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How to Eliminate Over Stress of MOSFET during Start-up of Flyback Converter

=
ARIEFSARE =R IR T A0 FAROM RS =R s 7 R
B MOSFET 28] | ¢ i€ RICHTEK A AR EIT)
RG] R8BS E FE BLRARE S A
ZIETIGRI A ¢ BRARA AWEEEEF (L RCD 4R{ET=RRR T R
sat o ATERSC R A TR R S Sty - 1=
SHEATER R (EFARE R EE MOSFET ZJES] » #thake
m e L PRI - DUSR e s E 2 AT SR -

— FIE

PR AL E RS (Switching Power  Supply) fHE 45 ME(EE
JRBtERS (Linear Power Supply) EARERA/N ~ EEEEE ~ &
iSRRG NI R - VRO — K
AEHags(Flyback Converter) ; HIF AW RGRFERE - SEREA
FERGEE ~ ZAFEUD ~ AR TR BB BRI 150W
PUFHYEIR 25 -

FHRETT Power MOSFET #3j # U)iA d A RS B B 1y
AR A BR AR S A RS R MOSFET 28] | »

R AR FERI S PRaT 2 SR - AR Rt A B e st

[EFARERE ~ REERERET = AT B A RO bR

A SR BB AR MOSFET 2B fE S -

~ RBEIERIERSET — RICHTEK BRI #REREEITI5E

— Ry AR AR FEFH BB - L RICHTEK RT7736 — %
TUFLAF ) P ARt O 25 AR T F SR 2128 - (F B
il - £% RT7736 Datasheet - LifE FHilE » 41E —FiT :
& VDD EREEE| RT7736 254 1C B &SR (Vn_on) » 12
il |C Bl ey Brda (- #21 |C FRta S F & SoRUEER B @ TRE (Soft
Start, SS) «

[

ELU**

P 1C N Z & ws(Oscillator) 7 A= AR HFZ (Clock) A E S-R
#2:85425(S-R Flip-Flop).Z S Iiii(Set) 5 (1% 8B (Vcomp) BUE
I5#(Constant Power) > 27 PEAIERSE (Current Limit» Ves cl) 0
(] 52 B JRR B B O PR I e — 3 I B R e (R R R B F B B A
M 88 PH (Res) 2 B BE (Ves) £ H1 Bk OF7 5 1% EE 8% 28 (PWM
Comparator)fifi# S-R #2825 R Uii(Reset) » JuiE R
(GATE) Z kI 5% -

v

Oo+—\ s ' . Y Vot
M\ Mains =L 1 l I
(90V to 265V) J T I
R R I * | R
O+ MWD | __L +O Vo
. —W _ :
I ___
! H
R J

. comp 0 GaTE
“ RICHTEK
_ c';ﬂ? cs

— - BEGRES IS SR B

ANO10

© 2014 Richtek Technology Corporation 1



Application Note

RICHTEK

VDD(5)
{
VTH,H b
IBM(# Vot >
L
PROG)LT Latch OVE i
Vrn L é—tzw
ov 308 Cnen proacton " | Shutdown |
Logic [Por]
UVLO
Brownout Y
Sensing Counter ._@m
COMP O - _|
Sensinzen Bias & =
Bandgap
E Oscillator
Voo or M
Operating | =
N aF—t JGATE(S)
COMP(2) / R
PWM
65{4} Comparatcr
Quadruple [ G?UP:T_P
Vo = VBB
—

B — - RT7736 ThEE i E

PE 1C EiERRR(GATE) iz Bladh 2 5t =it 25 B R fn Ak (Ex -
MOSFET) - B &t AS 258 (Turn ON B¢ Close)is - sy A ZEEASE
SIS ERBMEERR) L ERERBERIES I - B
T RE B R T2 0 R R e R - I
IR HEPTRRAVRE B o0 2 thim L B S 126t - FE R Es:
B R SEED (S 5 P R ASRARA(Turn: OFF = Open)is » (it
BE RN RO R A - O ARG o I EE R EE R
& SO AR e B A - ElHEE i e R R R 2
GUERCD - BT RISEAESE - tiRitaimiES TE - 5T
PR 1C Z I ARIR A% T — B IR G Ry b - IR - DUHAE
HipfE 2 (Continuous-Conduction-Mode » CCM) B4 - B =5
RS R RS B R

G e A B > BRI (N H b R (Ves) TEFHRER(MR) -
mR :\L/;: ()

PR AR AR - BRI BER(Ves) TR (mE) -

_ nX(Vo +VF)

> @

Mg
Np

- 3

n=1p ®)

Ht Vin RS HY RS Wil < AFEER © Le B BRES— I
BEERIRY 5 Vo Rt ERER © Ve RyDhR xS EmeEaRs © n B8

FRESREIEIED ¢ Ne RySEBRES— KRR - Ns RySEREs X IRE
%

Clock ﬂ " ” ” ” ”

Yo on
L

(Vo+Ve)
AT AL AL A A
e ANAAAN

Ve [ LT LT T

= - RS AR 2R g E R (CCM)

BB EHA SR EEE ] - it B AREAL - HAF(2)H]
HIBESRAAHIEERE b2 BE R ARSI - 2] IC iR
PR Ry 2/ e/ NEEEF R (Ton_wi) » BUHEERAENIEERE R
R FFt - RIBARA SRS - oI B (Peak Current) R4
i - & BARR SR ASRARAER - BINEYRIEER - SRR 2 RER
FIGARE e < F A B E L SIHE SR - TR &G (Ex -
MOSFET) Z JJfiiz(Drain) i1 (Source) i (Vos) B FERR A 2 B
FrZE42(Voltage Spike) - AXB = HAESEEIIAR] » FreEd AR
BRTAETS - i ATRE (2R BRRH SLAG AR IE ) 2 R - AnfEU(a) - &
AR S L RS 2 B - 25 1C B3¢ B BhEE R fRaE (Auto
Recovery)i » A A BB TAE T K S LHA RIS RS IE ) 2
fifRE » AEr(b) -

ANO10

© 2014 Richtek Technology Corporation 2



RICHTEK

Application Note

(a) REHEARE

RICHTEK HFIAEERBEITIAE » WEERS T RT7736 ZEERIR
R FH AR St A B 2 IR R R B e IR b AUt
HIRENIRIE TR - $er ERSIR(E AT SEE > AP R B R
HE L AVEEE SRR R R - B ERERBEITHRE © 2 1C BRdA
PRI G e E) - B EPEEE AR R IRABIEREE - 20 Rt
RS R R TL o [F] IR 5 T 48 B At P A B R (Vs _ske) Bk A8 1

| 2=
b RS T

(b) EHisERR

B - BRI R

(Cycle Skipping)f&ieat - FR#EENIIR - & ENEHE
2 FERNE R PR RE - 25 1IC el s HOEIE L IERE
RV AR A B B R AAT ] DAPRR(ECRARE S b 2 QIR AT IR
{5~ — AR BRI 5 1 A SO AT iR L B BRI T -
W18 7 Ry RICHTEK HAA iR B B e~ B BN
RICHTEK SH A EE5E — Bl#EHI(Cycle Skipping) & -

I=—Peak Current Limit

jo———— Soft Start w

Cycle Skipping during Soft Start
V, [

CS_SKP |

ov

B 7 - RICHTEK EFIRREEEIThRER B E

ax | ] ] ] ] 1 1 1
T ______ =
v B p—— e A (]
eseL AT ( = — H .. . — . — [
Ves ]
Vaeate ]
—p <_TON7MI
(a) {HETERELEITAE
ANO10 © 2014 Richtek Technology Corporation 3



Application Note RICHTEK

] Il l ﬂ ﬂ H ﬂ ﬂ

Ves skp
Vesco — g A=

Ves

VGATE |

—>» <« Ton MmN
(b) RICHTEK HFIREBITIRE — Bb#HA(Cycle Skipping &=
E7S - EGHEEITISE vs. RICHTEK HFIREEITHAE

ERE R R RS AR R A4 - BN ASREIIRE - SA — oA ERZE - EEm e Ig I 2 1% > BRI
WECATR - RSt RES TSI — (SR EITHRE vs. it e B o R P A S A B R R AEBATIAT - TR e < B A 20
RICHTEK S FI[SREENHAE AT LA B AR BN THRE i @) PR EFEH ERRSE 2B RN BT

(2) (HEEEREEIDIRE (b) RICHTEK HFEREEITIAE
Bt - BEHART R SR FE T — STEREEITAE vs. RICHTEK BFISRE@EITIRE

ANO10 © 2014 Richtek Technology Corporation 4



RICHTEK

Application Note

SR A E RS ARG IR A4 S RS ARy -
AiE\Frr o AR R Es G RS — (AR E TR
RICHTEK SFRIREIEITIRE | 7T A3 ER i ARt i i s
ZH > 2 IC flgsk H EhE R fRE(Auto Recovery) > R A

(a) (H&EEREBITIEE

BEETAE T - BE(ChHR AR 2 EST - (B{EAY RICHTEK A
BCRLELIRES MINTZER] IC SRS - 15 B0 (RBRR SR 2
&7 > DUkt SeRaRRS AR IR > 12 s BRI IR F 2 ISR -

(b) RICHTEK HFERESBILIAE

B/ - G AT B R B B e B ) — (ARERBEIBIRE vs. RICHTEK BFIERRLETIRE

= iREEEIAER — (R e R S GA H S E  FE ATB {4
RS 2 3T > BEERES Z Rl ML (n) SR G FEBATE
TIEREAERR - AR > DUE T R LRI AE T B s
BIEIEE - R RE T EARHRE e 2 SBERRE ST -

e S B K 2 EEBATE ST (Vs _max)

Vbs_max = Vin_max +Nx (V0o + VE ) + Vspike 4)

Hr Vin max)%E’ﬁE/\ SRS PN i B R A BB 5 n B ERES
Bt 5 Vo Rlmtl R © Ve Ry Hife EUm B R § Vspice Fy5E
JBR 25 B RS R Y BB R 2R 2R (72 T i BHE T &

(ARSI THYFEL E2E - AR B R 5 R A B A
BRELEIILLAR - (CARAIFI I EAEER, - S5 — PR LIFA
RN AR Wit REAK TAEEM (Dma) ELE 0.5
e HRARE SR B AR RS © FTLl—REEAE R
EEm AEEE T > TIEEMR 0.5 - FatREEREEEEEL(n) -
AfFE B o A G S BRI AT - %S n B Dimax
SRY RS s i B RS R 2 355t - 352% T ERR
Bt ERaG T E R ) MERISCIE - ARERISARR IR Tasa &
W5 R 2 RS AR ES — Bl iR e SR R S A
TR o B s R e R B B B

PRIt A SS 2 RIS E T ST T AR B R ER A Y
AP EZEE - S EZREA I AR FHE - ALl
(e i H AR (Fo) TR B RS (B - L - K
Bt AR ES S OBSRR L LR 3kHz DUT » i — (el
YRR SR TS - SOBURASE I (B A MR akiRs L (FRh
F5800Hz %[ 3kHz FRyiiglaE (DL 65kHz BARISEERM) » ML
Gm) KR 45 FELLE - SRSt = ss
ZaRaTA S KR SR O aRE T ) IR -

#2#¥(Phase Margin »

aa T [E [EHAR T S - 2 T Bl R RSt i 25 e R
Z5 0 SHIGARA RS 2 T PR AR (38 ¢ [BIRRHIE T < 800
Hz & ) m< 45" vs. Tf.>800 Hz & o m> 45" » HEEIEHRIEE
[ A e e < ME TR (5 o [BIL R0 A (ERBR B v R A
R AR I 2 7 AR BA L R E B D 4R - FEHIE
] — X Bt U A a7 e R ARk E B B e G 2 T Lhis ]
DEAOBIRAREY R AR R e - EPRREELRE o B
fi B RN A 2 A (Overshoot) » SIS A ((4)1558 > 4
{EETFY i L BE AR (SE A5 5 R e 2 M DR T« 78 8 SRR,
st ARSI AL ER A 2 BIBAREEfifE - AR ER R
HEs P REAREI R AE Ty - DU eBREH SRR 2 fRE -

& m

ANO10

© 2014 Richtek Technology Corporation 5



Application Note

RICHTEK

CH1 A/R  log MAG 18 dB/ REF @ dB

#

.@3828 db

w14 | Loop Gain @ 90vac / Full Load

CHZ R/R  rhuse 2B ¢/ REF @ ¢

2l.188 =

w1a | Phase -

IF BH Z Hz POLER -18 dBEm
START 1868 Hz

(a) f.< 800 Hz & ¢ m< 45°

SHP 376 sec
STOP 188 kHz

CH1 ASR  log MAG

Hid

CH2

Hid

.B578 dB

1@ dBs REF @ dB

1,5%2286 kHz

-

Loop Gain @ 90Vac / Full Load

- f,=1.53kHz -

A/R  phose

2B =/ REF @ = 52.288 ¢

yn=53°

IF BH 2 Hz
START

SHP 276 sec
STOP 188 kHz

POHER -18 dBm
188 Hz

(b) fc> 800 Hz & ¢ m> 45°

L ~ B R A R R I 5 SRR AR 6

CH1 ASR  log MAG

1@ dBs REF @ dB

Loop Gain @ 265Vac/ Full Load -7+

CHZ A/R

rhise

2@ =; REF @ =

Hid

IF Bl 2 Hz POMER -16 dBm
START 188 Hz

(a) f.< 800 Hz & ¢ m< 45°

SkP 376 sec
STOP 188 kHz

CHL A/R

*®

Hid

CHZ

Hid

18 dBs REF @ dB . 3285 dB

log MAG

IF BH 2 Hz
START 188 Hz S

POLER -18 dBm

(b) fc > 800 Hz & ¢p m> 45°

B+ ~ R A AR 3 25 7 SO AR BAR A 8RR

File

Verfical Timebase Trigger Displ

Utilities Help

Measure

P1max(C1)
value 1978Y
status

(2) fe< 800 Hz & ¢p < 45°

Measure
value
status

(b) f> 800 Hz & ¢ > 45°

B +— - BRI S B A N R AR B

ANO10

© 2014 Richtek Technology Corporation 6



RICHTEK Application Note

o~ I BRI RCD GE B O R ERET SEEREs < IR BRER S A L L EE R E L C S E R
AR A RSN S B 25 2 R EE RN R B RA R B (EX - MOSFET) 3 IR SRS < AR B (Vos) » HhAE I B RAZES:
AZEE - WET AR ¢ RS EHRES KT S B S R (Vos_peak) *

A R BRRH SR ASREERA (Turn OFF =27 Open)i - H iR 8 IR R i ) Lik

. VDs_spike =iDS_Peak X,f— +Vin +nx (Vo +VF) (5)
W o TR 25 < R B IR 2R (7 I R B < R Cp +Coss

T - e R RN R R AR - BRI SRS < TR (Drain)

B R (Source)[#(Vos) A — ik 2 BB ZEJ(Voltage Spike)

SRR 2 R AR SRS T A L BRI E A SRR - W

B+ =Frr B+ =) R es TIEm e amsis

(Continuous-Conduction-Mode > CCM) ; [E+=(b) A ixEf={

oo LOfF N A #E @ B & A

(Discontinuous-Conduction-Mode - DCM) -

oot ips_peak Ry RS — MDA ALFHRA R AGIR [E AT Lk R
BAZS— RS 2 TR B ; Ce RS ERES — RN AR E
Vin RESH SRR S Rl < B A BB ¢ n SR ERERREIALE ¢ Vo Rl
HERER © Ve RylfoR  fifG A i EE B

Co
° l_\llm_ Vor
+Ve-
Lp NS
—1O0 V,.
1 n=N p/ NS
Vin — L
"N — LK Transformer
i
. ‘¢ DS
VDS—lE 0ss
- 1 MosFeT
A4
B+~ RE R SR R E T S AR
N % esonance
7 by 7 h Between L & Coss

Resonance 3 b / esonance \_ ¥
Between Lix & Coss 1 /

De Coss i
I ﬂ E WHMN =t
(a) IfEREGEHEEEA (CCM) (b) TAERFEEEEE (DCM)
B+= - REER S TGS O RE R E A IR

ANO10 © 2014 Richtek Technology Corporation 7



Application Note

RICHTEK

TeIF AR L R AP L 2 SRR R 2 SRR 2

Co

T S A B T Y B B 4 - R AT S 5 >|:_1 0 V.,
TR S T T TR R 2 TSR FE - %u ; % Ve g
B (Snubber) 5 A1 LA B S ARG B 1k IR 2 ° ok 0 Ve
Eﬁz% ’ - % n_Tra:sfor;er
R S48 BT 5 T P e 58 e PR -
fir RCD 451 - 40@--PUFiT: - (2RI SRR - N
R R - SRR R T TR G T HoSFET
SR - HETELS BTG ¢ — B (ios) R BRI Y A 3
AT ¢ 5 (i) A8 B R )~ M (Den) B2 (Con) BT ~ SIS BRBRA fr RCD 48RS - B8
F% - S Con FHUTBEERAEZEAATSE - PRTTIE(S T B SAe
BRI ER R LA - S B R D RS B T
SEETER - B TR TER R Em s )
Ffir RCD 4B BRI/ TE -
Il
£yl |
‘on | |
11
Vosfor """ T T e AWDS
; V n(Vo+Vg) ) f' ibs_pea ﬁ 1Y
Ips / o7 VF / |
o N/ vy A |
in b;n / IDS .. I iQn
ISn | o o
AI w— cal Ll A "y
T sl
11
(a) BEEREEEILY (o) B BRI R A
BT - JBIEEA i RCD BH BB EEERLY (DCM)
B L BB » R — U © BRI
B FTAIRM s ¢ iDS_Peak_DCM = /LZ—P ®)
p xfs
1 V. n —NX Vo Vi s ey L IS N
m_sn = 950 ——[ S ”LL(K * F)} (6) TR B (COM) £ B S A T
(ips_peak_ccm) *
L iy A AB AT B RS A A -
PI X Vl X V. \Y;:
R R (tsn) 5. peak com = X LVinmax +nx (Vo + Ve )]
Vin_max ><n><(Vo +VF)
9
ibs_ peak xLLK Vin_max xnx(Vo +VF) ©)
tsn (7

" Ven—nx(Vo+Vk)

IR R (5 B R (ips_pea) IR AR 72 4
TAERA A (DCM) HBRRH R A I (E FE

(ips_peak_pcwm) *

2xLp xfg X[Vin_max ><n><(VO +V|:)]

o Pin RyiRBtA B ER 0 AZDR

ANO10

© 2014 Richtek Technology Corporation 8



RICHTEK

Application Note

SRR 2 DPRIBFE(Psn)

Psn = % xiDS_Ppeak * tsn x Vsn xfs
(10)

1 - 2 Vsn
==xLrk xi x x f;
2 LK XIDS_Peak Vsn —nx (VO Ve ) S

Hr A (Vsn)—fiaa T By 2~2.5 {5 n(Vot V) ©

EAFU(L0)R R BB IFRA A R4 E B 2 BEIH(Rsn)

2% Vsn x[Vsn —nx(Vo+Vi)]

RSn = 2 (ll)

Lik xXips_peak” X fs
SR TR RS 2 FEA (Con) BEBRER (AVsn)— sk at Ry 5~10%HYE
FEERE(Vsn)  IRFDF-fr(Volt-Second Balance) 2 ¥ » HEE ]
SR E B A (Con)ikat
Csn = o (12)

AVSn X RSn X fs

R EEA S FARA S AR (EX - MOSFET) Z A (Drain) S5
(Source)fH(Vos)f AR EE—f 3% A S48 TR i A EEJEE
FoakiEd o At > Bt e 2 #eEh R i RCD 4%
{ETEERS - DULIRIEE R EreERS 2 A R Bl HaRET - MeREE
B ke — B P PR A o B /NFR Ry O RN R
RS ER AN IIABE BRI RCD &R{EERR IS
NGREreERS - FARHS A ETIELE: - (B LAy =R BR AT (i

RCD &R R F S A KRR A 2 JE ST - LU SRR

He AR IR R IR 2 A5 - [FRFGE SRR AT
TR -

“W/O ! Snubt

VDS _W/I_Snubber

_W/O_ Snubber

Snubber

W/

(a) PABISARIETH®:

r-\l

W/O.. Snubb erw

V(‘q_ N
..VCS W/|_Snubber h

b) BABEREY

B+7s - Kih0vs. RITKEIZNERRHr RCD &R 1E R BRI RABIE S hRg

ANO10

© 2014 Richtek Technology Corporation 9



Application Note

RICHTEK

h~ 8B
FRACI Power MOSFET fyjiE V)i Bl ss Ay e
"Rt R (Flyback Converter) | #5 ¥R ARIRRE - ik
IR ~ TR~ M- SRS BERZIER - R
A EHA AR S A2 (MOSFET) Z e KIE I A — e 35 AL YR A
REARME - T H— (B S HRaT Y B Ry iR St Ol s T AR |
AR S e B Em R A s B e ss - 27 LSt A
AROH RS EHA S BE@ AR MOSFET ZiBIES] | - (iR
Bt EHARS 2 AT O — RSt UEHR S 225 | C ORI -
24 — BRSSP E M R IR (R S —
WeEFEBAATiL RCD SREEEE T Mt © SRt TA2RT
TR Bt AR 25 B R S B S T - IS 2B ATE LA
GG RER(MOSFET) 2 ) » B RARH &t AE 2 18R - DUES
ERRR IR F 2 IISERE -

Richtek Technology Corporation
14F, No. 8, Tai Yuen 1% Street, Chupei City
Hsinchu, Taiwan, R.O.C.

Tel: 886-3-5526789

Richtek products are sold by description only. Richtek reserves the right to change the circuitry and/or specifications without notice at any time. Customers should
obtain the latest relevant information and data sheets before placing orders and should verify that such information is current and complete. Richtek cannot assume
responsibility for use of any circuitry other than circuitry entirely embodied in a Richtek product. Information furnished by Richtek is believed to be accurate and
reliable. However, no responsibility is assumed by Richtek or its subsidiaries for its use; nor for any infringements of patents or other rights of third parties which may
result from its use. No license is granted by implication or otherwise under any patent or patent rights of Richtek or its subsidiaries.

ANO10 © 2014 Richtek Technology Corporation

10



