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Summary 

In this paper, we demonstrate a comprehensive analysis of the effects of the layout, temperature (from -50oC to 
200oC), top metal thickness, and substrate resistance on the performances of high quality-factor (Q-factor) and high 
resonant frequency (fSR) spiral inductors with 6 µm thick top metal in deep sub-micron CMOS technology for 
radio-frequency integrated circuit (RF-IC) applications for the first time [1]-[3]. Metal width, metal space, and inner 
dimension were carefully selected to optimize Q-factor and fSR based on simulated results of EM simulation tool 
SONNET. We found that Q-factor decreases with increasing temperature but shows a reverse behavior at a higher 
frequency range. In addition, the reverse frequency fR, which corresponds to zero temperature coefficient of Q-factor, 
increases with increasing substrate resistance. This phenomenon can be explained by the positive temperature 
coefficients of the metal series resistance (Rs) and the substrate resistance (Rsub). The above results will facilitate RF 
designers to catch the temperature behavior of the on-chip spiral inductors. 

Table I is a summary of the key layout parameters and extracted small-signal equivalent circuit parameters at 
room temperature (25oC) of the inductors under study. All the inductors have the same inner dimension, metal width, 
and metal space. The only difference is the turn number for the convenience of performance comparison. As can be 
seen, low metal series resistance is achieved mainly due to the 6 µm thick top metal. In addition, the extracted 
inductance, ranging from 0.9 nH to 13.93 nH are wide enough for RF-IC design. Fig. I shows the small-signal 
equivalent circuit model of the inductors under study, which includes the extrinsic pads. Extrinsic open pad models 
at various temperatures were extracted based on the fitting of the simulated and measured S-parameters of the open 
pad structure under various temperatures. Fig. 2 (a) shows the measured and simulated Q-factor versus frequency 
characteristics of inductor-B. The extrinsic pads have much effect on the performance of inductors. As can be seen, 
the maximum Q-factor (Qmax) and fSR of the intrinsic part of inductor-B is 23.6 and 19.5 GHz, respectively, while the 
Qmax and fSR of inductor-B includes the extrinsic pads is 21 and 17 GHz, respectively. Fig. 2(b) shows the measured 
and simulated S-parameters of inductor-B. Fig. 2(c) shows the measured and simulated inductance versus frequency 
characteristics of inductors B and E. As can be seen, the simulated results conform to the measured data. Fig. 3 (a) 
shows the measured Q-factor versus frequency characteristics of inductors A, B, C, and E. Fig. 3(b) shows the 
measured and simulated Q-factors versus frequencies characteristics of inductors with the layout of inductor-B but 
with various different top metals.  

All the inductors were measured at various temperatures (-50, -25, 0, 25, 75, 125 and 200oC) to study the 
temperature effect on the performances of inductors with various top metals, layouts, and substrate resistances. Table 
II is a summary of the extracted small-signal equivalent circuit parameters of inductor-B at several key temperatures. 
Fig. 4 shows the measured Q-factor versus frequency characteristics of inductor-B at various temperatures. We 
found that Q-factor decreases with increasing temperature but it shows a reverse behavior at a higher frequency 
range. In addition, the reverse frequency fR, which corresponds to zero temperature coefficient of Q-factor, increases 
with increasing substrate resistance. Table III is a summary of the extracted small-signal equivalent circuit 
parameters of inductor-B before and after proton bombardment. Fig. 5 shows the Q-factors versus frequency 
characteristics of inductor-B before and after proton bombardment. The proton bombardment process increases the 
Qmax from 23.6 to 48.7, which is mainly due to the increase of substrate resistance. We also found that the 
transmission line loss and coupling loss between devices can be largely decreased after proton bombardment. This 
means this post process is very promising for high performance RF-ICs. 
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 Inductor No. A B C D E F G
 W (µm)
 S (µm)

 Top Metal (µm)
 Inner Dimension

 (µm×µm)
T (oC)

 Turn Number 1.5 2.5 3.5 4.5 5.5 6.5 7.5
 Ls (nH) 0.90 1.99 3.90 6.83 8.57 11.49 13.93
 Rs (Ω) 0.50 1.20 2.10 3.00 3.49 4.29 6.02
 Cs (fF) 19.76 12.51 16.27 19.50 23.92 26.23 30.43

 Cox1 (fF) 56.8 52.7 59.7 67.7 84.4 102.0 136.9
 Cox2 (fF) 54.9 50.4 54.3 64.1 77.2 100.0 135.6
 Csub1 (fF) 25.0 38.5 52.1 68.4 80.2 88.3 93.8
 Csub2 (fF) 25.0 38.5 52.1 68.4 79.7 86.0 88.8
 Rsub1 (Ω) 510.0 736.6 703.5 671.2 490.9 371.2 318.8
 Rsub2 (Ω) 500.0 736.6 703.5 671.2 488.6 369.3 317.7
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Table I  Key layout parameters and extracted small-
signal equivalent circuit parameters of the inductors.

Fig. I  Small-signal equivalent circuit model (including  
the extrinsic pads) of the inductors under study. 

Fig. 2 (a) Measured and simulated Q-factor versus frequency characteristics of inductor-B. (b) Measured and simulated S- 
parameters of inductor-B. (c) Measured and simulated inductance versus frequency characteristics of inductors B and E. 

Fig. 4 Measured Q-factor versus frequency  
characteristics of inductor-B under various  
temperatures. 

Table II Extracted small-signal equivalent  
circuit parameters of inductor-B at  
various key temperatures.  

(a) (b) (c) 

Fig. 3 (a) Measured Q-factor versus frequency characteristics of inductors A, B, C, and E.
(b) Measured and simulated Q-factors versus frequencies characteristics of  
inductors with the layout of inductor-B but with various top metals. 

(a) (b)

Table III Extracted small-signal equivalent 
circuit parameters of inductor-B before  
and after proton bombardment. 

Fig. 5 Quality factors versus frequency  
characteristics of inductor-B before and after 
proton bombardment. 
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