tinveaynna g WIZBUNT IR IAnT=T,

o a A a o o a J @ a,
msdsudgalssaninmuesdusndunomesnnhdines-sulavitmanou nsa

An Improved Energy-Saving Scheme for Capacitor-Run Induction Motor

JNAAY

Tag
Wigunsan mMuad
WESn 1500 35
WIgANT UG HAqITI0

WIBANINA FNHTUN

I (R
21915805011
IAAT3302 WUy

9
A3 AUAN AL

tav] e

................ AAALLATTTTITT T}

munziiou..., 61771 B
ugdon. 2] nA- 25 :

P
“on ML LI TTTTTTTYTTYY

a a o’::iyd 1 d! = [ a J o a
ﬂsagaﬁuwuﬁumumuwuwmmiﬁﬂymmwaﬂqmamﬂsiumﬁm UNG
MmadvIaInssu Wi
ANZIAINTINMTAS

an1uma Tuladnszeemnduinunmsmanseile

Wnsdnun 2547



a

USgyanilnusiimsnu 2547

Mad Ienssulnih

a 4 % %
AUIMINTINMans anniumalulagwszeeunduhigunmsaanszii

o4 msliulqalsy@nSnmvesdudadunemefanhdines-sulasismanoulnsa
An Improved Energy-Saving Scheme for Capacitor-Run Induction Motor
Aian
Tweunsad  nvag svinilsy$adia 45015105
2. 8U5HA nIoegmimi . simlsziwiy 45015106
3uwANdUA  eAgassel . sWadsyfda | 45015137
4090308 ANUAUN shmlszddn - 45015138

31 Wm/ T ).

(’iﬁ A7.330 wwmmm

%‘ R mmiawﬂsnm

(s.auan wa'ld)



mslSuljalszansmmve Budniunemesmthdines-sulaeisianeulnsa

wweunsad  mvag 45015105
WguSH iwieoymsad 45015106
wenudusd  2AgIIIM 45015137
UIBTNIND NNUATN 45015138

aa a =) u’d‘ =
TH.AT.358% WL‘D"]&I%TL?QJ @']ﬂﬁfﬁ’lﬂﬁﬂiaﬂ
9 sl =
AT.TUNN NﬁlliJ Eﬂiﬂ'ﬁﬂ‘lﬂﬂﬁﬂ‘kﬂ

Ynsdnu1 2547
UNAALD

v A 4 Ao W I a A A Y
fﬂﬁﬂ’J‘Uﬂ3JLL‘§\‘lﬂu‘ﬂﬁmm’E]S“U’t’)ﬁ@llﬂﬂ%ﬂil&ﬂﬁ]iiﬁ?ﬂ'l@ﬂ mellﬂ'ﬂiJuH‘b"ﬂﬂ@‘lﬂaluﬂﬁﬂ’JUﬂiJ

Jo

< J aadm & Aa Yo ' P " yq s a A
ﬂ'ﬂlllﬁ'J3JE]mﬂill‘U‘U'J'ﬁuﬂ\‘llﬂuwutlllslﬁh'ﬂu@ﬂ7qﬂ'J’N‘U'J’NGluﬂQN23115]5\3']1111@1@83 1 L‘V\lﬁ m‘ﬂwmai UN

o A QY W B o o o <
ﬂ'J’UﬂlJLLiQ@U“V]ffmmf)jllrl“]fﬂﬁl‘lﬂflllﬂﬁnllUTHWﬂ‘V]'J‘l‘]_I ITUNAAN LLﬂziuIiﬁﬁWﬂ@ﬂﬁ’lﬁﬂijll‘llu']ﬂlﬂﬂ

Taomall1¥lasuenluasmunuuomeszandrldaudumiunauguludmnistszuda
@ v o 1 < Y Ao Y a J Jd
wasnuuazanungiiase  edlsimunlanenInsaez ldwafia ludiunsansugamulesuames
wagriunsznas ulind _ msUfidausoiIdlnelieesedseinles umsaangumsnyuues
] 7 ad g ' o a 7 s & 2
HRINBIFINANINMITHYUVBINRIND TUUVIT LT azyulumsdTulgedunaminesunames Wuda

o w 1

dAy uazaevings ludnd L

1 < @ 9 9 o = =B~ ra
9619 15 PmuANNFUFeHue IR HasA U LY g ps Al ISR e Ui o saauns lufies

9 @ [ I~ 4 & a a g 1 dy a = 9
linsesdananlumsatuquanusivesuames L sl dslutSaainusiaud szefurefams e
1 @ @ 1 1 a 3 { <
lasuendooynindvuaaandn  uazvatievzawemilewAndIns isarugun§vewemes
{ o 7= o ' ! ! I
WA dour/donnlawussdulaomstszgnd ivamavndaiiotedufion  damuatioazunszud lal
& 1 .:sy ' a o a J @ a a J [ q’:
gemsaouutivzisannszuadunaeas luind  uaziSulialse@niamveanemes  duiunnms

@ =] @ J o 1l o
‘Vlﬂﬁ@ﬁﬂ\‘]ﬂaTJﬂ\uﬂu?ﬁi}ﬂi$ﬁﬁﬂﬂl@ﬁﬁaﬂﬂWiiﬁNﬂ%zuuﬁu@



An Improved Energy-Saving Scheme for Capacitor-Run Induction Motor
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Abstract

Stator voltage control of induion-motor. drives. is a cheaper and more reliable
scheme of speed control and is widely -employed. Capacitor — run single-phase motors
combined with stator voltage control are quite :commonly used for domestic fans and low-
power industrial applications. Generally, a triac is used for varying the stator-voltage and to
get variable speed. The triac-based. controller is superior to-a resistance-type controller due
to increased energy saving and compactness However, Phase control results in reduced
input power factor and.in-creased line. current harmonics. Improved.performance can be
obtained with ac chopper circuits, ‘in_which controlled freewheeling is adopted . The
freewheeling action improves.the input. power factor significantly and further eliminates line
current harmonic components. However, the complexity-of the firing circuit and the cost of
the devices used in ac chopper circuits prohibit their use as speed controllers for single-
phase fan-type motors. This thesis explains a new scheme for speed control of a single-
phase fan motor using a triac, in which the triac is connected ir connected in series with the
main winding and the auxiliary winding is directly connected acroll the supply voltage. The
speed control is attained by changing the voltage applied to the main winding only. Thus,
the auxiliary winding current is sinusoidal, rusulting in reduced input current harmonics and
improved motor efficiency. Experimental results are presented to validate the proposed

method.
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2.2.3 Frequency regulation
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DC 10:1

Smsydiv
© (Bmsydiv)
NORM:200kS /s

-
I

P

...... 804.0v -} Minl| #908.0v
50,00Hz : y
2.320v

q 50;28Hz

=}

=Filter=

BW : 20MHz

=0ffset=
Smoothing : ON  CH1 :

CH2 :

ov
0.00v

=Record Length= =Trigger=
Main 10K Mode ; AUTO
Zoom : 10K Type . EDGE CH1 &

Delay : 0.0ns
Hold Off :  MINIMUM

42

Irms =1.16230348377694

Vrms =2.174404922139766e+002

power = 132.699 Watts

PF1 =0.527456

%Fundi = 83.007497

i 4 1o o a { <
i 44 uaasgilamunzainldninnininndinsgd Iao 19U sunsu Matlab 02730153 1250 rpm

1n2130157 1280 rpm

Stopped 3 2005/03/13 21:10:44
CH1=100vV : CH2=1V Sms7div
DC 100:1 : DC 10:1 ;. (5msydiv)

: ; ) NORM:200kS /s

| 86:20Hz | quty 66.9%

=Filter=
Smoothing : ON
BW : 20MHz

=Offset=
CH1 : ov
CH2 : 0.00v

=Record Length= =Trigger=
Main 10K Mode : AUTO
Zoom @ 10K Type : EDGE CH1 £

Delay : 0.0ns
Hold Off : MINIMUM

Irms =1.16326349375367

Vrms =2.191149351063707e+002

power = 137.390 Watts

PF1 = 0.541045

%Fundi = 83.625184

i 45 umasginauiaza i ldnnmsiundiaszd Tag 14150050 Matlab fin1$ 1280 rpm




11157 1310 rpm

Stopped 3 2005/03/13 20:24:36
CH1=100V @ CH2=1v Smsydiv
DC 100:1 : DC 10:1 © (5msydiv)

: : : NORM 200kS/s

43

Irms =1.15879224328609

Vrms =2.184182978268128e+002

141.134 Watts

power =

PF1=10.559683

%Fundi = 84.597116

=Filter= =0ffset= =Record Length= =Trigger=
Smoothing : ON  CH1 : ov Main : = 10K Mode : AUTO
BW : 20MHz CH2 : 0.00v Zoom : 10K Type | EDGE CH1 &
Delay : 0.0ns
Hold Off . MINIMUM

{ 4 A 0 a 1 <
3 46 uanaginauuazarilldinn1sinning e Tnold1alsnsw Matlab #0159 1310 rpm

1n21157 1340 rpm

Stopped g 2005/03/13 20:19:49
CH1=100V @  CH2=1v Sms7div
(5msydiv)

DC 100:1 : DC 10:1

NORM 200k8/5

50'00Hz 5

Irms =1.12021265798062

Vrms = 2.182406359613022e+002

140.785 Watts

power =

PF1=10.578398

%Fundi = 84.745938

=Filter= =0ffset= =Record Length= =Trigger=
Smoothing : ON  CH1 : ov Main : 10K Mode : AUTO
BW : 20MHz CH2 : 0.00v Zoom @ 10K Type : EDGE CH1 4
Delay : 0.0ns
Hold Off :  MINIMUM

s 47 uﬁmﬁﬂﬂauumﬂm'lﬂmﬂmsummmwmTﬂﬂ“lﬂﬂmﬂm Matlab fin711§7 1340 rpm




101357 1370 rpm

Stopped g 2005/03/13 20:16:07
CH1=100V @ CH2=1V Smsydiv
DC 100:1 : DC 10:1 © (5msydiv)

: : : NORM:200KS /s

...... 308.0v i
v R T2,
200V
49;75Hz

=Filter= =0ffset= =Record Length= =Trigger=
Smoothing : ON  CH1 : ov Main © 10K Mode : AUTO
BW : 20MHz CH2 : 0.00v Zoom @ 10K Type . EDGE CH1 &
Delay : 0.0ns
Hold Off : MINIMUM

§ 4 [ 4 o a { d
3¥ 48 ugasginduuaz Idnn s ng e TaoldTalsunsa Matlab 0113159 1370 rpm

nW57 1400 rpm

Stopped g 2005/03/13 20:11:19
CH1=100V : CH2=1V Sms7div
DC 100:1 : DC 10:1 - (5ms¥div)

: i : NORM:200kS /s

.308.0v -\ Mink 4312.0v
50:00Hz
2.040v
50;00Hz :

=Filter= =Offset= =Record Length= =Trigger=
Smoothing : ON  CH1 : ov Main : 10K Mode : AUTO
BW : 20MHz CH2 : 0.00v Zoom : 10K Type : EDGE CH1 £
Delay : 0.0ns
Hold Off : MINIMUM

§ 4 1A o a 4 {
300 49 uaasgianuuazai ldninmsiundinszd a4 11sunsy Matab 9911152 1400 rpm

44

Irms =1.11201019739029

Vrms =2.189645207803269¢+002

146.525 Watts

power =

PF1 = 0.604332

%Fundi = 85.385146

Irms =1.06529979910587

Vrms =2.189259569388761e+002

147.410 Watts

power=

PF1 = 0.634963

%Fundi = 88.591207




45

)

4.3 manamevlagsoyamanenInsauulindnmslmiiiuavelnglvaailusinan

LOo—— Phase
No—— Control

Ui 410 manaaey Tnsdogairianau Insauvuldmanns lnd

43.1 gunsainly

1. Capacitor — Run Induction Motor 1/4 HP 1 92
2. Ossiloscope 1 Lﬂé‘m
3. Techometor 142
4. gl 1 %

43.2 IEManagey
1. 99299309317 4.10 Taetoussdu i Idauisede 220 v 50 iz
' o I ! g !
2. vy 9 5UaARNUS WeWen a3 At AN IA1e 9 AIwA15 190 4.1
Y o R @ A o YLy
3. 19 Scope 1iufingl) Hinzsiia ASSCI e lUfuanmIAIA199 Tu Matlab
4. Tufine1g q Ala1rns3ins e Tae 1911554 Matlab asluaisied

4.1,4.2 Uay 4.3



46

433  WamsnameuNRINe TS ITaqlasdeyaaneTnsanuylniTagl $Tran

Wuiaan

9210157 1190 rpm

Stopped 3 2005/03/13 23:22:45
CH1=100V : CH2=1V 5msydiv
DC 100:1 : DC 10:1 © (Smsydiv)

: i : NORM:200kS /s

...... 304.0v . \ Min f
50:00Hz
1.520v
50;00Hz

=Filter= =0ffset= =Record Length= =Trigger=
Smoothing : ON  CH1 : ov Main : 10K Mode : AUTO
BW ! 20MHz CH2 : 0.00v Zoom : 10K Type : EDGE CH1 £
Delay 0.0ns
Hold Off :  MINIMUM

Irms =0.86905005517519

Vrms =2.195029049781439¢+002

127.938 Watts

power =

PF1=0.673075

%Fundi = 88.560980

y 4 1 4 o = § C:"
Wi 4.11 uaasgaauazei v nn s dies e TaoldTlsins 1 Mattab 71021315 1190 rpm

f1n157 1220 rpm

Stopped

PEl

2005/03/13 23.05:56

CH1=100V @  CH2=1V Smsydiv
DC 100:1 : DC 10:1 © (5msydiv)
: : : NORM:200KS /s

b

q_50:00Hz - \Qui

T IX

...308.0v : \ Min 4308.0v

50:00Hz
1.240v

Eel

=Filter= =0ffset= =Record Length= =Trigger=
Smoothing : ON  CH1 : ov Main : 10K Mode : AUTO
BW : 20MHz CH2 : 0.00v Zoom : 10K Type : EDGE CH1 4
Delay : 0.0ns
Hold Off : MINIMUM

Irms =0.83956154628473

Vrms =2.212220815534747¢+002

125.691 Watts

power =

PF1=10.679671

%Fundi = 88.156759

Wi 412 uamsgdadunazainldnnmainniingz Tao1$ 1505w Matab fin1miss 1220 rpm




N33 1250 rpm

Stopped q 2005/03/13 23:00:28
CH1=100V : CH2=1V Smsydiv
DC 100:1 : DC 10:1 . (Smsydiv)

: : : NORM:200kS /s

47

Irms =0.83649719897917

Vrms =2.199185223548173e+002

power = 129.560 Watts

PF1 =0.706305

%Fundi = 90.218965

=Filter= =0ffset= =Record Length= =Trigger=
Smoothing : ON  CH1 : ov Main © 10K Mode : AUTO
BW : 20MHz CH2 : 0.00v Zoom : 10K Type : EDGE CH1 4
Delay : 0.0ns

Hold OFF .  MINIMUM

{ 4 ' | o g ! =
Wi 413 umpsglaauunsmitanmsiuing et TneldTlsunsy Matab #0319 1250 rpm

11721157 1280 rpm

Stopped g 2005703713 22:54:12
CH1=100V : CH2=1v 5msydiv
DC 100:1 : DC 10:1 ¢ (5msydiv) cey
() et © i Irms =0.82746018127762

300.0v

50;00Hz

1.400v I
......... | 49:75Hz 1w
=Filter= =Offset= =Record Length= =Trigger=
Smoothing : 0N CH1 : oy Main I 10K Mode : AUTO

BW : 20MHz CH2 : 0.00v Zoom :

10K Type : EDGE CH1 £
Delay : 0.0ns
Hold Off :  MINIMUM

Vrms =2.179275246222215e+002

power= 130.961 Watts

PF1=0.729207

%Fundi = 91.484727

{ 4 1 1 ) a { ::
Wi 414 uamsgdaduuazainldninmaiundingzd Tae 14 1sunsu Matlab fina1i$7 1280 rpm




M P
NAINLII 1310 rpm

48

Stopped 3 2005/03/13 22:41:08
CH1=100Y¥ @  CH2=1V Sms{div
DC 100:1 : DC 10:1 © (5msydiv)

: : NORM:200KS /s

....... 804.0v  : \ Min f308.0v
50 00Hz
1.320v

50.00Hz . \u:

=Filter= =Offset= =Record Length= =Trigger=
Smoothing : ON  CH1 : ov Main ;10K Mode : AUTO
BW : 20MHz CHZ : 0.00v Zoom @ 10K Type ! EDGE CH1 £
Delay : 0.0ns
Hold Off @ = MINIMUM

Irms =0.78674644651247

Vrms =2.192052796796246e+002

127.459 Watts

power =

PF1=0.741909

%Fundi = 92.154293

{ 4 » o a ! 1
3R 415 ueasgdaauiaziii Idennisthunding gy Tnol4 1451053 Matlab 079152 1310 rpm

= s
NN 1340 rpm

Stopped 3 2005/03/13 22:47:44
CHI=100V :  CH2=1V = Sms7div
DC 100:1 : DG 10:1 L (5msydiv)

; : ! NORM:200kS /s

50;00Hz

=Filter= =0ffset= =Record Length= =Trigger=
Smoothing : ON  CH1 : ov Main : 10K Mode : AUTO
BW : 20MHz CH2 : 0.00v Zoom : 10K Type : EDGE CH1 £
Delay : 0.0ns
Hold Off : MINIMUM

Irms = 0.79539372992248

Vrms =2.187440779788803e+002

power = 131.810 Watts

PF1 =0.76185

%Fundi = 93.902340

§ 4 ! § o a o { d
10 416 urmsgdaauuazaiinldnnmstinndinged Tae 14 10sunsu Matlab in21159 1340 rpm




117713157 1370 rpm

Stopped g 2005/03/13 22:33:29
CH1=100V : CHZ2=1V 5ms7div
DC 100:1 :  DC 10:1 : (5msydiv)

: : : NORM:200kS /s

49

Irms = 0.79309872651518

Vrms =2.219521990423352e+002

136.188 Watts

power =

PF1=10.776557

%Fundi = 95.620549

=Filter= =0Offset= =Record Length= =Trigger=
Smoothing : ON  CH1 : ov Main 10K Mode : AUTO
BW : 20MHz CH2 : 0.00v Zoom : 10K Type : EDGE CH1
Delay 0.0ns
Hold Off : MINIMUM

{ 4 ! 1 o a { d
Wi 4.17 uaesgnanuasii IdnnnisiunTins e Tae 19 Tilsuns 1 Matab #9905 1370 rpm

1730157 1400 rpm

Stopped g 2005/03/14 00:07:51
CHI=100Y :  CHz=1v 5ms7div
DC 100:1 © DG 10:1 (5msydiv)

. NORM:200kS /s

....... 308.0v | Min 4312.0v
49,750z
1.820v
50;00Hz :

Irms =0.83523002813596

Vrms =2.236115247580269e+002

140.155 Watts

power =

PF1=10.753820

%Fundi = 97.819984

=Filter= =0ffset= =Record Length= =Trigger=
Smoothing : ON  CH1 : ov Main : 10K Mode : AUTO
BW : 20MHz CH2 : 0.00v Zoom : 10K Type : EDGE CH1 £
Delay : 0.0ns
Hold Off :  MINIMUM

{ 4 " o a o |
W 4.18 uamsgiaduuazii Idninnsiunins e Taold Tisunsy Matlab #9132 1400 rpm




4.4 vnagUmseemelunazameanen

50

P o 1 Ay Y = = o Yo ~
ﬂ’]ﬂﬂ’]'ﬁVlﬂﬁaﬂMal@@iWQa@QLLUHﬁWNWSﬂuWﬂ”ﬁ‘WULQQWﬂWﬁWﬂﬁ@UN’]LﬂiEJ‘]JW]UUﬂuulﬂﬂ\'iﬁ"ﬁWQV]

4.1,42 U8z 4.3

P a o s <
TN 4.1 auwwmwmamﬂmms (Input power factor)

Speed (Rpm) §HWﬂﬁLW1L36§LLWﬂLﬁ®§ (Input power factor)
NannIsAN Nanny il
1190 0.517 0.65
1220 0.519 0.67
1250 0.52 0.7
1280 0.54 0.72
1310 0.559 0.74
1340 0.578 0.76
1370 0.65 0.77
1400 0.68 0.771
miN‘ﬁ 4.2 Fundamental Line Current ( % )
Speed (Rpm) Fundamental Line Current (% )
NaNNITIAN wanmslui

1190 82.61 88.56
1220 82.737 88.561
1250 83 90.21
1280 83.625 91.48
1310 84.5 92.15
1340 84.745 93.9
1370 85.385 95.62
1400 88.59 96.819




51

31N 43 a9 ABuna (Input Power )

Speed (Rpm) ﬁﬁldvhf\h?hau‘t’!ﬁ ( Input Power )
Nanmsia nanms vl
1190 130.606 127.847
1220 131.151 125.691
1250 132.699 129.56
1280 137.39 130.961
1310 141.134 127.459
1340 140.785 131.81
1370 146.525 136.188
1400 147.41 140.155




52

Y d a [ <
45 mnagevlaglitomynvesnuentSunimdumugaianeuTnsa

Variac

No—

4 a @ S a '
Ui 419 umansesmanagen Taglfieiymaisuentsuanus w@uwa hild

4.5.1 ginsaliily

1. Capacitor — Run Induction Motor 1/4 HP 187
2. Ossiloscope 1 mé‘m
3. Techometor 1 62
5. 508 1-87
4. @l 1 %

452 JEMInagou
1. #9309sAaqili 4,19 Taoous siu Wi Idnuiiafe 220 50 He
2. ey 9 USuaAANUS WBweIMD AN TIAIMEIITY MuA191aT 4.4
3. 1 Scope 1ufingal wagswier ASSCI stelufunmminieie 9 Tu Matab
4. Fufindea 9 7118010n53n3 199 Tae19 151053 Matlab aslusms1ai

4.4,4.5 uag 4.6
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d‘d‘ < U Y d a (v <
453 WamsnagouNRMeINAIMGIA 4 laalFlemyavesnsueniSuaanSmmugama
Aoulnga

N5 1190 rpm

Stopped g 2005/03/21 13:34:37
CHIS100V : CH2=1V . ? : T Smsydiv

DC 100:1 : DC 10:1 : : © (Smsydiv)
: : : : : : NORM:200kS /s

Irms = 1.15163865127044

Vrms = 2.186887641359578¢+002

power = 143.518 Watts

..... e L 4975HZ PF1 =0.571456
: 2.280v i
50;00Hz

%Fundi = 87.671232

=Filter= =Offset= =Record Length= =Trigger=
Smoothing : ON  CH1 : ov Main 10K Mode : AUTO
BW . 20MHz CH2 : 0.00v Zoom : 1K Type : EDGE CH1 £
Delay : 0.0ns

Hold OFf MINIMUM

4 4 " o a ! 3
Uil 420 urmagilnduuazi IRannsinndinsgd Taold Tusunsy Matlab Anami$ 1190 rpm

111213057 1220 rpm

Stopped g 2005/03/21 13:28:59
CH1=100V @ CH2=1V : 3 i Smsydiv

NORM:200KkS /s Irms =1.10293825683943

DC 100:1 ©  DC 10:1 ; ; ¢ (Bmsydiv)

Vrms =2.192563218210249¢+002

power = 139.003 Watts

PF1 =10.576424

%Fundi = 87.496884

=Filter= =0ffset= =Record Length= =Trigger=
Smoothing : ON  CH1 : ov Main ;10K Mode : AUTO
BW : 20MHz CH2 : 0.00v Zoom : 1K Type : EDGE CH1 £
Delay : 0.0ns

Hold Off : MINIMUM

| 4 1 o a 'S 4 <
3 421 vaasgilnduuazai Idoinmsiindiaszd Tae 15105050 Matlab 312057 1220 rpm



n57 1250 rpm

Stopped 3 2005/03/21 13:23:41
CH1=100V : CH2=1V Sms7div
DC 100:1 : DC 10:1  (Smsydiv)

} : : NORM:200kS /s

54

. 308:0v o\ Min \-816.0v
o R A
2.160v
50;00Hz_:

=Filter=
Smoothing : ON
BW : 20MHz

=0ffset=
CH1 : ov
CH2 : 0.00v

=Record Length=
Main @ 10K Mode : AUTO
Zoom @ 1K Type : EDGE CH1 £

=Trigger=

Delay : 0.0ns
Hold Off : MINIMUM

Irms =1.11218847305661

Vrms =2.200293101798795e+002

power = 143.655 Watts

PF1 =0.588421

%Fundi = 88.117473

§ 4 1 4 o a { ::
Wi 422 uamagilnaunazai Idonnminnns iz Tae 13T sun s Matab Aaa10§ 1250 rpm

17157 1280 rpm

Stopped g 2005/03/21 13:17:18
CH1=100V :  CH2=1V Smsy/div
(5msydiv)

DC 100:1 :

DC 10:1

NORM:200kS /s

.804.0v o\ Min \J8i6.0v
50:00Hz
2.120v
50;00Hz :

=Filter=
Smoothing : ON
BW : 20MHz

=0ffset=
CH1 : ov
CH2 : 0.00v

=Record Length=
Main | 10K Mode : AUTO
Zoom : 1K Type : EDGE CH1 £

=Trigger=

Delay : 0.0ns
Hold Off : MINIMUM

Irms =1.08002570668480

Vrms =2.188934511825478e+002

power = 146.884 Watts

PF1 =0.623080

%Fundi = 88.756387

§ 4 1A o a 4 y
Wi 4.23 urasgdaduuazaildninmsiunding 1z Tae 14 10sunsu Matlab fin110i$9 1280 rpm




3

11157 1310 rpm

Stopped A 2005/03/21 13:12:29
CH1=100V : CH2=1V ) : © Smsydiv

bl e L  uommmers | | 1rms=1.04017426304442

Vrms =2.176122491144135e+002

power = 149.350 Watts

..300.0v i
50.00Hz
1.960v
49;75Hz :

PF1=0.661921

%Fundi = 90.449774

=Filter= =Offset= =Record Length= =Trigger=
Smoothing : ON  CH1 : ov Main © 10K Mode @ AUTO
BW © 20MHz CH2 : 0.00v Zoom 1K Type . EDGE CH1 £
Delay : 0.0ns
Hold Off : MINIMUM

4 4 1A o a { s
3 424 uaegalnduuazarit donnninniinsier Tae ¥ Tisin sy Mattab H0979153 1310 rpm

1113157 1340 rpm

Stopped ~ 2005/03/21 13:08:45
CH1=100YV @ CH2=1V ? ; © . Smsydiv

PEITE X\ D T St NIy 20.94854244252862

Vrms =2.187283183302521e+002

power = 147.816 Watts

..... ggdug:z . PF1=0.717126
1.680v i
49,75Hz

%Fundi = 92.941468

=Filter= =0ffset= =Record Length= =Trigger=
Smoothing : ON  CH1 : ov Main : 10K Mode : AUTO
BW : 20MHz CH2 : 0.00v Zoom . 1K Type : EDGE CH1 £
Delay : 0.0ns
Hold Off : MINIMUM

{ 4 "o o & @ {
U 4.25 namaginauuazarii donnmindinsed Taold1asunss Matlab fina1$s 1340 rpm



N353 1370 rpm

Stopped 3 2005/03/21 13:04:18
CH1=100V : CH2=1V Sms7div
DC 100:1 : DC 10:1 (5msydiv)

&ORM 200ks/s

”3“4 oy \ Min A1
R L U L
1.800v
50;25Hz

E-H

<]

=Filter= =Offset=
Smoothing : ON  CH1 : ov
BW : 20MHz CH2 : 0.00v

=Record Length= =Trigger=
Main 10K Mode : AUTO

Zoom @ 1K Type : EDGE CH1 £
Delay : 0.0ns
Hold Off : MINIMUM

56

Irms = 0.97833276910262

Vrms =2.203848180463702e+002

149.745 Watts

power =

PF1 =0.696614

%Fundi =92.279739

{ 4 A o a 1 ]
JU 4.26 uaasgilaauuazmn idvinnisnhiunding 12 Taold 1451053 Matlab 71931315 2 1370 rpm

N353 1400 rpm

Stopped g 2005/03/21 12:59:54
CH1=100V :@ CH2=1V Smsydiv
DC 100:1 : DC 10:1 (Sms¥div)

: : y NORM: ZIJEIkS/s

50:00Hz
1.600v
49;75Hz

=Filter= =0ffset=
Smoothing : ON  CH1 : ov
BW : 20MHz CH2 : 0.00v

JUN 427 uamiﬂﬂauuawﬂm"lﬂmﬂmﬁumnm'suﬂ@ﬂﬂﬂmﬂm Matlab 71a711157 1370 rpm

=Record Length= =Trigger=
Main : 10K Mode : AUTO
Zoom : 1K Type . EDGE CH1 &
Delay : 0.0ns
Hold Off : MINIMUM

Irms =0.96643094300628

Vrms =2.198150945089078e+002

157.486 Watts

power =

PF1 =0.743894

%Fundi = 97.675382




4.6 wnagdvesmaimEuendeniuguaus umuyawlaneulnsa

=y

S o 1 Ay Y = a @ Y o a
ﬂ']ﬂﬂ151/]ﬂﬁ@‘UN@Lﬁ[’)i‘V]\‘lﬁﬂ\ulﬂﬂﬁ”lll']'ﬁﬂu']ﬂTﬂllﬂﬁﬂﬂ13‘ﬂﬂﬁ@u1l'“ﬂ5ﬂULWUUﬂullﬂﬂQﬁ'\'5']\31/]

44,450z 4.6

{ a s s o a
A15197 4.4 6HT‘!¢]@LW1L’J@§LW\|ﬂM@§ (Input power factor) HANN1TLAN

Speed (Rpm) auw‘@ﬁLWM’J@{LLWﬂLWJ{ (Input power factor)
NannNIsLaN
1190 0.571
1220 0.576
1250 0.588
1280 0.623
1310 0.661
1340 0.717
1370 0.696
1400 0.743

A15199 4.5 Fundamental Line Current ( % ) ¥aNNISIAL

Speed (Rpm) Fundamental Line Current ( % )
NAANIIIAL
1190 87.671
1220 87.496
1250 88.117
1280 88.756
1310 90.449
1340 92.941
1370 92.279
1400 97.675




d’ o g a s a
M350 4.6 MaaldABuna (Input Power ) vanmsiauy

58

Speed (Rpm) a9 "lvxlﬂw?mwﬂ ( Input Power )
NannIsLAL

1190 143.518
1220 142.003
1250 143.655
1280 146.884
1310 149.35

1340 148.816
1370 149.745
1400 157.486
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51 wWhsudmeunsmnlannmsnaass

a 1 a < 4
naramsnageuuazmsINsal sty ldiunaiinmsaiuguanuswesemesiuyld

Y ' o B q Jad L g gl gy
WaﬂﬂWiﬁh’Tll mm’m'ﬂ‘i‘uﬂ;ﬁﬁmmuizﬂmnNM"’U@WE’JM@E%@WWQMH"lﬂE]fJN‘]fﬂLfﬂumﬂﬂiM

9

HAAIANUTURUT AT
L T s D B . A
AsINLEAVANNENRUSANUISISauAL input
power factor
Fo— LbULLAN ~w~u,;m°t'mﬂ
0.9
0.8 = , S -
S didL: ’ —
(&)
8 06 |- :
5 05 | — .
g oA\ 2 Tl i
o
= 03 e T Sl —
£ 02 AN S —
0.1 F XN T =i, — —
| 0 ‘ ‘ |
| 1150 1200 1250 1300 1350 1400 1450
] Speed in rpm
o 1 o N DU SIS e

{ ¥ o ' ] o
nsmlil 1 HAAIANUANAUTIEHINANNITITOUNY input power factor

a 3 aruitiayEaty ' I Sl 3
NANTINN 1 Lﬂuniwxluﬁmmmﬁuwuﬁsw’mmmmsa‘umJ input power factor Tag nput

9
power factor Euwmﬁﬂmiﬂ'mﬂmmuwﬁ”ﬂmﬂwuuu input power factor ZUAININAT input power
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clear all;close all;
format long

n=2000;
0/0********
=il
fs=50; % % % % % % %% change% % % % Yo* ¥ ¥k x*xx
A=sqrt(2);

cd a:\DL_MISC %c:\noDC\INPUT\30
%***change******
load VOO1.csv
%% % % % % % % % % Y changeYo Yok ik *k +x
tt=200e3/fs;
a=fft(v001(1:tt));
%% % % % % % % change % % % %o Y% Yo* ¥ *k*k x* %
b=abs(a);
c=b/(tt/2);

c(1)=c(1)/200;
cll=c/A;
cl1(1)=c(1);

figure(1)
bar(c11(1:n),0.2);

xlabel(*harmonics order")
ylabel('Volts")
title('harmonics analysis")

V_abs=abs(c(1:n));
V_m(1)=V_abs(1);
V_m(2:n)=V_abs(2:n);
V_mp=V_m*100/V_m(1);
V_a(1)=(180/pi)*angle(a(1));
V_a(2:n)=(180/pi)*angle(a(2:n))+90;

4 SRR IO o s SRR o0
)< ESELSCI
% current
U
cd a:\DL_MISC %c:\noDC\INPUT\30
O kKKK chapgesk
load 1001.csv Qo¥¥¥**changek*krkrx
tt1=200e3/fs;
al=fft(1001(1:tt1)); Yo****changek**+¥xx

bl=abs(al);
cl=b1/(tt1/2);
c1(1)=c1(1)/2;



cl2=cl/A;
c12(1)=c1(1)/200;

figure(2)
bar(c12(1:n),0.2);

xlabel('harmonics order")
ylabel('Amps")
title('"harmonics analysis')

I_abs=abs(c1(1:n));

I_m(1)=I_abs(1);
I_m(2:n)=I_abs(2:n);
I_mp=I_m*100/1_m(2);
I_a(1)=(180/pi)*angle(al(1));
I_a(2:n)=(180/pi)*angle(al(2:n))+90;

ph_diff=V_a-I_a;

P(1)=V_m(1)*I_m(1);
P(2:n)=((0.5)*V_m(2:n).*I_m(2:n).*cos(pi/ 180*ph_diff(2:n)));
Po_ac=sum(P) Op¥*¥kk:x

% YIRMS% %%

Irms1(1)=(1_m(1))72;

Irms1(2:n)=0.5*(1_m(2:n)).A2;

Irms2=sum(Irms1);

Irms=sqrt(Irms2)

% % %VRMS)% %% %
Vrms1(1)=(V_m(1))~2;
Vrms1(2:n)=0.5*(V_m(2:n)).~2;
Vrms2=sum(Vrms1);
Vrms=sqrt(Vrms2)

for k=3:n;
I_dis1(k)=(I_m(k)/A)"2;
V_dis1(k)=(V_m(k)/A)A2:

end
I_dis1(1)=0;
V_dis1(1)=0;
I_dis1(2)=0;
V_dis1(2)=0;

% Analysis Line

O = b
I_dis=sqrt(sum(I_dis1));
V_dis=sqrt(sum(V_dis1));
Is=sqrt((I_m(2)/A)"2+sum(I_dis1));
Vs=sqrt((V.m(2)/A)*2+sum(V. dis1));




DFI=I_m(2)/Is;

DFV=V_m(2)/Vs;
DPF=cos(ph_diff(1)*pi/180);
PF=I_m(1)*DPF/Is;
PF1=sum(P)/(Vs*Is);
THDI=(1/(Irms/((1_m(2)/A))))*100;
THDV=V_dis*100/((V_m(2)/A));
O/o e cmira,
Y%fprintf(’ Voltage Current\n")

Y%fprintf(" harmonic %% magnitude phase %% magnitude phase power phase_diff.\n")
%for k=1:n

% fprintf('%10.0f %10.3f %10.3f %10.3f %10.3f %10.3f %10.3f %10.3f %10.3f\n" k-
1,V_mp(k),V_m(k),V_a(k),I_mp(k),I_m(k),I_a(k),P(k),ph_diff(k))

%end

fprintf("  power = %10.3f Watts\n',sum(P))

fprintf('  DFi = %f\n',DFI)

fprintf("  DFv = %f\n',DFV)

fprintf("  DPF = %f\n',DPF)

fprintf("  PF = %f\n',PF)

fprintf("  PF1 = %f\n',PF1)

fprintf(" %%THDI = %f\n', THDI)

fprintf(' %%THDV = %f\n', THDV)

figure(3)
bar(P(1:n),0.2);

xlabel('harmonics order")

ylabel("WATT")
title("harmonics analysis')

figure(4)
bar(ph_diff(1: n),O.Z);

xlabel('harmonics order")

ylabel('Phase’)
title('harmonics analysis')

?
7?
7?

7?
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MOC3040, MOC3041, MOC3042, MOC3043
MOC3040X, MOC3041X, MOC3042X, MOC3043X

OPTICALLY COUPLEDBILATERAL
SWITCHLIGHT ACTIVATED ZERO
VOLTAGE CROSSING TRIAC

'X'SPECIFICATION APPROVALS L w254 Dimemonc i
e  VDE 0884 in 3 available lead form : - hhoo
-STD RN s
: W
- G form ® 6.0 o Hj :
- SMD approved to CECC 00802 e l o i
DESCRIPTION v, Q,ﬁ 968
. > 6.62 40
The MOC304_ Series are optically coupled 30 1
isolators consisting of a Gallium Arsenide + ¥ - 130
infrared emitting diode coupled with a mono- 5 s 05 |\ Max
lithic silicon detector performing the functions 30] gk \
of a zero crossing bilateral triac mounted in a "0's 3.35 Y026
standard 6 pin dual-in-line package. l

ABSOLUTE MAXIMUM RATINGS

R ¥ (25 °C unless otherwise noted)
e  Options :-
10mm lead spread - add G after part no. Storage Temperature -550C -+150°C
Surface mount --add SM after part no. Operating Temperature -40°C - +100°C
Tapedzreel —-add SMT&R after part no. Lead Soldering Temperature 260°C
e High Isolation Voltage (5.3k Vi, ,7.5kVy, ) (1.6mm from case for 10 seconds)
e  Zero Voltage Crossing
e 400V Peak Blocking Voltage
e  All electrical parameters 100% tested
e  Custom electrical selections available INPUTDIODE
Forward Current =~ " 44  S0mA
APPLICATIONS Reverse \./ol.tagg 6V
. CRTs Power D1.551pat10n 120mW
AR Sl T e (derate linearly 1.41mW/°C above 25°C)
e  Motors
e  Consumer appliances OUTPUT PHOTO TRIAC
e  Printers .
Off-State Output Terminal Voltage __ 400V
OPTION SM OPTIONG Forward CuqenF (Peale) ' ==t i A
SURFACEMOUNT L 162 Power Dissipation .~ 150mW

(derate linearly 1.76mW/°C above 25°C)

o)

6 POWERDISSIPATION
0.1 l‘lo = i
1046 Total Power Dissipation — 250mW
9.86 (derate linearly 2.94mW/°C above 25°C)
ISOCOM COMPONENTSLTD ISOCOM INC
Unit 25B, Park View Road West, 1024 S. Greenville Ave, Suite 240,
Park View Industrial Estate, Brenda Road Allen, TX 75002 USA
Hartlepool, TS25 1'YD England Tel: (01429)863609 Tel: (214)495-0755 Fax: (214)495-0901
Fax:(01429) 863581 e-mail sales@isocom.co.uk e-mail info@isocom.com
hittp://www.isocomicom http://www.isocom.coni

28/3/03 DB91048m=AAS/A6
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ELECTRICAL CHARACTERISTICS ( T, =25°C Unless otherwise noted )

PARAMETER MIN |[TYP | MAX|UNITS | TEST CONDITION
Input Forward Voltage (V) 12 14 |V [.=20mA
Reverse Current(I,) 10 UA V=6V
Output Peak Off-state Current (I, ) 500 | nA Vi =400V (note 1)
Peak Blocking Voltage (V) 400 v [ =300nA
On-state Voltage (V,,,) 30 |V L,,=100mA (peak)
Critical rate of rise of
off-state Voltage ( dv/dt) 600 | 1500 Vius
Coupled | Input Current to Trigger (I, )(note 2)
MOC3040 30 mA V. =3V (note2)
MOC3041 ; 15 mA
MOC3042 ? 10 mA
MOC3043 5 mA
Holding Current, either direction (T,,) } 400 UA
Input to Output Isolation Voltage V. 5300 i See note 3
7500 M See note 3
Zero Inhibit Voltage (V) 20 v [=Rated I,
Crossing MT1-MT2 Voltage
Charact- above which device
-eristic will not trigger
Leakage in Inhibited State (1) 500 | mA [=Rated I,

V ry = Rated Visaid

Off-state

Note 1. Test voltage must be applied within dv/dt rating.

Note 2. Guaranteed to trigger atan [ value less than or equal to max. I

between Rated I and absolute max. I .
Note 3. Measured with input leads shorted together and output leads shorted together.

g

recommended L, lies

DB91048m-AAS/A6



CHARACTERISTIC CURVES

Fig.1 Forward Current vs. Fig.2 On-state Current vs. Ambient
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CHARACTERISTIC CURVES

Fig.7 Turn-on Time vs. Forward
Current
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Fig.8 Repetitive Peak Off-state Current
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MOTOROLA Order this document

SEMICONDUCTOR TECHNICAL DATA by MOC3041/D
&SNE OO O ® MOC3041
VDE UL CSA SETI SEMKO | DEMKO | NEMKO BABT [lFT =15 mA Max]
- M 2
6-Pin DIP Zero-Cross g%ﬁ?‘}

Optoisolators Triac Driver Output MOC3043*
(400 Volts Peak) [IFT = 5 mA Max]

The MOC3041, MOC3042 and MOC3043 devices consist of gallium arsenide
infrared emitting diodes optically coupled to a monolithic silicon detector
performing the function of a Zero Voltage Crossing bilateral triac driver.

They are designed for use with a triac in the interface of logic systems to STYLE 6 PLASTIC
equipment powered from 115 Vac lines, such as solid-state relays, industrial
controls, motors, solenoids and consumer appliances, etc.

e Simplifies Logic Control of 115 Vac Power
e Zero Voltage Crossing
e dv/dt of 2000 V/us Typical, 1000 V/us Guaranteed
: 5 STANDARD THRU HOLE
e To order devices that are tested and marked per VDE 0884 requirements, the CASE 730A—04
suffix ”V” must be included at end of part number. VDE 0884 is a test option.
Recommended for 115/240 Vac(rms) Applications:

*Motorola Preferred Device

e Solenoid/Valve Controls e Temperature Controls
e Lighting Controls e E.M. Contactors COUPLER SCHEMATIC
e Static Power Switches e AC Motor Starters { 6
e AC Motor Drives e Solid State Relays
MAXIMUM RATINGS (Tp = 25°C unless otherwise noted) 2 \\\‘ 0s
Rating | Symbol | Value | Unit I ~ERG
INFRARED EMITTING DIODE 801 f S 4
Reverse Voltage VR 6 Volts
Forward Current — Continuous IF 60 mA ; éﬁ"lc')l-[l)gDE
Total Power Dissipation @ Tp = 25°C Pp 120 mw 3. NC
peratp above 25 | R\ & 141 | mwrc L
OUTPUT DRIVER DO NOT CONNECT
Off-State Output Terminal Voltage VDRM 400 Volts G EED
Peak Repetitive Surge Current ITsMm 1 A
(PW =100 us, 120 pps)
Total Power Dissipation @ Tp = 25°C Pp 150 mW
Derate above 25°C 1.76 mW/°C
TOTAL DEVICE
Isolation Surge Voltage(1) Viso 7500 Vac(pk)
(Peak ac Voltage, 60 Hz, 1 Second Duration)
Total Power Dissipation @ Ta = 25°C Pp 250 mwW
Derate above 25°C 2.94 mW/°C
Junction Temperature Range Ty —40to +100 2C
Ambient Operating Temperature Range(2) TA —40to +85 °C
Storage Temperature Range(2) Tstg —40 to +150 °C
Soldering Temperature (10 s) T 260 °C

1. Isolation surge voltage, V|50, is an internal device dielectric breakdown rating.

For this test, Pins 1 and 2 are common, and Pins 4, 5 and 6 are common.
2. Refer to Quality and Reliability Section in Opto Data Book for information on test conditions.
Preferred devices are Motorola recommended choices for future use and best overall value.
GlobalOptoisolatoris a trademark of Motorola, Inc.

(Replaces MOC3040/D)

I
(AK \) MOTOROLA
hral

© Motorofa; Ing. 1995



MOC3041 MOC3042 MOC3043

ELECTRICAL CHARACTERISTICS (Tp = 25°C unless otherwise noted)

L Characteristic Symbol Min r Typ Max Unit —l
INPUT LED
Reverse Leakage Current R — 0.05 100 LA
(VR=6V)
Forward Voltage VF — 1.3 1.5 Volts
(IF =30 mA)
OUTPUT DETECTOR (I = 0 unless otherwise noted)
Leakage with LED Off, Either Direction IDRM1 — 2 100 nA
(Rated Vprm(1)
Peak On-State Voltage, Either Direction VT™ — 1.8 3 Volts
(ITm = 100 mA Peak)
Critical Rate of Rise of Off-State Voltage(3) dv/dt 1000 2000 — Vius
COUPLED
LED Trigger Current, Current Required to Latch Output IFT mA
(Main Terminal Voltage = 3 V(2)) MOC3041 e = 15
MOC3042 — — 10
MOC3043 . e 5
Holding Current, Either Direction IH — 250 — LA
Isolation Voltage (f = 60 Hz, t = 1 sec) Viso 7500 — — Vac(pk)
ZERO CROSSING
Inhibit Voltage VIH — 5 20 Volts
(IF = Rated IFT, MT1-MT2 Voltage above which device will
not trigger.)
Leakage in Inhibited State IDRM2 b — 500 HA
(IF = Rated IFT, Rated VpRr\, Off State)

1. Test voltage must be applied within dv/dt rating.

2. All devices are guaranteed to trigger at an IF value less than or equal to max IFT. Therefore, recommended operating IF lies between I
(15 mA for MOC3041, 10 mA for MOC3042, 5 mA for MOC3043) and absolute max IF (60 mA).

3. This is static dv/dt. See Figure 7 for test circuit. Commutating dv/dt is a function of the load—driving thyristor(s) only.

TYPICAL ELECTRICAL CHARACTERISTICS

Ta = 25°C
o 0 OUTPUT PULSE WIDTH - 80 us /' 15 NORMALIZED TO| |
E 60 IF =30 mA J ¥ TA= 20
5 +400 f=60Hz A 13 X
i, Tp=25°C / :
8:: +200 /' E 1:2 Y
§ 0 @ 1.4 ke N
g) -200 z 0; =g
v o &
5 400 @ v tas ~
Z 600 V4 07
-800
-4 3 -2 - 0 1 2 3 4 5 —40 -20 0 20 40 60 80
VTM, ON-STATE VOLTAGE (VOLTS) Ta, AMBIENT TEMPERATURE (°C)
Figure 1. On-State Characteristics Figure 2. Trigger Current versus Temperature
2 Motorola/Optoelectronics' Device' Data



MOC3041 MOC3042 MOC3043

500 1.5
g 1.4 \
= 200 IF=0 N -
Z P d 1.3 \ IF = RATED IpT
o o
= B o 12 .
3 100 Z = \
[©) < 11
= = N
= o N
S 0 O A N~
S 7 = N
- A
@ o 09
rad = ~N
< 2 5 & 08 ™
W = ~N
= 0.7
= 10
o 0.6
5
-40 -20 0 200 40 . 80 - 80 - 100 -40 -20 0 20 40 60 80 100
Ta, AMBIENT TEMPERATURE (°C) TA, AMBIENT TEMPERATURE (°C)
Figure 3. IDRM1, Peak Blocking Current Figure 4. IDRM2, Leakage in Inhibit State
versus Temperature versus Temperature
Gl 57 ES SRR
TR e (74 PR AT
15 NORMALIZED TO -~ S 50 NORMALIZEDTO: | || |
14 TA=25°C  —+—] < PWin = 100 ps
o 13 & Ta=25°C
N 12 A 9 15
o ~ s \
=714 o
o I — = \
=i ~— o 10
= w
L 09 — N
0.8 =
 §
0.7 o U
= =
oy
-40 -20 0 20 40 60 80 100 1 2 5 10 20 50 100
TA, AMBIENT TEMPERATURE (°C) PWin, LED TRIGGER PULSE WIDTH (us)
Figure 5. Trigger Current versus Temperature Figure 6. LED Current Required to Trigger
versus LED Pulse Width
+400 = l PY o—\
Vdc T [ RTEST! 1. The mercury wetted relay provides a high speed repeated
| pulse to the D.U.T.
I 2.100x scope probes are used, to allow high speeds and
I voltages.
PULSE CTEST 3. The worst—case condition for static dv/dt is established by
INPUT MERCURY triggering the D.U.T. with a normal LED input current, then
WETTED removingthe current. The variable RTgsT allows the dv/dttobe
RELAY gradually increased until the D.U.T. continues to trigger in
response to the applied voltage pulse, even after the LED
current has been removed. The dv/dt is then decreased until
© the D.U.T. stops triggering. Trc is measured at this point and
i recorded.
Vimax =400V
APPLIED VOLTAGE S
WAVEFORM ——/~ 252V
_ 083 Vinax 252
ovorrs———J—4 ———————— > ——— W= = Re

Figure 7. Static dv/dt Test Circuit

Motorola Optoelectronics Device Data 3



MOC3041 MOC3042 MOC3043

Typical circuit for use when hot line switching is required.

vec Rn 1 Ry e In this circuit the “hot” side of the line is switched and the
MOC3041/ load connected to the cold or neutral side. The load may be
:D_2 3047 Po . connected to either the neutral or hot line.
3043 Rin is calculated so that IF is equal to the rated IFT of the
o 4 240¥a¢  part, 5 mA for the MOC3043, 10 mA for the MOC3042, or
15 mA for the MOC3041. The 39 ohm resistor and 0.01 pF
330 0.01 capacitor are for snubbing of the triac and may or may not
be necessary depending upon the particular triac and load

LOAD NEUTRAL used.

* For highly inductive loads (power factor < 0.5), change this value to

360 ohms.
Figure 8. Hot-Line Switching Application Circuit
240 Va/c\J
R1 D1
Suggested method of firing two, back-to—back SCR’s,
v 1 6 with a Motorola triac driver. Diodes can be 1N4001; resis-
cco tors, R1 and R2, are optional 330 ohms.
R MOC3041/
in 2 5 SCR
3042/ —0
3043 SCR
4 360 Q
0_3 AN NOTE: This optoisolator should not be used to drive a load directly.
Itis intended to be a trigger device only.

Figure 9. Inverse—Parallel SCR Driver Circuit

4 Motorola Optoelectronics Device Data



MOC3041 MOC3042 MOC3043
PACKAGE DIMENSIONS

NOTES:
1. DIMENSIONING AND TOLERANCING PER ANSI
Y14.5M, 1982.
2. CONTROLLING DIMENSION: INCH.
3. DIMENSION L TO CENTER OF LEAD WHEN
FORMED PARALLEL.

INCHES MILLIMETERS
MN | MAX | MIN | MAX
0320 | 0350 | 813 | 8.9
0.240 | 0260 | 6.10 | 6.60
0.115 | 0.200 | 293 | 508
0016 | 0020 | 041 | 0.50
0040 [ 0070 | 102 | 177
0010 | 0014 | 025 | 0.36

0100 BSC 254 BSC
0.008 [ 0012 | 021 | 030
0100 [ 0150 | 254 | 3.1

0.300 BSC 7.62 BSC

0°] 15°] 0o 150
DisFL 0015 [ 0100 | 038 | 254

&]0.130.005DT[A @[3 @ STYLE6:
L ' \ l:] PIN1. ANODE
2. CATHODE
3. NC
4. MAIN TERMINAL
5.
6.

=]
=

SEATING
PLANE

—>\\<— J 6PL
[$]0130005@[T[8.@[A D]

z;rx;mmmoom»l

EerL

. SUBSTRATE
. MAIN TERMINAL

CASE 730A-04
ISSUE G

NOTES:
1. DIMENSIONING AND TOLERANCING PER ANSI
Y14.5M, 1982.
2. CONTROLLING DIMENSION: INCH.

INCHES MILLIMETERS
| MIN [ MAX | MIN | MAX
0320 | 0350 | 813 | 889
0240 | 0.260 [ 6.10 | 660
0115 | 0200 | 293 | 508
0016 | 0020 | 041 | 050
0040 [ 0070 | 102 | 177
0010 [ 0014 | 025 | 036
0.100 BSC 254 BSC
0020 [ 0025 | 051 [ 063
0008 | 0012 | 020 | 030
0006 | 0.035 | 016 | 088
0.320 BSC 8.13BSC
0332 [ 0390 | 843 | 990

=
=

Q f=—

4 1R
jw% i

DepL Lea\o.13(o.oos)®]T| B @AW
[©[0130005@]T[A @[ D)

@ X[~ |T|@|n|mo|o (o>

*Consult factory for leadform

CASE 730C-04 option availability

ISSUE D

Motorola Optoelectronics Devicé Data 5



MOC3041 MOC3042 MOC3043

NOTES:
1. DIMENSIONING AND TOLERANCING PER ANSI
Y14.5M, 1982.
2. CONTROLLING DIMENSION: INCH.
3. DIMENSION L TO CENTER OF LEAD WHEN
FORMED PARALLEL.

INCHES MILLIMETERS
| DIM[_MIN | MAX | MIN | mAX
0.320 | 0.350 | 813 | 8.89
0.240 | 0.260 | 6.10 | 6.60
0.115 | 0200 | 293 | 508
0.016 | 0.020 | 041 | 050
0.040 | 0070 | 102 | 177
0.010 [ 0014 | 025 | 036
0.100 BSC 254 BSC
0.008 | 0012 | 021 | 030
0100 | 0.150 | 254 | 381
0400 | 0.425 | 10.16 | 10.80
0015 | 0.040 | 038 | 1.02

ZrX[—|@|mmofo|o|>

Ecid i
SEATING e B
PLANE G Lk _>“<_ J

B DePL

Eer— =~ [¢[013005)@[T[2 @[ @]

*Consult factory for leadform
option availability

CASE 730D-05
ISSUE D

Motorola reserves the right to make changes without further notice toany products herein. Motorola makes no warranty, representation orguarantee regarding
the suitability of its products for any particular purpose, nor does Motorola assume any liability arising out of the application or use of any product or circuit,
and specifically disclaims any and all liability, including without limitation consequential orincidental damages. “Typical” parameters can and do vary in different
applications. All operating parameters, including “Typicals” must be validated for each customer application by customer's technical experts. Motorola does
not convey any license under its patent rights nor the rights of others. Motorola products are not designed, intended, or authorized for use as components in
systems intended for surgical implant into the body, or other applications intended to support or sustain life, or for any other application in which the failure of
the Motorola product could create a situation where personal injury or death may occur. Should Buyer purchase or use Motorola products for any such
unintended or unauthorized application, Buyer shall indemnify and hold Motorola and its officers, employees, subsidiaries, affiliates, and distributors harmless
against all claims, costs, damages, and expenses, and reasonable attorney fees arising out of, directly or indirectly, any claim of personal injury or death
associated with such unintended or unauthorized use, even if such claim alleges that Motorola was negligent regarding the design or manufacture of the part.
LMotorola and @ are registered trademarks of Motorola, Inc. Motorola, Inc. is an Equal Opportunity/Affirmative Action Employer.

How to reach us:
USA/EUROPE: Motorola Literature Distribution; JAPAN: Nippon Motorola Ltd.; Tatsumi—-SPD-JLDC, Toshikatsu Otsuki,
P.O. Box 20912; Phoenix, Arizona 85036. 1-800—441-2447 6F Seibu-Butsuryu-Center, 3-14-2 Tatsumi Koto—Ku, Tokyo 135, Japan. 03-3521-8315

MFAX: RMFAX0@email.sps.mot.com — TOUCHTONE (602) 244-6609 HONG KONG: Motorola Semiconductors H.K. Ltd.; 88 Tai Ping Industrial Park,
INTERNET: http:/Design—-NET.com 51 Ting Kok Road, Tai Po, N.T., Hong Kong. 852-26629298
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vi‘ !
O
= .
o 2N2222
o
.3 PN2222
U 2N2222A
o PN2222A
THE 2N2222, 2N2222A, PN2222, PN2222A ARE CASE TO-18 CASE TO-924
NPN SILICON PLANAR EPITAXTAL TRANSISTORS ; g ‘
FOR GENERAL PURPOSE AMPLIFIERS AND MEDIUM m
SPEED SWITCHING APPLICATIONS. THEY ARE
COMPLEMENTARY TO THE PNP TYPE 2N2907,
2N29074, PN2907, PN290TA RESPECTIVELY. i
THE 2N2222, 2N2222A ARE PACKED IN TO-18.
THE PN2222, PN2222A ARE PACKED IN TO-92A. CBE 'EBC
2N2222'. PN2222
2N2222A PN2222A
ARSOLUTE MAXIMUM RATINGS : : 2N2222 2N2222A PN2222 PN22224A
Collector-Base Voltage g 1703:10) 60V 75V 60V 75V
Collector-Emitter Voltage VCEO 30V 40V 30V 40V
Emitter-Base Voltage VEBO 5V l6\-f—‘ 5V 6v
Collector Current Ic 0.8A 0.8A 0.8A 0.84A
Total Power Dissipation (Tc $259¢) Piot 1.8W 1.8W 1.2W 1.2
(Tas25°¢C) 500mW 500mW - 500mW 500mw
Junction Temperature : T3 1759c 175°C  1500¢ 1500C
Storage Temperature Range Tatg -65 to 2000C =55 to‘«_l50°c
ELECTRICAL CHARACTERISTICS (TA=25°C unless ctherwise noted)
; 2N2222 | 2N2222A
PARAMETER SYMBOL PN2222 | PN2222A|UNIT TEST CONDITIONS
MIN MAX | MIN MAX : :
Collector-Base Breakdown Voltage BVeBO 60 {5 v 10=0.0lmA Ig=0
Collector-Emitter Breakdown Voltage|LVppo = | 30 40 v Ic=10mA Ip=0
Emitter-Base Breakdown Voltage BVEBO D 6 v Ip=0.01lmA Ic=0
Collector Cutoff Current ‘ Icpo 10 nA | Vgp=50V Ig=0
10| nA | Vop=60V  IE=0 L
10 pA | VCB=50V Ig=0 TA-150°C
10| pA | VcB=60V IE=O Tp=150°C|:
Collector Cutoff Current IcEV. 10| nA | VCE=60V VgBp=3V
Emitter Gutoff Current IERO 10 10{ nA | Vgp=3V Ic:O
Base Cutoff Current Ipy, 20| nA | voR=60V Vm-}V

MICRO ELECTRONICS LTD. =#HFRAE]

38 Hung To Road, Kwun_Tong, Kowloon, Hong Kong. Cable: Microtron, Hong Kong. Telex: 43510 Micro Hx
7. T i 181-6,3-893363-3-882423:-3-898221
P.O. Boxb9477 Kwun Tong) Tel: 3430 FAX: 31410321




- - - Continued -

2N2222 2N2222A
PARAMETER SYMBOL PN2222 | PN2222A  |yyym TEST CONDITIONS /=
MIN MAX | MIN MAX
ollector-Emitter Saturation VCE(sat)* 0.4 0.3 | V [Ic=150mA Ip=15mA
Voltage 1.6 1.0 | V |Ic=500mA Ip=50mA
ase-Emitter Saturation Voltage| Vpg(sat)# 1.3] 0.6 1.2 | V |Ic=150mA Ip=15mA
2.6 2.0 | ¥ [Ig=500mA IR=50mA
.C. Current Gain Hpp * 35 35 Ic=0.1lmA VgE=10V
50 50 Ic=1mA VoE=10V
75 ] Ic=10mA  Vogp=10V
100 300 {100 300 Ic=150mA Vog=10V
30 40 Ic=500mA Veg=10V
50 50 Ic=150mA VCE=1V
35 I¢=10mA Vog=10V Tp=-550C
urrent Gain-Bandwidth Product fm 250 300 MHz |Ig=20mA V(gE=20V
ollector-Base Capacitance Cob 8 8 | pF Vep=10V Ip=0 f=100kHz
mitter-Base Capacitance Cib 25 25 | pF |[Vgp=0.5V Ig=0 f=100kHz
ollector-Base Time Constant Cerbb’ 150 | pS {Io=20mA Vep=20V
f=3]1,8MHz Py
‘oise Figure NF 4 | dB |Ig=0.1mA V(gp=10V
f=1kHz RG=lk L
nput Impedance hie 2 8 | KQ |Ic=1lmA V=10V f=1kHz
0.25 1.25| KQ [To=10mA Vpog=10V f=1kHz
oltage Peedback Ratio hpe 8 |x20741¢=1mA VCE=10V f=1kHz
4 |x10-41c=10mA VCE=10V f=1kHz
mall Signal Current Gain hfe 50 300 Ic=1lmA VggE=10V f=1kHz
T2 Ic=10mA VCE=10V f=1kHz
utput Admittance hoe 5 35 | pu [Ig=lmA VCE=10V f=1kHz
25 200 | pU (Ic=10mA Vop=10V f=1kHz
elay Time tg 10 | nS |I¢=150mA IR]1=15mA Vcc=30V]
ise Time tr 25 | nS [Ic=150mA IB1=15mA Vec=30V|
torage Time ts 1225 | nS_ [Io=150mA IB1=Xpp=15mA -
| [Vee=30V ipl e
'all Time te 60 | nS [Ig=150mA IBl“tIBzélﬁﬁi .

Veo=30V

* Pulse Test : Pulse Width=0.3mS, Duty Cycle=1%




SWITCHING TIME TEST CIRCUITS

2N2222/A
PN2222/4

~
5 S Vgg = =238V Vee =+30V
ton SWITCHING Vgg = =05V chf- “30v toff SWITCHING
L
0.47#F$ 3% o — :_I_: QA7 4F +30V ’
o|o_4:r-—L ‘0&7 uF VOIJT o —I—L IN
; L 8190
PW < 200 ns 508 :
ty < 2,0 ns BW ~ 10 us
ZiN=500 = i=i Z)N =608
e Tc <6.0ns
\
All waveforms are monitored on an oscillescope with Bin>100KQ ,
Cin S 12pF, tp <5nS.
!”‘\
P \ é¥
- tot vs ‘A 1 Piof\ve TA
el 2N2222 ~ | PN2222
— 2N2222A : { PN22224A]1
N e (» ! .
5 o 1.5
&n
Ptot j\%}
T A \S 1.0
) " N\& Ptot
B L
0.5 QNOH ]§ = 0.5
ket 5.
inj
0 i 0
0 50 100 150 200 ‘ 0 200
il e ¢ OC) : A




TYPICAL CHARACTERISTICS

2N2222/ A ' £
PN2222/A. (Ta=25°¢ unless otherwise noted) i
5 .-'iA*"
[
) -HFE vs IC - VeE(sat) & VBE(sat) vs Ic
e 1 ~ Vgg=10V ek I Ic=101g]
! Pulse Test Pulse Test
200 o il e 156
| af N
AL
Hpg 150 \\{;;r . -
: . VOLT n
\ i \ o
AL 0.
50 : 4 ‘ v
ll : ' VoR(sat =
Jl” ymesy Lk ad
0 t = 0 00
1 194 100 1000 1 10 e ( i) 1000
¢ (m& ;
Ic. (maA) -
A= I SWITCHING TIME vs I
20 Vep=20V 200 TEr I8 N\ Ic=10Ip1=10Ig2)
TT; !1 \gj Vee=30V]
400 - e 200 X
,/ \ J R %
4 A %
300 ’ \ 150 S o
fT / \ ; ' (ns) BEIS
200 AL 100 '
(MHz) ! -
100 1 50 N{td + tn]
i
1 10 100 1000 1 10 100 1000
Ic (mA) : \ Ic (mAd) T
L ) : A\
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SIEMENS

Phase Control IC TCA 785
Bipolar 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

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.

Pin Definitions and Functions

Pin Symbol Function
so[J1 M w6[]v
5 1 GND Ground
02[]2 15]]02 2 Q2 Output 2 inverted
3 QU Output U
w(]3 o 4 Q2 Output 1 inverted
01 |: 4 3 ] L 5 VsYne Synchronous voltage
6 I Inhibit
Vone []5 il 7 QZz Output Z
([]¢ 1[] vy 8 V Rer Stabilized voltage
9 Rs Ramp resistance
QZ| |7 10]]C
[ i 10 Cho Ramp capacitance
Veer |8 9] 4 11 Vi1 Control voltage
[EP00356 12 Crz Pulse extension
13 L Long pulse
14 Q1 Output 1
Pin Configuration 2 Q2 Output 2
(top view) 16 Vs Supply voltage

Semiconductor Group 1 09.94



SIEMENS TCA 785

Functional Description

The synchronization signal is obtained via a high-ohmic resistance from the line voltage
(voltage V5). A zero voltage detector evaluates the zero passages and transfers them to the
synchronization register.

This synchronization register controls a ramp generator, the capacitor Cio of which is charged
by a constant current (determined by Rs). If the ramp voltage V10 exceeds the control voltage
V11 (triggering angle ¢), a signal is processed to the logic. Dependent on the magnitude of the
control voltage V11, the triggering angle ¢ can be shifted within a phase angle of 0° to 180°.

For every half wave, a positive pulse of approx. 30 us duration appears at the outputs Q 1 and
Q 2. The pulse duration can be prolonged up to 180° via a capacitor Ci2. If pin 12 is connected
to ground, pulses with a duration between ¢ and 180° will result.

Outputs QT and @2 supply the inverse signals of Q1.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 link of 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, Q2 |

Pin 13 can be used to extend the outputs @71 and Q@2 to full pulse length (180° — ¢).

B _I_Putse
k Extension
A2
5
Vse [> 7 Synchron. 14
ero : Q1
Register
Defector L K|
16 N T Y /15, 0
s i 8 Discharge Legic |2 -
= Ay | Monitor 3
S > —— a
— >e Tl oz
e ] ki
Confrol
1 Comparatfor
GND
B EIT 68
Bischarge
9 |8 10 11 Transistor |g |13
Vs
R Vi _L_ /\Control Inhibit Long-Pulse
9 stab 10 _/Voltage Commutation
1EB00358

Block Diagram

Semiconductor Group 2



SIEMENS

TCA 785

IED00359

Synchronization voltage

Ramp peak voltage

Ramp voltage

Control voltage

Min. ramp voltage =V

Q2

| Q=1

©Q2,Pin1210 GND

- Q 1, Pin 12 to GND

2, Pin 1310 GND

1, Pin 13 to GND

Pulse Diagram

Semiconductor Group




SIEMENS

TCA 785

Absolute Maximum Ratings

Parameter Symbol Limit Values Unit
min. max.

Supply voltage Vs -0.5 18 N

Output current at pin 14, 15 Ia - 10 400 mA

Inhibit voltage Ve -0.5 Vs V

Control voltage V11 -0.5 Vs \%

Voltage short-pulse circuit V13 -0.5 Vs \%

Synchronization input current Vs — 200 + 200 nA

Output voltage at pin 14, 15 Va Vs Vv

Output current at pin 2, 3, 4, 7 Ia 10 mA

Output voltage at pin 2, 3, 4, 7 Va Vs \%

Junction temperature Vi 150 C

Storage temperature Tetg —55 25 463

Thermal resistance

system - air Rinsa 80 K/W

Operating Range

Supply voltage Vs 8 18 Y

Operating frequency i 10 500 Hz

Ambient temperature Ta - 25 85 ‘C

Characteristics

8<Vs<18V;-25°C < Ta< 85 °C; =50 Hz

Parameter Symbol Limit Values Unit| Test
min. typ. max. Circuit

Supply current consumption Is 4.5 6.5 10 mA |1

S1 ... S6 open

Vii=0V

C10=47 nF; R9=100 kQ

Synchronization pin 5

Input current 5 ms 30 200 A |1

R 2 varied

Offset voltage AVs 30 75 mV |4

Control input pin 11

Control voltage range Vi1 0.2 V10 peak i

Inputresistance Ri1 18 R 15

Semiconductor Group



SIEMENS TCA 785

Characteristics (cont'd)
8B=ls=<18V;—25 C=<Tax85°C:f=50Hz

Parameter Symbol Limit Values Unit| Test
min. typ. max. Circuit

Ramp generator

Charge current I 10 1000 tA

Max. ramp voltage Vo Va—2 V 1

Saturation voltage at capacitor | V1o 100 225 350 mV 1.6

Ramp resistance R9 - 300 ko |1

Sawtooth return time ff 80 us |1

Inhibit pin 6

switch-over of pin 7

Outputs disabled Vel X3 2.3 NVl

Outputs enabled Ver 4  #3) v o1

Signal transition time tr 1 5 us |1

Input current IsH 500 800 uA |1

Ve=8V

Input current —IL 80 150 200 uA |1

Ve=17V

Deviation of /1o To =5 5 % |1

R ¢ = const.

Vs =12 V; Cio = 47 nF

Deviation of /1o Lo =+ 20 20 % 1

R 9= const.

Vs=8Vito18V

Deviation of the ramp voltage

between 2 following

half-waves, Vs = const. AV10 max +1 %

Long pulse switch-over

pin 13

switch-over of S8

Short pulse at output Vis 3.5 2.5 AR

Long pulse at output VisL 25 2 vV |1

Input current EETY 10 uA 1

Vis=8V

Input current —ls. |45 65 100 pA |1

Vis=17V

Outputs pin 2, 3,4, 7

Reverse current Iceo 10 vA 2.6

Va=Ts

Saturation voltage Vsat 0.1 0.4 2 M- |26

Ia =2 mA

Semiconductor Group 5



SIEMENS TCAT785

Characteristics (cont'd)

8=l 18V =25 °C < Tax 85 "G = 50Hz

Parameter Symbol Limit Values Unit| Test
min. typ. max. Circuit

Outputs pin 14, 15

H-output voltage Viansw | Vs—3 Vs—2.5 Vs—1.0 V |3.6

—I1a=250 mA

L-output voltage Vst 0.3 0.8 2 V 126

Ia=2mA

Pulse width (short pulse) fp 20 30 40 us (1

S9 open

Pulse width (short pulse) tp 530 620 760 us/ o1

with C12 nF

Internal voltage control

Reference voltage Vrer 2.8 % 3.4 L |

Parallel connection of

10 ICs possible

TC of reference voltage OIREF 2 fsas [ x 3014 1| 1/K |1

Semiconductor Group



SIEMEN
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TCA 785

Application Hints for External Components

min max
Ramp capacitance Cio 500 pF 1uF"  The minimum and maximum values of /1o
are to be observed
o : it Vitx Rex Co 2
riggering poin fr= —
. VRer x K
Vrer x K 2) Ramp voltage VrRerx Kxt 2
Charge current Io = Viomax = Vs -2V Vio= ——
Rg Rox C1o
Pulse Extension versus Temperature
780 IED00360
us/nF Y
660 —— Cip=1nF
600 — —
540
§ 480
5420
basd
L 360
b
2 300
o
240
180 - 4
60
0
-40 -20 0 20 40 60 80 °C 100

) Attention to flybac
A K=110+20%

k times

Semiconductor Group



SIEMENS

TCA 785

Output Voltage measured to + I's

3.9

[ED00361

35

3.3

V=15V

L7425 °C

31

29
Vs- W
57/, o

\

25+ - —|- -

\

\I
Y
}

\\.

2.3 =

214

19 f——a+—

1571

125
13

11

0.2
0

0

Supply Current versus Supply Voltage

100

200

1£000362
8.5
mA 5
7.9
[S ,/ _25 hC
'/
7.3 td
6.7_ ___/_ == +25+E/
| {785
6.1 o
7
7 T
s 1 1|
// !
~£ I
4.9 |
|
|
4.3 f
l
8 10 12 1516 18 V20

Semiconductor Group
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SIEMENS TCA 785

[121 1nF
Sg
/ 4
5
50 Hz 1kQ 250 k2 Loy 412
i 5 Defector
[> Synchron. 14 6x10 k§
8 Vs R4 R, e 4 -
0.33 pF
N L 16 i 1552 Vs
- _T_ T 8 Discharge Logic |2 S3
I 100 nF — ) ¥ JAN J|_ Monifor 3 <4
= 7 A\S
_D —l r’ S6
L (o —»@ \
Control
GND 1 Comparafor
: KL
_t/IDischarge
Py & 10111 Transistor 3
/s i )9 0Vto 58
208
& l SR VRump 10 kS 7[13
j o 10 kQ
1£500363

It is necessary for all measurements to adjust the ramp with
the aid of Cio and R s in the way that 3V< Viampmax< Vs — 2 V
e.9. Co=47nF; 18 V: R9=47 kQ; 8 V: Rs = 120 kQ

Test Circuit 1

Semiconductor Group 9



SIEMENS TCA 785

Rin 2, 35 k47
14,15

MC 6

[ES00364

The remaining pins are connected as in test-circuit 1

Test Circuit 2

Pin 14, 15

MC6

ol
i

[ES00365

The remaining pins are connected as in test circuit 1

Test Circuit 3

Semiconductor Group 10



SIEMENS TCA 785
Ve/mV 75
I
— f
75
Vv
0
;
g v
100 kS
Pin'5
E—L T —ILouF ks | %
y 1ES00366
Remaining pins are connected as in test circuit 1
The 10 uF capacitor at pin 5 serves only for test purposes
Test Circuit 4
+
Oscillator

Pin 11
—————=005V

[11
.

Pin 1

[£S00367

Pin 3

lDVM
i [ES00368

(@)

Test Circuit 5

Semiconductor Group

Test Circuit 6
14



SIEMENS TCA 785

ot
+
o e ol e,
[ O
p
12k 7N D65
7 ., o
Oufputs
1£500369 1ES00370
Inhibit 6 Long Pulse 13
® o ¢ +
R +
AV
I G
i) [ES00371
I [ES00372
Pulse Extension 12 Reference Voltage 8

Semiconductor Group 12



SIEMENS

TCA 785

R L
o—4
A T
L.7KQ P
9w 220 k2
W 1N4005
[ 047 pF=s Load Q)
I:lm i L) N s L7 kS
’ 15 8%61 TC
=l %
470 4F| 8-V 10 eavsr| 1502 AVZAN
= X )
%] Sl
] AT d A, M 60
220 Ve 5| TCA 785 |12 == 2.2 uF{MKH)
oz \ 1 2.2kQ Erwo kQ
_250 e ZS 1BV —7 10
8 ? Lf
25 ko 150 pF
&
O uF== .
100 |47 pF
k2
v
O
Mp 1£S00373

Application Examples
Triac Control for up to 50 mA Gate Trigger Current

A phase control with a directly controlled triac is shown in the figure. The triggering angle of
the triac can be adjusted continuously between 0° and 180° with the aid of an external
potentiometer. During the positive half-wave of the line voltage, the triac receives a positive
gate pulse from the IC output pin 15. During the negative half-wave, it also receives a positive
trigger pulse from-pin 14. The trigger pulse width is-approx. 100 ps.

Semiconductor Group
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SIEMENS TCA 785
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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 trigger pulse of pin 14 is fed to the
relevant thyristor via a trigger pulse transformer. During the positive line half-wave, the gate of
the second thyristor is triggered by a trigger pulse transformer at pin 15.
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K’L BTA/BTB12 and T12 Series

SNUBBERLESS™, LOGIC LEVEL & STANDARD

12A TRIACs

MAIN FEATURES:

Symbol Value Unit
It(Rms) 12 A
Vorm/VRRM 600 and 800 Vv
leT (@) 1010 50 mA
DESCRIPTION

Available either in through-hole or surface-mount
packages, the BTA/BTB12 and T12 triac series is
suitable for general purpose AC switching. They
can be used as an ON/OFF function  in
applications such ~as  static relays,  heating
regulation, induction motor starting circuits... or for
phase control operation in light dimmers, motor
speed controllers,...

The snubberless versions (BTA/BTB...W and T12
series) are specially recommended for use on
inductive loads, thanks to their high commutation
performances. By using an internal ceramic pad,

A1
A2

G

D2PAK

(T12-G)

the BTA series provides voltage insulated tab TO-220AB Insulated TO-220AB
(rated at 2500V. RMS) complying with UL (BTALZ) \BTB12)
standards (File ref.: E81734)
ABSOLUTE MAXIMUM RATINGS
Symbol Parameter Value Unit
IT(RMs) | RMS on-state current (full sine wave) | p*pak/TO-220AB | Tc= 105°C
12 A
TO-220AB Ins. Te=90°C
lrsm Non repetitive surge peak on-state F=50Hz t=20ms 120 A
current (full cycle, Tjinitial = 25°C) F = 60 Hz =T 126
It 't Value for fusing tp=10ms 100 A’s
Critical rate of rise of on-state current G o ”
dl/dt Ig =2 x IgT , tr< 100 ns F=120Hz Tj=125°C 50 Alus
Non repetitive surge peak off-state 2 o VborRM/VRRM
V = =
Vbsm/VRsm voltage tp=10ms Tj=25°C +100 V
Iom Peak gate current tp =20 us Tj=125°C 4 A
PG(AV) Average gate power dissipation Tj=125°C 1 W
Tstg Storage junction temperature range -40to + 150 e
Tj Operating junction temperature range -40to+ 125
September 2000 - Ed: 3 17




BTA/BTB12 and T12 Series

ELECTRICAL CHARACTERISTICS (Tj= 25°C, unless otherwise specified)

s SNUBBERLESS™ and LOGIC LEVEL (3 Quadrants

Symbol Test Conditions Quadrant T12 BTA/BTB12 Unit
i
T1235 sSwW CW BW
leT (1) [-10-111 | MAX. 35 10 35 50 mA
Vp=12V RL=30Q
Ver I-10-11 MAX. 1.3 \Y
VGD VD = VDRM RL =3.3kQ I-1-11 MIN. 0.2 v
Tj=125°C
Iy (2) It =100 mA MAX. 35 15 35 50 mA
I Ig=12lgT -1 MAX. 50 25 50 70 mA
1 60 30 60 80
dv/dt (2) |Vp= 67 %Vpry gate open
Tj = 125°C MIN. 500 40 500 1000 Vius
(dl/dt)c (2) |(dV/dt)c=0.1 Vius Tj=125°C MIN. - 6.5 - - Alms
(dv/dt)c = 10 Vius Tj=125°C - 2.9 - -
Without snubber Tj=125°C 6.5 - 6.5 12
m STANDARD (4 Quadrants)
Symbol Test Conditions Quadrant BTA/BTB06 Unit
ni
C B
IgT (1) I-1r-11 25 50 mA
MAX.
Vp=12V R =30Q 50 100
Vor MAX. \Y
\els) Vb =Vprv RL=3.3kQ Tj=125C MIN. 0. \Y;
Iq (2) I+ =500 mA MAX. 25 50 mA
I lg=12lgT I-1r-1v MAX. 40 50 mA
80 100
dV/dt (2) |Vp= 67 %Vprm gate open Tj=125°C MIN. 200 400 Vius
(dV/dt)c (2) |(dl/dt)e = 5.3 A/ms Tj=125°C MIN. 5 10 Vius
STATIC CHARACTERISTICS
Symbol Test Conditions Value Unit
V1 (2) ltm=17A tp =380 ps Tj=25°C MAX. 1.55 \
Vio (2) Threshold voltage Lissnil258C MAX. 0.85 Vv
R4 (2) Dynamic resistance T =125°C MAX. 35 mQ
I V =V Tj=25°C 5 A
DRM DRM = VRRM : MAX. H
IRRM TJ =125°C 1 mA

Note 1: minimum IGT is guaranted at 5% of IGT max.

Note 2: for both polarities of A2 referenced to A1

217
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BTA/BTB12 and T12 Series

THERMAL RESISTANCES

Symbol Parameter Value Unit
Rih(-c) Junction to case (AC) D’PAK/TO-220AB 1.4 °C/W
TO-220AB Insulated 2.3
Rih(j-a)  |Junction to ambient S=1cem’ D’PAK 45 °C/W
TO-220AB 60
TO-220AB Insulated
S = Copper surface under tab
PRODUCT SELECTOR
Voltage (xxx)
Part Number Sensitivity Type Package
600V 800 V
BTA/BTB12-xxxB X 50 mA Standard TO-220AB
BTA/BTB12-xxxBW X X 50 mA Snubberless TO-220AB
BTA/BTB12-xxxC X X 25 mA Standard TO-220AB
BTA/BTB12-xxxCW X X 35 mA Snubberless TO-220AB
BTA/BTB12-xxxSW X X 10 mA Logic level TO-220AB
T1235-xxxG X X 35 mA Snubberless D’PAK
BTB: non insulated TO-220AB package
ORDERING INFORMATION
TRIAC J l
SERIES
SENSITIVITY & TYPE
INSULATION: B: 50mA STANDARD
A: insulated VOLTAGE: BW: 50mA SNUBBERLESS
B: non insulated 600: 600V C: 25mA STANDARD
800: 800V CW: 35mA SNUBBERLESS
CURRENT: 12A <J SW: 10mA LOGIC LEVEL
o
mac T 7
SERIES
PACKAGE:
LD
CURRENT: 12A o _ s
OLTAGE: PACKING MODE:
600: 600V Blank: Tub
800: 800V s
‘J -TR:Tape & Reel
SENSITIVITY:
35:35mA

q
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BTA/BTB12 and T12 Series

OTHER INFORMATION

Part Number Marking Weight ey Packing
BTA/BTB12-xxxyz BTA/BTB12-xxxyz 23g 250 Bulk
T1235-xxxG T1235xxxG 154 50 Tube
T1235-xxxG-TR T1235xxxG 1:5g 1000 Tape & reel

Note: xxx = voltage, yy = sensitivity, z = type

Fig. 1: Maximum power dissipation versus RMS
on-state current (full cycle).
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Fig. 2-2: RMS on-state current versus ambient
temperature (printed circuit board FR4, copper
thickness: 35um),full cycle.
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Fig. 2-1: RMS on-state current versus case
temperature (full cycle).
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Fig. 3: Relative variation of thermal impedance
versus pulse duration.
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BTA/BTB12 and T12 Series

Fig. 4: On-state characteristics (maximum

values).
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Fig. 6: Non-repetitive surge peak on-state
current for a sinusoidal pulse with width
tp < 10ms, and corresponding value of I2t.
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Fig. 8: Relative variation of critical rate of
decrease of main current versus (dV/dt)c (typical
values).
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Fig. 5: Surge peak on-state current versus
number of cycles.
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Fig. 7: Relative variation of gate trigger current,
holding - current and latching current versus
junction temperature (typical values).
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Fig. 9: Relative variation of critical rate of
decrease of main .current versus junction
temperature.
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BTA/BTB12 and T12 Series

Fig. 10: D*PAK Thermal resistance junction to
ambient versus copper surface under tab (printed
circuit board FR4, copper thickness: 35 um).
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PACKAGE MECHANICAL DATA

D?PAK (Plastic)

el 1] 9

L3TL [T
L B2
B
=

]

.0 MIN.

Aoy TASEr I

+——g—>

A2, &
FLAT ZONE
X V2
b ler

DIMENSIONS
REF. Millimeters Inches
Min. | Typ. | Max. | Min. | Typ. | Max.
A 4.30 4.60 |0.169 0.181
A1l 2.49 2.69 |0.098 0.106
A2 0.03 0.23 | 0.001 0.009
B 0.70 0.93 | 0.027 0.037
B2 1.25 | 1.40 0.048 | 0.055
o 0.45 0.60 | 0.017 0.024
C2 1.21 1.36 | 0.047 0.054
D 8.95 9.35 1.0.352 0.368
E 10.00 10.28 | 0.393 0.405
G 4.88 5.28 |0.192 0.208
L 15.00 15.85 | 0.590 0.624
L2 .27 1.40 | 0.050 0.055
L3 1.40 175 | 0.055 0.069
R 0.40 0.016
V2 0° 8° 0° 8°

D?PAK (Plastic)

FOOTPRINT DIMENSIONS (in millimeters)

10.30( -4 - —-
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BTA/BTB12 and T12 Series

PACKAGE MECHANICAL DATA
TO-220AB / TO-220AB Ins.

DIMENSIONS
el i MG REF. Millimeters Inches
o Min. | Typ. | Max. | Min. | Typ. | Max.
A A [ 15.20 15.90 | 0.598 0.625
rrrrrr 1 al 3.75 0.147
e! a2 | 13.00 14.00 | 0.511 0.551
2 B | 10.00 10.40 | 0.393 0.409
‘ b1 | 0.61 0.88 | 0.024 0.034
5 ‘ VA 1.32 | 0.048 0.051
” C | 440 460 [0.173 0.181
S 4B cl | 0.49 0.70 | 0.019 0.027
,,,,,,,,, | 1 c2 | 240 2.72. | 0.094 0.107
! e [240 2.70 | 0.094 0.106
o ‘ F 1620 6.60 | 0.244 0.259
| \ -] 3.75 3.85 | 0.147 0.151
g L 14| 15.80 | 16.40 | 16.80 | 0.622 | 0.646 | 0.661
5 - L | 265 2.95 | 0.104 0.116
b et 27 [ 1.14 1.70 | 0.044 0.066
13 | 1.14 1.70 | 0.044 0.066
M 2.60 0.102

Information furnished is believed to be accurate and reliable. However, STMicroelectronics assumes no responsibility for the consequences
of use of such information nor for any infringement of patents or other rights of third parties which may result from its use. No license is granted
by implication or otherwise under any patent or patent rights of STMicroelectronics. Specifications mentioned in this publication are subject
to change without notice. This publication supersedes and replaces all information previously supplied. STMicroelectronics products are not
authorized for use as critical components in life support devices or systems without express written approval of STMicroelectronics.

© The ST logo is a registered trademark of STMicroelectronics
© 2000 STMicroelectronics - Printed in Italy - All Rights Reserved
STMicroelectronics GROUP OF COMPANIES
Australia - Brazil - China - Finland - France - Germany - Hong Kong - India - Italy - Japan - Malaysia - Malta - Morocco

Singapore - Spain - Sweden - Switzerland - United Kingdom
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