dihvomyanon viszsoundimanseta

mstatonaniaeiihnszuanssuuy 4 aauasur
TaglgInSanedaounafinefuniuuuamansanunawmas
A 4 QUADRANT PC MOTOR DRIVES USING A THYRISTOR
CONVERTER WITH MAGNETIC CONTACTORS

Tay

iy saslse Yorin
win loudin  shan

P's P P4
RIY IR LBYNAID WA

2/rv.
w2557
145 &0
mﬂmu...v .................................. P
79936 b JNA%AR2%
masmmuu .............................

ﬂ?zymgﬁwms‘w{tflud'mm‘fwaamxﬁnmmunﬁ'nqﬂﬁmmwmawsﬁ‘mﬁn
miamnTiainv
Qs - L7 Lo L]
soninnalulaiinszssamnandramnmsananszi
Tnrsdnwn 2549




Unmsdnwn 2549

myduiadounanas W NTIUERTILY 4 ArauaTwy
lagldnIsmesnauefinefuiuuunudnneuunaiaas
A 4 QUADRANT DC MOTOR DRIVES USING A THYRISTOR
CONVERTER WITH MAGNETIC CONTACTORS

Tag

WAL 2T e 1_qluz'['n

W 'l‘nhtﬁu, g7
SO

Wiy WIee Deudany

ol
517NN

.07 2905 Nnuse
D.TUNG NHAUNT

DARRNTIR N TUN




Yiggniiwusmseinun 2549
MeadrIenssy Wi
ATUEIAINTTNERAS amﬂ'umﬂh'[aﬁmmam.ns'hl.ﬁ'uqmﬂmm’mm:ﬁa

o a = ™
589 MITULARAWNALAT IWHNNILURATILLY 4 atauasuy las s
In3measnaninafinassivnuuuniudnaauinaiaas

HIAYIN
1. we ol dozln 47015085
2w loudiu - g1 47015087
3. Wiy mwe Boudond 47015127

=
C%QA/V 219NTENUS RN

(3¢ .93 . 13AT7  NokLIA)

P
g13TgNYInw

(8. Tovia  udlEuns)

IQ&-&\ v asifiUInw

(0. \RFUTIH NTWW)




@ = 4
ﬂ']i?.”JLﬂaQ%Nalﬁaﬁﬂﬂ"ﬂsgllﬂﬂ?ﬂ“ﬂﬂ 4 ADLLATWN

-y 4 I3 r Qv =
TaalzinSanasnounaiinaifinivunandnaawunatass

Wy 4071y Yozln
el "Lﬂné?m £
< & o &
Wy WA LAsuda9d
3¢.07 3397 fowsd @113 nInwA
a as oy [ Q'A
2.UUNG WdAUNIT  asiaUInm
-y - &
8878 Wunw - 919IERUSnE
Ynsdnw 2549

UNARED

ﬁ:yqnﬁwuﬁaﬁuﬁtﬂumsmuquuamaﬂﬂﬁqmmamoLuuu 4 eauRIUlas
‘lfmﬂﬁﬂu.uﬂmé‘mﬂauLmﬂwaa%s‘fmmmmmuqummﬁﬂ@umsﬂ%’mgm;mmwgﬂ
SCR LLazmmmm‘ugumwL%’?iau‘lﬁﬂaﬁ‘lﬁLﬁaﬁTﬂaﬂiﬂumﬁ'wqﬂmnﬁ'ummﬁa
LSqu’fﬂmai"Luf&'m'msmuqm:'l.'ﬁ*luimﬂau'[mmaa%m:ga Pic  \dudaaiuaunis
FrawnssiuLasinsuseuaieeflasldnsiusauwuy Plugging




I

A 4 QUADRANT DC MOTOR DRIVES USING A THYRISTOR
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ABSTRACT

This project presents a 4-quadrant dc motor drive using a thyristor convertor
with magnetic contactors whitch is capable of controling speed by verying trigger angle
of thyristors and the motor is kept constant under load conditions through encoder

speed transducer for closed loop speed control. A Microcontroller Pic in use to control

the whole system.motor breaking in plugging technique.
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m'smNacﬂaummwaﬁ:uumuquﬂ'nuL"hiauaJamaﬂwﬁnnmmmo‘lﬁmﬁ’ffu
Faavnsirelewiadduvasszuy Aluiertuvasnanduiaidusasanuilonlsds
a1Ua1® (Laplace Transfoam) Faving i futnelan (Transfoam Function) fi8
vanafWi e uuTaIsTiails ludmaansmasiadasuadineiua:
szuuilawndl (Feed back) vnacldndunitafalwinsdansdnn
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e =e +Ri +L-—* 5.1
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e e, = wnanlwiriloudueinaf(Armature voltage)
e, = wadwniianidaundu(Back EMF)
R, = amusumulusesiaerfiansei(Amature resistance)
i, = mnszusinalusaainariiuaei(Armature current)
L, = fanuniianhuesieenfiueeiAmature inductance)
K, = Arnefiawiuual wian WM (Electromagnetic field constant)
@ = ANATITeLTsINalasi(Motor speed)
T = unidavssnawmai(Motor torque)
J = luwudenuidasvasnaiaas(Moment of inertia at motor)
B = éwnuioanmutasuaiaatuazinaa(Viscous friction of motor)

7, = uniavsilnaa(Load torque)
wom, g s AW v X
NENMIA (5.1), (5.2) , (5.3) usz (5.4) IATuUnsm s duiadsuanudldaei

E,(s)=E_ (s)+ Rl (5)+ Lsi(s) (5.5)
E, (s)= K, 0(s) (5.6)

P (¥ '
nnsun13A(s.5) dnagluginizurivalurasiaanii 0o’

_E,-E, |E,-E]JR,

» 5.7)
° R, +sL, 1+s7,
< L, A\ %4
War, = =< fasasiuadismavih
orrunsuseDadail
T(s)=T, + Bas)+ Jsw(s) (5.8)
T(s)=KI,(s) (5.9)
PInaun117i(5.8) Jnaglustanuisevvasnaiaed
-7, [r-1,}/B (5.10)

" B+sJ  l+s1,

- oy e
War, =—aaaifinyodllaTnang

m
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T, (s)
E,(s)* VR, | 1.65) T(s)z & 1/B w(s).
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l+s7,
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NaﬂaumawaoLwia:‘éuvgn%aﬁm'l'ﬁ'ﬂquﬁ'ﬁ’auﬁu (Superposition) Ietauniseeit

=hs\wyy (5%
A e oA N mE ) D ©10)
o &
AIUU
G = MRy VB

l+sz. "l1+s7
a m

H =K,
= 1/B
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Kf Eﬂ
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K
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5.2 ﬂaﬁff.'mi'mfauwm'masmuquma

'::numm]‘uuuuﬁ"la (Pl:Proportional plus integral controller) HwmITiusruy
ﬂ?UQNltuuﬁ (Proportional controller) LLa:i:UUﬂ’JU?pJLLUU'la (Integral controfler) 141
Aamn

TzuunIufuR (Proportional  controller) tuanaznsmBsuinaaauauoIves
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wosa A 03 7 fieda 0-6 azlldwlIznouudazuNaIn

Name Bité | Buffer Function

RAQ/ANO/CVREF bit0 | TTL |Inpubioutput, enalog input or analog comparator vottage reference
output,

RA1/AN1 bit1 | TTL |Inputoutput or analog input.

RA2/AN2/VREF- bit2 | TTL |lnputoutput, analog input or VREF-.

RAY/ANJVREF+ bit3 | TTL |Inputioutput, enalog input or VREF+.

RA4/TOCKI bit4 | ST/OD |Inputioutput, extemal ciock input for Timer0, output is open-drain type.

RAS/AN4/SS/LVDIN bits | TTL |Inputioutput, analog input, slave select input for synchronous serial port
or Low-Voltage Detectinpit,

OSC2CLKO/RAG bité | TTL {Oscilator clock outpat or inputioutput.




wateB 2z 8 1afa 0-7 axflgrulTznavudssunaail

Name Bité | Buffer Function

RBU/INTO bito | TTL/STY [inpuoutput pin or extemel interrupt 0 input.
Intemal software programmable weak puil-up.

RB1ANT1 bit1 | TTUST! |inputioutput pin or extamal interrupt 1 inpul.
Intemal software programmabie weak puil-up.

RBZCANTX/ | bit2 | TTUSTH Input/output pin, CAN bus transmit pin or external interrupt 2 input.

INT2 Intemal software progremmable weak pull-up.

RB3/CANAX | bit3 TTL  |Inputioutput pin or CAN bus receive pin.
Intemal softwars programmable weak pull-up.

RB4 bit 4 TIL  |Inputoutpit pin (with interrupt-on-change).
Intemal software progremmable weak pull-up.

RBS/PGM bit 5 TIL  |Inputoutput pin {with intarmupt-on-changs). Intemal software programmable
weak puf-up. Low-volinge serial programming enable.

RB&/PGC bit6 | TTL/ST® |Inputioutput pin (wih intsrrupt-on-changs). Intemal software programmable

N weak pull-up. Serial programming clock.

RB7/PGD bit7 | TTUST? |Inputioutput pin (with interrupt-on-change). Internal software programmable

waak puil-up. Serial programming data.

wota C 221 8 Oafs 0-7 i UL TznaULARE NN

U:
1

Name Bitk | Buffer Type Function

RCOTIOSOMICK! | bitQ ST Input/output port pin, Timer! oscifator output or Timer1/Timer3 clock
input,

RC1T108I bit 1 ST Input/output port pin or Timer1 osciltator input,

RC2/CCP1 hit2 ST Inputioutput port pin or Capture 1 input/Compare 1 cutput/
PWM? outpun,

RCISCK/SCL bit3 8T Inputioutput port pin or synchronous serial clock for SPIMAC™,

RC4/SDUSDA bit4 ST Input/output part pin or SP data in {SP! mods) or data 'O (Izc mode).

RCS/SDO bit5 ST Inputioutput port pin or synchronous sarial port data output,

RC6TXCK bit6 ST Inputfoutput port pin, addressable USART asynchronous transmit or
addressable USART synchronous clock.

RCT/IRAXDT bk 7 1) Inputfoutput port pin, addressable USART asynchronous recelve or
addressable USART synchronous data,

- " . s
wata D 9:3 8 fiefla 0-7 v:damdsznavudnz11a97

39




Natne Bit# | Buffer Type Funetion

RDOPSPO/CIIN+ bito | STAMLM | inputioutput port pin, Parallel Slave Pot bit 0 or CHIN+ comparator
input.

RD1/PSP1/CHIN- bit1 | STATL!Y | Inputioutput port pin, Parallel Slave Port bit 1 or C1IN- comparator
input

RD2/PSP2/C2IN+ bit2 | STTTL!Y | Inpuoutput port pin, Paraliel Slave Port bit 2 or C2IN+ comparator
input.

RD3/PSPY/C2IN- bitg | STATLY | Inpuioutput port pin, Parallel Slave Port bit 3 or G2IN- comparator
input.

RD4PSPATECCPY/P1A | bit4 | STTTLY | Inputioutput port pin, Paratlel Slave Port bit 4 or ECCP1/P1A pin.

RDSPSPS/P1B bit5 | STATLY) | inpufoutput port pin, Parallel Slave Port bit 5 or P1B pin.

RD8/PSPE/PIC bit6 | STATLY | Inputioutpul port pin, Parellel Slave Port bit 6 or P1C pin.

RD7/PSPT/PID bit7 | STATL! | lputioutput port pin, Parellel Slave Port bit 7 or P1D pin,

[y ] - = ' o o
wate E 9z 3 Ua sdawiznavugarinaii

Name Bitk | Buffer Type Function
REO/ANS/RD bit0 | STATLW |inputiowtpul port pin, analog input or read controlinput in Paralle!
Slave Port mode,
REH/ANGWR/CIOUT | bit1 | STATLY | Inputioutput port pin, analog inpud, write control input in Parallel Slave
Port mode or Comparator 1 output.
RE2/AN7/CS/C20UT | bit2 | STATLY | inputioutput port pin, analog input, chip select controlinput in Paralle!
Stave Port mode or Comparator 2 output,

40
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Ny{(rpm) 200 400 600 800 1000 1200
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*Trace2s  Rug/Z B72.1V NON\VAVE [/ 30387 SN 9. 8. 333kHz
Format FlIeName AutoFile | To
BMP 243 EXd on - TopMenu
=Filter= wDffsots =Record Length= =Trigger=
Smoothing : ON  CH1 | ———==== Main : 0K Mode @ AUTO
BW @ FULL CH2 : ov Zoom : 10K Type : EDQE CH1 §
Delay : 1.5ns
Hold Off : MINIMUNM

4 o
3UN 9.9 YR IMNIS Trig Ue9 SCR afl 2 \guiudat 4

Stopped b 2007 /03/01 03:23:09
CHi=5V P CH2=S500V 2msy/div
AC: 1:1 i DC 100t i (2msydiv)
A S e l.l n | MORM:S00KS /5
& gy g T ————— v e Sy |
e i PRI
N T T I‘“J ........................... ..........
=Tracel= Rms z.982v | AV 11;54mv Freq 6.250kHz
TTrace2= Rms 2..9..3. A SR . Lne.ev L '.’.'.'.5‘.9. 8B ..2_5.!’.'.‘!‘.?.
=Filter= =Offsel= =Record Length= =Trigger=
Smoonthing : ON CH1 [ —=————- Main : 10K Mode © AUTO
BW : FULL CH2 : av Zoom : 10K Type : EDGE CH1 %
Delay : 1.5ns
Hold OFfF : MINIMUM

311 9.10 FJURQYRYUNNT Trig 289 SCR #7 3 iU 5
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Stopped g 2007 /03 /01 _03:22:22
CH2=500V : : : Zms Fdiv
(2msy/div]

i\lORM SQ0KS /5

=Traceli= Rmsg 2.503Vv : Aavy 7.287mv Frigq 8.333kHz
=Tracez= Rms  325.2V vl TRl Ny - Freq 8.338kHz
Format FlleName AutoFile + : HTO

BMEP2 a3 ON TopMenu

=Fjlter=s wOffset= mRecord Lengths uTriggers=
Smoothing : ON CHl | ====r——— Main 10K Mode : AUTO
BW  FULL CH2 : ov Zoom 10K Type : EDGE CH1 ¢

Delay : 1.5ng

Hold OFfF : PTRIMUM

7N 9.11 3UfQamT Trig 189 SCR ol 4 1aunuaIm 3

Stopped b’ 2007 /03/01 03:17:23
CH1=5V T CH2=S00V 7 : : T Zmsdiv
ac 11 DC ool | : : i (2msydiv)
R 2z i I il  NORM:SQOKS/5
\ %2 5
: i i
AR W W - TS ST U E TR LE ] PO .
s ; ( | ]
a i il (1B
2T : : h ol i 1
= maraare W Ry bl i e i o '.L el bl P
3 i
+
O N e A | EE———
W bR ——
=Tracel= Rms 2.724Y nvi : : Frieq €.333kHz

=Tracez= Rms 282.2v : A Freq B8B. asakuz

=Filler= =0ffset= mRecord Length= =Trigger=
Smoothing | ONM CH1 [ =eccaca== Main : 10 Mode ! AUTO
BW : FULL CHZ ov Zoom : 10K Type ! EDGE CH1 ¢
Delay : 1.5ns

Hold OFfF : MINTIMUB

= a . - [V |
UM 9.123uFygInims Trig vas SCR @11 5 LwuRudA 1
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Stopped 4q 2007 /03701 03:20:52
CH1m5Y CH2mS00V Zmsy div
Ac 11 DC ,100:1 ! (2msydiv)
: No“"""?@'.’.‘??"f? .
T
; | LU TR |
5 e e T M A N
=Tracelm Rms 2.712V Friaq B8.333kHz
=Trace2=‘ Rms 316.4v  : Avg 117.5v Freq 6. 250""2
Format | FieName || AutoFiie [To
amMP 62 ON TopMenu
=Filters =Offeet=m =Record Length= uTrigger=
8Smaoothing : ON CH1 ! ——==——— Main | 10K Mode : AUTO
BW : FULL CHZ : ov Zoom : 10K Type : EDQE CH1 ¥
Delay : 1.5ns
Hold OFff :  MINIMUM

A v st = hd e
71U 9.13 Uiy gmmMs Trig w83 SCR $afl 6 (HuALFIT 2
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X 2007 f/03/01 03:15:02
CH =iy 1 100us /div
ac 11 1
: NORM'1DMB/S

=Tracel= Rms :?..?.4.‘.3.‘6' ........... avh  1.3zev G '.’.'753.9....?..‘?.‘!.2.'.".1.2.
=Filterw =Offseli= mRecord Length= =Trigger=
Smoothing : ON CH1 [ =cem———— Main : 10K tMode @ AUTO
BW © FULL CH2 : ov Zoom : 10K Tvpe : EDQGE CH1 ¢
Delay 3 1.Bns
Hold OfFf : MINIKMMUM
o .~ -~
3UN 9.14 nMwsNERY I SCR (Pulse Tran)




o Y o
rimsiadyaonaninaaan 2

L 4
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Stopped q 2007 /03 /01 04:04:04
CH1=S5Y . + zmsySdiv
AcG 11 1 U (2msFdiv)

: + NORM 500k3/s

1
................................................ S S
=Trace1s Rms 1.005v avh  -zaizsmv | Freq '«?.4.@-, LaHz
mFilters =mOFfsets =Hhecord Length= =Trigger=
Smoothing : OMN CHT1 I ———mw—— Main : 10K Mode : AUTO
BW © FULL CH2 : D.0v Zooimn 10K Type : EDQE CH1 “
Delay : 1.5ns
Hold OFF MIMIMUM
o ar 5 -
31]71 9.15 ualamm qﬂﬂ&l&]i}ﬂﬁu‘l“ 0 837N
Stopped q 2007 /03 /01 04:07:29
CH1=bHY : : 2msydiv
AC 11 o 2msydiv)
; Nonm-500k8/s

=Tracets mms  1.9%6v_ | Avh -14:57mv . Freq  320.SHz
=Filters =Offsets sRecord Lengthm uTrigger=
Smoothing : ON CHY [ ===m==wa Main 10K Mode ! AUTO
BW : FULL CH2 : 0.0v Zoom : 10K Type : EDGE CH1 &
Delay : 1.Bns
Hold OfF : MINIMURN
< o I3 -
3UN 9.16 SygreinafiyugaauiIu 30 aam




Stepped 4 2007 /03701 04:10:24
CH 1= : Zms/div
ACc 11 o (2msydiv)

: NORM.SOBkS/s

@ -' o
B SR |/ SR NN i1 1] A N | S N (/| {} I 1] | I,
f f
.-.Tr.es'.%!.-._..'?.mﬁ ..... ?..?.?f‘.‘,’ ......... Avg  —64:78mv Freq .?.9.4.'...1.*.'2
wFjiters =OFfset= mRecord Lengths =Triggers
Smoothing ©: ON CH1 [ ——————— Main 10K Mode : AUTO
BW : FULL CHZ : 0.0V Zoom : 10K Type : EDQE CH1 ‘¢
Delay 1.85ns
Hold OffF MIMNIPAUM

P X
7171 9.17 fygnouarinafigagaaniu 45 eam
Stopped 2007 /03 /01_04:13:53
CHI=5V © Zmsydiv
Aac 1ol : (2msydiv)
: NORM.'joBkS Vi

51

mFilter= =OfFfoet= =Record Lengthms =Triggers=
Smoothing : OM CH1 | —=———=—- Main 10K Mode : AUTO
BW  FULL CH2 : 0.0v Zoom @ 10K Type : EDGE CH1 &
Delay @ 1.5ns
Hold Off @ RINIMUM

< @
3171 9.18 Fryramariwah quqmmu 90

O
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9.4m'mﬂaacuwwhm’mL'%"maaumma‘fumzﬁ'ufﬂanLmugﬂs‘ﬂﬂﬂfwamiwha 9
Fuaanumsnaaag
1.ﬂwfmﬂgﬂ'}]’uuamaﬁmugﬂLﬂav"iﬂﬂuﬁaﬁmmﬁa
500,600,800,1000,1100,1200 Jaudawifimuiay
2 anzaaine fmywhnsunanfiov(Owatt) 25%(500watt), 50%
(1100watt ),75%(1600 watt),100%( 2200 watt )

1 ﬂ' 1 1) 1 J i ] L =2 4 L
3 anldlnaafidrdng giimslalnaanisnde gimmniufinanud.usedn
aneaiuaznizusorilueef

4 fnrswiaanianufunussewinanuiisaudadinizugaueay

@l'ﬁ"\\‘lﬁ 9.4 Nﬂﬂ?'ﬁ‘l’l@]ﬂﬂx‘lﬁﬂ'ﬂul%ﬁ 500 rpm , VF =150 V , Va= 86.73 V, la= 2.667 A

ny 0% 25% 50% 75%(1600W) 100%
Tvaa (ow) (25 W) (75 W) (2200W)
N {rpm) 500 270 213 195 185
Va (V) 83.52 47.7 455 38.7 33.44
la(A) 2.667 3.667 4.667 5.667 6.33
600
500
400
o
& 300
@ $
200 =
100 SR MCNMLL € SREE (52
0 T :
0 1 2 3 5 5]
armature current

-l s A ' ] 3 '3
71N 9.19 nHaANNFRIRUEITA TR (500rpm) dafnTsuRDNNIRAT
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| - =
AITHN 8.5 HANTNARDINANAULTI 600 rpm , VE = 150 V , Va= 102.94 V, la= 2.667 A

mizlviaa 0% 25% 50% 75% 100%
© W) (25W) | (75W) | (1600W) | (2200W)
N (rpm) 595 375 317 289 275
Va (V) 102.04 48.6 44.39 417 38.8
la(A) 2,667 4 5 5.67 6.67
700 s ——
600
500
- 400
@
a \\ .
o 300 -
200 o
100§ e
0 : ; : I : ‘I. |
0 1 2 3 4 5 6 7 8

Armature current

P e 1 = ] ] &
3UN 9.20 ATHAMYFNRUTIEN IR ALTITEL (600rpm) ABATNITURDIULULAT

A19199 9.6 HANTTNARDINATIUEY 800 rpm , Vi = 150 V , Va= 139 V, la= 2.667 A

mMIzinaa 0% 25% 50% 75% 100%
(0 W) (25 W) (75 W) (1600 W) (2200W)
N (rpm) 817 633 583 552 516
Va (V) 139.99 114.39 108 107 104.92
ta(A) 2.667 4.333 6 7 8.667
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700 4-mm

Speed
A o
o ©
c O

4 6 8 10

Armature current

] o ar i - ] ’ [
3UN 9.21 NIIWANNRUWRDITEWINAMULTITEL (800rpm) FAFNIEURENULIDT

@199 9.7 HANINARBINATINNGT 1000 rpm , V= 150 V , Va= 174 V, la= 2.667 A

me 0% 25% 50% 75% 100%
Tnaa (O W) (25 W) (75 W) | (1600 W) | (2200W)
N (rpm) 1023 903 857 825 787
Va (V) 174 156 154 150 148
la(A) 2.667 4.667 7 8.333 10
1200 s
1000

600

Speed

400

200

Armature current

6

‘4 s e ! L) '
U 9.22 nrvanuiAuTIznIIAITIIe (1000rpm) Aadinszurelueat
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] P a
N1519N 9.7 HANTITNA[BINAIUTT 1100 rpmVf = 150 V , Va= 186.83 V, la= 2.667 A

mizlnsa 0% (0 | 25% (25 | 50% (75 75% 100%
W) W) W) (1600 W) (2200W)
N (rpm} 1100 1015 970 937 896
Va (V) 186.83 174 172.4 170 168
la(A) 2.667 5 7 8.667 10.667
1200
1000 egris
800
g 600
400 DAL\
200 |- 3
0 :
0 2 4 6 8 10 12
Armature current

d Qs s [l i J
JUn 9.23 nrAFIRIST NI TIseU (1100rmm) defnTzuanure’

A13197 9.8 HANTINARRIAAIIET 1200 rpm , VE= 150V, Va= 206 V, la= 3 A

mizlnaa 0% 25% 50% 75( 100%
O W) (25 W) (75W) | 1600 W) | (2200W)
N (rpm) 1200 1195 1150 1114 997
Va (V) 206 203 200 198 193
la(A) 3 5 7.67 8.333 10
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1400

1200

1000
800 $—

600

400 -

200

Armature Current

12

= LT ) ) -~ ' ]
51U 9.24 nmanuARUEInineNiTan (1200rpm) dednszuaaiiuiaed

. = “ < 1 1
9.5 minﬂammmm'luri'maauamas’nmzﬂufwaﬂuuugﬂi‘lﬁﬂfﬂammmo 9

h 74
AUNDUNIITNARDY

.~ -l -
1.ﬁwqucﬂ-uuuamaﬁmugﬂtﬂﬂnmnut'%mm’mﬁ’:

500,,800,1000,1200 Jaudowifia1udrau
2 pouznalmaInwhMITETNan 0% Owatt), 25%(500watt), 50%

(1100watt ),75%(1600 watt),100%( 2200 watt )
) A ' ] 1 J ] ] o o4 - o
3. ameldalnanfidnen grinmsidlnaaiidiaiagyinisiuiinanui,useu

anuensussnszuganfiuent
4 dmsnEpanTa N FuRRTEn e nuEITeudadInTtuRe e

A191911 9.9 HANNINARBINANNET 500 rpm , Vf = 150 V , Va= 94.12 V, la= 0.5 A

s 0% 25% 50% 75% 100%
Tnaa © W) (25 W) (75W) | (1600 W) | (2200W)
N (rpm) 500 486 480 476 470
Va (V) | 94.12 101.48 107.14 110 113.54

la(A) 0.5 2.67 3.8 5.27 6.47
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1400

1200 oo e
1000

-g. 800 i LG S ‘

@ 600 Jp o e o i

L 4

&
t
i
2

L 2

200 4——- - _ - —

Armature current

- “ e | - Vo
JuUn 9.25 N NEFIRUT TR NATITY (500rpm) dadNTIuRENNAET

A19797 9.10 HANSNARDIAATING? 800 rpm , V= 150 V , Va= 97.76 V, la= 0.53 A

mye
Tnan

0%
{0 W)

25%
25 W)

50%(75
W)

75%
(1600 W)

100%
(2200W)

N (rpm)

800

787

780

776

772

Va (V)

97.76

144.94

150.4

154.4

160.4

ta(A)

0.53

2.6

4.67

6.1

8.47

1400

1200 S R 9T IR Y :
1000 ' ™

g 800 T
600 ot

400 4— : e

3
3
4
4

200

Armature current

A W A [ - 1] )
5Uf 9.26 nMHANUAITUTTIZRIIAITITEY (800rpm) dadnTzuganuteed




< al o
A139N 9.11 HANTNARDINAMINETT 1000 rppm , VE = 150 V, Va=V, la= 0.93 A

mMyzlnan 0% 25% 50% 75% 100%
(ow) (25 W) (75 W) (1600 W) | (2200W)
N (rpm) 1000 986 974 968 961
Va (V) 186.56 189.56 193.19 196.5 198.76
la(A) 0.93 3.03 5.37 7.23 9.17
1400
1200 4--
1000 PR e
'g- 800 4— =
» 600 R
400 b i £
e
0 . . . r
0 2 4 6 8 10
Armature current

A L e [} -~ 1] »
U0 9.27 nywlanudIRRETzWIIAEITEY (1000rpm) dofnizuaaniuiead

(ﬂ’l'i'lﬂﬁ 9.12 Nﬂﬂﬂﬁ'ﬂ(v‘lﬂﬂdﬁﬂ?’mﬁ‘] 1200 rpm , VI = 160 V , Va=V, [a= 0.83 A

miclvaa 0% 25% 50% 75% 100%
© W) (25 W) (75W) | (1600 W) | (2200W)
N (rpm) 1200 1181 1176 1159 1137
Va (V) 207.86 204.45 202.21 200.30 198.73
la(A) 0.6 3.13 5.6 7.43 9.6
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1400

1200 J-te L

¢
'y
¢

1000 IR
800 {--—- R

Speed

600

400 -

200 ' e

o 2 4 3] 8 10 12
Armature current

- o  ar , - [P,
31 9.28 nyaNUFIWUSInINAuITITeY (1200rpm) GafmNIzuRaLuLes




9.6 HA mmmamé‘numwaan‘szummv!nua:u‘mé’ma'wfv!

4 ASOUAIUY

A o
NanNIIIM

w Stepped Y 2007 /03 /08 _21:08:24
CHimZV CHZ=20mV | © Smsydiv
DC: 1:1 DC n1 I (Smsydiv]
: : NORM:200kS /5

aTrace-I— Rm:& 5. 382V A Fraq 833 3Hz
-Trace—2- P—P 29 60mVY R 15; 1 16mv Avg —12,32mv
................ - B Lot SR CZAE N 738 o T R I | W
=Filters mOffaats mRecord Length= =Triggers
Zmoothing : ON CH1 -3.25V Maln 10K Mode ! AUTO
BW . FULL CH2 : 0.0200% Zoom 10 Type : EDQGE CH2 f%
Delay : 0.0Ons
Hold OfF : MINIMUM
A 1
ﬂYI 9.29 LLﬂﬂ%Lﬂ’]YIWYILLEi-ﬂ'I“ELﬂLE]’]YIWY! umau@m‘nﬂ 1
Stoppod [ | 2007 /03/08 _23:10:16
CH1=m2V CH2=200mV: 4 : 18 /div
DCo1:1 DC 1 3 i [1sldiv]
AN L0000 N L LTI O e, 000 iy b SA
un N

J Bpra———

w

-TraCE1- [ Z 4. 171V
-Trac:ez- P—p 1.064V 115 amv Avy ~48; 4 TmV
: Fraq 7.143Hz ST S ST [
mFilters mOffsats =Record Lengthw =Triggers
Smoothing ! ON CHT & —-3.25V MMaln 10K Moda [ AUTO
BW © FULL CH2 0.020% Zoom 10K Type : EDQE CH2Z £%
Delay 0.0ns
Hold OFff MINIMUM
o . ¢ I3 1 o ol
E‘IJYI 9.30 LIJ\!G]‘H.I.EJ’IYIV!YILLﬂ:ﬂ?:I.I.ﬁI.E]’WI'P!YI UOIDURTUNN 2




Stopped |
_ 20 211
CHI=ZV™ ' CHawztomv, I : - L0308 ?5}1’ oL
2k H B T 5 : : : }
: :, Dc i : : : C (Smsydiv) |

NORM 2[10!(8/3

-

-Tracen - RmB i 5 ZDUV ........... ‘.‘v ...... 1 . 1 ?QV iy ...... Freq .- 333 SHZ . E
=Tracez= P—f  136.0mv R 103 amv nvg 96, 23mv ;
................ '.‘".'.!3.9....1.!3!'.3'..!3.*.'?,........_.. 1, :
1
=Filter= =Offget= mRecord Length= mTrigger=
Smoothing : ON CH1 : =-3.25V Main 10K Moade : AUTO
BW I FULL CH2 . 0.020V Zoom 10K Type : EDGE CHz §%
Delay : 0.0ns

Hold OfFf : MINIMUM

<
1.In 9.31 I.I.Nﬂ%l.‘r]’lYIW'flLLﬂﬂiyltﬁlﬂﬂﬂWﬂluﬂ')ﬂLI.G]THYIYI 3

Stepped r 2007 /03 /08 _21:16:40
CHI=2V T CHZ=m200mY: Z ] : 15 Zdiv
DC 11 : DC 1:1 : ¢ q P (1sAdiv)

NORM'1KS/S f

—Trace“lm Rms 2. 46‘?V
=Ty acez-x PP 1.064V
Frieq B-250Hz RN SUUDUOUUE SRR SUPURRUOE SRR

=Filter= =Offsot= =Recard Length= =Trigger=
Smoothing : ON CH1 -3.25V Main 10K Mode I AUTO
BW © FULL CH2 0.020vV Zoom : 10K Type : EDGE CH2 %
Delay : 0.0ns

Hotd OFF : MINIMUM

o o a al
17 9.32 ussdueninnuaznszumeaniniulnuafinisuasund 4
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W.Shephevd, LN.Hulley and D.T.W. Liang, Power electronic and motor
control, University of Bradford English 1995

Guy seguier, POWER ELECTRONIC Converter AC-DC Conversion , New york
st : Kogan page Ltd, 1986

N.Mohan, T.M.Underland, and W.P. Robins, Power Electronics
Converter,Application and Design, John Wiley & Sons, tnc., 1989.

Joseph Vithagathil, POWER ELECTRONICS Principles and Applications, acid-
free paper,1985
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NAME PLATE
Power 2.2 kw , Speed 1150/2500 RPM
Vt=220V,la=13.5

Vi=150V,If=2.2M1.0 A
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AULAATFuEY

Y

Mode stop
Mode break
Rotation Rotation
Left
RoRtia;tri]ct)n Rotation




TWsunsndesluammamdrouszan

< Mode Rotation>

dadtyoyreu ann port B
On

|

dedygos aan port D
On SCR

|
&5




TusuntudanInuaiyse

< Mode Break >

Delay &y

|

d i
AAR0yIRING NALINTN

|
< Return >




TﬂmnmsJ'auTumqmm'sﬁwm

( Mode._stop )
|

AniLs
Run_value=0

|

Stop port D

|
( RETURN >




IMARNKNIN A.

Tﬂ‘illﬂ‘i&l fl'liﬂ')ﬂﬂ‘NNEIWl aﬂvlﬂ‘l nisudaaIILUL 4 A1 llﬁ?%ﬁ




Tsunsunisnaunu

[leemmmmmeaen ——— —
//--SCR-MOTOR-C18 s N
#include <p18cxxx.h> /f MCU C18 Family

#include <delays.h> /! Delay library function

#include <adc.h> // ADC library functions

#include <portb.h> // PORTB library function

#include <timers.h> // Timer library functions

//--PIC18 cycle-count delay routines. -- -
/" Delayl TCY()

/ Delayl0TCY() // 17Cxx only

/ Delay10TCYx()

1" Delay100TCYx()

i Delayl KTCYx()

i Delayl O0KTCYx()

#/-- ———- -- meemasemscemesmeosneoooeos
/{--PROTOTYPE-FUNCTION -y
/fvoid high_isr (void); /! for Code Interrupt High-Vector

void low_isr (void); /f for Code Interrupt Low-Vector

/—— N 2
/- INTERRUPIIVEL FORe. XM 27 1 ANt M (N

/f#pragma code high vector=0x08 // high vector located at address
0x08.(000000008h.)

/fvoid high _interrupt (void)

14 _asm GOTO high_isr _endasm // Goto timer_isr

i1}

#pragma code low_vector=0x18 // low_vector located at address
0x18.(000000018kh.)

void low_interrupt (void)

{ _asm GOTO low_isr _endasm // Goto timer_isr

}

#pragma code // Returns the compiler to the
default code section.

Homsmmm e - -
f=-PORT-m-mmmmemmmrmmc e e - e
/f#define VR1 PORTADbits.RAO /! Adjust Pulse-
Width

/HHdefine VR2 PORTAbits.RA1 // Adjust Shift-
Phase

/f#define VR3 PORTADits.RA2 // Adjust Speed
/f#define VR4 PORTADbits.RA3 // Adjust Speed
#define SW_Manual PORTAbits.RA4 // Switch Manual
#define NONE? PORTADbits.RAS // No-Connect




PORTBbits.RB7 // Switch Break
PORTBbits.RB6 // Switch Stop
PORTBbits.RBS5 // Switch Motor

PORTBbits.RB4 /f Switch Motor Move-

PORTBbits.RB3 // LED Break

PORTBbits.RB2 // LED Stop

PORTBbits.RB1 /{ LED Motor Move-Left

PORTBbits.RB0O // LED Motor Move-

PORTB // LED-ALL in
PORTCbits.RCO {/ Encoder Clock
PORTCbits.RC1 // Encoder
PORTCDbits.RC2 // No-Connect
PORTCbits.RC3 //12C_SCL in
PORTCbits.RC4 /# 12C_SDA in
PORTCbits.RC5 /12C_SDO in

USART_TxD PORTCbits.RC6

USART_RxD PORTCbits.RC7

#define SW_Break
#define SW_Stop
#define SW_Left
Move-Left

#define SW_Right
Right

#define LED_Break
#define LED_Stop
#define LED_Left
#define LED_Right
Right

#define LED Port
PortB

#define ENC_CLK
>> Timerl_Counter

#define ENC_DIR
Direction >> On=Left,Off=Right
#define NONE2
#define 12C SCL
12C_Bus

#define 12C_SDA
12C_Bus

#define 12C_SDO
[2C_Bus

#define

Communication

#define

Communication

/f#define SCR1
/fH#define SCR2
/f#define SCR3
/t#define SCR4
/f#define SCRS
/f#define SCR6
#define SCR_OUT
Output OUTPUT-PORT

#define NONE3
#define NONE4
/f#define Vab

Volts A-B

/f#define Vbe

Volts B-C

/f#tdefine Vca

Volts C-A

// USART_TxD in Rs232

// USART_RxD in Rs232

PORTDbits.RD7 // SCR1 A-UP
PORTDbits.RD6 /{ SCR2 B-UP
PORTDbits.RD35 /{ SCR3 C-UP
PORTDbits.RD4 /{ SCR4 A-DOWN
PORTDbits.RD3 // SCR5 B-DOWN
PORTDbits.RD2 /{ SCR6 C-DOWN
PORTD /{ SCR
PORTDbits.RDO // No-Connect
PORTDbits.RD1 // No-Connect
PORTCbits.RE0Q /f
PORTCbits.RE1 I
PORTCbits.RE2 //




#define ZERO_IN (PORTE | 0b11111000) // ZERO
Crossing INPUT-PORT

/8070 N3 -V |

#define ADRES ADRESH /!
Redefine for 10-bit A/D converter

//const rom char CYCLE[6] = {0x01,0x03,0x02,0x06,0x04,0x05};
/l Cycle

//const rom char CYCLE[6] = {OxFE,0xFC,0xFD,0xF9,0xFB,0xFA};
// Cycle Complement

//const rom char CYCLE[6] = {0xFA,0xFE,0xFC,0xFD,0xF9,0xFB};
// New Cycle Complement

//const rom char DATA_OUT[6] = {0x11,0x11,0x22,0x22,0x0C,0x0C};
/{ Out Half-Wave

//const rom char DATA_OUT[6] = {0x11,0x21,0x22,0x0A,0x0C,0x14};
// Out Full-Wave

/fconst rom char DATA_OUT[6] = {0x01,0x20,0x02,0x08,0x04,0x10};
// Bit-Out Full-Wave

/- --- mmmmemmemmmmeeoemeemeaen --
//--VARIABLEI1 -

static unsigned int shiftphase value = 128;

static unsigned int pulsewidth_value;

static unsigned int break_value;

static unsigned char zero_value;
static unsigned char zero_temp;
static unsigned char data_value;

static unsigned char cycle_index;
static unsigned char toggle_count = 0;

static unsigned char delayl_count =0,
static unsigned char delay2_count = 0;
static unsigned char delay3_count = 0;
static unsigned char delay4 count = 0;
static unsigned char delay5_count = Q;
static unsigned char delay6_count = 0;

static unsigned int delayl_off = 0;
static unsigned int delay2_off = 0;
static unsigned int delay3_off = 0;
static unsigned int delay4_off = 0;
static unsigned int delay5_off = 0;
static unsigned int delay6_off = 0;

/"




//--VARIABLE2-----

#define rStop 0
#define rBreak 1
#define rleft 2
#define rRight 3

run_value = rStop;
run_temp = rStop;

static unsigned char
static unsigned char

ffamemmme -- —--- -
//--VARIABLE3 --

static unsigned int  t0_count;

static unsigned int  t1_value;

valuel, value2;
error_value;

static unsigned int
static unsigned int

I

//--INTERRUPT-PROGRAM----

/f#pragma interrupt high isr
/fvoid high_isr (void)

I
i
I/}

// NONE

#pragma interruptlow low_isr
void low_isr (void)

{
if(INTCONbits. TMROIF)
{
INTCONDbits. TMROIF = 0;
if(t0_count < OxFFFF) t0_count++;
if(run_value > rStop)
{
zero_value = ZERO _IN;
if(zero_temp != zero_value)
{
zero_temp = zero_value;
Crossing

SCR_QUT = 0x00;
SCR_OUT = ALL OFF

switch(zero_value)

{

Constance

case OxFE:

delayl_count = (shiftphase value); delayl_off = (pulsewidth_value);

break;

/f Check for TMRO overflow
// Clears the TMRO interrupt flag

// Increment Timer0-Counter

// Compair Zero-Crossing
// Store Zero-

i

// Select Data in

{ cycle_index = 1;

}




case OxFC:  {cycle index =2;
delay2 count = (shiftphase_value); delay2_off = (pulsewidth_value); }

break;
case O0xFD:  {cycle_index = 3;
delay3_count = (shiftphase_value); delay3_off = (pulsewidth_value); }
break;
case 0xF9: { cycle_index = 4;
delay4_count = (shiftphase_value); delay4_off = (pulsewidth_value); }
break;

case 0xFB:  {cycle_index =5;
delay5_count = (shiftphase value); delay5S off = (pulsewidth_value); }
break;
case OxFA: {cycle index = 6;
delay6_count = (shifiphase_value); delay6 off = (pulsewidth_value);, }

break;
default: {cycle_index =0;  data_value
= 0x00; }
}
}
}
if(cycle_index > 0)
{
/1 Zero-Crossing #Stepl
if(delayl_count > 1)
{
delayl count--;
if{ delayl_count == 1)
{
data value |= 0b10000000; // ON
SCR-1
}
}
else if(delayl count > ()
{
if{delayl off > 1)
delayl off--;
if( delayl off==1)
{
data_value &=0b01111111; // OFF
SCR-1
delayl_count = 0;
}
}
}

!/ Zero-Crossing #Step2
if(delay2_count > 1)
{




SCR-6

SCR-6

SCR-2

SCR-2

}

delay2 count--;
if( delay2_count == 1)

{
data_value |= 0b00000100; // ON

}

else if(delay2_count > ()

{

}

if(delay2_off > 1)

{
delay2 off--;
if( delay2_off = 1)
{
data_value &=0b11111011; // OFF
delay2_count = 0;
}
}

Il Zero-Crossing #Step3
if(delay3_count > 1)

{

}

delay3 count--;
if( delay3 _count==1)

¢
data_value {= 0b01000000; // ON

}

else if(delay3 count > Q)

{

}

if(delay3 off> 1)

{
delay3_off--;
if( delay3_off ==1)
{
data_value &= 0b10111111; // OFF
delay3_count =0;
}
}

// Zero-Crossing #Step4
if(delay4_count > 1)

{

delay4 count--;
if( delay4_count = 1)




data_value [= 0b00010000; // ON
SCR-4
b
}
else if(delay4 count > 0)
{
if(delay4 off > 1)
{
delay4_off--;
if( delay4 off —1)
{
data_value &=0b11101111; // OFF
SCR-4
delay4_count = 0;
}
1
}
/} Zero-Crossing #Step5
if(delay5_count> 1)
{
delay5_count--;
if( delay5_count = 1)
{
data_value |= 0b00100000; // ON
SCR-3
}
}
else if{delay5 count > 0)
{
ifidelay5 off > 1)
{
delay5 off--;
if{ delayS_off == 1)
{
data_value &=0b11011111; // OFF
SCR-3
delay5_count = 0;
}
}
}

/I Zero-Crossing #Step6
if{delay6_count > 1}
{
delay6_count--;
if{ delay6_count == 1)
{



data_value |= 0b00001000; // ON
SCR-5
}
}
else if(delay6_count > Q)
{
if(delay6_off> 1)
{
delay6_off--;
if( delay6_off = 1)
{

data_value &=0b11110111; // OFF
SCR-5

delay6 count = 0;

if(toggle count == () /f Toggle Pulse
{
toggle_count = 1;
SCR_OUT = data_value; /{ SCR_OUT = ON

else

toggle count = 0;
SCR_OUT = 0x00; /{ SCR_OUT =
ALL OFF

else

if(delayl_count > 0) delayl count = 0;
if(delay2 count > 0) delay2 count = 0;
if(delay3_count > 0) delay3_count = 0;
if(delay4_count > 0) delay4_count = (;
if(delay5_count > 0) delay5_count = 0;
if(delay6_count > 0) delay6_count = 0;
}

WriteTimerO(OxFFFF - 120); // Assign Timer] in Next
Interrupt

}

if(PIR 1bits. TMR11F) /f Check for TMR1 overflow

{
PIR1bits. TMRI1IF = 0; // Clears the TMR1 interrupt flag
/{ Next Code Here




}
- -

//--SUB-PROGRAM-—mm e S

void TestADC(void)
{

unsigned char adc_temp;

//--P18F24]10-Setup A/D converter

//OpenADC(ADC_LEFT_JUST & ADC_FOSC_16 & ADC_8_TAD,
1/ ADC_CHO & ADC_VREFPLUS_EXT &

ADC_VREFMINUS_EXT & ADC

INT_OFF,

I ADC_4ANA);

//--P18F458-Setup A/D converter--

OpenADC(ADC_LEFT JUST & ADC_FOSC_16 & ADC _2ANA_2REF,
ADC_CHO & ADC_INT OFF);

//SetChanADC{ADC_CHO0);

//Delay10TCYx(5);
ConvertADC(),

while(BusyADC());
complete
adc_temp = ADRES;

PORTB =0;
display.

if(adc_temp > 250)
LEDS

else if(adc_temp > 200)
LEDS

else if(ade_temp > 150)
LEDS

else if(adc_temp > 100)
LEDS

else if(adc_temp > 50)
LEDS

else if(adc_temp > Q)

else

// 0 LED

CloseADC();

/f Select Chane]l ADC1
// Delay for 50TCY
{// Start an A/D conversion

/{ Wait for the conversion to

/{ Read ADC Results

/f Clear the LED bargraph
SCR_OUT =0bl11111100; /16
SCR_OUT =0b01111100; 75
SCR_OUT = 0b00111100; /4
SCR_OUT = 0b00011100; /3
SCR_OUT = 0b00001100; 2

SCR_OUT = 0b00000100; // 1 LED

SCR_OUT = 0b00000000;

//--MAIN-PROGRAM

void main (void)




unsigned char i;
unsigned char break _status = 0;

/1--Initial Port----~veerememeesmumaaaans

PORTA =0; // Clear All RA

PORTB =0; // Clear All RB

PORTC =@, // Clear All RC

PORTD =0; // Clear All RD

PORTE = 0; // Clear All RE

TRISA =0bl11111111; // RA<1:0> Input Analog
Speed,Pulse-Width

//TRISB = 0b11110000; /{ RB<7:4> InputSW RB<3:0>
OutputLED

TRISB = 0xFO0; // RB<7:4> InputSW RB<3:0>
OutputLED

EnablePullups(); /f Enable PORTB pullups

TRISC=0bi1111111; /I RC<7.0> Input

TRISD = 0b00000011; # RD<7:2> OutputSCR RD<1:0>
Input

//PSPCON = 0b11101111; // PSPMODE = OFF

TRISE = 0b00000111; /{ PSPMODE = OFF and

RE<2:0> InputCycle

//--P18F24J10-Setup A/D converter 2 3
/{OpenADC(ADC _LEFT JUST & ADC _FOSC 16 & ADC 8 TAD,

/" ADC_CHO & ADC_VREFPLUS_EXT &
ADC_VREFMINUS_EXT & ADC_INT_OFF,
/" ADC_4ANA);

//--P18F458-Setup A/D converter-=-s=--m-m-mmemsemeun-
OpenADC(ADC_LEFT_JUST & ADC _FOSC 16 & ADC_0ANA_OREF,
ADC_CHO & ADC_INT OFF);

//-~-TMRO internal 16-bit clock.----==v=eveee-- // Use
Select Cycle for Process
OpenTimer0 (TIMER _INT ON & TO_SOURCE INT & T0_16BIT)

//--TMR1 internal 16-bit clock.-ecmeeeuuca- // Use
Receive Encoder

//OpenTimerl (TIMER_INT ON & T1 SOURCE _INT & T1_16BIT RW);

OpenTimerl (TIMER_INT_OFF & T0_SOURCE EXT & T1 16BIT RW);

{/--TMRZ2 internal 16-bit clock, -------mmmeem-
//OpenTimer2 (TIMER_INT ON & T2 POST 1 1 & T2 PS 1 _16);

//--Enable global interrupts.---=-s=ssseuausu-
INTCONDbits.GIE = 1;

//--Ready Goto Program. --




data_value = 0x00;,
SCR_OUT = data_value;

LED_Port = 0x00;
LED Stop =1;

while(1)

{

conversion

to complete

conversion

to complete

conversion

to complete

conversion

to complete

Cirwadt(),
/TestADC();

SetChanADC(ADC _CHO);
Delay10TCYX(3);
ConvertADC();
while(BusyADC());

valuel = (ADRES/4)+2;
SetChanADC(ADC_CH1);
Delay10TCYx(3);
ConvertADC();
while(BusyADC());

value?2 =(ADRES/2)+2;
SetChanADC(ADC_CH2);
Delayl0TCYx(3);
ConvertADCQ);
while(BusyADC());
pulsewidth_value = (ADRES/2)+20 ;
SetChanADC(ADC_CH3);
Delay10TCYx(3);
ConvertADC();
while(BusyADC());
break_value = (ADRES/2)+2;
// --Button-Program--------=-=----

if(1SW_Stop)

{
shiftphase value = 128;
LED_Port = 0x00;
LED_Stop =1;

// Clear data_value
// SCR_OUT = OFF

/ LED-All = OFF
// LED-All = OFF

/{ CLRWDT = Clear Watchdog-Timer
// Test ADC

// Select Chanel ADCO
// Delay for SOTCY >> 10
// Start an A/D

// Wait for the conversion

/! Or Read ADC() Value

// Select Chanel ADC1

// Delay for 50TCY >> 10
// Start an A/D

// Wait for the conversion

// Or ReadADC() Value

// Select Chanel ADC2

// Delay for SOTCY >> 10
// Start an A/D

/{ Wait for the conversion

// Or Read ADC() Value

/! Select Chanel ADC3

/{ Delay for SO0TCY >> 10
// Start an A/D

// Wait for the conversion

/1 Or Read ADC() Value

/! Clear shiftphase value
/f LED-All = OFF
/{ LED-Stop = ON




run_value = rStop; // value to Stop

run_temp = rStop; // temp to Stop
Delay 1 KTCYx(50), // Stop >> Wait xx
1
else if(!SW_Break)
{
/fif(run_value > rBreak)
14
1/ shiftphase_value = break_value; // Clear
shiftphase_value
1 LED Break = 1; /{ LED-Break =
ON
/f run_value = rBreak; // value to Break
I Delayl KTCYx(50); /! Stop >> Wait xx
"}
if(run_value > rBreak)
!
shiftphase_value = break_value; /f Clear
shiftphase_value
run_value = rStop; 7
value to Stop
LED_ Port = 0x00; I/
LED-AIl = OFF
LED Break = 1;
// LED-Break = ON
for(i=0; i<50; i++)  Delayl0KTCYx(200); /f

Break >> Wait xx

/{-Start for Break---—- B TR

if(run_temp == rLeft) I if
Left
{ shiftphase_value = break_value; "
Clear shiftphase_value
LED_Right =1;

// LED-Right = ON
run_value = rRight;

/f value to Right
}
else if(run_temp == rRight) Haf
Right
{ shiftphase value = break_value; /I

Clear shiftphase value
LED Left=1;
// LED-Left = ON
run_value = rLeft;
// value to Left




// Wait 3 Sec.

// Clear Timer(

break_status = 150;

while(break_status > 0)

{

/f --Check-Encoder---------------
if(t0_count > 250)

{

t0_count = 0;

break_status--;

// Decrement Break Status for 3Sec.

shifiphase value--;

tl_value = ReadTimer1();
WriteTimer1(0);

if(tl_value>10)

{

f/-Exit Break

error_value =t1_value - 2;
if(shiftphase_value > 2)

if(error_value > 8)
{
}

else if(error _value > 4)

{ DelaylKTCYx(1);
}

else if(error_value > 2)

{ Delayl KTCYx(5);

}

else if(error_value > 1)

{ Delayl KTCYx(10);
}

else

{ DelaylKTCYx(50);
}

break status =0,

if(1SW_Stop) break_status = 0;

}

//-End for Break-------

run_value = rStop;

// value to Break




run_temp = rStop;
LED Port = 0x00;

LED Stop=1;
ON
}
}
else if(ISW_Left)
{
if(run_value == rStop)
{
shiftphase_value = 80;
LED Port = 0x00;
LED Left =1;
DelayIKTCYx(200);
Wait xx
run_value = rLeft;
run_temp =rLeft;
¥
}
else if(1SW_Right)
{
if(run_value = rStop)
{
shiftphase_value = 80;
LED_Port = 0x00;
LED Right=1;
ON
Delay1KTCYx(200);
Wait xx
run_value = rRight;
run_temp = rRight;
}
}
// --Load-Break-Valug---------------
if(run_value == rBreak)
// Clear shiftphase_value
// --Check-Mode-Auto/Manual------«-e=---
if(!SW_Manual)
{
if(run_value > rBreak)
{ shiftphase_value = value2;
control
}
}
else  // Auto from Encoder
{

if(run_value > rBreak)

// temp to Break
// LED-All = OFF
// LED-Break =

// Clear shiftphase_value
// LED-All = OFF

// LED-Left = ON

// Before Move-Left >>

/! value to Move-Left
// temp to Move-Lefi

// Clear shiftphase_value
// LED-All = OFF
// LED-Right =

// Before Move-Right >>

// value to Move-Right
// temp to Move-Right

shifiphase value = break value;

// for manual




// --Check-Encoder-----=-------=-
if(t0_count > 250)

{
t0_count =0; // Clear Timer0
t1_value = ReadTimerl();
WriteTimer1(0);
if(t! _value < valuel )
{
error_value = valuel - t1_value;
if(shiftphase value > 2)
shiftphase value--;
}
else
{
error_value = tl_value - valuel;
if(shiftphase_value < 128)
shiftphase_value++;
}
if(error_value > 8)
{
}
else if{error_value > 4)
{ DelaylKTCYx(1);
}
else if(error_value > 2)
{ Delay |l KTCYx(5);
}
else if(error_value > 1)
{ DelaylKTCYx(10);
}
else
{ DelayIKTCYx(50);
}
}
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BTW67 and BTW69 Series

STANDARD

50A SCRs

MAIN FEATURES:

Symbol Value Unit
hirms) 50 A
VDRMNRRM 600 to 1200 v
gt 80 mA
DESCRIPTION

Available in high power packages, the BTWG7 /
BTW&9 Series is suitable in applications where
power handling and power dissipation are critical,
such as solid state relays, welding equipment,

TOP3
high power motor control. (BTVEV) (BTW69)
Based on a clip assembly technology, 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; E81734).
ABSOLUTE RATINGS (limiting values)
Symbol Parameter Value Unit
Irirms)  |RMS on-state current RD91 Te=70°C 5 A
o = I
(180° conduction angle) TOP3 Ins. To=75°C
riavy Average on-state current RD91 Te=70°C e A
180° i fi
(180° conducighgnay TOP3 Ins. Te = 75°C
| Non repetitive surge peak on-state current tp =8.3 ms 610
TSh rg p Tj=25°C A
fp=10ms 580
It 't Value for fusing Tj=25°C 1680 AZg
Critical rate of rise of on-state current Ig = . .
difdt 2xlaT, tr< 100 s F =60 Hz Tj= 125°C 50 Alus
It Peak gate current tp = 20 ps Ti= 125°C 8 A
Fg@avy  |Average gate power dissipation Tj= 125°C i
Tstg Storage junction temperature range -40to + 150 o0
Tj Operating junction temperature range -40 to + 125
VRGN Maximum peak reverse gate vollage 5 \'
April 2001 - Ed: 4 1/5




BTWS67 and BTW69 Series

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

Symbol Test Conditions Value Unit
IeT MIN. 8 =
Vp=12V R =33Q MAX. B0
VeT MAX. 1.3 v
Vep |Vop=Vorv RL=33KQ Tj=125C MIN. 0.2 v
IH =500 mA Gate open MAX. 150 mA
Iy Is=12lgt MAX. 200 m/
dvidt Vp= 67 % Vpry Gate open Tj =125°C MIN. 1000 Viys
VTa i, =100A tp=380ys Tj=25°C MAX. 1.9 v
Vig | Threshold voltage Tj=125°C MAX. 1.0 v
Ry Dynamic resistance Tj = 125°C MAX. 8.5 mg2
IDRA Vors = Viaw Tj=25°C MAX. 10 pA
IRRW Tj = 125°C 5 mA
THERMAL RESISTANCES
Symbol Parameter Value Unit
Rihg<) Junction to case (DC) RD91 (Insulated) 1.0 "CIwW
TOP3 Insulated 0.9
Rinj-a) Junction to ambient TOPS3 Insulated 50 “Ciw
PRODUCT SELECTOR
Voltage (xxx)
Part Number Sensitivity Package
600V 800V 1200V
BTWE7-xxx X X X 80 mA RD91
BTWE9-x0tx X X X 80 mA TOP3 Ins.

ORDERING INFORMATION

BTW 69

600

STANDARR — VOLTAGE:
SCR #4—
600: 600V
SERIES z
TYPE: 800: 800V
67: 50A In RD91 §200: 1200V
69: 50A InTOP3
OTHER INFORMATION
Part Number Marking Weight Base Quantity Packing mode
BTWE7-xxx BTWET7xxx 2004 25 Bulk
BTWE9-xxx BTWESoox 45g 120 Bulk

Note: xxx = vollage

2/5
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BTW67 and BTW69 Series

Fig. 1: Maximum average power dissipation
versus average on-state current,
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Fig. 3: Relative variation of therma! impedance
versus pulse duration.
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Fig. 5: Surge peak on-state current versus
nurnber of cycles.
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Fig. 2: Average and D.C. on-state current versus
case temperature.
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Fig. 4: Relative variation of gate trigger current,
holding current and latching current versus
junction temperature.
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Fig. 6: Non-repetitive surge peak on-stale
current for a sinuscidal pulse with width
tp < 10ms, and corresponding value of 2.
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BTWG67 and BTW69 Series

Fig. 7: On-state characteristics (maximum

values).
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PACKAGE MECHANICAL DATA
RD91 (Plastic)

9 L
00 05 10 15 20 25 3.0 35 40 45 50

Li

B2 ”'E1

B1

Ci

DIMENSIONS
REF. Millimeters Inches

Min, Max, Min. Max.
A 40.00 1575
Al 29.90 30.30 1177 1.193
AZ 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
¢ 3.50 0.138
C2 1.95 3.00 0.077 0.118
E3 0.70 0.90 0.027 0.035
F 4.00 4.50 0.157 0.177
i 11.20 13.60 0.441 0.535
L1 3.10 3.50 0.122 0.138
2 1.70 1.0 0.067 0.075

N1 33 43° 33° 33°

NZ 28° 38° 26° 38°
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BTW67 and BTWG9 Series

PACKAGE MECHANICAL DATA
TOP3 Ins.(Plastic)

— 1, . L DIMENSIONS

: ! /,— i’ REF. Millimeters inches
Ag&\ Min, | Typ. | Max. | Min, | Typ. | Max.
K T ; T A 4.4 46 [0.173 a.181
* O G B REE 155 | 0.057 0.061
i F ¢ [14.35 15.60 | 0.565 0614
i e 05 0.7 |0.020 0.028
] < E 2.7 2.9 |0.106 0.114
] | . F | 158 65 [0.622 0.650
P c , "G | 204 211 | 0.815 0.831
i o | H | 15.1 155 [ 0.594 0.610
N J 5.4 5.65 | 0.213 0.222
i £ j K | 34 365 | 0.134 0.144
2 3 =T L [ 408 417 10.161 0.164
P | 1.20 1.40 | 0.047 0.055

R 4.60 0.181

Information fumished 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. Sipecifications 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
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1S72

2N2219A
2N2222A

HIGH SPEED SWITCHES

DESCRIPTION
The 2N2219A and 2N2222A are silicon planar

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

500mA, and feature useful current gain over a 3 3
wide range of collector current, low leakage 1
currents and low saturation voltage. 2 2
£=2N2219A approved to CECC 50002-100,
2N2222A approved to CECC 50002-101 TO-18 T0-39
available on request.
INTERNAL SCHEMATIC DIAGRAM
Co(2)
(1)
B
E0(3)
SCOEIE0
ABSOLUTE MAXIMUM RATINGS
Symbol Parameter Value Unit
Vceo  |Collector-Base Voltage (Ig = 0) 75 Vv
Veeo  |Collector-Emitter Voltage (I = 0) 40 A
Veso  |Emitter-Base Voltage (le = 0) 6 v
le Coltector Current 0.8 A
Pwt  [Total Dissipation at Tams < 25 ¢C
for 2N2219A 0.8 w
for 2N2222A 0.5 w
at Tcage < 25 °C
for 2N2219A 3 w
for 2N2222A 1.8 w
Tsig  |Storage Temperature -65 to 200 ‘C
Tj Max. Operating Junction Temperature 175 ‘c
June 1999 118




2N2219A/2N2222A

THERMAL DATA

TO-39 TO-18
[4
Rinjcase |Thermal Resistance Junction-Case Max 83.3 cCN\I
Rinj-amp | Thermal Resistance Junction-Ambient Max 187.5 300 Cw
ELECTRICAL CHARACTERISTICS (Tcase = 25 °C unless otherwise specified)
Symbol Parameter Tast Conditions Mlin. Typ. | Max. Unit
fceo Collector Cut-off Ves =60V 10 nA
Current (lz = 0) Veg =60V Tease = 150 °C 10 nA
leex Collector Cut-off Vee =60 V 10 nA
Current (Vgg = -3V)
lgex Base Cut-off Current Vee =60V 20 nA
(Vge = -3V)
leso Emitter Cut-off Current |Vegg =3V 10 nA
fle = 0)
Vigryceo* |Collector-Base lg = 10 pA 75 v
Breakdown Voltage
{le = 0}
Visryceo* |Collector-Emitter lg = 10 mA 40 \'
Breakdown Voltage
{le = 0)
Visrjero* |Emittar-Base lg = 10 uA 6 Vv
Breakdown Voltage
(Ic = 0)
Veegsany* |Collector-Emitter lc =150 mA g = 15 mA 0.3 \'4
Saturation Voltage le = 500 mA Iz = 50 mA 1 \'4
VpE(sany* |Base-Emitter le =150 mA g = 15 mA 0.6 1.2 v
Saturation Voltage lc =500 mA g =50 mA 2 v
heg» DC Current Gain lc = 0.1 mA Ve =100V 35
ic=1mA Vee = 10V 50
ic =10 mA Vee =10V 75
Ilc =150 mA Ve =10V 100 300
lc =500 mA Ve =10V 40
fc =150 mA Veg =1V 50
le =10 mA Vee =10V
Tamb = =55 ¢C 35
hga* Small Signal Current le = 1 mA Vee = 10V f = 1KHz 50 300
Gain le=10mA Veeg=10V = 1KHz 75 375
fr Transition Frequency le=20mA Vgg=20V 300 MHz
f=100 MHz
Ceso Emitter Base lc =0 Veg = 0.5V f=100KHz 25 pfF
Capacitance
Cceo Collector Base lge=0 Ve =10 V f=100 KHz 8 pF
Capacilance
Re¢hiey |Real Part of Input le =20 mA Vg =20V 60 0
Impedance f = 300MHz

* Pulsed: Pulse duration = 300 us, dutycycle < 1 %

2/8
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ELECTRICAL CHARACTER!STlCS {continued)

Tast conditions

lc = 0.1 mA Vce = 0V
= 1KHZ Rg = 1KQ

parameter

Veg = 30V g = 150 mA
lgy = 15 mA VBB = 0.5 v
Vcc=30V e = 150 mA
igq =15 mA Ves = 05V
Voo = 30 \Y 1c = 150 mA
g1 =-1B2 = 15 mA
Vee = 30 \Y 1c =150 mA
g1 =-lB2 © 15 mA
Feedback Time lc = 20 mA Vee ® 20V
Constant f = 31.8MHz

> Pulsed: Puise duration = 300 ps, duty cycles1 %
++ Sae test circuit

(571 38




2N2219A/2N2222A

Normalized DC Current Gain.
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Collector-emitter Saturation Voltage.
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2N2219A/2N2222A

Test Circuit fot {g, &

Vap=-0.5V

O

&

0. 4T F 10-47;0"
I 10KN 2001I
Vout
+10.4V 0.47 uF

619 L
Son
S-4624
PULSE GENERATOR: TO OSCILLOSCOPE
t520ns tr=50ns
PW < 200ns Zin < 100KQ
Zin =500 Ciws 12 pF

Test Circuit fot tg, ¢,

VBB=—23-BV VCC= +3OV

ourt

+30V . 10 uF
o-l_-L N

500

500 IN916
5- 4625 -3V
PULSE GENERATOR: TO OSCILLOSCOPE:
PW ~ 10us tr<5.0ns
Zn=500 Zin > 100 K2
Tcs50ns Cin<12pF
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2N2219A/2N2222A

TO-18 MECHANICAL DATA

mm Inch
DIM.
MiN. TYP. MAX. MIN. TYP. MAX.
A 12.7 0.500
B 0.49 0.019
D 5.3 0.208
E 49 0.193
F 5.8 0.228
G 2.54 0.100
H 1.2 0.047
| 1.16 0.045
L 45 45°
g ]
r
2L )}
| w . — . P C Y ot W
rs ) ]
L | "
: u
- [+
0016043

6/8
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2N2219A/2N2222A

TO-39 MECHANICAL DATA

mm inch
DiM.
MIN. TYP. MAX. MIN. TYP. MAX.
A 12,7 0.500
B 0.43 0.019
D 6.6 0.260
E 8.5 0.334
F 9.4 0.370
G 5.08 0.200
H 1.2 0.047
| 0.9 0.035
L 45° (typ.)
D A
]
”
) ]
-+ —HE= )
) ]
o
PO0EB

718




2N2219A/2N2222A

information fumnished Is believed to be accurate and reliable. However, STMicroslectronics assumes no responsibility for the CONSequencds
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 STMIcroelectronlcs. Speclfication mentioned in this publication are
subject to change without notice. This publication supersedes and replaces alf information previously suppliad. STMicroelectronics products
are not authorized for use as critical components inlife suppart devices or systems without express written approval of STMicroelectronics.

The ST logo Is a trademark of STMicroelactronics

© 1999 STMicroelectronics — Printed in Italy — All Rights Resarved
$TMicroelectronics GROUP OF COMPANIES

Australia - Brazil - Canada - China - France - Germany - ltaly - Japan - Korea - Malaysia - Malla - Mexico - Morocco - The Netherlands -
Singapore - Spain - Sweden - Switzerland - Talwan - Thalland - United Kingdom - U.S.A,
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1N4728 THRU 1N4764

GOOD-ARK

SILICON PLANAR POWER ZENER DIODES

Features

Silicon Planar Power Zener Diodes

for use in stabilizing and clipping circuits with high power
rating. Standard Zener voltage tolerance is + 10%. Add
suffix “A" for & 5% tolerance. Other tolerances available
upon request.

DO-41

_LB

K Lol t
© L O
DIMENSIONS
inches mm
DIM Note
Min, Max, Min. Max
A 0.169 a3
] 0.410 2.8 [
[+] 0.031 0.8
[ 1.102 28.0
Absolute Maximum Ratings (r=25T)
Symbols Values Units
Zener current see Tabla "Characteristics”
Power dissipatlon at T__ =25 P 1 w
Junction tempearature T 200
Storage temperalura range T, -65 to +200 ¥ 4
Note:
(1) Vaiid provided that lsads at a distance of & mm from case are kep! at ambient temperature.
Characteristics at T, =25C
Symbols Min, Typ. Max. Units
Thermal resistance u
junction to amblant Air Ry " 170 kw
Forward voltage at | =200mA v, . 1.2 v
Note:

(1) Valid proviged that leads at a distance of 8 mm from case are kept al ambient tempearature.




{1) The Zener Impedance Is darived from the 60 Hz AC voltage which results when an AC cument having an RMS value
equal ko 10% of the Zener curent (|, or |} is superimposad on [, or |, . Zaner Impedance is measurad at two points
{oinsure a sharp knes on tha breakdown curve and to eliminate unstable units.

(2) valld provided that leads at & distance of 8 mm from case are kapt at amblant lemperature.

(3) Measured under thermal equilibrium and DC tesl conditions.

rZ‘;:_.nar xor(age Maximum Zener Impadance * Reverse leakage Surge Maximum
ge cumant current al | regulator currant @
Type T,=25°C
Voo Iy fnand o atl, I at Vv I [
v mA Q@ Q mA uA v mA mA
1N4728 3.3 76 10 400 1.0 150 1 1375 275
1N4T28 36 69 10 400 1.0 100 1 1260 262
1N4730 3.9 B4 -] 400 10 100 1 1190 234
1N4731 43 58 9 400 1.0 50 1 1070 217
1N4732 47 53 8 500 1.0 j14 1 970 193
1N4733 5.1 49 7 550 1.0 10 1 890 178
1N4734 5.6 45 5 600 1.0 10 2 810 162
1N4735 6.2 4 2 T00 , 1.0 10 3 730 146
t
1N4736 6.8 37 3.5 700 1.0 10 4 660 133
1N4737 7.5 34 4.0 00 0.5 10 5 605 121
1N4738 8.2 3 45 700 05 10 -] 550 10
1N4739 8.1 28 5.0 700 05 ; 10 7 500 100
1N4740 10 25 7 700 025 | 10 78 454 a1
1N4T41 " 23 8 700 0.25 § 8.4 414 83
1N4742 12 21 9 700 0.25 5 9.1 380 76
1N4743 13 19 10 700 0.25 ) 5 9.9 344 68
1N4744 15 17 4 700 0.25%% \ € § 14 304 61
1N4745 16 15.5 18 700 0.25 ﬂ 5 12.2 285 57
1N4746 18 14 20 750 025 5 137 250 50
1N4747 20 12.5 22 750 0.25 : 5 15.2 225 45
IN4T4B 2 | ns 2 750 025 | 5 187 205 41
1N4748 24 10.5 25 750 0.25 f 5 18.2 180 38
1N4750 27 95 35 750 0.25 5 206 170 34
1N4T751 30 8.5 40 1000 0.25 5 228 150 30
1N4752 33 1.5 45 1000 0.25 5 251 135 27
1N4T53 36 7.0 50 1000 0.25 5 274 125 25
TN4754 38 65 80 1000 0.25 5 20.7 15 23
1N4755 43 6.0 70 1500 0.25 5 32.7 10 22
IN4T56 47 5.5 a0 1500 0.25 5 35.8 a5 19
1N4T57 51 5.0 95 1500 0.25 5 38.8 80 18
1N4758 56 4.5 110 2000 0.25 ] 426 BO 16
1N4T759 62 4.0 125 2000 0.25 § 471 70 14
1N4760 68 7 150 2000 0.25 5 5.7 65 13
1N4TS8 75 33 175 2000 0.25 5 56.0 60 12
1N4762 82 3.0 200 3000 025 5 82.2 55 11
1N4763 91 2.8 250 3000 0.25 5 69.2 50 10
1N4764 100 2.5 350 3000 0.25 5 76.0 45 9
Motes:




RATINGS AND CHARACTERISTIC CURVES

Admissible powar dissipation
versus ambient temperature

Valid provided that leads are kept at amblent
temperature st a cistance of 10 mm from case,

w 1N4728 ...
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MUR120 Series

Preferred Devices

SWITCHMODE™
Power Rectifiers

MUR105, MUR110, MUR115, MUR120,
MUR130, MUR140, MUR160

The MURI20 series of SWITCHMODE power rectifiers are
designed for use in switching power supplies, inverters and as free
wheeling diodes.

Features

® Ultrafast 25, 50 and 75 Nanosecond Recovery Times
® 175°C Operating Junction Temperature

® Low Forward Voltage

Low Leakage Current

High Temperature Glass Passivated Junction
Reverse Voltage to 600 V

Pb—Free Packages are Available*

Mechanical Characteristics

* Case: Epoxy, Molded

* Weight: 0.4 gram (approximately)

® Finish: All External Surfaces Corrosion Resistant and Terminal
Leads are Readily Solderable

¢ Lead and Mounting Surface Temperature for Soldering Purposes:
220°C Max. for 10 Seconds, 1/16” from case

¢ Shipped in plastic bags, 1000 per bag

® Available Tape and Reeled, 5000 per reel, by adding a “RL” suffix to

the part number
® Polarity: Cathode Indicated by Polarity Band

*For additional information on our Pb-Free strategy and soldering details, plaase
download the ON Semiconductor Soldering and Mounting Techniques
Reference Manual, SOLDERRM/D.

ON Semiconductor®

http:/fonsemi.com

ULTRAFAST RECTIFIERS
1.0A,50V-600V

0——-—-’}—.

AXIAL LEAD
CASE 59-10
PLASTIC

MARKING DIAGRAM

AMUR
- xx |—]
AYYW

MUR = Device Code

12 = Specific Device Code
A = Assembly Location
YY  =Year

W =Work Week

ORDERING INFORMATION

See detailed ordering and shipping information in the package
dimensions section on page 2 of this data sheet,

Preferred devices are recommended choices for future use
and best overall value,

© Semiconductor Components ndustries, LLC, 2004 1
Dacember, 2004 -~ Rev. B

Publication Order Number:
MUR120/D




MUR120 Series

MAXIMUM RATINGS

MUR
Rating Symboi 105 110 115 120 130 140 160 Unit
Peak Repetitive Reverse Voltage VRrRM 50 100 150 200 300 400 600 v
Working Peak Reverse Voltage VRwmM
DC Blogking Voltage VR
Average Rectified Forward Current IF{avy 1.08@ T4 =130°C 1.0@ Ta =120°C A
{Square Wave Mounting Method #3 Per Note 1)
Nonrapetitive Peak Surge Current IFsm 35 A
(Surge applied at rated load conditions, halfwave,
single phase, 60 Hz)
Operating Junction Temperature and T Tstg ~851to +175 °C
Storage Temperature

Maximum ratings are those values beyond which device damage can occur. Maximum ratings applied to the device are individual stress limit

values (not normal operating conditions) and are not valid simultaneously. If these kmits are excesded, device functional operation i not implied,
damage may occur and reliability may be affected.

THERMAL CHARACTERISTICS
Maxirmum Thermal Resistance, Junction—to-Ambient ] Raga I Note 1 CwW I
ELECTRICAL CHARACTERISTICS
Maximum Instantaneous Forward Voltage (Note 1) VE \'4
(iF = 1.0 Amp, T, = 150°C) 0.710 1.05
(ig = 1.0 Amp, T = 26°C} 0.875 1.25
Maximum Instantaneous Reverse Current (Note 1) iR [I7N
{Rated DC Voltage, T; = 150°C) 50 150
(Rated DC Voltage, T, = 25°C) 2.0 5.0
Maximum Reverse Recovery Tima ter ns
(I = 1.0 A, difdt = 50 Alus) a5 75
(IF=05Aig=10A Iggc=025A) 25 50
Maximum Forward Recovery Time b 25 50 ns
{IF = 1.0 A, difdt = 100 Alus, Igec to 1.0 V)

1. Pulse Test: Pulse Width = 300 us, Duty Cycle < 2.0%.

ORDERING INFORMATION

Device Marking Package Shipping?!
MUR105 MUR105 Axial Lead 1000 Units/Bag
MUR1058RL MUR105 Axial Lead 5000 Units/Tape & Reel
MUR110 MUR110 Axizl Lead 1000 Units/Bag
MUR110RL MUR110 Axial Lead 5000 Units/Tape & Reel
MUR115 MUR115 Axial Lead 1000 Units/Bag
MUR115RL MUR115 Axial Lead 5000 Units/Tape & Reel
MUR120 MUR120 Axial Lead 1000 Units/Bag
MUR120RL MUR120 Axial Lead 5000 Units/Tape & Reel
MUR120RLG MUR120 Axial Laad 5000 Units/Tape & Real
(Pb~Fres)
MUR130 MUR130 Axial Lead 1000 Units/Bag
MUR130RL MUR130 Axial Lead 5000 Units/Tape & Reel
MUR140 MUR140 Axial Lead 1000 Units/Bag
MUR140RL MUR140 Axial Lead 5000 Units/Tape & Reel
MUR180 MUR160 Axial Lead 1000 Units/Bag
MUR160RL MUR160 Axial Lead 5000 UnitsTape & Reel
MUR160RLG MUR160 Axial Lead 5000 Units/Tape & Reel
(Pb-Fraea)

+For information on tape and ree! specifications, including part orientation and tape sizes, please refer to our Tape and Reel Packaging
Specifications Brochure, BRD8011/D.

http:/lonsemi.com
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iF’ INSTANTANEQUS FORWARD CURRENT {AMPS)

Priav), AVERAGE POWER DISSIPATION (WATTS)

MUR120 Series

MUR105, MUR110, MUR115, MUR120

10 717 100 :
7 A 7 1
70 7 7:. 7 Ty=175°C
[/ T 1w
50 / ,/ =
/L] i
& 10— .
10 / / a 100°C —
TJ=175°C/ — 100°C ]
20 / f E 0.1
/ / 25°C [
/ o 0.0
10 y I 25°C =
i
0.7 Il ’,’ - 0.001
17 0 20 40 60 80 100 120 140 160 180 200
0.5 l I Vg, REVERSE VOLTAGE (VOLTS}
l / I Figure 2. Typical Reverse Current”
03 ! * The curves shown are typical for the highest vollage device in the
/ j vehage grouping. Typical reverse current for lower voltage selections
02 1] can b estimated from these same curves if Vi is sufficiently below
/ / rated VR,
~ 50
0.1 | | &
- 2
0.07 1171 E 40 RATED Vg
005 T g Rags = 50°C/W
[11] ]
I - M
g 20 dc
[
0.02 W \\
I I SQUARE WAVE ™S
L] = N
03 04 05 06 07 08 08 40 11 1.2 13 § 0

vg, INSTANTANECUS VOLTAGE (VOLTS) 0 S0 100 150 200 250

Figure 1. Typical Forward Voltage Ta AMBIENT TEMPERATURE (°C)
Figure 3. Current Derating
{Mounting Method #3 Per Note 1}

0T T NN v 4 ]
—— T;=175°C —— ’PK Ty =25°C —
"o (CAPACITIVE LOAD) =2 = 20 0 \
- AV A 20
,/ ,/ © N
P L~ 50 o N
,/ = NG
20 ///4 ,/; g \\
0 // ‘ LT dc
PP e SQUARE WAVE e
0 [ | 5.0
0 0.5 1.0 15 20 25 0 10 20 30 40 50
IFgav, AVERAGE FORWARD CURRENT (AMPS} Vg, REVERSE VOLTAGE (VOLTS)
Figure 4. Power Dissipation Figure 5. Typical Capacitance
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MUR120 Series

MUR130, MUR140, MUR160

0 27 400 - ]
//'/ =t ~
7.0 / 100 T)=175°C =3
/ T w0 —
50 L1/ =
/ g 10
LLr
77 € 40 >
10 3 100°C | L™
Ty=175°C / 7’ 100°C 410 —
. 20 E 04
2 VIS g
g r g o 25°C 3
& 0.04
g —H 0.01 =T
[« A
3 07 II f l’ g.004 1
g 111 o 100 200 300 400 500 600 700
E 05 I VR, AREVERSE VOLTAGE {VOLTS)
;o'; I Figure 7. Typical Reverse Current*
=
2 03 * The curves shown are typical for the highest voltage device in the
E 02 voitage grouping. Typical reverse current for lower voltage selections
=z - I I can be estimated from thesa same curves if Vig is sufficiently below
].J) rated Vp.
: L] ”
e g
1 J1q =
0.07 117 E 40 RATED Vy
0.05 [ g Raya = 50°CIW
I Il !I g 30
0.03
i 5 %
0.02 11 P N
2 W,
E 1 SN\
0ol £ SQUARE WAVE
03 05 07 09 11 13 15 17 18 21 23 § 0 | |

v, INSTANTANEQUS VOLTAGE (VOLTS) 0 50 100 150 200 250
Figure 6. Typical Forward Voltage Ta, AMBIENT TEMPERATURE {°C)
Figure 8. Current Derating
{Mounting Method #3 Per Note 1)

r:: 5.0 i I 20
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5 40 \ T)= 25°C
g 50 E 10 =
2 7 by N
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g : // s SQUAR\E WAVE ] § \\\
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Figure 9. Power Dissipation Figure 10. Typical Capacitance
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MUR120 Series

NOTE 1. — AMBIENT MOUNTING DATA

Data shown for thermal resistance junction to
ambient (Rgja) for the mountings shown is to be
used as typical guideline values for preliminary
engineering or in case the tie point temperature
cannot be measured.

TYPICAL VALUES FOR Rp,a IN STILL AIR

Mounting Lead Length, L

Method 18 " 14 ] 12| Units
1 52 | 65 72 | ccw
2 RDJA 67 80 B7 °CIW
3 50 AW

MOUNTING METHOD 1

e

7

MQUNTING METHOD 2

L)y g
S SN

Vector Pin Mounting

MOUNTING METHOD 3

imbs

~ Board Ground Plane

P.C. Board with
1-1/2” X 1-1/2” Coppaer Surface

http:/lonsemi.com
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MUR120 Series

PACKAGE DIMENSIONS

AXIAL LEAD
CASE 59-10
ISSUE S

@®
NOTES:
B DHAENSONING AND TOLERANCING PER ANSI
Yi4.5M, 1962,
CONTROLLING DIMENSION: INCH,
5904 GSSOLETE, NEW STANDARD 59-09.
. §8-09 ORSOLETE, NEW STANDARD 58-10.
. ALL RULES AND NOTES ASSOCIATED WITH
K JEDEC DO-41 OUTLINE SHALL APPLY

mars

D 8. POLARTTY DENOTED BY CATHODE BAND.
7. LEAD DIAMETER NOT CONTROLLED WITHIN F
E DIMENCION.
INCHES | MILLIMETERS
DML WS | MAX | WIN [ OMAX
A A [ 061 o208 a1 | 520
B[ 0f7g [ 0106 [ 200 27
b 0r [ o003 | or | 086 |
F F| —|o0s0| -—— | 127
Klirg [ -~ [osa0] —
K

SWITCHMODE is a trademark of Samigconductor Components Indusiries, LLC.

ON Semliconductor and 0 are regisiered trademarks of Semiconducior Compenents incustnies, LLC (SCILLC). SCILLC resedvas the right 1o maka changes without further notica
to any products herein, SCILLC makes no warranty, representation of guarantea regarding the suitabllly of its products for any particular purposs, nor doas SCILLC assume any liability
arising out of the application or use of any product or circuit, and specifically disclalms any and all nmbliity, including without limltation special, consequential or incidental damages.
*Typical” parameters which may be provided in SCILLC data sheets andfor specifications can and ¢o vary in differsnt applications and actual performance may vary aver time, Al
operating parameters, incuding “Typicals” must be validated for each customar apphcat:on by customer's tachnical axperts. SCILLC doas not convay any license under its patent rights
nor tha rights of others. SCILLC products are not designed, intendad, or autharized for use a8 comporients in systems intended for surgical implant into the body, or other applications
intended 1o suppon or susialn life, or for any othar application in which the failure of the SCiLLC product could creale a siluation whera personal injury or death may occur, Should
Buyer purchase or use SCILLC products for any such unintended or unautharized application, Buyer shall indemnify and hold SCILLC and its officars, employees, subsidlarles, affiliates,
and distributors harmlass against all ciaims, costs, damages, and expanses, and reasonable attomey fees arising out of, directly of indirectly, any claim of personal injury or death
associated with such uniniended or unauthorizad use, even if such claim alleges that SCILLC was negligent regarding the design or manufacture of the part. SCILLC is en Equal
Ovpportunity/Aflimative Action Employer. This literature Is sublecl 1o all applicable copyright laws and is not for resale in any manner.

PUBLICATION ORDERING INFORMATION

LITERATURE FULFILLMENT: N, Amarican Technical Support: 800-282~8855 Toll Free ON Ssmiconductor Website: hitpi//onsemi.com
Literature Distrivution Centsr for ON Semiconductor USA/Canada

P.0O. Box 61312, Phoenix, Arlzona B5082-1312 USA

Phona: 480-823-7710 ar 800-344-3660 Toll Free USA/Canada  Japan: ON Semiconductor. Japan Customer Focus Centar ) ) )
Fax: 480-829-7709 or BOO-344-3867 Toll Free USA/Canada 2-8-1 Kamimeguro, Meguro=hu, Tokyo, Jepan 153-0051 For additional information, pleage contact your
Email: ordenit@onsami.com Phone: §1-3-5773-3850 local Sales Representative.

Ordar Litarature: hitp:/’www.onsaml.comiitorder
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LM741

Single Operational Amplifier

Features

= Short circuit protection

» Excellent temperature stability

* Internal frequency compensation
* High Input voltage range

+ Null of offset

Internal Block Diagram

Description

The LM741 series are generat purpose operational amplifi-
ers. It is intended for a wide range of analog applications,
The high gain and wide range of operating voltage provide
superior performance in intergrator, summing amplifier, and
general feedback applications.

8-pDIP

(8 ne
0 Vee
o ouTPUT

OFFSET
NULL

Rev. 1.01

©2001 Fairchiid Semiconductor Corporation
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Schematic Diagram
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Absolute Maximum Ratings (Ta = 25°C)
Parameter Symbol Value Unit
Supply Voltage Veo +18 vV
Differential Input Voltage VI(DIFF) 30 v
Input Voltage Vi +15 v
Qutput Short Circuit Duration - indefinite -
Power Dissipation PD 500 mw
Operating Temperature Range
LM741C TOPR 0~+70 °C
LM741I -40 ~ +85
Storage Temperature Range TsTG -65 ~ + 150 °C




LM741

Electrical Characteristics
(Vcc =158V, VEE = - 15V. Ta = 25 °C, unless otherwise specified)

N LM741C/LM741| .
Parameter Symbol Conditions - Unit
Min. | Typ. | Max.
Rs<10KQ - 2.0 6.0
Input Offset Voltage Vi my
P g ®  IResson - -1
Input Offset Voltage _
Adjustment Range VIOR) | VCC = £20V ) 15 ) my
Input Offset Current no - - 20 200 nA
Input Bias Current iBlAS - - 80 500 nA
Input Resistance (Note1) R Voo =120V 0.3 20 - MG
Input Voltage Range VIR) - 12 | 13 - v
Riz2KQ | VCC =120V, |- )
. . VO(P-P) =215V
Large Signal Voltage Gain Gv VimyV
Vo(p-p) =£10V
Output Short Circuit Current Isc - - 25 - mA
Vee = 20V | RL210KQ - - -
Output Voltage Swi V R _ _ - v
win i
P 98 Swing OFF) NVec=115v | =10k 12 | =14 | -
RL22KQ +10 | £13 -
Rs<10KQ, VoM = 212V 70 90 -
Common Mode Rejection Ratio CMRR 3 ! dB
Rs=500Q, Vom = 12V - - -
Voo =115Vto Voo = 115V J ) 1
Rs<506
Power Supply Rejection Ratio PSRR | > dB
Vee = 215V to Ve = 15V 77 96 |
Rs<10KQ
Transient Rise Time TR Urity Cairl - 0.3 - TE
i i
Response Qvershoot 0S8 2 - 10 - %
Bandwidth BW - - - - MHz
Slew Rate SR Unity Gain - 05 - Vius
Supply Current Icc RL= Q) - 1.5 28 mA
Vee = 220V - - -
Power Consumption Pc e mw
Vee =15V - 50 85

Note:
1. Guaranteed by design.




LM741

Electrical Characteristics

( 0°C <Ta<70°C VCe = 215V, unless otherwise specified)
The foliowing specification apply over the range of 0°C < Ta < +70°C for the LM741C; and the -40°C < Ta < +85°C

for the LM741I

LM741C/LM7411

Parameter Symbol Conditions - Unit
Min. | Typ. | Max.
Rg<500Q - - -
[nput Offset Voltage VIO Rs<10KQ - - 75 mY
Input Offset Voltage Drift AVIO/AT - - - uv/eC
Input Offset Current ho - - - 300 nA
Input Offset Current Drift AlIQIAT - - - nA/°C
Input Bias Current iBIAS - - - 0.8 LA
Input Resistance (Note1) RI Voo = 220V - - - MQ
Input Voltage Range VI(R) - +12 | +13 - v
Ve =+20V | fpzioka . - -
Output Voltage Swing VO(P-P) b 5 - - Vv
S Rs=10KQ +12 | +14 -
vee =1V kG 110 | =13 | -
Output Short Circuit Current Isc - 10 - 40 mA
Common Mode Rejection Ratic CMRR D i s il g %0 - dB
Rs<50Q, Veom = £12V - - -
Power Supply Rejection Ratio PSRR :gcics\j £ gzjgf{)g 7-7 9-6 - dB
Veg = 220V, 3 : 1
VO(p-p) = 218V
Large Signal Voltage Gain Gv Rg22KQ xgﬁ:;ﬂi\qbv 15 - 4 Vimv
Ve = 215V, ) - }
Vo(p-p) = 22V

Note :
1. Guaranteed by design.
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Typical Performance Characteristics
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Figure 1. Output Resistance vs Frequency
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Figure 3. Input Bias Current vs Ambient Temperature
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Typical Performance Characteristics (continued)
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Figure 7. Normalized DC Parameters vs
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Figure 9. Frequency Characteristics vs Supply Voltage
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Typical Performance Characteristics (continued)
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Mechanical Dimensions

Package
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Mechanical Dimensions (continues)
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LM741

Ordering Information

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

FAIRCHILD SEMICONDUCTOR RESERVES THE RIGHT TC MAKE CHANGES WITHOUT FURTHER NOTICE TO ANY
PRODUCTS HEREIN TO IMPROVE RELIABILITY, FUNCTION OR DESIGN. FAIRCHILD DOES NOT ASSUME ANY
LIABILITY ARISING OUT OF THE APPLICATION OR USE OF ANY PRODUCT OR CIRCUIT DESCRIBED HEREIN; NEITHER
DOES IT CONVEY ANY LICENSE UNDER ITS 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 crifical component in any component of a life support
which, (a) are intended for surgical implant into the body, device or system whose failure to perform can be
or (b) support or sustain life, and (¢} whose failure to reasonably expected to cause the failure of the life support
perform when properly used in accordance with device or system, or to affect its safety or effectiveness.

instructions for use provided in the labeling, can be
reasonably expected to result in a significant injury of the
user,

www fairchildsemi.com

6/1/01 0.0m 001
Stock#D 50000000
© 2001 Falrchild Semicenducter Corporation
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VWTE

POWER SEMICONDUCTORS

1N4148 / LL4148

FAST SWITCHING DIODE

Features

® Fast Switching Speed

Glass Package Version for High Reliability
High Conductance

Avaifable in Both Through-Hole and Surface
Mount Versions

Mechanical Data

¢ Case: DO-35, MiniMELF
® Terminals: Plated Leads Solderable per
MIL-STD-202, Method 208
®  Polarity: Cathode Band
® \Weightt DO-35 0.13 grams
MiniMELF 3.05 grams
®  Marking: Cathode Band Only

A

1

¥
B

d =3
D —lle—C ¥
1N4148 LL4148
DO-35 MiniMELF
Dim Min Max Dim Min Max
A 25.40 . A 3.30 3.70
B . 4.90 B 1.30 1.60
¢ = 0.60 c 0.28 0.50
D 'V 2.00 All Dimenstons in mm
All Dimensions in mm

Maximum Ratings @t.=25°C unless otherwise specified

Characteristic Symbol Value Unit
Non-Repetitive Peak Reverse Voltage VRM 100 \
Peak Repetitive Reverse Voltage VARM
Working Pezk Reverse Voltage VRwM 75 \'
DC Blocking Voltage VR
RMS Reverse Voltage VR{RMS) 53 v
Forward Continuous Current (Note 1) IEM 300 mA,
Rectified Current {Average), Half Wave Rectification with o 150 mA
Resistive Load and f 2 50MHz (Note 1)
Non-Repetitive Peak Forward Surge Current . @ t= 1.0s Fsm 1.0 A

@t=1.0us 20
Power Dissipation (Note 1) Py 500 mw
Derate Above 25°C 1.68 mwWFrC
Thermal Resistance, Junction to Ambient Air (Note 1) RaJa 300 KW
Operating and Storage Temperature Range Tj, Ts1G 65 to +175 °C
1N4148/LL4148 10of 3 @ 2002 Won-Top Electronics




Electrical Characteristics @r1,=25°C unless otherwise specified

Characteristic

Symbol Min Max Unit Test Condition
Maximum Forward Voltage VM - 1.0 v le = 10mA
50 pA Vg = 75V
. 50 pA Vg =70V, T) = 150°C
Maximum Peak Reverse Current IRM —_ 30 A Vi = 20V, Tj= 150°C
25 nA Vg =20V
Capacitance Ci — 4.0 pF Vr =0, f= 1.0MHz
" = 10mA to lg = 1.0mA
Reverse Recovery Time tr - 4.0 ns Ve = 6.0V, R, = 10002
Note: 1. Diode on Ceramic Substrate 10mm x 8mm x 0.7mm.
1N4148/ L4148 20of 3 © 2002 Won-Top Electronics




ORDERING INFORMATION

Product No.* Package Type Shipping Quantity
1N4148-T3 DO-35 10000/ Tape & Reel
1N4148-TB DO-35 5000/Tape & Box
1M4148 DO-35 1000 Units/Box
LL.4148-T1 MiniMELF 2500/Tape & Ree!
LL4148-T3 MiniMELF 10000/ Tape & Reel

Products listed in bold are WTE Prefarred devices

*T1 suffix refers 1o a 7" resl. T3 suffix refers to a 13" reel, TB suffix refers to Ammeo Pack,
Shipping quantity given is for minimum packing guanily only, For minimum order quantity,
please censult the Sales Depariment.

RECOMMENDED FOOTPRINT (MiniMELF)

0.043 MIN
{1.10 MIN)
|
| 0087 MIN
(1.70 MIN)
0.408 MIN
{2.70 MIN)
inches(mm}

Won-Top Electronics Co., Ltd {(WTE) has checked all infermation carefully and believes it to be correct and accurate. However, WTE cannot assuma any
responsibillty for inacturadies. Furthermore, this Information doss not glve the purchaser of semlconductor devices any ligense under patent rights to
manufacturer. WTE raserves the right to ¢change any or ai information harein without further notice.

WARNING: DO NOT USE IN LIFE SUPPORT EQUIPMENT. WTE power semiconductor products are not authorized for use as oitical components in life
support davices or systems without the express written approval.

Won-Top Electronics Co., Ltd.

No. 44 Yu Kang North 3rd Road, Chine Chen Dist,, Kaohsiung, Taiwan
Phone: 886-7-822-5408 or 886-7-322-5410

Fax: 886-7-822-5417

Email; sales@wontop.com

Internet: http://ww. wontop.com

We power your everyday.

1N4148 /114148 30of3 ©@ 2002 Weon-Top Electronics
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IP120A SERIES
IP120 SERIES
IP7900A SERIES
IP7900 SERIES
LM120 SERIES

O

T3

O 3
Pin 1 ~ Ground Pin 1 — Ground
Pin2 - VOUT Pin2 - VOUT
Case -V Case - V)

K Package - TO-3

O
K

173

I

R Package - TO-66

!

Pin 1 - Ground Pin 1 — Ground
Pin2-Vy Pin 2 - Vi

Pin 3= VDUT Pin 3 ra VOUT
Case - V|

3MD Package — SMD1

G Package - TO-257 Ceramic Surface Mount

IG Package- TO-257*
* isolated Case on IG package

aND [T ~ 8] NC
NC 2] 7t NC
Ne 3] 6] Vi
Vo 1] [5] NC

J Package - 8 Pin Cerdip

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 1P120A / LM120 / IP7900A / IP7900 series of 3 termina!
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.

ABSOLUTE MAXIMUM RATINGS (T, = 25°C unless otherwise stated)

V| DC Input Voltage (for Vg =-5, -12, -15V) 35v

Pp Power Dissipation Internally limited

T; Operating Junction Temperature Range =55 to 150°C

Tstg Storage Temperature -65 to 150°C
Semelab plc. Telephone +44(0)1455 556565. Fax +44(0)1455 552612, Prelim. 2/99

E-mail; sales@semelab.co.uk

Website: hitp./fwww gemelab.co.uk
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IP120A SERIES

IP120

SERIES

IP7900A SERIES
IP7900 SERIES
LM120 SERIES

IP7905A IP7905 , IP120-05
IP120A-05 LM120-05
Parameter Test Conditions Min. Typ. Max. Min. Typ. Max, |Units
lo = 500mA Vi = -10V 495 5 505 | -49 5 -5.1
V, Output Voltage  |lp = 5mA to | Vig=-75Vto20v | Vv
° P g ° MAX - Tin -4.85 515 | -4.8 5.2
PD < F’MAX TJ = -55 to 150°C
lp = 5mAto ! Pp<P 1
Vo  Low Supply 0 MAX  TD=TMAX -4.75 5.15 | 475 526 | V
Vi = -7V to -20V
Vin=-TVio-25V | 3 10 3 25
lo=051 Viy=-T.5V10-20V |
© MAx N 3 10 3 50
AV  Line Regulation T,=-55t0 150°C my
Vi = -8V o -12V X177, 1 4 1 25
lo < Iax [T)=-6510150°C 1 12 2 50
lo=5mAto1.6A | 10 25 10 75
VIN =10V P — +— —-
, Io = 250mA to 750mA 4 15 4 25
AVy  Load Regulation P ) I, 4 - - mv
=omAto
Vi =10V = ' 7 25 7 50
T, = -55 to 150°C
o051 1 1 1.9 1 1.9
Ig Quiescent Current | © MA — mA
Viy = =10V T, =-55 to 150°C 1 2 1 2
lg = 5MA to igax X 0.2 0.4 0.2 0.4
Vi =10V T, = -55 to 150°C 0.2 0.5 0.2 0.5
Alg  Quigscent Current Vi=-7Vio-25V | 0.1 0.4 0.1 04 | mA
Change loS 051 | Viy=-8Vio-25V |
9 P MAX i 0.1 05 0.1 1.0
| T, = 55 to 150°C
v Output Noise f= 10Hz to 100kHz N
N P 40 400 40 400 | pv
Voltage Vi = -10V
oS | 1 e6 80 54 80
aViy Rioole Reiecti f= 120Hz f_s%' g ( -
—— | e hejection o
avg | PPeRe Vi = -8V to-18y |0 =07 IMAK 66 80 54 80
T, = -55 to 150°C
Dropout Voltage  |lg = lyax h 1.1 2.3 1.1 23 | v
Ro  Output Resistance | = 1 kHz 1 5 5 mQ
lc  Short Circuit 108
V) = -35V 0.6 1.2 0.6 1.2
Current A
lok Peak Qutput I
Vi =-10V 24 3.3 2.4 3.3
Current
Average Temperature T mv
lo = 5mA 0.2 2 0.2 2
Coefficientof Vg | @ " /e
Input Voltage required to ) 1T
o ! lo < lax -7.3 -7.3 vV
maintain line regulation

1) All characteristics are measured with a capacitor across the input of 0.22uF and a capacitor across the output of 0.1uF,
g pulse techniques {t; < 10ms, § < 5%). Output

All characteristics except noise voltage and ripple rejection ratio are measured usin
voltage changes due 1o changes in internal temperature must be taken into account separately.

2) Test Conditions unless otherwise stated:Pyax = 10W for TO-220SM Pumax = TW far Cerdip, Pyax = 20W for all other package
IMAX = 1.0A N TJ = 25°C

devices

Semelab plc. Telephone +44(0)1455 556565. Fax +44(0)1455 552612,
E-mail: saleg@semelab.co.uk

Website: http://www.semetab.co.uk

Prelim. 2/99
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IP120A SERIES

IP120

SERIES

IP7900A SERIES
IP7900 SERIES
LM120 SERIES

maintain line regulation

IPT912A iIP7912 , IP120-12
IP120A-12 LM120-12
Parameter Test Conditions Min. Typ. Max. Min. Typ. Max. |Units
lo = 500mA Viy = -19V 1188 12 <1242 | 11.76  -12 1224
1% Output Voltage [V}, = -14.8V 10 27V Pg < P T v
© P 9 N 0= Max 11,64 -12.36 | -11.52 -12.48
IO =5mAto IMAJ( TJ =-55t0 150°C
lo=5mAtol Pp<P R
Vo  Low Supply ° MAX TS TmMax -11.40 -12.36 | -11.40 1260 | v
VIN = -14.5V to -27V
"V = -14.5V t0 -30V 4 18 4 120
lo=0.51 Vi = -14.8V 10 -2TV]
. . o 7 0.9 lmax | Vi 9 4 18 4 200
AV Line Regulation | T, =-55 to 150°C my
lo S husx SN\ T 1 4 1 25
Vin=-16V 10 -22V [T, =-5510 150°C | 2 9 2 60
lg = 5mA to 1.5A 12 32 12 80
VIN =19V e =
) lg = 250mA to 750mA 4 19 4 60
AVp  Load Regulation v fov PP o Ay — — my
=- =5mA to
Y g Ep 8 60 8 120
T, =-5510 150°C
o051 W\ 0.2 0.4 0.2 0.4
lg Quiescent Current | MAY mA
VN = 19V T, = -55 to 150°C 1 2 1 2
lo = 5MA 10 lyax g P 0.2 0.4 0.2 0.4
———— k VAL V0N
Vi = =19V T, =-5510 180°C 0.2 0.5 0.2 0.5
Alg  Quiescent Current Ve = -14.5V 10 -30V | 0.1 0.4 0.1 0.4 | mA
Change lg <0.51 Vin=-15V10-30V |
g o MAX b 3 01 08 01 10
T, = -55 to 150°C
v, Oulput Noise f= 10Hz to 100kHz T
N P 75 960 75 960 | pv
VOltage V|N =19V
v f= 120Hz o < hyax | 58 72 56 72
IN . T
—— Ripple Rejection |V =-15V 1o ln£0.51 dB
avg ppeneect N PR 58 72 56 72
-25V T, = -55 0 150°C
Dropout Voltage  |lo = luax @ 1.1 23 1.1 23 |V
Ro Qutput Resistance |f = 1 kHz 8 8 mQ
| Short Circuit |
€ V) = -35V 0.6 1.2 0.6 1.2
Current A
| Peak Output R
P P Viy = =19V 24 33 24 33
Current
Average Temperature i mvy
96 Teme lo = 5mA 05 4.8 05 48 | /
Cosfficient of Vg C
Input Voltage required t o T
? ge fequired fo lo < Iyax -14.5 4.5 Vv

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

All characteristics except noise voltage and ripple rejection ratio are measured using pulse technigues {ty = 10ms, & = 5%). Output

voltage ¢changes due to changes in internal temperature must be taken into account separately.

2} Test Conditions unless otherwise stated: Ppax = 10W for TO-2208M , Pyax = 1W for Cerdip, Pyax = 20W for all other package

devices

IMAX= 1.0A ,TJ = 25°C

Semelab plc. Telephone +44(0)1455 556565. Fax +44{0)1456 552612,

E-mail: sales@semelab.co.uk

Website: htip://www semetab.co.uk

Prelim, 2/89
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IP120A SERIES
IP120 SERIES
IP7900A SERIES
IP7900 SERIES
LM120 SERIES

IPT315A P7915, IP120—15
IP120A-15 LM120-15
Parameter Test Conditions Min, Typ. Max. Min. Typ. Max. {Units
Io = 500mA Vi = -23V -1485 15 1515 147 15 -15.3
v Output Voltage |V, =-17.9V 0 -30V P, < P T v
© P 9 N D= "max -14.55 1545 | -14.4 -15.6
lo = 5mA to iMAX TJ = -55 to 160°C
lo=5mAtol Po<P T T
Vo  Low Supply °© MAX  TD=TMAX -14.25 -15.45 | -14.25 1575 | v
Vin = -17.5V to -30V
Viy=-17.5Vio-30v| 4 22 4 150
lg=051 Viy = -17.9V 10 -30V|
. - o MAX N 4 22 4 250
4Vy  Line Regulation T,=-551t0150°C my
o < luax \ ] 2 10 2 75
Vi =-20V 10 -26V | T, =-55to 150°C 5 30 5 150
Io=5mAto 1.5A =) —§ 35 12 80
V|N = <23V s
, I = 250mMA 1 750mA 4 21 4 75
AVy  Load Regulation v v Nl e mv
=- =5mAto
" 2 - g 75 9 150
T, = -55 0 150°C
PEGEY \ / 1 1.9 1 1.8
lg Quiescent Curment | © MAX mA
VN = =23V T, =-55to 150°C 1 2 1 2
lo = 5MA 10 lyyax [ N 0.2 0.4 0.2 0.4
Vi = -23V T,=-55t0150°C | 0.2 0.5 0.2 0.5
Alg  Quiescent Current Vin = -17.5V to -30V 0.1 0.4 0.1 0.4 mA
Change lo <051 Vi = -18.5V 10 -30V |
9 g o ¥ 0.1 0.5 0.1 1.0
T, =-55 to 150°C
Vy  Outpul Noise f= 10Hz to 100kHz C_ W
90 1200 80 1200 | pv
Voltage Viy = -23V
IN . -
-——  Ripple Rejection |V, = -18.5V to lo <051 dB
avg reene N @ = ax 56 70 54 70
-28.5V T, =-5510 150°C
Dropout Voltage  |lg = lyax 1.1 2.3 1.1 23 v
Ro Qutput Resistance |f = 1 kHz 9 9 mQ
le  Short Circuit 1
Current A
1ok Peak Qutput
Vin = -23V 24 33 2.4 33
Current
Average Temperature myv
lp = BMA 0.8 6 0.6 6
Coefficient of Vg ° /“C
Input Voltage required to e
P o _g a ) lo < lyax 175 -17.5 v
maintain line regulation

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 ratic are measured using pulse techniques (i, < 10ms, & s 5%). Output
voltage changes due to changes in internal temperature must be taken inte account separately.

2) Test Conditions unless otherwise stated: Pyax = 10W for TO-220SM | Puax = 1W for Cerdip, Pyax = 20W for alt other package

devices

!MAX = 1.0A R TJ = 25°C

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

E-mail: sales@semelab.co.uk

Website: http://www.semelab.co,uk
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IP120A SERIES

IP120

SERIES

IP7900A SERIES
IP7900 SERIES
LM120 SERIES

APPLICATIONS INFORMATION

INPUT '™

DUTPUT

cr’
2.2uF
TANT.

*H
L]

il

P

Fixed Outpﬁt Regulator

* Required if the regulator is located far from

tha power suppl

Y.

** Required for stability. 25pF electrolyiic may

be substituted.

Adjustable Output Regulator

INPUT ™

Vpyr| _ OUTPUT

BHD R
I S

1 c2

2uF uf

ANT. — TANT.
:R?

ke

b
L)
ey

(R1+R2)
Vaut = Vres 2T

Order Information

c2
GND T uF 4 R1
c | TART. QUTPUT

I
ouT

“Current Regulator

VRes
loyr = =7 *Tla

Part K-Pack R-Pack ' G/IG-Pack| SG-Pack | J-Pack Temp. Note:

Number (TO-3) (TC-66) ;| (TO-257) SMD1 '8 Pin Cerdip Range To order, add the
IP7900A v v v v v -55 10 +150°C | package identifier to the
IP7900 v ' v v v * part number.

IF120A v Vv v ./““l‘ AT i eg.  IP7900AK
IP120 v v v v v " IP1208G
LM120 v v v RS [

Semelab plc. Telephone +44(0)1455 556565. Fax +44(0)1455 552612.
E-mail: saleg@semelab.co.uk

Website: http://www.semelab.co.uk

Prelim. 2/99




This datasheet has been download from:

www .datasheetcatalog.ccr

Datasheets for electronics components.




&National Semiconductor

LM78XX
Series Voltage Regulators

General Description

The LM78XX serigs of three terrninal 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 avsilable allow
these regulators to be used in logic systems, instrumenta-
tion, HiFi, and other solid state electronic equipment. Al-
though designed primarily as fixed voitage regulators these
devices can be used with external components to obtain ad-
justable voltages and currents.

The LM78XX serles is available in an aluminum TO-3 pack-
age which will allow over 1.0A load current if adequate heat
sinking s provided. Current fimiting is included to limit the
peak output current to a safe value. Safe area protection for
the output transistor is provided to limit internal power dissi-
pation. If internal power dissipation becomes too high for the
heat sinking provided, the thermal shutdown gircuit takes
over praventing the IC from overheating,

Considerable sffort 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

put, although this does improve transient response. Input by-
passing is needed only if the regulator is located far from the
fiiter 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 thermal overload protection

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

Voltage Range

LM7805C 5V
LM7812C 12v
LM7815C 18V

Connection Diagrams

Metal Can Package
TO-3 (K}
Aluminum

OUTPUT GND

O o)

INPUT
DS00T74E-2
Bottom View
Order Number LM7805CK,
LM7812CK or LM7815CK
See NS Package Number KC02A

Plastic Package

TO-220 (T)
— DUTPUY
GND — O ::: GND
—r INPUT
DS007748.3
Top View

Order Number LM7805CT,
LM7812CT or LM7815CT
See NS Package Number T03B

© 2000 National Semiconductor Corporation

DS007746

www.natioral.com
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Schematic

LM78XX
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Absolute Maximum Ratings (Note 3) Maximum Junction Temperature
If Milltary/Aerospace specified devices are required, {K Package) 150°C
please contact the National Semiconductor Sales Office/ (T Package) 150°C
Distributors for availability and specifications. Storage Temperature Range -65°C to +150°C
Input Voltage Lead Temperature (Soldering, 10 sec.)

(Vo = 5V, 12V and 15V) 35V TO-3 Package K 300°C
Intemnal Power Dissipation (Note 1) Internally Limited TO-220 Package T 230°C
Operating Temperature Range (T,) 0°C to +70°C

Electrical Characteristics LM78XXC ot 2)

0°C = T, ¢ 125°C unless otherwise noted,

Output Voltage 5v 12v 15V
input Voltage (unless otherwise noted) 10V 19V 23V Units
ymbol Parameter Conditions Min | Typ | Max | Min [ Typ [Max | Min [ Typ | Max
/o Qutput Voltage Ti=25C,5mA =< lg=z 1A 48 5 52 {115 12 125}[144 15 156 v
Poz 15W,5mA = Igs 1A 4.75 525 114 12.6 14.25 15.75 v
Viain ¥ Vi £ Vinax (7.5 Viy 1 20) | (1455 Vs {17.5 < Vyy ¢ v
27) 30)
Wo Line Regulation o = 500 Tj = 25°C 3 50 4 120 4 1801 mv
ms
MV (7= Vs 25) 14.5 = V\y = 30) (17.5 2 V= v
a0)
0°C s Tj=2 +125°C 50 120 1580 | mv
AV (8 < V= 20} (15 Vi 5 27) (18.5 = Vi = \
30)
Io £ 1A 7j = 25'C 50 120 150 | mv
AVin (7.5« Vi = 20) {14.6= Vs (17.7 = V< vV
27) 30}
0°Cs Tis +125°C 25 60 75 mv
Ay (8<Vys 12) (162 Vi 22) | (20 < Vi = 28B) '
Vo Load Regulation Ti=25C | 5mAzlgs 1.5A 10 50 12 120 12 150 mv
250 mA < |5 ¢ 25 60 75 mvV
750 mA
SMA< 1A 0CsTjs 50 120 150 mv
+125°C
3 Quiescent Current | iy s 1A Ti = 25°C 8 8 8 mA
0°C= Tjs +125°C 8.5 8.5 8.5 mA
[ Quiescent Current | 5 mA = I = 1A 0.5 0.5 0.5 mA
Change Tj=25C, Ig< 1A 1.0 1.0 1.0 mA
Vaun £ Vin $ Vinax (7.5 Vi £ 20) | (14.8 = Vs 27) (1792 V= \
30)
los 500 mA, 0°C s Tj = +125°C 1.0 1.0 1.0 mA
Viuin £ Vin £ Viax (7= Vgt 26) | (1452 V< 30) (17.5= Vi s A
30)
N QOutput Noise Ta =25°C, 10 Hz < = 100 kHz 40 75 g0 Ny
Voltage
Ripple Rejection los 1A, Tj=25°C | 62 80 55 72 54 70 dB
vy or
Waur f=120 Hz | 15 < 500 mA 62 55 54 dB
0°C<Tj<+125°C
Viuin £ Vin € Visax (B Vi s18) | (155 Vi £ 25) (185 < Viu v
28.5)
o Dropout Voltage Tj = 25°C, Igyur = 1A 20 20 2.0 v
Qutput Resistance | f = 1 kHz 8 18 19 m}

3 www.national.com
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LM78XX

Electrical Characteristics LM78XXC (Note 2) (Continued)

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

Output Voitage 5V 12v 15V
Input Voltage (unless otherwise noted) 10V 19V 23V Units
Symbol Parameter Conditions Min | Typ [Max | Min | Typ | Max | min [ Typ | Max
Short-Circuit Tj=25C 21 1.5 1.2 A
Current
Peak Output Tj = 25°C 24 2.4 2.4 A
Current
Average TC of 0°Cs Tj= +125°C, Ig = 5 mA 0.6 1.5 1.8 mvi/"C
Vour
Vin Input Voltage
Required to Tj=25°C, Ig ¢ 1A 7.5 146 17.7 v
Maintain

Line Regulation

Note 1: Thermai resistance of the TQ-3 package (K, KC} is typically 4" C/W junction to case ang 35°C/W case to ambient. Thermat resistance of the TO-220 package
(T) Is typically 4'C/W Junction to case and 50'C/W case to amblent.
Note 2: All characterstics are measurad with capacitor across the Input 0f 0.22 pF. and a capacitor across the output of 0.1:F. All characteristics except noise voltage
and ripple rejection ratio are measured using pulse technigues (¢, ¢ 10 ms, duty cycte = 5%). Quiput voitage changes due to changes in internal temperature must

ba taken into account separately.

Nota 3: Absolute Maximum Ratings indicate limits beyond which damage to the device may occur, For guaranteed specifications and the test conditions, see Elec-
tricat Characteristics.

www.national.com




Typical Performance Characteristics

Maximum Average Power Dissipation Maximum Average Power Dissipation
2% y 25 —
LI 10-3 .
weiNiTe 2 LT T T ez
= 3 HEAT SINK . INFINITE HEAT SINK
= \ =
= =
I |- = 15
a ,{H‘II‘H 10 C/W HEAT SINK =
4 N 2
a 1 S 1 g
; - § Pt WITH 10 GW HEAT SINK
g NO HEAT SINK ] s [ -
5 _— 5 +
— P ND HEAT SINK
0 . [TI7
-75 -50-25 0 25 50 75 100 125 [ 25 50 5
AMBIENT TEMPERATURE { C) AMBIENT TEMPERATURE ( C)
DS0CTT48-5 [S00T746-8
Peak Qutput Current Output Voltage {(Normalized to 1V at T, = 25°C)
35 T T T 1010 T T T T
&Vpgyy = 100 mv > | Vi - Vgur = &V
ki 31‘035 ] lpyy = 5 ma
T
< = {4 ol
= 25 § ‘ N
= Ti=25¢C A . 0895 -+ -
e 2 f Ti=g'c = i
& [f""l\ N £ o090 | -
8 15 /) \\ g 2 l
5 N g 0985
= Tj= 125 o~
2 l Zoum [+ :
05 AN z ! |
[ Z 04975 [ [
0 0.370
0 s 1w 15 20 25 30 3 ~75 -50-25 0 25 50 75 100125 150
INPUT TO OUTPUT DIFFERENTIAL (V) JUNCTION TEMPERATURE { C)
DS007746-7 05007746-8
Ripple Rejection Ripple Rejection
100 , W 90
o~ B0 Vour =5V HH = [ ]
B | TTIovr s S & |
= bl ][ i =
=R ] ™ ~ N g e
'I:I Mo a [} [ ]
w : “ o
o w
= a0 y Vout =16 v‘f!.“ :
r : w LU 7 =120 Hz
S ViN-Vout = 8 Vpg + 3.5 Vems I S B [—vy=Vguy o BVpr + 3.5 Vims ——
€y 1A
Qut*® e lgut * 14
FTj=25C e Tj=25°C
g | | ““ | “ || ; 50 1 1 1 L
10 100 I 10k 100k 0 5 t 15 20 25
FREQUENCY (Ha) DUTPUT VOLTAGE {V)
D5007748-0 DSCO7748-70
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LM78XX

Typical Performance Characteristics (continuea)

Qutput Impedance

} §V|~ =10y =

. [ VouTr =5V
= :lou]' = 500 mA
= Ti=25°C
g o1 |
«
[=1
v}
a
3
5
g om TANTALUM
=
o

0.001

10 100 1k 10k 100k 1M

FREQUENCY {Hz)

DS0OT748-11
Dropout Characteristics
8 —
LMY805C
FTj=25°C
= 6
- ipyr =0A
g N1
5 1
g f
ful ¥ I
2 layT = 500 mA 4
S
=} 2 r luu]’ =18
; |
(i} 2 4 6 8 10
ENPUT VOLTAGE [V}
DS007748-13
Qulescent Current
65 —
Vpyr=5v
= 6 — lgur = 10mA
E Tj= 25°%
[
z 55
g -"
3 5
(%)
—
=
g as
(1]
=
S 4
15 =
5 0 15 20 25 0 35
INPUT VOLTAGE (V}
D3007746.15

Dropout Voltage

25
3 ] aVgyT * 100ny
= ' [
= 2 - lguT = 1A
s T T T
& gyt = 50
s L. [tour = 500 ma
- ——
Q —
; 1 \"\
£ “Tloyr - 0A
=
(=]
(=]
= 05
o
=2
-9
z

D

-75 -50-25 0 25 SO 75 100 125 150

JURCTION TEMPERATURE ( £)

DSO0TTAB12
Quiescent Current
55 Vi~ =10V
Vour = 5V —
< [ =5 mA
¥ s out
[
4
g T
[-<
2 45 LN
[x] 5 14
e N
=
]
(=]
a9 e
=
o
!
B
15 i L

~75-60-25 D 25 S0 75 100 125 150

JUNCTION TEMPERATURE (°C)
DS00T740-14
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Physical Dimensions inches {milimeters) unless otherwise noted

| 0.940-0.880 .
—»-((23.88 — 24.89)
DIs
0.800 —0.815 0.250-0.350
{20.32—20,70)— “ 16.350—8.380) aan)
0.107 -0.123 oA
Z.716-3.124] l i ‘
0.05 b vas-osm
(0.635) o435 SEATING PLANE (11.30-13.26)
UNCONTROLLED LEAD DIA —_ 1 0.038--0.043
13.429) __] 10,965 =T 0855 T
MAX {0.955-1.082)
DIA TYP
0.420 —0.440
(10.67—11.18}
0.151 —0.161
(3.835-4.089)
DIA TYP -
0.165-0.179 | © [gfﬁ-;&n:g)
{41914 547) BO N
R TYP 0.210-0.220 | T 1
(5.334—5.588) i

1177 -1.197

| 0.855-0.67
(16.84—17.15)

{29.90 - 30.40)

KC02A (REV C)

Aluminum Metal Can Package (KC)
Order Number LM7805CK, LM7812CK or LM7815CK
NS Package Number KC0ZA

wwrw. national.com
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LM78XX Series Voltage Regulators

Physical Dimensions inches (milimeters) unless otherwise noted (Continued)

_0-240-0.260  0.330-0.350
[6.10-6.89] [8.38-8.8%)

0.100-0.120 0.148-0.153
[2.54~3.05] s 8 [3.78-3.89]

|

—— 0.090-0.110
005 -
0.400 053 . e, 12:29-2.79] 0.190-0.210
0.3%
110,18 737 ]

f l L[l.ssis.ss]

0.048-0.055 _T
/ i.__.l_o.m-o.wo Tve [1.22-1.40]
Pl #1 1D [3.30~-4.06] TP

0.027-0.037
1.005-1.035
[— —_— [0.68-0.94)
.53-26.29
[25.53-26.25] e
7e +0.007 b.18
/\ }n/\ (05250835 0.015 2580, (038 2508 )
‘i [13.34=14.18])
N I
0.175-0,185 | I T D
[4.45-4,70) f /l f
oﬂ-‘ﬂ l"
! ~ L o.108 Tg01s [2.67 088
0.048-0.052 0.01% 0.5%
[1.22-t.32) SEATING FLAWE
TAPERED
SIDES 19 TO38 (REV L)

T0-220 Package (T}
Order Number LM7805CT, LM7812CT or LM7815CT
NS Package Number TO3B

LIFE SUPPORT POLICY

NATIONAL'S PRODUCTS 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 SEMICONDUCTOR CORPORATION. As used herein:

1. Life support devices or systems are devices or 2. A critical component is any component of a life
systermns which, (a) are intended for surgical implant support device or systern whose failure to perform
into the body, or {b) supporl or sustain life, and can be reasonably expected to cause the failure of
whose failure to perform when properly used in the life support device or system, or to affect its
accordance with instructions for use provided in the safety or effectiveness.

labeling, can be reasonably expected to result in a
significant injury 1o the user.

Natlonal Samlconductor National Semicenductor Natfonal Semiconducter Natlonal Semiconducior
Corporation Europe Asla Pacific Customer Japan Ltd.
Amaricas Fax: +49 (0) 180-530 85 88 Response Group Tel: 81-3-5639-7560
Tel: 1-800-272-8959 Emall: surope.supportfinac.com Tel: 65-2544466 Fax: 81-3-5639-7507
Fax: 1-800-737-7018 Deutsch Tel: +43 (0} 69 9508 6208 Fax: 65-2504466
Email: support@nsc.com English Tal: +44 (0} 870 24 0 2171 Email: ap.supporlf@nec.com

www.national.com Francais Tel: +33 (0} 1 41 31 B790

National doas nat assume any responshelity for use of any circuitry described, no cinouit patent osnses are impked and National ceserves the right at any tma without notice to change seid circuitry and specifications.
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