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Abstract - InP based double heterojunction bipolar transistor
(DHBT) for RF circuit applications is fabricated using SSMBE
grown DHBT epi. In order to improve high speed performances,
we are focused on the vertical scaling and parasitic reduction.
Maximum fr of 321 GHz and f,;5 of 190 GHz are achieved for 1.0
x 10 um? devices at collector current density of 324 kA/cm? and
collector voltage of 1.3 V. Typical common emitter DC current
gan (B) and common emitter breakdown voltage (BV o) are
about 35 and 5.7 V, respectively. It is one of the highest f; ever
reported for any emitter-up bipolar transistors. This device
technology supports the promising potentia of InP/InGaAs/InP

DHBTSs for commercia millimeter-wave applications.

1. Introduction

In recent years, the millimeter-wave band system have
gained increased interest for system applications due to its wide
frequency spectrum, high data rate, and compact sized hardware
solutions. The majority of millimeter-wave circuits have been

implemented in InP-based or GaAs-based transistor technologies.

For high frequency applications, the operation frequency of
transistor is pushed steadily in higher frequencies. Among the
device technologies, InP based HBTs deliver superior high speed
performances to any other devices. To achieve the high cutoff
frequency (f;) and the maximum oscillation frequency (fiax),
which is the figure of merits for high speed performances, the
HBT design must: achieve low base and collector transit
times for high f;, balance the reduction in collector transit
time with the reduction in breakdown voltage and an
increase in Cg, mMinimize the base resistance (Rg),
minimize the extrinsic Ceg, and minimize the emitter contact
resistance (Rg). HBTs with high f and fo are reported in many
literatures [1-3]. While InP/InGaAs single heterojunction bipolar
transistors (SHBTS) have low breakdown voltages due to InGaAs
collector layer, double heterojunction bipolar transistors (DHBTS)
have high speed properties and high breskdown voltage a the
same time using InP collector layer.

In this paper, high speed InP/InGaAs/InP DHBT has been
developed. For the high fr, the vertical scaling by thin base and

collector is employed and the base layer is compositionally graded.



For the high f, the base-collector junction capacitance (Ccg) is
reduced by collector undercut process and base pad isolation

because fmax = (fT/8TCRBCCB)JJ2

. And the emitter metal widening
technique is employed to reduce emitter parasitic resistance. With
those techniques, the DHBT with 321 GHz f+, 190 GHz f ., and

5.7V BV o isfabricated.

2. Design of High Speed DHBT

Table 1. Epi layer description of the fabricated DHBT

Layer Conc. | Thickness
Composition
Description [em] [A]
INg.s3 Gaga7AS 3E19 1000
Emitter Cap 1N Gay)Al (1.x)AS 3E19 200
InP 1E19 900
Emitter InP TE17 700
Space INg.46 Gag54AS undoped 20
Base INGa10AS 8E19 250
Setback 1INy 53 Gag 47AS 2E16 200
Collector 1N Gay)Al (1x)AS 2E16 300
Delta Doping InP 1E18 30
Collector InP 2E16 1000
InP 1E19 200
INg.53 Gag 47AS 3E19 3000
Sub Collector
InP 1E19 100
INg.53 Gag 47AS 3E19 3000
Substrate Fe-doped Semi-insulated InP

The whole layer description is shown in Table 1. The
epitaxial layers of the fabricated DHBT are grown by Solid Source
Molecular Beam Epitaxy (SSMBE) on a Fe-doped semi-insulating
(100) InP substrate by IntelliEPI Inc. The InyGay)Al 1.x.)As layer
in emitter cap layersis linearly compositional graded, where the In
mole fraction is fixed, x = 0.53, and the Ga mole fraction is
linearly decreased from y = 0.47 to 0.20 toward the base to reduce

the conduction band discontinuity between emitter cap layers.

The base layer is highly doped to 8E19 cm™® to obtain a low
base sheet resistance. But this high doping concentration causes
the low DC current gain (B) due to Auger recombination in the
base. To compensate the low B, InyGai.gAs base layer is
designed to be thin to 250 A and linearly compositional graded
from x = 0.46 to 0.53 toward collector. This scheme, thin and
graded base, contributes to the improved fr.

The InP/InGaAgInP DHBT has the current blocking
problem because of conduction band discontinuity between base
(InGaAs) and collector (InP). Therefore the bandgap engineering
(or grading scheme) is another important issue for higher fr,
especialy for DHBT. So far various design schemes have been
proposed to avoid the current blocking effect, such as those using
a composite collector [4], InGaAsP graded layers [5], and
staggered band lineup of INP/GaAsSb/InP [6]. In our case, to
remove the discontinuity at the conduction band, the linearly
compositional graded In,Gay)Al 1..)AS layer is employed at the
collector, similar to the emitter cap design with Ings3 Gag47AS
setback layer. Additionaly, to compensate the reverse electric
field induced by the InyGay)Al)AS layer, delta doped InP
layer is introduced within collector layers [7]. Tota collector
thickness of 1500 A is employed for small space-charge time (tg).
Sub-collector layers are designed suitable to the undercut process

explained in reference [8].

3. Device Fabrication

We have fabricated DHBT using a conventiona mesa
structure. The summary of process seguence follows that an
emitter contact metal is evaporated, the emitter mesa is etched
with emitter metal mask, a self-aligned base metal is evaporated, a
base and collector mesais formed by wet etching, the polyimideis
coated for passivation and flattened by O, RIE until the emitter
metal is exposed, an emitter widening meta is evaporated,
residual polyimide is removed by O, RIE, sub-collector is etched

by wet etchant for device isolation and base pad isolation, a



collector and pad metals are evaporated, and a Au plating is
carried out. The comprehensive process sequence can be found in
[3]. In this work, the emitter and base metal width is 1.0um and
1.0 pm. The collector undercut process is carried out after base
and collector mesa formation using method suggested at [8]. The
schematic cross-section of DHBT isdepicted in Fig. 1.
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Fig. 1. Schematic of high speed InP DHBT

4. Device Results

A. DC performance

The measured -V curve of the fabricated DHBT with 1.0 x
10 pm? emitter areais depicted in Fig. 2. As shown, the common-
emitter dc current gain (B) of the DHBTs is about 35 at a collector
current density of 200 KA/cm?. The breakdown voltage of the
device at an open base, BV cgq, S 5.7 V. The sheet resistance and
specific contact resistivity of base is 872 Q/o and 1.4 x 10°® Qecm?,
respectively, measured using transmission line measurement
(TLM). The transfer length, L, expressed as (psc/Rsg)¥? is 0.4 um

and the base contact resistance is maintained low.

B. Microwave performance
The microwave performance of the fabricated DHBT is

characterized by on-wafer S-parameter measurements from 0.5 to
40 GHz using a HP8510C vector network analyzer (VNA). The
frequency dependences of current gain, Mason’s unilateral gain,
and maximum stable gain/maximum available gain are shown in
Fig. 3. The f; and f are obtained assuming a —20 dB/decade
frequency dependence of the current gain and Mason’s unilateral

gain, respectively. Fig. 4 shows the dependences of fr and f. On

collector current density at Vcg= 1.3 V. The f; and f of DHBT
are 321 GHz and 190 GHz at Ic= 26 mA and V= 1.3 V. The
forward transit time (tg = 1, + 1) associated with this device is
calculated to be T = 0.39 ps from the measured S-parameters. This
high cutoff frequency is obtained by applying vertical scaling
scheme at the base and collector epitaxia structure, which leads to
the reduced base transit time (t,) and collector delay time (tg).

Also, the grading of base layer leads to the further reduced base 1y,
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5. Conclusions

The high-speed InP based DHBT is fabricated using a
simple process technique. High frequency performances of f; =
321 GHz and fye = 190 GHz are obtained for a 1.0 x 10 pm?
emitter-up DHBT. The high cutoff frequency can be achieved by
using thin base/collector layer design and reducing parasitic. The
emitter metal widening, base-pad-isolation, and collector undercut
process are employed to reduce parasitic. Finaly the further
improvement of f.. is strongly expected by lateral scaling in the

geometrical layout.
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