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Comparison of AlGaN/GaN high electron mobility transistors with
and without doping-channel layers

Wang Fu-Min and Jung-Hu Tsai*
Department of Electranic Engineering, National Kachsiung Normal University, 116, Ho-ping 1st Road, Kaohsiung,
TAIWAN
E-mail: jhtsai@nknuce nknu.edu. tw

The characteristics of AlGaN/GaN high electron mobility transistors (HEMTs) with and without doping
channels are studied and compared. In the studied devices. an 18 nm undoped AIN nucleation layer was
constructed on a sapphire substrate. After the nucleation layer, a 0.8 um undoped Aly3sGaggN layer, a 0.4 um
undoped GaN layer, a 20 nm n'= 4 x 107em™ GaN doping-channel layer, and a 30 nm undoped Al 3:Gag 6N
barrier layer were formed. The devices with and without the doping-channel laver are labeled as devices A and B,
respectively,. A two-dimensional semiconductor simulation was used to analyze the device performance of the two
devices. The gate dimension and spacer of the drain-to-source were 1 x 100 um”* and 3 um, respectively.

The results show that the two-dimensional electron gas (2DEG) concentration in the channel layer of the
device A is higher than the device B because the doping layer provides more carriers to increase the electron
concentration. On the other hand, the maximum output current are of 487 and 639 mA at Vgg= 6 V in the devices
A and B, respectively. Current density of device A is smaller than device B because impurity scattering of carriers
in doping channel will lead to the electron mobility to decrease. In other words, attributed that the doping channel
contacts the 2DEG layer, the electron mobility of the channel 1s reduced. Also, extrinsic transconductances of 57.7
and 84 mS/mm at Vps = 14 V are obtained for the devices A and B, respectively. The transconductance of the
device B is larger due to the higher drain current. In summary, the results of this study exhibits that the effect of
impurity scattering in the doping channel is significant in the AlGaN/GaN HEMTs.
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Fig.1 Schematic diagram of the cross sections of
the (a) device A and (b) device B.
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Fig.3. [-V characteristics of the (a) device A and (b)
device B.



