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HIGH VOLTAGE SWITCHING POWER SUPPLY
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Assoc. Prof. Somsak Chearsirikun Advisor
Education Year 2006

Abstract

This report describes a design and construction of the high voltage switching power supply
with high frequency at output voltage of 3KV. for ozone generator tube. IC TL494 is in controlled
of the switching with Pulse Width Modulation (PMW) technique to control of the switching. The
working process of switching work on the principle of half-bridge inverter to converts DC voltage
into pulse voltage. The pulse voltage to be converted into sine wave voltage by a resonance

circuit and passed to high frequency step up transformer for high output voltage.



-~ -y
paanssulszma

¥ k4
a Ao d M or o (U} °
TasasusuiiduSegaall14d08 dumnzldfumsadivayu 185udwusniuae
1 -] o o - ad = d o et =
anusmmasnauzosilszimainsanmioing Tamnwizanernsoilsnm fs
1 o ar = - dao 1 o ° = 1 - o
Muewsd seaudnd Woiasna uldldduusnivazmeiledie AduyseToniluns
a o’a’ L] W ] d‘ = J ' dl [ n’
Minssnu samsmoldfmalunmsulvilgmaeg afevulusgnieimlsssousuy
o [d »
© = o_d '
fi il Inssnuduiilsyaunadud o 1aiued 9@

= ' a
muamanqmui’luamaqa w Tomail

WU UAHAD  WHAgND

w o o

U1y BAUUN VISAAINTT

w a

3/
AR



CRRLY

UNAALD
Abstract
c;. ©
N1 umi
11 @iatamneidnnaensiuga
12 Jagihzasivealnsanm
13 YoUwAUBalATINY
UNN 2 2393A0UIBIIAES
'3 o
2.1 dmetunnsunedined
22 Waidsaneuneimes
23 wWy-yaneuneimes
24 man-iadneunedined
o J o o
25 va-uiaonsunesines’
i3 wieulasainia
. v P
3.1 awlyzneuvesnseutlasninga
'
3.1.1 unuties 159 (Ferrite Core)
3.1.2 UoULU (Bobbin)
3.1.3 2AYBILAIDIUNI91 (Enameled Copper Wire)
3.1.4 mUauIu (Insulation Tape)
32 umarledlsd uazmsidenly
321 GnYaUAZYINALATIUYBINUHDS 154
» 1
322 anvuzantiaveuilomnldiunumeslsa
3.23 Lﬁuiﬁdﬁﬁlﬁﬂ'ﬁ:ﬁﬂ (Hysteresis Curve)
324 smsgaydeluunuiieslsd (Core Loss)
'y v 1 a o 1
3.2.5 nmsfmuasinrmiuddnduimangsgaluuaundenlas
126 AIs@enuLIAvoIEnUes 1SRNV AN
1 o = 1 o o .
3.2.7 Fesmmasumaauniman luunumes1sd (Air Gap)

o o o o
328 unules lsddmfundoulasdasuuruazierdyalen

G & kW N

11
13
13
13
14
15
15
15
15
16
16
18
19
24
27
28



o
Unn 4

]
unns

a o o 1 ar
3.2.9 ANUAUNUITEHINVA NSNS URSVAFAUATS
vosndeuasainga
3.3 MINMUADIANBIUAIUATMIMHHAVHIAVDITARIN
3.3.1 HanINNIIIASZUEUAINUINRIVDIAIAND LAY (Skin Effect)
3.32 SATEIUTTHINANNAIUMIUAN SRR EUARA A TUN Y
4
NOTLUAATIVOIAIANDILAL ( F,)
33.3 wamsiSoadauniuyeivanin (Proximity effect)
334 madansRuTAaIANBumId T unouasaings
(Winding Topology)
335 nmistavaalanesasdmsundomlasadngs
o o [
lunouresimesuuuaIen
a v a s
3.4 gungiivesrveutlasaings
3.5 AHd RFI waz EMI
IAmguimTvadnFaninesdnnai
4.1 2393RUANIUINNAN IUANDINUIIGU (Voltage Mode Control)
4.2 29930UANINNAN IWAUINNIZUA (Current Mode Control)
a _a d as v a d
43 nrseenuuadIng wnnaidnnainawledues TL 494
431 MIHIHMUANTLEIANTNNY
o = 1 o o o
432 msimameesledlumsnsn usRuveINouNoneS
433 msfmuasuauis T,
-~ 9 = o =
434 mudenlyd Q1 uaz Q2 Nownavedled
o d. ar o
gilnsaimInediani
d = d
51 IMILINIIUSAADS
o I's -, o . . .
51.1 luTwasmneiniudmaes {Bipolar Junction Power Transistor)
o
5.1.2 mneivemns
o at ) = ¢
52 mizeanuioudmivmneinnusanes
5.3 2903miwed
or o 0 o
5.3.1 NeseiuLeIEIangaiInzue

5.3.2 29sanuesdesfunsadufiy

31
n
32

35
37

40

42
46
46
50
50
52
55
55
56
57
57
58
58
58

75
79
79
81



54 laloaluadin¥auminedsnnae
54.1 masnugydoiugdauiouveslaloen
54.2 vilauazmsidonldylalen
:i r o L T L A‘ ar
Nt 6 wanmsmhnuvsumdnglvain¥wswiugs
6.1 HANMITNIIUYBIIDT
A ¥ o l\. al
6.2 wannnaasamaae e dIn¥asadiugs
62.1 nA1naaedlasaeiiHaa R =30KQ
6.2.2 AymuaauFRufiznImwdfuus s IAYe
AIMaR 30K Q
ar w o ] o o a a o
623 ATMHARIRMUFUNUS TTH TS IAUBUNATUUS WD IANA
4 4 '
Annuduaz Ivaan a9
r ] 1
63 jlvesdgananiag Aldainminnass
A 1w
6.4 HANINARDUilBABNLUKaBAlBlIY
4
unn 7 aylwanmisnaaes
AANUIN

naanssudsenIf

UITUIYNIY

83
83
85
88
88
91
91

91

92
94
97
100



astigglam

»
HaRNIHUT NV LIAROUNBS DT
- o d4a 4
HEAIANYAUZYBINTTUALAZUSIAUNNATL 199
vzMavoInNasnuAfeuIe DS
& oo ¢ ¢
LIPS HUG IUVDIHB I TANBUIDSIADS
o v da 4
HARINNYAIZYDINTUALAZHT A UNNATL TW995
Q o o s o o
UUZRIIUYDINDTITANDUNIDTIADS
¥ o #
HAAINDINUF TUVDINT-HONOUIIDIIRDT
& ¢ o o o o
LOAINIINUG IUVDINAN-UTATADUNIBIINDS
(Uu) vz Q1 Wnszud (A1) v Q2 vnITud
d’ o o o o
HAAINVIAUGIUVDIYa-UTATnOUIIBIINBS
(n) saasalsznouvanvemtanynaaing,
» o
(V) NSHUVARIANDINAID TLH IO U UL VLU
»
UETAIAIBUNYLIALIATFIUYDIVBUIUT MY
o
unuides 1saLuY EE, EC uag ETD
r ] o
HEAIRIBO19VLIAYBINAUNGS 15AMU EE, EI uaz ETD
=y o o o s -
(m uaauduIfdmaeisdavewnues lsaniuilomssila 3¢8
o oY o't -4 =y
@) keraadu IRaFmnes s Favesunumes lsanilwiloasriia 3C6A
o o F 3 = ey A& - g
uﬁmanymwﬁnusmuaamu'[ﬁ'a FANOIF TABIVSLANHUSTUN ATV
= =t 1 o9y o o =t 1) a’.:
nsMInUULEsIna 1 Unaduines s ME3nuuuwiniy
-
¥ - o =
meﬂ1msqtymu’lmmuLﬂaﬂimaaxﬁ'am*muﬂ 3C8 (M) 1Az 3C6A (V)
1 ' a o [] -1
(n), (V) uaz (A) NI HUARIAMA NIV UIUUHANTFUIIONT IS
t ¢
g auvownues e
1 8 - ar o ]
(M uaasmmduimuzaudimsuunurdes 1sdvinanieg
& o oo a o o o
disldtuaanusannzauiasnounasinas
(1) e s dsnuimnzaudmsuunues s Avuiane9
A o oo P4 o
Jelenudesisanounoimes
LARINISAIMUATOIDINIAAU Ig AUNUNAIL (N)

@ v ' ' o
UAZNITAUYDIDININ Ig 53“q13ﬂﬂ53ﬂuuﬂ§llﬂulﬂﬂﬂiﬁ (1])

10

10

11

13

14
16

17

18
19

23

25

26

27



31l 3.0
31]'?'1 3.10
31]1""1 3.1
i 312
i 303
31]?'1 3.14
gt 3.5
31]?'; 3.16
qlfi 317
q1lfi3.18

i 319

31l 3.20
31]1‘1; 3.2

(M) UAAINIPITAYDL L% ppxy TUSTHEHIITOIOIMAAY
AMIUBAUULL ETD
or [ o [ [ 3 1 o
(W) AR NUTURUTIEN NN L1 pmky NUITOSTHIIEDIDINIAAL
A M UuNULUY EE
ar o n‘aﬂ’ W
HAAN MU TURUT AU UV NI o1 lag
uaasanuazmMtfanszua vasunwlualaneauas
Welinszuaadau mari iaszumlndoz luald
MNIZNRIVBIAIANDAULAY
d:i - 1) 4’ - o - d' ]
waasseznvzdo R uANInIzIa A Asszuzim
[ - = 1 o o o
ANUALMUUNTZHELAIBARINBALA 371 051uA
YHINANUNUIUUNTZUATRIUONTA
LAAIMDAS TEUANUATUMURNI SR AAUADA WA TUNIY
= ' oA ’
NNT2UAAsT (F,) YDINIANBWAIADANND NDIANBILAINUIAANA
ar = > s » o a
uanIanuszyeInIsfandnas e lundomlasadada
v Qr u’n'c 3 [ o ot
HAAIBNHUZYDINANFS WATA M NUNUILUUVOIRANTI) B,
d' a 1 r b4 - l:' =t 1:‘
Ad e lundeuilasainse Ias B, sziimuinnga
v »
N3z02FUGITAVDIVANIATIOINAS
- T @ o B et
eraIHavasvanIAnosuaIieg lurdnainih Idlinszua Tnaou
=y J e FJ J
BATUNAIAULULAZATUA 1V IVARIAN D ILAS
waz I anuvuiunssua R ML LTIf I NRIA U
=% d' o o a/ £ ot
paasnsalsufsuaanosasnnuSostu it udnune
1 { [ r I'4
VOIUHUNBIUAINTA NUHUUNAUEUAIUAUEND 11D IAND AL
[ »
WORDITBAA LA NYBInI i Iram luuaaz s
' A J o o r: J d’t;a
uaasn F, dunudmmsulunianeisy
o A 4 L > e & an
sz TANAAINIINGAY B nusulin n F, 9zBaiiimnn
& ¥ o ] -1 o J 9
aanapaliiuimagydsluvaniseziinuinyuaiy
o © II,I O’c‘l
waaan1sfivuad s luneitu
] [ ar o o  da
sarmanaamnNurudunanggIgavesddang s lddumsan

a & P b v A -
SN Tuvsvaala lurilanes vuas lasmsutanT avuvana TWsu3

29

30

31

33

33

36

37

38

38

39

40

41

41



< o & & < < =
N 3.22 wamansanswoudulunitanedsueingili 32191080
q.. ar 0 Wl =3 i
3323 urasnisinvaatavewasdmites3ianounesiaes iz au
d' ar ] o ]
JUN 324 wamsdnuaizns Ivavesnszualuremsvaiuaie
YBINI-HARDUIIOIIADT
g . . .
325 wemsnisdavaasanewashmdenloar-ng Tudnuuzniswuniu
1 1 o da 1 a i
gagmanunuiuddngd lusaanmshiauaien
ﬂi ar ar
JUN 326 wamsAnBUzNIIRUYARIANBILAIVD MBI aINY-HY
TudnyuzUENd WUASUINTANALURUA I
d. ar 9/
3UN 3.27 uamsdnBuzNIsSTUYRAIANDILATYBIN DU AT
Tudnvuzuendiuvaalaudozgaunz fauuuunsnnan
- o 1 ] o dar Ao v n’:
31 3.28 wamsdnvuzveasmNUMIiUEENES INTNaABUAR AT ULEN
o’r 9 [ o o o
gazsuluvesndieutos dmivarsuunneunesines
a o 1 a_ do b
JUN 329 wamsdnuuzANUMIUURYeIHdng T lunauag
e a !
fillyariuaisnalsn
3 TR : o o o ' o
g 330 (n) neutasiliiinindu RF1 szfiaduiudlseyudsszniavalnsind
uazvaERuAsHaziiunruvonszud RF 14
3 n’: ar ¢ L] o
U 330 (¥) mnfu RFT szdludadumaissun RE Inaraans 124
v &4 o d v r L4
TatuisnTeRaufnlszgesniiuassduuazdoninsng
g1 330 (@) Audulezg c, Avudnsei iifansunnniumendh
¥
£¥ 319 AU RFI fUns14 14
[ » [ .
51U 331 uameminnu EMI seumdentnaadng ikoaansunsnizao
yoafyqusumu EMI milauauwusouusdunewas T inedesdiu
- 4
& o o ] & e o
amsdufatuszninaniuivamades1sd
. 4 o ar o o
i 41 waasesHugIudmIuMIRLuReUND iR
TuTuuansuguinis iy
o o o o &
qUfi a2 wamsdpuazvesnnunieveaiadein PWM Suilunamneinms
voqandygnudloundunnsdygrahutesmugili 4.1
1 f ) o o o
43  uaanshiugdmivmnivguasunesaes

TuTnuanauguennIzua

43

43

45

45

47

47

43

49

50

51

52



- o ' o
3 4.4 2vesmunuiiiodasessvsionimuandseentazsmus
o = ] - Py
13 9ANE1BA Ver AividuneiatearnnsulSoufivuuny
& v 0 4 .
3 45 urmsdnuaiznmsmhiouiigaats veanesaiuguluTvuanluguaszie
d o . -
46 uaaimsialnssadnmolunaznisianivesled TL 494
d o o d [ © -
JUN 4.7 uemennudmiiutves R,C, Tunisdivmuanud
JUN 48 vaasznduANYaEMIRIIUYBS TL 494
d‘ ar 1 4
JiN 49 uamsdnvuzveIMIAIUgUAIAIRD
d‘ o L ' =
151 urasdnpusveanszumtazusduanasen lu TwarfimineiniuSaans
diesmihnszuauaziFungmiinszua ludwiusivzdludiuiia
fmdanugapdoluglanuionldqgs
ar 1 - ar [y o
52 M) uansitediinsnialasasis FBSOA vedlulwans
d -
WIneinTIuTmaed
a ¥ oo ar o
(v) uansdaetans MAtaLaoay RBSOA voalulnais
o ) o
MIBINTIUTAADS
C; s o1 J =
71N 5.3 uaasdnyazvesa lilafivenvivuvesnseualnai
- ar o o o
3 5.4 wamsdnuuzdu Inasvesmuuaneunesinesvazinam
o - I A w ¥ ad A oo w
meinswdsani idonldzdedinuivesdifinlasany
4o
nsounauidu Inaafiiiatude
= as o ¢ 2
Jifi 5.5 uaasdnsaziduInaaveayy-yonounesiresvusiny
1 Qs ar v 4 4 a
5ilfi 5.6 uarsdABuzvBsRITIRZUSIRUANAT BB SUB AT BITY
WinssuauaSungminzug Juddfiunaesiiudiuiivziia
Aasnugandelugdanuionldyge
o a o A vl ] ar o
71 5.7 waasdaiulszgudaiidengingie moluduwineivemia
] o - H o
Ui 5.8 waasdnsuzusduunznIzuavInAvaIzINIeT N MR
anTuneadiinssua
5N 5.9 LeARIRI0619U8 Gate Charge Chart
i ar o ! = 1 a o
314 5.10 uemsdnuuzmInisdszgvunamunmilnaremsGuinszud (n)

A 2 o o
oz HﬁllJE)L‘i?J‘HQﬂ HINTSUNVBIUNND BﬂJE)’GTLY‘ﬁ )

53
54
55
55
56
57

59

62
62

63
64

65

67

67
68

69



jin 501 () uamesmstuminesueamaliinszuadnled TTL

31]‘7% 5.12
g1l 5.13
31]’1‘; 5.14
311‘?; 5.15
galﬁ 5.16
i 517
31]1“; 5.18
it 519
31]# 5.20
i sz

qilfi .22

1t s.23

31]1‘% 5.24

o F o
HASWREWI Fe1A0s
) oy o n' o d' q‘
(v) uaaImsAenI A SR U933 5.11 () 1B
o o
ANUIS VT INTZILE
1] - 7 & = ar
(M) uarasnsaens uFmaoiinudnndn 1 d2lureesgy s.110v)
i = ot 4; o
omua s luvaizs ungaihinszuad e
ar o ¥ a o -
waaansvumIssusmalmimszuadinlod cMOS Tavasa
a 1 ar o o o o 9
LEAAIAIBYIIM S TA9s T Ies uemda I inszuadordoutlas
ar [ - ar o« o
LanIantansNdalaeant FBSOA voum o uoas
at 1 = o Y o
HANIA1BY19NS THNNALaBaNY SSOA YauwIosuamAn
¥ o = o
LAAIITAUYATDINITOIUNANUIBUDBNVINIHIIBINT T MADS
r s o
Aouruszaieanudeu ludiomaseuds
() HAAINAY BT INAVUAIT UaZ 1T SUHLRUIUTtiAAq AillAoa
Ryicsy VOIRMAUV TO220
(v) uazileldasuszuonnuiousiy
LAAIAIBE UL IZUI0A I DUUIAA1A uazA Ry,
o n' J ot 1 ]
LAAIANHAUSNITAARIVDINTZUT UASAISINUUHUYDILSIAUANAT DU
'3 = “a o
meIns uFmae vz ungath sz
a g & ' 1 o L)
HEAINITADN VT LIUB S FIONYATIINTZUTNDVH LT IAUANAT BN
o = @ o J L]
WUIDSNI WFmAe] MRy
] ar s ar o = 4 a o [ H
gaaanisAsmivmei osdunsiunumesitaminszudgaganazan
[ '3 = a o
AsoumIDI NI T dAe S vazSungathnszue
nanadlntan s wuanason laloavaziinszua A8
»
quudolulaloalusastieslion P, = V. x I,
HAAIRNHUSYDINTZUAIAZUST A UANAT 0 1A ToavazSungathinszua
(N) HAEAIAIDUIIAWTIAUANATOUVUZUINT SR
ar ot
vesrhaassiiess lalea
(V) HEARIAIDUIIA LT IAUANAS DUYUSUINTSULE

vosgansaAIANBSS 1aTon

71

72

73

74

74

76

77

78

79

30

31

84
g4

86



:i o L] L ' -] d’
Jn 525 uansdiediasWuanaseuvasinizuavszendn lelen (n)

[ a o‘ﬂ.
uag Anseuasa Ivavesrendn 1alea (v) 87
=; o & - oA a
s 61 vdenlaszunsunansmsiinuestaindamiiies dnwaiu 88
4 o ¢
62 2995 Tamudnmedna 89
MIA 6.1 ATTIUARIHANANINARDUIBAD THaA R=30KQ 9
o o w ' a0 o P
pIHN 6.1 nauTAINMIUFURUTIEHIIIANUDAULS AU YAT THaA 30 K Q 91

- o o &

3 @ o d 1 ar

n51H# 6.2 n3 iR NudRUTIzr s Rudunetus WueERa THar 30 KQ 92
3 e o o v o @ ar o

ﬂ‘i'l‘l’lﬁ 63 ﬂi']ﬂ&lﬂﬂ\iﬂ’.l'lllﬂll‘wu‘ﬁ53”11Qlliﬂﬁuﬂuﬁﬁﬂﬂlli\iﬂHLE]'IH?!FIT'H'EIH 75KQ 92

1 LY ' s ey o ar o
nIi 6.4 nsuaanNUdUWUS ST T IAUBURAN LS R we1ANA THAA 300 K Q 93

31]‘?'1 63 dygnaiwdes3aninut s vos TLAS4 94

31]‘?; 64 dognuedyafivennnueaivayelasines 94

31]‘?'; 65 dygnaueAnaneenyinmmneiuemanaduneiiaed
Fudusunalirevss Tanns 95

4 % 1 1 ;7] Q& A =y J

es diolilayarsesmivwes mwesueama dyapafldeialdifaiu - 95
1 ar H oS o

gl 6.7 Fygnauerdyanud 50 kHz NoensIN299513 T 96
1 ar - 3 o

68 dygruerananud 44 kHz fioenaineests Touud 9%

4 1 o = o o 4
1ln 69 juuaasminevasaiiiale Tauiuniaoinneas Ty

yo a1 IlusIgauuuaIing 98

g1 6.10 yuuansinssadrsvesnasnduiialelau 98
3 a & o

g 611 gilumasnszuaumstiudana Tolau 99

M9191 6.2 AT WULTAIHANANIINADD AL BAD IHaa R ifiouny Inaavasanida lo lau 99

svimaney Insa AARUIN
o 'd o

jisssnIngunesines AARUIN

DATASHEET AMMAUIN



unnt

uni

a A o ar . . v 1 4 &
MIAYUNUIDTHAWDW (Switching Power Supply) L‘CﬂuLLHﬁQﬁ]1U1ﬁﬂ1ﬂQﬁl!‘U‘UHHQ
= ar - ar 1 o a
awnanlaouussdu anszuuus sy Idadun 110 Taad w3 220 Taad Whthusedu v
a - =] =y [} ar [ o~ 4 1 e
Asard e 1Flunudidanseiind lAwwantuumass e uuundudu visfidendiiies
o o . oA o ar 4
INOTEWARY  (Linear Power Supply) 90 1d1fSouvesnindanuinisnnateio
] »
nSoufisuiuunasieuyindadu fAedszniamiigina vwadn wasiihmdnunnd
uraanwIdunududu  dlesmnunasne Minugadulsvdewlasnnudd S sfivuaues
¥ »
wiieutasiing uaziiminun vazl¥nussliussdunaznisuariudndeulnsmasan
o o = c; = o & a0 o as r o ] 1 =
Mmasnugaidsiifannmisulatedisgs  dwmdumsaeaussduvssuvane TliFudu
1 o a o 8 - o 4 v v ar o o
anannezlfmasimsudmnesaeoynsuiioWyANDIONTZUALASARISAY 189
= 3 a Y ' 1d a & 4
nugadelugilanudoussiimguezdealdunussuomniouninalngdstuilonun
A o o Y 1 8 @ a 1y Seig g ] = e’ @
Wemmnigwnaedesnehsugs seiidginsainidiinualveiuaziiihminmnn
= L] L] =y o -~y - -] A
UnAunasiieiFuduesiivss@nsnmalizunm 30% vioevi ldgatis 50% Tubiensd &
ar 1. o g ar o A o ar & o oo 1
wuldhaeudhsdudionBouRvuduainsaninesswwaedadilsedntamluge  65%-
20%
Tuilsgifuadagamneidnnasadivinavemiomlaudn  waziissdninmga
: Y 1 1 A -] s dea ad & 9 P
vmiinen Sumumdusiiana lueseslddidanseilndniinnadngsdesmsunassioty
4 o o -] ] : ~ o 4 ar o o' b
s dseldgueslvuadndis Wy nTewneufiuae; nIosfulnavienid Hudu
s & a o o 4 o o a o
wnTismsihadadamoidunmoniflunTesldBianmsetindymlsznniaiiu g
ar o a - & o a s o 1
g9 nisfnumanmsinusasmsesnnuuadasun e sanwaneiaudud§udunlueie
- a o Y y-:'-:' 3¢ ar = oo -y o o [ o A o ar
nanpsdIddmivdinerdessuaudidnnselindgnilszion  ssfunaInFano i
. | [ - o o oy o Y = 5 =] : ar 1
waevadinnudngunlunsedlddannselind luilegtiu Adesmsanudn dwilnan ua
Hlszdnsninga
o m d o s
1.1 @Insarnesdnnanusiugs
ar d o ar -4 o a o ar o o
dmiuTnssauiifumsninemdnnsfiugnassaindauminosannalous vy
o a A o ar a ar - ar ar
wihdluaiafumnednwarsus sdugauuunszuaady TaonlfouussiuWdhnszuaady
ar ar o & - ar o 4
220 Toad  IidhunssduIndhnszuaady 3000 Toad dslindnmsvianude alfou

usau IFhnszuaady 220 Taad MWituus wuliass 310 Tan aau99si5a Idsuaz 1995



o ] a a 4 ar o o &
Hames  udwrmsvsedaduieuanduuuihussiulwihnssuaadunnuigs deees
a oA s s w = o A o o [ A:
mnduihuirledfghigavesadafumneidnmaiouseiugs  lulassauiildiinmsves

o o d'a o o - o o ar
giav-uiatduneimes  Tumsndouussau ddinszuaasailuussdu IWdnszuaeadu
o o ar o 9 a W o oo @
molunesada¥e  wazlunisnuguiswueiynldngm Idldmaiiavadaueaguduly
o ¢ o o o o - o &
MsmuguMIMuvsIginsaiadag Ieeialivanvesisesniuguie ledues TLA%4 &4
o o o delet o~ = S o o o~
wraadyanawadhiianutuezmunansiiauisiimuald Tdmugumnnesuemvah
A a o a [ o a 4
WHlunmsadass  swsedmuaszAuusswueniyn ldnansdTuanuduazauiaives
a o Y o - o oe £ o @ odd A =
Wad lumanouInsa ussdueniynissnnnnesaindesslisnuasiuwadmvaoy uazil
as " s LY = W ot d'.d’a o = - o o o
uasrumAsIdu Idasafitlouliiulces luhiife 310 Tradvenissea nimiudieiad
= = = d’ 1 d A o 1 1 as 4
Amdoun e Trmasesis Teuuun Fsfmuannudis Tonuud 139 34 kHz dyanufin
o @ o A Fdea a 1 o
299545 Tauuudaziluus siu Idhaszuaadugindulnifiinnuige INULOMIT IR
] » ' ] r r ]
nszuerdun @i llsnunionlasalasmmudgauuumuns sdunemuus seuTiins iy
=2 s & ar o 4: ar v ) o a as o a
09 3,000 Taa FwsdweniyniausnlSunusduldnnaudvesdagnadiangs

e ¥ o = o o o PR J [ e Py
farwddmindfunnuds Touuud  ussduemiyeziisigeatu  uadniudvesdyenm
- = o’ o o o o ar
aIasalnTIeInannawds Tauuud usaduemiynesiiniaaas usaau Wi nszuaady

o 4 o o ar ar yd
HIIAUYIVINBMHMIBITIAT AN I SnHAous sug Tu Tnsssmiifaunsae Ty
Uszynd A ne Tdaafidesms
1.2 JagilszasAvesiaaau

5 o o oA o a
— ofinunMshnuYeIrIafaneidwnaiy
A ¥ fod o ¥ o

— wefawins [Fouginsaitidansetind lusmdumines

1.3 YBuIAYBIlATINY
¥ \ L = ‘; ar d' ¥ ¥ o o -y
— afunasswWiheszuaadunuuedasusssugaioniolinuvasasuils

ToTany



Unn 2

193ABUNBIIADS

o o o 1 ﬁ ' o a o a A & o s Yoo

N[ABUNBIADT UIINuT IS AyNgaluadatumineidwnate  Twuihi
aanouus Ay IassmgeasniluussduTiassid  uasawisonsiwsiuld noures
o8 .; Yo ar e o S AY Ay o
mRTUNABIULINBNIANYHEMITA NN 1Y Tasnsunosmeiudazunuziideadedy
= " ar - W o o o ar - o o r: -
nusnaefiueenld mywdenldnouneiinesiunladmivadasaunneisnnainiuide

= o 4 1 ar ¥
ATHTUNVINANY U AU UVBINOUIBS BT UARZLUUAST AD

o anvuEnIueniuMI iRz B unatueAAYoIneUNeTIne ]

. AussiuBunafiszdunlétuneunedined

. Mnszumqegai namumneimsudames luneunesmesua i
. AussdugegafinnadoumneinuFnnes luasueimesunzia
o madmnszduussiulunsdfineunesinesiiodnanaeaus iy

o a  a Jd o
+ MOV UATUYIVTUNIU RFI/EMI Y93R0UNIDIIADI

¥ oo ar 1 o ¥ oS o o o ar o M
nNdeRNIRNANET sevh ldReenuuumnuvadinavesnouieiines uazdnduludonld
ar el e o oy [ J
asuefmesiunlald Magiiuléfinswrumounedines lugtduuuang Suyunaue 1y
aa = d i o o a & a £ o
filvzndniwmnizaounesmesntoulfugaamnisuvesadnfunieidnwnaiodall 5

a4 a ¥ A8
wuuniisy 14 Ao

o o
o  Waruuuanourosaes (Flyback converter)
o =g o o
e NoiI5ANDUNDSIADT (Forward converter)
o o
o WY-WAROUIIDIADI (Push-Pull converter)
= o .
e mAN-UTAIROUIBS DS (Half-Bridge converter)

« Wa-uSasneueilaes (Full-Bridge converter)

: g ar o H ) ) ar o ar ) b ] b
ADUIBSIABS Y 5 uuTl Januaznsmud ivenaedusduliin uazdoudndwao
& of =2 o o ] d’u v o1 =
aavianud lwezfnyr  asuesmesmartidsansouiages 1donvainiizinn laons

oa' =Y W ar o o
manmainusdszmsIvnuneuiesines



2.1 Haenuaneuednes
o o T ' o o W s A o
Aarsuunneuneimes I ldnstunmsaded Tunmnzdmsuaiasuninosow
Ao ar ' v 4 & v f o o o o Sy oo o
wawnimaweenlugie 50 ea de 150 Jed edasamnoITwRaldodefe usedy
o P P ar q ¥ : a ar as
myni Iezdinusadunszifion (pple) Aoudags uaziioldfuszuuussduWady 220

o o o o o 4
T pneinsudmnes tursesfoanuusiiu Tdgalseanu 800 Trad £ 1,000 Trad S

ERLGRINE

+V¥V. o ' ! il - \

| O

= o
3‘].'7] 2.1 uﬂﬂQ"Nii‘ﬂu]1u1iﬂiﬂa'ltllujﬂﬂ'ﬂ1-ln'ﬂ{lﬂﬂ{

2 o o =l o
NusHuFvsmnuunnounefmeiuaa 13 lughn 2.1 mehauvenseseily
ar dy 4 - o o o o ar a o
dail mnesnsudmens Q1 Tudmouusnounefimedwwianludnvausiiuaied naze:
a P o da a = : o
ihnszuamuimdwasiadavasundoulimaiwa ilesnnndomlas T1 szfmuava
] ] bk .
Twsunuazvaiuais Idldnuasndumadiueyg sufudis Q1 vhnszue (ON) lalea DI
dsegludnuazgnluneandunaz bivhaszua  Selimsazaundsnuiva Insuisueamde
4 o ] o @ o = as n’: o
uilas T1 unu iila Q1 nyathnssud (OFF) auunivan T1 gudwhldhifanisnduduseay
fivalwsuisuazivAua’s Dt nezegludnmumzgnlunedass wawwnazauluvalnsuis
d t ar ar = = H ar ar o
voantoulasiezgnatemonn ldfsamsiuars uazlinssualnadinlalon D1 Tddsdudy
o ' [V | o o o J v as v =
Uszqeans Co uazluaald swesssAufiiorryaueInsunesianisziusgiunnam
AMSHIUYEY Q1 Frnanhniziuauel Q1 sastdud wIusouvesndaas wazhves

usIRUNBUNA



A o ' a s ar o =
mmaﬂsmﬂmag'luﬁm';zﬂm ﬂ'lkl'iﬂﬂulﬂ'lﬂﬂﬂﬂ.lﬁ’ﬂﬂ‘ﬁu.hJﬂ'llllelﬂ'l'i

tow X (N5 [ NpYVin — Feggan)

ot = _ Fo
(T ~ tow)
.................... (2.1)
T femunaInsines Q1 Wudun
= ] d. o =y =~
ton foganam Q1 Minszua dludun
Np fodnuseuvesvaluwiuss Wusew
Ns AR NIuTOUVDAANATS Tusoy
) o o o o o
Vout Aous IR IAYAVBINOUNDSIADS 1w Tiad
. a o dAa o o e
Vin foussdunsunavesnauneines il
o 1 ° = - o o
Vee(sat) fousaduannioy Q1 vauzihinszuanyaoudl duTad
- o 1 o o
VD Aoussnunnasoulaloa D1 vauzihnszue siiuliad
Vlu
_.(:)N,. . {-)Fir- ||ON-Ip
\7 \'4 +NEV+\" r—
\4.( .+ ¥y
e vl
1
li' 1 vﬂ[“f‘i
o L /
!
‘ N" l
I 'ﬂ 19 Lb 4 \

L, —o-rl- . Sl Toisn i-: -
1 —_—— o -1
'

ﬂ'. ar b 1 - J -4
g‘lh‘l 2.2 uaRsdnyuzveInszuaazuI sty lulssvas s Tuve A wLuARBUNBs AR

AmounaneuneiweiiilunsuneiimeinldmasnIdligain - Taveglugaalil

o ar o W3 ar ¥ o q ¥ o o =
(i 150 Tnd waz s dygnusuniu REVEMI Aioudnags ue lsginsaiioouazlinmgn



2.2 vlediisaneunefines
L -X.4 o o ar -~ A o ar a o 1 t
ﬂﬂ‘il’J‘iﬂﬂﬂunﬂimﬂi !111113??111‘51Jﬂ?ﬂiNl‘WH’JEl‘i‘HWWﬁ1U1’I1ﬁﬂ1ﬁQQ'IHElgﬁhﬁnd
w o &2 ar o = =11 v [] ]
100 W& 09 200 9A ua:muﬁﬁsnm‘l%wlumiﬁ%’wn1nﬂ'nﬂmmmﬂﬂauna§ma§ 117
- o o s o A '
Luﬂﬂ‘i]']ﬂﬂﬂi1’)5ﬂﬂE]NL'JE!?WIEJ‘Sﬁ'flaﬂ1ﬁ’lﬂ“=ilU1Jﬂﬁ'ltlilizﬂ"l'iﬁl.ﬁﬁﬂﬂ'ﬂﬂa1UllUﬂﬂﬂuL18§Lﬂ8‘;
wgﬂ'ow ey o o o o o o'ed o o A Aa
ﬂauuwmmqa'lnmu 200 A ﬂ'E)?I.’Jiﬂﬂﬂ'l.l!.’]ﬂ‘iLﬁﬂ‘.iﬂﬂlﬁuﬂﬂunﬂilﬂﬂiﬂﬂuﬂﬂﬂuﬁ‘ﬂuﬂﬂ

- oo o ar
1§1umﬂwmmﬂwwwmu

Qo :

] l__r 1__ NI IINIETURY

= Fy s s o
31]1' 2.3 llﬁﬂﬂqq“5“u!1u1]E]Qﬂﬂil']iﬂﬂaul?ﬂilﬂﬂ5

3 ad ¢ o i d sad

svsiupuvesresisansunaiwesuaasilugiln 23 swwwiuldimediiansu

o ot ar = o 4 o ld’l‘ o ! @ -
neiwmestanuuzlndifssiudauuanounesined uaugwmshiouszuanaeiy Ao
3 o ad s £ o ¥ o v oA o P o

wiieulasluresiisansunesimes wwimihndwrundsanlusaeiminesinswsmaes
o ' 3 o o [P 14
Ny aAnnnvmeuuansunesnessmdeutaszazmumarnlugieimnes

- & o ' - . oS = 'S a

nsugmaediinssua udBetevmdsnueen hilvuzimineinswdmasivigahnszue

»
ASHNTUYB99T 9T uA el

MIBINIUTmRe; Q1 i lanhnszuauazngminszuradudiutl  die Q1

o = [] - @ o - b4 o e d

wWinszua selinszua Ip e mvalwsa Np uasdiu iilesninnlioudas T1 Tunesiiia
o o a =1 ar = ¥ ar ar g P= ]

aoureiressfmuavalususuaziwauals Mioasedu aniulalea DI Segnlunen
© el = [ = 1 o P ) . o o o o

ase Mifinszualnafaiuad Ns wudaniioni Lo Tdsdunuilszyewna Co uazy

Tnan'ld vasnlnizua Waniu Lo seliimsazaundsanu I ludniudls dulalon D2 o



ogludnuaz luueandy Seliimsinszua wudordulalea D3 tssnnuadmnmlads
Nr gniiu 1 lusirasséhuduvatnsns Np lalen D3 Seegludnuazluueandy uazhifl
nszuerIna die Q1 wyavinszue laTen DI szgnluueanduuas hifinszualvavinvamdy
a3 Ns usluvas@sadurunuiminiiiatuly Lo YUA? sldinsndudusdui Lo
Talon D2 Fagnluneanss wasnufignazan1¥lu Lo ssgndamesnui Wiinszualva
rulalen D2 Tilfsduiulszy Co uazTnanld nszuah naru Inanssiidnyazaeiies
waluged Q1 ihnszuauazkgminsssa MiRHnsnsnfeuvewssduiiownadnd

A ;
WawuunnouLIDsIADS

a ] ] o 3 ar ar o’:’
Tuvzh Q1 wyabinszue aummimaniandsnislundentfassziinsgudmaznduda
1U3IAUAYA Np, Ns uaz Nr laloa D3 seeglusnyazgnluneaass mldimsoiumndaay

v » ) »

nmdeAationnll1d vaaiaAuuniuledis Nr uazlaTea D3 dilnnudagun msizd Tull
' ar P ¥ = P o ) P

nsmomnasaunaniseen Wonvalnsuisluvash Q1 wgminazug e Q1 15u

° - & v ood e A ' o q W ﬂ w ér
HINTSUTDNANTI ﬂu’]ﬂllﬂlﬁﬁﬂﬂ‘"aﬁl“aﬂﬂg'ﬂfﬂ‘l‘lﬁ Q11! uﬂlﬁ]i’lﬂl

Y . (S kFld

oL

L. -

ﬂ.- o I a A' - J o « oo o L4
31]11 2.4 yamdnuuzreInTsuanazuIRunaty uasssvmz I uveesiianeuiesmes



[ [ o oo o s oA Q * - ] qQ o PUEY
ﬁ'l?i".i‘l_lﬂainﬁﬂﬂﬂuﬂﬂﬂﬂﬂ'i HJE]'N'#HT'I'N'I'HE]Q‘IH'ﬁﬂ'nzﬂQﬂ ﬂ'll&'.ii‘lﬂutﬂ'lﬂ'f!ﬂﬂ.lﬁ'iﬂﬂﬂﬂu

neswoszsuldawauns

g = (Np / N5 )(Fin — Peagsan)tow Py e (2.2)

T

= o' o ar ’ = ar o []
Weosiisanauneiime i IiMd i I8 lutuResurdarsuusnouefined use 100 - 200
ar o ¥ = 9 =1 A ° ) 1 o Qs ¢ A 9 o Py
Ta@) winszuailAvziimsaszioudind eo1alsfay Agdasaifwudnnesih giism

ganmM

& o
23 Wy-yaneuneinns
o o o - ar ] o oot o o
MITIUvBT-anouneimes nifsumeudumnimes3ianounesnesae
1] E-1 L s L o [-] r A o Qs -] L]
gamdenauswiy  TasudatuimouluidageTmunam ludneaznduma  ildew
& o F O @ ] o o ot a o 1 o o - o’
maelaneudagalusaa 200 Sad 84 1,000 Jad edrelsfiay mneiniwFmaesiuaes
ar = ar ] a 3 v a o oo
denelinssruannsoursizngmbinszuaneud ugusuRnfresSsauazmouunnoy
o : - ar 3 © 4
nosimes  samallgmlumaiaddnd lmunsalusnumes lsdvessesiildimned

NIUFameswaasIFon 09w

? Y
Q
[ ]
I ~
\ 4
o- 4-{ Y
. T
*
i
\ <
t . N *

= - - v
z'].lﬂ 2.5 uoaTN Qf“u!?uﬂBQﬂﬁ'uﬂﬂaunaﬂﬁai




& ¢ o o
NITHUT VW F-Yanoueiwmesuaas ilugii 25 nngd Q1 uaz Q2 a2
ar ar -] el o L] Al A d‘ [:]
aquiuinulasndadnhinssualundazainnal T luvazh Q1 nszuasziinssud
Ip InaruuaInsuts Npt wazlalen D1 azgaluueandu diulalea D2 wegnluieanss
] L4 P 4 ' a a o
miviinszualnafivalniini Ns2 Wiulalea D2 uaz Lo Tilfsufulsey Co uazInan
»
Tudenaziiussduannsen Q2 seiifnilu 2vin (§ruruseu Npl = Np2 uaz Nsi = Ns2) Ty
- - o i o ' a . o A
nueuRnIRuvAER Q2 nizua Q1 itaz D2 v lihnszumitesningnluteandu DI 44
Fs ar a r a o o [~
gn lukeamsevzthassuainuarsiumis Ns1 Wiu Lo ildsdufinlszy co uazIvan vutiu
9 é a ar ﬂ' [) :
&M lunilsmunmmshaon varduaiezIdnseualvaiu Lo 188aenss ne-wanou
o o3 vooe ¥ ' o ad o L
nejmesssmmsosuiideen duniiurewhvesesiisaneunesineinmnszuagaga
= oo al % A = o =
AMulwsinsliswindy  uazInaalinszunvadediosmasana  nszuanlémuedwaia

fAaudGe

Jd o
2.4 aran-uiadneunesnes
T o a o L4 o L] = ar 4 o 1
p1enan Iéheadusadaeunsimessaegluaizqaforiuny-wanounesines ud
o at o a o o 4 o W o - o't =
ANYULNITIA99TVeEAN-USATABUN BT Ine: vz THWINeI NI T mA BT Tu993Y)
ar 1 o 1 ar - [] n’:‘ o I'4 = o
usfuANAI pUYNTHYMDASTUARBIA LT IAUBURAMIIY M ldmneiniuGames i1y
L] L A [} o r H ot o 1] H
fismgn uazmladioni Fezaadesinedna deldfuszuunssduldgeldinn muh
o o # - ’ a & o For W 1 '
ussdulvady 220 Thaa saueenan-usadnouneimesde luliflywivesnis lumnnas
a ot a o o 4 o at
vosrdnd luuniues lsaveaviioutlas1dde  e1dd-uSadnsunefimesmunsalifideny
"o a o
qaga 14 lufiu 500 Yaa
- L4 a o '3 o H o ar 1 y
nesfugvessan-uiasneuneiimesuaa 3lugilf 2.6 meheiudsre lafi
o o o Wt v b w v o [ ¥ oa A v
aanulszy C1 uaz C2 gnimualdlisondu desynsufuegnisdubunainouins s
at ar 1 o v oo 2 & @ e o
USIAU  usIAUANATEY C1 uaz C2 dslinnunievilswoussiunouyn  mined
= o a e 1 o v o
niudmans QI uay Q2 sraduiuRsIuALAzATIIUNAITURETUNT-WaRBUBSIADS
i v r =, Y P Vo o v [}
Wolddwdemsinisannes sehsalunsdnlufiduiuilszy cb aogluases Taoly
=] a X g ] ar ] ] o
Uawvesvalwsuis Np fideogiu Cb riuaslasasudifugadeszuieduduilszy C1 uaz

C2 Aauraslugil® 2.7



10

Ji

1P

L
- LUt

o 3 -
3UN 2.6 uarIRITHUgIUVEISIAH-LTRIREUNIET BT

;q'dﬁ 2.7 (L) vz Q1 UNIsuE (819) YT Q2 VInTTue



11

= o o a o o o a A a
WO IMIIINYeIdIan-UTaTRouesIABS Tug1l# 2.7 e Q1 Sminszue uag
Q2 hihnsgue wsapuanfon Q2 a2lA VAU Vin - Vee(sat) auusiduanaouved lnsun
5 Np szlifuvifiy Vel - Vee(sat) N3oia 11U vin/2 - Vee(sat) Hume luhueufendu e
Q2 whinszua uag Q1 linhnszud ussduanaToy Q1 axdAUMAY Vin - Vee(sat) wumoiu
ar T a = of o = r T o . ) =
USIAUANAT BINYA INTIN5 Np AHAUAUNINY Vin/2 - Vee(sat) 1UD9910 Veefsat) U
1 & ar : [~ 1 Qr 1 o 1
Alszunm 0.5-1 Taan Aniuezmuldadusduanason Q1 uaz Q2 yaizngai NIzl
» v k)
IO IAUBURAN Y HauBIMIRIIUIDe Q1 uag Q2 v urdumS szlidnyaziRelfiu
o o o o o o o L3 Yo o o a o
fUny-Haneuneimes aan-uiaineureimes ez IRMasugIgala i 500 Sad
=] L4 - o o o & 9 o o o' Pt Qs
ndafvsIman-uSAINEUNDsAes  MlmmWIneI NI LFmass 19T DU A UAN
v a - . LYY T :r o o =y o 3
AsouvArHgAbINIzLafnaRussiuBuamiy i ldimneinswudmeeifilalismgn
I A a o v - L% o o :
uazm 1A Fezandediiadie Welduszunus sduIlgaldun i liluTaseamil s

ghoucy o o o o a s oA
%81‘11”)‘5?’]']‘5‘!]8\1 maﬂ-mﬁmﬂunasmaﬂum's I HUSIN TN TIAB

a4 4 o
2.1 ‘Ijﬁ-‘l.l‘iﬂ'ﬂﬂ‘l-lﬂ'i!ﬂﬁi
= d o o o = ot 1 A 1w o e
ﬂa-mmmunﬂsmas "Uﬂlx'ﬂ'lx‘l'lu‘ﬂgﬂuﬁx‘lﬂNﬂﬂﬂ‘iﬂﬂﬂﬂllﬂill'lﬁm']ﬂ‘ljlﬁﬂﬂ‘uEl‘lﬂ!‘ﬂ
v o v o = s oA = P ar o ] c’.: 1
!.LﬂEL'SQﬂ‘Llﬂﬂﬂ5ﬂlll‘ﬂ']!.’)ﬂﬁ‘I"Ii'IN‘N?TLFIE]‘;NFI"ILWﬂ\‘lﬂﬁﬂ‘ﬁ‘I.JQ“Uﬂﬂﬁﬁﬂﬂﬂuﬂﬂm'I‘Ll‘l-.l!.!.ﬂ%ﬂ'lﬂ‘i%!.!.ﬁ
P o = o a : a7 2 & o aood
FITATHAUIDINTTUNTAD IAATAIUU nmﬁ‘]uﬂ‘swuwmn‘mmgaqﬂiua‘mﬂ-mmﬂau
4 oo o e A o w W o - S o w
IDIAB TNV IO INU !'LIEN‘i]'Iﬂ‘ﬁ’ﬂ‘i]'lflﬂﬂ'l‘ul‘l"l']l’)ﬂﬁﬂﬁ'lu‘ﬂﬂ!.ﬁlﬂ'iﬁﬁuBUﬁQ1‘1J NAY

- 9t o o -] 0’1’ ¥ a o =2 o o
gaganez lannya-uSadnsunesineitalinigs 1ddars 500 Jad auds 1,000 Jad

' -~
o L, :rf :
NEFEAR) IR
{ N |
t ‘e !
1, j— A 1‘:‘
- ' b I
o 4 . [
et e rm——— +.,L - J—‘\-—]-L._
e .4 Tt

q' a =y
31N 2.8 uannwsRugvesa-uTaineunediney



12

& o o o o o o = 7> ar
1IN IvEa-USATRBUneswesuaallugln 2.8 mneimImFamaesig 462
o o o S o r 1 é
v lanhnszumasngmitnszuaaduiudiugg lundazaniuna Q1 uas Q4 9z
a ar A i L] o ar
inszuandouiulunamuna uazilengminizua Q2 uaz Q3 xrhnszuandonduly
& a A o ar ] d’.«i ar o ~ F ' = @ e
AsIUNAtMas adudumsuilises 1l dnyazmshauveseesildaveiiusu@eiusy
= o o o o [ = ] v as ar z
gran-vinineuneiiaes snduussiuanaseuvalwsuiieslauviiy Vin - 2Vee(sat) A3
a - 2 a o o o ¥ o o
HOYDIMIMIMYBINITVIHilouiumaf TR InYY-Waneunesnesiues duanivllszy
o & a v oA ar o a o o I o 3¢ o o ]
uaeniy Cb veiMHaABINUNITEIAN-USAdNEUIBTIMET iU AT ussAuNAnAI BY
QI Uaz Q4 YUTNYATINTEUAWLUAUNIAY Vin - Veeq2(sat) Ud2 Vin - Veeq3(sat) AWEIAY
] Y { 1 o o 1 .
duswunanAToN Q2 Haz Q3 vazugmihnTzuanzliil Vin - Veeql(sat) uaz
[] »
o ar ar 1 ° ¥ o =S Py
Vin - Vecegd(sat) auddusuasniu dmlalea D3-Dé vmihiiilunsuiiuesislalea

Y " ar [] 7] o - o d
¥inuaees iietlesdiu Q1-Q4 IwuBsiumdnyTadnounesines




13

P
U3

v - d
wasulasainyy

a8 ar o a a ar o A o
viioulasdIn¥q (Switching Transformer) SailugnssidWadmvainganies
a a A o ar ° 1 ar
dWnaw  deonuuuadaduwineidnwansdsiududesinmgiuuuiidu 1y 18 udnume
1 Y o oA gr o 's
AN vesrteulasrdade anumngaulunsifou msfasuaunudes sAuas
E 1
PIRRIANBIAITMTIMsTInuannulasaismelnih iWeanunlasadouazaafdenu

gapdelundouasadadevazian

v 3 a o
31 ﬁ?uﬂizﬂﬁﬂﬂlﬂﬂﬂﬂﬂuﬂﬂﬁaﬂﬂﬂ 94

= o o

wiowlasadnge  IndhivdnlumsaaneuussduInassiidunavsineuosined
) o =1 o et 9 s 1 g A o o oy
Faondiigada 310 Toad Iiidaaaaduussiulvmdriienive uasilfifanmsuonnn
(% T @ o Qs o -~ . @ o
auneIihssndhaussdudunanasussfueminei 18 eflosdudunsisninmagalh

s _ ur ¥

qa dmtsznouiidifyvesndeulasadadauandagui 3.1

S e e F T @emgaueg

pr ] nuaNTY
Aot
v

[{eletararall

= . o - A
31]11 3.1 (n) waasdulseneundnvesndeutlaaninda,

b 4 }
(V) MIRUTAB MDA LD UTY

3.1.1 unues)sd (Ferrite Core)

os lsailuiaqiszinmned Tsuumufn  (Ferromagnetic  matedal) Mamilsah

] d o = o L) ] o o ¥ -] 3 = o

wimanuuunumes s sylinavhldRanummiundndudimanganiimamiioni

1 d A a J oy a w o o I - [ 9

wiman MAstIuUuIANeIMANN e lsdlingasuddandisimandoudiegs Uszinm
1 4 = = @ o et P ar 3 a A =

Tug24 3,000 §14 4,000 iIMd naziAagaudoludiuinnudgendniundamlasadagadsiion
P oo o a o A ) v

Bunudhueflsaunniiqa o lsdiinnldhunuvemiomlasainievziizys

e £ .
uanaafueenly duegiumsldauuaziasgulunsesnuu




14

3.1.2 vouiiu (Bobbin)
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Ber CORE TYPE  A.(cm’) Bomm)  He(mm)  f,{mm)
l I E 814E250 0.17 6.7 2.1 34.29
E 813E187 0.33 9.3 3.2 36.32
- T E 813E34)} 0.36 0.0 3.2 47.50
______ E 812E250 0.58 10.1 4.9 55.12
E 782E272 0.80 17.3 4.7 55.88
E 375 1.05 16.5 6.6 73.41
E 21 1.14 17.9 6.0 86.36
E 783E608 1.78 26.3 7.4 92.96
EE Bobbin E 348E772 1.81 26.3 7.1 99.06
625 1.32 21.2 6.4 949
B E 55 2.80 33.1 8.6 113.03
cF E7s 2.42 26.2 8.1 119.38
bt
j i H CORE TYPE A.(ecm?) B {(mm) Ho{mm) £, (mm)
Cr
-—f——' = CC 3s 0.97 21.5 4.8 50.04
EC 41 1.35 245 5.8 59.94
‘‘‘‘‘ — EC 52 2.13 28.3 7.7 72.90
¢ EC 70 4.97 41.5 1.7 95.0
EC Bobbin
¥ Hy CORETYPE  A(on) Bfmm) Hf=m) 3 omm
r..?éy'cr__—__{;l ETD 34 113 7 ‘.t 5994
j 31 *iﬂ | ETD 33 174 258 6 151
'-—E"L =sm=s ""Eﬂ ETD 44 2.13 %4 13 T2
:.’,_:' Ber iﬂ hi ETD 42 1H s 2.4 15.0%
A A e
A, = WUMYeINUUADIA
B, = ANLBTILAU TR LY AR IR 1A
ETD He = 5302 10RR1WRRvedvan s
Bobbin L, - AR A EYBIRIANBIUAIIFUDULA AN aTBL

ﬂ. o ) ﬁ' o
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] CORE TYPE A, (em®) A_(cm® V., (em") f, (mm)
I ETD 34 0.971 1.220 7.64 78.6
l ETD 39 1.250 1.740 11.50 92.2
ETD 44 1.740 2,170 18.00 103.0
—_ l__:, ETD 49 2,110 2710 24.20 F14.0

ETD
CORE TYPE A (cm®) A, (cm®} ¥, (cm’) £, (mm)

EE 20/20/5 0.31 0.35 1.34 41.0

EE 30/30/7 0.59 0.78 4.00 66.9

[_—_l Lﬁ] EE 42/42/15 1.82 1.78 17.6 9.0

EE 42/42/20 2.36 1.78 2.1 97.4

EE 42/34/20 2.36 2.40 288 122.0

EE 42/66/20 2.36 3.40 345 143.0

EE 53/55/21 354 2.50 437 123.0

L i EE $5/58/15  4.20 2.50 52.0 123.0

EE &5/66/27 5.32 3193 78.2 147.0

EE

CORE TYPE A (cm®) A, (em®) V¥, (em?) {, (mm)

EIl I? 0.24 0517 0.950 39.6

El 22/19 0.41 0.44 1.630 39.3

ET 25/19 0.42 0.819 2.02 48.6

El 28/20 0.35 0.725 d4.11 48.4

El 30726 1.1 0.791 6.45 58.1

El 35/29 1.21 1.36 B.18 67.6

5 El 40735 148 1.08 11.3 16.9

! El 50/42 2.3¢ 1.7 21.8 94.8

EI El 60744 2.4% 2.94 27.2 108.7

A, = wwwiinthdaumuide?lsd v, = Fumsvesunumes1sd

A’. . os -: - o ot o o
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= o .
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Tsn (Core Loss)
= e o
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P = (max)x f x 4, A"xlo3 ......................... (3.2)
D
o o g Vo 3/ o o
ﬂT'r‘i'J"]J!lﬂUﬂ.l‘lfﬂ‘]J‘l‘TUﬂllﬂﬁﬁﬂlﬂﬁﬂ“ﬁﬁuﬁﬂﬂunﬂﬁlﬂ'ﬂ'j
AB(max)x fx A x _
P = (MaX)X S XA XAy 107 o (33)
D
o ™ Haq 9o Iy o ~ a o o o
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Intemaﬁqnal PD-9.5128
Rectifier IRFP460

HEXFET® Power MOSFET

® Dynamic dv/dt Rating

* Repetitive Avalanche Rated o

* Isolated Central Mounting Hole Vpgg = 500V
® Fast Switching

® Ease of Paralleling

® Simple Drive Requirements

HDS(OI‘I) = 0.27Q
. o = 20A

Description
Third Generation HEXFETe from Irtemational Rectifier provide the designer
with the bast combination of fast switching, ruggedized device dasign, low
on-resistance and cost-gffectivencss.

The TO-247 package is preferred for commercial-industrial applications
where higher pownt levels preciude the use of TO-220 devices. The TO-247
is similar but supertor lo the eadier TO-218 package becauss of s isolated
mounting hole. it also provides greater creepage distance between pins o
meet the requirements of mast safety spedifications.

TO-247AC
Absolute Maximum Ratings
Parameter Max. Units
lp® Tow25°C | Continuous Brain Current, Vos @ 10V 20
Io €@ Tc=100rC | Continuous Draln Cument, Vos @ 10V 13 A
los Pulsed Draln Current @ B 80
Pp @ Tc=25°C | Power Dissipation 280 W
Linear Derating Factor 22 wrC
Vas Gale-to-Source Vollage - 120 v
Eag Single Pulss Avalanche Enorgy @ 960 mJ
lan Avatanche Current @ 1 20 A
Ean Repelitive Avalanche Energy © J 28 md
dvidt Poak Divde Recovery dvidt @ EX] Ving
Ts Operating Junction and -55 o +150
Ts1a Storage Temperature Range c
Soldering Temperaturs, for 10 seconds 300 (1.6mm from case)
Mounting Torque, 6-32 or M3 screw 10 lbfein (1.1 Nem}
Thermal Resistance
Pammeter . [ Min. Typ. Max, Units
Rax: Junction-to-Case A — 0.45
| Recs Case4o-Sink, Rat, G d Surlace — 0.24 —_— W
Raw Junction-to-Ambient — —_ 40
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IRFP460

Electrical Characteristics € Ty = 25°C (unlogs otherwise specified)

Parameter Min. f Typ. | Max. | Units Test Conditions
Viamons Drain-to-Source Breakdown Voltage 500 | — — V| Vgs=0V, lo= 250uA
AVerose/4 T4 Breakdown Vollage Temp. Coefticient — 1063 [ — |V’ C |Referance to 25°C, lp= 1mA
Ros(on Slaﬁc'Prain-loSoum On-Resistance — -— |1 027 2 | Vae=10V, Ipni2A @
Vasoes Gate Threshold Voliage 20 | — | 40 | V |VoseVas, Iow 250uA
. Forward Transconduclance 13 | — | — | S |VoswBOV, joel2A @
" — —_ 25 Vos=500V, Vas=0V
loss Dvain-to-Source Leakage Current — — 20 HA VoomAOOV, VasaOV, T1o125°C
lass Gale-to-Source Forward Leakage — — | 100 na Vapm20V
Gate-to-Source Raverse Leakage — — } -100 Vaa=-20V
Qg Total Gate Charge — | — 210 Io=20A
Qe Gate-to-Source Charge — — 29 nC | Vos=400V
Qga Gate-to-Drain (Miler”) Charge — ] — 1110 Vas=10V See Fig. 6 and 13 @
 toxoo) Tum-On Delay Time — 18 — Voo=250V
i Rise Time — 59 - ne |'0=20A
1a{om Tum-Off Delay Time — | 1o | — Ao=4.3Q
t Fall Time —_ 58 —_ Rp=132 See Figure 10 @
Lo intemat Drain inductance —|so| — Fyivigrioes
M| ckage
Ls Interal Source inductance — 13 ] — :ia | carter
Cies input Capacitance — 4200 — Vag=OV
Com Qutpint Cepacitance — 870 | — | pF |Vps=2sv
Cras Revarse Transter Capacitance — "85 | — F=1.0MHz Seo Figure 5
Source-Drain Ratings and Characteristics
Parameter Min. | Typ. | Max. | Units Test Conditions
Continuous Source Current | =] 2 MOSFET symbol ?
{Body Diode) A |showingthe
Ism Pulsed Source Current —| -1 s Integral reverse e
{Body Dlods) @ p-n junction diode. Is
Vap Diode Forward Voitage - _— 1.8 V | Tx257C, 1s=20A, V=0V @
t Raverse Recovery Time — | 570 | 880 | ns | Tm25°C, ls=20A
QO ARevarse Recovery Charge —_— 57 | B6 | nC |di/k=100A/ps @
ton Forward Tum-On Time Intrinaic futn-on ¥me s neglegibla (tum-on is dominated by Lg+Lo)

Hotes:

@ Repetitive rating; pulse widlh imited by

max. junction tempemtura (See Figure 11)

@ Vpo=50V, starting Ty=25C, L=4.3mH

Rg=25(1, Iag=20A (See Figura 12)

T150°C

@ lso20A, difidt<160AMs, VDD<V(BR)DSS.

@ Pulse width < 300 pa; duty cycle s2%.
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I, Drain Current {Amps)

Ip, Drein Current {Amps)

kol ¥
e
¥ vl __
E.'w ~
P
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4.5
20us RISE WIOTH
Tc - 259C
wo
10? 10!

Vs, Drain-to-Source Voltage {volts)
Fig 1. Typical Output Characteristics,

Te=25°C
P
e
Wi
JV
- 150%C 7
ol A
7+
117
f o
Vi - 50V
it eﬁ: PULSE WIDTH
4 a 9

Vs, Gato-to-Source Voltaga {volts)

Fig 3. Typical Transfer Charactaristics

Ip, Drain Current (Amps)

{Normelized)

Drzin-%0-Source On Resistance
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Za

o
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/

’

109

20us PULSE WIDTM
Tg = 1%0°C

100

10l
Vs, Drain-to-Sourca Voltage (volts)

Fig 2. Typical Output Characteristics,

To=150°C
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3.0
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0.5
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Ty, Junction Temperature (°C)

Fig 4. Normmalized On-Resistance

Vs. Temperature
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IRFP460

10000 Vgs = OV, f = 1Mz 20 T
Ciss = Cgs *+ Cga Cuys SHORTED - o 7 204 Vg - 400¢
Cras = Cga 8 ¥pg = 20¢ T\
%00 Coss = Cus * g 5 Vom = 100v 0NN
N = i 5
% N, 5 7
600 Cigs > 12
N THY. 8 %
N T 3 Y
aoof ¥\~ lz 8
& s 8 £
2000 N r\'\ 8 f
Gra3] \ . 1
[ TH- b 3 /
N > oA TEST TORCOY
[ ° SEE FIGE 13 |
100 ol 40 [1] 120 160 200
Vps, Drain-to-Source Voltage (volts) Qaq. Total Gate Charge (nC)
Fig 5. Typkal Capacitance Vs. Fig 6. Typical Gate Charge Vs.
Drain-to-Source Voltage Gate-to-Scurce Voltage
162 3 —
& =L noraa-tow Ix TkIs gaze _IeIti ]
o o s— BY Sy —
B ; SWE
= g 2 AR VANBE Y
B < W xz o =
5] E s D i taes v TS
E-; é ] \\ ~ \\
% T /I e A I N e
e i / I;qor 3 g 10 L : N
4 z 3 ‘\
2 [THV 2 2 ===
(4 - +— - :
- 1 I
_9 / : Iﬁ-fgogc |l * \\
ves - ov B Wil -
YoB 02 1.0 12 14 15 18 20 Yoo s 0 % aF ¢ e
Vgp, Source-o-Drain Vottage (volts) Vps, Drain-to-Source Voltage {volts)
Fig 7. Typical Source-Drain Diode Fig 8. Maximum Safe Opsrating Area
Forwarg Voltage
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1, Drain Current {Amps)

t6 P
i< \\
N\
8 o
4
®
23 = ™ 100 125 150

Te, Case Temperature (°C)

Fig 8. Maximum Drain Current Vs.

Rp
Vos )>—

‘___ DUT.
) |
i Ut

¥
Fig 10a. Swilching Time Tast Circuit
vos
sox—S A
I J
I ; i
yo% | f {
sz_jI ! | T 1
on) & 9w Y

Fig 10b. Switching Time Waveforms

Case Temperature
1 = : ==
e =
=
et
3 e
0.1 hoeprrt ==2! s Sznsn
s " LI :
i
Zh 2 il !
2 _!'0--];’ SINOLE PULAE
o fpe.er (THERMAL RESPONTE) i) ¢ -
E " B 5L
i
m [l
MOTES:
1. DUTY FACTOR, Deti/t2
2. PEM Ty=rpu x Zenge * Te
107
1078 1w 1073 102 0.1 1 10

11, Rectangular Pulse Duration (seconds)
Fig 11. Maximum Effective Transient Thermal Impedancs, Junction-to-Case
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L

Vary tp 1o obtain Vps ) -
required las
l D.U.T. 2400
A 'Ij 79 e s
T.Voo é_ 80TTOM ;:: 3
} 1ov 'J-L ! é 16l \\
b o0ig 2 N\
9 { S \\ '
-]
Fig 12a. Unclamped Inductive Test Circuit § v A
Yeaoss e NI
p—b «
Al o~ E-HTRN
/ | B
Vos / ! o L0025 -
/ \ 28 50 75 1¢0 125 150
/ \\ Starting T, Junction Temperature(°C)
lAg — ~— ——— - Fig 12c. Maximum Avatanche Energy

Vs. Drain Cutrent

Fig 12b. Unclamped Inductive Waveforms

v ——=% ——}
] - Oas Cap
Ve
M' - Curreni Sampling Resrwrs
Fig 13a. Basic Gate Charge Waveform Fig 13b. Gate Charge Test Circuit

Appendlx A: Figure 14, Peak Diode Recovery dv/dt Test Circuit — See page 1505

Appendix B: Package Ouiline Mechanical Drawing — Sea page 1511

Appendix C: Part Marking Information — See page 1517 International
Rectifier
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Imqua' _ | PD-9.373H
[xor] Rectifier e IRF540

HEXFET® Power MOSFET

® Dynamic dv/dt Rating

® Repetitive Avalanche Rated D
® 175°C Operating Temperature Vpss = 100V
* Ease of Parah Rosion = 0.07762
of Paralleling =0.
& Simple Drive Requirements @ DSon)
s Ip=28A"

Deacription

Third Generation HEXFETs from intemational Rectifier provide the designer
with the best combination of fast switching, ruggedized device design, low
on-resistance and cost-effectivenass.

The TO-220 package ks universally prefermed for all commercial-industrial

applications at power dissipation levals 10 approximately 50 watts. The low
thermal resistance and low packape cosat of the TO-220 contribute to its wide

accaptance throughout the industry.

Absolute Maximum Ratings
) Parameter Max. Units
o @ To=25°C Continuous Drain Current, Vas @ 10V 28
lo @ Tc=100C | Continuous Dmain Curtent, Vas @ 10V 20 A
| 1o Pulsed Drain Current ® 10
Pp @ Tc=25°C i Power Dissipation 150 w
Linear Derating Factor - 1.0 wrc
Vos Gate-to-Source Vokage 120 v
Eas Single Pulsa Avalanche Energy @ 230 mJ
lan Avatanche Cument @ 28 A
Ean Repetitive Avalanche Energy @ 15 mJ
dvidt Peak Diode Recovery dvidt @ 55 \ins
T Operating Junction and " 5S5to +175
Tara Storage Temperaturs Range “C
Sokdering Temperature, for 10 seconds 300 (1.6mm from case)
Mounting Torque, 5-32 or M3 acrew 10 lfen (1.1 Nem)
Thermal Resistance
Parametar ' Min, Typ. Max. Units
Rax: . Junction-to-Cass - - 1.0
Focs Case-to-Sink, Fiat, Greased Surface — 0.50 — CIW
Aair Junction-to-Ambient — — 62




IRF540

Electrical Characteristics @ Ty = 25°C (unless otherwise specifiad)

Parameter Win. | Typ. | Max. | Units Tast Conditions
Vm Drain-to-Source Breakdown Voitage 100 | - — V | Vas=0V, o= 2500A
AVEmosoy/AT | Braakdown Voltage Temp. Coefficient — 013 | — { VPC | Reference to 25°C, Ip= TmA
Roion Statie Drain-to-Source On-Hesistance — — 0077 Q |Vee=tiOV,lp=17A @
Vasmy Gate Thrashold Voltage 2.0 —_ 4.0 V_ | VogmVas, In= 250pA
s Forward Transconductance B7 | — — S | Vos=50V, Ip=17A @
Drei S 1 . — —_— 25 Vps=100V, Vas=0V
loss e —_ - | 250 A V=80V, Vas=0V, T,=150°C
ks Gate-to-Source Forward Leakage — — | 100 nA | Vas=20V
Gatedo-Source Reverse Loalage _ -} -100 Vas=20V
Total Gate Charge — — 72 lo=17A
| Coe Gate-to-Source Chamga - | -~ 11 nC | VpsBOV
Gate-to-Drain {"Millor'} Charge — | =] 22 Vas=10V See Fig. 6 and 13 @
[ftory Tum-On Delay Time — | 1| — Voo=50V
tr Rise Time —_ 44 — ns Ip=17A
ooty _ | Tum-Oft Delay Time — 53 — Rg=9.10
L] Fall Time —_ 43 — Ro=2.90 Seo Figure 108
Lo Internal Drain inductanca : — | 45 - gengm.f‘,
M e eaege
Ls Internal Source Inductancs — | 75| — prs canigl
Cins Input Capacitance - 1700} — Vias=0V
[Con. Owupat Capaditance — 1560 | — | oF |Vos=25V
Cms Raverse Transier Capacitance — {120 | — f=1.0MHz See Figure 5
Source-Drain Ratings and Characteristics
Parameter Min. | Typ. | Max. | Units Test Conditions
Is Continuous Source Current - _ 28 MOSFET symbo! o
{Body Diode) A |showingtho
lsm - | Pulsed Source Current _ — | 110 integral roverse aq
(Body Diode) @ p-n junction diode. L)
Vap Diode Forward Voltage — — | 25 V | Tm25°C, lsw28A, Vos=0V @
tr Revarse Rocovery Time ~ 1180 | 560 [ ns |Tm=25°C, i=17A
Qx Reverse Recovery Charge ~ | 1.3 | 28 | pC |di/d=100Ajs @
ton Forward Tum-On Time Infrinsic Wum-on §me ks neglogibla {tum-on is dominated by Ls+Lp)
Notes:
® Repatitive rating; pulss width imitad by @ Isp<POA, di/dts170AM S, VDDEVBR)DSS,
max, junction temperature {See Figure 11) Tes175°C
@ Vpp=25V. starting T=25°C, L=440uH @ Puise width < 300 ps; duty cycle <2%.

Ra=2502, las=28A (See Figure 12)
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Ip. Drain Curmemt (Amps)

lg, Drain Gurrent {Amps)
-

- ]
w| % 4
e
/4
109
i steyg
20us AULSE WIOTH
To - 250
1071 Ed 1ol

Vps, Drain-to-Source Voltage (volts)
Fig 1. Typical Output Characteristics,

Te=25°C
1
1’
PP gl
e 1756¢
B
7
F 4
7
]
I
/ Yps = 50V
20us PULSE WIDTH
[} 9 W

Vas, Gate-lo-Source Voltage (voits)
Fig 3. Typical Transfer Characteristics

E;"i"“-*‘

ol ' 4.5¢

Ip. Dredn Curent (Amps)
A

i
20us PULSE WIOTH
Tg = 1759
wi e o

Vps, Drain40-Source Voltage {volts)

Fig 2. Typical Quiput Characteristics,
Te=175°C

Ip = 17A

.0

1.5

{Normeized)

1.0

0.5

Rpsqony. Drein-to-Sounce On Resistance

Vee = {0V
0, 0 b
60 -40-20 0 20 40 B0 BO 100 120 140150 i

T Junction Temperatwe (°C)

Flg 4. Nommalized On-Resistance
vs. Temperalure
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Capacitance (pF)

Isp, Revarse Drain Current (Amps)

000 Vs © OV, [ = 1M
Cias = a + Coq Cgs SHOMTED
a8 =
200 b Coss = Com +
NN
e
1800 \\" Cigs
i e 1
00
d
e L‘iuls
00|
v-c‘.“
o LH
1° 10!

Vps, Drain-to-Source Voltage (voits)
Fig 5. Typical Capacitance Vs.

Drain-to-Source Voltage
— -
150°¢C
e ze
wf ==.é fw—
7
7
100 '-'—_I —
: f
],
!
I ¥Ggg * OV
Sy (X 1.2 1.6

Vgp. Source-to-Drain Voitage (volts)

Fig7. Typical Source-Drain Dioda
Forward Voltage

I, Drain Current (Ampe)

Vag, Gate-1o-Source Voltnge (volts)

Yps - 80V

Vpo = SO0V \\

Vns- 207 /]

12

7

va

/ T "E'ﬁ:.

SEE FIGUAE 13

10 20 30 49 S0 [:1] 70
Qaq, Total Gate Charge {nC)

Fig 6. Typlcal Gate Charge Vs:

Gate-to-Sourcs Voltage
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Ip» Drain Current (Amps)

Vos > AN
) o.uT
% 4
3 J".Vou
a -~
N
T~ Puise Width < 1ps.
2 [ Dty Fackor £ 0.1%
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" N Fig 10a. Switching Time Test Circuit
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\
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\ i 1

® { {
[ i
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25 S0 Fil 10 125 150 173
Te. Case Temperature (°C) u.\) v um L)
Fig 9. Maximum Drain Current Vs. Fig 10b. Switching Time Waveforms
Case Temperature
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Fig 11. Maximum Effective Transient Thermal Impedance, Junction-to-Case
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Vos > é‘
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roquied las
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Fig 12a. Unclamped Inductive Tast Circuit
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Fig 12b. Unclamped Inductive Waveforms

Charge ——»

Fig 13a. Basic Gate Charge Waveform

Epg. Single Pulse Energy (mJ}

500
Ig
e 4a
\ 204
500 \ BOTTON 24a
o AN
N
300 D,
Ay
\\ .
wolnl B
TS
- \‘
w0 N
iy
Voo = 25V ~
0
= =0 b 100 125 150 179

Starting T, Junction Temperature(°C)

Flg 12c. Maximum Avalanche Energy
Vs. Drain Current

+
A 1',VDS

k ¥ b
Cusrgnt Bampling Feglsiors

Fig 13b. Gate Charge Test Circuit -

Appendix A: Figure 14, Paak Diode Recovery dv/dt Test Circuit — See page 1505
Appendix B: Package Outline Mechanical Drawing — See page 1509

Appendix C: Part Marking {ntormation —~ See page 1516
Appendix E: Optional Leadforms — Soe page 1525
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: PD-91437
International 5
IR Rectifier IRF9540N

HEXFET® Power MOSFET
e Advanced Process Technology o
e Dynamic dv/dt Rating Vpss = -100V
e 175°C Operating Temperature
o Fast Switching =
e P-Channel Ros(on = 011702
o Fully Avalanche Rated Ip = -23A
Description S
Fifth Generation HEXFETs from International Rectifier

utilize advanced processing fechniques to achieve
extremely low on-resistance per silicon area. This
benefit, combined with the fast switching speed and
ruggedized device design that HEXFET Power
MOSFETs are well known for, provides the designer
with an extremely efficient and reliable device for use
in a wide variety of applications.

The TO-220 package is universally preferred for afl
commercial-Hndustrial applications at power dissipation
levels to approximately 50 watts. The low thermal
resistance and low package cost of the TO-220
coniribute fo its wide acceptance throughout the
industry.

Absolute Maximum Ratings

Parameter Max. Units
o @ Te=25°C Continuous Drain Current, Vgs @ -10V -23
Ip @ Te=100"C| Continuous Drain Current, Vgs @ -10V -16 A
Iow Pulsed Drain Current @ -76
Pp@Tc =25°C Power Dissipation 140 w
Linear Derating Factor 0.91 wi*C
Ves Gate-to-Source Voltage + 20 \'
Eas Single Pulse Avalanche Energy@ 430 mJ
lar Avalanche Cument® -1 A
Ean Repetitive Avalanche Energy® 14 mJ
dv/dt Peak Diode Recovery dvidt @ -5.0 Vins
T, Operating Junction and -55 to + 175
Tste Storage Temperature Range °C
Soldering Temperature, for 10 seconds 300 (1.6mm from case )
Mounting torque, 6-32 or M3 srew 10 [bfsin (1.1N+m)
Themal Resistance
Parameter Typ. Max. Units
Rasc Junctionto-Case B 11
Racs Casea-to-Sink, Flat, Greased Surface 0.50 _— ‘Cw
Raya, Junction-to-Ambient —_ 62

5/13/98



IRFO540N

IR

Electrical Characteristics @ T, = 25°C (unless otherwise specified)

Parameter Min. | Typ. | Max. {Units Conditlons
V@erioss | Draindo-Scurce Breakdown Voltage | 100 | — | — | V| Vas = OV, Ip = -250pA
AVerpss/AT:| Breakdown Voltage Temp. Coefficient | -—- |-0.11] — | VIC | Reference to 25°C, Ip = -1mA
Ros{on) Static Drain-to-Source On-Resistance | — | — [0.117] O [ Vgs=-10V, Ip=-11A @
Vasim) Gate Threshold Voltage 20 | — 140 V | Vos = Vgs, Ip = -250pA
s Forward Transconductance 53 | — | — S | Vos=-50V, Ip=-11A
. | — -25 Vps = -100V, Vgg = OV
loss oe Leakage Curert —T—]250] " [Vos =80V, Vgs = 0, T, = 150°C
lass Gate-to-Source Forward Leakage — | —] 100 nA Vgs = 20V
Gate-to-Source Reverse Leakage — | —|-100 Vgg = 20V
Qg Total Gate Charge —_— 1 97 Ip=-11A
Qos Gate-to-Source Charge — | —~—] 15 | nC | Vpg=-80V
Que Gate-to-Drain ("Miller™) Charge — ] ] 51 Vegs=-10V, SeeFig.6and 13 @
Ldion) Turn-On Delay Time —— 1 15 | Vop = -50V
1 Rise Time —t 67 | — Ip=-11A
oom Tum-Off Delay Time — 5 | —1 ™ |Rg=5.10
t Fall Time 5 | — Rp = 4.2(}, See Fig. 10 @
L Draiin — | as5| — Between le_ad, é
p e
Ls ntemal Source inductance —| ™ and center of die contact ?
| Cias Input Capacitance 1300 — Vgs = OV
| Com Output Capacitance — | 400 | — ! pF | Vpg =-25V
Cres Reverse Transfer Capacitance — | 240 | — f=1.0MHz, See Fig. 5
Source-Drain Ratings and Characteristics
Parameter Min. | Typ.| Max. | Units Conditions
is Continucus Scurce Current R B MOSFET symbol o
{Body Diode) A | showing the Dy
1) Puised Source Curmrent integral reverse ]

' (Body Diode) ® —|— p-n junction diode. .
Vso Diode Forward Voltage —l—T16] V [ T1=25C, Is=11A, Vgs= OV @
te Reverse Recovery Time — | 1580} 220 | ns | T,=25°C, e =-11A
Qn Reverse RecoveryCharge — 1 83011200| nC | di/dt = -100A/us @
on Forward Turmn-On Time Irgrinsic tum-on time is negiigible (tum-on is dominated by Lg+Lp)
Notes:

@ Repetitive rating; pulse width limited by
max. junction temperature. { See fig. 11)

@ Starting T, = 25°C, L = 7.1mH
Rg = 2541, lag = -11A. (See Figure 12)

@ Isp 5 -11A, difdt < -470As, Voo < Vieross.
T,<175°C

@ Puise width < 300us; duty cycle < 2%.




"D , Drain-to-Source Current (A}

-Ip , Drain-to-Source Current (A)
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Fig 1. Typical Cutput Characteristics
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C, Capacitance (pF)

-lgp , Reverse Drain Current (A)

3008
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1500 N \\ \\
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Fig 5. Typical Capacitance Vs.
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Fig 7. Typical Source-Drain Diode
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Ip, Drain Current (A)

Thermal Response (Z i c)

IRFO540N
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Peak Diode Recovery dv/dt Test Circuit

- —<+ Circuit Layout Considerations
DT A —t « Low Stray Inductance
r'y « Ground Plane
::]_ ® + Low Leakage Inductance
Current Transformer

P
Rg tl_"t) + dv/dt controtied by Rg 1+

* |gp controlled by Duty Factor "D" T. Voo
« D.UT. - Device Under Test

Ves
* Reverse Polarity of D.U.T for P-Channel
@ Driver Gata Driva . . P
eriod D=—o="
W:
[Ves=10v] ***
(¢
)]
@
Reversn
Recovery
Curment
@
Re-Applied —
Voltage
Inductor Curent

*** Vgs = 5.0V for Logic Level and 3V Drive Devices

Fig 14. For P-Channet HEXFETS
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TL494
PULSE-WIDTH-MODULATION CONTROL CIRCUITS

SLVS074B — JANUARY 1983 - REVISED JULY 1999

® Complete PWM Power Control Circuitry D, N, NS, OR PW PACKAGE

® Uncommitted Outputs for 200-mA Sink or (ToP VIEW)
Source Current _ 1N+ [] 1 U 16[] 21N+

® Output Control Selects Single-Ended or 1N-[} 2 15[] 2N~
Push-Pull Operation FEEDBACK[}3 4[] REF

® . Internal Circuitry Prohibits Double Pulse at DTC [} 4 13[] OUTPUT CTRL
Either Output cTlls  12flvee

® Variable Dead Time Provides Control Over RT[]6 1n{jc2
Total Range GND[] 7 10]] g2

® Internal Regulator Provides a Stable 5-V cille sl E1

Reference Supply With 5% Tolerance

® Circuit Architecture Allows Easy
Synchronization

description

The TL494 incorporates ali the functions required in the construction of a pulse-width-modulation (PWM) control
circuit on a single chip. Designed primarily for power-supply control, this device offers the flexibility to tailor the
power-supply control circuitry to a specific application.

The TL494 contains two error amplifiers, an con-chip adjustable oscillator, a dead-time control (DTC)
comparator, a pulse-steering controt flip-flop, a 5-V, 5%-precision regulator, and output-controi circuits.

The error amplifiers exhibit a common-mode voltage range from —0.3 V to V¢ — 2 V. The dead-time control
comparator has a fixed offset that provides approximately 5% dead time. The on-chip oscillator can be bypassed
by terminating RT to the reference output and providing a sawtooth input to CT, or it can drive the common
circuits in synchronous multiple-rail power supplies.

The uncommitted output transistors provide either common-emitter or emitter-follower output capability. The
TL494 provides for push-pull or single-ended output operation, which can be selected through the
output-control function. The architecture of this device prohibits the possibility of either output being pulsed twice
during push-pull operation.

The TL494C is characterized for operation from 0°C to 70°C. The TL494l is characterized for operation from

—40°C to 85°C.
FUNCTION TABLE
INPUT TO
OUTPUT CTRL OUTPUT FUNCTION
Vi =GND Single-ended or parallel cutput
Vi = Vief Normal push-pull operation

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

PRODUCTION DATA informmiion s carvest s dﬁ&m dale, Copyright © 1999, Texas instruments Incorporated
Products conlonm i speciicaions par the s of Instnumarny I

starctard y- Production processing doss ot ity iy

testing of of persmetert. EXAS

INSTRUMENTS

POST OFFICE BOX 855303 ® DALLAS, TEXAS 75285 1
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PULSE-WIDTH-MODULATION CONTROL CIRCUITS

SLVS074B — JANUARY 1983 — REVISED JULY 1999

POST OFFICE BOX 855300 ® DALLAS, TEXAS 75265

T L R
AVAILABLE OPTIONS
PACKAGED DEVICES
CHIP
Ta SMALL | pLasme | smauL | Form
OUTLINE DIP OUTLINE
OUTLINE )
©} {N) (NS} (PW)
0°C to 70°C TL484CD TL494CN TL494CNS TL494CPW TL434Y
—40°C to 85°C TLA94ID TL494IN - —_ _
The D, NS, and PW packages are available taped and reeled. Add the suffix R to device type (e.g..
TL434CDR). Chip forms are tested at 25°C.
functional block diagram
OUTPUT CTRL
{see Function Table)
6 13
RT
cT.5 Oscillator ar
1D c1
Dead-Time Control s 9
=01V "\Comparator E1

4
pTC i} L~ ¢

PWM 21 .,
Error Amplifier 1 Comparator 9—'0——D_

1 [ 10
1UNd ——— {3 E2
1N-_2 _ { Puise-Steering

Flip-Flop
Error Amplifier 2 12 Ve
21N+ 16 N
15 />"ﬂ“‘*" Reference 4 cer
Regulator
7
—D GND
3
FEEDBACK 0.7 mA
[
3 15
EXAS
INSTRUMENTS
2
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PULSE-WIDTH-MODULATION CONTROL CIRCUITS

SLVS074B - JANUARY 1983 — REVISED JULY 1999
e

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t

TL494 UNIT
Supply voltage, Ve (see Note 1) il v
Amplifier input voltage, V) Veet0.3 v
Collector output voltage, Vg 41 v
Collector output current, iy 250 mA
D package 73
: N package 8| |
Package thermai impedance, 85 {see Notes 2 and 3) NS package o C
PW package 108
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds D, N, or PW package 260 °C
Storage temperature range, T::tg =65 to 150 °C

1 Stresses beyond those listed under “absolute maximum ratings™ may cause permanent damage to the device. These are stress ratings only, and
functional operation of the device at these or any other conditions beyond those indicated under “recommended operating conditions” is not
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability.

NOTES: 1. All voltage values, excopt differential voltages, are with respect to the network ground terminal.

2. Maximum power dissipation is a function of T j(max), 8, and Ta. The maximum aliowable power dissipation at any allowable
ambient temperature is Pp = (T j{max) — Ta V0 j4. Operating at the absolute maximum T j of 150°C can impact reliability.
3. The package thermal impedance is calculated in accordance with JESD 51, except for through-hole packages, which use a trace

length of zero.

recommended operating conditions

TL4A94
MIN MAX NI
Supply voltage, Voo 7 40 v
Amplifier input voltage, V) 03 Vcc-2 \'4
Collector output voltage, Vo 40 v
Collector output current (each transistor) 200 mA
Current into feedback terminal 03] mA
Osclilator frequency, fosc 1 300 kHz
Timing capacitor, Ct 0.47 10000 nF
Timing reslstor, RT 1.8 500 kQ
) TL494C 0 70|
Operating free-air temperature, Ta, TLaoa 0 - C
R
“-"P TEXAS
INSTRUMENTS
POSY OFFICE BOX 855303 ® DALLAS, TEXAS 75265 3



TL494
PULSE-WIDTH-MODULATION CONTROL CIRCUITS

SLVv5074B - JANUARY 1983 — REVISED JULY 1999

electrical characteristics over recommended operating free-air temperature range, Voe = 15 V.
f=10 kHz (unless otherwise noted) pe g P ge, Vce ’

reference section

TLAS4C, TL494I
PARAMETER TEST CONDMONST UNIT
MIN Tyrt MAX
Cutput voltage (REF) lg=1mA 4.75 § 525 v
Input regulation Vec=7Vtodo VvV 2 25| mv
Output regulation lo=1mA to 10 mA 1 15 mv
Output voltage change with temperature ATA = MIN to MAX 2 10 ] mviv
Shont-cirouit output current§ REF =0V 25 mA
T For congitions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions.
T Alf typical valuas, except for parameter changes with temperature, are at Ta, = 25°C.
§ Duration of the short circuit should not exceed one second.
osclllator section, Cy = 0.01 uF, Ry = 12 kQ (see Figure 1)
TL494, TL494
PARAMETER TEST CONDITIONST UNIT
MIN TYPE MAX
Frequency 10 kHz
Standard deviaticn of frequencyTl All values of Voo, CT, RT, and Tp constant 100 Hz/kHz
Frequency change with voltage Voo =7Vie 40V, TA=25°C 1 Hz/kHz
Frequency change with temperature® ATa = MIN to MAX 10 | Hz/kHz
T For conditions shown as MIN or MAX, use the appropriate value specified under recommended opsrating conditions.
% Al typical values, except for parameter changes with temperature, are at T = 25°C.
1 Standard deviation is a measure of the statistical distribution about the mean as derived from the farmula:
o =
¥ Tamperature coefficient of timing capacitor and timing resistor are not taken into account.
error-amplifier section (see Figure 2)
TLAY94, TLAS4I
PARAMETER TEST CONDITIONS MIN_ TYPE  MAX UNIT
Input offset voltage Vo (FEEDBACK) = 2.5V 2 W0} mv
Input offset current Vo (FEEDBACK)=2.5V 25 250 nA
Input bias cument Vo (FEEDBACK) =25V 0.2 1 HA
Common-mode input voltage range | Ve =7 Vo 40V \_,gg_tg v
Open-loop voltage amplification AVG =3V, RL=2kQ, VO=05Vito35V 70 a5 dB
Unity-gain bandwidth Vo=05V1035V, RL =2 kQ 800 kHz
Commen-mode rejection ratio AV =40V, Ta=25°C 65 80 dB
Output sink current (FEEDBACK) Vip=—15mVto -5V, V (FEEDBACK) = 0.7 V 03 07 mA
Output source curent (FEEDBACK) |vip=15mvVio 5V, V (FEEDBACK) = 3.5V -2 mA

¥ All typical values, except for parameter changes with temperature, are at T = 25°C.

{"f TEXAS
INSTRUMENTS

4 POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265
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PULSE-WIDTH-MODULATION CONTROL CIRCUITS

SLVS074B - JANUARY 1983 - REVISED JULY 1999

electrical characteristics over recommended o

f= 10 kHz, T4 = 25°C (unless otherwise noted)

reference section

perating free-air temperature range, Vocc =15 V,

PARAMETER TEST CONDMONST LAY UNIT
MIN TYrt max
Output voltage (REF) Iop=1mA 5 v
{ Input regutation Voo =7Vio 40V 2 mv
Output regulation lo=1mAto 10 mA 1 mv
Short-cireuit output cumrent? REF=0V 25 mA
¥ Al typical values, except for parameter changes with temperature, are at T = 25°C.
* Duration of the short circuit should not exceed one second.
oscillator section, Cy = 0.01 uF, Ry = 12 kQ (see Figure 1)
PARAMETER TEST CONDITIONST bouiald UNIT
MIN TYPT MAX
Frequency 10 kHz
Standard deviation of frequency$ All values of Ve, CT, RT, and Ty, constant 100 Hz/kHz
Frequency change with voltage Vee=7Vio 40V 1 Hz/kHz
T Alt typical values, except for parameter changes with lemperature, are at Ta = 25°C.
§ Standard deviation is a measure of the statistical distribution about the mean as derived from the formula:
g =
error-amplifier section (siee Figure 2)
TL4A94Y
PARAMETER TEST CONDITIONS PYTE———yy UNIT
Input offset voltage Vo (FEEDBACK)=2.5V 2 mv
input offset current Vo (FEEDBACK) = 2.5V 25 nA
Input bias cument Vo (FEEDBACK) =25V 0.2 pA
Operoop voltage amplification aVp =13V, Ry = 2k, Vo=05Vto3sV 95 dB
Unity-gain bandwidth Vo=05Vio 3.5V, R =2k 800 kHz
Comrmon-maode rejection ratio AV =40V 80 dB
Output sink current (FEEDBACK) VID=-15mVto-5V, V (FEEDBACK) = 0.7 V 0.7 mA

T Al typical values, except for parameter changes with temperature, are at Ta = 25°C.

'QP TeEXAS
INSTRUMENTS
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PULSE-WIDTH-MODULATION CONTROL CIRCUITS

SLVS074B — JANUARY 19883 — REVISED JULY 1999

electrical characteristics over recommended operating free-air temperature range, Ve =15 V,
f = 10 kHz (unless otherwise noted)

output section
TLAS4, TL4O4Y
PARAMETER TEST CONDITIONS RN TYPT  MAX UNIT
Collector off-state cumrent Ve =40V, Voo =40V 2 100 pA
Emitter off-state current Voo =V =40V, VE=0 =100 pA
Collector-emitter saturation vottage Common emitter | Ve =2 Ic =200 mA I 13 v
Emitter follower VOo({C1orC2) =15 V. IE = -200 mA 1.5 2.5
Qutput control input current Vi = Vief 35| mA
1 Al typical values except for temperature coefficient are at Ta = 25°C.
dead-time control section (see Figure 1)
TLASS, TLAS4Y
PARAMETER TEST CONDITIONS MIN_ TYPT  MAX UNIT
Input bias current (DEAD-TIME CTRL) Vi=0to5.25V -2 -10 A
Maximum duty cycle, each cutput V; (DEAD-TIME CTRL) = 0, CT = 0.1 pF, RT = 12 k2 45%
Zero duty cycle 3 33
Input threshold voltage (DEAD-TIME CTRL) TS ——— 5 v
T Al typical values except for temperature coefficient are at Ta, = 25°C.
PWM comparator section {see Figure 1)
TL494, TLA94Y
PARAMETER TEST CONDITIONS MIN TYPT  MAX UNIT
Input threshold vottage (FEEDBACK) Zero duty cycle 4 as5| v
Input sink current (FEEDBACK) V (FEEDBACK)=07 V 0.3 0.7 mA
1 Al typicat values except for temperature coefficient are at Tp, = 25°C.
total device
TLASS, TL494Y
PARAMETER TEST CONDITIONS MIN_ TYPT  MAX UNIT
Standby supply current RT=Vygr.,  All other inputs and outputs open GG~ 1>V § 101 ma
Voo =40V 9 15
Average supply current Vi (DEAD-TIME CTRL} =2V, See Figure 1 7.5 mA
T All typica! values except for temperature coefficient are at Ta, = 25°C.
switching characteristics, Ta = 25°C
TLA494, TLAS4Y
PARAMETER TEST CONDITIONS MIN_ TYPT  MAX UNIT
Rise time 100 200 ns
rryr— Common-emitter configuration, See Figure 3 e 100 -
Rise time 100 200 ns
e Emitter-follower configuration, See Figure 4 20 300 e

T All typical values except for temperature coefficient are at Ta, = 25°C.

6 POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265
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PARAMETER MEASUREMENT INFORMATION

Ve =15V
12 ; 150 Q 150 Q
2w
Voo 2w
4 8
Test DTC c1 Qutput 1
Inputs 3 | reeDaACK et}2 1
12 kQ 6 11 —
RT C2————— Qutput 2
et E2-——_|1U
L 0.01uF —
) ! 1IN+
2
16 1IN- Error
‘l_—-—-——-’-——-ﬂ-— 2IN+ [ Amplifiers
= L 4 15 2iN—
13| ouTPUT REF 14
CTRL
- § GND
" 1
7
TEST CIRCUIT

Voltage .
«« 1 U 0 oduuiu____
Voltage 7
atC2
Voltage
atCT
Threshold Voltage — —
bTC |
|
ov .
: : Threshold Voltage —— — —
FEEDBACK | | t
0.7V : : |
Duty Cycle 0% ———H———-—-H' P MAX «— 0%
VYOLTAGE WAVEFORMS

Figure 1. Operational Test Circuit and Waveforms
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PARAMETER MEASUREMENT INFORMATION

Amplifier Under Test
+

ip FEEDBACK

_L———+

Vref

Other Amplifier

Figure 2. Amplifier Characteristics

15V

e ———— 68 0
| Each Output 2w
( Circult 1 Output
= - CL=15pF
| (See Note A)
]

TEST CIRCUIT OUTPUT VOLTAGE WAVEFORM

NOTE A:  Cp_indudes probe and jig capacitance.

Figure 3. Common-Emitter Configuration

15v
: Each Qutput
| Circult
} —_—
Qutput
i 90%
b | 680
CL=15pF = W | | 10%
(See Note A)

I [
I
== ——t 4
TEST CIRCUIT OUTPUT VOLTAGE WAVEFORM

NOTE A:  Cj includes probe and jig capacitance.

Figure 4. Emitter-Follower Configuration
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TYPICAL CHARACTERISTICS

OSCILLATOR FREQUENCY AND
FREQUENCY VARIATIONT
vs

~ TIMING RESISTANCE

T 100k : S
¢ Vee=15V Hi
2 k17 A TA=25°C ]
= i
< v L4l

5 - 2% M — < —
’B‘. 10k —1% L I 0001 uF LI
e T ™

S 0% 3 0.01uF T

2 w N
b ] b M T
2 1k ] o 0.1yF =

B 400 : ] .

3 4 Of = 1% "IN
£ 100 1 b, ‘
5 CT=1pF

= 40 = N

T N N

6; 10 "-\ )
- 1k 4k 10k 40k 100k 400k 1M

RT — Timing Resistance ~ 0}
T Frequency variation (Af) is the change in osdillator frequency that occurs over the full temperature range.

Figure 5

AMPLIFIER VOLTAGE AMPLIFICATION
Vs

FREQUENCY
100 ,
B Vege15YV

o % AVg=3V
v \ Ta = 25°C
L e
$ \
s 70
E
[-}
& 60
o«
g 50
8 N\
S \
5
E 30
H N\

20
]
< 4 \\

(Y

1 10 100 1k 10k 100k 1M
f - Frequency — Hz

Figure 6
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IMPORTANT NOTICE

Texas Instruments and its subsidiaries (T1) reserve the right to make changes to their products or to discontinue
any product or service without notice, and advise customers to obtain the latest version of relevant information
to verify, before placing orders, that information being relied on is current and complete. All products are sold
subject to the terms and conditions of sale supplied at the time of order acknowledgement, including those
pertaining 1o warranty, patent infringement, and Emitation of liability.

Tt warmants performance of its semiconductor products to the specifications applicable at the time of sale in
accordance with Ti's standard wamanty. Testing and other quality control techniques are utilized to the extent
Ti deems necessary to support this warmanty. Specific testing of all parameters of each device is not necessarily
performed, except those mandated by government requirements.

CERTAIN APPLICATIONS USING SEMICONDUCTOR PRODUCTS MAY INVOLVE POTENTIAL RISKS OF
DEATH, PERSONAL INJURY, OR SEVERE PROPERTY OR ENVIRONMENTAL DAMAGE (“CRITICAL
APPLICATIONS™). TI SEMICONDUCTOR PRODUCTS ARE NOT DESIGNED, AUTHORIZED, OR
WARRANTED TO BE SUITABLE FOR USE IN LIFE-SUPPORT DEVICES OR SYSTEMS OR OTHER
CRITICAL APPLICATIONS. INCLUSION OF TI PRODUCTS IN SUCH APPLICATIONS IS UNDERSTOOD TO
BE FULLY AT THE CUSTOMER’S RISK.

in order to minimize risks associated with the customer’s applications, adequate design and operating
safeguards must be provided by the customer to minimize inherent or procedural hazards.

Tl assumes no liability for applications assistance or customer product design. Tl does not warrant or represent
that any license, either express or implied, is granted under any patent right, copyright, mask work right, or other
intellectual property right of Tl covering or relating to any combination, machine, or process in which such
semiconductor products or services might be or are used. TI's publication of information regarding any third
party's products or services does not constitute TI's approval, wamranty or endorsement thereof.

Copyright ® 1929, Texas Instruments Incorporated



LM124, LM124A, LM224, LM224A, LM324, LM324A, LM2902, LM2902V,
LM224K, LM224KA, LM324K, LM324KA, LM2902K, LM2902KV, LM2902KAV

QUADRUPLE OPERATIONAL AMPLIFIERS

SLOS066R - SEPTEMBER 1875 — REVISED JANUARY 2005
e A e

® 2.kV ESD Protection for:
- LM224K, LM224KA
- LM324K, LM324KA
= LM2902K, LM2902KV, LM2902KAYV

® Wide Supply Ranges
~ Single Supply ...3Vto 32V
{26 V for LM2902)
~ Dual Supplies ... +1.5Vto +16 V
(=13 V for LM2902)

¢ Low Supply-Current Drain Independent of
Supply Voltage .. . 0.8 mA Typ

® Common-Mode Input Voltage Range
Includes Ground, Allowing Direct Sensing
Near Ground

® Low Input Bias and Offset Parameters
= Input Cffset Voltage . .. 3 mV Typ
A Versions ...2mV Typ
- input Offset Current . . . 2 nA Typ
= Input Bias Current . . . 20 nA Typ
A Varsions ... 15 nA Typ

® Differential Input Voltage Range Equal to
Maximum-Rated Supply Voltage ... 32V
{26 V for LM2902)

& Open-Loop Differential Voltage
Amplification . .. 100 VimV Typ

® Internal Frequency Compensation

description/ordering information

These devices consist of four independent
high-gain frequency-compensated operational
amplifiers that are designed spedifically to operate
from a single supply over a wide range of voltages.
Operation fromn split supplies also is possible if the
difference between the two suppliesis 3Vto 32V
(3 V to 26 V for the LM2902}, and V¢ is at least
1.5 V more positive than the input common-mode
voltage. The low supply-cumrent drain is
independent of the magnitude of the supply
voltage.

LM124...D, J, OR W PACKAGE
LM124A. .. J PACKAGE
LM224, LM224A, LM224K, LM224KA . .. D OR N PACKAGE
LM324, LM324K ... D, N, NS, OR PW PACKAGE
LM324A ... D, OB, N, NS, OR PW PACKAGE
LM324KA ... D, N, NS, OR PW PACKAGE
LM2902. .. D, N, NS, OR PW PACKAGE
LM2902K ... D, DB, N, NS, OR PW PACKAGE
LM2902ZKV, LM2902KAV . . . D OR PW PACKAGE

(TOP VIEW)
10UT [} 1 Y 14]] 40UT
1N-{ 2 13[] 4IN-
1N+ [] 3 12]] 4IN+
Vee [l 4 11]] GND
2IN+ [ 5 10]] 3IN+
2IN-[] 6 9]] 3IN~-
20UT(}7 8{} 30uUT

LM124, LM124A |, . FK PACKAGE

(TOP VIEW)

5 5.

= (&) =

S2z29%F

P ™ | W | | e | |
TN | PR Yy PTIY
NC [1s 17 [ NC
Vee Il 6 16 {] GND
NC [ 7 15 [ NC
2iN+ [18 14 [ 3IN+

9 10111213

A

[ el I o |

Z22Z220Z

~N O O o

o ™

NC - No internal connection

Applications include transducer amplifiers, dc amplification blocks, and all the conventional
operational-amplifier circuits that now can be more easily implemented in single-supply-voltage systems. For
exampte, the LM124 can be operated directly from the standard 5-V supply that is used in digital systems and
provides the required interface electronics, without requiring additional £15-V supplies.
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Frovucts conlor & speciicationt par the lerms Insirumants On praducts compltant ol poramaiors oy vl
standerd sarraly. £ p g does aot iy Inciude l wnleis ofhorwise noled Ou gl wthar
nsiing of ol pacometors. b TEXA.S ving does not ‘hhh_'mm

INSTRUMENTS

POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265 1




LM124, LM124A, LM224, LM224A, LM324, LM324A, LM2902, LM2902V,

LM224K, LM224KA, LM324K, LM324KA, LM2902K, LM2902KV, LM2902KAV

QUADRUPLE OPERATIONAL AMPLIFIERS

SLOS066R - SEPTEMBER 1875 — REVISED JANUARY 2005

R —
description/ordering information (continued)
ORDERING INFORMATION
Viomax | MAX ORDERABLE TOP-SIDE
Ta AT 25°C "f,sgsn PACKAGET PART NUMBER MARKING
LM324N LM324N
POIP (N} Tube of 25 LM324KN LM324KN
Tuba of 50 (M324D
Reelof 2500 | LM324DR LM324
SoIc (D) Tube of 50 LM324KD
Reet of 2500 | LM324KDR LM324K
7 mv 30V Roci of 2000 | LM324NSR LM3z4
SOP (NS) Tube of 50 LM324KNS
Reel of 2000 | LM324KNSR LM324K
Tube of 90 LM324PW
Recl of 2000 | LM324PWR L324
TSSOP (PW) Tube of 80 (M324KPW
Reel of 2000 | LM324KPWR L324K
0°C 10 70°C Tube of 25 LM324AN LM324AN
PDIP (N) Tube of 25 LM324KAN LM324KAN
Tube of 50 LM324AD
Reel of 2500 | LM324ADR LM324A
Soie () Tube of 50 LM324KAD
Reel of 2500 | LM324KADR LM324KA
Reel of 2000 | LM324ANSR LM324A
3my BV | sop(ns) Tobe of 50 | LM324KANS
Roel of 2000 | LM324KANSR LM324KA
SSOP (DB) Roelof 2000 | LM324ADBR LM324A
Tube of 90 LM324APW
Roel of 2000 | LM324APWR L324A
TSSOP (PW) Tube of 90 LM324KAPW
Reel of 2000 | LM324KAPWR L324KA
LM224N LM224N
PDIP (N) Tube of 25 VYT YTy
Tube of 50 LM224D
smv oV Reel of 2500 | LM224DR Lm224
SOIC (D) Tube of 50 M224KD
Reel of 2500 | LM224KDR LM224K
~25°C 1o 85°C Tube of 25 LM224AN LM224AN
PDIP (N) Tube of 25 LM224KAN LM224KAN
Tube of 50 (M224AD
3mv 30V Reel of 2500 | LMZ24ADR LM224A
SOIC (D) Tube of 50 LM224KAD
Resl 02500 | LM224KADR LM224KA
tPackage drawings, standard packing quantities, themmal data, symbolization, and PCB design guidelines are available at
www.ti.com/scipackage.
o
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LM124, LM124A, LM224, L M224A, LM324, LM324A, LM2902, LM2902V,
LM224K, LM224KA LM324K LM324KA, LM2902K, LM2902KV LMZQOZKAV
QUADRUPLE OPERATIONAL AMPUFIEHS

SLOS068R — SEPTEMBER 1975 - REVISED JANUARY 2005

ORDERING INFORMATION (CONTINUED)

MAX
T s TESTED PACKAGE' PART NUMEER MARKING
Tube of 25 LM2902N LM2902N
PDIP (N)
Tube of 25 LM2902KN LM2902KN
Tube of 50 LM29020
Reel of 2500 | LM29020R LM2302
Soic 0) Tube of 50 LM2902KD
Reel of 2500 | LM2902KDR LM2902K
Reelof 2000 | LM2902NSR LM2902
26V |sopns) Tube of 50 LM2902KNS
7mv Reel0f2000 | LM2902KNSR LM2902K
-40°C to 125°C Tube of 80 LM2902KDE
SSOP (DB) Reel of 2000 | LM2902KDBR 12902k
Tube of 20 LM2902PW
Reel of 2000 | LM2902PWR L2802
TSSOP (PW) Tube of 90 LM2902KPW
Reel o 2000 | LMZ902KPWR 12902K
2y |SOCD Reel of 2500 | LM2902KVQDR L 2902KV
TSSOP (PW) Reel of 2000 | LM2902KVQPWR 1.2902KV
oy N TS Reel of 2500 | LM2902KAVQDR L2902KA
TSSOP (PW) Reel of 2000 | LM2902KAVQPWR L2902KA
CoIP () Tube of 25 LM124J LM1244
CFP (W) Tube of 25 LM124W LM124W
& mV agv  |LCCC (FK) Tube of 55 LM124FK LM124FK
-55°C to 125°C Tube of 50 (M124D
S0IC (D) Reel of 2500 | LM124DR LMi24
Sy oy | S2PO) Tube of 25 LM124Ad LM124Ad
LCCC (FK) Tuba of 55 LM124AFK LM124AFK

tPackage drawings, standard packing quantiies, themmal data, symbofization, and PCB design guidelines are available at

www.li.com/sc/package.

symbol (each amplifier)

IN+

ouT
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LM124, LM124A, LM224, L M224A, LM324, LM324A, LM2902, | M2902V,
LM224K, LM224KA, LM324K, LM324KA, LM2902K, LM2902KV, L M2902KAV
QUADRUPLE OPERATIONAL AMPLIFIERS

SLOS066R - SEPTEMBER 1975 - REVISED JANUARY 2005

schematic (each amplifier)

* 4 Vee
=B4A wB4LA ~100pA
Current Current Current '
Regulator Regulator Regulator

——— OuT

e O on

Regulator

YL
71

IN+

R
a

GND
To Cther
/77 Amplifiers
COMPONENT COUNT
{total device)
Epi-FET 1
Transistors as
Diodes 4
Reslstors 1"
Capacitors 4

T ESD protection cells - availabte on LM324i and LM324KA only

— -
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LM124, LM124A, LM224, LM224A, LM324, LM324A, LM2902, LM2902V,
LM224K, LM224KA LM324K LM324KA LM2902K LM2902KV LM2902KAV
QUADRUPLE OPERATIONAL AMPLIFIERS

SLOS066R ~ SEPTEMBER 19875 ~ REVISED JANUARY 2005
e e e e

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)?

LM2902 “;LESZ:';R UNIT

Supply voltage, Vo (sea Note 1) t130or 26 116 or 32 v
Differential input vottage, V|p (see Note 2} 126 132 v
Input voltage, V) (either input) —03to26 -0.3t032 \'
\Ial.l:rgﬂso: SO:/ o(g Nm n)::un:u:t (one amplifier) to ground at (or below) Ta, = 25°C, Unlimited Unlimited

D package 86 86

DB package 96 96
Package thermal impedance, 64 (see Notes 4 and 5) N package 80 80 'CY

NS package 76 76

PW package 113 113

FK package 5.61
Package thermal impedance, 8¢ (see Notes 6 and 7) J package 15.05 °CIw

W package 14.65
Operating virtual junction temperature, T j 150 150 °C
Case temperature for 60 seconds FK package 260 °C
Lead temperature 1,6 mm (1/16 inch} from case for 60 seconds J or W package 300 300 °C
Storage temperature range, Tstg 6510 150 | —-65to 150 *C

1 Stresses beyond those listed under "absolute maximum ratings™ may cause permanent damage to the device. These are stress ratings only, and
functional operation of the device at these or any other conditions beyond those indicated under “recornmended operating conditions™ is not
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability.

NOTES:

. Differential voltages are at IN+, with respect to IN-,

1
2
3. Short circuits from outputs to Voo can cause excessive heating and eventual destruction.
4

. All voltage values (except differential voltages and Vo specified for the measurement of Igs) are with respect to the network GND.

. Maximum power dissipation is a function of T j(max), 84, and Ta. The maximum allowable power dissipation at any allowable

ambient temperature is Pp = (T j{max) - Ta¥8 4. Operating at the absolute maximum T of 150°C can affect refiability.
The package thermal impedance is calculated in accordance with JESD 51-7.
Maximum power dissipation ks a function of T j(max), 8 y¢, and Te. The maximum allowable power dissipation at any aflowable case

i

temperature is P = (T j(max) — Tc )6 yc. Operating at the absolute maximum T of 150°C can affect reliability.
7. The package thermal impedance is calculated in accordance with MIL-STD-883.

ESD protection

TEST CONDITIONS TYP | UNIT
Human-Body Mode! I LM224K, LM224KA LM324K, LM324KA, LM2902K, LM2902KV, LM2902KAV 1+2 (3%
‘V TEXAS
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LM124, LM124A, LM224, LM224A, LM324, LM324A, LM2902, .LM2902V,
LM224K, LM224KA, LM324K, LM324KA, LM2902K, LM2902KV, LM2902KAV
QUADRUPLE OPERATIONAL AMPLIFIERS

SLOS06ER — SEPTEMBER 1975 - REVISED JANUARY 2005

electrical characteristics at specified free-air temperature, Vcc = 5 V (unless otherwise noted)

LM124 LM324
PARAMETER TEST CONDIMIONST Tad LM224 LM324K UNIT
MiN TYPS  MAX MIN TYPS  MAX
Ve =5V to MAX, 25°C 3 5 3 4
V) Input offset voltage | ,CC ;
10 put Vic=Vicrmin, Vo=14V | Furange 7 ] ™
i nput offsat 1 V 14V G 2 30 2 %
sat cumen = 1.
10 o Full range 100 150 mA
) bin " v 14V 25°C -20 -150 -20 =250
Hlpl-ll S CuTen = 1.
B o Full range -300 -500 nA
O Oto
VicR Cormmon-mods Ve =5V 1o MAX ze Veg —15 Vcc-15 v
input votage range | - CC Fut Ok Oio
Voo -2 Voe -2
Ry =2k0 25°C Ve -15 Ve~ 1.5
. Ry =10 k} 25C
VoM High-level L v
output voltage Ry =2 k0 Fuld range 26 26
Ve = MAX
Ry 210k Full range 27 28 27 28
VoL ""“"""""l R s 10k Full range 5 20 5 20| mv
Large-signat . - 25°C 50 100 25 100
A differontial voltage ;cg; 11?; V.Vo=1Vio 11V, vimv
amphification L Full range 25 15
Common-mode _ -
CMRR iection ratio Vic = Vicrmin 25°C 70 80 65 B0 dB
Supply-voliage
ksvR rejection ratio 25°C 85 100 65 100 dB
(aVec/avio)
Crosstalk _
Vor'Voz uation =1 kHz to 20 kHz 25°C 120 120 dB
Vee= 15V, 25°C =20 =30 -0 =20 =30 -0
VipD=1V, Source
Vo=0 Full rangs -10 -10
mA
Io Output current Veem 15V, 25°C 10 20 10 20
Vips-1V, Sink
Vo =15V Full range 5 5
Vip=-1V. Vo=200mV | 25°C 12 30 12 0 uA
Short-circuit Veeatsy, Vo =0,
los outout . oo &t o5 v 25°C 0 160 0 60| maA
Supply . Vo=25V, No load Ful range 0.7 1.2 0.7 1.2
upply curren
lec Ve = MAX, mA
(four ampiifiers) Vo=05Voe, Nokad Full range 1.4 3 1.4 3

T All characteristics are measured under operHoop conditions, with zero common-mode input voltage, unless otherwise specified. MAX Vi for
testing purposes is 26 V for LM2902 and 30 V for the others.

$ Full range is —55°C to 125°C for LM124, —25°C to 85°C for LM224, and 0°C to 70°C for LM324.

§ All typical values are at Ta = 25°C.

{? Texas
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LM124, LM124A, LM224, LM224A, LM324, LM324A, LM2902, LM2902V,
LM224K, LM224KA, LM324K, LM324KA, LM2902K, LM2902KV, LM2902KAV
QUADRUPLE OPERATIONAL AMPLIFIERS

SLOSO066R - SEPTEMBER 1975 - REVISED JANUARY 2005

electrical characteristics at specified free-air temperature, Vg = 5 V (uniess otherwise noted)

L2902 LM2302V
PARAMETER TEST CONDITIONS 1
Ta MIN TYPY  MAX MIN 5 max| UNT
Non-A-suffix 3°C 3 7 3 7
Voe=5Vtio devices
Full range 10 1
Vio tnput ofiset voltage | MAX. . U v
Vic = Vigrmin, 25°C 1 2
Vo=14V A-guflix
i ’ devices Full range 4
Input offset vollage =
AV|o/AT tomperature drift Rg=00 Full range 7 Hvre
25°C 2 50 2 50
o Input offsat currert | V=14V nA
Full range 300 150
Input offset cumrent
Aho/AT temperature drif FuX range 10 pASC
25¢C ~20 =250 -20 -250
lip Input bias current Vo=14V nA
Full range -500 -500
Oto Oto
Vi Common-mode v 5Vio 20 Vgg-15 Vec-15 y
= MAI
ICR input woltage range cc Ful Oto Oto
5 Voo -2 Ve -2
Ry =2 kQ 25°C
=10 k2 25°C Vee-158 Voo —1.5
VoH Highevel Ry - cc cc v
output voltage v RL =2k} Full rangs b7 26
ce R 210kQ | Fullrange 23 24 27
Low-lavel
V <10k Full nge 5 20 5 20 mvy
oL output voitage R
Large-signal - - 25°C 25 100 25 100
AD Jift tial vt ;ch 5 lgv, Vo=1Vio 11y, VimV
amplification Full range 15 15
Common-mode .
B
CMRR section ratio Vic = Vicrmin 25°C 50 80 60 80 d
Supply-voltage
kSvR rejection ratio 25°C 50 100 60 100 ds
{AVoc/avip)
Crosstalk
= 120 de
Vo1'Vo2  antation f=1kHz to 20 kHz 25°C 120
Vec =15V, 25°C ~20 -30 -60 =20 -30 ~50
Vip=1V, Source
Vo=0 Full range =10 =10 oA
o Output current Voo =15V, 25°C 10 20 10 20
Vip=-1V, Sink
Vo=15V Full range 5 5
Vip=-1V, Vg =200 mV 25°C 30 12 40 pA
Short-cimcuit Vecat5V, Vo=0,
los CRD a5 v o 25°C 240 160 $40  #H0) mA
Vo =25V, No load Full range 0.7 1.2 07 1.2
Supply curmrent
icc ; Voo = MAX, mA
{four amplifiers) Vo= 05Voe  Noload Full range 1.4 3 1.4 3

T All characteristics are measured under apen-oop conditions, with zero common-mode input voltage, unless otherwise specified. MAX Vo for

tosting purposes is 26 V for LM2902 and 32 V for LM2902V.

¥ Full range is —40°C to 125°C for LM2902.
§ All typical values are at Ta = 25°C.
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LM224K, LM224KA, LM324K, LM324KA, LM2902K, LM2902KV, LM2902KAY

QUADRUPLE OPERATIONAL AMPLIFIERS

SLOS066R - SEPTEMBER 1975 - REVISED JANUARY 2005

LM124, LM124A, LM224, LM224A, LM324, LM324A, LM2902, LM2902V,
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LM124, LM124A, LM224, LM224A, LM324, LM324A, LM2902, LM2902V,
LM224K, LM224KA, LM324K, LM324KA, LM2902K, LM2902KV, LM2902KAV
QUADRUPLE OPERATIONAL AMPLIFIERS

5LOS086R - SEPTEMBER 1975 - REVISED JANUARY 2005
A ——

operating conditions, Voc =15V, T = 25°C

PARAMETER TEST CONDITIONS TYP | UNIT
SR Slaw rate at unity gain Ri = 1ML, C)_ =30 pF, V| = £10 V (see Figure 1} 05} Vis
B4 Unity-gain bandwidth R = 1MQ, C_ =20 pF (see Figure 1) 12| MHz
Vn Equivalent inputt noise voltage Rg =100 V| =0V, f= 1 kHz (see Figure 2) 35| nvAHz
Vees
~
Vo
Vce- CL Ry
Figure 1. Unity-Gain Amplifier
900 1
AN
Voo
100 Q
Vi=gVv AAA, -
RS . Vo
Vce-

Figure 2. Noise-Test Circuit
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J (R—GDIP—Txx)

14 LEADS SHOWN

CERAMIC DUAL

IN-LINE PACKAGE

PINS s
on 14 16 18 20
o 0.300 0.300 0.300 0.300
B (7262) | (762) | (782) | (7.62)
1" B3C BSC BSC BSC
ATATATATATANA B MAX 0.785 | .840 | 0.960 | 1.060
T (19,94) | (21,34) | (24,38) | (26,92)
) c B MIN — | — | — | —
l C MAX 0.300 | 0300 | 0.310 | 0.300
CISIVIVEVIVEN (762) | (7.62) | (7.87) | (7.62)
!J ? 0.245 | 0.245 | 0220 | 0.245
0.065 (1,65) C MIN : ' ; :
G0 (1D (6.22) | (6.22) | (5.59) | (6.22)
0.060 (1,52
—»| |¢— 0.005 (0,13) MIN 8.015 (0.38) Iﬂ— A’l
- 0.200 (5,08) MAX T
] ‘ Seating Plane
T 0130 (3,30) MIN
_,”‘_ 026 (0,66 T
0.014 (0,36 — 0-15°
[0100 (2.54)] 0.014 (0,36
0.008 {0,20)

4040083 /F 03/03

NOTES: A

B
C.
D.
3

All fineor dimensions gre in inches (millimeters).
This drawing is subject to change without notice.

This packoge is hermetically sealed with a ceramic lid using gloss frit.
Index point is provided on cap for terminal identification only on press ceromic gloss frit seal oaly.

Falls within MIL STD 1835 GDIPt-T14, GDIP1-T16, GD!P1-T18 and GDIP1-T20.



MC14049B, MC14050B

Hex Buffer

The MC14049B Hex Inverter/Buffer and MC14050B Noninverting
Hex Buffer are constructed with MOS P—Channel and N—Channel
enhancement mode devices in a single monolithic structure. These
complementary MOS devices find primary use where low power
dissipation and/or high noise immunity is desired. These deviccs
provide logic level conversion using only one supply voltage, Vpp.

The input-signal high level {V{y) can exceed the Vpp supply
voltage for logic level conversions. Two TTL/DTL loads can be driven
when the devices are used as a CMOS~-to—-TTL/DTL converter
(Vpp=5.0V, VoL = 04 V,Ip. 23.2 mA).

Note that pins 13 and 16 are not connected intemnally on these
devices; consequently connections to these terminals will not affect
circuit operation.

Features

® High Source and Sink Currents

® High—to—Low Level Converter

Supply Voltage Range =30V to I8V
Vv can exceed Vpp

Meets JEDEC B Specifications
Improved ESD Protection On All Inputs
Pb—Frec Packages arc Available*

MAXIMUM RATINGS (Voltages Referenced to Vgg)

Symbol Parameter Value Unit
Voo DC Supply Voltage Range ~05t0+18071 V
Vi Input Voltage Range (DC or Transient) -0.5t0+18.0 V'
Vout Output Voitage Range (DC or Transient) | -0.5to Vpp + \'
05
lin Input Current (DC or Transient) per Pin +10 mA
lout Output Current (DC or Transient) per Pin +45 mA
Pp Power Dissipation, per Package (Note 1) mw
(Plastic) 825
(s0IC) 740
Ta Ambient Temperature Range -55to +125 °C
Tstg Storage Temperature Range -85 to +150 °C
Ty Lead Temperature (8-Second Soldering) 260 °C

1. Temperature Derating: See Figure 3.

This device contains protection circuitry to protect the inputs against damage
due to high static voltages or electric fields referenced to the Vgg pin only, Extra
precautions must be taken to avoid applications of any voltage higher than the
maximum rated voltages o this high—impedance circull. For proper operation, the
ranges Vgg S Vin 5 18 V and Vgg S Vot € Vpp are recommended.

Unused inputs must atways be tied to an appropriate logic voltage level
{e.g., either Vgg or Vpp). Unused outputs must be left cpen,

“For additional information on our Pb—Free strategy and soldering detais, please
download the ON Semiconductor Soldering and Mounting Techniques
Reference Manual, SOLDERRM/D,

& Samicond Cormp fy incustriss, LLC, 2005 1
February, 2005 ~ Rev. 5

ON Somiconductor”

http://onsemi.com

MARKING
DIAGRAMS

16
-1
: g:rFFI; MC140xxBCP
CASE 648 . o AWLYYWW
16
SOIC-16 nnr;l;'lnnnn
@ D SUFFIX | AWLUYWWMB
CASE 7518 lfuuuuuuu
16AAAAAARS
TSSOP-16 14
% DT SUFFIX OB
GASE 948F o ALYW
LLELLLL]
16
SOEIAI-16 aonnonnn
F SUFFIX MC140xxB
CASED66 |o AWLYWW
li.ILII.JUUUUU
%K = Specific Device Code
A = Assembly Location
WL. L = Wafer Lot
YY, Y = Year
WW, W = Work Week

ORDERING INFORMATION
See detailed ordering and shipping information in the package
dimengions section on page 2 of this data sheet.

R L r )

Publication Order Number:
MC14045B/D




MC14049B, MC14050B

LOGIC DIAGRAM

MC140498 MG140508
3—>o—:2 s—>——2
PIN ASSIGNMENT
Voo O] 1o 16 {I NG 5—D°—4 S—D——q
ouT, [l 2 15 [] OUT
ma ] 3 14 N 7—{>o— T—{>—-
outg [ 4 13 {INC 9 D 10 g D 10
Ma{] s 12 [J ouTe
oUTc g 6 1IN —J>—12 n—>
Ne(] 7 10 {] OUT,
NC=PIN 13,16 NC=PIN 13, 16
Vgg=PINB Vg = PING
Vpo=PIN1 Voo =PIN1
ORDERING INFORMATION
Device Package Shipping?
MC140498CP POIP-16 500 Units / Rail
MC140498CPG PDIP-16 500 Units / Rail
{Pb-Free)
MC14049BD SOIC-16 48 Units / Rail
MC14049BDG SOIC-16 48 Units / Rail
(Pb-Free)
MC14049BDR2 SOIC-16 2500 Units / Tape & Reel
MC14049B8DR2G S0IC-16 2500 Units / Tape & Resl
{Pb—Free)
MC14049BFEL SOEIAJ-16 2000 Units / Tape & Reel
MC14050BCP PDIP-16 500 Units / Rail
MC14050BCPG PDIP-16 500 Units / Rail
(Pb-Free)
MC14050BD SOIC-16 48 Units / Rail
MC14050BDR2 S0IC-16 2500 Units / Tape & Reel
MC14050BDR2G SOIC-16 2500 Units / Tape & Ree!
(Pb~Free)
MC14050BDT TSSOP-16* 96 Units / Rail
MC140508DTR2 TSSOP-16* 2500 Units / Tape & Reel
MC14050BFEL SOEAJ-16 2000 Units / Tape & Reel
MC14050BFELG SOEIAJ-16 2000 Units / Tape & Reel
(Pb~Free)

tFor information on tape and reel specifications, induding part orlentetion and tape sizes, please refer to our Tape and Reel Packaging

Specifications Brochure, BRD8(1M1/D.
“This package is inherently Pb~Free.

http://fonsemi.com
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MC14049B, MC140508B

ELECTRICAL CHARACTERISTICS (Voltages Referenced to Vgs)

-55°C + 25°C +125°C
V
Characteristic Symbot | B2 1 Min | Max | Min | Typ | Max | Min | Max | Unit
{Note 2)
Output Voltage 0" Level Voo 5.0 - 0.05 - 0 0.05 - 0.05 Vde
Vin = VDD 10 - 0.05 - 0 0.05 - 0.05
15 - 0.05 - 0 0.05 - 0.05
“1” Level VoH 5.0 4,95 - 495 50 - 495 - Vdc
Vin=0 10 995 - 9.95 10 - 9.95 -
15 14.95 - 14.95 15 - 14.95 -
Input Voltage 0" Level | Vi vdc
(Vo = 4.5 Vdc) 5.0 - 15 - 2.25 15 - 15
(Vo = 9.0 vVdc} 10 - 3.0 - 4.50 30 - 30
(Vo = 13.5 Vdc) 15 - 40 - 6.75 40 - 4.0
*1" Level ViH Vde
(Vo =05 Vdc) 5.0 35 - a5 275 - 35 -
(Vo= 1.0vdc) 10 7.0 - 7.0 5.50 - 7.0 -
(Vo = 1.5Vdc) 15 11 - 1 8.25 - 11 -
Output Drive Current lox mAdc
(Vou = 2.5 Vdc) Scurce 50 -16 - -1.25 -25 - -1.0 -
(Vou = 9.5 Vde) 10 -16 - -1.30 -26 - -1.0 -
(Vor = 13.5Vdc) 15 ~47 - ~-3.75 -10 - -3.0 -
(Vo =04 Vdc) Sink lov 50 3.75 - 32 6.0 - 26 - mAdc
(VoL = 0.5 Vdc) 10 10 - 8.0 16 - 6.6 -
(VoL = 1.5 Vdc) 15 30 - 24 40 - 19 -
Input Current bn 15 - +0.1 - | 40.00001 | +0.1 - £1.0 | pAdc
Input Capacitance (V;, = 0) Cin - - - - 10 20 - - pF
Quiescent Current (Per Package) loo 5.0 - 1.0 - 0.002 1.0 - 3o wAdc
10 - 2.0 - 0.004 2.0 - 60
15 - 4.0 - 0.006 40 - 120
Tatal Supply Current {Notes 3 & 4) [ 5.0 = (1.8 pAVKHZ) | + Ipp pAde
{Dynamic plus Quiescent, 10 b = (3.5 yAKHZ) f + Ipp
per package) 15 b = {5.3 pAKHZ) f + Ipp
(Cy = 50 pF on all outputs, all
buffers switching

2. Data labelled "Typ" is not to be used for design purposes but is intanded as an indication of the IC's potential performance.
3. The formulas given are for the typical characteristics only at + 25°C
4, To calculate total supply current at loads cther than 50 pF:

H{Cy) = H(50 pF} + (Cy — 50) Vik
Where: Iy is in pA {per Package), C, in pF, V = {Vpp ~ Vss) in volts, {in kHz is input frequency and k = 0.002.

http:fionsemi.com
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MC14049B, MC14050B

AC SWITCHING CHARACTERISTICS (Note 5) (C| = 50 pF, Ta = + 25°C)

Characteristic Symbol Voo Min Typ Max Unkt
Vdc (Note 6)
Output Rise Time trH ns
trin = (0.7 ns/pF) C + 65 ns 5.0 - 100 160
triny = {0.25 ns/pF) C_ + 37.5ns 10 - 50 80
tiun = (0.2 ns/pF) G + 30 ns 15 - 40 60
Output Fall Time traL ns
tr = (0.2 ns/pF) Cy + 30ns 5.0 - 40 60
trL = (0.06 ns/pF) C + 17 ns 10 - 20 40
truL = (0.04 ns/pF) Cy + 13 ns 15 - 15 30
Propagation Delay Time toLH ns
tog 1 = {0.33 ns/pF) G + 63.5 ns 5.0 - 80 140
toon = (0.19ns/pF) C + 30.5ns 10 - 40 80
L =(0.06 ns/pF) C + 27 ns 15 - 30 60
Propagation Delay Time toHL ns
tprL = (0.2 ns/pF) C + 30 ns 5.0 - 40 80
e, = (0.1 ns/pF) C +15ns 10 - 20 40
L = (0.05ns/pF) Gy + 125ns 15 - 15 30

5. The formulas given are for the typical characteristics onty at 25°C.
6. Data labeled “Typ" is not to be used for design purposes but is intended as an indication of the IC's potential performance.

0
g ] N %
Vgs = 5.0 Vdc
£ s 4_,...-—--—-"'7/
£ £ /
g -0 ) /
% 74
[==4 A
-
3 =30} Veg=10Vdc
>
3 0 | /
3 [ Vas= 15 vae MAXIMUM CURRENT LEVEL
L]
-10 80 %0 0 20 o

Vos, DRAIN-TO-SOURCE VOLTAGE (Vdc)

Figure 1. Typical Output Source Characteristics

MC14049B

V

160 —
g Vag =15 Vde _|
E 120 /‘/
& pd
= -
C e ; /] Vgs = 10 Vde |
2 yd =
E // MAXIMUM CURRENT LEVEL
3 Y Vgs = 5.0 Vde
1]
0
0 20 40 6.0 80

Vps, DRAIN-TO-SOURCE VOLTAGE (Vdc)

Figure 2. Typical Output Sink Characteristics

http://onsemi.com
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PULSE
GENERATOR

MC14049B, MC14050B

1200
£ i
é 1000
&
Ny
3 g \\\\
5 & 500 ) PO:P
=z o >\\
2 F TN
= ¢ b
é 300 (D) SOIC n
2 I 175mw8
£ 100 | — ot o | 120 MW
1]
25 50 75 100 125 150 175
Ta, AMBIENT TEMPERATURE (°C)
Figure 3. Ambient Temperature Power Derating
20 ns —a ‘-| — 20 ns
Voo
INPUT ‘\
50% S
&1 oy — -— - oy
1 90% —— Vou
/ 0 50%
o l“'>° o . MC140498
\T., 4 V:; 1% VoL
ST s R T P he— iy
Bl‘-'ss G toy e g o S
us ]_: OUTPUT 0% o
= = MC140508 0%
# Invert on MC14049B only 10% VoL
iy = e LT

Figure 4. Switching Time Test Circuit and Waveforms
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MC14049B, MC14050B

PACKAGE DIMENSIONS
PDIP-16
P SUFFIX
PLASTIC DIP PACKAGE
CASE 648-08
ISSUET
~A- N?TEEENSEDNING AND TOLERANGING PER
NS Y YOy " ANSI Y14.5M, 1962,
s € S GMENSION L TO CENTER OF LEADS
? B 4- DAENSION 8 DOES NOT INCLUDE
10 ) ¥ " MOLD FLASH.
IV EENERE Y 5. ROUNDED CORNERS GFTIONAL.
-I I-F P . L INCHES | MILLIMETERS
| DMl WIN | MAX | MIN | MAX |
1 Frisneie i
—{ ) seATG \ € | 0.145 [ 0475 | 368 | 4.44
_f_;E == D | 0015 {0021 | 039 | 053
_U_d_' v PLANE F |oo40 | 070 | 162 | 177
: Fx b Jlew PR s
G J | 0008 J0015.| 021 | 038
D e r o N RN I A T
(@] 025 0010@[7]A @] 7 T T B TG
s | 0020 [D040 | 0511 1.01
SOIC-16
D SUFFIX
PLASTIC SOIC PACKAGE
CASE 751B-05
ISSUE J
A= HOTES:
1. TIMENSIOMING AND TOLERANCING PER ANSI
Y14.5M, 1982

g—n-ﬂ-ﬁ—ﬂ—ﬂ-ﬁf;j:%"“f ;e

(D
:Iil_lr:HHHHH
G

4. BAXIMUM MOLD PROTRUSION 0.15 [0.006)
K ‘ l—-— R xa

E‘Eﬁﬁmﬁﬁ:ﬁ {._J%%

1[{9[05(0010)@]&@] ® PROTRUSION. ALLOWABLE DAMBAR
T |
‘Jl" D 1spL
[@]o2s po10@[1{8 ®]aB]

PROTRUSION SHALL BE 0.127 {0.005) TOTAL
N EXCESS OF THE [ DIMERSION AT
AU MATERIAL CONDITION,
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Philips Semiconductors ' Product specification
[ e s e e

High-speed diodes 1N4148; 1N4448
FEATURES DESCRIPTION
» Hemmetically sealed leaded glass The 1N4148 and 1N4448 are high-speed switching diodes fabricated in ptanar
S0OD27 (DO-35) package technology, and encapsulated in hermetically sealed leaded glass SOD27

High switching speed: max. 4 ns (DO-35) packages.
General application

Continuous reverse voltage:
max. 75V

Repetitive peak reverse vollage: X a

max. 75 V © o] p——x— e
« Repetitive peak forward current: MAM245
max. 450 mA.

The diodes are type branded.
APPLICATIONS
» High-speed switching.

Fig.1 Simplified outline (SOD27; DO-35) and symbol.

LIMITING VALUES
In accordance with the Absolute Maximum Rating System (IEC 134).
SYMBOL PARAMETER CONDITIONS MIN. MAX. UNIT
VRRM repetitive peak reverse voltage - 75 Vv
Vr continuous reverse voltage - 75 v
3 continuous forward current see Fig.2; note 1 - 200 mA
ferm repetitive peak forward current - 450 mA
lesm non-repetitive peak forward current | square wave; T; = 25 °C prior to
surge; see Fig.4
t=1ps - 4 A
t=1ms - 1 A
t=1s - 0.5 A
Pot total power dissipation Tamb = 25 °C; note 1 - 500 mw
Tsig storage temperature -65 +200 °C
Tj junction temperature - 200 °C
Note

1. Device mounted on an FR4 printed circuit-board; lead length 10 mm.

1999 May 25 2



Philips Semiconductors

Product specification

High-speed diodes

1N4148; 1N4448

ELECTRICAL CHARACTERISTICS
T; = 25 °C unless otherwise specified.

SYMBOL PARAMETER CONDITIONS MIN. MAX. UNIT
Ve forward voltage see Fig.3
1N4148 lF=10mA 1 v
1N4448 lF=5mA 0.62 0.72 Y
e = 100 mA 1 v
Ir reverse current Vg =20V, see Fig.5 25 nA
Vr=20V; T;= 150 °C; see Fig.5 50 pA
Ir reverse current; 1N4448 Vr=20V; T;j= 100 °C; see Fig.5 3 pA
Ca diode capacitance f=1 MHz; Vg = 0; see Fig.6 4 pF
tr reverse recovery time when switched from | = 10 mA to 4 ns
lr =60 mA; R_= 100 ;
measured at Ig = 1 mA; see Fig.7
Vi forward recovery voltage when switched from I = 50 mA; 2.5 v
t; =20 ns; see Fig.8
THERMAL CHARACTERISTICS
SYMBOL PARAMETER CONDITIONS VALUE UNIT
Rin pp themal resistance from junction to tie-point { lead length 10 mm 240 KW
Rih e themmal resistance from junction to ambient | lead length 10 mm; note 1 350 K/w
Note

1. Device mounted on a printed circuit-board without metallization pad.

1998 May 25




Philips Semiconductors

Product specification

High-speed diodes 1N4148; 1N4448
GRAPHICAL DATA
200 MEG451 600 MBG454
[ 3
() (mA)
/1 1/
w0 b hd / //
™ wsle | /o
4 v
N 1/] /
<J 7
1 ™ !
4.1] 200 7
AN [ /
Fd
<L AW
N iy
4
] 0 L
0 100 Tamb °c) 200 0 1 VE(W) 2
(1) T;= 175 °C; typical values.
Device mounted on an FR4 printed-circuit board; lead length 10 mm. (2) T)=25°C; typical values.
(3) T;=25°C; maximum values.
Fig.2 Maximum pemmisisible continuous forward
cumrent as a function of ambient Fig.3 Forward cumrent as a function of forward
temperature. voltage.
102 MBG704
IFSm
)
0
—--..______‘h_‘_‘-
L e
1T -"-__—_—_-———_
1 ——
107
1 10 102 10° lp (hs) 10!

Based on square wave cuments.
Tj= 25 °C prior to surge.

Fig.4 Maximum permissible non-repetitive peak forward cumrent as a function of pulse duration.

1899 May 25




Philips Semiconductors

Product specification

High-speed diodes 1N4148; 1N4448
107 = - i 12 MGoon
i
o ] o
102 — P
s 10
5
1
10 bkt Lo M
A [
~ 08
1
Ill ,,r
4
0.6
107" = e
'/I’(Il
10_20 4 100 200 04
Ti °C) [+] 10 VR V) 20
{1} Vr=75V, typical values.
{2) V=20V, typical values.
f=1MHz Tj= 25 °C.
Fig.5 Reverse current as a function of junction Fig.6 Diode capacitance as a function of reverse

temperature.

voltage; typical values.

1999 May 25



Philips Semiconductors Product specification

High-speed diodes 1N4148; 1N4448

——I tr tp
1
-10% T _‘

1
- +1 P
REL—SF_“ :_ I N SAMPLING ;F " i t

OSCILLOSCOPE
V=VptipxRg R;=500 /]
13}
I : T VR 9%
MGAST
input signat output signal
(1 lg=1mA,

Fig.7 Reverse recovery voltage test circuit and waveforms.

l, 1kQ 450 Q \ v prm———
| 0%
OSCILLOSCOPE

I_l D.UT. Vir
Ri =500

| ] 1o
MGABS2 ] t
—.I tr L——— tp ————=
input output
signal signal

Fig.8 Forward recovery voltage test circuit and waveforms.
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P600A THRU P600M

HIGH CURRENT PLASTIC SILICON RECTIFIER
VOLTAGE - 50 to 1000 Volts CURRENT - 6.0 Amperes

FEATURES

® High surge current capability

® Plastic package has Underwriters Laboratory
Fltammability Classification 94V-0O Utilizing
Flame Retardant Epoxy Molding Compound

& \oid-free plastic in a PE00 package
High current operation 6.0 Amperes @ Ta=55

® Exceeds environmental standards of MIL-S-19500/228

MECHANICAL DATA

Case: Molded plastic, P00

Terminais: axial leads, solderable per MIL-STD-202,
Method 208

Polarity: Color band denotes cathode

Mounting Position: Any

Weight: 0.07 ounce, 2.1 gram

Dimensiont [n inches and {mElimsters)

80 (3.1)
Mo

T
®n |

meon | |
48 (1.8 N

MAXIMUM RATINGS AND ELECTRICAL CHARACTERISTICS

*@ Ta=25 unless otherwise specified. Single phase, half-wave,60 Hz, resistive or inductive load.

**All values except Maximum RMS Voltage are registered JEDEC parameters.

P600A | PEOOB | PBOOD | PE00G | PE00J | PECOK | P6COM{ UNITS
Maximum Recurrent Peak Reverse Voltage 50 | oo ! 200 | 400 | 600 | 800 | 1000 | V
Maximum RMS Voltage 35 70 | 140 | 280 | 420 | 660 | 700 \
Maximum DC Blocking Voltage 50 | 100 | 200 | 400 | 600 | 800 [ 1000| V
Maximum Average Forward Rectified A
Current T,=55 6.0 A
Maximum Overload Surge Current at 1 cycle (NOTE 400 A
1)
Maximum Forward Voltage at 6.0 ADC 1.0 v
Maximum DC Reverse Current @T,=25 10 A
Rated DC Blocking Voltage @T,=100 1.0 mADC
Typical Junction capacitance (Note 3) CJ 150 pF
Typical Thermal Resistance (Note 2) R JA 20.0 w
Typical Thermal Resistance (Note 2) R JL 4.0 W
Operating Temperature Range -55to +150
Storage Temperature Range -55 to +150
NOTES:

1. Peak forward surge current, per 8.3ms single half-sine-wave superimposed on rated load(JECED method)

2. Thermal resistance from junction to ambient and from junction to lead at 0.375"(9.5mm) lead length P.C.B.

mounted with 1.1x1.1"(30x30mm) copper pads

3. Measured at 1 MHZ and applied reverse voltage of 4.0 volts



RATING AND CHARACTERISTIC CURVES
PE00A THRU P60OM
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UF300 THRU UF3010

ULTRAFAST SWITCHING RECTIFIER
VOLTAGE - 50 to 1000 Volts CURRENT - 3.0 Amperes

FEATURES
Plastic package has Underwriters Laboratory

Flammability Classification 94V-O utilizing DO-201AD
Flame Retardant Epoxy Molding Compound
Void-free Plastic in DO-201AD package
3.0 ampere operation at T,=55 ¢J with no thermal runaway | %g_ S:_:;
Exceeds environmental standards of MIL-S-19500/228 é;‘:) s
Ulira fast switching for high efficiency &_T_
MECHANICAL DATA 375 @5
Case: Molded plastic, DO-201AD S
Terminals: Axial leads, solderable per MIL-STD-202, T——'l I'— 2wy
Method 208 1.00 50 &8}
Polarity: Band denotes cathode @8
Mounting Position: Any I
Weight: 0.04 ounce, 1.1 gram
Dimensions in inches and {(milimeters)

MAXIMUM RATINGS AND ELECTRICAL CHARACTERISTICS
Ratings at 25 ¢J ambient temperature unless otherwise specified.

Resistive or inductive load, 60 Hz

UF300 | UF301 | UF302 | UF304 | UF306 | UF308 { UF3010| UNITS
Peak Reverse Voltage, Pepetitive ; Vpy 50 100 200 400 600 800 1000 Vv
Maximum RMS Voitage 35 70 140 280 420 560 700 v
DC Biocking Voltage; VR 50 100 200 400 600 800 1000 \
Average Forward Current, lo @T,=55¢J3.8" 3.0 A
lead length, 60Hz, resistive or inductive load
Peak Forward Surge Current |, (surge) 150 A
8.3msec. single half sine-wave superimposed
on rated load (JEDEC method)
Maximum Forward Voltage V: @3.0A, 25 ¢J 1.00 [ 110 | 1.70 v
Maximum Reverse Current, @ Rated T =25 ¢J 10.0 fqA
Reverse Voltage T,=100 ¢J 500 £gA
Typical Junction capacitance {Note 1) CJ 75.0 | 50.0 oF
Typical Junclion Rasistance (Note 2) REKIA 20.0 ¢ewW
Reverse Recovery Time 50 50 50 50 75 75 75 ns
||:=.5A, lg=1A, Irr=.26A
Operating and Storage Temperature Range -85 TO +150 ¢J

NOTES:
1. Measured at 1 MHz and applied reverse voltage of 4.0 VDC
2. Thermal resistance from junction to ambient and from junction to lead length 0.3757(9.56mm) P.C.B. mounted



RATING AND CHARACTERISTIC CURVES
UF300 THRU UF3010

le— ter —
o o +0.54
| \ ]
I» oL o /
Ttowpree Tom P I 1 S S I
2] ——£ NGTE 2 /
H :n‘a'-'. 10)0SCALOSCOM /
fll-llnhn »oth ¥ /
-1.0
NOTE :1.Rise Time = 7ns max.
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2 Rise Time = 10ns max. BASE FOR
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Source impedanca = 50 Ohms

Fig. 1-REVERSE RECOVERY TIME CHARACTERISTIC AND TEST CIRCUIT DIAGRAM
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