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Fig.1 (a)Simplified cross-sectional view of the spiral

inductor; (b) Simplified top view of the spiral inductor
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Fig. 2 Lumped physical model of a spiral inductor on

silicon
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Fig. 3 (a)Simulation results of the spiral inductor Q
factor with regard to the variation of conductivity; (b)
Simulation results of the spiral inductor inductance
with regard to the variation of conductivity

R 1 AT AN A 2R BRI

Table 1 Performances of the inductors with regard to
the variation of conductivity
Conductivity . Inductance )
/(s/m) O max famax/GHz nH SRF/GHz
10 7.89 2.2 3.50 11.1
1 10.4 5.3 4. 06 12.2
0.1 13. 85 5.5 4.14 12.3
0. 05 14.53 5.6 4.22 12. 4
0.01 14.55 5.7 4.24 12.3
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(a)Simulation results of the spiral inductor Q factor with regard to the variation of the oxide

thickness; (b) Simulation results of the inductor inductance with regard to the variation of the oxide

Fig. 4
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Table 2 Performances of the inductors with regard to

the variation of the silicon dioxide thickness

Thickness X , Inductance SRF
, dex meux /GHz

/‘um /l’lH /GHZ

5 8. 27 2.3 3. 60 11. 4

10 10. 02 3.1 3.62 12.0

15 10. 98 3.5 3. 68 12.5

20 11.45 3.9 3. 68 12.8
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Fig. 5

(a) Simulation results of the spiral inductor Q factor with regard to the variation of the dielec-

tric layer; (b) Simulation results of the inductor inductance with regard to the variation of the dielectric

layer
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Table 3 Performances of the inductors with regard to
the variation of the dielectric layer

PRI O max

fomax/GHz| Inductance/nH |SRF/GHz

7(SizNy) 8.37 2.3 3. 67 9.9
4(Si02) 10. 02 3.1 3.62 12.0
2.7 11. 65 3.7 3.67 14.1
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Fig. 6 (a)Simulation result of the spiral inductor Q factor with a thin film of SiGe on substrate; (b)

Simulation result of the spiral inductor Q factor with a thick film of relaxed SiGe on substrate
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Effect of Substrate Structure on the Performance of a Silicon
On-Chip Spiral Inductor”

Xue Chunlai’, Yao Fei, Cheng Buwen, and Wang Qiming

(State Key Laboratory of Integrated Optoelectronics, Institute of Semiconductors, Chinese Academy of Sciences, Beijing 100083, China)

Abstract: The effect of substrate structure on the performance of a spiral inductor is investigated with the 3D clectromagnet-
ic simulator HFSS. With variations in the substrate structure including substrate conductivity, permittivity, and thickness of
the dielectric layer,the performance of the inductors is analyzed in detail. The simulation results indicate that the perform-
ance of the spiral inductor can be improved by lowering the conductivity of the substrate.increasing the thickness of the die-
lectric layer,and using a low k dielectric layer. In the mean time,some “design rules” are summarized form the results of this
study.
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