


 

Figure 5. 17 Conduction band distribution at different bias condition.  

 Figure 5. 17 shows the two-dimensional electron conduction band profile throughout the 

AlGaN/GaN heterojunction, with different bias conditions.  If no source to drain bias is applied, 

the slice on the conduction band profile is identical to what was obtained from 1D simulation. 

Once the drain bias is on, 2DEG channel is lifted at the source side to guide the movement of 

electrons. With the increase of gate pinch voltage, the channel under the gate is raised to hold the 

carriers travelling from source to drain. The need for high resistivity bulk GaN is also inferred in 

these pictures. If extra carriers exist in the bulk, it could generate considerable parallel current 

since the slope of conduction band there is still large.  



 

Figure 5. 18 Cross-section potential distribution at different bias condition.  

 Figure 5. 18 is the cross-section potential profile for the HFET at the same bias 

conditions. The 2DEG channel tends to stay at the constant potential, while the increase on gate 

pinch off voltage will break this uniformity. The higher the gate voltage, the deeper the depletion 

region will be. The increase on drain voltage would also enhance the gradient of potential change 

near the gate edge. It is clear from in Figure 5. 18 that the electrical field always has a maximum 

value near the gate edge. The increase of gate or drain bias will push this maximum field position 

close to the gate, where the breakdown is believed to occur if enough high voltage is applied149.   



0

1x106

2x106

3x106

4x106

5x106

0 2 4 6 8 10 12

x (μm)

V
ds

=2.0V, V
gs

=-0.5V

V
ds

=2.0V, V
gs

=-1.0V

V
ds

=3.0V, V
gs

=-1.0V

Source Gate Drain
 

Figure 5. 19 Electrical field in the channel with different bias conditions. 

  

Large gate or drain bias input caused the simulation program failure without approaching 

reliable convergence. The calculated Jacobian matrix is close to singular, so its inversion is ill- 

conditioned. Also, from Figure 5. 20, where the calculated IV characterization is plotted, we can 

see the current shows no saturation tendency. The non-linearity of carrier velocity over electrical 

field at large bias conditions should be considered to provide better accuracy.   
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Figure 5. 20 Simulated IV characteristics, drain bias from 0.5 V to 3.0 V, gate bias is -0.25V, -0.5V and -1.0V.  

 

5.6.2 Results from other simulation software  

  If we look into the commercial two- or three-dimensional device simulators, some 

industrial CAD software 150 , 151  and university-developed applications 152 , 153 , 154  have been 

successfully employed for Si-device applications. In contrast to the silicon devices, where both 

process and device level simulation tools form a continuous virtual workbench from material 

analysis to chip design, III-V simulation mainly is still focused on device physics.  

APSYS from Crosslight Inc is a general purpose 2D finite element analysis and modeling 

software especially designed for compound semiconductor devices (with silicon as the special 

case) in simulating their electronic and optoelectronic performances. The energy band structure 

is calculated by solving Schrödinger equation using 8-band k.p model within a high precision 

finite differences grid. For GaN devices, polarization charges are incorporated during the 



simulation. The kernel of APSYS simulator also solves the non-equilibrium drift-diffusion 

equations. The tunneling current transport mechanism through the quantum well and barrier is 

also modeled. Three different carrier recombination mechanisms have been implemented, 

namely direct-, SRH- and Auger-recombination, which can be used for LED and LD device 

simulations.  

For a specified semiconductor, we must first build up the micro files to specify the 

material properties such as mobility, saturation velocity, electron affinity, refractive index, and 

thermal conductivity. For example, the mobility model for GaN we used here is doping and field 

dependent:   

α

μμ
μμ

)/(1
)( minmax

min
r

n NN
N

+
−

+=  

Equation 5. 43 

sat
n vF

F
/1

)(
0

0

μ
μ

μ
+

=  

Equation 5. 44 

Where vsat is the saturation velocity, Nr is the reference doping concentration, μ0, μd, a are 

predefined parameters. The polarization that induces sheet carriers has to be treated as the 

bonded interface charge existing at the bottom of barrier. Some of the parameters used are listed 

below:  

Parameter Value Comment 

ε 9.5 Dielectric constant 

χ 4.07 Affinity 

vsat 1.91×107 cm/s Electron saturation velocity 



α 0.66 Used in Equation 5.34 

µmin 5.1)/300(295 T×  cm2/Vs Minimum mobility  

µmax 5.1)/300(1461 T×  cm2/Vs Maximum mobility 

Nr 1017 cm-3 Reference density  

An 10-32 s Electron Auger coefficient  

τ 10-10 s Electron life time 

PSP 8×1012 cm-2 Spontaneous polarization 

PPZ 4×1012 cm-2  Piezoelectric polarization  

Table 5. 3 Some parameters defined in the micro file of APSYS for the HFET simulation. 

  



  

Figure 5. 21 Device structures and dimensions used in the APSYS simulation. 

 

Three different kind of device structures are simulated based on AlGaN/GaN structure: 

conventional HFET, HFET with field plat and recess gate HFET. The cross-section device 

geometries are illustrated in Figure 5. 21. The AlGaN barrier thickness is 25 nm and the gate 

length is 0.5µm, and channel length is 4.5µm. For the n+ cap recess gate HFET, the barrier is un-

doped and the n+ GaN is 30 nm thick with 1018 cm-3 doping. For the field plate HFET, the plate 

is extended to the drain side with the length of 0.6µm. All devices are biased under VDS = 10V, 

VGS=-5V. The simulated potential and field distribution for each device are shown in Figure 5. 

22.  
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(b) 



 

(c) 

Figure 5. 22 The potential contour and field distribution along the AlGaN/GaN interface for (a) conventional 

HFET; (b) n+ cap recess gate HFET; (c) HFET with field plate under VDS = 10V, VGS=-5V bias. 

 

It can be observed from the potential contour figures that, due to the existence of 2DEG, 

the electrical field distribution is very concentrated near the gate edge. For the conventional 

HFET structure, the maximum field exists at the gate edge toward the drain side reaching 

8.5×106 V/cm, which stress the material to a considerable extent and easily cause break down to 

fail the device. The recess gate device structure doesn’t show much help in reducing this field, 



while the field at the gate-source side reduces a little. The HFET with field plate structure, as 

seen from the simulation results, efficiently helps to dispense the contour line near the gate edge. 

The maximum field at the 2DEG channel decreases to 6.0x106 V/cm, which is about 29% lower 

than the conventional structure.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Chapter 6 Conclusions 

6.1 Summaries 

The GaN HFET device growth, fabrication, characterization, and modeling have been 

investigated extensively in this work. The process development and optimization for both AlGaN 

and AlInN barrier devices have been experimented to achieve low defect density, high carrier 

mobility and large output power. Regarding the device characterization and modeling, both 

equivalent circuit analysis and quantum drift-diffusion modeling are studied. The simulations 

based can provide us plenty of useful information especially for the microwave application and 

device structure optimization.    

To exploit the potential of GaN and related alloy on device application, high quality epitaxial 

film is a must. The device operation poses strict requirements on insulate buffer layer, making 

many prevalent growth techniques like epitaxial lateral overgrowth inapplicable for HFET. Here, 

we utilize semi-insulating AlN layer on Sapphire substrate as the buffer, and optimize the growth 

for the GaN layer on top of it. In summary, the growth of GaN involves three steps, namely the 

nucleation, the epi-growth and the channel growth. It is beneficial to use the growth conditions at 

the nucleation stage that favor the formation of large, isolated GaN islands so that the density of 

edge-type dislocations are lowered. The next step is carried out with high growth rate to reduce 

the background doping preventing the formation of parallel conduction path. The top 300 nm 

GaN layer that serves as the electron channel is grown at high pressure to reduce the 

incorporation on deep level impurities and enhance the mobility of  2DEG. Very thin AlN spacer 

has been verified to better confine the carriers, reducing the alloy scattering and improve the 

mobility. The spacer thickness is critical and the optimum number is about 1 nm. For barrier 



layer, AlGaN is deposited at high temperature, for which the Al composition is controlled mainly 

by V/III ratio. On the other hand, the AlInN growth requires precisely control on temperature to 

achieve the exact Indium composition and the lattice-matched Al0.82In0.18N barrier structure was 

successfully grown.   

High carrier transport performance has been observed on both kinds of barrier structures, 

generally with the mobility of 1,200 cm2/Vs @ 300K and 10,000 cm2/Vs @ 12K for AlGaN 

barrier; and 1,500 cm2/Vs @ 300K and 20,000 cm2/Vs @ 12K for AlInN barrier respectively. 

The total sheet carrier density is around 1~2×1013 cm-2, depending on the doping, composition 

and barrier thickness. The HFET devices, which are fabricated using the optimized processes, 

have achieved the good DC to RF performances. The AlInN device has larger saturation current 

up to 800 mA/mm and higher transconductance about 220 mS/mm. We believe the reliability of 

AlInN HFET is superior since the reduction of the stress within the barrier. The RF performance 

of both type of devices are similar, with the highest cut-off frequency around 20 GHz.  

Furthermore, new device structures have been experimented including recess-gate HFET and 

MISHFET with various gate insulators. The recess-gate device is caped with n+ doped GaN. 

Two different process techniques have been tested: selectively dry etch method and the SiO2 

masked re-growth method. However, the DC characteristics of recess-gate device didn’t show 

much advantage over the conventional one. The MISHFET structures, on the other hand, have 

the improved the DC and RF characteristics. With the help of SiO2, Si3N4, ZrO2 and PZT gate 

insulators, gate leakage current was significantly reduced, enabling the device to work under 

enhanced mode. The improvement on RF performance of MIS structure, we believed is due to 

the passivation to block the surface states, especially with the high dielectric constant dielectrics.  



Device behaviors are thoroughly simulated. This research was carried out on circuit level 

category and device physics category. Various small signal device models have been well 

established for Si and GaAs transistors, but not quite applicable for GaN HFET yet due to the 

high contact resistances and defect related dispersion effects. An 18-element equivalent model 

was proposed in this work, and the circuit parameters were extracted by various means including 

cold-FET measurements and hot-FET calculations. A hybrid extraction method has been 

developed combining the parasitic capacitances extracted from cold pinch-off measurements, 

and the rest of the parameters obtained from the optimization procedure based on the working-

bias measurement data. The average S-parameter simulation error is around 5% over the 

frequency range from 2GHz to 20GHz. This method was also validated with the initial value 

independence and the multi-bias measurements. Therefore, we believe it is more suitable for the 

GaN HFET small signal modeling.   

The quantum drift-diffusion modeling of HFET, on the other hand, was based on band 

structure of GaN material and description of current transport mechanism. A solver to give self-

consistent solution of Schrödinger-Poisson equations has been developed. The influences from 

interface polarizations, surface donor states and electromechanical coupling effects have been 

included during the modeling. The one-dimensional study on different heterojunction strucutres 

is verified via experiments, especially on AlInN HFET. Furthermore, basic IV and CV 

characteristics can be calculated, considering the recess resistance and self-heating effects. Two-

dimensional simulation was also developed, fulfilling numerical calculation on partial 

differential Schrödinger-Poisson equations, drift-diffusion current, and current continuity 

equations. Visualizing the potential and field distribution cross-sectional profiles over the device 

channel region can be drawn from this modeling. We also compared various device structures 



including the conventional, the recess-gate, and the field-plate HFET using APSYS software. It 

shows that field-plate structure is more promising in effectively dispensing the highly 

concentrated field around the gate edge that may fail the device by breakdown.     

6.2 Future works 

 The improvement on the reliability of GaN HFET is the foremost important task for the 

realization of commercial application, which requires efforts on both process side and design 

side.  With the availability the free-standing GaN bulk materials, the research trend is moving 

toward to the homo-epitaxy GaN growth on those substrate, which undoubtedly could provide 

much better GaN layer for HFET. Therefore, the improvement of the device performances relies 

mainly on the quality of different barrier layers or novel device structures.   

 The lattice-matched AlInN barrier is a good candidate in obtaining higher standard of 

device reliability, as stated in our research. However, the existence of Ga-rich layer on the top of 

spacer will separate the 2DEG into two channels and significantly lower the sheet carrier density. 

The formation of this extra layer is probably caused by the parasitic deposition of GaN during 

the long temperature-ramping down. In order to eliminate this parasitic layer, modifications to 

our current growth scheme are needed.  On the other hand, the incorporation of Indium into the 

device structures is another efficient way to improve the device performance. The InGaN 

channel device structures is one of the candidates to provide higher sheet electron concentration 

and better 2DEG confinement155. The typical room temperature mobility of In0.04Ga0.96N channel 

heterojunction was found to be around 800~1100 cm2/Vs, still having much room to improve. 

The effort may need to focus on the reduction of interface roughness156 and in-plane localization 

effect due to the Indium segregation157. The trace amount incorporation of Indium into the spacer 

or barrier layer might be also a help, as often used in GaAs devices. The main advantage of the 



In-doping is to improve the spacer/barrier crystalline quality and interfacial abruptness of the 

heterojunction. Also the In-doping growth scheme avoids the drastic change in temperature and 

carrier gas, which help to maintain the optimized growth conditions on the known structures.        

 As for the device process, it has been reported that the field plate structure can help to 

enhance the output power density, the breakdown voltage and power adding efficiency, as 

confirmed also from our simulations. We need to set-up the fabrication procedures for the field 

plate device structures, which may involve optimization on the e-beam lithography. Furthermore, 

a more systematic study on the recess-gate HFET devices is needed. The selective dry etch 

conditions that we tested so far deteriorate the I-V characterization, and further optimization can 

be exerted on different plasma combination, reduced etch power, and post etch treatments 

including KOH, HCl solutions or N2 plasma .    

 In order to provide precise description on DC to RF range behavior of the device, the 

large signal modeling for GaN HFET is the only way. If the amplitude of input signal is 

increased considerably, it will shift the quiescent operating point of the transistor and the output 

drain current no longer changes linearly. Many changes on nowadays large signal modeling 

methods have to be implemented for GaN devices accounting for the dispersion effects. As for 

the drift diffusion modeling on GaN devices, some simplifications and assumptions I currently 

build can be substituted to incorporate better descriptions on the carrier transport behavior and on 

the charged defects. Besides, implementation on the fast parallel computing algorithm is also 

important for more precise simulation.        

 

 

 



Reference 
 
                                                 
1  C. Wood and D. Jena, “Polarization Effects in Semiconductors: From Ab Initio Theory to 
Device Applications”, Springer-Verlag New York, 2007. 
 
2  H. Xing; Dora, Y. Chini, A. Heikman, S.; Keller, S.; Mishra, “High breakdown voltage 
AlGaN-GaN HEMTs achieved by multiple field plates”, IEEE Electron Device Letters, 25, 4, 
161-163, (2004).  
 
3 C. H. Oxley; M. J. Uren; “Measurements of unity gain cutoff frequency and saturation velocity 
of a GaN HEMT transistor”, IEEE Electron Device Letters, 52, 2, 165-169, (2005). 
 
4 W.S. Tana, M.J. Urenb, P.W. Frya, P.A. Houstona, R.S. Balmerb and T. Martinb, “High 
temperature performance of AlGaN/GaN HEMTs on Si substrates”, Solid-State Electronics, 50, 
3, pp. 511-513 (2006).  
 
5 http://www.ioffe.ru/SVA/NSM/Semicond 
 
6 H. M. Macksey, and F. H. Doerbeck, “GaAs FET’s having high out put power per unit gate 
width”, IEEE Electron Device Letter, 2, 6, 147 – 148, (1981).  
  
7 W. Marsetz, A. Hulsmann, K. Kohler, M. Demmler, and M. Schlechtweg, “GaAs PHEMT with 
1.6 W/mm output power density”, Electronics Letters, V35, 9, pp. 748-749, (1999) 
 
8 O. Aina, M. Burgess, M. mattingly, A. meerschaert, J. M. Oconnor, M. tong, A. Ketterson and 
L. Adesida, “A 1.45 W/mm 30Ghz InP channel power HEMT”, IEEE Electron Device Letter, V. 
13, 5, pp. 300-302, (1992).  
 
9 M. A. Khan, J. N. Kuznia, D. T. Olson, W. J. Schaff, J. W. Burm, M. S. Shur, “Microwave 
performance of a 0.25 um gate AlGaN/GaN heterostructure field effect transistor”, Applied 
Physics, letters, V. 65, 9, pp. 1121-1123, (1994). 
 
10 K. K. Chu, P. C. Chao, M. T.  Pizzella, R. Actis, D. E. Meharry, K. B. Nichols, R. P. Vaudo, 
X. Xu, J. S. Flynn, J. Dion, G. R. Brandes, “ 9.4-W/mm power density AlGaN-GaN HEMTs on 
free-standing GaN substrates” IEEE Electron Device Letter, 25, 9, 596 – 598, (2004). 
 
11 G. B. Stringfellow, “Organometallic Vapor Phase Epitaxy Academic Press”, Second Edition, 
1999, San Diego.  
 
12 H. M. Manasevit, “The use of metalorganics in the preparation of semiconductor materials: 
Growth on insulating substrates”, J. Cryst. Growth, 13, 14, 306-314 (1972). 
 
13 R. P. Parikh, R. A. Adomaitis, “An overview of gallium nitride growth chemistry and its 
effect on reactor design: Application to a planetary radial-flow CVD system”, J. Cryst. Growth 
286, 259 (2006). 
 
14 S. Nakamura, “GaN Growth Using GaN Buffer Layer”, Jpn. J. Appl. Phys. 30, L1705, (1991). 



                                                                                                                                                             
 
15 P. Ruterana and G. Nouet, “Atomic Structure of Extended Defects in Wurtzite GaN Epitaxial 
Layers”, Phys. Status Solidi b 227 177–228, (2001) 
 
16 C. Wetzel, T. Suski, J. W. Ager III, E. R. Weber, E. E. Haller, S. Fischer, B. K. Meyer, R. J. 
Molnar, and P. Perlin, “Pressure Induced Deep Gap State of Oxygen in GaN”, Phys. Rev. Lett. 
78, 3923 (1997). 
 
17 H. Yu, M. K. Ozturk, S. Ozcelik, E. Ozbay, “A study of semi-insulating GaN grown on AlN 
buffer/sapphire substrate by metalorganic chemical vapor deposition”, J. of Crystal Growth 293, 
273, (2006) 
 
18 Y. Hirose,  A. Honshio,  T. Kawashima, M. Iwaya, S. Kamiyama, M. Tsuda, H. Amano and I. 
Akasaki, “Influence of Ohmic Contact Resistance on Transconductance in AlGaN/GaN HEMT”, 
EICE Transactions on Electronics E89-C(7), 1064-1067, (2006).  
 
19 P. J. Tasker and B. Hughes, “Importance of source and drain resistance to the maximum fT of 
millimeter-wave MODFETs,” IEEE Electron Device Lett., 10, 7, 291–293, (1989). 
 
20 R. J. Shul, G. B. McClellan, S. A. Casalnuovo, D. J. Rieger S. J. Pearton, C. Constantine C. 
Barratt, R. F. Karlicek, Jr., C. Tran, and M. Schurman, “Inductively coupled plasma etching of 
GaN” Applied Physics Letters, 69, pp. 1119-1121, (1996). 
 
21 D. Buttari, A. Chini, T. Palacios, R. Coffie, L. Shen, H. Xing, S. Heikman, L. McCarthy, A. 
Chakraborty, S. Keller, and U. K. Mishra, “Origin of etch delay time in Cl2 dry etching of 
AlGaN/GaN structures” Applied Physics Letters, Vol. 83, pp. 4779-4781, Dec. 2003 
 
22 David E. Root and Siqi Fan. “Experimental evaluation of large-signal modeling assumptions 
based on vector analysis of bias-dependent S-parameter data from MESFETs and HEMTs”. 
Microwave Symposium Digest, 1992, IEEE MTT-S International, pp. 255 – 258. 
 
23 R. R. Daniels, A. T. Yang, and J. P. Harrang, “A universal large/small signal 3-terminal 
FET model using a nonquasi-static charge-based approach”, IEEE Trans. on Electron Devices, 
40, 1723, 1993. 
  
24 D. Schreurs, “Table-based large-signal models based on large-signal measurements,” IEEE 
MTT-S Workshop: New Directions in Nonlinear RF and Microwave Characterization, San 
Francisco, June 1996. 
 
25 Marcelino Lázaro, “Neural Networks for Large- and Small-Signal Modeling of 
MESFET/HEMT Transistors” IEEE Trans. on Instrumentation and Measurement, Vol. 50, 6, 
2001. 
  
26 Lei Zhang, Jianjun Xu, Mustapha C. E. Yagoub, Runtao Ding, and Qi-Jun Zhang, “Efficient 
analytical formulation and sensitivity analysis of neuro-space mapping for nonlinear microwave 
device modeling,” IEEE Trans. Microw. Theory Tech., Vol. 53, 2752, 2005. 
 



                                                                                                                                                             
27 W. Hänsch, The Drift Diffusion Equation and its Application in MOSFET Modeling.  Wien, 
New York: Springer, 1991. 
 
28 F. Bernardini, V. Fiorentini, and D. Vanderbilt, “Accurate calculation of polarization-related 
quantities in semiconductors”, Phys. Rev. B 63, 193201 (2001).  
 
29 A. Zoroddu, F. Bernardini, P. Ruggerone, and V. Fiorentini, “First-principles prediction of 
structure, energetics, formation enthalpy, elastic constants, polarization, and piezoelectric 
constants of AlN, GaN, and InN: Comparison of local and gradient-corrected density-functional 
theory” Phys. Rev. B. 64, 45208 (2001). 
 
30 P. B. Klein, S. C. Birari, K. Ikossi, A. E. Wichenden, D. D. Koleske, and R. L. Henry, 
“Current collapse and the role of carbon in AlGaN/GaN high electron mobility transistors grown 
by metalorganic vapor-phase epitaxy” Appl. Phys. Lett. 79, 3527, (2001). 
 
31 T. Ogino and M. Aoki, “Mechanism of Yellow Luminescence in GaN”, Jpn. J. Appl. Phys. 19, 
2395 (1980) 
 
32 C.-Y. Hwang, M. J. Schurman, W. E. Mayo, Y.-C. Lu, R. A. Stall, and T. Salagaj, “Effect of 
structural defects and chemical impurities on hall mobilities in low pressure MOCVD grown 
GaN”, J. Electron. Mater. 26, 243 (1997).  
 
33 J. A. Long, V. G. Riggs, and W. D. Johnston, “Growth of Fe-doped semi-insulating InP by 
MOCVD”, Jr., J. Cryst. Growth 69, 10 (1984). 
 
34 M. Imura, K. Nakano, T. Kitano, N. Fujimoto, N. Okada, K. Balakrishnan, M. Iwaya, S. 
Kamiyama, H. Amano, I. Akasaki, K. Shimono, T. Noro, T. Takagi and A. Bandoh, 
“Microstructure of thick AlN grown on sapphire by high-temperature MOVPE”, Phys. Status 
Solidi (a) 203, 1626 (2006) 
 
35 M. Takeuchi,, H. Shimizu, R. Kajitani, K. Kawasaki, T. Kinoshita, K. Takada, H. Murakami, 
Y. Kumagai, A. Koukitu, T. Koyamae, S.F. Chichibu and Y. Aoyagi, “Al- and N-polar AlN 
layers grown on c-plane sapphire substrates by modified flow-modulation MOCVD”, J. Cryst. 
Growth 305,2,  360, (2007).  
 
36 Y. Fu, T. Moon, F. Yun, Ü. Özgür, J. Q. Xie, S. Dogan, H. Morkoç, C. K. Inoki, T. S. Kuan, 
L. Zhou and D. J. Smith, “Effectiveness of TiN porous templates on the reduction of threading 
dislocations in GaN overgrowth by organometallic vapor-phase epitaxy”, Appl. Phys. Lett. 86, 
043108 (2005). 
 
37 H. Amano, N. Sawaki, I. Akasaki and Y. Toyoda, “Metalorganic vapor phase epitaxial 
growth of a high quality GaN film using an AlN buffer layer”, Appl. Phys. Lett. 48, 353, (1986).  
 
38 T. Sasaki and T. Matsuoka, J. Appl. Phys. “Analysis of two-step-growth conditions for GaN 
on an AlN buffer layer” 77, 192, (1995). 
 



                                                                                                                                                             
39 A. E. Wickenden, D. D. Koleske, R. L. Henry, M. E. Twigg and M. Fatemi, “Resistivity 
control in unintentionally doped GaN films grown by MOCVD”, Journal of Crystal Growth 260, 
2, pp. 54-62,  (2004).   
 
40 X. Wang, G. Hu, Z. Ma, J. Ran, C. Wang, H. Xiao, J. Tang, J. Li, J. Wang, Y. Zeng, J. Li, and 
Z. Wang, “AlGaN/AlN/GaN/SiC HEMT structure with high mobility GaN thin layer as channel 
grown by MOCVD”, Journal of Crystal Growth 298, pp. 835-839,  (2007).  
 
41 T. W. Kim, D. C. Choo, K. H. Yoo, M. H. Jung, Y. H. Cho, Jae-Hoon Lee and Jung-Hee Lee, 
J. Appl. Phys. “Carrier density and mobility modifications of the two-dimensional electron gas 
due to an embedded AlN potential barrier layer in AlxGa1–xN/GaN heterostructures”, 97, 
103721 (2005).  
 
42  L. Hsu and W. Walukiewicz, “Effect of polarization fields on transport properties in 
AlGaN/GaN heterostructures”, J. Appl. Phys. 89, 1783 (2001). 
 
43 I. P. Smorchkova L. Chen, T. Mates, L. Shen, S. Heikman, B. Moran, S. Keller, S. P. 
DenBaars, J. S. Speck, U. K. Mishra, “AlN/GaN and (Al,Ga)N/AlN/GaN two-dimensional 
electron gas structures grown by plasma-assisted molecular-beam epitaxy”, J. Appl. Phys. 90, 
5196 (2001) 
 
44 J. Xie, X. Ni, M. Wu, J. H. Leach, Ü. Özgür, and H. Morkoç, “High electron mobility in 
nearly lattice-matched AlInN/AlN/GaN heterostructure field effect transistors”, Appl. Phys. Lett. 
91, 132116 (2007) 
 
45 Y. Cao and D. Jena, “High-mobility window for two-dimensional electron gases at ultrathin 
AlN/GaN heterojunctions”, Appl. Phys. Lett. 90, 182112 (2007) 
 
46 L. Chang, S. K. Lai, F. R. Chen and J. J. Kai, “Observations of Al segregation around 
dislocations in AlGaN”, Appl. Phys. Lett, 79, 928  (2001). 
 
47 K. Itoh, T. Kawamoto, H. Amano, K. Hiramatsu and I. Akasaki, “Metalorganic Vapor 
Phase Epitaxial Growth and Properties of GaN/Al0.1Ga0.9N Layered Structures”, Jpn. J. 
Appl. Phys., 30, 1924 (1991). 
 
48 E. J. Miller, X. Z. Dang, and E. T. Yu, J. Appl. Phys. “Gate leakage current mechanisms in 
AlGaN/GaN heterostructure field-effect transistors”, 88, 5951 (2000). 
 
49 D. I. Barrett, S. McGuigan, H. M. Hobgood, G. W. Eldridge, and R. N. Thomas, “Low 
dislocation, semi-insulating In-doped GaAs crystals”, J. Cryst. Growth 70, 179 (1984). 
 
50 J. H. Huang, K. Y. Hsieh, J. K. Tsai, H. L. Huang, C. H. Hsieh, Y. C. Lee, K. L. Chuang, Ikai 
Lo, and L. W. Tu, “Indium-facilitated growth and characterization of N-polar GaN by RF 
plasma-assisted molecular beam epitaxy”, Journal of Crystal Growth 263, 307, (2004).  
 



                                                                                                                                                             
51 T. Palacios, Y. Dora, A. Chakraborty, C. Sanabria, S. Keller, S. P. DenBaars, and U. K. 
Mishra, “Optimization of AlGaN/GaN HEMTs for high frequency operation”, phys. stat. sol. (a) 
203, 1493, (2006) 
 
52 H. Kang, S. Kandoor, S. Gupta, I. Ferguson, S. P. Guo and M. Pophristic, “Effects of indium 
incorporation in AlGaN on threading dislocation density”, phys. stat. sol. (c) 2, 7, 2145–2148 
(2005) 
 
53 S. Yamaguchi, M. Kariya, S. Nitta, T. Takeuchi, C. Wetzel, H. Amano, and I. Akasaki, 
“Anomalous features in the optical properties of Al1–xInxN on GaN grown by metal organic 
vapor phase epitaxy”, Appl. Phys. Lett. 76,  876-878, (2000) 
 
54 E. Piscopiello, M. Catalano, M. Vittori Antisari, A. Passaseo, E. Branca, R. Cingolani, 
M. Berti, A.V. Drigo, Materials Science and Engineering B 87, 3, pp. 237-243, (2001) 
 
55 Z. Fan, S. N. Mohammad, W. Kim. Ö. Aktaş, A.E. Botchkarev, and H. Morkoç, “Very low 
resistance multilayer Ohmic contact to n-GaN”, Appl. Phys. Lett. 68, 1672 (1996) 
 
56 N. Chaturvedi, U. Zeimer, J. Wurfl and G. Trankle, “Mechanism of ohmic contact formation 
inAlGaN/GaN high electron mobility transistors” Semiconductor Science and technology, Vol. 
21,pp. 175-179, (2006).  
 
57 H. H. Berger, “Models for contacts to planar devices”, Solid State Electronics, 15, 145, (1972) 
 
58 K. Zhu, V. Kuryatkov, B. Borisov, G. Kipshidze, S. A. Nikishin, H. Temkin, and M. Holtz, 
“Plasma etching of AlN/AlGaInN superlattices for device fabrication”, Appl. Phys. Lett. 81, 
4688 (2002). 
 
59 H. F. Hong, C. K. Chao, J. I. Chyi, and Y. C. Tzeng, “Reactive ion etching of GaN/InGaN 
using BCl3 plasma”, Mater. Chem. Phys. 77, 411 (2002). 
 
60 J. K. Sheu, Y. K. Su, G. C. Chi, M. J. Jou, C. C. Liu, C. M. Chang, and W. C. Huang, 
“Inductively coupled plasma etching of GaN using Cl2/Ar and Cl2/N2 gases”, J. Appl. Phys. 85, 
1970 (1999). 
 
61 Qian Fan, S. Chevtchenko, Xianfeng Ni, Sang-Jun Cho, Feng Yun, and Hadis Morkoç, 
“Reactive ion etch damage on GaN and its recovery ”, J. Vac. Sci. Technol. B 24, 1197 (2006). 
 
62 D. C. Look and J. R. Sizelove, “Predicted maximum mobility in bulk GaN”, Appl. Phys. Lett., 
79, 8, 1133-1135, 2001. 
 
63 S. S. Binari, P. B. Klein and T. E. Kazior, “Trapping effects in GaN and SiC microwave 
FETs”, Proceedings of the IEEE, V. 90, NO. 6, , pp. 1048 (2002).  
 



                                                                                                                                                             
64 T. Mizutani,Y. Ohno, M. Akita, S. Kishimoto, and K. Maezawa, “A study on current collapse 
in AlGaN/GaN HEMTs induced by bias stress”, IEEE Trans. on Electron Devices, 50, 10, 2015, 
(2003). 
 
65 S. C. Binari, K. Ikossi, J. A. Roussos,W. Kruppa, D. Park, H. B. Dietrich, D. D. Koleske, A. E. 
Wickenden, and R. L. Henry, “Trapping effects and microwave power performance in  
AlGaN/GaN HEMTs”, IEEE Trans. Electron Devices, 48, 465–471, (2001). 
 
66 Y. Mitani, D. Kasai and K. Horio, “Analysis of surface-state and impact-ionization effects on 
breakdown characteristics and gate-lag phenomena in narrowly recessed gate GaAs FETs”,  
IEEE Trans. Electron Devices, vol. 50, pp. 285–291, Feb. (2003).  
 
67 K. E. Moore, J. R. East, G. I. Haddad and T. Brock, “Effects of gate recess depth on very high 
performance 0.1 mm GaAs MESFET's”, 23rd European Microwave Conference, pp. 99-101, Oct, 
(1993). 
 
68 L. Shen, R. Coffie, D. Buttari, S. Heikman, A. Chakraborty, A. Chini, S. Keller, S. P. 
DenBaars, and U. K. Mishra, “High-power polarization-engineered GaN/AlGaN/GaN HEMTs 
without surface passivation”, IEEE Electron Device Lett., Vol 25 (1), pp. 7–9, (2004).  
 
69 W. Wang, P. Lin, C. Lin, C. Lin, Y. Chan, G. Chen, and J. Chyi, “Performance enhancement 
by using the n+-GaN cap layer and gate recess technology on the AlGaN-GaN HEMT 
fabrication”, IEEE Electron Device Lett., Vol 26 (1), pp. 5–7, (2005). 
 
70 D. C. Look and R. J. Molnar, “Degenerate layer at GaN/sapphire interface: Influence on Hall-
effect measurements”, Appl. Phys. Lett. 70, 3377 (1997). 
 
71 D. C. Hays, C. R. Abernathy, W. S. Hobson, S. J. Pearton, J. Han, R. J. Shul, H. Cho, K. B. 
Jung, F. Ren, and Y. B. Hahn, Materials research Society Symposium, 1999.  
 
72 L. Shen, Y. Pei, L. McCarthy, C. Poblenz, A. Corrion, N. Fichtenbaum, S. Keller, S. P. 
Denbaars, J. S. Speck and U. K. Mishra, “Deep-recessed GaN HEMTs using selective etch 
technology exhibiting high microwave performance without surface passivation”, Microwave 
Symposium, 2007. IEEE/MTT-S International, pp. 623 – 626, June 2007.  
 
73 J. M. Lee, K. M. Chang and S. J. Park, J. Korean Physical Society, vol. 37, No. 6, pp. 842-
845, Dec. 2000. 
 
74 L. Shen, T. Palacios, C. Poblenz, A. Corrion, A. Chakraborty, N. Fichtenbaum, S. Keller, S. P. 
DenBaars, J. S. Speck and U. K. Mishra, “Unpassivated high power deeply recessed GaN 
HEMTs with fluorine-plasma surface treatment”, IEEE Electron Device Letters, vol. 27, No. 4, 
pp. 214-216, April 2006. 
 
75 Y. Cai, Y. G. Zhou, K. J. Chen, and K. M. Lau, “High-Performance Enhancement-Mode 
AlGaN/GaN HEMTs Using Fluoride-Based Plasma Treatment ”, IEEE Electron Device Lett. 26, 
435 (2005). 



                                                                                                                                                             
 
76 B. Georgescu, A. Souifi, G. Guillot, M. A. Py and G. Post, “Study of the kink effect in 
AlInAs/GaInAs/InP composite channel HFETs”, Journal of Materials Science: Materials in 
Electronics, 10, No. 5-6, pp 419-423. (1999).  
 
77 C. H. Lin, W. K. Wang, P. C. Lin, C. K. Lin, Y. J. Chang, Y. J. Chan, “Transient pulsed 
analysis on GaN HEMTs at cryogenic temperatures”, IEEE Electron Device Letters, 26, 10, pp. 
710 - 712, 2005.  
 
78 P. D. Ye, B. Yang, K. K. Ng, J. Bude, G. D. Wilk, S. Halder and J. C. M. Hwang, "GaN 
metal-oxide-semiconductor high-electron-mobility-transistor with atomic layer deposited Al2O3 
as gate dielectric", Appl. Phys. Lett., 86 (6), 063501 (2005)  
 
79  R. Wang, Y. Cai, C. W. Tang, K. M. Lau, "Enhancement-Mode Si3N4/AlGaN/GaN 
MISHFETs", IEEE Electron Device Lett., 27 (10), 793-795 (2006) 
 
80 S. Lawrence Selvaraj, Tsuneo Ito, Yutaka Terada, and Takashi Egawa, "AlN/AlGaN/GaN 
metal-insulator-semiconductor high-electron-mobility transistor on 4 in. silicon substrate for high 
breakdown characteristics", Appl. Phys. Lett., 90 (17), 173506 (2007). 
 
81 J. W. Johnson, B. Luo, F. Ren, B. P. Gila, W. Krishnamoorthy, C. R. Abernathy, S. J. Pearton, 
J. I. Chyi, T. E. Nee, C. M. Lee, and C. C. Chuo, "Gd2O3/GaN metal-oxide-semiconductor field-
effect transistor", Appl. Phys. Lett., 77 (20), 3230 (2000). 
 
82 G. Simin, A. Koudymov, H. Fatima, J. P. Zhang, J. Yang, M. A. Khan, X. Hu, A. Tarakji, R. 
Gaska, and M. S. Shur, "SiO2/AlGaN/InGaN/GaN MOSDHFETs", IEEE Electron Device Lett., 
23 (8), 458-460 2002 
  
83  P. Kordoš, G. Heidelberger, J. Bernát, A. Fox, M. Marso, and H. Lüth, “High-power 
SiO2/AlGaN/GaN metal-oxide-semiconductor heterostructure field-effect transistors” Appl. 
Phys. Lett., 87 (14), 143501 (2005). 
 
84 Y. Cai, Y. G. Zhou, K. J. Chen, and K. M. Lau, "III-nitride metal-insulator-semiconductor 
heterojunction field-effect transistors using sputtered AlON thin films", Appl. Phys. Lett., 86 (3), 
032109 (2005).  
 
85 M. Higashiwaki, T. Mimura and T. Matsui, "30-nm-Gate AlGaN/GaN Heterostructure Field-
Effect Transistors with a Current-Gain Cutoff Frequency of 181 GHz", Jpn. J. Appl. Phys., 45 
(42), L1111–L1113 (2006). 
 
86 Michel Marso, Gero Heidelberger, Klaus Michael Indlekofer, Juraj Bernát, Alfred Fox, P. 
Kordoš, and Hans Lüth, "Origin of improved RF performance of AlGaN/GaN MOSHFETs 
compared to HFETs", IEEE Trans. Electron Devices, 53 (7), 1517-1523 (2006). 
 
87 B. Xiao, X. Gu, N. Izyumskaya, V. Avrutin, J. Xie, H. Liu, and H. Morkoç, "Structural and 
electrical properties of Pb(Zr,Ti)O3 grown on (0001) GaN using a double PbTiO3/PbO bridge 
layer", Appl. Phys. Lett., 91 (18), 182908 (2007). 
 



                                                                                                                                                             
88 X. Gu, N. Izyumskaya, V. Avrutin, B. Xiao, and H. Morkoç, "Epitaxial growth of ZrO2 on 
GaN templates by oxide molecular beam epitaxy", Appl. Phys. Lett., 91 (2), 022916 (2007). 
 
89 Y. S. Kang, Q. Fan, B. Xiao, Y. I. Alivov, J. Xie, N. Onojima, S. J. Cho, Y. T. Moon, H. Lee, 
D. Johnstone, and H. Morkoç, Young-Soo Park, "Fabrication and current-voltage 
characterization of a ferroelectric lead zirconate titanate/AlGaN/GaN field effect transistor", 
Appl. Phys. Lett., 88 (12), 123508 (2006). 
 
90  A. T. Bartic, D. J. Wouters, J. Sing, G. Norga, H. Bender, H. E. Maes, "Quantitative 
Determination of the Dielectric Constant of the Interfacial Layer in PZT Ferroelectric 
Capacitors", Proceedings of the Eleventh IEEE International Symposium on Applications of 
Ferroelectrics, 24, 73-76 (1998). 
 
91 B. Hughes and P. J. Tasker, “Bias dependence of the MODFET intrinsic model elements 
values at microwave frequencies,” IEEE Trans. Electron Devices, vol. 36, No. 10, pp. 2267–
2273, Oct. 1989. 
 
92 G. Dambrine, A. Cappy, F. Heliodore, and E. Playez,  “A new method for determining the 
FET small-signal equivalent circuit”, IEEE Trans. Microw. Theory Tech., vol. 36, No. 7, pp. 
1151-1159, Jul. 1988. 
 
93 G. Chen, V. Kumar, R. S. Schwindt, and I. Adesida,“A Low Gate Bias Model Extraction 
Technique for AlGaN/GaN HEMTs”, IEEE Trans. Microw. Theory Tech., vol.54. No. 7, 
pp.2949-2953, Jul. 2006. 
 
94 R. G. Brady, C. H. Oxley, and T. J. Brazil, “A improved small-signal parameter-extraction 
algorithm for GaN HEMT devices”, IEEE Trans. Microw. Theory Tech., vol.56. No. 7, pp.1535-
1544, Jul. 2008. 
 
95 G. Meneghesso, G. Verzellesi, R. Pierobon, F. Rampazzo, A. Chini, U. K. Mishra, C. Canali, 
and E. Zanoni, “Surface-related drain current dispersion effects in AlGaNGaN HEMTs,” IEEE 
Trans. Electron Devices, vol. 51, No. 10, pp. 1554-1561, Oct. 2004. 
 
96 A. E. Parker and J. G. Rathmell, “Broad-band characterization of FET self-heating,” IEEE 
Trans. Microw. Theory Tech., vol. 53, No. 7, pp. 2424-2429, Jul. 2005. 
 
97 Anwar Jarndal and Günter Kompa, “A New Small-Signal Modeling Approach Applied to 
GaN Devices” IEEE Trans. Microwave Theory Tech. Vol. 53, 11, 3440, 2005 
 
98 R. G. Brady, C. H. Oxley, and T. J. Brazil, “An Improved Small-Signal Parameter-Extraction 
Algorithm for GaN HEMT Devices” IEEE Trans. Microw. Theory Tech.,  vol. 56, No. 7, pp. 
1535-1544, Jul. 2008. 
 
99 M. Berroth and R. Bosch, “High-frequency equivalent circuit of GaAs FETs for large-signal 
applications”, IEEE Trans. Microw. Theory Tech., vol.39. No. 2, pp.224-229, Feb 1991.  
 



                                                                                                                                                             
100 E. Chigaeva and W. Walthes, “Determination of small-signal parameters of GaN-based 
HEMTs,” in Proc. IEEE/Cornell High Performance Devices Conf., 2000, pp. 115–122. 
 
101 David W. DiSanto and C. R. Bolognesi, “At-Bias Extraction of Access Parasitic Resistances 
in AlGaN/GaN HEMTs: Impact on Device Linearity and Channel Electron Velocity”, IEEE 
Trans. on Electron Devices, 53, 12, 2914, 2006. 
 
102 Y. A. Khalaf, S. M. Riad, “Novel Technique for Estimating Metal Semiconductor Field 
Effect Transistor Parasitics”, International Journal of RF and Microwave Computer Aided 
Engineering, Vol. 13, 1, pp. 62-73, Dec. 2002. 
 
103 C. F. Campbell and S. A. Brown, “An analytic method to determine GaAs FET parasitic 
inductances and drain resistance under active bias conditions,” IEEE Trans. Microw. Theory 
Tech., vol. 49, no. 7, pp. 1241– 1247, Jul. 2001. 
 
104 S. Manohar, A. Pham, and N. Evers, “Direct determination of the bias-dependent series 
parasitic elements in SiC MESFETs”, IEEE Trans. Microw. Theory Tech., vol. 51, No. 2, pp. 
597-600, Feb. 2003. 
 
105 K. Shirakawa, H. Oikawa, T. Shimura, T. Kawasaki, Y. Ohashi, T. Saito, and Y. Daido, “An 
approach to determining an equivalent circuit for HEMTs”, IEEE Trans. Microwave Theory Tech. 
Vol. 43, 3, 499, 1995 
 
106 The Mathworks Inc, “Online Documentation for Mathworks Products, Optimization 
Toolbox”.  
 
107 M. J. D. Powell, “A fast algorithm for nonlinearly constrained optimization calculations”, 
Springer Berlin, Volume 630, 1978.   
 
108 H.K. Gummel, “A self-consistent iterative scheme for one-dimensional steady state 
transistor calculations” IEEE Trans. Electron Devices ED-11, pp. 455-465, (1964)  
 
109 T. M. Apostol, “Calculus, Vol. II, Multi-Variable Calculus and Linear Algebra”, Blaisdell, 
Waltham, MA, 1969. 
 
110  F. Sacconi, A. D. Carlo, P. Lugli, and H. Morkoç, “Spontaneous and piezoelectric 
polarization effects on the output characteristics of AlGaN/GaN heterojunction modulation 
doped FETs”, IEEE Trans on Electron devices,  Vol. TED- 48, no. 3, pp. 450-457, (2001). 
 
111 H. Morkoç, H. Ünlü, and G. Ji, “Fundamentals and Technology of HFETs’, Vols. I and II 
(Wiley and Sons, Wiley, Chichesters, West Sussex, UK (1991). 
 
112 S. L. Chuang and C. S. Chang, “k⋅p method for strained wurtzite semiconductors”, Phys. 
Rev. B, vol. 54, no. 4, pp. 2491–2504, 1996. 
 
113 H. F. Tiersten, “Linear Piezoelectric Plate Vibrations”, Plenum, New York, 1969. 
 



                                                                                                                                                             
114  A. F. M. Anwar, Richard T. Webster, and Kurt V. Smith, “Bias induced strain in 
AlGaN/GaN heterojunction field effect transistors and its implications”, Appl. Phys. Lett., Vol. 
88, 203510 (2006) 
 
115 J. F. Nye, “Physical Properties of Crystals”, Clarendon, Oxford, 1972. 
 
116 D. Segev and C. G. Van de Walle, “Origins of Fermi-level pinning on GaN and InN polar 
and nonpolar surfaces”, Europhys. Lett. 76 pp. 305-311, 2006 
 
117  W. Fischer, “Equivalent circuit and gain of MOS field effect transistors”, Solid State 
Electron. 9, 71 (1966) 
 
118  L. Hsu, W. Walukiewicz, "Effect of Polarization Fields on Transport Properties in 
AlGaN/GaN Heterostructures," J. Appl. Phys. 89, 1783 (2001). 
 
119 L. Hsu and W. Walukiewicz, “Effects of piezoelectric field on defect formation, charge 
transfer, and electron transport at GaN/AlxGa1 – xN interfaces”, Appl. Phys. Lett. 73, 339 (1998). 
 
120 B. Jogai, “Free electron distribution in AlGaN/GaN heterojunction field-effect transistors” J. 
Appl. Phys. 91, 3721 (2002). 
 
121 G. Koley and M. G. Spencer, “On the origin of the two-dimensional electron gas at the 
AlGaN/GaN heterostructure interface” Appl. Phys. Lett. 86, 042107 (2005) 
 
122  J. G. Gualtieri, J. A. Kosinski, A. Ballato, “Piezoelectric materials for acoustic wave 
applications”, IEEE Trans. on Ultrasonic Ferroelec. And Freq. Cont. Vol 41, 1, pp 53-59, (1994). 
 
123 A.F. Wright, “Elastic properties of zinc-blende and wurtzite AlN, GaN, and InN”, J. Appl. 
Phys. 82, 2833 (1997). 
 
124 J. M. Redwing, M. A. Tischler, J. S. Flynn, S. Elhamri, M. Ahoujja, R. S. Newrock, W. C. 
Mitchel, “Two-dimensional electron gas properties of AlGaN/GaN heterostructures grown on 
6H–SiC and sapphire substrates”, Appl. Phys. Lett. 69, 963 (1996)    
 
125 T. W. Kim, D. C. Choo, K. H. Yoo, M. H. Jung, Y. H. Cho, Jae-Hoon Lee and Jung-Hee 
Lee, “Carrier density and mobility modifications of the two-dimensional electron gas due to an 
embedded AlN potential barrier layer in AlxGa1–xN/GaN heterostructures”, J. Appl. Phys, 97, 
103721, (2005) 
 
126 M. Marso, P. Javorka, Y. Dikme, H. Kalisch, J. Bernát, C. Schäfer, B. Schineller, A. v. d. 
Hart, M. Wolter, A. Fox, R. H. Jansen, M. Heuken, P. Kordo , H. Lüth, “Influence of doping 
concentration on DC and RF performance of AlGaN/GaN HEMTs on silicon substrate”, physica 
status solidi (a), 200, 179, (2003).  
 
127 J. P. Ibbetson,P. T. Fini, K. D. Ness, S. P. DenBaars, J. S. Speck, and U. K. Mishra, 
“Polarization effects, surface states, and the source of electrons in AlGaN/GaN heterostructure 
field effect transistors” Appl. Phys. Lett. 77, 250 (2000). 



                                                                                                                                                             
 
128 C. Lee, L. Witkowski, H.-Q. Tserng, P. Saunier, R. Birkhahn, Dan Olson, Don Olson, G. 
Munns, S. Guo and B. Albert, “Effects of AlGaN/GaN HEMT structure on RF reliability ”, IEE 
Electronics Letters, 41(3), 155, 2005.  
 
129 Y. C. Kong, Y. D. Zheng, C. H. Zhou, Y. Z. Deng, S. L. Gu, B. Shen, R. Zhang, R. L. Jiang, 
Y. Shi, and P. Han, “Study of two-dimensional electron gas in AlN/GaN heterostructure by a 
self-consistent method”, Phys. Stat. Sol. (b) 241, 4, 840, (2004) 
 
130  F. Bernardini and V. Fiorentini, “Macroscopic polarization and band offsets at nitride 
heterojunctions” Phys. Rev. B 57, R9427 (1997). 
 
131 R. Coffie, Y. C. Chen, I. Smorchkova, M. Wojtowicz, Y. C. Chou, B. Heying, and A. Oki, 
“Impact of AlN interlayer on reliability of AlGaN/GaN HFETs”, IEEE 06CH37728 44th Annual 
International Reliability Physics Symposium, San Jose, 2006, p. 99 
 
132 J. D. Albrecht, P. P. Ruden, S. C. Binari and M. G. Ancona, “AlGaN/GaN heterostructure 
field-effect transistor model including thermal effect”, IEEE Transactions on Electron Devices, 
Vol 47, No. 11, pp. 2031-2036, (2000).  
 
133 S. S. Islam, A. F. M. Anwar, “Self-heating and trapping effects on RF performance of GaN 
MESFETs”, IEEE Transactions on Microwave Theory and Techniques, Vol  52, No. 4, pp. 1229-
1236 (2004). 
 
134 S. David, W. Batty, A. J. Panks, R. G. Jonson, and C. M. Snowden. “Thermal transients in 
microwave active devices and their influence on intermodulation distortion”, IEEE MTT-S 
International Microwave Symp. Dig., 2001, pp. 431-434.  
 
135 J. S. Kenney and P. Fedorenko, “Identification of RF power amplifier memory effect origins 
using third-order intermodulation distortion amplitude and phase asymmetry”, Microwave Symp. 
Digest, IEEE MTT-S international,  June 2006, pp. 1121-1124.  
 
136 C. J. Wei, Y. A. Tkachenko, and D. Bartle, “An accurate large-signal model of GaAs 
MESFET which accounts for charge conservation, dispersion, and self-heating”,  IEEE 
Transactions on Microwave Theory and Techniques, Vol  46, No. 11, pp. 1638-1644 (1998). 
 
137 J. Kuzmik, S. Bychikhin, M. Neuburger, A. Dadgar, A. Krost, E. Kohn, and d. Pogany, 
“Transient thermal characterization of AlGaN/GaN HEMTs grown on Silicon”, IEEE 
Transactions on Electron Devices, Vol 52, No. 8, pp. 1698-1705 (2005) 
 
138 J. R. Tellez, T. Fernandez, A. Mediavilla, and A. Tazon, “Characterization of thermal and 
frequency dispersion effects in GaAs MESFET devices”, IEEE Transactions on Microwave 
Theory and Techniques, Vol 49, No. 7, pp. 1352-1355 (2001). 
 
139 J. Park, M. W. Shin, C. C. Lee, “Thermal modeling and measurement of AlGaN-GaN 
HFETs built on Sapphire and SiC substrates”, IEEE Transactions on Electron Devices, Vol 51, 
No. 11, pp. 1753-1759 (2004) 



                                                                                                                                                             
 
140 J. Lee and K. J. Webb, “A temperature-dependent nonlinear analytic model for AlGaN-GaN 
HEMT on SiC”, IEEE Transactions on Microwave Theory and Techniques, Vol  52, No. 1, pp. 
2-9 (2004). 
 
141 A. M. Darwish, A. J. Bayba, and H. A. Hung, “Thermal resistance calculation of AlGaN-
GaN devices”, IEEE Transactions on Microwave Theory and Techniques, Vol 52, No. 11, pp. 
2611-2620 (2004). 
 
142 A. E. Parker, and J. G. Rathmell, “Broad-band characterization of FET self-heating”, IEEE 
Transactions on Microwave Theory and Techniques, Vol  53, No. 7, pp. 2424-2429 (2005). 
 
143 Y.C. Kong, Y.D. Zheng, C.H. Zhou, S.L. Gu, R. Zhang, P. Han, Y. Shi, R.L. Jiang, “Two-
dimensional electron gas densities in AlGaN/AlN/GaN heterostructures”, Appl. Phys. A 84, 95, 
2006. 
 
144 C. Kim, I. K. Robinson, J. Myoung, K.H. Shim, and K. Kim, “Buffer layer strain transfer in 
AlN/GaN near critical thickness”, J. Appl. Phys., 85, 4040, 1999. 
 
145 A. M. Sanchez, F. J. Pacheco, S. I. Molina, J. Stemmer,  J. Aderhold, “Critical thickness of 
high-temperature AIN interlayers in GaN on sapphire (0001)”, J. Graul, Journal of  Electronic 
Materials, 30(5), pp. 558-561, May 2001. 
 
146  R. B. Darling, “Generalized Gradual Channel Modeling of Field-Effect Transistors”, IEEE 
Trans. Electron Devices, vol. 35, 12, pp. 2302–2314, Dec. 1988. 
 
147 D. Knuth, “Art of Computer Programming, Volume 3: Sorting and Searching (2nd Edition)”, 
Addison-Wesley, 1998 
 
148 S. Youcef and M. H. Schultz, "GMRES: A generalized minimal residual algorithm for 
solving nonsymmetric linear systems," SIAM J. Sci. Stat. Comput., Vol. 7, No. 3, pp. 856-869. 
1986. 
 
149 S. Karmalkar and U. K. Mishra, “Enhancement of Breakdown Voltage in AlGaN/GaN High 
Electron Mobility Transistors Using a Field Plate”, IEEE Trans. Electron Devices, vol. 48, 8, pp. 
1515–1521, Aug. 2001. 
 
150 Silvaco Data Systems Inc., Santa Clara, CA, “ATLAS, User’s Manual, Device Simulation 
Software”, 1998.  
 
151 Technology Modeling Associates, Inc., Sunnyvale, CA, TMA Medici, Two-Dimensional 
Device Simulation Program, Version 4.0 User's Manual, 1997. 
 
152  S. Beebe, F. Rotella, Z. Sahul, D. Yergeau, G. McKenna, L. So, Z. Yu, K. Wu, E. Kan, 
J. McVittie, and R. Dutton, in Intl.Electron Devices Meeting, pp. 213-216, 1994. 
 
153 FLOODS and FLOOPS, http://www.tec.ufl.edu/~flooxs/. 
 



                                                                                                                                                             
154 PISCES-ET, http://www-tcad.stanford.edu/tcad.html 
 
155 J. Xie, J. H. Leach, X. Ni, M. Wu, R. Shimada, Ü. Özgür, and H. Morkoç, “Electron 
mobility in InGaN channel heterostructure field effect transistor structures with different 
barriers”, Appl. Phys. Lett., Vol. 91, 262102 (2007) 
 
156 C. X. Wang, K. Tsubaki, N. Kobayashi, T. Makimoto and N. Maeda, “Electron transport 
properties in AlGaN/InGaN/GaN double heterostructures grown by metalorganic vapor phase 
epitaxy”, Appl. Phys. Lett. 84, 2313 (2004). 
 
157 S. F. Chichibu, K. Wada, J. Müllhäuser, O. Brandt, K. H. Ploog, T. Mizutani, A. Setoguchi, 
R. Nakai, M. Sugiyama, H. Nakanishi, K. Korii, T. Deguchi, T. Sota, and S. Nakamura, 
“Evidence of localization effects in InGaN single-quantum-well ultraviolet light-emitting 
diodes”, Appl. Phys. Lett. 76, 1671 (2000). 


