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Example Modeling 
Results for GaN HEMT Devices 
Next we will turn our attention to several example 
models for GaN HEMTs of various sizes. All the 

model examples presented in this section have been 
extracted by Modelithics, starting with an EEHEMT 
model example. Figures 10Ð13 show modeling 
results for a relatively small 4 3  37.5 mm gate width 
geometry GaN HEMT chip intended for milimeter-
wave applications. Figure 9 shows the I–V curve is 

Figure 12.  The 17-GHz power-tuned swept-power comparison of an EEHEMT for a 4 3  37.5 mm GaN HEMT device. 
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ZS = 43.66 + j 75.14

ZL = 91.09 + j 124.73

Figure 13.  The 17-GHz IP3-tuned swept-power 
comparison of an extracted EEHEMT model (red line) 
and measured data (blue symbols) for a 4 3  37.5 mm GaN 
HEMT device. 
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Figure 14.  (a) Gain and (b) power-added efficiency (PAE) 
for a 45-W packaged GaN HEMT versus input power for 
f 5  850 MHz, VDS 5  48 V, ZS 5  (2.046 1  j1.960) V, 
and ZL 5  (6.857 1  j5.7) V . This device was modeled with 
a Curtice FET model. 

30

25

20

15

10

5

0

G
ai

n 
(d

B
)

80
70
60
50
40
30
20
10
0

PA
E

 (
%

)

0 10 20 30 40
Pin (dBm)

0 10 20 30 40
Pin (dBm)

(a)

Gain at 850 MHz and 48 V

PAE at 850 MHz and 48 V

(b)

Model
Data

Model
Data





96  October 2010

 Microwave Conf.: WFR-15: Advances in Model-based HPA Design, 
Amsterdam, The Netherlands, Oct. 2008. 

[5] W. R. Curtice, User’s Guide for the C_FET Model for Agilent’s Ad-
vanced Design Simulator. Washington Crossing, PA: W. R. Curtice 
Consulting, June 2004. 

[6] V. Camarchia, F. Cappelluti, M. Pirola, S. Guerrieri, and G. 
Ghione, ÒSelf-consistent electrothermal modeling of class A, AB, 
and B power GaN HEMTs under modulated RF excitation,Ó IEEE 
Trans. Microwave Theory and Tech., vol. 55, no. 9, pp. 1824Ð1831, 
Sept. 2007.

[7] M.J. Casto and S.R. Dooley, ÒAlGaN/GaN HEMT temperature-
 dependent large-signal model thermal circuit extraction with 
verification through advanced thermal imaging,Ó in 2009 IEEE 
WAMICON Dig. , Clearwater, FL, Apr. 2009, pp. 1Ð5. 

[8] J. Lee, S. Lee, and K. Webb, ÒScalable large-signal device model for 
high power-density AlGaN/GaN HEMTÕs on SiC,Ó in IEEE MTT-S 
Int. Microwave Symp. Dig., May 2001, pp. 679Ð682.

[9] J. Lee and K. Webb, ÒA temperature-dependent nonlinear analytic 
model for AlGaNÐGaN HEMTs on SiC,Ó IEEE Trans. Microwave 
Theory and Tech., vol. 52, no. 1, pp. 2Ð9, Jan. 2004. 

[10] C. Baylis, L. Dunleavy, and R. Connick, ÒModeling considerations 
for GaN HEMT devices,Ó in Proc. 10th IEEE Wireless and Microwave 
Technology Conf. (WAMICON) 2009, Apr. 2009, pp. 1Ð2.

[11] I. Angelov, K. Andersson, D. Schreurs, D. Xiao, N. Rorsman1, 
V. Desmaris, M. Sudow, and H. Zirath, ÒLarge-signal model-
ling and comparison of AlGaN/GaN HEMTs and SiC MES-
FETs,Ó in Proc. Asia-Pacific Microwave Conf. 2006, Dec. 2006, 
pp. 279Ð282.

[12] W. R. Curtice and M. Ettenberg, ÒA nonlinear GaAs FET model 
for use in the design of output circuits for power amplifiers,Ó IEEE 
Trans. Microwave Theory Tech., vol. 33, pp. 1383Ð1393, Dec. 1985.

[13] Agilent Technologies, ICCAP Software Documentation. Palo Alto, 
CA: Agilent Technologies Inc., 2009. 

[14] I. Angelov, H. Zirath, and N. Rorsman, ÒA new empirical nonlin-
ear model for HEMT and MESFET devices,Ó IEEE Trans. Microwave 
Theory Tech., vol. 40, pp. 2258Ð2266, Dec. 1992.

[15] F. Kharabi, M. J. Poulton, D. Halchin, and D. Green, ÒA classic 
nonlinear FET model for GaN HEMT devices,Ó in Proc. Compound 
Semiconductor Integrated Circuit Symp., Oct. 2007, pp. 1Ð4.

[16] I. Angelov, V. Desmaris, K. Dynefors, P. •. Nilsson, N. Rorsman, 
and H. Zirath, ÒOn the large-signal modelling of AlGaN/GaN 
HEMTs and SiC MESFETs,Ó in Proc. European Gallium Arsenide and 
Other Semiconductor Application Symp., 2005 (EGAAS’05), Oct. 2005, 
pp. 309Ð313.

[17] P. Cabral, J. Pedro, and N. Carvalho, ÒNonlinear device model 
of microwave power GaN HEMTs for high power-amplifier de-
sign,Ó IEEE Trans. Microwave Theory and Tech., vol. 52, no. 11, pp. 
2585Ð2592, Nov. 2004.

[18] R. Pengelly, B. Millon, D. Farrell, B. Pribble, and S. Wood, ÒAppli-
cation of non-linear models in a range of challenging GaN HEMT 
power amplifier designs,Ó presented at IEEE MTT-S Int. Microwave 
Symp. Workshop—WMC: Challenges in Model-based HPA Design, At-
lanta, GA, June 2008.

[19] C. Fager, J. C. Pedro, N. B. de Carvalho, and H. Zirath, ÒPredic-
tion of IMD in LDMOS transistor amplifiers using a new large-
signal model,Ó IEEE Trans. Microwave Theory Tech., vol. 50, no. 12, 
pp. 2834Ð2842, Dec. 2002. 

[20] J. Deng, W. Wang, S. Halder, W. Curtice, J. Hwang, V. Adivarahan, 
and M. Khan, ÒTemperature-dependent RF large-signal model of 
GaN-based MOSHFETs,Ó IEEE Trans. Microwave Theory and Tech., 
vol. 56, no. 12, pp. 2709Ð2716, Dec. 2008.

[21] O. Jardel, F. De Groote, C. Charbonniaud, T. Reveyrand, J. P. Teys-
sier, R. QuŽrŽ, and D. Floriot, ÒA drain-lag model for AlGaN/GaN 
power HEMTs,Ó in IEEE MTT-S Int. Microwave Symp. Dig. June 
2007, pp. 601Ð604.

[22] C. Baylis, ÒImproved techniques for nonlinear electrothermal 
FET modeling and measurement validation,Ó Ph.D. dissertation, 
Univ. South Florida, 2007.

[23] R. J. Trew, Y. Liu, W. Kuang, H. Yin, G. L. Bilbro, J. B. Shealy, 
R. Vetury, P. M. Garber, and M. J. Poulton, ÒRF breakdown and 
large-signal modeling of AlGaN/GaN HFETÕs,Ó in IEEE MTT-S Int. 
 Microwave Symp. Dig. 2006 June 2006, pp. 643Ð646.

[24] Level 60 UC Berkeley BSIM3-SOI DD model. (June 2001). [Online]. 
Available: http://www.ece.uci.edu/docs/hspice/hspice_2001_2-
178.html 

[25] W. R. Curtice, J. A. Pla, D. Bridges, T. Liang, and E. E. Shumate, 
ÒA new dynamic electro-thermal nonlinear model for silicon RF 
LDMOS FETs,Ó in IEEE MTT-S Int. Microwave Symp. Dig., 1999, vol. 
2, pp. 419Ð423.

[26] W. Curtice, L. Dunleavy, W. Clausen, and R. Pengelly, ÒNew LD-
MOS model delivers powerful transistor libraryÑPart 1: The CMC 
model,Ó High Frequency Electron. Mag., pp. 18Ð25, Oct. 2004. 

[27] W. R. Curtice, ÒNonlinear transistor modeling for circuit simula-
tion,Ó in RF and Microwave Handbook, 2nd ed., M. Golio and J. Golio, 
Eds. Boca Raton, FL: CRC, 2008, Ch. 32. 

[28] P. Aaen, J. Pla, and J. Wood, Modeling and Characterization of RF and 
Microwave Power FETs. Cambridge, U.K.: Cambridge Univ. Press, 
2007.

[29] J. Gao, RF and Microwave Modeling and Measurement Techniques 
for Field Effect Transistors. Raleigh, NC: SciTech Publishing, Inc., 
2010.

[30] A. Platzker, A. Palevski, S. Nash, W. Struble, and Y. Tajima, ÒChar-
acterization of GaAs devices by a versatile pulse IV measurement 
system,Ó in IEEE MTT-S Int. Microwave Symp. Dig., June 1990, pp. 
1137Ð1140.

[31] D. Siriex, D. Barataud, P. Sommet, O. Noblanc, Z. Quarch, C. Bry-
linski, J. Teyssier, and R. Quere, ÒCharacterization and modeling of 
nonlinear trapping effects in power SiC MESFETs,Ó in IEEE MTT-S 
Int. Microwave Symp. Dig., pp. 765Ð768.

[32] G. Meneghesso, G. Verzellesi, R. Pierobon, F. Rampazzo, A. Chini, 
U. Mishra, C. Canali, and E. Zanoni, ÒSurface-related drain current 
dispersion effects in AlGaN-GaN HEMTs,Ó IEEE Trans. Electron 
Devices, vol. 51, no. 10, pp. 1554Ð1561, Oct. 2004.

[33] W. R. Curtice, ÒNonlinear modeling of compound semiconductor 
HEMTs state of the art,Ó in IEEE MTT-S Int. Microwave Symp. Dig. 
June 2010, pp. 1194Ð1197.

[34] R. Negra, T. D. Chut, M. Helaoui, S. Boumaiza, G. M. Hegazit, and 
E. M. Ghannouchi, ÒSwitch-based GaN HEMT model suitable for 
highly efficient RF power amplifier design,Ó in IEEE MTT-S Int. 
Microwave Symp. Dig. June 2007, pp. 795Ð798.

[35] K. Jenkins and K. Rim, ÒMeasurement of the effect of self-heating 
in strained-silicon MOSFETs,Ó IEEE Electron Device Lett., vol. 23, no. 
6, pp. 360Ð362, June 2002.

[36] C. Baylis, L. Dunleavy, and J. Daniel, ÒDirect measurement of 
thermal circuit parameters using pulsed IV and the normalized 
difference unit,Ó in IEEE MTT-S Int. Microwave Symp. Dig. June 
2004, pp. 1233Ð1236.

[37] S. Meena, C. Baylis, L. Dunleavy, and M. Marbell, ÒDuty cycle 
dependent pulsed IV simulation and thermal time constant model 
fitting for LDMOS transistors,Ó in 74th ARFTG Symposium Dig., 
Boulder, CO, Dec. 2009. 

[38] C. Baylis, J. Perry, M. Moldovan, R. Marks, II, and L. Dunleavy, 
ÒVoltage transient measurement and extraction of power RF MOS-
FET thermal time constants,Ó in 74th ARFTG Symp. Dig., Boulder, 
CO, Dec. 2009. 

[39] C. Baylis, L. Dunleavy, and W. Clausen, ÒDesign of bias tees for 
a pulsed-bias, pulsed-RF test system using accurate component 
models,Ó Microwave J., Oct. 2006. 

[40] L. Betts, ÒMake accurate pulsed S-parameter measurements,Ó Mi-
crowaves RF Mag., Nov. 2003. 

[41] F. ThŸmmler and T. Bednorz, ÒMeasuring performance in pulsed 
signal devices: A multi-faceted challenge,Ó Microwave J., Sept. 
2007. 

[42] C. Baylis, L. Dunleavy, and J. Martens, ÒConstructing and 
benchmarking a pulsed-RF, pulsed-bias S-parameter system,Ó in 
ARFTG Symp. Dig., Washington, DC, Dec. 2005.  


