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ABSTRACT
This project presents the speed control separately excited DC motor.
Which is controlled amature voltage. A rating motor is 2.2 kW ,13.5A,220V and
1150 rpm. The objective of the project is the improvement of the speed controller
by SCR (Silicon Controlled Rectifiers) in power circuit of Dual converter because it has
current rating more than IGBT,MOSFET suitable a large motor and can regenetive

breaking .analyzing of contro! system with Matlab program.
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2.2 Silicon Controlled Rectifiers (SCRs)
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TWIAUBIWARLAL IR UM ININIABInaLazA T laDu(rise time) AauuaznI=us
RO o G, o -
waluaiugeduninauansads upsfisdylunimin SCR 1891197 3 s Wanaau
'y & o A d w | Y wogoad
LBIMaT Ay IMNInAawdIrINNTe9 SCR ATHIURTBUURINGS (WevinTuen
N3176(Ground) 289133119 UazTAIvANeanIniwReilestuanuiowipaeg
= fr [ o A Y LV o " 5 | ol
VNI AR IRwMIIMRIuAM IEWadn Tuane fle S(PTR)Aael19a3
a a A a P ar ' = '
WaduReasnunssuaivesunuwin dulalon D1 uazTiueiialoa DZ aseu
paaatgunitniiion i duniiaf (ree Wheeling) vasnTzuslgugiilusmemed
uaaW(Turn off) uazilasnumsdumuaindandailalas D2 ua: ¢ FrlumaSoanszua

WAZNIIRTYYIUNINTUNNTEI SCR @31 R2 3¢ limit NTzUADUNNAILAAIFUN 3.5

MunsgUnioisda Converter 1 7@

wWagnuawadwas(PTR) 6
lalan 1N4841 12 67
Fiuaflalan 1N4740A 6 0
NIUWTIADT(TRA) 2N2222A 6 92
anuewuwmuRr, 50 2 5w 6 @7
ANMUAIUMUR, 1 K 14 W 6 67

aiFaed 30 pF 6 a2
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31]'?; 3.13 n1Tl¥uRuaM3( speed )
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51N 3.14 MIlTuaan11u3( speed)
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517 3.17 N32U la UAT WIIAK VIR Quadrant 2Iwaa Forward Braking
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3‘1]1‘1' 3.19 NIZLR |a WA LTI VY Quadrant 4 Reverse Braking
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una 4

NINAandIIzHAMINA[DI

AW e - 9 ‘ LY o
%Wﬂﬂ‘lﬂﬂ'lﬂ’l'iﬂﬂ‘l:ﬂuazaBﬂLLUUHT’]G’NQEﬂ‘EU‘QﬂH’)%LLﬂ’J Nz Ines ENLﬁﬂ

= a8 ] @ A ) bod L g el ;
Wunauahu ey daesviinisnassdluiidadns AR

NIIMARBINIFN R, , R Lot V-1 Method
MINaaaImIAIaNFIRRTsTwinsnu T laaastuusadu Wi
Pawuldn
MINARBIRIFIANNFNRUTTzRI e T L leesnunszuaias
m'smaaumiﬁnmuua:"i’@é‘:yzy”nmtaﬁsgmaaawiﬁtﬁzuu
msmaaaﬁnwﬂﬂeﬁwauﬂaﬂwﬂﬂns:uammuu%ﬂﬂm
msmaaaﬁnwﬂﬂ{l’wamaﬂﬂﬁﬂn‘s:uammuugmﬂ@
nmifSeuifsunistuusiasfWAInTzLaasiuuLgUaussguiile

nsneaadsnasnisruvaaatiwiln lanlsldsunsy Matiab

gunsafnlzlunsnasas

1. waeaftWiInszuRATILLLBARIAULENNIZAW(DC Motor FUJI ELECTRIC)

© ©o N o o bk LD

FanmRacail

Afaussauafiaead: 220 V
Afaniuganiuiat; 13.5 A
Anarad IWAN: 2.2 kW
RANANULTY: 1150/2500 rpm
RrausinauaaIaNae: 150 V

Digital Storage Oscilloscope YOGOGAWA DL1520
1-Q Variac 0-240V S5 A

Multimeter SANWA YX361-TR

DC Voltmeter

DC Ampmeter

Ecoder

Tacho-meter

ganaaaunsz Usznaudin Torque-meter uRananalW | aolwW
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Speed L.
controller fimit
Wm

Firing ]
Circuit 1

f
g | LA B

A

wWm

Y ST

GCONVERTER 1 ‘ CONVERTER 2

f

Firing
Circuit 2

-

51U 4.1 vRanlaszunsupalansnuiugasfiamusauio, nizugatsiuees

Forward
braking
Conv2=inverter

Ea . (Om

Reverse
Motoring
Conv2=rectifier

Forward
Motoring
Convi=rectifier
Te,la
-
Reverse
braking

Convi=inverter

31l 4.2 Twunuuaniiunasnrianszuransiuaasuazinuasidunsidwanfiuiaasnia

andsaulapvrnuilruednig




4.1 MNARLINIAT R, , R 1ap35 V-1 Method

4.4.1 THADWAITNAADINIA R,
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° A - = [ W .
1, mm'ma'awﬁn'mﬂﬂaaammgﬂﬂ 4.1 dyazilowusianliianzlnin

o ¢ 4 [V o a & o vd & «
UAIUADIILULTDT ‘If\'lLLﬁﬁﬂuﬂﬁﬂul%numﬂﬂﬁ@'ﬂ:ﬂ']ﬂu@l“ﬁuﬂqLﬂuﬂuﬂ

2. ﬂammﬁu‘lwﬁn%sj’ami TaonmsiRunsyanitlaudaudsdfias 1y

3. fnunndusau Wi fAtawdy uaznizuga ey

A
+ —
+
v Ea
= . A )
31N 4.3 M3aRITNANBUNIWIAN R,
A ! a & '
A5 WA 4.1 HAMINARDIATUTIANBAZNIZURAITLNLIDT
Vi(V) 1.8 3.98 6.8 9.7
la(A) 0.53 113 286 |
12 .
S 10+ -
g
E 8 . — -
S
e O
- |
T 4 -
E
< 2.
0 — ———— - — - ) —— -
0 1 2 3 4

Armature Current(A)

1 i L ] ke & .4
‘Sﬂ'ﬁ 4.4 mwauwuﬁs:mwLmﬂuua: ATSLLRENILALIAT
u
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ANIAUIWKIAT R, 31N

AV
R, =—= 1.1
AT (1.1)
azley
_ 6.8-3.95
© 2-1.13
R,=327 Q

4.1.2 THAINRNISNITNAFDIAIA R,
o 1 d Q- L7 []
1. imsedersasnmasssaiagy 4.3 dastlaunssanlviawizlusrivsoiva
oy & & o A oo < & o el . . w &
Waa gsussauiileuldnvvaarasfinafasdmualdlidwiniugud
2. ﬂaul,l,mﬁuvl.ﬂﬁ'uﬁ'\gjum TaonsRuusIaunilawgaaudsdnag Ly

3. fmstunindussaw Wi flawd uaznszualas

S W BN

gﬂﬁ 4.5 N3G TNAABINERIAN R

= . or ey &
19791 4.2 HANTINAR DIFLTINUUAZNITUAN AN

V{V)

20

40

60

80

100

120

(A)

0.4

0.8

1.2

1.5

2.4




60

140 — - -
120 +——
100 4—- -
80 +——
60 +—-
40 4 -
20 e

Field Voltage(V)

0 0.5 1 1.5 2 2.5 3
Field Current(A)

51N 4.6 ANUFNAUT IR IIUTIGULE N IR R AS

ANVIAWILWIAT R; 910

a7, (1.2
;= Al 2}
e
0-6
Rf =
1.5-1.2
Rf =66.67 Q

4.2 PITNARDIVIAMNANARETERI A S sima sl AT owtdn
FHADWNITNARD
1. fnsdasasmananssenuzy 1.5 Taoilonussanlnifidlanly
a1 NanaInAefne 150 v
2. fmstiunssswlniitlamduielilannudiseua et vue
3, Tudndusewlifidoudussdinsusarfinessnnnmivay

@199
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Ea vy —

Nr

= ¥ = a Q- ' = Qe Qe
3UN 4.7 midananasgaiamanuFuRuiwivenui leeiiuussau i

Atlawdnusmel¥ns:

15191 4.3 HanIneasaeu e nIzugafluea e nusITauae o
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N/{rpm) 200 400 600 800 1000 1200
V() 34.5 68.7 101.4 135.4 165.7 201.3
1,(A) 1.14 1.16 1.18 1.22 1.24 1.28

E
E. _
=1
Q
Q
[= 3
wv
0 —— e
0 50 100 150 200 250

Armature Voltage(V)

31U 4.8 ATNFURBE TV I U3 Ta L AU TIawNil awian




4.3 MIIATYYILAAAILAN

Stopped d

2007 /03701 22:19:32

DC 111

CH1=5V . CH255V

“ms/div
(Smsydiv)

=Tracel= Rms 3.774Y
=Trace2= Rms 3.5a3av

Frieq S0.00Hz
Freq 50;00Hz

=Filler= =0ffset=
smoothing : ON  CH1 : -0.04v
BW @ FULL CH2 : -0.0aV

=Record Length=

=Trigger=

Mode © AUTO

Type : EDGE CH1 ¥
Detay © 1.5ns
Hold OFF MINIMUM

517 4.9 Zero Crossing Wi AB

Stopped 3

2007 /03701 222357

CHI=SY | CHz=5v

pc: 111 : Dc 111

Ems/div
(Sms#div)
NORM:200kS /s

eq
=Filter= =0OFfset= =Record Length= =Trigger=
smoothing : ON  CH1 : -0.04% tode | AUTO
BW . FULL CH2 : =0.04% Type : EDGE CH1 ¥

Delay : 1.5ns
Hold Off : MINIMUM

gﬂ'ﬁ 4.10 Zero Crossing T¢wIIWR BC



Stopg:'ed | 2007 /03/01 22:25:48
1=5Y Sms/div
. (Smsydiv)
NORM:200KS /5

AL [ A gy ¥
=Tracel= Rms 3.758V &  Avh 2.978V Freq 50;00Hz
=Trace2= Rms 3.574v .  Avg 2.716v Freq 50;00Hz
=Filter= =0ffsel= =Record Length= =Trigger=
Smoothing : ON  CH1 ! =0.04v Main 10K Mode : AUTO
BwW : FULL CH2 : -0.04V Zoom ; 0K Type . EDGE CH1 &
Delay : 1.5ns
Hold Off ©:  MINIMUM

;a:ﬂﬁ 4.11 Zero Crossing 2% i3l & CA

2007 /03701 22:36:13

Sius/div
(S0us/div)

=Tracell= Rms 7.460V : ﬂvg 6.418v Freq 18:52kHz
i
i
=Filter= =0FFset= =Record Length= =Trigger=
Smoothipg : ON CH1 : ~-0.30vV Main : 10K Mode @ AUTO
BwW [ FULL CH2 -0.0avy Zoom ! 10K Type : EDGE CH1 ¥
Delay : 1.5ns
Hold OFF : MINIMUM

517 4.12 Fyno

U

Pluse Y3nNe SCR

63




Stopped X 2007 /03701 23:01:43
CH1=508mV:  CH2=500mV: : : : 5ms ¢/ div
DO: 1 DC 11 ¢ (5msy/div)
: HORM 200kS /s

=Tracel= Rms 466.7mV
=Tr acez— Rms 376 mv

Freq 50;00Hz
Freq 3. 333kHz

=Filter= =0ffset= =Record Length= =Trigger=
Smoothing : ON CH1 : -0.040V Main © 10K Made @ AUTO
BW [ FULL CHz : -0.040v Zoom . 10K Type : EDGE CH1 |
Delay : 1.5ns

Hold OfF : MINIMUM

517 4.13 Sy Pluse Hazviining SCR @771 6,1

Stopped E| 2007 /03701 22:51:18

e

=Tracel= Rms  435.4m¥ . Avy  263.5m¥ Frieq 49.75Hz
=Trace2= Rms 452.1my Avly 204 .5m¥ - Freq 57 14HZ

CHIS500mMY,  CHZ=500mV; ; : : T Sms/div
;1 : : : : © (Smsydiv)
NORM:200kS /5

=Filter= =0ffset= =Record Length= =Trigger=
Smoothing : O CH1 @ -0.040V Main : 10K Mode @ AUTO
BW  FULL CH2 : -0.040V Zoom : 10K Type : EDGE CH1 ¥
Delay : 1.5ns

Hold OFfF : MIMNINMUNM

31 4.14 o Pluse flasrisnine SCR @af 1.2

64




Stopped 3 2007 /03/01 23:03:32
CH1=500mV: CH2=500mV: smsy/div
DC 111 : Dc 11 . (Smsydiv)

: : : NORM.ZUDI(SIS

=Tracel= Rms 426.

Freq S0:S1Hz

=Trace?= Rms 397.0mv . = Avg  225.8 . '.'_.’.!3_9....5.“,..5.1'12
=Filter= =0ffset= =Record Length= =Trigger=
Smoothing : ON  CH1 : Main : 10K Mode | AUTO
BW : FULL CH2 : Zoom : 10K Type : EDGE CH1 ¢
Delay : 1.5ns
Hold OfF : MINIMUM
i o - o o o
31N 4.15 sy Pluse Nasnsning SCR 211 2,3
Stopped i 2007 /03/01 22:55:48
CH1=500mV: CH2=500mV: smsy/div
DC‘_ 11 : DG‘_ LM ] : © (Smsidiv)
: NORM 200kS8 /s

|||l

=Tracel= Rms 454.7mV avg  277.4mv Fraq 50;51Hz
=Trace2= Rms 3895wV ,Avg  219.BmV '.'_.'T'?.":l,.”5..".‘.5‘.1.'.'?.,
=Filter= =0ffsei= =Record Length= =Trigger=

Smoeothing : ON  CH1 :
BW @ FULL CH2 :

Main : 10K  Mode : AUTO
Zoom : 10K  Type : EDGE CH1 ¢

Delay 1.5ns
Hold OFF : MINIMUM

311 4.16 Sy Pluse Alazn3nine SCR a7h 3.4



Stopped 4 2007 /03/01 22:57:47
CH1=500mV: CH2=500mVY: % - : ¢ bmsydiv
DG 111 oC 11 T : : © (sms7div)
: : : : ; : : ORM:

=Tracels Rms 418.9mv { 255.6mvy Freq 55:25Hz
=Trace2= Rms  450.8mv Avf 280.2mvy Freq 5G;00Hz
=Filter= =0ffset= =Record Length= =Trigger=
Smoothing : ON CH1 : -0.040V Main : 10K Made : AUTO
BW : FULL CH2 : -0.040V Zoom @ 10K Type | EDGE CHY ¥
Delay : 1.5ns

Hold OfF : MINIMUM

10k Pluse NI9zV3nine SCR @3 4,5

A
(=8
=n.
b
2

¢
fr=)
=)

Stopped q 2007 /03701 23:00:19
: : sms/div
(Smsy/div)
NORM:200kS /s

R I A R

Fréq 5?;14Hz
Freq 50;00Hz

=Filter= =0Fffset= =fecord Length= =Triggers
Smoothing : ON  CH1 : -0D.040V Main : 10K Mode | AUTO
BW | FULL CH2 : -D.040V Zoom . 10K Type : EDGE CH1 ¥
Delay : 1.5ns

Hold OFF . MINIMUM

a 2 = a w o
31N 4.18 guom Pluse 119zn3inine SCR e 5.6

66
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A4 minﬂamm@hmwL‘%uﬂaauatmafﬂmziufﬂaﬂunngﬂt’i‘lﬂﬁfﬂaﬂdwha 9
FNAaRNIINARD

1.ﬁ"mﬁ"lﬂ’ﬁ'uuamaﬁm%ﬂtﬂﬂﬁﬂ'swﬁa 400,800,1200 Jaud8
wfieuday

2.’um:°?iw14uuaLﬂa%’ﬁmmﬁwm g ilalvannaaa lWwilvun
Generatorfi 0% 25% ,50%,75%,100% Generator ARAATaIRINEGL

3. anuzfivinislalnaafiansna gimsdudindraads,
ussauaIfiuee’ uasnszusaniluad

4 ¥NNTINASANTIHANUFURNUS T2 WU TaUAaNTEUR

AW 4.4 Han1Tnasaduuy Close Loop AfNa I nTuaun 408 rom

Load 0% 25% | 50% 75% 100%
nasalw O w) (550 w) | (1100 w) | (1650 w) | (2200 w)
N/{rpm) 408 414 J 418 409 410

Vy(V) 736 524 517 56.2 88.7

1(A) 1.16 2.30 3.64 4.46 557

600 7 -
500 . . e Lo -

’é‘ 400 - — ¢

£

T 300 | - - R

Q :

& 200 4—- - - -

100 - o
0 e e e _
0 1 2 3 4 5 6

Amature Current(A)

= T Qe & ' = o (-4 2 P
511 4.19 ﬂ'!']l.lﬁNW%ﬁ?:W’J’Nﬂ’ﬂNL'ﬂTBUﬂUﬂ‘iELLHE}’]‘SLNWa'ﬂ%ﬂ’ﬁﬂ’)UﬂﬁJizﬂﬂﬁﬂﬂﬂﬂ

o q

ANLTATUAY 408 rpm



A19197 4.5 NAN1INABB UV Close Loop AAIMNTUSUAUT 814 rpm

Load 0% 25% | 50% (1100 |  75% 100%
waaa bW (0 w) (550 w) w) (1650 w) | (2200 w)
N,(rpm) 814 808 807 806 810

V(V) 141.4 1452 . 1497 153.3 158.7

e
L(A) 1.28 2.90 4.82 6.30 8.16
A
900
850 |—- — e —
‘E" 800 |- *~— — * —— s —— ]
e
5 750 4—- - _— — —
Q
8
S 700 - — _— - —
650 - oo — —
600
0 4 6 8 10

Armature Current(A)

68

= a e ' = & 5 P
gﬂ‘n 4.20 ﬂ'J'IZJHlIW%'ﬁ'i:’.VE’J'Nﬂ’J']&JLT’J?E]'.IJTI'Uﬂﬁ:LLﬂa'ﬁLﬂJL'ﬂaﬂuﬂ'ﬁﬂ’JUﬂlﬁzuu@ﬂ'ﬂ@lﬂ

A78L51309 Y 814 rpm
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A197191 4.6 HANTNARDILUL Close Loop eI nIuaun 1171 rpm

Load 0% 25% 50% (1100 75% 100%
“aae W (0 w) (550 w) W) (1650 w) | (2200 w)
N {rpm) 1171 171 1170 1155 1122

Vi(V) 202.3 2068 2101 210.3 210.5

|

IL(A) 1.34 33 | 557 7.70 9.9

1200 - —¢—— & ——
1000 +- — e

g 800 +— — S
©® 600 p-—- : — -

Q

a ‘

» 400 +— - — e -
200 4 -~ — -
4 6 10 12

Armature Current(A)

3UN 4.21emuFuRuT R itenseununzuso flneflunmiuquzuuguilen

ANMLIIINAR 1171 rpm



A197191 4.7 HANINARBILUL Open Loop AMAMIUTUINGUT 411 rpm

|

Load
AADG LW

0%
(0 w)

25%
(550 w)

50%
(1100 w)

75%
(1650 w)

100%
{2200 w)

411

269

200

181

1156

72.3

51.6

306

287

26.2

0.84

1.70

242

2.92

3.42

Speed(rpm)
N
-
o
|
|

-
(8)]
o

100 |

(&)
o O
- 4
|
)
l
l

o
-
N
w
Y

Armature Current(A)

51U 4.22 mmﬁwﬁ'uﬁ*s:whamwm’hsauﬁunsztmmﬁumaﬂum‘smﬁﬂm:uugﬂt’ﬂcﬂ

NAWTTUAY 411 rpm



i ol & & w
A1319N 4.8 HANTNARBILLL Open Loop NANATULTILINAUN 8OS rpm

Load
waaaln

0%
(0 w)

25%
(550 w)

50% (1100

w)

75%
{1650 w)

100%
(2200 w)

N,(rpm)

805

650

I 609

585

556

Vi(V)

139.2

118.7

115.4

110.5

109.3

5(A)

L

0.94

2.36

3.90

5.16

6.62

Speed{(rpm)

Armature Current(A)
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.:i Q. Or (.3 ' a e
3Un 4.23 ATURVWUDITERTNANVTITAUNUN LA TIRLIa T ln1sanuaNTzuLatiila
i . 9 9]
N AULTUTUSW 805 rpm




4 e & &  owoA
GI’IS"I\Sﬁ 4.9 HaN1TNaaasuui Open Loop MiAH1HLNILINEUN 1245 tpm

Load 0% 25% 50% 75% 100%
Paoa bW (0 W) (550 w) | (1100 w) | (1650 w) | (2200 w)
N,{rpom) 1245 1203 1167 1137 1102
V(V) 215.4 213.8 210.5 209.6 207.5
|
|
la(A) 1.04 3.14 5.56 7.40 9.5

€
=
o 600 |
2 ',
Q.
» 400
200 -
0 |
0

4

Armature Cuurent(A)

= @ e & . & a © S
51 4.24 ﬂ’nuauwuﬁ‘s:ﬂ’mﬂﬂm‘nsaunun‘mmm‘smLaaﬂumsmuqmwugﬂLﬂ@
N AMINTUAY 1245 rpm
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2007 /03/05 2Z5T:41

Stopped

—

CHi=
pc 11

CH2=50mV

DC 11

NORM200KS /s

73

sms /div
(Sms/div])

2.100v

Tracel! Max 2.640V Min 1.360V Rms
- Avg 2.081v Freq 714.3Hz Duty 231.4%
Trace2: Max 36.00mv Hin 0.000V Rms 19.22mv
Avg 15, D4mY Freq 263 2Hz Duty 65.8%
S o p—

o ° o i g o1
517 4.25 msiaulnuniouas uiit) T Forward Motoring laifi Tnan

(MOUMDIHMDT] F191uf 0<OL<90, Rectificr)

2007 /03/05 2320025 NORM:200KS /s ems /div
Stopped (5ms /div)
CHi=1V CH2=200mV
DC 11 DC 11

o N : . : :
sr! I T TR S TR R AR A v I EI [ R B I O R A S B SR I ORL A [
Tracel D Max 2.720v Min 1.568Y Rms 2_':_2?0\#
JAvg  2.251v Freq 333.3Hz Duty 70.0%
Trace?: Max 312.0my Min 112.0mvy Rms 243 .5my
“Avg 239 4mY Freq 142.9Hz ‘Duty 3B.6%

i

N

Vw43

- -

s 426 msinulualeuasufii Thun Forward Motoring Tvan 500w

(AOUND51R03 1 M 191UH 0<OL<90. Rectificr)




2007 /03/05 23:21:08 NORM:200KkS /5 5ms £ div

Stepped 8 (5ms/div)
CH1=1v - CHZ2=200mY . P B
DG 11 : DC 10t * Vt

IL_E I T T S R R S R IR ' P » .t 1 Boobe b e 1 O R [ e B
Tracel: Max 2600V Min i _6808v Rms  2.315V
Avg 2.302v Freg 217.5Hz Duly 68.83%
Trace2. Max 480 . 0mv Min 288 OGmvV Rms 405 . 6mVv
AvyYy 403 . Smy Freq 144 9Hz Dutly 37.7%

3 o o= .
31U 4.27 msirnulunleuasuiin) 1vue Forward Motoring Tvaa 1100W
o < o = .
(AOWNIBTIADT] N1IUN 0<OL <90, Reetifier)
2007 /03/0% 23:21:51 NORM:ZO0kS /5 Sms /div
Stopped ; 4. (5ms /div)
CHI=1v . CH2=200mV -
DC 11 : DC 11 " Vt

L

1a

L1

R O L L I I S Poe ot ] L T A T T T e S T S PO S AR I S PP
Tracel: Max  2.640V Min  1.920v Rms  2.36av
Avg 2.356¥ Freq 294, 1Hz Duty 70.4%
Trace2: Max B56 . DmY Hin 490. dmv Rms 582. 7mvy
Avg 581.2mv Freq 101 _BHz Duty 51 .5%
. N

-~

U 4.28 mshuluntouasuiil Tvua Forward Motoring 11198 1600W

(ABUNBINDT | H191UT 0<0L<90. Rectifier)

74




75

1220 NORM:200kS /S sms /div
3:22:33 i
2(:‘:‘;;”;?3;05 222 N i (Sms /div)
CH1=1V : CHZ=200mVe. = : : : :
oo A : pC A ’ : ; a

1&;"“ T T T A R I L N I R + M ] 1 | [ERT O O | | T | B red B | I S Ny
‘Tracel: Max 2.640V Min 1.960V Rms 2,367V
' Aavg ?.361Y Freq 277.€Hz Duty BY._5%
Trace?: Max 768.0mY Min 600 . JmV Rms 605 . 3mV
‘Avg G94.1m¥Y Freq 149.3z Dutly 31.3%
= o o . T
511 4.29 misvhinulualeuasuin | Tvua Forward Motoring 110@ 2200W
o a o a B
(ADULIDTIADT 1 N19IUN 0<OL<90, Rectifier)
2007 /03/04 23:26:33 NORM:200kS /s Sms /div
Stopped ) —_— _ 3 (5ms /div)
) CH3%200V CH4=100mV
DC 100:1 DC o1

...... . . . \la

Traced: Max  248.0V Min  96.00Y Rms = 191.6v
Avg 188.6Y Freq 232 6Hz Duty 51.2%
Traced: Max 4. 000mv Min —~10D.0mv Rms S0. 34mv
Avg  —41.0amy Freq 322.eHz Duty 25 8%
L

31U 430 msshaulunltenasuii2inue Forward braking

( ﬂﬂUl"J@‘gmﬂ‘;Z 13149 90<CL<180.Inverter )
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28: NORM:200kS /5 sms /div
gu:nnas;m 23:28:13 . S
ek CH3=200V CHA=100mV
DC; 100:1 [1 T I

ll‘racea: Max ~120.0V Min -24D. 0V Rms 197.0V \Vt
' heg =~194.7V freg 2.000kHZ Duty 20.0%

‘Traced: Mawx —~d4.000mV Min =40.00mv Rms 22 .03mVv

“ Avg -20.14mv Freq 1.298KHz Quly 12.5%

1 . . ‘ !
[l - -

d‘. o oo R N res
s 431 maianulunieuasuifizinuaReverse Motoring 13 Inan

( ADUIDSIND T2 MHMUN0<OL<90.Rectifier )

2007 /03/04 23:30:43 NORM:200kS /s sms /div
Stoppeod . (5ms/div)
CH3m=2Y : CHA=100mY :
DC. 131 ) nc 11
i L

vt la

api- . L C PR T & L I o N R R

Trace3: Max =~1.280V Min =2.480v Rms  1.992v
Avg ~T1.970V Freq 333.3Hz Duty 43.3%
Traced: Max -~20.00mvy Min -76.00my ‘Rms 42 . 95mv
Avg =~42.24mv Freq 454.'.?"2 Duty 13.6% i
A
I IO ¥ g ™ I |
{Offset
GO

311 432 msmhnulunionasuniz inuaReverse Motoring THans00w

( HOUIIDIHDT2 NIUN0<CL<90 Rectifier)




. di
2007/03/05 23:30:07 ) NORM:200KS /5 gms;d!:)
Stopped . X _ (Sms £ di

CHA=V ; Ehzszo0mv - .
pc 11 : oc 11

Ih ; . e H L e 1 e el Lea -
-t 1 = 3 -l LI (] 1 L] 1 e 13 4 > [ £l ) !' Ll 4 4 ' ! 1 ' Ll 1 1

% {3 1 1] 1 t 1 A ! & Ll .l g !

Vt la
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31 4.33 nisvailunlonasunifizImuaRreverse Motoring THaA1600W

(ADUIDSINDS2 H1UN0<OL<90,Rectifier )

2007 /03705 233055 NORM200kS /s sms /div
Stopped 8 {5ms /div)
CH1=1V CH2=200mYV B :
nDc 11 DC 11 N
Ih .‘“
th" B T T N U T o [E " - L T aL Ik IR LY I T T R BN T N B IRSE O U M S i

-Vt la

BF /MY
60.6%

3iM 434 Mo lunlteuasuifiz TvuaReverse Motoring THan2200W

(ADULIDSINDS 2 $119UR0<OL<90 Rectifier)
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2007 /03704 23:39°58 NORM:200kS /5 5ms/d!v
Stopped q {(Sms/div)
' CH3=2V CRA=100mV :
DC 11

1.521V

~320.0mv

Trace3: Max ‘ Min =-2.240v ‘Rms

N JAvg  =1.459V Freq 256.4Hz Duty 53.8%

Traced: . Max 128.0mv Min -32.00my Rms 60, 58mvY
"Avg  45.17mVY Freq 133.3Hz 77 .3%

31 4.35 misvhauluatounsunaTnuaReverse braking

( ABUNDTLADS | M111UF 90<OL<180 .Inverter)

2007 /03 /05 23:36:52
Slopped

NORM200kS8 /5

[Tl

5mis /div
(5ms /div)

T 7 CRZ=Z0OmMV

Dc o1
PHJ: [ '

L

Min —456 , Jmv
Freq 43 48Hz

Trace2:

A
Avg

432. Dmv
6.036mv

300 . 7w
43, 5%

Rms
Duty

5UM 4.36 nszuaBuRAINSupply
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Ampliture
o o
(& = [
1 ]

! 1 1 1 ) i : 1 l
-10 Q002 0004 D005 DODE 0DY 0012 0014 0.M6 0018 002
Tirne

lj,5 T 1 T T ¥ T T

o o o
NOW ke

Ampliture
i

o
i

PR Y -l i L ) ]

1} 10 20 20 40 50 60 70 80 20 100
Order of Harmonic

s

5UN 4.37 n3zud Input 1az 815 Iulindd1ADA199 989 ASEUA Tnpuanisnasuazgaid 1Ay

Hn+1.61-1

Stopped —— 1 2007 /03/08 23:42:37
5 ' 1 : 5 i 2s/div

: (2s/7div)
' NORM:B00S /s !

CHZ=100mV:
DCc 1:1 :

=Filter= =0Ffset= =Record Length= =Trigger=
Smoothing .| ON CH1 : -3.25v Main : 10K Mode : AUTO
BW : FULL CH2 : 0.020v Zoom : 10K Tvpe : EDQE CH2 {3
Delay 0.0ns
Hoid OfF ! MINIMUM

=i e ¢ i (4 7t :
31U 438 nszua o1seesvnsiindonoinarovasuniit hiaeuasuiifizuaz




Stopped 2007 /03 /08 23:40:21

: CHZ=100mV: : : : 25 Zdiv

pc 111 : : : . (2s/div)
| ; RN |5 5 I P o :NORMS00S /s

T
: t
! it

=Tracez= P-P £48.0mV
; Fréq  12.50Hz -

-4 |—H—|+§n~++ Fobmbter
@©
o
&
3
D
<
[ia}
-
-
4]

[ D]
3

=Filler= mOFfsel= afRecord Length= =Trigger=
Smoothing : ON CH1 : -~3.25V Main : 10K Mode @ AUTO
BW © FULL CH2 : 0.020v Zoom : 10K Type : EDGE CcHZ §%
Delay : 0.0ns
Hold OFF : MINIMUM

= o s & gd s o
:i,‘ll'ﬂ 4.39 Nz ’El']'i!.ilﬁ]ﬂ'i‘llﬂ!&Tll'lJﬁU'Hﬂ'\ﬂﬂ’JﬂHﬂiH‘I"I‘I"I3u1‘ljﬂﬁﬂllﬂiu‘l"l‘l"l4ua$]

T SO PET L S 2007 /03 /08 23:54:37
CH1=T1 : CHZmEOmV - i : : : SmoyFdiv

Aac 1:1 : ac 1:1 : : (Smeyaiv]
'Aihbiit' """""" "Van

B P SR I NC’RMZU"“B/E‘

-Trace‘l- Rms
—Tracaz— —pP
Frea
=Filters =mOFfoet= mPxecord Lengthes mTriggerms
Smoolhing I Ok CH1 I —wim—m—— Main = MO Mode I AUTO
BwW @ FULL CH2Z I ~—— = ooy A1ORC Type - EDQE CHZ 4%
Deloay ° o.0Ons
Hold OFF PMINIMUMN

510 4. 40 nszuadunafida A naznsusune Van vazhauinlesuasui nue

Forward Motoring 111a® 2200W(ROL1831A03 | 11911401 0<CL<90, Rectifier)
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155! NORM:200KS /'S Sms /div
25':?:; /3:2 ;us 235552 < Smeran
CHi=500mV | CHZ=Z00mV :

Van

pc: 11 : Dec 11

S

2L f""‘v [

P R aer

Min ~1.520V
" Freq 50.00Hz
Min —-152.(0mY
Freq 277.8Hz

+

Tracel: Max ] 1.5a0v/ Min -—1.520v_ ] Rms J1.008V. o

Trace2:’

[t =4

1 <y { o o [ = o
71 4.41 nazuadunafinda A nazussduaunn Van yaziuinisuasuizlinua
Forward braking

( AOUID5INDF2 NITURN 90<CL<180,Inverter )

m Stopped 2007 /03/08 23:58:08
CH1=1V : CHZ=S0mV sms 7 div :
Ac 1:1 : Aac 131 (Sms7/div) |

HNORM:200KS /5

e e P h

1
-
I
I
+
+
1
T
I
i

\
PR . E . ..... §
=Trace’¥= Rms 985 .5mvy Avg =135.1m¥Y Freq 50.00Hz |
=Tracez=s P-P 106 .0mv RniE 22 . 65mY Avg -—-3.113mv |
i Frea soigoMz -+ G 0 :
: : : : ' : : : : :
+ H
=Filter= =0ffset= =Record Length= =Trigger=
Smoothing @ ON CH1 [ —-—-————-— Main : 10K Mode | AUTO

BW : FULL CHZ2 | ~=w———— Zoom : 10K Type : EDGE CH2 ¥

Detay : 0.0ns

Hotd OfF MINIMUM

] = P W a o o L
51 4.42 aszuadunaiiola A nazisRuIUNA Van varei1ufinIoue i3 InuaReverse

Motoring ( ADUIDSIADS2 ¥191UAO<OL<90. Rectifier )




2007 /03708 235717 NORM:Z00KkS /s 5msldiv
Stopped 3 (Sms /div)
CHI=500mv :  CHz=200mV _ : :
oc 11 : oc 11

P I X I e T

. Rms 1]
Duty

ST P
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3N 4.43 nyznadumaiiola A nazusadudune Van vnzdinnfinionns wid luuaReverse

braking( ADUITD5IABS 1 ¥191UR 90<0OL<180 .Inverter)
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.equ ___30F4011, 1
.include "p30f4011.inc"

85

; Configuration bits:

config __FOSC, CSW_FSCM_OFF & XT_PLL16

config _ FWDT, WDT_OFF

config __FBORPOR, PBOR_ON & BORV_27 & PWRT_16 & MCLR_EN

config __FGS, CODE_PROT_OFF

: Global Declarations:

U 2 fruedrdlsluldsunsy

bss  C_W0Q,2
.bss  C_W1,2
.bss  C_W22
bss C_WwW3.2
bss  C_W4.2
bss  C_W52
.bss C_Ws,2
.bss  Ki2

.bss  Kp,2

.bss Error_1,2
.bss  Error 2,2
bss U2

.bss  SUM,2
.bss  Alpha,2




.bss
.bss

.bss

.bss
.bss
.bss
.bss

.bss

speed,?
Ref,2

select,2

Q.2
Q_1,2
Q2,2
Q_ 3,2
Q. 4,2

.global
.global
.global
.global
.global
.global
.globai
.global

_wreg_init

__ reset
___T1interrupt
__T2Interrupt
___T3interrupt
___T4interrupt
__Tainterrupt
__ CNinterrupt

#uh 3 BSuduldsunsy

Jext

_ reset:

MOV
MOV
MOV
NOP
CLR

MOV

# _SP_init, W15
#_ SPLIM_init, WO
WO, SPLIM

wo
WO, W14

REPEAT #12

MOV

WO, [++W14]

CLR W14

NOP
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MAIN:

START:

ADCdone:

CALL
MOV
MOV
MOV
MOV
MOV
MOV
MOV
MOV
MOV
CALL

CLR
CLR
BCLR
BCLR
BCLR
BTSC
GOTO
MOV
CALL

BSET
BSET
BSET
BSET
BSET

BSET
BSET
BCLR
BTSS
BRA

set_value
#200,W0
WO Ki
#200,W0
WOQ,Kp
#0,W0
WO,SUM
#0,W0
Wo,U
#200, W12
Delay W12ms

LATE

LATF

LATB #RB8
LATD #RD2
LATD,#RD3
PORTD #RDO
START
#200,W12
Delay W12ms

IECO#TIE
IECO#T2IE
IECO#T3IE
IEC1 #T4IE
IEC1 #TSIE

NdFunldsunsugasn 15luniasd Saaas

n@ﬂm‘%uﬁumiﬁ'mu

Qe [V & Q- & o
aausulw Buwaassud vinaw

ADCSSL #CSSL6
ADCON1 #ADON
ADCON1 #DONE
ADCON1,#DONE gl ADC guitynm 1579

ADCdone

[

v ow
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CLR POSCNT

BSET QEICON #QEIM2
BSET T4CON#TON
BSET IECO#CNIE

CLR W13
BTSS PORTD #RDO
BRA
BSET
BSET

STOP:
__reset

LATB #RB8
LATF #RF4

; {Tell Direction)

BTSS QEICON #UPDN

GOTO Left

GOTO Right

BSET LATD#RD2

BCLR LATD#RD3

GOTO End_Tell_Direction

Left: BSET LATD,#RD3
BCLR LATD,#RD2
GOTO End_Tell_Direction

End_Tell_Direction: NOP

Right:

88

SUNNTAITWD B qua JU Encoder

f o &
nﬂq:u WWE EANITAHY

VANHANHIBINTTAYY

MOV ADCBUFO,W3
ADD #5W3
MOV  #20340,W4
MUL.UU W3,W4, W4
MUL.UU W5 #2,W4
MUL.UU W3 #21,W2
ADD  W2,W4,W4
ADD #5W4

MOV W4 Ref

U Aygine swRandnIngIuwIm

;"it""****iiiii‘iiiiii*it***iiiii**(0_1 023 = 0‘_221 1 8)*(REF)**(WS)*********‘*****



MOV  #30621,W2 TUANUTUTI NI
MUL.UU W10,W2 W2

MUL.UU W3 #2,W2

MUL.UU W10,#12,Wé

ADD W6 W2 w2

ADD #5W2

MOV W2 speed

sk kdekor kb kokk ok ko kkkdokkkkkdkk ko 3 3k 3 e ok e e ok ok e ok ok e ek de ok o e ok ok de ok ok e ok e
: (Select Quadrant)

MOV  W13,W6 WRanmIiniuldazagna
AND  #0x0006,W6
MOV W6,Q

MOV  #0x0000 W5
MOV W5,Q 1
MOV  #0x0002,W5
MOV W5.Q 3
MOV  #0x0004,W5
MOV W5,Q 2
MOV  #0x0006,W5
MOV W5,Q 4

MOV Q_1W6
MOV QW7
CPSEQ W6,W7
GOTO CP_Q3
GOTO RUN_Nomal

CP_Q3: MOV Q_3Wé
MOV QW7
CPSEQ W6,W7
GOTO CP_Q2
GOTO RUN_Nomal

CP_Q2: MOV Q_2W6



MOV QW7

CPSEQ W6 W7
GOTO CP_Q4
GOTO Regen_Q2

CP_Q4:

RUN_Nomal;

YES:

MAX:

SUM_1:

MOV Q_4,W6

MOV QW7

CPSEQ W6 W7
GOTO START

GOTO Regen_Q4

NOP
CPSGTW4 W2
GOTO NO
GOTO YES
SUB W4,W2 W3
MOV W3,Error_1
MOV  Kp,W5

MUL.UU W3,W5 W6
MUL.UU W7 #2 Wb

MOV  SUM W5
ADD W5 W6 W7
MoV w7.U

MOV  #22100,W5

CPSGTW7 W5
GOTO SUM_1
GOTO MAX

MOV Wb U
GOTO SUM_1
NOP

MOV Ki,W3
MOV  Error_1,W5

MUL.UU W3,W5,W6
MUL.UU W7 #2, W6

15361 PI Control
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MOV  SUM,W5
ADD W6 W5 W6
MOV  W6,SUM
GOTO END_PI

NO:

MIN_1:

MIN:

SUM_2:

SUB W2 W4 W3

MOV  W3,Error_2

MOV  Kp,W5

MUL.UU W3,W5 W§
MUL.UU W7 #2 W6
MOV  SUMW5

SUB W5 W8W7

MOV  W7,U

MOV  #20,W5
CPSGTW7,W5

GOTO MIN

GOTO SUM 2

MOV wWs,U

GOTO SUM_2

NOP

MOV KiW3

MOV  Error_2,W5
MUL.UU W3, W5 W6
MUL.UU W7 #2,W6
MOV  SUM WS

SUB  W5,Wa W6

MOV  W6,SUM

GOTO END_PI

END_PI:

MOV  #23500,W9
MOV  UW3

SUB W9 W3 w5
MOV W5 Alpha

91
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;*****************‘*‘*“***( Push Switch For Break )**i’i*i’i********i***i*********

BTSS PORTB #RB7 natuiia Lwsn
GOTO Regen

o e de e v droke i de e ey gk 9 ok ko oy ok e ok el e St vk ok ok ok e e e R gk deskoskok O Sk degk dedede de o ok e ook e ok
)

Trig_1: MOV  #200,wW9
MOV  Alpha,W8
CPSLT W8 w9
GOTO Trig
MOV  #200,W8

Trig: NOP Haudadn lu nwas
CLR PR1
CLR PR2
CLR PR3
MOV W8 PR1
MOV W8, PR2
MOV W8 PR3
BCLR W13#0
WAIT _CN: BTSS W13,#0 FaN17BULAaIIUIN Zero Crossing
BRA WAIT CN
BCLR W13 #0
END_SET; GOTO STOP wlusy Tusunsula

.*i**i*****i***t****i***********i*( H )*****i********ti**i***tti****‘*****t*
; Main Programs

Regen: BSET W13#2 B9 TILLTN ABWAIIIH
BTSS W13,#1
GOTO Regen Q4
GOTO Regen Q2
Regen_Q4: BCLR LATE#REOQ
BCLR LATE#RE1
BCLR LATE#REZ2




BCLR LATE#RE3
BCLR LATE#RE4
BCLR LATE #RE5
BSET wW13,#1
MOV #10000,W5
MOV  speed W6
ADD W5 W6 W6
MOV  W&6,Alpha
MOV #3200,wW7
MOV  speed W6
CPSGTWB,W7
GOTC Turn_Left
GOTO Trig_1

Turn_Left: BCLR LATE.#REOQ
BCLR LATE #RE"1
BCLR LATE#RE2
BCLR LATE#RE3
BCLR LATE #RE4
BCLR LATE#RE5

CLR SuMm
CLR U

BSET QEICON #3SWPAB

BCLR W13 #2
GOTO STOP

LA TR A ARl bl d R sl lE Rl Al bRttt tl sl bt s s td
1

Regen_Q2: BCLR LATF #RFO
BCLR LATF #RF1
BCLR LATF #RF2
BCLR LATF #RF3
BCLR LATF #RF6




Turn_Right:

BCLR
BCLR
MOV
MOV
ADD
MOV
MOV
MOV

LATE #RES
W13, #1
#10000,W5
speed, W6
W5 W6 W6
W6,Alpha
#3200,W7
speed, W6

CPSGTWE W7
GOTO Turn_Right
GOTO Trig_1

BCLR
BCLR
BCLR
BCLR
BCLR
BCLR

CLR
CLR

BCLR

BCLR
GOTO

LATF #RFO
LATF #RF1

LATF #RF2
LATF #RF3
LATF,#RF6
LATE #RES8

SUM
U

QEICON #SWPAB

W13,#2
STOP
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U1 183 Zero Crossing

___CNinterrupt:

BCLR

BSET

MOV
AND
MOV

MOV
MOV
MOV
MOV
MOV
MOV
MOV
MOV
MOV
MOV
MOV
MOV

IFSO#CNIF

W13 ,#0

PORTB,W0
#0x0007, WO
W0,C_WO0

#0x0005,W0
W0,C_W1
#0x0001,W0
WO0,C_W2
#0x0003, W0
W0,C_W3
#0x0002,W0
WO0,C_W4
#0x0006,W0
WO0,C_W5
#0x0004,W0
W0,C_W6

CN2 1.

CN4_0:

MOV
MOV

CPSEQ

BRA

C_WO,W0
C_W1,W1

GOTO END_CN

MOV

C_WO0,W0

WO,W1
CN4_0
BSET T1CON#TON
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E;....-

CN3_1:

CN2_0:

CN4_1:

CN3 0:

MOV C_W2 W1

CPSEQ WO, W1
BRA CN3_1
BSET T3CON,4TON

GOTO END_CN
MOV  C_WO,W0
MOV C_W3,wWA1

CPSEQ WO,W1
BRA CN2_0
BSET T2CON #TON

GOTO END CN
MOV C_WO,WO0
MOV C_W4,W1

CPSEQ WO,W1
BRA CN4_1
BSET T1CON,#TON
GOTO END_CN
MOV C_WO,W0
MOV C_W5,wW1

CPSEQ WO, W1
BRA CN3_0
BSET T3CON,#TON
GOTO END _CN
MOV C_WO,W0
MOV  C_W6 W1

CPSEQ WO, W1
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BRA END_CN
BSET T2CON,#TON
GOTO END_CN
END_CN: NOP
RETFIE

Yo e e e e 3 ol e ok ol ok ok e vk ke e e vk e e e e e e e ek ke

H e 7 % ar e v or i e or e e e ook &
; T}mer 'ntErrupt o 7 e o o o v ok e v ol o ol vie ol ok o o ok e ok o e diror o

& A

Tunsy aauiu midwasivan tnwed vie 4 an
__Tiinterrupt:

BCLR IFSO#T1IF

BCLR T1CON#TON

CLR TMR1

BTSS W13 #1

GOTO C1_T1_ON

GOTO C2_T1_ON

C2_T1_ON: BTSS PORTB #RBO
BRA SET_RF3
BCLR LATE#REOQ
BSET LATF #RFO
BCLR LATF #RF6
GOTO END_T1

SET_RF3: BCLR LATE#RE3
BSET LATF #RF3

BCLR LATF#RF1

GOTO END_T1

C1_T1_ON: BTSS PORTB,#RB0
BRA SET_RE3
BCLR LATF,#RFO
BSET LATE#REQ




SET_RE3:

END_T1:
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__T2Interrupt:

C2_T2_ON:

SET_RES:

BCLR
GOTO

BCLR
BSET
BCLR

LATE #RE4
END_T1

LATF #RF3
LATE #RE3
LATE #RE1

RETFIE

BCLR
BCLR
CLR

BTSS
GOTO
GOTO

BTSS
BRA
BCLR
BSET
BCLR
GOTO

BCLR

BSET

BCLR

GOTO

IFSO.#T2IF
T2CON #TON
TMRZ2

W13,#1
C1_T2 ON
C2_T2_ON

PORTB #RB1
SET RE8
LATE,#RE3
LATF #RF2
LATF #RFO
END_T2

LATE #RES
LATE #RE8

LATF.#RF3

END_T2

C1_T2 ON:

BTSS
BRA
BCLR

PORTB,#RB1
SET_RES
LATF #RF2
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SET_RES:

END_T2:
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__T3Interrupt:

C2_T3_ON:

SET_RF1;

BSET LATE#RE2
BCLR LATE#REQ
GOTO END_T2

BCLR LATE#RES8
BSET LATE#RES
BCLR LATE#RE3

RETFIE

BCLR IFSO#T3IF
BCLR T3CONA#TON
CLR TMR3

BTSS W13,#1
GOTO C1_T3_ON
GOTO C2_T3_ON

BTSS PORTB #RB2
BRA SET_RF1
BCLR LATE#RE4
BSET LATF#RF6
BCLR LATF #RF2
GOTO END_T1

BCLR LATE #RE1
BSET LATF#RF1

BCLR LATE#RES

GOTO END_T1

C1_T3_ON:

BTSS PORTB #RB2
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SET_RE{:

END_T3:

__ Téainterrupt:

.end

BRA SET RE1
BCLR LATF #RF6
BSET LATE#RE4
BCLR LATE #RE2
GOTO END_T3

BCLR LATF #RF1
BSET LATE#RE1
BCLR LATE#RES5S

RETFIE

BCLR IFS1#T4IF
MOV  POSCNT W10
CLR POSCNT
BCLR T4CON #TON
CLR TMR4

BSET T4CON#TON
RETFIE
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.equ __30F401

JInclude "p30f4011.inc”

1,1
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; Subroutine: set_value

r

set_value:

.global set_value

CLR
CLR
CLR
CLR
CLR
CLR
CLR
CLR
CLR
CLR
CLR
CLR

CLR

CLR
CLR
CLR
CLR
CLR
CLR
CLR
CLR

CLR

WO
W1
w2
W3
w4
W5
W6
W7
W8
w9
W10
W11
W13
TMR1
TMR2
TMR3
TMR4
TMRS5
IFS0
IFS1
IFS2

IECO




INT_PORT:

INT_TMRT:

INT_TMRZ;

INT_TMR3:

CLR

CLR
CLR
CLR
CLR
CLR
CLR
CLR
CLR
CLR

BCLR

BCLR
BCLR
MOV
MOV
MOV
MOV
MOV
MOV

MOV
MOV
CLR
CLR
MOV
MOV
CLR
CLR
MOV
MOV
CLR

IECA

U1MODE
U2MODE
U1STA
U1RXREG
U1TXREG
CNEN1
CNEN2
CNPU1
CNPU2

LATD #RD1

ADCSSL #CSSL6
ADCON1 #ADON
#0x0001, WO

WO, TRISD
#0x0000,W0

WO, TRISE
#0x0000,W0

WO, TRISF

#0x0010,W0
WO, T1CON
TMR1

PR
#0x0010,W0
WO, T2CON
TMR2

PR2
#0x0010,WO0
WQ,T3CON
TMR3
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INT_TMR4:

INT_TMRS5:

INT_CN:

WAIT_0:

WAIT_1:

ACB:

tell_ABC:

CLR
MOV
MOV
CLR
CLR
MOV
MOV
MOV
MOV
CLR
CLR
MOV
MOV
MOV
MOV

BTSC
BRA
BTSS
BRA
MOV
MOV
AND
MOV
MOV

PR3
#0x0030,W0
WO, TACON
TMR4

PR4
#11520,W0
WO,PR4
#0x0010,W0
WO0,T5CON
TMR5

PR5
#0X00BF, WO
WO0,ADPCFG
#0XO0FF WO
WO,TRISB

PORTB #RBO
WAIT_0
PORTB.#RB0
WAIT 1
PORTB,W0
#0x7, W1
WO,W1,W2
#0x5,W0
#0x3,W1

CPSEQ
GOTO
GOTO
CPSEQ
GOTO
GOTO

WO,W2
ACB
tell_ABC
W1,W2
END_READ
END_READ

BSET LATD,#RD1
GOTO END_READ
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END_READ:

INT_INTR:

stk kiR ek A R AR Rk R ek ki ke e e R W e e e ek I

INT_QEF:

NOP

BCLR
BCLR
BCLR
BCLR

BSET
BSET
BSET
BSET
BSET
BSET
CLR
CLR
CLR
CLR
CLR
CLR
MOV
MOV
MOV
MOV
MOV
MOV
MOV
MOV
BCLR
BCLR
BCLR
BCLR
BCLR
BCLR

CNEN2 #CN17IE
CNENZ #CN18IE
CNPUZ #CN17PUE
CNPUZ #CN18PUE

CNEN1.#CN2IE
CNEN1,#CN3IE
CNEN1 #CN4IE
CNPU1,#CN2PUE
CNPU1,#CN3PUE
CNPU1 #CN4PUE
IECO

IFSO

IPCO

IPCA

IPC5

IPC3
#0x3000,W0
W0,IPCO
#0x3300,WQ
WO,IPC1
#0x0550, W0
WO,IPCS
#0x7000, WO
W0,IPC3
IFSOH#T1IF
IFSO#T2IF
IFSO#T3IF

IFS1 #T4IF
IFS1.#TSIF
IFSO#CNIF

MOV  #0x0362 W0
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INT_ADC:

MOV
MOV
MOV
MOV
MOV

MOV
MOV
MOV
MOV
MOV
MOV
MOV
MOV
CLR

WO,QEICON
#0x0310,W0
WO,DFLTCON
#2000,W0

WO MAXCNT

#Ox00EE,WO0
WO0,ADCON1
#0x0300,W0
WO ADCON2
#Ox073F, W0
WO,ADCON3
#0x00D6.WO
WO,ADCHS
ADCSSL

RETURN

Tsunsudan® Tdwsiisa
.equ _ 30F4011, 1

.include "p30f4011.inc"
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;Subroutine; Delay_W12ms

]

.global Delay_W12ms

Delay _W12ms:

END_W12:
END_1ms:

DO
DO
NOP
NOP
NOP
NOP

#10000,END_1ms

W12 END_W12

RETURN
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2N2219A
2N2222A

HIGH SPEED SWITCHES

DESCRIPTION

The 2N2218A and 2N2222A are sificon planar
epitaxial NPN transistors in Jedec TO-39 (for
2N2218A) and in Jedec TO-18 (for 2ZN2222A)
metal case. They are designed for high speed
switching application at collector current up to

500mA, and feature useful current gain over a a 3
wide range of collector current, low leakage 1 1
currents and low saturation voltage. 2 2
&2N2219A approved to CECC 50002-100,
2N2222A approved to CECC 50002-101 TO-18 TO-39
available on request.
INTERNAL SCHEMATIC DIAGRAM
Co(2)
(1)
3
Eo(3)
5CDBSED
ABSOLUTE MAXIMUM RATINGS
Symbol Parameter Value Unit
Veso Collector-Base Voltage (g = 0) 75 v
Veeo Collectar-Emitter Voltage (lg = 0) 40 vV
Vepo Emitter-Base Voltage (Ic = 0} B A
te Collector Current 0.8 A
Ptat Total Dissipation at Tamp < 25 °C
for 2ZN2219A 0.8 W
for 2N2222A 0.5 W
at Toase 5 25 °C
for 2N2219A 3 w
for 2N2222A 1.8 W
Teig Storage Temperature -65 1o 200 °C
T Max. Operating Junction Temperature 175 °c

June 1999
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2N2219A/2N2222A°

THERMAL DATA

TO-39 TO-18
o
Rinj-case |{Thermal Resistance Junction-Case Max 50 83.3 0CIW
Ripj-amp |Thermal Resistance Junction-Ambient Max 187.5 300 cw
ELECTRICAL CHARACTERISTICS (Tcase = 25 °C unless otherwise specified)
Symbol Parameter Test Conditions Min, Typ. Max. Unit
leeo Collector Cut-off Ve = B0V 10 nA
Current {ig = ) Vep =60V Tease = 150 °C 10 BA
lcex Collector Cut-off Vee =60 V 10 nA
Current (Vge = -3V)
teex Base Cut-off Current Vee = B0V 20 nA
(Ve = -3V)
leno Emitter Cut-off Current |Vgg =3 V 10 nA
{le =0)
Visryceo* |Collector-Base le = 10 pA 75 v
Breakdown Voltage
{le=0)
Viericeq* |Collectar-Emitter lc =10 mA 40 v
Breakdown Voltage
{Is = 0)
Visr)eso* |Emitter-Base le = 10 pA & Y
Breakdown Voltage
(lc = 0)
Vceay* |Caollector-Emitter lc = 150 mA Ilg = 15 mA 0.3 v
Saturation Voltage ic = 500 mA Ig = 50 mA 1 v
Vagay* |Base-Emitter lg =150 mA  Ig =15 mA 0.6 1.2 v
Saturation Voltage lc =500 mA |g =50 mA 2 \
hre* DC Current Gain Ic=0.1t mA Vee =10V 35
lc =1 mA Ve =10V 50
lg = 10 mA Vee =10V 75
lc =150 mA Vee =10V 100 300
lc = 500 mA Vee =10V 40
lc =150 mA Vge =1V 50
le =10 mA Vee =10 V
Tamb = -55 UC 35
hg* Small Signat Current le=1mA V=10V f=1KHz | 50 300
Gain le=10mA Vege =10V  f=1KHz 75 375
fr Transition Freguency lc=20mA Vgg=20V 300 MHz
f =100 MHz
Ceso Emitter Base lc=0 Veg =05V f = 100KHz 25 pF
Capacitance
Ccao  |Collector Base le=0 Veg=10V f=100KHz 8 pF
Capacitance
Re(rniey |Real Part of Input lc=20mA Vg =20V 80 o3
Impedance f = 300MHz

* Pulsed: Pulse duration = 300 ps, duty cycle €1 %

2/8

5]




2N2219A2N2222A

ELECTRICAL CHARACTERISTICS (continued)

Symbol Parameter Test Conditions Min. Typ. Max. Unit
NF Noise Figure le=01mA Veg=10V 4 dB
f=1iKHz Rg=1KQ
hig Input Impedance lc=1mA Vce =10V 2 8 (39]
le =10 mA Ve =10V 0.25 1.25 49]
Nra Reverse Voltage Ratio [lc=1mA Vge =10V 8 10
fc =10 MA Vce =10V 4 10+
hge QOutput Admittance lc=1TmA Vege=10V 5 35 us
le =10 mA Ve =10V 25 200 us
tgs= Delay Time Vee =30V e =150 mA 10 ns
|B1 =15 mA VBB=-0.5V
fren Rise Time Vee =30V e =150 mA 25 ns
lgr =15 mA Vgg=-0.5V
(LY Storage Time Ve =30V l[e = 150 mA 225 ns
Ig1 =-lg2 = 15 mA
trww Fali Time Vee =30V fc = 150 mA 60 ns
lgg =-lgz = 15 mA
rop' Co's  {Feedback Time le =20 mA Ve =20V 150 ps
Constant f=31.8MHz
* Pulsed: Puise duration = 300 ps, duty cycle €1 %
«» See test circuit
o7 a8




2N2219A/2N2222A

Normalized DC Current Gain.
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Collector-emitter Saturation Voltage.
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LM78XX
Series Voltage Regulators

General Description

The LM78XX series of three terminal regulators is available
with several fixed output voltages making them useful in a
wide range of applications. One of these is local on card
regulation, eliminating the distribution problems associated
with single point regulation. The voltages availabie allow
these regulators to be used in legic systems, instrumenta-
tion, HiFi, and other solid state electronic equipment. Al-
though designed primarily as fixed voltage regulators these
devices can be used with external components to obtain ad-
justable voltages and currents.

The LM78XX series is available in an aluminum TO-3 pack-
age which will allow over 1.0A load current if adequate heat
sinking is provided. Current limiting is included te limit the
peak output current {0 a safe value. Safe area protection for
the output transistor is provided to limit internal power dissi-
pation. If internal power dissipation becomes oo high for the
heat sinking provided, the thermal shutdown circuil takes
over preventing the 1C from overheating.

Considerable effort was expanded to make the LM78XX se-
ries of regulators easy to use and minimize the number of
external components. It is not necessary to bypass the out-

May 2000

National Semiconductor

put, although this does improve transient response. [nput by-
passing is needed only if the regutator is located far from the
filter capacitor of the power supply.

For output voltage other than 5V, 12V and 15V the LM117
series provides an output voltage range from 1.2V to 57V,

Features

Output current in excess of 1A

Internal thermali overload protection

No external components required
Output transistor safe area protection
Internal short circuit current limit
Available in the aluminum TO-3 package

Voltage Range

LM7805C 5V
LM7812C 12V
LM7815C 15V

Connection Diagrams

Metal Can Package
TO-3 (K)
Aluminum

QUTFUT GND

INPUT
0S00T745-2
Boftom View
Order Number LM7805CK,
LM7812CK or LM7815CK
See NS Package Number KC0O2A

L

Plastic Package
TO-220 (T)

[ ——— oureur

T

> INPUT

v =m O

OSH7748-3
Top View
Order Number LM7305CT,
LM7812CT or LM7815CT
See NS Package Number TO03B

% 2000 National Semiconductor Gorparation DS0Q7746
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LM78XX

Schematic

D1
6.1V

7\

L8]
10k

a1) g4

+ INPUT

aié

A8
03

auvput

R1?

Vaer

GND

DS007746-1
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Absolute Maximum Ratings ot 3)

Maximum Junction Temperature

f Military/Aerospace specified devices are required, (K Package) 150°C
iease contact the National Semiconductor Sales Office/ {T Package) 150°C
distributors for availability and specifications. Storage Temperature Range -B85°C to +150°C
nput Voltage Lead Temperature (Soldering, 10 sec.)

(Vo = 5V, 12V and 15V) 35V TO-3 Package K 300°C
nternal Power Dissipation (Note 1} internally Limited T0O-220 Package T 230°C
Jperating Temperature Range (T} 0'C to +70°C
Zlectrical Characteristics LM78XXC (note 2)

'C £ T, <£125C unless otherwise noted.
Output Voltage 5v 12v 15V
Input Voltage {unless otherwise noted) 10V 19v 23v Units
nbol Parameter Conditions Min | Typ [ Max | Min [ Typ [ Max [ Min [ Typ [Max
N Output Voltage Tj=25C, 5mA<iys1A 4.8 5 52 [11.5 12 125 (144 15 156 v
Pp=15W, S5 mA iy < 1A 4.75 525|114 12,6 34.25 16.75 v
Viuin £ Vi £ Vigax (7.5 £V, £ 20) (14.5 <V, < (175sVus \
27) 30)
/n Line Regutation lg = 500 Tj = 25'C 3 50 4 120 4 150 mv
mA
AViy (TE€Vy$25) | 1455V <€30) | (175 V< v
30)
0°C=Tj<+125'C 50 120 150 mV
AViy (B<Vi<20) | (155VuS27) | (1855 V< v
30)
o = 1A Tj=25'C 50 120 150 mv
AV (75sVu<20) | (146<Vys (177 sV < v
27) 30}
0°C<Tj<+125°C 25 60 75 mv
AVin B<Vins12) | (165V £22) | (20 <V, < 26) vV
Vg Load Regulation Tj=25'C SmMA LI, < 1.6A 10 50 12 120 12 150 my
250 mA <l < 25 60 75| mv
750 mA
SMAZCIL<TA OCsTj< 50 120 150 myv
+125'C
a Quiescent Current | 15 < 1A Tj=25C 8 8 g mA
J_O'C <Ti<+125°C 8.5 85 85 mA
Mg Quiescent Current | 5 mA < g < 1A 0.5 0.5 0.5 mA
Change Tj=25C, Ig < 1A 1.0 1.0 1.0 mA
Viain € Vin £ Viax (75<Viy<20) | (48 <V 827) | (17.9 <V < v
30)
lo <500 mA, 0°C = Tj £ +125°C 1.0 1.0 1.0 mA
Vi € Vi £ Visax (T<Vis25) | (1455Vg30) | (1752V, < v
30
Vi Output Noise Ta =25°C, 10 Hz = f < 100 kHz 40 75 90) uv
Voliage
Ripple Rejection o< 1A, Tj=25'C{ 62 80 55 72 54 70 dB
VN or
A¥our f=120Hz | 15 £ 500 mA . 62 55 54 dB
lo‘c <Tj£+125°C |
Vaain £ Vin £ Viax C BV <18) | (1B<ViNg25) | (1855 V< v
: 78.5) ’
Ra | Dropout Voltage | Tj = 25°C, iquy = 1A f 2.0 2.0 2.0 Y,
| Output Resistance | f = 1 kHz * 8 18 19 Tmsl

i
|

- = e —
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LM78XX

0°C < T, < 125°C unless otherwise noted.

Electrical Characteristics LM78XXC (Note 2} (Continued)

Output Voltage 5V 12v 15V
Input Voltage (unless otherwise noted) 10V 19v 23V Units
Symbol Parameter Conditions Min | Typ | Max | Min | Typ [Max | Min P Typ | Max
Short-Circuit Tj = 25'C 21 1.5 1.2 A
Current
Peak Cutput Tj=25C 2.4 24 24 A
Current
Average TC of 0°C=Ti<+125'C, 1o = 5 mA 0.6 15 1.8 mv/'C
VOLIT
Vin Input Voltage
Required to Tj=25'C. lo < 1A 7.5 14.6 17.7 v
Maintain
Line Regulation

(T) is typlcally 4°C/W junction to case and 50°C/W case to ambient.

be taken into account separately.

trical Characteristics.

Note 1: Thermal resistance of the TO-3 package (K, KC} is typicatly 4'C/W junclion to case and 35°CMW ¢ase to amblent. Thermal resistance of the TO-220 package

Note 2: All characteristics are measured with capacitor across the input of 0,22 yF, and a capacitor across the output of ¢.1pF, All characteristics except noise voltage
and ripple rejection ratio are measured using pulse techniques {t, < 10 ms, duty cycie £ 5%}. Output voltage changes due to changes in internal temperature must

Note 3: Absolute Maximum Ratings lndicate imits beyond which damage to the device may occur, For guaranteed specifications and the test conditions, see Elec-
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Typical Performance Characteristics

Maximum Average Power Dissipation
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LM78XX

|
i
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Typical Performance Characteristics (Continuea)

Output Impedance
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Dropout Characteristics
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Physical Dimensions inches {millimeters) unless otherwise noted

0.940 —0,980
—=1(23.88 —24.69) |a—

0.800 - 0.815 i 0.250—0.350
{20. 32 20 70)— 4—-—’-' (6.350 — B.890)

0.147-0.123

'

R o

0.025 " } 0.445_0.522

{0.635) 1435 SEATING FLANE {11.30-13.26)
UNCONTROLLED LEAD QIA m | L_ 0.038—0.043 f
MAX —-| |=—{0.865—1.092)
DIA TYP
0.420 —0.440
asr—atE (10.67-11.18)
3.335—4.089) \ / @
DIA TYP "
0165 —0.179 o) _b.avo-1.050
(4,191 -4.547) (24.64 —26.67)
‘ . B @
RTYP 6.210-0.220 | K3 l
{6.334—5.588) i
. __ 0.655—0.675

(16.64 -17.15)
1771197
{29.90 —30.40)

KCO2A (REV C)

Aluminum Metal Can Package (KC)
Order Number LM7805CK, LM7812CK or LM7815CK
NS Package Number KCO2A

whew nationai.com
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LM78XX Series Voltage Regulators

Physical Dimensions inches {millimeters) unless otherwise noted {Continued)

__,10.240-0.260  0.330-0.550 ~]
[6.10-6.60] [6.38~8.89]
0.100-0,120 5 0. 149-0.153
[2.54~3.05] |7 @ [3.78-3.8¢]
T, #
,090-0.110
“.a15 %2039-2 79]
0.400 _g 505 . : . 0.180-0.210
+0.38 - [ - - 4. as 5.33
{1016 351 J ‘
/ 0.048-0.055 _T
0.130-0.150 {1.22-1.40]
P 810 J [3.30-4.05] """ e
1,005-1.035 0.027-0.037
e
(25.53-26.28) [0.62-0.94]
P
/\ /'\ 0.525-0.555 0.015 1550y [0.38 Joon
l [13.3&-14.10]
0.175-0.185
[4.45-4.70] ]“
pe-go [
\{"’ L 5,105 190'0 [2.67 025
J.048-0,052 .015 8,38
[1-22-1.32] SEATING FLANE
TAPERED
§IGES 19 7038 (REV L)

TO-220 Package (T)
Order Number LM7805CT, LM7812CT or LM7815CT
NS Package Number T03B

LIFE SUPPORT POLICY

NATIONAL'S PRCDUCTS ARE NOT AUTHORIZED FOR USE AS CRITICAL COMPONENTS IN LIFE SUPPORT
DEVICES OR SYSTEMS WITHOUT THE EXPRESS WRITTEN APPROVAL OF THE PRESIDENT AND GENERAL
COUNSEL OF NATIONAL SEMICCNRBUCTOR CORPORATION. As used herein:

1. Life support devices or systems are devices ar 2. A critical companent is any component of a life

systems which, (a) are intended {or surgical implant
into the body, or (b) support or sustain fife, and
whose failure to perform when properly used in
accordance with instructions for use provided in the

support device or system whose failure to perform
can be reasonably expected fo cause the faiture of
the life support device or system, or to affect its
safety or effectiveness.

labeling, can be reasonably expecied to result in a
significant injury to the user.

N

Mational Samiconductor National Semiconductor National Semlconductor National Semicenductor

Corporation Europe Asia Paciflc Customer Japan Ltd.
Amencas Fax: -49 {0) 180-530 85 85 Response Group Tel: B1-3-5639-7560
Tel: 1-8G0-272-8558 Emad: eurcpe.support @rsc.com Tel: 65-2544466 Fax: 81.3-5639-7507
Fax: 1-800-737-7018 Deutsch Tel: -49 (0} 69 DAOA 6208 Fax: 65-2504486
Email; suppori@nsc.com Engliish  Tel: ~44 {0} 87024 0 2171 Email: ap.support@nsc.com

wwaw.national.com Frangais Tel: +33 {0} 2 41 91 8790

L

Navonal goes net assume any responsiblity for use of any circuitry described. no Circuit patent hicenses are mpind and National reserves e nght at any tMe without notice |o change saio crcwlry and specificavans,
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IP120A SERIES
IP120 SERIES
IP7900A SERIES
IP7900 SERIES
LM120 SERIES

Pin 1 — Ground
Pin2 - VOUT
Case — V|

K Package — TO--3

Lo |

Pin 1 — Ground
Pin2-Vy

Pin 3 — VOUT
Case - V|y

G Package — TO-257
IG Package— TO-257"

solated Case on {G package

Pin 1 — Ground
Pin 2 - VOUT
Case — V|y

R Package — TO-66

T

l

[ ;
| I
| e \
R

Pin 1 — Ground
Pin 2 ‘“V|N
Pin 3 _VOUT

SMD Package — SMD1
Ceramic Surface Mount

Y
6o [T h NG
NC (2] NC
NG 3] Bl vy
Vorr (4] 5] NC

J Package — 8 Pin Cerdip

BSOLUTE MAXIMUM RATINGS (T

1.5 AMP
NEGATIVE
VOLTAGE REGULATOR

FEATURES

*» OUTPUT VOLTAGES OF -5, -12, -15V

» 0.01% / V LINE REGULATION

* 0.3% / A LOAD REGULATION

* THERMAL OVERLOAD PROTECTION

» SHORT CIRCUIT PROTECTION

« OUTPUT TRANSISTOR SOA PROTECTION

« 1% VOLTAGE TOLERANCE OPTION
(~A VERSIONS)

DESCRIPTION

The IP120A / LM120 / IP7900A / IP7900 series of 3 terminal
regulators is available with several fixed output voltage
making them useful in a wide range of applications.

The A suffix devices provide 0.01% / V line regulation,
0.3% / A load regulation and +1% output voltage tolerance at
room temperature.

Protection features include Safe Operating Area current
limiting and thermal shutdown.

= 25°C unless otherwise stated)

case
[ DC input Voltage (for Vg = -5, -12, -15V) 35V
D Power Dissipation Internally limited
Operating Junction Temperature Range -55 to 150°C
stg Storage Temperature -85 to 150°C
emelab plc. Telephone +44(0)1455 556565, Fax +44{0)1455 552612, Prelim. 7/99

E-mail: cales@semetab.co.uk

Website;

TN AW SeMEah co.uk
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IP120A SERIES
IP120 SERIES
IP7900A SERIES
IP7900 SERIES
LM120 SERIES

IP7905A 1P7905 , IP120-05
IP120A-05 LM120-05
arameter Test Conditions Min. Typ. Max. Min. Typ. Max. |Units
Ig = 500mA Viy =-10V -4.95 -5 -5.05 -4.9 -5 -5.1
= = v
o Qutput Voltage lo = 5mA to lyax VN =-7.5V to -20V 4.85 515 48 52
PDSPMAX TJ=—55 to 150°C
= Pnh<P
o  Low Supply lo = SmA o luax  Fo= Fuax 4.75 515 | -4.75 525 | v
Vi = -7V to -20V
Vg = -7V to =25V 3 10 3 25
|o=0.5 IMAX VIN =.7.5V to -20V 3 10 3 50
Vo  Line Regutation T,=-5510150°C my
Vin = -8V 1o -12V 1 4 1 25
o < lmax [T,=-551t0 150°C 1 12 2 50
lg =5mAto 1.5A 10 25 10 75
Vi =-10V
\ Ig = 250mA to 750mA 15 4 25
Vg  Load Regulation myv
10 =5mA to IMAX
Vin = -10V 7 25 7 50
’ T;=-5510150°C
lg£051 1 1.9 1 1.9
3 Quiescent Current | © MAX mA
Vi =-10V T,;=-55t0 150°C 1 2 1 2
lo = 5mA to lyax 0.2 0.4 0.2 0.4
Vi = -10V T,=-55t0 150°C 0.2 0.5 0.2 0.5
slg Quiescent Current VN = -7V to -25V 0.1 0.4 0.1 0.4 mA
Change lo< 05! Vi = -8V 10 25V
e ° MAX N 01 05 01 10
[Tu=-S5t0 150°C
N QOutput Noise f= 10Hz to 100kHz
40 400 40 400 uv
Voltage Vi =-10V
lg =1 66 80 54 80
VI Ripple Rejection | oo lo < oM;)? dB
— ipple Rejection <0
W, peers Vg =-8Vito-18v |2 MAX 88 80 54 80
' T, =-5510150°C
Dropout Voltage |l = Iyax 1.1 2.3 1.1 2.3 A
p Qutput Resistance |f=1 kHz 5 5 me
se Short Circuit
Vg =-35V 0.6 1.2 0.6 1.2
Current A
Tok Peak Qutput
Vg = -10V 24 3.3 24 3.3
Current
Average Temperature mV
ge lemp Io = 5MA 0.2 2 0.2 2 e
Coefficient of Vg °C
input Voltage required to )
p‘ . ,g ? _ lo = ipax -7.3 -7.3 Y
maintain line regulation i

1) All characteristics are measured with a capacitor across the input of 0.22uF and a capacitor across the output of 0.1uF.

All characteristics except noise voltage and ripple rejection ratio are measured using pulse techniques (1, £ 10ms. 6 £ 5%). Ouiput
voltage changes due to changes in internal temperature must be taken into account separately.

2) Test Conditions uniess otherwise stated:Pyyax = 10W for TO-2208M Pyax = 1W for Cerdip, Pyax = 20W for all other package
IMAX: 1.0A ' TJ =2 OC

devices

Semelab plc. Telephone +44(0}1455 556565. Fax +44(C)1455 552612.
E-mail: salgs@semeatab co.uk

Website:

Up | ~ww . semelab.co.uk

Preiim. 2/99
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IP120A SERIES
IP120 SERIES
IP7900A SERIES
IP7900 SERIES
LM120 SERIES

IP7912A \P7912, IP120~12
IP120A-12 LM120-12
arameter Test Conditions Min. Typ. Max. Min. Typ. Max. |Units
Ig = 500mA Vi = -19V 1188 -12  -1212 | -11.76 12 -12.24
= - < v
o Output Voltage Vi = -14.8V to -27V Pg < Ppyax _11.64 12.36 | -11.52 12.48
lo =5mAto IMAX TJ = -5510 150°C
= Pp<P '
Low Supply lo = SMA 10 lax b= T MAX -11.40 <1236 | -11.40 1260 | Vv
© Vi = -14.5V to -27V
V) = -14.5V to -30V 4 18 4 120
= Vpy =-14.8V to -27V
'o 0.5 IMAX N 14.8V o 4 18 4 200
Vg  Line Regulation T,=-551t0150°C mY
lo = buax 1 4 1 25
Viy = -16V to -22V | T; = -55 10 150°C 2 9 2 60
lg = 5mA to 1.5A 12 32 12 80
V’N =1 gV )
) lp = 250mA to 750mA 4 13 4 80
Vo  Load Regulation Y =y Al mV
= - = m N
N 0 Max 8 60 8 120
* T,=-551t0 150°C
lp<051 0.2 0.4 0.2 0.4
2 Quiescent Current | © MAX mA
Vi = -19V [ T,=-55t0 150°C 1 2 1 2
lg = 5mA to lyax 0.2 0.4 0.2 0.4
Vi = -19V [T,=-551t0 150°C 0.2 0.5 0.2 0.5
slg Quiescent Current | Vg = -14.5V to -30V 0.1 0.4 0.1 0.4 mA
Change lo£051 Viy = -15V to -30V
9 © MAX ™ 0.1 0.5 0.1 1.0
T,=-5510 150°C
Iy Output Noise f=10Hz to 100kHz
75 960 75 960 Ay
Voitage Viy =-19V
W f=120Hz Ig € lyax 58 72 56 72
IN ) -
—— Ripple Rejection  |V|y =-15V to In<051 dbB
Wo J N | MAX 58 72 56 72
-25V 'T,=-5510 150°C
Dropout Voltage 1o = Iyax 1.1 2.3 1.1 23 A
0 QOutput Resistance [f=1kHz 8 8 mQ
se Short Cireuit
VN = -35V 06 1.2 0.6 1.2
Current ‘ A
ok Peak Output
Vi = -19V 2.4 3.3 2.4 3.3
Current
Average Temperature mV
) g = BmA 0.5 4.8 0.5 4.8
Coefficient of Vi *C
Input Voltage required to
o : lo = Tuax -i4.5 -14.5 Vo
maintain line reguiation ]v

1y All characteristics are measured with a capacitor across the input of 0.22uF and a capacitor across the output of 0.1uF.

All characteristics except noise voltage and rnpple rejection ratio are measurea using puise techniques (t; £ 10ms, & < 5%). Output

voltage changes due 1o changes in internal temperaiure must be taken into account separately,

2) Test Conditions unless otherwise stated: Pax = 10W for TO=2205M , Pyyax = TW for Cerdip, Pyax = 20W for all other package

devices

Semelab plc. Telephone +44{0)1455 556565,

lMF\X = 1.0A T_, = 25°C

Fax +44t0)1455 552612.
Website: tip: awvww. semaiab,co uk

Prelim. 2/99




1 IP120A SERIES

EEF - IP120 SERIES
sEME IP7900A SERIES

IP7900 SERIES
L AB LM120 SERIES

IP7915A 1P7915, IP120-15
IP120A—15 LM120-~-15
arameter Test Conditions Min. Typ. Max. Min. Typ. Max. |Units
g = 500mA Viy = =23V -14.85 -15 -15.15 -14.7 -15 -158.3
=-17. -30VPR<P v
o Output Voltage Vi =-17.8V 1o -30V Pp MAX 14,55 15,45 444 1456
|o= 5mA to lMAX TJ'—"-55 to 150°C
=5mAtol Pp<P
o  Low Supply lo = SmA L lyax o= Puax -14.25 -15.45 | -14.25 4575 | Vv
Vin = ~17.5V to -30V
Viy = -17.5V to -30V 4 22 4 150
= Vi = -17.9V to -30V
g = 0.5 Ipax = -17.9V o -3 . - s 250
Vg Line Regulation T,=-551t0 150°C my
lO < IMAX 2 10 75
Vi = -20V to 268V | T, = -55 to 150°C 5 30 5 150
o =5SmAto 1.5A 12 35 12 80
V1N = -23V
) . lg = 250mA to 750mA 4 21 4 75
Vo  Load Regulation Y 3 eErAl mv
= = 0
N 0 7 2MA T uax 9 75 9 150
T,=-551t0 150°C
lg=05l 1 1.9 1 19
2 Quiescent Current | ° MAX mA
Vi = 23V | Ty=-5510 150°C 1 2 -1 2
lo = 5MA 10 lyax 0.2 0.4 0.2 04
Vi = =23V T, =-55 to 150°C 0.2 0.5 0.2 0.5
iy Quiescent Current Viy = -17.5V to -30V 0.1 0.4 0.1 0.4 mA
Change l5<0.5) Vi =-18.5V 10 -30V
g © Max N 0.1 0.5 0.1 10
Ty =-55 t0 150°C
N Output Noise f=10Hz 10 100kHz
90 1200 80 1200 [ThY)
Voltage Vg = -23V
N f=120Hz lo < lyax 56 70 54 70
IN . _—
——  Ripple Rejection |V, =-18.5Vto Ig£0.51 dB
Wo reerd M © Max 56 70 54 70
-28.5v T,=-5510 150°C
Dropout Voltage  |lg = lyax 1.1 2.3 1.1 23 v
20 Output Resistance |f =1 kHz 9 9 me2
lec Short Cireuit ’
Vi = -35V 0.6 1.2 0.6 1.2
Current A
Lok Peak Output
Viy = -23V 2.4 3.3 2.4 3.3
Current
Average Temperature : my
ge remp lo = 5GMA 0.6 6 0.6 6 e
Coefficient of Vg °C
input Voliage required to
R , lo < Iyax 175 -17.5 v
maintain line regulation k

1) All characteristics are measured with a capacitor across the input of 0.22)F and a capaciior across the output of 0.1uF.

All characteristics except noise voltage and ripple rejection ratic are measured using pulse technigues {t, = 10ms, & £ 5%). Qutput
voltage changes due to changes in internal temperature must be taken into account separately.
2) Test Conditions uniess otherwise stated: Ppax = 10W for TO-2208M , Ppyax = 1W for Cerdip, Ppyax = 20W for all other package
devices wax = 1.0A,T;= 25°C
Semelab plc. Teiephone +44(0)1455 556565. Fax +44(0)1455 552612. Prelim. 2/99
E-mail: saigs@semelan.couk  Website: ntp:www.semelab.co.Lxs
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IP120A SERIES
IP120 SERIES
IP7900A SERIES
IP7900 SERIES
LM120 SERIES

PPLICATIONS INFORMATION

INFUT Vi Vour oUTPUT INFUT Vin Vour QUTPLT IKPUT Vi Vout
c2
L c1* e L o doc1 T " Lc2 :}icu GTD T'}:F“T R:’U‘PUT
T 2.2uF BRRTTS T 2.F T fpF T 2.20F —
TANT. TANT. TANT. £—- R2 TANT. TANT. oyt
|
1 4 L
Fixed Output Regulator Adjustable Output Regulator Current Reguiator

Required if the regulater is located far from (R1+R2) _ Veeg

the power supply. Vour = Vree R1 tour = R la

Required for stability. 25uF electrolytic may

be substituted.

Order Information

*art K—Pack R-Pack | G/IG-Pack| SG—Pack 1 J—Pack Temp. Note:
Jumber {TO-3) (TO-66) (TO-257) SMD1 8 Pin Cerdip Range To order, add the
P7900A v v v v l v -55to +150°C | package identifier to the
P7900 v v v v v " part number.
P120A v v v : v I v " eg. IP7900AK
P120 v v v v | v " IP120SG
M120 v v v v v g

Semelab plc. Telephone +44(0)1455 556565, Fax +44(0)1455 552612.

E-mail: :ales@semealad co ux

Website: ttp:

Aww semetab.co uk

Prefim, 2/99
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KA78XX/KA78XXA

3-Terminal 1A Positive Voltage Regulator

Features

« Qutput Currentup to 1A

» OQutput Voltages of 5,6, 8,9, 10, 12, 15, 18, 24V
» Thermal Overload Protection

« Short Circuit Protection

+ OQutput Transistor Safe Operating Area Protection

Internal Block Digram

Description

The KATIXXV/KATEXXA series of three-terminal positive
regulator are available in the TQ-220/D-PAK package and
with several fixed output voltages, making them useful in a
wide range of applications. Each type employs internal
current limiting, thermal shut down and safe operating area
protection, making it essentially indestructible, If adequate
heat sinking is pravided, they can deliver over 1A output
current. Although designed primarily as fixed voltage
regulators, these devices can be used with external
components to obtain adjustable voltages and currents.

TO-220

1
D-PAK
Em

1. Input 2. GND 3. Qutput

INPUT SERIES ouTteuT
— PASS -0
] ELEMENT Aa

GCURRENT S0 -
GENERATOR PROTECTION fi:,
STARTING REFEAENGE ERRGRA
ClIRCWLIT VOLTAGE AMPLIFIER
<
THERMAL :P
PROTECTION
(=2

Rev. 1.0.0

©2001 Fairchild Semiconductor Cerporation




KATBXX/KATEXXA

Absolute Maximum Ratings

Parameter Symbol Value Unit
Input Voitage (for Vo = 5V to 18V) Vi 35 \
{for VO = 24V) Vi 40 v
Thermal Resistance Junction-Cases (TO-220) Reuc 5 ‘CIwW
Thermal Resistance Junction-Air (TO-220) ReJA 85 CIW
Operating Temperature Range (KA78XX/A/R) ToOPR 0~+125 C
Storage Temperature Range TsTG -65 ~ +150 ‘C

Electrical Characteristics {(KA7805/KA7805R)
(Refer to test circuit ,0°C < Tj < 125°C, lo = 500mA, V| =10V, Ci= 0.33uF, C0=0.14F, unless otherwise specified)

N KA7805 _
Parameter Symbol Conditions Nin. | Typ. | Max. Unit
Ty =+25°C 4.8 50| 52
Output Voltage Vo 5.0mA = lo = 1.0A, PO < 15W Y
V| =7V to 20V 475 | 50 | 525
Line Regulation (Note1) Regline | Ty=+25°C Vo = TVto 25V - (40110 Ly
Vi=8Vio 12V - 1.6 50
Load Regulation (Note1) Regload | TJ=+25°C 0= 5.0mA to. 54 - > 190 mV
0 =250mA to 750mA - 4 50
Quiescent Current fo) Ty =+25°C - 50 | 80 mA
. Io = SmA to 1.0A - 0.03] 05
Quiescent Current Change Alg mA
Vi= 7V to 25V - 0.3 1.3
Output Voltage Drift AVOIAT | o= SmA - 08| - |[mvi°C
Output Noise Voltage VN f = 10Hz to 100KHz, Ta=+25°C - 42 - | uwivo
Ripple Rejection RR (/ZLZgCZtO 18y 62 | 73 | - | B
Dropout Voltage VDrop lo=1A Ty=+25°C - 2 - \Yj
QOutput Resistance ro f=1KHz - 15 - mg
Short Circuit Current ISC V| = 35V, Ta =+25°C - 230 - mA
Peak Current IPK TJ=+25°C - 2.2 - A
Note:

1. Load and line regulation are specified at constant junction temperaiure. Changes in Vo due to heating effects must be taken
into account separateiy. Pulse testing with low duty is used.




KATBXUKATBXXA

Electrical Characteristics (KA7806/KA7806R)
(Refer to test circuit 0 C=<Ty=< 125°C, lp = 500mA, Vi =11V, Ci= 0.33pF, Co=0.1uF, unless otherwise specified)

| Conditi KA7806 Unit
Parameter Symbo onditions Win. | Typ. | Max.
TJ=+25°C 575| 6.0 | 8.25
Output Voltage VO 5.0mA < 1o < 1.0A, PO = 15W v
Vi=8.0Vto 21V 57| 60 6.3
Line Regulation (Note Regline | Ty=+25°C Vi=8Vio 25V sl B EEC Gy
egline =+
ine Regulation (Note1) gl J Vi= 9V to 13V 3 15 60
, Io =5mA to 1.5A - 9 120
Load Regulation (Note1) Regload | Ty=+25°C mv
10 =250mA to750mA - 3 60
Quiescent Current o} TJ =+25°C - 50 | 80 | mA
) I0o=5mAto 1A - - 0.5
Quiescent Current Change Alg mA
Vi =8V to 25V - - 1.3
i _ my//
Output Voltage Drift AVOIAT | 1o =5mA - -0.8 - o¢
Output Noise Voltage VN f=10Hz to 100KHz, Ta =+25°C - 45 - INV/AV/o]
. _ f=120Hz
Ripple Rejection RR Vi = 9V to 19V 59 75 - dB
Dropout Voitage 1 VDrop o= 1A, Ty =+25°C - 2 - A
Qutput Resistance ro f=1KHz - | 19 - mge
Short Circuit Current Isc Vi= 35V, Ta=+25°C - 250 - mA
Peak Current IPK TJ=+25°C - 2.2 - A
Note:

1. L_oad and line regulation are specified at constant junction temperature. Changes in Vo due to heating effects must be taken
into account separately. Pulse testing with low duty is used.




KATBXX/KATBXXA

Electrical Characteristics (KA7808/KA7808R)
(Refer to test circuit ,0°C < Ty < 125°C, lo = 500mA, Vi =14V, Cj= 0.33uF, CO=0.1uF, unless otherwise specified)

N KA7808 _
Parameter Symbeoi Conditions win. | Typ. | Max. Unit
Ty=+25°C 7.7 8.0 8.3
Output Voltage Vo 50mA < [0 = 1.0A, Po = 15W Y
Vi=10.5V to 23V 7.6 8.0 84
. Vi=10.5V to 25V - 5.0 160
Line Regulation {Note1) Regline | Ty=+25°C V=115Vt 19V - 20 50 mV
lo=50mAto 1.5A | - 10 | 160
Load Regulation (Note1) Regload | TJ=+25°C 0= 250mA to ] 50 80 mv
750mA
Quiescent Current Q Ty=+25°C - 50 | 80 mA
Quiescent Current Change AlQ 10 = SmA to 1.0A - [ 005} 05 mA
Vi =10.5A to 25V - 0.5 1.0
Qutput Voltage Drift AVO/AT | lo=5mA - -0.8 - Imwi°C
Output Noise Voltage VN f=10Hz to 100KHz, Ta =+25°C - 52 - uVo
Ripple Rejection RR f=120Hz, VI= 11.5V 10 21.5V 56 73 - dB
Dropout Voltage VDrop lo=1A, T =+25°C - 2 - v
Qutput Resistance o f=1KHz - 17 .- mS
Shornt Circuit Current Isc Vi= 35V, TA =+25°C - 230 - mA
Peak Current IPK Ty=+25°C - 22 - A
Note:

1. Load and line reguiation are specified at constant junction temperature. Changes in Vo due to heating effects must be taken
into account separately. Pulse testing with fow duty is used.




KATBXX/KATEXXA

Electrical Characteristics (KA7809/KA7809R)
{Refer to test circuit 0°C <TJ<125°C, lo = 500mA, V| =15V, C|= 0.33uF, Co=0.1uF, unless otherwise specified)

— KA7809 _
Parameter Symbol Conditions Min. | Typ. | Max. Unit
T4 =+25°C 8.65 9 9.35
Output Voltage Vo 5.0mA< 10 £1.0A, PO £15W v
Vi= 11.5V to 24V 8.6 9 9.4
Line Regulation (Note1) Regline | Ty=+25°C VI=115Vio 25V - 6 | 190 mv
Vi=12Vto 17V - 2 90
) lo=5mAto 1.5A - 12 180
Load Regulation (Note1) Regload | Ty=+25°C mV
o = 250mA to 750mA - 90
Quiescent Current fo! TJ=+25°C - 50 | 8.0 mA
) lo=5mAto 1.0A - - 0.5
Quiescent Current Change AlQ mA
Vi=11.5V to 26V - - 1.3
Qutput Voitage Drift AVO/IAT | 10 =5mA - -1 - Imv/ieC
Qutput Noise Voltage VN f=10Hz to 100KHz, TAa =+25°C - 58 - wVio
Ripple Rejecti =
PPie Rejecton RR L.ﬁg’xo 23V % 71} - | B
Dropout Voltage VDrop | 10 =1A, TJ=+25°C - 2 - v
Output Resistance ro f=1KHz - 17 - mQ
Short Circuit Current Isc VI= 35V, TA=+25°C - l250 - mA
Peak Current IPpK Ty=+25°C - 22 - A

Note:

1. L_oad and ling regulation are specified at constant junction temperature. Changes in VO due to heating effects must be taken
into account separately. Pulse testing with low duty is used.




KATBXX/KATBXXA

Electrical Characteristics (KA7810)
(Refer to test circuit ,0°C < TJ < 125 °C, lo = 500mA, V| =18V, Ci= 0.33pF, Co=0.1uF, uniess otherwise specified)

N KA7810 )
Parameter Symbol Conditions Min. | Typ. | Max. Unit
Ta=+25°C 96 10 | 104
Output Voltage VO 50mA<1o<1.0A, PO<15W v
Vi =12.5Vtc 25V 9.5 10 | 10.5
Line Regulation (Note1) Regline | Ty=+25°C Vi=125V10 25V - 10 | 200 mv
Vi =13V to 25V - 3 100
Load Regulation {(Note1) Regload | Ty=+25°C lo=mAto 1.5 - 12 | 200 mv
lo = 250mA {o 750mA - 4 400
Quiescent Current ! Ty=+25°C - 51 | 80 mA
. o = 5mA to 1.0A - - 0.5
Quiescent Current Change AlQ mA
Vi=12.5V 10 28V - - 1.0
Cutput Valtage Drift AVO/AT | lo = 5mA - -1 - mv/ °C
Output Noise Voltage VN f= 10Hz to 100KHz, TaA =+25°C - 58 - uvivo
Ripple Rejection RR ‘:,T:ig’;zto . s6 | 711 - | oB
Dropout Voltage Vorop | o= 1A, TJ=+25°C - 2 - v
Output Resistance ro f=1KHz - 17 - mQ
Short Circuit Current isc V| = 35V, Ta=+25 °C - 250 - mA
Peak Current IPK Ty=+25°C - 2.2 - A

Note:

1. L_oad and line regulation are specified at constant junction temperature. Changes in VO due to heating effects must be taken
into account separately. Pulse testing with low duty is used.




KATBXX/KATEXXA

Electrical Characteristics (KA7812/KA7812R)
(Refer to test circuit ,0°C < Ty < 125°C, lo = 500mA, V1 =18V, Ci= 0.33uF, Co=0.1uF, unless otherwise specified)

N KA7812/KA7812R ]
Parameter Symbol Conditions Min. | Typ. | Max. Unit
Ty=+25°C 1.5 12 | 125
Cutput Voltage Vo 5.0mA < 10s1.0A, Pog15W Y;
V| =145V to 2TV 1144 12 12.6
, , _ e Vi = 14.5V to 30V - | 10 § 240
Line Regulation (Note1) Regline | Ty=+25°C V=16V 1o 22V - 30 1320 mv
Load Reguiation (Note1) Regload | Ty =+25°C l0=SmAto 1.54 ) " 240 my
lo = 250mA to 750mA - 5.0 120
Quiescent Current Ia Tj=+25°C - 511 8.0 mA
Quiescent Current Change Alg I0 = SmA i 1.0A _ 01 ] 05 mA
V| = 14,5V to 30V - 05 1.0
Output Voltage Drift AVO/AT | o = 5mA - -1 - |mw®C
Output Noise Voltage VN f=10Hz to 100KHz, Ta =+25°C - 76 - HV/Vo
Ripple Rejection  ° RR LT:";%C"}O oy 55 | 71 | - | «B
Dropout Voltage VDrop | lo=1A, Ty=+25°C - 2 - Y
Output Resistance ro f=1KHz - 18 - mQ
Short Circuit Current Isc Vi =35V, Ta=+25°C - | 230 - mA
Peak Current Ipk | Ty=+25°C . .22 - A
Note:

1. Load and line regulation are specified at constant junction temperature. Changes in VO due to heating effects must be taken
into account separately. Puise testing with low duty is used.




KATBXX/HATBXXA

Electrical Characteristics (KA7815)
(Refer to test cireuit ,0°C < TJ < 125°C, 10 = 500mA, Vi =23V, C|= 0.33puF, Co=0.1uF, uniess otherwise specified)

. KA7815 .
Parameter Symbol Conditions Min. | Typ. | Max. Unit
TJ=+25°C 144 | 15 [ 1586
Output Voltage Vo 5.0mA < 10<1.0A, Pos15W Y,
Vi=17.5V to 30V 14.25| 15 |15.75
Line Regulation {(Note1) Regline | T)=+25°%C Vi=17.5V 0 30V _ 11| 300 my
' VI = 20V to 26V - 3 150
Ic = 5mA to 1.5A - 12 | 300
Load Regulation (Note1) Regload | TJ=+25°% my
Io = 250mA to 750mA | - 4 150
Quiescent Current Ia TJ)=+25°C - 52 | 8.0 | mA
. Io = 5mA to 1.0A - - 0.5
Quiescent Current Change AlQ mA
V| =17.5V to 30V - - 1.0
QOutput Voltage Drift AVOIAT | lo=5mA - -1 - |mwec
Qutput Noise Voltage VN f= 10Hz to 100KHz, Ta =+25°C - 90 - uvVivo
Ripple Rejection RR L:ig?/ 0 28,5 54 | 70 | - | dB
Dropout Voltage VDrop lo = 1A, TJ=+25°C _ . - 2 . Y]
Output Resistance ro f=1KHz - 19 - mg
Short Circuit Current 1] V| =35V, TA=+25°C - 250 - mA
Peak Current : IPK Ty=+25° ) ‘ - 2.2 - A
Note:

1. Load and line regulation are specified at constant junction temperature. Changes in VO due to heating effects must be taken
into account separately. Pulse testing with low duty is used.




KATEXX/KATEXXA

Electrical Characteristics (KA7818)
(Refer to test circuit ,0°C < Ty < 125°C. 10 = 500mA, Vi =27V, Cj= 0.33uF, Co=0.1pF, unless otherwise specified)

KA7818 .
Parameter Symbol Conditions Min. [ Typ. | Max. Unit
Ty =+25°C 173 | 18 | 187
Qutput Voitage VO 5.0mA <o <1.0A, Po <15W .
V)= 21V to 33V 171 18 | 18.9
. V=21V to 33V - 15 | 360
Line Regulation (Note1) Regline | T)=+25°C V=24V 10 30V - = T80 mVy
o =5mAto 1.5A - 15 | 3860
Load Regulation (Note1) Regload | T)=+25°C G = 250mA to 750mA - =5 780 mV
Quiescent Current ia Ty=+25°C - 52| 80 | mA
. lo = 5mA to 1.0A - - 0.5
Quiescent Current Change Alg mA
V=21V to 33V - - 1
Output Voltage Drift AVQIAT | Io = 5mA - -1 - |mwv/ec
Qutput Noise Voltage VN f= 10Hz to 100KHz, TA =+25°C - 110 | - | uWho
Ripple Rejection RR lejggczm a0y 53 | 69 | - | dB
Dropout Voltage VDrop | [0 = 1A, Ty=+25°C - 2 - \Y
Output Resistance O f=1KHz - 22 - mQ
Short Circuit Current Isc V1 =35V, TA=+25°C - |.280 - mA
Peak Current IPK Ty =+25°C - 2.2 - A
Note:

1. Lpad and line regutation are specified at censtant junction temperature. Changes in VO due to heatir{g efiects must be taken
into account separately. Pulse testing with low duty is used. ‘




KATEXXIKATBXXA

Electrical Characteristics (KA7824)
(Refer to test circuit 0°C < Ty<125°C, 1o = 500mA, V1 =33V, Ci= 0.33pF, Co=0.1uF, unless otherwise specified)

. KA7824 .
Parameter Symbol Conditions win. | Typ. | Max. Unit
T} =+25°C 23 | 24 | 25
Output Voltage Vo | 50mAsto<1.0A PO<15W y
Vi =27V to 38V 228 | 24 |[2525
) V| =27V to 38V - 17 | 480
Line Regulation (Note1) Regline | Ty=+25°C Vi< 30V to 36V - 5 570 mv
_ o lo=5mAto 1.5A - 15 | 480
Load Regulation (Note1) |Regload| Ty =+25°C o = 250mA to 750mA . =0 [ 330 mv
Quiescent Current Q TJ=+25°C - 52 t B8O mA
) 1o = 5mA to 1.0A - 0.1 0.5
Quiescent Current Change | AlQ mA
Vi =27V to 38V - 0.5 1
Output Voltage Drift AVO/AT | 10 = 5mA a5 - ’L‘g"
Qutput Noise Voltage VN f=10Hz fo 100KHz, Ta =+25°C - 60 - uVio
Ripple Rejection RR i/T;égl\_l/zto 38V 50 | 67 | - | dB
Dropout Voltage VDrop | 10 = 1A, TJ=+25°C - 2 - v
Qutput Resistance o f=1KHz - 28 - m2
Short Circuit Current Isc Vi= 35V, TA=+25°C - 230 - mA
Peak Current Pk | Ty=+25°C - 2.2 - A

Note:

1. Load and line regulaticn are specified at constant junction temperature. Changes in VO due to heating effects must be taken
into account separately. Pulse testing with low duty is used.
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KATBXX/KATEXXA

Electrical Characteristics (KA7805A)

(Refer to the test circuits. 0°C < TJ < +123 oC, lp =1A, V| = 10V, C1=0.33yF, C 0=0.1uF, unless otherwise speci-
fied)

Parameter Symbol Conditions Min. TYP- Max. Unit
TJ=+25°C 49 5 51
Output Voltage Vo Io = 5mA to 1A, PO < 15W 48 5 52 v
Vi=7.5V 1020V '
Vi= 7.5V to 25V . 5 50
lo = 500mA
Line Regulation {(Note1) Regline | VI= 8V to 12V - 3 50 mv
T) =425 0C Vi= 7.3V to 20V - 5 50
V= 8V to 12V - 1.5 25
Ty=+25°C
Load Regulation (Note1) Regload o =5mAto 1.5A 9 100 o
Io=5mAto 1A - 9 100
10 = 250mA to 750mA - 4 50
Quiescent Current lQ TJ=+25°C - 5.0 6.0 mA
_ o =5mA to 1A - - 0.5
8;‘::;:“ Current sla [ Vi=8V1025V, Io = 500mA - - 08 | mA
Vi= 7.5V to 20V, Ty =+25°C - - 0.8
Qutput Voitage Drift 1 AVIAT | lo=5mA - -0.8 - mV/ oC
Output Noise Voltage VN fr; lT;g f,%mOKHZ - 10 - Lo
Ripple Rejection RR LT;%%FE ,:g\; 500mA - 638 - dB
Dropout Voltage VDrop lo=1A, Ty =+25°C - 2 - Y
Cutput Resistance o f= 1KHz - 17 - mQ
Short Circuit Current Isc V= 35V, Ta =+25°C - 250 - mA
Peak Current IPK TJ=+25°C - 22 - A
Note:

1. Load and line regulation are specified at constant junction temperature. Change in VO due to heating effects must be taken
into account separately. Pulse testing with low duty is used.
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KATEXXUKATAXXA

Electrical Characteristics (KA7806A)

(Refer to the test circuits. 0°C < Ty < +125°C, 1o =1A, V= 11V, C |=0.33uF, C 0=0.1uF, uniess otherwise speci-
fied)

Parameter Symbol Conditions Min. | Typ. | Max. Unit
TJ=+25°C 558 6 68.12
Qutput Voltage v = v
pvles ° [BTmeRTT™ [w| o |ou
e IDE
Line Regulation (Note 1) Regline | VI= 9V to 13V i 3 60 my
Vi= 3.3V io 21V - 5 60
TJ=+25°C
Vi= 9V to 13V - 1.5 30
Ty =+25°C
Load Regulation (Note1} Regload 0 =5mA to 1.5A - 9 100 o
I0=5mAto 1A - 4 100
o = 250mA to 750mA - 5.0 50
Quiescent Current o Ty=+25°C - 43 | 6.0 mA
lo=5mAto 1A - - 0.5
Quiescent Current Change Alg Vi =9V to 25V, Io = 500mA - - 0.8 mA,
Vi= 8.5V te 21V, Ty =+259C - - 0.8
Quiput Voltage Drift AV/IAT | io = 5mA - -0.8 - mv/°C
Output Noise Voltage VN 2_: ligg E,%100KHZ - 10 - uVivo
Ripple Rejection RR | [ 120712 0 7 S00mA - les| - | o8
Dropout Voltage VDrop lo=1A, Ty=+25°C - 2 - v
Output Resistance o] f=1KHz - 17 - mQ
Short Circuit Current Isc Vi= 35V, Ta =+25°C - 250 - mA
Peak Current IPK Ti=+25°C - 2.2 - A

Note:

1. Load and line regulation are specified at constant junction temperature. Change in Vo due to heating effects must be taken
into account separately. Pulse testing with low duty is used.
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KATBXXKATIXXA

Electrical Characteristics (KA7808A)

(Refer to the test circuits. 0°C < Ty < +123 °C, Ig =1A, V| = 14V, C =0.33uF, C 0=0.1uF, unless otherwise speci-
fied)

Parameter Symbol Conditions Min. | Typ. | Max. | Unit
TJ=+25°C 7.84 8 8.16
Output Voltage Vo 10 = 5mA to 1A, Po <15W 7 5 5 3 v
VI =10.6V to 23V
Ve ZeY IEBE
Line Regulation {Note1) Regline | Vi= 11V to 17V - 3 80 mv
T, =+25°G VI=10.4V to 23V - 6 80
Vi= 11V to 17V - 2 40
Ty =+25°C - | 12 | 100
; o= 5mA to 1.5A
Load Regulation (Note1) Regload CTETAG A - - s mv
o = 250mA to 750mA - 5 50
Quiescent Current o) TJ=+25°C - 5.0 6.0 mA
I0=5mAto 1A - - 0.5
Quiescent Current Change Alg Vi= 11V to 25V, o = 500mA - - 0.8 mA
Vi= 10.6V to 23V, Ty =+25°C - - 0.8
Qutput Voltage Drift AVIAT | lo=5mA - -0.8 - |mwvieC
Output Noise Voltage VN fT: la';g t,fg 00KHz -1 10 - | uvno
Ripple Rejection RR (”::171'2"?\/ It?: ; fggmA - 62 - dB8
Dropout Voltage VDrop lo="1A, Ty=+25°C - 2 - \YJ
Output Resistance ro f=1KHz - 18 - mQ
Short Circuit Current Isc V=35V, Ta =+25°C _ - 250 - mA
Peak Current IPK TJ=+25°C - 2.2 - A
Note:

1. Load and line regulation are specified at constant junction temperature. Change in VO due to heating effects must be taken
into account separately. Pulse testing with low duty is used.
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KA7TBXX/KATBXXA

Electrical Characteristics (KA7809A)

(Refer to the test circuits. 0°C < Ty < +125 °C, lp =1A, V1= 158V, C =0.33uF, C 0=0.1pF, unless otherwise speci-
fied)

Parameter Symbol Conditions Min. | Typ. | Max. | Unit
TJ=+25C 8.82 | 9.0 | 9.18
Output Voltage Vo 1o = 5mA to 1A, POS15W v
' . . 3
VI=11.2V to 24V 8.65 | 9.0 | 9.35
Vi= 11.7V to 25V )
1o = 500mA 6 %0
Line Regulation {Note1) Regline | VI=12.5V to 19V - 4 45 mv
o Vi= 11.5V to 24V - 6 a0
Ty=+25C
V|= 12.5V to 18V - 2 45
[TJ f+25AC 1 0A - | 12 | 100
Load Regulation (Note1) Regload 0=5mAto 1. mv
9 10 = 5mA to 1.0A = |12 T 100
io = 250mA to 750mA - 5 50
Quiescent Current IQ T)=+25°C - 50 | 6.0 mA
Vi=11.7V to 25V, Ty=+25'C - - 0.8
Quiescent Current Change ala Vi = 12V to 25V, Io = 500mA - - 0.8 mA
io = 5mA to 1.0A - - 0.5
Output Voltage Drift AVIAT | lo=5mA - |10 - |mwi'C
. f=10Hz to 100KHz
Cutput Noise Voltage VN Ta =+25°C - 10 - Vo
) - f=120Hz, to = 500mA
Ripple Rejection RR Vi = 12V to 22V - 62 - dB
Dropout Voltage VDrop | lo=1A, Ty=+25"C - 2.0 - \Y
Qutput Resistance ro f=1KHz - 17 - mg2
Short Circuit Current Isc Vi= 35V, TA =+25 C - | 250 . mA
Peak Current IPK TJ=+25C - 2.2 - A
Note:

1. Load and line regulation are specified at constant junction temperature. Change in VO due o heating effects must be taken
into account separately. Puise testing with low duty is used.
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KATBXX/KATEXXA

Electrical Characteristics (KA7810A)

(Refer to the test circuits. 0°C < Ty < +125°C, o =1A, V| = 18V, C |=0.33uF, C 0=0.1pF, unless otherwise speci-
fied)

Parameter Symbol Conditions Min. | Typ. | Max. Unit
Ty =425C 9.8 10 | 102
Output Voltage Vo o = 5mA to 1A, PO < 15W v
VI =12.8V to 25V 96 | 10 | 104
VI= 12.8V to 26V
0 = 500mA ) 8 100
Line Regulation (Note1) Regline | VI= 13V to 20V - 4 50 mv
o Vi= 12.5V to 25V - 8 100
Ty=+25C | —
V= 13V to 20V - 3 50
TJ=+25°C
= - 12 100
Load Regulation (Note1) Reaload lo =SmA to 1.5A v
9 I0 = 5mA to 1.0A - 12 [ 100 | ™
I = 250mA to 750mA - 5 50
Quiescent Current lQ T)=+25°C - 50 6.0 mA
N Vi=13V to 26V, Ty=+25C . . 0.5
Quiescent Current Change " Al Vi=12.8V to 25V, {0 = 500mA - - 0.3 mA
o =5mA to 1.0A - - 0.5
Output Voltage Drift AVIAT lo=5mA - -1.0 - mvV/°C
. f=10Hz to 100KHz wVAO
Output Noise Voltage VN Ta =+25°C - 10 -
. _ f=120Hz, lo = 500mA
Ripple Rejection RR Vi = 14V to 24V - 62 - dB8
Dropout Voitage VDrop 0 =1A, Ty=+25C - 2.0 - v
Output Resistance ro f=1KHz - 17 - m&
Short Circuit Current isc Vi= 35V, TA=+25°C - 250 - mA
Peak Current IPK TJ=+25C - 2.2 - A

Note:

1. Load and line regulation are specified at constant junction termperature. Change in VO due to heating effects must be taken
into account separately. Pulse testing with low duty is used.

18



KATEXX/KATBXXA

Electrical Characteristics (KA7812A)
(Refer to the test circuits. 0°C < Ty < +125°C, lp =1A, V| = 19V, C |=0.33uF, C 0=0.1pF, unless otherwise speci-

fied)
Parameter Symbol Conditions Min. | Typ. | Max. Unﬂ
TJ=+25°C 1175] 12 | 12.25
Output Voltage Vo 10 = 5mA to 1A, PO <15W \
Vi= 148V to 27V M5 12 125
VI= 14, 8V to 30V
1o = 500mA - 10 120
Line Regulatlon (N0t91) Regline Vi= 18V to 22V _ 4 12-r mv
R V= 14.5V to 27V - 10 120
Ty=+25 C
V= 18V to 22V - 3 60
Ty=+25°C
_ - 12 100
Load Regulation (Note1) Reaload 10 = 5mA to 1.5A v
g 10 = 5mA to 1.0A - |12 | 100
1o = 250mA to 750mA, - 5 50
Quiescent Current To) TJ=+25C - 5.1 6.0 mA
VI =15V to 30V, Ty=+25 C - 0.8
Quiescent Current Change Alg Vi= 14V to 27V, 1o = 500mA - 0.8 mA
Io=5mAto 1.0A - 0.5
Output Voltage Drift AVIAT | lo=5mA - -1.0 - Imvic
. f=10Hz to 100KHz
Cutput Noise Voltage VN Ta =+25°C - 10 - (TAVZAYe)
. L f=120Hz, 1o = 500mA
Ripple Rejection RR Vi = 14V to 24V - 80 - dB
Dropout Voltage VDrop lo=1A, Ty =+25C - 2.0 - Vv
Output Resistance ro f=1KHz - 18 - m<1
Short Circuit Gurrent lsc V= 35V, Ta =+25°C - 250 - mA
Peak Current (PK Ty=+25°C - 2.2 - A

Note:

1. Load and line regulation are specified at constant junction temperature. Change in VO due to heating effects must be taken
into account separately. Pulse testing with low duty is used.

16




KATBXX/KATBXXA

Electrical Characteristics (KA7815A)

(Refer to the test circuits. 0°C < Ty < +125°C, Ip =1A, V| =23V, C |=0.33uF, C O=0.1uF, uniess otherwise speci-
fied)

Parameter Symbhbol Conditions Min. | Typ. Max. Unit
Ty=+25°C 14.7 | 15 15.3 J
Output Voltage Vo lo = 5mAto 1A, PO <15W v
Vi = 17.7V to 30V 144 15 | 158
V= 17.9V to 30V
lo = 500mA ) 10 150
Line Regutation (Note1) Regline | Vi= 20V to 26V - 5 150 my
- Vi= 17.5V to 30V - Eh| 150
Ty=+25C oo °
Vi= 20V to 26V - 3 75
TJ=+25°C
_ - 12 100
Load Reguiation (Note1) Redload 0 = SmA to 1.5A Iy
8 lo = 5mA to 1.0A - 12 | 100
io = 250mA to 750mA - 3 50
Quiescent Current Te} TJ=+25°C - 52 6.0 mA
VI =17.5Vto 30V, Ty=+25°C - - 0.8
Quiescent Current Change Alg Vi =17.5V to 30V, 1o = 500mA - - 0.8 mA
- Io = 5mA to 1.0A - - 0.5
Output Voltage Drift AVIAT | lo=5mA - -1.0 - mv/°C
) f=10Hz to 100KHz
Output Noise Voltage VN TA =4+25°C - 10 - uvio
. _— f=120Hz, 1o = 500mA :
Ripple Rejection RR V| = 18.5V o 28.5V - 58 - dB
Dropout Voltage VDrop lo=1A, Ty=+25"C - 2.0 - Y
Output Resistance ro f=1KHz - 19 - mgl
Short Circuit Current Isc V|= 35V, Ta =+25 C - 250 - mA
Peak Current IPK TJ=+250C - 22 - A
Note:

1. Load and line regulation are specified at constant junction temperature. Change in VQ due to heating effects must be taken
into account separately. Pulse testing with low duty is used.
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KAT8XX/KATBXXA

Electrical Characteristics (KA7818A)

(Refer to the test circuits. 0°C < Ty < +125°C, 1o =1A, V| = 27V, C t=0.33uF, C 0=0.1uF, unless otherwise speci-
fied)

Parameter Symbol Conditions Min. | Typ. | Max. | Unit
TJy=+25°C 1764 | 18 | 18.36
Output Voltage Vo [0 =5mAto 1A, Po <15W Vv
Vi = 21V to 33V 17.3 18 18.7
Vi= 21V to 33V
_ o = 500mA - 5 | 180
Line Regulation (Note1) Regline | VI= 21V 10 33V ; 5 180 iy
. Vi= 20.6V to 33V - 15
Ty=+25°C | ° 180
Vi= 24V to 30V - 5 90
TJ=+25C
_ - 15 1060
Load Regulation (Note1) Regload lo = 5mA to 1.5A v
9 lo = 5mA to 1.0A - 15 | 100 | ™
o = 250mA to 750mA - 7 50
Quiescent Current la Ty=+25"C - 52 6.0 mA
VI =21V to 33V, T=+25°C - - 0.8
Quiescent Current Change AlQ V=21V to 33V, Io = 500mA - - 0.8 mA
Io = SmA to 1.0A - - 0.5
Output Voltage Drift AV/AT [0 =5mA - -1.0 - mv/°C
. f=10Hz to 100KHz wvio
Output Noise Voltage VN Ta =+25°C - 10 -
. _ f=120Hz, lo = 500mA
Ripple Rejection RR V| = 22V to 32V - 57 - dB
Dropout Voltage VDrop lo=1A, Ty=+25°C - 2.0 - Y
Output Resistance ro f=1KHz - 18 - mQ
Short Circuit Current Isc Vi= 35V, TA =+25°C - 250 - mA
Peak Current Pk Ts=+25°C - 2.2 - A

Note:
1. Load and line regulation are specified at constant junction temperature. Change in VO due to heating effects must be taken
into account separately. Pulse testing with low duty is used.
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KA78XX/KATEXXA

Electrical Characteristics (KA7824A)
(Refer to the test circuits. 0°C < Ty < +125°C, lo =1A, V= 33V, C|=0.33uF, C 0=0.1uF, unless otherwise speci-

fied)
Parameter Symbol Conditions Min. | Typ. | Max. Unit
Ty=+25°C 235 | 24 | 245
Qutput Voltage Vo 0 = 5mA ta 1A, PO s15W Vv
Vi = 27.3V to 38V 23 24 2B
Vi= 27V to 38V
0 = 500mA - 18 240
Line Regulation (Note1) Regline | VI=21Vto 33V - 8 240 mv
o Vi=26.7V to 38V - 18 240
TJ=+25C
V= 30V to 36V - 6 120
Ty=+25C
_ - 15 100
Load Regulation (Note1) Regload Io = 5mAto 1.5A v
g I0 = 5mA to 1.0A - 15 [ 100 | ™
I = 250mA to 750mA - 7 50
Quiescent Current IQ T)=+25"C - 52 | 6.0 mA
V)= 27.3V to 38V, T)=+25°C - - 0.8
Quiescent Current Change AlQ Vi=27.3V to 38V, i0 = 500mA - - 0.8 mA
0 =5mAto 1.0A - - 0.5
Qutput Voltage Drift AVIAT | 1o =5mA - -1.5 - mVI'C
. f=10Hz to 100KHz
Qutput Noise Voltage VN Ta=25°C - 10 - HV/Vo
Ripple Rejection RR LT:‘.I%(;\H/zt,olg;\fOOmA - 54 - dB
Dropout Voltage VDrop 0 =1A, Ty=+25°C - 2.0 - v
Qutput Resistance ro f=1KHz - 20 - mQ
Short Circuit Current Isc Vi= 35V, Ta =+25 C - 250 - mA
Peak Current IPK Ty=+25C - 2.2 . A

Note:

1. Load and line regulation are specified at constant junction temperature. Change in VO due to heating effects must be taken
into account separately. Pulse testing with low duty is used.
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KATBXX/KATSXXA

Typical Perfomance Characteristics
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KATBXX/KATBXXA

Typical Applications
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KATBXX/IKATEXXA

Mechanical Dimensions
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KATBXIUKATEXXA

Mechancal Dimensions (continueq

Package
6.60 +0.20
(=]
5.34 1030 % 230 +0.10
(0.80) _  (434) _ _ (0.50) E 0.50 +0.10
1 !
I — I [
i i
Q
2 8
3 g 38 2
o = 2 % i
o g © 3 o | 2
~ o @ =
ol ) { 1 1 =z
1 =
< |
! 1 -
. =] |
MAX0.96 i
H6 — . 078z010 2 _ 050010
o
2.30TYP 2.30TYP - 1.02 +0.20
[2.30+0.20] [2.3040.20] _ 2.30 +0.20
6.60 t0.20
(534
_ 604 _ T 8
(1.50) S o =
- N ! 1
i l !
I
i i
] 5
e © o (2XR0.25) ey
& & =
St |
it = S
a P -
l Q h (E? )
1 !
_ 0.76 +0.10

26




KAT8XX/IKATBXXA

Ordering Information

Product Number

Output Voltage Tolerance

Package

Operating Temperature

KA7805 / KA7806

KAT7808 / KA7809

KAT7810

KA7812 / KA7815

KAT7818 / KA7824

+4%

KA7805A / KA7806A

KA7808A / KAT809A

KAT81CA | KAT812A

KA7815A [ KATB18A

KA7824A

+2%

TO-220

KA7805R / KA7808R

KA7808R / KA7809R

KA7812R

+4%

D-PAK

Q~+125°C
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LM741

Single Operational Amplifier

Features Description

« Short circuit protection The LM741 series are general purpese operational amplifi-
» Excellent temperature stabifity ers. It is intended for a wide range of analog applications.
* [nternal frequency compensation The high gain and wide range of operating voltage provide
* High Input voltage range superior performance in intergrator, summing amplifier, and
* Nuil of offset general feedback applications.

r
8-DiP

Internal Block Diagram

OFFSET
NULL o NC
IN (-) ‘ o Veg
IN (+) e OUTRUT
OFFSET
Ver o NULL

Rev. 1.0.1

©2001 Fairchildd Semiconductor Corporation




LM741

Schematic Diagram

Qs

AdA

IN (+) al Q;ﬁ
IN { =) O=—— I)
Q4
Q3
|
Q7
Qs >—K as Q1o
CFEFSET O
NULL O————w-mamgy
4
E 33 FraFne

Qa1

Qz2

—O Vee

Qz23

Eng 3k}

—C OUTPUT

Absolute Maximum Ratings (TA = 25°C)

—O VeE

Parameter Symbol Value Unit
Supply Voltage vce +18 Y
Differential Input Voltage VI(DIFF) 30 v
Input Voltage V| +15 vV
Output Short Circuit Duration - Indefinite -
Power Dissipation Pp 500 mw
Operating Temperature Range
LM741C TOPR 0~+70 °C
LM741I -40 ~ +85
Storage Temperature Range TsSTG -65 ~ + 150 °C




LM741

Electrical Characteristics
{Vcc = 15V, VEE = - 15V. TA = 25 °C, unless otherwise specified)

LM741C/LM741
Parameter Symbol Conditions - M7a1l Unit
Min. | Typ. ; Max,
Rs<10KQ - 2.0 6.0
Input Offset Voltage VI
P d ©  [Rsss00 - - - i
Input Offset Voltage .
Adjustment Range VIOR) | Vee =120V - | +15 - mV
Input Offset Current o - - 20 200 nA
Input Bias Current IBIAS - 80 500 nA
Input Resistance (Note1) R; Ve =220V 0.3 2.0 - MQ
Input Voltage Range VI(R) - +12 | +13 - \)
Voo =420V,
. . RI.22KQ VOP-p) =215V - - -
Large Signal Voltage Gain Gy vimv
vee =£15v, 20 | 200
Vep-p)y =10V )
Output Short Circuit Current Isc - 25 - mA
Voe = £20V | Ri=10KQ - - -
Output Voltage Swi V. : Ri22Ke - v
utput Voltage Swin -P
P 98 SWing OF-PY TNVce= 15V | RI=10KG 1 i
RL22KQ + + -
o ) - | Re<10KQ, VoM = +12V 70 90 -
Common Mode Rejection Ratio CMRR dB
Rs<500Q, VCeMm = 212V - - -
_ Voo = +15Vto Voo = 115V ) i )
Power Supply Rejection Ratio PSRR Rs<50Q2 dB
ower Su ion
PRy el Vec=tiBVoVec= =15V | | oo |
Rs<10KQ
Transient Rise Time TR ) . - 0.3 - HS
Unity Gain
Response Overshoot Qs - 10 - %
Bandwidth BW - - - - MHz
Slew Rate SR Unity Gain - 0.5 - Vips
Supply Current Icc RL= =) - 1.5 2.8 mA
Ve = 220V - - -
P Cons ti P mW
ower bensumption c Vee = 118V - 50 85

Note:
1. Guaranteed by design.




LM741

Electrical Characteristics

( 0°C <Tas70°C Ve = £15V, unless otherwise specified)
The following specification apply over the range of 0°C < Ta < +70 °C for the LM741C: and the -40°C < TA < +85°C
for the LM741]

. LM741C/ILM741]
Parameter Symbaol Conditions - Unit
Min. | Typ. | Max.
Rs<500 - - -
Input Offset Voltage VIO my
Rs<10KQ - - 7.5
Input Offset Voltage Drift AVIOIAT - - - uv/ °C
Input Offset Current llo - - - 300 nA
Input Offset Current Drift AllO/AT - - - nA/ °C
Input Bias Current IBIAS - - - 0.8 LA
Input Resistance (Note1) Ri Voc = +20V - - - MQ
Input Voltage Range VIR) - +12 | £13 - Vv
Ve =120V Rsz10KQ - - -
ce” Rs>2KQ . i
Output Voitage Swing VO(P-P) RSS10KG TRy - v
vee =1V Resaka 10 | t13 | -
Output Short Circuit Current isc - 10 - 40 mA
S CMRR Rs<10KQ, VoM = 212V 70 90 - -
Common Mode Rejection Ratio M RS<500. Vo = £12V - " .
: . Ve = +20V | Rs<50€ - - -
Power Supply Rejection Ratio PSRR toCEN Re<I0KS =1 58 - dB
Voo = 120V, i _ B
Vo(p-py = 15V
_ Ve = 215V, 3
Large Signal Voltage Gain Gv Rs22KQ VO(P.P) = £10V 15 - Vimy
Vee = 15V, ] i i
VO(P-P) = £2V
Note :

1. Guaranteed by design.




LM741

Typical Performance Characteristics
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LM741

Typical Performance Characteristics (continued)
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LM741

Typical Performance Characteristics (continued)
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LM741

Mechanical Dimensions

Package
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LM7 41

Mechanical Dimensions continued)
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LM741

Ordering Information

Product Number Package Operating Temperature
LM741CN 8-DIP
LM741CM 8-50P 0~+70%C
LM741IN 8-DIP -40 ~ + 85°C
DISCLAIMER

FAIRCHILD SEMICCNDUCTOR RESERVES THE RIGHT TO MAKE CHANGES WITHOUT FURTHER NOTICE TO ANY
PRODUCTS HERE{N TO IMPROVE RELIABILITY, FUNCTION OR DESIGN. FAIRCHILD DOES NOT ASSUME ANY
LIABILITY ARISING QUT OF THE APPLICATION OR USE OF ANY PRODUCT OR CIRCUIT DESCRIBED HEREIN; NEITHER
COES IT CONVEY ANY LICENSE UNDER TS PATENT RIGHTS, NOR THE RIGHTS OF OTHERS.

LIFE SUPPORT POLICY

FAIRCHILD'S PRODUCTS ARE NOT AUTHORIZED FOR USE AS CRITICAL COMPONENTS IN LIFE SUPPORT DEVICES
OR SYSTEMS WITHOUT THE EXPRESS WRITTEN APPROVAL OF THE PRESIDENT OF FAIRCHILD SEMICONDUCTOR

CORPORATION. As used herein:

1. Life support devices or systems are devices or systems 2. A critical component in any component of a life support
which, {(a) are intended for surgicat implant into the body, dewvice or system whose failure t¢ perform can be
or (b} support ar sustain life, and (c) whose failure to
parform when properly used in accordance with
instructions for use provided in the labeling, can be
reasonably expected to result in a significant injury of the

user.

www fairchildsemi.com

reascnably expected to cause the failure of the life support
device or system, or to affect its safety or effectiveness.

571701 0.0m 001
Stock#D Sxx xxxxxx
© 2001 Fairchild Semiconductor Corparaticn
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BTW67 and BTW69 Series

STANDARD

50A SCRs

MAIN FEATURES:

Symbol Value Unit
r(rms) 50 A
Vorm/VrrM 600 {o 1200 v
IGT 80 mA
DESCRIPTION

Available in high power packages, the BTWG7 /
BTW69 Series is suitable in applications where
power handling and power dissipation are critical,

such as solid state relays, welding equipment, RD91 TOP3
high power motor control. (BTWE7) (BTWEY)
Based on a clip assembly technotogy, they offer a
superior performance in surge current handling
capabilities.
Thanks to their internal ceramic pad, they provide
high voltage insulation (2500V RMS), complying
with UL standards (file ref: E§1734).
ABSOLUTE RATINGS (limiting values)
Symbol Parameter Value Unit
IT(Rms)  |RMS on-state current RD91 Tec=70°C 50 A
(180° conduction angle) TOP3 Ins. To=75°C
IT(av) Average on-state current RD91 Tc=70°C 12 N
° dugcti |
(180° conduction angle) TOP3 Ins. Te=75°C
I Non re petitive surge peak on-state current ip=83ms 610
TEM P ° Tj = 25°C A
tp = 10 ms 580
't 't Value for fusing Tj=25°C 1680 AZs
di/d Critical rate of rise of on-state current I = £ =60 H Ti= 195°C 50 A
Y l2xigr.tr=100ns =Rz = hs
I Peak gate current tp =20 us Tj= 125°C 8 A
Paav) Average gate power dissipation Tj= 125°C 1
Tstg Storage junction temperature range -40to + 150 oC
Tj Operating junction temperature range -40to + 125
VRGMm Maximum peak reverse gate voltage 5 v oo

Aprit 2001 - Ed: 4

175




BTW67 and BTWE9 Series

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

Symbol Test Conditions Value Unit
ot MIN. 8
Vp=12V R =33Q MAX. 80 mA
Ver MAX. 1.3 Vv
VD |Vp=Voam RL= 3.3kQ Tj = 125°C MIN. 0.2 v
u It =500 mA Gate open MAX. 150 mA
I lg=12lgT MAX. 200 mA
dvidt |Vp= 67 % Vprm Gate open Tj=125°C MIN. 1000 Vius
Vi [ltm=100A tp=2380us Tj=25°C MAX. 1.9 v
Vio Threshold voltage Tj=125°C MAX. 1.0 vV
Rqg Dynamic resistance Tj = 125°C MAX. 8.5 me
IDRM Vore = Vegw Tj=25°C MAX. 10 pA
IRRM Tj =125°C 5 mA
THERMAL RESISTANCES
Symbol Parameter Value Unit
Rth(}-c) Junction to case (DC) RD91 {Insulated) 10 ‘CW
TOP3 Insulated 0.9
Rihtj-a) Junction to ambient TOP2 Insulated 50 “C/W
PRODUCT SELECTOR
Voltage (xxx)
Part Number Sensitivity Package
600V 800 V 1200 V
BTWET7-xxx X X X 80 mA RDS1
BTWEB3-xxx X X X 80 mA TOP3 Ins.

ORDERING INFORMATION

BTW 69

STANDARD
SCR 4—
SERIES

TYPE:

67: 50A in RD91
69: 50A in TOP3

600

——— VOLTAGE:
600: 600V
800: 800V

1200: 1200V

OTHER INFORMATION

Part Number Marking ! Weight Base Quantity Packing mode
BTW6E7-xxx BTW67xxx ' 20.0 g | 25 Bulk
BTWB9-xxx BTWE9xxx 459 ! 120 Bulk

Note: xxx = voitage

215

4




BTW67 and BTWG6E9 Series

Fig. 1. Maximum average power dissipation
versus average on-state current.
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50 a=180°
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Fig. 3: Relative variation of thermal impedance
versus pulse duration.
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Fig. 5: Surge peak on-state current versus
number of cycles.
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Fig. 2: Average and D.C. on-state current versus
case temperature.

IT(av){(A)
[11] I
50 O.C.
BTW
. SN
a=180" \\\\\
30 >
BTWE7 > \
- Iy
BTWGS
29 \\
10
Tcase(°C)
0 \ [
0 25 50 75 100 125

Fig. 4: Relative variation of gate trigger current,
holding current and latching current versus
junction temperature.
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BTW67 and BTW69 Series

Fig. 7: On-state characteristics (maximum
values).
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PACKAGE MECHANICAL DATA

RD91 (Plastic)

L2

L1

B2 ry

B1

Ci

DIMENSIONS
REF, Millimeters Inches
Min. Max. Min. Max.
A 40.00 1.575
Al 29.90 30.30 1.177 1.193
A2 22.00 0.867
B 27.00 1.063
B1 13.50 16.50 0.531 0.650
B2 24.00 0.945
C 14.00 0.551
C1 3.50 0.138
c2 1.85 3.00 0.077 0.118
E3 0.70 0.90 0.027 0.035
F 4.00 4.50 0.157 0177
| 11.20 13.60 0.441 0.535
L1 3.10 3.50 0.122 0.138
L2 1.70 1.90 0.067 0.075
N1 33° 43° 33° 43°
N2 28° a8° 28° 38° :

4/5




BTW67 and BTW69 Series

PACKAGE MECHANICAL DATA
TOP3 Ins.(Plastic)

> A L, DIMENSIONS

_ ‘_‘ REF. Millimeters inches
Min. | Typ. | Max. | Min. | Typ. | Max.
A 44 46 | 0.173 0.181
G B | 1.45 155 | 0.057 0.061
C |14.35 15.60 | 0.565 0.614
D 0.5 0.7 |0.020 0.028
E 27 29 | 0.106 0.114
F | 158 16.5 | 0.622 0.650
G | 204 211 10.815 0.837
o H | 15.1 155 | 0.594 G610
e J 54 5.65 | 0.213 6.222
E | L K 34 365 | 0.134 0.144
7 L 4,08 4,17 | 0.161 0.164
P | 1.20 140 | 0.047 0.055

A 4.50 0.181

Information furnished is believed o 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 impiication 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 authoerized for use as
critical compoenents in life support devices or systems without express written approval of STMicroelectronics.

® The ST logo is a registered trademark of STMicroelectronics
® 2001 STMigroelectronics - Printed in Italy - All rights reserved

STMicroelectronics GROUP OF COMPANIES
Australia - Brazil - China - Finland - France - Germany - Hong Kong - India - italy - Japan - Malaysia-Maita - Mcrocco
Singapore - Spain - Sweden - Switzerland - Uniteg Kingdom - U.S.A.

http:/fwww.st.com
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