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High Performance MnZn Ferrites

for Transformer Core Used in Forward Mode Switching Power Supply
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Abstract:

Low loss MnZn ferrites which have been developed until now for transformer cores in switching power supplies
were introduced with future development trends. In addition to the improvement on core loss and saturation
magnetic flux density, the temperature and frequency dependence of the core loss have been particularly improved in
new materials, MBT3 and MBF4, respectively. The most suitable material for enhancing the power supply efficiency
of a commercial forward mode switching power supply was evaluated in comparison with the current materials, MB3
and MBA4. The efficiency increased in the order of MB3<MB4<MBT3<MBF4. Although MBT3 shows the lowest loss
under the sinusoidal flux condition, the highest efficiency can be obtained as using MBF4, which shows lower

harmonic losses derived from the rectangular wave voltage in the actual power supply due to the excellent frequency

dependence of the core loss.

1. XC&IC

WG MM EHIE RS 2 5 7~ vy (GHz) B[
Wrril & ©, #IERRH 2 LIZRIEEE Y L CEHERSES
2 Y OFGICIRIAS RS Tw3, 26D HT JFE
A F = v =TT E & O m o B K
gk, vtz T4 rREE - RFELT0E, ITHLY 7
b7 274 MESERWREEA RN ELER U T RIS B
WE L, BEa~vy 2o E X B~y OfTENRZER
MRt L RT o0, REAREERERN7 V2, Fa—2aA4
W, JART 4 NE=REDATIILFHIN TV, V

7274 a7 ~OFEIE, TYRIVEKSE, SVa,

2010 4F 3 H 12 H&ZA{+

WESE R CRAEBFEROSBM L RIIFIGL T, 28
RO H 5, ZOTTHICBWT, 7254 ba7izxt
LT3, fERMIzItiR L CEEm L, RIBRL, SEss
b, @REBEL Vw72, LD EEEE T/ N, R
FEARD b DD ER ST\ 5,

CDEIRY TR T4 FOHT, MnZn 7 =514 ki
HREETFHEIBIBERINE R vy F o VY BEOBE 5>
2a7¢ LU R IA TV 3, BFEERR Lo,
MnZn 7 = 74 F CIHIIERTH % Z e i bEEZEHEAD
—DTH b, JFEXr I v v—7THBHJFE7 =71 b
TlE, ZHFTIg, AEIBAM e LTMB3 ¢ 3 5 I2{K3H
JThsd MB4 LG RFELTa7, L LD S, IE,
BTHIA —H—REBR LI AX—H—2b, ZDLI7%
NHAERSRAM IS T, Fa—H—OHRE - SGIs#EL



T+ T— ULy F 2V JERO NSV A7 ICEG#EE MnZn 7 254 b

T MR OER D £ 5 Twd, 22T, 2a—¥F—nil
FORHY - =— 3G L icmReEs, S nfiifEso S &
75 % BAFS - B b2k, BIEE CLURARE Y o 2 k
7 > 20/ NEUE - FARULICKIR T 5 e RIFE > T\ B,

D& WIRMDOHT, 24 v F 2 BFOFTH LT
AEINS L, BREEEED 50k ~ 100 kHz F2E D AC 7 X
TRESIGEASNE D\, 7543y 224 9 F
> 7 IR B2 MBIH ZB5E L7z Y2 2 oA RHZ I
M MB3IZLEXT 100°CIicBIF 2 a7 v 2H3ER LT,
FREAREIE DS 20% 0 <, WRGREIERETDrRER F 7 > &
/INEHRICE LM TH D, T S mOiHliZ 5T 5,
—75, HCBRMIAEDR S < BREEHE L 100 k ~ 300 kHz
BEeks, 747—FR24 9 F 7B EREOFF>2a7
W3 L 7e MR, ey B ) MB3 % MB4 B EFRTH Y
100 kHz, 100°COZM T TREBIILLIMEDVRBVWE 3h
Tw3 Y L Luds’s, iE, BFEX—H—TOFF> R
BT LR Y, T2 aT7 ORI
3383 THL, SOICHIFREAEREZBIANLS 2T/ L
feb o=, 100CU L TIREP LR T2 RBLCD
DY, PG & o7 ) SR i b R T 3,

Z T, REMSLTIE, TR EARICHIN L O
F L e BHEHEIRIM O 21T 5. R, HlRD 7 47—
RRUBEIR 2 R L CRAEEMED | 5 > 2 a7 032k 2
HL, REMEOFE, MEE21T- 1ROV TR~ S,

2. RIBEEBRMORFE
2.1 mME#ME

JFE 7 2 1VIZ JFE 7 = 7 4 b HAT, Bk#k»r 57 =
T4 a7 2 CHAEETIRE NV—T L L TOMLEENE
L, 8K, BUERLCORFEICEBNIHE OB, BLU
R ¢ B A PEME DTN T & B RS S B &I A5 AT BE e
00— —N—2FDOMRLED TE, B2 THE
LIcBIRAOME e 5% OB iM% R~ 3. LA MB3 %
HFEMEe LT, arex, BIRBEREE CNoIckER
WERNETIRE, BB oBMEr 2z N ERRET S
MICHEA TV S, K1 OOTHZNIMFIIEEE ST
240, O EnMENES RBEREKR T LDEY > 7
B0 b o, OTHEFNIHMIIIBERETOLOTH 5, BT
JTENEENS R T & 912, 1)100 kHz, 200 mT, 100°CTH a7
0 AYGE, (2 27 2AOREKFESE, @) EERET
Darr A, @) BRREZOUED 4 /5 TH 5,

BRI CdH 2 MB4 1, 27 v AfH 270 kW/m®
(100 kHz, 200 mT, 100°C) <, FLAHZEEM MB3 IZLLiKT 5
CHI20% DIAEEDPK LNTEY, AR vF—¥ 1>
HEN=—XLZB3 e TEIMETHE, 272,
MBT1 ¥ MBT2 i3, #EOEFEMORETHS, 370 R
DIREREE 2 SE LI L 0T, HilD 5 100°CHHE £ T

Higher magnetic
flux density

O Mass production
O A few sample offer stage
<© Under development

Higher frequency

<200kW/m?* Lower loss in
at 3 MHz, 25 mT yide temperature range

<350 kW/m?*
at Room temperature —140°C

Lower loss

350 kW/m® at 100 kHz, 02 T,100°C <300 kW/m’ <250 kW/m® <200 kW/m’

1 RAYF I ERBDEERMNZn7 51 FORHESIAE

Fig.1 Schematic diagram of development of low loss MnZn
ferrites for switching power supplies
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Fig.2 Temperature dependence of core loss in the modified
MBI1H with high Bs
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Table 1 Comparison of power supply efficiency and temperature rise in driving at 200 kHz

Vin (V) 200 200 200 200 200
Input I, (A) 1.02 0.99 0.98 0.96 0.95
W, (W) 142 139.2 139.2 136.2 136
Vy (V) 11.81 11.81 11.81 11.80 11.80
Output 1, (A) 10 10 10 10 10
W, (W) 118.10 118.10 118.10 118.00 118.00
Efficiency (%) 83.17 84.84 84.84 86.64 86.76
Environment RT (°C) 29.8 27.7 28.2 15.1 15.6
T, 48 49 46 40 37
T, 55 51 45 39 34
Core temperature T 54 48 44 40 37
T, 52 50 47 38 32
Ts 54 50 46 48 48
T pverage 52 49 46 41 37
AT, 18 21 18 25 21
AT, 25 23 17 24 18
Temperature rise AT; 24 20 16 25 21
AT, 22 22 19 23 16
ATs 24 23 18 19 18
AT yverage 23 22 18 23 19

Vino Vos Lins 1o, Win, Wi Input and out put voltage, current and power, respectively
n: Power supply efficiency, W /W,,
T\—Ts: Temperatures at five points of the core

AT\—ATs: Temperature rises at five points of the core
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Table 2 Comparison of power supply efficiency and temperature

rise in driving at 122 kHz
Driving frequency: MB4 MBT3 MBF4
122 kHz EER35A EER35A EER35A
Vi (V) 200 200 200
Input I, (A) 0.66 0.6 0.56
W, (W) 111 109.3 108.7
v, (V) 11.80 11.80 11.80
Output I, (A) 8 8 8
W, (W) 94.40 94.40 94.40
Efficiency (%) 85.05 86.37 86.84
Environment| RT (°C) 16 14.5 13.5
T, 31 26 28
T, 26 23 2
Core T, 27 23 21
temperature
T, 21 17 20
T, 18 2 23
Toverage 25 22 23
AT, 47 41 42
AT, 42 38 36
Z:L“Perature AT, 43 38 35
AT, 37 32 34
AT 34 37 37
AT grerage 41 37 36
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Fig.5 Frequency dependence of core loss in the new MnZn
ferrite materials, MBT3 and MBF4 at 40°C and 100°C
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