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Abstract

For high frequency applications, the requirement of short gate length
is necessary to improve the RF performance of the devices. The main
purpose of this dissertation-is to.shrink-the gate length with sidewall gate
process. By sequentially depositing and selectivity etching two different
dielectric layers (SiN, and SiO,), the nano-scale T-shaped gate was
successfully fabricated. This technology can provide high reproducibility
and uniformity due to the high etching selectivity between SiN, and SiO,.
Finally, we developed a well-controlled gate technology for the
fabrication of GaAs Metamorphic HEMTs with gate length below 100

nm.

The fabricated 90nm MHEMTSs with optimum gate recess width has
a saturation drain current of 620 mMA/mm and a maximum
transconductance of 930 mS/mm measured at Vy4=1.5 V. The device

demonstrates a cutoff frequency fr of 130 GHz and a maximum

v



frequency of oscillation f,,5 up to 200 GHz. The noise figure of the 160 1

m device is 0.69 dB and the associated gain is 9.76 dB at 16 GHz. The
device also exhibits an output power of 17.67 dBm which is
corresponding to a very high power density of 365 mW/mm. The
maximum power-added efficiency is 57.7%, and the linear power gain is
27.83dB when measured at 2.4 GHz. In conclusion, a 90nm sidewall gate
process is successfully developed and applied to the fabrication
INg 5,Alp 48AS/INg 5,Gag 46AS  metamorphic  HEMTs with good RF

performance, device reproducibity and uniformity.



R R L Y, PR R R ey HRR B

5 R RN

PRI REA P BT R R APy P afeh B2

’

EEF g4 L HE S B RBHT AT A S % A

1)

1

She
_\‘\
5y
i
Q‘ﬁ;
\1‘5‘
e

Fobo o RSBk d v R

B EBGE E R EFRREELE NI LA S APk 2 B

my

FenfIB Bk o A g TR FERA B N0 pE AR P B g he

(s

RApfe A B DR« iR BB BIIOR 5 R S il R

ol

L T ol- A § F e R ARTR R - A B AL T i
B ERTFT A AR HITHRT DT PHNA RS ¢ F 05D
ﬁﬁggﬁfﬁﬁaﬁﬁi%ﬁ?ﬁo

B> BRHANFAZI P A BREES2S L HFEALFY

SREZ_ B

E-0y
—\\

b

2‘»

T m A BAEA S P T e 2 SR SRS

1T,

DA B BEEHT P e e Bl IR B ;.lgﬂﬁq;{ ENE- - SR N L

tR el

VI



Contents

Abstract (in Chinese)
Abstract (in English)
Acknowledgements
Contents

Table Captions

Figure Captions

Chapter 1 Introduction

1.1 Overview of high speed:deviCes=r=--==s--z=-----m-mmmmmom oo 01
1.2 Technologies of shrinking the gate length-2------------=---=emnmeeeum- 04
1.3 Outline of this dissertations=-----------=szsm-mmmmomom oo 06

Chapter 2 Dry etching characteristics of SiN, and SiO,

2.1 Etching SYSteM--m--mm oo oo e 15
2.2 Etching mechaniSms------=--==-==mmmm oo oo 16
2.3 Etching selectiVity--------=--=m-m e 18
2.4 Etching exXperiment-------------mmmmmm oo oo 19
2.5 Results and diSCUSSION-=-==-========mmmm oo 19

Chapter 3 Experiment and Basics of DC & RF characteristics

VIl



3.1 DEVICE StIUCTUIE-========mmmmm e m e e e e o e e e e e 31

3.2 Device fabrication----=--=-=-mmmmm oo 32
3.2.1 Mesa iS0lation--==-=======mm oo 32
3.2.2 Ohmic contact formation------=-===========smmmrm oo 32
3.2.3 Sidewall T-shaped gate process --------=-======n=mmmmmmmmmmmmmmmmeee 33
3.2.4 GaAle FECESS---n==mmmmmmmmm e o oo oo e 34
3.2.5 Device passivation and contact via formation---------------------- 35
3.2.6 Airbridge formation-------========mmmmmm e 35

3.3 DC CharacteristiC--==-========mmmm o s m e oo 36
3.3.1 I-V characteristiCs-----========mmmmmm oo 36
3.3.2 Transmission line model (TLM) =--=--=mmmmmmmmmm oo 40
3.3.3 Breakdown characteristiCs-------==s&r-mnmmmmmmmmmm oo 41

3.4 RF Characteristic & Measurements=---=--==---------=-=-=----mmmmmueuoo- 42
3.4.1 Scattering parameters--4==mmmsmmmmmr oo e oo 42
3.4.2 Current gain cutoff frequency. fy=-=------------mmmmmmmmmmmmeeee- 44
3.4.3 Maximum frequency of oscillation fiay ---------=--=======mnemno-- 46
3.4.5 NOISE figUIrE----=mmmm e e o 48
3.4.6 RF measurement calibration----------==-=====-mmmmmmm e 50

Chapter 4 Results and Discussion

4.1 DC charaCteristiCs-----=-==========mmmmmmm oo 69
4.1.1 1-V characteristics---=-=========mmmmmmmmm oo 69
4.1.2 Breakdown voltage-------=--=========smmmmmm oo 70

4.2 RF characteristiCs--=-=-======mmmmmmmmm oo oo 70

4.2.1 Unit current gain cutoff frequency (fr) & maximum frequency of

VIl



oscillation (fyay) -==---=================mmmmmo oo 70

4.2.2 Noise characteristics---=-=-=========mmmmmmmmmm oo /1
4.2.3 Power performance-------=-=-=-========mmmmmmmmme oo 12
4.3 Uniformity-----=--=nmmmmmm oo 73
4.4 SUMMANY -====n=mm e e oo 74

Chapter 5 Conclusions

5.1 ConClUSIONS-=====mmmmmmm e 88

References



Figure Captions

Chapter 1

Fig. 1.1 Energy band gap v. s. lattice constant for In,Al,.,As/In,Ga;.,As
system

Fig. 1.2 SEM photographs of the EB resist pattern for nanocomposite and
conventional ZEP

Fig. 1.3 Cleaved cross section of a 30-nm T-gate.

Fig. 1.4 (a) Schematic cross-section view of the HEMT
(b) Cross-sectional TEM image of the 25-nm-long T-shaped gate
(c) Magnification of the TEM«image around the bottom of the
25-nm-long T-shaped gate.

Fig. 1.5 T-gate process flows of‘the PSM technique

Fig. 1.6 Process flow of the thermally reflowed T-gate
Fig. 1.7 Sidewall gate diagram

Chapter 2

Fig. 2.1 Schematic diagram of the STS ICP

Fig. 2.2 Mechanism for plasma reaction

Fig. 2.3 Dry etching in F-based gases and plasmas

Fig. 2.4 Etching rates of SiN, and SiO,, and selectivity as a function of Ar
flow

Fig. 2.5 Etching rates of SiN, and SiO,, and selectivity as a function of

chamber pressure



Fig. 2.6 Etching rates of SiN, and SiOy, and selectivity as a function of
RF power

Fig. 2.7 Etching rates of SiN, and SiOy, and selectivity as a function of
ICP power

Fig. 2.8 Etching rates of SiN, and SiOy

Fig. 2.9 Surface roughness without plasma treatment

Fig. 2.10 Surface roughness with plasma treatment

Fig. 2.10 Breakdown voltage with and without plasma treatments

Chapter 3

Fig. 3.1 Cross-section structure of the MHEMT
Fig. 3.2 Ohmic contact resistance
Fig. 3.3 The dose dependence of the-gate-foot size of a single PMMA

resist layer after development

Fig. 3.4 The dose dependence of the gate head size of a bi-layer

(Copolymer/PMMA) resist layer after development
Fig. 3.5 Process flow of sidewall gate fabrication

Fig. 3.6 SEM photos of the sidewall gate process

Fig. 3.7 SEM photos of the sidewall T-shaped gate before and after gate

metal deposition
Fig. 3.8 Process flow of airbridge
Fig. 3.9 SEM micrograph of the finished air-bridge profile
Fig. 3.10 Band diagrams at three different locations along the channel of
a HEMT

Fig. 3.11 Actual characteristics and those predicted by Eq. (3-3)

Xl



Fig.
Fig.

Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.

3.12 The TLM pattern

3.13 The illustration of utilizing TLM to measure ohmic contact
resistance

3.14 The equivalent two-port network schematic at low frequency

3.15 The equivalent two-port network schematic at high frequency

3.16 Small signal representation of a common source FET

3.17 CGS probe tips for the microwave measurement

3.18 Different ISS substrates for the calibration

3.19 Short, through and loads for the calibration

3.20 Follow chart for the RF measurement calibration

Chapter 4

Fig.
Fig.
Fig.
Fig.
Fig.
Fig.

Fig.
Fig.

Fig.

Fig.

4.1 SEM photos of sample A and sample B

4.2 1-V characteristics of sample A and sample B

4.3 Transconductance vs. applied voltage for sample A and sample B
4.4 Breakdown voltage of sample A and sample B

4.5 Cutoff frequency (fr) vs. lgs and Vgs of sample A and sample B
4.6 Current gain, maximum available/stable power gain, and
unilateral power gain of sample A and sample B

4.7 Frin vs. Ids at 16 GHz of sample A and sample B

4.8 Noise figure (NFyin) and associated gain (Ga) vs. frequency of
sample A and sample B

4.9 Output power contours with a fixed input power of -5dBm at
2.4GHz for sample A

4.10 Py, gain and PAE of the sample A and sample B at 2.4GHz

Xl



Fig. 4.11 Py, gain and PAE of the sample A and sample B at 6GHz

Fig. 4.12 The histogram of V, and gy, across the wafer for sample A

X1l



Table Captions

Chapter 1

Table 1.1 Comparison of lattice-matched InP HEMT and metamorphic
GaAs HEMT

Chapter 4
Table 4.1 Summary of the DC performances

Table 4.2 Summary of the RF and noise performances

Table 4.3 Summary of the power performances

XV



