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Enhanced CMOS Performances Using Substrate
Strained-SiGe and Mechanical

Strained-Si Technology
San Lein Wu, Yu Min Lin, Shoou Jinn Chang, Shin Chi Lu, Pang Shiu Chen, and Chee Wee Liu

Abstract—We developed a novel CMOS architecture that uses
mechanical tensile stress, induced by the Si nitride-capping layer,
together with the pseudomorphic compressive stress in SiGe
layer to improve the drive current of both n- and pMOSFETs
simultaneously. The unique advantage of this process flow is that
on the same wafer, individual MOSFET performance can be
adjusted independently to their optimum due to the separation
process for two type devices. It is found that n- and pMOSFETs
in the novel CMOS architecture behaved better in performance,
not only a higher drain-to-source saturation current but also
higher transconductance with wide gate voltage swing, than the
Si-control devices, thus making this flow to show a great flexibility
for developing next-generation high-performance CMOS.

Index Terms—CMOS, compressive stress, mechanical tensile
stress.

I. INTRODUCTION

WAYS of optimizing channel mobility need to be explored
in order to overcome the limitations on the scaling down

of devices and further improve the speed of CMOS circuits.
A promising candidate to reach this demand is to exploit the
strain-induced band-structure modification. The introduction of
tensile strained-Si on relaxed SiGe for nMOSFETs [1]–[3] or
compressively strained-SiGe layer on bulk-Si for pMOSFETs
[4], [5] can enhance for individual electron and hole mobility.
Therefore, the design of a CMOS process combining both a ten-
sile-strained-Si for nMOSFETs and a compressively strained-
SiGe for pMOSFETs, which fabricate on one structure or one
chip, to enhance the electron and hole mobility simultaneously
will be extremely required. A good solution to this problem is to
use dual-channel structures with complexly tensily strained-Si
layer and compressively strained-Si Ge layer on a fully re-
laxed Si Ge virtual substrate [6], [7]. The ex-
perimental results give a good design rule for the Si-cap layer
thickness based on this structure to optimum nMOSFET and
pMOSFET performance: thicker Si-cap layer for nMOSFET
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and thinner Si-cap layer for pMOSFET. However, designs of
this structure utilize very thick SiGe graded buffer layers and n-
and pMOSFETs fabricated on separate wafer imply that it is not
be easily or economically integrated into a conventional CMOS
process for one chip implementation.

Another more efficient method is to apply the local me-
chanical/stress control (LMC) technique [8], which utilizes
heavy mechanical stress produced by a SiN layer and Ge-ion
implantation to selectively relax the stress of the layer. The
drive currents of both n- and pMOSFETs can be improved by
controlling the stress of the SiN layer selectively. In this letter,
we report the demonstration of a novel CMOS process with
substrate-strained-SiGe pMOSFET and mechanical-strained
Si nMOSFET fabricated on one chip. The devices structure
combines the advantages of compressively SiGe material and
tensile Si induced by SiN layer to achieve higher carrier mo-
bility. Improved current drivability can be expected. Moreover,
due to the separation process of two kind devices, individual
MOSFETs will be tuned independently to their optimum per-
formance on the same wafer and show a great flexibility for
developing next-generation high-performance CMOS.

II. DEVICE STRUCTURES AND FABRICATIONS

The epitaxy structures investigated in this work were all fabri-
cated by a commercially available multiwafer ultrahigh vacuum
chemical vapor deposition (UHVCVD) system on 15–25
cm, 4-in diameter p-type (001)-oriented Si wafers. Pure SiH
and 5% GeH diluted in He were used as precursors. The Si
substrates were subjected to a precleaned process with HF-dip
solution to reduce the accumulation of contamination by re-
moving the surface native oxide and forming a hydrogen passi-
vated surface. After the precleaning step, the wafers were loaded
into the loading chamber and then transferred to the reaction
chamber for epitaxial growth. The growth temperature was fixed
at 550 C in the reaction chamber.

Fig. 1 is a schematic cross-sectional view of the proposed de-
vices. The process sequence for the novel structure was as fol-
lows: First, all wafers were defined the n-well and p-well by
lithography and implantation. After well implantation, TEOS
SiO of 80 nm was deposited on the wafers, followed with
the second n-well definition using lithography, then etching the
n-well region using HF solution to reveal the surface of bulk
Si for SiGe deposition. After the preceding process, we take the
wafers into UHVCVD to deposit the SiGe multifilms for pMOS-
FETs. The epitaxy layer consists of an undoped thin Si buffer
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Fig. 1. Schematic cross section of the proposed CMOS device structure. The
contact metal is Ti/AlSiCu.

layer that was grown first, followed by a 10-nm pseudomorphic
Si Ge strained channels. Then, a top 6-nm Si-cap layer
was deposited. After SiGe multifilms deposition, we etched the
poly SiGe and the SiO which were above the p-well region
using dry etching (for SiGe) and wet etching (for SiO ), re-
spectively, to expose the Si surface of Si nMOSFET. A 30-nm
TEOS SiO then was deposited as the gate dielectric of our de-
vices. Low-temperature TEOS was used to ensure that pseu-
domorphic SiGe films remain stable compared to thermal ox-
idation by furnace. After gate dielectric deposition, a 350-nm
n polysilicon was then deposited on the gate oxide as soon as
possible, followed by polysilicon gate definition using lithog-
raphy and reactive ion etching (RIE). Then, BF with energy of
15 keV and a dose of cm was used as the source/drain
of pMOSFET and body of nMOSFET ion implantation. Be-
sides, pMOSFET body region and nMOSFET source/drain re-
gion were using As implantation with energies of 20 keV at a
dose of cm .

After the ion implantation, a silicon nitride layer with a
thickness of 100 nm using LPCVD was deposited. This SiN
cap layer was used as a stressor which makes the Si channel
of nMOSFET under tensile strain to improve electron mobility
[9]. Then, and a 600-nm-thick BPSG was subsequently de-
posited to passivate the exposed surface of the device structure.
The post-implant annealing was performed by rapid thermal
annealing (RTA) at 900 C for 30 s in order to activate the im-
purities by ion implantation and improve the quality of oxide.
Then, the source, drain, gate and body contact holes were
formed by dry etching. Subsequently, the Ti/Al-Si-Cu alloy by
sputter was taken as the metal layer. Finally, the post-metal an-
nealing was performed at 450 C for 30 min in H N forming
gas. For comparison, the control Si without SiGe film growth
and SiN film deposition which instead by 100-nm TEOS was
fabricated together.

III. RESULTS AND DISCUSSION

The samples were characterized by an on-wafer test using an
HP-4156C semiconductor parameter analyzer and HP-4284A
precision LCR meter for dc measurement. The effective mo-
bility was determined by a split capacitance–voltage (C–V)

Fig. 2. (a) Effective hole mobility for strained-SiGe pMOSFET, and
(b) electron mobility for strained-Si nMOSFET as a function of effective field.

method which was extracted from a long-channel device with
100- m-gate length and 200- m-effective gate width. Fig. 2(a)
shows effective hole mobility as a function of effective electric
field. Due to holes reside primarily in the higher mobility SiGe
layer over a large gate-voltage range, the sample exhibit larger
mobility enhancement. Moreover, from the improved mobility
curve, the high-quality SiGe epitaxy was confirmed and stable
film property was still sustained during full process sequence.
On the other hand, the proposed nMOSFET sample exhibits
slightly higher electron mobility at high vertical field as shown
in Fig. 2(b). This is a result of the heavy mechanical stress pro-
duced by a SiN layer.

The output current–voltage (I–V) characteristics of both
strained-SiGe pMOSFET and strained-Si nMOSFET com-
pared with Si-control devices are shown in Fig. 3. The n- and
pMOSFETs are with a gate length and gate width of 0.3 m
and 25 m. Evidently, both pMOSFET and nMOSFET of the
novel CMOS architecture have better current driving capability
due to higher carrier mobility result from the strained-SiGe
and Si channel, respectively. Fig. 4 displays the influence of
the applied gate voltage on the extrinsic transconductance and
saturation drain current at gate length of 0.3 m. The drain
voltage of absolute value with 3 V is chosen to investigate the
transfer characteristics in saturation region. The novel device
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Fig. 3. Output I–V characteristics for both n- and p-MOSFETs of CMOS
structure and control Si devices.

Fig. 4. Measured extrinsic transconductance and drain current density as a
function of gate voltage of the proposed devices.

shows better transconductances improvement and drain to
source saturation currents, which indicate that this structure is
well suitable for state-of-the-art CMOS process without degra-
dation the device characteristics. Further process tuning of the
novel CMOS architecture and further device optimization are
required for more significant performance enhancement.

To estimate the strain mechanism on strained-Si nMOSFET
performance of this novel structure, experimental results show
that an increase in driving current of 5% in linear region and of
0.3% in saturation region has been obtained for devices with a
gate length of 1 m. The ID enhancements are 16.7% in linear

region and 5.8% in saturation region for channel lengths down
to 0.3 m. We can find that the shorter the gate length is, the
higher the enhancement. This is the well-known phenomenon of
SiN-induced local strain [9]. It is powerful evidence that the Si
nMOSFET of the CMOS architecture is really under so-called
mechanical strain.

IV. CONCLUSION

Electrical performances of a novel CMOS structure in-
cluding substrate-strained Si Ge pMOSFET on bulk Si
and mechanical-strained-Si nMOSFET with SiN cap layer
were characterized. Due to strain-induced carrier mobility
improvement, both pMOSFET and nMOSFET of the novel
architecture have better performances of not only drain current
driving capability, but also extrinsic transconductance, com-
pared with conventional Si devices. Based on these improved
characteristics, the CMOS structure has a great potential in
next generation.
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