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Abstract

In this study, the optimum structure of a magnetic thin film inductor was designed for application of
DC-DC converters. The NigiFeis (at%) alloy was selected as a high-frequency(=MHz) magnetic thin
film core material and deposited on various substrates (bare Si, SiO; coated Si) using a high vacuum
RF magnetron sputtering system. As-deposited NiFe thin films show similar magnetic properties
compared to bulk NiFe alloys, indicating that they have a good film quality. The optimum design of
solenoid-type magnetic thin film inductors was performed utilizing a Maxwell computer simulator
(Ansoft HFSS V7.0 for PC) and parameters obtained from the magnetic properties of magnetic core
materials selected. The high-frequency characteristics of the inductance(l.) and quality factor(Q)
obtained for the designed inductors through simulation agreed well with those obtained by theoretical
calculations, confirming that the simulated result is realisticc. The optimum structure of
high-performance (Q=60, L. = 1xH, efficiency=90%), high-frequency (=5MHz), and solenoid-type
magnetic thin film inductors was designed successfully.

Key Words : Solenoid-type Magnetic Thin Film Inductor, DC-DC Converter, Maxwell Simulator, NigiFeis
(permalloy), RF Magnetron Sputtering, High—frequency
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Table 1 Typical magnetic materials used for the core of the inductor

Material Saturation Magnetization Coercivity Permeability
(47 M), kG (Ho), Oe (uy), at IMHz
Permalloy(NigiFe;s) 10.8 0.1-0.2 1000-2000
CogFero 193 20-30 600
Co-based Amorphous 11 0.1-05 1000~7000
(Cog7ZrsNbsg)
Fe-based Nanoc stalhne 15-29 0.3-1.0 1000-5000
(FeisNs, FeHfC(N
Multilayer - 10-20 0.1-1.0 2000~-9000
(NiFe/(oxide, nitride))
Metal oxide (FesHf3.40146) 8-18 0.1-5.0 100-3000
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0069 | . hard Axis Table 2 Summary of the magnetic properties and
ERLE electrical resistivity of NigiFeis alloy thin
g 0 films from Fig. 1 compared with bulk
= 0.004
. values from Ref. 10
E, 0.04 Thickness = 1um
g 0.05 ] Easy : Hc=0.7 Oe, 41Ms=9.8KG
DO Hard : Ho=0.5 Oe, 4xMs=0.8KG Parameters Measured Reported
oo Value Value[10]
§a T T T A 47 Ms 9,800 10,800
H (0e) (Gauss)
Hc(Oe) 0.7 0.1-0.2
. . . Han(O 6 6.1
B S0, b 29 2 S A% 9o 429 1am +(0e)
FA ] NigFew A4 #ehe] glE23¢ M-H Resistivity 25-34 20
= (¢ R-cm)
loop
Fig. 1 Typical M-H loops of nominal 1«m thick
Nig;Fel9 magnetic thin films deposited on
the SiO; coated Si substrate 23 & ke EAo] 23 fo]lE wEky E
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Table 3 Summary of the important deposition
parameters of as-deposited NigiFeig
magnetic thin films

Parameters Value
RF Power 240 W
Substrate Voltage oV
Base Pressure 7x107" Torr
Pre-sputter Time 3 min.
Magnetic Bias Field 400 Oe
Ar Pressure 40 mTorr
Deposition Rate 100 A/min.
Film Thickness 1 gm
Target-Substrate 5 cm
Distance
Substrate Temp. Room Temperature
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Properties * (a) Sample (b) Sample
47 M (Gauss) 9,950 9,800
H(Oe) 05 0.7
Han(Oe€) 5 6
Resistivity 22 25-34
(¢ 2-cm) ‘
(c)

a® 2 (a) bare Si 71®3 (b) Si0; #® € Si 7]
w _?,]oﬂ HzH lum 1]:"771]9] NigiFeig Z]"‘é
29 M-H loop; (©)9 E& (a) 9 (b)
sampleZ2 5B Ao AV)H HJHES 6w
3t gtk

Fig. 2 M-H loops of nominal 1x#m thick NigFeg
magnetic thin films deposited on (a) the
bare Si and (b) the SiOz coated Si
substrates: Table {(c) compares properties
of sample (a) with those of sample (b)
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Fig. 3 Effective permeability (u«)-frequency (f)
characteristic of NigiFel9 magnetic thin
films with the M-H characteristic shown
in Fig. 1
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Fig. 4 (a) Overall structure and (b) core structure
of the solenoid-type thin film inductors
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Tabie 4 Variation of the coil width(W.) with the
inductance(L) and coil space(S)

L(xH) I (mm) S(pm) We (#m)
1 6.70 100 570
2 3.35 100 235
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1 6.70 300 370
2 3.35 300 35
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A4dHre) Q19 E] 9] Parameter
Table 5 Parameters of the optimum structure of solenoid-type magnetic thin film inductors

Core Coil Characteristics of Inductors
Width | Length | Thickness | Width Space | Thickness | No. of | L | Operating 7 Q
(W) (Im) (tm) (We) (S) (to) Turns Frequency
(N)
11.2 6.7 3 570-370 | 100-300 20 10 1 5 91-87 | 93-60
mm mm pm sm #m Lm 2 H MHz %
o] AR}ZRE Q=60, L = 1uH, 7=290% 2 £49 a7 8 & 2(14) £ ol&3d AR ATAF
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36 T T T T T
32 n  Celeulated Value T
-~ «-- Simulaled Value
287 - coil thickness=20zm
~ » coil turns=10
247 + coil space=100zm 1
~ 204 » coil width=570 #m i
g T - core width=11200 #m
8 6 > core thickness=3um ]
4 LR - operating frequency
£, N =5MHz ]
T
osq e 1
0ad T -]
(] T T T T T T T T
4000 6000 8000 10000 12000 14000
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335 Core ZHolg W3le] W JdEE e W3]
AR MR me H@o=yE AL
o]2 grg&, HAEL Maxwell simulator?Z ¢
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