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Study of the Equivalent Circuit of CMOS Spiral Inductor

Stedent: Ching-Wen Chen Advisor: Dr. Chyh-Jong Chung

Institute of Communication Engineering

National Chiao Tung Univeristy

ABSTRACT

This thesis will discuss the physical characteristic of CMOS spiral inductors on Si
substrate. Equivalent circuit and empirical formulas are established. The calculated
results are compared with those obtained by the HFSS simulation and measurements.
The influence of each component in the equivalent circuit model on the quality factor
Q is also discussed. The Q factor is improved by etching the oxidized Si layer, and the
improvement is reported. Finally, the coupling on proximity effects of two adjacent

inductors are also studied by the EM simulation software package.
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I M R TEE AR AT o LR AT FE TG DA Sk D F
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BLeBRCE FEPARBENEIRTIRAETE - F PR £

EREBT EBRERGERE AR EERVETEM AR TIRK G 02

7% CMOS MR B 5T k2 - § 8 R 2w A KA BB 5 B 3-5-4

BET o

27



metal metal
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1 1

o, = =
) \/7Z'fIL100'5i \/ﬂ'(10x109)(47z-x10—7)5
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Mo, =£2047n 3 3-5-5
2

(3n—2N, -1)(N, +1)
3(2n-N,-1)

d* =(w+s) 7 3-5-6
A op i AR I Ad |5 CMOS B8 & 2 %5 & » W3 CMOS %
TRADERLAT > Hy i P AR 25 n 5 CMOS L7 & 2 Bl d°
SIS Sl

FRA® AT A E 4 TS0 Bk [12]:

—. CMOS 1%L g #¥»c3 5 BHBTE » 4o® 3-5-6 77 o

B 3-5-6 1% T B oo R

L RBRATEE-BTREREEASD
bl - BRERTRL- 4 2 TRE L4 B SRR RL T e
Bl 3-5-7 #7 o
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total

V (k) =V (1—(h +h,+...+h))

V (k). =Vo(1=(h+h,+..+h_+h))

PV, CMOSHRE 2 RBL - A p s BRE 2 RBL S
AV (k,k+1) =V (K)-V (k +1)

—V,[d(k+1)-d (k-1)]

Pd(k)=h+h+. . +h +h > 2 B2 W g
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Erz pRARKBET T ES

n 2

Z;%Cmmk[d (k+1)+d(k-1)] % 3-5-

H

3.6 CMOS ¥ % 3 & ¥ 2% T B2 3t

Be ol AR T o 0 S F R 2T R R R ARG
CMOS W3 B #»c R i &7 g 1] & ) T8 bR > 0 4o Rl 3-6-1 0 fe £ &
BMREZ T o P ARIILE G- F Y AT FME L TR > CMOS

W R R Ec T RTE 5B 3-6-2-

Rs[l
LsD =
0 0
B 3-6-1 g CMOS 1 & & % »xq B
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B 3-6-2 % #g CMOS &2 7 p &2 ® B

)
=
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= s0 s1 ol
B RoRa (R + Ry ) + 0L, 3¢ 3-6-1
(Ryo + Ry )2 + o’

33



3.7TCMOS 3% Z R B E R F 2L i

FI#* CMOS ¥ R & # xR R 2358 28 F D2 g B~ LB~ &7+
Aol BREEEREH FREERN AR

% 2 2 a4 s UMC.18 %42 » CMOS 3 f & * 2 b 45 5 [
Yo@l 3-T-1 #777 » TR B HEy & FpEH L 30um - £ 3-T-1 2 B 3-T-1 2 8 %
B B 3-T-2 5 k2 Sk BR o

B 3-7-1 CMOS 1% T i & 4 5-icdp 1 W]

T=3um- 1.14um

B 3-7-2 CMOS %3 & & & & A&
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Din (inner diameter) um n (turn) | w (line width) um
ind cl 170 1.5 25
ind_c2 248 1.5 20
ind_c3 144 2.5 20
ind_c4 168 2.5 18
ind ¢S5 202 2.5 15
ind_c6 128 3.5 15
ind_c7 146 3.5 13
ind_c8 166 3.5 10
ind_c9 180 3.5 10
ind cl0 194 3.5 8
ind cll 138 4.5 8
ind cl2 148 4.5 8
ind cl13 156 4.5 6
ind_cl4 167 4.5 6
ind_cl5 177 4.5 6
ind cl6 133 5.5 6
ind cl17 141 5.5 6
ind_cl8 148 5.5 6
ind_c19 156 5.5 6
ind_c20 163 5.5 6
% 3-7-1 CMOS 2% 7 gt 4 %8
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Q-factor

Q_Factor

CHactor(ind .b)

12

#*

forrmula i
extraction

10

E
#*
_*_

10°
fregiGHz)

measurement
simulation

1 10

Frequency ( GHz )
Bl 3-7-3 ind_c6 & F %]+ " # Hl
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Ls(ind )

B.A

)

inductance(nH

formula
+  extraction

3.5

b

-1

10

10
fregizHz)

*  measurement
—— simulation

Frequency ( GHz )

B 3-7-4 ind_c6 7T R i iz B
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resistnacefohm)

R ({ohm)

RS[indCE)
120 " T —
formula

#  extraction

1aa

[m]
[

[n7]
[

i
=

20

freqllisHz)

120

100 A ®  measurement
simulation |

a0 A

""'i-—..._. =

80 -

40 A

20 A

0.1 1 10
Frequency ( GHz )
B 3-7-5 ind_c6 7 reiE ' R
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C-factor

Q Factor

CH-factor(ind 1)

formula
#*  extraction

I:I L L L L L L 1 P | L 1 L L L L 1 L
10" 10° 10"
freq(GHzZ)
10
*  measurement /'f
g —— simulation ',q.'
. _,?"‘o
;" =
[ ]
[ ]
6 .
L ]
4 -
2 )
e
G ! ! ! |
0.1 1

Frequency ( GHz )
Bl 3-7-6 ind_cl2 & & F]F ' # )
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inductance(nH)

Ls(ind-12)

18 :

16

—y
i

—_
g

—_
=

-"-1- 1 1 1 1 1 T T |
10 10°
freq(GHzZ)

10

16 4 * measurement
simulation

Frequency ( GHz )
B 3-7-7 ind_cl2 7 R & " BB
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R=(ind.12)

1200

1a0a

Nl

GO0

resistnace(ohm)

400

200

formula
#*  extraction

freq(GHzZ)

1200

1000 ~

800 -

500

R {ohm)

400 -

200 ~

& measurement
simulation

0.

‘-.H.__- — i

1 1
Frequency ( GHz )

B 3-7-8 ind_cl12 T re &+t i
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Q_Factor

C-factor

CH-factor(ind 18]

1a

+

formula
extraction

2 L .

1|:|-1 1|:|':' 1|:|1

freq(GHzZ)
10
*  measurement
81 simulation p ;'r
./@.*?‘

s | :
4 4
2 -
D -
-2 L1

0.1 1

Frequency ( GHz )
B 3-7-9 ind_c18 & F]F v # )
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L{nH)

Ls(ind- 18]

30 —
formula
2F #*  extraction
20 F
15 F
g 104 -
o
2 st
o
=
£ 0Or
s
Aok
sk
=20 i
1! 10°
freq(GHzZ)
30
= measuremeant
70 4 simulation
.
L
1D - - - w L e B B B B L L L b .
L ]
L]
L]
04 .
L]
-
-10 - F
:
-20 t : e
01 1 10

Frequency ( GHz )

B 3-7-10 ind c18 7 g &+ & B
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3000 —
formula
#*  extraction
2600 -
2000 -

1a0a

SO0

3000

2500

2000

resistnace(ohm)
o
=
=

RS(ind.18]

D o LA L S R AW |
10" 10" 10"
freq(GHzZ)
- s  measurement
simulation
0.1 1 10

Frequency ({ GHz )

B 3-7-11 ind_cl18 = feig +* ]
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BTG M BEREER KRR TUFREANRY AR NG EE
BIF AL T AN WG Y AT B R T o F G S RPH R F 2k
foo FlAe A BahE™ > BEAPEE IR 48A CMOS %527 2
B T LR Nt B L B A B (AR o

2 3-T-2 5 2RE MR ER g B § Bl AR D OREL R
R R B A PRI R o TR A TR 2 N R ot Bl
B HOHRERRE o

inductance (measurement) nH| inductance (formula) nH | error (%)
ind_cl 0.98 1.088 11.02040816
ind_c2 1.4 1.566 11.85714286
ind_c3 1.9 2.187 15.10526316
ind_c4 2.37 2.526 6.582278481
ind_c5 2.9 3.069 5.827586207
ind_c6 3.37 3.548 5.28189911
ind_c7 3.88 4.015 3.479381443
ind_c8 4.37 4.627 5.881006865
ind_c9 4.86 5.047 3.847736626
ind _c10 5.43 5.584 2.836095764
ind cll 6 6.045 0.75
ind c12 6.42 6.504 1.308411215
ind_cl13 6.94 6.876 -0.922190202
ind_cl4 7.4 7.553 2.067567568
ind cl15 7.93 8.056 1.5889029
ind cl6 8.5 8.454 -0.541176471
ind cl17 9.02 8.989 -0.34368071
ind_cl8 9.49 9.463 -0.284510011
ind_c19 10.03 10.01 -0.199401795
ind_c20 10.51 10.495 -0.142721218

# 3-7-2 CMOS £} & | & & B i

R T T ETS = CHEER L ER S srs o, R A e
2o ood F U E N EF D2 ’Fﬁ‘"‘]—a-ﬁ,\«\ B4 A+l B ﬁr%’?ﬁ“fﬂ—?
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() max (measurement) [freq Q max (measurenent) GH ~ Q max (formula) | freq Q max (formula) GHz

ind_cl 1941 9.3 19.14

ind_c2 13.6 6 14.38 6.35
ind_c3 12.96 49 14.75 5
ind c4 12.4 44 134 4]
ind_c3 11.6 4 11.79 44
ind_ch 104 3.1 12.18 4
ind ¢7 10.2 34 11.1 39
ind_c8 10.2 33 10.03 4
ind_c9 9.8 3.2 9.51 31
ind_c10 9.49 3.) 8.67 39
ind_cl1 9.36 3.2 9.58 33
ind_c12 9.09 29 8.67 33
ind_cl3 8.93 2.6 8.37 3.
ind_cl4 8364 3 753 3.5
ind_cl3 846 2.8 761 34
ind_cl6 8.59 2.6 755 33
ind_c17 841 2.0 1.2 3.
ind_cl8 8.2 2.5 691 2.3
ind_c19 798 2.3 0.31 2]
ind ¢20 738 ).) 0.01 2.6

4 3-T-3 CMOS ¥ el & 1 715 v
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Ly~ Ry~ Cop K300 15 B Mg » C il s i RRNEX A2 48
IFARRE Y LR CLi @R P FARR BTN €L, 2R,
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