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Thermal effect on current gains of an AlGaAs/GaAs
heterostructure-emitter bipolar transistor
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The temperature effect on current gains is presented for an AlGaAs/GaAs heterostructure-emitter
bipolar transistor~HEBT!. Experimental results show that the HEBT has much less temperature
sensitivity in current gain than a heterojunction bipolar transistor. The current gains for the HEBT
are almost constant with the substrate temperature at a high current regime. This indicates that the
HEBT could be a good candidate for power applications. ©1999 American Institute of Physics.
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Recent development indicates that GaAs heterojunc
bipolar transistors~HBTs! will play an increasing role in
present and future microwave and millimeter-wave pow
applications.1 Although AlGaAs/GaAs power HBTs hav
been widely used,2 the issue of the power AlGaAs/GaA
HBT is that the current gain decreases with the increas
temperature which results in the negative differential re
tance. The main reason of gain degradation for AlGa
GaAs HBTs is the low valence band offset (DEv) at the
heterojunction,3 assuming that the hole current injected fro
the base to the emitter is diffusion limited. If, however, t
mechanism of the hole current is dominated by thermio
emission rather than diffusion, the temperature depende
of current gain will be modified. The heterostructure-emit
bipolar transistor~HEBT!, with separate electron injectio
and hole confinement,4 has been proposed by taking adva
tage of both special features of heterojunction and hom
junction. It can effectively eliminate the emitter potenti
spike and offer low offset voltage.5 The heterostructure emit
ter can also slow down the degradation caused by base
ant outdiffusion which improves the device’s reliability6

Moreover, HEBT structure is like a poly-Si BJT in which th
hole current injected from the base to the emitter is likely
be dominated by thermionic emission at high temperatu7

Since the thermionic emission current has a temperature
pendence of;T2 plus an exponential factor, the current ga
can become less dependent on the junction temperatur
was recently demonstrated that the current gain of an InG
GaAs HEBT increase along with the increase of tempera
were observed due to thermionic emission curr
dominant.8 In this letter, we present experimental results
the temperature dependence of the current gain for AlGa
GaAs HEBTs. It is shown that the current gain of the HEB
is much less sensitive to temperature variation than that
normal AlGaAs/GaAs HBT. The current gain is found to
almost constant with increasing temperature for the HEBT
the high current regime.

a!Electronic mail: yfyang@gscincorp.com
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AlGaAs/GaAs HEBTs were grown by molecular bea
epitaxy on a Sl GaAs substrate. The HEBT structure cons
of a 5000 Å GaAs subcollector layer (n5331018 cm23), a
5000 Å GaAs collector layer (n5131016 cm23), a 800 Å
GaAs base layer (p5131019 cm23), a 300 Å GaAs emitter
layer (n5131017 cm23), a 500 Å AlxGa12xAs confine-
ment layer (n5331017 cm23, x50.3), a 500 Å
Al xGa12xAs graded layer (n5331017 cm23, x50.3– 0), a
1000 Å GaAs emitter cap layer (n5431018 cm23), and a
600 Å graded InxGa12xAs ~x from 0 to 0.5! contact layer
(n5531018 cm23).Si and Be were used asn- and p-type
dopants, respectively.

HEBTs were fabricated using the conventional me
structure. A thin depleted AlGaAs ledge was employed a
passivation layer on the extrinsic base surface to reduce
surface recombination current. Figure 1 shows the cross
tion of a typical HEBT. A large emitter size of 403100mm2

was used to further reduce the periphery effect on the cur
gain. After the HEBTs were fabricated, the devices we
packaged in a chip carrier. Gummel plots at a base-colle
bias of 0 V were measured at the temperature range from
to 175 °C. Since the base collector was biased at 0 V,
device junction temperature was assumed to be the sam
the substrate temperature,Tsub.

A typical Gummel plot of the HEBT at room tempera

FIG. 1. Cross section of the AlGaAs/GaAs HEBT.
5 © 1999 American Institute of Physics
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ture is shown in Fig. 2. A current gain~b! of 52 at room
temperature was obtained. The ideality factors of collec
and base currents are 1.16 and 1.80, respectively. Figu
shows the current gain versus collector current at vari
substrate temperatures for the AlGaAs/GaAs HEBT. T
current gain is almost constant atTsub,100 °C and become
slightly lower atTsub.100 °C. It is noted thatb remains the
same at the high current regime. Figure 3 shows the cur
gain, normalized by its value at room temperature, as a fu
tion of the substrate temperatures at the collector cur
densities (Jc) of 250 A/cm2. The experimental data from
Ref. 9 are also shown in Fig. 4 for comparison. The curr
gain of the HEBT atTsub of 175 °C is reduced by only 10%
for Jc of 250 A/cm2. In comparison,b for the HBT decreases
by 65% at a higherJc and its drop is even more pronounce
at low Jc .3,9 It is noted that the current gain of the HEB
shown in Fig. 4 is at aJc about a hundred times lower tha
that of the HBT.9 If the gain was obtained at a higherJc , the
drop in gain for the HEBT would have been even less s
nificant. It is evident that less temperature sensitivity in

FIG. 3. Current gain vs collector current for the HEBT at various subst
temperatures.

FIG. 2. Gummel plot of the HEBT at room temperature.
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current gain was obtained for the HEBT than that of t
HBT.

The basic reason for the current gain degradation w
temperature in an AlGaAs/GaAs HBT is the small value
DEv , based on the assumption of the diffusion domina
hole current.9 Since the heterostructure emitter is similar
the poly-Si emitter, the hole injection from the base to t
emitter is controlled by thermionic emission at hig
temperature.7 We note that the thermionic emission curre
has a temperature dependence of;T2 plus an exponentia
factor, while the diffusion current has a temperature dep
dence of;T3 plus an exponential factor. Hence, the curre
gain will be less dependent on the junction temperature w
the hole current is dominated by thermionic emission. T
detailed analysis will be given in a future publication. Th
above results showed that even though the value ofDEv for
AlGaAs/GaAs material system is lower than that of t
GaInP/GaAs system, the degree of temperature depend
of b for AlGaAs/GaAs HEBT is comparable to that o
GaInP/GaAs HBT.

In summary, we have reported a significant difference
the temperature dependence of the current gain betw
HEBTs and HBTs. It is shown that the current gain for t
HEBT is much less temperature sensitive and almost c
stant with increasing junction temperature at a high curr
level. This suggests that the performance of an HEBT is
obviously degraded at high temperature. If HEBTs are u
for power amplifier, the power performance could be im
proved because the power device often operates at high
perature.

This work was supported by CRCG grant to two of t
authors~H.B.L. and E.S.Y.! and RGC Grant No. HKU7057
98E.
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FIG. 4. Normalized current gain vs substrate temperature for the HEBT
this work atJc5250 A/cm2 and HBT Jc52.53104 A/cm2 from Ref. 9.
The current gain is normalized by its value at room temperature.
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