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Worasak Chitphakdee Advisor
1988
ABSTRACT
This project proposes a8 modified salgorithm of the PWM
inverter deadbeat control suitable for the uninterruptible power
supply (UPS) system. Two sgate varisbles are measured 8t each
sampling interval, which is called the deadbeat control. Two
kinds of PWM pulse patterns are used to increase the fundamental
component of the output voltage, considering the microprocessor
computation time. It 'was verifiéd through simulastions and
experimegts that the propose control scheme increased the output
voltage amplitute, provinding an excellent transient response
apd accurate phage position for load conditions. This algorithm
is suitable for spplications of high-power UPS system, where t;e
switching frequency is in a range of a few kilohertz and the

precise control of power flow is required.
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2.2.4. Change of Pulse Pattern
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COM = COMPARE

COMPL = COMPLEMENT

COMPL

Visr — DATA
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ADDRESS

2190

2182
2186
2189
218C
219F
2112
2115
2118
211B
211E
2121
2123
2127
212A
212D
2130
2133
2136
2159
213C
2137

2142

[s5]

Tusunmudwou P

Tusunsimin

OPCODE

96 83

ED 43

CD 50

CD Fo

CDh D9

CD 69

CD F@

CD DP9

Cb 5@

]
(o2}

83

B

43

68

8 8 8 8 8 88 g g
8

8

38
21
28
20
21
2P
20
21
20

20

30
21
21
20
21
20
2e

21

20

19

19

LD B,83 ; SET COUNTER OF VOLT
REFERENT
LD (1938),BC ; KEEP IT AT ADDR 193¢

CALL ADD,SUB ; SUBROUTEEN ADD OR SUB

CALL OUT1 ; OUT DATA FOR SINB-
CALL LOOP ; LOOP FOR FREQUENCY
CALL ADD,SUB

CALL OUT 1

CALL LOOP

CALL ADD,SUB

CALL OUT 1

CALL LOOP

LD B,@3

LD (1838),BC

CALL ADD, SUB

CALL OUT 2 ; OUT DATA FOR SIN -2
CALL LOOP

CALL ADD,SUB

CALL OUT 2

CALL LOOP

CALL ADD, SUB

CALL OUT 2

CALL LOOP

JR 2108 ; JUMP TO TOP OF PROGMAM



ADDRESS
2159
2152

2165

2166

2168
2169
2156B
216D
215F
2163
2165
2167
216B
216C
216E
2171
2174
2176
2179
217A
217¢C
217D

217F

Tusun¥u ADD, SUB

OBQODE

3E

cDh

47

3E

99

38

38

16

18

ED

78

16

CDh

22

3E

CD

47

3E

8

32

38

1]

79

B2

28

a1

63

a7

%)

63

g1

80

20

70

80

B2

a8

2P

10 18

18 19

20

19

20

[4¢]

1D A,00
CALL IN
1D B,A ;
NEGATIVE

1D A,80

14

SET CHANNEL @ OF ADCS809

PROGRAM IN DATA

CHECK DATA POSITIVE OR

COMPARE WITH 1/2 FF

(1/2 OF MAX DATA)

SUB B

JR NC 3 JUMP TO 215D

JR C 3 JUMP TO 2165

1D p,P1

DATA IS NEGATIVE

LD (1918),DE ; KEEP IT AT ADDR 1918

JR ; JUMP TO 216C

LD D, 28

»

DATA IS POSITIVE

LD (1918),DE ; KEEP IT AT ADDR 1919

LD A,B

LD D,91

SET MULTIPLIER

CALL MUL ; PROGRAM MULTIPLY

LD (1968),HL ; KEEP IT' AT ADDR 1942

1D A,P1
CALL IN
LD B,A ;
LD A,808

SUB B

»

SET C€HANNEL 1 OF ADCB809

IN DATA

CHECK DATA POS OR NEG

JR NC 3 JUMP TO 2181

JR C ;3 JUMP TO 2189
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ADDRESS  OBCODE

2181 16 21 LD D,B1 ; DATA IS NEG

2183 ED 53 28 19 LD (1928),DE ; KEEP IT AT ADDR 1920

2187 18 @7 JR ; JUMP TO 2198

2189 16 28 LD D,88 ; DATA 1S POS

218B ED 53 28 19 LD (1928),DE ; KEEP IT AT ADDR 1928

218F 78 LD A,B

2199 16 81 w LD D,é1 3 SET MULTIPLIER

2192 CD 8¢ 28 CALL MUL ; PROGRAM MULTIPLY

2195 ED 5B 88 19 LD DE, (188@) ;LOAD DATA FORM ADDR 1988

2199 3A 11 19 LD A,(1911) ; LOAD DATA AT ADDR 1918

219C ED 4B 28 19 LD BC,(1928) ; LOAD DATA AT ADDR 1928

21A8 CB 47 BIT @,A ; CHECK DATA CHB IS POS OR NEG

21A2 28 B2 JR Z ; IF DATA IS POS JUMP TO 2146

21A4 20 28 JR NZ 3 IF DATA IS NEG JUMP TO 21CK

2340 CB 4u BIT 8,B ; CHECK DATA CH1 IS POS Oi* NFG

21AS 28 P2 JR Z ; IF DATA IS POS JUMP TO 21AC

Z1AA 26 @99 JR NZ 5 IF DATA IS NEG JUMP TO 2:%5

21AC 19 ADD HL,DE 5 DATA AT cucﬁcm ARE POS

21AD 16 2p LD D,P2 ; DATA AT HL IS POS

21AF ED 53 18 19 LD (1918),DE ; KEEP IT AT ADDR 1910

21B3 18 4B JR 2208 ; JUMP TO ADDR 22089

21B5 ED 52 SUB HL,DE ; DATA AT CHS IS POS DATA AT
CH1 IS NEG

21B7 3% 82 JR NC 5 IF NEG MORE THAN POS JUMP TO

21BB
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ADDRESS  OBCODE

21B9 38 ¢8 JR C ; IF POS MORE THAN NEG JUMP TO
21C3

21BB 16 @1 LD D,@1 ; DATA IS NEG

21BD ED 53 18 19 LD (1916),DE ; KEEP IT AT ADDR 1918

21C1 18 3D JR 2208 ; JUMP TO ADDR 2208

21C3 CD Cp 22 CALL COM ; PROGRAM ONE COMPLEMENT

2106 16 29 LD D,82 ; DATA IS POS

21C8 ED 53 18 19 LD (1918),DE ; KEEP IT AT ADDR 1918

21CC 18 32 JR 2208 ; JUMP TO ADDR 2208

21CE CB 49 BIT @,B ; CHECK DATA AT CH1 IS POS OR
NEG

2100 28 B2 JR Z 5 IF DATA AT CHP IS NEG,CH1 1S

POS JUMP TO 21D4

2102 28 1B JR Z 3 IF DATA AT CH#,CH1 ARE NEG
JUMP TO 21ED

21b4 D 62 SBC HL,DE ; SUB WITH CARRY

2ibt 3¢ 28 JR NC ; IF CH1 MORE THAN CH2 JUM} T
21DA

2108 38 A9 JR C ; IF CH@ MORE THAN CH1 JUMP TO
21E2

21DA 16 69 LD D,62 ; DATA IS POS

21DC ED 63 18 19 LD (1918),DE ; KEEP IT AT ADDR 1516

21EP 18 1D JR 2208 ; JUMP TO ADDR 22882

21E2 Ch Cg 22 CALL COM ; PROGRAM ONE COMPLEMENT

21E5 16 81 LD D,#1 ; DATA IS NEG

21E7 ED 63 18 19 LD (1918),DE 3 KEEP IT AT ADDR 1919



[ 50]
Tibunsu 18 -

ADDRESS  ORCODE

2070 D3 Ce OUT (C@),A 3 OUT DATA TO PORT Cp

2872 26 1@ LD H,10 g

2074 25 DEC H 3 PROGRAM DELAY TIME

2075 20 FD wmnz J

2877 DR Co IN A,(C@) § IN DATA FROM ADCP809

2679 C9 RET 3 RETURN TO MAIN PROGRAM

20980 4F LD C,A ; LOAD DATA IN A KEEP IT INC

2081 06 00 - LD B,@@ 5 LOAD MSB OF MULTIPLIES
WITH po

2883 IE. @8 LD E,g8 § @8 IS NUMBER OF BIT

2085 21 93 G0 1D HL,0008 5 IN FINAL DATA IN HL 1S
OUT PUT

2688 CB 3A SRL D 3 SHIFT RIGHT MULTIPLIER

2p8h as @3 JR NC § 1F GARRY FLAG IS p JUMP TO
ADDR 20gF

2@88C 38 o JR C 3 IF GARRY FLAG 1S 1 JUMP TO
ADDR 7p8R  — -

20P8E 29 ADD HL,DE

2¢8F GB 21 SLA C § SHIFT LEFT REGISTER C TO CARRY
FLAG

2051 CB 1p RL B § SHIFT LEFT REGISTER B AND SHIFT

CARRY FLAG TO D

2833 ib DEC E ; DECRETE DATA IN REG E



(51]
ADDRESS ~ OBCODE

20894 28 F2 JR NZ ; JUMP NOT ZERO TO ADDR 2888
2096 c9 RET
Tusunsu oM
22C8 7C LD A,H ; LOAD A WITH H
22C1 2F CPL ; OOMPLEMENT MSB
22C2 67 LD H,A ; LOAD A TO H
22C3 D LD A,L 5 LOAD A WITH L
2201 2F CPL ; COMPLEMENT 1SB
22C5 6F LD L,A
2206 c9 RET

Tusunsu out 1

20F0 3E 32 LD A,32 ; SET DATA OF CONTROL WORD
(COUNTER 8)

20F2 D3 A3 OUT (A3),A 3 OUT CONTROL WORD TO 8253
AT PORT A

20F4 7D LD A,L ; LOAD 15B

20F65 D3 A8 OUT (AB),A 3 OUT DATA 158 T0 8263

20F7 7C LD A,H ; LOAD MSH

20F8 D3 AP OUT (A®),A 5 OUT DATA MSR TO 8253

20FA 3E 11 LD A,11 5 DATA 11 IS NO EFFECT

26FC D3 88 OUT (88),A 5 OUT DATA

20FE c9 RET

Tusunsu our 2

2088 3E 72 LD A,72 ;3 SET DATA .OF CONTROL WORD
(COUNTE® 1)

20B2 D3 A3 OUT (A3),A
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ADDRESS  OBCODE

21EB 18 12 JR 2298 3 JUMP TO ADDR 2208

21ED 19 ADD HL,DE { ALL OF DATA ARE NEG

21EE 16 @1 LD D,p1 ; DATA 1S NEG

21Fp ED 53 18 19 LD (1918),DE 3 KEEP T AT ADDR 1912

21F4 18 89 B JR ?.;ag : JUMP TO 'A;)ﬁiz—‘z;zo'oﬁ S

2200 ED 4B 3¢ 19 LD BC,(193@) 3 LOAD COWNTER OF VOLTE
REFERENT

2204 o5 DEC B 3 DECRETE DATA IN B

2205 28 1C JR Z 3 IF B IS ZERO JUMP TO ADDR 2223

2 ED 43 38 19 LD (1938),BC § KEEP DATA IN B AT 193p

2208 22 99 19 LD (19g8),HL § LOAD DATA TO ADDR 1939

220E ED 5B 92 19 LD DE, (5990 § XEEP DATA AT REGISTER
DE

2212 21 AB g6 LD HL,@6AB 3 SET VALUE OF VOLTAGE
REFERITNCE. - - -

221% 38 11 19 1D A,031811) § 1OAD BATA AT 1018 1710 A

2218 CB 47 BIT g,A § CHECK DATA AT A

221A 28 @2 "JR Z 3 IF DATA IS POS JUMP TO ADD 221E

221C 28 84 JR NZ § IF DATA 1S HEG JUMP TO ADDR 2222

221E 19 ABD HL,DE
2229 i8 81 JR 2223 § JUMP TO ADDR 2223
2222 ED 52 SBC HL,DE

2223 Co RET § RETURR TO HAIR PROGRAM
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ADDRESS  OBCODE

2pB4 7D 1D A,L
20B5 pP3 Al OUT (A1),A 3 COUNTER i PORT Ap
2087 7C LD A,H
20Bg D3 At OUT (A1),A
20BA 3E 11 LD 4,11
20BC D3 60 OUT (6@8),4& 3 OUT DATA AT PORT 6@
20BE RET

Tibsungu LooP
2800 iE @2 LD E,@g2 § DO LOOP 2 TWO TIMES
2002 CD Eg 28 CALL LOOP 2 3 LOOP DELAY
2eD5 iD DEC E 3 DECRETE E
2¢D6 20 FA JRNZ 2pD2
20Dg Cs RET

Talrunsy Loop 2

20E4 26 80 1D H,80
20E2 25 DEC H
2pE3 2D FD JRNZ 20E2

29E5 Co RET
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PROJECT OF CONTROL SYSTEM ENGINEERING X}
Simulation the Deadbeat Control PMV Inverter L 3]

by Using Pascal Programming Language on Microcomputer x)
X}

~~ programmed by -- x}

Mr. Boonlert Aukkarapichata X}
I1d.No.281132 4E X}

Department of Control system engineering X}
Faculty of Engineering X}

King Mongkut’s Institute of Technology Ladkrabang X}
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gram DEADBEAT_CONTROL_PWM_INVERTER,

s
crt,graph;
e
MetTl = array[0..200] of real;
MetT2 = arrayf{l..2,1..2] of real;
i,j,k,n,MaxX,MaxY,11 : integer;
R,L,C,t,t1,g1l,constOFV2 : real;
A,A2,A3,A4,Fi,metlI,X : MetT2;
Vref,Vdot,V,deltaT : MetTl1;
ction Power(t:real; n:integer):real; { n }
in { power(t,n)= t }

power:= Exp(n¥Ln(t))

b

cedure MultiMatrix(var A,B,C:MetT2); {Multiply two matrices:C=AxB}
in
or i:= 1 to 2 do

for j:= 1 to 2 do

begin
Cli,Jl = 0;
for k:= 1 to 2 do
Cli,j] := C[i,J] + ali,k]*blk,Jj]

end



cedure GetMatrixA; { Get matrix A form Filter circuit )
in

riteln(’===s=c-c====s=s=-=ssCosCoc-SCoSSSSSoSSSSSS=SSC-SsSSSSSsSSSSSTZsS=Do==
riteln(’ PROGRAM DEADBEAT CONTROLLER?);
riteln(’ programmed by LERT');
riteln(’====z==-=z=-=c-=-c-c=--==-=--ooTSSSE-CSoSSSSTSTSSETSSTSSSZTSDSS==o==
riteln;writeln;
rite(’Enter times of trigs per cycle : ’); readln(n);
riteln(’Get value of filter circuit elements(RLC)....');
rite(’Enter Resistance value (ohms) : ’); readln(R);
rite(’Enter Inductance value (henry) : '); readln(L};
rite(’Enter Capacitance value (farad) : '); readln(C);
Al1,1] :=0; All1,2] :=1;
Al[2,1) :=-1/(LX%xC); A[2,2] :=-1/(R%C);

t:=0.02/n;

4

cedure FindVreference; {Get Voltage reference: Vref(k)=zsin(k)
in
for i:=0 to n do
Vref[i] :=sin(2%Pi%i/n)
end;

cedure Get_eAT(var t:i:real;var eAT:MetT2);

in { 11 2 2 3/8
MultiMatrix(A,A,A2); { AT t A t A t A
MultiMatrix(A,A2,A3); { e = I + === + e} —mee 4, .,
MultiMatrix(A,A3,A4); { 1! 2! 3!

for ii= 1 to 2 do
for j:= 1 to 2 do
begin
if i=j then metI[i,jl:=1
else metI[i,j]:=0;
eAT[i,j] := metI[i,j] + txA[i,j] + (power(t,2)%A2[i,jl)/2
+(power(t,3)*%A3[i,jl)/6 + (power(t,4)%xAd[i,j])/24

end;



cedure GetFi_gl1;
11 12
in Find and
Get_eAT(t,Fi);
writeln;
writeln;
writeln(’Fi matrix and gl ’);
writeln;
writeln(’Fi matrix =':20);
for i:=1 to 2 do
begin
write(': ’);
for j:= 1 to
writeln(’ }°’
end;
tl:=t/2;
Get_eAT(t1,X);
gl := X[1,2]1/(L%C);
writeln(’gl =':20,g21:17:9)

21 22

L W e W e W W Y
- e e - - -
- - e .- ——
- - - - - -

2 do write(Fi[i,j1:15:9);
)

cedure FinddeltaT;
in
V[{0]:=0; Vdot[0]):=1;
writeln(’DeltaT[k] is :’);
for k:i=1 to n do begin
deltaT[k]:=(~-Fi[1,1]*%V[k-1] - Fi[1l,2]%Vdot[k-1] +Vrefl[k])/gl;
Vik]
Vdot[k] := (V[k] - V[k=-1])/t;
if k mod 3 <>0 then write(k:10,deltaT{k]l/t:15:9)
else writeln(k:10,deltaT[k]/t:15:9);
end;

cedure FindVoutput;
in
[0] := O3
dot[0] := 1;
riteln(’¥¥xxxkxkxkx%x%xx VOLTAGE OUTPUT ****************’:65);
or k:=1 to n do
begin
VI{k] := Fi[1,1]1*%V[k-1] + Fi[1,2]%Vdot[k-1] + glxdeltaT[k];
Vdot[k] := (V[k] - VIk-1])/t;
if k mod 3<>0 +then write(k:10,310%V[k]:15:9)
else writeln(k:10,310%V[k]:15:9);
end;

~edure DisplayV( V:MetT1l);
in
riteln(’¥XFkxxkxkrx¥X VOLTAGE REFERENCE *************’:65);
or k:= 0 to n do
begin
if k mod 3 <> 0 then write(k:10,310%V[k]:15:9)
else writeln(k:10,310%V[k]1:15:9)
end;

Fi[1,1]1*V[k-1] + Fi[1,2]*Vdot[k-1] + gl*deltaTl[k];



>cedure Pause;
~ wait:i:char;
fin
Lowvideo;
writeln(’ <PRESS> anykey to Continute! ');
repeat
wait:=readkey
until wait<>'?;
HighVideo;

ycedure GraphicsMode;

GraphDriver,GraphMode: integer; .
in

GraphDriver:=Detect;

InitGraph(GraphDriver,GraphMode,’’);

MaxX := GetMaxX;
MaxY := GetMaxY;
3
cedure PlotGraphV; { Plot Voltage Output }
Xscale,Yscale sinteger;
Ymin,Ymax :real )
Strm :Stringf101];
in

moveto(0,0);

lineto(MaxX,0); lineto(MaxX,MaxY);
lineto(0,MaxY); lineto(0,0);
str(maxX,strm); outtextXY(maxX-40,10,strm);
str(maxY,strm); outtextXY(10,maxY-40,strm);

Xscale := 500 div n;
Yscale:=100;
moveto(120,110);
for k:=1 to n do
lineto( k*Xscale+120,110-Round(V[k]*Yscale) );

1ine(120,110,620,110);
line(120,10,120,210);
outtextxy(110,110,'0?);
outtextxy(90,12,’3107);
outtextxy(82,200,’-310");



for ki= 1 to n do
begin
Str(k,Strm);
if k mod 5 =0 then
begin
outtextxy(k¥Xscale+116,115,Strm)
outtextxy(k*Xscale+116,110,’!7);
end;
end;
outtextxy(((n-2)*Xscale)+10,MaxY,Strm);
outtextxy(50,3,’V output(Volts)'’);
outtextxy(630,110,’k (xT sec.)?');

moveto(120,230);
lineto(120,330);
lineto(620,330);
for k:= 1 to n do
begin
i:=(k-1)%*Xscale +124;
11:= round((deltaTl[k]l/t)*Xscale);
Ji= (Xscale-11) div 2;
moveto(i+j,330);
lineto(i+j,230);
lineto(i+j+11,230);
lineto(i+j+11,330);
outtextxy(100,216,’V input(Volts)');
outtextxy(3*xXscale+120,330,’!7);
outtextxy(4*Xscale+120,330,'}!');

outtextxy((Xscale div 2)+3%Xscale+120,335,°’T’);

end;
readln;
closegraph;

rin  { Main }

clrscr;

GetMatrixA;

FindVreference; pause;
DisplayV(Vref); pause;
GetFi_g1; pause;
FinddeltaT; pause;
FindVoutput; pause;
GraphicsMode;

PlotGraphV;
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Absolute Maximum Ratings otes 12 2)

supply Voltage (Vcc) (Note 3) 6.5v

volage &t Any Pin —0.3Vio (Vec10.3V)
gxcept Control Inputs

vohage at Control inputs —0.3Vto + 15V
(START, OE, CLOCK, ALE, ADD A, ADD B, ADD C)

storage Tempereture Range —65"Cto +150°C
psckege Dissipation at To=25°C 875 mwW
1 ead Temperature (Soldering, 10 seconds) 300°C

glectrical Characteristics

Operating Conditions motes 122

Temperature Range (Note 1) TMINS TAS Timax
ADC0808CJ —55°'C<Tao<+125°C
ADCOB08CC.J, ADCOBOSCCN, '

ADCOB09CCN , —40°C<Ta<+85C

Range of Vo (Note 1) 4.5Vpcto 6.0 Vpe

converter Speclfications: Vec=5 Vpc=VReF+, VREF(-)=GND, TMINS TA<Tmax and fci k=640 kHz unless otherwise

s:ated.
Symbol Parameter Conditions Min Typ Max Units
ADC0808
Total Unadjusted Error 25°C v LS8
(Note 5) Tmin to Tmax XA LSB
ADCO0B0S
Total Unadjusted Error 0°Cto70°C +1 Ls8
{Note 5) Tamin 10 Tmax 1V, LS8
Iinput Resistance From Ref(+) to Ref(—) 1.0 25 k2
Analog Input Voltage Range | (Note 4) V(+) or V(~) GND-0.10 Veo+0.10 Voe
vazE(-) Voltage, Top of Ladder Measured at Ref(+) Vee Vee+0.1 v
zzp(~11H V] -
'-‘-—‘LL;'——'-‘EELJ Voltage, Center of Ladder Vec/20 | Vo2 | Veg/2+0.1
vazF(-) Voltage, Bottom of Ladder Measured at Ref(—) -0.1 0 v
Comparator Input Current {c =640 kHz, (Note 6) -2 +0.5 2

Electrical Characteristics

Digital Levels and DC Specifications: ADCOB0BCJ) 4.5V<Vcp<5.5V, —55°C<Ta<+125°C unless otherwise noted
ADC0808CCY, ADCO80BCCN, and ADCOB0SCCN 4.75<Veg<5.25V, —~40°C<Ta < +85°C unless otherwise noted

Symbol ] Parameter l Conditions I Min Typ ] Max ] Units
ANALOG MULTIPLEXER
loFF(+) OFF Channel Leakage Current Voo=5V, Vin=5V,
Ta=25C 10 200 nA
TN to Tmax . 1.0 nA
borr(-) OFF Channel Leakage Current Vee=5V,Vin=0,
Ta=25C —200 -10 nA
Tmin 10 Timax -1.0 . pA
CONTROL INPUTS
Ving Logical “1" input Voltage Veo—1.5 v
Vini) Logical “0" input Voltage 1.5 v
Ity Logical 1" Input Current ViN=15V 1.0 A
(The Contro! inputs)
) Logical *0" Input Current Vin=0 -1.0 ) pA
{The Control Inputs)
zc Supply Current fouk =640 kHz 0.3 3.0 MA

J60800QV/080800QY/80800QY

e gt




Electrical Characteristics (continueq) o
Digital Leveis and DC Specifications: ADC0808C 45VSVee<5.5V, —55'C<TA<+125°C unless otherwise
ADCOB08CC., ADCO80BCCN, and ADCOBOSCON 4.75 < Voo <5.25V, ~40°C<Ta< +85°C unless otherwiss noted

ADC0808/ADC0808C/ADC0809C

symbol | Parameter | conamions |  min | 1y | Max | unia?
DATA OUTPUTS AND EOC (INTERRUPT)
Vourpy) | Logical “1" Output Voltage lo= —360 pA Voe—04 v o
Vout) Logical “0” Output Voltage lo=1.6mA ; - 0.45 7%
Vouto) Logical “0” Output Voltage EOC lo=1.2mA 0.45 Vo
lour TRISSTATE Output Current . Vo=5V 3 rA S
Vo=0 =3 BA Y,
Electrical Characteristics -
Timing Specifications Vo= VREF(+)=5V, VREF(~)=GND, t,=4=20 ns and Ta=25"C unless otherwise noted. ~;§:
Symbol Parameter Conditions Min Typ Max U@
tws Minimum Start Pulse Width {Figure 5) 100 200 I';T
tWALE Minimum ALE Pulse Width (Figure 5) 100 200 ?3;
1 Minimum Address Set-Up Time | (Figure ) 25 50 '3
tH Minimum Address Hold Time (Figure 5) 25 50 ns
© Analog MUX Delay Time Rs=00 (Figure 5) 1 25 uS | ,
From ALE A
t.tho | OE Control to O Logic State Cy.= 50 pF, Ry = 10k (Figure 8) 125 250 ns 7|
i, tom OE Control to Hi-Z C=10 pF, R = 10k (Figure 8) 125 250 ns &
1 Conversion Time fe= 840 kHz, (Figurs 5) (Note 7) 20 | _100 116 uS =%
fe Giock Frequency 20 | “ed0_| 3280~
teoc EOC Delay Time (Figure 5) ] , 0 8428
Cin input Capacitance At Control Inputs 10 15
Cour TRI-STATE Output ALTRI-STATE Outputs, (Note 12) 10 15
Capacitance

mwwmmummmmummnmmyuw
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H

t Functional Description
Multiplexer. The device contains an B-channel single-and-
ed analog signal multiplexer. A particular input channel is
selectod by using the address decodor. Table | shows the
input states for the address lines to select any channel. The
address is latched into the decoder on the low-to-high tran-
sition of the address latch enable signal. ’

TABLE( °
SELECTED ADDRESS LINE
ANALOGCHANNEL | € | B | A
INO L t L
IN1 L L H
IN2 L H L
IN3 L | H | H
IN4 H L L
INS H|L | H
IN6 H | H L
IN7 H H H

CONVERTER CHARACTERISTICS

The Converter
Tne heart of this single chip data acquisition system is its 8-
bt analog-to-digital converier. The converter is designed

10 give fast, accurate, and repeatable conversions over g
wide range of temperatures. The converter is partitioned
into 3 major sections: the 256R ladder network, the succes-
sive approximation register, and the comparator. The con-
verter's digital outputs are positive true.

The 256R ladder network approach (Figure 1) was chosen
over the conventiona! R{2R ladder because of its inherent
monotonicity, which guarantees no missing digital codes.
Monotonicity is particularly important in closed loop feed-
back control systems. A non-monotonic relationship can
cause oscillations that will be catastrophic for the system.
Additionally, the 256R network does not cause load varia-
tions on the reference voltage.

The bottom resistor and the top resistor of the ladder net-
work in Figure 1 are not the same value as the remainder of
the network. The ditference in these resistors causes the
output characteristic to be symmetrical with the zero and
full-scale points of the transfer curve. The first output tran-
sition occurs when the analog signa! has reached + Y LSB
and succeeding output transitions occur every 1 LSB later
up to full-scale. .
The successive approximation register (SAR) performs B it-
erations to approximate the input voltage. For any SAR type
converler, n-iterations are required for an n-bit converier.
Figure 2 shows a typical example of & 3-bit converter. In the
ADCOB08, ADC0809, the approximation technique is ex-
tended 10 8 bits using the 256R network.’

CONTROLS FROMS.AR.
i

REF) Ommmm 7
[ K|

BAYA

ty
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»
AAA . AAA AAA
0o vaVVfTvvv
A
.
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T0
- o COMPARATOR
NPUT

REF(-) o—.

TL/H/5672-2

FIGURE 1. Resistor Ladder and Switch Tree
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ADC0808/ADC0808C/ADC0809C

Functional Description (continued)

The A/D converter's successive approximation register
(SAR) is reset on the positive edge of the start conversion
{SC) puise. The conversion is begun on the falling edge of
the start conversion pulse. A conversion in process will be
interrupted by receipt of & new start conversion pulse. Con-
tinuous conversion may be accomplished by tying the end-
of-conversion (EOC) output to the SC input. H used in this
mode, an extemal start conversion pulse should be applied
after power up. End-of-conversion will go low bsetween 0
and 8 clock pulses after the rising edge of start conversion.
The most #mportant 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

FULLSCALE

* IDEAL CURVE pmed-~  ERROR = 172 LS8

Lo NONLINEARITY « 1/2 LS8
4

A/D OUTPUT COODE
-
2

HONLINEARITY = ~1/2 LSB
ZERD ERROR = -1/4 LS8

M AN 4R
Vin AS FRACTION OF FULLSCALE

Vin

FIGURE 2. 3-Bit A/D Transfer Curve

ERROR

WUt 8
VOLTAGE

QUANTIZING {

FIGURE 4. Typical Error Curve

comparator drift which has the greatest influence
repeatability of the device. A chopper-stablllzed O

verter requirements.
The chopper-stabilized comparator converts the Dc'
signal into an AC signal. This signal Is then fed thro:
high gain AC amplifiar and has the DC leve! W.,
technique limits the drift component of the amplifier
mednﬂnsaDCcomponentwhschlsnotpassedby
amplifier. This makes the entire A/D converter
insensitive to temperature, long term drift and input
errors. :
Figure 4 shows a typical emor curve for the ADC080g
measured using the procedures outlined in AN-179, ‘{

INFINITE nmwn.
i PERFECT CONVERTER £}
“anin IDEAL 3-0IT CONVERTEN
w ' LCLITSERNY ¢ E
8 1 | unaoswsTep _
ERROR
= " H -11LS8
E ARSOLUTE
S ACCURACY
Sm —2158
QUANTIZATION
L4 ERRDR

”0 Vin
318 2431 4n 33 3 1R

Vin AS FRACTION OF FULLSCALE

FIGURE 3. 3-B!t A/D Absolute Accuracy Cul
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connection Diagram . ’ S

Duakin-Line Package
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ADC0808/ADC0808C/ADC0809C

Typical Performance Characteristics
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Applications Information

OPERATION
1.0 RATIOMETRIC CONVERSION

The ADCO808, ADOOBOdewgnedasacompleteData
Acquisition System (DAS) for ratiometric conversion sys-
tems. In ratiometric systems, the physical variable being
measured is expressed as a percentage of full-scaie which
i not necessarily related to an ebsolute standard. The volt-
age input to the ADCOBO08 is expressed by the equation

Vin Dx M
Vis=Vz Dmax—Dmin
Vin=Input voltage into the ADC0808
Vig = Full-scale voltage
Vz = 2Zero vollage
Dx=Data point being measured
Dmax = Maximum data limit
DN = Minimum data fimit

A good example of a ratiometric transducer is a potentiome-
te- used as a position sensor. The position of the wiper is
¢ rectly proportional to the output voltage which is a ratio of
te full-scale voltage across it. Since the data is represent-
e2 as a proportion of full-scale, reference requirements are
¢-eatly reduced, eliminating a large source of error and cost
for many applications. A major advantage of the ADC0808,
ADCOB0S is that the input voltage range is equal to the sup-
ply range 30 the transducers can be connected directly
across the supply and their outputs connected directly into
the muttiplexer inputs, (Figure 9).

= M v

Ratiometric transducers such as potentiometers, strain
gauges, thermistor bridges, pressure transducers, etc., are
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-
ten reference must be used which relates the full-scale
voltage to the standard_ volt For  example, ¥
Vee= VRer™=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 vottages trom the resistor ladder are compared to the
solected 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 botiom of the ladder must be controfled to maintain
proper operation. .

The top of the ladder, Ref(+), should not be more positive
than the supply, and the bottom of the ladder, Rel(—),
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
swilches to P-channel switches. These limitations are auto-
matically satisfied in ratiometric systems and can be easily
met in ground referenced systems.

Frgure 10 shows & 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, it
a 5.12V is used, the supply should be adjusted 1o the same
voltage within 0.1V.

T Vee
I— AEF(+) st
J
): a7
< ° DIGITAL
. » oUTPUT
i 8oyt PROPORTIONAL
e T0 ANALDG
* neUT
L] -
. "
in _ Vin
REF(-) Lss Qout
)| I enp = Vrer” Voo
el l 475V =Veo = VRer <825V
i ) ADCISOS * Ratiometric transducers -
TUL/H/58T2-7

FIGURE 9. Ratiometric Conversion System
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ADC0808/ADC0808C/ADC0809C

Applications Information (continusq)

The ADCOB08 needs less than a milliamp of supply current
80 developing the supply from the reference is readily ac-
complished. In Figure 17 a ground referenced system is
shown which generates the supply from the reference. The
butfer shown can be an op amp of sutficient 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 es seen in Figure 12,
The LM301 is overcompensated to insure stability when
loaded by the 10 uF output capacitor.

voltage should always be near the center of the supply.
sansitivity of the converter can be increased, (ie., size 2

3
The top and bottom ladder voltages cannot exceed V.
and ground, respectively, but they can be symmetrically logg
than Ve and greater than ground. The center of the la

the LSB steps decreased) by using a symmetrical ret
system. In Figure 13, a 2.5V reference is symmetricalty

tered about Voe/2 since the same current flows in
resistors. This system with a 2.5V reference allows
bit to be half the size of & 5V reference system.

[7
:urcvcu Vee
MSE
VREF REE(+)
Q
/ o 1 ouT
Vin { O~ ¢
(]
Ot laD
[—- REF(-) [$1]
- S &ND
ADCSS0S
FIGURE 10, Ground Referenced
Conversion System Using Trimmed Supply
v
Vee
v msp
j +
VAtF < REF(+)
VRtF() O—lw four
Vix { O— ; .
O=—1 1
1— REF(-) Lse
—1 GXD
ADCO80S

DIGITAL
ouTPUT
REFERENCED
10

SROUND

Oour = 1L

VRer

4,78V < Voo = VRer < 625V

DIGITAL OUTPUT
REFERENCEDTO
SROUND

FIGURE 11: Ground Referenced Conversion System with
Reference Generating Ve Supply
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Applications Information (continued)

10-15 Vpe

t

REF(4) "

AA
v
3

+ 10 uF
=== $0LI1D
TANTALUM

@-—P GND
REF{~}

FIGURE 12. Typlcal Reference and Supply Circult

v
AN RV
Vee
IV S8
«
< (%3
< :
2| 2 DIGITAL DUTPUT

y Oour PROPORTIONAL TO

3 ANALOG INPUT

. 125V S VN S ATV

: LY
4 AV Reri)
5v
REFERENCE f3 Lse
VWA —§- GND Ra=Rg
l “Ratiometric transducers
TL/H/5672-8
FIGURE 13. Symmetrically Centered Reference
2.0 CONVERTER EQUATIONS . 4.0 ANALOG COMPARATOR INPUTS ’

The transition between adjacent codes N and N+ 1 is given
by

N1
S LSRN OIS R PRI
The center of an output code N is given by:
N
Vm{"m»)“’ﬂm—ﬁ[g]*“nz} *Vrer(-) ©)

Tne output code N for an arbltrary input are the integers
within the range:

V= VRes -
N= ﬁ: %256 * Absokne Accuracy
where: Vi = Voltage at comparator input
VRer(+)™ Voltage at Ref(+)
VRer(-)= Voltage at Ref(—)
Vyue = Total unadjusted error voltage (typically
VReF(+)+512)

(O]

“The dynamic comparator input current is caused by the peri-
odic switching of on-chip stray capacitances. These are
connected aitemately 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.

The average value of the comparator input current varies
directly with clock frequency and.with Viy as shown in Fig-
we 6. -

i no fiter capacitors are used at the analog inputs and the
signal source impedances are low, the comparator input
current should not introduce converter errors, as the tran-
sient created by the capacitance discharge will die out be-
fore the comparator output is strobed.

if 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 character-
istics of a DC bias current whose effect can be predicted
conventionally.

4
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ADC0808/ADC0808C/ADC0809C

Typical Application

KEXD

KBBRES
BETODE
(AD4-AD15)*

*Address latches nseded for B085 and SC/MP interfacing the ADCOEOS 10 & miCToprooessor

13 sumvt
Vee

SROUND "=

600 kHz == CLK
§.000V—1 VRgF(s)
0.980V ~—4VREE(-)

START
ALE

ADD —q A
Am—‘ &
lm—‘[l:

ADCSS0S
ADCBSDS

END

ol

€oc > INTERRUPT

—bon wse
2 ——>088
-1 p——p 085
F ] e 3171
25 pome—ep DRI
2§ t——mp D12
27 pmmap> 031
7P 58

= Ym?

-5V
° ANALDG

lag—Vin1

IRTERRUFT

INPUT RANGE

5

MICROPROCESSOR INTERFACE TABLE kg_\’

ik

PROCESSOR READ WRITE INTERRUPT (COMMENT) ;

8080 MEWR VENW INTR (Thru RST Gircutl BE

8085 * RD WR INTR (Thru RST Circutt) £

Z-80 RD WR INT (Thru RST Circuit, Mode 0) K

SC/MP NRDS NWDS SA (Thru Sense A) any

6800 VMAsd2eR/W | VMAedeR/W | TRGA or IRGE (Thru PIA) -

A
Ordering information

TEMPERATURE RANGE —40°Cto +85°C ~55°Cto +125°C % |

E + v, Bit Unadjusted ADC0808CCN ADC0808CC ADCO808CY ==
+1 Bit Unadjusted ADCO809CCN B
Package Outline N2BA Molded DIP J28A Hermetic DIP J2B8A HermeticDIP
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ORDERING INFORMATION .

. * Device ! Tomp Range Package _ N B
MCI723CD  LMI23CH, pA723HC 0Co470C  SOMU - - — -~ | Lo Mc1723 it
MCI723CG . LM723CD, pA7230C .- O'Cto 4+70C Mets! Can . .

- MCI7230L LMIZICN, pA723PC 0Cto +70°C  : CeramicDIP _ o
me7ZICP - - 'o-m: :7o-c B n‘u«:;w. N v o MCI723C T
MCI7236 —— ——mook mn 2o =B5C10 4725°C -2 Metsl Con - = e - -2
MCI723L ¢ ~$5°C10 +126°C  Ceramic DIP L . . .
T e - © 77| | ™7 VOLTAGE REGULATOR .
MONOLITHIC VOLTAGE REGULATOR ~ " " - . o
- i SILICON MONOLITHIC .

The MC1723 is a positive or negative voltage regulator designed
- to deliver 1oad current to 150 mAdc. Output current capability can
be increased to severa! amperes through use of one or more external
pass transistors. MC1723 is specified for operation over the military
temperature range {-55°C to +125°C) and the MC1723C over the
commercial temperature range (0 to +70°C)

'® Dutput Voltage Adjustable from 2 Vdc 10 37 Vdc~ -
® QOutput Current to 150 mAdc Without External Pass Transistors

® 0.01% Line and 0.03% Load Regulation S
® Adjustable Shori-Circuit Protection

- . '

. INTEGRATED CIRCUIT -

P SUFFIX
PLASTIC PACKAGE
CASE 646-05

- FIGURE 1 — CIRCUIT SCHEMATIC

(7" 7 S

G SUFAX --

: i METAL PACKAGE
w ., CASE 603-04
4 P e = ~ . 4YTO-00} -
- 2> I Waeza - f i,
v, - ~
r\‘ 'm e EORR DN B B Y
v - A I
p o 2
< TRl LS
o = AV
Y, AT va) . 3 Ve Lo
B B BT S I :
L e {“":{‘ © 3T .17 T CERAMIC PACKAG
- & | Tl - -Z~ CASE §32-02 -
CURRERNY o 5 = % =
“3ma [j Cwir -~ g M~ _a MO-001AA .
1 . ] A i
"Nl 2 Toovastar ;T
. msdver Lrw | Tt bt
3. ~3 "t INOAMVIRING  mwvivhag ¢ it
PN SR 8 T wAT L . i
- - ';.'--wumunnnmnu’-uwl'-lmnn:nn."‘_‘-‘“—-“"-:'-, _
0 STWLERS 4 PARER TRESES ARE S5 DuAL Sh LIN PALKAGES : - Xt e g
J - - ar e - E - E
- ‘
FIGURE 2 — TYPICAL CIRCUIT CONNECTION " _FIGURE 3 —~ TYPICAL NPN CURRENT BOOST CONNECTION
i B et e A et P L I DS R el i 3
e A <”; L7 ;."-‘,4.%.‘.} Wi X ‘
i o I 3 H i
2 & nos sne s - - iy -1 NETE KT N
- vo . b e ksl ) R e oo
- an3 ————— nml . ) HE W) ' = N “VprsBvk |
t - i ? 3 s 3 - ot by .
.t ot e - ~ -vEs ot - - e AT,
Ty s - o ane «ne P |
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MC1723 MC1723C

MAXIMUM RATINGS (Ta = +25°C uniess otherwise noted.)

2

At g o e Vomaary A a e et

3
5
i - F Rating ) - Symbol Value Unit
"7 [ Puise Vorage trom Vg to Veg (50 ms) Vinip) 50 Vpeak
1 | Continuous Voltape from Vee to Vee Vin 40 Vdc
Input-ODutout Voltage Differential - Vin — vg 40 Ve "
- -
1 [Maximum Output Current [ FIR 150 mAdc
1 | Current trom Vet .t [ 15 mAdc
i | Current from v, [ 25 mA
Volmge Between Non-lnverting Input and VEE Vie 8.0 Vdc
. ] Ditferential Input Voluge Vid 25,0 - Vde
+ | Powsr Dasipation and Therma! cmractenmcs :
Pustic Package f ' -
vl . TAe259%C . . - y & S <128 "
weum. Derste above Tp = o25°c 16y 10 mwW/oC
Therma! Resistance, Juncuon 10 Air : 8JA . 100 ocw
Mets' Package & . - &
s Ta=+25°C st P Pp 10 . Want
} Derate sbove Tp = 425°C  ~ : 103 656 7 mwioc
M Therma! Resistance, Junction 10 Air LAY 150 ocw
; s.Jc* +25°C , Pp 24 Watts
H 7 Derate above Ta = +25°C 3 LILXTN 14 mw/ocs
i Therma! Resistance, Junction to Case -« 7 ] 03¢ » 35 ocw
- Dus! In-Line Ceramic Package ; 4 £5 i R Ty wa
7 | -ee- ~Derate above Tp =425°C .= . . { - 116 3A 10 mW/°C
‘ Therma! Resistance, Junction to Air 8IA 100 ocw
i Operzting and Siorage Junction Temperature Hnnge . e 1. T“9 L B —_
3|7 ®ewt Packege R b -65 t0 4150
Duat in-Line Ceramic : ~651t0+175
; . Operafing Ambient Temperature Range e N 4 Ta - oc ;
. - Sl ()] MC1723C 3 T Ow+70 | v |y
e : . ) . 3 = MC1723 55 10 +125 . .
H - '
1 -ELECTRICAL CHARACTERISTICS (Unless otherwise noted: Ta = +25°C, Vin 12 Vde, Vg = 5.0 Vdc, J| = 1.0 mAdc, Rgg'= 0, H
\ 1 C1 = 100 pF, Cret = 0 and divider impedance as seen by the error amplifier < 10 k) connected as shown in Figure 2)
i : 8 -
5 ¥ g . MC1723 MC1723C
” . Characteristic™ == Symbol Min *- Typ Max - Min Typ | Max Unit
. i [ tnout Votuage Range -~ - - Vin 95 4. - 40 9s - 40 vde
. Outpast Vohage Range > Vo 20 - 37 20 } - 37 Vdc
. i | Input-Dutput Vohage Ditferential Vin=Vo 30 - 38 3.0 T - 38 Vde
. Reterence Voitsge Vref 695 7.5 735 680 2.15 7.50 Vde
| Standby Current Drain U1y =0, Vi = 30 VI g - 23 35 - 23 4.0 mAdc
) Output Noise Voltege {f = 100 Hzto 10kHZ) | . -V, B R ~_ EN". . 4 #VIRMS)
Cref =0 s '{§ - 20+ = - T 20 -
. Cret =50 5F. - 25 - - = 25 -
Average Tempenlzs Coeflicientof Output, TCVo - 0.002 0015}, .- 0.003 0.015 x/°C
. b Vonage (Tig,, W<T A <Tpign @) N :
s +-] .Line Regutats see e T R Svo _
.1 ,-y-n,-;_.z 2s°c1 frzv<vi, <15V o= =} B0 .. oa, 001,.| --04
ro.. A 12v <V, <40V - 1], oo 02 - 01 0s: N
1 " Tiow D <TA <Thign @1 - S ) .
P 12v<v;,<15v - - 03 _ - 03
) § | o Regutaton (3.0ma <sOmA)—— [ Ropong | v *Vp
:_‘_TA-65° . .. ~ | o03 003 -} 702
i “ ¢ <1, <T,.,,..® - 12t - -~ = > |06
T TR Re,ecuon(l-soﬂzxo W0kH2 . 1 RR X ]
f Cret = 0 R < - 74 - — 74 — .
; Cret = 5O uF - 86 - - 86 —
. Shon Crcuit Current LimitiRge =100, | iy - €5 == z—= . —65.. - mAdc
: Vo = 0} ;. >
; Long Term Stabitity _ aVglet - 0.1 -— — 0.1 - %/1000 He
j @ B 'J { @ - 4 Teta i ‘., P .
4 Tiow ™ o"c for MC1723C < . \ Taioh = +70° C for MC1723C - )
oy = 55°C for MC1723 hhh.::g;“‘é':,u(:‘nz; - vomn ma
v i w o P Gre FaJifwm= (pe s
1i L
.. i hd iL

- D DU VR R

¥

»
oY

YRS .l;‘..'

»

Bt

e
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3

¢ : . i e e g
MC1723, MC1723C CUURERN TN ON
. TYPICAL CHARACTERISTICS - b
i
- {Vin=12 Vdc, Vo = 5.0 Vdc, I = 1.0 mAdc, Rsc = 0, T = +25°C unless otherwise noted.)
FIGURE 4 — MAXIMUM LOAD CURRENT AS A FUNCTION, FIGURE § — LOAD REGULATION CHARACTERISTICS
OF INPUT-OUTPUT VOLTAGE DIFFERENTIAL WITHOUY CURRENT LIMITING ... - 1
200 —T T S0 g
Tmaz ® 150°C ] .
RTH = 15090 =
. % e PSTANDBY * B0 m¥ £
£ “ {No heat sink .:. °
-4 =]
£ WA ” £ SN
- \ \ = SN | Ta-e250C
o TA » +25°C - S 005 P~ 3 ] i
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MC1723, MC1723C

. TYPICAL CHARACTERISTICS (continued)

A x i

FIGURE 10 — LINE REGULATION AS A FUNCTION
OF INPUT-OUTPUT VOLTAGE DIFFERENTIAL
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FIGURE 14 — LOAD TRANSIENT RESPONSE
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MC1723, MC1723C

TYPICAL APPLICATIONS - -
Pin numbers sdjacent 1o terminals are for the metal package;
Pin numbers in parenthesis sre for the dus! indine packsges., :

FIGURE 16 — TYPICAL CONNECTION FOR2< vp < 7 FIGURE 17 — MC1723,C FOLDBACK CONNECTION
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. Lo | v s )
. e Sal
[ Iatrad (4 <
md ' ~e230) 1@ Shs e vz .
3 2 2 ; ) u:n(m) 2=
53 | 3 } 8 (1) < 00 pF
[ $ S0y L S
. 1 F b b
I l ms}_ . Im’ vo : e 1
L AL . A 1 is m
- - . -t =+ =
f = :
1

. R2 Vanse . 056
von[m] 5Cs o 3 o My e2sor L M-,z_: Wk where .-iv"a"z_ ['T‘g?]
For bestremin 108 < A1+ A2 <1004, w— " Vpense I
For minimum grifs B3 « RIA2, - sc - "L;u's_c
£
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FIGURE 18 — +5 V, 1-AMPERE SWITCHING REGULATOR EFFICIENCY REGULATOR
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MC1723, MC1723C
) ' "TYPICAL APPLICATIONS (continued)
~FIGURE 22 — 412V, --AMPERE REGULATOR
' USING 'NPCURRE_NTBOOST
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