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Ultra High-Speed InP/InGaAs SHBTs with f, of 210GHz
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Abstract: Polyimide passivation and planarization process techniques for high speed InP/InGaAs single heterojunction bi-
polar transistors (SHBTS) are developed. A maximum extrapolated f, of 210GHz is achieved for the SHBT with 1. 4pm X
15pm emitter area at Vg = 1.1V and I¢ = 33. 5mA. This device is suitable for high speed and low power applications,such
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as ultra high speed mixed signal circuits and optoelectronic communication ICs.
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1 Introduction

InP HBTs have inherent material advantages
such as high electron saturation velocity and high e-
lectron mobility, making them suitable for ultra high
speed mixed signal circuits and optoelectronic com-
munication ICs""' . Although InP-based double hetero-
junction bipolar transistors ( DHBTS) have higher
breakdown voltage than single heterojunction bipolar
transistors ( SHBTS), InP-based DHBTs require a
complicated epitaxy layer structure to overcome the
current blocking effect at the base-collector junc-
tion*' . In this paper,an InP-based SHBT with a sim-
ple epitaxy layer structure using polyimide passivation
and planarization process techniques is reported. The
device shows excellent DC and RF characteristics
which is suitable for high speed and low power optoe-
lectronic applications™’ .

We have successfully fabricated InP-based SHBTs
with f, of 178GHz" using a base p-bridge and an e-
mitter air-bridge process technology. But the base p-
bridge and emitter air-bridge process technique has
shortcomings that are difficult to overcome. First, be-

cause the p-bridge is formed by the undercut of the
5]

wet-etching process-> ,over-etching is needed to form
the p-bridge. But the degree of over-etching is diffi-
cult to control, because if the over-etching is insuffi-
cient,the p-bridge will not be successfully formed.and
the parasitic effects of the device will increase and
the RF performance of the device will degrade great-
ly. However, in contrast, excessive over-etching will
increase both the emitter resistance and the base-e-

mitter gap resistance, leading to degradation in RF
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performance'® . Moreover, excessive over-etching can
destroy the emitter especially when the emitter is very
narrow. Second, since there is only one microbridge
connected to the emitter, the heat dissipation efficien-
cy degrades.

In this
process techniques using polyimide are developed,and
an ultra high-speed InP/InGaAs SHBT with f, of
210GHz is reported. Compared with the original p-

paper, passivation and planarization

bridge process,this technique does not need excessive
over-ctching,so the emitter resistance and the base-e-
mitter gap resistance are smaller and the stability of
the process is improved. Also, because this technique
uses direct emitter contacting, the heat dissipation will
be more efficient on the emitter through the wider
metal. Moreover, this technique lays the foundation
for the realization of multilevel interconnects in the
InP HBT process.

2 Design and fabrication

The epitaxial layer of the HBTs is grown by mo-
lecular beam epitaxy on a Fe-doped semi-insulating
(100) InP substrate. The layer structure is listed in
Table 1. Compared with the epitaxial layer structure
in Ref.[4],the total thickness of the emitter-cap lay-
er and the emitter is reduced from 270 to 200nm. Be-
cause the wet etching process is used,a thinner emit-
ter will result in smaller undercut that leads to smaller
emitter and base resistances’” . Furthermore, the
thickness of the base is reduced from 50 to 40nm be-
cause a thinner base results in a shorter base transit
time, which leads to higher current gain cutoff fre-
quency. The thickness of the collector is also reduced
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Table 1 Layer structure for the InP/InGaAs SHBT
Layer Thickness/nm Dopant Doping/cm™® \
Ing.53Gag. 47 As 40 Si 3X10%
InP 90 Si 3X10%
InP 10 Si 1x1018
InP 60 Si 3X 107
Ing.53Gag.a7 As 5 Undoped —
Ing.53Gag.47 As 40 Be 3x101°
Ing.53Gag.47 As 40 Si 1x101
Ing.53Gag.a7 As 5 Si 5X1017
Tno. 55 Gao.47 As 200 Si 1x101 Fig.2 SEM picture of the fabricated HBT with 1. 4pm X 15m
Ing.s3 Gao.47 As 30 Si 1x10" emitter
InP 10 Si 1.5%x10"
Ino.53 Gag. 17 As 50 si 3% 101 3 Device measurement results
InP 300 Si 3X10Y

InP substrate

from 350 to 275nm, resulting in a higher cutoff fre-
quency. The fabrication process was as follows. First,
the device was fabricated using a standard three-mesa
process (Fig.1(a))"* . Then,two Ti/Au posts were e-
vaporated on both the base metal and the collector
metal. The posts move the height of the base metal
and the collector metal to the same level as the emit-
ter metal. Next, polyimide was coated, and then
etched by oxygen RIE until the emitter metal and two
posts were exposed (Fig. 1(b)). Finally, Ti/Au was e-
vaporated to form the bridge and the pad. The SEM
picture of the fabricated HBT is shown in Fig. 2.
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Fig.1 Process flow (a) After traditional three-mesa process;

(b) After planarization with polyimide

3.1 DC performance

DC common-emitter characteristics of the HBT
with 1. 4pm X 15um emitter are depicted in Fig.3. The
small signal current gain at DC () is 91 and the com-
mon emitter breakdown voltage (BR¢go) is 3. 3V. The
measured base sheet resistance is 21840/ 0 . and the
specific contact resistivity is 2. 4X107°Q » cm®.

3.2 RF performance

The RF performance of the fabricated HBTs was
characterized with an HP 8510C network analyzer.
Figure 4 shows the current gain (H, ) and the Ma-
son’ s unilateral power gain (U). Extrapolating at
—20dB/decade, [, and [ are 210 and 56GHz, re-
spectively,at V. =1.1V and I. = 33. 5mA. We have
used Mason’s unilateral power gain for extrapolating
fmax instead of MAG because it is independent of tran-
sistor configuration (whether common-base or com-
mon-emitter) ,and it is independent of any pad para-
sitic®.

4 Discussion

We have successfully improved the f, of the de-
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Fig.3 Common emitter V.-, characteristics of the HBT with
1. 4pm X 15,m emitter
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Fig.4 Frequency dependencies of H, and Mason’s gain

vice from 178! to 210GHz, but the f,,, is disappoint-
ing. We now estimate fn. according to Eq. (1),
Here, Ry, is the base resistance and C,, is the base-
collector capacitance.

froax =V fi/81Ry, Co (L
Ry, can be calculated from Eq. (2)"", where p, is the
sheet resistance in the base, pc is the base specific
contact resistivity, L. is the length of the emitter, W,
is the emitter width, W, is the base metal width,and
W is the width of the base-emitter gap caused by un-
dercut. The measured base sheet resistance is 21840/
[ ],and the base specific contact resistivity is 2.4 X
107°Q + em*. With these parameters, we get a 76. 50
base contact resistance,a 10. 9Q base-emitter gap re-
sistance,and a 16. 9Q) base spread resistance,so the to-
tal base resistance is 104().
Ry = Ry.contaet T Rgap + Rsprcad
:Jz%coth<Wb ,‘Z_Z>+ 32\2/:1)+‘61% (2)
C., is extracted from the S-parameter by plotting the
imaginary part of y;; versus the frequency
(Fig. 5. From Fig. 5,we find the C,, of the device
is about 35fF.

For the fabricated HBT with 1.4pm X 15pm
emitter area, f, is 210GHz, Ry, is 104Q, and C, is
35fF. With these parameters, the estimated f,. ac-
cording to Eq. (1) is 47. 8GHz, which is very close to
the extrapolated [, of 56GHz.
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Fig.5 Frequency dependency of Imag ( yi,)

The base sheet resistance and base specific con-
tact resistivity in Ref. [10] are 600Q/[] and 2.3 X
1077 Q « cm® ,respectively , while our measured param-
eters are 2184Q/[] and 2.4 X 10 °Q + cm®. The base
sheet resistance and the base specific contact resistivi-
ty are too high,leading to very high base resistance.
This base resistance is the most important reason why
the f, of the device is very high but the [, remains
very low. The current gain (8 at DC of our device is
too high compared with Ref.[11],s0 we can deduce
that the doping density of the base does not reach our
expectations, which is why the base sheet resistance
and the base specific contact resistivity are so high.

5 Conclusion

Ultra high speed InP/InGaAs SHBTSs are fabrica-
ted with a polyimide passivation and planarization
process. By optimizing the epitaxial layer structure,a
high frequency performance of f, = 210GHz is ob-
tained with an emitter area of 1. 4pm X 15pm. As far
as we know, this is the highest f, ever reported for
InP-based SHBTs in China.
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