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change in bandgap for the same bias and similar dop-
. . Ic sige AEg
ing can be approximated as ——— = exp [————
csi kT
[4]. For a composition of SiggGeyq, this exponential
increase in emitter efficiency at room temperature is

approximately a factor of ~ 500. Achieving such
improvement requires careful consideration of the loca-

tion of the heterojunction with respect to the doping
junction, however [5].
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Room temperature Gummel plots of I and Iy vs.
Vgp for HBT’s with varying amounts of Ge in the
base (and hence different bandgaps) are shown in Fig.
2 and Fig. 3 [6]. As the Ge content in the base is
raised, the collector current increases monotonically as
expected. Also important is that the base current does
not change as Ge is added to the base, as expected
from the band diagram in Fig. 1. Such base current
results require high lifetimes in the Si;_,Ge, layers,
and to date have been obtained by Rapid Thermal
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Fig. 2. Collector current vs. Vgg for an all-
silicon control device and HBT’s with vary-
ing amounts of Ge in the base (0-20%
graded, 7-20% graded, 13-15% graded, and
20% flat).
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Fig. 3. Base current vs. Vgp for the devices
of Fig. 2.
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‘Chemical Vapor Deposition (Fig. 3) [6], UHV-CVD [7],
and by MBE [8]. The design advantage of the HBT’s
is also demonstrated in Fig. 4, which compares the
common-emitter characteristics of an all-silicon device
and a simultaneously fabricated Si/SijgsGeg 14/Si dev-
ice with similar doping profiles. The base resistances
of the two devices are similar (~ 3.4 k{2/0), but the
gain of the HBT is much larger than that of the Si
device (160 vs. 6).
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Fig. 4. Common emitter characteristics of
(a) an all-silicon device and (b) a
Si/8ig g5Geg 14/S1 device with similar base
resistances illustrating the higher emitter
efficiency and current gain in the HBT.

Besides the emitter efficiency/base resistance
advantage, a second advantage of SiGe HBT's is that
the bandgap in the base can be graded by grading the
Ge content across the base. This provides a built-in
field which improves the base transit time. Using such
an approach, Patton et al. at IBM have achieved
current gain cutoff frequencies (f;) of 75 GHz, roughly
50% higher than the best homojunction transistors
fabricated by conventional ion-implanted base technol-
ogy [9].

Digital Gireui

The impact of the SiGe HBT's on digital circuits
such as ECL can be examined by performing SPICE
simulations using a baseline of a state-of-the-art con-
ventional process (gate delay = 27 ps). The main
device parameters that will be affected are the current
gain, base resistance, and cutoff frequency. For gains
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Fig. 6. Band diagram of a HBT with a
smaller base bandgap (Siy75Geg ;) close to
the collector than close to the emitter
(Sigg6Geg 14)y under zero and reverse collec-
tor bias.
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Fig. 8. Common emitter characteristics of
the device of Fig. 6.
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Fig. 10. Comparison of 3V, data for the
HBT structure of Fig’s. 6, 8§ compared to
conventional silicon transistors.
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Fig. 7. Band diagram of a HBT with a
larger base bandgap (SiggsGeg4) close to
the collector than eclose to the emitter
(Sig75Geg 95), under zero and reverse collee-
tor bias.
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Fig. 9. Common emitter characteristics of
the device of Fig. 7.
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