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Bandwidth Enhancement in an Integratable SiGe
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Abstract—In this letter, we create a path to remove excess car-
riers in the base region of a SiGe phototransistor (HPT) by intro-
ducing the trap centers. The behavior of the trap centers in the
SiGe heterojunction bipolar transistor (HBT) is a form of nonideal
(nkT) base current. The responsivity of the device is 0.43 A/W
with fully SiGe HBT-compatible device structure to facilitate the
integration of the following amplification circuitry. The full-width
at half-maximum of the pulse is 90 ps and the tail of the op-
tical pulse response is largely reduced with the nkT current. By
reducing the tail, bandwidth is increased from 1.5 to 3 GHz. This
proposes SiGe HPT is applicable for optoelectronic technology.

Index Terms—Bandwidth, nonideal (nkT) base current, SiGe.

I. INTRODUCTION

S iGe phototransistors (HPT) with SiGe–Si multiple quantum
well (MQW) absorption layers have been demonstrated

with high responsivity, high bandwidth, infrared (1.31 and
1.55 m) detection ability, and can be used for high-speed op-
tical communication applications [1]–[3]. The optical impulse
response shows the pulse width is as low as 200 ps, which
could have gigahertz operation ability. However, the 3-dB
bandwidth is limited to 500 MHz after Fourier transform due
to the serious signal tail while the optical input pulse shutoff.
Moreover, the photodetectors with multigigahertz bandwidth is
highly demanded for the future high-speed optical communi-
cation. Methods should be developed to eliminate the long tail
in a HPT and then increasing the bandwidth to multigigahertz.
In addition, to facilitate the integration with the following
amplification circuitry, the SiGe–Si MQW absorption layers
can be removed for the 850-nm wavelength detection.

The tail in a Si photodetector is generally described by the ab-
sorption of Si substrate that exhibit a long diffuse time. The con-
tribution form substrate absorption is verified experimentally by
measuring the pulse signal of a Si photodetector fabricating on
a silicon-on-insulator substrate that could blocking the substrate
signal [4]. However, in an HPT, the photocurrent from the light
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absorption in the base-collector depletion region is amplified
by 100 times due to the “HPT” operation. As compared to
this photocurrent, the absorption from the substrate should be
a minor term that should not responsible for the serious tail in
the pulse measurement. Instead, the photogenerated holes ac-
cumulated in the base–emitter could possible be the origin of
the tail [5]. The accumulated holes in the base need a recovery
time back to equilibrium state. At the meantime, the carriers still
affect the base–emitter junction that could induce the electrons
flow and cause the tail in the pulse measurement. In order to im-
prove the speed performance of HPTs, dc bias voltage or current
across base–emitter junction is necessary [5]. However, these
traditional approaches will result in huge dark current, large
power consumption, and reduction in operation gain [5]. In our
demonstrated SiGe HPTs, by using the nonideal base current
(nkT current) to remove the excess carriers in the base–emitter
junction, the speed performance can be improved significantly
without increasing dark current seriously. A fully integratable
3-GHz bandwidth SiGe HPT is demonstrated, the speed perfor-
mance can be improved significantly without increasing dark
current seriously.

II. DEVICE DESIGN

The path for the excess carriers removing after the optical
pulse shutoff can be provided by the means of the nkT current at
low currents in the Si or SiGe bipolar transistor. The nkT current
is either the generation/recombination current in the trap cen-
ters of the base–emitter junction or the tunneling current due to
the high doping at the base–emitter junction [6]. The trap cen-
ters for the recombination usually locate at Si-SiO interface.
The Si-SiO interfaces in SiGe HBT are either between the ex-
trinsic-base and poly-silicon emitter (the spacer oxide) or at the
isolation edge (local isolation or shallow trench isolation) [7].
The trap centers are in generally the oxidation-induced defects,
or the bond breaking by the hot carriers. Thus, trap centers either
exist in the fresh HBT or can be generated by base–emitter re-
verse-bais voltage stress or forward-base current stress [6], [7].
The high energy carriers could inject into the oxide and creating
traps at oxide/Si interface by breaking weak bonds. The base
leakage current was found to increase after the stress [8]. Two
SiGe HPTs were used in this experiment, one (Device B) has
very clear nkT current, another (device A) does not. The nkT
current is selected from the “fresh” HBT to omit the un-control-
lable stress during the measurement. The fabrication process of
SiGe HPT is described in detail elsewhere [3], [9]. The Gummel
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Fig. 1. Gummel plot of the SiGe HPT.

Fig. 2. Photocurrent and responsivity of the MQW HPT at 850-nm light
illumination. Inset shows the photocurrent to input optical power relationship.

plot of the HPT is shown in Fig. 1. These two devices have al-
most the same collector current to focus on the effect of the base
current. Device A has near-ideal bipolar performance, while de-
vice B has clear nkT current. The current gain for both devices
is 100.

III. RESULTS AND DISCUSSION

The photocurrent is measured by a continuous laser with
center wavelength at 850 nm. The output power is 180 W.
The laser is coupled to the device by a fiber probe. The bias
and photocurrent were supplied and collected by a HP 4156
parameter analyzer. The photocurrents of device A and B are at
range of for the entire bias range. The responsivity
at 2 V for device A and B are 0.36 and 0.43 A/W, respectively.
Inset of the Fig. 2 shows the photocurrent versus optical power

W at bias of 0.5, 1, and 2 V for a SiGe HPT.
The linear and bias voltage independent behavior indicates that
the HPT is suitable for optical communication. The respon-
sivity is smaller than the previous result, 1.2 A/W [3], might
be due to the remove of the SiGe MQWs. However, this value
is useful for the optical communication applications. The dark
current of device B as low as 5 pA m is obtained. Regarding
the nkT base current, the back flow holes generated from
base–collector impact ionization process would not induce

Fig. 3. Pulse response of SiGe HPT at 827-nm and 50-ps pulse laser
illumination with the applied voltages of 2 V.

Fig. 4. Frequency response of the SiGe HPT after Fourier transform. The
bandwidth is �3 GHz for device B.

extensive electron into the collector at the base open condition,
due to the negligible current gain [6]. Therefore, a device with
nkT base current could have lower dark current. The optical
pulse response is performed similar to the DC measurement,
except the laser is replaced by a HAMAMTSU pulse laser
centered at 827 nm. The pulse width is around 50 ps. The pulse
response is recorded by a Tektronix digital sampling scope.
Fig. 3 shows the pulse response of a SiGe HPT at V
and V. The rise time for sample A and B is 50 ps
and the full-width at half-maximum of the pulse response is

85 ps for device A and 93 ps for device B. The behavior at
fall time for two devices is quite different. The device A has
more serious tail. The tail was largely reduced in device B.
Fig. 4 shows the frequency response of device A and B after
Fourier transform. The 3-dB bandwidths for device A and B
are 1.5 and 3 GHz, respectively. The remove of tail cause the
dramatic bandwidth increase from 1.5 to 3 GHz. The reduction
of the tail at pulse measurement also indicates that the tail has
come from the excess carriers, not the substrate absorption.
The assumption of creative a path to remove the excess carriers
after optical pulse takes effect, since the different between
device B and A is, one has nkT current and the other one has
not. Furthermore, the cut-off frequency and unit power
gain frequency are appeared in high current range
for SiGe HBT that the low voltage leakage current would not
affect these values. Yang et al. [10] reported the has only
slightly degraded after the stress. Therefore, the performance of
following amplify circuit would not affect by the introduction
of nkT current at SiGe HPT.
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IV. SUMMARY

In summary, we report a high bandwidth of SiGe HPT by in-
troducing the recombination path for excess carriers and remove
the SiGe–Si MQWs. The path for the excess carriers to remove
is the traps centers at Si-SiO interface and behave as the nkT
current in the Gummel plot. The tail in the pulse response is re-
duced and the bandwidth is largely increased from 1.5 to 3 GHz
by introducing that path. The 3 GHz bandwidth is fully suitable
for 2.5 Gb/s optical communication applications and the inte-
grated optoelectronic circuit can be realized in this SiGe HPT
structure.
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