOXY(E+4,A+11);
WRITE(PORT[$301]*16/255+4:3:2);

{IN ADC}

PORT[$302]:= $64; {SELECT ADC & CH 4}
DELAY(1); {WAIT FOR CONVERSION OF ADC}
GOTOXY (F+4,A+4);

WRITE(PORT[$300]*5/255:3:2);

14
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PORT[$302]:= $65; {SELECT ADC & CH 5)
DELAY(1); {WAIT FOR CONVERSION OF ADC}
GOTOXY(F+4,A+5);

WRITE(PORT[$300]*5/255:3:2);

PORT($302]:= $66; {SELECT ADC & CH 6}
DELAY(1); {WAIT FOR CONVERSION OF ADC}
GOTOXY (F+4,A+6);

WRITE(PORT([$300]*5/255:3:2);

PORT($302}:= $67; {SELECT ADC & CH 7}
DELAY(1); {WAIT FOR CONVERSION OF ADC}
GOTOXY(F+4,A+7);

WRITE(PORT($300]*5/255:3:2);

PORT($302]:= $60; {SELECT ADC & CH 0}
DELAY(); {WAIT FOR CONVERSION OF ADC}
GOTOXY(G+4,A+4);

WRITE(PORT[$300]*16/255+4:3:2);

PORT[$302]:= $61; {SELECT ADC & CH 1}
DELAY(1); {WAIT FOR CONVERSION OF ADC}
GOTOXY(G+4,A+5);

WRITE(PORT[$300}*16/255+4:3:2);

PORT($302]:= $62; {SELECT ADC & CH 2}
DELAY(1); {WAIT FOR CONVERSION OF ADC}
GOTOXY(G+4,A+6);

WRITE(PORT($300}*16/255+4:3:2);

PORT($302):= $63; {SELECT ADC & CH 3}
DELAY(i); {WAIT FOR CONVERSION OF ADC}
GOTOXY(G+4,A+7);

WRITE(PORT[$300]*16/255+4:3:2);

UNTIL KEYPRESSED;

END.

15
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intel.

82C55A

CHMOS PROGRAMMABLE PERIPHERAL INTERFACE

m Compatible with all Intel and Most
Other Microprocessors

m High Speed, “Zero Wait State”
Operation with 8 MHz 8086/88 and
80186/188

R 24 Programmable /0 Pins
m Low Power CHMOS
B Completely TTL Compatible

The 82C55A is pin compatible with the NMOS 8255A and 8255A-5.

m Control Word Read-Back Capability
B Direct Bit Set/Reset Capability
® 2.5 mA DC Drive Capability on all [0

Port Outputs

m Available in 40-Pin DIP and 44-Pin PLCC

® Available in EXPRESS
— Standard Temperature Range
— Extended Temperature Range
The Intel 82C55A is a high-performance, CHMOS version of the industry standard 8255A general purpose
programmable I/0 device which is designed for use with all Intel and most other microprocessors. It provides
24 1/0 pins which may be individually programmed in 2 groups of 12 and used in 3 major modes of operation.

In MODE 0, each group of 12 1/0 pins may be programmed in sets of 4 and 8 to be inputs or outputs. In
MODE 1, each group may be programmed to have 8 lines of input or output. 3 of the remaining 4 pins are used
for handshaking and interrupt control signals. MODE 2 is a strobed bi-directional bus configuration,

The B2C55A is fabricated on Intel's advanced CHMOS 1l technology which provides low power consumption
with performance equal to or greater than the equivalent NMOS product. The B2C55A is available in 40-pin
DIP and 44-pin plastic leaded chip carrier (PLCC) packages.
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Diagrams are for pin reference only. Package
sizes are not to scale.

Order Number: 231256-004
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Table 1. Pin Description
Pin Number .
Symbol Dip PLCC Type Name and Function
PA3_o 1-4 2-5 1/0 | PORT A, PINS 0-3:Lowsr nibble of an 8-bit data output latch/
buffer and an 8-bit data input latch.
RD 5 6 | READ CONTROL: This input is low during CPU read operations.
Cs 6 7 | CHIP SELF:Q‘:A low on this ianE_enables the 82C55A to
respond to RD and WR signals. RD and WR are ignored
otherwise.
GND 7 8 System Ground
Ao 8-9 9-10 | | ADDRESS: These input signals, in conjunction RD and WR,
control the selection of one of the three ports or the control
word registers. -
Ay | Ag | RD | WR | CS | Input Operation (Read)
0 0 0 1 0 Port A - Data Bus
0 1 0 1 0 Port B - Data Bus
1 0 0 1 0 Port C - Data Bus
1 1 0 1 (o] Control Word - Data Bus
Output Operation (Write)
0 0 1 0 0 Data Bus - Port A
0 1 1 0 0 Data Bus - Port B
1 0 1 0 0 Data Bus - Port C
1 1 1 0 0 Data Bus - Control
Disable Function
X X X X 1 Data Bus - 3 - State
X X 1 1 0 Data Bus - 3 - State, .
PC7_4 10-13 [ 11,183-15} /O [PORT C, PINS 4-7:Upper nibble of an 8-bit data output latch/
buffer and an 8-bit data input buffer (no latch for input). This port
can be divided into two 4-bit ports under the mode control, Each
4-bit port contains a 4-bit latch and it can be used for the control
signal outputs and status signal inputs in conjunction with ports
AandB.
PCo-3 14-17 16-19 I/0 | PORT C, PINS 0-3:Lower nibble of Port C.
PBo.7 18-25 | 20-22, 1/0 | PORT B, PINS 0-7: An 8-bit data output tatch/buffer and an 8-
24--28 bit data input buffer.
Vee 26 29 SYSTEM POWER: + 5V Power Supply.
D70 27-34 | 30-33, 1/0 | DATA BUS: Bi-directional, tri-state data bus lines, connected to
35-38 system data bus.
RESET 35 39 | RESET: A high on this input clears the control register and all
ports are set to the input mode.
WR 36 40 ! WRITE CONTROL: This input is low during CPU write
operations.
PA7_4 37-40 41-44 1/0 | PORT A, PINS 4-7:Upper nibble of an 8-bit data output latch/
bufter and an 8-bit data input fatch.
NC 1,12, No Connect
23,34
2
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82C55A FUNCTIONAL DESCRIPTION

General

The 82C55A is a programmable peripheral interface
device designed for use in Intel microcomputer sys-
tems. Its function is that of a general purpose 1/0
component to interface peripheral equipment to the
microcomputer system bus. The functional configu-
ration of the 82C55A is programmed by the system
software so that normally no external logic is neces-
sary to interface peripheral devices or structures.

Data Bus Buffer

This 3-state bidirectional 8-bit buffer is used to inter-
face the 82C55A to the system data bus. Data is
transmitted or received by the buffer upon execution
of input or output instructions by the CPU. Control
words and status information are also transferred
through the data bus buffer,

Read/Write and Controf Logic

The function of this block is to manage all of the
internal and external transfers of both Data and
Contro! or Status words. It accepts inputs from the
CPU Address and Control busses and in turn, issues
commands to both of the Control Groups.

Group A and Group B Controls

The functional configuration of each port is pro-
grammed by the systems software. In essence, the
CPU “outputs” a control word to the 82C55A. The
control word contains information such as “mode”,
“bit set”, “bit reset”, etc., that initializes the func-
tional configuration of the 82C55A.

82C55A

Each of the Control blocks (Group A and Group B)
accepts “commands” from the Read/Write Control
Logic, receives “control words” from the internal
data bus and issues the proper commands to its as-
sociated ports. :

Control Group A - Port A and Port C upper (C7-C4)
Control Group B - Port B and Port C lower (C3-C0)

The control word register can be both written and
read as shown in the address decode table in the
pin descriptions. Figure 6 shows the control word
format for both Read and Write operations. When
the control word is read, bit D7 will always be a logic
“1", as this implies control word mode information.

Ports A, B,and C

The 82C55A contains three 8-bit ports (A, B, and C).
All can be configured in a wide variety of functional
characteristics by the system software but each has
its own special features or “personality” to further
enhance the power and flexibility of the 82C55A.

Port A. One 8-bit data output latch/buffer and one
8-bit input latch buffer. Both “pull-up” and “‘pull-
down” bus hold devices are present on Port A,

Port B. One 8-bit data input/output latch/buffer.
Only “pull-up” bus hold devices are present on Port
B.

Port C. One 8-bit data output latch/buffer and one
8-bit data input buffer (no latch for input). This pert
can be divided into two 4-bit ports under the mode
control. Each 4-bit port contains a 4-bit latch and it
can be used for the control signal outputs and status
signal inputs in conjunction with ports A and B. Only
“puli-up” bus hold devices are present on Port C.

See Figure 4 for the bus-hold circuit configuration for
Port A, B, and C.
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Figure 3. 82C55A Block Diagram Showing Data Bus Buffer and Read/Write Control Logic Functions
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INTERNAL
DATA OUT

RESET ° X
EXTERNAL
INTERNAL : 44_04 PORT A

RESET [p"

EXTERNAL
J——o<—¢—— PoRTBC
PIN
INTERNAL ____%____
DATA
WA
*NOTE: 231256-4

Port pins loaded with more than 20 pF capacitance may not have their fogic level guaranteed following a hardware reset.

Figure 4. Port A, B, C, Bus-hold Configuration
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82C55A OPERATIONAL DESCRIPTION

Mode Selection

There are three basic modes of operation that can
be selected by the system software:

Mode 0 — Basic input/output
Mode 1 — Strobed Input/output
Mode 2 — Bi-directional Bus

When the reset input goes “high” all ports will be set
to the input mode with all 24 port lines held at a logic
“‘one” level by the internal bus hold devices (see
Figure 4 Note). After the reset is removed the
82C55A can remain in the input mode with no addi-
tional initialization required. This eliminates the need
for pullup or pulldown devices in “all CMOS" de-
signs. During the execution of the system program,
any of the other modes may be selected by using a
single output instruction. This allows a single
82C55A to service a variety of peripheral devices
with a simple software maintenance routine.

The modes for Port A and Port B can be separately
defined, while Port C is divided into two portions as
required by the Port A and Port B definitions. All of
the output registers, including the status flip-flops,
will be reset whenever the mode is changed. Modes
may be combined so that their functional definition
can be “tailored” to almost any 1/0 structure. For
instance; Group B can be programmed in Mode 0 to
monitor simple switch closings or display computa-
tional results, Group A could be programmed in
Mode 1 to monitor a keyboard or tape reader on an
interrupt-driven basis.

ADDRESS 8US

[ CONTROL 8US
] I IT

DATA BUS

[t
R
uoou—-I . —S A ]

O

POy P8, PCC, GG, PARA

-~

<
MODE 1 s — e A
o /o

P8; P8, CONTROL  CONTROL  PA,PA,
OR1 oR 110

" LT

CONTROL

231256-5

Figure 5. Basic Mode Definitions and Bus
interface

82C55A

CONTROL WORD

b, o, fo, |0, )0,]0,0,]0,

L

GROUP B

PORT C (LOWER)}
1= INPUT
0= OUTPUT

PORT B
1=« INPUT
0 OUTPUT

MODE SELECTION
0=MODE 0
12 MODE 1

GROWP A

PORT C (UPPER}
= INPUT

0= OUTPUT

PORT A
1= INPUT
0= OUTPUT

MOOE SELECTION
00 = MODE 0
01+« MODE1
1X = MODE 2

MODE SET FLAG
1= ACTIVE

231256-6

Figure 6. Mode Definition Format

The mode definitions and possible mode combina-
tions may seem confusing at first but after a cursory
review of the complete device operation a simple,
logical I/0 approach will surface. The design of the
82C55A has taken into account things such as effi-
cient PC board layout, control signal definition vs PC
layout and complete functional flexibility to support
almost any peripheral device with no external logic.
Such design represents the maximum use of the
available pins.

Single Bit Set/Reset Feature

Any of the eight bits of Port C can be Set or Reset
using a single OUTput instruction. This feature re-
duces software requirements in Control-based appli-
cations.

When Port C is being used as status/control for Port
A or B, these bits can be set or reset by using the Bit
Set/Reset operation just as if they were data output
ports.
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82C55A
CONTROL WORD
0, {0 {0 |0 |o,]0,]0]0,
] l l BITSET/RESET
x x X 1« §ET
0« RESET
DON'T
CARE
BIT SELECT
[2]3als[s]7]
tjo1io{r|o
111]0[0f1¢1}8:
ofof1]1]1)1{8.
BITSETRESET FLAG
0= ACTIVE
231256-7

Figure 7. Bit Set/Reset Format
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When the 82C55A is programmed to operate in
mode 1 or mode 2, control signals are provided that
can be used as interrupt request inputs to the CPU.
The interrupt request signals, generated from port G,
can be inhibited or enabled by setting or resetting
the associated INTE flip-flop, using the bit set/reset
function of port C.

Interrupt Control Functions

This function allows the Programmer to disallow or
allow a specific 1/0 device to interrupt the CPU with-
out affecting any other device in the interrupt struc-
ture.

INTE flip-flop definition:

(BIT-SET)—INTE is SET—Interrupt enable
(BIT-RESET)—INTE is RESET—Interrupt disable

Note:
All Mask flip-flops are automatically reset during
mode selection and device Reset.
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Operating Modes

Mode 0 (Basic Input/Output). This functional con-
figuration provides simple input and output opera-
tions for each of the three ports. No “handshaking”
is required, data is simply written to or read from a
specified port.

MODE 0 (BASIC INPUT)

82C55A

Mode 0 Basic Functional Definitions:
* Two 8-bit ports and two 4-bit ports.
* Any port can be input or output.

¢ Outputs are latched.

¢ Inputs are not latched.

¢ 16 different Input/Output configuratiohs are pos-
sible in this Mode.

D N

tan

lo— ty g —o|

eyt y
N

‘na:

4
3, a1, 00

p———

231256-8 |

MODE 0 (BASIC OUTPUT)

~ |
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B At 00
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MODE 0 Port Definition
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A B GROUP A GROUP B
PORTC PORT C
D4 D3 D4 Do PORT A (UPPER) # PORT B (LOWER)
0 0 0 0 OUTPUT OUTPUT 0 OUTPUT OUTPUT
0 0 0 1 OUTPUT OUTPUT 1 OUTPUT INPUT
0 0 1 0 OUTPUT OUTPUT 2 INPUT OUTPUT
0 0 1 1 OUTPUT OUTPUT 3 INPUT INPUT
0 1 0 0 OUTPUT INPUT 4 OUTPUT OUTPUT
0 1 0 1 OUTPUT INPUT 5 OUTPUT INPUT
0 1 1 0 OUTPUT INPUT 6 INPUT OUTPUT
0 1 1 1 OUTPUT INPUT 7 INPUT INPUT
1 0 0 0 INPUT OUTPUT 8 OUTPUT ouTPUT
1 0 0 1 INPUT OUTPUT 9 OuUTPUT INPUT
1 0 1 0 INPUT OUTPUT 10 INPUT OUTPUT
1 0 1 1 INPUT OUTPUT 11 INPUT INPUT
1 1 0 0 INPUT INPUT 12 OUTPUT OUTPUT
1 1 0 1 INPUT INPUT 13 OUTPUT INPUT
1 1 1 0 INPUT INPUT 14 INPUT OUTPUT
1 1 1 1 INPUT INPUT 15 INPUT INPUT
MODE 0 Configurations
CONTROL WOND 0 CONTROL WORD 92
0, DO Oy D, D, D, D D 0 Dy O O O, DO, Oy O
Clefefofele]e o] Llefefefedef ] ]
JY NV LNy al—oAa2 PALPA,
s2cs8A 20650
Vi PCyC, —-—-,L—— PC,-PC,
0,0, L 0,0, c-[
2 4 PC,JCU + 'c!"co
o f—F oo, 8 |o—r e ro,0q,
CONTROL WORD #1 CONTAOL WORD #3
o, O, Oy O, D, D, D, D, D, Dy Dy O, Dy D O, D,
Llefelefelefe]] Lielefelofel 1]
Ap—ptoo eapPa, Ab—pt - PaLPA,
82C85A 826584
LY bt oc,nc,
;-0 e c—{: 0,-0, c—[
A peyeg, A reec,
Bl e pe,rp, [ B 2 P
231256-10
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MODE 0 Configurations (Continued)

82C55A

CONTROL WORD ¢4
D, O O O, 6, D, D, D

Llefefelefele]e]

a —/—'——- PA,PA,
szcssA
# PCrPC,
0,0, -
A4 peyrt,

CONTROL WORD #8
D, D, O, D, B, 0, O, D, ,

Llefefefefeleie]

ot pagaa,

22C85A

0,0y =

—r o by,
c{
b e,

i ST R

CONTROL WORD #5
0, Op D, D, Dy O, D, D,

Clefelef e fele]]

Py VLI

B2CS5A
‘_/‘__ ’C,PC,
0,04 +——————] c{

f—tt— reyec,

8 —/—'——- 8,98,

CONTROL WORD #9
0, O O D, D, D, D, O,

Llefelelelo[]"]

a ————/L— PALPA;

C2CE5A
LN
T e

0,0 +—————e 4 {

4
———f—— PCyP,

[ S LI Y

CONTROL WORD #6
0 0 0, D, O D, O, Dy

CONTROL WORD 410
O O O O, 0 D, O, D

[TTTTLLT

g
A fo———f—— Pa,-P4,

-t e reprc,
0,0, c {

4
7 PCyPG,

L]
8 |a——F——— bo,rq,

CONTAOL WORD #7
D; O Oy O, Dy D, D, Dy

[T-LLLLLT

a ——/———. PA,PA,

82Cs5A
{ —rt FCrPC,
c

0,-0,

CONTROL WORD #11
b, D, O; O, D, DO, D, Dy

a 4—-—/.—- PAyPA,
N
et PL,PCy

sjo—nt 8,48,

231256-11
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MODE 0 Configurations (Continued)

intal.

CONTROL WORD #12
O; Og Oy Oy O3 O; D, D

Llefellefefele]

CONTROL WORD #14
O, O, O, O, 0, 0O, D, D,

Llefel el ]]

poppnonn

A -—,L'— PA, PAy

o o

“—‘/‘— PCyPC,
Oy0, c'[:

4

o eeree,

[
[ 8,08,

A .——/—'— PALPA, af—rt PA,PA,

82CE6A A2C58A

4 4

. £ oy —f——— pc e,

050y = —= c‘l— 070, ¢
L I LI peyrC,
8 _/'.——. PB,PBy B ____/_l_ 8,98,

CONTROL WORD #13 CONTROL WORD #18

gnnononn

A 4——/1— Pa,PA,

S2C58A
% ke,
070 o] c{

ey,

& 78,8,

231256-12

Operating Modes

MODE 1 (Strobed Input/Output). This functional
configuration provides a means for transferring I/0
data to or from a specified port in conjunction with
strobes or “handshaking” signals. In mode 1, Port A
and Port B use the lines on Port C to generate or
accept these "handshaking” signals.

10

Mode 1 Basic functional Definitions:

Two Groups (Group A and Group B).

Each group contains one 8-bit data port and one
4-bit control/data port.

The 8-bit data port can be either input or output
Both inputs and outputs are latched.

The 4-bit port is used for control and status of the
8-bit data port.
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Input Control Signal Definition

MODE 1 {PORT A)

STB (Strobe Input). A “low” on this input loads ea,raKE
data into the input latch. CONTROL WORD
07 Dy Oy Oy 0, O; O, Dy
DAIXIX [
IBF (Input Buffer Full F/F) IIIIIIIIWAA o
A “high” on this output indicates that the data has o< ooweur
been loaded into the input fatch; in essence, an ac- e
knowledgement. IBF is set by STB input being low _ .
and is reset by the rising edge of the RD input. RO ——9 2
ey [—F— 0
INTR (interrupt Request) MOOE 1 (PORT 8}
A “high” on this output can be used to interrupt the cONTROL WORD re, 28, <Il
CPU when an input device is requesting service. 0, Oy D, 0y Oy Oy By O
INTR is set by the STB is a “one”, IBF is a “one” e e e am,
and INTE is a “one”. It is reset by the falling edge of [ XD [+ Y]

e 18F,

RD. This procedure allows an input device to re-
quest service from the CPU by simply strobing its
data into the port.

e INTRy
INTE A L
Controlled by bit set/reset of PC4.
INTE B 231256-13

Controlled by bit set/reset of PCo. i % MODE 1 Inout
igure 8. npu

gy |

D \
B i T

- V. 7
e oy o]
Y
L T L N
PERIHERAL _<\ )— ——————
tpg

231256-14

Figure 9. MODE 1 (Strobed Input)
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82C55A

Output Control Signal Definition

OBF (Output Butfer Full F/F). The OBF output will
go “low” to indicate that the CPU has written data
out to the specified port. The OBF F/F will be set by
the rising edge of the WR input and reset by ACK
Input being low.

ACK (Acknowledge Input). A “low” on this input
informs the 82C55A that the data from Port A or Port
B has been accepted. In essence, a response from
the peripheral device indicating that it has received
the data output by the CPU.

INTR (Interrupt Request). A “high” on this output
can be used to interrupt the CPU when an output
device has accepted data transmitted by the CPU.
INTR is set when ACK is a “one”, OBF is a “one”
and INTE is a “one”. It is reset by the falling edge of
WR.

INTE A
Controlled by bit set/reset of PCg.

INTE B
Controlled by bit set/reset of PC,.

MOOE 1 IFORT A}

CONTROL WORD
Oy 0 Oy D, O, O; D, Dy

PAy#A,

[— OBF,

CRL LN (o™ .

PCos ' NA“ : PCy fo— &TR,

1= INPUT --

0« OUTPUT

PCy —— TR,
[ Pe—
2
PCos fop—
MOOE 1 (PORT B}

CONTROL WORD
D, Dy Og D, Dy D, D, O,

[+ XD Y]

ro 08,

<

.—.m-

o ATy

—— INTRy

231256-15

Figure 10. MODE 1 Output

fe————ta08

g\

s

AZK

s
N\

tar

"~ %S

231256-16

Figure 11. MODE 1 (Strobed Output)
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Combinations of MODE 1

82C55A

Port A and Port B can be individually defined as input or output in Mode 1 to support a wide variety of strobed

1/0 applications.

PA, PA, @

a—D—»CJ PCole—— TR,

PCy | 1BF,
CONTROL WORD

D; Dy O3 D, O; D; Dy Dy PCy f—m—v-INTR,
[+ [oT+] o[+ Jo ] 2
_ POy 3 fwmpms 10
L)
1= 18PUT .
© - oUTPUT Fer#% _—\'—J>
i ——d] o, |— &5,

rc,...._.:c—.(-

FCof—— INTRy

POAT A — (STROBED INPUT)
PFORT B - (STROBED OUTPUT}

PA,PA, I>

WA — #C; |—— GBF,

#Cq |4 ACK,

CONTROL WORD
Dy Dg Oy 0, O3 0, Oy Dy PCy [ INTR,
24 2
nODOTonY i
PCus
o N !
RD——e0f PCy fo—n ET8,

PCyf——e 18F,

PCq [———e INTR,

PORT A - {STROBED QUTPUT}
PORT B - (STROBED INPUT)

231256-17

Figure 12. Combinations of MODE 1

Operating Modes

MODE 2 (Strobed Bidirectional Bus I/0)This
functional configuration provides a means for com-
municating with a peripheral device or structure on a
single 8-bit bus for both transmitting and receiving
data (bidirectional bus 1/0). “Handshaking” signals
are provided to maintain proper bus flow discipline in
a similar manner to MODE 1. Interrupt generation
and enable/disable functions are also available.

MODE 2 Basic Functional Definitions:

* Used in Group A only.

* One 8-bit, bi-directional bus port (Port A) and a 5-
bit control port (Port C).

¢ Both inputs and outputs are latched.

* The 5-bit control port (Port C) is used for control

and status for the 8-bit, bi-directional bus port
(Port A).

Bidirectional Bus I/0 Control Signal Definition

INTR (Interrupt Request).A high on this output can
be used to interrupt the CPU for input or output oper-
ations.

Output Operations

OBF (Output Buffer Full). The OBF output will go
“low” to indicate that the CPU has written data out
to port A.

ACK (Acknowledge). A “low” on this input enables
the tri-state output buffer of Port A to send out the
data. Otherwise, the output buffer will be in the high
impedance state.

INTE 1 (The INTE Flip-Flop Associated with
OBF). Controlled by bit set/reset of PCg.

Input Operations

STB (Strobe Input). A “low” on this input loads
data into the input latch.

IBF (Input Buffer Full F/F).A “high” on this output
indicates that data has been loaded into the input
latch.

INTE 2 (The INTE Flip-Flop Associated with IBF).
Controlled by bit set/reset of PC4.

13
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CONTROL WORD
D, 0Oy Oy Oy D3 0 D
— INTR,
[T DO ] ~
8%,
R r(:‘a
1= INPUT | e————— ACTK,
0= OUTPUT ACKa
]
1.« INPUT -
0« QUTPUT N
18F,
L GROUP 8 MODE
0= MOOE 0
1= MOOE 1
23125618 k]
[+ O PC, o [+—re 10
Figure 13. MODE Control Word
231256-19

Figure 14. MODE 2

DATA FROM
CPU TO 82CS5A

e L W S

\l N Jr—
. -
- N
.13
r_:m;sgaAL __________ _<\
/[

w /

DATA FROM
PERIPHERAL TO 82C65A

231256-20

Figure 15. MODE 2 (Bidirectional)

NOTE:
Any sequence where WR occurs before ACK, and STB occurs before RD is permissible.
(INTR = I8F « MASK * STB  RD + OBF « MASK « ACK ¢ WR)




82C55A

MODE 2 AND MODE 0 {INPUT)}

INTR,

PA,PA, <:>

#C, | GBF,

CONTROL WORD Py [-——— KR,
0, Dy O O, Dy D; O, Dy

[ [ XX o] + [1o)

v, fo— e 378,

1o |—— teF,

0 = OUTPUT

R M’%(:‘

MODE 2 AND MODE 0 (OUTPUT}

PALPA @

CONTROL WORD PCy [ ACK,
Dy Dg Oy Dy Dy Dy O O

[+ [+ DD o o [}

Py
1= meuT
0~ ouTPUT

& ———d

MODE 2 AND MODE 1 {OUTPUT)

#Cy f———e INTR,

K

L]
CONTROL WORD

0; Dy Oy 0, Oy DO, 0, Dy

[T IXDIX X o i,

-s,n.,_—‘_.—‘>_

WA ———od] PCy fee INTR,

MODE 2 AND MODE 1 {INPUT)

2y |———— iNTR,

AP, <:>

e f—— o,
CONTROL WORD —_—

vC, be———— X,
O; Dy Dy D, Oy D; O, D,

[ [ XXX [+ X Y S

ey e ier,

78,78, CII

*, 78,

[T p— PCy e 18,
o ——d Py [———— A,
231256-21

Figure 16. MODE /; Combinations
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Mode Definition Summary

MODE 0 MODE 1 MODE 2
IN |OuT IN | ouTt GROUP A ONLY
PA| IN {OUT IN | ouT «—
PA;| IN |OUT IN | ouT «—
PA2| IN |OUT IN | ouT —
PAs| IN |ouT IN | ouT «—
PAs| IN |OUT IN | OUT —
PAs| IN |OUT IN | ouT «—
PAg| IN [OUT N | out «—
PA7| IN |oUT IN | out —
PBo| IN |OUT IN | ouT —
PBy| IN |OUT IN | ouT —
PB,| IN |OUT IN | ouT —
PB3| IN |OUT IN | ouT - | MODEO
PBs| IN |OUT IN | ouT — OR MODE 1
PBs| IN |OUT IN | ouT — ONLY
PBg| IN |OUT IN | ouT —
PB7| IN |OUT IN | ouT —
PCo| IN |OUT INTRg | INTRg 110
PCi| IN |OUT 1BFg | OBFg /0
PCo! IN |[OUT STBg | ACKg 170
PC3| IN |OUT INTR4 | INTRA INTRA
PC4| IN | OUT STBa | 1/0 STBa
PCs| IN |OUT IBF4 | 170 IBF A
PCg| IN |OUT 1/0 | ACK, ACKa
PC7| IN |OUT 1/0 | OBF, OBFa

Special Mode Combination Considerations

There are several combinations of modes possible.
For any combination, some or all of the Port C lines
are used for contro! or status. The remaining bits are
either inputs or outputs as defined by a “Set Mode”
command.

During a read of Port C, the state of all the Port C
lines, except the ACK and STB lines, will be placed
on the data bus. In place of the ACK and STB line
states, flag status will appear on the data bus in the
PC2, PC4, and PC6 bit positions as illustrated by
Figure 18.

Through a “Write Port C"” command, only the Port C
pins programmed as outputs in a Mode 0 group can
be written. No other pins can be affected by a “Write
Port C”" command, nor can the interrupt enable flags
be accessed. To write to any Port C output pro-
grammed as an output in a Mode 1 group or to

16

change an interrupt enable flag, the “Set/Reset Port
C Bit” command must be used.

With a “Set/Reset Port C Bit" command, any Port C
line programmed as an output {including INTR, IBF
and OBF) can be written, or an interrupt enable flag
can be either set or reset. Port C lines programmed
as inputs, including ACK and STB lines, associated
with Port C are not affected by a ““Set/Reset Port C
Bit” command. Writing to the corresponding Port C
bit positions of the ACK and STB lines with the
“Set/Reset Port C Bit” command will affect the
Group A and Group B interrupt enable flags, as illus-
trated in Figure 18.

Current Drive Capability

Any output on Port A, B or C can sink or source 2.5
mA. This feature allows the 82C55A to directly drive
Darlington type drivers and high-voltage displays
that require such sink or source current.
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Reading Port C Status

In Mode 0, Port C transfers data to or from the pe-
ripheral device. When the 82C55A is programmed to
function in Modes 1 or 2, Port C generates or ac-
cepts “hand-shaking” signals with the peripheral de-
vice. Reading the contents of Port C allows the pro-
grammer to test or verify the “status” of each pe-
ripheral device and change the program flow ac-
cordingly.

There is no special instruction to read the status in-
formation from Port C. A normal read operation of
Port C is executed to perform this function.

82C55A

INPUT CONFIGURATION
D7 Dg Dg Dy Dy Dy Dy Do

1/0{1/0]18FA [ INTEA] INTR [ INTER [ 1BF [ INTRg

GROUP A GROUP B

OUTPUT CONFIGURATIONS
Dy Dg Ds Dy D3 D, Dy Do

OBFA|INTEA | 170] /0] INTR, | INTEG [ OBF3 [ INTRg

GROUP A GROUP B

Figure 17a. MODE 1 Status Word Format

D; Dg Dg Dy D3 Dy Dy Dg
OBFA|INTE; | IBFA|INTES|INTRA | ]

GROUP A
(Defined By Mode 0 or Mode 1 Selection)

GROUP B

Figure 17b. MODE 2 Status Word Format

Interrupt Enable Flag Position Alternate Port C Pin Signal (Mode)
INTEB PC2 ACKp (Output Mode 1) or STBg (Input Mode 1)
INTE A2 PC4 STBj (Input Mode 1 or Mode 2)

INTE A1 PC6 ACKa (Output Mode 1 or Mode 2

Figure 18. Interrupt Enable Flags in Modes 1 and 2

17
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82C55A

ABSOLUTE MAXIMUM RATINGS*

Ambient Temperature Under Bias....0°Cto + 70°C

Storage Temperature ......... -~ 65°Cto + 150°C
Supply Voltage ............ ... — 0.5to + 8.0V
Operating Voltage ................. + 4Vto + 7V
Voltageon any Input.......... GND—-2Vto + 6.5V
Voltage on any Output ..GND—0.5V to V¢ + 0.5V
Power Dissipation ........................ 1 Watt

D.C. CHARACTERISTICS

intgl.

NOTICE: This is a production data shest. The specifi-
cations are subject to change without notice.

*WARNING: Stressing the device beyond the “Absolute
Maximum Ratings” may cause permanent damage.
These are slress ratings only. Operation beyond the
"“Operating Conditions” is not recommended and ex-
tended exposure beyond the “Operating Conditions”
may affect device reliability.

Ta = 0°Ct0 70°C, Vg = +5V £10%, GND = OV (Tp = —40°C to +85°C for Extended Temperture)

Symbol Parameter Min Max Units Test Conditions
ViL Input Low Voltage —-0.5 0.8 \'
ViH Input High Voltage 2.0 Vee \'
VoL Output Low Voltage 0.4 \' loL = 25 mA
VoH Output High Voltage 3.0 \' lon= —25mA
Vo — 0.4 \" lon = —100 pA
i Input Leakage Current +1 pA ViN = Vg to OV
(Note 1)
loFL Output Float L.eakage Current +10 HA VIN = Vg to OV
(Note 2)
IDAR Darlington Drive Current +25 (Note 4) mA Ports A, B, C
Rext = 50082
Vext =17V
lpHL Port Hold Low Leakage Current +50 +300 nA Vout = 1.0V
Port A only
IPHH Port Hold High Leakage Current -50 —300 pA Vourt = 3.0V
Ports A, B, C
IPHLO Port Hold Low Overdrive Current —350 A Vout = 0.8V
IPHHO Port Hold High Overdrive Current +350 HA Vourt = 3.0V
lec Vce Supply Current 10 mA (Note 3)
lccss Vce Supply Current-Standby 10 pA Voo = 5.5V
VIN = VcC or GND
Port Conditions
If /P = Open/High
O/P = Open Only
With Data Bus =
High/Low
CS = High
Reset = Low
Pure Inputs =
Low/High
NOTES:

1. Pins A4, Ag, CS, WR, RD, Reset.
2. Data Bus; Ports B, C.

3. Outputs open.

4. Limit output current to 4.0 mA.

18
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82C55A
CAPACITANCE
Ta = 25°C, Voo =GND = 0V ,
Symbol Parameter Min Max Units Test Conditions
Cin Input Capacitance 10 pF Unmeasured plns
C 1/0 Capacitance 20 F returned to GND
o P P fo = 1 MHz(®)
NOTE:
5. Sampled not 100% tested.
A.C. CHARACTERISTICS
Ta = 0°to 70°C, Voo = +5V £10%, GND = oV
Ta = —40°C to +85°C for Extended Temperature
BUS PARAMETERS
READ CYCLE
Symbol Parameter 82C55A-2 Units c T:.f.t
Min Max onditions
tAR Address Stable Before RD J. 0 ns
tRA Address Hold Time After RD T 0 ns
tar RD Pulse Width 150 ns
tRD Data Delay fromRD J 120 ns
tpF RD T to Data Floating 10 75 ns
tav Recovery Time between RD/WR 200 ns
WRITE CYCLE
Symbol Parameter 82C55A-2 Units c T:f.t
Min Max onditions
taw Address Stable Before WR ] 0 ns
twa Address Hold Time After WR T 20 ns Ports A& B
20 ns PortC
tww WR Pulse Width 100 ns
tow Data Setup Time Before WR T 100 ns
twD Data Hold Time After WR T 30 ns Ports A& B
30 ns Port C
19
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OTHER TIMINGS

Symbol Parameter 82C55A-2 c Un.it.s Test
Min Max onditions

twa WR = 1 to Output 350 ns

tin Peripheral Data Before RD 0 ns

tHR Peripheral Data After RD 0 ' ns

tak ACK Pulse Width 200 ns

tsT STB Pulse Width 100 ns

tps Per. Data Before STB High 20 ns

tpy Per. Data After STB High 50 ns

tap ACK = 0 to Output 175 ns

tko ACK = 1 to Output Float 20 250 ns

twoe WR=1100BF =0 150 ns

taoB ACK = 0to OBF = 1 150 ns

tsig STB = 0 to IBF = 1 150 ns

tris RD=1tolBF =0 150 ns

tRT RD = 0toINTR =0 200 ns

tsiT STB=110INTR = 1 150 ns

tarr ACK = 110 INTR = 1 150 ns

twit WR=01t0INTR=0 200 ns see note 1
tRES Reset Pulse Width 500 ns see note 2

NOTE:

1. INTR T may occur as early as WR | .

2. Pulse width of initial Reset pulse after power on must be at least 50 uSec. Subsequent Reset pulses may be 500 ns
minimum. The output Ports A, B8, or C may glitch low during the reset pulse but all port pins will be held at a logic “‘one” level
after the reset pulse.

20



intel . 82C55A
WAVEFORMS

MODE 0 (BASIC INPUT)

tan

0 N y

ltipy e

G X
N —

D)0 et e e ——— ] —< ‘)g “b— —

3. A1, R0

‘"o tor
231256-22
MODE 0 (BASIC OQUTPUT)
\ T
* N 7
fow two—
X X
taw twa

,i
[z WS x K
N\,
ouTPUT y

e -

231256-23

' Tee T TR WRE TEE
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WAVEFORMS (Continued)

MODE 1 (STROBED INPUT)

— ‘"——b

e
o —

s — — — e

231256-24

MODE 1 (STROBED OUTPUT)

- ‘U .
o *‘\m 1
i\ e

™ %S

231256-25
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WAVEFORMS (Continued)

MODE 2 (BIDIRECTIONAL)

DATA FROM
8080 YO 8256

- D ‘—'mj(

B S

\ +— ta—]
T\
: =
m N v
| s —4uu~— | %o [+—

remm:nn __________ { }_ ——— .< _____

// — UNL—é

DATA FROM DATA FROM
PERIPHERAL TO 8256 8256 TO PERIPHERAL

DATA FROM
8286 TO 8080

231256-26

Note:
Any sequence where WR occurs before ACK AND STB occurs before AD Is permissible,

(INTR = IBF « MASK * STB ¢ RD + OBF ¢ MASK * ACK * WR)
WRITE TIMING READ TIMING

A9 €S K

taw

ra
2

DATA BUS X .

e tow——=+— two —|
)

o Hw

HIGH IMPECANCE

231256-28
231256-27 312
A.C. TESTING INPUT, OUTPUT WAVEFORM A.C. TESTING LOAD CIRCUIT
24
. 20 20 oevice
> TEST POINTS < € - 130 pF urulosgrn _L /\/\/\, O Vexr
045 Liad o8 I C = 180 pF
231256-29
= 231256-30
A.C. Testing Inputs Are Driven At 2.4V For A Logic 1 And 0.45V . 3 §
For A Logic 0 Timing Measurements Are Made At 2.0V For A Vext Is Set At Varlous Voltages During Testing To Guarantee
Logic 1 And 0.8 For A Logic 0. The Specification. C(_inctudes Jig Capacitance.
23



ADCO0808/ADC0809

Multiplexer

General Description

The ADC0808, ADC0809 data acquisition component is a
monolithic CMOS device with an 8-bit analog-to-digital con-
verter, 8-channel multiplexer and microprocessor compatible
control logic. The 8-bit A/D converter uses successive ap-
proximation as the converslon technique. The converter fea-
tures a high impedance chopper stabllized comparator, a
256R voltage divider with analog switch tree and a succes-
sive approximation register. The 8-channel multiplexer can
directly access any of 8-single-ended analog signals.

The device eliminates the need for external zero and
full-scale adjustments. Easy interfacing to microprocessors
is provided by the latched and decoded mulitiplexer address
inputs and latched TTL TRI-STATE® outputs.

The design of the ADC0808, ADC0809 has been optimized
by incorporating the most desirable aspects of several A/D
conversion techniques. The ADC0808, ADC0809 offers high
speed, high accuracy, minimal temperature dependence, ex-
celient long-term accuracy and repeatability, and consumes
minimal power. These features make this device ideally
suited to applications from process and machine control to
consumer and automotive applications. For 16-channel mul-
tiplexer with common output (sample/hold port) see
ADCO0816 data sheet. (See AN-247 for more information.)

&National Semiconductor

November 1995

8-Bit yP Compatible A/D Converters with 8- Channel

Features

m Easy interface to all microprocessors

m Operates ratiometrically or with 5 V¢ or analog span
adjusted voltage reference

= No zero or full-scale adjust required

m 8-channel multiplexer with address logic

B OV to 5V input range with single 5V power supply

® Qutputs meet TTL voltage level specifications

m Standard hermetic or molded 28-pin DIP package

u 28-pin molded chip carrier package

m ADCO0808 equivalent to MM74C949

m ADC0809 equivalent to MM74C949-1

Key Specifications
=m Resolution: 8 Bits

m Total Unadjusted Error:
® Single Supply: 5 Vpc
® Low Power: 15 mW
®u Conversion Time: 100 ps

+% LSB and +1 LSB

TR-STATE® Is a

of Nationat Corp.

© 1997 Nationat Semiconductor Corporation  DS005672

www.national.com
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3-BiT ADDRESS

LATCH ENABLE

Block Diagram

START ek

_"_"-"‘T""'"T"__'l

o £X0 OF CORVERSION

Farin
° |
o— } CONTAOL & TIING
- | -
HANKE
wUCTIrEXikG 1
ANALOG 1
o1  SWITCHES AR i
= I l
COMPARATOR
o— ! |
|
|
| |
g '
: SWITCH TREE :
o—] i l
° ADORESS e e ﬂ |
LATCH ) (
AND I
DECODER |

GND  REF(+)

288R RESISTOR LADDER
i
-

See Ordering
Information

TR
STATE®
ouTPuT
LATEN
SUFFER

<
REF(-) DUTPUT

ENABLE

(INTERRUPT)
—0
3
—0
_1
o T OUTPUTS
l—o
poeQ
—0
0S005672-1

www.national.com




Absolute Maximum Ratings (otes 1,

2

it Military/Aerospace specified devices are required,
please contact the National Semiconductor Sales Office/

Distributors for availability and speclfications.

Supply Voltage (Vcc) (Note 3)
Voltage at Any Pin

Except Control Inputs
Voltage at Control Inputs

(START, OE, CLOCK, ALE, ADD A, ADD B, ADD C)
-65°C to +150°C

Storage Temperature Range

Package Dissipation at T,=25°C

Lead Temp. (Soldering, 10 seconds)
Dual-In-Line Package (plastic)

Electrical Characteristics

~0.3V to (Vet0.3V)

Dual-In-Line Package (ceramic)

Molded Chip Carrier Package

ESD Susceptibility (Note 8)

6.5V

Vapor Phase (60 seconds)
Infrared (15 seconds)

Temperature Range (Note 1)

-0.3V to +15V ADC0808CJ
ADCO0808CCJ, ADCOBOSCCN,
ADCO809CCN
875 mW ADCO0808CCV, ADCOBOSCCV
Range of V¢ (Note 1)
260°C

Operating Conditions (otes 1, 2)

300°C

215°C
220°C
400V

TMiNgASTMAX
-55'C<T,$+125'C

—40°C<T,$+85'C
-40°'C < Tp < +85°C
4.5 Vpc 10 6.0 Vpe

Converter Specifications: Vcc=5 Vpc=Vgrer., Vaer)=GND, TpnSTasTuax and fc =640 kHz unless otherwise stated.

Symbol Parameter Conditions Min Typ Max Units
ADCO0808
Total Unadjusted Ermor 25°C +% LSB
(Note 5) Tuin 10 Tax EX7 LSB
ADCO0809
Total Unadjusted Error 0°Cto 70°C *1 LSB
(Note 5) Ty 10 Tiax 1% LSB
Input Resistance From Ref(+) to Ref(-) 1.0 2.5 kQ
Analog Input Voltage Range (Note 4) V(+) or V(~) GND-0.10 Vee+0.10 Voc
Vagr(s) Voltage, Top of Ladder Measured at Ref(+) Vee Vect0.1 \4
VREF(+)+ VREF(— Voltage, Center of Ladder Veo/2-0.1 Vee/2 | Vee/2+0.1 \
2
Veaery Voltage, Bottom of Ladder Measured at Ref(-) -0.1 0 \
i Comparator Input Current f.=640 kHz, (Note 6) -2 +0.5 2 pA

Electrical Characteristics

. Digital Levels and DC Specifications: ADC0808CJ 4.5VsV 5.5V, ~55'C<T ,<+125°C unless otherwise noted
ADC0808CCJ, ADC0O8B0BCCN, ADC0B08CCV, ADC0O809CCN and ADCOBOICCV, 4.755V<5.25V, —40°C<T,<+85'C unless

otherwise noted

x

~ Symbol ] Parameter I Conditions Min Typ Max J Units
- ANALOG MULTIPLEXER
 loer(a) OFF Channel Leakage Current Vee=5V, Vin=5V,
i TA=25C 10 200 nA
E Tain 10 Taax 1.0 pA
 lorr) OFF Channel Leakage Current Vee=5V, V=0,
', Ta=25C -200 -10 nA
g Tain 10 Tyax -1.0 pA
"CONTROL INPUTS
f Viny Logical “1” Input Voltage Vee-1.5 \
' Vingoy Logical “0” Input Voltage 1.5 \"
ey Logical “1 thput Current V=15V 1.0 pA
3 (The Control Inputs)
- ivgoy Logical “0" Input Current Vin=0 -1.0 BA
i (The Control Inputs)

lee Supply Current fek=640 kHz 0.3 3.0 . mMA

haitinainskaaiiteenesbiatesbisantasasl auliealibat

e WSS

www.national.com
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Electrical Characteristics (continued)

Digital Levels and DC Specifications: ADCO808CJ 4.5VsV..<5.5V, ~55'C<T.S+125°C unless otherwise noted
ARC%OBCCJ,dADCOBOBCCN. ADCO0808CCV, ADCOBOQCCNognd ADCO080SCCV, 4.755Vcs5.25V, —40°C<T<+85°C unless
otherwise note

Symbol | Parameter | Conditions [ Min Typ Max Units
DATA QUTPUTS AND EOC (INTERRUPT) ,
Vourn Logical “1” Output Voltage lo=-360 pA Vcc-0.4 v
Vouro) Logical “0” Output Voltage 15=1.6 mA 0.45 \
Vouro Loglcal “0” Output Voltage EOC lo=1.2 mA 0.45 \4
lout TRI-STATE Output Current Vo=5V 3 HA
Vo=0 -3 I

Electrical Characteristics
Timing Specifications Vee=Vaery=5VY, Vaer=GND, t,=t,=20 ns and T,=25"C unless otherwise noted.

Symbotl Parameter Conditions Min Typ Max Units
tws Minimum Start Pulse Width (Figure 5) 100 200 ns
twaLe Minimum ALE Pulse Width (Figure 5) 100 200 ns
t, Minimum Address Set-Up Time | (Figure %) 25 50 ns
t Minimum Address Hold Time (Figure 5) 25 50 ns
to Analog MUX Delay Time Rs=0Q (Figure 5) 1 25 S

From ALE
ti1s tho OE Control to Q Logic State C =50 pF, R =10k (Figure 8 125 250 ns
tyn ton OE Control to Hi-Z C_ =10 pF, R =10k (Figure 8 125 250 ns
t Conversion Time 1.=640 kHz, (Figure 5) (Note 7) 90 100 116 S
f. Clock Frequency 10 640 1280 kHz
teoc EOC Delay Time (Figure 5) 0 8+2 uS Clock
Periods
Ci Input Capacitance At Control [nputs 10 15 pF
Cout TRI-STATE Output At TRI-STATE Outputs 10 15 pF
Capacitance

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

Note 2: All voltages are measured with respect to GND, unless othewise specilied.
Note 3: A zener diode exists, internally, from Vg to GND and has a typical breakdown voltage of 7 Vpg.

Note 4; Two on-chip diodes are tled to each analog Input which will forward conduct for analog input voltages one diode drop below ground or one diode drop greatar
than the Vcen supply. The spec allows 100 mV forward blas of efther diode. This means that as long as the analog V) does not exceed the supply voltage by more
than 100 mV, the output code will be correct. To achieve an absolute 0Vpe to 5Vpg Input voltage range will tharefore require a minmum supply voltage of 4.900 Vpe
over temp lons, initlal tol and loading.

Note 5: Total unadjusted error includes ofiset, full-scale, linearity, and muttiplexer errors. See Figure 2. None of these A/Ds requires a zero or full-scale adjust. How-
ever, if an all zero code is desired for an analog input other than 0.0V, or if a narrow tull-scale span exists (for example: 0.5V to 4.5V full-scate) the reference voltages
can be adjusted to achleve this. See Figure 13,

Note 6: Comparator Input current Is a blas current into or out of the chopper stabilized comparator. The bias current varles directly with clock frequency and has littte
temperafure dependence (Figurs ‘NO TGT: flg NS0592). See paragraph 4.0,

Note 7: The outputs of the dala register are updated one clock cycie belore the rising edge of EOC.
Note 8: Human body model, 100 pF discharged through a 1.5 ki resistor.
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Functional Description

Multiplexer. The device contains an 8-channel single-ended
analog signal multiplexer. A particular input channel is se-
lscted by using the address decoder. 7able 7 shows the input
states for the address lines to select any channel. The ad-
dress is latched into the decoder on the low-to-high transition
of the address latch enable signal.

TABLE 1.
SELECTED ADDRESS LINE
ANALOG Cc B A
CHANNEL
INO L L L
IN1 L L H
IN2 L H L
IN3 L H H
IN4 H L L
IN5 H L H
IN6 H H L
IN7 H H H

CONVERTER CHARACTERISTICS

The Converter

The heart of this single chip data acquisition system is its
8-bit analog-to-digital converter. The converter is designed to
give fast, accurate, and repeatable conversions over a wide
range of temperatures. The converter is partitioned into 3
major sections: the 256R ladder network, the successive ap-
proximation register, and the comparator. The converter's
digital outputs are positive true.

The 256R ladder network approach (Figure 1) was chosen
over the conventional R/2R ladder because of its inherent
monotonicity, which guarantees no missing digital codes.
Monotonicity is particularly important in closed loop feedback
control systems. A non-monotonic relationship can cause os-
cillations that will be catastrophic for the system. Additionally,
the 256R network does not cause load variations on the ret-
erence voltage.

The bottom resistor and the top resistor of the ladder net-
work In Figure 7 are not the same value as the remainder of
the network. The difference in these resistors causes the
output characteristic to be symmetrical with the zero and
full-scale points of the transter curve. The first output transi-
tion occurs when the analog signal has reached +V2 LSB
and succeeding output transitions occur every 1 LSB later up
to full-scale. ’

The successive approximation register (SAR) performs 8 it-
erations to approximate the input voltage. For any SAR type
converter, n-iterations are required for an n-bit converter.
Figure 2 shows a typical example of a 3-bit converter. In the
ADC0808, ADC0809, the approximation technique is ex-
tended to 8 bits using the 256R network.

The A/D converter's successive approximation register
(SAR) is reset on the positive edge of the start conversion
(SC) pulse. The conversion is begun on the falling edge of
the start conversion pulse. A conversion In process will be in-
terrupted by receipt of a new start conversion pulse. Con-
tinuous conversion may be accomplished by tying the
end-of-conversion (EOC) output to the SC input. If used in
this mode, an external start conversion pulse should be ap-
plied after power up. End-of-conversion will go low between
0 and 8 clock pulses after the rising edge of start conversion.

The most important section of the A/D converter is the com-
parator. It is this section which is responsible for the uitimate
accuracy of the entire converter. It is also the comparator
drift which has the greatest influence on the repeatability ot
the device. A chopper-stabilized comparator provides the
most effective method of satisfying all the converter require-
ments.

The chopper-stabiiized comparator converts the DC input
signal into an AC signal. This signal is then fed throught a
high gain AC amplifier and has the DC level restored. This
technique limits the drift component of the amplifier since the
drift is a DC component which is not passed by the AC am-
plifier. This makes the entire A/D converter extremely Insen-
sitive to temperature, long term drift and input offset errors.

Figure 4 shows a typical error curve for the ADC0808 as
measured using the procedures outlined in AN-179.
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Functional Description (continued)

CONTROLS FROM S.AR.
1
T 4 T
<
%A ::
R N—
» - L ]
R :’ . L] L ]
(’ . . . N———
*
2568 o . . . > 'E'?F%rrunoa
[ ]
. . . \_.]
A
L] - L]
R . . -
L] L]
%R :: N——
<
REF(—) Omemmnet

050058722
FIGURE 1. Reslstor Ladder and Switch Tree

m INFINITE RESOLUTION
{=FULL-SCALE - PERFECT CONVERTER
1] IDEAL CURVE —-~ ERROR=1/2 LS8
. 10 s 1DEAL 3-81T CONVERTER
" w
g 8 w1 | unaowster-1. 54
60 s ERROR 1§
5 £ 100 L—I Ls8
§ o g AMSOLUTE
s NONLINEARITY = 1/2 LS8 s m ACCURACY
g m g m -1 150
NONLINEARITY « —1/2 LSR QUANTIZATION
oo1] - 1
4| [=-ZERD ERROR = ~1/4 LS8 & ERROR
[ L Vin 000 vin
@314 21 13 A 54 &3 N V1% 2R IN N R RN
Vin RS FRACTION OF FULLSCALE ViN AS FRACTION OF FULLSCALE
DS005672-13
DS005672-14
FIGURE 2. 3-Bit A/D Transfer Curve FIGURE 3. 3-Bit A/D Absolute Accuracy Curve
AEFERENCE LINE
QUANTIZING "
ERROR :
INPUT OV FULL
VOLTAGE SCALE
DS005672-18
FIGURE 4. Typical Error Curve
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Connection Diagrams

Dualin-Line Package

N3 —1 281 IN2
N4—f2 27Nt
N5—{3 26~IN0
IN6 =] 4 25}—A0D A
IN7—{5 24}—aop 8
START—{6 23|=ADD €
toc—47 22|-ALE
2-54s 21f-2""us8
OUTPUT ENABLE —§9 20}-2"2 -
cLock—j10 19}-273
Voot 18274
Veer (4)—{12 17}-2"%58
6ND—{13 161=Vper (=)
27714 15}-2"¢
DSQ05672-11

Order Number ADC0808CCN, ADCO809CCN,

ADCO0808CCJ or ADC0808CJ
See NS Package J28A or N28A

Timing Diagram

Molded Chip Carrier Package

< @m O
Q QO Q we~ o m
LAILIINNY
I I I O |
25 24 23 22 21 20 19
o —26 18p—27
W27 17}-2"%s8
IN2 28 164— Veer (=)
IN3 1 i54—~276
INd 39 14277
INS {3 13} GND
IN6 = 4 12}= Yrer (+)
N5 678 9101
LI
~ QN
2EgLFE S8
I 3 g
5
E
o
DSoOSET2-12

Order Number ADC0808CCV or ADC0809CCV

See NS Package V28A

e
START m;l s(ﬂ*

ae ..,.J_l__ _wj

ADDREST 0% C:}{m
“‘"‘,‘;35} — X
4
e X X
T

ovTruT

ENABLE

1 X

TRISTATE

ouTPUTS

FIGURE 5.
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Typical Performance Characteristics

1
fe = 1200 kHz

v

y 0

-85 /V

-1 fe = 1200 kHz

TYPICAL by WA)
(-]

0 125 25 175 §
Vin (V)
0S005672-16
FIGURE 6. Comparator [,y vs V,y
(Vec=Vrer=5V)

Taes5C

™~

Ta=-40"C

TYMCAL Rgy (k)

° 125 25 s 5
Vintv)
0500567217

FIGURE 7. Multiplexer Rgy vs Viy
(Vec=Vrer=5V)

TRI-STATE Test Circuits and Timing Diagrams

Y G

Vee
ouTPUT
ENABLE

Vch
[}
J_ [ 10 Vou

I ouTRPUT

ouTPUT o
ENABLE

GNO

tows G = 10 pF

t()Mv tno
Ve Vee v Y Y
e
ouTPUT o o
10k ENABLE
GND
OUTPUT fe~tan

ENABLE

a
Vee
-J- L oUTPUT /—
——t
L I g

tys Co = 10 pF Y1y Co = 50 pF
u "
0%
50% 0%
10% 10%
tH t0H
90%
§0%
DS005672-19 DS005872-20

tuor G = 50 pF

DS005672-23

DS00s872-22

FIGURE 8.

Applications Information
OPERATION

1.0 RATIOMETRIC CONVERSION

The ADC0808, ADCO0809 is designed as a complete Data
Acquisition System (DAS) for ratiometric conversion sys-
tems. In ratiometric systems, the physical variable being
measured is expressed as a percentage of full-scale which is
not necessarily related to an absolute standard. The voltage
input to the ADCO0808 is expressed by the equation

Vi _ Dx
Vis—Vz  DMax—Dmin )

Vin=input voitage into the ADC0808
Vis=Full-scale voltage

V,=Zero voltage

Dy=Data point being measured
Duax=Maximum data limit
Dpin=Minimum data fimit

A good example of a ratlometric transducer is a potentiom-
eter used as a position sensor. The position of the wiper is di-
rectly proportional to the output voltage which is a ratio of the
full-scale voltage across it. Since the data is represented as
a proportion of full-scale, reference requirements are greatly
reduced, eliminating a large source of error and cost for
many applications. A major advantage of the ADCO0808,
ADCO0809 is that the input voltage range is equal to the sup-
ply range so the transducers can be connected directly
across the supply and their outputs connected directly into
the multiplexer inputs, (Figure 9).

Ratiometric transducers such as potentiometers, strain
gauges, thermistor bridges, pressure transducers, etc., are
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Applications Information (continued)

suitable for measuring proportional relationships; however,
many types of measurements must be referred to an abso-
lute standard such as voltage or current. This means a sys-
tem reference must be used which relates the full-scale volt-
age to the standard volt. For example, if Voc=Vpee=5.12V,
then the full-scale range is divided into 256 standard steps.
The smallest standard step is 1 LSB which is then 20 mV.,

2.0 RESISTOR LADDER LIMITATIONS

The voltages from the resistor ladder are compared to the
selected into 8 times in a conversion. These voltages are
coupled to the comparator via an analog switch tree which is
referenced to the supply. The voltages at the top, center and
bottom of the ladder must be controlled to maintain proper
operation.

The top of the ladder, Ret(+), should not be more positive
than the supply, and the bottom of the ladder, Ref(~), should
not be more negative than ground. The center of the ladder
voltage must also be near the center of the supply because
the analog switch tree changes from N-channel switches to
P-channel switches. These limitations are automatically sat-
isfied in ratiometric systems and can be easily met in.ground
referenced systems.

Figure 10 shows a ground referenced system with a sepa-
rate supply and reference. In this system, the supply must be
trimmed to match the reference voltage. For instance, if a
5.12V Is used, the supply should be adjusted to the same
voltage within 0.1V.

T Vee
L REF(+) M8
’A
< la?
< : DIGITAL
- yTPUT
: Qgut PROPORTIONAL
M T0 ANALOG
° INPUT
L ]
» 10
ViN _ Vin
REF(-) Lss Qoure N o N
l I GHD OUT= Vrer ™ Voo
e 4.5V Voo w VREF 5525V
— ADCO3ES * Ratlometric transducers

DS00%672-7

FIGURE 9. Ratiometric Conversion System

The ADC0808 needs less than a milliamp of supply current
80 developing the supply from the reference is readily ac-
complished. In Figure 11 a ground referenced system is
shown which generates the supply from the reference. The
butfer shown can be an op amp of sufficient drive to supply
the milliamp of supply current and the desired bus drive, or If
a capacitive bus is driven by the outputs a large capacitor will
supply the transient supply current as seen in Figure 12. The
LM301 is overcompensated to insure stability when loaded
by the 10 pF output capacitor.

The top and bottom ladder voltages cannot exceed V¢ and
ground, respectively, but they can be symmetrically less than
Ve and greater than ground. The center of the ladder voit-
age should always be near the center of the supply. The sen-
sitivity of the converter can be increased, (i.e., size of the
LSB steps decreased) by using a symmetrical reference sys-
tem. In Figure 13, & 2.5V reference is symmetrically cen-
tered about Vc/2 since the same current flows in identical
resistors. This system with a 2.5V refarence allows the LSB
bit to be half the size of a 5V reference system.

M v —————— -
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Applications Information (continued)

ViN
QOUT-.V_
REF

475V < Voo = Vper < 5.25V
e vee :
SUPPLY
MS8
VREF REF(+) DIGITAL
0 ouTPUT
oyt REFERENCED
O—1 7 T0
Vin{O— o GROUND
e
(0 Ind
I_ REF(-) Ls8
GND
ADCO808
05005672-24
FIGURE 10. Ground Referenced
Conversion System Using Trimmed Supply
v*
Ve
\f mss
DIGITAL OUTPUT
VaeF 9 REF(+) Qgur AEFERENCED TO
REF(+) O lg7 GROUND
Vin { O— s
o tat
r- AEF(-) Lss
&—{ GND
ADCOR0S
Vin
Qoyt = —2-
oUT = s

4.75V < Vco = VRer < 5.25V

FIGURE 11. Ground Referenced Conversion System with
Reference Generating V¢ Supply
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Applications Information (continued)

LM3298

®

10-15 Vpe
)

REF(+)

+ 10uF
— soLID
TANTALUM

> 4 » GND
REF(~}

FIGURE 12. Typical Reference and Supply Circuit

sV
V
[ Vee
XL N ms8
<
,1 a7
< *
L ]
* ]
. Oyt
L]
*
* 1o
1.25V
® REF(-}
2.5V
REFERENCE Ag Lse

Ra=Ra
*Ratlometric transducers

FIGURE 13. Symmetrically Centered Reference

3.0 CONVERTER EQUATIONS
The transition between adjacent codes N and N+1 is given
by:

N 1
Vi~ { (VRer(+)— VREF(-) [;5—61'_;)5] +V1ue } +VReF(—)
2)
The center of an output code N is given by:
N
VIN{(VREF(+)“VREF(-))[E‘5§] 1V'rus} +VRer(-) @

The output code N for an arbitrary input are the integers
within the range:

N VN VRER(-)
VReF(+) = VREF(-)

where: V,y=Voltage at comparator input

Vier=Voltage at Ref(+)
Vrer=Voltage at Ref(-)

Vrye=Total unadjusted error voltage (typically

Vaery3512)

X256 + Absolute Accuracy

DS005672-28

DIGITAL OUTPUT
PROPORTIONAL TO
ANALOG INPUT

126V S VNS 375V

05005872-27

4)
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Applications Information (continued)

4.0 ANALOG COMPARATOR INPUTS

The dynamic comparator input current is caused by the pe-
rodic switching of on-chip stray capacitances. These are
connected alternately to the output of the resistor ladder/
switch tree network and to the comparator input as part of
the operation of the chopper stabilized comparator.

Typical Application

If no filter capacitors are used at the analog inputs and the
signal source impedances are low, the comparator input cur-
rent should not introduce converter errors, as the transient
created by the capacitance discharge will die out before the
comparator output is strobed.

It input filter capacitors are desired for noise reduction and

signal conditioning they will tend to average out the dynamic
comparator input current. It will then take on the characteris-

The average value of the comparator input current varies di- tics of a DC bias current whose effect can be predicted con-
rectly with clock frequency and with V,y as shown in ventionally.
Figure 6.

AD2—{C

sV SUPPI.VT
A/

READ
_J INTERRUFT
500 kHz==f CLK 0f
Ig%ﬂiiﬁ 6.000V—] VReF () 13 INTERRUPT
(AD4-AD1S)* 0.000V —3Vep(-)
2-1—— Dp7 MsB

START 2-2}—p 086

— ALE 7= }——ap 085

24— DB4

ADD~—{ A 25 |——p083

ADC0§08

AD1—18 ADCOSCY 28 pr——>pp DB2

2-1 b D81
2~ ——p Dot Ls8

(] I —Vind
GND .
I 0-s5v
GROUND = . ANALOG
. INPUT RANGE
lno =iy 1
DS008872-10
*Address latches needed for 8085 and SC/MP interfacing the ADC0808 o a microprocessor
MICROPROCESSOR INTERFACE TABLE
PROCESSOR READ WRITE INTERRUPT (COMMENT)
8080 MEMR MEMW INTR (Thru RST Circuit)
8085 RD WR INTR (Thru RST Circuit)
Z-80 RD WR INT (Thru RST Circuit, Mode 0)
SCMP NRDS NWDS SA (Thru Sense A)
6800 VMAp2°R/W | VMA«¢sR/W | IRQA or IRQB (Thru PIA)

Ordering Information

TEMPERATURE RANGE -40°C to +85'C -55°C to +125°C
Error | £ LSB Unadjusted { ADCO80S8CCN ADCO0808CCV ADC0808CCJ ADC0808CJ
%1 LSB Unadjusted | ADCO809CCN ADCO0809CCV
Package Outline N2BA Molded DIP | V28A Motded Chip Carrier J28A Ceramic DIP | J28A Ceramic DIP
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. Physical Dimensions inches (millimeters) unless otherwise noted
t
|- 1AR ax 9500
] (5] riS2R
. | MAXGLASS
]
t o5
“:iﬂ 0.914-0.52¢
I 1301300
0.030-0.856 —r
{0.762-1.397)
RAD TYP
1 0.160
! winy a2
15902620 MAX GLASS .05 =0.005 5.718)
T1e3e8-15744) SEALANT ™\ 1 [Tiam e MAX
T X 0.620-0.070
\ i(tm-l.ﬂl)
g e LO0-0812 f *—-—r
[F= Xt o
. e | _.' ais
o5 ‘oot l 0450-0.180 0100 :0.010 o,l;ﬂun AR
T | [r=Tm) 2 T m—aevn
L e
Ceramic Dual-in-Line Package (J)
Order Number ADC0808CCJ or ADC0808CJ
NS Package Number J28A
clzlcicizizizicizicichcicin
. 2082 o
{1575
0.510:+0.005
(1285x0.127)
THHUNU U S B
PN N0, 1 IDENT
18140
{35.39-38.07)
0.0 0.600-0820 LU0z s L
joren) " (15.24-18.75) [T ErE] g 04250185
¥ s=ae) [y
f T — ).-w I i0.508)
o 4 80 0.009-8.015
o ts“u S R e e F—f
Pt T — 0.050£0.015 0.160:£0.016 ootz0.003 1
adsl (tznzose) - (z.wtu.m)"l b _’“‘_m Lan-0.u0,
0 tIB BITs-3.683)
l——— =4015—»-|
(s 205 v
Molded Dual-in-Line Package (N)
Order Number ADC0O808CCN or ADC0809CCN
NS Package Number N28B
) 13 www.national.com
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Physical Dimensions inches (millimeters) unless otherwise noted (Continued)

+0.006
0.450 19:99¢
[11.43] 250 0.045
M 450 x >
PIN #1 IDENT (4] 0.01720.004 1yp
4 1 26 0.029£0.003 ryp [0.4320.10]
[0.74£0.08) l i
5[] []25 [
0 i T T
g . 0.410£0.020 1yp
O u (10.4120.51]
O []
a ]
1" D19
| LH_ILJLJL!J | | T
2t T |~ SEATING PLANE
0.020
MIN
- <-[°.51] IN TYP
0.105£0.015
(2.6720.38] 1"
0.165-0.180 1yp

[4.19-4.57]

[&To.004 [0.10)

0.490£0.005
[12.4520.13) v2ua (ReY )
Molded Chip Carrier (V)
Order Number ADC0808CCV or ADC0809CCV
NS Package Number V28A

LIFE SUPPORT POLICY

NATIONAL’S PRODUCTS ARE NOT AUTHORIZED FOR USE AS CRITICAL COMPONENTS IN LIFE SUPPORT DE-
VICES OR SYSTEMS WITHOUT THE EXPRESS WRITTEN APPROVAL OF THE PRESIDENT OF NATIONAL SEMI-
CONDUCTOR CORPORATION. As used herein:

1. Uife support devices or systems are devices or sys- 2. A critical component in any component of a life support

ADC0808/ADC0809 8-Bit uP Compatible A/D Converters with 8-Channel Multiplexer

tems which, (a) are intended for surgical implant into device or system whose failure to perform can be rea-
the body, or (b) support or sustain life, and whose fail- sonably expected to cause the failure of the lite support
ure to perform when properly used in accordance device or system, or to affect its safety or effectiveness.

with instructions for use provided in the labeling, can
be reasonably expected to result in a significant injury

to the user.
National Semiconductor National Semlconductor Natlonal Semlconductor National Semiconductor
Corporation Europe Asla Paciflc Customer Japan Ltd.
Americas Fax: +49 (0) 1 80-530 85 86 Response Group Tel: 81-3-5620-6175
Tel: 1-800-272-9959 Email: europe.support@nsc.com Tel: 65-2544486 Fax: 81-3-5620-6179
Fax: 1-800-737-7018 Deutsch Tel: +49 (0} 1 80-530 85 85 Fax: 65-2504466
Email: suppon@nsc.com English Tel: +43 (0) 1 80-532 78 32 Email: sea.support@nsc.com
Frangals Tel: +49 (0) 1 B0-532 93 58
www.national.com ftaliano Tel: +49 (0) 1 80-534 18 80

Nafforal does not assume any responsiiiiity for use of any circullry described. no clrault patent Boansas ane Implled end Nafional reserves the right & eny time withaut natice 10 change sald droultry and spedificafions,
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General Description

The DAC0830 is an advanced CMOS/Si-Cr 8-bit multiplying
DAC designed to interface directly with the 8080, 8048,
8085, Z80®, and other popular microprocessors. A deposit-
ed silicon-chromium R-2R resistor ladder network divides
the reference current and provides the circult with excellent
temperature tracking characteristics (0.06% of Full Scale
Range maximum linearity error over temperature). The cir-
cuit uses CMOS current switches and control logic to
achieve low power consumption and low output leakage
current esrors. Special circuitry provides TTL logic input volt-
age level compatibility.

Double buffering allows these DACs to output a voltage cor-
responding to one digital word while holding the next digital
word. This permits the simultaneous updating of any num-
ber of DACs.

The DACO0830 series are the 8-bit members of a family of
microprocessor-compatible DACs (MICRO-DAC™), For ap-
plications demanding higher resolution, the DAC1000 serles
(10-bits) and the DAC1208 and DAC1230 (12-bits) are avall-
able alternatives.

i BLFET™ and MICRO.DAC™ are of National C
280% is & regislared fradsmark of Zilog Carporation.

National Semiconductor

DAC0830/DAC0831/DAC0832 8-BituP
Compatible, Double-Buffered D to A Converters

February 1995
Features
® Double-buffered, single-buffered or flow-through digital
data inputs

® Easy interchange and pin-compatible with 12-bit

DAC1230 series

m Direct interface to all popular microprocessors

R Linearity specified with zero and full scale adjust only—
NOT BEST STRAIGHT LINE FIT.

| Works with £ 10V reference-full 4-quadrant
multiplication

& Can be used in the voltage switching mode

| Logic inputs which meet TTL voltage level specs (1.4V
logic threshold)

B Operates “STAND ALONE" (without uP) if desired

Available in 20-pin small-outline or molded chip carrier
package

Key Specifications

u Current settling time 1pus
m Resolution 8 bits
W Linearity 8, 9, or 10 bits

(guaranteed over temp.)
® Gain Tempco
u Low power dissipation
= Single power supply

0.0002% FS/°C
20 mW
51t 15 Vpg

Typical Application

*Allows easy upgrade to 12-bit DAC1230,
See application hints

Connection Diagrams (rop views)

Dual-In-Line and
Small-Outline Packages

TL/H/5608-21

~cy CoNTROL BUS
4]
wi
[+ ¥eE (+15¥pe)
XFER
"
H [
s 087, A R
b | EvaanuE J DACSS30/0831 /0832
s D0 3 1
[t 1
L>, 8180 8us *Vnes

8 —1® 20— v 1This Is necessary for the
WX, —{2 19— kg (BYTEVETTERE 12-bit DAC1230 series to
o —3 1 — ¥ permit interchanging from
oy —j4 1f— Wk an 8-bit 10 a 12-bit DAC

:’ : : :: : ::: with No PC board changes

owttse — 1 il o and no software changes,
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Absolute Maximum Ratings (votes 12 2)

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

Supply Voltage (Vcc)

\)oltage at Any Digital Input

\)ottage at Vper Input

§torage Temperature Range

Package Dissipation
} at To=25°C (Note 3)
oc Voltage Applied to
lours or loyrz (Note 4)

ESD Susceptability (Note 14)

H

17 Vpc

Ve to GND
+25V

~-65°C to +150°C

500 mW

—100 mV to Vg
800V

Lead Temperature (soldering, 10 sec.)
Dual-In-Line Package (plastic)
Dual-In-Line Package (ceramic)
Surface Mount Package

Vapor Phase (60 sec.)
Infrared (15 sec.)

Operating Conditions
Temperature Range
Part numbers with ‘LCN’ suffix
Part numbers with ‘LCWM’ suffix
Part numbers with ‘LCV' suffix
Part numbers with ‘LCJ’ sufiix
Part numbers with ‘LJ’ suffix
Voltage at Any Digital Input

260°C
300°C

215°C
220°C

TmiNS TASTMAg
0°Cto +70°C
0°Cto +70°C
0°Cto +70°C

—40°Cto +85°C

—-55°Cto +125°C
Ve to GND

)
Electrical Characteristics VRer = 10.000 Vpc unless otherwise noted. Boldface limits apply over tempera-
ture, TminSTA< Tmax. For all other limits To =25°C.

] =
Vee = 4.75 Vpe |.V6¢ = 5 Vbe £5%
Vee = 12Vpg £5%
see | Ve = 1875Voc | N0 (ovie £5% | Limit
Parameter Conditions ° De m
Note Units
Tested
Typ Limit Design Limit
(Note 12) (Note 5) {Note 6)
ONVERTER CHARACTERISTICS
osolution 8 8 8 bits
nearity Error Max Zero and full scale adjusted 4,8
' —10VSVRer< +10V
\CDB30LJ & LCJ 0.05 0.05 % FSR
AC0832LJ & LCJ 0.2 0.2 % FSR
ACOB30LCN, LCWM & LCV 0.05 0.05 % FSR
t\ggem LCN 0.1 0.1 % FSR
ACO832LCN, LCWM & LCV 0.2 0.2 % FSR
ffe:'ential Nonlinearity Zero and full scale adjusted 4,8
Max —10VSVRer< +10V
\CHB3IOLJ & LCJ 0.1 0.1 % FSR
\C0B32LJ & LCJ 0.4 0.4 % FSR
\COB3OLCN, LCWM & LCV 0.1 0.1 % FSR
\CH831LCN 0.2 0.2 % FSR
\CO832LCN, LCWM & LCV 0.4 0.4 % FSR
notonicity —~10V<Vper LjaLel 4 8 8 bits
<+10V LCN, LCWM & LCV 8 8 bits
L3
in Error Max Using Internal Ry 7
' —10VS<Vagr < £10V $0.2 £1 £1 % FS
in Error Tempco Max Using internal Ry 0.0002 0.0006 st/;"c
wes Supply Refection All digital inputs fatched high
; Ve =14.5V to 15.5V 0.0002 | 0.0025 %
115V to 12,5V 0.0006 FSR/V
i 4.5V105.5V 0.013 | 0.015
ference Input]  Max 15 20 20 kO
E Min 15 10 10 kQ
tpdt Feedthrough Error VRer=20 Vp-p, {=100 kHz 3 v
¥ Ali data inputs latched low mvp-p
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Electrical Characteristics VRer = 10.000 Vpg unless otherwise noted. Boldface limits apply over tempera-

ture, Tpyn< Ta <Tmax- For all other limits To = 25°C. (Continued)

Vee = 4.75Vpe
Vee = 15.75 Vpe

Vec = 5Vpe 5%
Vo = 12Vpe 5%

Parameter Conditions See to 15Vpc £5% Limit
Note Tested Units
Typ Uit Design Limit
(Note 12) (Note 5) (Note 6)
CONVERTER CHARACTERISTICS (Continued)
Output Leakage | loyt1 | Alldatainputs LJ&LGCY 10 100 100 A
Current Max latchedfow  LCN, LCWM & LCV 50 100 n
loute | Alldatainputs LJ&LCJ 100 100 nA
tatched high LCN, LCWM & LCV 50 100
Output lout1 | All datainputs 45 E
Capacitance louTt2 latched low 115 P
louts | All datainputs 130 F
lout2 | latched high 30 P
DIGITAL AND DC CHARACTERISTICS
Digital Input Max Logic Low (W) 4,75V 0.6
Voitages LJ 16,75V 0.8
LcJ 4.75V 0.7 Voe
LCJ 16.75V 0.8
LCN, LCWM, LCV 0.95 0.8
Min Logic High wé&Lcy 2.0 2.0 v
LCN, LCWM, LCV 1.9 2.0 oS
Digital Input Max Digital inputs <0.8V
Currents L&LG) —50 —-200 —-200 pA
LCN, LCWM, LCV —-160 -200 BA
Digital inputs>2.0V '
L&Lcd 0.1 +10 +10 pA
LCN, LCWM, LCV +8 +10
Supply Current | Max LJ&LG 1.2 3.5 3.5 A
Drain LCN, LOWM, LCV 17 2.0 m
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Electrical Characteristics VRer = 10.000 Vpg unless otherwise noted. Boldface limits apply over tempera-
ture, TiN<TA < Tmax. For all other limits T = 25°C. (Continued)

Vec=12Vpct5% Vee=5Vpe
Vee=15.75 Vpe Vee=4.75Vpe
Conditt See to 15Vpe £5% *5% Limit

ymbol|  Parameter onditions  Inote T Tested Design T Tested| Design |units

‘ (Not? 12| Limit Limit o o 2| Lmit | Limit

N (Note 5) (Note 6) (Note 5)| (Note 6)
C'CHARACTERISTICS

3

= =5V

i Current Setting ViL=0V, Viy=5 10 10 us

] Time
/4 Write and XFER ViL=0V, Vig=5v;| 1 100 250 375 600

| |Pulse Width Min 9 320 320 900 200
St Data Setup Time  |[Vj =0V, V|y=5V 9 100 250 375 600

' Min 320 320 900 900
Hi Data Hold Time ViL=0V, Viy=5V| 9 30 50 ns

R Min 30 50
s {Control Setup Time|ViL =0V, Viy=5V| 110 250 600 900

N Min 320 320 1100 1100
" Control Hold Time |Vi =0V, Viy=5V| ¢ 0 0 10 0 0

. |Min o [¢)

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
thp device beyond its specified operating conditions.

Note 2: AR voltages are measured with respect to GND, unless otherwise specified.
Note 3: The i power dissipation must be d d at el d temp and is dictated by Tymax, 64 and the ambient temperature, Ta. The maximum
power digsipation at any temp 08 Pp = (Tymax = Ta)/ 0,4 or the number given in the Absolute Maximum Ratings, whichever is lowsr, For thig

device, Tymax = 125°C (plastic) or 150°C (ceramic), and the typical junction-to-ambient thermal resistance of the J package whan board mounted is 80°C/W. For
thg N package, this number increases 10 100°C/W and for the V package this number is 120°C/W.

Note 4: For current switching applications, both IoyTy and loyT2 must go to ground or the “Virtua! Ground” of an operational amplifier. The linearity error is
raded by approximately Vog + VRgr. For example, if VRgr = 10V then a 1 mV offset, Vos, on louTs or loyTz will introduce an additional 0.01% tinearity error.

Ngte 5: Tested limits are guaranteed to National's AOQL (Average Outgoing Quality Level).

Note 8: Guaranteed, but not 100% production tested. These limits are not used to calculate outgoing quality levels,

Neote 7: Guaranteed at VRgr™= £ 10 Vpg and VRgr™ 1 Vpe.

Nete 8: The unit “FSR™ stands for “Full Scale Range." “Linearity Error” and “Power Supply Rejection” specs are based on this unit to eliminate dependenco on a
paflicular Vagr value and to indicate the true performance of the part. The “Linearity Error”” specification of the DAC0830 is “0.05% of FSR (MAX)". This
guarantees that after performing a zero and full scale adjustment {see Sections 2.5 and 2.6), the plot of the 256 analog voltage outputs will each be within
0.Q5% X VRgr of a straight line which passes through zero and full scate.

Nate 9: Boldface tested limits apply to the L.} and LCJ suffix parts only.

Noje 10: A 100nA feakage current with Ry = 20k and Vpggp= 10V corresponds to a zero error of {100 % 10-9% 20X 10%) X 100/10 which is 0.02% of FS.
Noge 11: The entire write puise must occur within the valid data interval for the specified tw. 1ps. ton, and tg to apply.

Note 12: Typicals are at 25°C and rep most likely ic norm.

Note 13: Human body modet, 100 pF discharged through a 1.5 kfl resistor.
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Switching Waveform

tog =l loy.
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DATA BITS

lours tour2

Definition of Package Pinouts

Control Signals (All control signals level actuated)

Cs:
ILE:

WR;::

£
5

XFER:

Chlp Select (active low). The €S in combina-
tion with ILE will enable WR;.

Input Latch Enable (active high). The ILE in
combination with CS enables WR;.

Write 1. The active low WR7 is used to load the
digital input data bits (D!) into the input latch.
The data in the input latch is latched when WR{
is high. To update the input latch—C3S and WRy{
must be low while ILE Is high.

Write 2 (active low). This signal, in combination
with XFER, causes the B-bit data which is avail-
able in the input latch to transfer to the DAC
register.

Transfer control signal (active low). The
XFER will enable WR.

Other Pin Functions

Dlg-Dly:

lour+:

lout2:

Rep:

Digital Inputs. Dlp is the least significant bit
(LSB) and DIy is the most significant bit (MSB).
DAC Current Output 1. loyTy is a8 maximum
for a digital code of all 1's in the DAC register,
and is zero for all 0’s in DAG register.

DAC Current Output 2. loyT2 is a constant
minus IoyT1. or louTt +loyuT2 =constant (! full
scale for a fixed reference voltage).

Feedback Resistor. The feedback resistor is
provided on the IC chip for use as the shunt

VRer:

GND:

«— SETILED TO

*'%hLSB
TL/H/5608-2

feedback reslstor for the external op amp which is
used to provide an output voltage for the DAC.
This on-chip resistor should always be used (not
an external resistor) since it matches the resistors
which are used in the on-chip R-2R ladder and
tracks these resistors over temperature.
Reference Voltage Input. This input connects an
external precision voltage source to the internal R-
2R ladder. Vrer can be selected over the range of
+10 to —10V, This is also the analog voltage in-
put for a 4-quadrant multiplying DAC application.
Digital Supply Voltage. This is the power supply
pin for the part. Vg can be from +5 to +15Vpg.
Operation is optimum for +15Vpc.

The pin 10 voltage must be at the same ground
potential as loyT¢ and loyrs for current switching
applications. Any difference of potential (Vos pin
10) will result in a linearity change of

Vos pin 10
3VRer

For example, if Vger = 10V and pin 10 is 9mV

offset from loyTy and loyT the linearity change
will be 0.03%.

Pin 3 can be offset £100mV with no linearity
change, but the logic input threshold will shift.
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inearity Error

ACTUAL

ANALDG GUTPUT

* LS8 ERAOA

ANALOG OUTPUT

I0EAL RESPONSE

v o mrprememm e [P | -

ACTUAL

IDEAL RESPONSE

r 2% LSB ERROR BAND

ACTUAL

1LSB ERROA

AMALOG OUTPUT

MGITAL INPUT

' a) End point test after
zero and fs adj.

definition of Terms

Resolution: Resolution is directly related to the number of
switches or bits within the DAC. For example, the DAC0830
hds 28 or 256 steps and therefore has 8-bit resolution.

L{nearlty Error: Linearity Error is the maximum deviation
from a straight fine passing through the endpoints of the
DAC transfer characteristic. It is measured after adjusting
for zero and full-scale. Linearity error is a parameter intrinsic
to the device and cannot be externally adjusted.

Nétlonal‘s linearity “end point test” (a) and the “best
straight line” test (b,c) used by other suppliers are illustrated
above. The “end point test” greatly simplifies the adjust-
men} procedure by eliminating the need for muttiple itera-
tions of checking the linearity and then adjusting full scale
until the linearity is met. The “end point test” guarantees
that linearity is met after a single full scale adjust. (One ad-
justment vs. multiple iterations of the adjustment.) The “‘end
paint test” uses a standard zero and F.S. adjustment proce-
dure and is a much more stringent test for DAC linearlty.
Power Supply Sensitivity: Power supply sensitivity Is a
measure of the effect of power supply changes on the DAC
full-scale output.

DIGITAL INPUT

b) Best straight line

OIGITAL INPUT

TL/H/5608-3
c) Shifting fs ad]. to pass
best straight line test

Settling Time: Settling time is the time required from a code
transition until the DAC output reaches within +14LSB of
the final output value. Full-scale settling time requires a zero
to full-scale or full-scale to zero output change.

Full-Scale Error: Full scale error Is a measure of the output
error between an ideal DAC and the actua! device output.
1deally, for the DAC0830 series, full-scale is Vggr —1LSB.
For VRer=10V and unipolar operation, VryL_.SCALE=
10.0000V —39mV =9.961V. Full-scale error is adjustable to
zero.

Differential Nonlinearity: The difference between any two
consecutive codes in the transfer curve from the theoretical
1 LSB is differential nonlinearity.

Monotonic: If the output of a DAC increases for increasing
digital input code, then the DAC Is monotonic. An 8-bit DAC
which is monotonic to 8 bits simply means that increasing
digital input codes will produce an increasing analog output.
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FIGURE 1. DACO0830 Functional Diagram
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Typical Performance Characteristics
Digital Input Threshold

Digital input Threshold

Gain and Linearity Error

vs. Temperature vs. Voo Varlation vs. Temperature
24 24 l ] [ A} l
20 2.0 = -55°C] 0.075 — LINEARITY ERROA
= o S F o == GAIN ERAOR
£ - = £
S 1.6 P~ = 16 Ta = 25°C+ -
2 N T kee = v 2 — Az g o
£ 2 — & 12 L=t o VY T e S O Yo T —
% ~J ey 3 o A= =z s 1
= Vee = SVor Tt ] = 1 & ool
2 0s E 08 = g o
] g 5 -005
e S o
= 04 0.4
-0.075 Vee = 18 Vge—|
0 0 -0.1
-55-35-15 5 25 45 G5 85 105 125 5 1 15 ~55-35-15 § 25 45 65 85 105128
Ta. AMBIENT TEMPERATURE (°C) Vee. SUPPLY VOLTAGE (V) Ta. AMBIENT TEMPERATURE (°C}
Gain and Linearity Error
Variation vs. Supply Voltage Wrlte Pulse Width Data Hold Time
+0.029 v v 500
~J AUNEARITY ERROR 7
0.000 ' = 1 2
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DACO0830 Series Application Hints

These DAC's are the industry’s first microprocessor com-
patible, double-butfered 8-bit multiplying D to A converters.
Double-buffering allows the utmost application flexibility
from a digital control point of view. This 20-pin device is also
pin for pin compatible (with one exception) with the
DAC1230, a 12-bit MICRO-DAC. In the event that a sys-
tem’s analog output resolution and accuracy must be up-
graded, substituting the DAC1230 can be easily accom-
plished. By tying address bit Ag to the ILE pin, a two-byte uP
write instruction (double precision) which automatically in-
crements the address for the second byte write (starting
with Ag="1"") can be used. This allows either an 8-bit or the
12-bit part to be used with no hardware or software chang-
es. For the simplest 8-bit application, this pin should be tied
to Vg (also see other uses in section 1.1).

Analog signal contro! versatility is provided by a precision R-
2R ladder network which allows full 4-quadrant muitiplica-
tion of a wide range bipolar reference voltage by an applied
digitat word.

1.0 DIGITAL CONSIDERATIONS

A most unique characteristic of these DAC's is that the 8-bit
digital input byte is double-buffered. This means that the
data must transfer through two independently controlied 8-
bit latching registers before being applied to the R-2R lad-
der network to change the analog output. The addition of a
second register allows two useful control teatures. First, any
DAC in a system can simultaneously hold the current DAC
data in one register (DAC register) and the next data word in
the second register (input register) to allow fast updating of
the DAC output on demand. Second, and probably more
important, double-buffering allows any number of DAC's in a

Ta. AMBIENT TEMPERATURE (°C)

Ta. AMBIENT TEMPERATURE {°C)
TL/H/5608-5

system to be updated to their new analog output levels
simuitaneously via a common strobe signal.

The timing requirements and logic level convention of the
register control signals have been designed to minimize or
eliminate external interfacing logic when applied to most
popular microprocessors and development systems. It is
easy to think of these converters as 8-bit “write-only” mem-
ory locations that provide an analog output quantity. All in-
puts to these DAC's meet TTL voltage level specs and can
also be driven directly with high voltage CMOS logic in non-
microprocessor based systems. To prevent damage to the
chip from static discharge, all unused digital inputs should
be tied to Ve or ground. If any of the digital inputs are
inadvertantly left floating, the DAC interprets the pin as a
logic “1”.

1.1 Double-Buffered Operation

Updating the analog output of these DAC's in a double-buff-
ered manner is basically a two step or double write opera-
tion. In a microprocessor system two unique system ad-
dresses must be decoded, one for the input latch controtled
by the TS pin and a second for the DAC latch which is
controlied by the XFER line. if more than one DAC is being
driven, Figure 2, the TS fine of each DAC would typically be
decoded individually, but all of the converters could share a
common XFER address to allow simultaneous updating of
any number of DAC’s. The timing for this operation is
shown, Figure 3.

it Is important to note that the analog outputs that will
change after a simultaneous transfer are those from the
DAC's whose input register had been modified prlor to the
XFER command.
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DAC0830 Series Application Hints (continued) T
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E FIGURE 2. Controlling Mutiple DACs
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5
1 TL/H/5608~6
. FIGURE 3

THe ILE pin is an active high chip select which can be de-
coded from the address bus as a qualifier for the normal CS
siqnal generated during a write operation. This can be used
to provide a higher degree of decoding unique control sig-
nals for a particular DAC, and thereby create a more effi-
ciént addressing scheme.

Arother useful application of the ILE pin of each DAC in a
muiltiple DAC system is to tie these inputs together and use
thi as a control line that can effectively “freeze” the out-
puts of all the DAC’s at their present value. Pulling this line
low latches the input register and prevents new data from
being written to the DAC. This can be particularly useful in
mutltiprocessing systems to allow a processor other than the

one controlling the DAC's to take over control of the data
bus and control lines. If this second system were to use the
same addresses as those decoded for DAC control (but for
a different purpose) the ILE function would prevent the
DAC'’s from being erroneously altered.

In a “Stand-Alone™ system the control signals are generat-
ed by discrete logic. In this case double-buffering can be
controlled by simply taking CS and XFER to a logic “0", ILE
to a logic “1" and pulling WR{ low to load data to the input
latch. Pulling WRj low will then update the analog output. A
logic **1"* on either of these lines will prevent the changing
of the analog output.
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DAC0830 Series Application Hints (continued)
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FIGURE 4

1.2 Single-Buffered Operation

In a microprocessor controlled system where maximum
data throughput to the DAC is of primary concem, or when
only one DAC of several needs to be updated at a time, a
single-buffered configuration can be used. One of the two
internal registers allows the data to flow through and the
other register will serve as the data latch.

Digltal signal feedthrough (see Section 1.5) is minimized i
the input register Is used as the data latch. Timing for this
mode is shown in Figure 4.

Single-butfering in a *stand-alone” system is achieved by
strobing WR; low to update the DAC with TS, WR; and
XFER grounded and ILE tied high.

1.3 Flow-Through Operation

Though primarlly designed to provide microprocessor inter-
face compatibility, the MICRO-DAC’s can easily be config-
ured to allow the analog output to continuously reflect the
state of an applied digital input. This is most useful in appli-
cations where the DAC Is used in a continuous feedback
control loop and is driven by a binary up-down counter, or in
function generation circuits where a ROM is continuously
providing DAC data.

Simply grounding TS, WRy, WRy, and XFER and tying ILE
high atlows both intemal registers to follow the applied digi-
tal inputs (flow-through) and directly affect the DAC analog
output.

1.4 Control Signal Timing

When intertacing these MICRO-DAC to any microprocessor,
there are two important time relationships that must be con-
sidered to insure proper operation. The first is the minimum
WH strobe pulse width which is specified as 900 ns for all
valid operating conditions of supply voltage and ambient
temperature, but typically a pulse width of only 180ns is
adequate if Voo=15Vpc. A second consideration is that
the guaranteed minimum data hold time of 50ns should

be met or erroneous data can be latched. This hold time is
defined as the length of time data must be held valid on the
digital inputs affer a qualified (via CS) WR strobe makes a
low to high transition to latch the applied data.

If the controlling device or system does not inherently meet
these timing specs the DAC can be treated as a slow mem-
ory or peripheral and utilize a technique to extend the write
strobe. A simple extension of the write time, by adding a
walit state, can simultaneously hold the write strobe active
and data valid on the bus to satisfy the minimum WR pulse-
width. If this does not provide a sufficient data hold time at
the end of the write cycle, a negative edge triggered one-
shot can be included between the system write strobe and
the WR pin of the DAC. This Is lllustrated in Figure 5 for an
exemplary system which provides a 250ns WR strobe time
with a data hold time of less than 10ns.

The proper data set-up time prior to the latching edge (LO to
HI transition) of the WR strobe, is insured if the WR pulse-
width is within spec and the data is valid on the bus for the
duration of the DAC WR strobe.

1.5 Digital Signal Feedthrough

When data is latched in the intemal registers, but the digital
inputs are changing state, a narow spike of current may
flow out of the current output terminals. This spike is caused
by the rapid switching of internal logic gates that are re-
sponding to the input changes.

There are several recommendations to minimize this effect.
When latching data in the DAC, always use the input regis-
ter as the latch. Second, reducing the Voo supply for the
DAC from + 15V to + 5V offers a factor of 5 improvement in
the magnitude of the feedthrough, but at the expense of
intemal logic switching speed. Finally, increasing C¢ (Figure
8) to a value consistent with the actual circuit bandwidth
requirements can provide a substantial damping effect on
any output spikes.




e T

I?AC0830 Series Application Hints (continueq)
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2.0 ANALOG CONSIDERATIONS

e fundamental purpose of any D to A converter is to pro-
Ade an accurate analog output quantity which is representa-
llf/e of the applied digital word. In the case of the DAC0830,
the output, loyT1, Is a current directly proportional to the
roduct of the applied reference voltage and the digital input
vord. For application versatility, a second output, loyT2, Is
rovided as a current directly proportionat to the comple-
mient of the digital Input. Basically:

v Vger , Digital Input.

UM =I5k 256
VRer 255 Digital Input

¢UT"’ Bka 256

Nhére the digital input is the decimal (base 10) equivalent of
he applied B-bit binary word (0 to 255), Vrer is the voltage
at pin 8 and 15 k1l is the nominal value of the internal resist-
:510e, R, of the R-2R ladder network (discussed in Section
1),
Several factors extemnal to the DAC itself must be consid-
ed to maintain analog accuracy and are covered in subse-
juent sections.

2.1 The Current Switching R-2R Ladder

'he analog circuitry, Figure 6, consists of a silicon-chromi-
in (SiCr or Si-chrome) thin film R-2R ladder which is depos-
led on the surface oxide of the monolithic chip. As a result,
here are no parasitic diode problems with the ladder (as
here may be with diffused resistors) so the reference volt-
ige, VReF, ¢an range —10V to + 10V even if Vg for the
levice is 5Vpg.

he digital input code to the DAC simply controls the posi-
ibn of the SPDT cumrent switches and steers the available
adder current to either loyTy or IoyT2 as determined by the
ogic input level (“1” or “0") respectively, as shown in

TL/H/5608-8

Figure 6. The MOS switches operate in the current mode
with a small voltage drop across them and can therefore
switch currents of either polarity. This is the basis for the 4-
quadrant multiplying feature of this DAC.

2.2 Basic Unipolar Output Voltage

To maintaln linearity of output current with changes in the
applied digital code, it is important that the voltages at both
of the current output pins be as near ground potential
(OVpe) as possible. With Veer= +10V every millivolt ap-
pearing at either loyT1 or louTz Will cause a 0.01% linearity
error. In most applications this output current is converted to
a voltage by using an op amp as shown in Figure 7.

The inverting input of the op amp is a "virtual ground” creat-
ed by the feedback from its output through the internal 15
ke resistor, Rey,. All of the output current (determined by the
digital input and the reference voltage) will flow through Ry
to the output of the amplifier. Two-quadrant operation can
be obtained by reversing the polarity of Vgeg thus causing
louT to flow into the DAC and be sourced from the output
of the amplifier. The output voltage, in either case, is always
equal to loyt1 X Rip and is the opposite polarity of the refer-
ence voltage.

The reference can be either a stable OC voltage source or
an AC signal anywhere in the range from —10V to +10V.
The DAC can be thought of as a digitally controlled attenua-
tor: the output voltage is always less than or equal to the
applied reference voltage. The Vggr terminal of the device
presents a nominal impedance of 15 kfl to ground to exter-
nal circuitry.

Always use the intemal Ry, resistor to create an output volt-
age since this resistor matches (and tracks with tempera-
ture) the value of the resistors used to generate the output
current (louT1)-

—
'

-

10




v W bk i e i m——t wn el e e o wetewan i e e

. w—— o by e Mty el ot o errone. e

P

DACO0830 Series Application Hints (continued)

Vrer

R
m Ry
—Q lourt
—O lovtz
FIGURE 6
DIGITAL
INPUT
Ry (INTERNAL)
AAA >
vy
louts
+Vrer lourt b - o
© DAC0830 AMP —O Vour = —{loy11 X Ap)
- = _Vagr (DIGITAL INPUT)y
= Vos ADJUST
Voo
FIGURE 7 TL/H/S608-9
2.3 Op Amp Considerations

The op amp used in Figure 7 should have offset voltage
nulling capabllity (See Section 2.5).

The selected op amp should have as low a value of input
bias current as possible. The product of the bias current
times the feedback resistance creates an output voltage er-
ror which can be significant in low reference voitage appli-
cations. BI-FET op amps are highly recommended for use
with these DACs because of their very low input current.

Transient response and settling time of the op amp are im-
portant in fast data throughput applications. The largest sta-
bility problem is the feedback pole created by the feedback
resistance, Ry, and the output capacitance of the DAC.
This appears from the op amp output to the (=) input and
includes the stray capacitance at this node. Addition of a
lead capacltance, C¢ in Figure 8, greatly reduces overshoot
and ringing at the output for a step change in DAC output
current.

Finally, the output voltage swing of the amplifier must be
greater than Vrer to allow reaching the full scale output
voltage. Depending on the loading on the output of the am-
plifier and the available op amp supply voltages (only +12
volts in many development systems), a reference voltage
less than 10 voits may be necessary to obtain the full ana-
log output voltage range.

2.4 Bipolar Output Voltage with a Fixed Reference

The addition of a second op amp to the previous circuitry
can be used to generate a bipolar output voltage from a
fixed reference voltage. This, in effect, gives sign signifi-
cance to the MSB of the digital input word and allows two-
quadrant multiplication of the reference voltage. The polarity
of the reference can also be reversed to realize full 4-quad-
rant multiplication: +VggrX  Digital Code= 1 Vpoyt. This
circuit is shown in Figure 9.

This configuration features severa! improvements over ex-
isting circuits for bipolar outputs with other multiplying
DACs. Only the offset voltage of amplifier 1 has to be nulled
to preserve linearity of the DAC. The offset voltage error of
the second op amp (aithough a constant output voltage er-
ror) has no effect on linearity. It should be nulled only if
absolute output accuracy is required. Finally, the values of
the resistors around the second amplifier do not have to
match the intemal DAC resistors, they need only to match
and temperature track each other. A thin film 4-resistor net-
work available from Beckman Instruments, Inc. (part no.
694-3-R10K-D) Is ideally suited for this application. These
resistors are matched to 0.1% and exhibit only 5 ppm/°C
resistance tracking temperature coefficlent. Two of the four
available 10 k(1 resistors can be paralleled to form R in
Figure 9 and the other two can be used independently as
the resistances labeled 2R.

2.5 Zero Adjustment

For accurate conversions, the input offset voltage of the
output amplifier must always be nulled. Amplifier offset er-
rors create an overall degradation of DAC linearity.

The fundamental purpose of zeroing Is to make the voltage
appearing at the DAC outputs as near O0Vpc as possible.
This is accomplished for the typical DAC — op amp connec-
tion (Figure 7) by shorting out Ry, the amplifier feedback
resistor, and adjusting the Vpg nulling potentiometer of the
op amp until the output reads zero volts. This is done, ot
course, with an applied digital code of all zeros if oyt is
driving the op amp (all one's for IgyT2). The short around
Ry is then removed and the converter is zero adjusted.
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AC0830 Series Application Hints (continued)

Cc ts
' I—ll——l OPAmp  Cc (0 toFull Scale)
AAA
i e 'n;' LF356 22 pF 4 us
. N LF351  22pF 5ps
A?:P o LF357 10 pF 2us
+ *2.4 kft RESISTOR ADDED FROM—INPUT TO
GROUND TO INSURE STABILITY
, = FIGURE 8
1
I
I -
i ——AA——
! ” v =V (DIGITAL CODE ~128)
e A b 'OuT=VREF 128
. 0az }—0
l +*
] |VREFI TL/H/5608-10
1LSB=——
3 128
b
1
' Input Code IDEAL Voyt
[ MSB .......... LSB + VRer —VREF
*THESE RESISTORS ARE AVAILABLEFROM 11 1 1 1 1 1 1 1| Vggr—1LSB | —|VRep|+1LS8
BECKMAN INSTRUMENTS, INC. AS THEIR 11000000 Vere/2 —Vrerl/
PART NO. 694-3-R10K-D REF REFI/2
10000000 0 0
i 01111111 —-1LSB +1LS8
vV
0011111 1| MVeeel_y o) Vaerl, g
00000000 ~—|Vaerd +|VRer

2.5 Full-Scale Adjustment

In the case where the matching of Ry to the R value of the

R-2R ladder (typically +0.2%) is insufficient for full-scale

agcuracy Iin a particular application, the Vreg voltage can be

adjusted or an external resistor and potentiometer can be

ac}ded as shown in Figure 10 to provide a full-scale adjust-
nt.

The temperature coefficients of the resistors used for this
adjustment are an important concemn. To prevent degrada-
tion of the gain error temperature coefficient by the external
resistors, their temperature coefficients ideally would have
to, match that of the Internal DAC resistors, which is a highly
impractical constraint. For the values shown in Figure 10, if
thé fesistor and the potentiometer each had a temperature
colefﬁcient of £100 ppm/°C maximum, the overall gain error
temperature coefficent would be degraded a maximum of
0.0025%/*C for an adjustment pot setting of less than 3%
of Rep.
¥
2.{ Using the DACO0830 In a Voltage Switching
Configuration

Thie R-2R ladder can also be operated as a voltage switch-
iné network. In this mode the ladder is used in an inverted

FIGURE 9

manner from the standard current switching configuration.
The reference voltage is connected to one of the current
output terminals (IoyTy for true binary digital control, loyTe
is for complementary binary) and the output voltage is taken
from the normal VRer pin. The converter output is now a
voltage in the range from OV to 255/256 VRer as a function
of the applied digital code as shown in Figure 11.

BIGITAL FULL SCALE ADJUSTMENT

INPUT
LY

1kQ .0
MAZ

i louts -
Ot DAC0830 [ —0 Vour
tourz .
L — ZERO ADJUSTMENT
= (OF AMP Vpg ADJ.)
\:vu
TL/H/5608-11

FIGURE 10. Adding Full-Scale Adjustment
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DACO0830 Series Application Hints (continued)

.(Vnar) 1 a

55
0¥ < Vgyr <-EV|5

I (tour1) 1

* ———Q +2.5Vpc AEFERENCE

(lowrz) 12

TL/H/5608-12

FIGURE 11. Voltage Mode Switching

This configuration offers several useful application advan-
tages. Since the output Is a voltage, an external op amp is
not necessarily required but the output impedance of the
DAC is tairly high {equal to the specified reference input
resistance of 10 kQ to 20 k) so an op amp may be used
for buffering purposes. Some of the advantages of this
mode are illustrated in Figures 12, 13, 14 and 75.

There are two important things to keep in mind when using
this DAC in the voltage switching mode. The applied refer-
ence voltage must be positive since there are internal para-
sitic diodes from ground to the lgyTy and lgyT2 terminals
which would turn on if the applied reference went negative.
There is also a dependence of conversion linearity and

Vagr @ 2.5Vic

1LM336

* Voltage switching mode eliminates output signal inversion and therefore a
need for a negative power supply.

* Zero code output voltage Is limited by the low leved output saturation voit-
age of the op amp. The 2 kil pull-down resistor helps to reduce this voit-
age.

* Vog of the op amp has no effect on DAC finearity.

FIGURE 12. Single Supply DAC

gain error on the voltage difference between Vg and the
voltage applied to the normal current output terminals. This
is a result of the voltage drive requirements of the ladder
switches. To ensure that all 8 switches turn on sufficiently
(so as not to add significant resistance to any leg of the
tadder and thereby introduce additional linearity and gain
errors) it is recommended that the applied reference voltage
be kept less than +5Vpg and Vg be at least 9V more
positive than Vger. These restrictions ensure less than
0.1% linearity and gain error change. Figures 16, 17 and 78
characterize the effects of bringing Vger and Vgg closer
together as well as typical temperature performance of this
voltage switching configuration.

+2,5V REFERENCE

L

—0 -2.5Vpe < Wour < z.svu(%)

TL/H/5608-13

eVour=2.5v (%-1)

 Slewing and settling time for a full scale output change Is = 1.8 us

FIGURE 13. Obtalning a Bipotar Output from a Fixed
Reference with a Single Op Amp
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}
i s +15Voc Ay=—¢
2
A AR N
B Yoo foutt -
H DACOS30 s —0 -10¥ < vy < +10v(3E4)
Vogr ! 243
I ?
0[s
0 < Ve < 255 260 = Wit

FIGURE 14. Bipolar Qutput with increased Output Voltage Swing

I 4157
f
]
[ 20k
10k
] +15
] 12 =
20K
i
' 10%
t =Vuax —
=Vum
h L COOE (D)
8 TL/H/5608-14
N * Only a single + 15V supply required
* Non-interactive full-scale and zero code output adjustments
l ® Vpax and Vi must be € +5VDC and 20V,
« Incremental Output Step = é VMax—VMmin)-
]
D 255
i ‘Vow'g-e(VMAx-VmNH 256 7MIN
H FIGURE 15. Single Supply DAC with Level Shift and Span-
Adjustable Output
LY
t
Gain and Linearity Error Gain and Linearity Error Galin and Linearity Error
* o Variation vs. Supply Voltage Varlation vs. Reference Volitage Variation vs. Temperature
4 0.4 0.100
VOLTAGE MODE OPERATION | | VOLTAGE MODE g VOLTASE MODE OPERATION |
E - “"‘W"'; "‘!W:v- : _ope:wmu / /, 8075 ALINEARITY ERROR _—
g 02 Vg = 2.5V Iner £ 02 |auneanmy 7 oo Voo =15V, Vagr = 5V
\ = R f Y s z Yoo =12V, Vegr =28V ~L_I7 |
VAN e Voo =1V T T g 0025 v
& = - 1
' Sl R e o e <aaN
| Vpr=2.5V - 4 fomennn Yoo = 12V \ Q —0.025 11 \\
[ Vaer=5V = I | ABAIN ERAOR
02— 4GAIN ERROR | 5-e2 ! 2 0050 Vog = 15V, Vagr =5V OR
' TW=25C AGAIN ERROR Vg = 12V, Vpgr = 2.5V
L1 oo [T
f 9.4 04 L —0.100
¢ 2 ¢4 6 8 W 12 U B 0 ? 4 ] LI (] -55-35-15 § 25 45 65 85 105 125
! ¥eg, SUPPLY VOLTAGE (Vo) Vg, REFERENCE VOLTAGE {Voc) Ta, AMBIENT TEMPERATURE (°C}
TL/H/5608-15
t FIGURE 16 FIGURE 17 FIGURE 18
l Note: For these curves, Vper is the voitage ap-
plied to pin 11 (lgyt4) with pin 12 (IgyT2)
grounded.
14
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DACO0830 Series Application Hints (continued)

2.8 Miscellaneous Application Hints

These converters are CMOS products and reasonable care
should be exercised In handling them to prevent catastroph-
ic failures due to static discharge.

Conversion accuracy is only as good as the applied refer-
ence voltage so providing a stable source over time and
temperature changes Is an important factor to consider.

A “good” ground is most desirable. A single point ground
distribution technique for analog signals and supply returns
keeps other devices In a system from affecting the output of
the DACs.

During power-up supply voltage sequencing, the —15V (or
~12V) supply of the op amp may appear first. This will
cause the output of the op amp to bias near the negative
supply potential. No harm is done to the DAC, however, as
the on-chip 15 k) feedback resistor sufficiently limits the
current flow from lgyry when this lead is internally clamped
to one diode drop below ground.

Careful circuit construction with minimization of lead lengths
around the analog circultry, is a primary concern. Good high
frequency supply decoupling will aid in preventing inadver-
tant noise from appearing on the analog output.

Applications

DAC Controlied Amplifier (Volume Control)

DIGITAL
INPUTS

—Vin(256)
*Vour= _'_'B___

* When D=0, the amplifier will go open loop and the output will saturate.

* Feedback impedance from the —input to the output varles from 15 kf to
o as the input code changes from full-scale to zero.

Overall noise reduction and reference stability is of particu-
lar concern when using the higher accuracy versions, the
DAC0830 and DAC0831, or their advantages are wasted.

3.0 GENERAL APPLICATION IDEAS

The connections for the control pins of the digital input reg-
isters are purposely omitted. Any of the control formats dis-
cussed in Section 1 of the accompanying text will work with
any of the circuits shown. The method used depends on the
overall system provisions and requirements.

The digital input code Is referred to as D and represents the
decimal equivalent value of the 8-bit binary input, for exam-
ple:

Binary Input

Pin 13 Pin7 D

MSB LSB Declmal Equivalent
11 1 1 1 1 1 1 255

1 0 0 0 0 0 0 O 128

0o 0 0 1 0 0 0 O 16

0o 0 0 0 0 O 1 0O 2

0o 0 0 0 0 0 0 O 0

Capacitance Multiplier

2o 150

TL/H/5608~16

256
* Ceouiv=C1 (1+—D—)

* Maximum voltage across the equivalent capacitance is

Vo max (op amp)

256
T+
D

limited to

* Cp is used to improve settling time of op amp.

15
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Applications (continued)
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e ——— =

B v — — r——y —

e A —'}

+15V
O

15k

=15V

= =

Variable g, Varlable Qg, Constant BW Bandpass Filter

Rs
AAA
vy
Av‘v‘v C C.
1=t 2
it 0 ] ——
R R
LF347 AN 2
+ 15% LF347
+ LF347
Ry
— A A
yYyy
15%
TL/H/5608-17
KD
v [KD (2Rq + K+ 1
2% 0o = (o2 o t Ry g ypgyy - —FK L 1)

*fo= 2mRC'

V256 Ro(K + 1)

27R4C(2Rq + R1)

A
whera C; -Cz-C:K-R—santh = R of DAC = 15k
5

e Ho = 1for Ry = Ay = Ry
* Range of fo and Q Is = 16 to 1 for circuit shown. The

range can be extended to 255 to 1 by replacing Ry with a
second DAC0830 driven by the same digital input word.

* Maximum fo X Q product shouild be <200 kHz.

DAC Controlled Function Generator

+15V
10K 10k
AMPLITUDE
23810
AV‘V‘V
™
+1V v U
Yy
LFI51
75 160 . —o r\J
25K SINe Wave
= i
svunmv/ =
TRIN
~18V
WAVESHAPE” |
TRIM
15%
—15V
=0, . +15V
o Ay TR-WAVE
c N ourr S
— s -5 300k
\7 100k
) AN s
+ Rz —o
/ u -15
SQUARE WAVE
ouTPUT
TL/H/5608~168

* DAC controls the frequency of sine, square, and triangle outputs.

D
[ A
256(20K)C

for Vomax = Vomin of square wave output and Ry = 3 Rz.

* 255 to 1 linear frequency range; oscillator stops with D = 0

I * Trim symmetry and wave-shape for minimum sine wave distortion.
t

%
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Applications (continued)

Two Terminal Floating 4 to 20 mA Current Loop Controller
meut

#4001

LM3M
209
- 39K
‘v‘v‘v '
" 50k
- D |
B J"I > 5000
[ DACO830 LM10 92PEITR
Luze0 B vu lolm> P AN
1 GND 6ND _~"12 F3 4
"
LM3290 e Vg~ ———
500k h
‘V"" l‘
100
1 el |
EF AMP[ 3 W ym«w«znu

1 0

loyt = VRer [— +
« DACOQ830 linearty controls the current flow from the input terminal to the

output terminal to be 4 mA (for D=0) to 19.94 mA (for D= 255),
* Circuit operates with a terminal voltage differential of 16V to 55V.
* P2 adjusts the magnitude of the output current and Py adjusts the zero

to tull scale range of output current
* Digital inputs can be supplied from a processor using opto isolators on

each input or the DAC latches can flow-through (connect control lines to

pins 3 and 10 of the DAC) and the input data can be set by SPST toggla
switches to ground (pins 3 end 10).

DAC Controlied Exponential Time Response

™
O Vin  VinmiaL

A'A'A'
R
g N
AAA
vy
10k

0 255 raTODANDC
V= fs-G(VOUY ~ViN} + mVIN

¢ Qutput responds exponentially to input changes and automatically stops
when Voyr=ViN

* Output time constant is directly proportional to the DAG input code and
capacitor C

* Input voitage must be positive (Sea section 2.7)

TL/H/5608-19

J[1+52
Ry 256 Rg Ry

TL/H/5608-20

17
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Qrdering Information

emperature Range 0°C to +70° —40°C to +85°C | —55°C to +125°C
hgon 0.05% FSR DACO0830LCN DAC0830LCM DACO0830LCV DAC0830LCJ DAC0830LJ
nbarity | 0.1% FSR DACO0831LCN
0.2% FSR DACO0832LCN DAC0832LCM DAC0832L.CV DAC0832LCJ DAC0832LJ
Package Outiine N20A—Molded DIP | M20B Small Qutline | V20A Chip Carrier J20A—Ceramic DIP
Wy sical Dimensions inches (milimeters)
%
0.985
0.025 - (25.019) .
H {0.635) MAX
! w0 fd [] [1] [v7] [se} [1s] [3] [1a] [re] fid
' !
| 0.220-0,810 _\_\ .
(5.588—7.874)
! '
/ CT (eI Tl (o] ts] LeT [oT Tod (o] 1
' 0.005-0.020
(0.127 -0.508)
L L AL 0.037:40.605
r {0.940£0.127)
0.005 0.055%0.605
0.180  0.200-0.320 _ ™ oz TESETREY) " 0.020-0.950
(e {.366-8.128) GLASS SEALANT I MIN 8081530}
[ \__|— .
‘ ) ) [===] =) i3
i ¥ [f LJ (.';nao)
_i i W
' 9§°15° B8° 94° 0.150 4
0.003-0.012 3810) 0.125-0.200
% 10.263-0.305) M .175-5.080)
0.310-0.410 0.060 0.01810.003
I (7.874-10.41) (1.524) {0.457 £0.07€) r_
MAX
' BOTH ENDS 100£0.010
{250 £0.258)
J20A {REV M)

ww e w mw r—

Ceramic Dual-In-Line Package (J)
Order Number DAC0830LCJ,
DAC0830LJ, DAC0832LJ or DAC0832LCJ

NS Package Number J20A
H
{
i
|
I
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fnalog
jultiplexers/Demultiplexers

Ijhe MC14067 and MC14097 multiplexers/demultiplexers are digitally
n'trolled analog switches featuring low ON resistance and very low
1kage current. These devices can be used in either digital or analog
plications.
The MC14067 is a 16—channel multiplexer/demultiplexer with an inhibit
four binary control inputs A, B, C, and D. These control inputs select
of-16 channels by turning ON the appropriate analog switch (see
14067 truth table. )
rhe MC14097 is a differential 8—channel multiplexer/demuitiplexer with an
ibit and three binary control inputs A, B, and C. These control inputs
gct 1 of 8 pairs of channels by turning ON the appropriate analog switches
é MC14097 truth table).

Low OFF Leakage Current

Matched Channel Resistance

Low Quiescent Power Consumption

Low Crosstalk Between Channels

Wide Operating Voltage Range: 3to 18 V

Low Noise

Pin for Pin Replacement for CD4067B and CD4097B

[ MC14067B
16—Channel Analog
, Multiplexer/Demultiplexer
15 —— INHIBIT
NTOLS < 11? ] g CONTROLS
NT 14 —]c
13 —{D
S
| 8 —|xi
: 7 —{x2
6 —x3
° ;g «L_ COMMON
OUT/IN
. 3 —{X6
ITCHES 2 —x7 swirces |
N@UT S 23 —xe INOUT
22 —{Xg
{ 21 —{x10
20 — X11
¢ 19 —{X12
18 —{X13
17 —{X14 Vpp =PiN 24
' 16 —{X15 Vgg = PIN 12

MC14067B
MC14097B

o
-

X

y/

L SUFFIX
CERAMIC
CASE 623

P SUFFIX
PLASTIC
CASE 709

DW SUFFIX
Soic
CASE 751E

ORDERING INFORMATION

MC14XXXBCP Plastic
MC14XXXBCL Ceramic
MC14XXXBDW SOIC

Ta =—55°to 125°C for all packages.

MC14097B
Dual 8—Channel Analog
Multiplexer/Demultiplexer

13 —{ INHIBIT

10—

11—

14—

——— —  —

3
_t

A
B
C

Y7

COMMONS
> OUT/IN

— 17 ]
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AXIMUM RATINGS* (Voitages Referenced to Vgs)

ymbol Parameter Value Unit
VT)D DC Supply Voltage -05t0+18.0 '
d: Yout | Input or Output Voltage (DC or Transient) -05t0Vpp+05| V
lin Input Current (DC or Transient), +10 mA
: per Control Pin
jsw Switch Through Current 125 mA
'PD Power Dissipation, per Packaget 500 mwW
i'stg Storage Temperature - 65t0 + 150 °C
T Lead Temperature (8—Second Soldering) 260 °C

aximum Ratings are those values beyond which damage to the device may occur.

mperature Derating:
.Plastic “P and D/DW" Packages: — 7.0 mW/°C From 65°C To 125°C
Ceramic “L" Packages: — 12 mW/°C From 100°C To 125°C

’
t
[3

This device contains protection circuitry to
guard against damage due to high static
voltages or electric fields. However, pre-
cautions must be taken to avoid applications of
any voltage higher than maximum rated volt-
ages to this high—-impedance circuit. For proper
operation, Vi and Vgt should be constrained
to the range Vgg = (Vin or Vout) = VDD.

Unused inputs must always be tied to an
appropriate logic voltage level {e.g., either Vgg
or Vpp). Unused outputs must be left open.

MC14067 TRUTH TABLE MC14097 TRUTH TABLE
Control Inputs Selected Control Inputs Selected
A B (o] D Inh Channel A B C Inh Channels
X X X X 1 None X X X 1 None
0 0 0 0 0 X0 0 0 0 0 X0 YO0
1 0 0 0 0 X1 1 0 0 0 X1 Y1
0 1 0 0 0 X2 0 1 0 0 X2 Y2
1 1 0 0 0 X3 1 1 0 0 X3 Y3
0 0 1 0 0 X4 0 0 1 0 X4 Y4
1 0 1 0 0 X5 1 0 1 0 X5 Y5
0 1 1 0 0 X6 0 1 1 0 X6 Y6
1 1 1 0 0 X7 1 1 1 0 X7 Y7
F 0 0 0 1 0 X8 X = Don't Care
1 0 0 1 0 X9
0 1 0 1 0 X10
1 1 0 1 0 X11
0 0 1 1 0 X12
1 0 1 1 0 X13
0 1 1 1 0 X14
1 1 1 1 0 X15
I,
! MC14067 FUNCTIONAL DIAGRAM MC14097 FUNCTIONAL DIAGRAM
|
INHIBIT
NTROL A conTroL | NHIBIT —
PUTS H : 1-OF-16 DECODER INPUTS B —| 1-OF-8 DECODER
| : o
I~ x ,_gLL
{ X1 ;égg f ;((? N
I X2 s X2 b g
} L%y Dd =g
X3 X X3
} X4 U< oUT < X4 Pd g - X
| X5 3 INfOU %5 R OUT/N
. LY
Xi %‘75 3 X —F B
opr X8 =3 X > s
v X5 > OUT/IN Vi =
Py %] j
' X10 B Y Y2 B
X11 £ < Y3 &3 Y
X12 ,,gu INFOUT Y4 B OUT/IN
‘ X13 Dguu ;g '%LM
X14 B d
( XI5 5y LW m

C14067B MC140978
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_ECTRICAL CHARACTERISTICS

~55°C 25°C 126°C
Characteristic Symbol | Vpp Test Conditions Min | Max | Min | Typ # | Max | Min | Max | Unit
PPLY REQUIREMENTS (Voltages Referenced to Vgg)y~~— - o T
ower Supply Voltage Vbbb — 3.0 18 3.0 - 18 3.0 18 \"
Range
fﬂescent Current Per IbD 5.0 |Control Inputs: Vi, = — 5.0 — 0.005 5.0 — 150 | pA
« Package 10 Vgs or Vpp., — 10 — 0.010 10 — 300
15 |Switch VO:Vgg < Viyjo | — 20 —_ 0.015 20 — 600
= Vpp. and
tal Supply Current ID(Av) 5.0 | Ta=25°Conly (The pA
(Dynamic Plus 10 channel component, ; (0.07 pAkHz) f+ Ipp
A . Typical (0.20 pA/KHZ) f + Ipp
} Quiescent, 15 (Vin = Vout)Ron. is (0.36 pAVKHz) f + Ipp
i Per Package not included.) ’
{Ni'ROL INPUTS — INHIBIT, A, B, C, D (Voltages Referenced to Vgg)
jw—Level Input Voltage " 5.0 | Ron = per spec, — {15 | — 2.25 15 | — [ 158 | v
10 | lofi = per spec — 3.0 - 4.50 3.0 -_ 3.0
I 15 — 4.0 — 6.75 4.0 — 4.0
gh-Level Input Voltage VIH 5.0 | Ron = per spec, 35 | — | 35 2.75 — 35 | — v
10 | lofi = per spec 7.0 — 7.0 5.50 —_ 7.0 —_
15 1 — " 8.25 —_ 11 —_
QUt Leakage Current lin 15 |Vih=0o0rVpp — +01 | — |+0.00001 | £0.1 —_ 1.0 HA
put Capacitance Cin — — — — 5.0 7.5 - -~ pF
ATCHES INOUT AND COMMONS OUT/IN — X, Y (Voltages Referenced to Vgg)
acommended Peak-to- [ Vi — | Channel On or Off o0 [vpbp| o - Voo | 0 | VoD |Vpp
,Peak Voitage Into or
Out of the Switch
scommended Staticor | AVgwitch | — | Channel On 0 600 0 — 600 0 300 | mV
Dynamic Voltage
Across the Switch™*
(Figure 1)
N
Jffut Ofiset Voltage Voo — | Vin=0V, No Load —_ | — — 10 —_ - — v
\, Resistance Ron 5.0 | AVgwitch = 500 mVv**, — 800 — 250 1050 | — {1300 Q
10 Vin =VjLor ViH — 400 — 120 500 — 550
, 15 (Control), and Vi, —_ 220. | — 80 280 — 320
0 to Vpp (Switch)
)Pf\l Resistance Between ARgnp 5.0 — 70 —_ 25 70 —_ 135 Q
i\ny Two Channels 10 — 50 — 10 50 — 95
n the Same Package 15 — 45 — 10 45 — 65
I~-Channel Leakage loff 15 | Vin=VjLor V|4 — |£100] — 005 |[£100| — {+1000| nA
Current (Figure 2) (Control) Channel to
] Channel or Any One
E Channel
pacitance, Switch 1/0 Cro — | Inhibit = Vpp — | =] = 10 — | = = ]eF
pfacitance, Common O/I| Coy — | Inhibit = Vpp pF
E' (MC14067B) —_ —_ —_ 100 — —_ —_—
(MC14097B) — — — 60 — — —
Ja'cigance, Feedthrough Cio — | Pins Not Adjacent — — —_ 0.47 — — — pF
(Channel Off) — | Pins Adjacent

A Iabeled “Typ" is not to be used for design purposes, but is intended as an indication of the 1C’s potential performance.

“0r voltage drops across the switch (AVswitch) > 600 mV (> 300 mV at high temperature), excessive Vpp.current may be drawn; i.e.
thee current out of the switch may contain both Vpp and switch input components. The reliability of the device will be unaffected unless the
\Aaxrmum Ratings are exceeded. (See first page of this data sheet.)

|
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H
ECTRICAL CHARACTERISTICS (C|_= 50 pF, Tp = 25°C)

T VDD - Vss
Characteristic Symbol Vvde Typ # Max Unit
opagation Delay Times tPLH. tPHL ns
Channel Input-to—Channe! Output (R = 200 kQ)
1 MC14067B (Figure 3) 5.0 35 90
d 10 15 40
| 15 12 30
MC14097B 5.0 25 65 ns
10 10 25
15 7 . 18
¥
Control Input-to—Channel Output tpzH, tPZL ns
Channel Tum-On Time (R|_ = 10 kQ)
MC140678/0978 (Figure 4) 5.0 240 600
10 115 290
: 15 75 190
Channel Turn—Off Time (R = 300 kQ) tPHZ tPLZ ns
¥ MC14067B/097B
4 (Figure 4) 5.0 250 625
i 10 120 300
d 15 75 190
Any Pair of Address Inputs to Output tPLH. tPHL ns
I MC140678
! 5.0 280 700
; 10 115 290
. 15 85 215
i MC14097B ns
i (Figure 10) 5.0 250 625
10 100 250
l 15 75 190
:é:ond Harmonic Distortion — 10 0.3 — %
(RL=10kQ, f=1kHz, Vin =5 Vpp)
di Ghannel Bandwidth BW MHz
(AL =1kQ, Vin = 1/2 (VpD ~ VSS) p—plsine-wave)]
;20 Log10 (Vout/Vin) =— 3 dB MC14067B | (Figure 5) 10 15 —
. MC140978 10 25 —
"Channel Feedthrough Attenuation — 10 —40 —_ dB
[RL = 1 k@, Vi = 1/2 (VDD-VSS) p—p(sine-wave)]
J fin = 20 MHz — MC14067B | (Figure 5)
; fin = 12 MHz — MC140978
gnnel Separation — 10 ~ 40 — dB
[RL=1kQ, Vin = 1/2 (VDD-VgS) p—p (sine-wave)]
i fin =20 MHz | (Figure 6)
o
SSstalk, Control Inputs—-to—Common O/i —_ 10 30 — mV
(R1=1kQ, R =10 kQ,
 Control t; = ty= 20 ns, Inhibit = Vgg) (Figure 7)

ta labelled “Typ” is not to be used for design purposes but is intended as an indication of the IC's potential performance.

v
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+ p OFF CHANNEL UNDER TEST
v
| /ON SWITCH - 0D
CONTROL l 0 Vss
{SECTION | ' —O. . - conmroL l
¢ OFIC SECTION OTHER
i | OFIC CHANNEL(S
| LOAD 4 ® Vss
: | o Vpp
: 1 I_ |
I = I
SOURCE |
Vs
oVpp
’ Figure 1. AV Across Switch Figure 2. Off Channel Leakage
f
MC14067B MC14097B
PIN ASSIGNMENT PIN ASSIGNMENT
b X(1e 24 P Vpp X[O1e 24 1 vpp
X702 231 x8 x7 {2 23 1 Yo
i X6 ] 3 22 ] X9 X6 03 20
' X5 [ 4 21 0 x10 X5 ] 4 210 v2
i x4 (5 20 [] X11 X4 ] 5 20 ] Y3
X3 (] 6 19 {] x12 x3[ 6 19 (] Y4
B
] x2 {7 18 {] X13 x2 [} 7 18 Y5
{ x1 (8 17 [] X14 x1(]8 170y
; xo(e 16 [1 X15 XoQ 9 161 Y6
\ Al 10 15 {] INHIBIT Af10 15Y7
Bﬂn 141cC ’ B 14{¢C
l vgs ] 12 130D Vsg [ 12 13 [} INHIBIT
i
14
3
I
|
OTOROLA CMOS LOGIC DATA MC140678 MC140978
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Ve
{ PULSE A
f GENERATOR o 8
VoD Vout
L D

A 1N R C|_ =50pF

B _L e L
' 8 = Vin vy~

[o] [o]
INH Vbb Vss Vss Vbp

Ve

gOns |~— 20ns—>' [e—

|
H
!
! .
lV 90°(/;"/ o 90%
in 50% 10% o Vin=VDD
' d o
| You 0% J N_ Vv
E .
i
¥
I
F
]
4

tpzH. tPZL <—1pHz, tPLZ

Vout 50% Vin=Vss
10% Vx=Vpp

igure 3. Propagation Delay Test Circuit Figure 4. Turn-On and Delay Turn-Off
and Waveforms Vjp to Vout Test Circuit and Waveforms

e -

Voo
t A, B, and C inputs used to turn ON or OFF [_ AL
I the switch under test. A
B ON
C -
' —dA D
—I8
¢ —{C INH | OFF v
! —{D Vout —-I out
3 INH RL CL =50 pF = RL C =50pF
1L 11 1<
I - Vin - - Vin
, Figure 5. Bandwidth and Off-Channel Figure 6. Channel Separation
1 Feedthrough Attenuation (Adjacent Channels Used for Setup)
¥
!
:
—]A
r e 1. I8
i —D Vout
[ _L INH 1 R CL=50pF
= R = =
i

5 Figure 7. Crosstalk, Control to Common O/

3140678 MC14097B MOTOROLA CMOS LOGIC DATA
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|
;
i
I Voo
! KEITHLEY 160
; DIGITAL
MULTIMETER
E 10 k e v =t
DD 1kQ
LD« RANGE XY
- PLOTTER
i Vgg [
1]
L
Figure 8. Channel Resistance (RoN) Test Circuit

-
FINH 4 l%l VoD

1

Va ’
Ve

tPHL
Vout

Figure 9. Propagation Delay, Any Pair of
Address Inputs to Output

OO W

50%

50%

tPLH
50%

TYPICAL RESISTANCE CHARACTERISTICS

50
300
:
550
300
]
150
, TA = 125°C
100 -
* — T 25°C
s — —— _55°C
0
110 80 -60 -40 20 0 02 40 60 80 10
| Vin, INPUT VOLTAGE (VOLTS)
| Figure 10.Vpp =7.5V,Vgg=-7.5V
700
500
500
’ v
4100 .
[ /
00 TAN
* Ta = 125°C
200 /,/\ \ Al
w 7 \ T
/NN 25C
, 7 N T
100 ™ _s50C
|
|

0
-10 -80 -60 -40 20 0 02 40 60 80 10
Vin, INPUT VOLTAGE (VOLTS)

Figure 12. Vpp =2.5V,Vgg=—-2.5V

RoN: “ON" RESISTANCE (OHMS)

RON: "ON" RESISTANCE (OHMS)

350
300
250
200
150 N N Tp = 125°C
i
o~ P [
100 ] s 25°C
- ~= _55°C
50
0
-10 -80 -60 -40 -20 0 02 40 60 80 10
Vin, INPUT VOLTAGE (VOLTS)
Figure 11.Vpp =5.0V,Vgg=-5.0V
350 T
— Tp=25°C
300 A\
|
250 ] Vv /
\ VoD = 25V
/ \
200 /
150
100 N R0 4
] ~— 75V
50

0
-10 -80 -60 -40 -20 0 02 40 60 80 10
Vin, INPUT VOLTAGE (VOLTS)

Figure 13. Comparison at 25°C, Vpp =~Vsgsg
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APPLICATIONS INFORMATION

—— ———— T Y

igure A illustrates use of the Analog Multiplexer/Demulti- which allows no margin at either peak. If voltage transients
xer. The 0-to—5 volt Digital Control signal is used to above Vpp and/or below Vgg are anticipated on the analog
ctly control @ 5 Vp_p analog signal. channels, external diodes (Dy) are recommended as shown
he digital control logic levels are determined by Vpp and in Figure B. These diodes should be small signal types able
st The Vpp voltage is the logic high voltage; the Vgg volt- to absorb the maximum anticipated current surges during
a {s logic low. For the example. Vpp = + 5 V = logic high at clipping.

gontrol inputs; Vg5 = GND =0 V = logic low. The absolute maximum potential difference between Vpp
he maximum analog signal level is determined by Vpp and Vgg is 18.0 volts. Most parameters are specified up to
| Vg . The analog voltage must swing neither higher than 15 V which is the recommended maximum difference

(j norlowerthanVggs. The example shows a5 Vp—psignal between Vpp and Vsgs.
}

N

i
{

A

Voo Vss

¥

| +50V
]

| 5Vpp SWITCH

O
ANALOG SIGNAL o COMMON 5Vpp o \asy

E.+s v on ANALOG SIGNAL .

E —— GND
){T MC14067B G

SRNAL 0-TO-5 V DIGITAL MC140978

o%e?i CONTROL SIGNALS
IRCYITRY

i}

Figure A. Application Example

— eeemredl  SETEY g W et wv—— e )

Vbp VoD
Dy Dx
SWITCH COMMON
) 7o) on —0
Dy Dx
Vss Vss

Figure B. External Germanium or Schottky Clipping Diodes

o e T, TENTREEETTAE MRS RS w——w—m a—m—m
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OUTLINE DIMENSIONS

T Ty, T e

. T W e ——

L SUFFIX
CERAMIC DIP PACKAGE
CASE 623-05 .=
ISSUE M

imisininisialciciaininin] NOTES:

2 13 1. DIMENSION L TO CENTER OF LEADS WHEN
FORMED PARALLEL.

2. LEADS WITHIN 0.13 (0.005) RADIUS OF TRUE

) B POSITION AT SEATING PLANE AT MAXIMUM

l MATERIAL CONDITION (WHEN FORMED

PARALLEL),

MILLIMETERS INCHES |
|_MIN | MAX '] MIN | MAX |
3124 | 3277 1 1230 | 1200
1270 | 1549 | 0.500 | 0610
406 | 550 | 0.160 | 0220
041 | 051 1 0016 | 0.020
127 [ 152 | 0050 | 0.060
254 BSC 0,100 BSC
020 | 030 | 0.008 | 0.012
318 | 406 | 0.125 | 0160
15,24 BSC 0,600 BSC

0°] 15°] o0°] 1s°
051 | 127 1 0020 [ 0,050

1 12
I LILILILILIIJUL.II_IIJL]J

2
=

SEATING
PLANE

z;r—xuo-ncou:»]

e ww B e et dwn e oe——— e

. -

P SUFFIX
PLASTIC DIP PACKAGE
CASE 709-02

ISSUE C
NOTES:
1. POSITIONAL TOLERANGE OF LEADS (D),
SHALL BE WITHIN 0.25 (0.010) AT MAXIMUM
2 13 T MATERIAL CONDITION, IN RELATION TO
SEATING PLANE AND EACH OTHER.
2. DIMENSION L TO CENTER OF LEADS WHEN
B FORMED PARALLEL.
3. DIMENSION B DOES NOT INCLUDE MOLD
10 12 FLASH,

W VYRV VYV YY WY

MILLIMETERS INCHES
MIN_| MAX | WMIN | MAX
31.37 | 3213 | 1235 | 1.265
1372 | 1422 | 0.540 | 0.560
394 | 508 | 0.155 | 0200
036 | 056 | 0014 | 0,022
102 | 152 | 0.040 | 0060
2.54 BSC 0,100 BSC
165 | 203 | 0.065 | 0080
020 | 038 | 0.008 | 0.015
292 | 343 ] 0115 | 0135
1524 BSC 0.600 BSC
0°] 1s5° 0°] 1s°
051 | 102 [ 0020 | 0.040

=
=

A > c le—— | —

H—> F L N SEATING s M J —’\\‘—

by
=
Al
z;r-xc.:x:o-nonm:»l

[ T L T S,

i

o)
[
k
I

TOROLA CMOS LOGIC DATA
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OUTLINE DIMENSIONS

1525 | 15.54 | 0.601 | 0.612
740 | 760 | 0292 | 0.299
235 | 265 | 0.093 | 0.104
035 | 049 | 0014 | 0019
0.41 090 | 0016 | 0.035
127 BSC 0.050 BSC
023 | 032 | 0009 | 0.013
013 | 029 | 0.005 | 0.01t
0° 8° 0° 8°
1005 § 1055 | 0395 | 0415

025 §_075 | 0010 | 0.029

DW SUFFIX
PLASTIC SOIC PACKAGE
' ) CASE 751E-04
f ISSUE E
3
.
. NOTES:
E «HHHAABAAAAA A l 1. DIMENSIONING AND TOLERANCING PER ANSI
] Y145M, 1982,
4 2. CONTROLLING DIMENSION: MILLIMETER,
] 3. DIMENSIONS A AND B DO NOT INCLUDE
i ) | ) Pl P MR MOLD PROTRUSION 0
4. MAXIM 15 (0.006
-$- |$l 0.010 (0.25)@] B @] PER SIDE. (0.008
5. DWENSION D DOES NOT IOLUDE DKMBAR
PROTRUSION. ALL
+HHHHHEHHHHHH PROTRUSION SHALL BE 0.13 (0.005) TOTAL IN
EXCESS OF D DIMENSION AT MAXIMUM
' MATERIAL CONDITION,
] 24x D EJ
WILLIWMETERS | INCHES
E [®]oot0 25)®@[T][A ® ES) M| MIN | MAX | MIN | MAX
]
i

L
! ‘ —:I Rx4s°
- 2

EES}QG ——I L—zzx G K "
§

’

m'nzxno-ncomxal

e o

Mbtorola reserves the right to make changes without further notice to any products herein. Motorola makes no warranty, representation orguarantee regarding
the suitability of its products for any particular purpose, nor does Motorola assume any liability arising out of the application or use of any product or circuit,
and specifically disclaims any and all liability, including without limitation consequential or incidental damages. “Ti ypical” parameters which may be provided
in Motorola data sheets and/or specifications can and do vary in different applications and actual performance may vary over time. All operating parameters,
ingluding “Typicals® must be validated for each customer application by customer's technical experts. Motorola does not convey any license under its patent
rig}hts nor the rights of others. Motorola products are not designed, intended, or authorized for use as components in systems intended for surgical implant
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&Nation)al Semiconductor

LM158/LM258/LM358/LM2904
Low Power Dual Operational Amplifiers

General Description

The LM158 series consists of two independent, high gain,
internally frequency compensated operational amplifiers
which were designed specifically to operate from a single
power supply over a wide range of voltages. Operation from
split power supplies is also possible and the low power sup-
ply current drain is independent of the magnitude of the
power supply voltage.

Application areas include transducer amplifiers, dc gain
blocks and all the conventional op amp circuits which now
can be more easily implemented in single power supply sys-
tems. For example, the LM 158 series can be directly operat-
ed off of the standard +5V power supply voltage which is
used in digital systems and will easily provide the required
interface electronics without requiring the additional +15V
power supplies.

Unique Characteristics

| In the linear mode the input common-mode voltage
range includes ground and the output voltage can also
swing to ground, even though operated from only a sin-
gle power supply voltage.

m The unity gain cross frequency is temperature
compensated.

m The input bias current is also temperature
compensatéd.

December 1994

Advantages

® Two internally compensated op amps in a single
package

m Eliminates need for dual supplies

= Allows directly sensing near GND and Voyr also goes
to GND

u Compatible with all forms of logic

® Power drain suitable for battery operation

| Pin-out same as LM1558/LM1458 dual operational
amplifier

Features
m Internally frequency compensated for unity gain

=’ Large dc voltage gain 100 dB
n Wide bandwidth (unity gain) 1 MHz
(temperature compensated)
u Wide power supply range:
Single supply 3V to 32v

or dual supplies +1.5V to 16V
= Very low supply current drain (500 pA)—essentially in-
dependent of supply voltage
m Low input offset voltage 2mv
 Input common-mode voltage range includes ground
m Differential input voltage range equal to the power sup-
ply voitage

& Large output voltage swing OVtioVt — 15V

Connection Diagrams (rop views)

Metal Can Package

CUTPUT A QuTPUT B
INVEATING INVERTING
INPUT A INPUT B

NON-INVERTING
INPUT A

NON-{NVERTING
INPUT B

TL/H/7787-1
Order Number LM158AH, L M158AH/883"°,
LM158H, LM158H/883*, L M258H or LM358H
See NS Package Number HO8C

“LM158 is available per SMD #5962-8771001
LM158A is available per SMD ¢ 5962-8771002

DIP/SO Package

— Vv

1
OUTPUT A waved

2 7
IRVERTING INPUT A — — 0UTPUT 8

NONANVEATING __3

INVERTING INPUT 8

INPUT A
4 S __ NONANVERTING
oHD — INPUT B
TL/H/7787~2

Order Number LM158J, LM158J/883",
LM158AJ or LM158AJ/883"
See NS Package Number JOBA
Order Number LM358M, LM358AM or LM2904M
See NS Package Number MOSA
Order Number LM358AN, LM358N or LM2904N
See NS Package Number NOSE

©1595 National Semlconductor Corporation

TL/H/TT8T
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Tﬁree-Terminal Positive
Voltage Regulators

These voltage regulators are monolithic integrated circuits designed as
fixecz—voltage regulators for a wide variety of applications including local,
on—c!ard regulation. These regulators employ internal current limiting,
thermal shutdown, and safe-area compensation. With adequate heatsinking
they can deliver output currents in excess of 1.0 A, Although designed
primﬁrily as a fixed voltage regulator, these devices can be used with
exterlnal components to obtain adjustable voltages and currents.

Output Current in Excess of 1.0 A

N? External Components Required

Internal Thermal Overload Protection

Inf:ernal Short Circuit Current Limiting

Oytput Transistor Safe—Area Compensation
Output Voltage Offered in 2% and 4% Tolerance

Available in Surface Mount D2PAK and Standard 3—-Lead Transistor
Packages

. Prg\iious Commercial Temperature Range has been Extended to a
Jupction Temperature Range of —40°C to +125°C

Order this document by MC7800/D

MC7800,
MC7800A, LM340,

- -LM340A Series

THREE-TERMINAL
POSITIVE FIXED
VOLTAGE REGULATORS

SEMICONDUCTOR
TECHNICAL DATA

T SUFFIX
PLASTIC PACKAGE
CASE 221A

Heatsink surface
connected to Pin 2.

] Pin 1. Input
2. Ground

i 3. Output

4 DEVICE TYPE/NOMINAL OUTPUT VOLTAGE

£ D2T SUFFIX

MC7805AC MC7812C 12V PLASTIC PACKAGE
Ll\5340AT—5 50V LM340T-12 CAgE 936
ME7805C : MC7815AC (D=PAK) 17
LM340T-5 LM340AT-15 15V y surt :
eatsink surface {shown as terminal 4 in
MC7806AC 6.0V MC7815C case outline drawing) is connected to Pin 2.
MC7806C LM340T—-15 -
MC7808AC MC7818AC
MG7808C 8oV MC7818C 18V STANDARD APPLICATION
MG7809C 9.0V MC7824AC 24V ' r ?nc_:- - x— 1
t
MGE7812AC MC7824C npu 78X Output
LM340AT-12 12V Cin’ L
— in o
033pF T _%’ T Co
A common ground is required between the
ORDERING INFORMATION input and the output voltages. The input voltage
- must remain typically 2.0 V above the output
¢ Output Voltage Operating voltage even during the low point on the input

!Device Tolerance Temperature Range Package ripple voltage.

MC78XXACT . XX, These two digits of the type number
L 9A0AT—XX - Insertion Mount indicate nominal voltage.

L * Cip is required if regulator is located an
MCZBXXACDZT T = —40° t0 +125°C Surtace Mount appreciable distance from power supply
MC78XXCT . filter.

: . Insertion Mount ** Co is not needed for stability; however,
LM340T-XX 4% it does improve transient response. Values
MC718XXCDZT Surface Mount of less than 0.1 pF could cause instability.

XX indicates nominal voltage.

e W o

© Motorola, Inc. 1997

Rev 5
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Order this document by MC7900/D

MC7900

; - - Series
Three-Terminal Negative

LY
Volitage Regulators

The MC7900 series of fixed output negative voltage regulators are THREE-TERMINAL
intended as complements to the popular MC7800 series devices. These
neggtive regulators are available in the same seven-voltage options as the NEGATIVE FIXED
MC7800 devices. In addition, one extra voltage option commonly employed VOLTAGE REGULATORS

CL systems is also available in the negative MC7900 series.
Ayallable in fixed output voltage options from —5.0 V to —24 V, these
regylators employ current limiting, thermal shutdown, and safe—area
compensation — making them remarkably rugged under most operating
conditions. With adequate heatsinking they can deliver output currents in
excess of 1.0 A.

T SUFFIX
PLASTIC PACKAGE

° N!o External Components Required CASE 221A
¢ .

° Inﬁternal Thermal Overload Protection

® Internal Short Circuit Current Limiting Heatsink surface

connected to Pin 2.
] dﬂput Transistor Safe—Area Compensation

® Alailable in 2% Voltage Tolerance (See Ordering Information)

. Pin 1. Ground
. 2. Input
. s 3.0
Representative Schematic Diagram uput
. Gnd D2T SUFFIX
=] 20k 8.0k PLASTIC PACKAGE
~ ] CAgE 936
10k 40kE Ry (D=PAK) 172
3
16 k3 Heatsink surface (shown as terminal 4 in
i case outline drawing) is connected to Pin 2,
Rz
[ 10k Vo STANDARD APPLICATION
1F '/_/
! 20 p(i , {
i€ Input MC79XX
| 10pF| 10k b T T’ Output
L : C_ -
] A 240 o Co™
20k 20k 20k 0.33uF T TLO P
' 1.1k 03 .
& 750 =
. . . . . Y|
\ This device contains 26 active transistors. Acommon groundis required between the input
é and the output voitages. The input voltage must
. remain typically 2.0 V above more negative even
i ORDERING INFORMATION during the high point of the input ripple voltage.
I Output Voltage Operating .
Device Tolerance Temperature Range Package XX, :Tht?se two d|91ts of the type number
£ indicate nominal voltage.
MC79XXACD2T 2% * Cin is required if regulator is located an
Surface Mount appreciable distance from power supply fiiter.
MC?QXX002T 4% T, =0° to +125°C ** Co improve stability and transient response.
MC79XXACT 2%
Insertion Mount
MC79XXCT 4% ‘
MG 79XX802T Surface Mount DEVICE TYPE/NOMINAL OUTPUT VOLTAGE
4% Ty =-40°to +125°C - MC7905 50V MC7912 12V
MC?9XXBT Insertion Mount MC7905.2 52V MC7915 | 15V
XX indicates nominal voltage. MC7906 6oV MC7918 28V
4 MC7908 8.0V MC7924 24V

© Motorola, Inc. 1996 Rev 6

t
z
'





