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ABSTRACT: Because of the DC-bias in the magnetics of
voltage regulation module(VRM), the size and loss can’t be
reduced easily, this restrictss VRM’s development of low
voltage and large current and “light, thin and small”. In order to
eliminate DC-bias, this paper proposed a 2-phase planar
integrated magnetics and a 4-phase planar integrated magnetics
whose DC-bias in the central poles and yokes can be
eliminated in 4-phase interleaving VRM, and gave the theory
analysis and the electric-magnetic design of the integrated
magnetics with the method of combining “field” and “circuit”.
The magnetics proposed in this paper have the advantages of
shorter winding length, smaller winding area, smaller loss and
simpler winding manufacture technology, and the core can be
utilized most sufficiently. The simulation and experiment
results show that the magnetics proposed in this paper are
valid.

KEY WORDS: direct current-bias; planar integrated magnetics,
4-phase interleaving paraldl; voltage regulator module; 2-phase
integrated magnetics; 4-phase integrated magnetics

FEEE: T U PR (VRM) R T AE AR BRI B
e, R T REAE ROT MRAEI IR, ETHIZ) T VRM [ 4
RHRHLAT “ By L /N7 J7 R e SO DL BRRA )
FLUUIR LA T, $EH 7RI TDUAR VRM (RR] 8 B T30
s PO~ T 25 P R AR e 1 R VY AR AR R, TR 370 “ 7
FHEEE T IEEAT T B 0 A M AR BE T, AR B Lo rp AT
AN FRHIR) EL A AR A R B, DA S AR L, BAT

ZE2€WB: EHEXBARAHESEDTUH (50207004).
Project Supported by National Natural Science Foundation of China
(50207004).

SRALKIEA, Bt VRM ERREIBUN, SR4LBURED, Sl
e T, B BIRA RIS . L 7O
Yol T IL IR

SEHRE: ML TIAHREIE: DURIACHEEE: LR
el AR DR

0 3lF

B AL LA AT AR, 5RO Ak BE g
IR R 110 H H T AR (VRM) 4 485 ) 251G L K
W7 R, EER A AR wT I (1 0.8~1.6V), Hiih
HIgIL B L2l 100A,  HASR S, Bl g
B, RSmRSN, I R L N A
IR BN H R, 2 ad R v T SRR (R
R AR FRICHARS, SR P 1H 2 28 1 10 1 s
W E AR IS TES 7 N

AILABFPR I TF R R —FE, BEAFd2 VRM
AR, JLAARRR. BURE. HUBE SR VRM
AR . R . R M) A i) o 2
WZ o SN, BafFRE VRM A R A,
T Z AR IR VRM,  [AREERAT 2 A KA
MIREAE b, FESE TR MR ] 2 MRS IF
7S s NSO CTL PR N /e s % NI O N A LS
RRBURIEIRE, 23 VRM (RPERER SO, T iE
7 P, HL 2 A A 1) R R AT

LIMEWTFEZ A IR VRM IREER AR,
—MRHEBR A E BBk, SRR ISR, BEAH
FEAT ISR ALE R ROl — N 1, P SR
T A B TR R DG, S M BT

PDF SCHFi ] "pdfFactory Pro™ X AL www. Fineprint.com.cn


http://www.fineprint.com.cn

180 o SN 5 R <€ T/ 1 R R = 4

26 %

O VRM AR HE I, IF 7 AR BOK K e 4 A
FERACE A7 A R e G Ly, BIERL B
A S BT AR A, (T DA L L
VRM, HEM AN AR RAAL AR 22 AN 180°, gk
FEIE SRR TAEREE ARIRR, AR OBA 1R 7E
SRR, i HLBAT SE DA R I, ANREAT
REAE S AR 2Dl

AT AT bR EL G A SRBB s S d HE AT
W TR L AL O T P A AP T B PG S A, SR 5
R, APPSR AR KA AR 22 180°, M s il T
AR . SR YA R AT R AT TR AT AT
e LA T P S R AT 5 A AR P AR 2 —
AdsNe I 37 “ig7 S A AT TR
W A7 FARE

1 M#EAHE VRM R 2 AT H R B i i
&R B A 454

DU AR AR B 25 A5 T 528 VRM SR H Buck A8 4 2%
dh, WilE 1 pR, 3L 44 RUBCR AT PIER LA 1) o
DIEHEAT AR R SR B, 2 R AT OB, Al
My, FCH A S A SRR B K ) — ),
Bl 2()r7s, A Bkt PN AT M K g #1340
R ST SRS AN P A U AN TR I, A
I 7oA KL, PAERRGR AR, JF T
FEHEA A VRM R, H TS iR ok,
SR AR IR 0, AT B2 0 Wl iy T
R, T HLEG A A8 A N S A i S i 7 /A8 B
i, SR T HiE T 2RI,

M 24907 VRM B SBL T midl, RN T
S B AN R, 6 LR R AN R ARR,
e T It AL B R . Nk, AR SCRESE K

i L1 i
i !
RiEiskam:
Ui *J/lii” | J%M&
T L X
1 i L3 i I
T s :
e U ]
L i La

1 AR FEFHILE Buck Tiksg#hth
Fig.1 4 Phaselnterleaving Buck converter

T AP vy B N i RO B o g 2 B TR O B, SR
G, SEILIE RS G, A k0 v A 1 300 A
LA RR, PHHUERSCILARRS, Wil 2(b) s LR
Kl 2@ Fi(b)rl &N, FEgedumif g, Jatt
W SR K BN — 5 LA b, i Hgedliiis T
SRR o A B T 1 ik L M 10 B s 1 A
WK 3@ 7R .

h T PPN AR BT VRM AR
TR, ASSCHR 41 B 3(b) T 71 1 DY A A1 T 3 o4 L
T ARG R A 454, ko Fn R0 P 96 ) LA A
HAFLATHBR, 4 AR AR RS, AERAAET i
FALE WA A sk — A5, T D FH— B L Bk

it A
L, e %
i 1 i T

PN i N3t PN T PN
(@G (D) (b)IET A (5E30)
B2 EEBEFREBEEGRESY
Fig. 2 Winding structure of positive and negative coupling

| € Fs |

)

| F, Fg ‘

gL gs g2 oy
1 I3 |

©U) (&)
. 2 F1
(PR A (o) VU ARAE B 44

[E 3 [M+H Buck Tz BRI AIHMRERREER AR
Fig. 3 Inductors’ integrated mode Whose DC-Bias
can be eliminated in 4 phase Buck converter

2 WiEMRERREENE AN S TSR
21 EBERUES T
211 PARSE KA

VAR 2 38 45 W) T e ) FEL YA T 2 A G Pl 3(a) P
Mo BT 2 /NHUBSEHL T R AR A, oA B
T

Fy =F3-F, =0 D

AL, RO TR B AT LAV B . PIARAR g
A B o i BaE 8 4@ (iR, S
WA HR—3, BARIEER O T AN e A D = (1)
BEURGE, REATR/MASE, Jr AR, PFEER
WA %, 1FLAHER.
2.1.2  DYFHAE R ZHa

DU £ s 45 ) T A 1) L Y T i 2 AT Lt ] 3(b) e
TN S AHAHAR S [A) 2k 0o 1) L A e

PDF S i “pdfFactory Pro™ i H iRAG]&E www. fineprint.com.cn



http://www.fineprint.com.cn

% 243 MRS DUAH S R A L ST 28 A v Bk 3 i B B R AT 5 181
_‘|.F21:F2' 1=0 MAE
e, =F,F, = o ST 0 PR (@) AR A 7 18000
I F.oF, =0 RARHS, WE—, AR YA )
iF. =F.F, =0 Sele, FLBRL ARG 5 R “F 5.7 7

AL, AR ARG ) Bt AT MR B ) 37 O
PEAF LA ER, 4> RURTLANARARR, SCBLRAREE . A
BCHr I Rl 4b) . (A, SRR 2.

==

(@ PSR 2

==

(o) PUATL 00 45 14 O 0 2%

BIT
16479 10"
14831 10"
1.3183'10*"
11536 10"
9.8876 10°

- 82397 10°
65017 10°°
4.9438'10°
3.2959 10°

- 1.6479'10°
1.6658 10°°

(C)PIARSR S S5 44 A EL RS 3% 73 A1

BIT

17791 10"
16012 10"
14233 10"
12454 10"
1.0674 10"

- 8.8954° 102
7.1163 10°
53372'10°
35582 107

s
. 10°
() HAFIAE B 42440 1) TR 5 A1

4  ERHHEREANERTAE
Fig. 4 Finite element simulation of DC-magnetic-field in
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