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1. Introduction

AlGaN/GaN HFETs have been subject of intense inves-
tigation because of their potential for high power device
application. In general, however, AlGaN/GaN HFETSs suffer
from the large drain leakage current caused by the difficulty
in obtaining semi-insulating electrical buffer layer below
the 2-DEG channel layer, especially when operating in high
drain bias. Chang et al. have employed insertion of
Mg-doped GaN layer underneath the channel layer to
overcome this problem [1], resulted in improved drain lea-
kage characteristics but reduced channel current due to car-
rier depletion from the field formed at pn junction.

In this study, we present the improved DC characteristics
of AlGaN/GaN by adopting p-GaN backbarrier which re-
duces the drain leakage current and also introducing Si del-
ta doping at the interface between GaN channel and p-GaN
to increase sheet carrier density.

2. Experimental

We used two types of samples. Sample 1 has a conven-
tional HFET structure. A 25 nm thick LT-GaN buffer layer
was grown followed by the growth of a 2 um undoped
highly resistive (HR)-GaN layer, a 100 nm undoped GaN
layer (channel layer) and a 25 nm undoped Aly3Gag7N
layer. Sample 2 was grown by utilizing a 1 um thick p-GaN
layer instead of the HR undoped GaN and by using Si del-
ta-doped layer directly before the channel growth.

Mesa isolation was performed by transformer coupled
plasma-reactive ion etching (TCP-RIE) with BCl; and Cl,
gas mixture. Ta/Ti/Al/Ni/Au layers were deposited using an
electron beam (e-beam) evaporator, which was followed by
rapid thermal annealing at 700°C to form source/drain oh-
mic contacts. Ni/Au for gate metal was finally deposited by
e-beam evaporater. The DC current-voltage characteristics
of the HFETs were measured using an Agilent 4142B
modular DC source/monitor and the Integrated Circuit
Characterization and Analysis Program (IC-CAP). Sche-
matic device cross sections for HFETS are shown in Fig. 1.

3. Results and Discussion

Table 1. shows carrier density (n;), mobility (x) and n.u
product for each sample by Hall measurement. Sample 2
shows a greatly increased carrier density with a decreased
mobility compared to the value of conventional HFET
structure. The decrease in mobility in such a high carrier
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concentration is believed to be due to interface roughness
scattering [2]. The Si delta-doped layer inserted between
undoped GaN channel and p-GaN backbarrier would not
only screen the electric field from the depletion region of
the pn junction and hence prevent the channel from being
depleted, but also acts as a back doping layer [3], which
efficiently supplies electrons into the channel. These elec-
trons are added to the polarization induced 2-DEG at the
interface of AlGaN/GaN heterostructure.

Fig. 2 and Fig. 3 show the I-V characteristic and trans-
fer characteristics of the samples. The maximum drain cur-
rent and maximum transconductance of sample 2 was im-
proved by 29 and 11 %, respectively.

Fig. 4 shows that the drain leakage current measured at
Vp=10V was greatly reduced by adopting p-GaN backbar-
rier for at least two orders in magnitude, compared to the
conventional heterostructure with HR undoped GaN buffer
layer. This clearly indicates that the p-GaN back barrier is
very effective as electrical buffer isolation layer.

Fig. 5 shows the reduction of gate leakage current. The
leakage current of the HFET is caused by the reverse bias
leakage current through the Schottky gate and the leakage
current through the GaN buffer layer [4]. We also achieved
a greatly reduced gate leakage current using p-GaN back-
barrier structure and improved the carrier confinement.

4. Conclusions

In this paper we present the improved DC characteris-
tics using Si delta-doped AlGaN/GaN HFET with p-GaN
backbarrier. We achieved not only higher value of 15 and g,
but also lower value of drain and gate leakage current, by
employing both the p-GaN backbarrier for reducing the
drain leakage current and Si delta-doped layer for compen-
sating the carrier depletion and hence increasing the sheet
carrier density.

Acknowledgements

This work is partially supported by the Korea Science
and Engineering Foundation (KOSEF) through the National
Research Lab. Program funded by the Ministry of Science
and Technology (No. M10600000273-0650000-27310), the
Brain Korea 21 (BK21), and the Korea Electronics Tech-
nology Institute (KETI).



References 650] = Si-delta t.:loped HFET with p-GaN (V,=7.5V) 2128
[1] SJ. CHANG, S.C. WEI, Y.K. SU, C.H. LIU, S.C. s oI, i
CHEN, U.H. LIAW, T.Y. TSAI and T.H. HSU, Japa- 500 120
nese Journal of Applied Physics, Vol. 42, No. 6A, 2003, oo Fo
pp. 3316-3319 E a0 80 %
[2] Oded Katz, Adi Horn, G. Bahir, and Joseph Salzman . Foo 2
IEEE Transactions on Electron Devices, Vol. 50, No. ~ 200 o 32
10, 2003, pp. 2002-2008 oy o0
[3] Narihiko Maeda, Kotaro Tsubaki, Tadashi Saitoh, Take- 50.] E 10
hiko Tawara, Naoki Kobayashi, Optical Materials 23, _52' oo
2003, pages 211-217 42 0 B & 4 2 0 2 4
[4] Masahiko Kuraguchi, Yoshiharu Takada, Wataru Saito, VeV
Ichiro Omura, and Kunio Tsuda, Physica Status Solidi Fig. 3 Transconductance characteristics of each sample
(c) Vol. 2, No. 7, 2005, pages 2647-2650
Source Gate Drain T Sidelta doped HFET with p-GaN layer
F_.—H 0.014 —— Conventional HFET
AlGaN 1E-3 4
Undoped GaN buffer 1E-4 o
1E-5
Sapphire . 1E64
=9
1E-7 A
< conventional HFET > 1E-8 +
1E-9 4
Source gate Drain u-GaN 1103
channel 1E-11
/ AlGaN \l Si delta- 10 5 0 5 10

U-GaN buffer

Sapphire

Fig. 4 Drain leakage current of each sample

) : —m— Si-delta doped HFET with p-GaN layer
< HFET with backbarrier > 0.1 4—0— Conventional HFET
Fig. 1 Schematics cross section of each sample 001 ]
zzg ] —=— Si-delta doped HFET with p-GaN backbarrier 1E-3
550 —~— Conventional HFET
500 E 1E-4 4
450 1 — 1E-5 4
400
= 350 1E-6
€ 300
E 250 1E-7 -
—£ 200 4 1E8
150 - .
100 - 2
50 Vs V]
_52' . . . . . . Fig. 5 Gate leakage current of each sample
0 2 4 6 8 10
v, V]
Fig. 2 Ip-Vp characteristics of each sample
Carrier Density (ny) Mobility (u) ng product
[/em?] [cm?/Vs] [(vs)™]
Si delta-doped HFET with p-GaN layer 1.2E13 1160 1.39E16
Conventional HFET 3.8E13 488 1.85E16

Table 1. Carrier density, mob
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ility and n,u product





