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Gao Xiaoyu , Zhou Yong , Wang Xining , Lei Chong , Chen Ji’an , and Zhao Xiaolin
( N ational Key L aboratory of N ano/ Micro Fabrication Technology , Key L aboratory f or Thin Fi lm and

Microf abrication of Minist ry of Education , I nstit ute of Micro and N ano Science & Technology ,

S hanghai J iao Tong Universit y , S hanghai　200030 , China)

Abstract : A solenoid2type inductor for high f requency application is realized using a micro2elect ro2mechanical sys2
tems (MEMS) technique. In order to achieve a high inductance value and Q2factor ,UV2L IGA ,dry etching technique ,

fine polishing and elect roplating technique are adopted. The dimensions of the inductor are 1500μm×900μm×70μm ,

having 41 turns with a coil width of 20μm separated by 20μm spaces and a high aspect ratio of 315 ∶1. The maxi2
mum measured inductance of the inductor is 6117n H with a Q2factor of about 6.
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1　Introduction

It is well known t hat a wireless communica2
tion system is becoming more and more important

in daily life. For t his great demand , portable and

high quality elect ronic p roduct s are absolutely nec2
essary in the f ut ure. The inductor plays a very im2
portant role among passive devices. It affect s the

quality of the sub2circuit ,such as t he band pass fil2
ter ,LNA (low noise amplifier) , and VCO ( voltage

cont rolled oscillator ) . The miniat urization of the

inductor and the integration of t he inductor wit h e2
lect ronic circuit are t he key to realizing elect ronic

p roduct s wit h high performance , small size , light

weight ,high sat uration current ,high efficiency ,and

low product lost [ 1～5 ] . However , mo st of t he con2
ventional geomet ries for microinductors are mean2
der2types or spiral2types ,whereas most of t he mac2

ro2scale inductors are solenoid2types. The main rea2
son for not using t he solenoid2type geomet ry induc2
tors is t hat the fabrication of a microinductor wit h

high inductance value and high quality factor ( Q2
factor) at high f requency is an ext remely difficult

task using t he conventional semiconductor technol2
ogy at p resent . In recent years , wit h t he develop2
ment of t he M EMS technique ,particularly t he non2
silicon fabrication technology of UV2L IGA ( UV2
Lit hografie , Galvanoformung ,Abformung) has be2
come one of the most advanced technologies in fab2
ricating t he t hree2dimensional st ruct ures and RF

M EMS ( RF micro2elect ro2mechanical sys2
tems) [6 ,7 ] . It is reported Al is used as a conductor

to fabricate solenoidal inductor , which creases re2
sistance larger t han t hat Cu[8 ] . In this work ,an in2
ductor for high f requency application based on so2
lenoid2type geomet ry is designed and fabricated u2
sing t he M EMS technique.
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2　Design

For a solenoid2type inductor whose geomet ry

is composed of multilevel metal conductors ( Fig.

1) ,neglecting t he effect of t he subst rate and f ring2
ing ,t he inductance L can be rep resented by

L =
μA c N 2

lc
(1)

whereμ is t he permeability of t he core , A c is t he

cross2sectional area of t he core , lc is t he total lengt h

of t he core ,and N is t he number of coil t urns.

Fig. 1　Schematic diagram of a solenoid2type inductor

The quality factor can be defined by

Q =
ωL

R
=
ωμN A c A w

2 ( w + l)ρl c
(2)

where A w is t he cross2sectional area of the conduc2
tor ,ωis t he radian f requency ,2 ( w + l) is t he lengt h

of one coil t urn ,andρis t he resistivity of t he con2
ductor material .

From Eqs. (1) and (2) ,it is seen that t he in2
ductance value and Q2factor are linearly p ropor2
tional toμand A c in t he microinductors. However ,

unlike t he conventional inductors , t he inductance

value is not p roportional to t he square of t he num2
ber of coil t urns in the microinductor ,since ,due to

t he fabrication const raint s on t he micromachined

inductor ,a larger number of coil t urns requires a

longer core lengt h. In a given dimensional area ,t he

area of the core can be increased ,which requires a

tall via st ruct ure. Therefore ,a high aspect ratio of

315 ∶1 is used to achieve high inductance and Q2
factor for a given total inductor area in t his experi2
ment .

3　Fabrication process

Figure 2 shows a brief fabrication process for

t he complete inductor . First , t he double2side align2
ment symbols were formed on t he clean glass sub2
st rate ( Fig. 2 ( a ) ) , which is very important for

double2side mask alignment p hotolit hograp hy. The

chromium/ copper layers were sp ut tered as a seed

layer for elect roplating and then covered by 10μm

t hick p hotoresist . The pat terns of t he bot tom con2
ductor t races were t ransferred p hotolit hograp hical2
ly ,followed by selective elect roplating of t he bot2
tom conductor lines. Then 50μm thick via hole pat2
terns were formed p hotolit hograp hically and Cu vi2
as were elect roplated t hrough those via holes. After

t hat , t he p hotoresist and chromium/ copper seed

layer were removed wit h dry etching ,avoiding t he

ero sion of bot tom conductor lines by wet drying.

60μm t hick polyimide was sp un on the top of

t he conductors and vias t hrough multiple coating.

Fig. 2　Fabrication process for a complete inductor　(a) Fabrication of alignment symbol ,elect roplating bottom con2
ductor ,via ,and pad ; (b) Spinning and curing polyinmide ,and polishing polyimide until the vias were exposed ; (c) E2
lect roplating of top conductor ; (d) Removal of seed layer
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After coating , polyimide was cured at 60～250℃

for 2h and last at 250℃for 2h. Then polyimide was

fine polished until t he vias were exposed. In this

fabrication ,polyimide ,as a good passivation organic

material for an integrated circuit , was used as the

insulator and t he st ruct ure holder because it has

good insulating properties as well as good planari2
zation and mechanical p roperties. Relative permit2
tivity of polyimide is approximately 310 , which is

very similar to that of silicon oxide.

To fabricate the top conductor lines ,t he same

process t hat was used to fabricate the bot tom

t races was used. In order to test t he samples on the

wafer ,2μm gold was plated. Figure 3 shows a SEM

p hotograp hs of t he fabricated microinductor ,which

consist s of t he elect roplated multilevel copper con2
ductor lines and polyimide as an insulation materi2
al .

Fig. 3　SEM photos of the inductor　(a) After elect ro2
plating bottom conductor ,via ,and pad ; ( b) A complete

inductor

4　Results and discussion

According to Eq. (1) , t here are three ways to

improve inductance value : (1) increasing t he per2
meability value (μis a constant of 1 in the experi2
ment) ; ( 2 ) increasing t he cro ss2sectional area of

t he core t hrough adding highness of t he vias ; (3)

increasing coil t urns , which means decreasing the

coil widt h and space between t he adjacent coils for

a certain value of surface area. In t his paper ,a mi2
croinductor which has ult ra2low profiles of 1500μm

×900μm ,41 t urns ,coils width of 20μm separated

by 20μm spaces and a high aspect ratio of 315∶1 ,

is fabricated by t he M EMS technique. At last it is

measured in t he f requency range of 1M Hz to 3 GHz

by t he Agilent E4991A RF impedance/ material an2
alyzer ,which connect s to a p robe station provided

by a Cascade Microtech manufact urer . The Cascade

Microtech ACP402GS Series are also used as t he

probe head. After t he inst rument of open/ short/

load calibration , the measurement is performed.

Figure 4 shows t he inductance and Q2factor as

f unctions of f requencies. The maximal inductance

value of 6117n H wit h t he Q2factor of about 6 is a2
chieved. According to Eq. ( 1 ) , t he calculated in2
ductance value L is equal to 613n H ,where N = 41 ,

μ= 4π×10 - 7 , A c = 50μm ×170μm , lc = 2840μm ,

which is approximatly t he experiment value. For a

low given dimensional inductor area ( 1500μm ×

900μm) ,it is difficult to achieve such a high in2
ductance value. For t he same inductance value , a

spiral inductor needs a larger size than a solenoidal

inductor [4 ] . Though t he solenoid2type inductor has

a drawback of increasing fabrication complexity ,

t he inductor has very good magnetic p roperty such

as a high inductance value. Since t he main elect ro2
magnetic flux is parallel to t he surface , it can be

used as a microact uator .

Fig. 4 　Measured inductor parameter as a function of

f requency　(a) Inductance versus f requency ; (b) Q2fac2
tor versus f requency
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5　Conclusion

A solenoid2type microinductor wit h ult ra2low

profiles is fabricated by t he M EMS technique. The

total inductor dimensions are 1500μm ×900μm ×

70μm ,having 41 turns ,with coils widt h 20μm sepa2
rated by 20μm spaces and a high aspect ratio of 315

∶1. The inductance value of 6117n H ,which is ap2
proximate to the designed value ,with Q2factor of a2
bout 6 is achieved. The devices fabricated in this

experiment are compatible wit h IC technology ,

which have a good application f uture.
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采用 MEMS技术制作的螺线管电感 3
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摘要 : 采用微机电系统技术制作了螺线管电感.为了获得高电感量和 Q值 ,采用 UV2L IGA、干法刻蚀、抛光和电镀

技术 ,研制的电感大小为 1500μm×900μm×70μm ,线圈匝数为 41匝 ,宽度为 20μm ,线圈之间的间隙为 20μm ,高深

宽比为 315∶1.测试结果表明电感量最大值为 6117n H ,Q值约为 6.

关键词 : 电感量 ; 微机电系统 ; 品质因子

EEACC : 2140 ; 2575F

中图分类号 : TM55　　　文献标识码 : A　　　文章编号 : 025324177 (2005) 0621083204

3国家高技术研究发展计划 (批准号 : 2004AA302042) ,国家自然科学基金 (批准号 : 50275096) ,上海市纳米专项 (批准号 : 0215nm104 ,

0352nm014)资助项目

　高孝裕　男 ,1977年出生 ,主要研究方向为微电感器件的设计与制作.

　周　勇　男 ,1964年出生 ,主要研究方向为薄膜材料、微传感器和 RF MEMS器件.

　2004212207收到 ,2005202217定稿 Ζ 2005 中国电子学会

6801


