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Fig. 1. (color online) Schematic diagram of the device

structure.
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Fig. 2. (color online) The energy band diagram of de-

vices with different GaN channel thickness.
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Fig. 3. (color online) The transfer curves of devices
with different GaN channel thickness.
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Fig. 4. (color online) Dependence of the threshold and
drain current on different thickness of GaN channel

devices.
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Fig. 5. (color online) The transfer characteristics of

devices with different GaN channel thickness.
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istics of devices with different GaN channel thickness.
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Fig. 7. (color online) The gate reverse leakage current

of devices with different GaN channel thickness.
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vices with different GaN channel thickness.
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Fig. 9. (color online) The transfer characteristics and

the transconductance before and after annealing.
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Enhancement mode AlGaN/GalN double heterostructure
high electron mobility transistor with F plasma
treatment”
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Zheng Xue-Feng Mao Wei Ma Xiao-Hua Zhang Jin-Cheng Hao Yue

(Key Laboratory of Wide Band Gap Semiconductor Materials and Devices, the Institute of Microelectronics,
Xidian University, Xi’an 710071, China )

( Received 10 August 2015; revised manuscript received 20 November 2015 )

Abstract

Effects of double heterostructure materials (AlGaN/GaN/AlGaN/GaN) with different GaN channel thickness values
(14 nm, 28 nm, 60 nm) on the high electron mobility transistor (HEMT) are simulated by using silvaco, and furthermore,
the differences in characteristic among the enhancement mode devices made from such double heterostructure materials
with different F injection doses (150 W, 135 W) are also simulated. The simulation results show that the threshold voltage
shifts towards positive direction and the saturation current decreases as the GaN channel thickness decreases. The two-
dimensional electron gas (2 DEG) density could be reduced as GaN channel thickness decreases due to piezoelectric
polarization weakened by backing AlGaN barrier. Combining F plasma treatment and double heterostructure material,
the enhancement mode device with high positive threshold voltage is successfully developed. The DC characteristics
of the enhancement mode devices with different GaN channel thickness values are analyzed comparatively, and the
simulation results are validated by using the experimental results. The threshold voltages of these enhancement mode
devices with GaN channel thickness values of 14 nm, 28 nm, and 60 nm reach 1.1 V, 0.8 V, and 0.3 V, respectively.
The maximum transconductance values of these enhancement mode devices with GaN channel thickness values of 14
nm, 28 nm, and 60 nm reach 115 mS/mm, 137 mS/mm, and 198 mS/mm, respectively. The thinner GaN channel
thickness in the double heterostructure could reduce the depth of quantum well and 2 DEG density, so that the device
with a GaN channel thickness of 14 cm has a lower saturation current. The breakdown voltages and gate reverse leakage
currents of the three kinds of devices are investigated, and the device with a thinner GaN channel has a lower leakage
current and higher breakdown voltage due to weakened vertical electrical field in thinner channel double heterostructure.
The damage of channel mobility in F plasma treatment is weakened by using a lower plasma power (135 W), and the
enhancement mode device without annealing process demonstrates a better saturation current and transconductance
characteristic. The results of the device with annealing confirm that the plasma damage is depressed at an F injection
power of 135 W. The threshold voltage temperature stability of 14 nm GaN channel thickness device is studied, and
AViy is only 0.4 V after 350 °C 2 min annealing process. Drain induced barrier lowering (DIBL) effects of the HEMTs
with double heterostructures are investigated, and the DIBL value of thel4 nm GaN channel device is 16 mV/V. The
DIBL value indicates a good limiting property of the 2 DEG in double heterostructure device.

Keywords: double heterostructure, enhancement mode device, F plasma, drain induced barrier lowering
effect
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