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Abstract : A lumpedπ2type equivalent circuit of planar spiral inductor for CMOS RFIC application is developed by

the domain decomposition method for conformal modules (DDM2CM) . Closed form expressions of lumped parame2
ters for a square spiral inductor on a Si2SiO2 subst rate are obtained and verified with the previously published experi2
mental result s.
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1 　Introduction

Spiral inductors have gained much application

in t he design of integrated RF t ransmit ters and re2
ceivers. For t his reason , much research work has

been done in past years with analysis and optimiza2
tion of spiral inductors[ 1～5 ] . However ,for spiral in2
ductors on single or multiplayer2subst rates ,an ac2
curate closed form exp ression for inductance is not

available so far . Time2consuming numerical meth2
ods and inaccurate empirical formulae have to be

used to get t he inductance and quality factor . In

t his paper t he domain decomposition met hod for

conformal modules ( DDM2CM ) is used to get a

simple lumped equivalent circuit of planar spiral in2
ductors on a multilayer subst rate. The DDM2CM

was int roduced by Papamichael and Stylianopou2
lo s[6 ] . Wit h t he DDM2CM ,a planar spiral inductor

on a multi2layer subst rate can be t ransformed to an

elongated microst rip line[5 ] , which can be finished

with general microst rip line theory. Compared wit h

t he p ublished spiral inductor models , t he main ad2
vantage of t he microst rip line model comes f rom

t he fact t hat t he complicated comp utation of mutu2
al parameters ( such as mutual inductance) is omit2
ted. A corresponding lumped equivalent circuit has

been modeled ,and closed form expressions for t he

quality factor and inductance of a square spiral in2
ductor on Si2SiO2 subst rate are obtained and veri2
fied wit h t he experimental result s in Ref . [ 1 ] ,

showing t hat the model is simple , accurate , and

scalable.

2 　Equivalent circuit

Considering a spiral inductor on multi2layer

subst rates ,which is depicted in Fig. 1 ,according to

Ref s. [ 6 , 7 ] , we rewrite t he approximated total

module of the square spiral inductor f rom Ref . [5 ] ,

which are given as follows.
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Fig. 1 　A square spiral inductor on Si2SiO2 subst rate

where w is t he conductor width ,s t he t urn separa2
tion , N t he number of t urns t hat is a multiple of

015 ,[ N ] ± denotes t he N to t he nearest integer to2
wards infinity and zero , respectively , and din / dout

t he inner/ outer diameter . When t he microst rip line

lengt h is equal to t he inductor lengt h l , t hen the

conductor equivalent width is weq = l/ m. The ot her

geomet rical parameters , such as t he t hickness of

t he conductor and t hickness of each layer of t he

subst rate keep constant during t he t ransformation

by DDM2CM , so t he lumped equivalent circuit of

t he microst rip line can be modeled as a two2port

network ,shown in Fig. 2.

Fig. 2 　L umped л2type equivalent circuit of microst rip

line

The element Y11 of it s admit tance mat rix [ Y ]

can be obtained :
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1
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in which S = jω,ω t he is t he angular2f requency and

ot her parameters are given by t he resistance of the

microst rip [8 ] .

R = R2
dc + ( kR hf )

2 , Rdc =
l

σw T
, Rhf =

l
2σδ( w + T)

(4)

t he modified factor k = max{ 1 + min (δ, T) / T ,

112} , and T , w is t he thickness and widt h of mi2
cro st rip line , respectively. The inductance of the

microst rip [9 ] is

L ≈ lμ0

2π
ln (2π

P
) , 　P = 2

weq + T
h

(5)

where h = tox + tSi . The oxide2layer capacitance Cox ,

t he subst rate shunt admit tance G ,capacitance Csub

and lateral subst rate resistance Rsub are listed as

follows[10 ] :

Cox =εoxε0 [ w/ tox + 0177 + 1166 ( w/ tox ) 0125 +

1106 ( T/ tox ) 015 ] l (6)

G =
toxσsub

tsubε0εox Cox
(7)

Csub =
ε0εsub

σsub
G (8)

Rsub =
l

w t subσsub
(9)

in t he above formulas ,σm is t he microst rip conduc2
tor conductivity ,δm t he skin depth ,σsub t he sub2
st rate conductivity ,εox and εsub are t he oxide2layer

and subst rate permit tivity , respectively. The quali2
ty factor and inductance of t he spiral inductor can

be obtained.

Qinductor =
Im ag (1/ Y11 )
Re al (1/ Y11 )

(10)

L inductor =
Im ag (1/ Y11 )

2πf
(11)

3 　Results and discussion

The validity and accuracy of t he t ransmission

line model by DDM2CM for parameters ext raction

of t he spiral inductor is evaluated t hrough an ex2
ample by comparison wit h t he experimental re2
sult s. A square spiral copper inductor wit h N = 3

t urns ,widt h w = 18μm ,and spacing between spires

9502



半 　导 　体 　学 　报 第 26 卷

s = 18μm ,outer dimension dout = 226μm , the spiral

metal t hickness value , T = 217μm ,is fabricated on a

silicon subst rate with resistivity ρ = 10Ω ·cm ,

t hickness tSi = 500μm. The t hickness of the SiO2

film is tox = 613μm. The quality factor and induct2
ance of t he square spiral inductor as a f unction of

f requency is shown in Fig. 3 and compared with the

experiment result s in Reference [ 1 , t he type LB2

(Cu1) ] .

Fig. 3 　Inductance and quality factor of the square in2
ductor versus f requency

This met hod can be extended to an arbit rary

spiral inductor ,which is only has single connectivi2
ty. The closed form expressions are available for

t he quality factor and inductance. The lumped л2
type equivalent circuit is expected to be efficient

for analysis and optimization of RF circuit s.
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CMOS RFIC平面螺旋电感的集总等效电路 3

赵吉祥

(中国计量学院电子工程系 , 杭州　310018)

摘要 : 基于 DDM2CM 理论 ,建立了 CMOS 工艺下射频集成电路中广泛使用的平面螺旋电感器的π型集总等效电

路.获得了 Si2SiO2 结构衬底上解析、封闭的集总参数的表达式 ,并和已经发表了的实验数据进行了比较 ,验证了所

得结果的准确性.
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