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InP/InGaAs Heterojunction Bipolar Transistor with Base
p-Bridge and Emitter Air-Bridge”
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Abstract: An InP-based single-heterojunction bipolar transistor (SHBT) with base p-bridge and emitter air-bridge
is reported. Because those bridges reduce parasitic capacitance greatly, the cutoff frequency fr of the 2pm X
12. 5um InP SHBT without de-embedding reaches 178 GHz. It is critical in high-speed low power applications,such
as OEIC receivers and analog-to-digital converters.
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1 Introduction

InP/InGaAs SHBTs have many advantages
for high-speed and low power applications owing
to the excellent properties of InP and InGaAs"",
although they suffer from low breakdown volt-
age'” . In order to improve the performance of
InP/InGaAs SHBTs,many technologies have been
developed to minimize its parasitics®* . Most of
these technologies deal with the parasitic base-
collector capacitor (B-C capacitor), base-emitter
capacitor (B-E capacitor), and base resistance.
The presence of extrinsic base and emitter pads
contributes to a fairly large portion of the B-C ca-
pacitance and B-E capacitance. However, the re-
duction of the extrinsic base or emitter pad area
by narrowing their width directly introduces high-
er resistance and reactance'”’. Some research on
InP/InGaAs HBT has been done previously. For
example,a self-aligned InP/InGaAs SHBT using a
T-shaped emitter was reported by Su et al.'® . In
his work, the current gain cutoff frequency and
the maximum oscillation frequency of the device
were 85 and 72GHz,respectively. The fr of a self-
aligned InP/InGaAs SHBT with a 1pym emitter re-
ported recently was 162GHz, and the f,. was
50GHZ™ . In addition, an InP/GaAs, s Sb, s/InP
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DHBT with f; higher than 100GHz was reported
by Xu and Watkins™' . However, they do not give
an cffective method to reduce parasitic capaci-
tance and inductance.

An HBT with base p-bridge and emitter air-
bridge is reported in this paper. Self-aligned emit-
ter technology is utilized to reduce parasitic base
resistance. Due to the effect of bridges and self-a-
ligning. the cutoff frequency fr of the Z2pm X
12. 5ym InP/InGaAs HBT without de-embedding
reaches 178GHz at a collector current of I =
33. 7mA. The maximum oscillation frequency fo..
is 60GHz,the maximum DC gain is 87. 5,and the
offset voltage is 0. 10V.

2 Design and fabrication

It is well known that the selective wet etching
of InP by HCI: H;PO, has strong anisotropic
effects . The etching rate is higher in crystal di-
rections parallel to [001] and [010]. The lack of
undercut under the emitter edge parallel to the
[011] direction makes self-aligned structures im-
possible without massive over etching'®’ . The etch-
ing rate in directions parallel to [001] and [010]
is so high that it is fatal to narrow emitter HBTs.
For forming p-bridges and self-aligning, [ 011 ],
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[001], and [010] are all available directions.
However,only in the direction parallel to [011] is
the etching rate appropriate to form a self-aligned
emitter. In order to avoid a short circuit in the di-
rection parallel to [011] between the base and e-
mitter, it is wise to use a hexagonal emitter metal
design“".

The base pad of one kind of conventional InP
HBT is shown in Fig.1(a). The base and collector
regions overlap under the base metal outside the
intrinsic HBT. This apparently increases parasitic
B-C capacitance. The emitter pad has the same
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Fig.1 (a) Base and emitter pads of conventional InP
HBT; (b) SEM picture of a base p-bridge between
base pad and intrinsic HBT formed by lateral etching
of InGaAs and InP

problem,which increases the parasitic B-C and B-
E capacitances. Thus the performance of the HBT
will increase greatly if these parasitics are mini-
mized. The use of base a p-bridge and emitter air-
bridge is an effective way to solve the problem. If
the base electrodes are connected to the pads
through a metal bridge under which there is no
epitaxial layer, as shown in Fig. 1(b), then the

parasitic capacitance under the pads is open-cir-
cuit and will almost never affect the performance
of the HBT. The formation of a base p-bridge also
makes use of the strong anisotropic effects of InP
just mentioned before. Owing to the lateral etch-
ing in the direction parallel to [011],the InP and
InGaAs materials under the base metal between
the intrinsic base and base pad can be removed
with long enough etching time. The emitter air-
bridge connects the emitter to the pad by forming
a wide metal over the collector in the air. It re-
duces parasitic capacitance and emitter induct-
ance.

In this work, base p-bridge, emitter air-
bridge, and self-aligning technologies are used.
The emitter is designed to be hexagonal. In order
to minimize the B-C capacitance,the width of the
base metal is designed to be only 1pm. The fabri-
cation process is as follows.

The epitaxial layers are grown on Fe-doped
semi-insulating (100) InP substrate by MOCVD.
Silicon is used for n-type dopant, and beryllium
(Be) for p-type dopant. The emitter contact layer
and sub-collector layer are both InGaAs. A 120nm
thick InP layer is grown as the emitter. The base is
InGaAs with a thickness of 50nm and p-type car-

®. A 5nm un-

rier concentration of 3 X 10" cm~
doped InGaAs layer between the emitter and the
base is for stopping the diffusion of Be impurity
from the base to the emitter. InGaAs is used for
both the base and the collector, which enhances
the speed of the SHBT.

The devices are fabricated using a standard
mesa process with wet chemical etching and con-
tact photolithography. The fabrication process
starts with the formation of the 2pm X 12. 5um e-
mitter electrodes on the top of the InGaAs layer
by photolithography and the lift-off technique.
Selective wet etching is used to form an appropri-
ate undercut around the emitter mesa and to re-
veal the base layer. The base metal of Ti/Pt/Au is
then evaporated over the base region, including
the entire emitter metal. Base and collector layers
are etched, and then the sub-collector layer is
etched until the semi-insulating InP substrate is
revealed. During all these etching processes, the
base arca between the base pad and the intrinsic
HBT is uncovered by photoresist,and lateral etch-
ing is used. Because the etching time is long e-
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nough,the InP and InGaAs are removed from un-
der the bridge metal which forms the p-bridge.
After Ti/Pt/Au for the collector ohmic contact is
evaporated and lifted-off,a very thick photoresist
block is formed over the collector metal. An inter-
connection metal is then evaporated to connect
the clectrodes of the transistors to the pads. After
the photoresist is removed, the emitter air-bridge
is formed. A scanning electron micrograph (SEM)
image of the device is shown in Fig.2.

Fig.2 SEM image of the 2pm X 12. 5ym InP SHBT

3 Results and discussion

The common emitter output characteristics
are shown in Fig.3.where the offset voltage is ap-
proximately 0. 1V, the knee voltage is 0. 3V at I
=7mA,the common emitter breakdown voltage is
3.8V ,and the current gain is about 87.5 at I =7
mA.

InP SHBT(71)with E&B air bridges
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Fig.3 Collector I-V and RF characteristics of the
2pmX12. 5um InP SHBT

RF performances of the InP/InGaAs HBTSs
are characterized with an HP8510C network ana-

lyzer. The current gain and the maximum stable/
available gain ( MSG/MAG) for the 2um X

12. 5pm HBT are also shown in Fig. 3. The extrap-
olated fr is 178 GHz and [, is 60GHz. f1 and f .
reach their maximum values at I. = 33. 7mA. The
measurement is taken without de-embedding.

Figure 4 shows a comparison of the RF per-
formance of three kinds of InP HBTs on the same
wafer. All the three kinds of HBT are fabricated
with self-aligned technology. However, the InP
HBT with base p-bridge and emitter air-bridge
shows the highest cutoff frequency. The fr and
fma of the 2um emitter InP HBT with the air-
bridges, conventional 1ym emitter InP HBT, and
conventional 2ym emitter InP HBT are 178GHz/
60GHz,162GHz/53GHz.and 142GHz/42GHz.re-
spectively. Therefore the bridges noticeably re-
duce the parasitics.
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Fig.4 Comparison of current gain, maximum stable/
available gain of InP HBTs on the same wafer among
HBT with air-bridges and two conventional InP HBTs
with different emitter widths

According to Eq. (1), fr shows an increasing
trend when Cyc and Cj are reduced. In this work,
the base p-bridge reduces the base collector capac-
itance Cpc and the emitter air-bridge reduces Cye
and C,. so that a high f: is achieved.

fT = %T X [%(C‘Jc + CBC) +

X -1
b +@+<RE+RC)CBC] (D
1JDn 2Vsat

As shown in Fig. 4, the [, of all three kinds of
HBT are about 100GHz lower than fr. fu.. is de-

:’\/fT/STfrBCBC o
Although Cyc is reduced by using a base p-bridge
and emitter air-bridge,the undoped InGaAs layer
between base and emitter increases the base sheet
resistance greatly, leading to high parasitic base
resistance. Thus fn.. is decreased'™ . However, this
is not the main reason.

scribed by the equation f,.
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The S,, value of the open testing pads is
measured, which represents the coupling of the
signal between the input pad and the output pad.
The coupling effect cannot be eliminated if the
measurement is taken without de-embedding. As
shown in Fig.5,at low frequencies,the S;, of the
open testing pads is very small compared to the
S, of the InP HBT. However, at high frequen-
cies,the S, of the open testing pads is comparable
to that of InP HBT. According to the equation

s =[5,
MAG = ‘g_]i (K -VK* =1
where
K — L=ISul" —ISul" 1Al

2|SIZ SZI|
fmax 18 proportional to 1/| S, | . At high frequen-
cies, the signal coupling gets stronger, and that
leads to high

S| and low foay-
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Fig.5 S, of the InP HBT and the open testing pads

4 Conclusions

An InP HBT with high cutoff frequency is
fabricated by a conventional wet chemical etching
process. Because base p-bridge,emitter air-bridge,
and self-aligned technologies are used,which min-

imize parasitics, the cutoff frequency of the Zum
X 12.5pm InP/InGaAs SHBT is as high as 178
GHz. However,the measurement is taken without
de-embedding and the signal coupling between
testing pads cannot be eliminated,so the extrapo-
lated [, is only 60GHz.
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