A suspension type spiral inductor for multi-GHz applications
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1. Introduction

Recently, there has been many researches performed on RF component especially for wireless RF
communication[1-3]. The demands for multi-mode and multi-function in wireless communication
require higher capacity, frequency and smaller sizez. RF MEMS technology has advantage of
miniaturization, integration and high performance. A VCO (Voltage Controlled Oscillator) is one of a
key component in wireless communication. The properties of VCO are depended on phase noise and
they are greatly affected by Q factors of the inductor. Since the inductors fabricated by standard silicon
process do not meet the requirement of RF systems, 3-D MEMS inductor that enables higher Q factor is
needed. There have been several kinds of MEMS inductors that have been reported[4-6]. All of these
inductors have low Q factor(< 20).

In this paper, we have fabricated high-performance suspension type spiral inductor on a various
substrate materials using MEMS process. We also fabricated fully integrated VCO using MEMS
suspension type inductor.

2. Fabrication

The fabrication process is a simple process using multi-layer photoresist. The substrate silicon wafer
is prepared with 2000 A nitride layer for insulation(Fig. 1a). Next, Ti/Cu are deposited as seed
layer(Fig. 1b). The thick copper bottom electrode is formed by electroplating with thick photoresist,
patterned by UV exposure, as a mold(Fig. 1c). After removal of the mold by stripper, thick photoresist
is coated again for post patterning (Fig. 1d). By copper electroplating, 20 um posts are formed(Fig. 1e).
After hardening of the bottom photoresist, second Cu seed deposition is performed and the photoresist
is patterned to make a mold for top spiral inductor(Fig. 1f). Top spiral inductor is electroplated to the
height of 10 um to reduce ohmic loss and to gain high Q factors(Fig. 1g). Flnally, the inductor is
released by etching photoresist mold and seed metals(Fig. 1h).

3. Results
2.1 Inductors on various substrates

The inductors are fabricated on various substrates to figure out the effect of substrate loss on Q
factor of inductor. Five kinds of substrates were selected. They were silicon with 2000 A nitride
insulation layer, silicon with 5 um oxide insulation layer, HRS(over 10000 ohm*cm) with 2000 A
ritride insulation layer, glass and quartz. Fig. 2 shows the SEM photograph of the fabricated inductor.
The fabricated inductors were measured from 0.5 GHz to 20 GHz using HP network analyzer. Fig. 3
shows the characteristics of the fabricated inductor. The inductor on glass wafer has peak Q factor of 30
at 4 GHz with an inductance of 2.5 nH. However, the inductor on silicon wafer with 2000 A nitride
insulation layer has peak Q factor of 15 at 1 GHz with an inductance of 2.4 nH. The Q factor of
inductor on silicon wafer has lower value since it has greater substrate loss. Fig. 4 shows the loss of
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through line on silicon and glass wafer. The through line is a straight line on the substrate. One can
clearly see that the loss of silicon substrate is much higher than loss of glass substrate.

The measured data was used to find out fitting parameters in equivalent circuit model. Fig. 5 shows
the equivalent circuit of fabricated inductor and table I shows the fitted parameter values of silicon with
S5um oxide insulation layer, HRS, glass and quartz. The measurements were performed with the
samples with same dimensions. Thus C¢, R and L have similar values. The substrate with low Coy, Csup
and high R, values shows better characteristics.

3.2 Integrated inductors

To fully use the advantages of RF MEMS, integration is an essential process. The fabricated
inductor was integrated on a RFIC chip to make a VCO. The VCO circuit was designed and fabricated
with Hynix 0.18 um process. The fabrication process of inductor integration is the same as fabricating
single inductor. The only difference is the size of the substrate. The integration process was done on
4*4cm chip. Fig. 6 shows the SEM picture of integrated inductor on a chip.

4. Conclusions

The inductors have been fabricated on a various wafer to compare the different characteristics of
inductors due to substrate loss. The feeding line, signal pad and ground line showed high loss for
silicon substrate and caused degradation of Q factors. Nevertheless, with appropriate insulation layer,
the performance of inductor (Q > 20) has been measured to satisfy requirement of RF systems. We have
fabricated fully integrated VCO with MEMS inductor.

Acknowledgments

This work has been done as part of the Center for Advanced Transceivers Systems

References

[1] C. T.-C. Nguyen, L. P. B. Katehi, and G. M. Rebeiz “Micromachined devices for wireless
communications,” Proceedings of The IEEE, vol. 86, pp. 1756-1768, Aug. 1998

[2]J.J. Yao, “RF MEMS from a device perspective,” J. Micromech. Microeng. Vol. 10, pp. R9-R38,
Dec. 2000.

[3]1 R. J. Richards and H. J. De Los Santos, “MEMS for RF/microwave wireless applications: the next
wave,” Microwave J., vol. 44, pp. 20-41, Mar. 2001.

[4] J. Y.-C. Chang, A. A. Abidi, andM. Gaitan, “Large suspended inductors on silicon and their use in a
20um CMOS RF amplifier,” IEEE Electron Devie Lett., vol. 14, pp. 246-248, May 1993.

[5] B.-K. Kim, B.-K. Ko, and K. Lee, “Monolithic planar RF inductor and waveguide structures on
silicon with performance comparable to those in GaAs MMIC,” in IEDM Tech. Dig., 1995 pp. 717-720.
[6] C.-M. Nam and Y.-S. Kwon, “High-performance planar inductor on thick oxidized porous
silicon(OPS) substrate,” IEEE Microwave Guided Wave Lett., vol. 7, pp. 236-238, Aug. 1997

- 48 -



{c)Electropiating {Sum}

g g

ke

{d)PR coating {h}PR strip & Cu, Ti etch

Fig 1(a)-(h) Process flow of inductor fabrication
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Fig 3. Characteristic graph of fabricated inductor
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Fig.4 Loss on glass and silicon wafer
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Table I. Fitted parameter values
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Fig. 6 SEM picture of VCO with integrae
MEMS inductor




