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摘     要 

   本篇論文主要目的在於發展應用於無線通訊之低雜訊磷化銦鎵/

砷化銦鎵假晶式高電子遷移率電晶體之高線性度研究。 

   本次實驗在傳統矽平面摻雜元件結構的通道(channel layer)區域

中加入微量的雜質濃度摻雜，使得電子在元件通道層中的分布更為均

勻及對稱，以期望在不同的閘極偏壓條件下得到較為平坦的轉導值

(Transconductance)分布曲線，改善磷化銦鎵/砷化銦鎵假晶式高電子

遷移率電晶體的線性度表現。 

   同時，本研究另外於傳統矽平面摻雜元件結構的磷化銦鎵-蕭特基 

層(Schottky layer)中摻雜均勻的雜質濃度以改善元件線性度。此經

由均勻摻雜後的磷化銦鎵層可以提升蕭特基接面的費米能階(Fermi 

level)準位，使元件的轉導值曲線分布(Transconductance)更為平坦，

進而獲得較高的輸出三階交叉點功率(OIP3)。 

   經由等效電路分析理論及量測結果的驗證下，上述的元件結構設 



計具有高三階交叉點功率，顯示出其在線性度上的表現獲得顯著的改

善。此外，這兩個元件結構所具有的高三階交叉點功率對直流功率比

值(IP3/PDC)同時顯示出其在低電壓-高線性度之無線通訊系統的應用

上具有卓越的發展潛能。 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Development of Low Noise InGaP/InGaAs PHEMTs 

with High Linearity for Wireless Communication 

Applications 

Student：Xin-Yuan Chang   Advisor：Dr. Edward Y. Chang 

 
Department of Materials Science and Engineering 

National Chiao Tung University 

 

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 δ-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 δ-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 PDC 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 0.25x160μm2 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  The equivalent two-port network schematic and the incident 

and reflected signals that occur. 

Figure 4.4  PHEMT equivalent circuit with noise sources represented by 

voltage and current sources. 

Figure 5.1  Ids-Vds curve of the conventional delta doped 

InGaP/InGaAs PHEMT. 

Figure 5.2  Ids-Vds curve of the delta doped InGaP/InGaAs PHEMT 

with lightly doped channel. 

Figure 5.3  Ids-Vds curve of the delta doped InGaP/InGaAs PHEMT 

with uniform doping layer. 

Figure 5.4  Ids-Vgs curve of the three InGaP/InGaAs PHEMT devices at 

Vds 1.5V. 

Figure 5.5  gm curve as a function of gate bias of the InGaP/InGaAs 

PHEMT devices at Vds 1.5V. 
Figure 5.6  PHEMT small-signal equivalent circuit model. 
Figure 5.7  Measured versus modeled S-parameters for the conventional 

δ-doped InGaP/InGaAs PHEMT device. (a) S11 and S22 (b) 

S12 (c) S21(Line: Measured, Line with marker: Modeled) 

Figure 5.8  Measured versus modeled S-parameters for the lightly-doped 

channel InGaP/InGaAs PHEMT device. (a) S11 and S22 (b) 

S12 (c) S21(Line: Measured, Line with marker: Modeled) 

Figure 5.9  Measured versus modeled S-parameters for the 

uniformly-doped layer InGaP/InGaAs PHEMT device.  

S11 and S22 (b) S12 (c) S21 (Line: Measured, Line with marker: 

Modeled) 

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



at Vds 1.5V and Ids = 20% Idss. 

Figure 5.11  Measured OIP3 of the conventional delta doped 

InGaP/InGaAs PHEMT. 

Figure 5.12  Measured OIP3 of the delta doped InGaP/InGaAs PHEMT 

with lightly doped channel. 

Figure 5.13  Measured OIP3 of the delta doped InGaP/InGaAs PHEMT 

with uniform doping layer. 

Figure 5.14  Measured IM3 levels versus power backed off from P1dB. 
 
 

 

 

 

 

 

 

 

 

 
 


