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Silver 4.1%x107 1.59%107%

d
2.6 151 BUHUTADUIIDIINBS (Resonant Converter)

AN 2 AW o
an1azma IS endus Tsuuud Resonant)  Faddean1aziiussdulvfas
o a o a cicy s y
aszua Wi T ai@oariu (in-Phase) winmmnmqiﬁms?ﬁﬂmmummmumu (Series Resonant)
3 g g Y . e A 2
diedfuanudvssunasseIiihnssuaadusudagaganileivhldanm X, = X, anudiigadl
a ' a & o q Ya a e A A v ~
GonANUDLS TUUUS (Resonant Frequency) vhl#suiinaudluasesmbeiisannudiumuiios
ag1ReINsziai nalulsesiafidigege
A 4 a o
[, aeanunaIng

7, fennwis Tasuuud
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Vi Vi Ve
—AM—— |
R L C
i(t)
v(t)
A 2.8 299515 Tauudeynsy
¥ v,
_______________________ v
Ve 1 V=V 7
VeV, Va
l """"""""""" 14
Vf V('
i<t S 21
VL
V.=V /4
Ve-Wo 5
VC
£i=1

§ s d [ 4
ANWA 2.9 (Mo U 92993 Series Resonant NUHAABAINNNUDAI 9

2.7 nanmsveum I untiearihnnuieu

4 WL 0 e ° a 4 4 o X 4
wellmunuuimannudsulasdariugiin sz ldifausuadeu i uniisnhyun

v o o o do o o = 4 & i
dnimiaminsdansesidniifesildifanszua i Inadu1d vazwai 18910013
o q 9 a 2 do o . da o
nszua i Inafagi idifaanuseuduidnindu ldmwauns B, = 12R vingumsiitaiun
' 4 o 2 ' { o o a
dmsdszgaalfanoadum Itithmsonszng I 18 Falidednduan Iihiildudnnisildifa

anwdeulaosmsiunszua IiiudhguanianiudounazdFinannudounderinngluld iy
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v v 3
Mmyugianua uavziimsgydoanuieousengniouenals daundnmsmilonimauiewiu
o ] 1 4 a ° v a a ]
nasmazgndeiueen ldlugilvesauumimaniinamldinanszua lvasuiinsuziiums
deundsnuezidss@ninminanmsmienimnudeudmsumn Wit nsenseng i
- v o v A < v a o v v da &
wiaulinaznanuned iy msidon nisguuis mstians tazaiunasy fazldundssieniinamd
L v o v (] da o A4 4 ' Yo P o
ganaiu Ssduiludesimsafraunasseiihnfinnudguitenvzisliduvaalamiloni
¥ v T 1 o P = o v oS
anudoulasmsadeaunuwimananudgeivaalamileniinnuiouaiunguosouulsi
' v o { v & ' 3
na1 13 unastieliihanudgeanldlulassauiildineesisonineseynsus Tauuud i
Uszyndldan
a da a a dJdo.w
2.8 aInBIanNIauNdNIag
a a dad a do w A Y o 9
msufSeuiisuaiags@nnseindidsiawisandugulhinszud vazaiugulinga

0 ° Aav o W 4 a oo =
nszud 18 Tasasssmuguuazmilsdavnaifadds fhuazanud lumsaiad daasiei 2.2

< a S o dad a do_w
AITNN 2.2 ufmqmiuri'tmmuummmu15n'uaaqﬂnsmmmamnmauﬂ'dmm

qunsal anuanse - | adslu ANUAINTONY yiiamsnug
gwiumaildh | msaday | usedldihidvay
ile q9 M & nszue T
fn na1e 19 1314 nszuer i
o o
IGBT a9 ERNIGH @ usadu i
fAioudage
womaiid Y q9 Taild usedu Il

- Y a dag a do w
2.9 msman‘l'm'mmman‘nsﬂunamaa

a dad a do w 4 o
adndgdiannseindidudugunseliildlunisaruquidinszua uazaruguldnga
° < = o a ¢ < o 1o
inszud Tasanusalunmsn/Gounlasmshauvesadadoniihassuadu hithaszua oz
d e oo v s dad ANl - & dq v < a
Juegiudnuaz Iaseaievesadaddiannselindudazyiia Fawanldlunisnldsundasesl
anlseanaludluTasiuni Microsecond) Tuvaiziiadadnienaszldnarlunmsnfounasezd

milszanaluguiiadIunii (Millisecond)
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a g4 2 o Aa v a dad A do ¥ MY 1 oA A
‘Vni'llllﬂﬂi'ﬂ'ﬂﬂﬂﬂQf\ﬂyﬂlz“ﬂﬂ‘“ﬂﬂﬂ')ﬂ?ﬁﬁfﬂlaﬂﬂiﬂuﬂﬁﬂ1ﬁ~11ﬂllﬂ AIUUUYDND
s a & & a ¢ a ¢
(Reliability) 1sz@n3aw (Efficiency) vuiauazsin uanniniiulasialy wisiimesvesaiad
] v
dinnsetindmasnddayliaail
1. ﬂi:’;klﬁ"mﬁ‘lfj‘ﬂqﬂﬁﬁ 130N 1A (maximum current carrying capability)
2. usaﬁuw%qqqﬂﬁmmsn‘nu'lﬁ' (maximum voltage carrying capability)
o . o o 2, a
3. s Ivhanasouvazihnssuauazmsiauivusegumgil
(forward voltage drop during ON and its temperature dependency)
4. nszua Iihsvae liivinssua (leakage current during OFF)
5. anudouiiaunsanu'ld (thermal capability)
a = o o
6. nam‘h’ﬂumﬂﬂauuﬁmuzinﬂmiu‘mizumﬂquﬂmmzuﬁ

(switching transition times during both turn-on and turn-off)

) o dv oA - e - X
7. anumunsalumsnude v 1 mammﬂuumi:uﬁmmmmquvf]
t

o av
UINTSUA (capability to stand 7 when switch is OFF or during turn-off)
t

o di A o g 2
9. AnNANNIa luMInude 1 dleadad livhnszuanievaizifunya
t

o di
UINTSUA (capability to stand E when switch is OFF or during turn-off)

b4
10. Anwanse lumsnudennszuauazus wu Iihgeediaiuiinula
(ability to withstand both high current and voltage simultaneously)
11. MANNGYFE9INMIAINY (switching loss)

o o w o a o
12. gunsainidlunsauguinds Ifhwazaududeuvesisesaroiu

2.101031i# (Insulated Gate Bipolar Transistors : IGBT)

L da o a 1 o ] '
gilnselimnesdidanseiindnldanutussianiavnldun waders (scr), lasuen
v
a o w a do @ o
(TRIAC), Wi wFameimdwazyoan Tasmmizniudmaei iduazuomin Wiy

a9 o s a P dad ¢ S a wa
isuAulumswangUnsalyiialnivuunidedn IGBT TasgUnsaieaeninfiqueanan

o o_a

o a do o ' o o a o
lLﬂﬂﬂNﬂuﬂfJﬂ‘lﬂ ‘VI5114%ﬁlﬂ9ifﬂﬁ»1‘llﬂ!38Q1ﬂﬁﬂ1’33u1ﬂ5$uﬁﬂ$uﬂﬂi1ﬂ15’(1ﬂJlﬁElﬂ1ﬁN11Wﬂ U
o o ' a do o ' °
ammuuimuuamuwmzuﬁ'lﬁ’fqa uﬂmmﬁamimﬂmmammimmmﬂumwqﬂmns:uﬁ
a = & wa Y o s Ao < a do
SUFNIAINUIUNN mufluﬂmauuwmwmﬂummamamﬂﬂwummﬁ'ﬂunﬁmmmﬂu

o o ' ida = Voo 2o 4
inszuanazngmihnszua 18G50 uaflimdqdoigunnsuiu Semeraiivhldinnes

a ¢ s o o /o o a < 7 a '
m‘nucmmaiua:Lwmas11amﬂ‘ﬂqﬂum1wwu'zqﬂﬂsmmanmﬂ’uﬂmwmamﬂuimmtuoﬂuu
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v
Jumn Taeguauiiddie szsauerde lduSsuvemswdmans luTnaruazueamnduns 'l
¢ a Ay ad o : " ’ ¢
'luqﬂnimwﬂ‘lnnuTﬂuwaau‘mﬂumami’n IGBT (Insulated Gate Bipolar Junction Transistor)
o o /o o A do w4 Y o
16311 aGB1) Sailugunssididansedndmdsiannsaniugulfihnszud uazaiugu

Tingainszualdlaonsniuguusssuliihivuna (v ,) IGBT Idadnusidaniwd 2.10

Collector

Gate -——l l N

Emitter

A0 2.10 FyAnYsiveIGBT

1317 1GBT) 18smerdedvesuemaids (Power Mosfet) N3 1UFaADTMAS (BIT)
a ¢ ' o ' ta a o
uazdiiloInSmans (GTO) msImegauiu na1ade lTe3TH (IGBT) wilmduRuaudnuunage
o o o & o a o
adefueamamds Fdesmndsnudeninnlumsaiugumsaiad aruguaninszua uag
o y o 4 > N N 4
msngminszuadoussau livhiivuna (VGE) sauiseunsaldanuiuadadiinnuidge
aaa a o ' 9 o Yo a do_ o
1o34i% aGBT) ezfidwseduIvihanaseudrvasinszuandrofunsudameiide
4 oo G G R g o 9
BIT) Fasianlszing 23 Taad dwmsunsauseduluih 1,000 Taad wenvintiu 13T AGBT)
gaeanuuylinuussdu i dwauldndroiuifile Insmaes (GTO) l931ifi (GBT) 92 d
aanhinszuauazngaihinszualszuw lulasiui vunaiisanszualidds 2,000
s Ao o o . w 4
weuudly waziintaus s Wi 5,000 Taad 1319 IGBT) manzdmsuldaunainnaenade
[} v
funeaamdwaiindamdeilngindt uazannsosenuuuIdnuus sy Inih Iddsduanuaz
' iy 1o o s
#wav 1e31# aGBT) JeFunldndluginsaitszianit lisuiludesimiumes (Snubberless) Ao

@ ] C% 4
aunsanunsziatazussdu i ldunnu lidesmsresaiuwes

2.11 Wunmsmaundaeass

aaaad 4. 4 T oty 4 ’ ad 4
lo¥iif fituiimshauiidasasoialusznhahnseuauasngatinszue Taofiiuiing
Mauidasaivluvais luioanss (Forward Bias Safe Operating Area : FBSOA) fin1aannulSou
yo A 4 4 o o o od . 4 = ¢ 4
Tafudeuidluimdsudmiunalumsadadiduq udezuavaaidenarlumsaiadouiy
4y a o s v S o Y A dd v VoA a o
Fadufvuiumnesueamvinuda Tedtifvz i 1dlugiuiinnheandulionanlunisaiad

Mnu
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Tugszniasminszuanazvazmhnszuaudigaminuesleddi wzdesiiving

" d . 4 4 o 4 v . v
Us9AY uazﬂszu'cmmmsmagmu'luwu“nmimammﬂaaﬂﬂu‘lumﬂmmﬁmufma muﬁm‘lu

Ao

: . .2 o = = & 4
M 2.11 () mn'lmﬂumuuuuﬁ'nww11ﬁmﬂmﬂaumwuﬁ"lﬂww mnmvm 2.11 W‘llVlﬂ'Ii

aaa

iaiidaoadvvesleddi ﬁnwuﬁﬂmwmmmmmvummﬂu, Sasnuusdu Inansang

gungiisevanves leddiin i Ay

107 sec
10 sec

DC

(m

1000V / 1S

o | 2000/ us

13000V / S

s VDS

()

v ]
2 2.11 (1) Ruivhauin)asasluaniz luteaass

v v
@) Muivhauiidasaseluan: luweandy

dmivfufimsimaufiaeaielugieluueandy Reverse Bias Safe Operating Area -
RBSOA) vzuandanintudaelunoanss Tavlunwdt (2.11) fezuansdidasinsnlaounlag
I RUTVUATUABIIN (dv ope/ dD) Feazifnaglugassenhangaihnszua unudadidaniediu

a ' ad 4 v a 2 g a o
PUHYUIVYADUATISUNUNUALALINT dv SDS/dt UMFININVY A1 dVSDS/ dt Hezlinalasaseny

o VY aw & 3 g o q Y1 o
FRNOINHYAUINITUN YilﬂUﬂ’ﬂll'ﬂﬂ1116%5“115Lﬂﬁﬂullﬂﬁiﬁ’)ﬂﬂﬁi‘ﬂﬂﬁ‘]ﬂﬂI’Jaﬂflqﬂiﬂﬂizuﬂ
v a A

3 1o A a4 Ao Ay 4 a Y sy a d o
HBY UANYINDIAIIAUINT deDs/dt ‘UEN"[EJ%‘U‘H nmqwmmammmuQﬂnsm'lmﬁmmmau
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v
v o

v '
wiuanuiuiiulunsldsesaiuwesiud litinnwiniludedlfuazmsainguat dv g /dt #

w A e g 2 & da o A0 w ' 4
Arduduildnsrudlsmsesnuuulstunaniisanudumuiaesuvinataga V- N

o

MuTay

4 oo 5 )
a3afi 23 fumsuansguanians Ifhvesfaquamuaa (Staintess)

manmanudunuIiihdume Resistivie : p) 60x10Qm

ANUFUBVIMANTUNNT (Relative permeability: 1) | 100

2.12 ANND

v '

Hq 9 Y 4 o ' v & v o
ﬂ‘u‘n'l‘nmnﬁtmu‘unmumuﬂuuﬂazﬂizmw %31%‘5’3\1?]’4'11]0“?135zﬂ‘UﬂTﬁQ‘mmﬂﬂN

e

o o 4 & o "o a o v ° o
Malddennd 2.7 Faeg Idsunnunasduiia Iladuanannumasaieg aunsaduunlddaidl

1. unastisideninms i lasase ussdunnms Iihdianudaeudhemieildszdy
a a v Y e &b P A 9 v da ¥
anuanialumsidanudeudisnunndaud 10-100 dadwas wisalianudeunuuilienldluanu
a v o w A Y] v o
waewTanz Tszaumdsiguilunarsioownns fnd
2. unashomdannueinesuazimsesduiia i 1anudegludu soo Hz 4 10 kHz
4 < o). ALY o . 4 s
wiealianufeunvumiisnhwiiatee ldndsnuthnnms i andundeunomesuaz 14
wowos ldunseaduiia Wi Tasaunsaldisd lwih ldnaredesdlasaduaz ¥ szduanuan
Ed
HIAA 1-10 Hadwas
o ] o w o o ya el ) I
3. unasnwiideninlsesulasiuusedulasldFerseanfanansnedaii sman
a o w o a a o v '
NIMFaaesigs veamaimas niewanInsawes uilsiuussdunnms i ididuasneu
9y v v YV
udaasfuIdiiu IMadudnasalasinnunge Taviiiunnuddaue 500 Hz 8950 kHz M3
A d a & Y o A & < o w ¢ a ddo Wy
@engunsaladndezdesmilstnnusuazvnaidsvesginsaiadasnila
] v
4. unasnwhdeiinnuning Tasezhaudag 50 kiHz fa10 MHz flagiiudensld
a v 2 v o v v P o e
nasagyyIMmmszdulszavimsnednidaliaussous lums 1dauiinnuige litive Tay
' a ' ' a a o —— d da H
Tmanudniieglugae 0.2 fadwes mingdmiuauguuidsiing wiedldanuiounuy

v v ]
wmilpnhdnvaeti Iiids Tdhaeudhed
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1000 MW/ Melting, vesse! heating
. Forging.forming etc. N
¢ Above 100 mm dia. | 1010 100 mm &  Below 10 mm dia. '
1 Joining
z & Large (fe Small (non-(e and e
100 MW | Surface hardening : 4
¥Above 2.5 mm  1.25 10 3.0 mm 'Below 1.25 mm¢
Skin depths Special processes
Tube welding  Crystal growing
10 MW 1 zone refining
§ Supply-frequency
o sysi \Triplers
LS =z
1MW
id-state
It and
motor- altermators &
100 kW
10 kW
w
10 Hz 100 Hz 1kHz 10 kHz 100 kHz 1MHz 10 MHz

2.13 NANMSIS AU

Frequency
2 2.12 Uszinnuazdnbaems Isuveunsealdnnudou

M 2.13 299515 Tauuuduueynsy

i® b

—C" IR

7w 2.14 stnsimmucﬁmu*\mm
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151U US  (Resonance) MuweanIziion p.f. Iurees Iflinszuaaduiawiny 1
s a 4 = 4 4.

anazs lsuuusiiiaduluiees RL-C oynsu uag R-L-C  vuidaznavuluaniizia
X, = X, 8uilunees R-L-C oynsy sz i 7, = V. quuauiiavedsesae aziia mpedance i1
P = ¢ o ' o
#anudes Tsuuud fldnszualnaldgege uddufulees R v ezihld 1, = 1,
AuauAved239shie 9ziin1 Impedance geiinudis Tauuud ildnszualvalddiga Weidias

73 o q ¥
Tauuusuluages R-L-C oynsy uaz 2995 R-L-C vuud 3zl

ta oa 4 a0 @ v & '
1. Mdufinaud () szliawiiumanudiumu R) fneegluiees (Z=R)
2. nszuelifhsi lvaluaeesee inphase fuaws i s wvesnses

3. Phase angle (6)= 0° 312 phasor vesnszua lWtsu (7,) Fuusedulwism (7))

4. Power factor UAWVAY 1 IW51E p.f. = cos @ = cos0° =1

v
a

' = Yo
’(’ﬂllTiﬂ‘l’i']ﬂ1ﬂ’]1llﬂlii"lﬂluu°ﬂl1ﬂﬂ\1

1
= S AR (2.15)
s 2nLC
- 1
130 C = —_— (2.16)
4x? 2L
uay L = B 2.17)
4z’ f2C

2.14 adengy (PLL)

= A 4 g o
PLL fiuszunauguanud Taol#35nSouiouma (Phase) vosanudmadiuendnafiu

= a & a
aeInauDe198a (Reference Frequency) Fagniloudhmedudunavesszuy

[y

Input Output
us uv
frequency Phasd (’L Low-pass ! \(l:zlrt‘?rgz: frequenfy
Detecter A% fiter 1 sl =
536, i 136

M7 2.15 nénmsves PLL iody
1A W PLL fesduszilsznouda 3 dlngq Ao
1. Maasvue ﬂ?aﬁ’nﬂ?umﬁunﬁiynpm (Phase Detector or Comparator)
fmhinSoufsuanuuandsvearasznine 0 waz g, IWsuilaussduamaniou (Eror

J
Voltage; %), 990INNIUDIANA

u (1)=K,(6,-6,)=K,A, (2.18)
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2. mﬂnimmmﬂmmuniamﬂﬂsmmmaaﬂ (Low - Pass Filter or Loop Filter)

imthiididadiudsznouma Iadufizdunsuus ssuamandounazildosiidalsznon
o & ' @ g
malWassvewsdunamanaeuniulfuedna
Uy =, (1) =— [u, (¢)at 2.19)
T 0
3. mafulindymnIURuAIIS U (Voltage Controlled Oscillator, VCO)
4 4 o a v O A { 4 o

Ad £, ¥e1 vco vzidouldanmssdu (u,) maduwadaiuiie (u, laou ez iinai1d

waz 6, wasuulasaliéae
o o

fo = Kfuo (2.20)

luszuy PLL wwnavesussruamamnioud ldninniansndumassulsfududadiulaonsa

: . Ty '
fluwaaves f - £, uaz 6, -6, usswunmamaeuiivz linuguldmsnldeunlasves £ ves

Y a1

veo dulludiemeiivhldnadavesniud; £ - £, Tvieanastiufe £, swiidudhlnd £
4 o 4 2 i 4 ' ¢
WNTWUTENA1IEYe9QY (Loop) Tuvmsit veo Gudsuanud £, 91 "aanzunlines
4 s e & zd e
(Capture State)" (il £, fawidy £ mswldounaswes £, AdugeausiGenanazin
<
"Werden (Phase Locked)"
Taoaluds israanseven @ PLL szneudae 3 anzdieiu de

1. mzdhauiludase (Free - Running) AwAves VCO gnimuanialassadianees
404 VCO 199

2. azumlines (Capture) AW fo v83 VCO ﬁwﬁﬁm%mmmﬁﬁuwm; £

a

3. atazladon (Phase Locked) AW fo 493 VCO mmummaauwﬁ /i
U”Iuﬂ’ﬂllO‘INii‘.‘,‘ll‘lJEJ,‘IJ’d13.l1iﬂ€lﬁﬁl111ﬂ15&1]ﬁUuuﬂm‘lJmﬂ’nuﬂE)uV!ﬂ'lﬂ 1515607
1 g
"g1Uadn (Lock Range)"
' a4 ¥ =2 g Y a ' ' s
sranuagsruuglaunsaditinnzmadenld Gond "dualines

24 ' '
(Capture Range)" Feziiguuauni Lock Range

dmSudnyuzauianielauniing (Dynamic Characteristics) ¥89 PLL vzgniinualay
wa o & 2 do v P 0 g
Auaulidvesdinsesnnudgliuiiuresnsesnnuddwiluvusil PLL aglunnzmadoen

< a 4 da o Y 4
anui lumsAemumsn/dsunlasvesnnu@duna £ ves PLL 1zgndifia lasdansesnnud

al

§

ACM 621.402 12321 255
1i2ies ese UG“S

224 AL
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2141 PLLYNMINTRIANNAYHA A

o do v a <o v,
iﬂﬂ’Nﬂiﬂ’Jﬂ‘iBQﬂ'ﬂllﬂﬂ'lNTNHUU‘WTGT‘]WIUWQﬂ%uIE)NMU

(o, MN O
R J_ :
ug(s) C u(s)
(e, T O

& o dg o
NN 2.16 1ITAINIDIANUDAWIUUDUWIATA

fiflesiuTouthe F,(s)= uls) 1 (221)
ug (s) 1+7zs
1787997 (Time Constant ; ) Mld9n 7= RC (2.22)
PP () o, = L B3 (2.23)
g ‘7 RC ’

3 v v 0 i d
diounu F,($) mnaumsh (2.21) aslu Fs) mnaunish (2.23) a2 1éfaddu Toudhoves PLL faii

T,(s)

_ KK, /7
s +(1/t)s+K,K, It

(2.24)

{ o o & 4 a o &
aumsii (2.23) Wuszuudrduiass 2" - Order System) Faunsadoulugluuinasgudsil

2
a)n

—_——— (2.25)
s’ +los+a’,

1) (s) =

ANUDFITUPIAVBTLU (System Natural Frequency (Swing) ;@,)

o, = % = JK,K,0, (2.26)

AR NS A @.27)
KKz 2\K\K,

{l98811129 (Damping Factor; {')
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2142 PLLMAIN509ANN0YHA B

9112997 Passive Lead — Lag

o

2
|_

o

Ug(s) Upesy

(o, O

ANA 2.17 2997 Passive Lead — Lag

u (S) T8+ 1
Fy(8)=—"L—= . (2.28)
ug(S) (r,+7,)s+1
Anmnsi; 7, oz 7, mldon
7, = R,C t, =R,C (2.29)
muiee; o,
1
P i \ (2.30)
(R, + R,)C
unum F,(S) asluiladduTouthe; T(s) vos PLL 2214
. K,K,(t,s+1)/(z,+7,)
T s) = 8 vV 2 )| 2
2 (5) N YR, AN, (@30
T, + 1, T T,
aunsii 2.31) aanse@oulugdiwmnasgu sl
w,[2¢ -, (K,K,)]s+ o’
Ty(s)= A% = Oy bl 7 232)

s’ +28o,s+0°,

ANUDTITUFIAVDITSUY (System Natural Frequency (Swing) ; a)n )

KoK,
[ [
a)u = . = KgKVa)B (2'33)

T +7,
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{l998v1129 (Damping Factor; £')

1 1 K,K @ 1
§=—|7,+ &V =—2|R,C+—— (2.34)
2 Ty F Ty T, +71, 2 K,K,

2.143 m'smmi’mm&'m”mommmmﬁﬂuémm PLL (Transient Response of PLL)

NNTUMIN (2.33) wag 2.34) aziunilandulouthsves PLL Wussuudduiiaeslu
ad o v A oo A da =
nsfinszuuswuNaes Tdnyue Under damped (C< 1) ionnuddunaves PLL wlaou an f,
o o s < { 4 ' ' { 7
Tl £, Twstuiiviulamdwaves veo Arzwnnuiissnldouauusdezalsing £, Nlerdnaves
oy 2 q 4 . " ;
VCO ziiA N34 (Oscillate) Yundsouqaves £, uszsznamilwditanes Whga fluiiga

a a1 o < ' Y v o
o £, UAUNNY £, NIZUAAIN PLL NYA1IE "AN1IZAIAT (Steady State)"

£ 4
Input
f;
f /\V/‘\
¢ /' vCO Output
f;

>
>

AN 2.18 MIneuAUBIFRNAN UM Fouduss PLL

2.14.4 VCO (Voltage Control Oscillator)

<

Taita Tlugagaems awesanudioniynesdesd snvas i udadunas luvaisi il
Taygnaud uniisunnues veo Fweuiueasrannsaatndnnamilmiedmualdiia
fald veo '7;1%'ﬁ'mﬂﬁﬁaﬂqﬂﬂVfwﬁﬂi”iM’mm?iLmﬁvgmi‘lugﬂﬂﬁu?imﬁumngﬂﬂﬁu"lmﬁ
umiiARaszaatves veo AlFumadeongUiids

1 guauiavesmsnlavuuawssdudunnudidadu
2. fdanmmslFnuiinhenielimannsvossznhaussdusunnuiigs
3. fiedosnmmannuaig

Y 4 4 o { ]
4. dedeniynidiugdaaulminssaiiudyapauiasiainaue
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International
TGR Rectifier

INSULATED GATE BIPOLAR TRANSISTOR WITH

ULTRAFAST SOFT RECOVERY DIODE

PD- 915758

IRG4PH50KD

Short Circuit Rated
UltraFast IGBT

Festures

« High sheet circut rating optimized for motor control,
ty =10ps, Voo =720V, T =125°C,
Vag =15V

« Combines low conduction ksses with Mgh
switching speed

« Tighter paramwter distibuton and higher efficiency
than previous ganerations

* IGBT co-packaged with HEXFRED™ ultraf

Vees = 1200V
Veeony typ. = 2.77V

@Voe =15V, Ic =2A

ultrascft recovery antipanaflel dodes
Benefits

« Latest generation 4 IGBT's offer highest power density
motor contrals possible

« HEXFRED™ diodes optimized for peformance with IGBTs.

Minimized recovery characteristics reduce noise, BMI and
switching loesas

* This part replaces the IRGPHS0KD2 and IRGPHSOMD2
products

« For hints see design tip 97003

Absolute Maximum Ratings
Parameter Max. Units
Vees Colleckos--Emitier Voltage 1200 N
iz @ Tg «28%C Contirucus Coltector Curment 45
L € Tc - 10T | Continucua Caltecios Current 24
(1) Puised Calleckr Curentd 90 A
[XY] Clamped Inductive Load Cusrent 2 80
IF @ To = 100°C | Diode Continucus Foreerd Cumrent 16
i Diode M Forward Currsnt 20
L Shot Circult Withstand Time 10 Hs
Vae Gate10-Emiter Voltags 20 v
Pg © Tc »26°C Powe Clsalpatica 200
Pp @ Tg = 1O°C Power Dissipation 78
T3 Opersiing Junciicn and 55 104150
Tsra St Temporature Rangs <
Q T Jre, fo1 10 $6¢. Q00 (0062 I {1.6mm) from caps)
Maunting Torque, 6-82 of M8 Scrow. 1ObWN (1,1 NaTi)
Thermal Resistance
Parameter Min. Typ. Max. | Units
Rax Junction-to-Case - IGET —— —— .64
Rex Junction-0-Case - Diogs — — 9.83 R
Recs Cose40-Slink Rel, gieesed surace — 024 —_—
Reua. Junclien-D-Amitent bypical sockel mount o fevnind 40
Wt vielght — 6 (0.21) — lawe]
wwew irf.com

1
Wr200



IRG4PH50KD

‘nternations.

TOR Rechil 2r
Electrical Characteristics @ T, = 25°C (unless otherwise specified)
Paramster Min. | Typ. | Max.| Units) C
Vesices | Collector-b- Emitee Epcakayan Volgsd [1200] — | — |V | Vge «ON, I = 250§A
SVeuces/al, | Temperatire Coet. of BreakaoanVoles | — 1091 — | VAT | Vag « OV, - = 1.OMA
Vegm Colectr-1o-Ernitter Saturstion Veitsge | — | 2771 9.6 I = 244 Vag = 15V
— 3] — | v [c-®a S0 F.2.5
— [254] — I = 24A, T) = 150°C
Vagar, Gale Thieshor Veitage 90| — | 80 VCE = Vo Ic = Z50pA
AVagwyaT, | Temperature Coelt. of Threshold Vellage e
a Formard Transoonductancs & 13 [ 18| — 1 S | Vegw 100V, Ic w24A
(3] Z8i0 Gae Voliage Colecor Cuitent = 1= | 50| PpA | Vot = V. Vg = 12000
— | - 18500 Vg = OV, Vog » 1200V, T = 150°C
Vem Ditde Forwand Vaitage Crop — 28138 Vv (=188 See Fi). 13
— 121130 I = 164 T) = 150°C
36 Gata-1-Emitier Laskaga Curtent — 100} nA | Vae = 2200
Switching Characteristics @ T, = 25°C (uniess otherwise specified)
Min. [ Typ. | Max.| Units] &
Qg Totsl Gate Charge {tum-om — l1ea} 270 =248
Qe Gate - Emitier Charge (turn-ony — 125 ] 38| nc | vecad0m Ses Figa
Qq Gate - Callectr Chargs (turn-ca — 170 | 110 Vg = 15V
| tgom Tum-On Dwlay Time — 1a7 | —
t Aise 1M — 70 =1 . | Ts-25°C
e Tum-Of Dalay Tims — 11461 30 I = 244, Voc = 900V
1 Fall Timw — 1200 X0 Vae = 15V, Ra = 5.0Q
[ TUm-On Switcting Loss — lasa] — Enengy lcesas inclics “tair
Ecn TUm-OR Swttching Loes — 11900 — | mJ | ana dode tevecss mcovery
Egy Total Swiiching Loss — 15731 79 See Fig. 910,18
tc Short Clicult vathatand Time 10 | - HE | Voo = 7200 T; - 125°C
Vae = 15V, Ry = 5.00
™ Tum-On Dulay Time — 187 | — T;~180°C. Sesfg 10.11.18
t Rise Tims =721 =1 | k=-24avec-s00v
ton TUm-Of Dalsy Time — fato] — Vog = 15V, Ry = 5.00,
L] Fall Time — 13| — Enaigy 108595 (INCIO “tall
[€p Totsl Swttcring Lies — 18981 — | mJ | and dode raverse racomsty
Lg intemal Emifter Inductenos — 118 ] — T nH | Measred Smm frcen package
Cies input Capecitance — j2800] — Vg -V
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Class D Current-source Inverter for
~ Induction Cooking Appliances

Vichian Hathairatsiri and Saichol Chudjuarjeen
Department of electrical and Telecommunication engineering,
Rajamangala University of Technology Krungthep, Bangkok, Thailand
E-mail: c_somchai2@hotmail.com

Abstract

A class D current source inverter for induction cooking power supplies is proposes in this paper.
Switches devices operate in zero-current soft switching mode. Both IGBT are driven with respect to
ground. The input inductor use about 1.3 mH for shaping the line current nearly sinusoid. The inverter
has been operated at 35.7 kHz. The output power transferred to the load is 900 watts. It can heat the
water about 0.6 liters from room temperature to approximately 100°C within 2.30 minutes with unity

power factors on the input side.

Keywords: class D current source inverter, induction cooking, parallel resonant

1. Introduction

Induction heating is a well-known technique to
produce very high temperature such as in
melting steel, brazing, surface and hardening.
Each application uses different appropriate
frequency [1]. The induction cooking is one of
many applications for induction heating. It is
designed to replace common stove plates. The
advantages of induction cooking .are the plate
stays cool when the vessel is heated and less
energy is used for cooking. This technique
requires high frequency current supply that
enables to induce high frequency eddy current to
occur at the bottom of vessel and these give rise
to the heating effect. : ;

The fopologies of current source inverter
which used in induction heating applications are
full-bridge and half-bride inverter. For the low
power the half-bridge inverter has more
appropriate than full-bridge inverter due to the
half-bride inverter has 2 switches. However the
half-bride current source inverter has much loss
at the two high frequency inductors.

Generally, the control of current source
inverter needed for control at the resonant
frequency. Due to the load is parallel resonant
circuit. For the non ferromagnetic load which
has a high quality factor. The inductance of
induction load has a little variation, so the
phase lock-loop is not need.

$7JSWB 2009

This paper describes a class D current source
inverter for induction cooking appliance. The
control operates at a fixed switching frequency
that is higher than its resonant frequency, it can
maintain ZCS operation in the wide range load.
The operation principles of control strategy are
investigated and validity is verified by
experimental results.

2. Current Source Inverter

The parallel resonant inverter or current
source inverter needs a switch that can block a
bipolar voltage. It can make appropriate
switching action by connecting a switch and
diode in series. The output voltage of the
inverter is sinusoidal, in the case of low
Damping Factor and operating frequency is near
resonant frequency. The inverter is selected to
operate at a little higher inverter frequency than
a resonant frequency, in order to achieve zero-
current soft-switching which reduces loss at .
IGBTs switches and protects spike voltage. The
voltage across switch has both positive and
negative values. The positive voltage is blocked
by IGBT and negative voltage is blocked by
diodes:
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Fig. 2. Half-bridge current source inverter.

3. Parallel Resonant ZCS-PWM Inverter
Fig. 3 shows the parallel class D current
source inverter for induction heating application.
The inverter consists of two switches (S, S2)
with blocking diodes (D,,D,), a resonant
capacitor(C,), a DC inductor (Lpc) and an
induction ~ coil that comprises of .a  series
combination of resistance (R.) and coil
inductance (Lcoir)-
. c,
-
Reg A

coil

b
S, SZI

Fig. 3. A parallel class D current source inverter.

As shown in Fig. 4, four modes of operation
exist within one switching cycle. The
corresponding circuit topology for each mode of
operation is illustrated in Fig. 5. The analysis is
as follows. 1) Mode 1 (t—¢;): While switch S,

STISWB 2009

and diode D, are on, at ¢ = t,, switches S, and S;
receive positive gating signals. The negative
voltage appears at the diode D,. 2) Mode 2
(ti—t)): At t = t,, While switch S, and diodes D,
still conducts, switch S, and the antiparallel
diode D,, are off, the positive output voltage
switch appears at S, and diode D,. And ZCS
operation is achieved. During this mode 3)
Mode 3 (t,—t3): At t = t,, the switch S, is turned
off. Similar to that in Mode 1, and the diode Dy,
starts conducting positive. The negative voltage
appears at the diode D,. 4) Mode 4 (t;—t,): Att=
t;, when the diodes D), and D, are off, the
switch S, and diode D, conduct and the ZCS

- condition is achieved. During this mode, the
output voltage v, becomes negative. Therefore,
the one-cycle operation of the full-bridge
inverter is completed. The next operating cycle
continues to repeat from modes 1 to 4.

s h
ES 2 > 9
(Y
r > e
& Is, Vs,
1
~ Vs, I, > 6
2
> 0
o v, ",
>0
—> [ » s
n N > e
'o 'l 4 w '4
SDSR | STB 1D eSD 5D
Mode | |Mode2 | Mode3 Mode 4

Fig. 4. Typical voltage, current and gate signals
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Fig. 5. Operation modes of the Inverter

Fig. 6. Changing series circuit to parallel circuit

Equivalent. ,
R
e a
P Ry

The average output power P can be obtained
as
VZ
P==2" or P=ipymR, @
P
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TABLE 1
DESIGN SPECIFICATION AND CIRCUIT PARAMETERS

Item Symbol Value

lnput Vollage Vac 91 Vems
uenc ya 35.21 kHz

Parallel msonan( capacitor Ce 0.44 uF
Induction coil inductor Leaa 40 uH
Equivalent resistor 480
with workpiece) Rea 8
Switches Si. 82 8354 IRFP460

4. Experimental Results

To verify the validity of the proposed topology
and control scheme, a hardware experiment is
performed using parameter in Table L.

STOP e ——

@®CH2 £

Frea=35.21kHs
CHi= 2.00U/ CH2= 2.80U/

10.00us/ 10.0MSa/s

Fig. 7. v, and I; waveforms at 108.7 kHz (I;: 20
A/div, v, 100 V/div and Time: 2 ps/ div.)

@CH2 ¥

Freas35.21ks o
CHi= 2.0y CH2= 2.600/

10.00us/ 10.0MSa/s
Fig. 8. v, and i.,y waveforms at 108.7 kHz (icoir:
40 A/div, v,: 200 V/div and Time: 2 s/ div.)

From Experimental result it can be seen that the
inverter operates at ZVS conditions every
situation which is . the lowest switching
frequency.
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STOP @CH2

CHi~ 2.80U/ CH2= 2.00V/ 5.000ms/ 20.0kSa/s
Fig. 9. Vi and iy, waveforms at 50 Hz (ij.: 10
A/div, Vjire: 200 V/div and Time: 5ms/div.)

5. Conclusion

A class D curreiit source inverter can use for
induction cooking application with constant
switching frequency. The resonant frequency
increased when parameters (Lcoi, Req) change.
And the point of constant switching frequency
still maintains ZCS operation. So the phase-
locked loop is not need in this application. The
small dc inductor can use in this topology.
Experimental studies are performed to verify the
proposed control method. The main advantages
of this inverter are characterized as follows;
Applicable to non-magnetic load such as
aluminum as well as magnetic load and the
reduction in size and weight.
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Abstract ')

A class D current source inverter (CSRI) for induction cooking
power supblias is proposes in this paper. Switches devices
operate in zero-current soft switching mode. Both IGBT are
driven with respect to ground. The input inductor use about
1.3 mH for shaping the line current nearly sinusoid. The
inverter has been operated at 35.? kHz. The output power
transferred to the load is 900 watts. It can heat the water

about 0.6 liters from room p to app

100° C within 2.30 minutes with unity power factors on the
input side.

Keywords: class D.current source inverter, induction
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