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This thesis presents design and analysis of a six-pulse converter with improved output voltage
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V,.,=20V/div, i = 0.5A/div

CHX ON  CHa onN
100V /aiv 1001 v/

Freq: 147.1Mz
. Freq: 149.®z

Trace3: PP . 112.0v
Traces: P—P | 2.088v

3458V
B35 . Jmv

+

() PWdyam v, i ildnnmnaaes

v, =100V/div, i, = 2A/div

i s.22 guldgana v, Alimsdmuspninssug o = 30°, 8 = 30° # a = 1:0.5:0.5

6§ 8 . 8 8 &

Traced: P—p 144.0v Freq 144.WHz

B0V
Traces: P—P i BB0 . D : 1.554v - Freq 22_!'_._:!“
¢
(M 3Udym Vi, #1d9nnissians () 31y Vo, nldnnmsnaans

"= S0V/div, i, = 0.5A/div

V,, = 100V/div, i, = 1A/div

3 523 pddmyanan v, Ailimssmuayinhinszud o = 30°, 8 = 30° 7 a = 1:0.5:0.5

:

52

o%
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25 (=123 ON - CHAZ © oM
-l WOV a  10ET ZV/aY W)
Wi
o
s}
amp
3
2t
s
o ) U H
Traced: P—  280.0v Rms | 86.55V | Freq 50.00Mz
R Traces: PP 4.480V _Rms } 1.202v ' Freq 50.00Mz
2

ar

) Pdyanm v, i, 11d9nmsnaana

o o an

(M 3Udyyw v, i nldnnmssiaes

v, = 50V/div, i, = 1A/div V., = 100V/div, i, = 2A/div

an

310 5.24 pldyana v, i, Amssmuaninszua o = 30°, B = 30° il a = 1:0.5:0.5

oN
i3}

cHX ON  CHa
100V /div 10 2V /div

SR CWY RDeRE nmonam
1 L L i T
ar i o or 5 { by
(M) gudyam v, i, #ldnnmsians (v) ydgyanm v, i, A ldninmsnaans

V. = 100V/div, i, = 1A/div v, = 100V/div, i, = 2A/div

U 5.25 guldyapan v, i Alimssmuaymingzia o = 30°, B = 30° a = 1:0.5:0.5

120 120 T
100 f 100 +
B0 80
] E
2 2
B0 H
g &
= =
10 0
20 - 20 4
THDi=17.73% THDi=17.71%
0 Ilnll-lull | PP T ST S 0 -Ilhlll.-.llll....... "
0 5 10 15 20 25 0 » 40 45 50 1] 5 10 15 20 =] 1] » 40 45 50

Harmomic order Harmomic order

(M) A1 THDi venszua i, 1dnnms$aes  (v) A1 THDI voanszud i, 1dnnisnaans

317 5.26 /1 THDi veanszua i, MiMsimuayningzsud o = 30°, 4 = 30° # a = 1:0.5:0.5



MINTN 5.3 HARIWAMININUAMITMNUART a = 1:0.5:0.5, k= 1:1, ¥, = 155V

o B V. (V) v, (V) i (A) | THDi(%)
0° 0° 197.4 197.0 1.66 14.71
0° 30° 189.1 196.2 1.62 25.13

30° 0° 176.3 164.0 1.554 22.68

30° 30° 170.4 173.1 1.55 17.71

4 o ’ o o 4 ' .
VINMINATOUNADINAITIN 5.3 uaaaIiiaumssimuayuninszueai 0° A1 THDI
wimdganasinssdy v, siisussdueniyiigs delimsdSuyminszuaiuandai
o o ' ' @ = = o s )
NOATIAM a = 1:0.5:0.5 MVBIWU ¥, 9In3UN 5.9 117995 6 Wadneunesmes eln
- P o - @ w o P P a = ar w o 4
FamesEMhNIzLaNyL o = 0° ussduwad ¥, 1ldve luinayunsnvesdyauwad wash
as a o ° 5 o o (4 a -
usadu ¥, Insmaes 7 uaz 7, inszuad yu B = 30° Mldussdumaeninn v, idayumin
— o <2 Y a  aw v @ d o ow v d L4 o P — o o
# 30° M IinadyauusuNadiinu 6 Wadneunesines uazvingili 5.15 12393 6 Wad
a 4 a o a ° H v o 1 e L4
AouneIARs e Insmassisminszuaiiyy o = 30° ussduwad ¥, szmify 6 aoues
4 - o e a o ° 4 o @ -
we3 uazhuseduiad v, Insmaes 7, uas 7 vinszuaiiny 4 = 0° Fyanaussiuiad v, 7
1 a a ar a o o o & ' as @ o o
Thvz luidayuninvesdyana InTmaed inliussduiad v, vy 6 Wadneunesined 1in
- = w o T a /2 o “ o & o
3UN 5.21 M995 6 Wadaounesmes e Insamesisuthnszuaiiyy o = 30° ussdunad v,
B =30°
o o @ sy ¥ ' e o o o 4 ' oas = o v
dyanauseduiad ¥, Aldssoniy 12 Wadneunesines uadwanw ¥, #l&vewiun

VW o o ~ v o o a ° =
WININLU 6 ADULIDIINDT LASTLUIIAUNAT Va 171‘5?\'1?1'6; Tp las Tq N1ﬂ'§3llﬁﬂ1{ll

ar

@ @ w & a 4 ° A W v o v d o o
dynauseiuiadyninimaei 7, 7, hnszuagdadudyapuiadez liduiaddyano

A

2 w | —+— nizust iol
|

.\‘\0—-.

15 |
1 =(@=0° 4=0°
2=(0=0° B=130°
0.5 3=(0.=30° 3=0°)
! 4=(0.=30° B=30°
0+ 3

1 2 3 4

U0 5.27 uamanszuameinn i, 5as1d a = 1:0.5:0.5, k= 1:1 MMsUS sz o, 4
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250 Y —e— us9du Vo
—=— us9piu Vd
200 N

150 -

1=(0=0° B=0°
100 2=(01=0° B=30°)

3= (0 =30° B=0°)
50 -

4=(00=30° f=30°)

1 2 3 4

31N 5.28 uaausady v, ¥, 0as1aau a = 1:0.5:0.5, k= 1:1 dlimsdSuyninszua o, 8

THDI(%)
it |—+—THDi|
80
60 |
1=(a=0°4=0°
40 2=(a=0° B=30°
3=(=30° =0°
20 o’//’///*ﬁ—_ﬁ—_ﬁ*“Eh“““~w
4= (a=30° B=30°
o @ @ @ O O

1 2 3 4

314 5.29 LaAIAY THDI 8A51dIW a = 1:0.5:0.5, k = 1:1 AMsdSumhnszud o, A

N3l 5.29 /1 THDI ldnndeyagan 1 uazayai 4 Arwes THDI wiianioonth
Y] Py o ¥ 5 9 Al 1 1w a ' °
voyagah 2 AU 3 uaasliiruhmsdmuayuld @, p 7 hivhdusslinademsianuues

U
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e

54 ManaaouNend NN a=1:1:1, k= 1:1

5.4.1 Muualiyminszua a=0°, 8 =0°

™ o] on  HIB on
S0V /v 100 50V /div Al gl
an MW’—VVW K,
b |
o
e B | 7
"] SENCES ST Tracel: PP 20.00v Rms 200.4v . Freq: B.250kHz
L Trace2: P—P 50.00v Rms. 198.3v .F'.“'E 312.%Hz
(M 3Udgm v, v, nldnnnsiiaes ) Udyanu v, v, #'ldnnnmsnaana
V., = 50V/div, ¥, = 20V/div v, = 50V/div, ¥, = 50V/div

=0°Na=1:1:1

31 5.30 gudryena v, v, Himsdmuayminzud o = 0°, 8

Bai?a?aus

{ Freq. 149.3z
op Tl V40, Mz

Traced: P—P | 55.2pv

Traced: P-P . 3.680V !

as

(M 3o v

o o

o

" A [3 {
i, NlAsnmsana @) 3w v, i nlaninmsnaans

’
mn n b1

V,,= 10V/div, i, = 0.5A/div V,,=20V/div, i, = 2A/div

30 531 gddynne v, i, Mimsdmuayiniinszug o =0°, 8 = 0° A a=1:1:1

cHxT ON  CHa: oN

50vV/alv  10&X1  SO0MV/dv 1K1

99.62V
1.604V

70.00v
180. Dwv

Trace3: p-p Rms : Freq 151.54z
Traces: p—p | Rems . Freq. Ti4.mz

+
{.
+
1
f

(M e v, i, #1dnnmssians () gdrana v, i Wldninmsmaaes
V., = 50V/div, i, = 0.5A/div V,n = 50V/div, i, = 500mA/div

3N 532 pddyena v, i Aitimsdmuaymiinssug o =0°, 8 = 0°fia = 1:1:1



5

T T T T cHx on 5 :ON
W0 7 s'wav |.fl lV:fd\r B |.ﬂ:.|
T ; v
&
" s sam Vhmivam g
] ot . c; kY
) ;ﬂﬁ’mmm v i nldninmssians (V) gﬂﬁmﬂapm Vi, flavnnmnaany
V., =50V/div, i, = 2A/div

v, =50V/div,i = 1A/div
Vi

an? “u

37 5.33 U

niimsimuayguihnszudg 0 =0°, 4 =0° i a=1:1:1

cHa:

cHI OoN
100V /glv 10T 2V/dv

4§ .83

Traced: PP = 456.0V

A

Freq 50.00Hz

Traces: PP 4160V mws § 1.459v  Freq. so.omez
s d' o o . 4; 9
(M Udyan v, i 7ldnnmsiiaes () 3udyanm v, i i ldnmInaaes

v, = 100V/div, i = 1A/div

31 5.34 pddyana v, i wimssmueyininszua o =0°, 4

v, = 100V/div, i, = 2A/div

=0°fa=1:1:1

7

120 120
100 H 100 h 4
B0 H gl
o o
=) =)
. :
&7 EED'
o ]
= =
40 H 40 H
20H 20 d
l THDi=11.92% THDE=10.78%
0 TR E T i i N s 0 | I TN IO TPV N i L "
0 5 10 15 20 % 30 35 40 45 50 0 5 10 15 20 25 0 s 40 45 50

Harmomic order

(1) A1 THDi voanszud i ldvinmssians

Harmomic order

310 535 F1 THDI veanszua i, NMsHmuainszud o =0°, B=0° 7t a = 1:1:1

(v) A1 THDi 49305204 i, 1891nmimanes



5.4.2 Mnualvpsinssee a=0° 8 = 30°

TEEILLLE

T
i

(M Wdyana v, v, nldsnmssiass

vV, =50V/div, ¥,=20V/div

58

SOV /g

on  HIF
1061 sav/sav 101

PP G0.00V 182, 4v Freq 304.9Hz

I:::; P Ed 00y : : JOETY o ETEG) I0NNY
@) 3udganm v, v, #ildnnmsmaass

V =50V/div, V,=50V/div

3N 5.36 pdyaa v, v, Mimssmumpninszua o =0°, f =30° i a = 1:1:1

G
50V /div

ON CHd: oM
1067 2Viav ‘II!:I}

Trace3:
Traced:

M judyana v i #ldnamsiaes

mn?

V., =10V/div, i =0.5A/div

20.36v - Freq 149.®Mz
1.5 LEreq i AS M

P-p | 78.08v -
Lon @i 100\ SO

s

@) Pdyam v, i Alannmsnaans

m

V.. =50V/div, i =2A/div

314 5.37 gy v, i, ilimsdmuayihnszua o= 0°, 8 =30° Ml a=1:1:1

diéﬂ;ngﬁ

-
T T

[Trace3:
Traces:

P-P  74.00v | Rms ] 90,52V
PP . G4D. 0wV . Rms 1.818v

o

(M judyanm v i Aldnnmsiiaes

L] pn? "o

V., =50V/div, i, = 1A/div

() judyanm v

a

an v
i N1AINNIINAaDa

o o pn’ To

V,,=50V/div, i, = 2A/div

3N 5.38 pldyana v, i Rllmsdmuayininssud o = 0°, B = 30° i a = 1:1:1
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. # B 8 o 8 8

g uc.:qa P—P zsé,w m- ';.z","r rreq 5ntm:uz

1 Trace4: P—P 5.440v . Rms 1.424v . Freq: 5".0?‘!
a o as WY ¥

(m 3Udyam v, i #ldnnnsians @) gudanw v, i, i ldnnmsnanes
V., =50V/div, i, = 1A/div V., =50V/div, i =2A/div
g'dn 5.39 pdnane v, i, ffimsdmuayingzi o = 0°, f = 30° i a = 1:1:1

= P o Wt 2w o g

I Trace3: P-—p 452.0v Rms 155:‘2"‘”. - .F!Qq‘ 5..“6‘!

Ry T(ICI‘ P—P_ ‘ ‘ﬁw v, Foms 1.394v Fl.q!.ﬂﬂl!
) 3udanm v, i #ildnnnssians @) sdanm v, i, Aldsnmsnaana
V., =100V/div, i = 1A/div v, =100V/div, i, = 2A/div
17 5.40 sFanm ¥ o 1, Pimsdmuayuihnszue o0 =0°, f = 30° A a=1:1:1

120 120
100 H 100k
BO a0k
g =
2| 2
= =
40 H 40H il
04 1 20H §
THDi=24.36% THDI=26.25%
0 I‘Il‘ll*" e T I L. e a0
I T nu‘sﬁ]fszﬁ-zsauasmﬁso
Harmornic order Harmornic order

(n) i1 THD voanazua i, 1 1Avnn1s$iaes  (v) i THDI veanszud i, Id9nnsmanes

]
=1

91 5.41 71 THDi voanszu i , NmsimuayIninszua o =0°, 8 =30° M a=1:1:1
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5.4.3 fmualvpninszua o =30° 4 =0°

. & 8 ¥ ®
[

Tracel: P—#  62.00V Ras 183 .8V Freq 287.4Hz
Trace2: PP 142.0v Rms LEARY o4 Freq 297.6Hz
‘
(M gUdyanm v, v, ildvinmsiians () 3udana v, v, #ldvinmsnaana
V. = 50V/div, ¥, = S0V/div V. = 50V/div, ¥, = SOV/div

Jui 5.42 pildgya v, v, Almsimuaymihinszua o =30°, f =0° e = 1:1:1

CHx oM Chal oN
SOV 1KY 2V /div AL 21

28.85v F Fr.qz 144 94z

(M dyanm v, , i, fildninmissiaes () 3dyam v, i, #ldnnnminaaes
V., =20V/div, i = 0.5A/div V. =50V/div, i, = 2A/div

314 5.43 gUdyapa v, i Amssmuapninszua o =30°, 8 =0° fla=1:1:1

) <3 ON  CHE oN
10| B ngv o1 W iav bS]
: | NN
. 7 .

B e o
»* Traced: P-r :ss.bv Rms 88.93v N Frnq v.u.an

i Poos ; : ] Traced: PP . Son.gy ;e } 1500 Freq. 303.0Hz

(m gUdyan v i #ldsinmssians () gudyanm v, i, Aldnnmsnaaes

V., = 50V/div, i, = 1A/div V.= 100V/div, i, = 1 A/div

3N 5.44 uldyapa v, i) Rilmsdmuspninssud o =30°, 8 = 0° fia=1:1:1
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I ON  CIA: ;
‘|I'D‘VI_.' 101 v/ div oo

86.00V : Freq. S0.00Mz

Traced: P—#  312.0V

it

Traced: P-p  5.360V 1.4z7v | Freq 50.00Mz
o { o or Ay g
(M yUdyam v, i, nlannnmsiiae () 3Udyanm v, i, i ldanminanes
V. =50V/div, i, = 1A/div V. =100V/div, i, = 2A/div

37 5.45 pddyanm v, i Amstmuayihinszua o =30°, 4 =0° N a=1:1:1

= ; e o D | 5
T ';r-naa; =3 assw i ha lust,q'»v . :. ;;mliusn.nm‘:. N
At = TracRt; Pl A AU o e LY A8, NTeY T Se
ar iy ¥ [ s a
(ﬂ) zﬂﬂﬂluﬂJTﬂl Vm, iﬂ ﬁklﬂ%'lﬂﬂ']‘iﬂ']aﬂq (1]) gﬂﬂﬂ]uﬂ‘ﬂﬂl Vm, ia ﬂvlﬁiﬂﬂﬂ'ﬁﬂﬂﬁﬂ\‘l
V_=100V/div, i, = 1A/div V. =100V/div, i, = 2A/div
31N 5.46 JUldana v, i, Amssmuayaninssu o0 =30°, 8 = 0° fla=1:1:1
120 120
o} i 100t
80 80
] g
a2 2
& £
= =
40} 40
20H R 20H 4
THDi=15.96% THDi=16.95%
0 II.llxl-,-- mia x s a a .II.A1|.l.l-....u.A s a
0 5 10 15 p.4) 5 30 35 40 45 0 1] 1 10 15 20 =1 30 35 40 45 50
Harmomic order Harmomic order

(n) A1 THDi ¥04n32id i, 1A11nMssans (V) i1 THDi ¥o9nszua i, 1dn1nnsnaans

310 5.47 /1 THDI veanszue i, AlnsHmuayuinszus o =30°, 8 = 0° fla = 1:1:1
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5.4.4 Mmualdyninszua o =30°, F = 30°

= I ' f |2 I ' ; ' I ' /a\- u:.: Ev/m “.c:
VA AV T ANAVEANANTE NAVNAN A 1A
i %
wol Tracel: P-P  48.00V Rms nsw h Fveq 735311
i : ) | Trace2: P-# lll.f’v Rms 175.1v o Fr-q 2‘_‘-‘"!
0 T P T : !
@ P Py o [ :i Y
(M 3idyanu v, v, #laninmsiaes () Pdanw v, v, Aldninninaana
v, =50V/div, V,= 50V/div v, = 100V/div, ¥,= 100V/div

31 5.48 gudryana v, v, Amssmuayuinszie o = 30°, 8 =30° fla=1:1:1

: cs’ng:um mz": c;‘e,t}m 4 n‘;:.;
a3 . Traced: P-P _ 100.9V : Rms 30.48v . Freq: 147.IHz
4 U : Traced: P 3;‘"7‘! e ,'-.5?_5"_'_... Freq: 149.3Mz
(M Wdwaw v, i nldnnmsdass @) gUdya v, i 1lannminaass
v, =20V/div, i = 0.5A/div V., = 50V/div, i = 2A/div

3N 5.49 pldyanm v, Riimsdmuayninssud o = 30°, 8 =30° i a = 1:1:1

TMM“WWWWW\WW.O 7 R R S SIS cRE,
?- i ; . E 1 Trace3d: P—p l5?.‘0\;. i ] hn ."‘;v' F‘v.aq. Iddmz
F s B Trace4: P—P % EZHIAH M 1.1.515v . _F_PN. 3 5"3‘!
o 4 o oy - sn oy
(M gFyanm v i Aldsinmssiaes ) pdyanm v, i A1Annmsnaass
Vm = 50V/div, i, = 1A/div V:ﬂn = 100V/div, i = 1A/div

o

l:; d‘ o o d’
3Un 5.50 PRI GIGTRT B, wﬁmsﬂmuﬂyumﬂsmm o =30°8=30°Na=1:1:1

WY
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T T T T T T T T T CHX OoN  CHa: i oN
il 22N B T &
n Traced: P—p amw u— ls.;s'v Freq  50.00Mz
it Traces: pp . s.vzov [ mms § 1.380v | Freq. 50 ooz
o ° ar iy ¥
(M) 31 Avnmsiiana () 3Ty v, i, N1danmsnaaa
V., = 50V/div, i, = 1A/div V. = 100V/div, i, = 2A/div

U 5.51 Udyw v, i, Amsimuayuiinsgud o =30°, 8 =30° N a=1:1:1

T T T T cHx ON  CHa: oM
100V/div. 1001 Vil L Imy

. B 88 .84

157.5v . Freq 50.00Hz

Trace3. P-P 452.0v

L TR
T T T

(M) yUdynm v, i, ildnnmsiians (m Udanm v, i 1ldnnmsnaana
V., = 100V/div, i, = 1A/div v, = 100V/div, i, = 2A/div

v
ar =

3N 5.52 U v, i, Alimstmuapninszua o=30°, 8 = 30°fia=1:1:1

120 — 120
100 H 100
BOH 80
3 3
2 2
260H £60
& &
L] G
= =
40 40
2} 1 2} 1
THDi=12.98% THD=12.72%
) Il.ll;l.;-. [ m ko gUlaan nll. ain B B m oia. . 4 . "
o 5 10 15 20 25 30 B 40 45 50 0 5 10 15 20 P} 30 3B 40 45 50
Harmomic order Harmomic order

(M) A THDi v¥o3nszud i, lannmsiiaes  (¥) A1 THDI voanszud i, 140nn1snaans

& : da o . i
317 5.53 A1 THDi ¥p3nsiI i, AimMImruayminssud o =30°, f =30° N a=1:1:1



MM 5.4 UAAININSMOUAMIAIMUAR a = 111, k= 1:1, ¥, = 155V

a B v (V) v, (V) i,(A) | THDi (%)
0° 0° 200.4 198.3 1.69 10.75
0° 30° 182.4 198.7 1.61 26.25
30° 0° 183.8 171.7 1.59 16.95
30° 30° 176.8 175.1 1.51 12.72
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VINMINATOUNANINAITNA 5.4 WiodSupninszuaiuanaeiy  feasdiu
' o a o o o 7 s A a s a
a = L:1:1 MY0sIAY ¥, 3n3UA 536 11995 6 Wadnounesiaes wielnSmmesisy
° P v w P " a = ar w o ] [y
inszuaiiyy a = 0° ussduad v, #ldes luiayuninvesdyanuwad uaziusedu v,
Y o o { ° a s = a a °
Insmaes 7, uax 7, vnszuai yu B = 30° i ldusadumaewiwmidaymsng 30° il
a o v @ ' o @ o s = o o o
InATYRIUUTIAUNAT ¥, iy 6 Wodneunesiaos nazangili 5.42 #2993 6 Wadneu
o o 4 = o A ° P @ o d (")
nosIAR Lo InTmansisminssuaiiyy o = 30° usaduWad ¥, weiiy 6 aounesines
P @  w o = o o = a v W d EUEY
wozinsaiuiad v, Inmaes 7 uaz 7, vhnszuadiyy 4 = 0° dyanauseduwad v, 7ilde:
" a = ar = © o a o 1o w o o =
hieyum3nvesdamnaInTmaes vinliussduiad v, iy 6 Wadaounesines aingyi
— o o o 4 A = a ° i @ w o
5.48 12993 6 WadnouNeIALT I InTmaesiTminszuaiiny a = 30° ussduad v, vz
' e 4 o ! @ = ° “
MY 6 ABUNBIIALT LaziussduNad ¥, TnSames 7, uas 7, vinszuadiyy B = 30°
Qs s a o Pe Iy Vo w o o o o a ¥ =] " oo
dyanausaiuiad 7, ildszonny 12 Wadneunesines dygnu v, 7 ldvemuihdyiu

o w  d = o ° 4 o o d o dao
usInuNady Insanes I, T mn'szua;ﬂﬂﬁuaﬂgtymwaffﬂ:muwaﬂﬁtytym

o Einizua io|
1.5 - ‘\‘\’\.

1 1=(a=0° £=0°

2=(a=0° g=130°
0.5 3=(a=30° 4=0°

4=(0=30° = 30°)

4 [ [ i { ar o
317 5.54 uamanszuae W i ST a9 a = 1:1:1, k= 1:1 ninsdsuyinszue o, B
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v

;usad‘u Vo

200 ‘Q‘_\_:::z L_':”f“_’?m vd|

150 -
1=(at=0° f=0°)
100 1 2= (0= 0°, fB=30°)
o | 3=(a=30° f=0°)
4=(0.=30°, B=30°
o

1 2 3 4

317 5.55 UdATIAY ¥, ¥, 005189 a = 1:1:1, k= 1:1 AmsdSuyaninszua o, B

THDI(%)
o |——THDI
80
60 -
| 1=(a=0° =0
40 - 2=(a=0° g=130°
” _‘ 3=(a=30° f=0°
4=(00=30° F=30°
0 ey e ) g oy

1 2 3 4

[

317 5.56 LA THDI 8A5 189U a = 1:1:1, k = 1:1 AmsUSuyminszue o, 4

1Ing#i 5.56 A1 THDi N 1A Indoyagail 1 uozyah 4 Arves THD; sxiinnteoni

- [ a 1 o P " = ' °
ﬂ’fay.a‘izﬁw 20U 3 !.Lfrﬂﬂﬁ’mu’nmimﬂumgu'lﬁ (o, A nluminuaziinadon1sniaues

I2UY
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%) \

5.5 Manageunion @ Iunenad a = 1:1.5:1.5, k= 1:1

551 Mmualdpninszee o=0°, 4 = 0°

CEFE M ;
» 1 W\)’T\m\m%

RO TY T ) .
“t % '5 St B8 sl
| T A A L '
) 3udenm v, v, #A18nmsians @) 3udan v, v, #ld0nmsnaaes
v, = 50V/div, ¥, = 50V/div v, = 50V/div, V,= 50V/div

UM 5.57 pudyapa v, v, dlmssmuapninssia o =0°, 8 =0° fla = 1:1.5:1.5

sszs?laag

Tracel: Rms 1168V Freq 148,
Trace2: Rms  2.114v Freq 149,

i nldvnmsiians @) yUdyarm v, i #ildninmsnaass

n® “n

(M Wdyam v, "

V.. =10V/div, i = 0.5A/div V., =20V/div, i, = 2A/div

3 5.58 pdyann v, fllmsdmusmpninssig o=0°, 8 =0° Al a=1:1.5:1.5

mn?

o T T T T T T ] a1V
. ] ] : e;qe-u-‘ oC toxy
-/\/\/W 3 : “Vpn .

@ + H e H i 5 i

» i : ]

1.:- fl.o G ;
29| !
as} 3 . H ] {
all- : | Do | Mrecstinee 1irw - Fven ﬂ;&:&.
(M dyanm v, i #ldeinnssians @) iy v i #ldnnnismaans
V., =20V/div, i, = 0.2A/div V., = 50V/div, i, = 1A/div

"
o =t

U 559 gldmyanan v, i) Ailimsimuayninszud o =0°, 8 = 0° i a = 1:1.5:1.5
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.E'En‘!,g!

A
27\

v w2 B =
— T

ot

s

oy v

o o

V., =350V/div, i = 1A/div

o

awaw Vi

O o an’ “u

m 3 i, idnnmsiiaes () 31/ n1annnisnaana

v, = 100V/div, i, = 2A/div

]
=r-1

317 5.60 Udyanm v, i, Alimsdimuaymiinssug o =0°, f =0° A a = 1:1.5:1.5

. B 88 .8 ¥ ¥

AC X1
v

N

R
T

=
\\

J R W e
o Traced. Pws 1.421v Freq “n‘ﬂ
o o Vv
(m pdyana v, i #ildvinmssiasa @) 3uUdgana v_, i il inmsnanes

= 100V/div, i, = 1A/div v, =200V/div, i = 1A/div

V., i, Aimsimuayuiinszug o =0°, 8 = 0°Na=1:1.5:1.5

31]‘?; 5.61 3Udyy I

120 120
100 f 100 |
& ol
o o
b= =
£ 2
“ED EEIL
@ 5]
= =
40 A0 H
2 A I §
THDI = 13.75%, z THDi = 11.99°,
" b - ollacal 1a s " s
0 5 10 15 20 p.] 30 k] 40 45 S0 0 5 10 15 » 40 45 50

() A1 THDi vo3nszua i, 1donmsiiaes

3 0 25 B
Harmomic order Harmomic order

() A1 THDi ¥o3nszud i, 149 nnsnaaes

310 5.62 71 THDI vosnszua i, Ailmsimuayaningsud o =0°, f=0° 7 a = 1:1.5:1.5
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552 Mrualipninszua a=0°, § =30°

T ' S i ¥ T T EDeev GV

3
s L
Trace): Rms  161.57 Freq 312,

FYETITLE

Trace?: Ffms 184 0¥ Freq 312.%Mz
5 t
i i i i " : |
(M Udyanu v, 7, #ldnnnsiians ) PUdym v, v, #laninmsnanes
v, = 50V/div, ¥, = 20V/div V. = 50V/div, ¥, = 50V/div

31N 5.63 3uldyan v, v, Rlimssmuayminszua o =0°, 8 =30° a=1:1.5:1.5

CHIwsIV G2V T
ac 1 AC 1001 1

FAAAA

R,

- Trace): Rms  20.34v Freq 149,
Trace?: Rms  2.740v Freq 147,

E‘!

L
Rl

"

(M Wdygu v, i 1ldnnmsiians () gldgyanu v, i 1 1dvinnisnaans
v, = 10V/div, i, = 0.5A/div V., =50Vidiv, i, = 2A/div

3UN 5.64 pdyew v, i Miimssmuayminsig o =0°, 8 =30° fla=1:1.5:1.5

S
=
2
BRk5cY

ITraced: Rms §8.89v Freq 15).94a

ok . , i i X ] Traced: Res  W473w  Freq 312.3u
(M sdygnm v i #ldainnssians () Udyanm v, i #ldnnnisnaaes
V. =20V/div, i, = 0.2A/div V.= 50V/div, i, = 200mA/div

a o = o o i
3N s.65 pldyanm v i Alimssmuaaninszua o =0°, # =30°fa=1:1.5:1.5
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Tracel}: fms  §3.35V
Traced: Rms 150 Sav Freq

(M sudanu v, i #11dnnnsiians () gdyg v, i, Hlannmsnanes
V. =50V/div, i, = 1A/div V., = 50V/div, i, = 200mA/div

U 5.66 TRV v, i, DMsimuspniinszia o =0° 4 =30° Na=1:15:1.5

(m sudyaw v, i, n1dnnnssass (v) 3Udanm v, i, n1dnnnisnaass
V., = 100V/div, i, = 1A/div V., =200V/div, i, = 1A/div

314 5.67 JUdyaa v, i, Aimssmuayminszua o =0°, 8 = 30° fla= 1:1.5:1.5

120 120

100 g 100

B0 aa

o L]

k=] k=]

: :

KED Mm

L] ]

= =

40 40

20H . E 20 H 4

THDi = 24.96% I THDi = 22.25%
0 I |I|‘ln i A I . gllacs I X[ [ —— ai i A "
0 5 W 15 AW 2B WM K L0 45 50 (] 5 W0 15 AW X I B 0 H =D
Harmomic order Harmomic order

(M) A1 THDi voanszua i, N 149nn1s$1ans  (v) A1 THDI veanszua i, 1A9nmsnaaes

310 5.68 A1 THDi veanszud i, Aimsimuasaningzud o= 0°, f = 30° l a = 1:1.5:1.5
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5.5.3 Mnualvpninszue o =30°, § = 0°

§

« B B ¥ ¥
£t

g
/

Tracel: Rms  (71.7V Freq 304.Hz
Trace?: fms  164.3v Freq 297.8Mz

(M undudyanu v, v, nldninmssimes () 3ddyapu v, v, #11dnnnsnaaes
v, = 50V/div, ¥, = 50V/div v, = 100V/div, ¥,= 100V/div

U1 5.69 yuldyana v, v, flimssmuayninszud o =30°, 8 =0° fia = 1:1.5:1.5

5 ¥4 o ¥ & B
T

[Tracel: Rms 26.32v - Freq 147.7Hz

(M Udyaw v, i Nldsnmsiaes ) 3Udyanm v, i 1ldvinminaass
V., =20V/div, i, = 0.5A/div V., =50V/div, i, = 2A/div

34 5.70 gudyana v, i Amssimuagininssua o0 =30°, 8 = 0° i a=1:1.5:1.5

Traced: Rms  19.31V Freq 14934

M Udyanm v i #ldennissians () Udenm v i #ldnnmsnaaes
v, =20V/div, i, = 0.2A/div V., =200V/div, i, = 100mA/div

3 571 gddmyanan v, Ailimssmuayniingzug o =30°, 8 =0° fta = 1:1.5:1.5
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s e .o

Tracel: Rms  81.71V 2
Traced: Foms 150 20 Freq 50.08Mz

PR VS - S )
T T T

o 1 & o L dny
) pdana v, i 71dnnmssiaes () pdgyanm v, , i, nldnnmsnaaes

V.. =50V/div, i = 1A/div V., = 50V/div, i, = 200mA/div

an

Ui 5.72 pldyapan v, i, Almsimuasniinszua o = 30°, 8 =0° fla=1:1.5:1.5

an u

N S

e e | o e
(M Wdyaw v, i #ldnnmssans ) ydyarm v, i 7ldnnsnaass
= 100V/div, i, = 1A/div V. =200V/div, i = 1A/div

30 5.73 ddgana v, i, Aliasfmuayingzg o =30°, 8 = 0° i a=1:15:15

ac? "a

120 120
100 E 100
80 80
3 3
e g
a | 1 Esﬂv
] L]
= =
40 H 40
2H 1 20H 1
THDi = 14.23% THDi = 14.91%%
o llll.,l.A & mi A " i 0 II‘II..l.-- " i n "
0 5 10 15 20 25 I B 40 45 50 D 5 10 15 20 25 3 FH 40 45 50
Harmomic order Harmomic order

' % 3 ¥ o '
(M) A1 THDi ¥03nszua i, 1d0InMs$1aes  (y) A1 THDi voanszua i 1AnInmInaaes

31N 5.74 71 THDI veanszua i, Mimsimuayuninszud o =30°, 8 = 0°#t a = 1:1.5:1.5
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5.5.4 Mnualvispninszue o = 30°, 8 = 30°

RGNS
N m\J ) b
i
il : 1 N R s
o d‘ o o -:; 9
(M) gudyanu v, v, Aldnamsians () ydyanm v, v, i ldnnnsnaans
V. = 50V/div, ¥, = 50V/div V.= 50V/div, ¥, = 50V/div

31 5.75 pldana v, v, dlimsdmusyingzie o =30°, # =30° la = 1:1.5:1.5

t & 8§ o ¥ & B

e
S o B = a o~

Trace): Rms  25.75V Freq III.LR
Trace?: mms  2.171¥ Freq 148z

i

&

(M udyaa v, i Nldvinmsdiana ) 3Udyam v, i 1ldninminaass
V. =20V/div, i = 0.5A/div V., =50Vidiv, i = 2A/div

3 5.76 gudyana v, i, Riimsdmuayninssud o =30, 8 =30° fa = 1:1.5:1.5

Trlc.l:.h 0.8V Freq |‘T‘Bﬂ
. = " B [Trace?: Rms 450 Frog zn,!m-
(M pdyapu v i Aldnnmsiians () gUdngmnm v A ldnnmsnaana
V. =20V/div, i, = 0.2A/div V., = 100V/div, i, = 1 A/div

o

3N 577 pddmyana v, ¢ Ailimssmuayaninszud o = 30°, B =30°Na=1:15:15



iee ey

1 i

(M Pdanu v, i n1dnnmssana

V.. =50V/div, i, = 1A/div

AC tomt AC t0x1

Tracel: fess §3.29V 2 -

Trace?: Mms  1.4057 ez
T
L4

L ! —

o

() dyanm v, i, 1lannmsnaana

o

v, = 50V/div, i, = 2A/div

JUN 5.78 A v, i, Aimsimusmpninszua o = 30°, 8 =30° fla = 1:1.5:1.5

i 8 8 o & H H
T —

() udyanm v, i, A1dnamsiiana

ac a

V.. =100V/div, i, = 0.5A/div

ﬁm Cha= 1y
g 10x1

Tracmd: Rms 1547V |
Traced: Rms  1.208V Freq 50.0 |

() pUdyanm v, i, 7 ldninmsnaans

V. =200V/div, i, = 1A/div

3 5.79 uldygna v, i, Allmssmuayininszua o0 =30°, 8 = 30° i a=1:1.5:15

THDi = 16.12% |

0 I ' L l l i B s a_a ni " " "
1] 5 10 15 W %5 A} H 4O 45 2
Harmomic order

(7) A1 THDi v8anszud i 1avnmIssiaes

Magnitude
3

5

THDi = 15.59% W

X B | 3 PP
0 5 10 15 0 %5 ;W B 40 45 WD
Harmomic order

(¥) A1 THDi ¥03n520a i, 1AnInmInaass

300 5.80 A1 THDI voanszud i, Almsimuamninszua o = 30°, B = 30° i a= 1:1.5:1.5



M 5.5 LAAIWAMIMOUAMSAMUAR a = 1:1.5:1.5, k= 1:1, ¥, = 155V

o B v (V) V,(V) i (A) | THDI (%)
0° 0° 178.1 195 1.57 11.99
0° 30° 161.5 194 1.47 22.25
30° 0° 164.3 171.7 1.48 14.91
30° 30° 150.2 166.2 1.46 15.59

NNMINATOURANNAITNA 5.5  Welfuymhnszuaiuanaeny  Aoasidiu
" ar = o o 4 ] a ¢ 2
a = 1:1.5:1.5 Muousedu ¥, 331N 5.63 12995 6 Wadnownesnes e lnsmaesisu
o = o o ~ " e = s = o o [
nszuayy o = 0° ussaunad v, 1 18z himayuninvesdaaa InTmaes uaziusadu
a o a o a s a a o °
v, Insames 7, uaz 7, hnszuaii yu 4 = 30° mliussdumaoinnifagumsni 30°
a o @ @ 1w a '3 s 4 = o o
Tidadyguusaduiad ¥, iy 6 Wadnounedines uazaingili 5.69 19es 6 Wadaou
o T a sa o o o w4 "W ¢ s
nosnes e lnmmedisuhnszuaiigy o = 30° usasuiad ¥, wzmiu 6 neunesines
~ @ w = 4 o — as v o o U
wazhiussauiiad v, InTmaed 7, uaz 7, vhinszuaiiyu 4 = 0° dygnaussduiad v, ildee
"o = @ a 4 o ¥ @ o o ' e w & o L4 =
hiRayuminvesdayanaInsmass v ldussduiad v, iy 6 Wadnounesines vingild
= o s - a a . = o o
5.78 712993 6 Wadneunesmes e InTamesisuminszuaiiyy o = 30° ussdusiad v, vz
Ve s 4 - v W o a s ° =
Ay 6 ABUNBSIABS Lazfiussauiad ¥, TnTmaes 7, uaz 7, shnssuaigm g = 30°

a o w o a ¥ = o = [ o o o A ¥
dyaausduiad v, #ldssiidnyusn hivhiy 12 Wadnounesiaes dyaiu v, 1ldee

o ] ;]

o roas @ a d = a a et a
mundyanansauiadyninimaes 7, 7, MdandavemiowasInsmansniimsiin

v s

v a aa x | 4;’ o 4 LY 4 Yy s
USRUN a = 1:1.5:1.5 weiisddangayui Idgunaudyanaussduwadidionlvin 12 wad

U U o

2, [ra——
—*—n‘izuﬂ)}

15 imaa S " .
5 1=(a=0° 4=0°
2=(0.=0° f=30°
o5 | 3=(a=30° B=0°
4=(a=30° S=30°
0 T T _—
1 2 3 4

3 5.81 uaRsnszumeWiNN i, 55 a9 a = 1:1.5:1.5, k= 11 fiimsUSupninszug o,
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220 V F— wsodtu Vo
200 1 Vd

—=—usveiu Vd
180 ;\\\1
1€0 - \—_’—4\‘
140 | . .
120 | 1=(a=0° 4=0°
100 2=(a=0° B=30°
80 -
50 3=(=30° B=0°
40 1 4=(a=30° =30
20 -
0 — —— —
1 2 3 4

3N 5.82 uaaausedu v, ¥, Sasdau a = 1:1.5:15, k = 1:1 AmsUiusninszud o, B

THDI(%)

100 N
[=>—THO

80

|
60
‘; 1=(a=0°8=0°

40 2=(0.=0° f=30°
3=(a=30° f=0°)

20 /\—‘ 4= (0L =30, ﬂz 30°)

1 2 3 4

Wi 5.83 uaAsA THDI Sa31dm a = 1:1.5:1.5, k = 1:1 AilnsdSuygninssus o, 8

= ' . P Vv v o a " . a0y 3
91n31# 5.83 A1 THDI #lAvindeyayaii 1 uazyail 3 Arwes THDI seilanTooni
3 -:1 or =3 1w ] 3/ = o 1 A Ao 1 ¥
vauayaAn 2 nu 4 lel‘HLl'J'lﬂﬂi']ﬂ’)ﬂﬂ]ﬂ\iﬂ‘llﬂu‘ljﬁﬂﬂlx‘liﬁ11’!5ﬂ'mBﬁ‘ﬁ?ULUBHﬂﬂTIﬁ')UVINﬂ']H
a - cg o Y a a X s 13 o Y = ) = dy
mm‘q‘n‘nqwuﬂxnﬂmﬂﬁsﬂnﬂmmnmﬂuqwumuwﬂwﬂtytymﬂs::uﬁauww i, HANou

TdanguninTand
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5.6.1 nageummsdimpninszualnImnesaaun 10° 81 60°

naroulavaz IAdaussau ihnszuanss v, WWdudszanm 150v uaznszua

s " a 4 ° ° P o d 1w s
i, Ualufu 24 aud SoHz sarMmrumpninszuanaouneimesimiuuazluyy

¥ " .
WINTZUAAIA 10° UDI 60° pam laua1 Inannan vndasidunseutasldniniten

o ' oo " “ a o '
nagoy 5.3 3\3 5.5 5)811’!1]')'10¢151ﬁ3uﬂﬂﬁﬂllﬂﬂ38ulﬂﬂilﬂﬁlmz'ﬂﬁﬂuﬂﬁﬂﬂd‘i]ﬂf’]ﬂvhl

FaA03 MOANEIMTIMINZAUITIIAL a = 111 uaz & = 1:1 ¥wnhnsmadeuiegaIw

[ " o o =) § o ar o o
HAIANYDILTIAWD AN taznTEuadunmilolnmsUsunaouyninssue

Tracel: Rms  199.4v
Traced: Rms  197.3v

Freq J.129kHz
Freq 2.5z
+

1
t
+

(M 3udy v, v, nyuiinszua 10°

v, = 50V/div, ¥, = 50V/div

=Tracel= Rms

1.473v

() 3

s

=4

TYYIW i, NYUIINTTUA 10°

U o

a

i, = 1A/div

3N 5.84 pdryanansadiu v, v, uaznszua ;. pninssud 10° % a= 120101, k= 101

DC 10my

=Tracel= Rms
[=Trace?= Rms

DC 1061

187.0v
191.9v

Fr
Fr.

200.9Hz

207 .64z

(M gudyanm v, v, Myninszue 15°

V,=50V/div, ¥V, = 50V/div

[EFEW

AC 11

=Tracels Rms

1.434v

Ft.nq 50.00Hz

(v) 31

[

oty

o o

v
4 o

10 NYUUINTTUE 15°

q

i, = 1A/div

d' o r ‘i‘ o i
U 5.85 pldmyonausdu v, v, uaznszua i yninssua 15° fa= 1101, k= 1:1
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C L T
AC Wl i

l;‘
(Traced: Rms  185.9V ”an iziéu 5
wTn«l: Rms 043V Freq Nl_l'nz -y Tracel: Rms | 431V Freq El.n!l_z .
(M 3udyanm v, v, ayuinszue 20 (v) 3Udyeunu i, Mypaniinszue 20°
V. =50V/div, ¥V, = 50V/div i = 1A/div

U 5.86 JUdya s du v, v, naznsud i, ipninssue 20° M a= 111, k= 101

[ EDvev  FEev : 2ma /o RV : T Sema fdiv
DC 101 DC 101 : AC 11 t (Sms /div)
: : NORMS00KS /5 : NORMZ00KS /5

+
== Si--F 1 s 1o ey i
i
(M gUdyau v, v, ﬁqmﬁmszuﬁ 25° () 3dyam i, ﬁquﬁmszuﬁ 250
V, = 50V/div, ¥, = 100V/div i, = 1A/div

3N 5.87 pdryanausedu v, v, uaznszue i, Magninssua 25° fa = 1:1:1, k= 1:1

3 2006 /04 /07 1826102
00V 00V ; T 2ms/dv [ EFv 13 Sms/dv
DC 1001 DC 10mY : AC 11 1
f : NORMS00KS /s t NORM200KS /3

W
LY
=Tracels Rms n:;.w : Frdq 675.Mz 1
=Tracaz= H- I73lvrrnq 304, Mz sTracel= Rms 1.3BBY - Fr'eq 50,004z
(n) gUdyaa v, v, iyminszua 30° () Uy i, Mpninszue 30°
v, = 100V/div, ¥, = 100V/div i, = 1A/div

3N 5.88 pdryanansadu v, v, uaznszua i ypninszua 30° A a= 1:0:1, k- 11
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100V 00V : : T zmejav |_II'I-:\&'1 : : T Smejav

-
et B e el | et nm i ke sniome
(M sudyam v, v, nyuinszue 35° (v) Udya i, Ayuinszud 35°
V. = 100V/div, ¥, = 100V/div i, = 1A/div

ooV
DC 101 DC 0x1

CHd=1V
AC 11

i
S SO S

i
1 ;
! !
Tracel: Rms T40.9%Y | Freq 625.QHz : !
Trace2:: Rms |_u.‘rv Fruq_!lll.llnz : . - Traced: Rms  1.273¥ Freq 5..0?“
a j
& i = o oA °
(M 3Udyw v, ¥, Mypninszua 40° (v) 3udayayran i, Aiyurinszua 40°

V, = 50V/div, ¥, = 100V/div i, = 1A/div

317 5.90 g dyanansaiu v, v, uaznszud i, Myaninssud 40° fi a = 1:1:1, k= 1:1

= 00v HF=00v ] [ p T 2majdv CH1 30 7 ; Smajav
DG 0@ DC 101 | i : oC 11 : i
: : .. NORMESO0S /e : NopuCIOmA /s

=Tracel= Rms 133.5V FIL 657.9Mz 4

-Trlcn.ZI Rms  133.8Y thq 328.9Mz =Tracel= FRms 1.238Y -__Fr?q 50. 00Mz

(M 3Ty v, ¥, Mpninszua 50° () 3Udanm i, Aypninszua 50°
v, = 100V/div, ¥, = 100V/div i, = 1A/div

3" 5.91 pdyaaus sy v, v, noznszua i Rymninaznd 50° M a=1:1:1, k= 1:1
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100V .
DC 1081

1oV
DC 1001

~ Zmwjdv [THIFV
¢ B AC 11
HORMS00KS /3.

Tracei= Rws 102.8Y -  Friq 555.6HMz
["Tracezs Rms 108.9Y - Freq 328.9Mz

B

g

W

b
Freq 50,004z
T

PP S,

o

Rms.

[=Tracel=s 1.e19v

v
=

() 3Udyanm v, v, Ayaninssud 60° (v) Ty i, Nyaninszua 60°

v, = 100V/div, ¥, = 100V/div i, = 1A/div
U 5.92 JUdanansadiu v, v, uaznszud i, pninsene 60° Al a=1:1:1, k= 1:1

v .
nnmMsnaaeumsdiuymihnszuanidmesama 0° fs 60° wuduiierSuyy
° 4 @ ¥ a P 1 = = oA
insznanniuusaun i Ihnszuanswzdnauuindunngili 5.84 fa 5.92 nanfe
e o ° ) a s o B a o o -
vazhinmsUsuyuinszualiunnnu 90° asunesines vz lu Tnuadunesmes uazi

msaanunaaa Ivhndu lldsszuudhnszuaady  Taomsvrauluanzsunesimesd

1 s r o é Qs = 3
Y 180° aunuyminszua o Feeiusedumedn Iiihnszuaass@aanuiniule)

4 a @ o - = X Y v P
uaginnudvesdygumednuemiymziswessUidanindy 12 hvesnnuined

=

DUNN (50Hz)
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Digital Oscilloscope (YOKOGAWA)
DL1540C (4 Channel)

I13997A501 (YOKOGAWA Model 3631)
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SIEMENS

Phase Control IC

Features

® Reliable recognition of zero passage

® Large application scope

® May be used as zero point switch

® LSL compatible

® Three-phase operation possible (3 ICs)

@ Output current 250 mA
® Large ramp current range
® Wide temperature range

101

TCA 785
Bipolar IC

P-DIP-16-1

Type Ordering Code

Package

TCA 785 Q67000-A2321

P-DIP-16-1

This phase control IC is intended to control thyristors, triacs, and transistors. The trigger pulses
can be shifted within a phase angle between 0 * and 180 °. Typical applications include
converter circuits, AC controllers and three-phase current controllers.

This IC replaces the previous types TCA 780 and TCA 780 D.

ao[lr Y w[]w
02[]2 s[]o2
w] w[Jot
aifs s[]
vone [15 2[] ¢
t[1s 1]
a7 0[] co
wle_ sfln
[EPEINSS

Pin Configuration
{top view)

Semiconductor Group

Pin Definitions and Functions

Pin Symbol | Function

1 GND Ground

2 Q2 Output 2 inverted
3 Qu Output U

4 Q2 Output 1 inverted
5 Psyne Synchronous voltage
6 | Inhibit

7 QZ Output Z

8 Vacr Stabilized voltage
9 R Ramp resistance
10 Crno Ramp capacitance
11 n Control voltage

12 Cn Pulse extension
13 L Long pulse

14 Q1 Output 1

15 Q2 Output 2

16 Vs Supply voltage

09.94



SIEMENS TCA TS

Functional Description

The synchronization signal is obtained via a high-ohmic resistance from the line voltage
{voltage ¥=). A zero voltage detector evaluates the zero passages and transfers them to the
synchronization register.

This synchronization register controls a ramp generator, the capacitor Co of which is charged
by a constant current (determined by Rs). If the ramp voltage ¥ exceeds the control voltage
11 (triggering angle ¢), a signal is processed to the logic. Dependent on the magnitude of the
control voltage ¥, the triggering angle ¢ can be shifted within a phase angle of 0" to 180"

For every half wave. a positive pulse of approx. 30 s duration appears at the outputs Q 1 and
Q 2. The pulse duration can be prolonged up to 180" via a capacitor Ciz. If pin 12 is connected
to ground, pulses with a duration between ¢ and 180" will result.

Outputs TT and T2 supply the inverse signals of Q 1 and Q 2.

A signal of ¢ +180" which can be used for controlling an external logic,is available at pin 3.
A signal which corresponds to the NOR linkof Q 1 and Q 2 is available at output Q Z(pin 7).
The inhibit input can be used to disable outputs Q1, Q2and @1 T2

Pin 13 can be used to extend the outputs T71 and T2 to full pulse length (180" — ¢).

T Pulse
by == Extension
412
s
Yormc D Synchron. 14
Zero Register vt
Detector | 4 53
r ) v 1
L _ o2
S T 3 Discharge Logic |2 T
— As 1 |Monitor 3
- > oy
— -L D“‘ —» 7 0z
= »
i/ —1*
Control
1 Comparatoer
GND 1 Krnp
IT 63
_ED:S(Mrge
g |8 G 1 Transistor 613
n
L /~\Control  Inhibit Long-Pulse
p’_[E Yaow S (S valtage Commutation
1 (EBSCISH

Block Diagram

Semiconductor Group
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TCA 785

ll | L Yu
| |
—I.I.__.J ' g %
| ) |
| | | v
| l l---‘ | )
l I T
| | ‘—VS
1 V?_
U
| | | |
0 ; 2 ' IEDO0359

Synchronization voltage

Ramp peak voltage
Ramp voltage

Control voltage
Min. ramp voltage =V,

Q2

- Q1

» 02, Pin12to GND

* 01, Pin 12 to GND

- Q 2, Pin 1310 GND

-Q1, Pin 1310 GND

- QU
- QZ

Pulse Diagram

Semiconductor Group
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Fully Controlled AC Power Controller
Circuit for Two High-Power Thyristors

Shown is the possibility to trigger two antiparalleled thyristors with one IC TCA 785. The trigger
pulse can be shifted continuously within a phase angle between 0° and 180" by means of a
potentiometer. During the negative line half-wave the tngger pulse of pin 14 is fed to the
relevant thynstor via a trigger pulse transformer. During the positive line half-wave. the gate of
the second thyristor is tiggered by a trigger pulse transformer at pin 15.

Semiconductor Group
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sEMIKRON

SEMIPACK® 1
Thyristor / Diode Modules

SKKT 26 SKKH 26
SKKT 27 SKKH 27
SKKT 27B

Vism | Verru| (v hrrus (Maximum value for continuous operation)
Voau| dt)z 50 A
by (Sin. 180; T, ., =68 "C)
v V | Vips 32A
500| 400 500 - - SKKH 26/04 D -
700| 600| 500 [SKKT 26/06 D - SKKH 26/06 D | SKKH 27/06 D
900| 800| 500 |[SKKT 26/08 D| SKKT 27/08 D' | SKKH 26/08 D | SKKH 27/08 D
1300(1200| 1000 |SKKT 26/12 E| SKKT 2712 E" | SKKH 26/12 E | SKKH 27/12 E
1500(1400| 1000 |SKKT 26/14 E| SKKT 2714 E" | SKKH 26/14 E | SKKH 27/14 E
1700|1600 | 1000 |SKKT 26/16 E| SKKT 27/16 E” | SKKH 26/16 E | SKKH 27/16 E
1900)1800| 1000 [SKKT 26/18 E - - SKKH 27/18 E
SKKT 26 |SKKT 27
Symbol | Conditions SKKH 26 |SKKT 27B | Units
SKKH 27
hrav Sin. 180; Teaw =68 'C 32 A
Tease =B85 °C 25 A
Ip B2/86 Tans =45 °C; P 3/180 38/50 A
Tamo = 35°C; P 3/180F 60/77 A
Irus WIMW3 | Tam =45 °C; P 3/180 52/3x37 A
rsm Ty= 25°C:10ms 550 A
Ty=125"C:10ms 480 A
2t Ty= 25°C;8,3 ... 10ms 1500 Als
T,=125°C:8,3...10ms 1150 Als
b Ta= 25°C: lg=1A
dig/dt = 1 Alus 1 s
ly Vp = 0.67  Vpgu 1 Hs
(dirdt), | Ty=125°C 150 Adpis
A Ty=125°C typ. 80 us
I Tw= 25°C: typ /max. 100/ 200 mA
Iy T,= 25°C;Rg =33 Q; typ/max. 250/ 400 mA
Vy T,= 25°C:h=75A max. 1.8 v
Vigoy Ty=125°C 09 v
y Ty=125°C 12 mi
looilro | Ty = 125°C; Vro= Vrem
Voo = Voam max. 10 mA
Var Ty= 25°C;dc. 3 v
lay Ty= 25°C:dc. 150 mA
Veo T,=125"C; d.c. 0.25 v
lao T,=125°C:dc 5 mA
Rene cont. ) 0.9/0.45 “CIW
sin. 180 } per thyristor / 0.95/0,48 “CW
rec. 120 per module 1.0/0.5 “C/IW
Rinch J 0.2/01 “C/W
Ty ~40 ..+ 125 "
Tug -40 ..+ 125 “C
Visa a.¢ 50 Hz; r.m.s: 1 /1 min 3600/ 3000 \'Ad
M, to heatsink 5(441b.in)+ 15%2 | Nm
M. to terminals }’ SHUS) units 3(26b.in)* 15% Nm
a 5981 m/s?
w approx. 95 g
Case — pageB1-95 SKKT 26: AS SKKT 27: A 46
SKKH 26: A6 SKKT 27B: A48
SKKH 27: A47

This technical information spedilies semiconductor devices but
implied is made regarding delivery, performance or suitability.

SKKT 26 SKKH 26
SKKT 27 SKKH 27
SKKT 27B

Features

+ Heat transfer through aluminium

oxide ceramic isolated metal
baseplate

+ Hard soldered joints for high
reliability

+ UL recognized, file no. E 63 532

Typical Applications

+ DC motor control (e.g. for
machine tools)

« AC molor soft starters

+ Temperature control (e.g. for
ovens, chemical processes)

+ Professional light dimming
(studios, theaters)

" Also available in SKKT 278
configuration (case A 48)
? See the assembly instructions

promises no characteristics. No warranty or guarantee expressed or

@ by SEMIKRON
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14.2 Pulse Transformers Pulse Transformers
Range of preferred types SKPT 14 to SKPT 27
Absolute Maximum Ratings
Symbol Conditions Values
Vaw Cres! working voitage 400.. 650V
Viem A C.rmms; 1 minute, see table below 25. 5kv
T Operating Temperature —-40 . +85°C
Tug Storage Temperature -50..+90°C
Characteristics */
Types NNy | fvat | Ry | R, B L |Gl M | % | Re | Mo | e mt
* New Type s uvs Q Q mH uH pF mA |us | Q v kV | cont
SKPT 14b2,5 111 | 250 | 086 086 18 25 10 | 150 | 2 | 80 | 500 | 4 B
SKPT 14k2,5 111 | 250 |08 | 036 18 35 10 | 150 | 2 |80 | 500 | 4 c
SKPT 14c2,5 21 250 | 16 | D36 15 400 12 | 150 | 25| 80 | 500 | 4 D
SKPT 14a3 11 350 |125] 125 28 135 12 | 150 |25 80 | 500 | 4 A
SKPT 14i3 111 30 |1.25] 125 28 135 12 | 150 | 25| 80 | 500 | 4 D
SKPT 1493 211 | 330 | 35| 16 1 143 10 (150 | 5 | 80 | 500 | 4 B
SKPT 14¢3,5 21 350 | 35 | 24 135 82 9 [ 150 [25| a0 [ 500 | 4 D
SKPT 145 11 500 | 27 | 27 55 75 10 | 150 | 25| 80 | 500 | 4 D
SKPT 14k 111 | 600 | 28 | 28 2 290 10 [ 150 (25| 80 | 500 [ 4 c
SKPT 25)2 122 | 200 |08 | 18 |08 | 3080 [ 7 | 250 (15| 47 | 500 | 5 H
SKPT 2523 11 00 |055| 055 2 45 250 (15| 47 | 500 | 4 | A
SKPT 25b3 111 | 300 |055| 055 2 48 9 | 250 |15)] 47 | 500 | 4 B
SKPT 25e3 311 | 300 | 1,7 | 055 15 300 10 | 250 [15| 47 | 500 | 4 B
SKPT 25n3 1111 300 | 055 055 48 9 | 250 | 15| a7 [ 500 | 4 c
SKPT 25k3/850 | 111 | 300 | 055 055 2 38 250 (15| 47 | 650 | 4 F
SKPT 25m3 1:1 300 [055] 055 18 105 7 | 250 |15 47 [1000| & G
SKPT 25n3 31 300 | 1,7 | 055 15 870 7 | 250 [15]| 47 |w000| 8 | ©
SKPT 25p650 | 311 | 300 | 1.7 | 055 15 300 10 | 250 |15 47 | 650 | 4 F
SKPT 25a4 11 400 | 06 | 06 4 50 10 | 250 | 2 | 47 | 500 | 4 A
SKPT 25bd 111 | 400 [ 06 | 08 4 52 10 | 250 | 2 | 47 [ 500 | 4 B
SKPT 2504 211 | 400 | 23 | 11 915 | 2601490 | 7 | 250 (15| a7 | 500 | 5 H
SKPT 2525 11 | s00 | 1 1 55 s [ 11 [ 20N % 50| 4 | A
continued on next page

" Material used 1s according to UL94-V0. Isolation test and

(VDE 0110-1:1997-4)
) Explanations see Chapter A, Section 14.2

pin distance according to IEC 60664-1(1992);

0893

© by SEMIKRON
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SEMIKRON

Winding Configurations and Dimensions in mm

2,5 mm grid

E ™

D™
R
1 e mf
J.A.{

Printed reference on top

c =
..l; :

B

View by the side of the pins
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PULSE TRANSFORMERS

TRANSFORMER EQUIVALENT CIRCUIT:

The influences of a transformer’s parameters can best be understood by considering the equivalent
clradt in below.

This ciruit shows a typical output pulse waveform. Assuming that this output pulse Is the result of
Injecting an ideal rectangular input pulse. one can see that a number of parameters are distorted.
Overshoot. droop, back swing. rise time. etc. appear as unwanted signal distortion on the output pulse.
Assuming the pulse transformer is properly matched and the source Is delivering an ideal rectangular
pulse. the transformer should have low values of leakage Inductance and distributed capacitance while
having a high open circult Inductance. This will limit the deterioration of the pulse shape. Also, the fact
that the source will never produce an ideal rectangular pulse adds to the problems of distortion.

AR _._..2£———

Cpg | ™
....... Lpy Lsy R . mma
. SOURCE YN ] [_' S ' 1
; Rg;\: g %b—v'é crs
- gg QU T €7 Llesgljzts
. -9 vq_rl\ L
"""" ] HpZNS

Transformer Equivalent Circuit.

Where:

Rs = Internal resistance of the driving source.

E_ = Open circuit source voltage.

Ry = DC Resistance of the primary winding.

R, = DC Resistance of the secondary winding.

R, = Load Resistance on the secondary winding.

R, = Core losses expressed as a shunt resistance In parallel with the primary windings.
C, = Primary shunt and distributed capacitance.

Cg = Secondary shunt and distributed capacitance.

Crs= Primary-to-Secondary capacitance (inter-winding capacitance).

L, = Primary inductance that is mutually coupled to the secondary.

Lg = Secondary inductance that is mutually coupled to the primary.

L., = Primary inductance that does not link the secondary (Primary leakage inductance).
L, = Secondary inductance that does not link the primary (Secondary leakage Inductance).
i, = Current In the primary turns.

ic = Current in the secondary turns.

N, = Number of turns on the primary.

Ng = Number of turns on the secondary.

Specilcations subjent 1o change withoul notice.

Rhombus 15801 Chemical Lane. Huntington Beach. C A 92649- 1545

| Industries Inc. Tel: (714) $98.0960 + Fax {711) 8960871



LM555
Timer

General Description

The LMS55 is a highly stable device for generating accurate
time delays or oscillation. Addibonal terminals are provided
for riggering or resetting if desired. In the bime delay mode of
operation, the ime is precisely controiled by ona external re-
sistor and capacitor. For astable operation as an osaillator,
the free runming frequency and duty cycle are accuratsly
controlled with two external resistors and one capacitor. The
circut may be tniggered and resst on falling waveforms, and
the output circuit can source of sink up to 200mA or drive
TTL circuits.

&National Semiconductor

February 2000

Features

® Direct replacement for SES55/NESSS

® Timing from microseconds through hours

® Operates in both astable and monostable modes
m Adjustable duty cycle

= Qutput can source or sink 200 mA

® Output and supply TTL compatible

® Temperature stability better than 0.005% per *C
& Normally on and normally off autput

8 Available in 8-pin MSOP package

Applications

B Precision timing

& Pulse generation

® Sequental timing

m Time delay generation

® Pulse width modulation

® Pulse position modulation
8 Linear ramp generator

Schematic Diagram
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Connection Diagram

Dual-In-Line, Small Outline
and Molded Mini Small Outline Packages
1 U 1]
GND — 1 Wee
v |
TRIGGER — ,[{._’.:'_‘ ] C_T— DISCHARGE
== N -
al = | [
OQUTPUT =i : --—- THRESHOLD
|
|5 cowrao
o YOLTAGE
[~ i TR ]
Top View
Ordering Information
Package Part Number Package Marking Media Transport NSC Drawing
8-Pin SOIC LMS55CM LM555CM Rails —
LMS555CMX LM555CM 2.5k Units Tape and Reel
&-Pin MSOP LM555CMM 755 1k Units Tape and Reel —
LMS55CMMX 255 3.5k Uruts Tape and Reel
8-Pin MDIP LM555CN LM555CN Rails NOBE

W national. com
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Absolute Maximum Ratings ot 2)

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

Supply Voltage

Power Dissipation {Note 3)
LMS555CM, LM555CN
LM555CMM

Operating Temperature Ranges

LM555C
Storage Temperature Range

+18V

1150 mW
613 mW

D'C to +70°C
-65'C o +150°C

Electrical Characteristics otes 1. 2)
(Ta = 25°C, Ve = +5V to +15V, unless othewise specified)

Soldering Information
Dual-In-Line Package

Soldenng {10 Seconds) 260'C
Small Outline Packages

(SOIC and MSOP)

Vapor Phase (60 Seconrds) 215°C

Infrared (15 Seconds) 220°C

See AN-450 “Surface Mounting Methods and Their Effect
an Product Rehability” for other methods of scldering
surface mount devices.

Parameter Conditions Limits Units
LM555C
Min Typ Max
Supply Voltage 45 16 v
Supply Current Vee =6V, R == 3 &
Vee = 15V R_ = o 10 15 mA
{Low State) (Note 4)
Timing Error, Monostable
Initial Accuracy 1 %
Drift with Temperature R. = 1k to 100k, 50 ppmi°C
C = 0.1pF, (Note 5)
Accuracy over Temperature 15 %
Drift with Supply 0.1 %
Timing Error, Astable
Initial Accuracy 225 %
Drift with Temperature R.. Rg = 1k to 100k{2. 150 ppmiC
C = 0.1pF. (Note 5)
Accuracy over Temperature 30 %
Drift with Supply 0.30 %V
Threshold Voltage 0667 xVee
Trigger Voltage Vee = 18V 5 v
Voo = 5Y 167 v
Trigger Current 05 0% WA
Reset Voltage 04 05 1 v
Reset Current 01 04 mA
Threshold Current (Note 6) 0.1 025 uA
Control Vohage Level Vee = 15V 9 10 B v
Vee = 5 26 333 4
Pin 7 Leakage Output High 1 100 nA
Pin 7 Sat (Note 7)
Output Low Vee = 15V, I, = 16mA 180 mV
Output Low Vee =45V, 1. =45mA BO 200 mv

waw nabonal com
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Electrical Characteristics (Notes 1. 2) (Continued)
(T = 25°C. Ve = +5V to +15V, unless othewise specified)

Parameter Conditions Limits Units
LM555C
Min Typ Max
Output Voltage Drop (Low) Vee = 15V
lowr = 10mMA 01 0.25 v
I = 50MA 0.4 0.75 v
logr = 100mA 2 25 v
o = 200mA 25 v
Vee = 5Y
lome = BmA v
lome = SMA 0.25 0.35 v
Output Voltage Drop (High} leource = 200mA, Voo = 15V 125 v
leounce = 100mA, V. = 15V 12.75 133 v
Vee = 5V 2.75 33 v
Rise Time of Output 100 ns
Fall Time of Output 100 ns

Note 1: All vokages a‘e measured with respect to the ground pin, unless otherwise speciied

given, however, the typ-cal vaiue s 3 geod indicaten of devce pedormance
of 108°C/W (D1P}. 170'C/W (50-8), and Z34'Cr (MS50P) jurcion o ambent

Note 4: Supply current when ouput high tynicaly 1 mA less at Vee = 5V
Note 8: Tested at Veo = £V and Voo = 16V

Note 8: Refer to RETS58EX crawng of merary LMS5£H anc LMES5) versions for soecheatons.

Note 6: This wid desermine the maximum value of Ra + Ra for 15V cperation Trne madmum total (R, + Agsis 2CAIGL
Note 7: No protecton against excessve pin 7 current -5 necessiry providng 1ve packags diss pation ratng wel ot oe sxcesced

Note 2: Absoiute Maximum Raungs ind.0ate hmits beyond which camage 1o the device may ooour. Operating Ratings nd.cale condtans for which the devise i func-
Bonal, but do nat guarantes specfic performance ms Elecincal Craractenstics state OC and AC e/ectncal specificahons under partouiar lest conditons whesh gaar
antes specific performance tmits. This assumas that the Jevice s within the Cperatng Rabngs. Spec fications are not guarantesd for paramenrs whe'e pd imit s

Note 1: For operating at elevated tempsratves e devics mus: bs darates above “8°C based on 3 + 1°0°C marmum JUNZLON lenperatue Irc 3 themal "esistance

Www nationa’ com
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ULN2003AI
HIGH-VOLTAGE, HIGH-CURRENT
DARLINGTON TRANSISTOR ARRAY

SLRSOS4A - AULY 2002 - REVISED MARCH 2004
e e ot e

® 500-mA-Rated Collector Current D OR N PACKAGE
(Single Output) (TOP VIEW)
® High-Voltage Outputs ... 50 V —— s
® Output Clamp Diodes 28[]2 ] 2c
® Inputs Compatible With Various Types of B3 ] 3c
Logle 48] ] 4C
® Relay-Driver Applications S8 lys ) s
68 |6 ] 5C
description/ordering information B(}7 ] 7¢
ENe ] cOM

The ULN2003AI 1s a high-voltage, high-current
Darlington transistor array. This device consists of
seven npn Dardington pairs that feature
high-voltage outputs with common-cathode clamp diodes for switching inductive loads. The collector-current
rating of a single Darlington pair is 500 mA. The Darlington pairs can be paralleled for higher current capability
Applications include relay drivers, hammer drivers, lamp drivers, display drivers (LED and gas discharge}, line
dnvers, and logic buffers

The ULN2003AI has a 2. 7-k series base resistor for each Dardington pair for operation directly with TTL or 5-V

CMOS devices.
ORDERING INFORMATION
A PACKAGE! PARTNUMBER |  mamsine
PDIP (N) Tube of 425 | ULN2003AIN ULN2003AIN
-40°C to 105 Tube of 2 uL D
»e SO E Ri?:f 253)0 Utﬁﬁioﬂ s

TPackage drawings, standard packing quantibes. thermal data, symbolization, and PCB design gudelnes are
available at www b comscipackage

Please be aware that an important notice conceming avaiability, standard warranty, and use in critical apphcations of
Texas Instruments semiconductor products and dsclaimers thereto appears at the end of this data sheet.

Copyright © 2004, Texas instrumants incorporatea

PAODUCTON DATA armaken b smet o of perdcsin e
e e el R Teyas
INSTRUMENTS
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ULN2003AI
HIGH-VOLTAGE, HIGH-CURRENT
DARLINGTON TRANSISTOR ARRAY

SLRSOS4A - JULY 2003 - REVISED MARCH 2004

logic diagram

All resistor values shown are nominal

J@ TeEXAS
INSTRUMENTS

PO3ST OFFICE BOX 052203 ® CALLAS. TEXAS 72264
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ULN2003Al
HIGH-VOLTAGE, HIGH-CURRENT
DARLJQGTON TRANSISTOR ARRAY

RSDS44A - JULY 2003 - REVISED MARCH 2004

absolute maximum ratings at 25°C free-air temperature (unless otherwise noted)1

Coilector-emitter voltage . . . e 80V
Clamp diode reverse voltage (see Note 1) ... .. . ... ... ... i BOV
input voltage, Vi (see Note 1) ... ... . .. ... ... ... ... . .........30V
Peak collector current (see Notes 2and 4) . ... ... ... ... .. ... .......................500mA
Output clamp current, lok .. .. R T T A e - i ;{7
Total emitter-terminal current . . : B A . =25A
Operating free-air temperature range, Ta . ................o oo =40°C to 105°C
Package thermal impedance, 8, (see Notes 2 and3) Dpackage .. .......... .. ... ... . 713°C/W

N packege: ..ovovnmmssimm s soeite o 67°CW
Operating virtual junctiontemperature, Ty ... ... ... ... ... ... .. ... 1507C
Storage temperaturerange, Te,g - ..o —B5°C 10 150°C

TStressesbaymdlhcseiﬁedm&r“absouemnmmraﬁnga“maycamepmrmdmm@bhdmiee,Theseamstmssmtgsmly,md
functional operation of the device at these or any other conditions beyond thase indicated under “recommended operating conditions” is not
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device rekability.

NOTES: 1. All voitage values are with respect to the emitter/substrate terminal E, unless othervwise noted.

2 Maximum power dissipation is a function of T j(max), 84, and TA. The maximum allowable power dissipation at any allowable
ambient temparatura is Pp = (T yfmax) - T} 4. Operating at the absolute maximum T j of 150°C can affect reliability
3. The package thermal impedance is calculated in accordance with JESD 51-7.

electrical characteristics, Ty = 25°C

PARAMETER 3.5 TEST CONDITIONS MIN  TYP MAX| UNIT
¢ = 200 mA 24
Vin)  On-state input voltage 5 Vg =2V Ic = 250 mA 27| v
Ig =300 mA 3
Iy = 250 pA, Ic =100 mA 09 1.1
VCE(sat) Collector-amitter saturation voitage 4 1= 350 pA. Ic = 200 mA 13 v
1) = 500 pA, IG = 350 mA 12 16
ICEX Collector cutoff current 1 VCE=50V. =0 50| wA
VE Clamp forward voltage 7 If = 350 mA 1.7 2 V'
Yoy Off-state input current 2 Ve =50V, Ic = 500 pA, 50 65 uA
I Input current 3 |V=385V 053 135] mA
IR Clamp reverse cument 6 VR=50V 50| wA
[ Input capacitance V) =0, f=1MHz 15 25| pF
3
TEXAS
INSTRUMENTS

POST QFFICE 30X 827302 ® CALLAS. TEXAS 71284
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electrical characteristics, Ty = -40°C to 105°C

FOST OFFICE BOX 032203 ® DALLAS. TEXAS 7222

PARAMETER R, TEST CONDITIONS MN  TYP  Max| unim
Ic=200mA 2.7
Vion)  On-state input voitage 5 Veg=2V Ic = 250 mA 29 v
I =300 mA 3
Iy = 250 pA, Ic =100 mA 09 12
VCE(sat) Colector-emitter saturation voltage 4 1| = 350 pA, Ic =200 mA 1 14] v
1§ = 500 pA, IC = 350 mA 12 17
ICEX Collector cutoff current 1 V=50V, =0 100] nA
VE Clamp forward voltage 7 IF = 350 mA 1.7 22 Vv
| ioff) Off-state input current 2 Veg =50V, I = 500 uA 30 65 nA
[ Input curent 3 V=385V 093 135] mA
IR Clamp reverse current 6 VR=50V 100] wpA
G Input capacitance Vi=0, f=1MHz 15 250 pF
switching characteristics, Tp = 25°C
PARAMETER TEST CONDITIONS MIN  TYP MAX| UNIT
PLH  Propagation delay time, low- to high-level output See Figure 8 025 1 us
tPHL  Propagation delay time, high- to low-level output See Figure 8 025 1 us
i Vg =50V, 10 - 300 mA, _
VoH  High-level output voltage after switching See Figure 9 Vg-20 mv
switching characteristics, Ta = =40°C to 105°C
PARAMETER TEST CONDITIONS MIN  TYP MAX| UNIT
tPLH  Propagation delay time, low- to high-level output See Figure 8 1 10 us
PHL _ Propagation delay tme, high- to low-level output See Figure 8 1 10 ns
: . V=50V,  Ig~300mA,
VoH  High-level output voltage after switching See Figure 9 Vg-50 mY
3 1,
EXAS
INSTRUMENTS
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ULN2003AI
HIGH-VOLTAGE, HIGH-CURRENT
DAHLINGTON TRANSISTOR ARRAY

= JULY 2003 - REVISED MARCH 2004

PARAMETER MEASUREMENT INFORMATION

Open  yee

E T ICEX

Figure 1. lcgx Test Circuit

Open

lijon) *
Vi % Open

Figure 3. I, Test Circuit

Open

%

1 1/

Figure 5. Vo) Test Circuit
L% *3

¥ wCl
Open‘D;FF_*_

Figure 7. Vg Test Circuit

te

Open Vce

ot t Puc

s
x

Flg-uro 2 II(M;) Test Circuit
Open

Ic
hrg= T

..rcf e Ot

NOTE: j15 fixed for measuring VCE{sar). vanable for
measuring hFg.
Figure 4. hgg, Veg(san Test Circult

VR

s

Figure 6. Iz Test Circuit
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ULN2804A
DARLINGTON TRANSISTOR ARRAY

SLLS311 - JUNE 1933

HIGH-VOLTAGE, HIGH-CURRENT DARLINGTON TRANSISTOR ARRAY

® 500-mA-Rated Collector Current (Single N DUAL IN-LINE PACKAGE
Output) (TOP VIEW)

® High-Voltage Outputs ... 50V

® Output Clamp Diodes

® Inputs Compatible With Various Types of
Loglc

® Relay Driver Applications
® Compatible With ULN2800A-Series

1C 2C 3 4C 5C 6C 7C BC COM
pluloieloleininlo
£ B3 613 013 0, 0, 0y 8

18 2B 3B 4B 5B 6B 7B 8B GND

description

The ULN2804A is a monolithic high-voltage, high-current Darlington transistor array, comprising eight npn
Darlington pairs. All units feature high-voltage outputs with common-cathode clamp diodes for switching
inductive loads. The collector-current rating of each Darlington pair is 500 mA. Outputs and inputs can each be
paralleled for higher current capability.

Applications includs relay drivers, hammer drivers, lamp drivers, display drivers (LED and gas discharge), line
drivers, and logic buffers.

The ULN2804A has an approximate 10.5-kQ series input resistor to allow its operation directly from CMOS or
PMOS, utilizing supply voltages of 6 to 15 volts.

The ULN2804A is characterized for operation from -20°C to 85°C

schematic (each Darlington pair)

Please be aware that an important notice concerning availability, standard warranty, and use in critical applications of
Texas Instruments semiconductor products and disclaimers thereto appears at the end of this data shest

PRODUCTION DATA informsation b5 currest a3 of “puub. date. Copyright & 1983, Texas Instruments Incorporatad
Products coatorn 1s specilicastions per e lerom of st y

EEESRERRISITIEEEE kB Texas

INSTRUMENTS

POST OFFICE 80X 825300 ® DALLAS. TEXAS 73202
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absolute maximum ratings at 25°C free-air temperature (unless otherwise noted)

Collector-emitter voltage .. ... .. ... .50V
Inputvoltage (see Note 1) . .. .. ... « wen 3N
Continuous collector current .. ... S R ORI AER T I PUSIREEE 55 e s . 500 mA
Output clamp diode current . 500 mA
Total substrate-terminal current .. .. ... L. -25A
Continuous dissipation (total package) at (or below) 25°C free air tempem!ure (see Note 2) s ] l-JO mw
Operating free-air temperaturerange ... .. ... ... ... ... ... ... .. SRS W —20°C 1o 85°C
Storage temperature range ... ... ... ... ... ... i .. —B5°Clo 150°C
Lead temperature 1/16 inch irom casefor10seconds ... . ... ... ... ... . . .. .. . 2680°C

NOTES. 1. All voltages values. unless othervise noted, are with respect to the enﬂmrfsubstraie terminal E

2. For operation above 25°C free-air temperature, refer to the Dissipation Derating Curves in the Themal Information section.

electrical characteristics at 25°C free-air temperature (unless otherwise noted)

ULN2804A
PARAMETER o TEST CONDITIONS e UNIT
1 Veg=50V, =0 50
ICEX Collector cutoff current 3 TA=70°C. V=1V, 500 PA
VCE=50V -
oy  Off-state input current 3 ‘{gg o S0 RA 00 6 pA
=385V
I(oN) Input current 4 Vi=5Yv 03 05| mA
=12V 10 145
VeE =2V, Ic =125 mA 5
Veg=2V, IC = 200 mA 6
Veg = =250 mA
Vipon]  Cr-state oput voliage 6 \é = iz E= ‘2?75 A 71 v
VeE =2V, Ic = 300 mA
VCg =2V, Ig = 350 mA 8
. ) 1} =250 pA, Ic = 100 mA 09 1.1
Vsl CCIORNINS SaNX0 5 [i=30m I = 200 mA 0 13| Vv
? i = 500 A, IC = 350 mA 13 16
IR Clamp-diode reverse current T VR=50V 50| wpA
VE Clamp-dioda forward voltage 8 Ig = 350 mA 1.7 2 v
G Input capacitance V=0V, f=1MHz 15 25| pF
switching characteristics at 25°C free-air temperature
PARAMETER TEST CONDITIONS MIN  TYP MAX| UNIT
tpLH _ Propagation delay time, low- to high-level output See Figure'9 0.25 1 §s
tPHL _ Propagation detay time, high- to low-level output 0.25 1 ns
VOH  High-level output voltage after seatching Vg =50V, 10 =300 mA, See Figure 10 | Vg-20 mv

‘U TEXAS

INSTRUMENTS

POST OFFiCE 9CX 653203 ® DALLAS. TEXAS 75282
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ULN2804A
DARLINGTON TRANSISTOR ARRAY

SLLS311 - JUNE 1938

PARAMETER MEASUREMENT INFORMATION

Open VCg Open V(g
l‘CEX l ICEX
Open v

Figure 1. Icgx Figure 2. lcex

Open V(CE Open

o f i X,
ﬁ V! | Ople“

Figure 3. lyom Figure 4. ljion)

Open Ie Open

hFi - 'r
Iy Ic Ic
+ Vi s 4_
{ iy LB
I 1 I
Figure 5. hFE- VCElsat) Figure 6. V"on)
VR
=
Open opee
Figure 7. Ip Figure 8. Vg
i
‘U TEXAS
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Abstract

This paper presents the design and analysis of a 6-pulse converter with improved output voltages
and input current wave-shapes using a conventional three-phase full bridge converter having auxiliary
thyristors connected to taps on the interphase transformer. The objective of this study is to multiply the
pulse number and eliminate the harmonic input current by controlling the firing angle of thyristors. The
proposed structure is simple with 8 thyristors. Designed circuit simulation using MATLAB/SIMULINK is

also given in order to verify circuit operations together with experimental results.
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