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Analysis of Optimum Impedance for X-Band GaN HEMT
using Load-Pull

Min-soo Kim" - Young-chul Rhee’
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ABSTRACT

In this paper, we analysed performance for on-wafer GaN HEMT using load-pull in X-band, and studied optimum impedance
point based on analysis result. We suggested method of optimum performance device by analysis of optimum impedance for solid
state device on-wafer condition before packaging. The measured device is gate length 0.25um, and gate width is 400um, 800um.
device 400um is performed Ps=33.16dBm, PAE=67.36%, Gain=15.16dBm, and device 800um is performed Py =35.91dBm,
PAE=69.23%, Gain=14.87dBm.
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a9 1 2 AFlA AFES GaN HEMT 4719
RF E4& A3 Aot 54L& gate width 200um
(2finger)oll A A&t Ax9 fi = 41GHz, fnws

Az
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GaN HEMT 49| ¢
1% GaN HEMT &2t

Tt (blue) & fmax (red)
60

: 41GHz, fmax * 95GHz (Vs & TV, Vgs : -0.3V)
50 q

H21 & MSG/MAG [dB]

. . I
10° 10" 10" 10
Frequency [Hz]

a2 1. 0.25um T-gateE Zt= GaN HEMTS| RFEAM
Fig. 1 RF characterization of 0.25um T-gate GaN
HEMT
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O& 2. M2tst GaN HEMTS| layout
Fig. 2 L ayout of fabricated GaN HEMT
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E 1. 0.25um T-gateE GaN HEMT §4
Table 1. Characterization of 0.25um T-gate GaN HEMT

Ids 85 mA
GaN gate Zrmmax 251 mS/mm
HEMT | width | vy -167V
DCEA | 200um A GHz / %
fi / fmax
GHz
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Fig. 3 Load-Pull measurement block diagram
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Fig. 4 Load-Pull measure equipment
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a% 5 =220 dZE GaN HEMT(Device-2)
Fig. 5 The connected GaN HEMT(Device-2) by Probe
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o] Device-19] Z=-% o

(@ Vgs - 1.5V, Vg 30V

() Vgs -1V / Vgs 30V
12! 6. Device-12| ZE-Z o|o|g Zz}
Fig. 6 Device-1 Load-Pull data result
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Output Power, Gain and Efficiency
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Fig. 7 Device-1 power sweep result under Bias condition
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2E-Z3% 0|43 X-Band GaN HEMT?®] 7 ¢lajdx BA

PAE=71.37%, Gain=1486dBAt. A9 dvdxE
o2 3 AIE Pyu=3316dBm, PAE=67.36%,
Gain-1516dB% Atj%=3 Adaes e Lod
2 A3 Hlm A &9 whE g o] FAEU.

Max. Power
0.776,93.48

(@) Source-Pull Data(Vgs 30V / Vgs - 1.5V)

0.726258.69
0.687,63.7

(b) Load-Pull Data(Vgs 30V / Vgs - 1.5V)
T2l 8. Device-1 &A/EE-Z Ojo|g ZT}
Fig. 8 Device-1 Source/Load-Pull data result

X0400(Gate Width 400um) Output Power, Gain and Efficiency
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Fig. 9 Output power, gain and efficiency of Device—1
under impedance point condition
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Fig. 10 Current flow of Device—1 under impedance
point condition
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Max. PAE
0.711,88.32

Max. Power
0.65291.29

(b) Load-Pull Data(vds 30V / Vgs - 1.5V)
a2 11. Device—2 Source/2E-Z C|o|g| Z3}
Fig. 11 Device—2 Source/Load-Pull data result

X0800(Gate Width 800um) Output Power, Gain and Efficiency
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Fig. 12 Output power, gain and efficiency of Device—2
under impedance point condition
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Fig. 13 Current flow of Device—2 under impedance
point condition
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