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Abstract

As the VLSl technology continues scaling
down, the circuit operation frequency improves
and can be used in RF range. However, as various
wireless standards continue to populate the
2.4GHz range, the next natural step isto extend the
communications to the unlicensed 5.2 ~ 5.8 GHz
band. Electrostatic discharge (ESD) phenomena
continue to be a main reliability issue in CMOS
IC's because of technology scading and high
frequency requirements. For RF IC' s, the ESD
protection design has some limitations. low
parasitic capacitance, constant input capacitance,
insensitive to substrate coupling noise, and high
ESD robustness. So to implement RF IC' s is to
integrate the knowledge of VLSl technology RF

IC’ scircuit design and ESD protection design

91 07 31

It is the am of this project to evaluate the 0.18 ~
0.13mm CMOS process for the development of RF
transceiver front end for fixed wireless
applications in the 5.2 ~ 5.8 GHz frequency band.
Combine the improvement of VLS technology, RF
IC s circuit design and ESD protection design to
realize auseful RF IC.

Keywords. RF technology, sub- m MOSFET,
RF transceiver, Electrostatic discharge (ESD),
ESD Protection Circuit
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The measured frequency response of Hy, and
G a@re summarized in Table 1.

mea | mea | ca.
mea | mea | cd. mea.

measured/ H f p Fnax fmax Fnax G, cal.

calculated| , 2 ! T | GH2) | (GH2) | (GH2) 2| Gpax (dB)
(dB) | (GH2) | (GH2) (dB) 2

values | " My, =1 | Hoy =1 MAG| MSG | MSG | , 7 | 4GHz

=1 =1 =1

05-mm | 147 25 23 2 82 80 130 139

0.25-mm | 197 42 38 18 119 127 | 150 159

018-nm | 22.2 58 56 17 161 171 | 163 18.0

Ho, i, Gmae @nd fa gradually saturate as device
scaling down. The saturation rate is faster for Gyax




and a reducing f, IS even observed. Furthermore,
the measured H,, and f; are about 50% lower than
the calculated value from conventiona equation of
O0/2 Cgs OF Veul/2 Py-2L,,), Where L, is the
gate-drain overlap length. R,,s becomes more
important as increasing frequency near f.. Good
matching between measured and smulated f; in
Table 1 can only be obtained by considering the
NQS effect. Because of the additional term, f;
increases slower than 1/ L4 scaling down.

To further analyze the frequency response, we
have also derived G and fx by usng the
equivalent circuit modeling and including the NQS
effect. From derived Gy, Cyq related pole gives
the 10dB/decade Gy roll-off in MSG, while the
large slope of ~30-40dB/decade in MAG is due to
additional polesin K or the NQS effect on g,

Good agreement between the measured and
calculated framss=1 1S achieved and shown in Table
1. The primirary parameter for fommss=1 iNCrease is
due to the g, increase and Cyy decrease. In fact, Cyy
is dominated by the Cgy, that is difficult to
proportionally scale down with L.

We have also used numerica device
simulation for further analysis. We have studied the
NQS effect on Gy and fae The MAG increases
with decreasing R,qs and eventually gives G the
same 10dB/decade roll-off as MSG when Rygs
equals 0. Therefore, the NQS effect is responsible
for the transition from MSG to MAG. Because Ryqs
is inversely related to Gy, a higher dielectric or
thinner gate thickness is required to improve the
high frequency gain.

On the other hand, G has a smple analytical
solution in the most useful MSG region for
amplifier design. Because the R,qs(Cys+Cyq) related
zeros are effective only at high frequencies, Gy in
MSG can be further simplified and expressed by
Od Cga OF Veu/ Lov. The numerical simulation
results show that the reduction of Gy, leads to a
higher G and fa However, the difference
between the ideal 2C,,Wt,y and the measured datais
larger as scaling down.

Here, a minimum Gy, Of CGWLoy (Lov=2t5y) is
required in order to develop a reproducible and
manufacturable process, where G, and to are the
gate capacitance and oxide thickness, respectively.
Although down scaling gives a smaller Ly and a
higher Coy, limited G improvement in MSG is due
to the dower scalable L,. The reason for L,

failing to follow t, scaling down in deep sub- m
devices is due to the latera diffusion from source
and drain impurities. High temperature annealing
after source and drain implantation is necessary to
reduce the junction leakage but largely increases the
lateral diffusion. The formation of silicide junction
also requires high temperature RTA. Because of the
combined small G, and K factor improvement,
limited f.» improvement as device scaling down
can be expected.

The smaller increase of measured G5 than
calculated value in Table 1 as down scaling may be
due to the parasitic effect neglected in our device
model.

This paper has been submitted to IEEE MTT-S
2000.
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(5mw)

M1,M2

Spira Inductor L1,L.2

5.05 GHz
L3L4  boundwire Inductors Lbw
Gan 18.7dB
Noise Figure 3.37dB
NP3 -5dBm
Power Dissipation 5mw
b.

Mvcol~-Mvcol6

Mvco9~-Mvcol2

Lvcol,Lvco2
Mvcol3~Mvcol6
Mvco5~Mvco8
Mmx1~Mmx8 LO
VCO
Power Dissipation 4.5 mwW
Tuning Range 250 Mega

Conversion Gain -0.35dB
C.
(W) +jQ(W) ——»

H(w)+ jH,(w)

H(w)H, (W) - Qw)H (W)
+J(1H(w)H(wW) + Qw)H (W)

Channel Bandwidth 26 Mega Hz
Gain 9.36 dB
IRR >60dB
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