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ABSTRACT

Nowdays, Computer has an important role in every business and
industrial. The advancement of computer technology has developed more and

more and the control system become easily by the use of computer system in

any control system

This Project will explain about " The basic method of how to use the
computer (IBM PC/XT 16 BIT) as a controller ? " Begin with the property
of g1l kind of controllers which are famous in the present industrial.
Then the explaination is continue with the design of computer circuit
intergace with external circuit which use to send the signal to control the
process. Tﬁe last topic is the programming design of computer which allows

the computer to work ss many controllers.
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2.5.2 ﬁ?ﬂ?UQNuUU PROPORTIONAL (PROPORTIONAL CONTROL OR P-CONTROL)
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2.5.4 ﬁdﬂduquuuu Proporticnal + Integrsl ( PI-CONTROL )
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2+5.7 ﬁ?ﬂ?UQNuUU Proportional + Integral + Derivative ( PID-Control )
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LOOP

Z WANP L L2 L3 14

) 4 4 4 4 4
le 5.6 3.7 3.7 _ 5.6 5.9
20 1.2 7.2 7.2 7.2 1.2
30 8.8 8.8 8.8 8.8 8.8
40 18.4 - 1 18.5 | 18.5 | 18.6 [ 18.5
£l 12.8 12.1 12.1 [-12.1 | 12.8
68 13.6 .1 13.8 | 13.8 | 13.8 | 13.7 o
78 15.2 15.4 | 15.4 | 15.4 | 15.4
88 16.8 17.1 17.1 | 171 | 16.9
98 ~ 18.4 18.7 | 18.6 18.7 | 18.5
188 28.8 268.3 28.3 28.3 | 28.1

17790 1.2 uamodﬁﬁugnﬁ%maaﬁtﬂﬁﬂuLﬂuxawﬁgnauwﬁaﬂ% 4 - 20 NaRuom)
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PROGRAM P1D CONTROL (input,output);
CONST bell = #sm7; {ctri3
VAR numofloopsout 4 charj
x1,x2,x8,x4,él,b1,ol,dl,display H inbegeg;
e t real §. )
(PROCEDURE P1B; . - - - --
VAR e,cys,T,KP,K1,KD,EP,El,ED,OUTPUT,AL,X1 ¢ realj
BEGIN ' )
E 1= (C - ( S¥ 2.55)) ¥ 100/255;
WRITELN (° ",'ERROR = ',' ',E);
El := EI + 0.5 % (E + EP); READ (El);
EP := EI;WRITELN;
WRITELN ('  "OUTPUT = ',' ,ED)j
OUTPUT 't= KP % (E + KI % EL % T) + (KD % ED/T) “.ALj
WRITELN;
WRITELN (' OUTPUT = t,* .',O0UTPUT);

END; 3

{PROCEDURE GAIN; ~

VAR kp,ki,kd ¢ integers

BEGIN

CLRSCR;y

WRITELN (' FRRAAH AN AN N HHNAAN e
WRITELNj

WRITELN (' GAIN RESET
WRITELN;

WRITELN (' SRR HAHH AN N AN AN AN
WRITELN;

WRITE('>')3

WRITE(' KP = ') $READLN(kp);



WRITE(!' K1

WRITE(' KD

WRITELNj
REPEAT UNTIL

END33

= ')$READLN(ki);

') §READLN(kd)

KEYPRESSED;

{PROCEDURE SETPOINT;

VAR E,C,S,EP
BEGIN

WRITELN;

WRITELN(
WRITELN;
WRITELN('
WRITELN;
WRITELN('
WRITELN;
WRITEC'>*);
READLN(S) 3 DE
PROT {$03043
PROT {$03053
PROT {$03063
PROT {$03073
EP := @3 EI
CLRSCR;
WR1TELN(*
WR1TELN;
WRITELN( "
WRITELN;

WRITELN('

yEJED,EO,T,KP,KD,KI : REALj;

IR AR AN A RN

H]

SET POINT

AR AN AN ANANN AN

LAY (508);
= 1283
1= 1283
1= 1283
1= 1283
$= B3 ED := @3 E := @3

g e g e e R 2 DR R R T

GAIN RESET

ARHRAHRH AN AN H M M NN N



WRITELN;

WRITE('>')3

WRITE(! KP = ')$READLN(kp);

WRITE(! Kl = ') $READLN(ki) 3

WRITE(!' KD = ')$READLN(kd) . T T
WRITELN; N

IF KEYPRESSED THEN

REFEAT ‘ : -
E = (C - (S # 2.55)) ¥ 1006/255% ‘
WRITELN(' 's*ERROR = "*,! ',E);

El := EI + 0.5 % (E + EP)3;READ(EI);

EP 1= El3} -
WRITELN;
WRITELN(' - OUTPUT = ',' *,El)j

OUTPUT = KP % (E,+ KI ¥'El1 ¥ T) + (KD % ED/T) + AL;
WRITELN; -
WRITELNC(! OUTPUT = ',* ',QUTPUT);

END;3

PROCEDURE LOOP1:
VAR x1l,al,El,ep,ed,eo,kp,ki,kd,t,s,c ¢ REAL;
CH : CHARjs
BEGIN
CLRSCR;3
REPEAT
PORT{%03003 := 00
x1l = 03
REPEAT

x1 t= PROT{$D3043;



REPEAT

x1 := PROT{$03043;

IF x1 > 127 THEN

© WRITELNC'INPUT',*  ',x1,' ', 'QUTPUT'," 'WEI)3
ELSE )
BEGIN

WRITEC' )5

END; ‘

UNTIL (X1 > 127) OR (CH = '@');

READ(CH) ;'
UNTIL (CH = 'B');
al 1= PROT{$03003;{UNTIL (CH = “§*)3;
WRITELN; ) ,. _ -
WRITELN(' . EHEARHRIR IR A NI Y
WR1TELN; ‘ ' .
WRITELN( " . - SET POINT "3
WRITELN;
WR1TELN( * I i S T L T anp— "3
WR1TELN;
WRITE('>');

READLN(S);DELAY(5D®);

PROT{$03043 := 128;

PROT{$0305} := 128;
PROT{$03063 := 128;
PROT{$03073 := 128;
EP := @; E! := @; ED := P; E := @3

CLRSCR;g



WRITELN(®
WRITELN;
WRITELN('

WRITELN;

WRITELNC(' -

WRITELN;

WRITE('>')3

FAARANRNACE AN AR N NN A

GAIN RESET

FARHRAR AN AR AN RN NN

WRITE(' KP = ');READLN(kp);
WRITE('- -KI = ')3READLN(ki)j
WRITEC' KD = ');READLN(kd);
WRITELN;

WRITELN; READCKBED) §

BEGIN

WHILE (CH = 'A') DO

REPEAT

E 1= (x1 - (S % 2.55)) % 100/255;

WRITELN(®

", 'ERROR = ',' ',E)j

El := El + 0.5 % (E + EP)j;READ(ED);

.EP := EljWRITELN;

WRITELN('

OUTPUT = ', 'wEl)s

{ OUTPUT, := KP % (E + Kl % EIl ¥ T) + (KD % ED/T) + AL}

{ WRITELN3

{ WRITELNC'

UNTIL (CH =

END;

‘B*)

OUTPUT = ', ' OUTPUT) 3

’

{PROCEDURE ERROR2;

VAR E,C,S

BEGIN

REAL

.

v

b

l);



WRITELN;

WRITELNC® BRI RN H K

WRITELN;

WRITELN( : : SET POINT
WR1TELN; - - - :
WRITELN(' AR RIAR KRN AANAAAEARAHNNA
WRITELN;

READ(S); -

E = (C - (S % 2.55)) % 100/255;

WRITELN(E) }

END;3

{PROCEDURE LOOP2; . ~ v
VAR xz,b} t INTEGER;
BEGIN -
REPEAT}
PROT{$03013 := 00;
X2 = 03
REPEAT
x2 t= PROT{$03053;
IF x2 > 127 THEN
WRITELN('LOOPZ')
ELSE
BEGIN '
WRITELNL 'x2 = *,' ',x2)}
END;
URTIL x2 > 127
bl = PROT{93013;

WRITELN('x2 = *,° 'y 'bl = ',bl);

')

DY’



DELAY(500)
UNTI1L KEYPRESSED;
CLRSCR; -

END3$ 3

{PROCEDURE ERROR3;
VAR E,C,S t REAL;
BEGIN

WRITELN;

WRITELN( .

WRITELN;

-

WRITELN(

WRITELN}

-

WRITELN(
WRITELN;

READ(S);

HHRRR NN RN Ak

-~

SET POINT

3

E 1= (S - (S. % 2.55)) % 100/255;

WRITELNCE)

END; 3

{PROCEDURE LOO0OP3;
VAR x3,cl t INTEGER;
BEGIN
REPEAT;
PORT{$23023 := 00;
x3 1= 03
REPEAT
®x3 = PROT{$030€%;

1F x3 > 127 THEN



WRITELN( ' LOOP3')
ELSE

BEGIN

WRITELNC('xX3 = ',* ~ ',x3);

ENDs
UNTIL %3 > 127;
cl = PORT{$03023;
WRITELN(' x3 = ',x3,°' ‘y'cl = t,eldg
DELAY (500);
UNT1L KEYPRESSEDj
CLRSCR;

END;3

{PROCEDURE ERROR4; -

VAR E,C,S ¢ REAL;

BEGIN

WRITELN;

WRITELN(* : FAFRRREE R RHRRK
WRITELN;

WR1TELN( SET POINT
WRITELN;

WRITELN( SRR RN RN AT NN
WRITELN;

READ(S)

E := (C - (S % 2.55)) % 108/255;

WRITELN(E);

END; 3



{PROCEDURE LOOP4;
VAR x4,d1 : INTEGER;
BEGIN
REPEAT
PORT{$03033 := 0@;
X4 1= @ .
REPEAT
X4 1= PORT{($03073;
IF X4 > 127 THEN
WRITELN ('LOOP4')
ELSE
BEGIN
WRITELNC'X4 = ¢, *,X4);

END;

UNTIL X4 > 127 3

D1 := PORT{$030@33;

WRITELN('X4 = ',X4,'  *,sD1 =',D1);
DELAY (5000);

UNTIL KEYPRESSED;

CLRSCR;

END;

BEGIN
CLRSCR3
WRITELN;
WRITELN;
WRITELN;

WRITELN;



WRITELN(®
WRITELNC(!
WRITELN(*
WRITELNC(C'
WRITELN(!
WRITELN}
WRITELN;
WRITELN(®
WRITELN;

WRITELR('

SRR R
* *
* DISPLAY MODE *
* #

RO -

(1) DATA RECORDER DISPLAY

(2) GRAPHIC DISPLAY

READ(KDD,DISPLAY)

WRITELN;
WR]%ELN;
WRITELN;
CLRSCRj
WRITELN;
WRITELN;
WRITELN;
QUT :=
WHILE OUT

BEGIN

e
$

<> 'Y' DO

WRITELN('

WRITELN;

WRITELN(
WRITELN;

WRITELNC(®

READ(NUMOFLOOP) ;

AN RAAE AN H NN A AN

SELECT LOOP FOR 1,2,3 OR 4

NN N RN R F

IF NUMOFLOOP <> ‘@' THEN

BEGIN

I):



x1 ¢

i
g

x2 ¢

]
S

x3 ¢

H
=

x4 1=

I

CASE NUMOFLOOP OF
*1' ¢ LOOP1;

'2' ¢ 1L00P2;

'3' ¢+ LOOP3;
‘4' ¢+ LOOP4;
ELSE - -

WRITELN(BELL, ' INCORRECTEDEREENTER PLEASE' )
END;
END;
END;

END.
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ADC0808, ADC0809

Az National
@% Semiconductor -

With 8-Channel Multiplexer

General Description

.monolithic CMOS device with an &bit analog-to-digital
converler, 8-channel multiplexer and microprocessor
compatible contro! iogic. The 8-bit AID converter uses suc-
cessive approximation as the conversion technique. The
converter.features a high Impedance chop‘per stabllized
comparator, a 256R voltage divider with analog switchtree

and a successive approximation register. The B-channel
multiplexer can directly access any of 8-single-ended ana-
log signals. . .

The device eliminates the need for external zero and full-
scale adjusiments. Easy Interfacing to microprocessors
Is provided by the laiched and decoded multiplexer ad-
dress inputs and latched TTL TRI-STATE® outputs.

by incorporating the most Hdeslrable aspects of several
AJID conversion fechniques. The ADCO0808, ADC0B08 of-
fers high speed, high accuracy, minimal temperature
dependence, excellent long-term accuracy and repeatabl-
lity, and consumes minimal power. These features make
thisdevice ideallysultedloapplicatlons from process and
machine control 1o consumer and avtomotive applica-
tions. For 16-channel multiplexer with common oufput
(samplefhold port) see ADCOB16 data sheet. (See AN-247
for more information.

AbCOSO,B, ADC0809 8-Bit #P Compatible A/D Converters

The ADC0808, ADC0809 data acquisition component is a -

The design of the ADCO0808, ADCOBOY has been optimized

'AtoD,DtoA

Features . T

E Resolution — 8-bits

X Total unadjusted emor — =+ 172 LSB and 1LSB ¢

® No missing codes

& Conversion time — 100 ps

% Single supply — 5 Voe -

X Operafes ratiometrically or with 5 Vpc or analog span
adjusted voltage reference

K 8-channel multiplexer with iatched control logic

& Fasy interface 1o all microprocessors, or operates
“stand alone” _

& Outputs meet T2, voltage leve! specifications

& 0V to 5V analog Input voltage range with single sv

supply - .

® Nozero or full-scale adjus! sequired

& Standard hermetic or molded 28-pin DIP package

K Temperature range ~40°C to +85°C or —55°C to
+125°C

B Low power consumption — 15 mw

& Latched TRI-STATE® output

Block Dlagram SIART ootk
1817 AR -I L q
( ! | €80 OF CONVERSION
P | CONTROL & TIMING OKTERRUPT)
| |
] ] l |
.| o—4 scuawnets 'I :
LAKALOG INPUTS -] ""k},‘:{s’&"‘“ {
o—  swiTcHES SAR. ll
O——rl
::ouuumn : - f—o0
| At {4
I oy [T basnoureors
o LATEH
N I i st o
—o
& | LR
] SWITCH TREE :
3BIT ADDREST - O—f | !
o—] ApoRess '————] ﬂ 1
LATCH |
AKD
ADDRESS o | |
DECODER !
LATEN EnABLE 36K RISISTOR LADDLR
1 ]
Ver  GAD  REfpe) ALH-} OUTRET
T ENARLYL
TRI-STATE® (s a reg trad of N Semic Corp

31

a2 TR



| : LT
s dkbsolute Maximum Ratings (votes 1and2) Operating Ratings (Notes 1 and 2) ' O
g -JsoplyVoltage(Voo)(Noted) ;. - ; 85V . Temperature Range{(Notet) .- - - = TMINSTASTMAX g
o] {whagestAnyPin | . . °  =03Vio(Veg +03v) ADCO0808CY : ~85°CsTax +125°C o0
i Except Control Inputs ADCOB0SCCJ, ADCOBOSCON, o
z} § wheageatControl nputs . ~0.3Vto +15v 3 ADCOS08CCN «~40°CxTp=<+85°C O
°} | (START, OE, CLOCK, ALE, ADD A, ADD B, ADD C) Rangeot Voo (Note 1) : 45VpctobOVps |
Ry srorage Temperature Rangs ~65°Cto 4 150°C - . R " >
4 { nckageDissipationsiTox25°C B75mW e ' . -lO
3 § e Temparature (Soldering, 10seconds) w0 S T ®
: . Q
; o _ i o
: . . Lo
gflectrical Characteristics -
4 Converter Speclfications: Veo=5Vp = VREF(+) \/nEF(—)= GND, TS Ta=s Tiax 2nd {¢ =640 kHz
18 wnless otherwise stated. - : : ’
Parameter Conditions Min "Typ Max {Units
-ADCO808 . N - .1
* Total Unadjusted Error . | 25°C . . ' " xR LsB
(Note 5) TMIN to TMAX ' = 3/4 LSB
ADC0809 . St
Tota! Unadjusted Error 0°Cto70°C - . =1 LsB
{Note 5) TMIN to TMAX . N =114 LSB
Input Reslstance From Ref(+) to Ref{—) ' 1.0 25 kO
: Anslog input Voltage Range (Note 4) V(+) or V(=) GND-0.10 Vee+0.10 | Vpe
: VReF(+) © Voltage, Top of Ladder . . |.Measured at Ref(+) B -1 Vec Vee+0.1 v
7 ‘M%’ Voltage, Center of Ladder k - VocR-01 | Vee |Vecre0a| v
Vrer(-) ’ : Voltage, Bottom of Ladder easured at Ref(—) -0.1 0 v
Comparator input Current 14=640 kHz, (Note 6) -2 =05 4 pA

EElectrical Characteristics

f Digital Levels and DC Spacifications: ADCOBOSCS 4.5VsV, 5.5V, —55°Cs Ty + 125°C unless otherwise noted_
P ADCOBOBCCY, ADCOBOBCCN, and ADCDBDICCN 4.755Vs525V, - 40°CsTas 4 85°C unless otherwise noted

Parameter l - Condltions l Min ] Typ rMax ] Unlts
ANALOG MULTIPLEXER ‘ '
IQFF(+) "OFF Channel Leakage Current Vee=5V, Vin=5YV,
s e T,=25C - 10 200 | nA
) Timin 10 Tagax 1.0 A
lorF(~); : - OFF Channel Leakage Current | Vo=5V, V=0, .
Ta=25C - 200 ~-10 nA
R ' TMIN 1o TMAX ' ) i : -1.0 pA
-} _CONTROL INPUTS
(o —— .
¥ Ving Logical 1" Input Voltage | Vee-15 v
<K Ving Logical “0" Input Voltage . 1.5 Y
i .
=F ngy ‘Logical *1” Input Current Vin= 15V 1.0 sA
(The Contro! Inputs) :
b Ing Logical “0” Input Current Vin=0 -1.0 A
. {The Control Inputs)
F Tee Supply Current feLk =640 kHz 03 30 mA
P —
) 861 T




“ADC0808, ADC0809

s . - v N ¥

Electrical Characteristics continedy - . : . LA

l?lgllal Levels and DC Spoclﬂg:a'llons: ADCO0BOBCJ 4.5V<Veo <85, =55°C<Ti =< + 125°C unless otherwise noted
ADCO0808CCJ, ADCOBOBCCN, and ADCO809CCN 4-75SV0655-?5V. —40°C=<Ta< + B5"C-unless otherwise noted

.. ] Parameter . ] Conditions , Min I Typ , Max .| UnHe
DATA OUTPUTS AND EOC (INTERRUPT) - -
VouTm. B ngical,"‘l" Output Voltage lo=~360.A :N Vcc-04 v

~-Yourm - . Logical "0” Output Voltage 1o=16mA. 7 045 | v
Vouror Logical "0~ Output Voltage EOC | 1=1.2mA 045 | v
loor  TRISTATE®OutputCurent | Vo=5V : 3 o4

. ) : Vo=0 - i -3 - oA
Electrical Characteristics ) )
Timing Speclfications: Vo= Vaegsy)=5V, VREF(-)= GND, ;= 1,=20 ns and Ta=25*Cunless otherwls; noted. ,

Symbol ’ Paramster - -Cendltions Min_ Typ Max | Unite

: tws . Minimum Start Pulse Width . {(Figure 5) 100 200 ns
twae Minimum ALE Pulse Width | (Figure § ‘ 100 | 200 | rs
, Minimum Address Set:Up Time | (Figure §) : { % 50 re
1 1) Minimum Address Hold Time (Figure 5) . 25 .50 s
tp Analog MUX Delay Time Rg=00 {Figury 5 . . 1] 25 ”

. From ALE - .
thu Yo A OE Control 1o Qlogic State | Cy =50 pF, R, = 10k (Figure & 125 250 rs
tyn ton - OE Control to HIZ Cy=10pF, Ry = 10k (Figure § 125 250 | ns
e Conversion Time fe =620 kHz, Gigure 5) (Note 7). 20 .] 100 | 16 | ,s
| Ciock Frequency . : 10 640 1280 | kHz
teoc EOC Delay Time  |(Figures) 1o 8+2ps | Cloer
A Pernsse
Cin ' Jnput Capacitance . [ At Control Ino as . 10 15 pF
Cour | TRISTATE® Output AUTRISTATE® Outputs, (Note 12) 10 15 | oF
Capacitance

Mole 1: Absolute marimum ratings are those values beyond which the life of the Cwdce may be Impaired.

Note 2 All voltages wry d with pact 1o GND, unless otherwise speciive

Note 3: A2ener diode exista, internalty, from Vee 10 GND and has a typlcal braahcyen vollage ot 7 Vpe-

Note 4: Twoon-chip diodes are tied tosach analog input which will forward conduct e analog Input voltage s one dode drop below grand of one dioce
graater than the Voo supply. The spec aliows 100 mV forward blas of eliher Giode This means that 231onD B3 1w AnsI0Q V)yy GoEs ot suceed Ihe SOy
woitage by more than 300 mV, the output code will be comect. To achleve an Muu-ivpc 105 VDG Input volta 0o tange wii! thetsfors mquirs 8 minlmum suo
Pply voltage of 4.800 Vpc over lemp ol , initial 101 and loading.

Note 5: Total unadjusted error Includes oftset, full-scale, linearlty, and muRtipiase’ ey Soq Figure 3. None of these ADs requires e o« full-scale sdhuel
However, Ifan alt zero cods Is desired for an analog Input other than 0.0V, or lf s FAACw fuil-scale span sxists (for exsnple: 0.5V 10 4.5V ii-acale) the rytervrcs
woltages can be adjusied to schisve this. See Figure 13.

Note 6: Comparatoer input current is a blas cument into or out of the chopper stabdiluiay parator, The kss varies directly with clock trequency #6
has litile temperature dependence (Figure 6). Seo paragraph 4.0,

Nots 7: The outputs of the data replister are updated one cloch cycla before the 1eng sdpe of EOC.




'fFunctional Description

Multiplexer: The dsvice contains an 8-channe! single-.

ended analog signal mulllplexer A particular input chan-
el i5 selected by using the sddress decoder. Table |
shows the Input states fo: the address lines to select any
channel. The address Is latched into the decoder on the
;ow-whlgh transition of the address latch enabla signal,

= TABLE}

— SELECTED ADDRESS LINE
ANALOGCHANNEL | C | B | A
. N0 C N AR

N t|L|w
IN2 R TR
IN3 t|wln
IN4 ol
INS HlL|H
N6 HlRB|L
IN7 H|H]|H

CONVERTER CHARACTERISTICS

The Converter

The heart of this single chip data acquisition system s its
8bit analog-to-digital converter. The converter is designed

1o give fast, accurate, and repeatable conversions over a
wide range of temperatures. The converter Is partitioned
Into 3 majfor sections: the 256R ladder network, the suc-
cessive approximation regisier, and the comperator. The
converter's digital outputs are positive true.

The 256R ladder network approach (Figure 1) was chosen
over the conventional R/2R ladder beceuse of its Inherent
monotonicity, which guarantees no missing digita! codes.
Monotonicity is particutarly Important in closed ioop feed-
back control systems. A non-monotonic relationship can
ceuse osclllations that will be catastrophic for the
system. Additionally, the 256R network does no! cause
load variations on the reference voltage.

The bottom resistor and the top reslstor of the ladder
network Iin Figure 1 are not the same value as the
remainder of the network. The difference In these
resistors causes the oulput characteristic to be sym-
metrical with the zero and full-scale polnts of the transfer
curve. The first output transition occurs when the analog
signal has reached +1/2 LSB and succeeding output
transitions occur every 1 LSB fater up to full-scale. *

The successive approximation repister (SAR) performs B
lterations to approximate the input voltage. For any SAR
type converter, n-lterations are required for an n-blt con-
verter. Figure 2 shows a typical example of a 3-bit con-
verier. In the ADCOB08, ADCOB03, the approximation
technique Is extended to 8 bits using the 256R network.

' .

Auz:()'o-'—-‘ 7 -
w3

i4

1%R

¥R :;
<
—

10
. =~ COMPARATOR
INPUT

REF(-) O—l

FIGURE 1. Resistor Ladder and Switch Tree
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ADC0808, ADC0809

Functional Description (continueq)

The A/D converter's successive approximation.register -

(SAR) Is resst on the posltive edge of the stari conversion
(SC) pulse. The conversion is begun on the falling edge of
the start conversion pulse. A conversion In process wili be
Interrupted by receipt of a new start convetsion pulse.
Continuous conversion may be accomplished by tylng the
end-of-conversion (EOC) output to the SC input. tf used in
this mode, an external start conversion pulse should be
applied after power up. End-of-conversion will go low be-

tween 0 and B clock pulses atter the rising edge of start
conversion.

The most Important section of the A/D converter Is the
comparator. It Is this section which is responsible for the
ultimate accuracy of the entire converter. it is also the

m N -
. = FULLSCALE

110 - IDEAL CURVE -+ ERROA=1/21S8
a 1w N
o
[X)
- 100
4
S -
e —-NONLINEARITY = 1/2 LSB
g mo -

=1 |~ NONLIBEARITY » —172 LS
001/ .
= [~ 2ERD ERROR = -1/4 158

[ Vin
8% 1t 21n 38 A 51 & A

Vin AS FRACTION OF FULLSCALE

FIGURE 2. $-BItA/D Tr&nslor Curve

QUANTIZING
ERROR

INPUT OV
VOLTAGE

FIGURE 4. Typlca!l Error Curve

REFERENCE LINE

Lérjxm

B
~

4

N ©
comparator drift which has the greatest influence orﬁ‘h
repeatabillly of the device. A chopper-stebliized cm
parator provides the most effective method of satisfyl,
all the converter requirements. . (,}‘,r

The chopper-stabllized comparator coriverts the DG Ihi;
signa! into an AC signal. This signal is then fed throu:%:
high gain AC amplifier and has the DC ievel restored. Thy
technique limits the drift component of the amplifist 8ingy
the drift is 8 DC component which Is not pessed by (hg’ic
amplifier. This makes the entire A/D converter extre :

insensitive to temperature, long term drift and Inputo M‘;
errors. g =

Figure 4 shows a typicel error curve for the ADCOBE g
measured using the procedures outlined in AN-179. i g

™

3

z
>
INFINITE RESOLUTIOND
" - PERFECT CONVERTERS
" "R LsE IDEAL 3817 cunvmun§
w Toa_, ;P
g wi | vwanwsteo—{ 54 g
ERROR 1 ;
5 0 -11s8 5
E ABSOLUTE
2 o ACCURACY
S -1 158
DUANTIZATION
o £RROR
] Vix
Iz MR e
Vi AS FRACTION OF FULLSEALE 5

i
g
Pt

o
1
£)

wirl, i

FIGURE 3. $BI A/D Absolute Accuracy Curve
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Hronnection Diagram CU)
" : O
¢ Duslin-Line Package o
' ) - o
! (=)
. W =Y 2 , -
3 2
5 = . 2 o o)
e — (2. appa ! 8
s )
w— - aop s o
- 23 ({e]
START = = aooc .
) : n -7
toc J— 12 ae
o | ADCHM EIN.
PuT Y - )
thastt ] =2
ctoex Y LIPS
Ve La
1 17
nmo)'j . — 3
onp Y P
N Lo
TOP VIEW

Timing Diagram
——

[\

START"

7
w_wf T}

. wi—]

>4/
§
\_\1"—/,

STABLE ADORESS
ADDRESS So% { .
& W
e Y/  A—— '

ENABLE

mwe

"= E—
_ Lsran e

*  FIGURES
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~ADQ0808, ADC0809

Typical Performance Characteristics

Vig (V)
FIGURE 6. Comparator nve vy

(Vec=Vper=5v) Vee=Vper=6V)

TRI-_STATEP.Test Circuits and Timing Diagrams

LT PPV . ti CL=10pF
Vee
L outeur
ENABLE
ouTPyT ol
ENABLE : . "
(A Ty ) . Vo 0%
l ) ) ouTPUY
- = W GND
tow tp ’ ton. C =10pF the Cy =
vee Vee

) -—f Y
Vee -
oUTPUT LAY
e 104 ENABLE 50%

GxD 105 "
oUTPUT . - ‘
ENABLE e - “'] ‘0N tne

- T Vee " -

'I- . oUTPYT [N

= L VoL 0N
Iy

FIGURE 8

15 T ] r
e ~ 1200 kH; Tas8s'c
1
4 //A/ E Tas25°C
3 8 .. =
E 1= 880 kHi: K , N
- B " -
g e g ;’/ <
= a5 13 \
=
rad Tae 40
R 1o = 1200 kH: ’
-15 I o -
] 125 28 anm L R T 5
Vin (v} t-

FIGURE 7. Multiplexer Ronvs Vyy

80 pF
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: 0 Retibmetric Coriversion -

he ADCDB08, ADC0809 Is desldned as a complete Data

“facquisition System (DAS) for ratiometric conversion

systems. In ratiometric systems, the physical variable
pelng measured Is expressed as a percentage of full-scale
which is not necessarily related to an absolute standard.
The voltage input to the ADC0B08 is expressed by the

equatlon .
Vin  _ Dx (1)
Vig—Vz  Dpmax— Duin

Vin = Input voltage into the ADC0808
Vs = Full-scale voltage

Vz=Zero voltage

Dy = Data point being measured
Dpax = Maximum data limit

Dpin = Minimum data limit

A good example of a ratiometric transducer Is a poten-
tiometer used as a position sensor. The position of the
wiper is directly proportional to the output voltage which
is a ratio of the full-scale voltage across It. Since the data
Is represenied &s a proportion of full-scale, reference
requirements are greatly reduced, eliminating a {arge
source of error and cost for many applications. A major
advantage of the ADCO808, ADC0809 Is that the input
vollage range Is equal .io the supply range so the
transducers can be connecled directly across the supply
and their outputs connected durectly into the multiplexer
inputs, (Flpure 8).

Ratlometrlc transducers such as potentiometera, straln
gauges, thermistor bridpes, pressure transducers, efc.,
are sultable for measuring proportional relationships;
however, many types of measurements must be referred

to an absolute standard such as voltage or current. This

means a system reference must be used which reletes
the full-scale voltage 1o the standard volt. For sxample, ]
Vo= VRgr = 5.12V, then the full-scale range Is divided In-
to 256 standard steps. The smallest standard slep is 1
LSB which is then 20 mV.

'2.0 Reslstor Ladder Limitations

“The voltages from the resistor ladder are compared {o the
selected input B1imes in a conversion. Thess voltagses are

coupled o the comparator viaan analog switch trea which
is referenced to the supply. The voltages at the top, center
and bottom of the ladder must be controlied to maintain
proper operation.

The top of the ladder, Ref{ + ), should not be more posltive
than the supply, and the bottom of the ladder, Rel(~),
should not be more negative than ground. The center of
the tadder voltage must also be near the cenier of the
supply because the analog switch tree chanpes from
N-channel switches to P-channel switches. These limita-
tions are automatlically satistied In ratiomstric systems
and can be easily met in ground referenced systems.

Figure 10 shows & ground referenced system with &
separate supply and reference. In this system, the supply
must be trimmed to match the reference voltage. For In-
stance, if 8 5.12V is used, the supply should be adjusted fo
the same voltage within 0.1V.

Ar——s

[—u—o

I

..||__¢__I

vee
REF{+) MSE
lgy
. DIGITAL
: OUTPUT
. Qoyt PROPORTIDNAL
. T0 ANALODG
. INPUT
L]
lad
Vin  V
REF(-) 152 o N N
GKD OUT® Vaer ™ Voo
RISV £Voea VREF $5.25V
ADCOBDE * Ratiomelric transducers

FIGURE 8. Ratiometric Conversion System
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ADC0808, ADC080:

Applications Information (Continued)

The ADC0808 needs less than emilliamp of supply current
80 developing the supply from the reference Is -readily
accomplished. In Figure 17 a ground referenced system Is
shown which generates the supply from the reference. The
buffer shown can be an Op amp of sufficient drive 1o

. supply the milllamp of Supply current and the desired bus

drive, or If a capacitive busis
capacitor will supply the tran
In Figure 12. The LM301 js

driven by the outputs a large
slent supply current as seen
overcompensated to Insure

|

e W

dder voltages cannot exce
ely, but they can be symmg
fess than Ve and greater than ground. The cente;
ladder voltage should always be near the center
8upply. The sensitivity of the converter can be incr,
(l.e., slze of the LSB steps decreased) by uslng“i
metrical reference system. In Flgure 13,8 2.5v refe
Is symmstlricelly centered about Vco'2 since the

The top and bottom la
and ground, respectlv

current flows in identical resisiors. This system,
stabllity when loaded by’the 10 4F output capacltor. 2.5V reference allows the LSB bit to be half the sl2
5V reference system. N
"
. - g
‘ 3
et
. Vgo ' \i
SUPPLY Vee ;
‘o msg RN
} i
K Vaer REF(s) DIGITAL ‘%
. oUTPYY *y
ouT REFERENCED 2f
. O iy . 10 iy
VIN{O—d ¢ GROUND .-
{0 ':n . . nad
I—— REF(-) LS8 Lo
&—onp - N -
Cout VREF iy
: ADCORDY 415V sVecw VReFx825v - ¢
FIGURE 10. Ground Referenced o
Conversion System Using Trimmed Supply -3
. Vee
v sl
o DIGITAL OUTPUT
Vaer y REFL) %yt REFERIXCED YO
VREF(+) O—f 1y CROUKD
Vix { O— 5
Ot
J—— REF(-} [
&nD - N
Oour Vncr
ADCDS0S

FIGURE 11. Ground Re

fersnced Conversion System with
Reference Generating Vee Supply




Saud PR b

¥ith 3
#ofd

g

P GND

L—’ REF(-}

FIGURE 12. Typica! Reference and Supply Circult

3.0 Converter Equations

The transition between adjacent codes N and N+1 Is
given by:

N 1
Vin=1{ (Vrer+)— VREF(—))[Z?B + 51——2]-‘- Vyug i+ VRer(-)

The center of an output code N Is given by:

The output code N for an arbnrary Input are the integers
within the range .
— VRer(- )

N=
Vnsru) - VREF( -)

where: V)= Voltage at comparator Input
Vrer(+)= Voltage at Ref(+)

VREF(-)= VO"IQG at Ref(~)
Vyue = Total unadjusted error voltage (typlcally
Veer(+)+ 512)

N
Vin={ (Vrer(s)— Vrer-)) [2?6] £ Vyue ]+ Vaer(-) ©

sV
Ra ¥
: 275V
g
)
.
125V
25y
REFERENCE . Ry

FIGURE 13. Symmetricslly Centersd Refsrsnce

@

X 256 = Absolute Accuracy (4)

Vee
REF{+} S
ln?
L]
: DIGITAL DUTPUT
o PROPORTIONAL TO
: ouy ANALDG INPUT
. 125V S Vin S 25V
Ind
REF(-)
1se
END Ra=Rg

* Ratiometric transducers

4.0 Analog Compsrator Inputs

The dynamic comparator Input cument Is caused by the
periodic switching of on-chip stray capacitances. These
arg connected allernately to the output of the resistor
ladder/switch tree network and to the comparator input as
pariof the operationof the chopper stabilized comparstor.

The averape value of the comparator inpul current varies
directly with clock frequency and with Vy,, as shown In
Figure 6.

~ i no filter capacitors are used st the analog inputs and the

slgnal source Impedances are low, the comparator input
current should not introduce convarter errors, 85 the tran-
slent created by the capacitance discharge will dis out
before the comparator output Is strobed.

_H input tilter upncllors are deslred for noise reduction
“‘and signa! conditionlfig they will tend 1o sverage out the
dynamic comparator input current. It wili then take on the
characteristics of a DC bias current whose effect can be
predicted conventionally.

— p
Applications Information (continued) 10-15vp; 8
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ADC0808, ADC080!

Typlcal Application

XDDRESE

BECODE
(ADa-pD15)

GROUND =

o INTERRUFY
500 kH: =~ CLX
5800V Vpe ey £oc > INTERRUPT
0.000V o Vngﬂ.,
it——donr s
START 2~ ———p b5
ALE 2~ f——p D2
A ——pon¢
ADe—y4 apcosgg 2P [—F0m
A1 abcosss  2$f——p pm2
AD2 =i ) s S ]
v surpLy —m
L Vee W -Ving
GND .
I o8V
U ANALOG
. INPUT RANGE
lag }— Vm 1

" MICROPROCESSOR INTERFACE TABLE

PROCESSOR READ WRITE INTERRUPT (COMMENT)
8080 WEWMR WEMW INTR (Thry RST Circuly
8085 RD WR INTR (Thru RST Circuty
Z-80 RD WR THT (They ST Circult, Mode o)
Scimp NRDS NWDS SA (Thru Sense A)
8800 VMA:-¢ 2-RAY VYMA2TW | iAGA o TROB {Thru Pia)

Ordering Information

|
TEMPERATURE RANGE ~40°C to +85°C ~55°Cto +125°C
Error * 1/2 Bit Unadjusted ADCOBOSCCN ADCO808CCY ADC0308Cy
=1 Bit Unadjusted ADCOB09CCN

Package Outline

N2BA Molded DIP

J2BA Rermstic DIP

J2BA Hermetic DIP

P

870
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8-BIT MULTIPLYING D/A CONVERTER

MC1508-8/1408-8/1408-7

e —— e - T
M

DESCRIPTION

CIRCUIT DESCRIPTION

PIN CONFIGURATION

The MC1508/MC1408 series of 8-bit mono-  The MC1508/MC1408 consists of a refer-
lithic digital-to-analog converters provide  ence cusrent amplitier, an R-2R ladder, and F.N PACKAGE
high speed performance with lowcost. They 8 high spsed current switches. For many
are designed for use where the output cur- applications, only a reference resistor and Ne 7] 1) COMPEN
rent is & linear product of an 8-bit digital  reference voltage need be added. onp [7] ] Vappi-)
word and an analog reference voltage. The switches are non-inverting in opera- Vee [T [7) Vert+)
tion; therefore, a high state on the input [T v
FEATURES turns on the specified output current com- o [ o cc
* Fas! settling time— 70ns (typ) ponent. sy A, 2] 7] A iuse)
* Relative accuracy 20.19% (max error) . . 2, 5] o
* Non-inverting digital inputs ere TTL and The switch uses current steering for high
CMOS compatible speed, and & termination amplifier consist- 23 [E] [10] ag
* High speed multiplying rate 4.0mA/us ing of an active load gain stage with unity A (%) ag
(input slew) . ’ gain feedback. The termination amplifier Tor vi
* Output voltage swing +.5V o -5.0V holds the parasitic capacitance of the tadder EW
* Standard supply volieges + 5.0V and at a constant voltage during switching, and MC'I::::: "U‘::CE“:; -
<5.0V to -15V . provides a low impedance termination ot MC1408.7F
* Military quellfications pending equal voltage for &ll legs of the ladder. 5 PACKAGE
The R-2R ladder divides the reference am-
APPLICATIONS pifier current into binarily-related compo-
¢ Tracking A-10-D converlers nents, which are fed to the switches. Note ve [T 6] AgiLss)
* 2%-digit panel melers and DVM's that there is alweys a remainder current Vagri+) [7] 5) &,
* Wavelorm synthesis - which is equal 10 the least significant bit. vaert-) [G] o]
* Sample and hold ~ . This current is shunted to ground, and the REF As
¢ Peak detector o maximum output current is 255/256 of the compen 1] [13) Ag
* Programmable gain and sllenvation reference amphifier current, or 1.992mA tor ne [5] 7] a,
* CRT charecter generation & 2.0mA reference amplifiet current if the awo [7] ) a
¢ Audio digHizing and decoding NPN current source pair is perfectly 3
¢ Programmable power supplies matched. v- [T T0) 4,
¢ Ansalog-digital multiplication 1o [E (5] a,ms8)
* Digltal-digltal multiplication
* Analog-digital division TOP VIEW
¢ Diglial addition and subtraction ORDER NUMBER
* Speech compression and expansion MC 140660 -
* Stepping motor drive )
* Modems
¢ Servo motor end pen drivers
ABSOLUTE MAXIMUM RATINGS T4 =+25°C unless otherwise specified BLOCK DIAGRAM
PARAMETER RATING UNIT mss LB
Ay Az A3 Ag Ay Ap Ay A
Vee Power supply voltage v RN ENNEIEIEY
Ve Positive -5.5 o
Vs-Viz Negative -165 CURRENY SWITCHES 4
Vo Digital input voltage =550 A4
l1a Applied output voltage 0.8, -582 \Y ?
v GND
Vis,Vis  Reference current 50 mA REF
o te1
. :eferer;ce amplifier |npkuxs imitation) Vee. Vee \\l\, :: ._ﬂ ] REFERENCT L;g:
o) ower dissipation {package limitation m ~ CURRENTY
Ceramic package 1000 v' ! 3% aweores |
Plastic package 502 Rer Ve ts cowren
Ta Operating temperature range ‘C NPN CURRENTY SOURCE PAIR
MC1508 -58 10 -125
MC1408 01o-75
Tsg Storage temperature range -6% 10 =150 ‘C
3-24 Signetics




ANALOG DIVISION

JUNP 19¢ 4

8-BIT MULTIPLYING D/A CONVERTER

MC1508-8/1408-8/4408-7

DC ELECTRICAL CHARACTERISTICS!

Pin 3 must be 3V more negative than the potential to which Rys is returned.

14

Vee = +5.0Vdc, Vee = -15vde, Yret L 5 oma
unless otherwise specified.

MC1508: Ta=-55°C 10 125°C. MC1408; Ta=0°Cl075°C

TEST MC1508-8 MC1408-8 MC1408-7
PARAMETER UNIT
CONDITIONS Min | Typ Max Min Typ Max Min Typ Max
Er Relative accuracy|Error relative +0.19 *0.19 20.39 o
1o fuli scale
lo, Figure 3
ts Setting time? To within /2 LSB, 70 70 70 ns
includes t'PLH,
T'A=+25°C,
Figure 4
Propagation delay| ns
time . c
tPLH Low-to-high Ta=+425°C,
terL High-to-low Figure 4 80 100 30 100 30 100
TClo Output full scale -20 -20 -20 PPM *C
current drift
Digita! input Vde
logic level (MSB)
Vin High Figure § 2.0 2.0 2.0
Vie Low 0.8 0.6 08
Digital input Figures mA
current (IMSB) ]
hH High Vi = 5.0V o] 0.04 0 0.04 [« 0.0:
L Low Vi = 0.8V -0.4 -0.8 -04 -0.8 ~04 -08
T1s Reference input  [Pin 15, Figure 5 -1.0 | -s50 -10 -50 -0 Y " WA
bias current
lor  Output current  |Figure 5 mA
range
Ve = -5.0V 0 2.0 2.1 4] 2.0 2. 4 <0 21
VEE = =7.0V to 0 2.0 4.2 0. 2.0 4.2 0 20 LBy
-15v
lo Output current Figure 5 }
Veet = 2.000V, 1.8 1.99 2.1 1.9 1.09 e 0 18 21 mA
R14 = 10000} . '
lommin)  Off-state All bits low [ 40 4 40 i 0 A
Vo Output voltage | Er<0.10% at i \de
compliance Ta=~25°C, 1
Figure & .
VEE = -5V -0.55.40.5 -0.55.40.5 !' -0.55, <08
Vee below -10V -5.0.+0.5 -5.0.40.5 H -50.-05
SRiret Reference current]Figure & 4.0 4.0 , =0 MA s
slew rete §
PSRR(-)Output current  [lres = 1MA 05 27 [ 27 cs o7t LAV
power supply ;
sensilivity | ;
Power supply =¥
current ! |
Ice Positive Al bits Tow. -135| -22 st p Poezs] -o:
133 Negative Figure 5 -7.5 -13 S X 13 : A -1z
Power supply . \ac ;
voltage range | H
Veen Positive Ta==25°C, 4.5 ~5.0 -55 -38 | -850 -85 -2k g e -8 !
VeER Negative Figure 5 45| -1% -16 8 ) =15 -6 8 ~ b LA R
Po Power dissipation| All bits low, : A}
Figure 5 ! !
Vee = -5.0voe 105 170 105 170 [V e H
VEg = -15Vde 180 | 305 190 1 a3 | 1ea 305
All bits high,
Figure & i ;
Ve = -5 OVde 90 93 ar i
Vee = -15Vde 160 160 TED '
NOTES
1 A bus swicher
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8-BIT MULTIPLYING D/A CONVERTER

MC1508-8/1408-8/1408-7

TYPICAL PERFORMANCE
CHARACTERISTICS

D-to-A TRANSFER CHARACTERISTICS

r

o

-

-
o

™~

0. CUTPUT CURRENT (mA)
[
5 <

{00000000) INPUT DIGITAL WORD (11111113)

FUNCTIONAL DESCRIPTION

ﬁeference Amplifier Drive
and Compensation

The reference amplifier input current must
always flow into pin 14 regardiess of the
setup method or reference supply voltage
polari!y.

Connections tor 2 positive reference volt-
age are shown in Figure 1. The reference
voltage source supplies the full reference
current. For bipolar reference signals, as
in the multiplying mode, R, can be tied to
2 negative voltage corresponding 1o the
minimum input level. R,s may be elimina-
ted with only a small sacrifice in accuracy
&nd temperature drift.

The compensation capacitor value must
be increased with increasing values of R,,
to maintain proper phase margin. For R,
values of 1.0, 2.5, and 5.0K ohms,
minimum capacitor values are 15, 37, and
75pF. The capacitor may be tied 1o either
Vee O ground, but using Vg increases
negative supply rejection. {Fluctuations in
the negative supply have more effect on
accuracy than do any changes in the
positive supply).

A negative reference voltage may be used
if Ry, is grounded and the reference
voltage is applied to R,s. 2s shown in
Figure 2. A high input impedance is the
main advantage of this method. The
negative reference voltage must be at
teast 3.0V above the Vee supply. Bipolar
Input signals may be handled by connect-
ing Ry, to a positive reference voltage
equal to the peak pogitive input level at pin
15.

Capacitive bypass o ground is recom-
mended when 2 DC reference voltage is
used. The 5.0V lopic supply is not recom-
mended as a reference voltage. but if a
well requlated 5.0V supply which drives

3-26

logic Is to be used as the reference, Rt
should be formed of two series resistors
and bypassing the junction of the two
resistors with 0.1,F to ground. For refer-
ence voltages greater than 5.0V, a clamp
diode is recommended between pin 14
and ground.

It pin-14 Is driven by a high impedance
such as a transistor current source, none
of the above compensation methods apply.
and the amplifier must be heavily compen-
sated, decreasing the overall bandwidth. _

Output Voltage Range

The voltage at pin 4 must always be at
least 4.5 volts more positive than the
voltage of the negatjve supply {pin 3) when
the reference current is 2mA or less, and
at least 8 volts more positive than the
negative supply when the reference cur-
rent is belween 2mA and 4mA. This is
necessary (o avoid saturation of the ovt-
put transistors, which would cause
serious degradation of accuracy.

Signetics' MC1508/MC1408 does not need
a range control because the design ex-
tends the compliance range down to 4.5
volts (or 8 volts—see above) above the
negative supply voltage without signifi-
cant degradation of accuracy. Signetics'
MC1508/MC1408 can be used in sockets
designed for other manutacturers’ MC1508
MC1408 without circuit moditication.

Output Current Range_

Any time the full scale current exceeds
2mA, the negative supply mus: be at least
§ volts more negative than the output
voltage. This is due to the increased inter-
nal voltage drops between the negative
supply and the outputs with higher refer-
ence currents,

Accuracy

Absolute accuracy is the measure of each
oulpu!l current level with respect to s
intended value, and is dependent upon
reiative accuracy. full scale accutacy ang
full scale current drifi. Relative accuracy
is the measure ol each oulput curnent
level as a fraction of the ful! scale curtent
alter zero scale current has been nulled
out. The relative accurecy of the
MC1508/MC1408 is essentially constant
over the operating temperatute range
because of the eacellent temperature
tracking of the monolithic resistor ladder
The reference current may gnft with tem.
perature, causing a change in the absolute
accuracy of output current: however. the
MC1508/MC1408 has & very tow tull scate
current dnifl over the operating tempeta.
ture tange.

Signetics

The MC1508/MC1408 series is guaranteed
accurate to within =1/121SBat +25°Cat a
full scale oulput current of 1.99mA. The
relative accuracy test circult is shown in
Figure 3. The 12-bit converter is calibrated
to a full scale output current of 1.99219mA;
then the MC1508/MC1408’s tull scale cut-
rent is irimmed to the same value with R,,
so that a zero value appears at the error
amplifier output. The counter is activaled
and the error band may be dispiayed on
the oscilloscope, detected by com-
parators, or stored in a peak detector.

Two B-bit D-to-A converlers may not be
used to construct a 16-bit accurate D-10-A
converter. Sixteen-bil accuracy implies a
total of =1/2 part in 65,536, or =0.00076%,
which is much more accurate than the
=0.19% specification of the MC1508¢
MC1408,

Monotonicity

A monotonic converter is one which
always provides an analop output greater
than or equal to the preceding value for a
corresponding increment in the digital
input code. The MC1508/0C 1408 Is mano-
tonic for all values of reference curtent
above 0.5mA. The recommended range for
operation is a DC reference cutien: be.
tween 0.5mA ang £.0mA.

Settling Time

The worst case switching conditicn oo
curs when all dits are switched on, which
cotresponds 1o a iow-to-tugh transiticn tor
all input bus, This time is typically TOns
for settling to within 1/2 LSB for &5t ac.
curacy. This time apphes when RL 50
ohms and Cq « 25pF. The slowest single
switch is the least sigmticant bul. w™ich
typically turns on and settles in §81s8 In
applications where the D-to-A comerter
functions in a positive going tamp Mmaae,
the worst case condition does not ceout
anc seitling times less than 70ns mav de
realhized.

Extra care must be tahen 1n oAt 1av ot
&ince this ysually 1s the domMINaNnT 142187 0
satisfactory test resulls when measanirg
setthng time Shont teacs. 100,.F s oo
pypassing {01 low frequencies, ma =y
scope iead lengih, and avoidanse &
grounc foops a*¢ all manzatery
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8-BIT MULTIPLYING D/A CONVERTER MCH1 508-8/1408-8/1408-7

TEST CIRCUITS

Vee . Vee
12
. 1 13 Ryg=Ryg . l Rea= Rys
Ay 0— Ay O
Ria R
(3 MR Iy 14 14
N " e Ve *20 1 13
? AL 7 15 =
Az 0—df 4 Ay Ol :\,\ -1 Veer
1 15 . [ 1 15 o
A4oi— = Aqo0— B -
. MC1508 2 . R MC1508 2
A0 MC1408 Ayo——{ MCraos
) L 4 i " 10 . = Ry
Ag0— = 2502 = W
1" 16 lo " = 1 % o =
Ay 00— = ay ot =
12 SEE TEXT FOR VALUES OF C. 2 SEE TEXY FOR VALULS OF C.
Ay O Ay c

c
EE .

v, Vee

Figure 1. Positive Vpgy Figure 2. Negative Vg
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8-BIT MULTIPLYING b/A CONVERTER MC1508-8/1408-8/4408-7

TEST CIRCUITS (Cont'd)

7131
———0—Ay
 SER——— A:
———0—{43 12’4!"
’ O—14s co:vgn'frsa H—o— 070 « W0V OUTPUY
: ———o—{Ag (= 0.02%
. o—1a ERROR MAX)
A7 (1
>
Ag p o
Ag Avp Aqq Ay
Lss
S0K
VREF & 2V 0.1,F 1
100 =
' 950 ERROR{(1V & 1%)
Ry Vee
} = NESIS
MSB " 1 poe
o5
}
o 1l
IT o!.. MC1506 &
o o2 MC1408 '—°"J
COUNTER [~O— -~ |
—o1] |
N 31 |
| o— 12 :
LSE |
15 lei 3l 2] |
.o c SR
’ A = Vee
Figure 3. Relative Accuracy
Ty
v
oa.F €€ -

l,,ﬂ 0 'PLN v |0n|

1.0K , USE R 10 GAD
k) s aev FOR YURN QO F
AL S EVTLING TIME MLASUR '
[y o > 0.1.F o FOR FIGURE & sIll 5:" \('vu.
MC1808 |7 TOM SN FORSETILING TME ! N
MCr1408 [ ~ N - MELASUREMENT ¢ /\__ .
= = e, (ALL BUIS
1€, SWITCKED LOW g 700 TYPICAL
*in j _j. TO HIGH) 0 2 ¥ KR
s = 15pF Co = 25pF
0.L.F 43 T ? ° TRANSIENT © \ .
— RESFONSE \- N
¢ T FIN IO AR
= =

m M T =T ey

Figure 4. Transient Response and Settling Time
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JUNE 1983

8-BIT MULTIPLYING D/A CONVERTER

" MC1508-8/1408-8/1408-7

TEST CIRCUITS (Cont'd)

Vee :
lec TYPICAL VALUES Ry = Ryg = 1K ;
{ Vper s + 2.0V
3 . C=15pF VI AND §j APPLY TO INPUTS A, THROUGH Ag
14
-— PRy
( Ay ol 14 VRer (+)
Anod ; l THE RESISTOR TIED TO PIN 15 IS YO TEMPERATURE COMPENSATE THE
207 15— s BIAS CURRENT AND MAY NOT BE NECESSARY FOR ALL APPLICATIONS,
Az 0— -—0———%—1
. [
DIGIAL Aol wmcison 2 15 = .
INPUTS | Agold MCia08 2 o=k {‘.‘.‘;‘.’ LM A A A A 1
10 o ERE R R T A TR VAR R
agol] P = Yo
A 11 —O“—T—. OoUTPUT
° -— v
Ag 12 L) io whers K a REF
{ — L "
<)Yy =¢
3
Vil . and Ay ==1"1F Ay IS AT HIGH LEVEL
= = Ay ==0" IF Ay IS AT LOW LEVEL
. .
EE'ver  (SEETEXTFORVALUES OF C)
. Figure 5. Notation Definitions
Vee
- q
13
3
¢ " " v av
7 s 3 R[]
] 1 1
>—0.— MC1508 K =
MC1408 2
10 & =
n 16, ; | -
oo i H
12 i 10% °
1 tev 90
wef T B =S50 R, o i 20mA
L

—

Vee

C) SCOPE o,
o
}
-

SLEWING TIME

Figure 6. Reference Current Slew Rate Measurement
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8-BIT HIGH SPEED MULTIPLYING D/A CONVERTER

DESCRIPTION

The DAC-08 series of 8-bit monolithic
multiplying Digitel-to-Analog Converters
provide very high speed performance cou-
pled with low cost and outstanding applica-
tions flexibility.

Advanced circuit design achieves 85ns set-
tling times with very low glitch and at low
power consumption. Monotonic multiply-
ing performance is attained over a wide 20
to 1 reference current’range. Matching to
within 1 LSB between reference and full
scale currents eliminates the need for full
scale trimming in most applications. Direct
interface to all popular logic families with
full noise immunity is provided by the high
swing, adjustable threshold logic inputs.

Dual’complementary outputs are provided,
increasing versatility and enabling differen-
tial operation to effectively double the peak-
to-peak output swing. True high voltage
compliance outputs allow direct output vol-
tage conversion and eliminate output op
amps in many applications,

All DAC-08 series models guarantee full
8-bit monotonicity and linearities astightas
0.1% over the entire operating temperature
Trange are available. Device performance is
essentially unchanged over the =4.5V to
218V power supply range, with 33mW power
consumption attainable at 15V supplies.

The compact size and low power consump-
tion make the DAC-08 attractive for por-
table and military/aerospace applications.

ABSOLUTE MAXIMUM RATINGS

FEATURES

¢+ Fasi settling output curreni—70ns

* -Full scale current prematched to =1 LSB

¢ Direct interface'to TTL, CMOS, ECL,
HTL, PMOS

* Relative accuracy 1o 0.1% maximum over

temperature range

High output compliance - 10V 10 4 18V

True and complemented oulputs

Wide range multiptying capability

Low FS current drift—: 10ppm/°C

Wide power supply range—24.5V 10 : 18V

Low power consumption—33mW at :5v

APPLICATIONS
8-bit, 1us A-1o-D converters
Servo-motor and pen drivers

. Waveform generators
Audio encoders and atlenuators
Analog meler drivers
Programmable power supplies
CRT display drivers
High speed modems
Other applications where low cost, high
speed and complete Input’output versa-
tility are required
Programmable gain and attentuation
Analog-Digital Multiplication
Stepping motor drive

JUNE 1982

DAC-08 SERIES

FORMERLY: NE5007/5008-F,N

- - SES008.F
ORDERING INFORMATION
RELATIVE
ACCURACY 01t070°C - 5510125°C
0.39% FS  DAC-08CN
DAC-08CF
0.19% FS  DAC-08EN
DAC-OBEF  DAC-08F
DAC-08ED
0.1% FS DAC-08HF  DAC-0BAF
DAC-08HN

Ta=25"C unless otherwise noted

PIN CONFIGURATION

1
PARAMETER ; RATING UNIT
TaA Operating temperature range { C
DAC-08. DAC-08A : ~5510 <125
DAC-08C, E, H 0to-70
tsig Storage temperature -65 to - 150 G
Pp Power dissipation 500 m\
Lead soldering temperature (60sec) 300 °C
V+ to V- supply 36 \Y
Logic inputs P V=10 V- plus 6V
Vic Logic threshold control i V- to V-
Analog current outputs See output current
‘ Or output veoltage
i performance curve
Vie Vis Reference inputs l V- 1o V-
Visto Vo, Reference input ditferential voltage 218 v
" Reference input current ) 5.0 ma
!!
{
t
I 1
i i
Signetics

F.N PACKAGE
vic {1] '»s comp
i ] ] VREF-
v- 31 - 53, VREF.
b [&] NS ve.
Bytmse) (1] [i7] Bguss
8; [] ) 8,
8, [T [T 8
B, [ X N
TOP VIEW
ORDER NUMBER
DACNEaT [
_ Dac psr
DAC Q87 &
DATL&SE W
D PACKAGE
ve [0 [€ sguss:
LT E _'T‘.' 8,
ALY E __? B¢
conren (7] [T &y
vie (7] IS e,
D K - L]
v- ] [T .
I !q [T #mss
S
TOF VIEW
ORDIR NUIMRL R
b WA 3ol




ANALOG DIVISION JUINE 756

8-BIT HIGH SPEED MULTIPLYING D/A CONVERTER DAC-08 SERIES

BLOCK DIAGRAM

MSB Lse

Ve Vic B, B 8, By By Bg By By

B 17 57 67 79 e ef 10§ n 29 -
| AN D E AN N N

435 lout
NETWORK Y Y \ 1 -
Swicnes l:ljs ﬁz jz ;4}1 (133 j; Sreanctnd
Vnsr(—;?s : T\L '} j} j} } E : : t
REFERENCE :>
AMELIFIER

0-1-4

\_O_LO—A
o2

1% 3
COMP. v

TEST CIRCUIT’
VRes

V- Ve
RRefs °

oo | eson

ouTPUI

REFERENCE DAC
ACCURACY ~0.006%
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8-BIT HIGH SPEED MULTIPLYING D/A CONVERTER DAC-08 SERIES

ELECTRICAL CHARACTERISTICS pin3 fus! be at least 3V more negative than the potential 10 which R, is returned.
) Veg= £ 15V, Ipgp = 20mA, Output characteristics refer {o both 10UT and IOUT unless
otherwise noted. DAC-08C, E, H: T,=0°C to 70°C. DAC-08/0BA: T, = ~55°C 10 125°C,

DAC-08C DAC-0BE DAC-08H
PARAMETER TEST CONDITIONS DAC-08 DAC-08A uNIT
Min | Typ | Max ] min Typ | Max | Min Typ | Max
Resolution 8 8 8 8 8 8 8 8 8 Bits
Monotonicity® .1 8 8 8 [ 8 8 8 8 8 Bits
Relative accuracy  Over temperature range =0.39 =0.19 =011 5FS
Ditterential nonlinearity =0.39 +0.19 =0 19| °“¢FS
ty Settling time To=1/2LSB, all bits 70 | 135 70 135 70 135 ns
switched on or oft, T, = 0°C
Propagation delay ns’
t Low-to-high TA=25°C, each bit.
PLH L
Yopy High-to-low All bits switched 3 | 6o % | 60 i
TClgg Full scale tempco 210 =10 210 =50 | pom °C
Voe Output voltage Full scale current change | -10 -8 1 -10 =16 | -10 -18 v
. compliance <. | SB . -
legq Full scate current VREF=10.000V, 194|189 | 204 | 104 100 | 2 04 11.952] 1992 | 2.000] mA
Ry, R1525.000k 0,
| Full scale - =20 ) 216 210 { :80 210 |= 20 A
FSS | !
symmetry FS4"'FS2
Izs Zero scale current 0.2 40 02 2.0 0.2 10 A
] Rye Ry = 5.000k0
lesr Fullscale output  |Vpep= + 15.0V, V- = ~ 10V] 2.1 2.1 2. ma
current range Vege= +25.0V, V- = —12v| 42 42 4.2
Logic input levels \
v Low 08 0.8 (SF ]
lL =
Vin High Vic=ov 20 20 2o
Logic mput current |V c=0V i
e Low ViIN=-10V 10 -0.8V =20 | -10 =20 | -0 -20 | -1
i High VIN=2.0V 10 18V 0002{ 10 oooz| 10 0002 | 10
Vig Logic input swing [ V-=-15V -10 =16 | 10 =18 | -10 <1F v
Viug  [Logrc threshold Vgez15V -10 S35 -5 BERY IR MEEE] B
range
1 Reference bias -1.0 | -30 <10 | -3¢0 =10 | 30 -4
current H
dl gt Reference input 40| 80 s0{ 60 s0 ! 80 joak W T
slew rate
Power supply IREF=1MA ER LR
sensitivity
PSS'FS— Positive V-24.510 5.5V, V-=-15V, 00003] 0O QOp0:| 0O JOXF| o
V-213.5 {0 16.5V, V-=-15V .
PSS!F& Negative V-=-4 510 -5 5V, V-=-15V; 0.0021 00 cooT o SO oy j
V-2-13.510 -16.5. V-=-15v !
Powersupplycurrent ] ,
fe Posttive 23 3E 23 38 33 ;8 i
=25 ER N N .- N
I- Negative Vg=25V. IREF=1.0mA a3 ] o8¢ 22} 58 a3 L
I~ Positive R . 24 1 38 24 38 4 S
- Negative Vs- 5V, -15v, IREF-2 OmA 64 | -78 64 e 6 -
I- Posttive . | 25 | 38 I E S& | s
- Negative Vg2 18V, Iggpr2 0mA 65| -T€ 65 | - ex ] s
Pp Power dissipation |25V, IRgg=1 OmA 33 <€ a3 <8 33 <f N
-5V, -15v, IREF=2.0mA 108 136 108 *3c a8 RRES
215V, Igpp=2 0mA 135 | 17e LI R ) AL "-'1

NOTE "NES007 must have » minimyum reference Current of 8.A

Signetics 37
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&-BIT HIGH SPEED MULTIPLYING D/A CONVERTER . DAC-08 SERIES

TYPICAL PERFORMANCE CHARACTERISTICS®

PROPAGATION DELAY {ny)

LSB PROPAGATION DELAY

vs IFS
"” T
T
t
! {
3 ]
200 i
i
To0 | ] [
1T LSB=78nA 1 lSB-zj_A
1 )
0 N n W oe N e O S 6 o
QR €@ € g5 6 v & €

IFg — OUTPUT FULL SCALE CURRENT (mA}

OUTPUT CURRENT vs OUTPUT FAST PULSED TRUE AND COMPLEMENTARY
VOLTAGE (OUTPUT REFERENCE OPERATION QUTPUT OPERATION
VOLTAGE COMPLIANCE) .
22 ALL BITS ON I
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i |
5 2oV =18V Vo -sv] lnppezma - — oma Su1
= l ' = O T - L~
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° ! 1 f 200n3!divisio
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OUTPUT VOLTAGE (v) REQ = 2000R = 1002, CC» O 100000000} LAY
FuLL SbALE SETTLING.TIME LSB SWITCHING FULL SCALE CURRENT vs
REFERENCE CURRENT
ALL BITS SWITCHED ON
, |
24y
I
50 —r—r———y—ry
. 0.4V . Ta® Trin TO Tongs UMITFOR
OUTPUT -y Lss eis 24V H Al Bl —vo . . 19%
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INPUT gaqv w
T Y g 10
[ o |
[ 1} o1 / 5 .0 1] '
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8-BIT HIGH SPEED MULTIPLYING D/A CONVERTER

DAC-08 SERIES

TYPICAL PERFORMANCE CHARACTERISTICS (Cont'q)

REFERENCE AMP.COMMON

MODE RANGE
ALL BIS ON
32
Ta=Tmint07,,,
z 28
H [ | l
..
I Vem 215V Ve m o8V ] V4w sy
w20
£, I | ther=2ma
o |
5.2 ]
a8
5 os 1 IREFnlmA bt
°

o
-

Ipgr =02mA
o 1 I |
~14=-10 ~6 -2 0 2 [ ] 10 14 18

V15 ~ REFERENCE COMMON MODE VOLTAGE (V)

Positve common moge range 15 always (V-) - 1 8y

OUTPUT VOLTAGE COMPLIANCE
vs TEMPERATURE

N
(=3

T 1T 17
I BT SN P N
BHADED AREA INDICATES”,
— arsn’mss«al.t OUTAUY, :

. OUTPUTVOLTAGE(Y)
[ ] -
> 58O &N & N oo

'
N

TEMPERATURE (*C)

POWER SUPPLY CURRENT vs V-

LOGIC INPUT CURRENT vs
INPUT VOLTAGE

g
>

ol
o

LOGIC INPUT CURRENT (,A)
~n
D

o
-2 -8 -4 ¢ 4 & 12
LOGIC INPUT VOLTAGE (v}

BIT TRANSFER CHARACTERISTICS
14 T T

-
1Y
-

| IREF = 2.0mAl

-
o

d

&

o
~

outPUT CURRENT imA)
o
b

0.4 ]
(Ve = —15v B,
e s === 7
] T
ol 1 I TN 5
-2 -8 -4 0 ¢ & a7z %
LOGIC INPUT VOLTAGE (V)
NOTE

B. theough B, have 10eanzar tpaslor charactenshics

E-ts are fully switched. with tess than *, LSB etron at

€55 N3N 2100mV from pClual inresaolc These switch.
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cowv

VK - Vi vs TEMPERATURE
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o
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8-BIT HIGH SPEED MULTIPLYING D/A CONVERTER

DAC-08 SERIES

TYPICAL APPLICATION

PULSED REFERENCE OPERATION

+VREF
% [ OPTIONAL RESISTOR
.. { FOR OFFSET
< | inpuTs

RN YRger |

vl L

REO =Ry | Rp

TVFICAL VALUES

Ryt 5K
VN v

FUNCTIONAL DESCRIPTION

Reference Amplifier Drive and ,
Compensation

The reference amplitier input current must .

always flow into pin 14 regardless of the
setup method or reference supply voltage
polarity.

Connections for & positive reference volt-
age are shown in Figure 1. The reference
voltage source supplies the {ull reference
current. For bipolar reference signals, as
In the multiplying mode, R15 can be tied to
a negative voltage corresponding to the
minimum input level. R15 may be elimina-
ted with only a smal! sacrifice in accuracy
and temperature drift.

The compensation capacitor value must
be increased as R14 value is increased.
This is in order to maintain proper phase
margin. For R14 values of 1.0. 2.5, and 5.0K
ohms, minimum capacitor values are 15,
37, and 75pF, respectively. The capacitor
may be tied to either Vge or ground, but us-
ing Vgg increases negative supply rejec-
tion. {Fluctuations in the negative supply
have more effect on accuracy than do any
changes in the positive supply.)

A negative reference voltage may be used
if R14 is grounded and the reference volt-
age is applied 1o R15, as shown in Figure
2. A high input impedance is the main ad-
vantage of this method. The negative
reference voltage must be at leasi 3.0V
above the Vg supply. Bipolar input sig-
nals may be handled by connecting R14 to

3-20

a positive reference voltage equal to the
peak positive input ievel at pin 15.

When using a DC reference voltage, capac-
itive bypass to ground is recommended.
The 5.0V logic supply is not recommended
as a reference voltage, bul if a well
regulated 5.0V supply which drives logic is
to be used as the reference, R14 should be
formed of two series resistors with the
junction of the two resistors bypassed
with 0.1xF to ground. For reference volt-
ages. greater than 5.0V, a clamp diode is
recommended between pin 14 and ground.

It pin 14 is driven by a high impedance
such as a transistor current source. none
of the above compensation methods apply
and the amplifier must be heavily compen.
sated, decreasing the overall bandwidth,

Output Voltage Range

The voltage at pin 4 must always be at
least 4.5 volts more positive than the voli.
age of the negative supply (pin 3) when the
reference current is 2mA or less. and at

-least B volts more positive than the nega-

tive supply when the reference current is
between 2mA and 4mA. This is necessary
to avoid saturation of the outpul tran.
sistors, which would cause serious ac-
curacy degradation.

Output Current Range

Any time the full scale current exceeds
2mA. the negative supply must be at least
8 volts more negative than the butput voit-
age. This is due to the increased internal
voltage drops between the negative sup-
ply and the outputs with higher reference
currents.

Accuracy

Absolute accuracy is the measure of each
output curreni level with respect te its in-
tended value. and is dependent upon
relative accuracy. full scate accuracy and
full scale current drift. Relative accuracy
is the measure of each output curment
level as a fraction of the {ull scale curnent
after zero scale current has been nulled
out. The relative accuracy of the DACO&
series is essentially constant over the
operating temperature tange due 10 the
excellent temperature traching o! the
monolithic resistor ladder. The reference
cutrent may drift with temperature, cauvs-
ing a change in the absolute accuracy of

Signetics

output current. However, the DACOS
series has a very low full scale current
drift over the operating temperature range.

The DACOB series is guaranteed accurate
1o within = 12 LSB at +25°C at a full
scale output curient of 1.992mA., The rela-
tive accuracy tesi circuit is shown in
Figure 3. The 12-bit converter is calibrated
1o a full scale output current of
"1.99219mA, then the DACOS full scale cur-
rentis trimmed to the same value with R14
so that a zero value appears at the error
amplitier output. The counter is activated
and the error band may be displayed on
the oscilloscope, detected by com-
parators, or stored in a peak detector.

Two 8-bit D-to-A converlers may not be
used 1o construct a 16-bit accurate D-10-A
converter. Sixteen-bit accuracy implies a
total of 21,2 part in 65.536, or =0.00076"¢.
which is much more accurate than the
= 0.19°% specification of the DACOS
series. ’

Monotonicity

A monotonic converter is’ one which
always provides analog output greater
than or equal 1o the preceding value for a
corresponding increment in the digiat in-
put code. The DACOB series is monotonic
for all values o! relerence current above
0.5mA The recommended range 101 apera-
tion is a DC reference cufient between
0.5mA and 4.0mA.

Settling Time

The worst case switching condition o¢-
curs when all bits are switched on. which
corresponds to a low-to-high transition for
all input bits. This time is typically TOns
tor setthng to within 12 LSE 1or 6t as-
curacy. This time applies when R, <500
ohms and Cp < 25pF The slowest singie
swilch 18 the least sigmiticant v, whish
typically turns on and settles in §&ng tn
apphcations whnere the DAC tunctions A
positine going tamp made, the woist case
condiion does not occur ana sty
umes {ess than 70ns may be reahzed

Extia care must be 1aken 10 board tan oot
sinCe 1his vsually 1s the doninant tasioe oy
sansfarion tes! sesults when mecas,nng
settling time  Shont leads, 10O.F supphy
bypassing 1o low frequencres, minmam
scope leal lengih, and avcidance of
CICURT IOODS ATE all mantalony
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8-BIT HIGH SPEED MULTIPLYING D/A CONVERTER

DAC-08 SERIES

D, Dz = IN6263 or equivalent
Da = IN91¢ or equivalent
Ci= 001,

C2.Ca= 0.1,

C1 = 2N3904 or equivalent.
Cs. Cs = 15p1 and includes all

Probe and fixturing capacitance

“Rygm5k0 §$ 678 9101112 13
VREF = 10V 0— AA——f 14
Ingr = 2mA bur
15
16 .3 1
R 5k
= sa l—cl1 , €2
l‘Hl
4

SETTLING TIME AND PROPAGATION DELAY

- Vg+ = ¢ 18V
Vin

e

ivs-.-1sv =

BASIC DAC-08 CONFIGURATION

O* VREF
Rgp § jlneF
wowreyl |,

15

-

“Vaer | 238
—_— =

o= 7; = lrg for an tog 2 states
Rpe 256

Isg =

RECOMMENDED FULL SCALE AND ZERO SCALE ADJUST

VREF

L

Ri=low T

R:= R~ R;

R2> 01 R 12 minimize
POt CONtIEL® Or 10 tuti $52.€ Cnn
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8-BIT HIGH SPEED MULTIPLYING D/A CONVERTER

DAC-08 SERIES

-~

UNIPOLAR VOLTAGE OUTPUT FOR LOW IMPEDANCE OUTPUT

* - Sk (LOWT.C)
A

L__~Vour=
070 « o0V

UNIPOLAR VOLT OUTPUT FOR HIGH IMPEDANCE OUTPUT

a) Positive Output Vatov

" lawamA_ DAC08 > oo
) |

- BASIC BIPOLAR OUTPUT OPERATION (OFFSET BINA‘F'%Y)

Va0V

Ip=2ma é 100
I

CODE CHART
l BiB; B3 B, 6588y Byl vouy Your
l POE . stae LI R A R BEIN .
: PCS 15 - “LSE L O § .
i - 2ecs5ae - *LSE R '
i Zensiae LI G A N
: Zeec scae - "LSE [ | B vos

Neg toescate WSE & 00 0 [N

Nez ot 573%e LA [\ M ‘

—

3-22 Signetics
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8-BIT HIGH SPEED MULTIPLYING D/A CONVERTER

DAC-08 SERIES

SYMMETRICAL OFFSET BINARY (BIPOLAR)

1
AAA
VWA~

Ip =2mA ] ‘\ -
—
o——J14
! DAC-08 o
2 +
Rz

Vour=010=V" -

=V “Range:
=5V ior Ry = Ry = 25K
210V ior Ry = Ry = 50K

3 DIGIT BCD CONVERTER

A 3 digit BCD converter, using inexpensive
8-bit binary DACs, can achieve 0.1% accu-
racy. The circuit shown in Figure 20 utilizes
three DACs, one for each decade, to provide
0 to 999 output steps. DAC 1 contains the
first four significant digits controlling the
hundreds digit; DAC 2 controls the tens
digit and DAC 3 steps 010 9. The feedback
resistor (R;! sets the zero scale at 0.00V.

The input coding is the popular 8-4-2-1
coding: i.e. the weighting ratios are 8. 4. 2
and 1. The full scale 1998! BCD codeis input
code 100110011001,

" Full scale adjustment procedure.

Inthe'sequence below, switch on thefollow-
ing code combinations and adjust the indi-
cated potentiometer for the proper output.

3 DIGIT BCD CONVERTER WITH 20.1% ACCURACY

0
N N w
VREF = 10V cZeon INPUT CODE AboUST | DESRED |
? . MSD  LSD POY output |
1] 000000200000 Ry 0 000V
Ry Rq - 2| 000002001001 R3 ooV
14 $-12 35000000 Ry ¢ 98v
K & Vv
DAC-OBH 10011301100 R, £ 8V
1K 45K [: ]
+ 18V - 15V
- L B )
oo
Regaz 1%
A
(% Rg ’
F——AAA—— ~AAA 4 5-%2 2 ] .y
_ ~
L 15 DAC-08E = ]
10K 45K ' o
13 1€ 3
< vout
= 0.01.F
+ 15V - 18V
e 0w
Ry Re T T T
e §-12
L 15 DAC0EC
100K 450K
1
+ 15V -5V
3-23
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TYPES SN541S373, SN54LS374, SN54S373, SN545374,

AL e T
o .

Mst EDGE-TRIGGERED FLIP-FLOPS

BULLETIN NO. DL-§ 12350, OCTOBER 1975.REVISED JUNE 1979

SN5418373 SNS545373 ., .2 PACKAGE

.¢ Choice of 8 Latches or 8 D-Type Flip-Flops SN74S373...J OR N PACKAGE
: SN74LS373 ... J. N OR NS PACKAGE
In 8 Single Pacfu?ge . {TOP VIEW]
¢ - 3-State Bus-Driving Outputs T
¢ Full Paraliel-Access for Loading Vi S0 80w su ww en o ae MU
¢ Buffered Control Inputs 20f {8 [arffe] as | D3] 1] 0
[ 4

Clock/Enable Input Has Hysteresis to Improve i Y
Noise Rejsction ' m Co h ﬂ ]

¢ P-N-P inputs Reduce D-C Loading on s

Data Lines ("S373 and ‘$374) o SN o gm E~ H _
* SN54LS363 and SN74LS364 Are Similar But e e b
Have Higher VOH For MOS Interface 1fl2f|3fl«fisi{le12Hss e
ouvPuY 10 w i 20 R 0] !l’l ah @ (R NTY
CONYROY
°15373, 5373
FUNCTION TABL_E dogic: see function teble
ou NABL
contaoL | o © | ovrrur
SN54L5374, SNS4S374 . . . 3 PACKAGE
L H H H .  SN745374...JOR N PACKAGE
L H L L SN74LS374 ..., N OR NS PACKAGE
L L x Qg {TOP VIEW)
H X X z
vee 80 .0 w w0 [ o s m
2lJ il fis]]re] [al)32] o
0 & :!'-’ o) o s ©) \
A o o
‘LS374, 5374

FUNCTION TABLE

£ D )
. I [3 o L4
OUTPUT |- ot g m
CLOCK D | ouTrPUT S /S £ 8 au
CONYROL
1 2 3 4 5 [ 7 ] 9 10

L f H H QuIrLY " " w t4- 0 " or o LA

L 1 L L convam

L L b Qg

H X X r4

togic: see function wabie

See explanstion of function tables on Pege 3.8,

description

These 8-bit registers feature totem-pole three-state outputs designed specifically for driving highly-capacitive ot
relatively fow-impedance loads. The high-impedance third state and increased high-logic-level drive provide these
registers with the capability of being connecied directly 10 and driving the bus lines in 8 bus-organized system without
need for interface or puil-up components, They are particularly sttractive for implementing butfe: registers, 1/0 por1y,
bidirectiona! bus drivers, snd working registers,

The eight latches of the 'LS373 and ‘8373 sre transpsrent D-type latches meaning that while the enablc {G) is hiph the
Q outputs will follow the data (D) inputs. When the enable is taken low the output will be latched a1 the fevel of The
data that was setup.

TEXAS| lNSTRllJnM ENTS

NCORPORATY
SOLY DF5ICHE BOX 3012 » Dalias. Yahas Y3222
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TYPES SN5418373, SN541S374, SN545373, SN54S374, -
SN7418373, SN74LS374, SN748373, SN74S374
OCTAL D-TYPE TRANSPARENT LATCHES AND
EDGE-TRIGGERED FLIP-FLOPS

. . . - - T ——
description {continued) -
The eight flip-tiops of the 'LS374 and ‘§374 are edge-triggered D-type Hlip-flops. On the positive transis; ]

the Q outputs will be set to the logic states that were selup at the D inputs.

LA
Schmitt-trigger butfered INputs at the enabie/duck lines simplify system design as ac and dc noise rejection is 3mpr'°;"§
by typically 400 mv dué 1o the input hysteresis. A buflered output control input can be used 10 place '(h

. 3 vipﬁl
outputs in either a normal logic state {high or low logic levels) or o high impedance state. In the high-impedance singg
the outputs neither load nor drive the bus hines significantly, Lo "i,é

. . M o
The output control does not affect the wernatl operation of the datches wr fip-flups. That 15, the old daty can by’
retained o1 new dats can be entered 2ven while the oulputs are oft, Tt

‘L8373, 's373 . ‘L8324, °S374
TRANSPAHENT LATCHES POSITIVE.-EDGE.T RIGGERED FLIP.FLOPS
ourryr _(1) ouiryy _11
CONTROL CONTROL
i3 N ==
wi D ¢ . T o P =
: "——O [ ch .
12) <
5 10 a 2 0i
(4) @ '
20 D r 20 o r omdd
>—. fo——
. +—q¢ i5) Pk w3
o] 20 G 20 N
7 2 T
3D ) < ab o [ i
Qs *—cx A
6 FO8
5 ® el L
(8) ~ g e
4D D < ap o 4 oy
e
$—as 19) +-Pox G
5 « 8 0y
(13) 3 x
sD D < 50 o 4
*—qs 02 —cx LI
o) sQ o) $0~__),
(14} 11e} — R
6D D p €D -\*E .
t—qs 115) I i
o] 60 I <
(17 an
) D p 0 —
$—q¢ {16}
o] Q
— .
sp 118 o) _ 8o F
*—qc
. 19)
o] 80
ENABLE {11 (RAJ]
G CLOCx

TEXAS'JNSTRUMENTS

CORFORATI D
7-434 FOST OFFiCE BOX 8512 . Datias Mraaw r1as




TYPES SN541S373, SN541S374, SN74LS373, SN741S374
OCTAL D-TYPE TRANSPARENT LATCHES AND
EDGE-TRIGGERED FLIP-FLOPS

REVISED DECEMBER 1980

schematic of inputs and outputs Ls373
EQUIVALENT OF DATA INPUTS EQUIVALENT OF ENABLE TYPICAL OF ALL OUTPUTS
INPUTS
y AND OUTPUT CONTROL INPUT! o vee
cC Vee _— 100 1 NOM _
20k NOM 17k NOM ___I
INPUT - .
INPUT — g B 4
) 4 OUTPUT
b 3 Y 4 ——
a r
. 4
4
7
, . *LS374
EQUIVALENT OF EQUIVALENT OF CLOCK TYPICAL OF ALL OUTPUTS
DATA INPUTS AND OUTPUT CONTROL INPUTS ve
- —— Ve
Vee —_— 1000 NOM
Vee - b
’ 7k M E
30 k2 NOM 17k NO -
.
INPUT - INPUT g 1L
14 ouUTPUT
. 3 2 —_—
4
4
v

sbsolute maximum ratings over operating free-air temperature range (unless otherwise noted)

Supply voltage, Vg (see Note 1) T 2,
Inputvoltage . ., . . . . | Tt e e e e e e e e e e e e e e e e e v
Off-state output voltage R T . . b55v
Operating free-air tempersture range: SN54LS* . . . . . . | e+« « « « . . . . -55°Clo125°C

SN7dLS . . . L L L L L L. ... .. .. 0oCt%c

Storsge tempersturerange . . . ., . . T © « « . . . —65°C10150°C
NOTE 1: Voltage values sre with respect 10 PETwork ground termingl, :

recommended operating conditions

SN54LS SN74LS ] UN:‘
MIN  NOM MAX | MIN NOM MAX ‘
Supply vohage, Ve 45 5 55 | 475 5 525 v
High-level output current_ 1oy -1 -26 | ma
Low-level output current, 1o . 12 24 1 mA
High 15 15
Width of clock /ensble pulse, [ than 15 15 ns
Low T
[Ls374 25 25
. ‘L8373 5! H
Data setup time, 1798 n
‘L8374 201 20t
‘ H 20
Data hold time, 15, L5373 20 n
‘LS374 o1 0!
Operating tree-air temperature, TA -55 125 0 0 c
14 The arrow indicates the transition of the clock /enabie input used for reference: 1 fo1 the fow-10-high transiion, § 101 the high 10 low Trany.
tion,

TEXASI INSTRUMENTS

NCORPORATLD -
SOIY OFFICE BOX 8012 « DaLiLas. Tenas Rat ] ""’



TYPES SN54S373, SN548374, SN74S373, SN74S374 E
OCTAL D-TYPE TRANSPARENT LATCHES AND e
EDGE-TRIGGERED FLIP-FLOPS

REVISED AUGUST 1977 y

- T ————
electrical characteristics over recommended operating free-air temperature rangs {unless otherwise noted) ;
SNS4LS® SN74LS"
PARAMETER TEST CONDITIONS ————t .
A MIN TYP! MaX [MIN TYFT wmax | UM1
ViH High-level input voitage 2 2 v ’
ViL Low-level input voliage ¢ 0.7 08 v
—_— 7 ]
Vik tnput clamp voltage Ve *MIN, = <18mA ~15 -15{ v
Vec =MIN, V=2V,
igh-! ! . 4 4 4 5
Vox  High-level ouiput voltage ViL = Vi max, lon = MAX ‘ 2 3 2 kR v
Vec " MIN, Viy»=2 v, t = 12mA 0.25 0.4 0.25 4
Vou Low-leve! output voltage cc H oL o v
ViL = Vi max 0L =24 mA 0.35 05
Off-s1ate output cursent, Vee = MAX, Vig=2V, .
lozn | . : , 2 20| pA
high-leve! voltage applied Vpo=27V | -
" Off-swte output current, Voo = MAX, Vg2V, -
i ‘ ‘ ~20 ~20
ozt tow-level voltage apptied Vo=04V A
Input 1 at ’
" neut curren Veg =MAX, V=7V 0.1 01] ma
maximum input voltage
™ High.level input currens Ve *MAX, vir27vV 20 20| pA
I Low-level input current Vee = MAX, V=04V -0.4 -04] ma
108 Short-circuit output current § Vee = MAX -30 ~130 | +30 ‘=130 ma
; Supo! . Vee = MaX, "L5373 24 40 24 4ol
curren: my
€C Sueplyeu Output control 2t 4.5 v “(S374 27 40 27 a0

Tror conditions shown as MIN or MAX, ‘use tl:o appropriste value specitied under fecomnmaended opersting conditions.
$AN typical velues sre at Veec =SV, T = 25°C. d

§Not more than one output should be shorted st a time snd duration of the shori circuit should not exCoed One second,

switching characteristics, Vee =56V, Tp=25°C

FROM T0 18373 ‘LS3e
PARAMETER TEST CONDITIONS UNIT
(UNPUT) {ouTPUT) o MIN TYP MAX {MIN TYP MAX
fmax , . 25 80 MHz
t 12 18
PLH Data Any Q b =
PHL 12 18
Cy =45 pF, R ~667 0,
1PLH Clock or Any Q - See N . Zand3 x 30 1% 28 ~ -
n oves 2 #n .
L enable v e 18 30 19 28
P, Ovtput % 28 0 28
2H P Any O e
P2L Controf 25 a6 n 28
tPH2 Output CL=5pF, R ~66702, 12 20 12 20
Any Q [
Lz Control See Note 3 1% 25 14 25
NOTES: 2. Marimum clock frequency is tested with it outputs tosded.
3. Ses 10ad circuits and wevelorms on poage 311, -
gm.- ¥ maximum clochk frequency :
Pk Propagstion delay tima, low-10-high.lgvel output
TPHL T propagation delay time, high-to-low.levet output -
P2+ ¥ OUtput snable 11me to high leve!
P2 ¥ Oulput enable time 10 low leve!
tpHZ ¥ output dissble time from high lsvel
tp 2 ® oulput Sissble time from low level _
o)
[
=

TEXAS' INSTRUMENTS
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TYPES SN5415373, SN5415374, SN741S
OCTAL D-TYPE TRANSPARE

KT LA

373, SN741S374

TCHES AND
FLIP-FLOPS

schematic of inputs and outputs

EDGE-TRIGGERED

INPUT

EQUIVALENT OF EACH INPUT

TYPICAL OF ALL OUTPUTS

ebsolute maximum ratings over operating free-air temperature range (unless otherwise noted)

Supply voltage, Ve fsee Note 1)
Input voltage e e e e

Off-state output voltage e
Operating fres-air temperature range: SN54S’

SN74S°

Storage temperature range

NOTE 1: Voltaps vaives are with respect 10 network §TOouUnd termingt,

recommended operating conditions

v
55V
55V

-55°C 10 125°C
0°C1o 70°C
-65°C 10 150°C

—

SNS548° SN74S° UNIT
J
MIN NOM MAX MIN NOM Max
Supply voltage, Voo 4.5 s £5 4.75 5 5.25 \
High-ievel output current, loy -2 -65 mAa
Low-level output current, loL 20 20 mA
High 6 6
Width of dock/enable pulse,
'Cth of dock/enable pulse, 1,, Lore 73 73 o
——
Data sy ) $373 (2] 0 T
{1
s21up time, 1y, =392 51 o1 ns
§373 10§ 10y
Date hold 1i
elc time. th 374 71 21 ™
Opereting free-sir temoerature, T 5 ~55 125 0 70 s
u The srrow indicates the transition of 1he clock/ensbie input used tor reference 11or The 10w .10-high vwennon, { 1or e high 10 101 tepny,
tlon,

TEXAS'INSTRUMENTS

NCORPORAILD

POSY OFfict 05 3017 . Dailas, Yemas 73223




TYPES SN5415374, SN54S374,
OCTAL D-TYPE TRANSPARENT LATCHES AND
EDGE-TRIGGERED FLIP-FLOPS

SN7418374, SN74S374

PARAMETER TEST CONDiTIONS? MIN Tre! MAX UNIT
Vil Higheve! inpu1 voltage ' 2 v
Vi Low-level input voltage . 08 \
Vik Input clamp voltape . Ve = MIN, = -18mA 1.2 \'
i SN54s° Vee » MiN, Vigs2v, 2.4 34
v High-leve! output volia g v
oK Hig S TS VIL=O0BV. iy = MaX 24 X
Vee » MIN, ViH=2v,
VOL  Lowdeve! output voltage cc H 0s v
ViL* 08V, oL * 20 mA i
Off-riate output current, Vee = MAX, ViH=2v, R
lozn ) ce " 50§ Al
highdeve! voltage applied Vo s 24V .
Off-sta1 Vee = M Vi =
ozt tate output current, cC AX, iH=2V, -50 un !
fow-lavel voltege applied Vo=05v :
i_____ Input current st maximomn input voltape Veg * MAX, ‘Vyr55v I mA
LTY] Highdew! inpy1 current Voo * MAX, Vi=27v 50 LA
i Low-level input current Vee = MAX, Vi=05v =250 bA
los Shortcircuit oUtpuT current & Vee = MAX —40 -100 mA :
! Suppl Vee * MAX 5373 I
cc upply current . cc X “s374 50 140
TFor zn;\ditionu shown s Mt o MA X, use she SNDIaDIate value specifisd under recommenaad Obera1ing connions,
fan typice!l values sre g1 Vec= 5V, Ta=25"C
Not more then ong Output should be shorred 18 vime gng Ouration of the short circun should not exceed one second
switching characteristics, Vee=5V, Tp =25°C
FROM TO 8373 8374
PARAMETER TEST CONDITIONS UNIY
(INPUT) {oUTPUT) £ST con o MIN TYP MaX MIN TYP MAX ~
fmax % 107 MH;
1 7 12
‘PLH Data Any Q 7 12 ny
PHL .
=15pF, R = 28010,
LR Ciock or :‘- N 5 p?' '-4 204, 7 e CEETY B
PHL anable Any Q 22 Notes 2 ang 2 8 T D
1p Output 8 15 [ 15
ZH Vipy Any O ns
P2L Controt . 1 18 1 18
t Output CL=SpF. R| =280 2, 9 5 9
PHZ Any Q L p L ~
PL2 Controt See Note 3 8 12 ? 12
NOTES: 2. Mavimum. clock frequency is tested with all outputg loarad,

4. Sec Ioad ci

Tmax B maximum clork frequency
L IR R Propagstion delsy time, low to-high-fave! output
ML ¥ propspation Qslsy 1ime, high-to fow-lsvel cutput

P21 B output enabile time 10 hiph level
PZL E outbut ensble time 10 low tevel

reuils and weveforms on Page 3 10

PHZ = output disable time from high level
WLZ ¥ output disable time from low leve|

7-438
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TYPES SN545373, SN545374, SN74S373, SN74S374
OCTAL D-TYPE TRANSPARENT LATCHES AND
EDGE-TRIGGERED FLIP-FLOPS

TYPICAL APPLICATION DATA

BIDINECTIONAL BB DRIVER

cONTROL 1 - ),
10 Iy 12
0 2
s O
SIDIRECTIONAL ° ‘ w SIDIRECTIONAL
DATA BUB { _s:" sa DATABUS 2
[
™ 70
cx
0 A 80
cLock 1 )r - cLock 2
{0 \/ 10
0 cx 2
)
LS374
40 .
. OR
I T
[ ] 0
o 0 11 -
» A 0
Y ouTruT
N coNTROL 2
cock 1 i _I ,_
= .
EXCHANGE | ]
cLock —l_.[—
cLock:
CLOTK CIACULT FOR Bl EXCHANGE
EXPANDABLE 6WORDBY S 81T CINERAL REQISTER 1L €
‘L§374 OR $374
2 SNYALS1YS
OR SN4S139
— a  vo [—-q *LS374 OR "$374
vi
ENABLE BELECT A M
5 v °LS374 OR S374 9q
‘LS374 OR *$374

V2 SNIALS I Y v v v
OR SNIas1YY A °
I {
Qe
waer L

107¢

TEXAS. l‘NSTRUMENTS
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