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Abstract—Ultrathin, strained-silicon-on-insulator (s-SOI) struc-
tures without a residual silicon-germanium (SiGe) underlayer
have been fabricated using stress balance of bi-layer structures
on compliant borophosphorosilicate glass (BPSG). The bi-layer
structure consisted of SiGe and silicon films, which were initially
pseudomorphically grown on a silicon substrate and then trans-
ferred onto BPSG by a wafer bonding and SmartCut1 process.
The viscous flow of the BPSG during a high-temperature anneal
then allowed the SiGe/Si bi-layer to laterally coherently expand to
reach stress balance, creating tensile strain in the silicon film. No
dislocations are required for the process, making it a promising
approach for achieving high-quality strained-silicon for device
applications. To prevent the diffusion of boron and phosphorus
into the silicon from the BPSG, a thin nitride film was inserted
between the bi-layer and BPSG to act as a diffusion barrier, so
that a lightly doped, sub-10-nm s-SOI layer (0.73% strain) was
demonstrated. N-channel MOSFETs fabricated in a 25-nm silicon
layer with 0.6% strain showed a mobility enhancement of 50%.

Index Terms—Compliant substrate, SiGe, silicon-on-insulator
(SOI), strained-Si.

I. INTRODUCTION

THE enhancement of electron mobility has been well estab-
lished in tensile-strained2 silicon, drawing much attention

for its application in high-performance CMOS [1]. Ultrathin sil-
icon-on-insulator (SOI) has long been known for its superior
properties over bulk silicon for MOSFETs, such as reduced FET
parasitic capacitance, lower leakage current, and reduced short-
channel effects (SCEs) [2]. In addition, ultrathin SOI structures
also allow the fabrication of multigate devices [3]. Therefore,
the combination of strained-silicon and SOI offers a promising
opportunity for device performance improvement.
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1SmartCut is a trademark of SOITEC.
2Strain is commonly expressed as a dimensionless number: the fractional

change in the length of a solid in a given direction. This is also expressed in
terms of a percentage—e.g. an absolute strain level of 0.1 (fractional length ex-
pansion) is the same as a strain of 10%.

There have been numerous efforts to date towards achieving
strained ultrathin SOI. The first type of approach involves the for-
mationof relaxedSi Ge oninsulator (SGOI) followedbyepi-
taxialSiregrowth[4],[5].However, thethicknessofthecombined
layers usually exceeds 100 nm, which is too thick to suppress
SCE. Furthermore, the presence of SiGe can cause process tech-
nology problems, such as the diffusion of germanium to the gate
oxide interface, difficulty in forming low-resistance silicides and
altereddopantdiffusioncomparedtothat insilicon[6].Therefore,
a strained-silicon-on-insulator (s-SOI) structure without SiGe is
very attractive. The usual approach to such SiGe-free layers in-
volves transferring strained-silicon grown on relaxed, composi-
tionally graded SiGe buffers directly onto silicon dioxide, fol-
lowed by the removal of the transferred SiGe buffer [7]–[10]. In
allof theseapproaches, thequalityof thestrained-silicondepends
on the quality of the original relaxed SiGe buffer layers, which is
limited in practice by a threading defect density of cm
[11]. Furthermore, these relaxed buffer layers in practice require
thick epitaxial graded layers and chemical–mechanical polishing
(CMP) steps to overcome roughening [12].

In this paper, a novel approach based on stress balance on
compliant, insulating borophosphorosilicate glass (BPSG) was
used to achieve ultrathin s-SOI without the presence of SiGe in
the final structure [13]. No dislocations or lattice-mismatched
epitaxial growth are required in the process, so that in principle
this method should be capable of extremely low defect density.
It also involves the growth of only very thin (tens of nanome-
ters) epitaxial layers, which should minimize the cost of the epi-
taxial processes. The final strained SOI thickness ranged from
10 to 30 nm, which enabled the fabrication of fully depleted
strained-Si n-channel MOSFETs. The work is based on our pre-
vious studies of the strain relaxation of SiGe and SiGe/Si struc-
tures on BPSG [14]–[17], which demonstrated how the lateral
expansion of strained layer islands transferred to BPSG could
be used to relieve the strain in those layers, and how stresses are
balanced in multilayer structures on the BPSG. This paper re-
ports details of device fabrication and characterization beyond
the previous paper [13]. The earlier paper presented only device
results using a very thick deposited gate oxide ( 300 nm). In
this paper, the gate oxide thickness is scaled down by more than
one order of magnitude. This paper shows more complete de-
vice analysis: subthreshold slope, control of back gate, etc.

II. FABRICATION AND STRUCTURE CHARACTERIZATION

A. Fabrication of SiGe/Si Bilayers on BPSG

The first part of the strained-silicon on BPSG process was
the creation of strained-Si Ge /unstrained Si bilayers on

0018-9383/$20.00 © 2005 IEEE
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Fig. 1. Process flow of fabricating strained-silicon on BPSG. (a) Handle
wafer is coated with BPSG, deposited by CVD, and the sacrificial host wafer
has epitaxial Si/SiGe layers grown by CVD and is implanted with hydrogen
ions. (b) SiGe/Si layers are transferred onto BPSG by wafer-bonding, cleaving
at the H-implant depth, and selective etching to remove residual silicon. (c)
SiGe/Si layers are patterned into islands to allow lateral expansion. (d) During
high-temperature annealing, the SiGe/Si layers expand coherently, with the
SiGe becoming less compressively strained and the silicon becomes tensilely
strained. (e) Top SiGe layer is selectively removed by wet etching.

BPSG using a sacrificial “host” wafer and a “handle” wafer. The
basic fabrication process is based on that of [17], which created
relaxed SiGe layers on BPSG (without strained-silicon). In this
paper, a 30-nm commensurately strained-Si Ge layer and
a 25-nm silicon epitaxial layer were grown on the surface of the
sacrificial host Si(100) wafer [Fig. 1(a)]. The handle silicon wafer
was coated with 200-nm BPSG (4.4% B and 4.1% P by weight)
by chemical vapor deposition (CVD) [Fig. 1(a)]. The boron
and phosphorus content in the BPSG were chosen to minimize
its viscosity at elevated temperature [18]. The host wafer was
implanted with H (180 keV and dose of cm ). Both
wafers were cleaned using a carbon dioxide “snow jet” to remove
dust and ultra-violet ozone to remove organic residue. The
wafers were then treated in NH OH:H O H O
and HCl:H O H O to create hydrophilic surface
and bonded at room temperature. The bonded wafers were
annealed at 250 C for four hours to enhance bond strength
and then at 550 C in nitrogen to separate the top layer from
the host substrate at the depth of the hydrogen implant (800
nm) [Fig. 1(b)]. The remaining structure of Si/SiGe/Si/BPSG
on silicon was dipped into an aqueous KOH solution (10%
by weight) at 80 C to selectively remove the approximately
800-nm silicon remaining on top of the SiGe after the splitting
process. In one case, prior to layer transfer, a 5-nm Si N layer
was deposited on top of the silicon film on the sacrificial wafer
at 725 C using low-pressure CVD (LP-CVD) before bonding.

The continuous SiGe/Si film was patterned into square islands
of various edge sizes (from 10 to 200 m) by reactive ion
etching (RIE) in a SF O mixture [Fig. 1(c)]. The islands are
critical to prevent buckling of the thin films during subsequent
annealing to soften the BPSG and allow lateral expansion of
the islands [15], [16].

The strain in SiGe and Si films was locally measured with an
accuracy of 0.07% by micro-Raman spectroscopy, using
an Ar laser (514.5 nm) focused to a spot of 3 m [15]. Atomic
force microscopy (AFM) was utilized to determine the surface
roughness of samples. The thickness of the thin SiGe and Si
films on BPSG was measured using spectroscopic reflectometry,
which had a repeatability of 1 nm.

B. Stress Balance and Strain in the Silicon

The SiGe/Si square islands on BPSG after layer transfer and
the island patterning retained their original strain levels (bi-
axial-compressive strain in the SiGe film and zero strain in the Si
film). This is because at temperatures below 600 C, the BPSG
does not flow, and thus provides a constraining force to sup-
port the compressive strain in the SiGe film [Fig. 1(c)]. During
high temperature anneals (usually around 800 C in our work)
the BPSG was becomes soft or viscous and can flow. This re-
moves the constraining force of the BPSG, effectively leading
to a free-standing SiGe/Si bilayer. The compressive stress in the
SiGe film then drives the film to expand laterally [Fig. 1(d)].
The lateral expansion occurs first at the edges of the island and
then propagates from the edge to reach the center [15].

If there were no Si in the island structure, the SiGe would lat-
erally expand to relieve all strain in the layer [17]. Earlier work
on SiGe/Si bi-layer structures on BPSG (with the Si under the
SiGe) has shown that the two layers remain coherent during the
relaxation, i.e., there is no slippage between the Si and SiGe or
formation of misfit dislocations between them [14]. The bottom
silicon film expanded along with the SiGe film, leading to ten-
sion in the silicon layer in this case. The coherent interface by
definition implies an identical strain change in the silicon
and SiGe films

(1)

The lateral expansion process will stop when the compressive
stress in the SiGe film is balanced by the tensile stress in the Si
film (i.e., a stress balance condition)

(2)

where represents film stress under equal biaxial stresses
and h refers to film thickness. By combining

(1) and (2), along with the initial strain of zero in the Si film, one
can express the final tensile strain in the silicon film
upon stress balance to be related to the initial SiGe strain

(3)
where E and refer to the films’ Young’s Modulus and Pos-
sion’s ratio, respectively. The magnitude of the tensile strain
created in the silicon film depends on the original strain in the
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Fig. 2. Ratio of the final strain in the silicon after stress balance to that in the
initial SiGe layer as a function of the ratio of the effective silicon thickness
to that of the SiGe layer. Data points for 30-nm SiGe/25-nm Si and 30-nm
SiGe/10-nm Si/5-nm Si N are also given. Young’s moduli of 13:0 � 10

and 12.2 �10 N=m for Si and Si Ge were assumed, respectively. The
solid line is from (3).

Fig. 3. Raman spectra measured at the center of a 90 � 90 �m island at
various stages of processing. The annealing reduced the compressive strain in
the SiGe and added tension in the Si. The absence of a SiGe Raman peak after
the SiGe etch confirms the complete removal of the SiGe. The FET process does
not alter the strain in the silicon.

SiGe and thicknesses of the SiGe and silicon films. A thick SiGe
film compared to the silicon layer and one with high strain (i.e.,
high germanium content) leads to a large tensile strain in the
silicon film (Fig. 2). However, the thickness and germanium
content one can use in the SiGe film are limited by the equilib-
rium critical thickness from its original growth on silicon [19],
beyond which the strain in the SiGe film may be released by
dislocations. While the 30-nm Si Ge film used here below
the metastable critical thickness [20], it is above the equilib-
rium critical thickness (8 nm). Therefore, achieving the max-
imum strain in the silicon requires the silicon be kept well under
30 nm.

Raman spectra collected after the layer transfer (solid line) and
after stress balance (dashed line) at the center of a 90-micrometer
island annealed at 800 C are plotted in Fig. 3. The remaining
silicon substrate was removed after layer transfer. It has no in-
terference on the Raman measurement. After the layer transfer,
the silicon film remained unstrained and its Raman peak over-
laid with that of the silicon substrate. When stress balance was

Fig. 4. Biaxial strain (from micro-Raman spectroscopy) of 30-nm Si Ge
and 25-nm Si films at the center of square islands as a function of annealing time
at 800 C, showing the evolution of strain in the silicon and SiGe films. Dashed
lines are calculations of the final stress balance condition.

reached, the Raman peak from the 25-nm silicon film shifted to
a smaller wavenumber, indicating a tensile strain. At the same
time, the Raman peak from the SiGe film also moved to a smaller
wavenumber due to a reduction in the compressive strain.

The generation of tensile strain in the silicon film as Si/SiGe
island expands at 800 C is shown in Fig. 4. The edge sizes of
the SiGe/Si square islands range from 30 to 60 m. All of the
strain data were collected at center of the islands by Raman scat-
tering. Also shown in Fig. 4 (as dotted lines) are the final strain
values predicted based on the stress balance, which are indeed
in good agreement with the final measured strain levels. The
dotted lines are equivalent to the strain ratio of 0.52 (magnitude
of final silicon strain to initial SiGe strain) shown on Fig. 2. As
the compressive strain in the SiGe film decreased from 1.2% to
0.6%, the tensile strain in the silicon film increased from zero to
about 0.6% at the same rate. Further, as expected, the relaxation
of large islands is slower than that of small islands (Fig. 4), but
90 min at 800 C was sufficient to reach the final stress balance
condition for all island sizes.

Once the silicon film was strained, the top SiGe film had
served its purpose, and then was removed to produce strained
SOI layer without SiGe [Fig. 1(e)]. Because the silicon film (25
nm) was thin compared to the SiGe (30 nm), a selective SiGe
etch was used to remove the top SiGe film. A solution consisting
of H O :(1:2:3),
chosen for its good selectivity ( 30) and fast SiGe etch rate,
was used at room temperature. The solution is known to vary
over time [21], so its etch properties were measured as a
function of storage time (Fig. 5). The SiGe etch rate nearly
doubled after three weeks, but the selectivity did not degrade
and remained better than 30. Also no dependence of the etch
rate on strain was observed for SiGe. With the good etch selec-
tivity, the over-etch of the Si during the SiGe removal process
was kept under 1 nm. The disappearance of the SiGe Raman
peak after the SiGe etch indicates that all SiGe was removed
(Fig. 3). The strained Si film was very smooth after the SiGe
etch with a RMS roughness of only 0.18 nm across an area
of m m. The measured RMS roughness on a bare
silicon wafer is smaller than 0.10 nm. There was no evidence
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Fig. 5. Effect of aging on the SiGe etch rate and the selectivity relative to
silicon of a buffered HF : H O : CH COOH etch. The etch rate stabilizes
after two weeks.

of “crosshatching”, as sometimes seen in conventional relaxed
SiGe/strained Si films with misfit dislocations, or any other de-
fects over an area of m m. The crosshatching should
not be expected. The elastic expansion allows the strain in SiGe
to be released without misfit dislocations. The defect density in
the 25-nm silicon layer was not directly measured. By defect
etching (0.3 mol of HF at a 5:4 volume ratio)
we measured no defects in relaxed Si Ge m m
islands (without a silicon layer), to give an upper limit to defect
density of cm . In contrast, defect etching of 90-nm
Si Ge grown directly on Si(100) (over critical thickness)
shows enormous density of defects cm after similar
etching, confirming the etch could delineate defects.

In principle, one might also expect the bilayer structures to
curl during annealing, with the edges going down and the is-
land center up due to the compressive strain in the top SiGe and
tensile strain in the lower silicon layer. This effect was not ob-
served, however, perhaps because this involves flow of BPSG at
the island scale and thus requires much longer annealing time.

C. Suppression of Dopant Diffusion From BPSG

Our work requires a (800–850 C) high-temperature anneal to
soften the BPSG to allow its viscous flow. The BPSG viscosity
can be reduced by a factor of five when annealing temperature is
elevated from 800 C to 850 C [15], which effectively speeds up
the island relaxation (to create strain in the silicon) by a factor of
five, allowing strain generation in large islands (200 m) within a
reasonable time frame ( 5 hrs) (a lower viscosity indicates films
canmoreeasilyflow).However, theannealscouldresult in thedif-
fusion of boron and phosphorus from BPSG into the silicon film.
Fig. 6(a) shows the dopingprofile, measured using Secondary Ion
Mass Spectroscopy (SIMS), in a thin silicon layer on BPSG after
1 h annealing at 800 C and 850 C, respectively. Little diffusion
was seen after an 800 C anneal. The cause of the rise of boron
signal near the top surface after 800 C annealing is not known.
It may be from surface contamination due to poor cleaning be-
fore annealing or from the original epitaxial growth. The 850 C
anneal caused considerable boron and phosphorus diffusion into
the silicon film, with doping levels cm in the silicon.
Because silicon nitride layers are known dopant barriers [22], a
thin ( 5 nm) silicon nitride layer was deposited on top of a 10-nm

Fig. 6. Doping concentration vs depth in the Si film on BPSG after annealing.
The vertical line denotes the Si/BPSG interface. (a) Samples without a nitride
layer annealed for 1 h at 800 C or 850 C and (b) sample with a 5-nm nitride
layer between the BPSG and silicon to block dopant diffusion, annealed at 900

C for 1 h.

Si/30-nm Si Ge structure using LP-CVD at 725 C prior to
the layer transfer. The tri-layer structure Si N was
then transferred onto BPSG, sandwiching the nitride layer be-
tween the BPSG and SiGe/Si. The structure was annealed at 900
C for 1 h to test the barrier against dopant diffusion. The boron

and phosphorus levels in the silicon layer were now below the
SIMS detection limit cm [Fig. 6(b)], indicating the
effectiveness of the thin barrier.

Since the silicon nitride film is elastic, the SiGe layer would
stretch the nitride layer along with the Si layer, potentially gen-
erating a smaller strain level than the nitride-free structure. In
the stress balance relationship, the silicon nitride contributes
thus to an effectively thicker silicon layer. This is why the silicon
nitride layer was kept so thin. In this case, the silicon thickness
in (3) should be replaced by an effective silicon thickness

(4)

To investigate this effect, the tri-layer structure was patterned
into islands and then annealed to reach stress balance. Fig. 7
shows the Raman spectra taken before and after annealing.
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Fig. 7. Raman spectra measured at the center of a 30 �m� 30 �m island (30
nm-SiGe/10 nm-Si/5-nm-Si N /1 �m-BPSG) after annealing at 800 C for 30
min. The Si layer was still stretched by compressive SiGe even when the Si N
layer was present.

The strain level in the silicon film is 0.73%, even higher
than the strain ( 0.6%) obtained in the nitride-free 30-nm
Si Ge /25-nm Si sample. The higher strain stems from the
much thinner (10 nm) Si layer used in the sample with a nitride
layer. When the silicon nitride layer is accounted for as an
effective silicon layer, the final strain in the 10-nm silicon film
is in line with stress balance prediction (Fig. 2), which shows
that the strain is 0.75% when there is a 5 nm nitride layer. The
expected strain would have been much higher (0.89%) if the
silicon nitride layer had not been considered. The excellent
dopant diffusion suppression of the 5-nm nitride film discussed
above suggests that an even thinner silicon nitride layer can be
used to suppress diffusion and allow more strain in the silicon.

III. DEVICE FABRICATION AND CHARACTERISTICS

A. Device Fabrication

Self-aligned long-channel n-channel MOSFETs were fabri-
cated using the strained-silicon film, obtained from the 30-nm
Si Ge /25-nm Si on 200-nm BPSG (as described in the
previous section), for the device channel. In this case, the
nitride barrier layer from the previous section was not used.
The SiGe/Si bi-layer was annealed for 1 h at 800 C and the
generated strain level in the silicon varied with island size
(Fig. 8). The silicon strain was negligible in islands larger
than 200 m due to the slow lateral relaxation of large islands.
For a fair comparison, the control (unstrained) devices were
fabricated on the same sample using islands larger than 3 mm,
where strain in the silicon layer was nearly zero. (Note smaller
unstrained-silicon islands could be realized at the cost of an
extra masking step by removing the SiGe layer in the desired
islands before the annealing, so that there would be no driving
force for the silicon to expand [13]). The gate stack was com-
prised of tetraethylorthosilicate (TEOS) oxide and poly silicon,
both deposited at 625 C using low-pressure chemical vapor
deposition (LP-CVD). Two gate oxide thicknesses (26 and 300
nm) were used. The deposited TEOS oxide was used instead of
thermal oxide to avoid any change in the strain in the thin silicon
layer resulting from the softening of the BPSG at the oxidation

Fig. 8. Island-size dependence of the silicon strain, measured at island center,
in 30-nm Si Ge /25-nm Si on 200-nm BPSG after 1 h annealing at 800 C.

temperature. (Simple relaxation would reduce the tensile strain
in the silicon, and compressive stress in the gate oxide from
thermal oxidation might lead to an increase in the tensile strain.)
Phosphorous implantation (35 keV, cm ) was used
to dope the source/drain and the gate poly. A blanket layer of
300-nm low-temperature PE-CVD SiO was deposited prior
to a 1 h implant anneal at 800 C. The thick stack on top of
the channel, consisting of PE-CVD SiO , gate poly, and TEOS
gate dielectric, helped to retain the strain in the channel during
the 800 C anneal, during which the underlying BPSG was
viscous. After device fabrication, Raman spectroscopy was
performed on a device channel m after removing the
gate polysilicon. No change in the silicon strain was observed
during the device processing (Fig. 3). Based on the SIMS of
other samples annealed at 800 C [Fig. 6(a)], the doping level
in the nominally “undoped” channel is expected to be less than

cm .

B. Device Results

1) Threshold Voltage and Subthreshold Swing: Both
strained and unstrained n-channel MOSFETs were well be-
haved with strained devices exhibiting much higher drive
current (Fig. 9) than the unstrained control devices on the same
substrate. The buried BPSG serves as a backgate dielectrics
and the voltage applied to the substrate can also modulate the
carriers in the channel. Fig. 10 depicts the transfer character-
istics of a strained device with 26-nm TEOS gate dielectric at
different substrate biases. The substrate bias not only changed
the threshold voltage, but also affected the subthreshold swing.
Fig. 11 plots the dependence of the top-gate threshold voltage
on the applied voltage on the silicon substrate. The threshold
voltage was extracted by linearly extrapolating drain current
versus gate-source bias to the x-axis intercept for a fixed
drain-source voltage of 0.01 V. The threshold voltage is similar
in both strained and unstrained devices. The linear dependence
of the threshold voltage on the applied voltage on the substrate
indicates the devices operate at the fully depleted mode [2],
which is consistent with the thin silicon channel ( 25 nm) used
here. We attribute the large negative threshold voltage ( 32
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Fig. 9. Output characteristic of FETs in 25-nm Si on BPSG with strain levels
of 0.56% and zero (control device). Channel width and length were 60 �m and
30 �m, respectively, and the substrate-source bias was �15 V.

Fig. 10. Drain current as a function of gate voltage measured on a strained
device (" = 0:56%) at different substrate-source biases. Drain bias was 0.01
V. Channel length and width were 20 �m and 280 �m, respectively.

V for 300-nm TEOS and 2.1 V for 26-nm TEOS) when the
substrate was grounded to a high density of positive interface
charges at the bonding interface between the strained-silicon
and the BPSG layers, estimated to be cm . In
n-channel FETs with 300-nm TEOS gate oxide fabricated on
bulk silicon substrates, the threshold voltage is 2.7 V, which
indicates that the TEOS oxide is not the cause of the large
negative threshold voltage observed in devices fabricated on
BPSG.

Strained and unstrained devices have similar subthreshold
characteristics, with the best subthreshold swing of about 130
mV/dec for substrate bias more negative than 15 V. This is
worse than the expected slope of near 60 mV/dec for FETs in
fully depleted thin SOI films [2], We feel this degradation also
stems from the poor electrical properties of the bonded interface,
since a high interface-state density adds to parasitic capacitance
and reduces the gate control over the channel region [23]. An
interface of silicon and thermal silicon dioxide should have su-
perior quality to that of Si/BPSG. One might try to overcome
the poor Si/BPSG interface by a modification of the bonding

Fig. 11. Substrate-bias dependence of top-gate threshold voltage, measured
on strained NFETs for gate oxide thickness of 300 nm (left vertical axis) and 26
nm (right vertical axis). The linear dependence shows that the devices operate
in the fully depleted mode.

Fig. 12. Dependence of the enhancement of effective electron mobility on
carrier density, where enhancement is defined as the ratio of mobility in devices
fabricated on 60-�m islands (" = 0:56%) to that in devices with zero strain on
BPSG.

process: forming a thin thermal silicon dioxide on the silicon
prior to the wafer bonding.

2) Mobility Enhancement: As shown in Fig. 9, the strained-
silicon devices exhibited enhanced current due to a higher mo-
bility. The effective electron mobility was extracted from the
drain current in the linear regime:

(5)

where Q is the carrier concentration and . The
dependence of the gate-to-channel capacitance was mea-

sured and was integrated to obtain the carrier concentration Q
[24]. In the linear regime, the change in the surface potential
across the channel can be ignored. Fig. 12 shows the measured
effective electron mobility as a function of carrier concentra-
tion for both strained and unstrained FETs on BPSG with same
long-channel device geometry, with a substrate bias of 15 V.
The peak mobility enhancement was about 53%. The mobility
enhancement was lower in devices fabricated on larger islands
as a result of lower strain on larger islands. On 140- m islands,
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Fig. 13. Enhancement of electron mobility in the strained-silicon devices on
BPSG compared to control silicon devices on BPSG as a function of strain in the
silicon channel layer. Also shown on the top x axis is the Ge fraction in relaxed
SiGe buffers in conventional strained Si on relaxed SiGe structures to give the
same strain as that on the lower x-axis. The solid line is a prediction of mobility
enhancement due to a reduction of phonon scattering due to strain [1].

where the strain was only 0.20% due to insufficient lateral re-
laxation, the mobility enhancement was 13% (Fig. 13). In both
cases, however, the mobility enhancement was in good agree-
ment with that expected from a reduction in phonon scattering
caused by the strain (shown as a solid line in Fig. 13 [1]).

IV. SUMMARY

Ultrathin tensile s-SOI without a SiGe layer in the final
structure was successfully fabricated using stress balance
between transferred SiGe and Si films on compliant BPSG.
Silicon thicknesses as small as 10 nm with strains as high as
0.73% could be achieved. The approach requires only very thin
epitaxial layers without thick buffers and the compliant process
enables a change in in-plane lattice constant without misfit
dislocations. Dopant diffusion from BPSG could be completely
suppressed by a thin silicon nitride film. N-channel MOSFETs
fabricated in 25-nm strained-silicon films show good character-
istics with mobility enhancement in excess of 50%.
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