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A GaN/AlGaN heterojunction bipolar transistor has been fabricated usjify @ty etching for

mesa formation. As the hole concentration increases due to more efficient ionization of the Mg
acceptors at elevated temperatures (*@%the device shows improved gain. Future efforts should
focus on methods for reducing base resistance, which are briefly summarized.

1 Introduction approaches that appear promising for improving this

. . . . . aspect.
There is a strong interest in developing wide bandgap

semiconductor heterojunction bipolar transistor (HBTs)2 Experimental

for applications in wide bandwidth (lnltla”y 1-5GHz, A h|gh|y resistive undoped buffer of Ftﬁ] thick GaN,
eventually 5-25GHz) amplifiers employed in radar andyrown on c-plane (0001) sapphire, was used as the sub-
communication SyStemS. The GaN/AlIGaN heterostrUCStrate for Subsequent growth of the active device by RF-
ture system is an attractive one for these devices, [1] [AYBE. This structure formed a template for subsequent
[3] [4] based on the remarkable success of the existingrowth of the active regions by rf atomic nitrogen MBE
laser and light-emitting diode technology. [5] The wide _; . e of ~0gm-hrl. [7] The Si-doped (~18cmd)

bandgaps of the nitrides allow for higher temperatureGaN sub-collector (Oi8n thick) was followed by a

. . ! 5, _3
device operation (e.g. an; of 10°cm2 would be 0.5um, Si-doped (1Hcm3) GaN collector. Then a

reached at 30C in Si, 500C in GaAs, but in excess of 0.151m Mg-doped GaN base was deposited under pro-

100C0C in GaN), reducing the thermal management . . 8 i3 :
issues. Pankove et.al. [6] reported a GaN/SiC HBT operqeSS conditions calibrated fox10*cm p-type carrier

able to 535C with gain of 100 and current density concentratlon_as determined by Ha_II effect measure-
) ) oo ment. The epitaxy was completed with aporilthick,
1.84x10°A-cmi2. The barrier to hole injection from the

.- 7 _3 .
p-SiC base to the GaN was measured to be 0.43eV, ip-doped (810"7cm) Alg 185 g2 emitter, a 0.06m

good agreement with the band-offsets. graded A}Gay_,N (x = 0.15-0, 810'%m3) region to a

In this paper we report the fabrication and high tem9-24m thick, Si-doped (810'%m™) GaN contact layer.
perature operation of a GaN/AlGaN HBT grown by a Large area (~90m diameter) devices were fabri-
hybrid method. The active regions are grown by Moleccated using a GIAr Inductively Coupled Plasma (ICP)
ular Beam Epitaxy (MBE) on a thick GaN buffer grown etch process to expose both the base and sub-collector
by Metal Organic Chemical Vapor Deposition regions. [8] AZ5209E photoresist was used as an etch
(MOCVD). The device shows improved gain abovemask, and etching was performed in a Plasma Therm
250°C as the hole density in the base increases and lead80 system. The operating pressure was 2mTorr, and the
to lower base resistance. The device performance is stilource and rf chuck power were kept relatively lightly
limited by the base doping, but there are variousloped (300W and 40W, respectively) to minimize ion
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damage to the GaN. It is generally found that dry etclipase resistance by employing a lower gap material such
processes tend to produce-dieficient surfaces on GaN as InGaN or SiC. There are still problems with these
that are strongly n-type. [9] This is an advantage wheghoices because of the difficulty in achieving high p-
stopping at an existing n-type layer, because ohmic corlype doping in both materials- in,/@a_,N there is a

tact resistance will be improved. However to avoid thisstrong tendency for high n-type backgrounds, but p-type
problem at the emitter-base junction, we terminated theonductivity has been achieved for In compositions up
etching ~100A above the junction, then oxidized theto ~x=0.15, while the Al Acceptor in SiC has a large
surface using ozone, and stripped this in an acid soluenization level (~0.2eV).

tion. Ti/Al/Pt/Au n-type metallization and Ni/Pt/Au p- The third alternative and probably the most attrac-
type metallization were deposited by e-beam evaporaive, is selective regrowth of the extrinsic base region.
tion to contact the emitter, base and sub-collector. A17] [18] The base doping typically represents a trade-
schematic of the completed structure is shown in Figureff between base contact resistance and gain. By
1. Device characterization was performed with a HRemploying a separate regrowth step, it is possible to
4145 parameter analyzer. optimize both parameters. The intrinsic base material
under the emitter can be relatively low in order to

) increase the minority carrier lifetime and hence the gain
Figure 2 shows the forward current voltage (I-V) char-4nq pase thickness reduced to decrease base transit time
acteristics of th(_a emitter-base junction gt bpth 25 andg hence speed. By selectively regrowing a heavily
30C°C. The relatively low hole concentration in the basedoped extrinsic base contact layer, the parasitic losses
at room temperature (a few ¥6m based on the Mg associated with the base contact resistance can be signif-

ionization level of ~0.17eV), leads to a strong influencgeanyy reduced. Potential candidates for the regraivn p

of the series resistance on the |-V characteristic. The |°W1aterial include GaAs (C) and GaP (C) which can attain
bias current at 30C is about an order of magnitude hole concentrations in excess of2kams. [17] The

higher than at due fo the increase of thermionic ain issue would then be hole transport across the het-
current. The improvement in base contact I-V character”'& " PO
erointerface, and compositional grading of the base

istic with increasing temperature is shown in Figure 3'material miaht also be necessar
As is fairly typical of p-contacts on GaN, the behavior is 9 Y-
really that of a leaky Schottky-barrier at room tempera4 Summary and Conclusions

ture. [10] [11] The best characteristics were obtaineq)\ GaN/AIGaN HBT operating at 360G has been dem-

?ef:]etr a?hnegls'??eth;tls\l'{A'A‘tuh?thzfgoa;?]rei?;ectse’mcogzts_reonstrated, using an MBE-grown structure. Mesa forma-
with p ports. '9 ng Peralurés,, has achieved with ICP &Ar dry etching,

the |-V characteristics degraded and in some cases bined with h ol h .
shorting of the devices was observed. We ascribe the gmbined with a wet etch clean-up step at the emitter-

observations to punch-through of the base metallizatio ase jtlmction..Base rgsistance limits the performgnce in
The base-collector junction forward 1-V characteris-th's initial device de;5|gn, but several options exist for

tics are shown in Figure 4. Similar comments apply aguture development in this area.
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Figure 1. Schematic of GaN/AlIGaN HBT
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Figure 3. Ni/Pt/Au base contact |-V characteristics &tC25

(top) and 30€C (bottom).
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Figure 4. HBT base-collector junction forward I-V
characteristics at 28 (top) and 30TC (bottom).
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Figure 5. Gummel plot for a §én diameter GaN/AlGaN HBT
at 300C.
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