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ABSTRACT

This thesis describe the characieristic of 3-phase current source
inverter and its analysis which used the induction motor as its load.
Praperty of this inverter would be compared with voltage source inverter
for fed induction motor drive.

Current source inverter in this thesis, Gate turn off Thyristor
(319) is wused din main circuit. The drive circuit which used for GT0 is

designed in order to turn-on and tuwm-off GTO with high efficiency and able

to change the range of freguency from the control circuit.



mantin
rtky
i 1

mn 2

iUt
vorfu g N iU eI LAeT MU LaEBuLIRY thaY
2.1 vendiinofu ua:vqaﬁﬁugaﬁﬂauuatﬂaftwﬁﬂﬁuﬁ

2.1.1 wﬁhﬂﬂﬁuﬂlﬂa{LMﬁuﬂuﬁ

2.1.2 3RTaiyRd

3%ﬂﬂsﬂauquﬂawuL%dsaunaanaLﬂaixmﬂﬂduﬁ

,

8
83

2.2.1 N9AILANLSIAUTAIHIA LAY
2.2:2 nﬁﬁﬂﬁuqnﬂEULwﬁnna{

2.2.3 nMaf ')UQJJﬁ’JH"WI‘iﬂﬂﬂE]u (07 1AnY
'

3. Sxe h‘l ar :d.
2.2.4 OFALANNINIDN T LLRLULTIAU UREAING
2.3 Burndiang (Han vy irRouns tnad Liliuun
2.3.1  nsiuefnuiyiiaviinedes UL 1nas
- A o ’ g « e ‘< v
2.72.2  astuialawring 1Ans L suiTas e 18T Lans

HMa UsEN15a5193393

o

3.1 WA, |

1 SAasaddinnadtea

o)
[

d

- 3.1.2  winngvhe e Ifa

3.1.3 Qmﬁnﬁ%ﬂunﬂﬁaﬁwﬁaﬂao%ﬁﬁa

10

11

12

15

16



<.

3.2 01EaEs9sTuTeD

3.2.1 15 hsunau

&

3.2.2 n19\Hsuna
v ) - &
3.2.3  9A79d579 URENISYINUTDINNSYENAY
3.3 sdnnnsymInuneIT iUl
3.4 195117995 3 el e LTwimaTERu 1a Y trad
UMM 4 N15VAREd UWESHENITYRRA
MR 5 AT LATIEH URCRTINENTIINREY
mMauuIn

AN ILsEne

ISR ERR]

PAS)

30

34

35

33

435



v 1

uuh

]
el

1. ) *
Wil WEinsfanuss39u fiuaiiy INVERTER (Haidaumasiunisiiuiatau
[ 2 ¥

ﬁuuwaqﬂawmnsiuaﬂwqﬁaLﬁaqua:niﬁnndwq ﬁhﬂlﬂﬁﬂxﬂﬁiﬂdUﬂNﬂ?ﬁux%dsaunaq AC
HACHINE 58013 (Ruun s@nnaumiaderves iy aunnn38nsatineay tdu nns
wisudasnsnadia ey (POLE-CHANGING) nﬁﬁﬂﬁuquusoﬁnﬁéﬁﬂﬂﬁhﬂﬂtﬂtﬂaf (STATER
VOI.TAGE  CHANGE) yana Nt uneduns i adau niugasw ITHIATENY  AC
MACHINE #7nnd1 DC MACHINE tws9¢ AC NACHINE Hrsaadiafufausa mumundn $7an
uwe HuszAvBangandn mﬁﬁﬂ&Mwtﬁhﬂﬁﬁﬂauﬁdtmtﬂaﬁ' wﬁﬂﬁﬁn1$uﬁ§o€hu11ﬁﬂauﬂ§§

)
4

TR R RR ST et TNEISTULAILANNASTUARIBY  AC  (AC-DRIVE) dughninszuun sty
Aafu DC (DC-DRIVE) ﬁuuﬁﬁnﬁﬁﬂvuqu AC DRIVE ﬁhﬂbuuazﬂqanmnqnniﬁ W Wi
MmTTouLiInGY  awiy INVERTER  $#unsdiiadiou AC MACHINE ddunnudesadivm
fiui  QUASI -CQUARE , 6-STEP e PHM Tmsuuy QUASI-SQUARE (Buwinfindaunsd
ﬁunnsﬂduquﬁﬁuﬁqﬂ UG:wﬁhﬁQﬂ wATl R L Remaduiih  wasLE VB unasye i e
WRITHUAEn 2w wyndu dnui PR U aAE B Tt
LIt dInRavauRIALTEN BUENT ITRTUMITDHRI 1Y sy iiRan gt Buu
MACHINE  TORQUE emndwgh  was Wiiiiimon1snse (Hangnd TORQUE (TORQUE PULSATION)
warulu 6-STEP  ev i ugunsnfionaiuinas inasge (fiagainn1s gy Bubag
nusﬂ%wﬂﬁaaqﬂnﬁnkﬁwﬁqﬁba uRzHRERIAIT WIRIUALANTONN T ISRy LEAKAGE
THDUCTANCE moaungZutdisng Lﬁaﬂﬁwuﬁﬂaqﬁut7a€tﬂa§ﬁﬁﬂ§4

ptnatafinnel INVERTER fauus iy 2 w8480 VOLTAGE SOURCE INVERTER
wor  CURRENT  SOURCE  INVERTER Fauufl  INVERTER +Swuusnfudhuasnag
VOLTAGE SOURCE  INVERTER LL?ﬂuﬂWﬁu CURRENT SOURCE INVERTER “#ftfwniiumum
WINITPRFIMN S TUAUBELIUNI VR Fatuntan e naunasiuweiau  AC MACHINE
Ay (AuRLAuEeY  CURRENT SOURCE INVERTER

& Wi CURRENT SOURCE INVERTER wuusssuat wia AUTOMATICALLY COMMUTA-
TED' CURRENT SOURCE INVERTER (ASCI) Fuamn Tudpa W RN TN ATULRIUY FatunaY

LIRTAIA WA 1S NUE YR N COMMUTATION CAPACITERS "wuiin vk



2

INVERTER Simunaiug)  uasussRvdavitilann ﬁ?ﬂzwqmaﬁ CURREVT SOURCE INVERTER #
Wi Sontinusaiiull S914v  GATE TURN OFF (GTO) THYRISTERS 1u99svinTavviiiill

- o o, &
CimaunsuR ATz auLInBIR AN TR B

wnBaanTimusidfnun (Auadu CURRENT SOURCE INVERTER SAssi GTO  viwiiii
(Tt SWITCHING wasiiavwan By INDUCTION MOTOR ﬁoﬁﬁﬁua:lﬁuﬂﬁﬂ:néﬂqﬁaﬂuu?qnnﬁwuﬁ
W Bu Rt

w1 uwuﬁ Fiutiamasg Tudazm Fnquszasd 1auLna WREUSE LTI
31NN1S IV

Wi 2 néwaﬁqwnuﬁﬁu5ﬁuuaznﬂﬁﬁuLﬂﬁauuaLﬂﬂ%tmﬁﬂnuﬁ tinuRzAURNTFRTa
AuLIng ma'i"”mq e thay

wiit o namafiisnune (BuAnnd GTO, PATTERN - #199189015 SWITCHING wee
CURKENT SOURCE INVERTER wesnnsumsrivutaiussyndadiuaantmisaii

MR 4 HENISVARDY TUILMULA 1T F1As s TvRans

v 5 aﬁthaz%ﬁwqdﬁﬂsqaﬁuﬁ1ﬁﬂﬁuﬂﬁhmnﬂ



uv 2

v T AN s T ARauNe 1ra Y LvTisun ussBung inay

Quurilar gt vias B inaY willnuni e uRz 3 vsaa vl
n1$ﬂ1uQuﬂ1ﬁuL%dﬁauuaLﬂﬂ%tmﬁanuﬁﬁﬁﬁﬂqﬂ ﬁﬂﬂn:Lﬁuﬁdnﬂ?ﬂ1uqu1ﬂﬂ1ﬁ§utdaélﬂa{ e
Wi Tun AT evTra B Lad tnatuuAnaT WA uaz%ﬁhéﬂﬁﬁaamauﬁﬁnaanaLﬂaftﬁa
"#BuiaaT nesiu Aty

WAT I AR W TSHUTTINHTIN 90%ﬂaaLﬂ?ﬂqﬁunﬁﬁbaxﬂiuaLﬂaftwﬂuauﬁﬁhﬁu
FOH LAWIERT LARTULLNTINGEIan (squirrel cage) FaarHansead 1ot ianse vy finanw
Gawin i v iTiaemglise nﬂﬁﬁauuﬁQQWAﬂaﬂﬂ%ﬁuﬂnﬁh i Wit Ly
nusIaau saangn ussituna@nnindiue tnad Fio B TEudRs 159 waennd iy wiadl

‘ﬂa?ﬂ?ﬂﬂﬁﬂ]ﬂﬂﬂﬁﬂﬂﬁﬂJ 1WH170WWJﬁUTQWﬂ1ﬂﬁ? ANANDN uﬂglaﬂdﬂﬂﬂﬁﬁﬁulUﬂTﬁ LHSE

[
o

ﬁﬂmnwLnuﬁﬁhﬂs:nnﬂiwﬁLﬁﬂaﬂnﬂauﬁvLﬁtmas uanaﬁnﬁiﬂﬁﬂmwﬁtﬁudﬁnauﬁuaﬁnnﬁsﬁmuﬂ
wnaﬁﬁuﬁLﬂﬂﬂﬁﬂﬁﬂﬁhﬁﬁqmﬁﬂﬁnnsaququﬂdﬁuL%dﬂaoﬁuﬁhﬂuualﬂa{ SpgnsuanfiaduLny
maT iy TseBnEavgs uastisnangnaaninifiunan upnaNn it WTin 9NN ALAN
Wl ufu N 1nBSRRUINTE W3R field oriented control Famniiiauainasiiianaw
FAT0 IS FradfiTun tans ol iaBug trasy uqmﬂuﬁﬁﬁﬁMQWHUS:nﬁsﬁhiﬁhéﬂduﬂuﬁdﬁﬂﬁu
uATIAINAIFU NS tART uazﬂaﬂuqquﬂnﬂunwsﬂduquLa%uaLﬂﬂ% VYUNNSURINTEAHEDITE
s ARRuT LA W SRR aTie el Butuptna a1 S niinns  adadngisRfina e
W ad i envsstndfainun v WRENITAIURIAL syrviiseuuTu L eRRu IR S W R

(pTun 1nps il 1nwnnnu1nxnnﬂa uaeA 3w L B0 WgaTu Juzvissuudu L efiauny taBua

s . . - N
(ARSI U HIHNBE IS MENH TUBUNARTUIN QL

2.1 yufiiinafu uasaTshnseinaiun nas iniiiun

2.1.1 vdnnasun nas ilisuh

Ui Laes LigIuNIsUs N aUFEENUR 1A LARTUREEIUTT 1naT Sauduls thasssvvwtin
I 1UINUMAI I I N uA LA LA ﬂﬂuaﬁﬁﬁwﬁhnﬂsLwﬂﬂduﬁqznﬁﬂﬁtﬁﬂﬂuwuuﬂtw%n
pfluwaTuny  (air-gap) 4JUUn WnaduR i 1AaY LATENUTS LhasRua tulnTiay W UAY

g 2395ATlE ANNENnNIS



I

Ng = l20£R L. (2.1)

|

s
i

=2.

A AW AT RS TesIRuLl N (rpm)

(%]

it

N
£ AR IR UIAR I LAY (Hz)
F

WU LvRaraY IR LA LADT

H

¢t e e

Wi (naTBYiUn 8N 17 LU U AN STUEIMRIUSS (e 795 land
GizduAtmaad v vasa uduiiAnBust (luwasnnsnsevmsaninawdn u air gap ua
1obor magnetomotive Fforce (mmf) usitunamfss trasiA w52 ndunm S 13190510
panawse & ar W oty uniunss tead Aothuas Wiiivasa (Anlu uastasias tapsTiRnAw
= et 1 . a il = o) -4 ~ v
37 Ny W Viiduand e Ny emaiianas ivlienunBuuuss tnas weevm
Uihiavada A ummnd 1 SBfdraaamn S WiarasiiFundn &Bu w8en15 108 (slip, S)

S

(Ng C Nr)/NS ...... (22)

= (WS i Wr)/w

4}

wsl/wS
Sauh we fin AawiiBapmaidinings (stator angular frequency)
we fin ﬂﬁwuﬁtﬁqquﬂwaiwﬁWﬂaaﬁsLﬂaf (rotor angular frequency)

Wg] D A FanEil (slip angular frequency)

2.1.2 2vebuiee]

wesaedia vsrasun tmay wilpwn Wiea ISR 2.1 apy  fadnen

I

AMUIUTALEAITARIAAY  stator (Ng) #afmu rotor (N.) Rvauyaimnsonyik

AdwiaEnITIBiNadaT e rotor  EMIdY stator YW URSINUIUTAY

wman eoiaveviseliE s WMu M 2.6 R wee X, Aadn

il

AMAWU wesf infiuneal rotor  (RaghfeBeudwic1aan9s3 stator uastianns

A1
Ry = (apy)?R, us X, = (ap), ... (2.3)
mafiwinerad inby AR WS 2. 1b sansngnunuidifiu99s Thevenin v
. 24 & cu o st !
wiv1asamadT I e uin MLEIIURIM 2.1c Vp < 8, Ry uar X¢ (fudn
credna 101 T BudnrosuveaInednainih daanadunu ueesAn oliBuNANNERL Ray

ar o

2
W ideinAs (it



o Ides!
Stator transformer Rotor

{a) Per-phase equivalent circuit

R, X, X R;/s
— BTN ———ANN—————
o- e o I1'N e
L I, L
v X, £

ot USG9

{b) Per-phase equivalent circuit referred to the stator

X; Ri/s
ATk A
e

ll

L

0

e e
[N PR S Y
Mt )

{c} Per-phase simplified equivalent circuit referred to the stator

X; Ri/s

1, R, X, ’
Ot AN T e O P AMA———
—_ .
1 A Im lr
v g Xm E \

(d) Per-phase approximate equivalent circuit referred to the stator

s 2.1 WTeurdieInD (nas iwlinun

a




me

Vg = ——— ... (2.4)

Re? + (Xg + Xp)?

X5 + Xp
. 8 = (¢/2) - arctan[——] ..., (2.5)
RS

3% (Rg + 3Xg)

Re + 3X¢ = [ 1 (2.6)

Rg + 3(Xg + Xp)
TuqdﬂiﬁuﬂﬂﬂﬁﬂJEUﬁ 2.1b  nszuEmIiu stator (Ig) FiafusiunsTud
pator viafvnadn stator acfiaua el
[(Ry/ 5) + 3Ky + Xpd)ITy
1 o 2 /8 \\.... (2.7)

¥n
NSRRI TR 2.1d  SEQAVTHIEIUNNTATUIM.  TAHRY LRYANIDY
aaiimannadan? impedance  MiHuon  WpuSzutVuuiy  terminal  voltage

NN AIBITIM 2. 1c

Vt< Gt

1. i/ ...... (2.8)
[Ry + (R /8)] + 3(Xg + Xp )
AndaT BT air  gap Pg ﬁﬁﬁtﬁﬁﬁiﬂﬁﬁhﬁgn1ﬁ1uﬁﬂ1ﬁuﬁﬁuwﬁuﬂngaﬁ

909 rotor (Rr'/s)

RI‘
Pg = I )% [——1 . (2.9)
S
p19er Wk TTRY By (TuBndnuefin
Py = OE(I; d%cos®, ... (2.10)

Paa 6, fmpmadivdeay B ouas Ir' nnéaPl air gap dvgy ey



M nwe furoonasan  (eopper  1oss) waen &t Bt Bumansansnd annda
M INEFANVERSTN MUAA IHFNATS

P. = P, - 3(I. )2R,
m g T r

1-s
QneEnTT 2.9; By = 8Ly )%R [——1 = Pg(ls) ... (2.11)
S
RERIEHR lﬂﬂ’{ WAIINEINTS
T o= Pgfuy e (2.12)
W = rotor speed rad/sec
Wpe = auﬁuuﬂtwﬁanuﬁﬂ1ﬂuL%1 synchronous
a1 2.11 T2 PPy =P8 —(— N\ (2.13)
MF@INIT 2.9 -} <3/wms)<1r')2<R;'/s> N-m . (2.14)
3<vt2Rr'/s)
.Qﬂﬂﬂuﬂﬁﬁ 2.8 Pzl e =" .- (2.15)

el (Rp + Ry /502 + (Xg + X, )2
ndinas 2.15 ANmR Vi/wne A8 air gap flux (@) {FRTEINITIM
AP (low slip) Hatiu er >> sz anns 2,15 dwnsa sy fuanas e

ko
ol

an

-

Ty = (PRI~ o0 J) e (2.18)
B NN~ S (2.17)

. 1 [} .4
Fadrrwuai @ WD Vi /Wy fidnaari s Wiivadaiuagduan  slip

angular frequency

2.2 3ﬁnﬂ$ﬂ7ugggdﬁuL%ﬁsﬂunaauaxﬂaftnﬁu1uﬁ

o o

dﬁnﬂﬂﬂnuquﬂﬁﬂuL%ﬁﬁﬂUﬂaaﬁuﬁhﬁhuaLﬂﬂ%ﬁtﬁaﬁaﬂﬁmﬁﬁunﬂsﬂﬁﬁut%dnaquatﬂai
NS (2.16) Fannansnnshi (2.1) use (2.2)
N = (1- s)Yk(120/Py*f ... (2.18)

RIT nﬁsﬂwuquﬂdﬂuL%1wﬁ1ﬁﬁﬂﬂnﬂﬁﬂﬁuquﬂdﬁuﬁﬂaouwéqdﬁﬂiw (£) RnnIS

g (s) uazauutanaddiaiead (P) ua:%%nqsaauquﬁtwuﬁcauﬁQﬂ finn3aunsA Il



R LAS ANV "vz%ﬁﬁut1a4tﬂa€' Lwﬁﬂ:q:wﬁﬂﬁnﬂsﬂﬁuQuﬁnﬁsﬁaLﬂaq UssAnBmnepasn
an3111uﬂmuwn1ﬁﬂﬁUﬁNﬂ1quLﬁdnnaauqqﬁuuuLﬂa{ iﬂﬂnﬁstu%auaﬁuvu§ﬁazWﬁﬂﬁqﬁﬁhﬁ74
119 (BEsA LS Ay e bidn Lina uQVﬂﬁiqnuauqﬂﬁuuatﬂaﬁwaanuuuﬂdwtﬂutﬂﬂuu fu
nwaﬂjuquﬂﬁwux§4ma1uatﬂa€ﬁﬂﬂﬂﬂﬁﬂdUﬂuﬂ§u RETAEN AT LURHIARY e LaasTiusy
A AHATE LS IR LSS ﬁw.nﬁwuﬂnuﬁtﬂaaﬁuaﬂnunwﬂau

2.2.1 nWSkuquusoﬁnnaaﬂlﬂtnai'(Stator Voltage Control)

N 'l’iﬂ'?lUﬂ3lLLﬁ-l?Tllﬂﬂ~lﬂ 134 LARTUTIIBEIATIN Tt hN T (hRs  ATUAU was il LTl

3
o

A wiEaan 15Mea A LSNAUEN AR LTSI TN naTa-aN13anasdudnduwin

[
ol

1 §
Lﬂasﬁ1ﬁawnﬁ%nWﬁﬂuuqnuﬁaﬂuﬂﬂﬁtﬂLﬂﬁ%ﬁuaﬂqﬁhﬁuw 2.2

LY

‘1—-— Speed control range ——"

1.0 r

100x steator
voltage

\

Torque g 78 |

0.26

v
Speed, I pu

51t 2.2 Speed-torque curve #RINDIART IMTHIUN UREIVAA

ﬁzmwiﬁa~LuﬁﬂuﬂqnuﬁqﬁuﬁéﬂﬂﬂﬁﬁUﬂﬂaLmtﬂaéﬁaouatﬂa{ uar Torque-speed
curve TAITRANU uﬂqqﬂuﬁUH 2.2 duiu s VTR TMAATIRTU LS AEASIA LA LT AN
SR GR

ﬁ:ﬁunswawnﬂsnu%UﬂdﬁuL%ﬁﬁaqszuuiﬁﬁﬂunwsuéimsaﬁuuatna% Lﬁaﬁﬁqﬂﬁhﬁz
Wit lTorque-speed carve y0IuD LARSFANY Torque-speed curve 181IRATA WS e

P Win 1S



Motor

Wi 7.3 wEnanddTnt e 3-< AC Power Controller

2t

ﬂﬂaﬂ)Uﬂﬂﬂj“nLﬁ?ﬂﬂﬂuuﬂﬂﬁﬂuatﬂﬂﬁ ﬁﬂanﬁSﬂﬁUﬂuuﬁaﬁunaqaLﬂxﬂa{a:1ﬁ3%
nﬁﬁﬂﬁuquuUUﬂﬁlﬂukﬂﬁﬂﬁdiﬂiau (phase control) ?0“1ﬂ11ﬂ?ﬂﬂ 2.3 tﬁuﬁ%ﬂwﬁiﬁiﬁﬂ
unefisangn wATTULIE fuse B mran Luaqa1nxuazLﬂuﬂnaqnﬁﬁhnﬂ$§wtﬁuﬂuistmaéﬁaqua
Lﬂﬂf?ttﬁﬂguﬂlcﬂﬁﬂ \Q) Naﬂﬂ|ﬁuuﬂiﬂln1ﬁml nﬁuﬂtﬂtﬂaﬁq:Lﬁuﬁuﬁvﬂnﬂaoaﬁnnﬁﬁtﬁuﬁu
B SLEUR LA AT et Fadu Lt TS AHEAIND LADT T BIPIVDTARCEMAININ INY LEWIE
ina wi o Lﬂadqwnuatﬂa€ﬁﬂaw1qﬂumd3Uﬁ1dq uaAR Nt %ﬂﬁﬂﬂutwaﬂaqﬂwﬂaﬁﬁ Y
NEORCE MYQununaﬂutuﬂiﬂu WESHA LABS DY Mxﬂutnﬂﬂﬁzﬁmtﬂdtﬁu% Hnvia L asUnA Lhad

817 ULxq,aqﬂaq‘uqaﬂutsanazuax,jéfﬂx-

i AT g1 uE mwﬂﬁnwawﬁqﬂgnaas:UUﬂﬁuquﬂkuL%ﬁﬁﬂﬂnﬁﬁﬂﬁnﬁﬁﬂﬁu
A 1R ITAC LA ADT gnn“ﬁhaﬂLnﬂﬂ:ﬂui;uuﬁﬁmuﬁﬂLﬁn LaenuAnE B9faan13I IR
Qﬂuﬁﬂﬂiﬁﬂ:ﬂuﬂﬁl%adﬂ SEEMM AT L SR Lnad SAuF IR A UIMRATRINTYA SR
R ar i IR A 1 wiaimm! Fafivasa Fuasa N 1SN EIEas uRvEn Moz naIAN WM AEN

wninﬁbndﬁdﬁarwﬁﬁﬁs:UUﬂduquusqﬁuﬂaaa\ﬂLﬂaéﬂxﬂﬁﬂsnwwuﬂnﬁuﬁﬁa

007759



2.2.2 pyauRy Slip Powen
i v
nﬁﬁﬂauquﬂ1ﬂut%qﬂaqauﬁhﬁuuaLﬂﬂéﬁﬂﬂﬂﬂﬁﬂﬁUﬂNﬂﬁUﬂﬁdﬁsLﬂa€ﬁu UBAINATYN
ﬁﬂﬂﬂWﬁﬂﬁUﬂNuSJﬁﬂﬂﬂdﬂﬂédﬁﬁﬂﬂﬂuﬁﬁ aﬂﬂaznﬁiﬁﬁﬂﬂnﬂ5ﬂ1uqunﬁﬁdﬂuisLﬂaéhnqﬁuﬁhﬂu

youens Faaridensunaiusnamudiiudsrwioniennn  (Prech) uasn g R

Ggians (Pg) M NIsn $etariqurnsianny W5 1nns (air gap power, Pg) falifia

-

Prech = (1 - s)Pg e (2.19)
Pee = SFg e (2.20)
Py/Puech = S/(1-8) e (2.21)

g wntes i ﬁﬂﬁﬂuﬂﬁﬂﬂauquﬁhswdﬁuﬁzmﬁﬁq nﬁﬁhgwtﬁuﬂuistﬂa€
ﬁunﬁﬁqannﬂﬁouaLﬂﬁ%ﬁﬂﬂﬂﬁﬁﬂﬂ?UﬂMﬂﬁﬂﬂaaﬁﬁLﬂﬂ%ﬂﬁ diu - wnsBasBudaduia tna
WEeaIaT (Wound rotor  induction motor) ﬂduaua§UﬂaqisLﬂﬂ%ﬁﬂﬂﬂﬁiuﬁﬁﬁﬁ
nﬂaﬂﬂwuﬁﬁuwﬁuﬁﬁaLﬁ%ﬁ?hqniﬂagisLﬂaf nWSQﬁUQuﬂﬁﬁut%Oﬁﬂﬂ%%ﬁ gandeymidnsuad
F01 By 1L EAMBA MT DI SEL s Tan SRy vEETRRLANG A9z tHutian
A7mAY  rotor power ratio g9 1 Tudnsrdnmeanhinan (Ppech) AU LFnp9Ts 1nad
(Pg) ﬂﬂuﬂunﬁﬁﬁ 2.22

rotor power ratio = Pmech/Pg L agn C JE-. .- (2.22)

nﬁsﬁUs:aw%nﬁwuﬂauaLﬂaéﬁﬁﬂﬂﬁﬂuﬂﬁuﬂaﬂuL%dﬁﬁtﬁaaﬂﬁn Py LR un e

o @

aﬁwJWﬁﬁﬂﬁﬁﬂﬁ:an%nwwﬂaqﬁuﬁhﬂuuaxmaswa1uquﬂ11uLﬁdﬁdﬂnﬂﬁﬂduqu slip power fiu
ﬁquﬁnu%uu§qﬂﬁﬁﬁuiﬂanqsuﬁLaﬂ slip power 1Uﬂiﬂﬁtﬁﬂu$zﬁﬂﬂﬁnwunW51Uﬁﬂutﬁuﬂﬁﬂu
AN YUE RIS LART nﬁsﬂduQuﬂawut%ﬁﬂaqﬁuﬁhﬁuua\ﬂﬂ%ﬁﬂﬂﬂﬁﬁﬂﬁuﬁn slip
power ﬁuawaazwﬁiﬁiﬂﬂn1suua41waﬁnﬂuisLﬂﬂ%ﬁﬁﬂQﬂuﬁLﬁﬂﬁﬁm1ﬂuﬁﬂaaaﬁﬂﬁe (Fowund
UsesumiiRn e sruuiandnnfia seyuLgaTiiivd (Scherbius System) uﬂﬂaﬁthﬁ 2.4 ‘upn
awnﬁéﬁaa:ﬂﬁuQu slip power anun 13 ERARABULIEST 1ABT FasunTdana§aanss tnad
niuiagda m%aﬁﬁmwﬁaaﬁunﬁnﬁwﬂﬂqtﬁn%ﬂﬂuiStﬂa€ﬁaanﬂtmaéhﬁﬂﬁawuwsnﬂﬁu
=

AAWN S NDINE LAY Fatusuasfatn N hzaganﬁWﬂdﬂutgﬁﬁaiﬂsﬁﬁiﬁ szupfanantifia

svuutAs wad (Kramer System) awgi 2.5



11

AC supply
{ -,
e
——
Power Power
I’. fedback

an

Shaft ' [T [T'ransformet;l

power

Wound-rotor
‘motor

Diode bridge Inverter ,

i 2.4 UEAITELLNITS LTaT LTk

3-phase - .._D‘é—

AC supply

Power
recavered, P, / s y!nchronous
Load 1\ 1 M tor
Py 7% _,%Z Load
slip power ?:\:::;tated'

s 2.5 WARIIIRT AT LAY

2.2.3 NSRRI N T TARRAU LT LART
AIALAUA”

1fSpanaul1ns1aes (Cyelo  converter) (ungasTivnAs tisuasiinénnfia
uuaawﬁaqwuﬂwﬂﬁuﬁﬂaﬁnﬁwﬁqiuLﬁuﬁnﬂkuﬁwﬁo ﬁu%uﬁﬂiﬁiﬂﬂﬂsqﬁﬂaﬂﬂﬁﬁuﬁﬁﬁqﬁ Ay



12

et - ¢ ¢ ' ol

a;uﬂnnaaﬂﬂaqLﬁtﬂaﬂautnaitﬂaia:d*md1~d:unuw&aw Appgtud w0 Hz &1 1/3

nuxﬂvwnﬁﬂﬂLﬁWuﬁﬁﬁhﬁdqQﬂuuaJﬂ71nﬁiﬂﬂﬂﬁaﬁﬂﬁﬂdwuﬁﬂﬂaaﬂﬁanﬁﬂﬂdﬂuﬁﬁﬁLﬁﬂ fhutwiid

o
eanai AT 1A uns U LA cras AT NS LATTUNAN EIND LNBTIUING: AN
ANTEI1FIARABY LD 1ABTERULRI A Tyl LyRTIRaDINITATLAN LNR
¥o Bun iy irGanAnu 18T 1aas ARauusATAuEIUR A fAUsENBUAYRY  (power

E X N <, (= 2 ol 4

Factor) T tfi-diddn uazusdfunnnanfigndIulingd FaAdedpatainaAauLes 1nas Ao

_ sedvEawEi faeann wiERdRad
- awn\ﬂnﬂauauaiﬁﬂﬁ:naumﬁhgaﬂnausqﬁuﬂwaﬂnnﬂﬂﬂuﬂﬁﬁﬂaﬂauLaa€tﬂa€
_ dunaatdnnsduBaunsunn ssndiagtminaufintan (line commutation) N

Fufautiann a0 s auUBuunsunnseuanuiedl (Forced commutation)

2.2.4 nﬂ1ﬂ1uQuﬁﬁu3§nﬂst1ﬁhnmﬁaﬁu wszaTwll  (Variable Voltaoge,

Variable frequency) vin VVVF
inalinfh DuisSn ﬂuﬂuﬂuLﬁulﬂﬂuﬂﬂLMNWuﬂuwﬁﬁﬁﬂW’UﬂﬁﬁﬂULﬂ?ﬂuuuLﬂﬂﬁlﬁ“ﬂﬁuﬁ

Frar dBuLT A0 D UL rEnu FaTez iy 3Au um:ﬂﬁﬂmﬁwwaﬂﬁutaﬂﬂwwtﬁuWUﬂﬁuwﬂaq

G Ve IAATR TR 1 NS s auRaNa lnET LERIAITUILNR 2.6
CONE TANT TOROUE ; CONETANT FOHER ]
~——(Rnr.o)———+-—— (RATED) ————]

j1.e
/// \\\iROUE CURVE

ARMATURE CURRENT
(RATED?

VOLTAGE
(pu)

1.0 2.%
FREQUENCY (pu)

STATOR RES)ISTANCE
COMPENSATION

- .
ol

SUF 2.6 WERINTS LWRHULLRIBEINTIAU vash NSEUEd LR LAaTiLAIIND



13

[
e

gfimia inpshar iedaaflnaan® - slip an Faaz 1 Buns FugssRvBmn uaraIm
(%218 LADE 9T RTINS LWRiuA e S 30aas iR asRuaMe LiRn U aIpn B sEwinaeY
M Waas LAaT ATy LRuan e T SR AT ST ATALN YIS LB
A wBnpauLes (anT %qﬁhbmwn1Sﬂququﬂﬁwnﬂ&uatﬂéhaﬁunWSQdUQuﬁﬁuaLﬂn€ nénafa e
Han75 e $ wssbudadiuen tnny i Aunas tFamanafanansafunantaaduind innd
uﬁnﬂﬁlﬁﬂﬂiﬁuﬁaﬂﬁatﬁﬂ?ﬁﬁ:ﬂﬁﬂﬁﬂﬂfﬁﬂﬂﬂﬁhﬁﬂﬂduaLﬂﬂfﬁﬂﬂs . (flnesnnnsansazns
magnetizing current SuiPuna L Hpasnnnnas emad magnetizing reactance 49150
air gap flux aﬂaqn:wﬁﬁﬁnaihgqgﬂﬂaquaLﬂaﬁéﬂaa Fahesnuindiauasing - use
waihqﬁqﬂﬂﬁﬂaﬁawLﬁuﬁﬂotﬁuusaﬁuaan gafiuiiad inadhma i Snndnsishura
usafuaEn  (v) Aamud (F) via v/f 1ﬁﬂ4ﬁnxwﬁﬂﬁma€hﬂqﬁlﬁuLﬁﬂdﬁhﬁiﬂﬁﬁﬂﬁﬂﬂuﬁiua
Ghe ﬁﬂjﬂﬂﬂuﬁ&ﬁhﬂﬁ%lutaa{ wEE AN ENEuN] BN UiReT vliBudadung LrasTidn s

0
[} o

xﬁuﬁwsﬁuLﬂaauwﬂﬁwaﬁhﬂqﬁnﬂsﬂauquﬂﬁﬁuﬁhﬁuuatﬂﬂéﬂﬂﬂ%ﬁﬁqqﬂﬂqﬁn:wﬁﬂﬁﬂuﬂwuﬂﬁﬁnt%d

[
<

fern i gon min  (base speed) v3aAWaANIN base frequency (1 p.u.) Y

uaﬂaﬂuguﬁ 2.7

| CONJTANT TORQUE CONITANT POWER .}
REGI ON . L i

LOAD TORQUE

( CONSTANT)
l . o /
ORQUE A MAX1MUM TORQUE
(pPU) ~
v g LOAD TORQUE
/ - VARIES WITH SPEED
T \/ T
0 spr;ég ) STEADY STATE 2.8
TORQUE SPEED CURVE PIONTS

W1TH REDUCED Yn

sUR 2.7 udnd Speed - torgue Curve 1038 inad | WAIBAuAN VWVE

1
2

AWuANAgn 1 pneSen v/ adiielliiiunns (e ieevmiivashgogadl

An ¥ Mtiveein 1 mdd ) magnetizing current WAHusyilU magnetizing



14

reactance Litaatinag (fiun Hasenamnudumnunaadia taas s A in i fgady
magnetizing reactance #IlU A5 (R IFUTFR Y WETLA LA LapsTaa Budnduin tnnd |

ﬂﬂlﬂﬂuﬁdﬁUﬁﬂﬂﬁﬂNﬂﬁWNﬁﬁuﬂﬂuﬂﬂdﬂkﬂlﬂﬂ§ ﬂﬁqﬁhﬁilUﬁﬂu&Uﬂ@uﬁ&ﬁﬂﬁﬂﬂ1ﬁuﬁlﬁUTUﬂWN

hifiuanans i 2.6 wvun s LB Raa L dse e fluns v v/E fidman

[
ed

druud AT 59t base speed Wehnsashwvesaidaef (dpsanay

&

WthIn LAY over load ?qﬁ:ﬂWLﬁMOLQQ$deMWHTq ﬂquu N uﬂusqﬂuﬂwﬂqunﬁwuqﬁqa

ﬂhﬂﬁwa€h§JQﬂﬂﬂao Hpannaenmaney air gap flux ﬁaaﬁuﬁhﬂuuatﬂaéﬁhuﬁﬂaﬂuguﬁ

)
L ot

2.6 naseunuATwE vl ndeangigaradBufindiam ansasiidnsfidu Fieniuiid
g 1 L . L4 o .
wnaad Funnsanans LN sI s tain (Fun 1Tin1SYnUuM  constant power region
o~ . . . g v ; 2 o v o P s
v8a Field-weekingin region Aoumf 2.6 TFyifuvaseaimndafiviopsBudndism 1nos

AWt I wazA D tﬁu%ﬁﬁﬁqﬂmﬁawuazaﬁqﬂ”} £11119 torque-speed curve BadHU

v

Fadwianes  Auvaihivan 9a A (Dugavrounsll load torque SRRt ﬂuﬂm:ﬁqﬂ B (fiu
eI lunsiivi load  torque ugsAuAr e (isasnnisaaunuam3 e Budndung

wag SR Tunswsvhana uazusqﬁuﬁoL%ﬂﬂﬂﬁﬁﬁﬂﬁﬂﬂnﬁdﬁ Variable voltage

(=3

variable Ffrequency drive (VVVE) ﬂﬁaﬂ?ﬂﬁﬂﬂﬂﬂﬂﬁuualﬂa?ﬁﬂﬂ g YVVF flasvhanan

[l
ot

aneg Jlﬁﬁﬂl%!ﬂ iﬁnlgilﬁuﬂuﬂﬂﬂéﬂﬁqulgﬁﬂ'ﬂdﬂW ﬁﬂﬂﬁﬂﬂiﬂﬁdﬁﬂiﬂ uﬂtﬂﬂ“ﬂiﬂﬂﬁﬂﬂu

13 1
q::l (5.9
U

WiingamayaIf(steady state) UpNINN ﬂuﬂauﬂﬂaqnﬂsmqﬂﬁuﬁhﬁnualﬂﬂ% AREAM

Qnﬂfﬁﬁuﬁﬁﬂtﬁuauﬁqn:wﬁﬂﬁﬁuﬁhﬁuuaLﬂﬂfﬂﬁaﬁutﬁu induction generator (LB
awunakﬁuwﬁhqﬂu%wﬁﬁﬂaunﬁuLﬁﬁiﬂﬁaﬁuL7@%1ma%ﬁﬁﬂnﬁﬁﬂaﬂﬂwﬁbqﬁuﬁﬁdiuﬁﬁﬁuwﬁuL%ﬂndﬂ
dynamic braking wadalbunduidn AC line ez \flu  regenerative braking Favid
NN

xﬂaaawnusaﬁuLéﬁﬁﬂﬂﬁaqﬁutdaﬁiﬂaf' ﬁﬂﬁﬂuﬂqﬁﬁhxﬂéauua&ﬂaéﬁﬂiﬁtﬂuEUiﬂﬁ

9
.- o

ﬂﬂuANalﬂqu”iﬂaU“7qquﬂW$iNuﬂﬁ.ﬁQWuVﬂquﬂﬂ1u1NuNlM?ﬂMNuqu air gap ﬂQHﬂﬁﬁung

Pehnau L L van Lﬂaaannﬂqwuﬁﬂuﬂﬂtuywaﬂ (fundamental freguency) ¥n Fathunss

u

2

e A Eae g iEied  srbifudusBunasminny s sudifiasanusadusnysaiind
pranefidtuna NS sud  BaIRIdlsY snouyeg i (fundamental component ) \foun 1rasTl
woning” VNI EINE LA biRAad LTS prananas useduanswlindnaaiiuiind
|ﬂaéﬁ:mﬁﬂﬁlﬁﬂnwsgmtﬁaﬁuuaLﬂﬂ%ﬁﬁnﬁu #atiuraenfussAaausnfinnsaniunas 1iian

FUINTDIIA LADSA Y 23] UUHQWﬂUﬂuﬂNuNLﬁsmﬂlHQQWﬂUSJquﬁﬁﬁﬁNUHiﬁﬂﬁﬂﬁ MHNWUWWJ



15

o 1 '
=3 ~r

Fudu vasunady  fundamental air gap flux eviWiifavasaliu Fatnwh ke
gnniaipanhiiaannaruifoy (inertia) 1a3Tsuy usimaudnasvadaitiatu A1 nA
LA UAN W L5 TunT (resonance) 19U LTINEANR R IAR hunting  Aust (funa

LEanassuuts

2.3 Bulladnas Lt s iueinuea thas L

ﬁutﬁﬂ%kﬂaiﬁﬁﬁﬁuqﬂunﬂsﬂﬁﬂquuatﬂnftwﬂanuﬁ QeI LB URIUS U
uﬂ:ﬂnwuﬁiﬁ ﬁan;wﬁwﬁﬂﬁLﬁauﬁﬂaﬁzmiﬁQGzUUdﬁﬂiw (Uitllty Power System) URND
LAIRT ﬂ]uuﬁulﬁﬂvLﬂﬁﬁ%?fﬂdﬁqmﬂuu ﬁuﬁﬂuwﬂaﬂﬂwaqnundﬁuﬂaenﬂSﬂaquatﬂaanﬂ01Uu

1. swnsofsuasdd (udadnuduanniEasauiiaenas

2. awunaau%ﬁuﬁqﬁulaﬂﬁﬁw (s nans s adusan G (v/F) T
ARaAT 1059 DRA RN IN T

3. @modunssatE L iRt aiawies . aadudaavasaneWdinenns
LY

Filter
Controlled L J_
AC supply O~ro r:::it::re [of Inverter
i T
DC link

¥ 2.8 usmouRRAtnaTuNINIEdSEAL DT IADY LHansTLutwe tead inlluoun

Wwiti 2.8 uamanihasugudaadne i 1o sxgn (v Buus i
ﬁﬂmﬁﬁtiﬂﬁiwLaﬂiﬁﬁﬁnﬁsnﬂauquus3ﬁuﬂﬁ w%aﬂ?uquiﬂiﬁﬁiﬁ (Controlled or
Uneontrolled-rectifier)  waedui1nd inasasyrwifisRuusemiem /7 wiifue? %
A F0 UG uae RS Santhidszuudu 1ag nasssnsawunaana Nt iinnav iy

s’ o v - ] o
vras tmas @iy 2 wuuwn fe
1. AurasiasuiR s Ifl (Voltage-Source Inverter) : VSI

fu o enTiLuinEn s (Current-Source Inverter) : CSI

AN ]

iﬂﬂZULaa%tﬂﬂ%ﬁbﬂﬂauuuﬁazﬁﬁﬁmauﬁﬁ WA AR TAIFUAR ISR URSNSE

1
o

WemnaAf RS L TENTUN SN AR A uBEN Uiy



16
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MOTOROLA
s SEMICONDUCTOR T S A
TECHNICAL DATA

MTM12N08
Designer’s Data Sheet MTM12N10

Power Field Effect Transistor MTP12NO8

N-Channel Enhancement MTP12N10
Mode Silicon Gate TMOS
These TMOS Power FETs are designed for medium voltage, TMOS POWER FETs
high speed power switching applications such as switching regu- 12 AMPERES
lators, converters, solenoid and relay drivers. Slon) = 0.18 OHM
o Silicon Gate for Fast Switching Speeds — Switching Times i 80 and 100 VOLTS
Specified at 100°C Tmos

o Designer’s Data — Ipss. VDS(on) VGS(th) and SOA Specified
at Elevated Temperature ’ 0

o Rugged — SOA is Power Dissipation Limited

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

G
H
MAXIMUM RATINGS ¢
MTM or MTP
Rating Symbo! Unit
12N08 12N10
MTM12NO
Drain-Source Voltage Vpss 80 100 Vdc MTMI:NH:
Drain-Gate Voltage {Rgs = 1 M{l) VDGR 80 100 Vde CASE 1-04
TO-204AA
Gate-Source Voltage vGs =20 vde (T0-3)
Drain Current — Continuous ip 12 Ade
— Pulsed Ipm 30
Total Power D_issipnion @ Tg = 25°C Pp 75 Watts
Derate abovp 25°C 0.6 .WreC
Operating ’m-{ Storage Temperature Range T3 Tstg - 65 to 150 °c
THERMAL CHQRACTERISTICS
Thermal Resi;iance ‘W
Junction to,Case RaJc 1.67 /
s
Junction to Ambient - TO-204 RaJA 30 - MTP12NOS
70-220 62.5 MTP12N10
- CASE 221A-02
Maximum Lead Temperature for Soldering TL 276 *C 70-220AB
Purposes, V" from case for 5 seconds :
) r ’ H - - L
» :' a

Designer’s Data for “Worst Case™ Conditions — The Designer's Data Sheet permits the design of most circults entirely fiom the intormation presented.
SOA Limit curves — rep ing boupd ies on device Istics — sre given to facilitate "'worst case” design.

MOTOROLA TMOS POWER MOSFET DATA .
3,505
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MTM/MTP12N08, 10 P
Co s 1
- N
ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted) PR !
Characteristic Symbol ] Min Max l Unit j
OFF CHARACTERISTICS
Drain-Source Breakdown Voltage V(BR)DSS VdcT
{Vgs = 0, Ip = 0.25 mA) MTM'MTP12N08 80 -
MTM MTP12N10 100 —_
Zero Gate Voltage Drain Current Ipss mAdec
(Vps = Rated Vpss. VGS = 0 —_ 0.2
{Vps = 0.8 Rated VpsS. Vgs =0.Ty = 125°C) - 1
Gate-Body Leakage Current, Forward (VGSF = 20 Vde, VpS = 0 1GSSF —-_ 100 nAdc
Gate-Body Leakage Current, Reverse (VGSR = 20 Vdc, Vps = 0} 1GSSR -— 100 nAdc
ON CHARACTERISTICS® :
Gate Threshold Voltage . VGS(th) 2 45 Vde
{Vps = VGs. o = 1 mAl 15 4 B
Ty = 100°C
Static Drain-Source On-Resistance {Vgg = 10 Vvde.ip = 6 Adc) rpsion} - 0.18 Ohm
. Drain-Source On-Voltage (VGS = v Vpsion) Vde
- {ip = 12 Adc} — 28
ip = 6 Ade, T) = 100°C} - 22
Forward Transconductance (Vpg = 15V,ip = 6 A) oFS 3 - mhos
DYNAMIC CHARACTERISTICS
input Capacitance (Vps = 25V, VGs = 0. Ciss - 800 pF
Output Capacitance f = 1 MHz) Coss — 400
Reverse Transfer Capacitance See Figure 11 Crss — 100 !
SWITCHING CHARACTERISTICS® (T) = 100°C)
Turn-On Delay Time td{on} - 50 ns .
Rise Time (Vop = 25 V. Ip = 0.5 Rated Ip t AN 150 :
Rgen = 50 ohms) :
Turn-OH Delay Time See Figures 9, 13 and 14 1 tdioff) i< 200 t
Fali Time . Y - 100 '
Total Gate Charge (Vps = 0.8 Rated VpSs: Qg 17 (Typ} 36 - nC !
Gate-Source Charge Ip = Rated Ip. Vgs = 10 Vi Qgs 8 (Typ} ¥
Gate-Drain Charge . SeefFigura 12 Qgd 9 (Typ) —_ *
SOURCE DRAIN DIODE CHARACTERISTICS® . R !
1
Forward On-Voltage (s = Rated Ip VgD 1.2 (Typ) | 25 | vdc ‘
Forward Turn-On Time vgs = 0 ton Limited by stray inductance :
Reverse Recovery Time ter 325 (Typ) l —_ l ns f
INTERNAL PACKAGE INDUCTANCE (T 0-204) !
4_1 *
tnternal Drain Inductance Ld 5 {Typ} - nH
(Measured from the contact screw on the header closer
to the source pin and the center of the die) ‘
Internal Source Inductance : ] Lg 12.5 (Typ) —
{Measured from the source pin, 0.25" from the package 2
to the source bond pad) . ..
INTERNAL PACKAGE INDUCTANCE (T0-220) ) - . -
Interne! Drain Inductance  * ’ Ld
{Measured from the contact screw on tab to center of die)- 35 (Typ) —_
{Measured from the drain lead 0.25" from package to center of die) 45 (Typ) -
Internal Source Inductance - - Ls 7.5 (Typ} —_
{Measured from the source tead 0.25" from package to source bond pad.) ‘

«Pulse Test: Pulse Width < 300 ps, Duty Cycle < 2%.

MOTOROLA TMOS POWER MOSFET DATA
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MTM/MTP12N08, 10

TYPICAL ELECTRICAL CHARACTERISTICS

30 T 7 L 8 12
1 ! vgs = 0V /9 8y & N !
<
SR /J — v E vos = Vgs
% | g p=1mA
) / 6V P
£ /X P SR
g VY% g
= A /// /// u g 03
z 1 <
R WA g . \\
o 4
e v B o8 s
35V 3 N
T E S
0 2 01
0 1 2 3 4 § 6 7 > -% -25 0 % 0 » 100 125 150
Vps. DRAIN-TO-SOURCE VOLTAGE (VOLTS) 75, JUNCTION TEMPERATURE (C)
Figure 1. On-Region Characteristics Figure 2. Gate-Threshold Voltage Variation
; With Temperature
) g 2
Y s flsdd
B 16 | Vgs=0
g // § 8 Ip = 025mA
2 /, -
£ S PETE ga 5
€ Ty = ~5C— BE’, O
o é 3 —— i
é g § 08
‘2 10 / Vps = 0V 2
- 2 04
5 Q
1 2
0 = 0
0 2 4 6 ] 10 12 s =% 0 0 100 =150 200
Vs, GATE.TO-SOURCE VOLTAGE VOLTS) 7). JUNCTION TEMPERATURE (T}
Figure 3. Transfer Characteristics Figure 4. Breakdown Voltage Varlation
With Temperature
s 04 H
g ] I i
= vgs = 10V Ty = 10°C E . Vgs = 10V
g o = g L b =64
Fd ] 0
2 s —
& oo WE 12 —
g B % § -
2
g ot L BT £5 08
z L] 2
g oo 3w
3 8
v
B TR I TR TR R % 0 ® 0] W, W
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Flguv' 5. On-Resistance versus Drain Current ’ Figure 6. On-Resistance Varistion
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MTM/MTP12N08, 10

{
SAFE OPERATING AREA INFORMATION ‘
0 T 4
% 1410 s —
pr 5t e e o ko N U B
- 2 <] ISy 1 ms 2 »
QR e i o | TN 3
= pus
= 7 1 z
g s o < € »
[ " =
3 3 < ™ b= Ty 1%0°C
Z  ,1—-—0Slonl LiMIT N 2
£ [ PACKAGE LMIT g
S ——— THERMAL LIMIT N | oS 10
‘ = Ve MTMMTPI2NCS
03[ VGs = 20V, SINGLE PULSET—1 MIMMIP12N0B 4 }
. a7 = BCHHH MIMMIPIZNIO o MTM MTPIZN10
2 3 5 7 10 20 3N 0 70 100 00 0 0 20 30 4 S 60 0 80 90 w00
Vps. DRAIN-TO-SOURCE VOLTAGE {VOLTS) Vps, DRAIN-TO-SOURCE VOLTAGE VOLTS)
Figure 7. Maximum Rated Forward Biased ) Figure 8. Maximum Rated Switching
Safe Operating Area Safe Operating Area
4 FORWARD BIASED SAFE OPERATING AREA \ The power averaged over a complete switching cycle
The FBSOA curves define the maximum drain-to- must be less than: '
source voltage and drain current that a device can safely T - T
handle when it is forward biased, or when it is on, -or —Jim”_"—g'n JC
being turned on. Because these curves include the limi- 0
tations of simultaneous high voltage and high current, 14 e
up to the rating of the device, they are especially useful 5008 :;‘ fﬂ'
to designers of linear systems. The curves are based on 300! if 0
a case temperature of 25°C and a maximum junction tem- 200 -
perature of 150°C. Limitations for repetitive pulses at var- 1004=T & 2
b ; : 4 = 25%
jous case temperatures can be determined by using the E iD= 6A At
thermal response curves. Motorola Application Note, g % Vpp = 25V < tgtomt THIL
ANSE9, “Transient Thermal Resistance-General Dats and '_z, % Vgs = 10V LU 1
Its Use” provides detailed instructions. =11
10f= S £ zzii)
SWITCHING SAFE OPERATING AREA sE
The switching safe operating area (SOA) of Figure 8 is ;’
the boundary that the load line may traverse without in- . 1
curring damage to the MOSFET. The fundamental fimits 5 10 20 30 50 100 200300 500 1K
are the peak current, Ipm and the breakdown voltage, RG. GATE RESISTANCE (OHMS)
V(BR)DSS- The switching SOA shown in Figure 8 is ap-
plicable for poth turn-on and turn-off of the devices for Figure 9. Resistive Switching Time versus
switching times less than one microsecond. Gate Resistance
! = i =
D=
g 05— e t
E £ oaf— =a } !
@ § — T H
B8 o B = Rascld = ) Rgyc ,
g YT A Rgyc = 1.67°CW MAX .
o |11 S ey ot '
B2 uE= 00511 Pony ; D CURVES APPLY FOR POWER ;
£ ET o0 L. PULSE TRAIN SHOWN i
gros—— == 1 READ TIME ATty !
- T ~ T¢ = Piox) Rauct
zBw ~ & on DUTY CYCLE. D = 1ty Jpk = e = Tk aich!
=1 has
gon SINGLE PULSE
il
00 002 0.05 0.1 02 . 05 1 2 -5 10 20 - 50 100 00 : 500 _ 1000 P
t, TIME (ms) - '
Figure 10. Therma! Response Ei ol
Moy
: : Lo
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MTM/MTP12NO08, 10

2000 1
1y = ¢ g ‘ 4
y = e 80V
oo Vos = 0 gl | n=ne s
us =
& g 0 wi L
& 1200 § Voo = 30V oA
z — ) ue 0s = A—p
g \ g A
3% 3
P =4
Vos =0 N N Ciss S
a0 Py 3
\ I~ Coss ¥
0 Crss 0
—10 10 20 ) 0 ‘ 12 16 2
Vg = | —= Vos Qg. TOTAL GATE CHARGE {nC)
GATE-TO-SOURCE OR DRAIN-TO-SOURCE VOLTAGE (VOLTS! Figure 12. Gate Charge versus Gate-To-Source Voltage
Figure 11. Capacitance Variation
RESISTIVE SWITCHING
o° ! - lon: Toff -p»
Vin Ry tion|— | Y WioH) —p{ |1t
N
Vout 90%
OUTPUT, Vout
PULSE GENERATOR . ouT INVERTED
—————- 4 =50
I Rge"
| 00| !
] | = = gun
| | INPUT, Vi
L —C 0 A CL10%
Figure 13. Switching Test Circuit Figure 14. Switching Waveforms
OUTLINE DIMENSIONS
A | | MILUMETERS | _ INCHES !
. c ow [ ost [T | MAX | W [ B
- A - | =n | 1as0 | 1575 [ o8¢ [ 08w
41 I — I nm 965 | 1023 [ 030 | oucs]
6% |_162 | 406 | 4% [ 0160 [04%0 -
kL - B b
el s S T
— 1082 BSC 0110 § 0158 |
S H 85C 56 o0 [ ot |
1689 85C 1200 | 131 | 080 | 4se
v A | iy R 3 | 0045 | 0058 |
a L Va YT Y ' 5 [ 50 e [ e
{ L =] 28 ‘ 54 M4 | 0100 | 910
TN N 250|305 {0 | 01 ) i3y 00 | 219 [0 )
f 5 L v [ as | a9 | otst | otes | - R I t I [XI] o045 | 0058 ]
>L¥_‘J_ Loy ¢ DiTwlsaluslus
3 . p+flle o 0w | v Lo Toow |
[ = fops [ -
N Ol -T1ie[ - [wm]
STYLED:
PN 1. GATE . sEE:
NOTES: 2. SOURCE NOTES: PN 1, GATE
1, DAMETER ¥ AND SUACE W ARE DATUMS. CASE DRAIN 1. DIMENSION H APPUES TO ALL LEADS. ) ook
2 POSITIONAL TOLERANCE FDR HOLE O: 2 DAMENSION L APPLES TO LEADS 1 AND 3. 3 Soumce .
X OMENSION Z DEFINES A ZONE WHERE ALL BODY LoRRN
3 AL TOLERANCE FOR LEADS: Ww“““"m"s"‘ e
" : 4 Dmi AND TOLERANCING PER
ﬁvwmm a0 CASE 1-04 YIS 1902 CASE 221A-02
; TO-204AA & CONTAOLLING DIMENSION; INCH. TO-220AB

L

MOTOROLA TMOS POWER MOSFET DATA
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MC7800
Series

Advance Information

]

3-TERMINAL POSITIVE VOLTAGE REGULATORS

These voltage regulators sre monolithic Integrated circults de-
signed as fixed-voltage regulators for a wide variety of applications
including local, on<ard regulation, These regulators employ Internat
current limiting, thermal shutdown, and safe-area compensation.

THREE-TERMINAL
POSITIVE FIXED
VOLTAGE REGULATORS

K SUFFIX

\Vith adequate heatsinking they can deliver output cutrents in excess METAL PACKAGE
of 1.0 ampere. Although designed primarily as a fixed voltage CASE 1
regulatar, these devices can be used with externa! components to (T0-3 TYPE}
obtain adjustable voltages anr currents.
e OQutput Current in Excess of 1.0 Ampere
£ Renui PN INPUT
e No External Components Renuired 2 outeut
o Internal Thermal Overload Protection CASE  GROUND
« internal Short-Circuit Current Limiting
e Output Transistor Safe-Area Compensation
e Dutput Voltage Offered in 2% and 4% Tolerance
T SUFFIX
PLASTIC PACKAGE
SCHEMATIC DIAGRAM CASE 221A
‘ oypeut 10-220 TYPE
100 1003 10K3
100« soo'&
<
} ] IKIJ/ L LR &
. 2
I~ 2. GROUND g
3. outeur
r\' 20
'_KL J/[ 2003 o,:% STANDARD APPLICATION
23%Q N : 0 Output
9 }) Input MCIBXX Ovtout
l\\ Cin® Ca**
0.33 pF o
-
X 6k :é 2% =
1 3 A common ground is required between the
L )['o-wk input and the output voitsges. The input volt-
2713 148 20 3 adv smiist remsin typically 2.0 V shove the out-
F, "2 & Y0pF put voltage even during the low point on the
K input ripple voltage,
- 41 XX = these two digits of the type number indi-
Pin 2 ls ground cate voltage. X
for Cese 221A. ® ®» Cin is required if regulstor is tocated on
€103 Cose I3 ground__. epprecisble distance from power spply
sn% n% s for ~aik 1. fitter.
—0Gnd *¢ = Co it not needed for stability; however,
it does improve tramient response.
ORDERING INFORMATION XX indicates noming! voltege
\ Vol
Device 0".":": " .:e:"' Yemporature Range Package “J
xg;::::x ;: =55 to +160°C Metal Power TYPE NO/VOLTAGE
MCIBXXCK ey : ppvrys MC780S 5.0 Volts | MC7815 15 Volu
to+
MCT8XXACK 2% . MC?7806 8.0 Volu | mC7818 1B Volts
MCTBXXCT A% C Plastic Power MC7808 0.0 Volts | MC7824 24 Volts
MCI8XXACT 2% MC7812 12 Volts

XX indicates Nomins! Valtnge
This is actvence informetion and specificetions ste sublect 10 chenge without notlce,
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MC7800 Series

MC7800 Series MAXIMUM RATINGS (T4 = +25°C unless otherwise noted.)

Rating Symbol Vatue Unit
Input Voltage {50V - 18 V) Vin 35 Vdc
124 v) 40
Power Dissipstion and Thermal Characteristics
Plastic Package
Ta = +25°C Pp Internalty Limlted Watts
Derate above Tp = +25°C 118 A 154 mw/oC
Thermal Resistance, Junction to Air 034 65 ocmw
Tc= +25°C . Pp Internally Limited Wats
Derate above Tc = +95°C (See Figure 1) 110,c 200 mw/oc
Therma! Resistance, Junction to Case LXTo) 5.0 ocw
Metat Package s
Ta = +25°C Pp Internalty Limited Watts
Derate sbove Ty = +25°C 170 44 225 mw/C
Therma! Resistance, Junction to Air 3T 45 °cmw
Tg = ¢25°C Po Internally Limited Watts
Derate above T¢ = 4657C (See Figuie 2) 1/8,¢ 192 mw/°C
Thermat Resistance, Junctiog to Cese 0c $5 °caw
Storeom Junction Temperaturs Range Tag —65 to ¢ 150 °c
Ope ating Junction Temperature Range MC7800, A Ty ~§5 to +150 .
MC?7800C, AC 01to +150
OEFINITIONS

Line Rrguistion — The change in output voltege for & change in
the input voltege. The measurement is made under conditions of
low dissipation or by using pulse technigues such thet the average
chip tempersture is not signilicently af fected.

Losd Reguistion — The chenge in output voitege for a change in
fo2d current at constant chep temperature,

Marimum Power Dissipstion — The maximum tots! device dissi-
pstion for which the reguistor will operate within i

~=~Tuiescent Current — That part of the input current 1hat 15 not
delivered 1o the losd,

Output Noise Voltage — The rms ac voltage st the output, with
constant foad end no input ripple, mestured over 8 specitied fre-
quency range,

Long Term Stabifity - Output voltege stebitity under accetersted
tife test diti with the reied voitage tisted i the

ons,

Hudor . -

devices' electrical cheracteristics end power d

™




MC7800 Series

MC7805, C
ELECTRICAL CHARACTERISTICS  {Vin® 10V, 10 * 500 mA, T) = Tjo,, 10 Thigh (Note 1) unless otherwise noted).
h ietic Symbot NEo peraese Uni
Charecter v *din Typ Max Min Typ Man it
Outont Vottage |1 = +25°C) vo 4g $0 5.2 an 50 5.2 Vde
Outout Voltage Vo Vde
(50mA < Ig < 1.0A, Pg< 15W)
70Vdk € V,, € 20 Vrc - - - 475 6.0 5.2%
8.0 Vde € V,, < 20 Vde 465 50 8535 - - -
Line Requiation (T g = ¢25°C, Note 2) Regin mv
7O Vi €« V,, € 75 Vde - 20 50 - 7.0 100
80 Vde « Vi, < 12 Vdc - 1.0 25 - 20 0
Load Meguiation [Ty = +257C, Note 2} Regigad mv
S50mA<Ig<15A - 25 100 - 40 100
2°0mA < Ig < 750 mA - 8.0 25 - 15 S0
Quirscent Current (T~ 425°C) 'g — 3.2 60 - 43 80 mA
Quiescent Cyerent Changs oig mA
1.0 Vik € V,, < 25 Vde - - - - - 13
8.0 Vdc € Vi, < 25 Vde - 0J o8 - - -
50mA<IgNI0A ~ 0.04 05 -, - 0.5
Rippls Rejection RR 68 75 - - 68 - d8
80 Vdc € Vj, € IBVdc 1= 1204,
Drooout Voltaws (I ~ 1.0 A, Ty~ 4259C} V.a Vo = 20 25 - 20 - Vde
Output Noise Volrage {1 5 » 425°C) Va - 10 40 - 10 - uVivg
10H, < 1< 100 kM2
Output Resistance | = 3.0 VM Rg - 17 - - 1?7 - ~N
Short-Circurt Cureent Limit T 5 » +25°C) Tge - T 02 1.2 - 0.2 - A
Voo = 35 Vde
Pe3v Outout Current (7 = +250C) o 13 25 3.3 - 2.2 = A
Avermvs Terperature Coefficient of TCvo - 106 - - -1 - mv/oC
Ournut Voliege
MC7805A, AC
ELECTRICAL CHARACTERISTICS tv,,=10V,I0=1.0A,Ty= Tig, 1o Thigh [Note 1) unlest otherwise noted)
ch i [0 MC7R05A MC7005AC Unh
R e A Min | Typ | Mex | Min | Tvp | Mex
Outout Vo'tape {T ;= 025°C) Vo 49 $.0 5.1 49 $0 6.1 Vde
Qutput Voltage vo a8 5.0 52 48 50 52 Vde
(50mA<In& LOA Po< ISWI
7.5 Vde € Vi, € 20 Ve .
Line Regulation (Note 2) Pegin my
75 Vde <V, € 55 Ve, Ig * 500 mA - 20 10 - 7.0 50
80 Vdc € V,, < 12 Vde - 30 10 - 10 50
B0 Vde < V;, € 12 Vdc, T = +25°C - 10 a0 - 20 25
7.3 Vde < Vi € 20 Vde, T = 425°C - 20 10 - 7.0 50
Losd Regulation [Nate 2) Regigad mV
50mACIn<15A . K . - 25 50 - - -
50mA<Ig<1.0A } B - - - I~ % 100
50mA<in< (.5A, Ty=425%C ' 9 , - - - - 25 100
250 mA < Ig < 750 mA - 8.0 25 - 8.0 50
Quiescent Current s mA
- - 5.0 - - €0
Tyee25°C - 32 40 - a3 6.0
Querescent Curerr® Change oty . mA
B0 Vdc € Vi, € 25 Vdkc, Ig * 500 mA - 0.3 05 - T- o8
7.5 Vi € V,, € 20 Vde, Ty = 4259C - 0.2 0s - - 08
SOmA<in<10A - 0.04 0.2 - - 0.5
fipote Rejertion RR o8
B.O Vic & Vin & 18 Vdr, f = 120 Hr,
Ty» ¢25°C 68 % - - - -
80 Vde € V,, < 18 Vek, 1 » 120 My, -
g * 500 mA (1] 7% - - 68 -
D-opout Votiapr i1 » 1.0 A, Ty = +25°C) Vin'Vo - 20 25 - 20 - Vde
Output Notwe Voltsge 1T 4 » 425°C) Vn - 10 40 - 10 - »ViVQ
10 Hr € 1< 100 kH2
Output Ressstance {f = 1.0 kHz) Rg - 17 - - 17 - mft
Short-Circylt Current Limit (T4 = +25°C) [ - 0.2 12 - 0.2 - A
Vin® 35 Ve
Pesk Outnut Current (T 5« 425°C) 'man 13 25 3.3 - 22 - A
Aversge Temperaturs Coe!ficient of Output Voltage TCVo - 10.6 - - ~1.1 - mv/oC
Noter: 1. Ty = ~55°C for MC78X X, A
= 0°C for MC78XXC, AC .
Thigh » 4150°C for MCT78XX, A
f = ¢325°C for MC28XXC, AC .
2. Lond and line Tetion are fied st ion temperature. Chenges in V) due 10 hesting effects muit be teken

into account separetely, Pulse testing with low mly cycle it used.
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MC7800 Series

MC7806, C e T
ELECTRICAL CHARACTERISTICS  (Vin = 11V, 10 = 500 mA, T = Tigy 10 Thign [Note 11 untets otherwise noted |
. Symbol MC7B06 MC7806C Unit
Charactorirtie ym Min Txp Maox Min Typ Man
Output Voltege (T~ +25°CI Vo 5.75 6.0 6.25 5.75 6.0 6.25 Vde
Qutput Voliage vo Ve
I150mA<ig< 1.0A Pg < 15W
8.0 Vdc < Vi, € 21 Vde - - - 87 60 6.3
9.0 Vde € Vin € 21 Vdc 5.65 6.0 6.35 - - -
Line Aegutation 1Ty * +257C, Note 2} Regin mv
B.0 Vdk € Vin € 25 Vde - 30 60 - 8.0 120
9.0 Vde < Vin € 1) Vk - 2.0 30 - 3.0 60 ’
Loed Regulstion (T » ¢25°C, Note 2! Regioed mv
SOmACIp<ISA - 27 100 - 43 120
250 mA € |l € 750 mA - 9.0 30 - 16 60
Ouisscent Current {T )= +25°C) Ip - 3.2 6.0 - 43 80 mA
Quiescent Currant Change alg mA
8.0 Vde < Vi, 25 Vdc - - - - - 13
9.0 Vdr € Vip 25 Vde - 0.3 08 - - -
50mACin<1.0A - 0.04 05 - - 05 .
Rioole Rejection RR . L}
90 Vde < Vi, < 19 Vde, 1 = 120 Hz €5 7 - 3 €5 -
Oropout Voltage (i = 1.0 A, T )+ 4259C) Vin'Vo - 2.0 25 - 20 - Vde
Output Noite Volteae (T o = 425°C) Va - 10 40 - 10 - uvivp
T0MH; < 1< 100 kHr
Output Resistance {f = 1.0 kK2) Ro - 17 - - 17 - mfl
Short-Circult Current Limit (T4 = 425°C) lye _ _ [
Vie = 35 Vdc - 0.2 1.2 0.2
Peak Output Current 11 = 425°C) T 1.3 25 33 - 22 - A
Avecage Tempersture Coelficient of Outout Voltage TCvo - 0.7 - T - o8 - mv/ec
MC7806A, AC
ELECTRICAL CHARACTERISTICS  tvjy =11V, 10 1.0 A, Ty= Tiow 10 Thigh (Note 1} unless otherwite noted.)
MCTBO6A MCTB0EAC
Chaerscteristic Symbo! C7808 4 Unht
Min Trp Man Min Typ Moy
Qutout Votlage (T » ¢259C) Vo $.88 60 6.12 §.88 8.0 8.12 Ve
Output Voltege Vo Vdc
(5.0mA €19 G 1.0A,PH < 18W) 5.78 8.0 814 $.76 80 624
86 Vdc < Vi, € 21 Vde
Lire Regulation (Nots 2} Regin mVv
8.6 Ve < V), € 25 Vdc, Ig = 500 mA * - 3.0 1t - 90 [ 1]
0.0 Ve € Vi < 13 Vdc = 5.0 15 - " 0
9.0 Vdc € Vi € 13 Ve, Ty = 425°C - 2.0 8.0 - 30 30
8. Vde € Vi, < 21 Vde, T = 425°C - 4.0 " - 9.0 60
Load Regulation (Note 2) Regigag mv
50mAC Ig < 1.5A - 27 50 - 4 -
50mAcig<tOA - - - £ 43 100
50mA<IgS 1.5A,T)»+75°C - - - - 43 100
250 mA < 1 < 750 mA - 9.0 25 - 16 L
Quiescent Current g mA
- - 5.0 ‘- - 80
o, .S
Ty 225°C . 1 32| a0 - a3 | 6o
Ouescent Current Change alg . mA
9.0 Vdc € Vi, € 25 Vde, 1g = 500 mA - 03 [+3.1 - - 0B
86 Vde < V,, < 2% Vde, Ty* 425°C - 02 oS - - os
SEmA<in<tOA - 0.04 02 - - 1 1]
B .pp’e Aerection RR . .«
90 Vde € V. € 18 Ve, 1= 120 Mz,
Tyve25°C [ 3] n - - - -
90V €V, € 19 Vde, 1 » 120 Hz,
19 ° SN mA [ n - - (21 -
Dropout Voltag [Ig = 1.0A, T )= +25°C) Vin-VO - 20 25 - 20 - Ve
Output Noise Voliege (T A = 425°C) Vp »ViVgQ
10Mr < 1< 100 kHr - 10 40 - 10 -
Dvutput Retutence (f = 1.0 kH2) Ro - 17 - - ” - mn
Short-Circuit Current Limit {T 5 = 425°C) e A
' Vin = 35 Vde - 0.2 12 - 0.2 - H
Pesk Output Current (T = 425°C) [ 13 25 33 - 22 - A
Aversge Tempersture Costficient of Output Voltage TCvo - 10.7 - - 08. - m\roe

Notes: 1. Tigy = =85°C for MCTBXX, A !
» 0°C tor MCIBXXC, AC
Thigh = 4150°C for MC78XX, A .
* 4125°C for MCTBXXC, AC
2. Losd and fine ragut t lon tempersturs, Changes in V) dus to hesting stfects must be taken
into sccount separstaly h.m te11ing with low duty cyclhe s used,
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MC7800 Series

MC7808, C
ELECTRICAL CHARACTERISTICS Vin= 14V, i5-500mA, Ty » Tiow 10 Thion (Note 1] unlets otherwise noted.)
MC7208 MC1608C
) Unhk
Charsetarinnic Sy'mbo Min Trp Max Min Typ Man "
Output Voltage (T y = +250C) Vo 7 8.0 83 77 a0 8 Vde
Output Voltage Vo Vde
150mA<I9< 1,04, Fg < 15W) R
10.5 Vde € Vi, < 23 vde - - - 76 8.0 84
1.5 Vde € V;, < 23 vde 7.6 8.0 8.4 - - -
Line Regulatinn (Ty = +259C Note 2) Reg, mv
10.5 Vde < vy, < 25 Ve - 0 80 - 12 160
11 Vde € Vi, < 17 Ve - 2.0 40 - 5.0 80
Loxd Reaulstion (T » +259C, Note 27 Rediong mv
SOmA<Ig<15A - 28 100 - ds 160
250 mA < Ig € 750 mA - 9.0 40 - 16 80
Quiescent Current {7 5 » 4250C) . g - 3.2 6.0 - 43 8.0 mA
Quisscent Current Change alg mA
10.5 Vdc € V;, 25 Vde - - - - - 1.0
11.5 Vde < Vi, 25 Vde - 03 08 - - -
SOmACIn<IDA - 0.04 0.5 - - 0.8
Ripple Rayection AR g8
115 Ve € Vin € 21.5 Ve, 1= 170 4« 62 70 - - 62 -
Drooout Voltage lig = 1.0 A, T+ 4250¢] VinVo - 2.0 25 - 20 - Ve
Quirat Noiss Voltage (T4 » 4250C) . Vi z _ _ uVivg
10 Hz € 1€ 100 kM, 19 40 1o
Output Resittance (1 = 1.0 k1471 Ro - 1 - - 18 - m
Short-Circuit Current Limitt (T 5 = 4259C] [ - - A
Vie s 35 v - 0.2 1.2 0.2
Peak Qutout Current 1T 5 = +255¢) Inax 13 25 33 - 22 - A
Averane Tempsoature Corticient nf Doatnut Voltaze TCvg - 1.0 ~- - -0.8 - mv/oC
MC7RO8A, AC
CLECTRICAL CHARACTERISTICS Vin" 14V 1g» 10A T)= Ty, to Thigh INote 1] unless otherwise noted. )
MC7B808A MCISTBAC
M 1 s 1 Unit
Characteriztic Vi Min Yyp Max Min Typ Max "
Outout Volisge (T )+ 4250C) Vo 7.84 8.0 8.16 784 8.0 8.16 Vde
Outnut Vollage Vo Vdc
15.0mA < i< 104, PG 15W) 2.7 an B3 7.7 8.0 83
106 Vdc < V;, < 23 vde CE PTA
Line Requlation (Note 2) Heg,pn my
. 106 Vdc < Vi, < 25 Vde, 1 = 500 mA - a0 13 - 12 80
1 Vdc < Vi, €17 Ve - 6.0 20 - 15 80
T1vde € v, < 17 Ve, Ty 4280C - 2.0 6.0 - 5.0 40
0.4 Vde < Vin < 23 Vde, Ty = 425°C - 4.0 13 - 12 80
Load Requistion (Mote 2/ Redioed myv
S0mA < g < 1.5A ~ 28 50 - - -
fFOmACIn<IDA - - - - 45 100
50mACIg < 1EA, Tye4250C - - - - a8 100
250 mA < 1 < 750 ma - 90 25 - 16 50
Ouescent Curreng I} mA
- ) - - 50 - - 8.0
Ty= +25°C - 3.2 40 - 4] 6.0
Quiescent Current Change alg N mA
11Vde € Vi, € 2% Ve, I = 500 mA - 0.3 bs - - 08
106 Vde < V,, € 23 Ve, Ty = +25°C - 0.2 0s - - [§.]
SO0mAciIge10A - 0,04 02 - - 0s
Ripole Arpection AR de
1.5 Vde « Vi, € 215 Ve, 1+ 120 1y,
Tye 425°C 62 7 - - - -
145 Vde € Vi, € 21.5 Vde, t = 120 Ha,
10 * 500 mA 62 10 - ~ 62 -
Dropout Voltage (g = 1.0 A, 7~ 4759C) Vin'Vo - 2.0 25 - 20, - Ve
' Outnut Noite Voliage (Tp = 425°C) Vn »Vivg
10 M2 < < 100 kM7 - 10 40 - 10 -
Ovutput Arsistance {f « 1,0 4H;) Ro - 18 - - 18 - mn
Short-Circult Current Uimit (T4 = +255C) Tee _ A
Vin = 35 Ve 0.2 12 | .- 0.2 -
Peav Outout Current (T, = +255¢C] max 13 25 33 - 22 - A
Average Tamperature Corifichat of Outnut Velisgs TCvo - +1.0 - - ~0.8 - rmv/oC

Notet: 1, Tyy, » ~$5°C for MCI8XX, A
= 0°C for MCI8XXC, AC N "

Thigh = +150°C for MACIRXX, A
= 4125°C for MC28XXC, AC
2. Losd and line raguistion sre wacifisd st constent juncilon temperature, Changes In Vg due 10 hoating eflects must be teken
in1o sccount separstely. Putse teorting with low duty cyels b ured, )




MC7800 Series

MC7812,C
ELECTRICAL CHARACTERISTICS  (Viq~ 19V, 10 = 500 mA, T3 = Ty, to Thign (Note 1) uniess otherwise noted.)
MC7812 MC7812C
e " Unl
Charsrieriet Symbol Min Typ Mex Min Typ Man "
Output Voltsgs (T = +207C) vo ns 12 128 1Ms 17 125 Vdc
Outout Voltege vo Vde
[50mA < lg<1.0A, Po < 15WI
14.5 Vdec € Vi, € 27 Viic - - - 114 12 126
15.5 Vdc <€ vy, € 77 Vdc 114 12 126 -~ - —
Line Regquletion-{T e 4257C, Note 2) Regin mv
14.5 Ve < Vi < 30 Vde - 5.0 120 - 13 240
16 Vde € Vj, € 72 Vet - 3.0 60 - 8.0 120
Load Regulation (T = +75"C, Note 21 Regioed ™y,
S50mALIg<ISA - 30 120 - 46 240
250 mA < Ig € 750 mA - 10 60 - 17 120
Quiescent Current [T« «26°C) g - 34 6.0 - a4 8.0 mA
Quiescent Current Change alg mA
|l§va<<V|n<JOVdc - - - - - 10
15 Vde € V;, € 30 Ve - 03 08 - - -
SO0mACIg<10A - 0.04 0.5 - - 0.5
Riopie Aejection AR = - - d¢8
15 Vz € Vip < 25 Vb, 1~ 120 Hz & 68 60
Dronout Voltage lig = 1.0 A, Ty 425°C) Vin'Vo - 20 25 - 20 - Vde
Gutput Nowe Voltsg (14 ~ $25°C) Va wVIVQ
10 Mz < 1 < 100 kMr S » .0 - g -,
Ovtout Resistance il = 1,0 ¥Hr) Rp -~ 18 - -~ 18 ~ mn
Shart-Circuit Current Limit (T4 = +25°C) Tse A A
Vs e 35 Ve 0.2 12 - 0.2 -
Peat Output Current [Ty~ 125°C) fmax 13 28 33 - 22 - A
Averegs Temperature Conlficlent of Output Voltaps TCVg - 115 - - -1.0 - mv/i°C
MC7812A,AC
ELECTRICAL CHARACTERISTICS  (Vin=13V,10 ® 1.0 A, T = Tiow 10 Thign (Note 1] uniess otherwhe noted.]
MCT812A MCT812AC
sctoristie Symbeol ]
Chagegor K Min Typ Mox Min Tre Man Un
Ovtout Voltege (T~ +25"C) vo 1.75 12 1225 11.7% 12 12.2% Vde
Outout Voltege vo Vde
{SOmACIg<10A Pp < 15W) 1.8 12 128 18 12 128
14.8 Vdc <V, € 27 Viic
Uine Reguistion Regin mv
14.8 Vde € Vi, < 30 Vdc, 10 = 500 mA - $.0 18 - 13 120
16 Vdc € Vi, < 27 Vdr - 8.0 30 - 18 120
16 Voc < Vi, < 22 Vi, Ty = #25°C - 30 8.0 - 6.0 60
14.5 Vde < Vi < 27 Vde, Ty = 425°C - 5.0 18 - 12 120
Load Regulstion (Note 2) Redioad > mv
SOmA << 18A & 30 50 - - -
SOmACIg<IDA - - - - a6 100
50mACIg<15A, Ty +25°C X - L . Prs 100
250 mA < Ig < 7650 mA - 10 75 - 17 50
Quiescent Current ip mA
- © = 4 50 N - €0
Tym 1357 - 34 a0 | - ] aa | 60
 { Quiescent Current Chenge atg » mA
15 Vde € Vj, € 30 Ve, g = 500 mA - 03 0s - - 08
14.8 Vdc <V, € 77 Vede, Ty = 425°C . - 0.2 0S . & - 08
50mACIg<1.0A - 0.04 0.2 - - 0.5
Ripple Rejection L] . d8
18 Ve €V, € 28 Vede, 1= 120 He,
T - 425°%C 61 68 - - - -
18 Ve < Vi, € 26 Vdc, 1= 120 Hz,
1o = 800 mA 61 68 - - 60 -
Drooout Voltage flg = 1.0 A, Tg= 425%C) Vin'Vo - 20 25 - 20 - Vdec
Outout Noim Voltage (14 = ¢25°Cl Vn »VIv
10 Hz < 1< 100 kHy - 10 40 - 1 - °
Output Resittence {f = 1.0 hHe) Ro - 1 - - 18 - mn
Short.Circult Current Limis (T4 = 425°C) 1 A
Vin * 35 Véc ' s - 0.2 1.2 - 02 -
Pesk Dutout Currem (T ® +25°C) Tnax 13 2.5 33 - 2.7 = Y
Aversge Tempersturs Costiicient of Output Voltegs TCvo - s - - -10 - ™V/OC

Notes: 1, Ty, = -85°C for MCTBXX, A
® 0OC tor MC7BXXC, AC

Thigh » +180°C for MCT8XX, A
= 4125°C for MCIBXXC, AC

2. Lnad snd tine reguistion sre Itied ot

into sccount sepetetely, Pulse testing with low duty evele is uted,
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MC7800 Series

MC7815, C
ELECTRICAL CHARACTERISTICS (v, ~ 20 V,1g * 500 mA, Ty~ Tign 10 Thigh {Note 1) uniess otherwite noted.]
N N Symbot MC7815 MC7815C Unit
Chacacteristic v Min Typ Mex Min Trp Maw "
Output Voltage (T ) » +25°C) Vo 14.4 15 156 44 15 156 Vde
Output Volrage vo Vdc
(50mA < lg < 1.0A,Pg < 15W)
176 Vdc « V,, < 30 Vde - - - 14.25 15 15.75
1IRS Vde € V), € 10 Vikc 14.25 15 16.75 - - -
Line Renulation (T 5« ¢25YC, Note 2 Regn - - mv
176 Vde ¢ V,, < 30 Vde - 60 150 - 13 300
20 Ve ~ V,n < 26 Vdc - 3.0 75 - 6.0 150 B
Load Recutation {T ) = 425°C, Note 2} Regioad mv
50mA<In<15A - 32 150 - 52 300
750 mA < 1) € 750 mA - 10 75 - 20 150
Quiascent Current {T 5 - +25°C) Ja - 34 60 - 44 8.0 mA
Quissient Curernt Change alg mA
178 Vde € V,q« 30 Vde - - - - - 1.0
1R S Vde < V,, & 30 Vde - 03, [+3:] - - -
SOmMACIg<10A - 0.04 0s - - 0.5
Rippte Rrjection RR B - oB
185 Vde & Vyp & 285 Vdc, ! ~ 120 Hr €0 6 N - 58
Drovnut Voltege (g -~ 1O A, T~ 425°C) Vin-Vo - 20 25 - 20 - Vdc
Ourout Nowue Voliage (T 4 = 425°C) Vn A 10 a0 - 10 - nVivg *
10 Hz < 1< 100 kHr .
Output Pesimiance (= 1.0 kM) Ry - 19 - - 19 - mil
Short-Corcuit Cur-ant Limit (T 5 ~ +250C) Voo A
Vin * 35 Vac - 0.2 1.2 - 0.2 -
Pesk Outout Current {1 ) = +25°C) tmax 13 25 33 - 2.2 - A
Aversge Temperature Coellicien of Output Voltage TCvo - 118 - - -1.0 - mv/eC
MC7815A, AC
ELECTRICAL CHARACTERISTICS (Vi * 23V, 10 " 1.0 A, Ty = Tiow 10 Thigh INote 11 unfest otherwise noted.)
MC7815A MC7B15AC
i bo! Unit
CR et S Min | Tve | Max | Min | Typ | Mex "
Output Voltage (T 5~ ¢25°C) Vo 14 18 153 147 15 153 Vdc
Ouiput Voliage Vo Vdc
I150mA<in< 1.0A Py < 15W) 144 15 156 14.4 15 15.6
178 vdc € V,, € 30 Vdc
Line Reguliation [Nore 2} Heg,n 12 160 mv
12.9 Vde € V,p « 30 Vdc, 1g = 500 mA - 60 22 - 16 150
70 Vde € V,n < 26 Vik - 9.0 30 - ?
70 Ve € V,, < 26 Veie, Ty = +25°C . 30 10 '\ 6.0 5
175 Vde « V0 € 30 Ve, T » 425°C - 6.0 2 - 2 150
Lot tirauiatinn INate 2) Regigay mv
$0mA <« Ip < 1.5A - 32 50 - - -
50mAc<ig<INA % - . - 52 100
50mA%ln& 1.5A, T e 425°C - - - - 52 100
250 mA = I < 750 mA - 10 25 - 20 50
Quirscent Current 'n mA
« 4750 - ~ 55 - - 60
Ty o0 - Ja | s - YERT
Quiescent Current Chanpe Alg Y mA
17.5 Vde € Vi, € 30 Vde, 1g = 500 mA - 03 05 - - 0e
17.5 Vde € Vi, € 30 Vde, T) = +25°C - 0.2 05 - - 08
S0mA<IgL 10A - 0.04 0.2 - - 0S5
Ripnile Rejaction RR d8
18.5 Vdc € V;, € 28.5 Vdc, 1 » 120 Mz,
Ty +259%C 60 66 - - - -
18.5 Vde € V,, € 285 Vdk, f » 120 Hr,
10 * 500 mA 60 66 - - 58 -
Dronout Voltage lig » 1.0A, 7, - +255C) Vin'VO - 20 25 - 20 - Vde
Output Noise Volteor (T4 » 4257C) Vi - sVivg
10 Hr € 1 < 100 KMy - 10 0 - W0 -
Outiput Resigrance (tr 1.0 kH)) 7] - 19 - - 19 - mn
Short-Corcult Currant Lemet (T4 + 4750C1 [ A
Vin " 35 Ve 02 1.2 - 0.2
Peak Outnut Current 1T~ ¢250CH [ 13 25 33 - 22 - A
Averane Tempersture Corflicirnt of Ouiput Voltage 1Cvo - %] - - -1 0 - mv/oC

Notes 1. Tigp = =559C for MC78XX, A
= 00C for MCT8XXC, AC §

Thigh = #1507C for MC?8X X, A
* 4125°C tor MC?8XXC, AC

2. Lond and line taquistinn are tpecified 8t conttant junction tempersture.

into srcount separately, Pulse teating wath low duty cycle it uird,

4-132
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[ Advance Information —]
LOW-CURRENT
3-TERMINAL
3-TERMINAL ADJUSTABLE ADJUSTABLE POSITIVE .
OUTPUT POSITIVE VOLTAGE REGULATOR VOLTAGE REGULATOR . *
The LM117L/217L/317L are adjustable 3-terminal positive SILICON MONOLITHIC "L
voltage requlators capable of supplying in excess of 100 mA over an INTEGRATED CIRCUIT . ¥
OUthuL voltage range of 1,2 v to 37 V. These voltage regulators are ) iy
exceptionally 35y ta use and require only two external resistors
to set the outpyt voltage, Further, they employ internal current —————
limiting, thermal shutdown and sale area compensation, making . 4
them essentially blow-out proof, . . . 2 SUrFix ;,,
The LMT17L series serves 8 wide variety of anplications including case 29 L
local, on card regulation. This device also makes an especially 70.92
simple adjustable switching requlator, 3 programmable outpyt 'L:Ls;ﬁ;::::,“ , 2 "
regulator, or by connecting a fixed resistor between the adjustment i
and output, the LMI17L series can be used a¢ 5 precision current bl
regulator,
® Output Current in Excess of 100 ma Pint  Adjus
® Output Adjustable Between 1,2 V ang J7v Pin2 v
® Internal Thermg] Overload Protection Pin3 v, |2
3

® Internal Short-Circuit Current Limiting

® Output Transistor Safe-Area Compensation

® Floating Operation for High Voltage Applications
® Standard 3-Lead Transistor Packages

® Eliminates Stocking Many Fixed Voltages .

STANDARD APPL ICATION

H SUFFIX
METAL Package
CASE 19

LMII7L To-a9)

{Cote 1 outpur)
!

f L

* e Cin Is required it regulstor ls located an dopreciable dirtance from power
supply fitrer

ORDERING INFORMATION

e Co 1 10t neadey tor Habitity, however iy dost Improve translent Davics Temperature Ron,
83ponse, z
v S 334 - LMII7LH T -55°C 10 4 1300¢
- 1. + +
out Ay Ad R I LM217LH | 1)« -255C 15 + 1805
Since IA," fe controtied 1o oo then 100 HA, the error s100ciated with thig LML T5=0% 1o +1250¢C

term g neglipible In ™Mot applicetions *
SN,

LM317LZ | 1)< 0% 1o 41259

Thie is advance informetion and specifications 819 subject to chengs withoyy notice.
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LM117L, LM217L, LM317L

MAXIMUM RATINGS

Rating Symbol Vsalue Unit
input-Output Voltsge Difterentiet Vi-Vo 40 Vdec
Powsr Dissipstion Po Internelly

Limited
Opersting Junction Temperature Renge T oc
LMT17L ~55 to 4150
LM217L -25 1o 4160
LM317L |- 0to 4125
Storage Tempersture Range Tstg 55 10 +150 °c

ELECTRICAL CHARACTERISTICS

Vi-Vo=5V:ing =40 mA: Ty = Tiow 10 Thigh [see Note 1) ;1nax 3nd Py per Note 2; unless otherwise specified.)

LM117L/217L LM3I17L
Cheracteristic : Figure | Symbol Min Typ Max | Min | Typ | Moex Unit
Line Regulstion (Note 3) 1 RAgyine faidd
Ta=25°C,AV<Vi-Vg<40V - 0.01 0.02 - 001 | 0.04
Load Regutation {Note 31 2 Regipad
Ta = 25°C, 5mA <10 € Imax
Vo<SsV - s 15 - ] 25 mv
Vo> 5V - 0.9 03 ] - | 01| 05 | %vp
Adjustment Pin Currerit 3 1Adj - 50 100 - 50 100 pA
Adjusiment Pin Current Change 1,2 81agj . BA
25V<V)-Vp<4aoV 7 5
§mA <1< Imex. PO < Pmax - 0.2 5 - 0.2 8
Reference Voltege {Note 4) 3 Veet v
3VEV)-Vg<aoV .
5mA €19 % lmax, PD € Prngx 120 | 125 | 130 | 120 | 125 | 130
Line Regulstion {Note 3) 1 Regiing %IV
IVSVi-Vp<4d0V - 0.02 0.05 - 0.02 { 0.07
Load Reguistion {Note 3) 2 Redioed
5mA <)< Imyy
vo<5V - 20 g0 | - | 20 | 70 mv
Vp>5V - 03 \ - 0.3 1.8 XVo
Temperature Stability {Tjoy € Ty € Thigh! 3 Ts - 0.7 - - 0.7 - %xVo
Minimum Losd Current to 3 ILmin mA
Maintsin Regulation (V) ~ Vo = 40 V) - 35 § - 35 8
Maximum Output Current 3 fnex
V|~ Vg € 20V, Pp < Pyyy H Package
100 200 - 100 | 200 - mA
Vi-Vg <625V, Pp<P Pack:
1= V0 <6325V.Pp < Pmax Z Packege 100 | 200 | = |00 | 200 | -
V=V =40 V,Pp < Ppyy, Ta=25°C
H Package - 50 4 - %0 - nA
Z Package - 20 4 - 20 -
RMS Noite, % ol Vo - N * %Vo
TA* 25°C, 10 Hz S 1 < 10 KH2 - 0.003 - - 0.00) -
‘| Rippte Rejection, Vo = 10V, { = 120 Hz (Note 5} 4 RR . .60
Without CADJ - 65 - - [1] -
CapJ)® 10 ufF - 80 - - [ O] -
Long Term Stabitity, T3 = Tyjn (Note 6) 3 s %/1.,0 Hrg
Ta * 25°C for Endpoint Mesturements - 0.3 1 - 0.3 1
Thermat Resistance Junction to Cae - Reyc ocm
H Packege (TOJ9) - 40 - - &0 -
Z Package (TOB2) - - - - 1680 -

NOTES:
» ~25°C for LM217L
= 0°%C for LM317L
(2) Imex = 100 mA
Prax ® 2W tor H (TO-J9) Peckage
= §25 mW for 2 (TO-92) Packsge

13) Load and line reguletion are spectfied ot constant
junction temperature, Chenges in Vo dua to hesting

(1) Tigyy, = -559C for LMIITL Thigh = +150°C for LMITTL
= ¢150°C for LM217L
= +125°C for LM317L

effects must be teken into sccount separstely. Pulse
testing with low duty cycle is used.

{4) Setected devices with tightensd tolersnce reference
voltage svalisble,

{5) Capy. when used, is connected between the
sdjustment pin end ground,

(8) Since Long Term Stebitity cennot be messured on
osch device before ship , this rpecification fy an
engineering estimate of sverage stability from fot to
lot,
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. LM117L, LM217L, LM317L

SCHEMATIC DIAGRAM

VinO— 4 1
100 300 300 3k 300 0 s8v
a8V
N N T
350 i LYY
b~ -
1 4:
l’ N
$800
51t N I:‘E’?
A T+
o ,
Tt 260 278
Tio
of \1
= —OVour |
24% ’
128% SO
Adjust
.
&
FIGURE 1 — LINE REGULATION AND AIAdIIUNE TEST CIRCUIT ;
,!
Vee |
Von-V
Line Regutation tx/v) = —2H"OL y 400 .
Y Vou
n Vin ﬂ Vou .
ViL Vin Vout . VoL ,
R LMItIL O >———e
. Y
.
| e
LN o
Cin 7R O3 0F
4
* Pulse Testing Reaulred: ’
1% Duty Cyele '
18 suggested, Py U
®
i
. L)
L 7 '
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LM117L, LM217L, LM317L

FIGURE 2 — LOAD REGULATION AND Alpgj/LOAD TEST CIRCUIT

Losd Raguistion (mV) = Vg {min, Loed) = VO (mex, Losd}

Loed Regulstion {%Vg) ®

VO (min, Losd) ~

Vg (e, Loed) v
o (e X ‘W—U_ © (min, Loed)

by |

Vo {min. Loed) v
v;* Vin Vout ‘ _ O (mex. Lesd)
*—4¢—-O0——1 LM117L L% T
LIS
{mex. Loed)
Adjuet Ry S 240 . L
= L‘ I | {min. Loed)
L. -
Cin -;r 0.t uF tadi o ,T 1 uF
Rz
1
—a
* Pulse Testing Required: _L
1% Duty Cycio ls suggested. =
FIGURE 3 - STANDARD TEST CIRCUIT
Vin Vout 4_/\
_hY 4 ML p—o 'L *
Adjust
J ») v 3 240 n
1 @ 13 4x L L
.
Cin -;T\ 0.1 uF Co [~ $ uF Vo
'
'
Ra
"
_]_ Yo Celcuiste Ry:
Pulss Testing Regulired: = Vo *lggT Rz ¢ 1.2580V
1% Duty Cvcls [s supgested. Assums lggy = 5.28 mA
% FIGURE 4 - RIPPLE REJECTION TEST CIRCUIT
28V —K\J
1av Vin Veut ’ Vo= 10V
tet20 Ky O——¢——O0— LMIITL L O— Py -
Ad} 240 o
djust
Ry % 1N4D02 Ry
! E
Cin = 0.1 MF Cop< Y 0F vo
——1"

'o, Dlscherges Caopy Hf Output 1s Shorted to Ground.

Sptps
RN,
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LM117L, LM217L, LM317L

‘éi
q{.‘-
IS
:
FIGURE 5 — LOAD REGULATION FIGURE 6 — RIPPLE REJECTION
—f-_ ne T: »:-
- -~ &
g 02 Vin 85V —d § o) ?‘.
< Vour* SV P
o o— / 1 =Stw0mA_| g b £
< - ——— - .
s 02 LN s é b [ ;
§ TN Ve 10V w Iy
v E’ H *0mA
5 -0¢ Vout * - : e 120K wE
g Iy = 510 100 mA < o .
3 .0t S0 Vo-1ov *
2 = Vino Mo N V- %. g
308 .
-1 50 - 4
S50 228 0 75 S0 15 100 125 180 ~S0 28 8 15 0 15 100 125 150 =
1), JUNCTION TEMM RATURE (°0) Ty, JUNCTION TEMPERATURE (°C) .
e
o o
FIGURE 7 — CURREYIT LIMIT T FIGURE 8 ~« DROPOUT VOLTAGE ‘,‘é
> 3
-4
-
=
z \ .
L3 T
?(n'\ I —— é‘:s \\ — e e A e
- Ty 25" & :
I+ }— n ¢ S -~ 3 J
1 ~d E’ e LY 100 mA 3
Son HT= g 3| o
E T |
z - [— :
Sowl- Tym 150 | ha 2 . v
\ ol USR] mA "
5 NG
= N
z h
[ S0 -
] 10 20 30 © ' -$0 .25 0 2 S0 'S M0 125 10
V= Vp. INFUT - QUTPUT VOLTAGE DIFFERENTIAL {Vdc) 2 Ty JUNCTION TEMPERATURE [°C)
4 A
. .
1
b
. .
' §
h ' .
.' 5
i B 1
[ : : 5.4
E i P
PRI »‘3
i "y
1]
i
!
N ] 4‘28




'

LmM117L, LM217L, LM317L

FIGURE 9 — TEMPERATURE STABILITY

©.260

1.250

s
w e
1 -
g / .
U L0
: / T
[ 4
w
] Viprd2V
21230 ——1 Vo * Vier
> |l'5l\‘
3
1220 l
-850 25 0 % S0 15 00 128 150
7). JUNCTION TEMPERATURE (OC}
FIGURE 11 - LINE REGULATION
¥ 0¢ Vint 42510040125V
u Vo Vigr
z 02 I * O mA
3
w 0
o
<
5 .02 :
(=4
e .
E .04 ——
a -0¢
£
a -08
-10
-50 - 0 % 0 % 100 25 150

T3, JUNCTION TEMPERATURE {°C)

10
1 3]
80
L
80
L1

"'_i 4

kL)

ADJUSTMENT PIN CURRENT (uA)

FIGURE 10 - ADJUSTMENT PIN CURRENT

|
Vin®8.25V

Vo * Vit
—— el * 10 mA

——|‘..‘WMA
e ==
-”
<
>
o,
o

-0 .28 0 % 50 15 W 1
T4, JUNCTION TEMPERATURE (°C)

FIGURE 12 — OUTPUT NOISE

150

el Y

T L 1 15
andwidth 100 Hz 10 10 kR

a

NOTSE VOLTAGE (V)
-
o

(X
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LED-Photo Diode with Transistor Buffer ‘ m
LED-7 # b - A4 F—F+ T PRZ (R— REEFAT &) .

"

b)) b
34 IS St 1] [ /] #: Eb 1t
1 % 2 X W 4 7N 1 X W 2 X W 1 k-2 XM
" 'l T Ir Vi P Vere | Tau Pz By Te V¥ C t 17 hrE CTR Vees Ci-2 | lpe Jr 1% x
max | max | max | max | max | max | min min max max | max | max | min min max max | max | min
(mA)] (V) [(mW)] (V) | (mA) [(mW)] (kV) 1 typ” | typ® 1 typ® | typ® /7 7 typ® | typ” | typ®
Vce* DC/AC'| max I¥ (pF)Y | (us) | (us Ir Ir, Ic (pF) | (us) | (MH2)
. ) *C) (V/mA) (%/mA) {(V/mA.mA)
113200614 ok 25 5 45 15° 8 100 | 2.5 |-55~100f 1.7/16 | 60° 5 - 120°* 15/16 0.4/16,2.4 | 0.7} 0.8 - |Fevon Vecd.5~5.5V
PS2006880 1) " " " " r n " " " " < = " 7/16 0.4/16,1.1 " 151 — [F¢¥on B
17C618 =7 25 - - - 8 100 | 2.0° ~— - = = - 3 15/16 | - — 103" — |F4v9n Veed.5-5.5V
‘1147551 U2 25 5 45 15° 8 100 | 2.5° | —55~100] 1.85/16 | 60 3 N = 10/16 0.4/16,1.1 | 0.8 1° — |Fezon Vet 5~5.5VHUL
GN135 ' nye 25 5 45 15 8 100 | 3.0 |-55~100] 1.7/16 | 60° = -7 1757 7/16 0.4/16,1.1 | 0.6*| 1.5 | 2.0° ;¥ (¥ #n JEDEC
6N136 " " " " n " " " " n "1 - " 19/16 0.4/16.2.4 I 0.8 ] JEDEC
1HCPIL. 2502 “ " " " " " ] " " " - - " 15/16 " ] " [ CTRmax22%
HePe 2503 He - - 8 = = - =T - -3 15 - - 1.5 - W (tvp 13 250K Baud
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LMS555/LM555C

Manufacturers’ Data Sheets  App. 1
APPENDIX 1-16*
absoluta maximum ratings
Supply Voltage +18v
Pawer Dissipation 600 m\y
Operatirg Temperature Aanges
LM555C 0°C to ¢70°C
LMSS5 ~§5°C to +125°C
Storage Temperature Range -65°C 10 +150°C
Lead Temperature {Soldering, 10 sec) 300°C
electrical Cha(ac.tefistics ITa 25°C.Vee * *5V 10 * 15V unless orherwese specitied!
.
LIMITS ]
PARAMETER CONDITIONS - LM555 LMS555C UNITS
MIN TYP SMAX MIN TvYe MAX
Suputy Vailsge 45 18 48 16 v
Ve SV.R - 3 s 3 6 mA
Sunply Curew Veg * 15V, Ry * = 10 12 \0 11 mA )
{Low Statel INote 1} .
) g
Timeng Erenr, Monoitah'e K
Fratral Accuracy [ 2 1 ) .“
Ra Rg - 1k te 100k, 3
Drott with Temperatute | € » L 1uF, tNote 2) 30 100 S0 men C ,%
Dty witn Supuly 00% 02 01 "V s
o
Thresho!d Voltsgs 887 667 tVee .
A
P Vee = 15V a3 5 52 H v kel
5 9% Vee * SV 1es | 182 19 167 v X
¥
Trigqer Current 5 5 A :'i"
Reset Voltaye 4 .7 1 4 ? 1 v o,
Reset Current A ] mA i" ‘-i L
o oend ¥yt
Threshotd Current {Note 3} 1 25 K 23] A "')i‘ 4} ¢
gy
) Vee = 15V 98, | w0 04 { ¢ 10 1" v oARE s
Caontrol Vottage Level Vee s 5V 29 133 18 26 I n . v "‘*: * 1w (_\;
1.
Output Voltage Drop (Lowl | Veg = 15V ' B v o
g ® 10 mA A | A5 1 5 LA g 44 .
0 b trr
Ve ® 50 mA 4 $ . w| v N ,‘:
Igin * 100 mA H 22 2 2% v ?;”}j
4 Y
tsin * 200 mA 28 28 v "é«f
Vee* 5V &
taine = BmA 1 ] v Ok “,‘,‘g
famex = § MA s | | v 5.? & ég
Output Voltage Drop (High) | 1g0unce ® 200 mA ﬁ %,:.
Vee ® 15V 128 128 v % :&;
Isounce * 100 mA ey
. Vee ® 15V 17 133 12,18 133 v A
Vee = 8V 3 33 278 k] v
Rsse Time ot Output 100 100 "~
Fall Tume of Qutput 100 100 ~

Note 1 Supoly ‘current whea output high typically 1 mAlets 2t Veg = SV
Nots 2: Tesred st Vo = 5V and Ve » 15V,
Note 3: Tha wail determine the maximum value of Als ¢ Ag tor 18V operanion. The man tosl

Rs s Rg) = 20M0

*Courtesy of National Semiconductor Corp.
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APPENDIX 117*
SERIES 54/74 FLIP-FLOPS

recommended operating conditions

SERIES 544 ‘70 2.7
78, 107 .

MIN NOM MAX MIN NOM MAX

Serees B4 a5 5 5%5) 45 $ 59

Supply votugr. VCC i T [e7s__ & sas|ars b b2

High-leve! outpul current, oM ~400 ~400

Low-level output Eurient, gL 16| 16

Cloc high 20 20 ]susne | ! SNIIE '1
Pulse width, ty Ciock low 30 a1
u Peeset o cleor low 2% 25
Tnput setup time, Yetup . 20t ot
Wnput ho!8 umt, Inold 81 0!
. Serns 54 ~5%5 125 | 55 128 -
Operateng tree ait Tempereture, Ta FoRTY o 7 0 70

11 7ns arrow indicetes the edge of the clock pulst pset 1o reference 1 for the tising edps, 1 for the talling wdyt.
electrical charscteristics over recommended opersting {ree-sir tempersture renge {unless otherwise noted}

; 5 72,7,
PARAMETER YEST CONDITIONS' 78.°107
WIN TYPL MAX [MIN TyPl MAX]
Van Highdeve! Input voltege 2 2 i
Vip  Lowdeve! input vollsg? 0.8 08
Vi Vnput clemp voltege Voo  WMiN, - -12mA OEY )
Vow Mrghieest output voltege VecoMIN. Vimt2Ye ] 5¢ 34 24 .34 i
Vyy =08V, lon=MAX
VoL Lomiem! outpot volteyr Vec- WIN. Vi~ 2¥. 02 04 02 O
v, "08V. 1g 2 1EmA \
N
W ::';:::':: D e Ve s MAX, V-85V 1 1 :
D.J. k.o R ,_____—"—_____._-19-
™ Haphdonl Gt yecs MAX, Vie 24V L L :
mput current Preset [ 80
Cock 40 [ .
D.4.%. 0t K 16 e
e Lowlevet Chaor Vec< MAX, Vi- 04V ~32 32
3 input current  (Preset -3.2 =32
Croch Y ~332
Shonchreuit  |Seren 54 ~70 “51[-20 <81
105 gytput curtent® t&'-' um M =T Tor |- Y]
s
‘cc t::::::w.mv! vEe = MAX, See o ' w » w l

switching characteristics, vee=bV.TA" 25°C

e | o e 1 |
76,107
PARAMETERY | 0 piry (OUTPUT) | CONDITIONS e

. ————]

[ 70 ¥ 18 20
1pgM Provet o 80 D
WL (0 appticatie! [<] (SRR N 0 25 40 .
[ Cioar [] n e60ON, 0 1% 2
o pppiicatie! ] See Nowt 2 80 7% A0

Coch oo D

*Courtesy of Texas Instruments. Incorporated



GFF200E MAEERS
BRANNE (T,=25C)
BT U Woow & Min | Typ | Max | 8t (&
ol K GFF200k12 "o Iokn | Vo= Vorxn, Rox= 1609 1 mA
Vhras 1200 ( Ver= 5V or Rex=100Q) \Y Vru | Ire=200A 3.8 v
[ 70 (T =60°C) Al ver | vo=12v, Ri=20Q 15| Vv
Liew | 200 ( Vp=B800V, #—s<i 2.— 100V, Expr=12V) Ier 600 | mA
Iresu 280 ( Vo=800V, #—s<i a— F100V, Ensr=12V) A dv/dt | T=125C; Vo=800V, Rex=3000 | 1000 V/us
ray 500 (1.5msiffilf. JESEEk, 144 7n) In | Vo=24V 4 A
dildt 200 A/ps || ILarcn | Vo=24V 6 A
I 185 (1.5ms @i, f=RMSfi) A'S Vo=800V 3 | &
Vewn 13 v | Iraa=200A " 1 us
Prravs 12 for=8A b 2
Porw 36 Vo=800V, [ru=200A 51 6
-l.’(.m,\\'- 20 w lag Egesy=12V [3 4 Hs
e 1500 Lc=0.4pH Iy 0.5
T, 125 ‘C Qoa ‘ 200 | 300 | me
T - —40- 125 ‘C Ra | i&{r~ 7 — 2 0.35] ‘C/W
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