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Table 1 Structural parameters and equivalent circuit parameters of various square inductors

s | PEEK 2k %8/ pm K JE/pm 1 4/ mm? L,/nH R./Q C:/fF Cmi /fF Cm2/fF | Rm1/kQ | Rm2/kQ
L61 1 6 322 0.0081 0.34 1.88 0.0031 9.45 9.41 12.94 8.26
L62 2 6 756 0.014 0.79 2.58 0.0072 11.87 12.01 10.79 7.61
L63 3 6 1302 0.021 1.49 3.52 0.0109 15.39 18.24 9.3 6.97
L64 4 6 1960 0.030 2.78 4.83 0.0216 24.92 27.15 7.8 6.74
L65 5 6 2730 0.041 4.37 6.25 0.0336 31.42 39.78 6.78 6.33
L66 6 6 3612 0.053 6.25 8.08 0.0416 40.96 59.78 6.14 6.13
L101 1 10 354 0.011 0.334 1.71 0.0377 10.25 8.55 9.29 7.72
L102 2 10 852 0.019 0.78 3.06 0.0408 12.44 10.99 7.39 7.24
L103 3 10 1494 0.031 1.58 3.77 0.0531 17.2 19.7 6.76 6.81
L104 4 10 2280 0.045 2.92 4.44 0.059 33.22 48.81 6.44 6.66
L161 1 16 400 0.015 0.36 2.05 0.029 11.22 16.26 6.66 6.93
L162 2 16 992 0.029 0.78 3.01 0.0367 15.09 23.11 6.43 6.77
L163 3 16 1772 0.047 1.7 3.44 0.0499 24.78 39.98 6.49 6.6
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Table 2 Simulated perfor

5 R RES X

mance of various inductors

%= O max fo/GHz fres/GHz FMI/(GHz/mm?) W' Omax fo/GHz fres/GHz | FMI/(GHz/mm?)
L61 27.9 40.4 88.3 304483 L101 24.7 37.8 85.9 200295
L62 24.3 21.7 52 90808 L102 19 20.6 51.1 50293
L63 20.1 13.1 33.2 31319 L103 17.2 11.5 30.5 17139
L64 15.7 7.6 19.1 9907 L104 14 6.3 16.1 5065
L65 13.1 5.2 13.6 4367 L161 21.4 33 79 113648
L66 10.8 4 10 2042 L162 17.8 18.8 46.3 28553
L163 15.8 9.6 23.5 7819
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Table 3 Structural parameters and equivalent circuit parameters of various capacitors
s T #1/mm? C/pF Re/Q Le/nH Ca/fF Ce/fF CPUA/(pF/mm?) fres/GHz
C40 0.0016 0.327 2.57 0.162 12.5 8.2 204 20.5
C60 0.0036 0.722 1.69 0.149 11.9 8.0 201 13.6
C80 0.0064 1.283 1.50 0.153 13.1 9.6 200 9.5
C100 0.01 1.99 0.637 0.133 11.2 9.3 200 8
C120 0.0144 2.87 1 0.145 11.4 8.9 199 6.9
C140 0.0196 3.96 0.7 0.106 11.2 9.5 210 6.2
C160 0.0256 5.01 0.121 0.145 12.7 10.0 196 5.2
C180 0.0324 6.28 0.280 0.122 13.0 9.48 194 4.7
C200 0.04 7.87 0.176 0.0783 12.5 9.99 197 4.5

Fd4 AR SRR S K
Table 4  Structural parameters and equivalent circuit
parameters of various resistors

e | KITL R/Q L./nH | Ca/fF Ci/fF
R1 0.4 7 0.177 20.4 20.4
R2 1 16.8 0.185 22.4 22.4
R3 2 32.9 0.201 24.4 24.4
R4 4 64.9 0.231 29.6 29.6
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Table 5 Fitting coefficients of formulas for L,
zﬁ% ao ai az bo b, b Co C1

L61..6 0.302 -0.153 0.192 —0.087 | 1.05X10°% | 1.98x10"7 -1.07 134.4

L101..4 0.384 -0.265 0.224 0.115 5.1X107% | 3.18X10°7 -0.613 76.1

L161..3 0.44 -0.33 0.25 0.212 2.3%x107% | 3.43%x10°7 -0.337 42.3
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Table 6 Fitting coefficients of formulas for parasitic

resistance and capacitance of various inductors

%5 L61..6 L101. .4 L161..3

do 1.33 0.786 1.09

d, 1.62x10°3 3x10°3 2.71x1073
d> 6.8x10°8 -6.27%x1077 | —7.8%x10°7
e 14.1 10.6 6.95

el —4.49%x107°% | —4.46Xx107% | —8.6X10° 4
es 6.39%x10°7 1.16x10°6 3.39x10°7
fo 8.61 8.17 7.05

i -1.41x107% | =1.36X107% | —-3.2x10"*
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Table 7 List of fitting coefficients of model parame-
ters of capacitors
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Table 8 List of fitting coefficients of model parame-

ters of resistors

B 00 01 Do P1 qo Q1
14 0.671 16.1 0.171 0.015 19.6 2.5
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Table 9 Fitting coefficients of formulas for FMI
G5 ro/10% | r1/10% | r2/10% | 50/107 | 51/107 | 52/10°
L61..6 | 4.65 -2.1 0.23 0.04 -2.34 30
L101..4 | 2.89 —-1.65| 0.24 0.03 -1.59 | 21.7
L161..3| 2.16 —-1.42 | 0.24 0.02 -1.01 11.7

Turn

& 13 AR 454 & g FMI
Fig.13 FMI of inductors with different geometric pa-

rameters
5 #Fit

K GaAs MMIC 5 #fE T 2 6l 1E T A [\ 45 14
SRR 1 S T B2 v SRR MM H 255 01 T 5 el L 000 3
AT T GaAs MMIC TG G F 1Y 55 300 g %455 71
K 22301 2 AU A 28 20 R AE L SR T S BRI BE S
B, T AR G R AR AT AN [R) 45 A8 U e 2 T L
B RY 5 I PEA TG IR I 4 (PR R L Jr i JC IR o AR 15 Y
£ MMIC 3O I - 45 6 22 501 X 3R A0 A 72
Xof FEL JE% P 5 N £k T % L JRAEL L O {ELAT R 1) 1 FH FMIT
EMERE S B R ) EAT A3 B 6 A R PN AR A TE) B AR
P U/ INER B T LA 3 2 v LR Qe T A B
PRATNFAN FMI %5250, X F 2L 25 T 45 d gk fL
FHE 25 4 2 B AR R B AR

&%k

[1] Bahl IJ.Improved quality factor spiral inductors on GaAs
substrates. IEEE Microw Guided Wave Lett, 1999, 9 (10) .
398

[ 2] Bahl I J. High-performance inductors. IEEE Trans Microw
Theory Tech,2001.49(4) :654

[ 3] LeelJ M,Choi I H. Frequency responses of circular spiral in-
ductors for GaAs RF MMIC applications. Journal of the Ko-
rean Physical Society.2001,38(2):123

[ 4] Scherpinski K. Topper M, Krauseet F.et al. Integration of
NiCr resistors in a multilayer Cu/BCB wiring system. Inter-
national Symposium on Advanced Packaging Materials,
1999.178

[5] Leel K,Kim D H,Park Y S,et al. DC and RF characteris-
tics of advanced MIM capacitors for MMIC’s using ultra-
thin remote-PECVD SizNy dielectric layers. IEEE Microw
Guided Wave Lett,1999,9(9) :345

[6] Yin WY,Pan SJ,Li L W,et al. Model description and pa-
rameter extraction of on-chip spiral inductors for MMICs.
Int J RF Microwave Computer-Aided Engineering, 2004, 14
(2):111

[ 7] LiLinan,Qian He.A new method for optimizing layout pa-
rameter of an integrated on-chip inductor in CMOS RF



5 10 39

HAEZEZ . GaAs MMIC FH TG I IC {4 o #E 70

1879

[8]

IC’s. Chinese Journal of Semiconductors,2000,21(12).1157
Li Xiaojin,Shi Yanling, Lai Zongsheng, et al. Impact of Si-
based RF IC spiral inductor’s turns on quality factor. Chi-
nese Journal of Semiconductors, 2003, 24 (9): 972 (in Chi-
nese) [/, A HEFY L 05 A L S fE R RF P 18] B A Jak 11y
P H0%) it I3 81 19 S T . 2 R 41, 2003, 24(9) 972

[ 9] Li Fuhua,Li Zhengfan. A novel modeling method of Si chip

[10]

integrated spiral inductors for RF IC’s. Chinese Journal of
Electronics,2003,12(3) :483

Fan Yongxiang, Yang Yintang. A study of the influence of
different geometric parameters on the performances of spi-
ral inductors. Chinese Journal of Electron Devices, 2005, 28
(1):118(in Chinese) [ B4 . 4 4 5. A [F) JLA B3 42 e
HL R R A SE M AF ST . LT 414, 2005, 28(1) - 118]

Passive Component Models for GaAs MMICs

Shen Huajun’, Chen Yanhu, Yan Beiping, Yang Wei, Ge Ji,
Wang Xiantai, Liu Xinyu, and Wu Dexin

(Institute of Microelectronics, Chinese Academy of Sciences, Beijing

100029, China)

Abstract: Various GaAs MMIC (monolithic microwave integrated circuit) passive components,including rectangle spiral in-

ductors; MIM capacitors,and film resistors,are fabricated.and their equivalent circuit models are established. Various polyno-

mial formulas are introduced to characterize models and performances of different passive components. This is convenient for

circuit design. The extracted capacitance per unit area of the MIM capacitors is about 195pF/mm?* ,and the sheet resistance of
the NiCr film resistors is about 16. 1Q/[]. The effects of the geometrical parameters on the spiral inductors are also ana-
lyzed,and the results show that reducing the parasitic losses of the inductor areas helps to obtain high quality inductors.
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