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Abstract

Power architecture with higher efficiency and higher density is urgently demanded
due to the rapid development in areas such as 5G base stations, data centers, and phased
array radars. To meet the increasing current requirement of various integrated circuit
(IC) chips with low voltage, adopting the high voltage dc architecture (HVDC) concept
and then integrating the isolated high-voltage-to-low-voltage DC/DC bus converter into
the motherboard is a preferred option, which can reduce the bus-bar loss and achieve
higher efficiency. To achieve the miniaturization and integration of power modules,
high efficiency and high power density are especially required for the isolated DC/DC
converters with a high step-down ratio. To reduce the volume of the passive components
and improve the power density, a higher switching frequency needs to be adopted.
However, the switching loss, driving loss of the devices as well as the eddy current loss
of the transformers will increase rapidly under higher frequency, which become the
bottleneck in the improvement of converter performance. To solve these problems,
cellular topology with good soft-switching characteristic is adopted in this dissertation,
where high-frequency low-loss driving strategy and optimization method for the high-
frequency magnetic component are focused. The main contents are as follows:

Series resonant converter (SRC) has been widely used in high-efficiency high
power density applications for its good soft-switching characteristics. By replacing the
single high-voltage SRC with multiple series-parallel connected low-voltage SRCs,
where every low-voltage circuit is regarded as a circuit cell, the power module is made
to be cellular, and the loss caused by the magnetizing current for ZVS at high frequency
can be further reduced. However, a large number of MOSFETs are needed in the cellular
MHz isolated SRC with a high step-down ratio. The conventional commercial voltage
drive ICs will lead to serious driving loss. And the existing resonant drive schemes are
mostly designed for PWM circuits or resonant circuits with single switch, which cannot
meet the needs of cellular SRC topology. To solve these problems, a low-loss resonant
drive transformer is proposed for the high-frequency cellular SRC, which can not only
reduce the driving loss, but also provide multiple isolated symmetrical drive voltages.
Therefore, the footprint of the drive circuit can also be reduced. Besides, considering

the working characteristics of the series resonant converter, the optimization
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methodology of the parameters for the resonant drive circuit is also proposed. Finally,
the efficiency and power density of the converter using the proposed resonant driver
are both improved significantly.

In the MHz isolated DC/DC converter with a high step-down ratio, the volume
and loss of the high-frequency transformer usually occupy the largest proportion of the
whole power module, which become the bottleneck in the improvement of efficiency
and power density. To reduce the winding loss in low-voltage and high-current
applications, the UI core with double magnetic legs is usually used to replace the EI
core with a single window to achieve more parallel windings in fewer cores or PCB
layers. However, limited by the loss density characteristics of magnetic materials, the
thickness of the transformer core is still much larger than that of the semiconductor
devices even after the frequency is increased to 1MHz, which results in a large wasted
space. On the other hand, the influence of eddy current and parasitic parameters of
windings are more serious at MHz, which results in a large loss. To solve the problem
of wasted space caused by the core thickness, the magnetic flux distribution model in
the core is established and a multi-window EI core transformer with I core extended in
multiple directions is proposed, which can reduce the core thickness and improve the
power density significantly without increasing the core loss. To reduce the eddy current
loss at MHz frequency, the optimizing method of the winding terminals is proposed to
fully cancel the vertical magnetic field. Better current sharing among windings can be
achieved and winding loss can be reduced. Finally, based on the proposed optimization
method of magnetic core and windings, a cellular MHz isolated DC/DC prototype with
high step-down ratio is designed for verification, which achieves a breakthrough in
efficiency and power density.

To cope with the future demand for more stringent lightweight and miniaturization
of power modules, the size of the power transformer in isolated DC/DC converters
needs to be further reduced and the limitation of the power density need to be explored.
In conventional planar transformer designs, the extension direction of the planar
winding is perpendicular to the flux direction, which leads to a larger perimeter at the
outside of the winding and a larger winding impedance. On the other hand, the
transformer area increased rapidly by a square factor as the winding width increases.By
modeling and analysis, these structural limitations of planar transformers are revealed

and a transformer structure with 3D PCB winding is proposed, where the winding
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extension direction is made parallel to the flux direction. In this way, the impedance
can be reduced efficiently with winding width extension. At the same time, the devices
can be directly integrated into the windings surrounding the core. The contradiction in
space utilization between core thickness and device thickness is overcome and the space

utilization of the converter can be improved significantly.

Key words: high efficiency, high power density, cellular series resonant converter,
resonant drive transformer, optimization method of the multi-window EI core

transformer, 3-D PCB winding transformer
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HIAET 16 Ao HTRIOBWAZEBEHF &AM PCB 24, AX#HATHE
210@) T~ A WA B UL B g4, m e LUK & 564 4 7 42 %) /£
Ul S EAEL, B 16 MBlA%4 5 A8 PCB EREHES E. £ &3
EHRERTEBXATELRES RN FEXAAEE R TEEE, PCB W
EEEEN 16, Hit, RAXEENRALZATURAFTH 8 & PCB LI,
WA E B BB AR HEAT R E 2.10(b)FTT. £ “Py” AR SH,
“Sa” MEBIUGH, TARAGREARES B B BN R uikimiE, §181%
LU 4 7 B E BT IR B0 MOS B WM R An iR AR . O T {8 JR B34 SR 4 2 18] B R R A
M, REISGHEZBRAT 11 o #mdAa 7K.

Sdl
12 c _=zfrsoverla
Pl ) T Lk d

Sas
h A
Sas I BE Bl
Pl W W 16 Layers

viasd' \") W Sc:=0.2mm
(a) JR3h 4 & 28t i A1 (b) T JEHZHNHEA &M

Bl 2.10 Bz)& & 8 888 RS A it
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BEFE LA RE LA AT ZE A, 7 LA D IR 5 o, B 30 4 0 B 7T 4
B AN T#—FRANBHEBENER, TEEXEANBH L ERNEREAT R
Bit. whE 2.10 (@) Frr, ZEBNEREEHRHALTE. SRARE, S24F
AR E AR Ae R E . B T AT IR B IR IR 2 & JE & & I3 s B,
AR BN GAR T RBNGAETR, B2, &T PCB TZHRG, %X
| 3oz 48 F #] PCB B, 48 4 2 . Weu F 52 28 [B] B S, 5/ 2 8B 1% ] 0.2mm(8mil).
i TRANEER Ae, TEX B #M R HRE ENRF £ IMHz WEH T,
A X HE T I T EH DMRSIW £ 4 54 E &t k. A T B/NR
HEEH WAL, BEEE TR SR A E S E Bnu BE A 50mT, 5
B E A 150mW/em?®, JLB, BEAE B9 % 208 T AR Ae B[ DL AR (2.8) 1T 45
Ho

1 _ Vm,
Vm(zfs Trf)+ 2 Tre
2:N-Bmax

HoP AW BN TERE, SEREMERF—H, & IMHz, T H K
& JE# T LC Wik ETE, TR ERQ.OQNITERE N T AR,
W ERGE B ERNER N AL, WRHBEENERH BTN Ae £
EXWAEEEE Ve MEEEH N PH. #—F, TREBEEN Ae HHE
B ph A 0942 Ry AR B0 X R B A AR B AR S, #0(2.9)F0(2.10) AT 7R 6

Ae(Vy,, N) =

2.8)

Ae(Vy)
i

Ri(Vy, N) = (2.9)

Str (Vs N) = 8[R; (Vi, N) + NW,, + (N + 1)S.]? (2.10)

WA A(2.10), 7T UL H I o) & 25 AR B o i R B (E Vi 4T
BN T adn &, wE 2.11 fion. BESATH N K8, BAsmSRm
HEAR Ae UL/, #EEBR g Rk 2 W KT, SR EBE Vi 4
TVEHSV, MESARHEmE 4L Ly, ZABRAE IR ERFHE, B
REANRHFERNEAREE v, FHl, £E6F REF B EERTHK
WRT, YR EERNEHATEH N SHER 3,
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150 |
2
<100} PO
g 1{\\ Vm=7V *”’¢”‘,/
% A Tme———-emTT 4T
~So _‘_—*
———eem
= 50 V.=5V
1 1 1 1 1 >
1 2 3 4 6
240 [ HN

Bl 2.11 T RS 4 M A iR o) e E i@ 18 T By B 5 & & 25 T AR

WEATR, AT BRBEBNER, THMNERIERE SN S A RLTT
REFR—MBRB X ES. AT, EXTERBATRHT, X&IFENRRLIT
REMHNTRAXEBZNEBFEERAZER, FAl 2 LT RAETT R EHEE B3
FEZRTAE, R E& Py T £ a7 BB HPH LR T ERT,
FERAERN B EHOENA. FHi, ASCKAT wE 2.12 oy R o) B 5
Wite H, AW E % & 5 5 MOS & M7 A JE AR 8956 6 #7 E 42 PCB 19 1~ [7]
B, FEXAETRMEMEN, URAEERHERNEERERE LR T ERR,

M
* IR

Bl 2.12 WMo k8 v 5 2] MOS & M A JEAR i o9 A &R B

#—F, A ZEFRutr Bo, SERRITFIRRES T ESNT £ &
R#FMTTHETR. RERNEEENEN, LFABRT o N R ASEHZ|H
WRRf RS E BT AR L. EAE 210 (b) FREZRET2RXH
HHA TN, WEFERE A A BBIRREANY 35nH £4; RAE 2.12
TR RS BB & A, DU SRR E R E S MOS E BR ) [F i
FamR, REKX 2.1 IR ELER, Wah B F £ BB IRH £ 15nH LL
Ho #t—FRAERTHEFRENFAEBRSE RN BB EER, #4177 BB
HIE, @ 2.13 B, £ IMHz 9T XRAME T, JRE| 2 584 8 09k K An B 5
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B BB B £ B R /N T BT B B v R R L. [, B T A Bl A v R 7 AR
WatEERFRERER. wE 213 (b) i, REFEFLEBRSHENE
BHEEY, RUERNNTEERT TRV RP AL F LR XIAHLE,
KE T RFNEHROR .

Vg Q1 Vg Q2

10
(I 1

-5
Vgs1 Vgs3 Vgs5 Vgs7 Vgs9 Vgs13
101 oo e S|
e e LT T
0 \\\,rf //// \\\
-10 3 : ;
Vgs2 Vgs4 Vgs6 Vgs8 Vgs10  Vgs14
Rex 104 ' : f

L, T
" 5 e B
" C N Vgsx -104 ¥ H H H T H

6.88 690 692 694 696 698 7.00 x1e5
"' time (s)

(a) Bl R E B 0y 3 A B R B (b) BBFEER
K 213 FE5EE RGeS FERIE

& 2.1 W BB R ARl ZER (£ 4 nH)

A& RME (mHD B RE H) AR BE ) wR BE (nHD

Ly 111 Lqs 6.3 Lo 4.6 Lgys 7.4
L, 12.4 Le 14.4 Lo 7.6 Lgys 14.8
L 8.8 L, 5.9 Lgiq 6.1 Lgys 8.4
L, 10.4 Lgg 3.8 Lgia 9.3 Lgye 9.4

T WIRE R EENF AR, WE 210 212 Fir, BARESEX
AT FEPCBLYA, BETHEEATER/D (XA 0.2mm), LA EE BN
Soverlap 3F & /N X T M EHH &, HFE WA A lmm 24, X EERLE /N,
&R o Bl B F A WA ] LB Wit H A EAR 2, h pF F Al A Z T, MOS
ERIMB R A AT 20F, TATHRAL EHSLHE AR LN T £ A, FHHSEHEHST
A e R Bl (B B Ay A v R B B TR Y R0 BT LR T
2.2.4 JR3h o B 57 AT £ LB B Y AR R AR AL A

AR £ Rk I ah & JE & 8 e e Rk T F E R R B S HOR T E, B
B o B R M@ T T, HF LY MOS ERMEH A 6 E XA B R K
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W 214 i, EE, RESHFE, MerRaieEBENtE, EME TR
ERME N, MBHREYMBRET IR ENR L, Fit, XRAEZHH
Wy e ERITA, BIREBEEFRANEHEEEAR, BHEBRFRFLEEA
B IR B, AT ZE MOS B MR 3 A o T Ao R 2 v B Ak P P PR A EOK B K
WAL, m— A, WE 211 v, EERHREHEET, BaiX EEAZH
R FE A, M B 5 308 38 w1 AR A0 IR 2 e, B T ARG A, T 5| AR R AR A
HESAERY I o B M, RF /N BR B e R R R R 4R AR R/ TR B LB AR AR
RAnBshmse. E2, wREBshEELD, MOS & %F KT & @ 4 &bk g
A, AT B E R AR R Y S B AR AR A, 3K VH AR B AR R BT R VAT AL
b, FREARTFE A RE AN FEMAL A0 FH, £F LRI
JEMEE. Ao, ASCE R E BB MOS & By 5 3 54840 BT 38 0% 3k W20 & & & 6
WA AL T HFER,

Bl 2.14 A JE o0 B 8 8 T 6 8 Bl Ik £ B B X R

MTEREREIEE, A TRABREAEALSREMS, FERELITERE
REAWRMEM ST, W, ML FEBBEHTFAETWER i T HAXQ1D)-
QI3 HEE o K Iun 7 £ 5T EE GBI in WIBE AN, Vie Y EANE
BB B NEE, Con HRUITKE B Cos M 0 E| Vi/8 Mo WFHE, I,
JR AR i BB, np Y EAKEE R B N RE| A A, REE 2.1
W £ B BRI, A 2:1. Tofn To 4 AU 0 BB BT X B B An 4R B B . B p 93T
HARQI)F, o H ERHEZ ERHHERE LS 5K, £ B8R4 HE
N EEENEZ, WE 2.14 FR,
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Iy = 0.25 - Vi, - Coyr/tyg (2.11)

ip,(D) =I,sin(w(t—1ty) +08) (top <t<ty+T/2) (2.12)
_ [16n3V3Co%. |, m2I3TZ , . ILm

%_J TSR 4 TR 6 = arcsin(— ) (2.13)

F HH MOS & T X B # ) 5 3 sR B BT Y to & to+To/2 Z 8], £ U
HE, Z6RQAHTBAEE Ve BHES, EMMREENERLRNBK(Q2.14)
Frm. B BUHHEFMEINEHAETE R EETHERFEE M Roson, BETT
T ULR I R(Q2.15) 1 B 15 2| £ s % B 14 JF % & T 3 AR Peono

T tq—T. Trr—t
gsl 4 taTls S) ty <t <to+-L-
Ts—T,r—t
Vs (Vi £) = !I Vin to + rf Meot<ty+ ———= (2.14)
Tyrrt+tg—T. Ts—Tyrr—tg T,
ngsl(t—to = S) 0+%<t<t0+§
2 (to+Tr/2
Peon = T_rftoo " p(t)szson(Vgs(Vm' t))dt (2.15)

NTFXRERAHAE, TEEUT UMM TR EH 65
Peores BN JEBLE 0T EAAE Py, I LB F 3 4 MOS & H1 IR 2 i 48
Puosd 75 38 1 #E Pmose, VAR BT IR 5 MOS & 4% 3 4 s [H B9 47 48 Pro £ 7
MR R E T, W E ERNERH BT Ae [ B ARQ8)IHHEFE, #
o LAt BB B R B AR K (2.16)FT R, B AR BB AR BN AR
B ERE R R S s Q.17

wmf@%)zsAe@%)[#%?ﬁ+3mgf+4gf+nnm (2.16)
Peore (Vm) =P, Veore (Vm) (2.17)

AT REABAREBEAN TR, e AFESRIRHAW B RE THF
B, YRR EHNITRE Qs QT # e, LRI SLHBHLE Vo2, I
%M@%%%E%Eﬂ%ﬁ%%ﬁﬁﬁﬁm,ﬁm%ﬁﬁ@ﬁa&ﬁﬁ%
B, RAEE 2.14 F & F W76 B ] to, Jo BRI R 324 58 4B LU B SR 38 R An R (2.18)
%ﬁo%%%%E%%ﬁ%aQﬁwbﬁﬁ%%ﬁ,%@%E%%ﬁ%%@ﬁﬁ
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Bl S5 Tk s) MOS B oy e 2 ik, TR BB ERERE-FER, R
A E S B AL AP MOS & % v I el B iR a0 K (2.19) B ow o T S B 3R
NEEBZNRA ARG R RBHLL A Quin Q il thEwZF m At
MeEEF AAE, AR RANEREEAE R M TR ERM B SRS
BRI, U B R 2 4 A R R B AR 3A K A K (2.20) TR

. . 2i1m(0) Tre+ta—Ts
ipd (Vin, ©) = i1 (0) — TI/LZ—_Tf (t =ty + L) (2.18)

S Tyrp—t To—Tyr—t
He, t%ﬂfﬁ?’i@ﬁto+ rfz d<t<to+%fd

aVgs(Vin,t)

igi = Cooi ===, i =12,...2n (2.19)
. AVgs(Vm,t)
i (Vs ) = (Casa + Casz) “25 (2.20)

\ Trr—t Ts—T,r—t,
Hep, tWEETRE Aty <t <ty+ rfz dfrﬂt0+5+fd<t<t0+%

WIRBHZ EREHWEREET 24 MHz T H3 B R E Bae F1 H I
M Ree AE 2 E R, EF X MEHAHTRELR RUIAAFRTHEETE
BE, B TEARBHEETRAWEE. BHE. #4 7 XUREHARFET
A, [ G T 3R o e A B A A U R TR BT LUE MR LU R B B TR A
TIEEGAME R AN £ EZ RN EELARRWEE R L —/NF P ikt
AT, GRAMATE We FO & FIJE Sc B 4 0.2mm, SEAEE Y 3 F, MELE
HWREEZETE RS B ETHHAEFE R 2w, HEREHE Re TRIE
K221 ERE,

#H—%, RIEQ.18)-220)F WA B RFZAMQR2) T W EELAN, ¥
DT ER BB R E B R HNER, RIEZFTEE RIS, KXY BREAE
JE & T 3K FF S B BUNGEARIT A E BSZ090IND, HIF % F dh ki i
%W 5 78 200pF 24, /NTHH s MOS MR E R e 5 +4z2—, Hib AR
R, RQ20)TLrWERTAKTER. MELREX N S EHBKE
M, BN B, AT EAE, AR RIS R, IR, 8
B W& JE &S AR EBT HE AR R (Q2.22)F 7. BT HEs MOS &
WA ER EEE R & E BN AR A A, R R B R ERE B E
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B UREAERAEE ., Wy BB P Ell 2@ a & LM G T £efif
MOS EMmFEEEFH 2., Hd, ELEAGEETREFR TG EFE, H
ZEWRB A, MARELAE T A, MOS & ik & 4+ = w3k & B a2, F ik,
W E %P FRVFEEEH E B MOS TR T £ B K, £EEX W
*(2.23).

1

_ P2T 3
Rdc — 4 Zn:ll ( Ry+nSc+nWey ) (2-21)
cu Ri+nSc+t(m-DWey
Ts—T,¢—t
to+——1 4 to+%

2 7 JRae N
Py(Vn) = T_S,Bac «L0+Trf2_td lpd (Vm: t) Edt + Z Jt
1=

0

isi (Vm' t) 2Rdcdt]

(2.22)
16 fo+k- 2
PR(Vm) = Li=1 fto ? L (Vm: t) Rgidt (2.23)

WRAE LR HFER, U FR R B R E & & E 850 o) B B 45
Foo BRILZSN, A FHIFRE QM QWERS A AR BB HE TIHRES
Frh AR K RSB, ML TFEL B RE A AR R o) BB AR S
AT, EFFRE Qi Q FF EA KW BTE, HIGIEEJEAMA 0, FFRIBAET
ResAit, Hit, EMBETEABRGRAERTERAL. o THAAEH
BSZ0909ND Hy M 1% 25 4 57 Qom 30/, BUE (Al B B AL IR o) 1 & 3 iR A IR
A, ERAT HheERit, BEXATEREAEERARG L, B,
Wy e 35 4 A A WA AR B R W KXQ24) . LI XRERER, RILIF
XEWNERERQINFRA L ERFHEHNERAEE, Hik, LREHRET
REXQ25)ITEHF Y.

Pyvosa = 2QgmVgmfs (2.24)
TS—TTf_td
Puosee = [ " r 2 ipg (Vi £)?Rysydt (2.25)
MOSc= Ts Y, +Trf_td pd \Ym dsM .
0 2

wJa, ARG RN K ESEA B RED T RERB LS ERE
T O By S W B b K (2.26) 1 HAR B X T E R H I KA, £ MHz
TERMET, BRIFIREE L 618 098 JE 85 o e AKX it An FL IR A %1, At
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BELABREETEZIRUTXRENTEETE Wik S HE ., ERIRT
WS ERTAER, FEATTRE W R B IREN, I H XU e HURIR & R 7
HEREE, BUWRAFTXEN XM FAT LG, MeElLESERE T ERS
BERER, Y TIT R AN, W% E AT XFAENTE. Hik, 55
R, BENRPEEIECL R RATFRBBAEFT LS F I, 45 4K2.15)
AR (2.26)F LT B W A F R o o R MBI IT R, £ B MOS & R IR of 37 £ A
FREFHEZA, RHETER A B ERY S, 28w 2.15 fir.

Pdri(Vm) = Peore + Pw + Pr + Pyosa + Pmosc (2-26)
0.6t 0.8
A g \\*. —~ 0.6
s @Fk g @k
g — . . oo @20%% = 0.4
o s ——2 W50%%, A
2o z *@50%%L
s &S 0.2 —e@20%%
0 1 1 1 1 1 : 0 [l L '4=
3 4 5 6 7 8 3 4 5 6
Vi (V) Vi (V)
(a) RUTFT KT (b) Bl [E ¥ ERE

Bl 2.15 8 8 4k W 2 B A~ 5] BR 5 e, e B oy B 1) 451 % A 1 451 66 2 A

RAEE 2.15 (a) PERBRELEFLTREN R R B HLLA G
b, EHREFEAT, MERHEEN AV Ein, BARAFAZH G, EELY
B FEMAES LRA, MESFFRFELENRE TR, SENLHETRER
Mo (EREE BB E#t— PR KB 8V A4 A, W E 58 o xd 245 35 o 8y
B/MERTH R F, BB mRE, SEEFLRRBNRELREET
R, MARDE (20%F) P, RWMAN TEELFENTHEA.
RERRAE 20% e, Mo EEEAT 5V X5 &R FEEHHE S HETT
WAL L. MAFHN, SELMAESHAERSBERT 7V Z BT %E M.
b, Fais, FRMHERRETRERR, A EERLT X TN R
HEBEKESE 7V, XTI RRAPBRE, ARG FELFA L L ERS -
FEHWESVZETREARAD, HEFELBEERE Ve b 5V,
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2.3 {5 KA 2 e o iF
2.3.1 FEBHNEIT

BERA MR R B RBH T EBZBRE LN ARBERERARAY
TARBE 4% R/ N B R AR, TRER/NIR S BB o & A A R E . E i,
FARENERBRATERG, THBNEHFTRATUENMEE, THBNHE
FEALEFAMMENEE. wE 2.16 (a) fin, EEAESEERRSE RS
FTEEEALE, A T A 60V T R 6 K E A 2 1 T K 380V/12V Wy R A #e, X
AT AAEH BRIk, WHEIFELH8, BlHIHEk. & PCB XA SERH
RUHT, EAMFHEREBELA - AREEHY. REENMAEwE 2.16
(b) Fimr. A THBREKEALRAEATEREANTRABRE, EXEENE A
FEXRATRERANAE TR, ERERE XTI FIRTONTEE, AR
BevEmal, YT EENTERE 6 BERWIENTLINE £ WEA & H 8L
I, RAT WMEAER UL A, 2ERAGHNE NEE LA USRS —ERH%
B, Hib, AR EEFREUEHANEERAE 2 FE. H¥, 4 ERLEHAAM
R, POMLEREMS NN ANER A RAS B AFKXF. HT A
MHz & TR A v iR, XA T E 2.16(c)F L EREHHEA 7K.
Hoep P RERBEUGA, “S17 F1“S2” pRIREFARI L %A, #ET ‘S1-P-S2-
S1-P-S2” R Bl Se B 7 4 38 8, MR T 7 JE 25 40 4HL el = B fn 32 O L PEL R 3K

72mm

(a) HEALIFALE (b)& = & AL ()5 44 A 77 X
Bl 2.16 4 1% 5t B 2L 3R 5 8 Fr e B B AL 3 110

AT HEN IMHzZ AR T BN T, TEETEE#XX AT DMRSIW #
MR, ERERRE 12V WIRITEHT, F RSB ERAEERE, £ET
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50mm? B9 % Wk | ARRO, wlE 2.17 (a) FEEBRAMAER, WES e+
E#ErER Ae EEHE, B2, HWRERHFL. TRNHBEYRSEED
R HMAENE ERERANEAK, AT RESAERAE, #EP R EAK2#H
— SR R AN E, M RENTEETHNEE. Bk, ¥ T/t
TERGR, FENBELRIAT R EE 217 () FIrWEERWAEF,

P A WA R A B AN ER R, REFEL)HFEn, YXEZ,
BENBAENKE Lo TREARQ2DWHAEE, i, RELERATREE
Re A X &/, RGATETRERNQ28)ITHEFH,

Lleg = (Ae - T[rlzeg)/zrleg + 2r‘le‘g (227)
2Tp 2p(Lieg—2I1eg)
dcu(ln(rleg+rw)—ln(rleg)) deuTw = Rqc (2.28)

Hep, ph A BHAMEI RS, du VEA PCBHABHEE. T BANEES
BEWEE, RAT IR SRAS TN, 1HH2HEE Leoe 7B E deore 7
BAQ29)IHE G . EEARE RS AR # T DCX BRI, Arit
F#I7X B 30z 40 EH PCB EE dvoara 299 1.5mm, T Bh B ¥ 4R 48 X(2.30) i1 4£
BEEANTEBNGR, #—F, TULFHEEERARRELR S EEHERE
FELIE T TREREAE 242 neg B LW &, W& 2.18 FiR, METHLER, L EM4
HERAMEA 1.0mQ E 2.0mQ F A, BAEFERITA 2.5mm £ 3mm 2[5 7
U FNEEEEER, Fit, EEACRARBREIEHATES, FHEHBA
R ZBUE A 3mm, ME A E TR R E 4 A 3mm.,

Leore = Lleg + 21, deore = A€/Leore (2.29)

Vtr = (4’rleg + 4‘rw)(Lleg + er)(chore + dboard) (2-30)

e | Leore dcore% )
Leore

(a) REEMHAE (o) E B = A
A 2.17 £F UL B a0k E 5%t
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A
12
=~ 87
E |
< — R =1.0mQ
g ! \
~_ Rg=1.5mQ
\\‘¥ R4.=2.0mQ
0 \n L L L Rdczg"smg
1 2 3 4

I g(mm)
BT 2.18 A~ 7] 58 4 B U, v, MEL o g A 4 42 34 17 9 2 25 1R AR

B2, £E 2.16 IR ESRITE, RUFFAER A RE PCB WEH,
B EHRH~JEPCB &it, PCBWREEZEZ N 1.5mm, MAKKZITENETIH
REEH A 6mm, BENRERZ@EHEELET 7.5mm. FHitv, &EHEM
PCB 4 S B/ NmaE S ok, AL EZTAENERY SO0OW £ 4,
TEEE SN EREANT 2.5kWind, R4 T #ILBERSEFTEWES. &
ERAREBIRBAREEZ G, B Ko &5 AR ERT ULER, £
AWM EBEAFACTURRELEFHOREA B R, NTFE 2.16 FHEFAN
HETMAFE— N EERSE, WH 219 () Fir. £9, EATEEH
SRR 16 EHPCBIR, ¥ 12 EEANERESSKEE, ML 4EZZEATSH
T3 FRGAMEE EREARRZ TGRSR RERERAS F A EFAH
FlEY X i, @iy £ 4 EEMAAT K, ZEA 380V/12V TH A DC/DC H.5# +
MEZTEBBEHE N & 4 MREDA 24, EATEELENHEN 500W
I E 1000W, 21 F 32 F — . T B PCB B & B UF E M 1.5mm ¥ v £ 3.5mm,
BT EEWEE A 7.5mm ¥ E 9.5mm, EAACIE I 27%. FHik, #£AF
JE 209 R 4RI 60% K F .

BRX - B, TR ERSEE AT EENA BB THER N
B, WE 219 (b) Frr. BR, ZRETHER BN, HotFER—H
S BUHRERSE PCB E T, FREGTEMEEZ KRG, ENMRERN
B EH4%E 17Tmm U b, A FE 219 (a) # 9.5mm #ikit, EE & AMEH
e, GERAEFERUF—FRA, FH, WEREF AN BHEHNEDEITHE
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mEE, Hib, AXHELEATE 2.19 (a) FHRTHEITFE, SAHEHA 7R
W5 2.16(c) HEH ‘S1-P-S2-S1-P-S2° e 4 3 & 454, W& 2.20 Fow,
W EEBTEBBEHERD K 24,

() BN BEHTATH (b) BN BT
K 219 NS BENE S ZHRAANT EBXIT

K 220 T EBHEEERNENEHEHEA TR

AR ERN BT EBRIT, FEMRENBRBATESR, AFHHEE
T —&TFRME A IMHz, & b o =4 2kW 8 380V/12V THL DC/DC &
#"HE. H 221 (b HEABREBHENEHREENE, & 2.2 A EANLPTEA
HARBHRASEE AR, AT H5E 221 () FHEEREERSEHF HEW
PEAHAT A, AN EERE AR THEWEMHE S B4 E, TEES
BRI, CESFATRAURRHAYERHENRFELE, REL S ERRITRD T
FTREBHUEHEE. EEAMREBREDEEEWHENT, BT EEHEREL
FREMB AR S ERENHAEEEMRERS B ERENR, 5 A A HRIT
AR IR R E A . Qwn A1 Qua AR B MOS &, Ui fn U AR
Bt MM ERE B E R, Lndg 7 Lings 27 4 R F0 8| 4k K3 &
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J 25 Y 5l ol L K

72mm
76.5mm

() Fl 1% G 32 % e a9 BEALDY (o) 1 9k 3R 30 & JE 25 B9 AR AL
Bl 2.21 SR ESEBaNE 7 AnpT iR d il Ik X o & & 2% A B A AL B X L

K22 HLKRREHFETER S K

* #. % ISOP SRC WIRIE A R
S1 — S BSZ040NO6LS5 Qm1—Qm2 BSZ0909ND
SR; —SRy¢ BSZ0501NSI(2pcs.) U, -U, UCC27282
L./C; 1.72uH/10.4nH Linap 0.49uH
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XK, HF LA S A AMENERRKEMRER, p AHEE, EZFNA
B, RARM RS R L E N AR R R T RE R, Fk, B
RN EE T AT EARAM, — B MFIIARE, RERBEHER, 7
— U R AR R B o A AR S AR AN
322 £ %0 Bl S Wi A B

Wl 311 i, ERETEBA AfHSEB FARAK, &1 FRUAE
PR AR, BB EE NI R B9A/N, REX(G.10), ZEHo @A Z0H
HAE NGB, e, FH#EE Rn 7 R WEERZHL2#SHHR. EE
301 FIren R ERw A S, ry F B PCB L4AR/NE, REFE 2EFHR
it, #9% 7.5mm. Heoe NEECHNERSE, AARENIFEES PCBREE
ZF, diegt REEFTHMAENTE, EZERF, TEIEE deg BELER
EAR Sa AN, URZAEWHEAN, HTHERZBEEFTEOHR, ANF
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FEL T mE T e B A, DURR ST AR R E AR B - BE A 1 5 R B ROV

Bml BmZ

| core

Bm3

dlegll | rw | I'w |

Bl 3.11 BB A F o m A R e e s S s B B

R TR, AT RARERNEEBHRSIANEE, ARNXATIRY 7
MIERA X FTEIE R £ F O BI SR v T BRI FIBY 77 Rat
SRR ERH RN, BY FEERNERERAT 4mm LA, RE
IR ERH, WE 1T R Y J7mmsMup s 5 g 5 4 2 & Ky a &
FZAE 20% LA, FHik, EETHE T EER AT BB ESALHNY
we, AT B R AT RFEAGI) W HFE EF, w ARAKRNHEITE, Ae b
HMENSYHETN, YSITRAEEAY FHEERNER A -SRI X FEE
BRFE, T AWEEN N 1.5mm, &ERLA 0.5Ae, FE, #i#E B+ HwH
L R I ARE ARG A MITEFH . #—2F, B (3.10). X3B.12)FX(3.13)
LB B @A O AR A O B R (3.14) TR .

2ry

Rm2 =2- m (312)
2y Heore
le - H1-0.5Ae + H1*Score (313)
0] .
2= Bmi_q 4 f, = 4 2Mcorefie (3.14)

. Rmz/2

2rywSa
@?Eﬂ Rm2 EFTX@/\?F%@Q/‘] I ):‘1—%]3/\ ﬁ%ﬁk/ﬁ\&}?é‘j% 4rWo ﬁ'ﬁ@ﬁfsﬂ le )H\IJ
BeBEmey ] FEm A AR Ty, P, BHERHIAFFHEK

B A 2tw, B ANHE R 89—, E2, #E R FHmLEHENFEET
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BB E O fr 0y EBE AT 1, wRG14HFTR. Y#EFEE Heoe 158 H S
BrBEZE, RGIHFPHHMELE T EMUAAWEER SAHX. EHE O
AT OERT, #E O T, SZHEE 1R RERY, Ko mudE o
KR A % #0028 5 A AR BT B M Y i 438 RO AT R R R B B M R
R, BPFEIAN, LTHSFHBEEIATNEEER L. H T HRRLAE

FSA MBI, FEETHSTHATEFHRFER,

Wl 311 FioR, B R FELME R 328 1 FEE AR, ERRKITH
B O fn Oy TS, AWETFHHEBZEFEZS, 2AKEN B A Bmo
R Ry FTEMBE I S b, BABR MR 1 F A m im0 4 s A0 55,
BRAKERTHEIME, REASEHKER SA VL EE, AETHTFHBAER
B Bms A ARYE Bm it EEH . REXGIHFHHEELFTEAR, TUGFHE
W T EEE X315

(B = -B

| m1l 2+f2 max

4 Bmz = 2+f21 * Bmax (3.15)
I B _ Ae

k m3 — 2+f21 2Sa max

e, fy, = Heorefe gy CHBEEEEE, Ae HPAMNBBRTMH, 1

2r wSA

AHLEBI SR, Sa AU AR ERAN,

—%, TULH Y Bua WE A 60mT B8 435 4 44 52 BT 84 F 24 5 3
HEMUEREMR SA R E L, wE 312 fin. YUAERTR Sa /N,
HEMRA, EE8MNEAE A REEAE B HEE O T A TR WA 85 #E
MBI O BT R BN T g KIS P4 B B B B0 ER, 41 HEER
#ZF 1.5mm B, B R FTE L AE-FH8ET E B T AT 60mT. H,
B A PR E O 5N, EREXEEEM SABN, FHHEFE Bo
BA, BRBECHTAAEE M., BEAENTEEEME 1.5mm, AEHNEETR
51 BEREE, FHRETE B 5 B 8%, A4 50mT; WA #E O,
SR T AT EEE B i 70mT 24, MELERTR SA#t—4
Bihn, BARHE O o THHEFE B T UH—F RN, ERETHRAEE+
a%E. EE 312 IRt EER Y, 4 Bm A 70mT /N E 65mT B, #4F
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WEEHREEAZRAN 25 FUL, XEFAENTEABE N, FSHXLES
HEHWERER, BIBSE 0 EI# S 2 EERA KRR,

A

120
;\90" 70mT B2
E 60 p--N\d-———-———======—--
mE . Bml

30 1 : Bm3

0 : ' ' L

25 50 75 100
Sa(mm?)

B 312 FEHATR TS E 4 FHE % E TN

R AT, YA R F7 Rup FTE I A AR 10 AE F A7 E AT A, B T8 L R
PR AAER, 2ERHEE R BEAT R =202 —, BEH#E O,
WHEAT O BN I AW T E R T ARG RAME R, 8% —EBE LR
NI O Fr Dy EE, ERBEAR.

B, \[LLERBL G #E R EEETHE R AR, THAHMEHS
SEEES. ETRRIARERGWRET, Hh@EwrEETEARmM, —
Bt KE, —REMAR. £4, E@E R TEIARKESRRE
MNEEBEKERE W, AR TEHETE R, TAEHSE R PR, &
T Frik F #A #f DMRSIW AT 46 o5 RACA, R RN AR 218 ko [
Rm FYRIE R A, HoEMIR Z 5 IEH . FEF G AR 7 ke, FEE#
Pl R A9 [ Reny o ] B8 i SBR R AR A ML AN X R, Wl 3.13 fiom. &
F, 1 EEMAENTE deg HEREA 1.5mm, FEAREHRLYY 0.5Ae. xi
A8 x2 47 A A BEFEL Rt A R X7 BB SCBS AR AN BIWARE, #E4E

N e T AR ER G160 RGBT EF . REXG10)FH#E L% 5T
18, TR AR xi 5 xo Z A 8 % R 0 KX (3.18) B~

B 313 Fronta S &R T, AR xi 5 x NMLa B o I F, T
SFMEEEN A ERRE RESF 2 F P EFORIR T B0 Rk
RGI)FHARANKR, TUHZLEFD EILHESFAFN x1 5 x ®EUE,
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2345 % 60um 2 134ums.

dlegl 'y Iy

W 3.13 33T A R B A FHL A /DN B A A R 7 K

4Ty X2

Rinz = 11-0.5Ae | |19-0.5Ae (3-16)
Rin1 = ZLWZZX? uo-z.lsAe (3-17)
X = 2xy + eerete (3.18)
Ql:g%z_l (3.19)

WRAE LR RPRITHEA, Bib L9 I EE O oy T 2% 4T, N
MENE W FAREBEENELTE I AAEERF. FFH, AN TEE
FREMTAEEMAEEHT (1L5Smm), T2ERBEHRHABE I, EL, &
REg SR (ER AR A NS FEREIRZ A T H AR A/NR 2 34 818 4B Fo g 18 5

N, &ﬁt@mﬁvuma¢mwm%ﬁﬁn+ﬁmmmm%ﬁ,%
DLAFE xi B N 60um BE G 6, &M T HMEEH L, FHRBETEMAIR 2 &
et &, Wi 3.14 frr. B THAERAMN] Fv@REARTRHHEE, ¥4
BMEZZ B 7 Bus WA EA, — A AN X ANABEERLTAR x2 1
B, EZEMET, BAFEMAETANEECER N FE. YRFBE T
315 38 55 B w A ME A 70mT LA BE, AFR xo (WEUE TG B A 87um-200um, #n &
YT 22 X BB R o DL Tk A 7= it BT L B9 SUBRHE IR A 9, IR 22 T DA Rl 4
10um LApy, B, B3R A A R A8 Ru 538 40 A PR L ILAE 8 34 45 o
BBy I ME 77 ik B & AT I
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Bl 3.14 KR AN 8 S &30 o F 4 0 5 E B9 R

FH, #ExTE 311 A FEFTIRTAE 1 74 Ho T & SR
e, B 3.13 Frordy s et e (K2 B MK A, BRI I
Wt B, BRARNAZAWRRE. 2TX—FE, LAUFRHE—F
WAIRITH#AK £ BAR, #t—PR/A#EZe i ERE, whE 3.15 frr. KR
Wit F k5 E 3.13 froasyu S EM AR .

Xy = Xp/2
x’l_—X'1=X1/2

B 315 £ BAMRK L & 0 EI A4

3.2.3 B G M Fo 7 R R IR T BB
ATRIEFREWHBBRE T E L F L EERN L&D El BG4,

ANFRRT A AR A A AR S SN HT T AR TR
Wi, AT EmEW b b AMEEEMARR, £ 1 AT A RNEL T,
BT UERERE | FREFHEFHER, AAESEN T LT TEHAR,
¥4 1.5mm. BRARTHE, | A A ARNHEA#ETE > fmE 3.16
Frome Wi, WEEAE A MK, 21 et B BEE O M mA, Z#4a 1
FrP TR B 53] T 72.8mT A4, MAAEFBAAERAS T P oTY
B E AR 49.TmT. FEERG5E 3.12 it B4 R, BiET it i
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HELRHFER, FH, & THA#EAME DMRSIW AN HFE A EZFH
900 AL, T ZHSEMFREFB#MAE A FEE B AT RAR, FHILEHE
FEMBAELF 2R EEAXTHRAR L REMEERZIT, XHRAEN
KEHE 100um bL b, B XEETEEZR (i EIRAA 0.5A), X EH#E
WAR, ZHEENTREGREF AL R WA 3.17 () iR, ¥, FEK
ABWARMESET "ENHIEE, SHARANEAARFIRANHE,
YT JEE T (EE MHz B BT, 3RAMREE T E & (F 58 A 7 KR IR IR,
FEHRAKRMERENERE EAEER, wE 3.17 (b) Fir. i, RE=Z4
ARTHEZER, BB ERHR G HERA N 05SAWRELFHILE T 0.6W,
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I 0.080
0.084
0.078
0.072
0.
0.
0.
0018
0.012
0.008
0.000

K 316 1A AFARNNHEEXE P HAEER

FE§EEEEZ

(a) #3798 oA e v AL T A (b) %4 8 R K E o L
K 3.17 1A AT ARNWEGRE R H e Rns g o m

T g A AR o N AR R OR I o TR L B S A, H R
EE AWE 318 . £, ARNREZTREGE 3.13 ¥ HE, ZEFTER
A 1L5mm. REE 318 FWFEER, WHZBEEMEZIT I F FH#E
EME AW S, Fl, EIRFREERYE, BEHHBETEMRET2D
EFHR . ERZHEENN, RESWHZREGEERWE 3.19 (a) FiR.
Bor, B Ty F AL EF A — AT 100um 89 ACF KR o 78 2 AE A0 o 8]
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HMAEL, REFENARNY 0um 24, HRHET HWESE /D, %R/ H
AP FIMEFRE., Fil, FARNBHARTRNE 03W A&, AT #
— SR RARMA# 7 ET REFRTAE, TH - PHARITHRE 3.15 F
Fromi 2 BLA IR, B BARE AN RN N R R —4, BB o a9 8t 3 5 F
HEERWE 3.20 i, YA EFFRe s LI E NS 5. RE\E 321 F
B R E AR B E G EE R, WS4 B R TR E A 4 R
H-FER, ZANEHRRTH-F TEE 02W AL, A, AXFRLERAT
B 3.15 Fioniy 1 fn g AR 8 i S PR M s @ R D 77 A fn 2 R AR B 4 A

B
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Bl 3.18 T mAMBERMANWHEATZEFFEER
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(a) #3778 2 40 A ey R AL T
Bl 3.21 R % B AR 440 bt oy 8 377 78 & o0 An G2 20 B R 5 B A A

g

33 kMEFERERZZHANRARIT T B

TEBIARAECRTEERGE T EHERALA, HHA L LEBFRA.
AR ETEELREASRBHONAT A, X ERRLLH BB E LK
%, Bl EARMERBA, RAEGA TR E S - ERANFRRTAE. U
% — &% IMHz 380V/12V # DC/DC & ## A0, HiFH T HHAEL A E
3.22 from. BEHE A TN AT R KRB HEA, FHF E4HFEREMED
AN, BTk GRS DMRSIW #A R ARG LR AR EL EE
60mT LAY, &JEHBBEHFAES LB, B2, YTHRBHTAMER
FFZ IMHz B, A PHRRBNL Ew ™ E, FRHEA TN ERT E ALK
5, EARSHNRBARRE L o, I H, BREE LA A KRB
TSR ERNAARE, NTIBARERRENEEE, #HEAHTFEE—F
Win, REFHELA, EEMHRITT, RESKARABEE R THRAEE
HLARFE S G B 50%. A T #—FRAZBENRE, KT FETEE
LR MHz &R T WA IR AT B R R AL
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K zh B, A ESR
JR
FRE
EEZ
45 41 Fn e, BRE
Y 3 i T
B

Bl 3.22 & ZF o & B HE AL A B T B Y AR AR o

331 ETZ4ARTtr EWEABTHLSN

HTMHz WEMFEEES, REHAFRAELEENE, SR IFRE
T B AT A T B LI, T A AT R U TURE 4 A A P A R B B B
BIER T ET B T RN T B E BRI oo T B 7 A AW #
W, AXHNE _EFTHRBNEERN BT ZAHR T EEA,

% ZFH 380V/12VDC/DC F e B %itd, BAEAEXA T AT EE
S, A ESTHSARIT T 4ME, REGSAWELSHA 8:1, LEAE
JEB AP, W= AT ERWE 323 Frr. B 3.24 A3 e A A R
FEEHMWMBENZIT S, THREXLFEFER 16 290G, RAT AR\ ZHH PCB
kI, 4w 3.23 ## Boardl 1 Board2. 43k PCB ¥ #9172 48 5 #n Jk B 4R
AU ERFERAE LT, TREHMREESHANEE, MER/\ER T EH
NEFSE, WEER RWETERENTFESEHA, T Atatr, B 3.23 #48
T PCB HEMREMAE T MG TEREE, B4+ BERANHT X RH#A
AT EF, “P” HRALGEA, “S17 Fu “S274 A A ol F Sk B U 4 A XTI B
MBI GRE, BR|HBHZ B RFAT ‘S2-P-S1-S2-P-S1” W e 44 M, L
RE O PR $ e A, /&I T AF B B R AR AR
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Bl 3.23 % - E I ALY R E S5 B R

Boardl _ MMF
P e )i

Bl 3.24 HALFT R A R BB S H A 454

AT AR R 2 B S At R K R R B Y A, POk kR AL
MNBIIALRA “S1” Fu “S2” £ R T 8 MAAHATHE. E—MEAHA, HAE
HEARRTE, wE 325 Ffror. Ak, £E 323 %, T RITERA &L
SGUELATRLNFHHNEEFESH &, A B URANHATEALE
BHEWAANAEY . WRA L P AE| 54 S2 SR A A, HA
EAREREFILH QM EIRMWRALH P-Py fn 8 B H BRI B L84 S2)-S28 72
Fhagk. g T ARG 2W R a2 A B H S, RAANRTTE L
HE, EERTEZEERETR T, R4 5EH TR e ERmem s &
BRERALT 2R AENA, B2, £ MHz M T, FEiEBELEREUMEF A
SHEeME, 2 WATHREEA. FEH, SR THRRKN 2 EEE W
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0 t
Bl 3.25 Mt & k& s A By e Y

DL 3.24 BTy % — BB A4 S21. SL A Z BHRHSEH P Py 4
B, FEER RIS ENZZFHERANEREES> A 326 fin. EHE
326 (a) #, BRANWKBE DS SL A AFREHNE, BEEZAFHEIT ~E
HORA, PR T RABAE TN TRILSEH S21, BT HERAFEMRTHE 3.26(b)
PRUGHBERE E. AIRARTHETE, ¥ LUFE A BB A 224 S2)-
S2s HY B A LR - AW 1F UL, Wl 3.27 fion. A MHz TR AER T, HFEREVE|H L%
Wz E AL, BIERE RER AN BT E A H R AR i,
4% 461 6] By FBLIT 40 BD A9 % A 8 45 40 4B B SE T LR T 7 R e, T AR SR AL R
FEAR A T BB RIE T AR s

J[Am*2]
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9.00E407
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780E407
7208407
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4805407
4205407
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240807 | O
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Bl 326 XERE—EME _EHANBEREEGTEER
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BENE SRR ATEL AT T o4, wE 328 Frov. LE%8E TIEAERHR
ot G BB 170A), & E 25 R 2 42 4 0 o, Uit Ve B 4 ot ik o U 4 (B 19 -+ 5 DL
E, BB E, BRI R T S R AN R ] LA e
M, EXESRY 8 MEEER, Bl 8 BAAFTRWEFENLT, RagAfaEa
SERTHERZAMUES, RASAERE EABHRXR, BREERLS
HrryEm s LR HEE. B2, REGRER, ARWalARAZH 2@
TR T A R, AT 1 Ak R T A B i, SE R AR AR A T 2 AR B UR A B 4R
o
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S1
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B, REE 328 FHFREER, ERARNWELRANFARMTAT
THRAE A SEH S2 WA, 4 AN A E MHz SE T Ei T #HAT AR
ARTHE, RERRTEARTHHAELE, T XM RS REIWLIT
Eh ik, RASGEMRERRBLY A 1.96, MEIZLEA S2 #iim Bl £ &2
A 159, A TEIUGA, BURAREZRRM AT HE AT E. FHZHE
Bl 3.26 (b) Frrey RSt A mE Eoms, EAERRNCERRE ZFH
N, MESEAANMMIMALENE, FERANERTFERENR. Hit, K
ANTE S AT W R OA B R i G L AT AT, R E IR IR AR T AR Y R A A
WA AR AT 7 %

332 R GH RERE W LS MR AR RN

WH Sk, REHWEERAT ‘S2-P-S1-S2-P-S1” W R4E4MH, ER
I T B ENEAIRR IR, B, RS Z ERSH A T T
RMHz A TR ARERMHFTE, FELGREN SR L HATE M
M ER., MEHANTRG T XHEYRSHATENDH, TFEL KA
HEER T, S BT R BRI, 8 T FURRE B
NEHBREHMANEE, MAMEERT 8 MBI ENREREN, FAFH
TR 2 A RBRASEA., Hik, ARk L&, FEFELR =&
BUE, A F RS RREZNERELE, § - HEHMFH MOS &
PEMEBEME, WAREAAZ MM EEMCE. £ TEEEEXITY, B4R
REA & & PCB R E W42, WRULSHH 4 & PCB AH MM E. B, &£
AxEHUEMAERANEER, THEAEAFALI, wE 329 (b) P
HLAFEILB, MO TFTHELEWEDLYE, EH L) A% PCBWAEE, W
B 3.29 (a) Frow, MAFE—HFI NI CHHEBTERE. Bt CcF
REnRERNRAZE L pEEL, D250 —HoaREE, FEEEL
GHERIL CHAEMUEL, Fit, YT RO BRFEZLNI AL E, BK
T, EHWE —EWRTF, RKATAERARES) A ER—ZF 8T
HR, W 330 frr. XHF, B LLEEEER— PCBH/EF EEAHEGHTH
P HE %,
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Bl 3.29 PR R A L4 oA A8 T B BB B9 8 77 X

B 330(a) B T & —EF TR ITeRE| R AEACF 7 H LA E
RE|AGAMANESHERBENTIR -3, SAFRRAAN, 2EL0HE
BABENCE., B, FEEANTATERITYEA, BREEEEREA
W AT AR 2 A AT BN B, A T B/NEl 1 52 4 1L 1 7L B BT B A
Sy, FREASHANEI B REAT B ALEN—ANTLAL, wH
330 (a) T, Wb, ATHERERASRHAN L EHE R T A T #1LL B,
HEET RAEFHNNME, SR NSEEE TR IESA, REE 3.30 (b)
PRASZANERE EHELER, B4 TREZGALTEGHREI L, F&
AR RASGE G THERE ESAEML AL R R EERIERY

SRUAM B EE G TR, REBRE EAWE LR, L EHeanEEE
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7 B3 R R FodE R B E R AR AT TF B H S, R 21 3.30(b)
IR B mendise oA wlE 331 fim. s H, REKLEADRK, HETXH#
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ERESHBNAQERENERKE T ST 20%, (B2 HFHAELERAE P
HAET 40%0L k.
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B

0% 40%  80%
R g4

B 3.31 B4 Py fu Py B9 AR AT

AT HRUGAAHERE ESA, REREEATHE, §EFEHN RS £
MEBHAT oA, wE 332 () FIRHEEAGERT MR WERE, H
P AERLFENR LR REZEABEZE, AZERAES” £ R ME#
oo A B R AR FE AT R AE, SBTHRSE 4 RS TR R AR E AR M R A
NTPERESNRFRAHEE, HAEERA 0.0mm A%, KF77 5T T W

WD, BEFHERAT ALK, B2, AT RAZHANERGES, HEE

FROA, BEHKERU L AN, ZEF I RANBEHES KA mE 3.32(a)
o, i AMEER TAZER L FRM#ET H & &2 EE 57 £ 4 fo
W B AT RYIRIT 7, 7 U AR R R I X AT 46 LR i R AR, RS
M AR R E AR REE 332(0) FPHERTEFEER
MR LR K R AW SN

REF _FFWRkit, EAELERHAN T ERMSET T EN mE ERK
PAER T EEROEERMENE, NIRANEEE. EREESE
PCB WA, W 3.30 # 2 Heh B 6 30 F & 5 H = 00 B % 46 56 L s 7
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M, EEFNRANBTEERELTNEE dH/dt 2 AR, FBORME #
— SRR, FAHGANERENERTEAN TERAANES.
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MEK. #HE, TUEBREHEERERSKRTHN PCB 54 £, AR &4+
BEABSEEESAAA LR TE, t—F, BB THRFENBERT Z =4
R B EME S EE RS, FLL380V/12V TR BB — A 48V/12V K E T A
A BT BEABAT T 2B B
41 G T K R 25 S R R AT

WEEERTERENTWRES, REEATR®. SRHAFR. A5 &K
MEFETAEMS T ERMEZ ERAWEH, FESHAEE TN HL
EAPE ANTERAEESR, TEAXERAAGEREES. 38 —HHE
¥ PCB 17, B A ZAWEHM AR AEANNEATRERE, A
P 8 SR T IR A AL B e 103104 SE B, P PCB R R B HIEE BB T A
I55MER, ERA LTRSS, Ak, ERAmSEXRENNLAY S,
FEREEH ZEH.

ERFEX THA MHz & & DC/DC &k @aitite, HEHNT IY
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RPN e AT 5 4 B T =4k PCB SRl AR IR AR HT AT

RS R JE &R T, 2R T AL EOR, 380V/12V #YE [ £t DC/DC & #
25 ] F A 8/~ 48V/12V #] DC/DC & #: 25 70 M0, 70 M2 18] J& 1 & Bk, Bl i FF Bk
EHM PFERESEHRITT, ATRADEXEE, XATZ2EPCBRAES E
G, AN TREREH -ATFERESHES. Bk, &It 48V/12V T
HEHHEERATHNESR, TEENENBETEHANEELLET A 4n
(n=1,2,3, =) FHENTHRMAEE, B2, EXMHEITF, TEENEXE
WA LR EEREANRERNHSERFHET mA TR S+, T2 Ak
RSB A. A—7E, TEHENEEZTA TR, #RA—FEA
RERYEFE, FEITRIT T EF A EREESNTAERER,

PCB#R BZE MOSEH# #Y WFHIC

() TEEEELRHE
L LEL

1 e romma <Imm
(b) 1,45 44 I

Bl 4.1 (R &5 F 0 & E 2 H B AL R E B

K 42Ul & V&4 28 moE

AT H—FRNEESZER, EEFENERFE L E SN EMEAT LM,
W 41 AERAERTFEHEESHNEREEMTER, B 42 A FTEEEEH
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RIDNE L = AR 5 4 B T =4k PCB SRl AR IR AR HT AT

EMHAE. wE 4.1 (@ fir, ETERREF LIRS, EAFELEPCB F
MEEARFRI T ERHE B RERN FERAFEEEIL AT S,
SIS H R, wE 42 Fiom. Hl, ZEBEHBENRERAAREERE
EVPESANACZAKAER, AFERARKREANTERGESHENTES
HyE L

H—7E, EYEEREEY, NEWZREESHANTREL PCB WAyt
A AKX EHEE PCB AW, AGEPCBAXEXERE, TRAWTEFHE
B. Fit, 4 PCB I ZF nal Reks A& PCB k|, wHE 4.1 (b) Air.
WEt, RBEWEESL PCBREE. THEHREE. B 1 AREL£RRE, &
B, ERABUREANEEERETI LR HEX. MEHXET LML, B
GaN BHEZEZTU/NE 0.8mm &£ £ 0.5mm, 2 H G & B 2N EZ 4T
DR & EHEFA Imm £ £ 0.5mm DLW, B2, ZRG|T A8 0965 A %,
BiE S MERAE IMHz, T EZBHEETHEE doore N RBIR Y HIR, 7 12V
WEE, AERBEOLAY, HEEEUHE Imm LA, RAENTHRE
FREHNAL, RENEFENES, YSHEHRPIATREREE, LREH
HEHBEHEFNE UM EETHN Ae R,

REE 42, TEXEEER RSN FEREHTZ 2 AELBAER RN
. WAEE 41 (b)), EEBEEZIMS I AEENE ., Hik, #EMI A
MERBETR Ae REEENZTEZETRMEENER. AT H—FRAZE
BEEA, BEREERARBR NS ELEETR Ae, HEREAWXE.DA
o HH, Vi AEEBREFTRNEE, N YN MEANTELH, D N EIXE
B Z SR E T, AT AL, Bux ARMSHNEATHHATE., X T
12V Ak W R E DC/DC R # %, &7 MEMREEER, M MsgHE st
FHEE., W, ERHMEATR Ae EEHF XME LR AFHBET E Bmax
HY TR

_ DVt
Ae = 2N-fs-Bmax @.1)

wE 4.3 (a) FTx % DMRSIW B35 38 5 At P 38 B 60 B A R BE 40 55 2 AF 14
EE_ZEREZFNRITP, ATREARNNHERTE, TEBRTESERNT
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RIDNE L = AR 5 4 B T =4k PCB SRl AR IR AR HT AT

fESE K IMHz, RATHHEEE N 60mT £4. K T #—FEEESREH
Ae, THERATEAERBARKAHBEE. i, EEFETHA 50mm?
T ZE 30mm?, FHBEBFMEE IMHz, BRI T AHELE E 96mT, =HFik
BRI MEE 1.6MHz, A #EEEARFF A 60mT. (E2, JF K52 0w 8 5 2
MM 2SR EENRA, H T ERRER#ET R Ae /AT 6
B/ NI R A A, HE— 25N R AR B B R AT RO Ao 18 5 AR (£ Binax)
Wt S adlnE 43 (b) Fia. RIEA(4.1), £« Buax M F B, BRI
WA ER Ae (RFFAEE . Fit, RIEE 43 (b), %A 1.5MHz 5t 2MHz 8 FF %
WE, T IMHz BT RE44 EAE B8 Ae X THAENWHAFE. #H, X
—ZFAME £ B 0 (SR ER Ae BN THBEMA. B,

AZUFETRAFAAEN T ZER B —THERBEHEREBMR, B TEH 430
FTom# 1.5MHz f7 2MHz FF 5% 50 % %4 i s R e 3 o9 B4, & R B E m e 7F %
MEF 2 FREAIRA G, RAREFAIMEL L.SMHz M, RE#M
B TEME Y 1.6MHz, & AT 88 5 Z 7 4 60mT. AT, % 30 E R &
R ) 50mm® T [ £ 30mm* £ % o

10000

! 10000
]
|
~ 1.5MHz -
£ ! =
§1000 | § 1000
é | IlMHz E
Al | ;;:
»< .
%{% 100 : =100
=S | 5
® | #
)
|
10 | 10
10 60 100 10 100
Bna (mT) fy'Buax (MHz-mT)
(a) B4R B Bumax B9 AL (b) B E P £, » Bonax U E AL

B 43 MR EEETHERTERE

FEHREFENNHERER Ae 5, AT RUBETRMER, FENLET
BEHEA, wh 44 Fir AR —FFRANES UL B R EE., &R
WitE, AT ZWENHHAR, & IMHz AL TRA T 50mm? B9 £ @ #k &K
HMEEE . B 44 () AWM EMHEEZNRRTHTEER. £+,
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RPN e AT 5 4 B T =4k PCB SRl AR IR AR HT AT

UFTUEHE AT ARAAEEER. T REBECHEE, RATIRY
FTEERH IR, FEY FEATREATHAHEAMBEBNTE. EXAH ML
HEHELT, BRI AEX FHbE - 2L R, EEHEM/LFLITAEE A

HIAREHAEB REBEZTEQFRNGTEERT 2, EIRY FHERN
TitF, BREFAHAETEAN I FRB#B RS RAGHIHIALEERSE, E£
BMAENBEAH#NT AT FRE#E BN ICTRALLFETENRE,
7 B TR T ke 60mT. X EEZF H#E R, HMELH
BREKETE, #AASEN, #BENEEA RN EREMNRS, £ K
A BB T E A E 4.4 (b) B, i, KB A PAHS)HERTRE
W R BB, 1% X B KB O B B KBy — o, E S E R E R (4.2) 3
Hgd. B, X8 A AWEHERR N 39mm?, FH, #EERT A K
& X B AP A8 5 K fE 8 n, 2909 77mT.

Ae; = dcore("'[rleg + Lieg — 2rleg) 4.2)

B [tesla)

0.100
IO.DW

0.084

0.078
0.072
0.068
0.060

0.054
0.048
0.042
003

= 0030
0.024

0.018
0.012
0.008
0.000

(a) URBMEAMERE M (b) HiAE A Mt T REE X E A
B 44 1RHY FHERS ULABS AW ESE S

RAEE 4.3 (a), £ IMHz B9FF RAME T, Lo 55 E A 60mT # w2 77mT
Bf, B E A 270mW/em? # r £ 47 560mW/em®, Tk & T <A E R F, 4o
1.5MHz B, 60mT Fo¢ 77mT 4 Al % 5L &9 &% 41 55 & 2 A & 580mW/em® fu
1220mW/em?®., B & MEH — S #E A E 1.6MHz, [ Y 77 6 5 B3 & o0 5 3R
¥4 AT 1000 mW/em®s HRIEE 4.4 (b), ¥# R A (B T8 5 E
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RPN e AT 5 4 B T =4k PCB SRl AR IR AR HT AT

ANETERARIRY FHRREHEASIATER, FRHREAILWEK
BEMRE /N, BHR T FERLE IMHz, 60mT #i% it T 4847 % & 8 B0 7T DL

, (B2 RE &R THEA4R 7 E 1.6MHz, 60mT )5, 1 AR E 4 S5
BERBEBFREEIAMRERLS, BETEE, Hit, £EFEETH Ae
TN 30mm? B, FEFI A SHEFFNR TR Jbt, RES#EEA
Ml REE A wE 45 FE 4.6 Fror. H T EHEEER R ESEREEK
FHALRAX, FHEVRZENER,

(a) #HTEHE (b) ALK
B 45 1R EMAESETRABEENTER

Wcu Wleg =dcore

dcore

(a) AL (b) A
K 46 1HEMEETRNEAEAL REE (UL FEEES)

@ 4.6 (a) j] Ul 'J—-T——ﬁ/}{[{%;ﬁ’]{ﬂj /rll_n@ ;EEEP dcore)?@?/ )ﬁl' dboard
# PCBHRENEE . HHEANZTESNEE He 7l AM@3) T HFH.

Hy = 2dcore + dpoard 4.3)

BAEE 4.6 (b) FHELHEHTER, RANARBBMANTREE, £
FEBAEFRRIE, BEEX FEHBRTH Wi, SHEHEE deoe 87
REHEE mmﬁIEF,%H%&XLwﬂﬁﬁﬁm@ﬁﬁ%&o%ﬁ,E

R EREM Re RITTHRAFTETRERNGS)EH. £HF, p HHEEH B
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RIDNE L = AR 554 BT =4k PCB SRAH A AR IR T AT

F, dew HETHEA PCB AR . U AMERAZE 1.6MHz, SHNHEFZ L E
fn =&, FH PCB 4 E##E 4 20z (0.07mm). 7% 7 < EH AT, PCB R E E
2% 1mm, FHib, ZEATEE A ARE R (4.6)1T E 15 2|

A
Leore = roere (4.4)
2p
Weu = degRgo—4p (dcore *+ Leore) 4.5)
VTr(dcore' Rdc) = (ZWleg + 4'Wcu)(Lcore + 2Wcu)Htr (4~6)

I KX (4.3)-45)RAR@.6)F, TUREZE& BRI REK, X
@GN #t—F, TULFHETASA AR LM Re T, BEBEMRA
HERER ML, WwH 47 fir. SEELANEREHERAE 1.5mQ-
2.5mQ B, BEFEE doe EEFEA 3mm-3.5mm 2 [ #4% BUEF L E R RN
o MAEHEFE dore B/ANE 2mm DA, BAHKE L RRED, EF54
W BRI A, JRE, AR AR T AR R AT AR, REE
BB H AR BT 7w, EAREA

VTr(dcore: Rdc) =2 [Me (dgore + 42 ) +N ] (chore + dboard) (4-7)

core

A, Mg =2a(2a+1), Ne = Ae[Ra+1)* + (20)?],« ~ 3 ri;)c —4p

20000

15000 Ry=1.5m

10000
Ry=2.0mQ

5000

Vi (mm®)

R4=2.5mQ

—
[S]

3 4 5 6
dcor E(m m)

Bl 47 FE Re ML EBARBEEIFEEZNT N (UL FEE EE

A7, REE 4.7 o EAFr EE R, A48 E S EE deore F71 8 A
HRFZITT, YFEFEFRAHREHEN 2.0mQ (K E 1.5mQ B, AT
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RPN e AT 5 4 B T =4k PCB SRl AR IR AR HT AT

T EBEMBTAT A 2.5mQ EKE 2.0mQ BATE g RfR, XEZF A TEE
FE PCB 484, HBE IR T &4 T o a bk a0 % LU A, [ otk 2B 3 g 78
BHFERIERET. MERHATE Wa v, wE 4.8 (a) Fror, “FE PCB
SGHFEMERALNEREKE L2 i, FHik, MAESETEN T
fe, RAMFHTHREESEERZE. Hib, FELEEEZAE  NEAER
B, REFTEWEEEFEER, T RTASMIEKG i RE . FHit,
SUATRAEE I, FHREEBRPAET A, FH, SEHARTE 1.6MHz 5
AR e, HEE AW EIREE LA wE 4.8 (b) . BT iR # 2
W, B T AR RN R A SR A A XA R # R R, F B A K A
FEL 470 5 K B 8 4L A [X 38 7= A K B AR

) L2

(a) AL rER (b)) RUANERZE A (1.6MHz)
Kl 48 FE PCB4LUAMERTENSMHELE R

NTE—FFPREN IR Z T MERN S EOEIALESR, AFAFAIL
JrFE R B S 8 E AR R /NE JEL R, A Ae PR E 30mm? B R A T T A AR
MAESTH R, FE, RARFNFEAREARITH, SETELRALEN
TRERELTE. REE 49 w2 E0 EIA#EEY, A AN UL FEE
JE B AR R it B AR AT T RFEE, K (4.8)-(4.10)FR, I HK
REFAAEREEHRE TH#ELEZNEAEE2FWE 410 Frr. A H
B El # % e, BERE doe BHFE 1.5mm A4 B84 8RR JE & KR H & /N
B. FHit, SFFEBHAFEEEZH-FSRERE Imm LAK, #EEEMA
FEREFEMRSE, HE, MERESZAEREERDNE 1.5mQ YA, REE

EAR 2RI
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RPN e AT 5 4 B T =4k PCB SRl AR IR AR HT AT

W Wleg =2dcore

Ae Lleg

L

chore dcor dcore

S (S —

dcore

(b) i E

(a) AL
Bl 49 THE#EFEHONRASHTER (£ 0 Bl FEEEH)

, A
Leore = ﬁ (4.8)
1A 2 I
Weu = WPC_M) (chore + Lcore) 4.9)
(4.10)

VTr(dcore: Rdc) = (6dcore + 4‘Wéu) (L,core + 2Wc’u)Htr

20000

15000

dcore(mm)

K 410 FEReHWTERARRHEIAEENTNH (ZHFDEITFTEEES)

42 TR U =% PCB AT EBEN
WiE LR, wE 411 () Fir, EFERESRET, KEANERT H x
gy EH, INEMAEH S FREHL R EKF A TA
My B KA, REFTERRHERMTRAREST. T H, B g
WH T RMHTFATTRAKE, HEEZAWNALEAERZEEWRE. H 7T
MR R, RENREANER T M x #THE, FEMFLLENHE y 7
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RPN e AT 5 4 B T =4k PCB SRl AR IR AR HT AT

AT, WA 411 (b) Fror. ElbER E, RSB RETMOMN, RET
B 411 (o) I ZASREREREN. AR TEATERESF#HEACES
Hekit, IREN-EXERENTRACEBY, ZEELERIMEMLE
MEKHRES ZNNBAERKENES, ¥ nsRREANER. 3 H,
WEEEBHBEHREELTEARL, EHCWRERSFEWH S, AT
AR HEHMEEE T EmHA.

y
SF_/— ”
N ‘ rzt’ x-AEWERYE

= y - B3 77

(a) o FELEHE (b)) ZHABE (o) FIREN-EZATEEEN
K 411 Z4HRHATEBEHNEE

NTH RN =SS AREREN, —FHRAZRWEEFX Y EL DT
I r gt SRANESE. BR, XRFATHELZL, KEGFA R 0E
4.12 iR E T 45% PCB TZ oS E 7 ik, MATR B = ERHAT EHHT
AHRIE, B 412 () HHRHERHATERNGHEN., L+, Z4854
B E SIS S PCB # 4T A, &3 PCB ¥4 £ ZAkit, ZERMRE 1L
SGUT LA E PCB AR EF, BT PCB R4 HEBEA M KT, wHE
412 (b) Ao, FLLEBEAF A TEF K E PCB # (B _top #7 B_bottom) Hy i @
FEFRETRGEREL EN, T REFN TEHTUAEEREREEN R,
FEA G —E 4

#HTE PCB HAZREL NS RBN@L, TUKE 412 () Firm sk
PCB # B HEHEE — R, MAT2%E PCB A FZFHRTFLEAE, N LR
EFELEEEIAAMCENSBHEL E, wE 413 (b Aix. HlL, FAREH
ZHhPCBLAREBM W LI RE AR EZ FW R X EHA.
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B_side

v _
LX
z B_bottom

B_side3

(a) S

TR N - e

+
FERE e ——

win e E—

+

(b) BHERESHARE
B 4.12 ETEY PCB LE W = HLEEHEEH &

(a) BN W F & (b) L4 7B HA 7 A
K 413 =% PCBZRUALTEHNRAHA 7K

FIFf#% PCB TEAFET =R U T EBEM B FEE R, HERT A
H 414 Fror. e &t @ BRI ZKE 2 B _top #7 B_bottom # £ T
H#k PCB R L, AGFA2BNELTY, $EE5FLHEIL WK B_side2 # 1T
BEgEE. B2 R E5HEHRZE, W 4.14 (b) Fra, B H M B_sidel A
B_side3 iRt —F BB HHT B U A ES, TRENBIFERNE
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B, ZEMT, THBLHTELXESNEE, TRTERTFTEXES T TEHK
BB S RENTE, AT HEEA LIS &= ERFE M, EREHRES
A jE 4% 7 o A AL

(a) PCB R 5 # % (b) G AL 22
Bl 4.14 E T =% PCB %4 % JE B ey Rt 2 7%

43 ZHSH T R B BB LT

AT TR Z SR R JE B G A R R A LB AT IR, R AT X L
AEMAELTHFEA, RERBENHHAELE 415 () fir, RAMES
T A JE 2 [F B 20z 48 F (0.07mm) 7< Z AR % T B, PCB R E E 49 4 1mm.,
HREVHAGHE RS T US A AANH S (A A FRBEB), M40
HAERTTUSH L EERA, wH 415 (b) fir. £%, ZEENEE BT
% & deore 71 PCB JE B dvoara 7, R (4.11)FT7R. FE326 2 B & @A E A A
RE N 30mm? B, BN FEE Were TREXE12)ITEFE. REBEETF
JF JE deore BT BT OR,  LAAR 42 2 [ % P47 Rae 71 55 1 BT 3 B9 42 2L 78 JR 58 W,
R (4.13)FT . B, =% PCB S84 % EHEMAREXE.14)HHFH.

B_sidel

dcore
EiﬁEA
—

(a) (ALK (b) A
B 415 ZESKEEMTIER (Z4%AXEEH

H = deore + 2dpoard (4-11)
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RIDNE L = AR 5 4 B T =4k PCB SRl AR IR AR HT AT

A
Weore = roere (4.12)
2 A
Weu = Kgdc (dcore + roere + 2Clboard) (4.13)

VTr(dcore» Rdc) = (chu + 2Wc0re)(2Wcore + 4dboard)Htr (4-14)

MAER@4.14), EIHFETUETERARREH Ree WREFHT, K =F 454
BN AR E deore M &4 F W E 4.16, 4554 H i # [ Rae A
25mQIERE 1.5mQ A, = £ 588 % E SRR e Zim/NTE 4.7 E 4.10
PPEEEENEREN. XRANEAREWERATES T, WE 4.11
(c) Frm, SRHAWMER W @77 AT, Hih, Z#KEEFERRETH
WARMEdS REER N ERERAK, BAKS R/N#ARKE YL,
Ft, BEELHE A Ree B9 T M, FRIME AT E RN L ERE I, AAXT
FESGHEM, X & E BRI A BN

#—F, RARENFRERERESERNTERERHAT T R,
W 417 Brs. YSRANERESN Re FHFREE 1.5mQ, #5895 808 #E &
EALE A & 30mm? B, FIF Frie M = AR AT EBEERESH UL AR £ F O
EIRTHEEESR, ¥ AEEREEENGR. H TSR HTEE T T HFEH
CEEMBHEEZAWTE, A, AL AT EREFHEEE doe T UEE
fE5.5mm 24, RREEALESZHEFENE TR,

10000

8000

6000

4000

Vi(m m3)

2000

0
0 2 4 6 8

dcore(mm)

Bl 416 A FE Ra W TEBAMMEUEEEZNTH (ZHFEHATER)
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30000

~ 20000

Ve (mm

4 EUEIPHEES

10000
< IRHUW =4S4 TER
0 Ae=30mm’, Rdc=1.5mQ |
0.5 25 4.5 6.5

deore(mm)

Bl 417 Prizdiey =2 AR E a5 E 50T E& & & ER I

4.4 LI HE

AT BAEFTR BT EREME T, FIF=Z4% PCB AL EEFET —
& JF A E 1.6MHz, 48V/12V #] DC/DC % # BB AT T LI MK . B ALK
BT AWy e BRIk RS, RREEWE 418 iR, BB XESH K 41
FroR. £ 1.6MHz B9 FF XM T, ® 8 T F £ 5K BN GaN B, A T EKHE
HAKE A B A ey R 40, KA T ol Sk B R 7 A 2 AN Bl R A B
BN E 419 iR, RgBEXAT AERR@EHEN, K £ PCB # 1
W& W B anF FIRGEATESR, IANEB TEFEEREAE PCB 4
Henkw.

Bl 4.18 48V/12V #Erik ik % R EE
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RPN e AT 5 4 B T =4k PCB SRl AR IR AR HT AT

k4.1 B RBEEESH

Component parameters
Q: — Q4 EPC2021
SR; — SRg EPC2030
C./L; 460nF/12nH
2.5uH
6Layer/20z

DMR51W/4:1:1

25mm

Tl e

e e

(a) A 1A An i 41L (b) BN =Z%K
K 419 #T =% PCB %4 % 54 DC/DC % # 25 £ 4L

WA 4.20 FroR M EEALER O\ B R 48V, i BT 25A BT AR E. K
F Vas g3 7 Vas s 4 A R B R AT X E Qs A B Fl 2 2w E SR BRI &,
JEBF, I R WR B & B IR R R Y . B s R, R 14 3R AR R
PAHEZETY, RinE T EABRMAEME . RAF KT IRIEEE R ALK
B AR TR EERE R RARRE, TR AT ETAE,

Tek Pretu

Vs sr1 :20V/div '

Vd s_03 :25V/div

L o 200ns/div
& 00V 200ns 2.5065/5 ® / 26 fpr 2019
& oV & 1004 5 points 8.50 V 16: 55: 50

B 420 BHT/ERXBEFLE (Vi=48V, [=25A)
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RPN e AT 554 BT =4k PCB SRAH A AR IR T AT

#—F, WAL E T AR E BRI G AT H R R
AT A, wE 421 fior. B THRTHEFMTEER, #IZRNE
MERK, HEX—ZEEE AR RRA I o R o, FiL, ZMELA S
3 R AEA R RAE

0.99
97.3%

BN S

ﬁa% S K E
o) Po @300W
o
'H'\ 0.93
0.90
0 10 20 30 40 50
F & m (A)

K 421 FENESE AR THEDLZEMEZNZESHL (Vi=48V)

HTHEREZNRERKARE, W 422 Fror, dHENHFATT AL,
RXEMBEZERHAT KA T RAKBRNES PCB 17, EREZMGEERTEFR
ZHEPCBALREA BN AL, FPCBR AL 4B OUFAEEHTF T EE,
SHEgnUAZ AMEERERE, FH, BN TEERE, FTEAKEESH
MR kAL L, EEHRARITE, FEAAFELFEINLBLE

W HARG E R, R T RAWEETAE ., REERES AT PO = 4
AT E, ZHMHFAEE 25A AREIAET 4W £F, BRTHEUEENA
MEHER, FRRSTHERETHAXEENEAN, AR T, BrHFLAE
300W it h F ot £ BB E THEZE 96%., LA, %5 300W # b £iH4, #
LB 52 B i 3 o & 55 2 A 1380W/in’

G4 RuB4 AXBE4 2BEY
A BELE FERE OREET

K 422 ZRSETEBEFINARELIT (Vi=48V, [,=25A)

FH(W)
=} e [\S) w £ n
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RIDNE L = AR 5 4 B T =4k PCB SRl AR IR AR HT AT

AS ZBBHATERNTI Y REREE

R ik, XRETIZRA, B SR ATERZFETEER LY
#pyFE PCB #it e B ad, FHAAREHHET LA E, EHE, XMHFE
TEFIRERNESR, FERE, BGEENT FEmEE S H e g E
HHl. BaliZzal e n X B A RS TR EA REMIRIE, BT ERIKT X#H
BRR, T RRETEENERLE.

Hi, FEEAXRRRELRHNHETY, Flng$EN PCB £ ERT
THEREMAAID THEASE, —FHERRAERENATSERT, 7—7
BB = 4 S M AR o 0 B, A R RS KN LA
SREEA IS, R E BRI E A B A A A, T
LR K S B R oo B 5 M — AL
4.6 RE/NG

R TEELERETSRHEANER T EHAETHMAETMER, B, BEH
AFEMERE, LM EARKBRRE AR, FREEREREURK, 7—F@,
KAFEREEREHEHE I FERETHEHHEAL PCB xl, HEEES
B AR EARE 2. AR IR, Bal 12V ERMAEERITF IR R
EEEcTeTHIhEHRE, ER=EWRE, THTHEREFENE,

AERBA QMR ERHES R ANTEESCE, 7T FEXEEEHMD
TR, RETRHEER T W SHE T W FATHN R E R EEEN, @t
—Rkit, REEERTHAMENEAKMEA NS RN NEERKES, Hit,
AT A RAEREREN AL, AR TEATEL EEFHCAESA,
Frie HIN =S H T EHEFRAQEBS. A, TR TEGEEERER
ERFRENSEEL, MATRADRFES FERL RS TS G EEZH 8
T, G RKERAREEN =B FN ARy REE,
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