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Linearity Improvement of InGaP/InGaAs PHEMT for Wireless
Communication Applications

Student: Chin-Wen Liao Advisor: Dr.Edward Yi Chang

Department of Materials Science and Engineering

National Chiao Tung University

Abstract

In this paper , & -doped InGaP/InGaAs pseudomorphic high-electron-mobility
transistors (HEMTs) with doping profile:medification are investigated in order to
improve the device linearity. The modification was"based on the linearity analysis
using a simple equivalent circuit. of the'dewvices.-The correlation of the extrinsic
transconductance (Gm) with IM3 &IP3 indicates that the flatness of Gm, as a
function of gate-bias causes a lower IM3 level. On the other hand, a high Gm with a
flatter Gm distribution results in a higher IP3 value for the device. Therefore, doping
modifications that improve the flatness of the Gm distribution will also improve the
device linearity.

Doping modifications in the Schottky layer (uniformly-doped) and in the channel
layer (channel doped) of the conventional 6 -doped InGaP/InGaAs pHEMT were
investigated. It was also found that extra doping in the channel region and usage of
uniformly doped device improves the flatness of the Gm distribution under different
gate-bias condition. This achieved an excellent ACPR (adjacent-channel power ratio)

with a small sacrifice in the peak Gm value.
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Table Captions

Table 5-1 The comparison of the electron DC properties of InGaP
PHEMT with different doping.
Table5-2 Py4g, Gain, PAE and ACPR of the three different devices

under different Vps at class AB bias.
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Figure Captions

Figure 1-1 The band diagram of the InGaP PHEMT

Figure 2-1 HEMTs structure and its equivalent circuit model

Figure 2-2  Output power spectrum,of the two-tone input signal.

Figure 3-1 Process flow of:the InGaP.PHEMT: (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 3-2(a) structure of conventional delta doped PHEMT.
Figure 3-2(b) structure of channel doped PHEMT.

Figure 3-2(c) structure of Schottky layer with uniform Si 2x10*® cm™
(top)/ 2x10"® (bottom)cm™ .PHEMT
Figure 3-2(d) structure of Schottky layer with uniform Si 3x10*® cm™

(top)/2x10* (bottom)cm™ PHEMT

Figure 3-4 mesa pattern image from microscope.

Figure 3-1 Process flow of the InGaP PHEMT. (a) Mesa isolation and

VI



ohmic contact formation. (b) Gate recess and gate formation.
(c) Device passivation and contact via formation. (d)
Air-bridge plating.

Figure 3-2 The epitaxial structure of the InGaP PHEMT.

Figure 3-3 The band diagram of the InGaP PHEMT.

Figure 3-4 The SEM image of the transmission line method (TLM)
patterns.

Figure 3-5 The ohmic contact pattern from microscope image

Figure 3-6 The SEM image of the T-shaped gate.

Figure 3-7 The SEM image of the 0.5 ¢ m InGaP PHEMT.

Figure 3-8 The Image of the finished 0.5x160 ; m* HEMT device

Figure 3-9 The image of the finished PHEMT device.

Figure 4-1  The transmission line method (TLM). (a) TLM patterns. (b)
TLM measurement method.

Figure 4-2  The noise figure measurement system.

Figure 4-3 IP3 measurement system diagram.

Figure 4-4 Output power spectrum.

Figure 5-1 (a)lps versus Vps curve for the conventional ¢ -doped

InGaP PHEMT.
Figure 5-1 (b)lps versus Vps curve for the channel-doped InGaP PHEMT.
Figure 5-1 (¢)lps versus Vps curve for the schotty uniformity-doped

(2x10™ cm™ (top), 2x10*® (bottom)cm™®)
InGaP PHEMT.



Figure 5-1 (d)lIps versus Vps curve for the schotty uniformity-doped

(3x10™ cm™ (top), 2x10*® (bottom)cm™)

InGaP PHEMT.

Figure5-2 (a)Gm versus Vs curve for the Schotty-doped InGaP PHEMT.

Figure 5-2 (b)Gm versus Vgs curve for the Schotty & channel doped
InGaP PHEMT.
Figure 5-3 (a)lds versus Vs curve for the uniform-doped
InGaP PHEMT.
Figure 5-3 (b)ldsversus Vgs curve for the Schotty & channel doped
InGaP PHEMT.

Figure5-4 (a)(b) ACPR spectrum of.the channel doped InGaP/InGaAs
PHEMTSs (device size;10:5x:160.um?) (a) bias condition:
Vds=1.5V, class AB and the input signal frequency is 2 GHz
(b) bias condition: Vds=1.5V, class A and the input signal

frequency is 2 GHz..

Figure5-4 (c ) (d) ACPR spectrum of the uniform doped InGaP/InGaAs
PHEMTSs (device size: 0.5 x 160 pm?) (c) bias condition:
Vds=1.5V, class AB and the input signal frequency is 2 GHz (d)
bias condition: Vds=1.5V, class A and the input signal
frequency is 2 GHz.

Figure5-4 (e ) (f) ACPR spectrum of the conventional ¢ doped

InGaP/InGaAs PHEMTSs (device size: 0.5 x 160 um?) (e) bias
condition: Vds=1.5V, class AB and the input signal frequency is 2
GHz (f) bias condition: Vds=1.5V, class A and the input signal

frequency is 2 GHz.Figure 5-12 The IP3 of the 300 ¢ m gate

width InGaP PHEMT under Vy4=2.4V, 14,=27.7mA bias.
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