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Design and Fabrication of Micro Magnetic Thin Film
Inductors for UHF
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ABSTRACT

In This papet, we fabricated some micro magnetic thin film inductors by RF sputtering method and
photolithography techniques, which can be parts of mobile telephones, personal digital assistant systems, DC/DC
converters and chip filters, And we analyzed their characteristics. Thin film inductors was designed by computer
simulation for the good petformances. And to calculate magnetic field and magnetic flux density of the devices,
2 and 3 dimensional finite element method(FEM) was used. Fabricated devices were measured their
characteristics(inductance and resistance) by network analyzer and obtained Q. By iterating above magnetic thin
film inductors design, fabrication processes, micro magnetic thin film inductors were obtained which have
operating frequencies over 300MHz, several tens nH of inductance and Q of about 2.

49 o2 £¥Il MY = ¥F R ey

ILME

e ARZAI7IE ALY olgdst 717] o
49 wfede TRmIy] fsle 28, AukEFo]
be 247 FeelAA vehda gleh olel we
MMIC(Monolithic Microwave Integrated Circuit)e}
ol 71718 FASH= 229 one-chip®HE F3i
AHEE Fo|7] gt At Wis FAAHL )
ot AREAZ)Z] BF 2R AdgEE 4l B4

2, 4B FAeE A] g UAYE|(magnetic
thin film inductor)ell #W¥F <37} AP 7 glom
h 3 Fa Sabeds Q9Rls, Qg 4 AAEE
Foled $49S FaL slvk olF 95k < A
ZE 28] Fg HIATIAY AMElE A7) 3o
(core) AMBE HIAA, 2kt Feddy current) 4],
714 A=) A|el(parasitic capacitance), AR7]AFF
(magnetic reluctance) L FUAIL FH 43717
A ek qlck

* A oE A 215 Hygmoon @jtc.ac.kr, mspark@ijtc.ac.kr)
wr A oiaty R uEAl - AR e (kimjiwon @logos.soongsil.ac.kr) -

=E3 1 99008-0324, A=} 199913 34 24

# o] EEL 984T AFPYF ey Ade] oY 97 2T

a7

www.dbpia.co.kr



B3] =74 '99-6 Vol.24 No.6T

olzigt 7] W=t QldEl: A) A E2(mag-
netic integrated circuit)®] AL 71FEbA Flod,
LC # gel(chip filenE ¥|RZL, IFwlpelr F
sl 248 AY Y DC-o-DC #HAw{E{(conver
tene} Azhg 715sHA sk Al

B Aol 300 o4 skl B
Falpe} 4] nHY dH¥ls BAE Zde 25F
Z}7] akel eldEi(micro magnetic thin film induc-
o g A B Axsiges, A7ATe S0
LC e 58 FAWI7iE #gAzx S ¥8%
F kg AR 7o

. ¢ U2 9 Y

B odpode Fastvg 7] bt 9EE
WA AzFA A A S uky o %
A7} FA)(photolithographic process)-&- AR§-3lo] A
zahged, Ayl u Qe Aze] PH UH
Ble] Fzel| wjE B4 WHIE AFEE AEH
o|dsle L3t BAS Zhe dhh QHEE AA
B}

AzH QEEl= network analyzer® o]-88)ed
oleel el #8he 23}, o)2 F3dle] Q(quality
facton) & AlArslAch A7) e ddEe) 7R R
Az AL A7 o)e} ZL AL wHESH
o, ¥ B4 Frs HEs 8 Qi 2
249 A7) W QeE ARsaA sk

1. g olee] F1=

wiot alede]e] & straight line, hoop, mean-
der, s-line, spiral type F-28 ZA FEEHT, ©]
74 Qe Azl F2 ALEE YEie mean-
der type, spiral type = o]& WY e Both
a3 18 oleigt dele} wie adiEig) ANRAQ
Roke =A Fio Held] wel BRI i, of
9} zhe s 7[Ee MMICAA & 5 9l&

F5olt

Meander type

48

5.....;1’.':1“.';2?_if//

S-line type

e
-\._\_\__Hq:: f/ e

%1% spital type
28 1. a ddEe] 7l TR

B E uhsleledle SR &4 2 /A
ARzl 27| A3 9 22U AHZe] F FAZ
Ak} Hole olsigt AT P A5 3
A7) B Ft Fopel JHRAE Q7] )
) 2A el 2] 2B H2 el AHElE
Jsla glom, A& o] wet =A A
22 7RIt e 7R Sl 2oiEE T2
2 9 Hddg 4L F =AE ¥AE T2,
Al I fel] AdSE T a2 S AT
T PRE A 29 TRt B3R Hel 3l
t} EARE 2] Zelag E=ASY 128 FY
s T2 2 el EAESE o oA A 29
22 R F22 4 F Aeld HdRE 7A o
Qg ok Al A7) 27t A
4 8L % HAshs TEE AP
5] Z(closed magnetic circuit) T3e} 3§l
a3 2% olEEt 2] ZelE Zhe b UdYE

duizl 7)Ee] MMIC <lgE]] 34 d<E]9]
oz, 34 AYEE A7) S A ¢k 7]
el =A% sl Fes Dk

ol3 AlZ} spiral type

s ofr

oo

oA o

BECES!
| . EE2

v Ae =

A=Y AS 7=

www.dbpia.co.kr



EHFEATE 248 A7) wet ddee) 44 " A2

] A7 29l

S B ) 2

I% 2. Q—-%]' Fol9] A3 Yufol w2 w1 e Hee

2. qtat oler| P& MA U mask set 47|

Qe At 2 ASUEFE AL A8 23
2 2 3a9 Axp] AgHelAl =2l Ansoft
A}e] Maxwell & o)gsled, 7]&¢) uuE 47 2
e EdiE, dhe quee TR Wi BAW
2 AFE 2 AgHo)dsldz, AAR at odH
B2 A|=3)7] 8] mask set-2 dA sk}

Maxwell =278 A5 de] 24 A&
ol A eAe 27 33 2

| REL L

1 -
ogg 1y l

|
8354 99 I
|

A2A 43
|

92| 3. Maxwell T273 #8) £4

3, o} olgE XM=

2#Ejd] why(sputtering method) o}-88k =}
7] dht 3ol g Fe| kg AEd)gen, UYH
T2 ¥AL 93le] Ax(electron beam)E o]-&
sle] Cr maskE AZ3PE3, ©] maskE-E AL
o} % A}z FA)(photolithographic process)& -3
#lode} whet ol A(etching)& 4] A oA (wet
chemical etching)® 4] A3e] olA(dry sputter
etching) HPH-2 AMgsiglon, =3k T wie}
lift-off FAS AAsHch

g A7 AL ohes) 2L Axlel] wet z1Yst
Ak

(1) 245 7)ol wbhg Z2jicl

0% 7|Re AFsn 2HeE o]4sle] bt
< SRl

(2) photoresistZ coating3lx. AAle] HelE
A7}

2315] ulate] photoresist® coatingdlx AA}
maskE o|-43}e] HelE YAl

@) 7= e} O 7= A O AHE
Bl S i

=8}, Lift-off 34L& vhest &2 £ wet
Zl szt

() #% 71%e AAskaL spinnerd o]-§-31]
photoresistZ coatingd}x. 24} maskE o83} ¥
HE ¥4} o]d AAke] ¥eiw photoresist7}
A A

() 2HEIE ol43le uivhe o FA=R F
2k}, Photoresist® A|A 3 A4AF et P,
Uiz gagle P oAl

(3) = we} 21 FHAE WHERT

2Ake] e} At 226 wel dubEl F 4
Zh2AT lift-off TA-L Wesle] AREElch

4, B4 &4

AzF a9kt delE network analyzerE ©]8,
deleiaegizdl APhE s, o=
QE Talgick 300Mb o)) aFEela AL
oA &S e Adyelet &4 AX|(net-
work analyzer)e}d] el wjAle] FaslEz,
o]& #13l¢d microstripg ©]4% F4¥ fixtureE:
Aslelel 23 4 AR zig set®] TEo|ch

30 mm

Dnll -

1 [ | Network
it um Analyzer
7\ .5 HP 8753D

. ITm

soldering

a2

E—={l

o8 4. A 534 g sete] TR

13

www.dbpia.co.kr



FREA S} = 2x] '09-6 Vol.24 No.6T

m. &7 g0 3 @

1. QIHE F=Ewisly gE S424

1% 5+ meander type™} spiral type2] F413
vt qleele] Fzelr) vk oluje]e] AF(wo)E
30me 2 A, A7HA)E 10um, 20um, 30um,
40um, S0 F7FAIFIE AlEHolAdslch T
3 w4 &A% ¢8le] meanderd wleh QW
el 1,000mo2 wAsllw, mde) v}
248 16, 12, 10, 8702 Fdslgck spirald o}
o qlelele] Heojg Zol(l)= 1000moE 1A4s}

uiet Q]| XzbAe] FvlEpE uyRlae
meander type2] 75, SnHell4] 4.2nH= zhislg
IL spiral type2 3.2nHelA] 1.5nH 2 Z;4-d)gdch
ZEhE meander type?| 749, 43Qer 2490 F
Zh28lel 7, spiral type2- 1.3 QoA 06Q2oF 734
slgick ewlzel #gke] Zhae wAE e
AzAel gelvids A9 ZHolrl ki3] W&
otk Q#f AZ#e] F71&E meander types]
A5, 075404 122 A& e g Frlgl o), spiral
type Ho 172 A9 WP} giglch ZAxE ¥
A)g] B o spiral typeol| W]#] meander typeo] ]
oA 23 BAS RS o 4 slgk

—a— meander type

\\.\—-—‘\splml type

B |

T T T T T
10 20 30 40 &0 (1]

Coil spacing [ zm |

o meander type

—

\_.:.iplml type

—a

T T T T T

10 20 0 40 50 &0
Coil spacing [ /|

—a— spiral type

./L\‘\r/

"

././"::/— meander type

2 3¢ FAWME 2 mo2 5K
R
3
i
z.]
a
g
z
i
1.6
(b) spiral type 34 ubut QluiE|e) 7 & |
32| 5. (a) meander type A €lu} AlgE] Fmel (b)
spiral type 54 4 e 7= 1
a9 6& sk B 0 elEe] el

=2

i

oA AlBHloldse] vehd Aok

50

QiR Ag), Qghe) WIE S00MES) ol

T T T T T
10 20 ] 40 &0 &0
Coil spacing [ zm |

(@) A2

by A%

(© Q g

28 6, A %Y d9E AA BE Ap] 84 W)

www.dbpia.co.kr



EHFEEGE 2403 A7) o Qe A " A=

2. XP7| et QlefEie] M=

Mask A4 o148 defe] o Agdeld
& Fal] A gelie TUARE B3 FH
£ AAslgden, ofW#(emulsion) maskE A|z}s}
o] wet IRlE Azsgch ¥ 79 a¥ 8
CADZ AA3t mask =t Aatsl 7YU39] o
Z maske|th

%
LA

L.,

a8 7. 22U mask HA =

a3 8. mY32] ofdH mask

o8 QA kg AEdelAde ¢fstH, uhe
QuE 72 Jd 2] Zo) AF Fehe ARp)
37 7o} ulmA pgt Al BAE Role A
22 go] glovP, dxr) 72 43¢ AT A
7] 2oje] BAA} o)z EEAH E=elA] 4
AR, vlad A7} 403 meander type T4
3wt QIeieie} FelE HEZeo|(NiwFea) & A

%} meander type sandwich® 2=} Q]S Az3}
I, 5AE vlwsigch 2¥eE Ak 293 Cu
ujake] Z3} =71.2- magnetron sputteringA] Ar St
2 10mT, DC power 300W, Z3h&2 24 1674
oo}, meander type ¥}t IejE] ciz)del: 1000
wn, FAFA 2m, A7EAT AEHE 74t 100um.2
2 3k

1% 9% Meander type FAY T AHE 9}
sandwich® wle} qljele] Fulg Frie] whE al
weEla, 23} Qzke) W3lkE ulEgt Aotk

—*— sanl_meander
o0 | | —v—air

&0 -

Indoctance [oH]
&

sl o
Bl
'r 1t
1I llll 11;0 ll'llll
Frequency {MHz]
111
==-u— gaml_meander
400 | ~-a— afr meander
g 00 - f
E 200 | J
j ®)
wr /Jf Al s}
- -‘l'=l.
" . TE—
Frequency [MHz]
4
-—8— sand_meander
—— air nwander
ERS
o2 -
l‘
tr // '\'\\ ©
2 Ll opy ws
0 e I./. . \al

1] 100 1000
Frequency [M Hz]

T8 9. Meander type Hiet <EEY) AEa A Q

el ws

www.dbpia.co.kr

51



54183 eFR] '99-6 Vol.24 No.6T

o3 9. (el JJehd vle} o] sandwich® w2}
aleje]o] Qluel A 1MellA] 20nHo Y, 10MielA]
400ME7}A] 27nHE el H, FAE et Y
Ble] #-9 1Mpolx] 6.5nHo] 3, 10Mbol4] 300ME7F
A 170HE Jehigie o8 wlaspd F3F Faa
Weelld] sandwichd U] ARz} 34
e Zrr) oF 1.5 ¥ AE IR 2 & 5 3l
£, o]7L HHBo|E Fo|Z A3} sandwichd
aiet QHlele] 24 Wwrt FAYE =27] A
ofck ¥ 9. (b))%} o] sandwich® upe} <lHE]
o] Aske 1ol 20Q0]3, 400MEellA F7)aled
45 0-& viehiiglz, 810Mellx FAlEE o=, 34
3wl Qlniele] A9 1MellA] 18 Qo] 600Mk:
oA 49 Q& viehiiglm, 940MkelA FAlstelck o
9. (09 o] Mol 300M7HA] = sandwich?
upel Qleje]e] qlejwlart AR 7Z7] wfiel
sandwich® it qlejele] Qgle]l T41Y UHE 9
Qztxct zlom, 400Mp¥E] G0OMEZHAlE A &zto)
ape A1 Qwe]] QFfe] 1.97=F sandwich3e)
L4xc}h =A vhepgrk

N.2E

B EHelr spiral typed} meander type] 9}
ot el g AAlsle] ZAFE A EEle]dE F3l
EBAL BAE]T, meander typed] FAF ue)
UelEie} sandwich® 7] Hte JIHEHE Alz3)od
network analyzer® 3% A9}, 300Mpo]Ake] 52}
oot Ho) 40nHe] RIS % oF 29 QRE
7}Hct meander typeg] sandwich® w}ah lwe]e]
744, meander typed] FAY W9 alwig|wc} 4l
Hyia o] Fab Fape] Hefellx] of 1.59)
olat trafgledl, ¥F 2| e EFAXE AN
Adsl Hvr) R SAE EE  UE ARE
AlmEH, d7AGE F4Y 259 LC g9 F
8 §AlV|714 F-EAZE Sl B8E e AL
2 7]chzlch

#oE#

[1] K. Kawabe, H. Koyama and K. Shirae, “Planar
inductor.”, IEEE Trans. Mag., Vol. 20, pp.
1804-1806, 1984.

[2] M. Yamaguchi, M. Matsumoto, H. Ohzeki and

K. I. Arai, “Fabication and laasic characteristics -

52

of dry etched micro inductors”, IEEE Trans,
Mag., Vol. 26, pp. 2014-2016, 1990.

[3] L Sasada, T. Yamaguchi, K. Harada and Y.
Notohara, “Planar inductors using NiZn ferrite
thin plates and the application to high-
frequency DC-t0-DC Converters”, IEEE Trans.
Mag., Vol. 29, pp. 3231-3233, 1991.

[4] K. I Arai and M. Yamaguchi. H. Ohzeki and
M. Matsumoto, “Application of YIG flim to
thin flim inductors.”, IEEE Trans. Mag., Vol.
27, pp. 5337-5339, 1991,

[5]1 K. Shirakawa, M. Komatsu and J. Triu, “A new
planar inductor with magnetic closed circuit.”,
IEEE Trans. Mag. Vol. 27, pp. 5432-5434,
1991.

[6] H.Matsuki and N.Fujii, “Magnetic-multiturn
plannar coil inductor”, IEEE Trans. Mag., Vol.
27, pp. 5438-5440, 1991.

[7] M. Yamaguchi, K, Ishihara and K. I. Arai,
“Application of thin flim inductors to LC
filters”, IEEE Trans. Mag., Vol. 29, pp.
3222-3224, 1991.

[8] K. I. Arai, M. Yamaguchi and H. Ohzeki, “An
improved technique of impedance measurement
for thin film inductor over 10 Mi’, IEEE Trans.
Mag., Vol. 28, pp. 2175-2177, 1992.

[91 T. Sato, H. Tomita, A. Sawabe, T. Inoue,
T Mizoguchi, and M,Sahashi, “A magnetic thin
film inductor and its Application to a Mk
switching de-de converter”, IBEE Trans, Mag,.,
Vol. 30, pp. 217-223. 1994.

& & TH(Yong-Gyoo Moon) SOk
19873 : RPN AR
(FFh
1993 ; AR HAgatat
(FEH4D

19911 79~1997'd 8Y: o}A)
o IT A2RNE
<5

1997 84 ~alA : SAlefekE AABYs} Wl

1997 9% ~¥lA) : AFFYeHEE A E A

M7}
<4 Fob vlolmzat g akH, BEA

www.dbpia.co.kr



RS 243 2] bt Qde e dA | AR

Z x| 2@i-Won Kim) Az
1993+ : H gl Eh E] &t
(e18h
1996'd : g sta AHALgeta
(F¥HAD
1997339 ~§1A : S oh et
Ao WAk

<FA o AR2A, WAl 3814

8 % A(Seung-Sun Back) A3
<FHY fol mlelazzeAA, CiARALL Az

g} 2 -’.‘-(Moon—Sﬁo Park) A3
<FEY Pob HAEA, o554

53

www.dbpia.co.kr



