w
MunNMoIYANaIL WisvomnmangyYy

=3 [ 2 =Y [ l‘A -1 1 o L [ 1
Wavdedislauuurituiadia piflinmmuauuuy lisuanasdmiumsldaml
b 5 LY A

70T RAIBNITL RN

FULL-BRIDGE RESONANT INVERTER WITH ASYMMETRICAL VOLTAGE
CONTROL INDUCTION HEATING

Tan
UIHUNAR fITR8
UIHHTANUS antenlm
WA nTaeng HIFULR
wbSzdng fiuwn
]
m'U'HH ................ éogoalnoﬂﬂ
R LA bl
A aq, 2549 2
““ﬂ u esrrerrresnisrrarnonseseeenssns

ﬂ?tym;lﬁwuﬁﬂﬂufhwnﬁwmmﬁnmm;mé’ngmﬂ?m“ngﬁmnﬁumﬂmﬂ'wﬁﬂ
i iamTin Wi
AnzAaInTTamaas
ﬂmﬁ'umﬂTuIaEl'w'::aauLné’ql.a"uqmnmm’mn'::ﬂ‘a
Insdnmn 2548



ﬂuau‘%&ﬂmuuﬁaunaﬁﬂ a%ﬁﬁmﬁmuqmmﬂsj RUINF TR IUN LTI UL

AMUTOUA BN TR

FULL-BRIDGE RESONANT INVERTER WITH ASYMMETRICAL
VOLTAGE CONTROL INDUCTION HEATING

Tap
WL UWHAR AL Rl
Wy wWIBUuE  antenlm
= P 5
Wiy (AUsHAN  HNFINA
a w £ o
wE F5eena Huue
&l
21915 NUINEN

9. 93, TIuz Wirgdsy

ﬂ‘%rgrgwﬁwuﬁﬁfsﬂumwﬁwaamsﬁnmmwé’ﬂgmsﬂ‘%tytyﬁmnssum ’OTLMNG
i ianssy Wi
AMAAINTSUAENS
amﬁ'umﬂiu'[aﬁwszaﬂmﬂﬁ’nfiﬁq MNEITRIANSZ LI
msfAnw 2548



Bagniwusiinsdnm 2548
medTiaanssy Wi
AGIAINTINARAT amﬁumﬂiﬂaﬁws:fﬂamnﬁm%’wqmﬂm‘im@]m:ﬁa

- a o & gl at ' o o
1584 'I:!ﬂ'lJ‘iﬂ"l]LiI‘]II.l.‘IrI.'H-‘I’IE]%L’]?J‘SLGIEISTINH’]‘SFI’TU'QNLLU‘]J,liJﬂSJJJ’Hﬂ'SmH'iUﬂ’]‘i
TFnulianusaudisnisimiie i
Full-Bridge Resonant Inverter with Asymmetrical Voitage Control

induction Heating

WY WWAR &elany  IAEUIzdNen 46015100

wis wiatue  Andenlm Iwslszdnen 46015105
= a v g a o A4

wie ApsRdNG  wguee  Timiszdnda 46015129

Bow N o

a a - o a
I AILENG HUUIR 5R1z919) 46015132

33\ e &M/ \SE:“”"‘_"Ah'lmﬁﬁﬁﬂ?ﬂm

(3¢. @Y. T30z WBFSY )



-~ [ 3 [ [ 3 fA ol v o [”] " [
ﬂ“ﬂmmn'[ﬂnu.uunaunmm pfnilimInuguuy vliguaasgsniunitigulys
w v o
ANUTBUTEMIRTEI

W UWAR VA TAE 46015100

—

W WIONUG anteonlm 998 46015105
RG] HIFYA THA 46015129

BrowoN

WiE 33ena fiuwan TRE 46015132

37 03, 332 Rrwduig  onandfilnm
il 2548

miﬁ'm'm“uammiwuau‘%@{ﬁuna‘?maﬂﬂﬂmmuﬁavgnmﬁﬂm‘a‘muqmﬁné’a
wviynlaonsdasygimananovsaisdlumadnundlilumsgoudefialan: wa
viaUSusn Duty mn%m:‘lﬁmﬁwé’mmﬁviﬂﬁfaﬂaaLLa:Lﬁame’mﬂ%'uﬁaEﬂﬁﬁmw
sumnasiazvhlildanrdogega landn Duty fi¥nsdiuesyinmsdsuan Duty 7 50%

Tuauflern Duty i 20% laprwuasmauidldnsfieaaaiian



Full-Bridge Resonant Inverter with Asymmetrical Voltage Controi
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This thesis presents a study with worked of full bridge resonant inverter series

for control duty to positive induction heating. The test circuit propertype used for the

analysis has a variable duty level 20-50% with fixed frequency and can operate

successfully.
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dimbhannmmaunsudFoslusums (3.17) azld
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7 k¥ 2 Sz
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Vv, =V SINOX (3.17)
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SunsteaisiinadamaddsuntaszasdmnieainalwWiene g iy dduRuand
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Anszualnaarslauuun (1,) uazmasininanivm (P,) szlidrana

2) AMUMUNMUSUYR Ryq URTFIANUBRIIMIRUYS Loq TANIOMUITINNY

adiaraaslaganuiinisfidusualilusunis (3.26) - (3.29) ldathagndas



a5

unn 4

a3uaina wazardsznaunissInNHA

4.1 un¥n

szupdsWiidaniams Wi 1GTE1ﬂﬂLLUUlﬁNﬁﬂLL‘S»Jﬁ%1Nﬁ’Iﬁﬂ']’I&JﬁM§ﬂ§R
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915uaflnd (Homonics)  azmanpfladaunysznevlugufygrueinled (Sine
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wasdaudsznauafuafing (Harmonic  Component) ffufneiLBuLER (RMS) 189
d?%ﬂ?:ﬂﬂﬁﬂ?ﬁuﬁﬂﬁnga (Fundamental ~ Component) (finutiuona: dausaslu

§UMIT (10) Uaz (11)
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Distorted waveform ¢ fundweniat 7 3™ harmonic

Fundamental frequency
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4 ] A.ﬂ ; d b . ﬂ‘ ol
717 4.1 pUedufifisdswldonlaidalzneudisdmlznauanuiinanys

al - d‘ 1 ; -~ 1 s
lapflanfuafing® 3 uszdanuRewaniuafindsiy (THD) winfiu 30%

4.2 anavisngnasaariznauniag
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1 4 fed o Lol L
4.3 ganznuaaaialldsznauniasy E)\!T'H aAuULLIBILEN

Amplitude

+ Voitage

+ >~ 7
o sineor } Linear Load

Linear Load Current
A [+] H‘ 1 Qs Lo =3 8
:.i‘lj'n 4.2 31884 aﬂ'l']znﬂ"l'ivlﬂﬂ"l"iﬂq UWRGG']“‘LN'NFI'LWnUI“ﬂﬂLLUULTJLﬂu

P = - v . w &, o 1
vigsoniulnasuuinBadu (Linear Load) @a%uAILIIARLAENIEUF IWHA

Inaeazyinniy
v(t) = ¥, sin(w, +8,) (4.1)
i(t) = I, (w0t +0,) (4.2)
lag v1 = unaulnihanaseulnaagige (peak value) fienudl 50 Hz

11 = nazud Wi lwadulnangaga (peak value) finafl 50 Hz
8, =myuafifoulraunduliifianaieulnaa
6, = duuranudoulivanszuswiflnaru

unurwsnasznauiasunsh (4.0) azla

Vf’ i Ip | -
L2 cos(s, - 6)
pf = plag = o =J§J§ | (4.3)
l T Vrmx 1 rms VP-‘ [P—] -
V2 V2
lay  pf,, = feasznauningay displacement (Displacement power factor)

luns@lnaaidwdodgu drerdsznausrinassznilésnn Cosine 189301l
wangesznisuman i usenizualWiy dauanaluannisft (4.3) wenanuazdin
1-&:1 AAI = o L 1 A uulw J & [ v»du‘z
anlunsdifilwaaufosu nauimenlszneymarligeinaunsznadilndnilanu
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(Unity power factor) aansnvilslomiandrinfaaiion (Reactive power:Q) llvinny
aud luhuaansuiudidimddiniuadaveasszuodng Az lwszuuiidnen
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M /\
' - [
. Non
¥, sin{or) Linear Load

Non Linear Load
Current

o o i . ar -~ R A W
51 4.3 frsasamfiniWidswdsnulwilinuinaewoulaidwdasu

Inaauupldidwdadu (nonlinear Load) suilluunasiniiaarfuafindlasasiuaz

munInuysaanidillusaingudas fa \innn1sauaazadgUnsal (Saturable devices)
o & o € o s . . - [ o, g
uﬂ:mﬂmnqﬂnimalaﬂﬂmunﬁmm (Power electronic devices) MIILNANTUAUNER
mnn’n'ﬁuﬁmmqﬂn‘sm“[ﬂuﬁaumnanﬁwmfﬁmd’waaunumﬁn (Iron  Saturation) 1w
" o o af aas

wilauladini 1efasininalWin uaznaeangoasaaudilfisaaduuuLnumin
runglasdislngdniiesnnsfidgasnssadunuluminga Sefisusanuuyliye
] 1 J = A = - (3 .
Tl'lo’m‘?uaaqﬂnmfmmul.ﬂﬂqﬂaam'ﬂmunumamanuaﬂ (Knee of the iron core
saturation curve) Lilunarilinazuanszduwlinin (Magnetizing current) sriifgouas
al '3 P \ w a ' \ P - a |
fimfuafindiauuagurdis Aadatulunsdvasaiamnsiwiuoodilenisie
= AI s o [ 2" [3 =3 & Al d'ﬂ ] A
Wiansduarsidifesduafindianunflvuelszanm 30% vavdandlsznaunnui
wan luau

1 F_ L) [ B a e A a [ "

fulunsdgdniafBnansafindidiGazarvaunisnazasmsaWiaeanns
amazurililawziduunsresguaiuusdulnifinaud soHz driunszualnin
Aa r-y [=Y E o A [ A L - "
mamutmmLm'ual.aﬂmaunamaw:‘lmﬂu;ﬂaau‘lﬂnﬂﬂuauyﬁmuﬂuanﬂmzmmﬂu
1249 (clopped) WIBWLUT (fatted) fatnavaslnaadszinmitlaun sladaaniied

[

FUWRE (Switching  power supply) waaaWaaalsaudflidiaantafindiiluiaaisd

L

Aeuiiiagiaa raunseaiuluudIg (Plus-Width-Modulated(PMW)converter) (iuau
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s & d ) 1 & ~ h o . X [ A 1
mumﬁawmim'[ﬂaﬂ'lmLﬂutmmmﬂﬂgﬂﬂﬁumnm‘lﬂﬁwuﬂ:mmu‘lﬂﬁwﬁ‘lu
Lﬂu'lfnﬂmuﬁmgirﬁu@ia:ﬁaﬁuaﬁn&?ﬂuagj'@hmm:m‘?uaﬁnﬁﬁﬁuadm:uu‘lwﬁﬂﬁﬂﬁa
P ' [V & - v oo oo rd th th P a ' ol e
uatnunnezldudanfuafindduaud 3°, 5 7 usnudruriaesanuiimdnys
= | ol va
(50Hz) Weunsznafaduanuiifioeusunsnldiu (Low-audible range) aunsuwiinf
yasusian INHwaznszus Wi Alidaudsznavafuafindluaniizniaa (Steady-state)

Touansliluaunsit @) uaz (5) anugau [6]

v(t)= i V, sin(ka)ﬂt +4, ) (4.4)
i(r) = i"t sin(kwyt + 5, ) (4.5)
k=

til‘ﬂulﬁaglugﬂmaqm RMS azlel

2
Vrms‘ :\/ V d :J
: : 2

8

>V m (4.6)

=1
k=

-~
I

o ]2 o«
[rms = Jz £ = \/ Izkrm.\' (4.7)
k=1 2 k=l
dim Wi ainesle
Lo =V cos(d, -6,)=P, Py EPoy £ (4.8)
k-1

FUNIIN (4.8) aTadnaneninind s Wi e nyssesuafindfudazainui
anvvzifudfiiduwuinwiaavd le

1 ; 5 Iy [ a [ e - Y=

frnnansuaIvalinanudvitusssu Wi waznazug e ooy e

JUNTIT (4.9) Udz (4.10) eusey

%THD, =142 x100% (4.9)
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2
] krms

[™1s

[
1
i

%THD, = x100% (4.10)

b

I rmis

d‘:ﬂl 1ol - { | 2 J o
TunyiiAlsidanfuating nauniif (4.9)-4.10) azlddanuineuafuafingsny

P as & =2 a8 e oA &, . a
m’mug}uﬂ‘ma:ﬂmﬂmgﬂﬂﬂumﬂm’mamyty'lm‘l‘nu (Sinusoidal waveform) Wiie.

[

MWNNTUNUENMT (4.9) 8311 (4.6) ue: (4.10) avlu (4.7) »:le

1D, Y

Vrm.\' = Vlrm.s 1 + ( IOOl ] (411)
H 2

fmﬂml%i£q (4.12)

PNUUUNUFUNTTA (4.11) AT (4.12) aaluaunifl (4.0) azlaenaalsznay
] b A L7 “: :Id. = = o 1 r- [ 7]
s hindalalemslunidn lnaa Duda sz T wdadu

)]
1 avy

= - = (4.13)
Voot+ D, {1+ THD,
. 100 | 100

pf — ‘Pavg ]

Vlrm,\'jlrrm 1+ ZH,D,J 2 ]+ THDI ?
100 100

'L ﬂn Gy © 1 v &
WNNLUARIUTTON AU Lef It

(4.14)

L

1) T,ﬂuﬁ":”lﬂﬁflﬁ'ﬂwﬂ'lmﬁu‘r"iLﬁm'mm‘?uaﬁnﬁé’uﬂugan'ﬁﬂﬁé’ngm:ﬁmﬁaﬂ
NI Pavg = Plavg

2) dissnneanudpna fuaiindsruveansasw Wi T IWRA (THDy) lae
Unfezfiandtasnin 10% sanuwaunnsi (4.11) 218 Vo=V LLa:ﬁamTaam;lﬁgmﬁa
apstaganadiedu muni @.14) sznaodiu
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P 1 ‘
pf 7"‘5 V !‘"‘ . ~ pfdr,\p_p_f(j,‘sp (415)

Lrms © Lrms

laafi Pfa, = MSLTzNAUINGY (Distrotion power factor)
1 r L a as . . . L5 u A
Wasandatsznauingd displacement  ( pf,,,) siifiaanimilaaua

danuaMaINIf (4.15) Medsznaumsidmiunsdivaauvuliididuaidigegale

Tataby

I

i © 23 s G 1 A 3 [ ]
NEUNIN (4.16) MurmhniaanWlaaalf 4.4 Gaeziuldin lunidlnae
- o .3 3 =y & - ; (-3 - «
Blaansaling itusauRimaitezlidanuRouainafinanurainszualWiigaann
w & v o . | e A a Py oA
Urzum 100% aenniloudindrliznauingg Displacement vinuniIfiaIuuLes1ea

Uiznaufiasnlelaonaluaziidaiannit 0.707 taua

et

ENEITTN

T 4 e B3 ter | ] T e 136 i H

FHiTL o' inpus « Cavvend <o

i [ Q- '] o [ t ; -3
31 4.4 drddznaumdsdadinnuiRsuaiuafinduanszualwvhinyd
Inaaluduigai

fond 1 as 2 a“ o e = ' - [ A o o
'lummmﬂgommﬂi:naummmws'unﬁmeaﬂLLuu'luLﬂuL'ﬂaLﬁm Fy9=lae7
1sznaurisy Distortion 611w a:'l;ifnm'm'mL"ﬂﬂ'l.@'fﬁ'wn'miaG'f'nﬁuﬂ‘s:gm'mrfh'lﬂ
Twrzuy wnzasuuendufigiusnsseiseaialsznauiias Displacement LY
usiluenuiilugde uarlnaediaansafinddndalasniluedidndsznaunings Displace
ment §IUAfN6213N8Y Distortion & @Taﬁfulumﬁﬁﬁﬂmﬁﬁaﬁitﬁuﬂiza‘mmmﬁﬂﬂh
,ql [ 1 '™ o [ -] & o [ ax. -8 n'
vl pedilsznaudasdnuundvandunnfulyrslauuniuasify

A’ (¥ . 5 - .-! oy 8' @ ni W
m’mquummaunaﬂmlaam:tm'l.vlﬁﬂugwumumm’m'lﬂun'nunﬂmwmgjnﬂao

.d' ] LY =l . o« v A
ATVALYIINIITALTLILWITTNIDILLUWIETH (Passive filter) W3a1993nTaIULLLENAN
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(Active filter) madﬁryrg’lmaﬂﬂﬁuﬁﬁgﬂﬂﬁﬂmﬁ (Pure sinusoidal waveform) Faaudia
ﬁnnhnammm”ﬁatﬁuﬁmﬁmluzﬂﬁ 4.5(n) ﬁ'uﬁ'mvm'lmgﬂﬂﬁuﬁﬁmuﬂi:nauaﬁuaﬁnﬁ
(sinusoidal waveform with harmonic) FaszifaaninaauuylaBadu ﬁauam'lu;ﬂﬁ"
4.5() [6]

RAasctire Power { RV )

Resclive Powear ( kVer )

-5
Apprrent Power ( KWVA )
Pure sinusokdal

Raad Power { kWY )}

Real Power { kKW )

(n) (1)

Jun 45 (mumdsuias Wihsadygialand

anmumdsuiarwihsssdygalaiffisudsznavaniuaiing

ﬂ‘ = et =3 s l:l -
nguf 4.6 Wlunisaydusniznuasediznauiing pf,, uaz pf,, filfia

PInwaaULLAN JdajUaRuuaInTzus NN EUKAlUN19ALAG (Ideal case)

Plyp=1 PF,, <l

Phup =1 PRy =1

= dnbznaurdalimeues THD Seoga

. . d o - Tneauhnsonivsnmzuriidufutzygrm
o fdsznavArdniluniledlnan aweouny m g

“ 4 ﬂ
» WHITINT0IN
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\-/ PE,, <l PF <1

PRy <l PF, =1 v mdsnauidsEiaduaznt THD fimgs
Iusmﬂumn's‘uam:uiruuummﬂﬂﬂ@
e fngesnud

a anlzrauridiinien THD

fiAnen
4 a - .
jin 4.6 Nﬂm:'nmjaqﬂaaunx:ua‘lﬂﬂwﬁ‘[mmuuuem 9

4.5 uansznuniianasunindaaszuudinidfdiiamIantsi
nansenuilissnmivefindgdamsliih smunsoutheanldmesuuudiniuia
WULTEezdw (Short  term) WRSWUUTEHzENT (Long  term) TanUUUTE b A uRANTTN LA
snsninlafauazlasinezagdluplues AMULADUTEILTIGY (voltage distortion)
srpzpezavaaylddaswunazinezliaglujves anuguiReanudiunu
(Resistive losses) WIaLLTIAULAY (voltage stress)
Nﬂﬂi:ﬂULlUUi:U:gumllﬂiﬂﬁ’]tlﬂd[“ﬂﬂ“?iﬁﬂ’ﬂ&lhgi (sensitive load) (igan
n31 (ripping)  Fwle LBu T‘naﬂﬁmuquﬁ’mﬂauﬁdLﬂﬂ'fm:'l’:@iaﬂ’nmﬁumma
uran A Luan
luanzfinavssminafingasvinlfanuisinnivaneissdaiin (meter) aaad
Lasuananus e l¥ i dre u.a:mﬁlﬁ]:ﬁﬂiﬁﬁﬁtﬁuﬂizqﬁﬂaﬂuﬂﬂwmmwﬁz
Lme'fu‘lﬂﬁ'mﬁuaﬁné’ﬁ]:ﬁ'}'lﬁlﬁﬂns:ua’lﬂﬁ’lm%’uaﬁnﬁﬁﬁ":Lﬁuﬂ‘s:ﬁ; dasnanuiien
wa U T WIWTN U T2 0 5%-10% anaazfinavinlddnszusonfifuasfivin 10%-50%
uazuBNI NN IR RRMuTITwAUA lafeaeia (Dielectrics) yasauiulszyinedae
gfuafindoraviliiiennuian (Overheating ) findowasIWinlannalyes
fiuudafiarvnny 0.8 vasdrfAne (kvA) wazdamldtRanizustinfismefitasou

(neutrals) 8na18[6]
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D3
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Eﬂﬂ 5.2 RIIILINTLLFULLLAUARU
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'I.ujjﬂﬁ" 53 (a), (b) %aagluaaqsﬂauqu PWM  @9n8129:U1Naua 1939339818073
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nusslouuudaaunafiond  axawnsamsolWiggdsannisaliadle
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muQulﬁa‘émﬁwnnuw‘mﬁwqﬂﬁ'mimﬂffiw:Lﬂuﬁaﬁﬁ'mﬁan'jwmtﬁmaomm‘fmma{
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Abstract — Generally, power bnverters Tar induction cwoking
applimnces are centrullol varying frequency Lo camtrol
current through moucier col)l. When maore than one pawer
canverier is operated at different frequenciey greater thon
pudthble  nnise upper threshold, low frequency Lnter-
hurmonics are peneruted in commuon impedance due to nan-
lincar effects. Suppression of audlble noisc in multiple-cnily
induction cooker lewdy to high-perfarmance Ared-frequency
control. Thiv puper presents m new unipolar ynitrges
cancellution control for serles resanunt inverters. This
rontrnl  stralegy s tapologiey  for

i used g~ fubll-hra
induction ronkers, wllowing fixed frequency contrul with

ZVS operstion nver w wide power ropge. So performance of
current-maode and vollage-cancellntlon B3 improved. This
control b Impletnented in » series-resonant fuli-hridge
isverter Tor Inductlen conkers wsing IGBT: wnd digleal
conteed implemented in & PLD which ean be casily
impicmented in un ASIC far mass production.

I INTRODUCTION

Almost all induction cooking apphances use vanable
frequency contral 1o adpust power gonsumption {1.2]. This
teads 10 audible noisc when lwo or mote inveiters 2rc
gperated at the same time with different switching
frequencies [3]. This noise is the result of low-frequency
inter-harmenics.

In order 1o avoid audible naise, constant-frequency
control is uscd [34]. Constant-frequency operation
supposcs lhal every inverter in Lhe appliance is operating
at the same [requency, making negessary ta conual power
withoul frequency variations.

Constant-frequency control in fuli-bridpe topologics is
possible using classical voltage-cancellation control [5-7].
Volge-cancetiation contral has severe limutations for
series-resonant full-bridge converters operating under low
load conditions. Und_cr this sitgation ZVS gperatinn is
lost, so incrensing lc_)ss:s and temperatures,

In this paper 2 new uwmpalar voltage-cance!lation
contrel 1s proposed, which allows constant-frequency
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control while maintainine ZVS cperation over a wide
power range. 50 audible noiseless and Z¥5 operauon e
assurcd over all the power rnge.

[l LIMITATIONS OF BIPOLAR VOLTAGE-
CANCELLATION CONTROL

Constant-frequency control wsing voltage-cancellavon
control js only possible using full-bridge inverier topology
(Fig. | a}). Half-bndge and fuli-bridge inverters can he
also operated al constant-frequency using asymmetrical
duty-eycle conre! [ [0 induction cocking opphances the
load is a pianar e} which can be medelled as a sencs
connection ot an inductor and a resistor. A scries
capacitar ts added for resonant eperation (Fig. 1 b))
Capaciyve lossless snubbers are uswaly placed 1o paraller
with the power transislors 1o reduce turm-off Josses.

Bipolar- voltage-cancellation control allows constant-
frcquency  comtrot for jnduction cooking  full-bridge
inverters (non resonanvtopologyyup the rated power. Gare
signal of ransistor in th-Trverrar and vollape and cuncat
wavelarms arce shown o rg. 2

Bipolar voltape-canceilation control  allows  [ixed-
frequency cperation over a very wide nnwer ranpe for non-
resonant  full-brdee topofogy 10 inauction  cooking
applications. Control strategy provides ZVS gperation,
making this control ideal 1o be implemented with power
MOSFETs.

In order to reduce turn-off losses tn pewer devices and
also [0 decrease current (hrough devices, resonant
topologies arc preferred. Series-resonant  full-bridge
topology provides the maximum [ead voltage, which can
bc as much as twice wnen compared with non-resonant
full-bridge ropology. This improvement can be used to
increase equivatent semes resistance of the inducror.
recipient crapling. This can be dong i two different wivs
‘i he lurst supposes to increase Lhe number of wms of the
coil. The other, increasing the switching [requency, As a



£3
T2 D3

Icducinr

—

] Cod
—,
54 v
T+ be
a
£3
.
T o frwductor
Cail

]
e
- 7.

5a
. 2 154
it

S

by

Fig, | Full-bridge iopnlogy for consant-lrequency cantrol of induction

heating appliance &) Nom-resonant Wwpalogy. b Servev resanant lopeiogy

vesult, lower current is noeessary (o obtain the same outpul

il

power. The drawback of increasing the switching
—_ e ee— r——
{1
el -
-8 >
T2 ] |
L -
[ )
| | —
T4 | |
| 1 *
e
T3 | || —l ‘
— t : :
Q.
V
/:‘7 f
[ )
-
!
e
' TITH TID} TiTy T1D4
D n:o T1 Ca

Figure 2 - Gate sipnals and comesponding output voltape
2nd inducler current wavelorms bipolar vollage-
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frequency is overcome by the reduction gn the twm-off
curient,

Newerthelogs g series-resonant full-bnidge topalogy 15
diflicult 1o be operated at low power load condiaon with
constant-frequency contrel without loosing the ZVS
condition |5}, In Fig. 4 b} it can be obscrved that the dinde
1s not conducting when the ransistor 1s twmed on, 50 ZV5
condition is lost. In thus case, with capacitive snubbers, the
encrgy stored in the capacater s dissipated in the
transisiar at tum-on, preduging very high current peaks
and. consequenUy. very high pewer dissipalion peaks

1. NEW UNIPOLAR VOLTAGE-CANCELLATION
CONTROL

In bipolar voltage-cancellavon control T3 and T4 (in
Fig. 1 b}) are murned-ofl before the corrcspénding T2 and
T1, making D4 and D3 to eonduct respectively U 15 also
possible 10 turn off enly T4 before T1. sham-circuiting
only to the positive rail. This s the umipolar vollage-
cancellation control, Gate signals and output voltage and
inductor current wavelorms are shown tn Fig 1.

Using this siratepry, urn-ofT current is always greater
than zero and, consequently, there 15 encuph energy stored
in the inductor to charge and discharge  snubber

m .

| T‘;/'?l =
T2 ] !
>
| |
T4 ! '
| 1
] : »
s | | |
T3 : iR
T : »
v a |
—

T
TITd Tim T™T
D103

[aalel] oros

Figure .- Gale signals and corresponding cutput vollage
and tnductsr cwrent wavelbnus [pr senes-resonant full-
Lridge invertier with unipolar veltage-cancellation
conurol.



capacitors Once the snubber capacitors are fully charged
(discharged). the antiparailel diode stants 1o conduct. Once
the diode is conducunp, the correspending transistor 18
rumed-on with ne losses. Finally, when current through
the diode decreascs to zero, the transislar starls carrving
the current. Fig. 4. a} shows the PSPICE simuiaed
wavcforms. and i1 can be observed that the diode is
conducting when the wansister 15 turned on. In
conclusion, the cancellation time is not limiled as 1hc
classical voltage-cancellation time

V. CONTROL STRATEGIES COMPARISON

The main oulpul vinabic inverters  for
induction cooking 15 the output power. Quipul pawer
depends on both the inductor current and the equivalent
resistance.

in power

The indugtor current can be casily caleculaed n
stationary conditions using harmonic anilvsis of the load
vellige In this case, the load voltage is the voltage drop
berween the midpaints of both Jegs of the full-bridge As

T . e -
F * N Shun
G L2110 8 TIRET 8 Wb, 27410 w X IIR1Y)
L]
)
L - [,
B
. . 1
&LH‘I‘IS E /L < L. ;
"‘ n‘_.//\ ‘
- ./ Cs ;
s Wy Tns Tl 3-¥1)
o UL 2ZIAE o [ARLY & Wb, 2)/10 ¢ ASEILRL))Y
Time
b)

Figure 4.- Simulsted output vollage and inductor current in
series-resonant [ull-brdge invener using:
a) pew unipelar-volinge-cancellation control, b) bipolur voluage-
cancellalion control,
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the laad voMage 15 deally
ssimplifies very much the

shown in Fig 2 and Frg. 1.
rectangular shaped  Ths
harmonic analysis

The load voltage in bipotar valtage—cancellatton control
has anly odd harmonics duc to the svmmetry of Lhe
wavcform, as shown in (1)

-4V 18—’
Vo= — .w:[ ————J (h
TR . 2

Voltage harmonics of umipolar vollage-cancellation
conirpl has both even and odd hanmonics due Lo s
asvmmectry. Valtage harmonic component arg calculaied

in {25

F i
‘_JrkA

.l k 2

i k(180 - &) + (2 - (- 1)~ cosk(180 - e))’

)

[n both cases the load is the siumng; Lhe series association

of equivalent inductor and resistor and the scnes resomant

capacitor, So, for every harmonic component the
impcdance is calculated in (3).

{, { 1Y
R‘+‘lm!,——-‘ (3)

w ()

The peak valuc of the incuctor currenl harmonic
components arc caleulatcd using the expressions for load
valtage and impedance in (4).

'}
. P

= )

The power factor for every harmonic component is

— (5)

R
R +‘( LM—LY
-‘i {\ET a )

The output power is calculated using the expression of
the active power in {6),

P, =V, PF, (5)

The output power s obtained from the summation of
the power of different harmonics. Accurale nunencal
calculations can be obtained with only the {irst five or
scven harmonic camponents, provided that PFy decreises
rapidiy with the harmonic order.



Table T shows the output power as function of the angle
« {phase angle or voltage cancetlalion angle) for unipalar
and bipolar vellapu-canceliation control. This example
shows the results of a 2000 W rmied pawer induction
clement.

TABLE !

DUTPUT PXWER (W) VS o FOR BIPOLAR AND UNIPOLAR
VOLTAGE-CANCELLATION CONTROL

al*| Bipalar Unipalar
(W) (W)
4] 1997 1002
il 1878 1902
60 1500 1A
90 999 1273
120 513 903
150 146 als
| R{ 1] N0

Fig. § shows 1he same as Table [in a figure, 1 can be
obscrved that the output power in bipolar voltage-
cancellation control allows Lo rcach zero power whereas
unipotar one does not. This characteristic of unipolar
voltage-cancellation contral, that could be considered as
undesirable, can be considered as a protection. Provided
that here it is no probabitity of loosing ZVS transition, you
arc not concerncd about limiting duty cycie in any
condition.

Nevertheless, the output” power for maximum phasc
angle is only theoretical due ta the prescnce of parasitic
outpul capacilances of transistors or snubber capacitors. If
T4 is nol mirned-on (maximum phase angle), depending
on the inductor curtent, the senes-resonant capacitor
valtage and thc snubber capacitor value, capacitor charge
process lakes some time to charge the snubber capacitor
of transistar T3 and then, when the inductor current
changes its sense, 19 discharge this capacitor again, This
makes the Joad voltage to be positive during 3 minimum
interval,

The situation described above can be eliminated
maintaining T3 permanently ON and T4 permanently
OFF. In this operiing condition, the ocutput power is
equal to the theoretical maximum phasc angle condition,
and cqual ta one fourth of the full power.

150

S0 120

Fig. 5. Output power v 8 for bipoinr and unipolar voltoge-cancellation.
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It is possible 10 use the same unpolar vohage.
cancellation control inleschanging the control waveforms
of T4 and T3. In this case averaged value of outpul
voliage is positive. This supposes an advaniage for designs
using bootstrap icchnigue 10 supply high-side dnvers
provided that, in this case, pulse width of T4 15 constant,
and refrcsh time of bootstrap circuits is guaranteed.

V. EXPERIMENTAL WAVEFORMS

An experimenlal prototype has been impicmented to
lest unipolar volagecancellation control. For  this
purpose, 4 serics-resonant full-bridge inverter, equipped
with four S00V/$4A IXGH22NSOBUI IXYS IGBTs has
been realised. The control strategy has been implemented
in a Programmable Logic Device (ALTERA EPMY320).
IGBT drivers use high oulput-urtent pholocoupler and
bootstrap 1echnique for supplying high-side drivers.

The load consists of a flat inducter coil coupled 1o a
standard cooking recipient. Model parameters of the load
are R=967 1 and L=60.0 wH. The scries resonant
capacitor is a parallel connection of two 120nF/630V
MKP capaciiors.

Fig. & shows induclor current and outpul voliage
waveforms of this prototype in Minimum power operation
mode. Note thal the voltage is measured between the
midpoini of bath legs,

e

~
|
B y

:I' - — i H
Lo ; u'l ms—-rmj.—ﬁ—rrfl

< 5
Cn1 g0 v Cha 700 v0OA

Figure 6.- Oscillogram of output voliage (CH2), inductor current {CH&Yand
seriesrezonant eapacitor vohage (CH3) in 2 senas—rmsanam full-bridge
inverter uaing pew unipolar volage-caneeliation control. Controlied power
operation (640 W)

Seales:CH2 230 Vidiv, CH3 100 V/div, CHd 20 Addiv, § pwdiv

Fig. 7 shows the sume waveforms at full-power level
{1850 W). Note that switching frequency (48 kHz) is far
enough from resonant frequency, This makes easier the
fixcd-frequency contral for a wide varicty of recipients
(loads) and input voliages.



Yigure 7.- [arllopram of culput veltage {CH2). mducter cument {CH4) and
wenes-rewnnant capacitor vollage {CHY o a sencs-resanant full-hndge
neenes Laing new unipolar volsge-tancel lshion contrel, Full-power
operation (1430 W)

Scates L)) 150 Vodyw, CHD 100 Vidie, CHA 20 Addiv, 5 jawiliv

VI, CONCLUSIONS

Limitanons of classical  bipofar-voltape cancelation
control for senes-resanant full-bridge invernier have been
shown. {n order to evercome this himtations the new
wnipolar-voliape cancellation control is presented. This
control sirategy aflows (ixed-frequency ZVS operation
over o wide output power range. Fixed-frenuency
aperation allows noise-free operation of inverters when
more than ane is operating at the same time. The proposed
contol docs not need minimum ON-ime prowection to
assure ZVS aperation. Furthermare, unipelar control is
casy 10 implement wit) bootstrap dnvers.
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Asymmetrical Voltage-Cancellation Control for
Full-Bridge Series Resonant Inverters

José M. Burdio, Member, IEEE, Luis A. Barragan, Fernando Monterde, Denis Navarro, and Jesis Acero

Abstract—"This paper presents and analyzes the asymmelrical
soltage-cancellation (AVC) control, s generalized control technigue
for resonant ipverters. It is applicd (o the popular full-bridge se-
ries resonant inverter. The proposed conirol technique achieves
setter efficiency performances thon conventional fixed-frequency
contrel strategies, while considering zero-voltage-switching opera-
livn, eutput power and load variations. The theoretical results are
verified experimentally, using a prototype for un induction-heating
cooking appliance.

Index Terms—Asymmetrical condrol, inductien-heating cooking
applinnces, resonant inverlers, zero-vol{age-switching.

1. INTRODUCTION

ESONANT de-ac inveriers are used in a number of ap-
Rpliczuions 10 convert de energy into ac energy [1]. Some
examples include de~de resonant converters, induction heating
systems for industrial processes or home appliances, clectronic
ballusts for lighting, radio transmitters, and others,

The outpul volturge or power in many resonint inverlers
has been traditionally controlled by varying the swilching
frequency. This variable-frequency operation has  several
disadvantages [1] including a wide noise spectrum which
makes 1t difficult 10 control clectromagnetic interference
{EMI), morc complex filtering of the output-voltage ripple,
and poor wtitization of magnetic componenls. In addition,
zero-voltape-switching (ZVS) operation is normully preferred
in most applications, and conventional resonant converters
operate with zero voltage for the active devices when the
swilching frequency is above the resonant frequency [1]. High
above-resonance operation imposes a low power factor loading
of the inverter, resulting in large circulating currents which
reduce efficiency.

The problems mentioned above can be overcome by using o
fixed-frequency or a narrow frequency-range control technique.
The two conventional fixed-frequency control technigues
proposed for different de—dc or de-ac converters, are the
phase-shifi or clamped-mode control [11-[9] and the asym-
metrical duty-cycle or asymmetrical PWM control [10]-[13].
The phase-shift (PS) comirol technique, used in full-bridge
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Fig. 1. Full-bridge series resonant inverter,

topologics, allows output volluge or power vuriahons by
phuse shifting the sequences of conduclion lor the switches,
achicving a symmetrical voltage cancellation. The asym-
metrical duty-cycle (ADC) control technigue can be used in
half-bridge or full-bridge topofogies. 1t is bused an an unequal
duty-cycle operation of the switches in the converter.,

Despite the advantages of conventional fixed-frequency con-
trol techniques, they can not guaraniee soft-switching operalion
of the resonent canverier for farge load or output power varia-
tions, as analyzed in this paper. As a result, the switching {re-
quency must be again increased i a ZVS operation is reguired.

The objective of the present work is twofold. First. (o de-
fine and analyze a generalized control technique for resonant in-
verlers, the so called asymmetrical voltage-cancellation (AVC)
control. Then, as a consequence of the analysis. to obtain the op-
timum ZVS control stralegy 1o minimize losses in the switches
of the inverter. The analyses are carried oul by considering the
series resonant ihverter. We introduced a preliminary version of
this control technique in [14]. A reexamination, extension and
gencralization are presented here.

The paper is orpanized as foliows. In Section 1I the asym-
metrical voltage-cancellation control is presented and applied
10 a serics Tesonant inverter, An analysis of the optimum control
strategy for ZVS operation is provided in Section IIl. The per-
formance of fixed-frequency control strategies are compared in
Section IV. Some experimental results are given in Section V,
using a prototype for an induction-heating cooking appliance.
Finally, some conclusions are presented in Section V1.

1. ASYMMETRICAL VOLTAGE-CANCELLATION CONTROL

One of the most popular resonant inverters is the half-bridge
or full-bridge series resonant inverter. The full-bridge 1opology
(shown in Fig. 1) offers more control possibilities and it will be
considered in this work.

0885-8993/04320.00 © 2004 1EEE
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5
Fip. 2. Quiput voltape and control vartubles for the asymmetrical voltage-

cancellahion controi,

Fag. 3. Typical waveforms for the asymmetrical voltape-cancellation control.

Considering a full-hridge inverter topology. Fig. 2 shows a
peneralized quasisquare output voltage (v, in Fig. 1) apphed
10 the resonant cireuit. This voltage is determined by four con-
trol variables at most: three control angles (cey, a—, and {6
and the switching period (T7,). In a fixed-freguency control, the
switching period is constant and only three control variabies are
considered.

The waveform in Fig. 2 is obtained by the so called asym-
metrical voltage-cancellation control. So a generalized contrel
technigue is considered, including as particular cases the con-
ventional phase-shift control (with rey = & variable and A=
180° constant) and the asymmetrical duty-cycle control (with
ey = a_ = ( constant and J variable).

Considering the converter in Fip. 1, Fig. 3 shows some typ-
ical waveforms for the proposed asymmetrical voltage-cancel-
lation control technigue: the sequence of conduction of switches
5] — 84, the quasisquare output voltage vy, and the output cur-
rent 7, of the full-bridge topology. The dashed wavelorm vai
represents the fundamental (first) harmonic of v,y

The time variation in steady state of the voltage v,, may be
represented by the following Fourier series. where the amplitude
and phase of the hth harmonic of v, are denoted as ¥ 4 and
g, s TESPCCEVELY

e Vt b o 1

‘;(lbh = E\/aﬂ + b]’, (1)
. 4

Gy, = tan™" il ()

Th
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TABLE |
QPERATION MODES FOR THE ASYMMETRICAL
VOLTACGE-CARCLLLATION CONTROL

MODBE x5 5 5 5 Canduion
TS maae A% FAYS FA% vE agal
77M|7a=|l mode | - IWELCS A s (1R < Ag< D
Mined mode T 2004 204 A% s b g A8
Mixed mode 111 205 | 0 0 ZVRRCS —a TR0 fl) < Ag < -
ZCS mode | FZa %3 rde.} pdand A < e —(180°-f)

where V; 15 the de input voliage, and

ap = sinf(fd — ay) +sinhfd 4 shiho_ (33
by =1 = cosh(ff — oy )~ coshff + cosha_. {41

The average outpul power J? can be abtained as

(=) e
= 4
; 2
= 2 . - -
i ket (et - 22
oo yall
Vb

B E 28 (1 + () (hwu - n'"))

where the () fuctor and the normalized switching frequency wy,
are defined as usual

P

(= +— 4

J T (0)
! 1

Wy, = [:1 vy = == (7}

wo' VILC

being w, the angular switching frequency and w,, the angular
resonant frequency.

Assuming that the filtering provided by the resonant tank per-
mits the neglect of all hiph-frequency harmonics, the cxpression
(5} for the oulput power results

1,!”2“ ) (8)

) 20 (1 L (w ~ %ﬂ)z)

Conseqguently. only the fundamental harmonic of the output
current is considered. This assumption provides an accurate
analysis when operating at freguencies close to the resonant
frequency of the tank, as considered here to oplimize the
efficiency as studied later.

Tuking into account the previous expressions, the phase lag
¢ (see Fip. 3) between the voltage vy and the current i, can
be obtained as

1
1“"3‘[’_u.c_,_fl N __1__))
—F = tan (Q (wn o RC)!

The normalized voliape amplitude 1’-"(,5,1,, and the normalized
output power 7, are defined, respectively

¢y = tan”

% 1'411
1"0&171 = “—‘"l"l—'* (]0]
ufi] max
T
N G =S NI
= Pmux - Ijnmx - IIUMT' (] b
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Fip. 4. Tvpical waveforms in the operation modes for the asymmetrical voltege-cancetlation control: (0) ZVS mode, (b} mixed mode 1, (¢} nused mude I1,

1dy mined mode T and (@) ZCS mede.

where ¥ou1 may 200 Dy are the carresponding maximum mag-

nitudes, obtained with ay = a_ = (and 4 = 1807
- 4"’
“m"l max — _ (12)
Ponx = N (13

7

. . ‘ ‘ N
o (] — (7 (ufi, -4 }
)

According 1o Fig. 3, the output current can be expressed us

it = oeinio — S Ky

where f,, is the amplitude of the output current assumed to be
sinusoidal, and the phase
A = dq — . {15}
There are several eperatien modes with the asymmetrical
valtage-cancellation control technigue: the traditional ZVS and
ZCS operation modes and three mixed modes at most. The
different resultant operaticn modes are summarized in Table L.
where it 35 sssumed that 4 < 180° by symmetry. ay < and

<3600 — A

fr.
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Fig. 4 shows some typical waveforms for the different op-
eration modes in Table I. For each switch, ZV5S operation is
achieved if switch current js negative (antiparallel diode is con-
ducting) when turning on, and ZCS operation is achieved if
swilch carrent is zero or negative when turning off. Considering
expression (14) for the current, the different cases in Fig. 4 are
obtained, depending on the phase A¢ of the current. In all cases,
the dotted waveforms represent the limit conditions for the cur-
rent in the corresponding operation mode.

1II. ANALYSIS OF THE OPTIMUM ZVS CONTROL STRATEGY

As mentioned above, ZVS operation in all active devices is
commenly pursued to obtain good efficiency resulis. Using the
ZVS conditions presented in the previous section, here we ob-
tain an optimum ZVS3 control stralegy as a particular asymmet-
rical voltage-cancellation control that minimizes the losses in
the devices of the converter with ZVS operation.

According to Table 1, the condition for ZVS operation in all
devices of the fuil-bridge series resonant inverter is

.&f,b: & — ¢vl > Q.

This condition is a requirement to assure that there is enough
energy in the inductor L 1o discharge the corresponding parasitic
and snubber capacitors of the devices before turning on. So the
value of A¢ needed 1o guarantee ZVS operation for the switches
actually depends on the values of those capacitors [16].

In order to satisfy (16), ¢y can be increased as in traditional
approaches by increasing the switching frequency [see (9}]. At
the same time, there will be greater conduction and turn-off
losses, since the current should be increased in order to transfer
the same power, and the switching frequency is also higher. As
a result, o minimize the losses, the converter should be oper-
ated at the minimum switching frequency above the resonant
frequency, with ¢¢1 > ¢,; 1o maintain ZVS.

A better approach to satisfy (16) is to reduce ¢y, which is a
function of the control angles a4, -, and A, according to (2)

(16)

sin(f -~ ay)+sinf+sina_

1—cos(A—a_)—cos+coso_’ (n

o1 = tan_l

So the optimum conlrol strategy will be that one that mini-
mizes the phase ¢,1 by varying the contro! angles &y, o, and
A, waking into account the required output voltage.

Considering (17), Fig. 5 shows some graphs that represent the
phase ¢, as a function of the control angles a4, a—, and gt
is also shown the optimum control strategy to reduce the output
voltage: maintaining 5 = 180° constant and only varying the
control angles g or e individually (trajectories AB or AC in
Fig. 5(2), and further on BD or CD if necessary). See Fig. 7(c),
with o = .

Following any other trajectory on the surfaces in Fig. 3, the
maximum ¢, obtained is greater than before, so the perfor-
mance of the control strategy is worse. For example, the phase-
shift control (see Fig. 7(a), with @ = a, = &) and the asym-
metrical duty-cycle control (see Fig. 7(b), with o = 180° — By

Fig. 6 shows the normalized voltage amplitude ffubln as a
function of the control angles @4 and a.., with 4 = 180°. We
can see that the minimum normalized voltage amplitude using

IEEE TRANSACTIONS ON POWER ELECTRONICS, VOL. 19, NO. 2, MARCH 2004

mpﬂmum contrul strutegy ]

D

F=45
(c)

Fig. 5. Phase ¢,; as 2 function of 1he control angles oy and a—: (a) with
A = 160°, (b) with 2 = 90°, and (¢) with 3 = 45°. Apgles in degrees.

just one control angle (& or a_) is 0.5. To further reduce this
voltage, the other contro] angle should be varied.
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£=180°

Fig. & Normalized volage ampliude Vs 1 a8 2 function of the sontro] angles

o, and a_, with ;3 = 1BD%, Angles in degrees,

As a consequence, the oplimum ZVS contro] strategy recom-
mended to control the cutput voltage or power 18 the optimum
asymmetrical vohlage-cancellation contro} shown in Fig. 7(c}.

As mentjoned abave, in ZVS converters, snubber capacitors
are commonly added in parallel with the switches af the par-
ESific capacitors ol the devices have to be increased 10 achieve
soft switehing when turning off the devices. In any case, any ca-
pacitor in parallel with switches modifies the slopes of voltage
waveforms as shown in Fig, 8, where the optimum asymmet-
rical voltage-cancellation control is considered. As a result, as-
suming an overall capacitor C, in paralicl with every switeh of
the full-bridge inverter, the minimum A¢ previously obtained
{16} should be increased [7] as

(18)

9 7.
Ad > cos ! (] - M) .

1o

IV. COMPARISON OF FIXED-FREQUENCY CONTROL STRATEGIGS

Considering the results of the previous section, here we com-
pare the three different fixed-frequency contro} strategies shown
in Fig. 7. The purpose is to find out which strategy performs the
best from the point of view of the least losses in the devices of
the convernter in Fig. 1. In any case, a ZVS operation is required
for all active devices, and load and cutpul power variations are
considered in the analysis. In order to compare the control strate-
gies, this section considers the minimum requirements to obtain
ZVS as expressed in (16).

The amplitude and phase of the voltage v,y are obtained
by particularizing (1) and (2) for the three different cases (see
Fig. 7):

. 4V,

Vo = —cos o (19;
ks 2
8

P =5 (20}

for PS control (with @ = ey = a_ and § = 180%)
. v
Vo = = o & @n

465

{c)

Fig. 7. Typical waveforms for the contro] strategies: {a} PS control, {b) ADC
centrol, and {c} optimum AYC contrel.

(4]

P = 3 (22)
for ADC control (with ¢ = 180° — Sand ay = a_ =0)
. vV, o—
Vel = —‘;\/IO—F O cos o (23}
sina
ao=1 i 24
bu an 3+ cosa (24)

for optimum AVC control {with & = ¢v... and § = 180%).
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S, L—1 -
Fig. 8. Influence of capueitors in paruliel with swilches for the optimum AVC
chonirol.

Fig. 9. Minimum normazlized switching trequency w, required for ZVS as
function of the control angle a (in degrees) and the ¢ factor. Solid lines for PS
and ADC controls, dushed lines for opimum AYC control.

As can be seen, (20) and (22) are the same, but (24) is dif-
ferent. So, not all the contro] strategies can maintain ZVS op-
eration for the devices in the same way. Substituting (9), (20),
(22), and (24) in the condition {16) produces

1 tan &
Wy, - — > —= (25)
win Q
for PS and ADC controls, and
1 Sii:&)c:n
— . S 26
Ly o Q (26)

for eptimum AVC control.

A, First Comparison: Minimum wn, versus o and Q)

From (25) and {26}, the first comparison between the conirol
strategies is shown in Fig. 9. For each of the three strategies,
we represent the minimum normatized switching frequency w,
required for ZVS (that 15, with A¢ = D), as a function of the
contro} angle o and the (@ factor. As pointed out in (6), the ()
factor represents the load variations: the larger the () the larger
the load current 4,, assuming L and C are constant.

1EEE TRANSACTICNS ON POWER ELLECTRONICS, VOL. 19, NO. 2, MARCH 2004

Fig. 10, Minimem normalized switching frequency w,, required for ZVS as a
function of the normalized power P, and the € factor. Solid lines for PS and
ADC controls, dashed lines for oplimum AVC control.

As shown in Fig. 9, the optimum AVC control reguires a
lower switching frequency to attain ZV S for each ¢ and ¢. That
means that the total losses in the devices will be lower in every
operaling condition.

B. Second Comparison: Minimum w,, versus Iy, and ¢

Substituting (19), {21}, and (23) in (11}, the normalized
output power I, is obtained as

P, = cos? & 27
y = COsT S (27}

for PS and ADC controls, and

54 3cosw
8

for optimum AVC control. In this case, according to (28) the
minimum normalized output power is limited to 0.25, because
the minimum nermalized output voltage is limited to (1.5. The
power is further decreased with the optimum AVC controi
by increasing the other control angle (a_), as explained in
Section III.

Using {(27) and (28), o can be obtained as a function of the
normalized output power to be replaced in (25) and (26). In this
way, Fig. 10 shows the second comparison between the con-
trol strategies. In this fipure, the minimum normalized switching
frequency w,, required for ZVS (that is, with A¢ = 0} is repre-
sented as a function of the normalized output power I, and the
{) factor.

We can see again in Fig. 10 that the optimum AVC control
requires a lower switching frequency to obtain ZVS for each ¢
and F%,, which means the 1otal lnsses in the devices should be
lower.

For the particular case of ZVS dc—d¢ series resonant con-
verters, fixed-frequency control strategies have been compared
in [15]. The results are very similar even though that work
includes a different comparison considering input-voltage
variations.

P~ (28)
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Fig. 12. Experimental waveforms of the culput voltage {Chl) and the output current {Ch2} for the implemented full

-bridge series resopant inverter: (1) tmaxinum
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AVC control (ZVS is maintained).
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V. EXPERIMENTAL RESULTS

Some testing results are presented in this section to verify the
theoretical predictions of previous sections. An experimental
prototype has been implemented for an induction-heating
cooking appliance.

The block diagram of the system is shown in Fig. [1. The
power stage is a [uli-bridge series resonant inverter, equipped
with four IGBT devices with diode (Fairchild G4ONGOUFD).
IGBT drivers use high output-current photocouplers and the
bootstrap technique for supplying high-side drivers. The load
consists of a (M inductor coil coupled to a standard cooking pan.
Madel parameters of the load are B = 33 QL and £ = 195 p H.
The series resonant capacitor is © = 56 nF. The converier is
operated with an input voltage ¥ = 310 V and a switching fre-
quency f. = 55.5 kHz. As a result, the ¢ factor is 1.8 and the
normalized swilching {requency w,, = 1.15.

The gencralized AVC control strategy has been implemented
in a proprammable logic device (PLD in Fig. 11} Altera
EPM9320 using a hardware description language (VHDL in
this case). The design is fully synchronous, using a 4 MHz
system clock. The PLD generates the pate signals for 53, Sz,
Sy, and S, (see Fig. 3) that control the power stage.

The PC host runs a graphical interfuce developed using Mi-
crosoft Visual Basic. This high-level Janguage provides an easy
way to modify the AVC control parameters in real time via the
RS$-232 serial port. The AVC control parameters (ay, a—, 3,
and T.) and the dead time parametet are sent by the PC and
stored in the PLD configuration registers. These parameters are
binary numbers that represent pulse widths as PLD clock cy-
cles. Basically, the AVC signals are generated using a timer and
a finite state machine. The transitions between stales are deter-
mined comparing the timer with the values stored in the config-
uration registers.

Fig. 12 shows some output voltage and current waveforms of
the prototype for two different output powers: 2000 W (max-
imum power) and 800 W with the three different control strate-
gies previousiy analvzed. Ascan be observed, at the same output
power and foad, ZVS operation of active devices is lost with PS
and ADC controls, but is maintained with AVC control, as pre-
dicted by the graphs in Fig. 10.

The measured efficiencies for several output powers with the
three different contro! strategies arc represented in Fig. 13, The
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performance of the AVC control technique was better than the
other control strategies. The efficiencies were measured with the
power analyzer Yokogawa PZ4000 (bandwidth of 2 MHz).

V]. CONCLUSION

In this paper. the asymmetrical vollage-cancellation (AVC)
control is described as a generalization of the conventional
phase-shift and asymmetrical duty-cycle control iechniques.
The proposed control technigue is applied to a full-bridge series
resonant inverter, with five different resultant operation modes.

An analysis of the optimum control strategy for ZVS opera-
tion is provided. As a consequence, the optimum AVC control
achicves the best performances in terms of the least losses in the
switches of the converter. in comparison with conventional con-
trol techniques. A performance comparisen of the three fixed-
frequency control technigues has been presented, considering
load and output power variations.

The theoretical results were tested experimentally using
an induction-heating cooking appliance, For this, 4 2 kW
full-bridge resonant inverler was built, Ar different oulput
powers, the AVC control technique reached better efficiencies
than conventional control techniques, without losing ZVS
operation for the active devices in the converter.
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N-CHANNEL 500V - 0.22Q - 18.4A TO-247
PowerMesh™ || MOSFET

TYPE

Vpss Rpsion) Ip

IRFP460

500V < 0.27¢ 18.4A

= TYPICAL Rpglon) = 0.2202

« EXTREMELY HIGH dv/dt CAPAEBILITY
« 100% AVALANCHE TESTED

« NEW HIGH VOLTAGE BENCHMARK
« GATE CHARGE MINIMIZED

DESCRIPTION

The PowerMESH™ I js the evoiution of the first
generation of MESH OVERLAY™ . The layout re-
finements introduced greatiy improve the Ron*area
figure of merit while keeping the device at the lead-
ing edge for what concerns swithing speed, gate

charge and ruggedness.

APPLICATIONS
» SWITH MODE . OW POWER SUPPLIES

(SMPS)

s HIGH CURRENT, HIGH SPEED SWITCHING

« DC-AC CONVERTERS FOR WELDING
EQUIPMENT AND UNINTERRUPTIBLE
POWER SUPPLIES AND MOTOR DRIVES

ABSOLUTE MAXIMUM RATINGS

TO-247

iINTERNAL SCHEMATIC DIAGRAM

L)

RCAR AN

Symbo! Parameter Value Unit
Vs Drain-source Voltage (Ves = 0) 500 V
Voo Drain-gate Voltage {Ras = 20 ki) 500 v
Vg Gate- source Voliage +30 V

In Drain Current (continuos) at Te = 25°C 18.4 A
I Drain Current (continuos) at Tc = 100°C 11.6 A
oM (@) Drain Current (pulsed) 736 A
Pror Total Dissipation at T¢ = 25°C 220 w
Derating Factor 1.75 WiC
dw/dt{1) Peak Diode Recovery voltage stope 3.5 Vins
Tsig Storage Temperature —-65 toc 150 °C
T, Max. Operating Junction Temperature 150 °C

{»JPuse widlh limile d by safe operaung area

May 2001

(1)}s0 £18.4A, didt =100ALs, Voo < Vigrjoss. T) € Tumax
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THERMAL DATA

{ Rthj-case | Thermal Resistance Junction-case Max 0.57 “CIwW
| Rithj-amb | Thermal Resistance Junction-ambien Max 30 “Cmw
Rihc-sink [ Thermal Resistance Case-sink Typ 0.1 “CIW
Ty Maximum Lead Temperature For Soldering Purpose 300 “C
AVALANCHE CHARACTERISTICS
'_Symbol Parameter Max Value Unit
| Avalanche Current. Repetitive or Not-Repetitive
AR (pulse width Imited by T max) 20 A
Single Puise Avalanche Energy
Eag (starting T, = 25 °C. Ip = Iar, Von = 50 V) 960 m
ELECTRICAL CHARACTERISTICS (TCASE = 25 "C UNLESS OTHERWISE SPECIFIED)
OFF
Symbol Parameter Test Conditions Min. Typ. Max. Unit
Drain-source _ _
VBRIDSS | greakdown voltage Ip = 230 WA, Vs = 0 500 v
Zero Gate Voltage Vps = Max Raling . 1 A
Ibss | prain Current (Vas = 0) i
rain Current (Vgs = 0 Vpg = Max Rating, Te = 125°C 50 (A
Gate-bedy Leakage R B
lgey Currenl (Vps = 0) Vg 30V 900 nA
ON (M)
Symbol Parameter Test Conditions Min, Typ Max. Unit
Vs Gate Threshoid Vellage Vg = Vs, I = 25008 2 3 4 v
R Static Drain-source On Vgg = 10V Ip=8A 0.22 0.27 9]
DSan! | Resistance
Vns > Ipjon) % RDSon)man,
IDjon) On State Drain Current Ve = 10“\}" onjmax 18.4 A
DYNAMIC
Symbol Parameter Test Conditions Min. Typ. Max. Unit
Vos 2 | R M
grs M Forward Transconductance IDDS gAD(m) * MDS(enimax, 18 5
Ciss input Capacitance Vps = 25V, =1 MHz, Vgs= 0 2980 pF
Cass Output Capacilance 410 pF
Reverse Transfer
Crss Capacitance 58 bk

28

4
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ELECTRICAL CHARACTERISTICS (CONTINUED)

SWITCHING ON

Symbol Parameter Test Conditions Min. Typ. Max. Unit
td(on) Turn-con Delay Time Vop = 250V, Ip = 10A 29 ns
‘ ‘ Rg = 4.70 Vs = 10V
b Rise Time {see 1esl circuit, Figure 3) 21 ns
\Vpp = 400V, Ip = 20A,
Qq Total Gale Charge Vos = 10V a5 128 nC
Qge Gale-Source Charge 14.7 nC
Qgu Gate-Drain Charge: 11.7 nC

SWITCHING OFF

Symbeol Parameter Test Conditions Min. Typ. Max. Unit
Vpp = 400V, Ip = 20A,
tr{vofl) Off-voltage Rise Time Rg = 4.702 Vag = 10V 20 ns
(see lest circult, Figure 5)
tr Fall Time 21 ns
t Cross-over Time 58 ns

SOURCE LRAIN DIODE

Symbol Parameter Test Conditions Min. Typ. Max. Unit
fsn Saurce-drain Current 18.4 A
lspm (2) Source-drain Current (pulsed) 736 A
Vep (1) | Forwarg On vonage lep = 18.4A Vgs = 0 1.6 v |
Isp = 20A, dildl = 100A/us,
= Reverse Recovery Time Vpp = 100V, T;= 150°C 480 ns
{see tesl circuil, Figure 5)
Qn Reverse Racovery Charge 5 uC
IR Reverse Recovery Current 21 A

Note: 1. Pulsed: Pulse duratian = 300 ps, duly cycle 1.5%.
2 Pulse width limied by safe operaling area.

Safe Operating Area Thermal mpedence

|_\‘.!'\) !‘ I [
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Output Characteristics

FVOUSUL

le{a)

Vos= 10V

20

30
51y
20 ‘
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!
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0 A0 ves(V)
Transconductance
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ars(5)! i ‘ iVDSZZS\Jl r i
754 ‘
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|
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|
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Gate Charge vs Gate-source Voltage
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Transfer Characteristics
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Static Drain-source On Resistance
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Capacitance Variations
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Normalized Gate Thereshold Voltage vs Temp, Normalized On Resistance vs Temperature
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Fig. 1: Unclamped Inductive Load Test Circuit Fig. 2: Unclamped Inductive Waveform
I - UKRCLAMPED INDUCTIVE WAYEFFORME
L
Y(oR3DSS
L S— i A ppe— i
/ i?ZCS 3z
e |l oF Vi
| . o — —— — 1
b} 2 — — — | Dw
Q__AL_J : TN
{ I - // hY
¥ AT ! ¥neo
.,I, ‘—J:.— { Pt P re \\ [#]o]
! . ! ! - N
: ' . : | N
Fu * * [ N
— SCOAHIC SCos580
Fig. 3: Switching Times Test Circuit For Fig. 4: Gate Charge test Circuil
Resislive Load
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Fig. 5: Test CircuitFor Inductive Load Switching
And Diode Recovery Times
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TO-247 MECHANICAL DATA

mm. inch
DIM. MiN. TYP MAX. MIN. TYP. MAX.
A 4 85 5.15 0.19 0.20
D 2.20 2,60 0.08 0.10
E 0.40 0.80 0.015 0.03
F 1 1.40 0.04 0.5
F1 0.11
F2 0Qr
F3 ) 2.40 0.07 0.09
Fa 3 340 011 013
10.90 0.43
H 15.45 16.75 0.60 nE2
19.85 2015 0.78 0.79
L1 3.70 430 0.14 017
L2 18.50 0.72
L3 14.20 14.B0 056 0.58
L4 34.80 1.36
5 550 0.21
M 2 3 007 011
Y, 50 50
V2 G0¢ 6o
Dia 3.55 365 0.14 | 0.143
j n
J L L : - 1|
f — L 3! .
A i 1
i v T

v

"

J

7/8
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of use of such nfarralion nor for any infringement of palents of other nghts of third parlies which may result from its usc. No hcensc is
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SEMICONDULICTOR M

DM74121

June 1889
Ravised November 1899

One-Shot with Clear and Complementary Outputs

General Description

Tha DM74121 is a monhostabla mullvibrator featuring both
positive and negealive edge tnggering with complemantary
outputs. An imternal 2kl tming resislor is provided for
design convenlence minimizing component count and lay-
out problems. thik davice can be used with & gingle exler-
nal capecilor. Inputs {A) are aclive-LOW trigger iransition
inputs end mput (B) is and active-HIGH transiton Schmitt-
rigper input that aliows jitler-fres tigporing from inputs with
transilion rales as siow as 1 volUsecond. A high immunity
1o V¢ noise of typically 1.5V is also provided by internal
dGrewitry at the nput stage.

To obialn oplimum and trouble fres oparation plaase mad
operaling rules and one-shotl application notes carefully
8nd observe recommandalions,

Features

B Triggered from acilve-HIGH transition or active-LOW
transfion inpuls

B Vanable pitse width from 30 ns 0 28 seconds

W Jiter free Schmit-trigger input

B Excellent noise immunity typlcally 1.2V

B Stable pulse width up to 90% duty cyrle

B TTL, DTL compatible

| Compensated for V. and temperature varietions

B Input clamp diodes

Ordering Code:

Order Number | Package Number

Pacikage Doscription

DM74121N N14A

14-Laad Plaslic Dual-ln-Line Packape (PDIP), JEDEC MS-001, 0.300 Wids

Connection Diagram

RgxT/
vce  MC NG CEXT Cgxt Pt MC
14 [t:r Jrz | lm L
7k
by
a4
q

f ]'a i3 | | ) ]1
G NG A%

A2 B Q GND

Functional Description

The basic output pulse widih Is determined by salection of
an intemal resistor Ryr or en extemnal resistor (Ry) and
capacitor (Cy). Once triggered the output pulse width is
independent of further transitions of the inputs and is func-
tion of the iming components. Pulsa width can vary from a

Function Table

Inputs Outpuits

A1 Az B Q a
L X H L H
X L H L H
X X L L H
H H X L H
H ! H o Rva
1 H H iy r
H T H s r
L X T o r
X L T s r

T = Positive Going Transilion
| = Negalive Gong Trenuiion

H : HIGH Logic Levsl

L =10W Lopk Levsl

X Can Be Elthar LOW or HIGH
L= A Postivo Pulke

ar - A Nepative Pulse

tew nano-seconds to 28 seconds by choosing appropHate
Ry and Cy combinations, There are three trigger inputs
from the devica, twe negative edge-triggering {A) inpuis,
one postive edge Schmih-triggering (B) input.

© 1999 Fairchild Semiconductor Corparation DS006538

www.fairchildsemi.com
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i Operating Ruies

l‘l.

2

To use the internal 2 kG timmg fesiston, connect the
Ry Binto Wep
An exiernal resistor (Ry) o the intemal resistar (2 k(1)
snd 8n exiemal CApBGIOr (Cy) BB required for proper
oparation. The value of Cy may vary from [ fo any nec-
assary value, For small time constants use high-quality
mica, glass, polypropylene, polycarbonate, or polysty-
rene capacilors, For large ime constants use sokd tan-
talum or specal aluminum capacitors. If the timing
capachions have ieakapes approaching 100 nA or
stray capacitance from efther tarminal 1o ground is
greater than 50 pF the timing equallons may nol repre-
apnt the pulse width the device generates.
The pulse width Is essantiaily determined by extemal
timing components Ry and Cy. For Gy < 1000 pF see
Figure 1 design curves on by, as function of Urming com-
ponenls vale, For Cy > 1000 PF the output is defined
as
Ly = K Ry Oy
wheve [Ry is in Kilo-ohmj

[Cy is In pico Farnd)

[ty is in nano sacond]

(K071
If Gy is en elacirolytc capacilor & swilching diode is
afien required for slandard TTL one-shots {0 prevent
high Invorse Jsakagd current Figure 2.
Dulput pulsa width versus Ve and operation tampara-
tures; Figure 3 depicie the relabionship between puiss
whdth varahon versus Voo Fguea 4 deplds puise
widlh veration versus ambient emperaiung.
The “K™ coafficient io not o constant, but vares as 8
function of the timing capacior Cy. Figure 5 daisile this
characieristic.
Undar any oparating condition Cy and Ry must be kept
as close 1o Tha pne-shol desica Pine as poasipie 10 min-
imizo stay capacance, to reduce nolsa pikck-up, and
1o reduce | X R and Ldudl voltage devBlopod BoNG
1heir connecting paths. it the lead length from Cx o
pins {10} and {11} is greater than 3 om, for example,
hé output pulse widih might b quite diffecan from vil-
ves predicled from the appropriate equations. A non-
inductive and iow capacitive paelh is neclssary to
ansure compisie discharge of Cy in sach cytie ol ts
operation so that the output pulse width will be accu-
rale.
Ve and ground wiring snould conform o good high-
frequenty siandards and praclices so thaf saitching
rensents on the Voo and ground mum laads do not
cause interaction between one-shots. A 0.0t uFio 0.10
WF bypass capacitor (disk ceramic or monclithic type)
from Vg 1o ground is precessary on each device. Fur-
HermoTE, the bypass capacihor should be located as
£i688 10 the ¥ o-Fin 25 Space Permits.

Fox further datmied dewss chardedetics and OULPAL frer-
formance plaase refer to the one-shol applicstion note, AN-
366.

wy. fairchildeami.com
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Absolute Maximum RatingsNote 1)

Supply Vohape ™
Input Voliage 5.5V
Dperaling Free Air Temperature Range 0°C 10 +70°C
Siorage Temperalure Range —65"C to +150°C

Recommended Operating Conditions

Mote 1: The Absolute Marimum Ralings are those vaies buyond which
1he salaly of thd davice canncl be guaranised. The device shoult ROL be
oparste' Al st kmrs. The paramewic values defined in the Elecincal
Chiruclaralics bled @ro nol guarniead B Tis Bhsoluve MaxImum raknge.
The Recommended Cparating Gonditions table wili daline Tha condilions
for aclual device oparation.

Symboi | Parameter Min -[ Nom Hay [ Units
Vi [ Supply Voltage 475 4 32% LV
T, Poshive-Going Input Threshold Yollage 4 ' ; v

at the A Input (Ve ~ Min)
Vi Negative-Going Input Threshold Voltage 0.8 14 v
&t the A input (Ve = Min)
Y, Posive-Going Input Threahold Vohage 15 2 v
ol the B Input (Vzp = Min)
Vi Negative-Going Input Threshold Vollage 0.8 13 v
attha B Input (Vo = Min)
lon HIGH Leval Qutput Current 0.4 ma,
Tor LOW Leval Oulpiit Cirrent 16 mA
tw Input Pulse Width {Note 2) 40 ns
dv/dt Rate of Rise or Fall of 1 Vi
Schmidt Input (B) (Nole 2)
dvidt Rate of Risgs or Fall of
8 h! Vine
Schrdi input (A} {Nole 2}
Rext Exiermal Timing Resistor (Note 2) 14 40 T3]
Cext Extemal Timing Cepacitance (Nate 2) a 1000 uF
DC Duty Cycie (Nota 2) Ry« 2k0 67 %
Ry = Rpyy (Ma* ]
Ta }Fm Air Operating Temparaiure 1] 70 *C
Wale 2: T, = 2570 and Vo = Y
Electrical Characteristics
over Meoor d op g free nis tamp ronge (untess otherwke no'
Symbol Prrpimelar Condiions M (Nz::" Max Units
V) Inpul Clamp Voltage Vg = Min | = 12 mA -15 v
Vou HIGH Lavel Cutput Voo = Min, oy = M.“‘ 24 54 v
Volage Wy = MAx, Vi = Min

Yoo LOW Lavel Outpul Voo = Min igy, = Mk, 02 04 v
Voitaps My = M, Vp = Min

" et Current @ Vop = Max, V= 5.5V 1 mA
Mex inpul Voltage

™ HiGH Lavel Voo = Max, AT A2 40 WA
Input Current V=24V B 80

Iy LOW Level Ver = Max, Al AZ -6 A
Input Currer V)=04v¥ B -3.2

bog Shorl Circuil Dutput Curent [ Vg = Max (Nole 4) -18 -55 mA

Iec Supply Cumanl Vg = Max CGumascent 13 25 A

Trigparad 23 40

ots 3 Al lypicale ale Bl Vo = 5V, T, = 25°C.
Now 4: Nal mors than ons oupul shoukd be shorwed @ & mae,

www fairchiidsemi.cam
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Switching Characteristics
A Mpo = BV and Ta = 25°C [Sot Test Wavalonns and Oulpul L oéd Sewe...

From (input)
Symbaoi Parameter Conditions Min Max Unhs
Ta (Output)
WLH Propagation Delay Tune Al A2 Gy = B0 pF 70 e
LOW-o-HGH Level Oulpul e Q Ryt W0 Ve
oL Propagation Delay Time Blo C = 15pF 55 e
L. OWAD-HIGH Leval Cutput Q Ry = 40011
Loy Propagation Deay Time A1,f2 " e
HIGHAD-LOW Lavesl Quatpt wo
Yepi Propagation Delay Thme B— a5 s
HIGH-to-LOW Lewe! Oulput 10 Q
bwrouT) Output Pulsa AL Ao B Cpxr = 80 pF
Widlh Lising the 1wa b Ryt 10 Ve 70 150 .
Intarmal Turwng Resicloy R, = AP
C = 15pF
WwiouT) Culpul Pulse Al AZ Cextr=0pF
Widlh Using Zars oQQ Ryt to Ver s e
Tuning Capacitonce Ry = 40041
C, =15 pF
WiouT; | Outpul Pulse Al AZ Ceyr = 100PF
Width Using Externad tnQ.Q Ryt = 10 ki1 600 B e
Tirwng Reaistor R = 4MK1
Cy e 15pF
AT, AZ Coxr = 1 pF
Q. Ryyr = 10 k) 6 8 e
Ry = 4000
Cp = 15pF

www.fairchildsemi.com 4



Ph ysical Dimensions inches {milimeters) uniess otharwise noted
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Fairchikd does not assume any responsibility for use of any circuitry described, no circuit patent licansss are implied and
Fairchild reserves the right Bl any time without nolice 1o changr " Gircuitry and specifications.

LIFE SUPPORT POLICY

FAIRCHILD'S PRODUCTS ARE NOT AUTHORIZED FOR 85 CRITICAL COMPONENTS IN LIFE SUPPORT
DEVICES DR SYSTEMS WITHOUT THE EXPRESS Wi 1cn aPPROVAL OF THE PRESIDENT OF FAIRCHALD

SEMICONDUCTOR CORPORATION. As used herein:

1. Lite support davices or syslems are devices or syslems ~ritcal component in any component of a tife support
which, (8} are Intended for surgical (mplant nw the devica or gyslem whose fallure to perform can be rea-
body, or (b) suppon or sustain lite, and {c) whose fallure sonably expected to tause the failure of the life support
to perform when properly used in accordance with vice or system, or to aflec! ils safety or effectiveness.
insruciiona for use provited In the labeling, can be rae-
sonably expected to result in e significant injury to the www. fairchildsemi.com
user,
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74121 or 555 Timer
As a One-Shot

74121 Monostablie Multivibrator
Shown below is the pinout diagram for the 74121. The 74121 has three trigger
inputs: A, A,,and B. Depending on the circuit design, any or all of these three pins
may be connected to the input trigger signal. The "A'' inputs are active low and the
the "B" input is active high. Thc input logic circuit reads: H A, OR A, goes low

AND B goes high the one-shot will fire it's pulse.

Notice also that pins 2, 8, 12, and 13 are not connected to anyvthing inside the IC.
Therefore, these pins are labeled "NC" for ""No Connection''.

The time of the pulse is determined by an external resistor and eapacitor connected

to Rpyps and Rpy/Cpyp. I the value of capacitor connected to Crx I8 greater
than 1uF the pulse width (tw) is equal to .33 * R *C The 74121 is a
p q EXT “EXT

retrigerable one-shot.

74121

4l v,

"3l NC
“N2| NC

1 Rexr/Cexy

T Cexy
9] Ry

oo o8] NC

Monostable Multivibrator
{One-Shot)

The schematic diagram below shows how a 74121 may be wired. Here we are
using pin 5 (B) for the input trigger signal which will fire on a high input pulse.
When a trigger input activates the device, the Q output will go HIGH as illustrated
in the timing diagram. The length of the pulse is determined by the formula Tw
=33 * Cext * Rext,

http://www.utm.edu/staff/leeb/3b3.htm 9/11/2548
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555 Timer
Ground E ‘j'
Trigger E
OQutput E
Reset E e i Voltage
8-Pin DIP
+5U
18k
3 ;
? ouTPuT [
6| 555 /7 o
L Timer O
o4 IC
Lz 5
+ + +
—jrl'\__ @.81uF

sy ——. 0.81uF :fJ‘F 1
! !
555 Timer as a Monostable Multivibrator

Data Sheet for 74121
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Tw =.33 * 20uF * 10K = .066 Seconds

Timing Diagram

Ay

D

1
Ag

1]

1
B

1]

1
Q

ﬁ S —

555 Timier as 5 Monostable Multivibrator

Shown below is the pinout for the 555 timer and how it can be configured to
operate as a monostable multivibrator. This one-shof is non-retrigerable.
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TOSHIBA

TLP250

TOSHIBA Photocoupler GaAlAs Ired & Photo—~IC

TLP250

Transistor Inverter

Inverter For Air Conditionor
IGBT Gate Drive

Power MOS FET Gate Drive

The TOSHIBA TLP250 consists of 1 (GaAlAs lipht emitting diode and a

integrated photodetector,
This unit is 8-lead DIP package.

TLP250 is suitable for gate driving circuil of IGBT or power MOS FET.

e Input threshold current: I¥=5mA(max.)

e Supply current (Ioc) 11mA{max.)

e Supply voltage (Vceo) 10-35V

e Output corrent (10): +1.5A (max.)

s Switching time (t(pLH/tpHLY 1.6psimax.)

v Isolation voltage: 2500Vrme(min.)

e UL recognized: UL1577, e No. E67349

«  Option (D4) type
VDE approved: DIN VDEOSB4/06.92,certificnte No. 76823
Maximum operating insulation voltage: G30VPK
Highest permissible over voltage: 4000VPK

(Note}) When a VDEO0884 approved type is needed,
please designate the "option {D4)"
» Creepage distance’ 6.4mm(min.}

Clearance: 6.4mm{min.)

Schmatic
lcc
4—
4 —0 Vg
J7 8
I (T: 1}
-
2+ j —<° Vg5
Ve :; >7 7
3- ‘_' 0 Vo
lg ©
T (Tr 2}
- * S GND

A 0.1pF bypass capcitor must be
connected between pin 8 and 5 (See Note 5).

Truth Table
Tr T2
input On On Oft
LED Off Off On

Unit in mm

Dhed® 3

L

A
12:0.151. .f—ll:l rJ
P

e

K
i ¥
— i
L NYPFY "
wingd
TOSHIBA 11-10C4
Weight: 0.54 g

Pin Configura

tion (top view)

1
2[]
SE}—+

a[]

s
17
6
s

“N.C.

» Anode

: Cathode
CN.C.

c GND

* Vo (Output)
ﬁVO

“Vee

Lo IS A e T B S L R
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Absolute Maximum Ratings (Ta = 25°C)
Characteristic Symbol Rating Unit
Forward currenl IF 20 mA
Forward current derating (Ta 2z 70°C} Alp {ATa -0.36 mA /1 °C
@ Peak transient forward curent (Note 1) IFpT 1 A
Reverse yoltage VR 5 \Y
Junction temperature Tj 125 °C
“H'peak output current (Pyw $ 2.5us f £ 15kHZ) {Note 2) \oPH -1.5
“L"peak cutput current (P s 2.5us f < 15kHz2) {Note 2) lopL +1.5
(Tas 70°C) 35
Outpul valtage Vo vV
5 (Ta=85°C) 29
8 (Ta s 70°C) 35
8 Supply voltage Vee \Y
{Ta = 85°C) 24
Output voltage derating (Ta 2 70°C) AVp f ATa -0.73 ViC
Supply voltage derating (Ta 2 70°C} AVeco f ATa -0.73 VI°C
Junction temperature Tj 125 °C
Operating freguency (Note 3) 1 25 kHz
Operating temperature range Topr -20~85 “C
Storage temperalure range Tstg -55~125 °C
Lead soldering temperature (10 s) (Nole 4} Teol 260 °C
Isolation voltage {AC, 1 min., R.H.5 60%) (Note 5) Bvg 2500 Vrms

Note 1:  Puise width Py < 1us, 300pps

Note 2:  Exporenential wavefom

Note 3:

Note 4:  1tis 2 mm or more from a lead root.

Note 5:

Note 6:

Recommended Operating Conditions

fogether.

Exporenential wavefom, |ppy S ~1.0A( s 2.5ps), lopL S +1.0A{ = 2.5ps}

Device considerd a two terminal device: Pins 1, 2, 3 and 4 shorted together, and pins 5, &, 7 and 8 shorled

A ceramic capacitor(0.1uF) should be connected from pin B to pin 5 to stabilize the operation of the high

gain linear amplifier. Failure to provide the bypassing may impair the switching proparty. The total lead
length between capacitor and coupler should not exceed 1cm.

Characteristic Symbol Min. Typ. Max. Unit
Input current, on {Note 7) IF(ON) 7 g8 10 mA
Input voltage, off VF(OFF) 0 — 0.8 \
Supply voltage Veo 15 — 30 20 V
Peak qutput current lopH/loRL — — 0.5
Operating temperature Topr —20 25 70 85 °C

Note 7: Input signal rise tme (fall time) < 0.5 us.
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TOSHIBA TLP250

Electrical Characteristics (Ta = -20~70°C, unless otherwise specified)

Test
Characteristic Symbol Cir- Test Condition Min. Typ.™ Max. unit
cuit
Input forward vollage Ve — le=10mA  Ta=25°C 1.6 1.8 v
Temperature coefficient of N _ ~ _ .
forward voltage AVp/ATa — IF = 10 mA 20 my /°C
Input reverse current In — Vr =5V, Ta=25°C — 10 ph
input capacitance Ct — V=0,{=1MHz K Ta=25°C — 45 250 pF
. I =10 mA
H" level I k! -0.8 -1.5 —
ev OFPH Ve = 30V Vag = 4V
Qutput current (1) — A
w ® F=
L’ level iopL 2 Vg = 2.5V 0.5 2 —
wqn Ve = +15V, Vg = -15V
H" level Vor 4 |RCZ2000 15 = SmA 11 12.8 -
Qutput voltage Y
wy Vooq = +18V, Vggpq = -158V _ _ _
L" ievel VoL 5 R = 2000, VF = 0.8V 14,2 12.5
Voo = 3°0V, Ig = 10mA _ 7 _
"H" level lccH - Ta=25C
Ve = 30V, IF = 10mA — - 11
Supply current mA
Voo = 350\.", I = OmA _ 75 _
“L” level lceL — Ta=25°C
Vee = 30V, I = OmA —_ — 11
Threshold input “Output lELH _ Voot = 15V Ve = =15V _ 12 5 ma
current L—H" RL = 2000, Vo > OV ’
Threshoid input “Qutput . IFHL _ Voo = +15V, Vggq = -15V 08 _ " v
voltage A—L Ry = 2000, Vg <OV
Supply voltage Vee - 10 — a5 v
Capacitance Cs _ |vs=0.f=1MHz — 1.0 2.0 pF
{input-output) Ta=25
; Vs =500V, Ta =25°C 12 14
Resistance(input-output) Rs —_ R.SH.S 60% 1=10 10 — Q

* Al typicat values are at Ta =25°C  (*1): Duraticn of Ig time s 50ps
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Switching Characteristics (Ta = -20~70°C , unless otherwise specified])
Test
Characteristic Symbot Cir- Test Condition Min, Typ." Max. Unit
cuit
Propagation L—H toLH — 0.15 05
delay time Heal tpHL If = 8mA (Note 7) — 0.15 05
6 Voot = +15V, VEp = —15V ps
Output rise time tr RL = 20002 - - —
Cutput fall time tf — — —
Common mode transient - -
immunity at high level Cuir A M - Salive 5000 | — — | vips
autpul cc '
Common mode transient _ _
mmunity at low level Cme 7| Jemz OOV, Te = Oma sc0 | — — Vs
output ce '
* All typical values are at Ta = 25°C
Note 7: Input signal rise time (fall time) < 0.5 ps.
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TOSHIBA TLP250
Test Circuit 1: Test Circuit 2 . IOPL
8
v B 1 B I
[ :l [: ] 0.4pF
Vee

Test Circuit 3 IOPH

1

=

o[

iy
-]

Vee
0. ipF

Ves

loPH

i

—

Test Circuit 5 VoL

[

VF_[:
L
+{]

| IS B B

l 0.1pF _T_ch

RL

VaiL

L[J -
—(—+

T VEET

IoPL

Test Circuit 4 - VOH

1

al
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TOSHIBA TLP250

Test Circuit 6. (piH. tpHL. tr b

i
_J_LJF

]
E g lo.mF . 1 veer
l—{ i T A
i

10002

' L VEE1

Test Circuit 7. CpnH, CmL

r_’—E j = AAVCC
=

V
Ay M

600V
Vem
— Cw = 480 {V)
1 (us)
\/ Cra G- 4300V
Ve — 28V U (us)
CHL

SW B{lF=0)

CMLICMH] is the maximum rate of rise {fall) of the common mode voltage that can be sustained with the output
voltage in the low (high} state.
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TOSHIBA

TLP250

=V
100
Ta=25'C
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5 10 = L
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L 3 I,
T
o 1
g o5 7
T oo 7
3
AL —— 5 ——]
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5
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£
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!
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5
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TOSHIBA TLP250

RESTRICTIONS ON PRODUCT USE

» The informatian contained herein 1s subject to change without notice.

« The information centained herein is presenled only as a guide for the applications of our products. No responsibility is assumed
by TOSHIBA for any infringements of patents or other rights of the third parties which may resuli from its use. No license is
granted by impiication or otherwise under any patent or patent rights of TOSHIBA or athers.

+ TQSHIBA is continually working to improve the gualily and retiability of its products. Nevertheless, semiconductor devices in
general can malfunction or fail due o ther inherent electrical sensitivity and vulnerability to physical stress. It is the responsibility
of the buyer, when utilizing TOSHIBA preducts, to comply with the standards of safely in making a safe design for the entire
syslem, and to avoid situations in which a malfunction or failure of such TOSHIBA products could cause loss of human life,
bodily injury or damage 1o property.

In developing your designs, please ensure that TOSHIBA preducts are used within specified operating ranges as set forth in the
most recent TOSHIBA products specifications. Also, please keep in mind the precautions and conditions set forth in the
"Handling Guide for Semicanductor Devices,” or “TOSHIBA Semiconductar Reliabilily Handbook” etc..

+ The TOSHIBA producls listed in this document are intended for usage in generat electronics applications {computer, persenal
eguipment, office equipment, measuring equipment, industriai robotics, domestic appliances, etc.). These TOSHIBA products
are neither intended nor warranted for usage in equipment that requires exiraordinarily high guality and/or reliability or a
malfunction or tailure of which may cause loss ef human life or bodily injury {"Unintended Usage"). Unintended Usage include
atomic energy control instrumnents, airplane or spaceship instruments, transportalion instruments, traffic signal instruments,
combustion contral instruments, medical instruments, a! types of safety devices, etc.. Unintended Usage of TOSHIBA products
listed in this document shali be made at the customer's own risk.

« The products described in this decument are subject to the foreign exchange and foreign trade laws.

» TOSHIBA products should not be embedded to the downstream products which are prohibited to be produced and sold, under
any law and regulations.

+ Gaas(Gallium Arsenide) is used in this product. The dust or vapor is hammfu! to the human body, Do not break, cut, crush or
dissolve chemically.
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National Semiconducitor

CD4009M/CD4009C Hex Buffers (Inverting)
CD4010M/CD4010C Hex Buffers (Non-Inverting)

General Description

These hex buffers are monpiithic complementary MOS
(CMOS) integrated circuils. The N- and P.channel enhance-
mént mode transistors provide @ Symmaelrical circuit with
output swings essentially agual 1o the supply vallage. This
rasults in high noise immunity over a wide suppiy voltage
range. No DC power olher tnan 1hal causaed by leakage cur-
rent is consumed during slalic conditions. Ali inpuls are pro-
lected mgainst static discharge. Thase gates may be used
as hex buflers, CMOS 10 DTL or 771 mnterlace or as CMOS
currenl drivers. Conversion ranges are {from 3V 1o 15V pro-
viding Vpe < Vpp.

February 1286

Features
m Widge supply vollage rangs 3.0V 1o 15V
B Low power 100 n¥ {typ.)

0.45 Vpp {typ.)
B maA {min) at Vp = 0.5V
and Vpy = 10V

m High noisaé immunity
B High current sinking
capabihly

Applications
® Auiomotive

w Dsala jerminals

o Insirumentation ]
m Medica: electionics N

m Alarm system

m indusirial controls
Remole matering
Computars

Schematic and Connection Diagrams

Dual-in-Line Package

Yoo

||s 1 ‘u _lu

K
L

Js

=

||: }H

Dual-In-Line Package

|u. k] |I‘ ]LJ 12 |n |1c IQ

E
I

;

] 7 is . 4 |1 [n 1— F 1 . s 3 Ii la
Yor Va3 Ve Vi
TLIFrbRas-¢ TLIF 1545-4
Top View Top View
Order Humber CD4¢4% or CO4010
CD4008M/CD4008C CD4010M/CD4010C
Ve Ve Yoo Vee
P FEPY ® t R P Xrh
- =1
x Yeg Yoo —O % Ver
-u_ N D —r_]— a -‘—L oD

Hex COS/MOS 1o DTL or TTL TL/F /504514
convanser [Ron-nvernng).
Connact Yoo o DTL or TT. supply.

Caonneet Yoo 10 COS/FMOS supply.

L

[

Yoy T
Hex COS/MCS 10 OTL or TTL TL/F/5945-0
converer linverling}.

Cennast Ve to DTL o TTL supply.

Connect ¥px 1o COS/MOS supply.

1985 hational Samicanoucior Corporenca. TL/F/BB45

(Bunuaaul-uoN) s1ayng xaH 201 0¥gO/W010YAD
(BunJtaaul) siayng xaH 0600vAD/W600YAD
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Absoclute Maximum Ratings
If Mittary/Aeroapece specified devices sre required,

please contact

the National Semiconducior Sales

Office/Distributors tor availabllity and speclfications.

Vollage al Any Pin {Note 1)

Vgg — 0.3V 10 Vgg +15.5V

Cperating Temperalure Range

CD40XXM
CD40xXXC

—55°Cio ~125°C
—45°C o +85°C

DC Electrical Characteristics

Pawer Dissipalion (Pp}
Dual-tn-Line
Small Qutline

Lead Temperalure {T )

{Soldering, 30 seconds)

Operating Aange (Vpo)

Storage Temperalure Range (Ts)

. 4'.\
e 3
\—B5°C10 +150°C

700 mw
500 mw

260°C

Vgg + IVio Veg + 15V

[
Test ; Lirrilta 7
Symbol Characterialics Cncdl!ions f €DaaxxM Coaaxxc uUnlts
{Volts) —§5°C 1 25°C 4 125°C [ —40°C + 25°C i +85°C |
Vo Vop! Min |Max{ Min | Typ |[Maxi Min Max| Min [Max| Min Typ Max Min MaxE
lcc  |Owascem Device 5 0.3 0.01|03 20 3 003 2 | 22| pA
Current 10 0.5 00105 30 5 0.05 & | 70 | pA
Fp Quiascent Device 5 1.5 005 |1.5 100 15 014 15 210) pW
Dissipaticn/Package; 10 5 a1 | 8 300 50 0.5( 50 700} uW
Oulpul Voltage 5 0.01 o |0.01 0.05| 0.01 o 0. 0,05 V
VoL Low Lavel 10 0.01 0 [0.01 0.04 .01 0 10.01 Q.05 V
Vo [Migh Level 5 | 489 499 5 4355 4.99 499 | & 4495 v
10 | B.9g 9881 10 8.95 9.05 559 (10 995 v
Noise Immunity
(Al Inputs) .
I'|Voz40| b 1 1 2.25 0.5 1 1 j2.25 0.9 v
VL CRA0OSM 4 |y oo | 10 2 2 | ak 19 2 2 |4 18 v
Vg e 15| & 1.6 1.5 | 2.25 14 1.6 1.5 |2.25 1.4 W
YL oDAOTOM | Vo x 30| 10| 32 3 | 45 29 3.2 3 |45 29 v
VK Vo3& )| 5 1.4 1.6 | 225 1.5 1.4 1.5 |2.25 1.5 v
Voz 701104 29 3 45 3 29 3 |45 3 v
Output Drive Current 0.4 5 (375 3 4 2.1 2.6 3 2.4 mA
iph N-Channel {Nole 2} 6.5 10 10 ] 10 5.6 g€ B 6.4 mA
InP P-Channa! {Note 2) 2.5 5 |—1.85 —-1.25%-1.75 -0.9 -15 —1.25 -1 mA
9.5 10|09 -06]-08 ~0,4 -0.72 -0.6 —0.48 mA
Iipe Input Curren! 10 | 10 pA
Note 1: This osvice showid rot De connaciad to circuls will Ihe powar on bacauss high fransiant vollags May Cause pormanant damage.
Note 2 ipN and |pP Ace Isslad one OuipuL &1 8 Tme
AC Electrical Characteristics”
T4 = 25°c. CL = 15 pF, unless otherwise noled. Typical Temperature costiiciant for all valuas of Vpp = D.3%/°C
Test Limits
Conditlons
Characteristica CD40XXM Ccodoxxe Units
Voo
(Voits) Min Typ Max Min Typ Max
Propagation Delay Time: Ve = V 5 — 15 55 — 15 70
High-to-Low Level () cc = ¥ob 10 - 50 a0 _ 0 40 s
Vpp = 10V _ _
Voo = s 10 25 n 35
5 — a0 BO — 5D 100
Low-10-High Lavel {ip 1) Voo = Vop 0 _ 25 55 _ o5 70
Vpp = 10V
— Iy —
Voo = 5V 15 3 15 40 ns
Transition Time: Ve = V E — 20 45 — 20 60 ns
High-to-Low Level (i) ce = Yoo 10 — 16 40 — 16 50
5 — BO 125 — [214] 160
Low-1o-High Leval (i1 1) Voo = Voo 10 _ 50 100 _ 50 120 ns
Input Gepacitance {C) Any [nput — 5 — — g - pF

*AC Paramelars aré Quaramead by DO corralalad 18sung.




Typical Application

Veo Yoo
Yoo +5Y
Vi Vee
Vee
- Ti/F/5945-6
| Phys:cal Dimensions inchas (milimeters)
0,785
b [ g0 WA
J 16 g
L.220-0.210
[s.59-7.47]
0528 FER VALV LV AL PRV LN |
W 0
| fo.84] ! # 0.005%-0.020
Blaai-pst]
0.037£0.005 1y,
0.005 [€.9410.13) 0.290-C.320__
. ‘ *v7on Ve T
(5.13] e} e 00552 0.008 £yp [7.37-8.02] 77
[1d0£013 GLASS SEALANT
(M e
0.020-0.06074p
¢.200 lo.51-1.52] e W
|5.08) = ﬂﬁﬁ HAX
Max TYF

b

- 0.010#0.002 1y
} |25 TY
} 1% 253 0.05])
K &‘aﬁ MIN TYP )
?3133:2';3.2]0"" — | 9001 4° 550 s 50 |
VEU o 1 L THF -~ TYP
QB . N
BoITIH'OE::an:MF’ - J 0.018 & 0,063 ] £310-0410
b 1000016 ['D.‘ISN'.IJM Tre |7.67=1C.41) o mev L
{z5¢s0.25] 1P

Ceramic Dual-in-LIne Package (J)
Order Number CD4009MJ, CD4008CJ, CD4010MJ or CR4010CY
N5 Package Number J16A




ing)

CD4009M/CD4009C Hex Buffers (Inverting)

CD4010M/CD4010C Hex Buffers (Non-Invert

Physicaf Dimensions nches (milimaters) (Continuad)

0.740=-0.780

j {8 ; ~__ 0090
VEO-Te AT T o L
{2286}
13 [11] H _
0.280£0,010
535040254
OPTION 81 0.08%
0.13080.005 N
0.060 4 TP D.300 - £.320 {1.651)
i 32180120 | | fimzg "\ I_‘ OPTIONAL ‘I (em-sizs [ }
0.145« 0,200 F a J k
{3683~ 50a0) | f }
i 93750 0.008-0015
0020 H 091 4% TYP 2 ™™
fsony M~ H— | ozm 7] (e-263-0.406)
0.125~0.150 I'" 0.03020.015 T
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LIFE SUPPORT POLICY

Molded Dual-In-Line Package (N)
Order Number CO400BMN, CD400SCN, CD4010MN or CDAD10OCN
NS Package Number N16E

NATIONAL'S PRODUCTS ARE NOT AUTHORIZED FCR USE AS CRITICAL COMPONENTS IN LIFE SUPPORT
DEVICES OR SYSTEMS WITHOUT THE EXPRESS WRITTEN APPROVAL OF THE PRESIDENT OF NATIONAL
SEMICONDUCTOR CORPQRATION. As usad herein.

1. Lile supporl cevices or Systems are devices or 2. A crilical componenl is any componant of a life
systems which, (a) are intended for surgical implani support device of system whose jailure 1o perlorm can
into the body, or (b) suppor or sustain life, and whase be reasonably expacted to cause the faiiure of 1he jile
failure to perform, when properly used in accordance support dawice or system, or 1o afiect its safety or
with insiructions tor use provided in the labeling, can sifectiveness.
be reasanably expected to result in a significant injury
to the user.

Wmional Semiconducior Hational Semicongucion Nationsl Bamiconductor Nations Sermiconducior
Carporation Europe Hong Kang Lad. Japan LAd,

1111 Wesl Bardin Floac Fax: (+49) 0-180.590 85 B8 13th Finor, Simghl Block., Tel, B1-043.299.2308
Aftingtor, TX 78017 Emal: cnjwgedievmz.mc.com Ocaan Carre, 5 Canion Rd. Fax 81-043-288.2408

Tet: 1{800) 272-9950
Fex: 11800) 737-7018

Deulsch Tai: {+49) D-180.630 85 b5
English  Tal: {+48) D-1B0.532 78 32
Francais Tal: {+49) D-1B0.532 83 %8
havenc  Tek (+48) D-1B0.534 36 BC

Taimshalaui, Kowioon
Hong Kong

Tel: (B52} 2737-1600
Fax: (B52) 2736-8060

Marutsruad ciouss ROt R38Ume any reapormbidty 107 uss o sy CATUY Dwscnbed, N0 Cradl e iChnses wn mpaed 100 Nelions! reaecves Ihe NP Lt amy [ withoul naUCS (0 changa $8r SXTWHINY &g specilCeikns




	1  Title Page
	2  Abstracts
	3  Contents
	4  List of Illustrative
	5.1 Chapter 1
	5.2 Chapter 2
	5.3 Chapter 3
	5.4 Chapter 4
	5.5 Chapter 5
	5.6 Chapter 6
	5.7 Chapter 7
	6 Appendix



