40mA/mm at +4V gate bias. FigbZhows the external transconduct-
anceg,, as a function of gate bias measured at 25V drain to source volt-
age. The pead,, value of 10mS/mm is reached at +3V gate bias. These
l4s andg,, values are limited by the low channel conductance from the
very large gate and channel length |{r@. Assuming an inverse linear
dependence of both saturation current and transconductance on the gate
length, we estimate these values to be 400mA/mm and 150mS/mm,
respectively, for a im-gate device. These estimated valudg@hndg,,

are quite close to those typically reported for depletion mode devices.

Enhancement mode AlGaN/GaN HFET with
selectively grown pn junction gate

X. Hu, G. Simin, J. Yang, M. Asif Khan, R. Gaska and M.S.
Shur

A report is presented into the fabrication and characterisation of an
enhancement mode AlGaN/GaN heterojunction field-effect transistor
(HFET) with selectively growmpn junction gate. At zero gate bias the

device channel is depleted due to the high built-in potential of the gate- 50 —
channel junction. The selective area growth approach enables both
depletion and enhancement mode HFETSs to be fabricated on the same 40

wafer thus opening up the possibility of designing high speed, low

consumption GaN-based logical integrated circuits. g 30
<
Since the first demonstration of a depletion mode AlGaN/GaN high E(.” 20
electron mobility transistor (HEMTIL]1], there has been rapid progress >
10

towards the realisation of high power microwave devices][2, 3]. How-
ever to date few reports have been made of AIGaN/GaN based enhance-
ment mode transistors. Khanal reported such a device using AlGaN/
GaN heterojunctions where a Schottky barrier gate was [u$ed [4]. For
high temperature digital IC applications it is ideal to fabricate both a
enhancement and depletion mode (AlGaN/GaN) devices in selective
areas on the same wafer. In this Letter we describe a novel approach to

realising an enhancement mode AlGaN/GaN heterostructure field effect 0o
transistor (HFET) with a selective area gropmjunction gate. The- s L
GaN layers for the gate were grown in selective areas defined by open- £
. . . . e L
ings in an Si@ mask. Our novel approach therefore opens up the possi- 5 ©
bility of monolithically integrating AlIGaN/GaN based normally-on and £ . L
normally-off logic devices on a single wafer. &
S G D AlGaN 2
I—‘:‘-l | o/ ! ! J
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Fig. 2 Current-voltage characteristics of enhancement mode pn junction
U A gate HFET
substrate

a Channel current dependence on drain to source voltage
b Transconductance dependence on gate bias

i i

Fig. 1 Schematic diagram of structure of pn junction regrown gate HFET

The epilayer structure for our devices is schematically shown in
Fig. 1. It was deposited over a basal plane sapphire substrate using low
pressure metal organic chemical vapour deposition (MOCVD) epitaxy.
The 300A AIN buffer layer of our structure was deposited at@Ghd
76 torr. All the other layers were deposited at 2@and 76torr. The
AlyGa, N barrier layer was 300A thick and was silicon-doped to N . .
barrier layer was 300A thick and was silicon-doped 03 x 10'8cn3, -
All layers of the structure were grown with a low-level flux of trimethyl-
indium (TMI). This incorporates trace amount of In in all the layers and

helps with the layer and interface smoothness. For the structure, the
room temperature sheet carrier density and mobility were measured to

1

ben, = 8x 10"2cnT? andy = 1000cr/v.s.

Fig. 3 Current voltage characteristics of pn junction and Schottky gate

Mg-doped 1000A thick-GaN @ = 1017cnTd) was then selectively  gevices
grown using 1Qum x 150um openings in a 1000A thick Sj@nasking R .
layer. The Si@ mask layer was deposited using a plasma enhanced pn junction device
- Y5 ' — — —— Schottky gate device

chemical vapour deposition (PECVD) system. Transistors were then
fabricated with Ti/Al/Ti/Au (100A/200A/100A/500A) source-drain
contacts. The contacts were then RTA annealed &B&r 1min in a The maximum current for heterostructure field-effect transistors
nitrogen ambient. Ni/Au contacts were then deposited over the selectiveiepends on the maximum charge induced in the device channel. This
area growrp-GaN regions. These were annealed at’@5H oxygen charge increases with the increase in positive gate bias (feckznnel
ambient. Our transistor structure thus had a gate lengthyoh hd a device). Thus the maximum saturation current is limited by the gate
gate width of 15Qm. The source drain opening waspb@. Note that  |eakage at positive bias. For our enhancement mode transistor prith a
this geometry was selected only for a proof of principle. For higher per-junction gate, the range of positive gate bias which maintains a low gate
formance devices much shorter gate lengths and source drain distancésakage current is significantly larger than that for a regular Schottky-
will be required. gate device. This is illustrated by Fig. 3 showing gate channel |-V

In Fig. 2awe include the source drain current-voltage characteristics. curves for apn junction gate enhancement mode HFET and a regular
As seen at zero gate bias the device does not conduct because the ch&thottky gate HFET on the same wafer. As seen, forjanction gate
nel is depleted due to the high built-in voltage of phgunction gate. device the maximum operating gate voltage can be as high as 3V as
With positive gate voltage the device reaches a saturation current otompared to ~1V maximum operating voltage for a Schottky gate
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HFET. This proves that in principlpn junction gate enhancement mode 97-C 0066, monitored by B. Strickland and K. Wu. The work at RPI was
HFETs can preide much higher induced channel charge, and hence, partially supported by the Office of Naval Research (Program monitor J.
saturation current and transconductance as compared to a Schottky gaflper).
depletion mode HFET.

Our estimates of the threshold voltage as a function of the distancey |EE 2000 21 February 2000
between the channel and the gate showed that the effective channel-t@lectonics Letters Online No: 20000557
gate separation is close to the thickness of the AlGaN layer. This mean®Ol: 10.1049/el:20000557
that thep-type AlGaN layer operates aaype gate. As a result, the X Hu, G. Simin, J. Yang and M. Asif KharDepartment of Electrical
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. In Fig. 3 it can be seen ‘that the-dn‘ferentlal resistance qfnhpnc- R. Gaska and M.SShur Sensor Electronic Technology, Inc., 21 Cavalier
tion gate is ~1K. This resistance is largely due to the relatively low \ay | atham, NY 12110, USA
doping level in regrowp-material as well as to the low hole mobility in
p-GaN. Thepn junction gate capacitance was measured to be < 1pF.
Using these alues of gate series resistance and capacitance, we estimats€’erences
the characteristic time constant RC of our enhancement mode HFET ti - High el
be < 1ns. By making use of a higher doping level ingth@aN gate ASIF KHAN, M., BHATTARAI, A., KUZNIA, J.N, andOLSON,D.T... ng_ e’ectron

: . oor . mobility transistor based on a GaN;8k,_/N heterojunction’,Appl.

material and with shorter gate length this time constant can be censider Phys. Lett., 1993, 639), pp. 12141215
ably decreased to achieve switching rates in the gigabit per secong guepparDS.T, DOVERSPIKEK., PRIBBLE,W.L., ALLEN, S.T, PALMOUR,J.W,
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also established the feasibility of our approach to produce enhancemer# LI, R, CAl,SJ, WONG,L, CHEN,Y., WANG,KL., SMITH,R.P, MARTIN, S.C,
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important step towards the goal of realising monolithically integrated
logic circuits based on AlGaN/GaN heterojunctions.
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