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Abstract

Nowadays, the devolopment of electronic emphatically minimizes the size of
circuit. It impacts to power supply have to reduce as well. Switching power supplys
play a role mostly because small size of circuit and high efficiency. If size of
transformers is reduced ,magnitude of power supply gets smaller too. Therefore,the
piezoelectric  transformers are constructed. The suprisingly small size is readily
apparent and high efficiency.

Piezoelectric  transformer (PZT),like magnatic devices,are basically energy
converters. A PZT operates by converting an electrical input into mechanical enerygy
and subsequently reconverts this mechanical energy back to an electrical output. The
mechanical transport causes the PZT to vibrate.

This thesis presents a analysis and design of dc-dc converter with PZT,one of
applications for piezoelectric transformer, for instance, LCD backlight inverter. However,
analysis and design issues such as complicated construction with PZT, power circuit,

and frequency control methods need to be explored further.
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dmngnisalilalaBidnyiEn (piezoelectric effect) anunsnutialéfidlu 2 dsngnisel Ae

1. Direct Effect iilulsngnisafiulasundsnunaidundsaulniinMechanical
energy to electrical energy) Aa nnslfussvidanisdu (Stress) Ludallelmamiia (Piezo
ceramic) ﬁﬁiﬁﬁmma‘ﬂﬁ‘zﬂwﬁﬁummlﬁﬁmmaiﬂﬁqL‘ﬁm‘%u (Charge) Tnedaaa3ns
Uspailagivedfufianensdwidenssild  denBeudeuiufiameesiiisadiels-
aiannsnnsunesives
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2.3 WITANYAE (Equivalent Circuit) m’adLﬂﬂ‘ﬂ‘ﬁ@mﬂ‘wﬁﬂwi’maﬂ@im’ai

CMI LMI RMI RMZ LMZ CMZ
1:Nl 1:N : 5
C
Ci I

Electrical Mechanical Mechanical Electrical

LOWER HALF UPPER HALF
31l 2.5 999sauyael (Equivalent Circuit) saallaladifnydnnsuanasives

NMuAAINIINEAeS (Parameter) Aing < Asil

Ci A mmmmmuﬂa”@mqmuﬂgm 4 (Input Capacitance)
Co An ANTBIAUALLITANIFUYFie i (Output Capacitance)
CwiCuw A8  Compliance (Meters/Newton)
Lyi Ly P2 Awgaseansusnesiues (Mass of Transformer)
| U v -8 o
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g, A AladiAnyisnaesa1n# ( Dielectric constant of air )
Ay 8.85x 107
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N, N, A Electro-mechanical Linear Transducer Ratio (newtons/volts)
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o Output Area
°“" Output Thickness

2. Mechanical Compliance

_ Beam Length
- Beam Area.Y,,

Co
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3. ANNIATBINIUENDTINES (Mass of Transformer)
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NZ g33d1 AW dl
AU lawuud (Resonant Frequency, @, ) 1 léann
1 1 1 1
0)0 =

o

: . 2 05 i o
LAYAN C,ypr AR ANARNNEAARY Piezo Ceramic A0 C,y, ; AaTiY

wazAIANEUNIBIN I naunng
1

Qu = @,RC

w3a

& 1

B e

Pt d;o/Ys; 2Y339332d1
B AW

s 2d129332m

QAW

I  j2pdle’ aw " [ T [e
AW 2Y33g332d1 Ya3 Yz

d‘ < o
uny 2 N BHUKSHK/NNIT
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2.4 megadeniasindiaasslag (Switching losses)
1u3933ARIIBSABSUULAIATTS (Switching Converters) Taatialy sinazifntloymn

a g

nsgoydaniasininaesadnd (Switching Power Losses) lugsanuzitlngand (Tumn on)
1 a a L aﬂl 1 ay a o a a rtz a g
uardaeInzlagand (Turn off) twasan ludesaneitasinduacanenaindin Aa1n1g
wasuulassanssuaiauiunan (di/dt) wazAmalassiiasaaaussdslnfinieusy
a1 (dv/dt) 28983agRANgeuan FeinldainddemusuAtmnduIeIn1sadng
(Switching Stresses) Ng¢ wavdsdanalfiianissunougesadunsindnlinn
(Electromagnetic Interference : EMI) g46i9e uaziinpaumeinafignadndiaauigaau i

azingaudarndsiuiaunnauanalifos

_L.,;‘_wﬂ_'_,A.., sipet

——Turn ()ﬁ—"jI = Turn-on -+

7171 2.9 nsadndansusefuuaznszua wariAsIninfifAduaeineviuiifile

FEnkidruiunisaanisgoydeaniaclninaesaind (Switching Power Losses) WAz
fleynn EMI e nstlfutlgsnsasliadndansiiusstuanasanadndiiugue (Zero Voltage)
uayise nezuadwarinuadndianilugud (Zero Voltage) F93antstiflunnstinneiunes

wasULlgwud (Resonant Converter) 1714

UNT 2 NoEfuasuannig 11



2.5 ABUIRTLARSULLLTTEWLUT (Resonant Converter)

Wesananubiilugaunaiisessdadasinlfifianisg deidelwinlussasnom

a o o

wefimefisldeiinauiuialuiadenountiil nsgoudemdslwinazinuluiassny
a o a a o dl o i a c d’ ' a ol (= o
wandllauazanraindagusiiunnasenainduaznsmuad varuadndilan laiduaus

' 1
a v a a o '

BedsninANuRsIndgey wenunnasanaInduaznsuad lnariuadng Seilanunni

he

Aenilun linsgoydaniasluidafiuunay

lunsaspauafinafuuuslawuwy nisadndauinlurnisfiusssunnaseauasne

o o

\lugue (Zero Voltage) uaw/viza nszuailvatinuaingiadiueud (Zero Current) Saufls
Al g

Y

nsaansgaudeniaalniinlussasle nesdnduunilFenda Soft Switching

nsutisilszinnaeaslauuusineiuaefinad (Classification of Resonant Converters)
1. Resonant-switch converters mmﬁ‘mmﬂlﬁﬁaﬁ
- Zero-current switching
- Zero-voltage switching
2. Load-resonant converters

3. Resonant-dc-link converters

26 malminadnainianasasadndifuaus ludasaenesdad
(Zero-Voltageswitching : ZVS)
wednanliihnnasenaindiflugud ludssnensnssdnd agludanaaanicdla

a T o A=; o v < 7 LYe s rd' =
AR muﬂﬁ?:nﬂwmmmummLLazmmuﬂ?zﬂﬂmw3Lmamﬁ“imuw CRAAL (TR YeI RN

U 1'% o !

ravn e nfmnasansdndilaeuangudligingan udandugrnaudan 3 o

U q

1%
a o % < o o

waladndazgnyindnase lunsdiazliidnisadamddlnfanieon1saudeg

Ll q o

v 1)
a K a o 4

(dissipation) inaaBluEIRT asunanfaiuilseq

]
=

NFiaAFRUNIIALENINNTBINaAYR

(Cos)  gnAganfalnaAnvsiunliaaiuaiaiudseqluntiedisTauunyd Hadannlss:

1% £%
<X

ansnmiuaudndae  deiurslisnlddnaninfianasensindiugud lugawsanane
aind lunnseanuuupeunefinefiaeaug uazAnm liilngs uanaNiudaas Ananly
hanasenadndiduaud ludssnaanzaind damunzdniuaeueadinesynuuyliidn
aviilupawanfinaduuutian (Buck converter) AaumefiAasuuUNaIeLLA (Flyback

converter) ARIBSABTULILIUA (Boost converter)

all = o
1Unn 2 N HIJUATNaNNIT 12



e
i/
a
9
"t‘
O

vs<> v, G I

g‘iﬁl 211 G99 1 4an 0 <t < t, ( Switch opened and diode on)

Cr Lr iL
— T
iy =

O o)

g1l 2.12 4999 2 w 19@n t, <t < t, ( Switch opened and diode off)

Aall B o
UNN 2 NEBHURSUKINNIT 13



de) v=0 d I

91 2.14 €997 4 4 1987 t, < t < t, ( Switch closed and diode off)

angilil 2.10 fs gUT 2.14 uansssAeRefinefisltuuLd warn1neuTasag

] ] o a8 v [ d‘ 1= d‘ 5
A7 04 199859 ] 1 Tneauudlileiwnfisanunlifinnsnsuien (Ripple — free) 184
nszuallity (i) ludamiieadh (L) Suduluaneisindaglusouedln nszuailnarin L,
winiy i, uaznszusiiluatinulalen D, uay D, fuaus wazAnalninanaseusauivlsya
(C) wirruausd Lﬁ@zﬁmﬁj’gnﬁ'}lﬁfagﬂuamumﬂmiﬂmm&‘i’umnﬂé@m’imﬂmﬁuqué azld
9 nszusdilvarihudamenir (1, ) widunssusianinn (1) waziinssuslnaenusady
1lszq (C) ﬁﬁlﬁﬁmmmmm@Tuluﬁmﬁuﬂs:fg (V) Lﬁ@LLw‘TuluﬁqLﬁuﬂszQLﬁﬁuwﬁm
vinfuussiuiimnasanadnd (v, = V) uda lalan (D) Az (Forward bias) sinlfifin

4} ° % lal' [l o d‘ o o dd'

nsaunINIas Vg, C, uar L Fwaginlinszuailvadiuiomilentih (1) uasussdufian

psawsaLiUilezq (V,) iRaniseasdaian (Oscillation)

Weussdulnimnaseusaiusz (v,) anasawiugud laten (D) axsinemuiies
nnazuai lnasusamienin i ddduay (Negative) usadulniinfinnasengawien

1 (L) wituusssunnasanadnginldnszus i lnasinusamiien sy (1) NI gAndAqsas

Un¥i 2 noufuaznsnnig 14



a o/ i o J %3 1 a 7l [-% d‘
gnilandsainilalam (D) 911911 (Turn-on) Lﬁ@lﬁtmmumnm@mmmmﬂnu@ufj Lia
- ' o ~ o et f 1= A 9,
nszuadlnadusandaasin (1) Waauauaniuuan (Positive) laten (Dg) AENEANINNY

= -ﬁl ' os dl o dl AI é’ o./ 1 % o
(Turn-off) WazAXAHNTLLEAT MAKWALWTLE23N (1) TFRUNNIURUNTLAUNNTUNTLUALDT

w9 (1.=1,) uwda lalan (D,) aziney Sewulasing « sessaseenduluGusunisiialus

0 t L, 1 T

Switch open | P77 Closed 77
= 5 T

71 2.15 nsluansAdeyeynssing ) (Waveform)

26.1 AagizisasAnminfanasanadndiflugud zvs) lugdasiam
UUEHI AT
’Lw,wia:ﬁiqqmwamw?ﬁagﬂﬁ 2.10 snansaudsldsail

26119251 1 U 1A 0 < t < t,
sAndgnidlaiiaan (t = 0) finszualvaruiafiunlszqfe 1, Kzl 211 Saduing

Wiuserulnfiamnasensaiilseq v, HAnfnguwaziduity

‘all a o
UNn 2 N BHUATNaNNIg 15



ve(t) = lj'];;d& = éz“ (2.1)
Gis C

r

o i I} o i o S| i i ' o = °
wsssulnATmnasausiawmilania (1) Wugud iasannnsvuaiilnasinusiamilensing
Avastiviunszuslwieyum (1,) weasulwding filter input (V,) Anwinfiu
I
Vx(t) =V —Vc(t) =V - C

r

'3 (2.2)

e : : o
INANNTTFIU AR Vg WeananiuliAies v, azanasisen
Maan t=t, A28 V, v 0 laTeaaginanu wavazlden t, wirfu
e

t1 (2.3)
I
LAZAMNANNITN 2.2 LPIRINITORART bA37
t :
W(t) = 1/{1 _ —) )
t1
S
26.1.2 dWN 2wt <t<t,
laten D, fin97u (Forward biased) fag1#l 2.12 anasasiaileu (Equivalent
Circuit)
linprewnaiad (Kirchhoff's voltage law) azld
ai(t)
L +ve(t) = Vs (2.5)
p &)=V
Differentiating ;
d?i(t) dve(t
L ‘g)+ D) g (2.6)
e T
AnANduRuiraInsTuaLaTuaaulniIanAsausaiulsyq
dve(t)  re(t
c(t) _ ic(t) 2.7)
ar G
LﬁmmnmumluﬁqmﬁmﬁqLmznszmiuﬁqLﬁuﬂszﬁﬁmwhﬁu AINLANNIN (2.6)
R XYL R E!
doi(t) it
Lg_ ) 4D (2.8)
dat LG
uaunizm | tneldRewlaGusi (nitial Cindition) i (t,) =1,
ii(t) = I cos anlt - t1) (2.9)

= P o
unn 2 Wq’ﬂ{]LLﬂzﬁﬁﬂﬂq? 16



TIHDHOTUANAN WIZ00NIARIIANTZg

&

= ) (2.10)

JLGC

frfuarldussdunnaseusaiutsyafaminty
dpts 1 e
() = = L ()R +ve(t) = - L I cos an( A — t1)dA + Vs
Azl
ve(t) = Vs + IoZo Sin wo(t - 1) (2.11)

LNUAI

AN ﬁ (2.12)
G

VC,peak=Vs+IoZ7=Vs+];7\/g (2.13)

A V,, Tildasdidintunssdunnasasilaten D, deundugge eiliunnndusadilnin
anungsdngli (v.) fard lales D, a2 Forward biased

v =0 (2.14)
alen D, floaiu v, iiteldldRmay Satuaunst 2,11 aufluazadle V.>0

[ d‘ oy d‘ o ' o & a [ o 1%
WNANNITN 11 WAt =t, LﬂJ’t’]LLNﬂuﬁlﬂﬂ?@Nﬂ'}LﬂUﬂﬁ‘z’ﬂ VC Nﬂ’]L‘V\’m‘U@uﬂl @Ziﬂ

l‘zzi Sin - = +z‘1=i Sin e +zl+f (2.15)
(0] .Z;JZJ o LZ)

M t=t, lalan D, H191% (turn on)

2613 dai 3wt <t<t

1
o P

wasANeT t, uia tnlanvisaasranineu (Forward biased) fagilil 2.13 azlduss

U

o [l o d‘ o A dl 1 o ai' o al 4” 1 (= a
AURNATRNAAUNULIUY (L) AR VS Lmzm‘umlmmummummmmwmu@mmﬂum

3
o'/ a Vo 4:4‘ a a a :/1 d' o -ﬂl

WusunseiallAnsingy I, Maan t, admdazlle (closed) Anmfanilandaannioan t, Lilauss
supnAsaNsaufvLlszalAwiiugug (V. = 0) (Zero-voltage tum-on) agldnszus i Tu
1991941 t, 14 t, A

: 1 pt X Vs

)= ZJ;ZVst, + i(t2) = Z(t — t2) + I cos wo(t2 — t1) (2.16)

(i ] i < i

WAUAN i (1) AINANNITN (2.9) NITUANLIAN t, AB |, ATNAWNINL

Ad' < o
uny 2 N BHHASHINNIT 17
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Il(l'3):Jb:%(t3—fz)+focosa)o(l‘z—[‘1) (2.17)

% ¥
wiaun1sw t, ezl

t:= (Ll’/" )[1 — cos wo(t2 - t1)]+ £2 (2.18)

S
o ' IS 1 o ] Azii/
LIIAUANATBRN VX ypynu 0 lu"ﬁ'J\‘iu
i =0 (219)

s t=t, lalea D, $197% (turn on)

o
26.1.4 9999 4 td 19]N L= te< T
lwgasaanil aindilauazlnlenvivaasalinnem nezuaiilvaluaindae nevua |,
Az
e = Vs (2.20)
1 dl n:l/ 1 a o o a =) t’ d‘ ] é’ [~
29asavagflueulail aundradndazinnadindnafonils doanm T- t, § audy

F2a N INUAANNDIDINTAIATT 91292995

26.2 WSIAULAIMINY (Output voltage)

20719 2.15 usnussdiu v, eldunannnissansanig 2.4, 2.14, 2.19, 2.20 azl

V{1_§] O<t<ti

w(t) =40 hH-Ex<is (2.21)
Vs il

g o o P ' al' o :J/ o I8 a 1lcer
ATLLNAURINNNADALRNEIURY V, AIUULTIAULBINANHAUNINU

jo’ : 1/{1 i %jdt + Zl/sdtJ
Ve

5 tl
- 7[5 (T ts)} (2:22)

Vo = Iél:l - é(h - Eﬂ
2

cd' < o
UNN 2 N BHUATRANNIT 18
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wresiweviwnaunsnasuanldlnenislasuananaing deananlunadeagiad

© o L4 4d. Il | = 8 o v o
gnanfalfaefinazaona lunislaadndazauisnudsduls a1, gninvualaenszus
Fluatunise (1) feiuusssiueinnasfuiaifuresnisz(Load) n1niRNILIaIANT
aandaziflunisandas T-t, feiuazdunisanusaiueinn ANNENRLSIDIUIAUR YNy

= 3 v

fuAudaRdonuanssaaAmiiiees r= R /Z, AL 2.16

a

1.00

099

0.8t
0.80 ).80)

0.60

l,,.\/l ’l )

0.40

020

Ei=0:10

0.20

0.00
0.00 0.20 0.40 060 080 .00

p

-

U7 2.16 AudnRusI9 U IWNTLARAIAT

( Daniel W. Hart .”’Introduction to power Electronic’” v %1 347)

2.6.3 dszlamizasrsasdnanlnihanasanddadilugud (ZVS)
1 fmsgrudeaesingslwinlugonsdasinfuazdiasuslasindiosnin
2. amA1 EMI uaz RFI (Radio Frequency Interference) ludinunusiaanaduazgaeanus
dngdnd

3. AnC,. gniwlludouniieaes C i lildiiameguidaiiiesainnisiasnfages

a

'
ol ala

C... 1 uazdlaliflszAnsnngeduiuneunefiwe fiaunnglunndaenium

4. iWhiiadsingnisailiaiaes (Miller Effect)

Unii 2 NOEuazuanng 19



264 dadnnrasnasdnaivianasanaindidugus (zvs)

1. laedoulvgfldisaunuiaenisdfuaeiud
5 = : Ea
nstasuklaspuD vd AR URNEH WA LN Y LATR9NNT

lunnsasuauLneafisasldasasinfanadududauunldsasneusas

= < - o/
unn 2 N BHUASURINNT
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=
UNN 3
N1TaaANLULAINT

3.1 N19RANWLLNNATIAE2995 LWNWAAIRS ( Power circuit ) UR9b L UL
ARULIRSLARS ( Resonant Converters )
anmgudiindnanudalusiode 2.5 uay 2.6 wdsdentiassiifinings ( Power
circuit ) v@uslanuUIAaUATARS ( Resonant Converters ) A@ 9933 Push — Pull Inverter
saflunsasi @ uiuutaslniinssuanse (DC) ulrnszunagay (AC) Tneinnsadndas
Lﬁmluﬁlmzﬁmﬁumﬂﬂéfam%ﬂﬂuquﬁ (Zero Voltage) Lﬁﬂlﬂ%ﬂ%‘ﬂﬂﬂ’]?@jﬂujLgﬂﬁ’lﬁﬂw
#1 (Switching power losses) lwasasld nasawaszstldnisy (Load) wwileTasidnyisn-

neuanasiuag (Piezoelectric Transformer) AagLN3. 1

lin

lLli L1 mz‘% L2 _
Piezoelectric Transformer (PT)
Vdsl1 .
lout
Vin — CEI_JJ zls | cust 1o L ¢ — e
J Vds2 ol T._._q_-_..__ Vout
+ ,_J l *: +
Vegsi Q2
L = ZS_]—CM CCFL
+
Vgsz_ 7

™mr

719 3.1 2943 Push - Pull Inverter laeldiTlalsdidnyisnneuavefivefiflunisy (Load)

ianunsaunutalaBidnviEnnauanesfineffaensasanyad (Equivalent Circuit

pafldnaanudaluiadad 2.3 azléifegl#i 3.2

N 3 N1FRANLULANAT 21



lin

Equivalent Circuit of
Piezoclectric Transformer (PT)
iLt é L1 iL2¢ L . -

Vini=s

3171 3.2 2943 Push — Pull Inverter uazasasanyas (Equivalent Circuit)
=] a o = o -8
rautelrBianyisnnsuanasiues

e A" Cd1~ 00 Lr~ 0 Asemnsaideussasualléifiu #agd 3.3

nfulunsnasessazlddanusiunu (R) weeAdufulss (Cy Tagdaann

Welsdidnyiannsuanefivesmsdnuduwm (input) laamssuazunulsasanyadly 519 3.3

lin

.JL_Q

Vout

c1 Vi Rs

Viﬂ S B

redensccrsancnsdnnanns

Cds2

Vi
A5l
]

71/ 3.3 2947 Push - Pull Inverter uazasassuyal (Equivalent Circuit) Ris putlaglva

Ui 3 NITAANLLLINIRST 22



3.1.2 UANNITYINNIULR99995 Push-Pull inverter
2449 Push-Pull inverter @18190419N19WA1904N88 N 4 B29n15n19uassie 1l
' a ' =] a
3121 w1 Vg, >0, Ve, <0,V <0, V., <0 flutsdilinisiia

vl U (Resonant) ﬂ‘ia‘w 1 ﬂlu msﬂ'ﬂ 3.4

e

I‘*’“r‘ +

i

S
Vin=

mT
ANB499WL Vo >0 V. =0 V. <0 V<0

iugasiianisislawiud (Resonant) ASsH 1

AN KVL #ansound L, ezl

Vae = UL Ve
Vil d’;l(‘t) (3.2)
1 t2
in(t) = . [Vecedtt + i, (2,) (3.3)
t1
Auuals C = Cds2//C1
Q7N KVL fasand C azly
Voo = Vi - 1, 220 34
li2=ilc+ Db (3.5)
-G @C;ff—t) (3.6)
u’mmmsw (34 LL‘V]ulu@ﬁJﬂ']?‘Vl 3 6 wlﬂ
SiE :zz(t) (3.7)
uT&ﬂJﬂ’]?VI (3 7 LL‘VIusLu@Nﬂ’]?'VI (3 5 J:ﬁ
ot
Iy, =L —~ Lz( ) e (3.8)

1N 3 N19ARANLLLINAT 23



A v o oo o v
tHAUNAUNUTDIAL 2 azls

iot) = I+ [i,(t,) - j'o]cos[th 5 ] s l/"SZ(tl)sin[t2 L tlj (3.9)

JLC JEC JLC

Vasa(£) = Vae - [V, — V. (¢, )]cos{t2 g ] + iulti)~1o sin[t2 _ tl} (3.10)

Ve JCIL, LG

3122 F9a12 Vi >0, V., <0,V <0,V >0 fgliiss

T GS2

gu g

& resis

Vm‘:_L
%Cx

sV 3599902 Vi >0 . Ve =0 Vo <0 ¥u>0

o= ————fw

1999 2 azFun1siannile Vds2 winfueue sl D2 Gusinanu (V,g, > 0jdsazls
nezuad lnatiny L2 Haduieatunszuaitnaniu L1 Crenssugdlnasiiuly L1 aznngnu

o

- e e Y &
AHAUTIN 1 NNATIUILAQ) A9

3

iy = o [Viedt +i,5(t,) (3.11)
L2 t2
1 £3

iy =— [Vt +i4(t,) (3.12)
L

1N 3 N19RANLLLINAT 24



[l ] dd aQ
3123 €973 V<0, Vo, >0, Vog, <0, Ve, < 0 1lugasiiiinisiia
& & o o
\slguuud (Resonant) ASIT 2 AU Fegtlii 3.6

1 % 5]

l Rs

C1
‘J' j Cs
T

917 3.6 9997 3 Vg <0, Vo > 0, Vg <0, Vpep < 0

| v

Vin:J]

'
o =

Hugnsfifaniaslauius (Resonant) ASIN 2019919941999 3 aziduiile @amdRaT
2 Guinanu (Vg, > 0) angtagnudnazadnefunisinalugad 1 desusdadui L1 fu
L2 uay Cdsi iU Cds2 aviiuagls

t4
iy = Li jl/dcdt £/t (3.13)

213

. ; o e e e
in(t) = b+ |i (t)- I, |cos| =2 d B33/ 6in 2—3| (3.14
11(£) [u() 0] [ L2CJ+ ‘/ZZ/YC [\/LZ_CJ ( )

Vess(t) = Ve - [V, -Vds(tB)]cos(t‘* ‘t3J+ ialt)-1o sin(t‘* _‘3] (3.15)

JLC: JelL JEE

3122 g9a¥l 4 Vo, <0, Vo, >0, Vy, >0, Vo, <0 fegiize
L1 % L2
Vin== I l
Cdsl C1 B
™ T

rhr

—-—————————

7

{_

9171 3.7 6997 4 Vg, <0, Vs > 0, Vi, >0, Ve < 0
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1297 4 azFun9i1euiie Vds1 winfuaud ¥l D1 Funau (v, > 0)

' N o o ] a 1'% o P ' 1 o ng
URLIAUNIIN Nl WT 29 2 "\]ZI@]NNHW?LLN@HLL@‘L’H?ZLLZW]TM@N’]u@‘]_lﬂi‘fwﬂ’lx‘i ] U

]/5
= i)
I I J'I(,(_dl el (3.16)
1 /3
] 18
. S5 , { =
Iia = V,.dl +’/,z(/4) (3.957)
2 14
Srave 1 2 3 < 2 42 s/div
e bt £ 8
B e R T R P e 3 Foe s
] : 2 :1 L RO~ sdav
e — bk e - GND
R s t iy :
R T : bk [ |
e ot b T eyt gt Tt i s P i
Vdasi 1 (S
It t 31
£ s
1 [
t Pt
113 o | SRR
$l0f .
1o 2
dognoy oy g e
: 1 i T = 2
VesZ oo i ::3
LR s ey g o S GINID
: 1 et iy
1 ot 11
g T e Gl o Bt -
Vods2 ' TEily e SO /diw
1 10k '
. e e o o GINID
1 "
15 Vi
Tl PO T SO~ /div
i 1 4 | vl |
i £t
Vi R e o S S GNTI
£ T ) $21
T 13 PR S !
iy T30k i 0k
gy e i
e [r ) 1551
" il SO0 fdr
Sk o0 t
; ] ' N & ¢ 3 e
Vour > F iy Y ] 4 1° -— CGINLDS
: PEH 1 £ 1
iy 1 '
Foee san e ef Gugienb e aierChi et 131
e £0K 4t
S 1% 11

U7 3.8 waaandnaliniinnasenuaznszuai lwasiugousng 1 1e999as

( Masahito Shoyama,Kuniyasu Horikoshi ,Thmotsu Ninomiya, Toshiyuki Zaitsu,

and Yasuhiro Sasaki “ 0-7803-3704-2/97 © IEEE )

= L 5 " v ®
3.4:2 mﬁm@ﬂmmmmmumu (R) LLﬂSﬂ']ﬂ’)Lﬂ‘Uﬂi:’ﬂ (C)GL'LI'NQE

Push-Pull Inverter

fdenldAn L1 =12 =150 uH
C1 = 6.8 nF
Cds1 =Cds2 =130 pF
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AINANNIT (3.9) , (3.10) , (3.14) azld

]Umax = IL2ma><

250 mA

vdsmax = B0V
Resonance frequency = 100 KHz
FeaziinAsing  warin g lunnsfiarnnniseenuuuiiawienti (L) uay wes s

(MOSFET) @vaziinun lmnadnd (Switch)

3.1.3 @IUNNLAN
< YV %3 d' o d ]
3.1.4.1 N19LRaN L EAIAL TN (L) Plsimnean
nisidenlddsmiiantn dudenldarsamdeniniiaiunduly asnaliluanue
andaziiaunauRnATaNadnd Ao 2993l ZVS (Zero Voltage Switching) usidnlden L

teefiuly A19es Vds aziidmnn vinliisieadenld MOSFET Aianunsanuusaiulige Feasd

TIATLLAN : :
20V/divi [\ _+—iL=51.3uH
1 [ A = L=104.2uH
2n i ~1L=150.0¢H

I g s/div

7ui 3.9 grna A udniusEwing Vs uax tnuzidenden L sing o iy
( Masahito Shoyama,Kuniyasu Horikoshi ,Thmotsu Ninomiya, Toshiyuki Zaitsu,

and Yasuhiro Sasaki *“ 0-7803-2704-2/97 © IEEE “)

3.1.42 ms@anldraiuilszs (C) Mlaimanzan

nadenlddviaiudszq ddenldasufudszaidmannduly asinls
Turuzaindaziiaussiunnasensing Ae 2easlidiflu 2VS (Zero Voltage Switching) usién
e L ieniuly Arves Vds asfidnunn wilidesdenld MOSFET fanansanuusaduly

49 T9RTHPIAUWS
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NNiadedl 3.1.4.1 uaz 3.1.4.2 aznuidn nsdenlfdiafiulszquazasamiiani
WU AzARIlANANTUS U A9aziin e fild iy 2vs (Zero voltage switching) T9azvinls

13JL?1@H’1?§(QLﬁﬂﬁ’lﬁﬂﬂﬁwmm?}msﬁ(Switchmg power losses) uazAn Vds laigaiuly g

'
=

asinlilideadenld MOSFET 7lsisnaunaifuagnud iy Aa31? 3.10

20 o T M
H
: o Expenment (CCFL. load).
j Simulation using Rs and Cs.
15 %
* o
' 1
e } 4
5 } 4
f 10 ? . -
2 r Non-ZVS region ‘
H 2
» &
5+
" ZVSregion 1
{ o ol
0 100 200 300

Li=L1=L2) (i H)

79 3.10 gunswmnnuduiugszudng ALLTEqUAZANA T 21
( Masahito Shoyama,Kuniyasu Horikoshi , Thmotsu Ninomiya, Toshiyuki Zaitsu,

and Yasuhiro Sasaki “ 0-7803-3704-2/97 © IEEE )

3.2 ms'a@mmmq%ﬁﬁLﬁmﬁ’mﬂpmmuqmﬁmﬁ(MOSFET)
nanantRvesa e laBianvinnuariesiues (Piezoeletric Transformer) uax
2943 Push-Pull inverter ABBINISHIIURAMNE 100 <Hz uazAmTNUHARTY I WA S
(Pulse) 2 ﬁmﬁmﬁuﬁwﬂmﬂm WAz BB9NNTAYA TiRa (Duty cycle) WU 50 % 3aa@aenld
IC L6598 w0913t ST Fafludn (Chip) z@%‘%@gﬂ‘?{@@nLLuum‘l,%muwwrﬁwmﬂuﬁqmuau

2949 Push-Pull inverter Iaganie
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BLOCK DIAGRAM
=
1
DE\'Cig‘.HCA\
Q LOAD
CONTROL <‘l:v e o
LOGIT 3 } EN2
'L Csz
e
51l 3.11 giluenlaazunsu (Block diagram) 18 IC L6598
3.2.1 YANN15YIN9IULRS Soft start time
Iss l Ifstart l Ifmin l
losc 556
= r . m
Css I
91071 3.12 aasTvineulunzIafT Soft start time
29
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NannazBusiunszug Iss azldanfa (Charge) Css vinliiausssunnAsand Css i

an¥oy Ramp voltage Tsazgniaasuilunszualae gm wazsiliddndneiy Ifstart uazlyl

o . o oaly u i ol A o &
UINTINAL [fmin Sﬁwaaw'ﬁﬂmxgnmmfaiﬁqwsmmmmmmmumsmu

Tose = Tppn + ('[fstart = ngcss(t)) (3.18)
V.
‘[OSC :Ifmin"_(I/’staft_gmi <3'19)
CSS
e rou e (3.20)
Rfmin
4
I, =—r 3.21
= e
VoY (3.22)
fit=0avld
1 1
I . (0)= — .
osc( ) |: e o R’SVBJ ref (3.23)
Ciela 7 = I—SS (3.24)
7t =Tsoft startazle
IOSC (tss) = -[fmin (3.25)
i linailgaiingaesannng 3.19 wihiuaud Moan ¢ = 7
y iz
azlé fie L C—55T55 =0 (3.26)
C.z
T, =—=fot (3.27)
ngSS
i 7, uisdduaes I, Tnannvwun 7 = £’;‘(L’t azl#an
Gl K
T, =—=fot (3.28)
gm'[fstart
C.K
T = (3.29)
Ie - K.Co (3.30)
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e K= 0.455/uF

o :// 0 ‘ 4? 1o 1 =l ] <
fati azlddn soft start time (7 ) azduagiiudn C,, ilesadnaien

X4

3.2.2 BANNITVINIUARINITALLA Pulse

"
v

fosc

S
—S
R
X8

717 3.13 asasnfindtyqurnseasdaian (Osillator Block)

i

—-4—-}0—4—4—

(3.30)

1.41

angili 3.13 azldaunisiiy
fmin =
Rfmian
AT Frn WWAUNU Ry 48Z Cr UAY Fr axgnassalyl Driving logic Feazldly

=470 pF

=30 k(2

=330nF . C,

Co
fmin

n#dU MOSFET 21 high uaz low Agild 3.11
R =dril) R

wanld

Frin = Fonion = Froy = 100KHZ sz T, = 49.5ms
AU ANAINDIRIRIATAYfaININNTNA1A21N D 1N sis T e Vs
31

azle
Fresonane) A99EW11H2983 Push Pull Inverter fapsinnuluuun ZVS (Zero voltage

switching) ﬂgilé’
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!
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'
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3.3 n15LRan biRaLutlea1n (L) bazN1TNUAIRULIUN
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¢
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317 3.15 glasasauyafaassaniiantin

angil 314 wamnsniBaudfisuasnisusivinindlusasauyadnngwillg

1%
Yo A

pagl 3.15 TeAn6iN9 7 anansamn sl
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Rg A8  Adusumunandudimanluiesuny (Air gap)
-
HoA

Ic A2 ANNENITBILNUIAAN

=) -8 .
lg A2 svazaasuasini (Air gap)

& -7
o AR 4mx10 H/m

= . P <
L AR ANASNYAILNULIAAN

& él/ d‘ Y o <
Ac AR AUNNUIAATBILNULUAN (Area core)
Aw AR WulAnudn9re9ninan (Area window)
Ap A2 Area product (Ap =Ac xAw)

B1

/L; ______________________

%

Without airgap With airgap

gi_lﬁ 3.16 LEUIAIANNANNUEITNING ANIDIEUINLLLIAN

LAZAMNNULUUNANT WAL BEN (B — H Curves)

a gl 3.15 wransnsnshand@emiuasnis il

N, .
¢ = —Rc P (3.31)
N.
. i 3.32
iu()/urAC /uOAT.‘
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ap

N e=N—"— (3.33)
at
snauns (3.32) unuaslugunish (3.33) azlg
e=N . Y, (3.34)
gt F L
- 4
Mo 1, A :uOAC
N? di
e= ’ = (3.35)
T
Mol Ae  HoAc
ar
N e=L— 3.36
o (3.36)
v 2
pasiuaz e L= L) (3.37)
Mol Ae o Ac
Tnailendinga Rg >> Re nnlsle
= /uO/4C/V2
Ig
AN
I vt (3.38)
L
3.3.1 NFAUINATNITIRLARSANS 9
33.1.1  wAnszuaggantuatiufamileath (im)
N Lo =T AI
2
o)
_ (200mA) + (200m,;)(25 %)
= 225mA
33.1.2  AINAINuUTsasnsazanlufawwmileaii (E)
ann Eos e
2
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P %x (150 4H)x (225mA)
- 3.7968.

3.3.1.3 A1 Area product (Ap)
s
REay:
e E Aa nasuiisasnisazanlumamiienin

K, =06 (AT )

1N

K :Ipeak o lpeak =\/§
'[/7775 Ipeak /\/z

J =3A/ mm?

B. = 0.27es/a

Yol A = (ABB)  _ 1491 mme
(0.6)(/2)(3)(0.2)

o

wnuiiaen1dAe EE13 Fatidnng G gl
A, = 6.20 x 4.00 = 24.80mm?
A =620x275= 17.05mm?
A, = 422.84mm>

F9AN 2D Apunu > ApAtuau

AUL @WN’]?G‘V]@;‘&‘HLLHM%I%H’W%@ﬂ@\‘ilmﬂﬁliﬂdLﬂﬂﬂ’lﬁ‘@uﬁl’lﬂlﬂ\‘mﬂumﬂﬂ

1 Qs s d ()
3314  AMUIATASRIATILUNITRUALUTEL ()

'[m 2
d=——/mm
J

a= 22Tsmm2 =0.075mm?

11181 a Nlalihilanise SW6 (nnakan)

sanuazladnseslfiduainiuas 30 (Ac = 0.07791)
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o v a °
3.3.1.5  [/1U9UTAU I UNITNUMALKT 91N (N)
LT

m

A B,
v SOEesmY e o
(17.05mm?)(0.2)

fanurusavnAunsla luluau s u i laau

felwazld N = 10 seu

33.1.6  Anusnvaswasui (Air gap : Ig)

Ig o 1110/4(.-/\/2
[
-7 2
;- oD (1(518)%'05”7’" ) _ 0.01428mm.
U

& Yy S v £ o Yy aowa & a o o o P
azdinlddn Ig Hanteesnndainlieanlunedlfin fufinsuausenitaasld 1g #
1n1u Ineinanause il 55 sau

@zléflg = 0.432 mm.
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NITNARBILLRSNANTITVNIAR B

4.1

Q a @ a I'd o a
nansnaaasilaladianvisnnauanasinaifauisig g

nmnaadlneldaunnliundeladidnisnnauatasinedanuel (1v, 2V uaz 5v)

o ' tdl ] d‘ [ s I8 d‘ a 42 d‘ dl PV~ o db
LL@$VI’]ﬂ"]§‘LL‘]J§‘ﬂ’]WJ']Nﬂ[§I’W\‘]’] LWBRAILNAREYTUITLRN NAMN ALY Gmmwimﬂumu

SN 5 //‘-x.\ o
55 3 N 7
N AL ;
TN P Oy \\_j,?-(:_
e
Y] : b \./

m SI00VAIN ChZ T 2000 Vidn  10T0ps div

917 4.1 (Raud 25 kHz)

i Vi g
GV,

2N
“- 1V GND

$00Viay  5.00Hs 7av

Ch1 5.00 Vias W0

7U7 4.3 (A9MD 90 kH2)

; ':\: :
\\\‘

A I’
A /
B

WA 500 Vi Ch2 2000 Vidiv 10,0 i

g1l 4.2 (AR 50 kH2)

7191 4.4 (A973id 100 kHz)
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Ch1 7 5700 Vids @B 5.00 Vi&v  S.00uS/av

517 4.5 (AW 110 kHz)

;

i

& ey
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T\ N.///;’ S =

: : E
, ;

h % Mo
:‘\ / \-
% \
)% 8
M o
A . / ;
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fe N £ LA V]

CHT5.00 Vi~ EiH S00mV/dr —2.00[s &

31l 4.7 (A3 175 kHz)

ZWin)

SHD
1y

{Vort)

GHD

e

Ch1 3.00 Vv @iP:  20.0 Viav  5.00{S/av

5171 4.6 (AIWD 160 kHz)

57
ri'd

GHD

{Veur)
3%
v
w

GHD

Viaw 8 1,00 V/as ~2.00HS /37

3107 4.8 (Aol 200 kHz)
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< al 1 a '
maeaglnanIaaasuazilFau A uyneie g

m*mﬁ ( kHz) Vi (V) Vo (V) Vo/Vi RHNEILNB)

25 1 0.08 0.080
50 1 8.00 8.000 0.5x Fr
90 1 1.40 1.400

100 1 9.60 9.600 Fr

110 1 2.00 2.000

160 1 7.20 7.200 1:5xFr

175 1 0.22 0.220

200 1 0.36 0.360 2xFr
25 2 0.24 0.120
50 2 13.60 6.800 0.5x Fr
90 2 2.40 1.200

100 2 16.00 8.000 Fr

110 2 3.20 1.600

160 2 12.00 ©.000 1.5x Fr

175 2 0.34 0.170

200 2 0.64 0.320 2xFr
25 5 0.48 0.096
50 5 28.00 5.600 0.5xFr
90 5 4.80 0.960

100 5 36.80 7.360 Fr

110 5 6.80 1.360

160 5 25.60 5.120 1.5xFr

175 5 0.84 0.168

200 5 1.32 0.264 2xFr
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a = a a d 4
42  M9NaaatNesuttlaldaanninnsudanasiNes
(Push Pull Inverter)

R e PR e
? 1 J!f 10V idiv
] Rl air ~—=GNID
Vsl i 5
7 : 10V div
e oy
Vdsl — <« GND
W — ! , ™, ; 0.1TA/d
e 5 - TA/din
7 g
b el vt
o OND)
= e 10V idiv
\,gsz Y «GND
X 3 ‘.f‘ i -~
il s P £ =
‘) '..l ! : { 10Vidin
L i
et 3 i
Vds2 | '."‘ /
b SR S oo o o -GN
5ol = | b 0.0 AAdis
/\ \ \_ iz g :
oy ey o 7 o 4 r A « OGN
- /\ ;| — ‘ 1OV /din
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; N b e
""‘. ,’*J )i"'a w— (N
v':' J H ‘."
b ‘1{ i B
3 7 e
g |
!

! — — . 100V din
Voult "-= {5 *,
2 i ..."... H fif i J - GND

717 4.9 nsdnaeslneauiaaed U7 4.10 1A’ INNIIMAASY

(Simulation By Pspice 9.1 Student Version) (Experiment)
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51  dgdaanigsiiiuau
neneaaiunisudasusasulndiinszuansadunssuladfanssuanss (DC-DC
Converter) luansnuzaainisulausimulwinlmandy anlnifinnscuanss 5 Tas 1y

124 Taag Inafilaaminainu (Voltage Gain) Uszunns 25 win

o Y

o < o . .
AMNNANIINAADS N1ULeLT e lansuanasiuas (Piezoelectric transformer) unld

EY] < -] 9 1 a a =K o 2 o‘/ Yo
wnungdanasuuuununan fnldiarunsoantloymisng 7 Iinuiundeutasvialyl lameil

©

5.1.1. TUIARASINUINUDI2995

ANNSNARBIENANTDTIAZNlH9As fawaiiuiasinsinaunaunnsguld uay
daanunsadilfaunadnaclulddn  driinnssiginsailssinn SMD  (Surface Mount
Device) nldanu sademliiminaesasanasll1&an feanmnzanfuneinly 19y

gunsaldszinnnning

5.1.2. maiiansgLRei1aslnwrauesdInd (Switching power losses)
19991n8n15%12998  Push-Pull Inverter 1 l4iflunsasdy (Drive) fiastleil-

newanafiied inlifanissdndiussdudandugud inldlidansgoudeingainginly

U

v
< v

,  Ha X o ey s a PN
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o

e ; ala X oo o
RINNITNARBDINHIUNN ﬁﬂ._j‘ﬁ']ﬂ’m 7 NNAYUINNNNTNANDIN AL

52.1 wuasaslWuasieas
52.1.1 fym
ifigannasasi ludasnisunsssng Wiy (Power supply) 2 94 e unasaneln
12 106598 ﬁlﬁﬁlumﬂﬁﬁﬂLﬁmﬁmm’]mmuammmﬂm (MOSFET) WaZlhnadaneiksimis
i Raginlulasinldgaiu snlfRnanudsenntunsaneds
5.2.1.2 wuamslunisunla

-

anaaziinisihladisnnsmes (Regulator) 1w wwaf 7805 unldlunisusisusedin d
=

a1elifled nldlunisacuny (L6598) Gedlaua 12 Taadl livdeiiles 5 Toasl vinlHanunsn

Uunasanaiiengamealine 12 Taas

Qs a o 1
9.2.2 mmummmmm’tmgtﬁu'lﬂ
5.2.2.1 flym
-ﬂl < dl -] o o/ zai o o ' 1 ell [ v
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qVIO'I iﬁmﬁ‘ami‘mmmmqw?ET@MMN']m‘ﬁﬂﬁu’mwi’lﬁm&

5222 wuanisiunisunla

a ] a o aﬁl | o o 1 dll c:/dil/ [ el'd < ' .if =2 =l o
ARFAALTENTITUAUNUANLUNE WD AYTRLNUMANTNIVIAEANNGN T T9d 1y FA

2198 UAN (Catalogue) ALFTHNAANNTU WFBN15RITAN19BUADS LA

' a
523 ﬂquﬁ?quﬂﬂ’ﬂﬂﬂﬂ’Q?LLﬂULﬁu‘lﬂ

5.2.3.1 um

ddl = o v o dl [l d‘d’ % [ % d’

annisiilalansuanefinefiasnianuitiunnudnganndasty  Aanudisls-

uuwd (Resonant Frequency) Wintiu inldiennuinasasuAueiny (Output) Tdulianx
o ddl v v .

FLAUNABINTT LA

5.2.3.2 wuamslunisunla

il dnuiugnsaifldsiasnismsi/aeuutlasiussiuvdanisy (Load) s
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PAGE

1

Eo DIMENSIONS ELECTRICAL
SPECIRECATION SUBJECT CHARACTERISTICS DATE 2001.07.07
MODEL NO.
CUSTOMER |1 .{ PARTNO.
Megartiard L) pastherstop— PRI
TERIAL | Pb-Ti-Z
ITEM PT114R0-01 )y | nil | mm [MATERIAL |FO-Tizs
MADE BY CHECKED BY APPROVED BY
= - — 5
24 B 191 % 3
I.SHAPE & DIMENSIONS: ]
L{(mm) 37.4+03
W{(mm) 7.8+0.2
= T(mm) 3.4max
e = D.(mm) B
_HEAEEA
2. ELECTRICAL CHARACTERISTICS:
e SPEC ITEM SPEC TEST EQUIPMENTS:
P 4.0W Fr 97+2KHz | ] AGILENT 4294A PRECISION
; ; S - : IMPEDACE ANALYZER
S R e = [ NF WAVE FACTORY-1942
Co | 75PFs15% | Pypi | 90%min | NF HSA 4011 AMPLIFIER
I GW BNSTEK OSCILLOSCOPE
R aoore GOS6103€
DRAWING REMARK: CUSTOMER SUGGESTION:




Wire Size Table

SWG Diameter with Area of bare R/Km@200C Weight
enamel (mm) jconductor (mm?2) OhmoC Kg/Km
45 0.086 0.003973 4340.0 0.0369
44 0.097 0.005189 3323.0 0.0481
43 0.109 0.006567 2626.0 0.0610
42 0.119 0.008107 2127.0 0.0750
41 0.132 0.009810 175870 0.0908
40 0.142 0.116750 1477.0 0.1079
39 0.152 0.137000 1258.0 0.1262
38 0.175 0.018240 9452 0.1679
37 0.198 0.023430 359 0.2202
36 0.218 0.292700 589.1 0.2686
35 0.241 0.035750 482.2 0.3281
34 0.264 0.042890 402.0 0.3932
33 0.287 0.050670 340.3 0.4650
32 0.307 0.059100 291.7 0.5408
31 0.330 0.068180 252:9 0.6245
30 0.351 0.077910 2213 0.7121
29 0.384 0.093720 184.0 0.8559
28 0.417 0.111000 155.3 1.0140
27 0.462 0.136300 126.5 1.2450
26 0.505 0.164200 105.0 1.4990
25 0.561 0.202700 85.1 1.8510
24 0.612 0.245200 70.3 2.2330
23 0.665 0.291900 59.1 2.6550
22 0.770 0.397300 434 3.6070
21 0.874 0.518900 33.2 4.7020
20 0.978 0.656700 26.3 5.9390
19 1.082 0.810700 21.3 7.3240
18 1293 1.167000 14.8 10.5370
17 1.501 1.589000 10.8 14.3130
16 1.709 2.075000 8.3 18.6780
15 1.920 2.627000 6.6 23.6400
14 2.129 3.243000 53 29.1500
13 2.441 4.289000 4.0 38.5600
12 2.756 5.480000 31 49.2200
14 3.068 6.818000 25 61.0000
10 3.383 8.302000 241 74.0000
9 3.800 10.510000 1.6 94.0000
8 3.219 12.970000 1.8 116.0000
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L6598

HIGH VOLTAGE RESONANT CONTROLLER

m HIGH VOLTAGE RAIL UP TO 600V

& dV/dt IMMUNITY £50V/ns IN FULL
TEMPERATURE RANGE

® DRIVER CURRENT CAPABILITY:
250mA SOURCE
450mA SINK

B SWITCHING TIMES 80/40ns RISE/FALL WITH
1nF LOAD

8 CMOS SHUT DOWN INPUT
m UNDER VOLTAGE LOCK OUT

® SOFT START FREQUENCY SHIFTING
TIMING

m SENSE OP AMP FOR CLOSED LOOP
CONTROL OR PROTECTION FEATURES

m HIGH ACCURACY CURRENT CONTROLLED
OSCILLATOR

m INTEGRATED BOOTSTRAP DIODE
m CLAMPING ON Vs
m SO16, DIP16 PACKAGES

DESCRIPTION
The L6598 is manufactured with the BCD OFF LINE

SO16N

DiP16

ORDERING NUMBERS:

L6598 L6598D

technology, able to ensure voltage ratings up to
600V, making it perfectly suited for AC/DC Adapters
and wherever a Resonant Topology can be benefi-
cial. The device is intended to drive two Power MOS,
in the classical Half Bridge Topology. A dedicated
Timing Section allows the designer to set Soft Start
Time, Soft Start and Minimum Frequency. An Error
Amplifier, together with the two Enable inputs, are
made available. In addition, the integrated Bootstrap
Diode and the Zener Clamping on low voltage sup-
ply, reduces to a minimum the external parts needed
in the applications.

BLOCK DIAGRAM
-:"_l i
12

Rfmin

- OP AMP l = 16 1 Veoor T
oPOUT 1 s J -L

opi: &8 w BOOTSTRAP HVG 15 § HvG =

7 DETECTION DRIVER DRIVER RO
OPIN+ 14

—0) a LOAD
t out
Hmin v
REF LEVEL V.
»| DEAD w| DRVING ™™ qpreg s
TIME LoGIC
4
LVG DRIVER

GND

CONTROL

r EN1

LOGIC

] Vthe2

+ EN2

HK

Css D9BIN887A

February 2000
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L6598

PIN CONNECTION

Css 1 1 e 16 |1 VvBOOT
Rfstart [} 2 15 15] HVG
ct g 3 14 h ouT
Rfmin [} 4 13 Bl NC.
OPOUT [} 5 12 18 Vg
OPIN- [} 6 11 ] LVG
OPIN+ [} 7 10 [ 1 GND
EN1 [} 8 9 ] EN2
DI8INE8S
THERMAL DATA
Symbol Parameter SO16N DIP16 Unit
Rithj-amb | Thermal Resistance Junction to Ambient 120 80 °C/W
PIN FUNCTION
N. Name Function
1 Css Soft Start Timing Capacitor
2 Ristart | Soft Start Frequency Setting - Low Impedance Voltage Source - See also Ct
3 Ct Oscillator Frequency Setting - see also Rmin, Rfstart
4 Rfmin | Minimum Oscillation Frequency Setting - Low Impedance Voltage Source - See also Cs
5 OPoyt | Sense OP AMP Output - Low Impedance
6 OPon- | Sense Op Amp Inverting Input - High Impedance
. OPgn+ | Sense Op Amp Non Inverting Input - High Impedance
8 EN1 Half Bridge Latched Enable
9 EN2 Half Bridge Unlatched Enable
10 GND | Ground
41 LVG Low Side Driver Output
12 Vs Supply Volatge with Internal Zener Clamp
13 N.C. [ Not Connected
14 OUT [High Side Driver Reference
15 HVG | High Side Driver Output
16 Vboot | Bootstrapped Supply Voltage

2/16
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L6598

ABSOLUTE MAXIMUM RATINGS

Symbol Parameter Value Unit
Is Supply Current at Vg (*) 25 mA
Ve Low Side Output 14.6 Vv
VouT High Side Reference -1 to Voot -18 V
Vuve High Side Output -1 to Voot \
VBooT Floating Supply Voltage 618 \Y
dVeooTsdt | VBOOT pin Slew Rate (repetitive) +50 V/ns
dVoutst | OUT pin Slew Rate (repetitive) +50 V/ins
Vi Forced Input Voltage (pins Rfmin, Rfstart) -0.3to5 \
Vic Forced Input Volatge (pins Css, Cf) -03to5 \Y
Ven1, Venz | Enable Input Voltage -0.3to5 \%
lent len2 | Enable Input Current 13 mA
Vopc Sense Op Amp Common Mode Range -0.3to5 \
Vopd Sense Op Amp Differential Mode Range -5to5 \%
Vopo Sense Op Amp Output Voltage (forced) 46 \%
Tstg Storage Temperature -40 to +150 °C
Tj Junction Temperature -40 to +150 °C
Tamb Ambient Temperature -40 to +125 °C

(*) The device is provided of an internal Clamping Zener between GND and the Vs pin, It must not be supplied by a low impedance voltage

source.

Note : ESD immunity for pins 14, 15 and 16 is guaranteed up to 900 (Human Body Model).

RECOMMENDED OPERATING CONDITIONS

Symbol Parameter Value Unit
Vg Supply Voltage 10 to Vg \

Vout (*) High Side Reference -1to Vboot-V \Y

Vboot (*) | Floating Supply Rail 500 \%
fmax Maximum Switching Frequency 400 kHz

(*) Ifthe condition Vboot - Vout < 18 is guaranteed, Vout can range from -3 to 580V.
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ELECTRICAL CHARACTERISTCS (Vs = 12V; VBoOT - VOUT = 12V; Tamb = 25°C)

Symbol | Pin Parameter Test Condition Min. Typ. Max. Unit
SUPPLY VOLTAGE
Vsuvp 12 | Vs Turn On Threshold 10 10.7 114 Y
Vsun Vs Turn Off Threshold 73] 8 8.7 \Y
Vsuh Supply Voltage Under Voltage 27 \Y
hysteresis
Ve Supply Voltage Clamping 14.6 15.6 16.6 \
Isu Start Up Current Vs < Vsuvn 250 uA
Iq Quiescent Current, fout = Vs > Vsuvp 2 mA
60kHz, no load
HIGH VOLTAGE SECTION
Ihootleak 16 | BOOT pin Leakage Current VBooT = 580V 5 mA
loutleak 14 | OUT pin Leakage Current VouT = 562V 5 mA
Rdon 16 | Bootstrap Driver On Resistance 150 Q
HIGH/LOW SIDE DRIVERS
Ihvgso 15 | High Side Driver Source Current | Viya-VouTt = 0 170 250 mA
Ihvgsi High Side Driver Sink Current VHve-VeooT=0 300 450 mA
livgso 1 Low Side Driver Source Current |V yggnp =0 170 250 mA
Ivgsi Low Side Driver Sink Current Vivg-vs=0 300 450 mA
trise 15,11 | Low/High Side Output Rise Time | Cjoaq = 1nF 80 120 ns
tral Cioad = 1nF 40 80 ns
OSCILLATOR
DC 14 | Output Duty Cycle 48 50 52 %
frmin Minimum Output Oscillation Ci = 470pF; Rimin = 50k 58.2 60 61.8 kHz
Frequency
fstart Soft Start Output Oscillation Ct = 470pF; Rimin = 50k; 114 120 126 kHz
Frequency Restart = 47k
Vref 2,4 | Voltage to Current Converters 2 2
Threshold :
tq 14 | Dead Time between Low and 0.2 0.27 035 us
High Side Conduction
TIMING SECTION
Kss 1 Soft Start Timing constant Cgs = 330nF 0115 | 0.15 | 0.185 | s/uF
4/16 ‘77




L6598

ELECTRICAL CHARACTERISTCS (continued)

Symbol | Pin Parameter Test Condition Min. Typ. Max. Unit
SENSE OP AMP
Iis 6, 7 | Input Bias Current 0.1 HA
Vio Input Offset Voltage -10 10 mV
Rout 5 Output Resistance 200 300 Q
lout- Source Output Current Vout = 4.5V 1 mA
lout+ Sink Output Current Vout = 0.2V 1 mA
Vic 6,7 | OP AMP input common mode -0.2 3 \
range
GBW Sense Op Amp Gain Band 1 MHz
Width Product
Gdc DC Open Loop Gain 80 dB
COMPARATORS
Vihe1 8 Enabling Comparator Threshold 0.56 0.6 0.64 \
Vihe? 9 Enabling Comparator Threshold 1.05 1.2 1.35 \Y
tuise 8,9 | Minimum Pulse lenght 200 ns
Figure 1. EN2 Timing Diagrams
1 1 I 1 1
Vs : ! e :
1] 1 1 1 ]
! 1 ] 1 1
1 1 i 1 1
1 1 [} 1 ]
1 1 1 1 1
i N EET :
] 1 1 ! 1
fout fstart ¥ ; , — :
\ fmin e SEE
] ) ] 1
1 1
1 1 ] 1 1
] i 1 1 1
] 1 1 1 1]
j ' ' : '
1 1 1 1 ]
EN2 ' ‘ i
I ] [}
1 1 1
i i . n
! 1 1 ]
1 1 1 1
1 1 1 1
1 1 i
Vess ‘ : :
i d g
1 1 1
1 1 1
i g 0
Tss Tss  D9sinesg

4
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Figure 2. EN1 Timing Diagrams

HVG H H
’—I T b . '_l FElaiEL
LVG : :
B EE FLET
EN1 3] '
EN2 ”
l : DIBINEID

Figure 3. Oscillator/Output Timing Diagram

g

HVG

LVG

DY8IN8S7

High/Low Side driving section

An High and Low Side driving Section provide the proper driving to the external Power MOS or IGBT. An high
sink/source driving current (450/250 mA typ) ensure fast switching times also when size4 Power MOS are used.
The internal logic ensures a minimum dead time to avoid cross-conduction of the power devices.

Timingand Oscillator Section

The L6598 is provided of a soft start function. It consists in a period of time, Tss, in which the switching frequen-
cy shifts from fstart to fmin. This feature is explained in the following description (ref. fig.4 and fig.5).
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Figure 4. Soft Start and frequency shifting block

Iss ‘ Ifstart l

0SsC

During the soft start time the currentlss charges the capacitor Css, generating a voltage ramp which is delivered
to a transconductance amplifier, as shown in fig. 4. Thus this voltage signal is converted in a growing current
which is subtracted to kstart. Therefore the current which drives the oscillator to set the frequency during the soft

start is equal to:

, 9!
losc = Ifmin+(Ifstart*9mVCss(t)) = Ifmin+(lfstart_ (r:nsst) (1]
ss -

V V
S REER s REF
where |0 = R ltsart = 5= Vrer = 2V 2

fmin Rfstart

Atthe start-up (t=0) the L6598 oscillates at fstart, set by:

1 1
losc(0) = ltmin * listart = VREF( +R ) (3]

fmin fstart

At the end of soft start (t = Tss) the second term of €q.1 decreases to zero and the switching frequency is set
only by Imin (i.e. Rfmin):

Vv
I = eREE
Iosc(Tss) 5 ‘fmin i R [4]
fmin
Since the second term of eq.1 is equal to zero, we have:
gm'ss = = Csslfstart
'fstart‘—c Tgs =0 Tgg = T (5]
SS m'ss

Note that there is not a fixed threshold of the voltage across Css in which the soft start finishes (i.e. the end of
the frequency shifting), and Tgg depends on Css, lfstart, gm, and Iss (eq. 5). Making Tss independent of fstart,
the Iss current has been designed to be a fraction of kg, so:

| €.l c
fstart ss fstart Ss
lag = = 2280 5 Tag = —= 5 Tgq —kasCas [6]
SS SS SS SS SS¥SS
gmlfstartK ng

In this way the soft start time depends only on the capacitor Css. The typical value of the kss constant (Soft

‘YT 7/16




L6598

Start Timing Constant) is 0.15 S/UF.
The current losc is fed to the oscillator as shown in fig. 5. Itis twice mirrored (x4 and x8) generating the triangular
fig.5), a good relationship

wave on the oscillator capacitor Cx. Referring to the internal structure of the oscillator (
to compute an approximate value of the oscillator frequency in normal operation is:

1.41
in = —— [7
™0 RiniC "

The degree of approximation depends on the frequency value, but it remains very good in the range from 30kHz

to 100kHz (figg.6-10)
Figure 5. Oscillator Block

X4

losc

Vth+

oy

s | o

Vth-

X8

g
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Figure 6. Typ. fmin vs. Rfmin @ Cf = 470pF Figure 9. Typ. (fstart-fmin) vs. Rfstar @

Cf = 470pF

fmin D98INEI1 5

(KHz) Af DIBINGSS
(KHz)

100
100 \

80 Rfmin=100KQ
\

80 \
60 \\ - \\
. ol : &

20 Bl ¥
20 40

[~
60 80 100 Rmin(KL) 20
20 40 60 80 100 Ristart(KQ)
Figure 7. Typ. (fstart-fmin) vs. Rfstar @
Cf = 470pF Figure 10. fmin @ different Rf vs Cf
Af DI8INGS2 fmin
(KHz) (KH2)

=19.9Kchm - calc.

Rf
80 \ \/ Rf=19.9K
' =19.9Kohm- meas.
\ ; 400 “‘/
Rfmin=33KQ
T

N .

\ Rf=90Kohm - meas.
40 Sl '
\ 2k Rf=90Kohm - calc.
\\ N <
2 el i o
20 40 60 80 100 RemiKO) 0 200 4ng agn
Figure 8. Typ. (fstart-fmin) vs. Rfstar @
Cf = 470pF

Af D98INEI3

(KHz)

100 \

\ Rfmin=50KQ
80 \
60 \\
\
40 \\
S~
20
20 40 60 80 100 Rigtar(KQ)
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Bootstrap Section

The supply of the high voltage section is obtained by means of a bootstrap circuitry. This solution normally re-
quires an high voltage fast recovery diode for charging the bootstrap capacitor (fig. 11a). In the L6568 a patent-
ed integrated structure, replaces this external diode. It is realised by means of a high voltage DMOS, driven
synchronously with the low side driver (LVG), with in series a diode, as shown in fig. 11b.

Figure 11. ootstrap driver

DBooT

Pt

Vs VBOOT

Vs VsooT
O—t
Bl s | ) [—o—]
CBoo1

-_-J= CsooT f B l
I Vour
Vout L

a b

To drive the synchronised DMOS it is necessary a voltage higher than the supply voltage Vs. This voltage is
obtained by means of an internal charge pump (fig. 11b).

The diode connected in series to the DMOS has been added to avoid undesirable turn on of it. The introduction
of the diode prevents any current can flow from the Vpoot pin to the Vs one in case that the supply is quickly
turned off when the internal capacitor of the pump is not fully discharged.

The bootstrap driver introduces a voltage drop during the recharging of the capacitor Choot (i.€. when the low
side driver is on), which increases with the frequency and with the size of the external power MOS. Itis the sum
of the drop across the Rpson and of the diode threshold voltage. At low frequency this drop is very small and
can be neglected. Anyway increasing the frequency it must be taken in to account. In fact the drop, reducing
the amplitude of the driving signal, can significantly increase the Rpson of the external power MOS (and so the
dissipation).

To be considered that in resonant power supplies the current which flows in the power MOS decreases increas-
ing the switching frequency and generally the increases of RDSON is not a problem because power dissipation
is negligible. The following equation is useful to compute the drop on the bootstrap driver:

Q

Vdrop ™ IchargeRdson + Viiode = Vdrop = T Rason * Vdioge [8]
charge

where Qg is the gate charge of the external power MOS, Rdsonis the on resistance of the bootstrap DMOS, and
Tcharge is the time in which the bootstrap driver remains on (about the semiperiod of the switching frequency
minus the dead time). The typical resistance value of the bootstrap DMOS is 150 Ohm. For example using a
power MOS with a total gate charge of 30nC the drop on the bootstrap driveris about 3V, at a switching fre-
quency of 200kHz. In fact:

= 30nC 4500 +0.6V~2.6V

drop Y P P3us

To summarise, if a significant drop on the bootstrap driver (at high switching frequency when large power MOS
are used) represents a problem, an external diode can be used, avoiding the drop on the Rpgon of the DMOS.
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OP AMP Section

The integrated OP AMP is designed to offer Low Output Impedance, wide band, High input Impedance and wide
Common Mode Range. It can be readily used to implement protection features or a closed loop control. For this
purpose the OP AMP Output can be properly connected to Remin pin to adjust the oscillation frequency.

Comparators

Two CMOS comparators are available to perform protection schemes. Short pulses (>=200ns) on Comparators
Input are recognised. The EN1 input (active High), has a threshold of 0.6V (typical value) forces the L6598 in a
latched shutdown state (e.g. LVG Low, HVG low, Oscillator stopped), asin the Under Voltage Conditions. Nor-
mal Operating conditions are resumed after a power-off power-on sequence. The EN2 input (active high), with
a threshold of 1.2V (typical value) restarts a Soft Start sequence (see Timing Diagrams). In addition the EN2
Comparator, when activated, removes a latched shutdown caused by EN1.

Figure 12. Switching Time Waveform Definitions
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Figure 13. Dead Time and Duty Cycle Waveform Definition
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Figure 14. Typ. fmin vs. Temperature

fmin D9EING95
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Figure 15. Typ. fstart vs. Temperature
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Figure 16. Vs thresholds and clamp vs temp.
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Figure 17. Start Up Current vs Temperature
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Figure 18. Quiescent Current vs Temperature
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Figure 19. HVG Source and Sink Current vs.

Temperature
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Figure 20. LVG Source and Sink Current vs.

Temperature
livg
(mA)
500 \\
400 i \\\
IYg sink curr.
300 |
200 llvg seurce curr.
100
-50 0

50
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Figure 22. Wide Range AC/DC Adapter Application

Figure 21. Soft Start Timing Constant vs.
Temperature
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DIM. AR eh OUTLINE AND
MIN. | TYp. | max. | Min. | TYP. | mAX. MECHANICAL DATA
al 0.51 0.020
B 0.77 1.65 | 0.030 0.065
b 0.5 0.020
b1 0.25 0.010
D 20 0.787
E 8.5 0.335
e 2.54 0.100
e3 17.78 0.700
F 7.1 0.280
| 51 0.201
L 33 0.130
DIP16
Z 1.27 0.050
= 3
k] S
Sl S
o bt
Sl e, L
“ b B I e L
Z | ‘ E
i e3 . l
D
o e e o i s L ‘
% )
[ 5
1 8
65 L e ;
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L6598

DIM. mm inch
MIN. | TYP. | MAX. | MIN. | TYP. | MAX.
A 1.75 0.069
al 0.1 0.25 | 0.004 0.009
a2 1.6 0.063
b 0.35 0.46 | 0.014 0.018
b1 0.19 0.25 | 0.007 0.010
C 0.5 0.020
c1 45° (typ.)

D(1)}] 9.8 10 | 0.386 0.394
E 5.8 6.2 |0.228 0.244
e 1.27 0.050
e3 8.89 0.350

F@) | 38 4 |0.150 0.157
G 4.6 5.3 |0.181 0.209
L 0.4 1.27 | 0.016 0.050
M 0.62 0.024
S 8°(max.)

(1) D and F do not include mold flash or protrusiors.

OUTLINE AND
MECHANICAL DATA

SO16 Narrow

Mold flash or potrusions shall not exceed 0.15mm (.006inch).
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Information fumished is believed to be accurate and reliable. However, STMicroelectronics assumes no responsibility for the consequences
of use of such information nor for any infringement of patents or other rights of third parties whichmay result from its use. No license is granted
by implication or otherwise under any patent or patent rights of STMicroelectronics. Specifications mentioned in this publication are subject
to change without notice. This publication supersedes and replaces all information previously supplied. STMicroelectronics products are not
authorized for use as critical components in life support devices or systems without express written approval of STMicroelectronics.

The ST logo is a registered trademark of S TMicroelectronics
& 2000 STMicroelectronics - All Rights Reserved
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International

1¢R| Rectifier

PD-9.385H

IRFD120

HEXFET® Power MOSFET

e Dynamic dv/dt Rating

® Repetitive Avalanche Rated

® For Automatic Insertion

End Stackabie

175°C Operating Temperature
Fast Switching

¢ Ease of Paralleling

® @ o

Description

Third Generation HEXFETSs from International Rectifier provide the designer
with the best combination of fast switching, ruggedized device design, low

RDS(O!’I) = 027Q

on-resistance and cost-effectiveness.

The 4-pin DIP package is a low cost machine-insertable case style which can
be stacked in multiple combinations on standard 0.1 inch pin centers. The dual
drain serves as a thermal link to the mounting surface for power dissipation
levels up to 1 watt.

HD-1
Absolute Maximum Ratings
Parameter Max. Units
Ip@ Tc=25°C |Continuous Drain Current, Vgs @ 10V 13
Ip @ Tc=100°C | Continuous Drain Current, Vgs @ 10V 0.94 A
o Pulsed Drain Cuitent ® 10
Po @ Tc=25°C |Power Dissipation 1.3 W
1 Linear Derating Factor 0.0083 WrC
! Ves Gate-to-Source Voltage +20 \%
Eas Single Pulse Avalanche Energy @ 100 md
lar Avalanche Current ®© 13 A
Ear Repetitive Avalanche Energy © 0.13 mJ
dv/dt Peak Diode Recovery dv/dt ® 55 Vins
Ty Operating Junction and -65 to +175
Tsta Storage Temperature Range °C
Saoldering Temperature, for 10 seconds 300 (1.6mm from case)
Thermal Resistance
Parameter Min. Typ. Max. | Units
Raua Junction-to-Ambient — 120 °C/W

503




IRFD120

TOR

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

@ Repetitive rating; pulse width limited by
max. junction temperature (See Figure 11)

@ Vpp=25V, starting Ty=25°C, L=22mH
Re=25%, Ias=2.6A (See Figure 12)

Parameter Min. | Typ. | Max. | Units Test Conditions
V(eRiDSS Drain-to-Source Breakdown Voltage 100 | — — V | Vas=0V, Ip= 250pA
AV grypss/ATy| Breakdown Voltage Temp. Coefficient — | 0.13 | — | V/°C |Reference to 25°C, Ip= 1mA
| Rosion) Static Drain-to-Source On-Resistance | — | — | 027 | Q |Vas=10V, Ip=0.78A @
Vasith) Gate Threshold Voltage 2.0 — 4.0 V | Vos=Vas, b= 250uA
Ots | Forward Transconductance 080 | — — S | Vbs=50V, Ip=0.78A @
lpss Drain-to-Source Leakage Current : = 225% HA ¥§Z;$Y§Z;SZ3VTJ=1 50°C
e Gate-to-Source Forward Leakage — — | 100 A Vas=20V
Gate-to-Source Reverse Leakage — — | -100 Vas=-20V
(G Total Gate Charge S P T Ip=9.2A
Qgs Gate-to-Source Charge — — | 44 | nC |Vps=80V
Qgd Gate-to-Drain ("Miller") Charge — — 7.7 Vas=10V See Fig. 6 and 13 ®
ta(on) Tum-On Delay Time — 68— Vpp=50V
te Rise Time — 27 — e Ip=8.2A
to(of Tum-Off Delay Time — 18 | — Re=18Q
t Fall Time — Wil — Hp=5.2Q See Figure 10 @
: Between lead, o
Lo Internal Drain Inductance — 40 | — 6 mm (0.25in.)
w i (5
Ls Internal Source Inductance — | 60 | — 3{; c%en?a%;O 1
Fass Input Capacitance — | 360 | — Ves=0V :
e Output Capacitance — | 150 | — | PF [Vps=25V
| Cres Reverse Transfer Capacitance — 34 | — f=1.0MHz See Figure 5
Source-Drain Ratings and Characteristics :
Paramster Min. | Typ. | Max. | Units Test Conditions
Is Continuous Source Current Lol MOSFET symbol 0
(Body Diode) 7 A showing the
Ism Pulsed Source Current L e integral reverse ¢
(Body Diode)} @ p-n junction diode. s
Vsp Diode Forward Voltage — — | 2.5 V | T&=25°C, Is=1.3A, Vas=0V @
ter Reverse Recovery Time — | .130 | 260 | . ns |Ty=256°C, Ir=0.2A
Qn Reverse Recovery Charge — | 065 | 1.3 | uC |di/dt=100A/us @
ton Forward Tum-On Time Intrinsic tum-on time is neglegible (turn-on is dominated by Ls+Lp)
Nates:

® Isps8.2A, difdis110A/us, Vpp<V(eR)oss,

Ty<175°C

@ Puise width < 300 ps; duty cycle <2%.
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Ip, Diain Current (Amps)

Ip, Drain Current (Amips)
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Fig 1. Typical Output Characteristics, Fig 2. Typical Output Characteristics,
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Appendix A: Figure 14, Peak Diode Recovery dv/dt Test Circuit — See page 1505
Appendix B: Package Outline Mechanical Drawing — See page 1507

Appendix C: Part Marking Information — See page 1515
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