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Abstract : A novel local2dielect ric2thickening technique is presented for performance improvements of Si2based spiral

inductors. This technique employs the processes of deposition ,photolithography ,and wet2etching ,to locally thicken

the oxide layer under the inductor ,which can decrease the subst rate loss and improve the inductor performance. Both

the st ructures and processes are compact ,economical ,and compatible with CMOS processing. Several square spiral

inductors with different inductances are fabricated ,and the quality factors and the self2resonant f requencies both in2
crease clearly with this p roposed technique :for the 10n H ,5n H ,and 2n H inductors ,the peak quality factors are effec2
tively improved by 4617 % ,4917 % ,and 6816 % ,respectively ;however ,the improvement percent s of the self2resonant

f requencies are more significant ,which are 9211 % ,9110 % ,and no less than 6811 % respectively.
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1 　Introduction

In recent years ,t he high performance integrat2
ed inductor on lossy Si2subst rates , has become a

very challenging issue in t he booming RF CMOS

technology[1～3 ] . U nlike the RF performance of

MOSFET improving wit h scaling2down , t he quali2
ty2factors of inductors ,i. e. Q’s ,are always limited

by t he degradation resulting f rom energy dissipa2
tion in t he semiconducting subst rates[4 ] . In order to

improve Q2factors ,many met hods were p roposed to

reduce t he subst rate loss : t he pat terned ground

shields[ 4 ] improved Q’s effectively , but decreased

self2resonant f requencies ( f sr’s) due to t heir addi2
tional parasitic capacitance ;t he M EMS engineering

in subst rates[5 ] could indeed raise Q’s t remendous2

ly ,however , t here were many issues such as com2
patibility ,cost , reliability , etc ; as for t he subst rate

p2n junction isolation against t he eddy current un2
der t he inductor [6 ] ,ion implantors with high2energy

and large2beam2current are indispensable , and t he

diff usion time is almost unacceptable.

In this paper ,a novel compact local2dielect ric2
t hickening technique has been developed to im2
prove Q’s and to avoid t he issues in t he above2
mentioned met hods. This technique locally t hickens

t he oxide t hickness under the inductor using t he

processes of deposition ,p hotolit hograp hy ,and wet2
etching ,which is a very effective technique wit h ac2
ceptable p rocess cost and time. Bot h t he quality2
factors and t he self2resonant f requencies can be im2
proved significantly with this technique.
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2 　Structures and fabrication

Spiral inductors are t he most feasible and

widely used integrated inductors because of t heir

compatibility with IC p rocessing. The spiral induc2
tor is usually composed of the top metal spiral and

t he center2tap underpass using a lower metal layer ,

whose layout is shown in Fig. 1. The layout param2
eters are the number of t urns ( n) , t he line widt h

( w) ,t he line spacing (s) ,t he outer dimension (od)

and t he inner dimension (id) , which plus p rocess

parameters determine t he elect rical behavior of the

inductor . In low f requencies , when t he subst rate

effect s and the metal eddy current can be neglec2
ted ,t he inductance ( L ) of a square spiral inductor

can be regarded as t he f unction of the layout pa2
rameters ,formulated as[7 ]

L = 2134μ0

n2 od + id
2

1 + 2175 od - id
od + id

(1)

whereμ0 is t he vacuum permeability.

Fig. 1 　Layout of a 3 turn square spiral inductor

However , a real spiral inductor on Si sub2
st rates does not only provide inductance , whose

parasitic capacitance and resistance must be taken

into account . Hence a compact p hysical model of

t he spiral inductor [1 ] can be depicted as Fig. 2 ,

where L is for t he inductance t hat we expect , Rs for

t he series resistance of metal line , Cp for the shunt

capacitance between t he main spiral and t he center2
tap , Cox for the capacitance between t he spiral and

t he subst rate ,and CSi , RSi for t he subst rate parasitic

capacitance ,resistance ,respectively.

Fig. 2 　Model for a spiral inductor on silicon[1 ]

Additional to the inductance , two key per2
formance parameters of t he inductor are t he quality

factor ( Q) and the self2resonant f requency ( f sr ) ,

which rep resent how clo se t he inductor approxi2
mates an ideal one and in what f requency range it

can work as an inductive component , respectively.

Q is defined as

Q = 2π energy stored
energy loss in one oscillation cycle

(2)

Wit h t he f requency rising , Q degrades because t he

energy dissipation in t he semiconducting subst rate

increases. Then f sr can be defined as t he f requency

when Q (or L ) drop s to zero . Thus , reducing t he

energy loss in t he subst rate will be an effective way

to improve Q and f sr . It is clear that one could

serve t he p urpo se by t hickening the oxide t hickness

( tox ) . Theoretically , t he thicker t he oxide is , t he

more favorable it is for the on2chip inductor ; how2
ever ,an excessively t hick oxide layer is unaccepta2
ble when considering active devices and intercon2
nection st ruct ures : for LOCOS (local oxidation of

silicon) or STI ( shallow t rench isolation ) , t he

t hick oxide result s in excess st rain or loss in active

areas ; for PMD ( pre2metallization2dielect ric ) , it

brings about difficulties in t he contact hole etching

and t he elect rode formation ;for ILD (interlayer di2
elect ric) ,it is unfavorable for vias and metal2insu2
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lator2metal ( MIM) capacitors. Fort unately , t he di2
lemma can be avoided by t he local thickening of the

dielect ric under t he inductor , with an additional

p hotolit hograp hy mask. Such an idea originally

came f rom Ref . [ 8 ] : etching2back in t he Si sub2
st rate under t he inductor and local2dielect ric2t hick2
ening wit h t hermal oxidation using similar LOCOS

f undamentals ,which proved effective in Q2improve2
ment , but t hese complicated step s did expend too

much process time and cost .

This paper has developed an improved tech2
nique for local2dielect ric2t hickening , whose sche2
matic st ructures are shown in Fig. 3. The processes

for t his technique are very compact and compatible

with CMOS processing :af ter t he LOCOS (or STI)

p rocessing , a CVD ( chemical vapor deposition )

SiO2 layer was deposited ,whose t hickness was op2
tional f rom 1μm to 3μm ; t hen t he CVD SiO2 layer

out side the local t hickening area shown in Fig. 3

was selectively removed by BO E ( buffered oxide

etching) solution , wit h t he local t hickening area

covered by p hotoresist ;finally t he p hotoresist was

removed and t he local2t hickening region for the in2
ductor was accomplished. It should be stated t hat

wet2etching is more p referable and the additional

dimension ( a) is indispensable when etching the

CVD SiO2 . Wet2etching result s in a sloping side2
wall instead of a steep one ,which is favorable for

interconnection. When the lateral etching is taken

into account ,t he masked region (the local thicken2
ing area) must be larger t han t he spiral area ( the

inductor area) ,and it is p roposed t hat a should be

no less t han 5μm. Since t he metal line connected to

t he inductor is usually wide (typically w > 10μm) ,

such a height of t he CVD SiO2 mesa ( 1～ 3μm)

would not be a risk in metallization p rocessing.

When compared wit h t he met hod proposed in Ref .

[8 ] ,t his technique could save many process step s ,

t herefore it has many advantages in p rocess cost ,

time ,and reliability. What’s more ,t his local2dielec2
t ric2t hickening technique is also feasible for polyg2
onal or circle spiral inductors ,alt hough it was orig2
inally developed for a square one.

Fig. 3 　Schematic st ructures for local2dielect ric2thick2
ening under inductors 　(a) Cross section ; (b) Top view

Following t hese p rocess step s , several square

spiral inductors were fabricated in t he same Si sub2
st rate feat uring p (100) and 20Ω ·cm , and some

cont rol inductors wit hout local2dielect ric2t hicken2
ing were also fabricated. A two2layer2aluminum

technology was employed wit h LOCOS isolation.

The t hicknesses of LOCOS , PMD , metal21 , ILD ,

metal22 are 015μm , 017μm , 016μm , 1μm , 2μm , re2
spectively. The layout parameters are determined

according to Formula (1) to at tain a certain induct2
ance value.

3 　Results and discussion

RF S2parameters (f rom 100M Hz to 20 GHz)

were measured wit h a HP8510C vector network

analyzer and a Cascade Microtech Summit 9000

probe station wit h ground2signal2ground ( GSG)

pat tern p robes. An open pad st ruct ure ,identical to

t he one t hat t he inductor is connected to ,including

all t he metal paths that are needed to reach t he spi2
ral ,is placed near the device under test (DU T) in
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t he layout . The Y2parameters (converted f rom the

measured S2parameters) of the open pad are sub2
t racted f rom t hose of DU T in order to de2embed

t he parasitics inserted by t he probes and the pads ,

in a certain degree[3 ] . The inductance and t he quali2
ty factor are ext racted f rom t he de2embedded Y2pa2
rameters as follows[9 ] ,

L =
Im ( 1

y11
)

2πf
(3)

Q =
Im ( 1

y11
)

Re ( 1
y11

)
(4)

　　The inductance and t he quality factor varying

with t he f requency are compared between t he in2
ductors wit h and wit hout the local2dielect ric2t hick2
ening technique ( See Fig. 4 ) . For t he designed

10n H , 5n H , and 2n H inductors , which can cover

t he conventional applications of integrated spiral

inductors ,t he performance improvement s resulting

f rom the local2dielect ric2t hickening technique are

all significant :all t he peak Q’s increase and occur

at higher f requencies , which means t he inductors

can operate at higher f requencies for a given Q ;t he

L2f curves become flat ter , and t he measured L’s

are also closer to the designed ones according to

Formula (1) ,which is favorable for circuit design

and may be explained f rom t he fact t hat t he sub2
st rate effect s on t he inductance are slighter wit h

t hicker oxide ;it is also favorable t hat f sr (where L

drop s to zero) increases clearly for each inductor ,

which means t hat the range of operation f requency

is extended to higher f requency bands. All t hese

quality factors and self2resonant f requencies of t he

inductors wit h and wit hout t he local2dielect ric2
t hickening technique are compared in Table 1 ,and

t he efficiencies of t his technique are evaluated by

calculating improvement percent s. For the 10n H ,

5n H , and 2n H inductors , Qmax imp rovement s are

4617 % , 4917 % , and 6816 % respectively , which

seems t hat t he Q2improvement degrades wit h t he

inductance rising. More significant and steady f sr

improvement s can also be observed for all t hese in2
ductors in the same table. Therefore , one could

draw a conclusion t hat for t he most widely used

n H2level integrated spiral inductors , bot h Q2 and

f sr2 improvement s resulting f rom the proposed lo2
cal2dielect ric2t hickening technique are considera2
ble. However ,in this st udy ,t he oxide under t he in2
ductors only be thickened by 115μm ;it seems pos2
sible t hat more significant performance improve2
ment s can be expected wit h a t hicker oxide.

Fig. 4 　Inductance and quality2factor varying with f requency of 10n H (a) ,5n H (b) ,and 2n H (c) inductors

Table 1 　Comparison of the quality factors and the self2resonant f requencies between the inductors with and

without the local2dielect ric2thickening technique

2n H inductor 5n H inductor 10n H inductor

Qmax f sr/ GHz Qmax f sr/ GHz Qmax f sr/ GHz

Wit h t his proposed technique 91 54 > 20 3 71 17 121 8 61 06 71 30

Wit hout t his proposed technique 51 66 111 9 41 79 617 41 13 31 80

Improvement 681 6 % > 681 1 % 491 7 % 911 0 % 461 7 % 921 1 %

3 Beyond t he measurement range 1～20 GHz
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4 　Summary

A novel compact local2dielect ric2t hickening

technique has been propo sed to improve t he per2
formance of spiral inductors on Si subst rates in this

paper . The st ruct ures and processes for t his tech2
nique are also described in detail . Several square in2
ductors are fabricated using this technique and

show significant improvement s in both t he quality

factors and t he self2resonant f requencies. Such a

technique is p romising in performance improve2
ment s for Si2based spiral inductors.
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一种用以改善硅衬底螺旋电感性能的局域介质增厚新技术 3

杨 　荣 　李俊峰 　赵玉印 　柴淑敏 　韩郑生 　钱 　鹤

(中国科学院微电子研究所 , 北京　100029)

摘要 : 提出了一种用于提高硅基螺旋电感性能的局部介质增厚技术. 这种技术通过淀积、光刻和湿法腐蚀工艺 ,局

部增加电感下方的氧化层厚度 ,以降低衬底损耗和提高电感性能. 所采用的结构及工艺简单、成本低廉 ,与 CMOS

工艺兼容良好. 用这种技术制作的几种不同电感量的方形螺旋电感、品质因数和自谐振频率均显著提高. 10n H ,

5n H 和 2n H 的电感 ,品质因数的峰值分别提高了 4617 % ,4917 %和 6816 % ;而自谐振频率的改善更明显 ,分别达到

了 9211 % ,9110 %及不低于 6811 %.

关键词 : 硅 ; 电感 ; 结构 ; 工艺 ; 品质因数 ; 自谐振频率
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