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Introduction to the GaN-HEMTs

Back to the material properties:

Bandgap (eV) 3.4¢eV 0.6 eV 6.4 eV .l eV
Mobility (em?V-'s) 1500 3000 300 1000
Breakdown Field (MV/cm) 3 Low | 0.3
Effective Mass 02l m, | 0.09 m, 0.4 m, 0.19 m_
Velocity (cm/s) 2x 107 | 2x 108 - 1.0 x 10’
Polarization High charge, carrier confinement

[1] U. K. Mishra, P.Parikh, Y.F. Wu, QAlIGaN/GaN HEMTsi An Overview of Device Operation and
Applications 6 IEEE Proc. Vol. 90, No. 6, p. 1022, June 2002.
[2] U. K. Mishra, L. Shen, T. E. Kazior, Y. F. Wu, 0GaN-Based RF Power Devices and Amplifiers 0IEEE

Proceedings, Vol. 96, No. 2, p. 287, February 2008.
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Introduction to the GaN-HEMTs
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B. Gelmont et al.,

5)" J. Appl. Phys. vol.74,
pp.1818-1821, 1993.
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Introduction & Motivations

ADVANTAGEOUS IN
POWER-SUPPLY CIRCUITS

HIGH OPERATING TEMPERATURE
DUE TO LARGE BANDGAP AND
HIGH POTENTIAL BARRIER

ADVANTAGEOUS IN
ADVANTAGEQUS IN RF CIRCUITS
POWER-SUPPLY CIRCUITS TP
HIGH BREAKDOWN STRENGTH OSCILLATION FREQUENCY
DUE TO LARGE BANDGAP DUE TO HIGH ELECTRIC
FIELD SATURATION SPEED
(Vium) AND LOW PARASITIC
CAPACITY

ADVANTAGEQUS IN ADVANTAGEQUS IN

POWER-SUPPLY CIRCUITS RF CIRCUITS
HIGH MAXIMUM CURRENT : o SUPERIOR NOISE FACTOR
DUE TO HIGH CARRIER (Afmm) <€ (dB) DUE TO LOW CARRIER SCATTERING
DENSITY AND HIGH AND LOW RF LOSSES
ELECTRON MOBILITY
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Introduction to the GaN-HEMTs

“| Technology voids:
* mm-wave high-power
* power switching applications
* highly scaled digital

Silicon Technology

jLarge *GaN
Area *SiGe

| MHz | GHz e
Frequency > *GaAs
*ND specials

courtesy: Umesh Mishra, UCSB
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GaN: Polar material
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O. Ambacher et al JAP 87, 334 (2000)

O. Ambacher et al. J.Appl. Phys. 85, 3222 (1999)
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GaN: Polar material
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GaN: Polar material

GaN/AlGaN

OK the lattice constant
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GaN HEMTs: 2DEG w/o doping!
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GaN HEMTs: 2DEG w/o doping!
10

O. Ambacher et al JAP
87, 334 (2000)

O. Ambacher et al.
J.Appl. Phys. 85, 3222
(1999)

generalized gradient
approximation (GGA)
plasma-induced molecular
beam epitaxy (PIMBE)
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Basic HEMTs design | 5,,,= 2.1 A/mm
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A. Chini, R. Coffie, G. Meneghesso, E. Zanoni, D. Buttari, S. Heikman, S. Keller,
and U. K. Mishra

A 2.1A/mm Current Density AlGaN/GaN HEMT
IEE Electronics Letters, vol. 39, N. 7, April 2003, pp. 625-626
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Figure of Merit In semiconductors

Table 1 Figures of merit of various semiconductors

Si | GaAs 4H-SiC GaN

JFM 1 11 410 790
KFM 1 0.45 5.1 1.8
BFM 1 28 290 910
BHFM 1 16 34 100

JFM : Johnson’s figure of merit for high frequncy devices = (EbVs/2n)?

KFM : Keyes’s figure of merit considering thermal limitation= x(EbVs/4ne)!?
BFM : Baliga’s figure of merit for power switching = emEg?

BHFM : Baliga's figure of merit for high frequency power switching = pEb?
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Comparison of R, for SiI, SIC and GaN
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GaN-HEMTs capabillities: proven!
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[3] Y.-F. Wu, M. Moore, A. Saxler, T. Wisleder and P.Parikh o40- W/mm Double
Field-plated GaN HEMTs6 Device Research Conference, . 151, 2006
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GaN-HEMTs capabilities: proven!

40 W Gallium-Nitride Microwave Doherty Power Amplifier

Kyoung-Joon Cho, Wan-Jong Kim, Jong-Heon Kim*, and Shawn P. Stapleton

School of Engineering Science, Simon Fraser University
*Department of Radio Science & Engineering, Kwangwoon University

[5] IEEE MTT -S Dig., 2006,
pp. 189581898.
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