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Abstract-A model for integrated spiral inductors which 
incorporates the physically expected frequency-dependent effects 
modifying the device's impedance is proposed. Moreover, it is 
demonstrated that the effect of resonances occurring outside 
the bandwidth of applicability for the device may considerably 
influence the performance around the peak of the Q-factor versus 
frequency curve. In this paper, we present the use of cascaded 
resonant circuits to represent the additional resonances occurring 
in the device to improve model accuracy up to 60 GHz. 

Index Terms-Eddy current, ground shield, resonances, skin 
effect, spiral inductor. 

l. lNTRODUCTION 

I
NDUCTORS are among the most important passive com
ponents used in radio frequency (RF) ICs [1)-[5]. In this 

regard, the quality (Q) factor is the typical figure of merit 

used to assess device performance [6]. However, this para
meter strongly depends on the losses associated with eddy 
currents originated on the ground path. Thus, ground shields 
are used to avoid this effect at the highly lossy substrate 
leve! [1)-[7]. Generally, these shields use metal, polysilicon, 

or low-resistivity buried Iayers close to the silicon surface 
and may present either solid or patterned geometry [4], [5]. 
Bear in rnind, however, that the electrical performance of 

the inductor is modified by the shield and thus needs to 
be considered in the corresponding model. For this purpose, 
equivaJent circuits are used, most of them based on the 
1r-model shown in Fig. l(a) [8]-[15). These models exhibit 
acceptable accuracy up to the frequency of occurrence of the 

inductor self-resonance. This frequency is referred to here 

as fsRFI. The assumed topology for the 1r-model, however, 
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Fig. l. Equivalen! circuits for on-chip inductors. (a) ,r-model. (b) Conven
tional T-model. (e) Proposed T-model. (d) and (e) Subcircuits to represen! 
higher order resonances. 

requires that sorne elements take values without physical sig

nificance; especially, for those that present a large separation 
of the inductor from the ground shield (h). For instance, when 
assurning the topology in Fig. l(a), the experimental data 
associated with the real part of the impedance between the 

input and output ports [i.e., Re( l/Y ¡ )] exhibits negative values 
within certain frequency ranges, which would require consid
ering negative resistances to represent Y¡. This effect is shown 
in Fig. 2 for inductors with different h and different patterns 

for the shield: solid ground shield (SGS) and patterned ground 
shield (PGS). In order to overcome this problem, T-models as 

the one shown in Fig. l(b) have been proposed [16)-[19]. 
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