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Abstract

High-frequency transistors are key devices for next generation wireless communication systems, where the

technologies for higher data rate and higher capacity are demanded. Precise transistor models need to improve

circuit performance efficiently and design power amplifiers. The transistor models connect device physics and

circuit elements such as current sources and capacitances. This course begins from the device physics and describes

how to introduce into the transistor models mainly using the empirical models. In addition, characterization on non-

ideal trap effects using two-port network measurement are introduced as an example for GaN HEMT modeling.
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HEHFFEB(IZED<C{ET )L(Table Based Model) |

BRMBHEOREAET H(BE. B RE. BEE--)

-RESB(RB\LEASEEI2L—3Y

— ORMNTENIXERAFEELN. AYMEMGEHEUVDOEN DAL

] 0 1 2 3 4 5 6
j NDS 0 0.1 0.5 1.0 1.5 25 3.5
MOdel Setup 0 0.3 00 | 5x107 | 6x107 | 7x107 | 8x107 | 1x10% | 2x10°
1 0.5 00 | 6x105 | 7x105 | 8x10 | 9x105 | 1x10¢ | 2410+
) 2 0.7 00 | 00014 | 00020 | 00023 | 0.0025 | 0.0028 | 0.0032
Tables Of electrlcal 3 0.9 0.0 0.004 | 00082 | 00089 | 00004 | 0010 | 0011
: ot 1 1.2 00 | 0007 | 0020 | 0022 | 0023 | 0025 | 0027
characteristics
5 1.8 00 | o011 | 0042 | 0055 | 0058 | 0062 | 0.065
6 25 00 | o014 | 00so | o000 | o010 | o011 0.11
: 7 3.5 00 | 0017 | 0073 | 012 | o015 | 017 | o018
Search function
Table of I, 1ds[1][j]

Interpolation routines

Interpolate I,o(Vpe, V.

Given bias values search for
nearest table entries

1k

V=17 V. V=15V
i=4, =4

2

Gs)

[23] V. Bourenkov et al., Table Based Models, https://www.mos—ak.org/grenoble/slides/10_Bourenkov_MOS—-AK pdf
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[24] OB M, FRZEZEALI-SYKGaN HEMTD 2 Sal—2avETIL, EREITI=HILLE 12—, vol. 202, pp. 68-71, 20234518 5.
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[5] Peter H. Aaen, Modeling and Characterization of Rf and Microwave Power FETs, Cambridge University Press, 2011.

[26] Y. Kamo et al., A C—Band AlGaN/GaN HEMT with Cat—-CVD SiN Passivation Developed for an Over 100 W Operation, IEEE MTT-S International Microwave Symposium Digest, 2005., Long Beach,
CA, USA, 2005, pp. 495-498.

[27] K. Honjo, Milestones of microwave and millimeter—wave technologies —Helical Progress in Device and Circuit—, IEICE Electronics Express, Vol. 6, pp.673—-688, 20009.

[28] K. Kuroda et al., Parasitic Compensation Design Technique for a C—-Band GaN HEMT Class—F Amplifier, IEEE Trans. on Microwave Theory and Techniques, vol. 58, no. 11, pp. 2741-2750, Nov. 2010.

[29] W. Nagy et al., 150 W GaN-on—Si RF Power Transistor, IEEE MTT-S International Microwave Symposium Digest, 2005., Long Beach, CA, USA, 2005, pp. 483-486.
[30] https://www.ieee.li/pdf/viewgraphs/transistor_amplifier_modeling methods_for microwave_design.pdf
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ZEYFEERDAED .

B LD d
FRAROERLS Z W FEIR(GaN, AIN, BN)IZILELWAURF ¥y (35~6.4 eV)EHD,
Type (E%/) (M\I/E;cm) (cmzljf//s)(107\cl>sm/s) o (W/kcImK) JFOM BFOM KFOM
Si  Conv. 119 03 1440 102 117 145 1 1 1
GaAs Conv. 142 04 9400 09 131 055 138 17 03
SiC WBG 323 28 950 1.9 966 3.7 302 441 383
GaN WBG 34 3.5 1400 2.4 87 25 754 1142  3.07
Ga,0, UWBG 49 103 250 2 10 0.1-03 2734 2800 0.31
C UWBG 5.5 13 4500 2.3 2.1 229 9548 123282 33.98
AIN UWBG 60 154 450 1.4 85 285 4964 30562 2.7
BN UWBG 64 175 1600 2.7 71 94 23843 133191 13.54

S. Pavlidis, G. Medwig and M. Thomas, “Ultrawide—Bandgap Semiconductors for High—Frequency Devices,” IEEE Microwave Magazine, vol. 25, p.68, 2024.

C: Diamond, Eg: /3> F ¥ v v (& HI$1E), EARWEER, 1, BETRUE v WNEE, ¢ KLHEE k DEEE
WBG: Wide Band Gap, UWBG: Ultra WBG
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