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1. Introduction

InP-based HBTs are attractive for high-speed
owing to the excellent electron transport property of their
materials. The small surface recombination velocities
both in InP and InGaAs are also advantages for
high-speed/high-density IC’s  without a serious
degradation in the current gain. In this paper, InP-based
HBT’s have been optimally designed by numerical
simulation and fabricated by the self-aligned process. The
structure of HBT was designed in terms the current
gain*f_,, for the base and f;*f,,, for the collector. The
fabricated HBTs produced the current gain of about 50
and the cutoff frequency and the maximum oscillation
frequency of 87GHz and 294GHz respectively.

2. Device Design

The material parameters of InP/InGaAs such as
energy bandgap, band discontinuities and the electron
and hole effective mass parameters are obtained from the
literatures [1,2]. The doping dependence of the carrier
mobility and the minority carrier lifetime in the base
region was also considered in the material library[3] and
used for the simulation.

The npn epitaxial structure described at the Ref.[4] and
the effects of variations in the doping and thickness of
each layer were investigated to examine the influence to
the transistor performance. In each case, the layer
parameters were varied one at a time with all the others
fixed and then the effects examined. The effects of the
base doping were presented in Fig.1 in terms of f,,, and
fr for the various base doping with a fixed base width of
450A. The f,,, and f; increase with base doping and after
reaching the peak they decrease again due to the impurity
scattering. In addition, the high doping can induce the
out-diffusion of impurity, resulting in reduction of
current gain as shown in Fig.2a). Therefore, the optimum
doping density of base was extracted from the product of
the current gain and f,,, as indicated in Fig.2b).

The collector doping is also known to influence the
high frequency performance of the device since it effects
the collector series resistance and delay time. As shown

in Fig.3 the f; and f,,, were calculated for the various
collector doping with a fixed collector width of 3000 A.
As the collector doping increased, f; increased from
110GHz at 1x10'%/cm® to 126GHz at 7x10'%/cm’ due to
reduction in the base-collector space charge region width
that results in a reduction in the collector delay time and a
corresponding increase of f; as shown in Fig.3.
Simultaneously, f, decreases as the collector
capacitance increases with doping density. In Fig.4 the
optimum collector doping density was extracted from the
product of £*f ..

Based on the above results, an optimized device
structure was obtained as in Table I. The collector InP
was inserted for the selective etching of InGaAs collector
out of the sub-collector. The thickness of InP emitter is
designed to be thick enough to prevent the electrical short
between the emitter cap layer and the base when
fabricated by self-align process.

3. Device fabrication

Based on the structure we fabricated the self-aligned
HBTs. The selective wet etching of InP by HCI based
solutions produces strong an-isotropic effects that depend
on crystal orientation[5]. To make the edges of the masks
parallel to the [010] and [001] crystal directions allowed
the use of rectangular emitters while still avoiding the
lack of undercut in the [011]. The first process step was
the emitter formation by a wet of the emitter
cap(InGaAs) and of the InP emitter. Fig.6 shows SEM
images of device cross section whose edge is parallelly
deployed to the [010] and [001] directions. The mesa
produced the effect of the crystal orientation. The InP
emitter serves as mask for the formation of a wet-etched
undercut. The Ti/Au emitter- and base metal was
deposited by evaporation and patterned by the lift-off
technique. Subsequently, the base/collector mesa was
formed by wet-etching and Ti/Au collector metal was
deposited. In Fig.7 a Gummel plot of self-aligned
InP/InGaAs HBT is measured by HP4155A and
presented. The current gain was about 50 as similar as the
design.
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4. Conclusions

We have designed and fabricated InP/InGaAs HBTs.
The current gain, f,, and f; were obtained as the
designed.
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Fig. 1 The calculated (a)f,,, and (b) f; as a function of the base
doping.
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Fig. 2 The calculated (a) current gain and (b) the current gain*f_
as a function of base doping.
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Fig. 3 The calculated (a) f; and (b) £, as a function of collector
doping
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Fig. 4 The calculated f;*f_,, as a function of collector doping

Table I The epitaxial structure of InP/InGaAs HBT

Layer Material Thickness(A)  Doping(cm?)
Cap N*-InGaAs 1000 3x10Y
N*-InP 500 2x10%
Emitter N-InP 1500 3x10"

Base i-InGaAs 50 -

p*-InGaAs 450 4x10%
Collector n-InGaAs 3000 1x10'
N-InGaAs 500 5x10%
N-InP 300 5x10%
Subcollector n-InGaAs 4000 5%x10"
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Fig. 5 The alculated (a) current gain (b) f;, f,,, of the optimum

device
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Fig. 6 The cross-sectional SEM view of InP/InGaAs HBT
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Fig. 7 The Gummel plot of the self-aligned 80x320um* HBT



