20109 38 MXZEE =X M 47 HIEE A1 =

=& 2010-47IE-1-1

SOI LNAIA Alo|E
3545

( Impact of Gate Structure On Hot-carrier-induced Performance
Degradation in SOI low Noise Amplifier )

2] kK

—

q $ & o

( Woo-yong Ohm and Byong-jin Lee)

e o
"‘&71"11/‘1 Aol EFZ7} dalg]ofd]
T-AClEE /}AE SOl MOSFETH A HA4H

o= A 2571
& TAGI), B A%e)

Ol Az+-& s Aste] nAE Gg FAMEYL 2 AEHA
e 9} AgilentAte] ADSE Abgste AEHA 39
ZE719 AX F3tet A5 G Alole] HAE of

A% 5& w9l

& %
-
N5g vmagn, €9 AE
oi59) BE ARe 55719 4

Abstract

This paper presents new results of the impact of gate structure on hot-carrier-induced performance degradation in SOI
low noise amplifier, Circuit simulations were carried out using the measured S-parameters of H-gate and T-gate SOI
MOSFETs and Agilent’'s Advanced Design System (ADS) to compare the performance of H-gate LNA and T-gate LNA
before and after stress. We will discuss the figure of merit for the characterization of low noise amplifier in terms of
impedance matching (S11), noise figure, and gain as well as the relation between device degradation and performance

degradation of LNA.
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I . Introduction

The SOI(Silicon-on-Insulator) MOS technology is
gaining more popularity as a good candidate for
low-power microwave circuits due to its excellent RF
performance in terms of gain, speed, and cut off
frequency (fr). Many studies showed that the noise
figure and the gain of a CMOS low noise amplifier
have been degraded after DC hot carrier stress” .
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The millimeter-wave amplifiers with low noise and
high gain could be realized by using SOI CMOS
technology™. The body contact structures such as
T-gate and H-gate SOI MOSFETs have been
proposed to suppress the kink effects as well as
The
previous results show that H-gate devices have
higher driving current than T-gate due to the gate

parasitic lateral bipolar transistor effects.

extension induced inversion charges[&. However, DC
and RF performance degradation of H-gate are more
significant than that of the T-gate device due to the
higher drain current™.

In this work, we expand our recent studies of hot



2 SOl LNAOJA AOIEFZT}

carrier effects with gate structures in SOI MOSFETS,
and present new results of the impact of gate
structure  on  hot-carrier-induced  performance
degradation in SOI low noise amplifier. We discuss
the figure of merit for the characterization of low
noise amplifier in terms of impedance matching (S11),

noise figure, and gain.
Il. Device Fabrication and Measurement

Fig. 1 shows the top view of multi-finger type
devices in T-gate and H-gate shapes. The devices
are fabricated on SIMOX wafers with tsox=100nm.
The final silicon and the gate oxide thickness are 100
nn and 3.8mm, respectively. Also, both devices have
the four—finger structure with unit width W=20mm,
and gate length 0.25um S-parameters are measured
from the SOI devices using an on-wafer RF probe of
Microtech and an HP &510C network
analyzer, and converted into Y-parameters together
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Fig. 1. Top view of H-gate and T~gaie devices.
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Fig. 2. Low ncise amplifier schematic for 56z CMOS
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Table 1. Parameter values of inductors and capacitors for
both types LNA.
H-gate T-gate

C1UF) 4347 3955
C2(fF) 1858 4418
C3(pF) 50 50
L1(nH) 37 37
L2(nH) 8 8
L3(nH) 37 37
LA(nH) 87 87
L5(nH) 2.3 2.
L6(nH) 10 87
L7(nH) 1.2 05
L8(nH) 24 24
L9(nH) 32 1.0

with the open/short test pattern. The SLOT method
is used for the calibration. The minimum noise figure
(Fmn) is measured at the frequency range of 0.5~60lk
using an ATN setup. The hot carrier stress is
applied with Ves=0.7V and Vps=3.1V.

To investigate the impact of gate structure on
hot-carrier-induced performance degradation in low
noise amplifier, a two-stage amplifier topology with
inductive degeneration at the source, as illustrated in
Fig. 2, was used. Table 1 shows the parameter
values of inductors and capacitors in both gate
structures used to provide circuit matching and to
optimize noise figure. Circuit simulations were carried
out using ADS to compare the performance of LNA
before and after stress. To evaluate hot carrier
effects on LNA, we apply the measured fresh and
degraded S—parameters of both devices to ADS and
obtain the degraded performance of LNA.

1. Results and Discussion

Fig. 3 compares minimum noise figure(Fuy,) and
associated gains (Gas) of the two devices, each as a
function of the drain ciorent before and after stress.
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Fig. 4. S11 parameters of LNA before and after stress.

The degradation of Funn and Gass of the H-gate
device are more significant than those of the T-gate
device due to the higher drain current.

The simulation, as shown in Fig. 4 shows that S11
of H-gate LNA is more deteriorated than that of
T-gate LNA. The degradation of Sl is due to the
degradation of transconductance and gate-source
capacitance.

Fig. 5 compares the noise figure degradation of
both types of LNA due to hot carrier stress.
Although the noise figure of H-gate LNA is smaller
than T-gate LNA before stress, the degradation of
noise figure is more significant in H-gate LNA than
that in T—-gate LNA after stress. The reason of noise

figure degradation is because the increase in the
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Fig. 6. S21 parameters of LNA before and after stress.

channel noise of transistors together with the
decrease of the gain of the circuit.

Fig. 6 also compares the S21 degradation of both
types of LNA due to hot carrier stress. Although the
S21 of H-gate LNA is larger than T-gate LNA
before stress, the degradation of the gain in H-gate
LNA is more significant than that in T-gate LNA
after stress. It is believed that the variation of
transconductance and output conductance cause the
degradation of the gain.

Fig.7 shows the degradation of noise figure and
gain for both types of LNA with stress time. Clearly
it can be observed that the degradation of figures of
merit of H-gate LNA is more significant than those
of T-gate LNA. This result is due to the more
significant degradation of H-gate than T-gate
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Fig. 8 the
degradation and performance degradation of LNA.

shows relation  between device
The performance degradation is directly proportional
to the device degradation.

IV. Conclusions

The simulation results show that the degradation
of figures of merit of H-gate LNA is more
significant than those of T-gate LNA. This result is
due to the more significant degradation of H-gate
than T-gate structure after stress. Although the
H-gate structure is superior to the T-gate structure
for the design of LNA due to the low Fun and high

{4)

Gass, one should take care of the hot carrier effects in
the design of LNA using the H-gate structure.
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