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ABSTRACT

THIS PROJECT CONCERNS THE RESEARCH AND DEVELOPMENT OF A
SINGLE PHASE 3 KVA UNINTERRUPTIBLE POWER SUPPLY,USING
POWER TRANSISTOR MODULES AND POWER SCR MODULES .AS
POWER SWITCHING DEVICES IN THE INVERTER CIRCUIT AND
CONVERTER CIRCUIT RESPECTTIVELY. THE BACKUP TIME OF  THE
POWER AC OUTPUT IS 15 MINUTES. THE SINUSOIDAL AC OUTPUT
VOLTAGE IS OBTAINED FROM MODULATION OF THE INVERTER WHICH
USES HARMONICS ELIMINATION TECHNIC. THIS RESULTS IN LOW
HARMONIC AC OUT VOLTAGE .THE TRANSFER SWITCH OF UPS
CAN PERFORM SUCCESSFULLY IN ON-LINE MODE,BACK UP MODE
OR SYSTEM PROTECTION MODE DEPENDING ON THE ELECTRICAL
CONDITION OF THE UPS OCCURING CONTROLLED BY 68HC11
MICROCONTROLLER THAT BEING EASY FOR RESEARCH AND
DEVELOPMENT THIS UPS IN THE FUTURES.
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Order of Samping point
Walsh m
0 1 2 3 4 5 6 7 8 9 10 11 12 13 14
n=0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
n=1 1 1 1 1 1 1 1 1 -1 -1 -1 -1 -1 -1 -1
n= 1 1 1 1 -1 -1 -1 -1 .-1 -1 -1 -1 1 1 1
n=3 1 1 1 1 -1 -1 -1 -1 1 1 1 1 -1 -1 -1
n=4 1 1 -1 -1 -1 -1 1 1 1 1 -1 -1 -1 -1 1
n=5 1 1 -1 -1 -1 -1 1 1 -7 -1 1 1 1 1 -1
n=6 1 1 -1 -1 1 1 -1 -1 -1 -1 1 1 -1 -1 1
n=7 1 1 -1 -1 1 1 -1 -1 1 1 -1 -1 1 1 -1
n=8 1 -1 -1 1 1 -1 -1 1 1 -1 -1 1 1 -1 -1
n=9 1 -1 -1 1 1 -1 -1 1 -1 1 1 -1 -1 1 1
n=10 1 -1 -1 1 -1 1 1 -1 -1 1 1 -1 1 -1 -1
n=11 1 -1 -1 1 1 -1 -1 1 -1 1 1 -1 -1 1 1
n=12 1 -1 1 -1 -1 1 -1 i 1 -1 1 -1 -1 1 -1
n=13 1 -1 1 -1 -1 1 -1 1 -1 1 -1 1 1 -1 1
n=14 1 -1 1 -1 -1 -1 1 -1 -1 1 -1 1 -1 1 -1
n=15 1 -1 1 -1 1 -1 1 -1 1 -1 1 -1 1 -1 1
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C14 = 33nF C15 =47nF C16 = 0.001uF
C17 = 2N2 C18 = 38uF

Z1=22=73=724=9.1V
Rl =R2 = 100K R3=R4=500hm R5=R6 =R7=RS8 =20 ohm
R9 = 0.1 ohm/5W R10 =R11 =R12 =R13 = 150 ohm

R14 = R21 = 5K R15=R18 = 47K R16 = R23 = 4K7
R17=1M R19 =33K R20 = 2K
R22 = 1.1IK R24 = IK R25 = 1K/5W

nngURsUnaie Iuuuadsde ( Smuausedy 110 - 150 Voe)
. bY 2 [l
1) Mnualuaruamsdhaumiy 50 KHZ uay Cy=Cis= 001 LUF

LI/R G
3 3
(1.IX107) / (50X10 X0.01) = 22 KQQ

31N f

RT
R, = R, =22/2 = 1.1KQ

2) usWUATEN Q, Laz Q,

Veetman = Vingman)
= 13V, (e 30 %)
= 13X150 = 195 V
3) Mnua by = 08T/2 = 04T (e 20 %)

0.4/ (50X10) = 0.4X20X10°

-6
8X10 sec

4) M NJN,

Np - (Vin(mm)/z - Vce(sat))X ton(max)
N, (Vot Vo)x T /2

(11072 - 1)x8x107

=172
(5+1)x10x10"°
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5) 1M Np

N = (Vin(min) /2 - Vcc(sat)) X ton(max) X 1 08
P AB(max)Ac

launu BE S5 Tau AB,,, = 1800 1ma VA, =353cm’

_ 54x8x10°x10®

= = 679 = 7 yoU
P 1800x3.53

6) M1 N, 90 NN, = 72

N, = 772 =~ 1 s0U
n N, = 7500, N, =1 591
7) MANIUAY output voltage
NNV, = V_ (1+R,R,)
Tt Vief=3v,R, =R, = 5K vhimaisy R,
5= 5[ 1+(4K7+X) / 5K ]
x=0Q0

aemsdium P=0Q) .

8) MANYs nanszud ( Tasmsdsum R,)

9N 1= Vref (-R,/R, R

sence)

190 I,=10A, Vref=5V , R,=R,, = 5K . Rsence =Ry = 0.1 O

10x5K x0.1
R, = s = 1KQ = g,

9) 14997 Soft - Start 1tazn15 Control Dead Time

lym R; = 47K = R, »C =10 UF = C, , R =R, = 2K

S

NNYAT
c - soft - start time
* Rs
I0 UF = (1, X UM cycle) /2K lag t, dumunaimsaiei

U cycle A1¥lums stant = (2ZKX10UF ) / 20LF = 1000 cycle
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Maximum % on time = 45 - [ 80/ (14+R/Ry) ]

45 - [ 80/ (1+47K/2K) ]
41.73 %
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Program Wal_function;

uses Crt;

const Samp=256;

Numhar=16;
Numwal=4*Numbhar;

type Bin=Array[1..50,0..20] of integer;
MatrO=Array[1..Numhar] of real;
Matrl=Array[1..Numhar,1..Numwal] of real;
Matr2=Array[1..Numwal,1..Numbhar] of real;
Matr3=Array[1..Numbhar,1..Numhar] of real;
Matrd=Array[1..Numwal] of real;

=Array([0..16,1..Samp] of integer;

MWal=Array[0..Numwal,1..Samp] of integer;
An=Array[1.. Numhar+1] of real;
Hw=Array[1..Samp] of integer;
Fw=Array[1..4*Samp] of integer;

var ijk,Rad,m:integer;
bina,Gr:bin;
A, F:Matr0;
B:Matri;
C:Matr2;
D:Matr4;
E:Matr3;
R_XR;
Wal:MWal;
Func:Hw;
sum,x:real;

initangle,alpha:an;



plot:Fw;
filvar:text;

name:string[14];

Procedure Dec_to_Bin(var bi:bin);
var i,j,m:integer;
begin
for i:=1 to Numwal do
begin
m:=(4%;)-3;
j=0;
while m<1 do
begin
bi[i][j]:=m mod 2;
m:=m div 2;
=i+
end; {while}
if m=1 then bifi][jl:=1; -
end; {for i}

end;  {END OF PROCEDURE Dec_to_Bin}

Procedure Gray(var g:bin;bi:bin);
var i,j:integer;
begin
’ for i:=1 to Numwal do
begin
j:=Trunc(Ln((4*i)-3)/Ln(2));
while j >=0 do
begin
if j=Trunc(Ln((4*i)-3)/Ln(2))



then
begin
gllG1=bili](j];
=i
end (then}
else
begin
if ((bili][j+1]=0) and (bi[i](j]=0)) then g[i]{j}:=0;
if ((bililj+11=1) and (bili)(j}=0)) then gfi]fjl:=1;
if ((bi[i](j+1]=0) and (bifi][j]=1)) then g[il(j]:=1;
if ((bifi]+11=1) and (bifi][j}=1)) then gfi][j}:=0;
=L
end; {else}
end; {while}
end; {for i}

end; {END OF PROCEDURE Gray}

Procedure FindBpq(var BB:matrl;g:bin);
var Mo,p,q,x,Alpha,a,c:integer;
Mul:real;
begin
for p:=1 to Numhar do begin
for g:=1 to NumWal do begin
Mul:=1;
Mo:=Trunc(Ln((4*q)—3)/Ln(2))+1 ;
Alpha:=0;
for x:=0 to Mo-1 do begin
Mul:=Mul*(cos( (Pi*(2*p-1)/Exp((x+1)*Ln(2))) - ( Pi*g[q][x]/2) ));
if glq}{x]=1 then Alpha:=Alpha+1;

end; { for x }



if ((Alpha mod 4)=1) or ((Alpha mod 4)=2) then a:=-1
else a:=1;

if g[p]i0]=0 then c:=1

else ci=-1;
BB[p][q]:=2*c*a*MuI*Exp(Mo*Ln(Z))*sin(Pi*(2*p-1)/Exp(Mo*Ln(Z)))/(Pi*(2*p-1));
end; {forq}
writeln;
writeln;

end; { forp ]}
end; {END OF PROCEDURE FindBpq}

Procedure CreateR(var AA:R;Ra:integer); {R=4,8,16..}
var o,i,j,x,y,bi:integer;
begin
for i:=0 to 2 do begin
for j:=1 to samp do begin
AA[i][jk=1;
end;
end;
x:=Samp;
for i:=3 to Ra do begin
x:=x div 2;
yi=x
bi:=1;
0:=0;
while y <=Samp do begin
for ji=1+0 to y do
begin
AA[i][j):=bi;

end; { forj ]



Yi=y+X;
0;=0+X;
if l;i=-1 then bi:=-1
else bi:=1;
end; { while }
end; { fori }

end; {END OF PROCEDURE CreateR }

PI‘OCCdl.er Createwal(var wals:MWal;RR:R;g:Bin);
begin
for i:=1 to Numwal do begin
for j:=1 to Samp do begin
wals[i][j]:=1;
end;
end;
for i:=1 to Numwal do begin
for j:=0 to Trunc(Ln((4*i)-3)/Ln(2)) do begin
if g[i][jl=1 then begin
for k:=1 to Samp do begin
wals[i][k]:=wals[i][k]*RR[j+1][k]
end; { for k}
end; { if }
end; { forj }
end; { fori }

end; {END OF PROCEDURE Createwal }

Procedure CreatePWM(var FF:hw;var angle:an);
var i,j,bizinteger;
x,Range,Origin,Final:real;

begin



writeln('Harmonic to eliminate:’,Numhar-1);

Range:=Samp/Numbhar;

Origin:=0;

Final:=(Samp/Numhar);

for i:=1 to Numhar do begin

write(‘Enter angle from *,Origin*(90/Samp), to " Final*(90/Samp)," :");
readIn(anglefi]);

Origin:=Origin+Range;

Final:=Final+Range;

end; { fori }

angle[Numhar+1]:=91;

=1
for i:=1 to Samp do begin
if (i*(90/Samp)) < angle(j] then FF[i]:=bi
else
begin
je=j+l;
bir=-1;
end;
if ((i mod (Samp div Numhar))=0) then bi:=1;
end; { fori}

end; {END PROCEDURE OF CreatePWM}

Procedure MulBC(AA:matr1;BB:matr2;var CC:matr3);
var m,n,i:integer;
sum:real;
begin .
for m:=1 to numhar do begin

for n:=1 to numwal do begin



sum:=0,
for i:=1 to numwal do sum:=sum+(AA[m][i]*BBI[i}[n]);
CC[m][n}:=sum;

end; {for n}

end; {for m}

end; (END OF PROCEDURE MulBC}

Procedure MulBD(AA:Matr1;BB:Matr4;var CC:Matr0);
var m,n,i:integer;
sum:real;
begin
for m:=1 to numhar do begin
sumn:=0;
for i:=1 to numwal do sum:=sum+(AA[m][i}*BB[i]);
CC[m]:=sum;
end; { form }

end; (END OF PROCEDURE MulBD}

Procedure Sub(var AA:An;BB:Matr0);

var i:integer;

begin

for i:=1 to numhar do AA[i]:=AA[i]-BB[i];

end;

Procedure Gauss(var A:Matr3;var B:An);
var h,i,j:integer;
fireal;
begin
h:=1i:=1;:=1;

for h:=1 to Numhar-1 do begin

-,



for i:=h to Numbhar-1 do begin
f:=Ali+1,h];

for j:=h to Numhar+1 do begin

if j=Numhar+1 then B[i+1]:=B[i+1]-(¢B[h}/A[h,h])
else A[i+L1,j]:=Ali+1,j]-(F*Alh,jl/A[h,h]);

end; {for j}
end; {fori}

end; {for h}

for i:=Numhar downto 1 do begin
for j:=Numhar downto i do begin
if i=j then B[i}:=B[i]/A[i,j]
else B(i]:=B[i]-(A[i,j]*B(j]);
end; {for j}

end; {for i}

end; {END OF PROCEDURE GAUSS }

Procedure Samping(angle:an;var sa:Fw);

var bi,i:integer;

angle[Numhar+1]:=91;

bi:=1;

for i:=1 to Samp do begin

if (i*(90/Samp)) <= (360*angle{j]) then sa[i]:=bi

else
begin

ji=i+l



bi:=-1;
safi]:=bi;
end;
if ((i mod (Samp div Numbhar))=0) then bi:=1;
end; { for i } '
for i:=1 to Samp do begin
sa[Samp-+i]:=sa[Samp-i+1];
end;
for i:=1 to 2*Samp do begin
sa[(2*Samp)+i]:=-sa[i];
end;
end;
begin { MAIN PROGRAM }
clrser;
Dec_to_Bin(bina);
Gray(Gr,bina);
FindBpq(B,Gr);
Rad:=Trunc(Ln((4*Numwal)—3)/Ln(2))+1 :
CreateR(R_X,Rad);
Createwal(wal,R_X,Gr);
CreatePWM(func,Initangle);
{Procedure Integrate}
. for i:=1 to Numbhar do begin
k:=1;
Sum:=0;
for j:=1 to Samp do begin
if ((5*90)/Samp)< Initangle(k] then begin
x:=func{j]*Wal[i][j];
SUM:=sum+x;

end



else begin
Cli](k]-=8*Wal[i](j];
sum:=sum+((-1)*Wal[i][j]*(j+j-1));
ke=k+1;
if k>Numbhar then Initangle[k]:=91;
end;
end; { forj }
D[i]:=sum/(Samp);
end; { for i}
clrscr;
{End}
readln;
MulBC(B,C,E);
MulBD(B,D,F);
write('Enter modulation index:");
readIn(Alpha[1]);
for i:=2 to numhar do Alphai]:=0;
Sub(Alpha,F);
Gauss(E,Alpha);
writeln(ANSWER');
for i:=1 to Numbhar do writeln(Alpha[i]*360);
readln;
Samping(Alpha,plot);
write('Enter Name to save:');
readln(name);
assign(filvar,name);
rewrite(filvar);
for i:=1 to 1024 do writeln(filvar,plot[i]); -

close(filvar);

end.
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THE TCA 785
PART 1 : Basic circuits
phase control fQnALAMRE SN Aainei AN S LLREUN ac
WUl single phase or three phase viu de %\;ﬂ'\sﬂwﬁmnﬁz'ﬁ‘mnﬂ’nﬁmﬁu
fy Wnmseiuey high power thyristor ~o‘1’mn’1‘=5gﬂn‘szﬁﬁﬁé\ﬁmmﬁanﬁﬁ:
TCA 785 LﬁuaqqsﬁﬂﬁﬁunﬁﬁﬂduQn phase Tnzridigninntiuifngauiseadiiiiny
o farmdanmusgeRasnan thyristor ﬁhﬂgﬂﬁsﬂhﬁquan v
Windisine 9 uﬁnuﬂuﬁﬁsﬁbuﬂﬁﬂ%ﬂuﬁﬁﬁﬁﬁqﬁhLﬁﬂﬂﬂﬁﬂﬂsﬁaﬁﬁﬂauﬁhLﬂﬂ%ﬁuﬁﬁﬂﬂd
TCA 785 %&.’aqéuLu:‘%’lﬂ\aqun'szﬁuﬂzm‘lﬁ”oﬁaﬁqwﬂm’h *

sunsnzaameuliavaiuneli TCA 785 URYANTANLAN thyristor udu

b-

2 LAENHRRN  line cammutated rectifier converter
circuits WA¥ ac current controllers fiiRzAfavee

TCA 785 integrated phase control fhussnesmnnfngastiseine 9
L Tu
line commutated rectifier coAverter circuits “Wiin single phase
" UAY¥ three phase bridge circuit Fid LAY star e double
star non-commutating current converter circuit Wn single phase
current controllers uay WRAnd FumsiNuEEReIN RN
uaneineifu ot 2,3,4 vBa 6 il ﬂunﬁsﬂﬁuQuuﬁazL%n

aviu  fantwuemes  IC ﬁﬂxﬂﬁUﬂannﬁﬂhﬁﬁhﬁa ICs ®m3U- power
electronics IWHIRWISIM NI WBN thyristor 2 ﬁ?ﬁﬁﬂﬂmﬁuﬂWLMN 0’
u3a sauuy back to back

WNSNTUILY  three phase IC 3sfpvdwsnUSLmning RN wSns
w¥aufeia 3 e R,S,T SN T\ Potenticmeter
Trigger pulse asﬁﬂqﬂﬁuw3nwﬁnﬁﬂtﬁaugnﬁﬁw%niﬁgvuﬁ 0-180 avfn

g wsnosnuuuiasiuuine g W ( long, shot, continuous pulses ) udm
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nAsnudiadiad i fendn thyristor
M uEL 9 zav TCA 785 awiiluiBu Zero crossing switch WU
nAUANIRUen oy full wave WAY votage pulses width egnivfuusing

ﬂ'nuﬁmuuanﬁmﬂ\idq‘l’f ( £=10-500Hz)

ANBUL LAWY TCR 785 Skl }

- IHNWEEA NN I INEINS L RS R NSRR i ULUANIETY 6~-8 Tav

-Aunsvus 4.5-10 ma

-Lsl  compatible siuiudunTnAnmInn  slow-speed Ursnanniy
grausUNWnESERURIndnase 15 Tan

-8 2 19wl nszuan3ndne it 250 ma ,

~8n 2 10 whm AREmIRNRLTUA 2 Tawhaeen

-Werffrumaen - dunseedgen3n il e vimeen Iuieensen
M9 arc /

-t uniNeey pulse 0 capacitor n\'\zman

-zero cros$sing huuansanee

-taviumsugn 9 w9 maeiignansn F9 3 2a9s ‘iﬂmamsﬂ‘m%umwﬁ

NWULY  six pulse BNV zero crossing switch uay voltage pulse

width converter

WM MW 9 288 TCA 785

block us¥ pulse diagrams éu’\aimﬁ 1 uae 2 wsaanhivinoes Ic il
fuuinzay  IC #a supply ﬁqnﬁwzﬁmumsmuauu‘wﬁmﬂﬂ‘m Uref ysvaa
3.1 v et parameter wﬁn&@zwi"'matjﬁu dc supply voltage Us uavﬂ"\
Vs Euseuin iy Us = 8 fiv 18 v

%ﬁUﬁnqneiaat;'ﬁ'ﬂﬁ 16 uaviaustaiion 1 ( wnpfanss ) flunszud 10 ma
( I TR )

LEWHMEANUSSIUAUAN  Uref tstunm 3.1 v finn 6 Toswnusidumiunny



WHWNTLRNNINTYR noise NANEWY 8 Tnewaly grownd % Vghd SN R 1T}
gwdiy ) WANAITUILRNTEUETRANNS TCA 785 A 9§71 ( NLLUAEINTEN
three phase current circuits ) ﬁ'\ituéﬁﬁ'@zqnmu@umﬁmmu‘luﬂmqs
Wi navALENNTSIUAINTAINETNENN 9 W iTuarneg
S synchronization Usyn “WiUAN line voltage wustwinumauen
§Nq Usyn sppgdsewiNmy 5 MU ground fon 1 HAWTIENUN TRy
zero crossing (Havnms sychrenization urzQnAiaU
sychrenization register %ﬂﬂ?ﬂﬂuﬁﬁnﬁwumﬁmmﬂm ramp (sawtooth)
 fusvnaustHamey  constant  current sourcé Iconst.%Q?zqn charge
fny  capacitor nnmuem ¢10 w8a cr ifufirdufuLtRruznLo 39 C10 94f
AaxsywiN 500 pF fiv 1 uF (&ND fFravIna i sawtooth flyback
times awiiiutuifuiinduiudnzee  clo @;ﬁﬁ HRE AR URYANGNEAZAN
110 awldiAulndnt
neEuN Iconst IsQNUAIHTRd UM unEIan Ra uSA Rr = 3 &9 300
Kilo-olms ®1UPY 9 Re network R9,cl0 itwseiiushn museuiutunnstu
789 Ramp voltage ULO #8N Zero crossing  Uazdmausniaganasannan
AwnS discharge nusd awBiead C10 W dischrge transistor
AEWNIT  syn registor IWTINIRNTAYAM TN 0 MUavewia
(fevadna By wdeennd discharge monitor u&vin Cl0 “Wvns
discharge aaniﬂaﬁﬂﬁﬂugﬁﬁhﬁﬁ |
ot fuminemsiy o '8 Tca 785 HaEAEN TN ISR
W Control voltage fi Cl0 BifaNITILREAN RN AL
ANZEY TCA 785 UaEASMIWNSAUANLTShdi
wnsim op-amp ‘Lﬁqnﬁmmm‘lﬁmaﬂ'-v'mm‘s‘mmuLfﬁ*?l'mtﬁu‘m‘kéf WY
7  control Voltage "WANUAN leakage voltage ﬁddﬁﬂﬁﬂﬂﬁ?&ﬂﬁ%ﬁ Phase
voltage 87199¢@ NN leakage voltage wiaus ngaanwn ity o v.

de control voltage ULl ‘ééaffiusn 11 (MU ground Fn 1) Be

contrel comparator AWVMINSIUSHUABY control  de voltge fiU ramp



voltge U0 fiannf U10 thuniussdumuen ULl Sesfimausngiedtudiian
gﬂﬁmutéuﬁuﬁ control angle : quaTiaNes aadn szithshnmuaria
uREAMNN I NTERIANN 4 ﬁnaqﬁﬁw(§EUﬁnﬁh ground) iﬂuﬁﬂqquQuuﬁutﬁa
nﬂstﬁﬂudauaﬁu§Uuuu (93U wave form ﬂu@ﬂﬁ 2)

ﬁtawﬁwwuﬁh 0L(21 14) uaz Q2(m1 15)MNwinluy emitter follower

Busu T WinTsuRAgiN250 ma uazqzwﬁoquﬁuﬂuazﬂé¢nﬁuiﬂnﬁLaﬁﬁqwﬂanuﬂ -
Fdenitu oL JsnTLdesiataanun LA AR LAL | fianarng L Bauas Q2
VdnriRluaSefnTey Syne voltage

ﬂﬁﬂﬂﬂ%ﬁqnaqﬁaﬁﬂéﬁﬂﬁzNﬂm 30 Us (short pulse LSS waNnnNe R 9
fon 12)  uashRsduaedssianistaeasninesdeestarunB i mad
anzuaniimn €12 Wl ci (@mﬁﬁﬁqﬁ 1 ﬂﬁﬁ%ﬂﬁﬁﬂﬂﬂﬁhﬁ%&ﬁﬁlﬂﬁﬂﬁ)

fwEninadBumiizn 12 andavasiu awidnuntetesiadfie ¢ = 180-1
(long pulse) iawhmsawfa QL (N 4) uas @2 (m 2) ifflu open
collectors ®WNSNAWNIAMNGEA 10 mA MR uRNISnEanustayL AWM lE
Tnuifaauewiadivinumuy R4 uRg R2  (Usenm 15 kilo-ohms)  s¥wniw
output futun sfanaesirinnseauduaNLLULLfEAty Q1 uay Q2 usavndu
WWEY At awiad (output ﬁﬂﬁﬂuﬁugﬁuan) Usen ¥ = 30 us uawin
trigger point fon 13 Qe ground Al (soring
output ﬁui'l"’)mn) An 180x-: (long pulse switching) Az AR

Both auxiliary' output €U (21 3), QZ (11 7) Qnﬁ'ﬂ‘lﬁtﬁu open
collectors WR¥WRNAERUNTUIAWIZIY (FRasNLTU NSAUAN. REINNTHUAN)

ﬁnzu'\zw"!”lﬁ"s'uﬁ'\n col‘lector resistor R3 WQ¥ R7 8ys¥wing output
futrnn fha  output 789 QU Avedneiiu QL useuflaundg pulse ¥ =
180r Al Taufya output 284 QZ AL WNIINNANT NOR-1ink S¥uing Q1L
uar Q2 Huse QL+Q2 un T s & output savlinng siau i fu
nwﬁxﬁunﬁsﬂbqﬁuﬁmmﬁmsunduﬂﬁsﬁa output Qz (1 7) 10U ground
Pulse inhibit (71 6) ﬁﬁnqﬁnnﬁﬁhﬁmmﬁmﬁ output WN 9 output WU

LaLAEY  (Q1,02,01,02,0U) Trigger point #izn 6 mnmwiaiu ground
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19190y switch,relay contact #3S8 NPN Transistor

§Uﬁ 5 wiantineesnuluEaN TCA 785 IC output stages

Thyristor trigger module

NMSAWAN  thyristor W line-comuted 439 non-commutating
current converters #avmadnitulawny i .

thyristor mdnTeunssusifaduan <wwiny  gate wa cathode Towmn
MYANLUAN  pulse ﬂﬁbﬂﬂqﬁﬁuﬂﬁﬁnﬁzuﬂaaqnﬁaﬂaé (latching current) usy
th;risth N switch off MuNNSAMANZAN Main current ﬁiuaszuﬁﬂq
anode WA¥ cathode FMNN holding current Fums 1Az un ey
ffading « ffunmmdn thyristor il load UAYNASHANKLLNGIS

ﬁaﬁrwdﬁﬁuﬁmqnﬁuuasuuﬁﬂtm@ﬂujuﬁ 6 trigger pulse Famaent u

Chain pulse &WYINWNUTAWIOH TCA 785 %ﬂﬁaqnﬁs Cmos device Usy

nauRy A wuSunnila chain pulse

Directlv controlling low power thyristor with line voltage

ﬂujuﬁuﬂhq phase control ﬁﬂﬂ TCA 785 §Wm¥U directly
controlling BStC 1040 low-power thyristor ﬁﬂuﬁ phase angle fn
NS sEi 0 aven § 180 BYAN UAY power # load 33uj10 0 fin
400 W.

I widEuewiA (1 16) AMWWSuUBYNSY Ry NS
Rectified 04 diede Dy HaghSSNSEIL SR 15 v. Téu Z-
diode Dy

Electrolytic capacitor Cj FIMTNSaNUSwy de MunINnnS
rectified UuUASARUSALL Suufu

WS IBNIMAN S EENAT BTN TUAgNReT e U aRunszad (1ia
Wl load) vy 10 mA uAuSNU supply oER Ug fa & v. (Ausfavldin

ni1ll) sychrenization input (7 5) w6aLu phase R wwivimu



220 kilo-ohms uawsialfHURUNAfL ground back-to-back dicde (Do,D3)

N dicde wvmnnsIVIAUSNUA sync input Uszmm +/- 0.6 v.

fnifaeuifgnussgnnuuaioemsnsRiudueiiiis n 9 i

uﬁ@ﬁMQuﬂhnﬂ%auﬂu line (WS Zero Crossing) Sawtooth Voltage fay
SHIRRTY W 3ﬂ&u Ramp Capacitor (Cp = 47 nF) WRY Ramp Resistor
(Rg = 100 kilo-ohms) quitheuSusefusey  off-state Voltage
Wvestl fgw sawtooth # amplitude 7 v. 0¥ potenciohm-meter Py
Upp Awavlifiunin peak remp voltage (AW Remp §Ng) Uig
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AN BNUNIANUANINATULL half wave 15798189 output 7 15 fisweia
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T
of
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/ 3,
&5/nE luusuld
thyristor WwWasUSANWILH 7 wgmdnieaiadarnine 205 &5 funsy

UANSN 47 mA.

Switching on and off.with inhibit signal
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Direct triggering of high-power thyristors at

constant supply voltage
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TECHNICAL DATA

IRF840
IRF841
IRF842

IRF843

N-CHANNEL ENHANCEMENT-MODE SILICON GATE
TMOS POWER FIELD EFFECT TRANSISTOR

These TMOS Power FETs are designed for high voltage, high
speed power switching applications such as switching regulators,
converters, solenoid and relay drivers.

@ Silicon Gate for Fast Switching Speeds

® Low rpS(onyto Minimize On-Losses. Specified at Elevated
Temperatwre

® Rugged — SOA is Power Dissipation Limited

® Source-to-Drain Diode Characterized for Use With
Inductive Loads

Part Number | Vpss | rDS{on} Ip
IRFBA40 SO0V | 085N | 80A
IRFB41 450V | 085N | 8.0A
IRFB42 500 V 1.10Nn 7.0A
IRF843 1 4s0v 1900 70A

D
E ol
— r —
i > by I ol
¢ =5 | I ;
L] — a
FH Y e
s ; {
J «
5 £19
MAXIMUM RATINGS il | i,
IRF i B,
Ratin Symbol Unit
9 840 841 842 243 € —"r"-
Drain-Source Voltage Vpss $00 450 500 450 Vde M
Drain-Gate Voltage VDGR 500 450 500 450 Vde
(Rgs = 1.0 m2) n‘un
1
Gate-Source Vohage Ves =20 Vde o
Drain Current Adc v a
Continuous In 8.0 7.0
Pulsed oM 22 28 A oil¥ _— s
Total Power Dissipation Pp . ; :'uw
G Tc = 25C 125 wams | D
Derate above 25°C 1.0 WrC LLAD PACTALMTTES AN ALOWED
Operating and Storage T3 Tstg ~55t0 150 °c (e et )
Temperature Range e T RETLRNT
THERMAL CHARACTERISTICS LR I TRNTS
E-RNIT S
Thermal Resistance ‘cTw . 1S _l_:;_
Junction to Case Rasc 1.0 NN 6|
Junction 10 Ambient RaJA 625 o =
Maximum Lead Temp. for TL 275 ‘C 1 = Ta
Soldering Purposes, 18 N hJ i jg:
from Case for 5 Seconds oW CHETTR
[T [ oo ]
See the MTPENAS Desgner's Data Shéeet for s compiete set of design curves for the 1n TR TN
product ¢n this data sheet
The Desigrer's Data $heet purmits the design of most circusts entirely from the infor. CASE 221A-04
mation presented Limitcurves — representing boundaries on device characteristics — T0-220A8
are given to faciinate “warst case” design,
| P I A I AN P A L TMNTY P S AT TR VST AN v Sl o S R SIS DT S N AY o
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IRF840-843

ELECTRICAL CHARACTERISTICS (T¢c = 25°C unless otherwise noted)

I Characteristic Symbol Min Max l Unit l
OFF CHARACTERISTICS
Drain-Soutce Breakdown Voltage V(BR)DSS Vde
(Vgs = 0.1p =025 mA} IRFB41, IRFBA43 430 -
IRF840, IRFB42 §00 -
2er0 Gate Voltage Drain Current .. 10sS mAdc
(Vps = Rated Vpss. VGS = 0} ' - 0.25
(Vps = 0.8 Rated Vpss. VGS * 0.Ty=125°0) - 100
Gate-Body Leakage Current, Forward IGSSF - 500 nAde
{vGsF = 20 Vdc. Vps = 0}
Gate-Body Leakage Current. Reverse 1GSSR - 500 nAdc
{VGsR = 20 Vde, Vps = 0)
ON CHARACTERISTICS®
Gate Threshold Voftage VGsith) 23 40 Vdc
(Vps = VGS. ip= 0.25 mA)
Stauc Drain-Source On-Resistance DS(om Ohm
{Vgs = 10 vdc, 1p =40 Adc) IRFB40, IRFE4L - 085
IRFB42, IRFB43 —_ 10
On-State Drain Current (VGs = 10V) 10ton) Adc
(Vps » & 8 vdc) {RFB40, IRFE3T 80 —
(Vps = 7 0 Vde) 1RF842, IRFB4J 70 —
Forward Transconductance OFS mhos
(Vpg »68V.10=40A) IRFB40, IRFBA1 a0 -
(Vg 2 70V.1p=40A) IRFB4Z, IRF843 40 L
DYNAMIC CHARACTERISTICS
Input Capacitance f [ - 1600 F
nput Capgpign {(Vpg =25V. Vs =0. L s
Qutput Capacitance $210MH2) Coss - 350 4
Reverse Transter Capacitance ! Cess - 150
SWITCHING CHARACTERISTICS®
‘ Turn-On Delay Time 5 tdon) - 35 ns
Rise Time {Vpp ~ 200 V, Ip = 4.0 Apk. tr e 8
Turn-Olf Detay Time Rgen=4.7 Ohms) tatoff) - 90
Fall Time i - 30
Total Gate Charge a 40 (Typ) 60 nC
g Vs =10V, Vps = 0.8« g i
Gate-Source Charge Asted Vpss. 1o = Rated ip} Qgs 20 (Typ) -
Gate-Drain Charge Qgd 20(Typ) -
SOURCE DRAIN DIODE CHARACTERISTICS®
Forward On-Valtage fig = Rated Ip. Vsp — [ 1em | wvee
Forward Turn-On Time vgs = 0 ton Limited by stray inductancs
Reversa Recovary Time ter 600 (Typ) ] — l ns
INTERNAL PACKAGE INDUCTANCE {T0-220)
Internat Drain inductance . Lg nH
{Measured from the contact screw on tab to center of die} 3.5 (Typ) —
{Measured from the drain lead 0.25 from package to center of die) 4.5 (Typ) —_
Internal Source Inductance Ly 7.5 (Typ) —
{Measured from the sousce lead 0.25" from package to source bond pad)
+Puise Test: Pulse Width € 300 us. Duty Cycle < 2.0%.
{11 Add 0.1 V for IRFB20 and IRFBA1.
Lo Y Wty ST e N Wil SR Dot A L4 A P AT W WA P Tl - Y A PO
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TL494

SWITCHMODE
PULSE WIOTH MODULATION
CONTROL CIRCUITS

The TL4%4 is a fixed frequency, pulse width modulation control
circuit designed primarily for Switchmode power supply control.
This device features:

e Complete Pulse Width Modulation Control Circuitry

¢ On-Chip Oscillator With Master Or Slave Operation

® On-Chip Error Amplifiers

e On-Chip 5 Volt Reference

® Adjustablé Dead-Time Control

® Uncommitted Output Transistors Rated to 500 mA Source Or

Sink
& Cutput Centrol For Push-Pull Or Single-Ended Operation
& Undervoltage Lockout

SWITCHMODE
PULSE WIDTH MODULATION
CONTROL CIRCUITS

SILICON MONOLITHIC
INTEGRATED CIRCUITS

|
Non-inv ' . lNon-lnv
1nput Input
1o 18 Inv
Inpat vee —l ]l'wul
Compent
PWM Compf 3 sov “lVREF
trout REF
Cesd =01V ), S
uPu
¥
Teme |4 —{ EConuol
Controt

Osciltator

By S o}

{top view}

J SUFFIX
CERAMIC PACKAGE
CASE 620

N SUFFIX
PLASTIC PACKAGE
CASE 648

ORDERING INFORMATION

The TL494C is specified over the commercial operating range
of 0°C to 70°C. The TL4%4! is specified over the industrial range
of -25°C to 85°C. The TL494M is specified over the fuil military
range of ~55°C to 125°C.

Temperature
Device Range Package
TL494CN ., | Plastic OIP
TLageCy 010 +70°C | coramic DIP
TL494IN . .~ | Plastic DIP
TLag4ll <2510 +B5°C | Gy ramic pip
TLagamMl -55't0 +125°C| Ceramic DIP

MOTOROLA LINEAR/INTERFACE DEVICES
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FIGURE 1 - BLOCK DIAGRAM
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FIGURE 2 — TIMING DIAGRAM
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TL494

Description

The TL494 is a fixed-frequency pulse width modula-
tion control circuit, incorporating the primary building
blocks required for the control of a switching power
supply. {See Figure 1.) Aninternal-linear sawtooth oscil-
lator is frequency-programmable by two external com-
ponents, AT and CT. The approximate oscillator fre-
quency is determined by:

- 1.1
0s¢ = RreCT

For more information refer to Figure 4,

Output pulse width modulation is accomplished by
comparison of the bositive sawtooth waveform across
capacitor CT to either of two controt signals. The NOR
gates, which drive output transistors Q1 and Q2. are
enabled only when the flip-flop clock-input line is in its
low state. This happens only during that portion of time
when the sawtooth voltage is greater than the control
signals. Therefore, an increase in control-signal ampli-
tude causes a corresponding linear decrease of output
pulse width, (Refer to the timing diagram shown n Fig-
ure 2.}

The control signals are external inputs that can be fed
into the dead-time controf, the error amplifier inputs,
or the feedback input. The dead-time control compar-
ator has an eHective 120 mV input offset which limits
the minimum output dead time to approximately the
first 4% of the sawtooth-cycle time. This would result
in a maximum duty cycle on a given output of 96°s with
the output control grounded, and 48% with it connected
to the reference line. Additional dead time may be im-
posed on the output by setting the dead time-control
input to a fixed voltage, ranging between 0 to 3.3 V.

The pulse width modulator comparalor provides 4
means for the error amplifiers to adjust the output pulse
width from the maximum percent on-time, established
by the dead time control input. down 10 2er0, as the
voltage at the feedback pin varies from 0.5t0 3.5 V. Both
error amplifiers have a common-mode input range from
-0.3V1ioiVee - 2V). and may be used to sense powar.
supply output voltage and current. The efror-amphfiee
outputs are active high and are ORed together at the
non-inverting input of the pulse-width modulator com
parator. With this configuration, the amplifier that e
mands minimum output on time. dominates control of
the loop.

When capacitor CT is discharged. a positive pulse 1s
generated on the output of the dead-time compatator.
which clocks the pulse-steering flip-Hop and inhibitz ira
output transistors, Q1 and Q2. With the output-cential
connected to the reference line, the puise-steering !p.
flop directs the modulated pulses to each of the two
output transistors alternately for push-pull operation
The output frequency is equal to haif that of the oscit
lator. Output drive can also be taken from Q1 or Q2.
when single-ended operation with a maximum on.time
of less :nan 50°% is required. This is desirable when the
output transformer has a ringback winding with a catch
diode used for snubbing. When higher output-drive cur
rents are required for single-ended operation, Q1 and
Q2 may be connected in paraliel, and the output-moce
pin must be tied to ground to disable the flip-fiop. The
output frequency will now be equal to that of the
oscillator.

The TL494 has an internal 5 V reference capable of
sourcing up to 10 mA of load current for external bias
circuits. The reference has an internal accuracy of
=5.0% with a typical thermal drift of less than 50 mV
over an operating temperature range of 0 to 70°C.

FIGURE 3 — FUNCTIONAL TABLE g

input oyt 4
Output Output Function fase
Control
Grounded Single-ended P.W.M. at Q1 and Q2 1 .
At Vet Push-pull operation 0.5

MOTOROLA LINEARINTERFACE DEVICES



MAXIMUM RATINGS (Full operating ambient temperature range ;ppliel unless otherwise noted)

Asting Symbol TLASC TL4S4! ) TLA34M Unit
Power Supply Voliage vee 42 i 42 .42 v
Collector Output Voltage Ver. Ve 2 N 42 42 v
Collector Output Cursent {each transistor} (1) lcy. 2 $00 500 N 500 mA
Amplifier Input Voltage Range ViR -031042 -0310 42 -0.310 42 v
Power Dissipation s Tp » 45°C ) Pp 1000 1000 1000 mwW
Operating Junction Temperature Ty h .
1 Plastic Package : 125 125 - °c
Ceramic Package 150, 150 150 °C
Operating Ambierit Temperature Range Ta 01020 -25t0 85 - 5510125 *C
Storape Temperature Range Tsig ‘C
Plastic Package . - 5510 125 - 5510125 -
Ceramic Package [ - 6510 150 - 65 to 150 - 65 t0 150

NOTE t: Manimum thermal hmits must be observed.

THERMAL CHARACTERISTICS

Characteristics g Symbol N Suffix Plastic Package | J Suffix Cetamic Package | Unit
Thermal Resistance, Junction 10 Ambient R.JA 80 100 ‘CW
Derating Ambient Temperatute Ta 4% 50 °C
RECOMMENDED OPERATING CONDITIONS : o
Condition/Value Symbol oo Unit §
Min Typ Max ¢
Power Supply Voltage Vee 7.0 15 40 v
Collector Output Voliage Ver. Vo2 - kY 40 v
Collector Output Current (each transistor) Icy. Ic2 - - 200 mA
Amphfier Input Voitage Vin l 0.3 - Ve - 2.0 v
Current Into Feedoack Terminal Ity = 5 - 0.3 mA
Reference Output Current lret —_ - 10 mA
Timing Resistor Ry 1.8 30 500 k()
Timing Capacsor Cy 00047 0.001 10 © ufF.
Oscillator Frequency fose 1.0 40 200 kHz

ELECTRICAL CHARACTERISTICS tvce = 15V, Ct = 0.01 pF, RT = 12 k{} uniess otherwise noted.)
For typical values Ta = 25°C. for min ma» values Ty is the operating ambient temperature range that applies unless otherwise

noted,

TL494C ) TL&S4M
. Charecteristic Symbdol Unit
Min j Typ ] Max Min l Typ —l Max
REFEHENCE SECTION
Reference Vohage Vet a7 50 52% a75 50 5.25 v
{tg = 10 mA)
Line Regulation Reghine - 20 25 - 20 25 mv
tYee = 7.0Vio 40 V)
Load Regutation Regipad - 30 15 - 30 15 mv
tlg = 10 mA 10 10 mA)
Short-Circuit Output Current Isc 15 35 75 15 kL] 7% mA
T (Veet = 0V)

MOTOROLA LINEAR INTERFACE DEVICES
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TL494

ELECTRICAL CHARACTERISTICS {(Veg = 18V, Cr = 0.01 4F, RT = 12 ki) unless otherwise noted.)
For typical values Tp = 25°C, for min‘max values Ty is the aperating ambient temperature range that applies uniess otherwise

noted,
Characteristi Symbal TL4%4C 8 TL494M u
racteristic mbe it
‘ v Min l Typ l Max Min ! Typ j Max "
OUTPUT SECTION '
Collector Off-State Current ICtoth) - 20 100 - 20 100 wA
Vee » 40V, Veg = 40V . - |
Emitter Off-State Current 1E(of) - - - 100 -— - - 150 A
(Ve = 40V, Ve = 40V, Vg = OV)
Coltector-Emitter Saturation Voltage {2) VSATIC) - IR 13 - 1.1 1.5 v
Common-Eminter
Vg = 0V, Ic = 200 mA)
Eminter-Follower VSATIE) - 1.5 2.5 - 1.5 25 v
(Vg = 15V, 1g = -200 mA)
Output Control Fin Current oct - 10 - - 10 - A
Low State
Voc s 0.4V)
High State locH - Q.2 35 - 0.2 35 mA
VoC = Vred
Output Vohtage Rise Time e - 100 200 - 100 200 ns
Common-Ermitter (See Figure 13)
: Emitter-Follower (See Figure 14) - 100 200 - 100 200 ns
Qutput Voltage Fall Time t - 25 100 - 25 100 ns
Commeon-Emitter {See Figure 13} . M
Emitter-Follower (See Figure 14) B - 40 100 - 40 100 ns
] TLa%4
Characteristic Symbol S Unit
. Min Typ [ Max
ERROR AMPUIFIER SECTIONS
Input Offset Voltage vio i 2.0 10 mv
Vo iPiad) = 25V}
input OMset Current ho —_ 50 250 nA
Vo pin3) = 25V]
nput Bias Current g = - 0.1 -1.0 A
Vo Pyt = 25V)
tnput Comman-Mode Voltage Range Vica -031w0 - -— v
Vee = 40 V. T = 25°C) Vec-20
Open-Loop Voltage Gain Ayol 70 95 - d8
1AV = 30V.Vg = 0.5t 15V,
Ry = 2.0 W)
Unity-Gain Crossover Frequency fc - 350 - hHz
Vo = 051035V, R = 2.0 kil)
Phase Margin 3t Unity-Gain om - 65 — deg.
(Vo = 051035V, R = 2.0 kil
Common-Mode Rejection Ratio CMRR 65 90 a8
Vee = 40V)
Power Supply Rejection Ratio PSRR - 100 - a8
[AVee = 33V, Vg = 25V, R = 20411
Qutput Sink Current s} 0.3 0.7 - mA
VO (Pin 3y = 0.7 V)
Qutput Source Current 0- 2.0 40 - mA
VO (Pin3) = 35 V)

NOTE 2' Low duty cycle pulse techniques are used Juring test 1o Mantain junction temperature as close 1o ambient temperatures as possible,

MOTOROLA LINEAR/ANTERFACE DEVICES
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- TL4%4

ELECTRICAL CHARACTERISTICS (Ve = 15V, CT = 0.01 uF, RT = 12 kfl unless otherwise noted.)
For typical values Ta = 25'C, for min‘max values Ty is the operating ambient temperature range that applies unless otherwise
noted.

. TLAS4 Unit
Characteristic Symbol
Min | Ty Max
PWM COMPARATOR SECTION (Test Circuit Figure 12} .
input Threshold Voltage VTH -_— 35 < 45 v
(Zero duty cycle) °
Input Sink Current l{— 0.3 0.7 - mA
Vipin 3} = 0.7 V)
DEAD-TIME CONTROL SECTION (Test Circuit Figure 12}
Input Bias Current {Pin 4) U8 (OT) —_ -2.0 -10 nA
{Vpin &) = 010525 V)
Maximum Duty Cycle, Each Qutput, Push-Pull Mode DCrnax %
(VPin4 = OV.Ct = 0.01 uF, Ry = 120} a5 48 50
{(VpPin g = 0V.CT = 0.001 uF, RT = 30k) - © 45 50
Input Threshold Voltage (Pin 4} VTH v
(Zero Duty Cycle} - 2.8 a3
{Maximum Duty Cycle) 0 -— _
OSCILLATOR SECTION
Frequency fosc - 40 — kHz
(CT = 0.001 uF, Ry = 30 k)
Standard Deviation of Frequency® alose - 3.0 - %-
{CT = 0.001 uF, Ry = 30 kf1)
Frequency Change with Voltage Mosc (AV) - 0.1 - % !
{Vee = 72.0V1040V, Ty = 25°C)
Frequency Change with Temperature / Mosc (AT) s — 12 o,
(ATA = Tigw 0 Thigh! '
(CT = 0.0 uF, Ry = 12 kil}
UNDERVOLTAGE LOCKOUT SECTION
[ Turn-On Threshold (Vo Increasing, lref = 1.0 mA) | l Vin 55 l 6.43 [ 7.0 ] Vj
TOTAL DEVICE
Standby Supply Current Ice ] mA
(Pin € at Vypq, All Other Inputs and Outputs Open)- 4
Vee = 15V) - 55 10
Vee = 40V) - 7.0 15
Average Supply Current -_— - 7.0 -— mA
(V(Pin 4) = 2.0V) [See Figure 12)
(CT = 0.01 4F. Ry = 12kil, Ve = 15V)

* S [ " of the i distrsbution about the mean as dernved fiom the formula, w

MOTOROLA LINEAR/ANTERFACE DEVICES
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TL494

FIGURE 4 — OSCILLATOR FREQUENCY FIGURE § — GPEN-LOOP VOLTAGE GAIN AND PHASE
versus TIMING RESISTANCE versus FREQUENCY
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