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Abstract

The purpose of this dissertation is “to develop the low noise
InGaP/InGaAs PHEMTs with,high linearity for wireless communications
application.

A novel lightly-doped channel approach for linearity improvement of
InGaP/InGaAs pseudomorphic high-electron-mobility transistor (PHEMT)
device was presented. Light doping in the channel region of the
conventional 6-doped InGaP/InGaAs PHEMT was adopted to provide a
uniform and symmetric electron distribution in the channel region to
achieve flat extrinsic transconductance (Gm) distribution under different
gate bias conditions.

Another device structure with a uniformly-doped Schottky layer added to
the conventional d-doped InGaP/InGaAs PHEMT to improve device
linearity was also studied it this dissertation. This added uniformly doped
layer raises the Fermi level of the Schottky layer of the device which in

turn contributes to a flatter extrinsic transconductance (Gm) profile,



resulting in higher third order intercept point (IP3).

The devices structure were determined based on the third-order
intercept point (IP3) performance analysis through simple equivalent
circuit model of the device, and the results showed substantial linearity
improvement evidenced by much higher IP3. Furthermore, the very high
IP3 to Ppc ratio of the devices developed will be of great potential for
low-voltage high-linearity applications in wireless communications

systems.
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Table Captions

Table 5.1 Comparisons of the DC characteristics of the three

InGaP/InGaAs PHEMT devices.

Table 5.2 Extracted equivalent circuit parameters of the three devices

for comparisons.

Table 5.3 Comparisons of the RF characteristics of the three
InGaP/InGaAs PHEMT devices.



Figure Captions

Figure 1.1 Band-gap energy versus lattice constant diagram.

Figure 2.1 Illustration of the 1-dB Compression point.

Figure 2.2 Output power spectrum of the two-tone input signal.

Figure 2.3  Output fundamental power and third-order IMD power for

an equal amplitude two-tone excitation.

Figure 2.4 A simple device equivalent circuit for linearity analysis.

Figure 3.1 Structure of the conventional delta doped InGaP/InGaAs
PHEMT.

Figure 3.2  Structure of the delta doped InGaP/InGaAs PHEMT with
lightly doped channel.

Figure 3.3  Structure of the delta doped InGaP/InGaAs PHEMT with
uniform doping layer.

Figure 3.4 The band diagram of the InGaP/InGaAs PHEMT.

Figure 3.5 Process flow of the InGaP PHEMTs : (a) Mesa isolation and
ohmic contact formation, and (b) gate recess and gate
formation.(c) Device passivation and contact via formation,
and (d) air-bridge plating.

Figure 3.6 The major steps of air-bridge formation.

Figure 3.7 The Image of the Finished 0.25x160 ;2 m* InGaP/InGaAs

PHEMT device.
Figure 4.1 The transmission line model (TLM) patterns.
Figure 4.2 Plot of measured resistance as a function of contact

separation yields sheet resistance and contact resistance.



Figure 4.3

Figure 4.4

Figure 5.1

Figure 5.2

Figure 5.3

Figure 5.4

Figure 5.5

Figure 5.6
Figure 5.7

Figure 5.8

Figure 5.9

The equivalent two-port network schematic and the incident
and reflected signals that occur.

PHEMT equivalent circuit with noise sources represented by
voltage and current sources.

Ids-Vds curve of the conventional delta doped
InGaP/InGaAs PHEMT.

Ids-Vds curve of the delta doped InGaP/InGaAs PHEMT
with lightly doped channel.

Ids-Vds curve of the delta doped InGaP/InGaAs PHEMT
with uniform doping layer.

Ids-Vgs curve of the three InGaP/InGaAs PHEMT devices at
Vs 1.5V.

g, curve as a function of gate bias of the InGaP/InGaAs

PHEMT devices at:Vge-1-o V-
PHEMT small-signal equivalent circuit model.

Measured versus modeled S-parameters for the conventional
d-doped InGaP/InGaAs PHEMT device. (a) S;; and S,; (b)
Si» (¢) Syi(Line: Measured, Line with marker: Modeled)
Measured versus modeled S-parameters for the lightly-doped
channel InGaP/InGaAs PHEMT device. (a) S;; and S5, (b)
Si2 (¢) Syi(Line: Measured, Line with marker: Modeled)
Measured versus modeled S-parameters for the
uniformly-doped layer InGaP/InGaAs PHEMT device.

Si; and Sy, (b) Sy (¢) Sy; (Line: Measured, Line with marker:
Modeled)

Figure 5.10 Noise figure of the InGaP/InGaAs PHEMT devices biased



Figure 5.11

Figure 5.12

Figure 5.13

Figure 5.14

at Vg 1.5V and Ids = 20% Idss.

Measured OIP3 of the conventional delta doped
InGaP/InGaAs PHEMT.

Measured OIP3 of the delta doped InGaP/InGaAs PHEMT
with lightly doped channel.

Measured OIP3 of the delta doped InGaP/InGaAs PHEMT
with uniform doping layer.

Measured IM3 levels versus power backed off from P 4.



