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1. fntroduction
SqSqr!_cant prggrgss has been made in rhe development
of AIGaN/GaN based field effect rransistors oi bulk
G_al.[,' ryrpphire,t-t n-type & p-type and semi-insulating
(SD SiC""-' substrates for- high-speed, high-power and
high-temperature applications. For - liigh-power
operation, the thermal conductivity of the substr-ate is
expected to be an important design issue and the
relatively pogl thermal conducrivity of sapphire is
expected to limit the device output powei. silicon
carbide on the other hand, has an excellent thermal
conductivity and is an obvious choice for a substrate
when thermal considerations are important. The
characteristics of HFET fabricated in bulk Gal.I
substrate is not much s-uperior than SiC and sapphire
based HFET structures.t Some authors have fabriiated
the HEMT's on SI-SiC substrates and also s|r4ply
compared with the HEMT's on sapphire substrate.t'qs In
this article, we report the Tabrication and dc
characteristics of AIGaN/GaN HEMT's on SI- SiC and
sapphire Substrate with maximum dc transconductance
(9,,,,, ) values of 291and 166 mS/mm, respectively. We
also present the comparative studies between the
IIEMT's on SI-SiC and sapphire subsffates.

2. Experimental
The AIGaN/GaN layers were grown on (0001)-oriented
SI-4H-SiC and sapphire substrates using atmospheric
pressure MOCVD (Nippon Sanson SR-2000). 

- 
The

device sffucture consists of 3 nm undoped AlGaIr{
barrier layer, 15 nr+ silicon doped AIGaN supply layer,
1"g -undoped-AlQal.[ spacer layer, 3000 nm indulaiing
GaN layer (i-GaN) and a 200 nm AIN buffer layer on
lop of the SiC substrate. For the sapphire subsffate,
instead of AIN buffer layer, undoped Gal.[ layers were
used as a buffer layer. The Al contents of AlGaIr{ layers
were maintained at 26Vo. Hall effect measuremLnts
were carried out on these structures at 300 and 77 K
using van der Pauw configuration. To understand the
surface morphology of the grown layers, Atomic Force
Microscopy (AFM) was used with the scan area of 1
pm'.
The device isolation was accomplished by mesa dry
etcfing,dyn to i-Galrl by'BCl, plasm_a reacrive ion
etching.' The ohmic contacts were performed by the
deposition of a TilAI/TilAu (25110045/55 nm), wtrictr
was subssquently alloyed at 750oC for 60 s in N"
atmosphere. The gate-metal Pd/TilAa (40140180 nmi
was optically defined 2, 2.2,3.0 and 5 pm long gates
using optical lithography through conventional lift-off
method. Both ohmic and gate metals were evaporated
using Elecffon Beam evaporation system. The dc
characteristics were measured using HP4145B
semiconductor parameter analyser. To measure the 2
DEG channel depth (dro*), capacitance-voltage (C-V)
measirrements were carried out on Schottky diodes at 1

MHz using HP4845 LCR meter.

3. Results and discussion

The HEMT's dc, Hall, C-V and surface parameters of
AlGalI/GaN heterostructures grown on SI-SiC and
sapphire substrates are shown in Thble 1. The AIGaN/GaNI
heterostructure grown on SI-SiC subsffates show high
value of carrier mobilitv and sheet carrier densitv
compared with AIGaNI/GaN heterostructure grown on
sapphire substrate. This can be explained through lattice
mismatch between GaI.{ and the respective substrates. The
high values of sheet carrier density (>10t' cm-') indicate
that the MOCVD grown AIGaN/GaN heterostructures on
both SI-SiC and sapphire substrates are in good quality.
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Figure l. IDs-VDs characteristics of 200 pm wide
gate HEMT's on (a) sapphire and (b) SI-SiC
substrates. Vcs=-2.5 to 1.5 V with 0.5 V steps

Thble 1. The device dc, Hall, C-V and surface
parameters of AlGat',[/Ga].I HEMT's. The values within
the bracket are measured at 77 K
Parameters HEMT's on

sr.sic
HEMT's on

sanphire
15 um 200 um 15 um 200 un

e.- ---(mS/mm) 291 216 r66 125
I^,,.-(mA/mm) 847 635 440 260
R- (Q-mm) 1.59 2.16 2.79 3.65
v.. ry) -2.4 -2.7 -2.0 -2.1
L- (um) 2.2 2.2 2 2
L., (um) 1.8 0.3 2.O 0.5
L-, (um) 8.5 ) 8.5 5
z^., (cm'') 3.99x10 1.85x10
d,^o.(nm\ r7.75 22.66
n" (cm'') L.2xl0" (1.1x10") 1.0x" (1.0x10")
tr.. (cm'Ay's) 128r (53s1) 1163 (5121)
R^ (Q-mm) 2.33 3.92
Rns (nm) 0.38 0.86
P-V (nm) 2.85 7.33

!!g*t I a) and b) shows the /^-V^ characteristics of
2o0pn wide gate AIGaN/GaI{ IIEMT's on SI-SiC and
sapphire substrates, respectively. The drain-source current
reduction has been observed in both the substrate grown
200 pm wide gate HEMT's. But the SiC substrates grown
IIEMT's are showing less drain current reduction (37o)
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Figure 2. Transfer characteristics of 15 pm wide
gate FIEMT's on sapphire (Lr=Z pm) and SI-SiC
(Lr=2.2 pm) substrates. Inset Figure: C-V profile of
HEMT's on SiC and sapphire substrates. V^.=-6V

compared with the HEMT's on sapphire substrates
(13Vo). Thermal conductivity of the sapphire substrate
(0.5 Wcm'lK) is one order lower than the SiC substrate
(1.3 Wcm-'K). Self-heating is not affected very much
for SiC based HEMT's. Liple high value of contact
resistance has been observed for the HEMT's on
sapphire substrate (3.90-mm) compared with the
HEMT's on SI-SiC substrate (2.3C1-mm). The observed
contact resistanc-e values are one order higher than the
reported values.''t't The breakdown voltages of SiC
based and sapphire HEMT's are greater than 100 and 50
V, respectively.
Figure 2 shows the transfer characteristics of 15 pm
wide-gate IIEMT's on SI-SiC and sapphire subsfrates.
The values of g-"*and maximum drain-source current
density (Ir,^) are shown in Thble 1. The g; of 291,
166 .mS/mm with maximum drain-source curent
density of 847,440 mA/mm has been observed for the
HEMT's on SI-SiC and sapphire substrates, respectively.
To our knowledge, this is the highest 9,, value ever
reported for 2.2 pm long and 15 pm wide gate IIEMT's
on SI-SiC substrates. The values of g* and Ir,* arc
=50Vo more for HEMT's on SiC substrates with respect
to HEMT's on sapphire substrates (see table 1). From
this we understand that the AIGaIVGaNI
heterostructures grown on SI-SiC substrates are in good
quality compared with the heterostructures grown in
sapphire subsffates. This has been confirmed with the
AFM and C-V profiling measurements.
Figure 3 shows the g,*,^versus gate-lengths for HEMT's
on SI-SiC and sapphire substrates. The extrapolated
9,,*u values (towards low' gate lqlgths) are high
compared with the reported values.'*'*" This is due to
the good quality AlGaf{/GaN heterostructure on SI-SiC
substrate. Large ionized carrier density (n"_r) with low
dro"o has been observed for IIEMT's on SI-SiC
compared with HEMT's on sapphire substrates (see
Thble 1). Moreover, the C-V profile peak F\MHM of
IIEMT's on SI-SiC (=0.55nm )is low compared with
the HEMT's on sapphire (=1.l8nm) subsffates. From
this we understand that the SiC based IIEMT's gave
large charge confinement with nartow channel. Low
values of Rms surface roughness and peak-valley (P-V)
has been observed for HEMT's on SI-SiC substrates.
This is due to the small lattice mismatch between SiC
and Gal.{, so one might expect the dislocation density of
HEMT's on SiC to be lower. From these results, it is
clear that the material properties and device
characteristics of HEMT's on SiC substrates are
superior to HEMT's on sapphire substrates.

Gate Length (pm)

Figure 3. Maximum dc exffinsic ffansconductance
(g,,"*,) as a function of gate lengths for HEMT's on
sapphire and SiC substrates.

4. Conclusion
The fabrication and performance of MOCVD grown
Aln,.GanrrN/Gal.[ high electron mobility ftansistors on
sapfr'trire' and SI-SiC- substrates are reported. gigtt values
of both Halt sheet carrier and ionized carier densities
demonsffate the grown AIGaN/GaN heterostructures are
in good quality. The g,,* of 291, 166 mS/mm with /r," of
847, 4q0 mAimm has' Sben observed for the TIEMT's on
SI-SiC and sapphire substrates, respectively. To our
knowledge, this is the highest g, value ever reportg4 for
2.2 pm long and 15 pm wide gate HEMT's on SI-SiC
substrates. The values of g**,and Ir,, are -50Vo mone for
HEMT's on SiC substrates *ith respect to HEMT's on
sapphire substrates. Though the 200 pm HEMT's on SiC
substrates are showing drain-source current reduction
(3Vo) for gate voltage of +1.5 V the drain current
reduction is much less than the HEMT'S on sapphire
substrates (137o). The current carrying capability with
high g* and thermal management of HEMT's on
semi-insulating SiC substrate are superior to HEMT's on
Sapphire substrates.

Acknowledgment: The author S. Arulkumaran would like
to be thankful to the JSPS, Japan for the award of Post
Doctoral Research Fellowshi p (1999 -2001)

References
1. M.A.Khan, J.W. Yang, W. Knap, E. Frayssinet, X. Hu,

G. Simin, P.Prystawko, M. Leszczynki, I. Grezegory,
S.Porowski, R.Gaska and M.S.Shur, Appl. Phys. Lett.,
76 Q0A0), pp.3807-3079 (references there in).

2. T. Egawa, H. Ishikawa, T. Jimbo, M. Umeno, Appl.
Phys. Leu., 76 (2000)pp.t2l-123.

3.

4.

5.

6.

7.

8.

Y.-F. Wu, B.P. Keller, P. Fini, S. Keller, T.J. Jenkins,
L.T. Kehias, S.P. Denbaars and U.K. Mishra, IEEE
Electron. Dev. Lett., 19 (1998) pp.50-52.
H. Mahar, D.W. Disanto, G. Sorensen, C.R.
Bolognesi, H. Tang and J.B. Webb, Appl. Phys. Lett.,
77 (2oo0)pp3833-3835.
J. Hilsenbeck, E. Nebauer, J. Wurfl, G. Trankle and H.
Obloh, Electron. Lett., 36 (2000) pp.980-981.

Q. Chen, J.W. Yang, M.A. Khan, A.T. Ping, and I.
Adesida, Electron. Lett., 33 (1997) pp.l4l3-14t5.
A. Vescan, R. Dietrich, A.Wieszt, A.Schurr, H. Leier,
E.1. Piner, and J.M. Redwing, Electron. Lett., 36
(2000) pp.r234-1236.
G.J. Sullavin, M.Y. Chen, J.A. Higgins, J.W. Yang, Q.
Chen, R.L. Pierson and B.T. Mcdermotto IEEE
Electron. Dev. Lett., 19 (1998) pp.198-200.

)r( tsl E€ r+tB
ts tsi ,fr

A 161

o17]
v t81

4H-S|C (our result)

sapphire (our result)

100rffii 4 5 6789

0

65


