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A Microswitching Regulator Controlled
by a Magnetic Amplifier

Kiyohito YAMASAWA and Hiroyuki NAKAJIMA

A magnetic core with micrometer-size will have useful applications in a minute
instrumentation of a weak and high-frequency magnetic field and in energy conver-
sion systems such as a switching power IC and a micromagnetic actuator for medical
uses. The integration of a magnetic circuit, however, is far behind a semiconductor
device.

Recently, a magnetic thin film with very low loss is developed and a high
frequency switching technique is progressed rapidly. The developments yield a
magnetic integrated circuit for a practical application.

This paper describes basic characteristics of a micromagnetic core composed of
an amorphous magnetic film and a zigzag planar coil. The micromagnetic core is used
as a main transformer of switching regulators controlled by a magnetic amplifier.
The operations and the loss of the microswitching regulator are analysed.
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Fig. 1 Structure of the multilayered micromagnetic core.
(a) Zigzag planar-coil. (b) Microtransformer.
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Table 1 Properties of the Co-Zr amorphous core.
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Fig. 2 Frequency dependence of inductance and resistance.
(a) Self inductance. (b) Equivalent resistance.
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Fig. 3 Coupling constant of the magnetic core.
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Fig. 4 Transformer characteristic.
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Fig. 5 Load characteristics of the transformer.
(a) The output voltage vs. output current. (b) The efficiency vs. output current.
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Table 2 Properties of the saturable reactor.
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Fig. 8 Circuit diagram of the microswitching regulator controlled by
a magnetic amplifier.
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Fig. 9 Load characteristics of the microswitching regulator.
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Fig. 10 Waveforms of the microswitching regulator.
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Table 3 Efficiency and losses in the regulator.
(b) Losses and the rate.
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LS N OB ® 7 |#EE W) [#H& (%)
ATTES (W) 168 BE~ 1 7 =BG 0.49 13.0
HIE S (W) 0.92 F E T 1.99 °2.9
ERHE () 197 A —FV7 v 7Tr 0.36 9.6
1 REF (W) 168 NS A e S 0.06 1.6
o KEH (W) 119 1 & @l =z o fi 0.59 15.7
R (%) 70 8 AR 72 b 0.26 6.9
g 4 Fx = F 0.02 0.5
2 Rl =z o 0.09 2.4
& & 3.76 100.0
(a) g P
)
S g
ESP 3:- O:1=lillz ;
R FEAR
Ir e
0 RN I RN TR N

0 0.1 0.2 0.3 04 0.1 0.2 0.3 04
ihmi To [A] TR Lo [A]

Fig. 11 Frequency dependence of the load characteristics.
(a) The output voltage vs. output current. (b) The efficiency vs. output current.
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Fig. 12 Circuit diagram of a microswitching regulator controlled
by a primary magnetic amplifier.
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Fig. 13 Load characteristics of the primarily controlled regulator.
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Fig. 15 Frequency dependence of the load characteristics.
(a) The output voltage vs. output current. (b) The efficiency vs. output current.
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Table 4 The frequency vs. efficiencies of the primarily controlled regulator.

A% (MHz) 1 2 3 4 5 6
AS1ESI (W) 6.60 4.97 4.44 4.06 3.47 3.64
HSIE (W) 2.24 1.72 1.47 1.27 0.84 0.79
[ENRERIER (%) 33.9 34.6 32.9 31.3 24.2 21.7
1 RESI (W) 2.80 1.97 1.83 1.52 0.972 0.918
2 KESI(W) 2.35 1.76 1.55 1.26 0.967 0.915
HELZNER (%) 83.9 89.3 84.7 82.9 99.3 99.7
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Table 5 The frequency vs. losses of the regulator.

& ¥ (MHz) 1 2 3
BEW) | H&0%) | BEW) | &%) | #BRW) | #50%)]
BE~ A 7 =Bl 0.45 10.3 0.21 6.5 0.28 9.3
F E T 2.44 56.0 1.55 47.7 1.24 41.3
FET F 5 4 & — 0.21 4.8 0.42 12.9 0.62 20.7
CR % & & 0.09 2.1 0.10 3.1 0.11 3.7
ARV T2 b 0.04 0.9 0.07 2.1 0.07 2.3
1 W = ol 1.02 23.4 0.86 26.5 0.60 20.0
BERALAA—F 0.06 1.4 0.09 2.7 0.07 2.3
2 W@ x o 0.05 1.1 —0.05 -1.5 0.01 0.4
& &t 4.36 100.0 3.25 100.0 3.00 100.0

FE ¥ % (MHz) 4 5 6
BERW) | Hlal%) | BLRW) | Hla(%) | BEW) | H&50%)
BE~1 7 =Wl 0.26 9.3 0.005 0.2 0.003 0.1
F E T 1.19 42.7 1.16 4.1 1.31 45.9
FET ¥ 5 4 -3 — 0.83 29.7 1.05 39.9 1.27 44.6
CR % & = 0.12 4.3 0.14 5.3 0.15 5.2
HEMY 72 b 0.05 1.8 0.06 2.3 0.03 1.1
1Rl - o 0.35 12.5 0.088 3.4 | —0.038 -1.3
BEAL A4V 0.09 3.2 0.09 3.4 0.06 2.1
2 W %+ o | —0.10 -3.5 0.037 1.4 0.065 2.3
& i 2.79 100.0 2.63 100.0 2.85 100.0

4.3 FET OiEKICRET 2 EE

Wiz, EREIERZET LT 5ERERTH S FET 0RO TR (TS, X
1611z, BEERY Ri=46.5QREL, A A v+ v 7 EHEHKY f=1, 3, 6MHz & &
ZIBEDFET OV v A Y « v — 2AMERE Vs L BR b OB AR, £, ThbE
FEoEARYRITIZRT., chboBEBrESWT, A1 v57v 701 BHOXMAY = —
F1~3D32E9l, ThEfhnd®— NERTAEEYRNT 5.

E—F1OHMEFvAY « v - RAFEEBEEN 02 Thbilb A% EToEMth
h, TOHMOBEIFET o onBHELR L5, =— V2 0fMREEN I L LM



WEHIESE <A 7 aRfvF Ve LF L —K

26 v

3
T
i D‘IEIIE'.E G 04A/dy

mENEEny 10 02usec/div
f=1MHz
(a)
=Illill
[ [N
oo IRV,
e
i D_ﬂl."ﬁ'iavoo'wdiv '
foAMH 2 t:0.05 gsec/div
(b) V ps :I : ¢
EEEEme ‘
NOAuEae |
VDS_IF'J'!IWIIF_G 40V/div ! !
I s |
VeGiaN] io y t :
i o NVARINIERG . ), g, i | v Lot
MEERGRE = — - g
fe6MH 2 t 2 0.05 pesee/div i -1 |1 £—R3 {
(c) £—-K2
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at R, =46.5Q.
Table 6 FET loss at the operating modes.
B f=1MHz f=2MHz f=3MHz
BHk (W) HE(%) B|EW) HE (%) BERW) e (%)
£ - F 1 0.12 12.4 0.09 8.0 0.15 12.5
£ - F 2 1.14 117.5 1.24 110.7 1.29 107.5
= — F 3 —0.29 ~29.9 —0.21 ~18.1 —0.24 ~20.0
& & 0.97 100.0 1.12 100.0 1.20 100.0
B f=4MHz f=5MHz f=6MHz
B (W) & (%) LR (W) & (%) k(W) & (%)
£ - N1 0.09 7.5 0.05 3.9 0.09 6.6
£ - F 2 1.44 120.0 1.80 " 139.5 1.70 124.1
£ — N 3 —0.03 —27.5 —0.56 —43.4 —0.42 -30.7
& F 1.20 100.0 1.29 100.0 1.37 100.0
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Table 7 The relation between the regulator efficiency and the control system.

mEs s | moms | PWMEE | @EEL
AJTEH (W) 4.55 4.68 2.92 4.09
HAOE (W) 1.45 0.92 0.92 1.71
IR (%) 31.9 19.7 31.4 41.8
1 REFI (W) 2.15 1.68 1.32 2.71
2 RESIW) 1.58 1.19 0.94 1.85
B LENEE (%) 73.5 70.8 71.2 68.3




Table 8 The relation between the losses and the control system.

HMEEES< I I/ rRAf vyF vy e LFaL—4
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1 RIS I B s HlE 2 RIS TR as il

BB X T BR W) & (%) k(W) &%)
BB~ 7 =l 0.57 18.4 0.49 13.0
F E T 2.11 68.1 1.99 52.9
FET F 5 4 A — 0.18 5.8 0.36 9.6
B RS 0.08 2.6 0.06 1.6
HERY T2 b 0.01 0.3 0.26 6.9
IR % ol 0.02 0.6 0.59 15.7
TEAEAA—F 0.03 1.0 0.02 0.5
2 W £ o f 0.10 3.2 0.09 2.4

=) gt 3.10 100.0 3.76 100.0

PWM#i{H HIEEIRE 7 L

@B B £ T %W H#& (%) B%k(W) #& (%)
BB~ 7 = Bl 0.38 18.8 0.78 36.5
F E T 0.67 33.2 0.98 41.2
FET F 5 4 & — 0.31 15.3 0.20 8.4
B R IER S 0.01 0.5 0.08 3.4
AR Y 72 b A e - o —
1 R A% o 0.63 31.2 0.11 4.6
FEALAA - F 0.09 4.5 0.08 3.4
2 W £ o —0.07* -3.5 0.06 2.5

& &t 2.02 100.0 2.38 100.0

* LA O 2 RAIZ O] CRHlERERYSA TV ALDIBEOEN~1F A LD
BEND B,
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F v 7 EBIRC OV TEEREORE 217V, BLB I UA 1 v+ v IV RFOBEOFKER
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