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High-Precision Compact Modeling Technique for GaN HEMT Devices in
5G RFIC Design
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Abstract

Accurate small-signal modeling of GaN HEMT devices is essential for RF power amplifier design. However, conventional compact
models exhibit significant inaccuracies in the Sy parameter owing to improper gg extraction. This study presents a systematic
methodology using pulsed S-parameter measurements to mitigate self-heating effects and accurately extract bias-dependent gy values
for integration into an Angelov compact model. The experimental validation demonstrates significant improvements, reducing the S,
error rate from 15 % to 8.5 % up to 10 GHz, with enhanced output-matching characteristics crucial for 5G PA design.
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Fig. 1. RF measurement system for GaN HEMT.
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Fig. 2. S-parameter comparison of measurement and con-
ventional model for 0.25 um RF GaN HEMT de-
vice from 100 MHz to 9 GHz (@ V,=—29 V,
V=20 V).
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AlGaN/GaN compact model (Proposed Model)

Intrinsic elements

Lg Rg (Vger Vds)(cn Rgp Ly
Gare»—’ﬁ[}@T& W /T Drain
= Ci¢ (Vgs: Vs ~Cpp

Source

Extrinsic elements : L;, R, Cpeu Ly, Ry, Cpp Rgy L

(without Diode / Breakdown model)

GaN HEMT, L= 2507, W= 4.0mn @ V= -2.8V, V= 40V

Intrinsic parameters Extrinsic parameters
RyalQ] RilQ] | CoslpF] | CoalpFl Ry[9] LA R.[0] Ly [pH]
35.059 1.180 6.834 1.980 0 0 1.011 1.253
Cas[PFl | gm MS] | g4[mS] | <[psec.] LglpH] Ls[pH] Cpg [fF] CpalfF]
1.901 0.422 0.004 6.625 1.542 0 0 2.631
*gq (=111,), 1, is output ac-resistance

O 3. RF GaN HEMT 2:4+9] AR 93} % v}a}n|E
Fig. 3. RF GaN HEMT proposed model and extracted
parameters.
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Fig. 6. S-parameter comparison of measurement and proposed
model for 0.25 um RF GaN HEMT device from 100
MHz to 9 GHz (@ Ve=—29 V, V=20 V).
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