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l. Introduction
Wide-bandgap GaN is a promising material for high-

temperature and high-power device applications. Excellent
microwave performance of nitride based heterojunction field
effect transistors (HFETs) has been reported tlltzlt3].
However, the progress of GaN-based HBTs is relatively
slow. Several reports have been made of nitride IIBTs
tested in common-base configurations with DC current gains
as high as p=10,000 t4lt5lt6l, and tIBTs tested in common-
emitter configurations with betas as hrgh as p:100 tTltSltg].
However, these papers have not reported the cornmon-
emitter current-voltage (IeVcd curves for device
applications except three reports describing a beta equal to
4-10,2 and 1.5 [10][7]t81. In this work, the common emitter
Ic -Vce modulation curves in AIGaN/GaN graded emitter
HBTs at low temperature was studied to understand the
limiting issues related to the low CE current gain of a GaN'
IIBT. We have measured a corlmon emitter current gain of
27 at 190K and 1l at 295K. The increase in collector
current and CE current gain at lower temperature can be
attributed to the reduced base recombination currento which
is due to the carier traps associated with defect (dislocation)
centers in the base-emitter junction.

2. Fabrication Process
The HBT device fabrication is a two-mesa, two-

metalization process. The emitter mesa was first defined by
ion cyclotron plasma (ICP) etching. The base metal (Ni/Au)
was deposited and the base and collector layers were then
etched. Next, Tr/AUTilAu was deposited as the collector
metal. Finally, the sample contacts were alloyed.

3. Device Results
Figures I (a) and (b) show the common-emitter .Is vs.

V6s cufiIas at 295K and 190K, respectively. The input base
current l3ranges from 0 to l5pA in 3pA steps. For the same
bias condition, Vgs:5OV and 16:15pA, the collector current
increases from Ig:L691LA at295Kto lg:4llpA at 190K.
The corresponding current gain is increased from ll.3 at
295Kto 27.5 at 190K. We also observed an increase in the
offset voltage when the temperature was decreased
(Vgs"i=8Y at 295K; Vg*orlSY at 190K), since the offset
voltage is related to I7RB, where 16 and Rs are base bulk
current and emitter resistance, respectively. The increase in
offset voltage is due to the increase of base bulk current and
the reduction of the recombination current at low
temperature. The 2.4 times increase in current gain from

295K to 190K is mainly attributed to the increase in base
bulk current and the reduction of base recombination
current. Fig. 1 (a) and (b) indicate a factor of two increase in
offset voltage can then be attributed to the 2X tncrease of
base bulk current.
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Figure l. Common-emitter leVcn curve in Gal.{ HBT at (a)
295K and (b) 190K. The base currents in (a) and (b) range from
In= 0 to 15pA in steps of.3prA.

Figures 2 (a) and (b) show the common emitter Yss ys.
Vgs currtas at 295K and 190K, respectively. A Schottky
base contact was observed from these curves. When Ia:0,
there is only a very small voltage drop across the Schottky
diode. Once Ia>O, a huge voltage drop across the reversed
diode makes V6B large. When the temperature drops to
175K, a large current gain and thus large collector and
emitter current increases the voltage drop across the parasitic
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emitter resistor. The parasitic resistor behaves as a feedback
path and limits the collector current level. When /s :15pA
and Vg6:50V at 175K, Vg6is only lV, which probably is
the reason current gain decreases as.Is increases.
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Figure 2. Common-emitter VnrVcn curve in GaN FIBT at (a)
295K and (b) 190K. The base currents in (a) and (b) range from
Ia:0 to 15pA in steps of 3pA.

4. Conclusion
We have demonstrated graded-emitter AIGaN/GaN

HBTs with a common-emitter DC current gain of 9:4-10
and an offset voltage Vcn-off : 4Y. The common-emitter
current gain and offset voltage are by far the best results
reported to date for AIGaN/GaN IIBTs. However, the high
base contact resistance and lateral base layer resistance limit
the operating current range. We think that a heterojunction
recombination current at the emitter-base junction, arising
from dislocation centers is responsible for the phenomena
we observed in lc-Vcn, VarVct curves at different
temperatures. Further study is required to fit the parameters
of the emitter-base diode.

Acknowledgement
This work was partially supported by the Office of Naval

Research under grants N000 14-95- l - I 302 and N000 I 4-99-l -047 9

(J. C. Zolper), and by the NSF STC prograrn under grant CHE-89-
20t20.

References
tU Gask4 R., Osinsky, A., Yang, J. W., and Shur, M. S.: "Self-

heating in high-power AIGaN-GaN F#ET's,'IEEE Electron.
Dev. Lett., 1998, 19, pp. 89-91

I2l Li, R., Cai, S. J., Wong, L., Chen, Y., Wang, K.L., Smith, R.
P., Martin, S. C., Boutroso K. S., and Redwing J. M.:
*Al0.3Ga0.7N/Gal.l undoped channel heterostructure field
eflect transistor with Fma>r of 107 GHz," IEEE Electron Dev.
Lett., I 999, 20, pp. 323-325

t3l Burm, J., Schaff, W. J., L, Eastman, L. F., Amano, H,, and
Akasaki, I.: "75-A Gal.l channel modulation doped field effect
transistors," Appl. Phys. Lett., 1996,68, pp. 2849-2851

Chang S. S., Pankove, J., Leksono, M., and Zeghbroeck, B.
Van: "500 degree C operation of a GaltI/SiC heterojunction
bipolar transistor," 53th Annual IEEE Dev. Res. Conf. Dig.,
1995, pp. 106-107

Pankove, J., Chang, S. S., Lee, H. C., Molnar, R. J.,
Moustakas, T.D., and van Zeghbroeck. B: "High-temperature
Gall/SiC heterojunction bipolar transistor with high gain,"
IEDM Tech. Dig.,1994, pp. 389-392

Cao, X. A., Dang, G.T., Zhuang, A.P., Ren, F., Van Hove, J.

M., Klaassen, J. J., Polley, C. J., Wowchak, A. M., Chow, P.
P., King, D. J., Abemathy, C. R., and Pearton, S. J.: "High
current common-base GaI.l/AlGaN heterojunction bipolar
transistorso', Electrochemical and Solid-State Lett., 3, 2000,
pp.144-146

McCarthy, L. S., Kozodoy, P., Rodwell, M. J. W., Denbaars,
S. P., and Mishr4 U. K.: "AlGalIiGaN heterojunction bipolar
transistor", IEEE Electron. Dev. Lett.,1999,20, pp. 277-279

l8l Limb, J.8., McCdhy, L., Kozodoy, P., Xing, H.,Ibbetson, J.,
Smorchkova" Y., DenBaars, S. P. and Mishra U. K.:
"AlGaNI/Ga].1 HBTs using regrown emitter", Electron. Lett.,
1999,35,pp. 167l-1673

t9l Shelton, B. S., Huang J. J., Lambert, D. J. H., Zhrl T. G.,
Wong, M. M., Eiting, C. J., Kwon, H. K., Feng, M, and
Dupuis, R. D.: "AlGaN/GaIrl heterojunction bipolar transistor
grolvn by metalorganic chemical vapour deposition", Elecfion.
Lett.,2000, 36, pp 8l-82

[10] Huang, J.J., Hattendorf, M., Feng, M., Lambert D.J.H.,
Shelton, B.S., Wong, M.M., Chowdhury, U., Zhu, T.G.,
Kwon, H.K., and Dupuis, R.D.: "Graded-emitter AIGaN/GaItt
heterojunction bipolar transistors", Electron. Lett., 2000, 36,
pp 1239-1240

S
o
.ct

t4l

t5l

t6l

(b)

E
o
.ct

TT

335


