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Doctor of Philosophy Degree, 1994
Petre Sorin Voini
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ABSTRACT

Silicon-Germanium (SiGe) has emerged as a promising vehicle for expanding the perfor-
mance bounds of silicon-based VLSI technology. Attempts are now underway worldwide to
demonstraic that SiGe field effect transistors can reach industrial maturity. In particular, SiGe
P-MOSFET's require the most urgent attention because of the poor performance of silicon p-
channel devices. A novel Si/SiGe/Si p-MOSFET structure is proposed here, whereby the
effective hole mobility is maximized by employing a buried SiGe channel with triangular Ge
profiles. The benefits of the triangular Ge chanrel, in comparison with the established rec-
tangular Ge channel profile, were demonstrated both theoretically and experimentally. The
SiGe p-MOSFET's were implemented in-house, in a VLSI compatible process that allowed
for the integration of silicon and SiGe p-MOSFET’s on the same chip. Hole mobilities of 400
cm?/Vs and 250 cm?/Vs were measured for devices with 0-50% Ge triangular and 25% Ge
rectangular channels, respectively. A factor of two improvement in transconductance with
respect to the equivalent, on-chip silicon p-MOSFET was obtained. When compared to rec-
tangular Ge profile devices, the MOSFET’s with triangular Ge channel profiles demonstrated
30-40% improvement in mobility, transconduciance and cutoff frequency. New methods to
characterize the band offset and doping concentration in Si/SiGe layers, as well as the
mobility profiles inside the channel, were also developed and validated experimentally.
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CHAPTER 1

INTRODUCTION

1.1. Why Silicon-Germanium ?

Silicon technology has reached a very mature stage at which incremental pro-
gress is achieved with increasing difficulty. Further improvements in the perfor-
mance of silicon IC’s can be expected by using novel materials and device structures.
One of these possibilities is being offered by an alloy of silicon and germanium SiGe,
grown en Si substrates, which can form the basis for a host of new high speed elec-
tronic and nptoelectronic devices [1-4].

Whiie compatible with exisiing silicon chip-fabrication lines [3], SiGe offers a
significant ircrease in device performance due to its superior transport properties as
compared to silicon. Carrier mobilities are larger in SiGe than in Si {1,5] and result
in higher speed of operation of SiGe devices. The energy bandgap of SiGe is smaller
than that of silicon [5] and linearly scales with the Ge content, opening up exciting
opportunities o build devices based on bandgap engineering concepts. These favor-
able properties of SiGe have spurred great interest in the IC community over the last
few years.

One possible system application for SiGe devices is a portable digital tran-

sceiver. As illustrated in Fig.1.1. a state of the art version of such a transceiver is built

-1.1-
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up from four chips, three of which are implemented in silicon and one in GaAs.

Digital wireless transceiver on a chip ?

AN\'} ANT2  Plessey’s GPSI DE6003

(Computer Design Nov. '53) RF requirements:
1 .L N | batacuos
B P e i s KB ) coMPATIBLE O  ANTENNA SWITCH: CMOS
B G MEz pRecEIVER (RoftRom)
R S i
"":g “‘3’“‘ : : (BIPOLAR) ol O LNA:CMOS, HBT
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== i R A ® Mt
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248 TRIPLE “T @ MIXER: HET
2.15GHz MHz SYNTHESIZER |je&—t (noalinearity, N¥)
AND 16 MHiz
708 Mz R ENCE @ HPA: HBT or CMOS
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(BIPOLAR) kP/s | SERIAL O By compromising pesrformance
TRANSMIT

DATA

Figure 1.1 Possible application of Si/SiGe technology in a single-chip digital wire-
less transceiver. Current Si/SiGe device performance allows for the replacement of

the GaAs block by a SilSiGe circuit.

State of the art Si/SiGe HBT’s can deliver most functions currently implemented in
the RF GaAs block, with the exception of the low noise amplifier and antenna switch-
ing functions. Si/SiGe CMOS devices would be more suitable for the latter two cir-
cuits. High speed Si/SiGe CMOS devices would also facilitate a significant increase
in the digital data rate. With its high speed, low voltage and low power features,
Si/SiGe technolegy has the potential to integrate all these functions on a single chip,
thus making the wristwatch personal communicator a possibility in the near, rather

than distant, future.

VLSI Research Group University of Toronto






