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Electromagnetic analysis of FMR performance on multilayered
Co-Zr-Nb film integrated on MSL

J. Ma, Y. Shimada, S. Muroga, Y. Endo, M. Yamaguchi
(Tohoku Univ.)

1. Introduction

A new method for noise suppression using magnetic film was proposed. With this magnetic film implemented with RF IC chip,
good noise suppression was demonstrated V. In order to understand the mechanism of this magnetic film, this paper discussed
the IC chip level noise suppressor model consisting of MSL (microstrip line) covered with a multilayered Co-Zr-Nb film on the
top by using a finite element method full wave electromagnetic simulation.

2. Approach J

Network analyzer

Fig. 1 shows a simulation model of a MSL covered with a magnetic
film on the top. The signal line was 160 um wide and 20 mm long. The
magnetic film was 10x10 mm in sizes and set 10 ym above the singal

| Spectrum analyzer

line of MSL. The film was composed of a stack of SiO, (50 nm) / RF amplifier
[Co-Zr-Nb (250 nm)/Air (5 nm)] x4 and the film’s easy axis (e.a.) was Co-Zn-Nb
set running parallel to the length direction of MSL (hereafter SO T i
MSL//e.a.). The full wave electromagnetic simulation model (HFSS, /': ,-! =7 /4,‘/ MSL
Ansys Co) had the same structure and dimension of MSL and magnetic . 7 A= 7" Dielectrics
film as experiment we have done before?. The model area is noted as 7 f% —————————— 1
the part in the dotted line in Fig. 1. — Ground

3. Results and discussion Y

. . X
Fig. 2 shows the calculated and measured results. They agreed in both Fig. 1 Experimental setup: magnetic film 10

magnetic near field probe output and conduction losses Poss/Pin um above the MSL with input power -5 dBm.
(Pioss/Pin =1 — (Is1112 + 15211%)) . At 1.1 GHz the shielding
effectiveness became the highest. Compering with blank (without film),
a 16 dBm near field intensity dip was observed. The peak of
conduction noise suppression Pj./Pi, was in 2 GHz which should
include magnetic and eddy current losses, indicating that FMR
frequency shifted to 2 GHz and led to the peak of P),/Pir. The
demagnetization factor N; was determined by the shape of magnetic
film where the effective film’s length [, depended on the film
relative permeability u. That was (1/Ng) < los o p. Therefore FMR
frequency  frq = y/(m)y/(Ms(Hy + NgMy) /1o 2 depends on the
frequency profile of permeability. In simulation we calculated the
effective film length l.;, and corresponding FMR frequencies as
shown in Fig. 3. The calculated FMR frequencies were around 2 GHz
and approximately independent of the frequency profile of the
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Fig. 2 Simulation results competed with

permeability. experiment results’ magnetic near field probe
4. Conclusion output and conduction losses Poss/Prn

A full wave electromagnetic simulation that corresponded to the

experiment was built. Based on this simulation setup it’s possible to E 4 T T T
analyze the noise suppression mechanism of the Co-Zr-Nb magnetic &)
film. It's clear that the FMR happened in the frequency of 2 GHz and 3t 4
caused the peak of conduction losses Pjqss/Pin. 5
References é:) 2F 1
1)S. Muroga, Y.Shimada, Y. Endo, S.Tanaka, M. Yamaguchi, M.Murakami, g
K.Hori, N.Azuma, M. Nagata, S.Takahashi, EMC Compo 2013, pp. 47-50 g 1r -8~ FMR frequency |
(2013.)' . . 5 — Reference line: f, = f
2)Y. Shimata, J.Ma, T. Ito, K. Yanagi, Y. Endo, S. Muroga, M. Yamaguchi, § 0 . . . | . Ll
“Performance of crossed anisotropy multilayered CoZrNb films as IC chip = 0 1 2 3 4
level electromagnetic noise suppressor,” IEEE Trans. Magn., Vol.50, (Oct. Signal frequency [GHz]
2014 in press). Fig. 3 Calculated FMR frequency f.4 in each
3)C. Kittel:” B (A B2 A9, S HAR (2005). signal frequency

— 166 —



3aD -7 #9380 H AWK PSR AL (2014)
N M2 AT 5 Co-AIN RO & /7 A Xkl%zh

ARBHERE RBEIL 2 BHE . MR EmEER L nERE!
VALK, BT
High noise suppression effects of magnetically isotropic Co-AIN films
H. Kijimal, S. Ohnuma'?, Y. Shimada', H. Masumoto', Y. Endo' and M. Yamaguchil
'"Tohoku univ. and >RIEM

[TLC&HIZ

WHARD T T~ TEIRE X OEERAEE H RFIC 7~ 7% Tk, @ BRI T 2T 28T 58
/) A AN E 72> TS, ZTHEDOHER A ZXMGIZBERN E Lic, v P ~OREEMEER O 12k
WTIE, BEREANOWT IO FANZHE L, mWEMEIHIR A AT L2 L 2R T 5, L LR
5. EBEOEREOBSAIMEEIZER LTz 2 A ZfIh R, BEOEN 7 17 O — R G M K 0 R 5 W)
DR END EWIMERH D, £ 2T, BETIEEW /A IV ROFEHR 2 B LT, 8725 BJ5Mh
AT HMMEOLBEA LR YD, HNEFEOMERRALNTNHD Y, Zh b OB, mNEFHIC
PG AR & 22 @ BB R L OV A KR R A2 R30I B lds 2 LB & 4 5 7o b T 2R EpE
PEICRREDN D D, Foxld, 2 E CITIEERNICRERZE %A L, 22O GHz £ TERWVIBKERE T 5K
ReMERE 2 B L. v, @SN IEOEEMLICER T2 L2 RELTE -2, 46, mNETEs
A3 % Co-AIN EIZ-DOWT GHz #2817 2 @\ /A AR A WL Lo O TG T 5,

EBRAE

Co-AIN E(FEJE 1-20 pm)id, RF v 7 % h > A8y ZiEEHWCTER L2, B o072 0 7 4 X ikzh 3
% AGEIRRE X OUIEERHR RO Z DI oW TENE G LTz, (5388 I (Pross | Pn) 13, BEVERE 2 2547 L
TR EHE 47T um O~A 7 v A M) v 7T A4 L (MSIZEBW T, HELITHIO S EHREL Sk L OB AR
Sor 2 HE LTz . IEREFRE X, M oA V(NEC =2 =7 U v 78 CP-18) D& & ¥ MSL 725 600
nm OGA OFERS 2B Lz, MSL O X FEIZR LT 90° O EIZ/MER(~900 Oe (72 kA/m)) %
FIIN L 7= 5 236 T 235805 O F i 17> 72,

EERER
B HEV 20 pm DOE T, faFfElL 12.5 kG (1.25 T), AFIRES 82 Oe (6.5 kA/m)Z A L. HIPICHER IS T
WEAETH, ZOREOBEBLLESUL 100 nQem TH - 72, K 112, JEE 20 pm @ Co-AlIN FEIZ-OW T, 0.01-5

GHz F CTOUHHAREORER R 2T, B E 0 1.0
MSL (2% LC 90° [E S 7= fE it . BT I 3R ly:;gﬂg:d Mot o |
b2 B S 0T O EBRRIEIT 1 & A AR RSN E 20 e 108 G
rinotn, ABRERZE L7 BAGRED, 100 MHz 2 ¢ A5 ¢ 3
FCOMRRRESIN L, MOBRSEERE  § 0 [ i 063
THILTREEND, —J7. ALD Poss/PaTIE, B )
% 100 MHz B EICB Ol A ER R E 525 € O Wit magmatio fim 0 Jhe
NAEORIMA RSz, 0.1-5 GHz DIEH 12 IEE § 80 Wit magnete i 96" : s 33
RECR BV T, -20 dBm @ / A AMHIZI R E S With magnetic fim in K 3\-\0
nic. 100 Eeieni S gy
10 100 1000
P Z- DTN Frequency, 7 IMHz
1) EIREMN fh, B AISHBR P, 28-2 (1994) 397. 1 Co-AlN JE(20 pm) DA=EE L (@)F L
2) H. Kijima et al., J. Magn. Soc. Jpn., 36 (2012) 287. VTG AR 2R O JE AR AT,

3) S. Yoshida et al., IEEE. Trans. Magn., 37-4 (2001) 2401.

— 167 —



3aD -8 538l A ARSI (2014)

R TR -2 VR Yy N DA &0 2 ~DOELFN IR DRt

Yo wz !, R AR, EiR ZEE Y Ln EE
BRE 2, AAE B BOT BHEC, OKRE R, Mgk Eih? (CHRAERT, DOEETWR)
Study on the fabrication of inductors with magnetically soft flakes composite
Hiroyuki Sato', Yasushi Endo', Takamichi Miyazaki', Masahiro Yamaguchi',
Hiroshi Kamada®, Masahito Takahashi’, Masahiko Sakamoto?, Shigeru Maita” and Naoya Kato®
('Tohoku Univ., *Hikaridenshi Co., LTD)

[FCHIC s, PR RICNE SN TS LSI OEKEE KBRS A, BRLE D SE 5720, DC-DC =
UR=EZDUF TR RDSNTWE D ZD7=0121E, I AR L LA Z 7 ZFOBRITNAT, &nA &
IR ABEENLETH Y, BB OB O E RS ZENEETHD. Fxr DI NA—TTIE, B LR
TR OB FICEB L, ~A 7 aA 27 ZORME - 5HlZ4TW 2, @A v 57 8 0 REEE/RD 2 DITITHE R D
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Table 1. Comparing of the results of trial inductors

T T T, L[nH] | Res [MQ] | Rpc [mQ] QfE
o
%#Xﬁﬁ 1) Mathuna et al., IEEE Trans. Power Electron. , 38, 585 (2005) ZhaqfL 140 251 83 198
)i HIERH « ERAERIEE~ TR T 4 7 AWIEE MAG-11-092 (2011 AR >10 786 il 215
B FEREE S~ T3 2 -11-
) I RATERIILE oA e (2011) 75 7VERA 564 927 99 221
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