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Abstract

With the rapid development of information technology, the off-line AC/DC power
supply is widely adopted in territories such as communication, computer server and
data center power architecture. The oft-line AC/DC power supply usually consists of
three parts: the PFC converter, the isolated DC/DC converter and the EMI filter, in
which most of the DC/DC converters are using LLC resonant topology. Although LLC
resonant topology has good soft-switching characteristic and can achieve zero-voltage-
switching (ZVS) for the primary switching devices and achieve zero-current-switching
(ZCS) for the secondary switching devices, the large inter-winding capacitance in the
transformer conducts severe common-mode (CM) noise and the EMI filter still
occupies about one fifth of the total volume. In order to improve the power density of
the power supply and reduce the volume of EMI filter, it is significant to reduce the CM
noise in LLC resonant converter.

First, for the half-bridge LLC resonant converter using hybrid transformer
structure and constructing with spiral litz-wire winding and PCB winding, this
dissertation focus on optimizing the transformer structure to reduce the CM noise, and
several suppressing methods are tried. First, the CM equivalent model of the LLC
resonant converter is built to analyze the dv/d¢ distribution along the winding, and the
transformer windings are rearranged following the principle to achieve the smallest CM
noise. Taking advantage of such a good winding arrangement, an improved shielding
method is proposed to reduce the CM noise which conducts between the primary and
secondary winding. Furthermore, wrapping the transformer with a shielding case and
inserting a shielding layer between the windings and the core are adopted to reduce the
CM noise conducting between the winding and the core. Finally, an experimental
prototype is built to verify the CM noise reduction effect.

In order to improve the power density, the switching frequency of the converter is
usually pushed to MHz and the transformer is using printed circuit board (PCB) as
windings. But the inter-winding capacitance is larger in the planar PCB transformer,

and the CM noise is more severe, which not only drives the converter operating in the
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wrong condition, but also interfaces even damages the equipment around. In conclusion,
it is also urgent to solve the large CM noise in MHz LLC resonant converter.

For the MHz half-bridge LLC resonant converter using planar transformer and
constructing with all PCB windings, the primary winding and secondary winding are
usually fully interleaved to reduce the loss caused by the eddy current, so inserting
shielding layers is not suitable anymore because it makes the transformer structure more
complex and reduces the PCB utilization. So the dissertation reduces the CM noise by
optimizing the topology and the control strategy. First, the Fourier Transform is applied
to locate the key factor which influences the CM noise, and the result is that the Av on
the winding determines the CM noise. On this basis, a static point construction method
is proposed to reduce the CM noise. In this method, the primary side is separated into
several half-bridge topologies, so the 4v on the winding can be reduced. Besides, a
series inputs and parallel outputs (ISOP) LLC resonant converter is built using the static
point construction method, and several optimizing interleaving control strategies are
adopted to achieve the cancellation effect and further reduce the CM noise. Finally, an
experimental prototype is built to verify the CM noise reduction effect using the
optimized ISOP topology and interleaving control strategies.

Key words: LLC resonant converter, Common-mode noise, Shielding, MHz frequency,

Static point construction method, Interleaving
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UM FHNERE AN, IERRBREENTEEMESR, MALTI N
SRR, WA, BT TR ASH —RikE, XEFEHE BT E
P47 DURAIE 52 4 F . [ LA P4 ok i 2 e 28 P B Ao Z B R A IR,
B R T AL £ P

1.2.2 B = &

EEARHE S A ERE T E S EREBEI A RE  ERHEEHE
LB AR S RERAME RS, AR EHE P HEHADEF, 7 HAE
ROH A B R A LUK E B A R . SCER[30]-[31] & B A & JE BB L
ZHL B 77 A AT AR B R U AT S L AR R e, R REE A 1.9 Bt
o XBR[B2RECA R R EREHER £, B A E i 7 XA T
TRV B A B U o AT AN I8 R A i R B B 46 2 T R S Rz B A B AAN
W BN, TRETINFAE, T EAMEE B A Rk 5 HUOE B R URIE. £
HEMIWEEERBSAT S, & THEZA T REHNTE, XEMEn
AR A R & AT 0,

iCMZO é

Bl 1.9 Fhm A 25 4 B 46 4 e A 3 OB & 48

MERAEESAT UL RUEESLEAETTRARELA . ALFHA
dv/dt 5 B9 R B U SR ARAR, T A E R B2 SR 4 B T AR IR R R
M Pl STR[34] 2 E AL AR W 2 H B A M E dwd 5 R U %A, A
4 . C(copper foils) E % H e M fH & R A VG S5t 4, FHE G4 5 Z A a|
HLEAARE . ik, EAMEE dvd 5 WERE A A E S A E LIE XA,
MR E MR B Z B o HamrgE, LRERWE L 10 Fr.



AL A 2B+ 2 Al O F1%F 4%

B 110 08t A0 B 25 58 4 HE A 77 X B9 A e 4R AL 28 0

X HR[35)& % CLLC ¥k & # & o F & & JE B WS A 7 X #HAT T Ak
it BEPTGE L dvdt R A EEREHARELRAE, EFELEHETNR
W F R B AR RS BT B R ey A LU R, AT AR R &
R A L. SCHR 36K X AP A R LLC iRk R &+, S EX T EM
TEERMURAFENE A BERELAHAT T FH TR, XRFRIETEGEN
'it, ¥ THEAELAETWEIZZEREN, REEEFHEE dvde 54 1R &
WG ATLE, A LA B AR F IR, X XAk X g A
% (paired layers).

RO EEEZHEAAA T ROHEREREREE, BEATARXEESE, 4
ERTFERESE, EX T eBmms R aRe, £—Me 2 ER
KR S AR B AT T ik o ST XA 7 R AR R A SR T B AR Y A R 3
ke, FRAMNEERX ERNEEEE WA, 8T8 EEEHE LR A
TFEBEMFEREGREF L ZRE, BAASRE A RHENMLE T ERIET 2
—3, ARFRELEHE N ESE— EryEEa b, d kT EY, F8
MARA b /N A B % & KRAR Z W RO, 0 & L IR/ vt 2= R BN A 2
P AR R = W T

EREHEN A —AREMEREESD. X—FENBIHENAEHXK,
WAREAETEHLEURKAZEEIREFRE TN, FEEFHESL L
N AR R E R, ATEEERE R, X392 @B L
T KB GA  AR B WAL E R A 1 R ] AR R R AR LU . XA R ]
PAA 38 A (R AR B 0 2 1, (R R ER L2 1 o R Bt aE 9 RN SRR
SCHR[40]-[43] 4, 76 1 3 e B Fo ROk e s o —E BN B AT T R AR, RES
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WL K S AR 4 5 ik X F1%F 4%

BRIt RENME, RikH T o0 HE 5 7 DS 28 SR /N SR X 77 %
FCEF T UM R WEINEN, TRERAWEINEE TR, BHEST LM
ERGANERSGHHEINOE, XA FEFTER CHR[44]2 & A 7 A8 A7
LLC 3R B & 48 AR AR 18 W W[ HVH b Sh A iy BOAR IXOR 7 RSB R SR 4
BT R/NEERET S — AR R EH RS FBRENRRERFE L.
1.2.3 B#kE

KRR R K B/N LLC Wik & #: 28 h SE A v 75 B — R BR 1) 3 SO/ 3 77
SIS i R W PCB P & E &, SUHR[45]-[46)E R B S A F A T — A
5|t S8 H A AR B YR B R OE S H BB R 4 (primary ground, PGND)
b, mkZEREEA SRl A GHAA R dvdt n. mT REENEE, R
AL E SR ERAMN; & T UEEfFREE dvd 5 F R,
Hice Mz Bttt dEan, LREEWE L 11 fix. #f, £R4EZ
BN R E 2 — R E LR AR, F EXT T R 8|8 54 7 2 % 4 5k B/ NiR
RBPENEEREN S, BARKESHRERLEMREE 2.

<+Vm ;E%L R
— ' "(ﬂrf\ °s, T
] "3 B
BB Yl
1
Y/ PGND T SGND—=

Bl 1.11 A& E 2 R & i g A ey ROk

AR b, XER[4TI8R W T — MRt ey Faor ik, DARAE /N AR R 7 e
[F] B (R EAE e 25 B 8 AR o TRt R MR R N\ R B 2 S A 2 R B R R B —
BNRAAEA R GA, BN R Bk ERA R BdHig, )RR EwE
112 fioR. AT, XMt BREARNERE T RESNER, FEMATERT
RE|NGEXBRERSGOE EHEN . XHR[48]4 & T A1 48 4 3 An 7 # 9 BE
Ry, JiRE WS U B T iR N A P AR R . AT KA A A T A e
X kg, TR FEPCBFHEAEH L,
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WL K S AR 4 5 ik X F1%F 4%

Bl 112 A % 25 7 & 14 58 4L o ot R W vk

U4 LLC 8 ¥k & 4 25 B9 LA 5 114 vk o I 1. 13 P RPIR B Ao e X &
Wl 7 = AR A AR ESEME, WEAN BN EL, B9 ESE
A3 BRI A ENTF R IR P AL, B R RDN SRR 5 IR A E
NFEBRPE AR D, AT RETHENE FREN THERZFPN,
S BN AR R R A/ A B AR A R R A e 2R P AR R B R R . T AR T
TREAT AR ZER L4 EA 7 RS AT R, DR RFE > A
N, BRI AR e B R B e AR R B AT Tk

| LLCHMbR & #h B JE Ao & 4040 7 % |

I |
[ArFeE] [EFand] [Fict]

| |
| if@zﬁ%ﬁ%xéﬁiE%&& R

| |
| (ke H A 72 | | St |

Bl 1. 13 LLC Wik & #e ds 2R 5 116 7 ik R 45

13 AXEZERRAE

A% o d R Pl Bt ry AC/IDC IR HUE F O 4 & IR E AR H I &
HEW KRS, 43 LLC IR L& Py AR5 5 &, #RA T IA LLC
Wk e o SRR IR T R ET R T, 2T LLC iR K 4 g5 oy S S R Al
MEJEGEM . AL RERI RS T A F AR FHATT St F R, U
HREBEHHEFEMREMI NE R, KXW EEANEWT:
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AL A 5B 4 5 AL 5O F1%F 4%

FE—ENAT s P AC/DC L JRAEKAE 0 MR 525 B IR B9 AT 0k &R
Aa g, FHERT B A IRIR T RN R B AT E e e T E AR E R, AT
LLC ¥k & #e a5 AR R = 40 7 ik AR A IR, R T R X E B WA

% A K A A A A 2% & 1 PCB S 4R & A X JE & B A LLC Wik & 42
i, AT HEEYED, FESMFRMT TRAERF RN ERLFHERE,
AL, AXARUEESEMNAZE L, BRLETEEEH 3D EH DL
BAMGEH L avidt A, Bt T —MAERERINEESZAHT T R
FEAARRB L SEH L dvde FTHOEBIR R, R E T — A R R s AR R R &
RE| AL 7 R AR . A, CF R T A8 A 5k E AR
oA MmN FHEN T EUMF#HEERA RO REER. RERLE S
B % AP SRR E WG ik, EREAT LLC WiRA B A TR E R T
ABME, KEEENRRRA - EFNLHATT ZRBIE.

FoFAMMRAERE T O R PR LT R, EROMNT BME
BBk LA, R EFE T ERF A AR R E W R R,
RE TR AEEENARE R, EIER L, KAONBNHERERHAEN
FRET M@k, §AEEES PHRBIEFABRDSEL LH dvidt o
Mo AN, AXMFR AMEEERT BB B E LLC ks, A
T R B RTINS R TR RSB E T RIS S
B R F R R 2 — PN T R A PR R SR
s 3 kAR 2 AR 104 ] SRR Y SRR B AT R ACR BT T R

FHELE T AXWH AT, FXRANHAEFRATT RE,
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WL K S AR 4 5 ik X % 2F HAF LLC ik & e & 0y AR 5 AL

2 FHF LLC Wik T HBrEER =R 4Rt

2.1 ¥H LLC SR T B B L g i A

2.1.1 3% =R

AT A LLC Wik Rk Bm g r, TERTHAARERMA, &
LB HFAREMEHFA LLC ik X Eam AR WE 2. 1 i, £+RL
AT REAR, BlI AR E S EREN.

Y0y —F
50,
1 P 01 1 S p—ie
T s Q1-|E X T Té LiT
Vin _
L . Sl +VSA
+ r
(‘) L PA#—»??\ B Se ¢
+
+
- ™ Vo
14F S0t 0.14F Vpa —|_ c _L'_ B
o = I i
Il ¥
________ LISN..../ PGND i —Veot  Pe 5S¢ =2 seNDl
sc™ -

B 2.1 ¥4F LLC iR & 4 28 JF ¥ &

(=
H
A

Y MOS B EIF R MERT, FFRxFEHF B Pa. FHLH T35 4 P, &3
E IR Sa Fu Sc T B 4 P AR A dv/dt, WTTFE R A B, Ao
B RBEHE W 2.2 BTN

A
B
T

>t

B 2.2 A LLC Wik & #e 28 7 & F B X 5KV

LF F LLC &9k H 3 E EiR & E & (DC transformer, DCX) B, & Ti%¥k
LR L 38 % T /NT i BB RS L, T MG AE B0 X ] Py 80 ik B K B B JE FT DA L
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LA F A+ ALt X %2 E FHM LLC IR T % 20 g = ik it

Pa B AW dv/dt FI A F R BB ERA AN Eoma. o, NE 2.2 Vs
WA LR, Wik A G LW RS0 & B R AR AW dvdr A, BETT
ok E, HFERNARENSEA E3 B0 dVedt DR IR B2 & R
WL T 3 A Po = A B9 dVps/dt. BT %78 EMI R #1019 £ E H & 2 KA
BRI AR E, SR TE Rt oM 15 2 dVewdr 895 8 My LU dVes/dt
MER S E Ma(l), AANEE S ENRBERE 2.3 fir, HERS EEES
AaXQ.DAXQ)FR. RQR.DF, Av 28 NEE AN, At 2 F kR ZIHIF %
HLIX B, TR XA, XQ2)F, i BEHABR, LA AREBFTAN, A
RAXTUFY, RESE M (L)RRE AN,

dVe, A I I |
i ks
E W M, | _t
J -
A T oope 1 o— t
2 |
|
|

2.1)

Mz(k)ﬂ/{%j_éip((:icoswrtj +[T3J‘_T21i"c(:¢)sin a)rtj (2.2)

S 2 r S 2 r

2.3 BELUE W, EE M REE M (L) Z B FE— Mz, Bt
EEAXREERFTETHERERNEEANN, REZRENMERNBBEAND,
HEZRAAMMCE, FE M (L)EXN LR REREL o (L) RQI)FTR, KK
My R E 3 Mo (L) Z B AR AL 2 w () n R Q.4 P, EF I=Ara/Ts. B, RE
ARG R EBIEE Ms ()i R (2.5) AT m . Wk B 2% b o S0 B 22 o] DA i

13



LA F A+ ALt X %2 E FHM LLC IR T % 20 g = ik it

RS A E M BRI R R R A RSB M () 11
{E13 5], ZHH LA ratio (), WXQR.6)H T
2 IT;ip(lo)

——=Ccos w,t
T, C r

(1, )=arcsin Toy &
T @
T.0% C, '
v(1e)=7- (1) 24)
M, (1) = yMJ? +M, (1, +2M,M, (1, )cosy (1) 2.5)
) ~ M, (1,)
ratio(1,)=20log [le (2.6)

B R(2.6)7 LAE W, WK A SO Y R R B R ANy, RAK
EHENNEZRSE, UL G ratio (I)k AUB B IR L o1& fudn &, Wk 2.4 fr
o ME2.4 FF LAY, BIEABKELT, mRESKTIREIBEES 0 A
0.3dB LApy, HZwm el LLAw ., B, H4F LLC 9k & 8 F 18k B 20 i JE 40K
By R 4 7] DL g

Ratio (1,)/dB
0.30 ‘

0.251
0.20
0.15r
0.10 [
0.05

0 L | | | | |
60 80 100 120 140 160 I/A

BT 2.4 1 ¥k i 25 1y L U SRR B9 B0

7 EMI S 3K 5% B 9 (150kHZz-30MHz), MOS & 7 LLF| B4 48 B #r 4
MR e R R R, T A\ i B A sl TR/ I B, &
YA LLC Wik R B0y KA S B an | 2.5 Frow . B o 25Q ¥, &R LISN
P45 B FBR F BT, Zpan R E 2 BB A, Bl S A2 BB UE
BARE, w AR Y BAAEE,
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LA F A+ ALt X %2 E FHM LLC IR T % 20 g = ik it

s S @
» Lo P iVe-
o —||: s;:
SEE e
FVsc
il g,
Ps  Sc &
/%7 Zpara p—

B 2.5 ¥4 LLC & #e a5 09 364 2 20 L 3

mE2 59, RURFER VL ERFEAERASA L, FRALFEE| A 2 H
B R 18] o 2 e B i AR R B P ANEE R Vea M Vse 2 AE R AE 0
WA RA L, ARHERRERELERHERR. TR LTI REH
TFR e AR, FHU B IR Vsa Fo Vs 42 K/NESE . J7 WA R, EXTAR
WEEBEMT, POk AR URE S R EE W E R e AMEE, Fit
Bl E R Vsatn Vsc R B R oy Sl iR 2 A/NMESE . MR &L
Frak, &l w AR E R B ] LA AR, R AT LLC iR K R &
L, EEWIEEERRERLEER Ve, HAKNIEEREBWE2.6 .

-PA °
Vp .
- —u—g
® A
[JTZSQ -

77 Zoa =
K 2.6 ELEYFHF LLC ik A& #8220 i B

212 }EREETHRE

R T T LLC BiRA BB HBEFRE, AREFNEIREER
26 HEEM B BETRIGLAAE, EXERFAINIELSFHEERS
B JE 2 0y BARGE A HEAT AT o H A 2 2 (Litz wire ) 48 28 v EF ] B2, % AR (printed
circuit board, PCB) 24 R ##y R E XL F & LR FARL/N . HEF. LE=E
BT SR p i T ) iz R AW, M R R B E 2. 7 FroR. TER A R 30
SGHAARNZEF R RLEA, FRRAN PCB Gl kw54, BN LR
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L A AR+ b X %2 F M LLC Wik E 5 0 EaEng & kit

A A .

K27 #XAZ &% E M PCBRARBHMREALESTEHE

B FAE & A 400V-37.5V AT LLC %4k 4 #2889 AT 34808 = ik it
Fl R EHE L ERE AN 16:3:3. R M 16 BEAXAWEHAANZLRA,
ESEMN A AR — B L, AN ERALEE; KT B R, Blasi
R E IR R, FULEH EFE 12 E PCB, BEUFH LLC Wik Tk &
FrRAWREEX T ERWRTEWE2.8 fir. EREXTEL Y, A FEAF
—EYNESHANKEZA, ¥ERRULEME Y PCB %A M E 5 Z
XK Cps, BeHAEX R EBIDGA N EEREFEREE,

Bl S A

J
y

\Lilm,
L —
N

L N R R

N

K28 ¥MLLC R THEREATEEZERTHE

22 XEBSAR

HTERGALERY, REMGAHTLELEESEH b dvdr 27 AT
B, EhTUBIEAREENGAIEA TR, BFEF R/ dvdr WREI UL
ALY, RAEGT &P EEERAIE D BIEEL L dvd nF R AW,
WA dv/dt AR B W E 2.9 Bior.
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VLA F A+ 2 AL > %2 E FHM LLC IR T % 20 g = ik it

N
dv 0 S; .SAZ dt
dt . Sa Y ,
.Sofl 0 *yll'
S, S dt
PGND @

Bl 2.9 #H dv/dt 5 F SR E R

2.9 " 4, RS MR (primary ground, PGND), H A F #y
dv/dt #i/); Bl G M ITE] 4 (secondary ground, SGND), * E& ) dv/dt
/N o RS TR 48 R, L 3 A § 9T PGND B9 /\ [ 584 5 Bl 24 AR 4T ;
Mt TRl E A Rk, BB RN dvdt R EAERE, 27 AE 2.9 %
S1 SR A Hy % — [E Sp-Sar A1 So SN % — [ Ss-Scis

B E R E Se-Sa1 5 R U LA ARAT, FREARATH R E| M 44 3D # A
2.10(a)FT 7~ DA Se &y B4R R &, W% PCB R4 Z L x 4, ¥ LUFE|E&|# 4
& dvdt g A e E 2. 10b)FToR, HP AR EM T AW EALNERT A AvAL
GEEANKELH L, m%EHE L dvdt p BT 40, SEBEDZHE dvdt 4
ATEIUS%H Se-Sc1 L#Y dvde, HRFEEERI T M2 ERELRmE s, &E
FEAREAFANEEERERQRNEXNQI)AR, REEEFRERQIDT,

vy
dt
1 Av l;
4 Athh 19 h
f | f
e
d t d
Ic
b |a | ‘ .b
L L
013 osr L X
1 Av™8 y
16 At ' Sc1
(a) MARZ4H e 3D A (b) %40t av/dt 457
Bl 2.10 &1 %84 Se-Sc1 5 J& 14 %6 41 A8 AR o4 HE A 1 U1,
] 1 1 Av 1 3 AV 1 AV
iy ==Cpy-——+-C -——=—C_-— 2.7
ML= o ™P 39 At 2 P 32At 16 ™ At @7
] 1 3Av 1 5Av 1 AV
i,=-C .——4+-Cc .~ _-Cc _.=2 2.8
M2 97 30 At 2 P 32At 8 ™ At 28
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AL K W+ 5 AL i %2 E FHM LLC IR T % 20 g = ik it

1 5Av 1 7Av_3C Av

i..=-C .—~—4+-C . —=-2¢Cc .=~ 2.9
M3 27 30At 2 ™ 32At 16 ™ At 29)
] 1 7 Av 1 9 Av 1 AV
iy, =—-C -——+=C _.-——==C_-— 2.10

MET 27 30 At 2 P 32At 4 P At (2.10)
] ] ] ] ) 5 AV
lem ot =ICM1+ICM2+|CM3+|CM4zgcps’zt (2.11)

ME 2. 10b)F X F LLF W, HE|ALH Se-Sc1 5 R AL AR, FE|id
SRAMW dv/dt 2 AL T y BV IE AN, XEFREEI LA LW dvdt ZHER K.
BT &R R ot kg, SI AR Sy A B A R dvrdt A, BT LA
b S — B A EH Sp-Sa1 5 RAGAMIET B, REIALAW dvdt HATE
HArFy #EM, X7 DI/ & P oy S o . Se-Sar 5 JR i1 48 4 AR 48 i 3
MERT, GRH L dvde A wE 2. 11 fro. BF, dTERELE—MRAH a-b-c
58| 584 Sp-Sa1 &, A 0-0.5L 36 B 11, £ 8 i 2 o &l 10w R 245 & 0.5L-
LEEN, SEERAGRAREEY, AXAT ) BRBEMAR. Bk, #£#&
MR B R A a-b-c 7Bl 5 4A Se-Sa1 Z BB R N, Taxtie et
To BUbZ S, H=IERALHMN TEILW dvdr ZEEN, FENEES
TR WA FH B %88 Se-Sa1 5 JR A4S = — AP ek E E N HEA T A

avy
dt I
lav N
4 AtJh ig .h
f Te f
d
d | d
S c
Al 1 b
2 Yy
0 0,51 S.C X

Bl 2. 11 B %84 Se-Sa1 5 R S A AR 22 4 & dvidt 7%

2.3 M= REHCT R
2.3.1 Ge4H e AR = W T

Bl T RAMEAHEA TR, aTREIUSEH dvd WEERA, ZE
BRMaARAMEERT A, HTHBAEX—FA, —MHERAEARNTER
ERE|UGAEFEAN—EHR U RER KA N FHRE, EE R, TR
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VLA F A+ 2 AL > %2 E FHM LLC IR T % 20 g = ik it

WE—smEBRRUM, F—mEE, BERLFENEEERAWRFERL
M, fF4malAMAsh. o, B&KE L dvdt 54 58|54 b dvidt 54 ¥
LRI, BT am £E e REFRE M WS AR KAXHREKS
B U IR R E RN LR

w2 11 4, LARRALEAH a-b-c FE|H L4 Sp-Sa1 £ 7 LUAR B 1K
By dv/dt A7, AR 20 R RIAR S B R DR BT, SRRSO T Bt R R
WoE: HEW R — BA Z &% a-b-c %k — 0584 54 4% 48 B B9 48 72,
HERAMZEARFZ LM PCB A Z A %4 Rk E. TMKHAXRMET
SR DAGE E e = [F B 3K dv/ide BRI G AT UR G a8l S A AT 4R, AT A=
SRR, T A LU — A AR — 2 R B2 4R B MR B dv/de AT, A
TR B 2 B A R AN, SE B —ERBEMAL, RH L
WE—EAZ L. B TREBEME AN, £ LT 5 XA 4R 0 R 8] 12 524 18 4
AN 4R K, HIEH BB LR/, RARHER FRENE EERT
A 2.12 fior, FEAEAS R B 52 40y 3D A Fn 2 4 T dvdt /A tw [ 2.13
From. w2 13 %, KAGSERFHOER, & ES B LR B R U IH
R

FBXHY 5 WOE

b7 AN

Bl 2. 12 Kttt X5 Wk B9 & 45 8 T
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L A AR+ b X %2 F M LLC Wik E 5 0 EaEng & kit

(a) HARZE4EHy 3D A (b) L4 E dvdt 5
B 2.13 RAB#RFRENGEHAER K dvdt 7

2.32 BA SRE T SR Bl %

EARAG#RAFR T EEZL ETUREEE PR EHERS 521, €
RETEEBEABNMENBEFTRE—WERRFESRRE, HLEERIE
Bt R FRCE A R E IR R R, FERI AW EEREEIBEN L
MRk, wE2 14, TEEFRTRHESRANMERN B, RASHEZ
Bl ERAMT EBE, BAGH LA dvd B BN SE SN EF
EHE Co FBEE GANE Bl 2 1B % £ B Co MBI A S ER, X2
— S AR R E R BE,

Cpc SEI=E IZE

PGND . =

¥

Bl2. 14 RA GG By HARRE £ 3 HE

BT RANEEBRES SRR FHARSE, T RH R 007 o AR
AR RIHE, FHRREEIELN, A RREHEESWE 2 15
BT . RS RUCER, B 8 dvide 2 B SRS H A BB G
SRR 5 RAE MR £ B Con DRGBRR 4 FERMEL, T FHE
R, A R BB (E A B R 80 o R MR P A
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VLA F A+ 2 AL > %2 E FHM LLC IR T % 20 g = ik it

PR A2 SR A, A2 70 pim 1] B 4y A ey, AT 3Tl 7 R e 5 Py L =
S m K E _,_chs

Cosn T F-FF
g Coe| =1
v

PGND : i
SGND

A%

K215 Shm R BT EE

BT ESHEERARIERFN 7 —MER T2 RARAEE
Z BN FWE, AR RREEIRL . N RRENE EEwE 2. 16
Frow o KRR B RCR 0 77 %, JR 4P A AL v = 38 3 R 24 A B HOR [ 9 R
B Cosn UM E R, TR EREFHEEE, EEETRANRERE L
W RA S dvdt, T KR FRWE S # S EF ERE Con UWRHE 55E
WL B B AR EL L Cos HY R AE LU

Th-

WW&W%\T Ces
Cano ##i\‘
/é psh 4
PGND _:7SEBND
B

K 2.16 WimERKEZEHTEE

P A R B 77 ik B R LR RO R e 4L TR e R L U, (BT R R
o SEHE LR AN REA T AT, M AT AR E R R R s FRRE . &
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VLA F A+ 2 AL > %2 E FHM LLC IR T % 20 g = ik it

SRR BB RN, KA N BERER TR, TESNBARRE, EX
AU RHAFARTFEREWMATLRA, FHl, FAME#EE%H R LEE
7B kA A B, A SEIR LR BT DUIRAE ok By M E R
24 SEWIIE

RERT AT R B £ F bR B R AL 77 %, E T — 85\ 400V, #ir it 37.5V,
WA E Hy 600W Y 52 Ko B AL 2 AT LA R 7 T4 7 ik B9 R I ilE, AR E B
WE 2.17 from, BALARSH & 2.1 fim. LRI E 2. 18 For,

Vin Ql-lE T
E L, S, T

13, Asl B

o

=

7T\

QHEE )

v
Il

" Ll sGND
§ JpGND o _l_
R Rz Bl B3
NCP1398 SRK2001

B 2. 17 ## LLC ik & # 28 L B A AL R 32
®2.1 FHMLLC B IR T HEELRHENN RES K

REYEE Bk 4K
BN EJE Vin 400V
W EE Vo 37.5V
TrRIE f 200kHz
TEH L N 16:3:3
Wik EA Cr 34.7nF
Jil 7 B R Lim 110uH
W Ik HLRS Le 20uH

Bl 2. 18 4 LLC %4k & ¥ 8 5L o A AL 52 4
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WL A F A+ 5 b X % 2F HAF LLC ik & e & 0y AR 5 AL

K B bR R B 0 2Bt R R DA RS i R L P A R R B T e SR
FRATEI R, TR EFNNRA B ZE RNT —A Y BE, B
Y BALEREENANFHA T ENEEEEFMFARR. XEXEEW

MR T EAREEE RN A K

AR Ao R R ot R s ey R 4 Al 4o 2.19(a)Fe B 2. 19(b) TR . 24 52
WAEALARF LR F IR 7 e, B Y A LERKEPE 2. 20 A,
H e RIEE Y 60mA. Lx Ikt BHOEE R EHRA R pLER =, HAL
Y BA LR EmE Y E 2.21 iR, HEIEE TS 38mA. XHE2.20 5
Bl 2.21, XA Bt RWOEES Y B A LB RIEE TET I 40%, BT LUE H,
vkt B WCE AT AR B B B R A R

Pa Pa s ot R

dv O’I) S, Sa g dv dv 0 05 Sa 0 dv

& v v A &v
dt : S dt dt i SA2 dt
:} SA2 SAl
j SB X SB
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