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Aspect Ratio Trapping is a promising technique for
heterointegration of Ge onto Si substrates. By growing Ge in
patterned SiO; trenches, lattice-mismatch dislocations arising from
the epitaxial interface can be effectively trapped. However,
planarization of these samples is required to enable device
fabrication. This paper describes the development and
-optimization of a chemical mechanical polishing process for these
structures.  Polishing using diluted Nalco 2360 slurry was
investigated, with the addition of NaOCI, NELOH, or H,O», for Ge

... removal rate increase. A slurry mix consisting of Nalco 2360,

. H20,, and DI water was shown to have low dishing and low
surface metals contamination, and planarized the Ge Aspect Ratio
Trapping samples very effectively.

Introduction

Ge:or: III-Vs integrated on Si substrates are a promising path to high performance
complementary metal-oxide-semiconductor (CMOS) field-effect transistors (FET) due to
theirshigh carrier mobility. Aspect Ratio Trapping (ART) has been demonstrated as a
compelling, CMOS-compatible heterointegration solution (1-3). In this method, lattice-
~ mismatch dislocations arising from selective Ge growth on a Si substrate are trapped
between. vertical oxide sidewalls, allowing growth of high-quality epitaxial Ge above the .
defect-trapping region, as shown in Figure 1a. The heterointegration of Ge and III-V
. materials with silicon is expected to be useful for a wide variety of applications,
including non-Si channel MOSFETs, as depicted in Figure 1b. The subject of this paper
is the planarization of Ge grown in oxide trenches on a Si substrate, to make these
egions suitable for subsequent device fabrication.

Figure 1. (a) Cross-sectional TEM image of defect trapping in 200nm trenches of Ge
ART structure. Ge region above the dashed line is defect-free. (b) Schematic of proposed
device structure, showing trapped defects.
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- NaOCl solution, NH;OH solution, H;O, solution, or DI water in the slurry mix. The
range of additive fraction in the slurry mix was 0-2.4% of NaOCI, 0-100% ZH&O,E.; or 0-
10% H,0,. The CMP process consisted of 10 seconds of EB@-:.@. a polish step, and 25
seconds of ramp-down and rinse steps. Polish time was varied. The down-force émwr 3
w.mh and the slurry feed rate was 150mL/min during the polishing step, with in-situ
.diamond pad conditioning. A Verteq Goldfinger megasonic moﬂ-gﬂmu clean using only
UH water was used for most Ge and Ge ART samples. A diluted SC-1 solution émw used
in the megasonic clean for all wafers with an oxide film.

Background

Chemical mechanical polishing (CMP) of Ge in the past has been primarily limited to
blanket Ge or Ge-on-insulator (GeOl) films (4,5). However, very little information about
the actual Ge CMP process has been published. Ina study of blanket Ge CMP, for the
purpose of eliminating long-range crosshatch roughness in Ge grown via a SiGe graded
buffer on silicon (6), a standard oxide CMP slurry (KOH and colloidal silica) was found
to have a low removal rate on pure Ge. Preferential etching of the Ge led to pitting
without eliminating the crosshatch roughness. Ultimately, polishing an oxide layer
deposited on the Ge was developed as an alternative approach (6). Other researchers
have investigated cleaning of Ge blanket layers following CMP, but do not describe in
detail their CMP process (7). .

Evaluation of .mﬁ material removal rate (RR) was based on CMP of blanket oxide and
Ge- films on Si. Pre-CMP and post-CMP film thicknesses were measured by
nterferometry (Filmetrics) or ellipsometry (Sopra GE-S5). Endpointing of the patterned
ART samples was achieved initially by visual and optical microscope inspection, and
ater by om:_um.m:nm CMP process time with cross-sectional scanning electron qmo~0moomn
mmz.v. analysis. The patterned ART samples were cleaved to measure film thicknesses
n' Amray 3300FE or Zeiss Supra 40 field-emission SEM. Transmission electron
microscopy (TEM) samples, prepared by mechanical polishing and Ar ion milling, were
o_...mojmma in a JEOL JEM 2100 TEM. VPD-ICP-MS was used to measure the level of
metallic contamination on the surface of bare silicon or blanket oxide wafers after CMP.

Some useful Ge CMP process information has come out of work on micro-electro-
mechanical systems (MEMS), with one group describing the planarization of a composite
Ge-Si structure consisting of a sacrificial layer of Ge in patterned Si (8). The removal
rate and sample topography were evaluated for several slurry abrasives and chemistries.
Low solids concentration of 300nm alumina in a 1-5% NH,OH-based solution planarized
an original step height of 2um to below 100nm (9), a CMP application significantly
different from this work. .

Shurry Investigation

urry mixtures of diluted Nalco 2360 alone and combined with either NaOCI, NEL,OH
M"M.ON. were tested for their suitability for CMP of Ge. The primary factors ﬁmeoa ﬁ,ﬂm
cl gctivity, a.oB.oﬁm rate, and post-CMP surface metallic contamination levels. The target
,n“mHOM. morm?:m rate ratio (selectivity) was about 5:1. Excessive dishing of the Ge film
was m.unnﬁmﬁom if the selectivity was greater than about 5:1, while o<m800:mr of the Ge
:.a SiO, was anticipated if selectivity was less than about 5:1. Results for each slurry
xture are described first; followed by selectivity and metals data. ™

In this paper, we describe the development of a CMP process for planarizing the Ge-
SiO; composite structure produced by Ge growth in SiO; trenches on a Si wafer. To be
suitable for subsequent device fabrication, the wafers were required to have minimal
dishing of the Ge regions and low levels of metallic contamination. A conventional silica
slurry was used for this work, with added NaOCl, NH,OH, or H,O, to attempt to increase
the Ge removal rate. Each slurry mixture was tested to determine the polish selectivity:o
Ge versus SiOs, as well as dishing, overpolish, and surface metals levels. Optimization
of the process followed, to find the most favorable slurry composition, and to establish'a.
post-CMP clean. Finally, the CMP of ‘coalesced’ versus ‘uncoalesced” Ge ART samples
was evaluated to determine the best approach. ,,

Q,_Ema Nalco 2360

"Wafers were polished with Nalco 2360 slurry, diluted with de-ionized (DI) water.
The: CMP 853.& rates were determined for slurry mixtures with concentrations ow
Nalco: mmmo. varying from 4.5% to 100%. Results for oxide RR for all slurry mixes
attempted (including those with additives) and selected Ge RR data (at 100% and muﬁxu

Experimental

Epitaxial Ge was selectively grown in patterned trenches on Si wafers of 200mm
diameter (1). The patterned wafers consisted of trenches etched into thermally-grown
500nm-thick SiO.. These trenches varied in width (between 200 nm and 450 nm), as
well as spacing between adjacent trenches. Most of the samples for CMP were grown
coalescence, 400nm-1000nm above the oxide trenches. Epitaxial Ge was also grown on
bare Si wafers, and these wafers were used to measure the polish rate on blanket Ge.

2360 concentration, but the oxide RR is directly related to the amount of Nalco 2360 in
he:slurry mix. B

, Oxide Wﬂdoﬁ: Rate (All Slurry Mixes) As demonstrated in Figure 2, Nalco 2360
concentration is the major factor controlling the oxide RR. While the additives appear to
ave some effect on the oxide RR, the removal rate of a sturry mix with additives appears
x.,%o:oé the same general trend as one without additives, for the concentrations tested
Jsing diluted slurry alone, the preferred selectivity (Ge faster than Si0,) was mo,w

achievable for any concentrations because of a significant equipment vibration.

CMP was ‘performed on either a Strasbaugh 6EC or an TPEC 472 -with an IC100
stacked pad and variable concentrations of Nalco 2360 sturry (70nm colloidal silica).
Either NaOCl, NH,OH, or H,O; solution was added to the diluted slurry to enhance the
Ge removal rate. (Reagent concenirations of those additive solutions were 6% NaOC
30% NH,OH or 30% H0,.) Each slurry mix consisted of part Nalco 2360,
chemical additive, and the remainder DI water, adding up to 100% of the slurry ‘mu
Concentration percentages listed beyond this point refer to the fraction of Nalco.2360

Nalco 2360) are shown in Figure 2. The Ge RR is not significantly affected by the Nalco .
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Removal Rate vs. Concentration
of NaOCl in Diluted Slurry Mix
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Figure 2. SiO, removal rates as a function of slurry concentration and for vari
chemical additive conditions. Ge polished using no additives is included for comparis

Vibration Abatement The Nalco 2360 slurry was originally recommended :a
"possible slurry which would be selective in polishing Ge rather than SiO,. “A
unexpected result of this selection was significant CMP tool vibration when polishi
oxide wafers (and nearly-cleared Ge ART wafers) with slurry mixes containing:low
concentrations of Nalco 2360 in DI water. Vibrations were not observed during testi
with NaOCI, but significant vibrations were observed using NH4OH and H,O, additive
These vibrations are believed to be caused by high levels of friction between the wafer
and the pad for some slurry mixtures. They were evident only when polishing oxide;:and

not when polishing Ge films.

ges of Ge*ART m@omoum. of &mmem: e w g
Naleo 2360 in the slurry mix. rench widths

gure 4 ;..OSmm-mmomozE SEM ima
o:mwnm, with 1.4% NaOClI and 4.7%

Diluted Nalco 2360 with NH,OH added

Adding NH,OH to the diluted Nalco 23 i
: . . 2360 slurry did not enha th
MWW%%J@. Zﬂgow ZH.H“OM\H concentrations below 10% with diluted Mo%ﬂw Mem MQWW
alone appreciably affected the RR, shown in Figure 5. With oxide removal EHM

at 2 minimum of 70 nm/min to avoid vi i
- ailr ; id vibration, the ivity
S105) was not achievable for any concentrations, preforred seleativit (Ge faster than

NaOQCl acts as an additional lubricant at the wafer-pad interface, while the NH;OH
and H,O, do not (10). Whereas ~4.5% Nalco 2360 in the slurry mix polished oxi
without vibrations when NaOC] was used, minimum Nalco 2360 concentrations of 3
35% were necessary to eliminate vibrations using NF,OH and 0, additives.;:The
additional spherical colloidal silica particles in the slurry mix appear to moderate;the
friction at the oxide-pad interface. The vibrations prevented testing the SiO; polish:rate
for low Nalco 2360 concentrations in slurry mixes containing NHsOH, H;Oq;-01

additive. '
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ould not be measured at ﬂ.Em low slurry concentration because of vibration). Cross-

Diluted Nalco 2360 with NaOCI added : g
ignificant for this sample compared to the NaOCl sample, but polishing could not

cgularly ocour using this slurry mix because of the vibration.

The incorporation of up to 2.4% NaOCI in the diluted Nalco 2360 slurry mi
increases the Ge RR, as shown in Figure 3. The NaOCl-additive experiments were.run.at
~4.5% Nalco 2360; the tool vibration was not observed while using NaOCl! in the slu
mix.. Cross-sectional SEM results in Figure 4 clearly illustrate the significant dishin,
1.4% NaOCl. While overpolish is evident as well, the level of dishing on this sample i (Figure 7), ev e
unacceptably high. It may be possible to reduce the amount of dishing by reducing th 16% 1.0, is ereoa with 35% Nalco 2360 to avoid vibrat
concentration of NaOC! and adjusting the polish time. s attern H.am.m and o%ﬁ%ﬁﬂ%ﬁmmzmm Ovmwiwwam&mg.nm am

. o > ¢ controlled by endpoi

Iued Naléo 2360 with H,0, added

A slurry mix with low concentrations of H>0, (>0.05%) polishes Ge selectively to

ion. A sample polished with
ounis are acceptable in these
nting to a specific pattern of
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Removal Rate vs. Concentration
of NH;OH in Diluted Slurry Mix

100

£ %1 5o, Figure 8. Cross-sectional SEM images of Ge ART sections polished with 0.16% 20,

£ Mm 1 and 35% Nalco 2360 in the slurry mix.
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m 201 2 Figure 9 compares the oxide and Ge removal rates and selectivity determined for
. © 10+ . arious concentrations of these slurry mixes. For CMP of Ge ART, a Ge:SiO, polish

0 0 Mo ».o wo &0 100

selectivity of about 5:1 is preferred to prevent significant overpolish (due to difficulty
dpointing) or dishing. The addition of H,0O, to the diluted slurry worked best, based on
electivity as well as the SEM results for dishing presented earlier.

% NH4OH in Siurry Mix

Figure 5. Ge removal rates determined for slurry mixes containing NELOH additive
Minimum oxide polish Bﬁ.E&omﬁma. ‘addition to removal rate and selectivity, each of the three diluted slurry-additive

C . binations was evaluated for concentration of selected metallic elements at the wafer
face post-CMP. The collected data is shown in Figure 10. Data for an oxide CMP
process performed on the Strasbaugh CMP is included for comparison to the H,O, and
Z.Hﬁom data. NH,OH added to the slurry mix has the lowest metals levels of the three
additives; but NH,OH does not have the selectivity needed to polish Ge ART

Tioure 6. Cross-sectional SEM images of Ge ART sections polished with 2.8% NELOH
= ) i

. L E High:metals observed on a wafer after exposure to NaOCl (data at right in Figure 10)
and 4.6% Nalco 2360 in the slurry mix @o:mrmn despite vibration).

clearly: show that the levels on a wafer post-CMP could be due to the contamination from
the: NaOCl solution. The high levels of contaminant metals and dishing observed when

Removal Rate vs. Concentration of using 'NaOCI additive in the slurry mix are not acceptable for post-CMP device
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Figure 7. Ge and SiO, removal rates determined for slurry mixes ooEmEEm H OOl ronon

additive, with detail of low concentration range at right.

Figure 9. Comparison of Ge and oxide removal rates and selectivities for slurry mixes
with the different additive chemicals. Difference in bar heights reflects selectivity for
ach slurry mix. Minimum Ge RR for a slurry mix and maximum Ge RR for a slurry mix
with a'different mix ratio are indicated. Ge RR>8i0; RR selectivity is possible with
a0Cl and H,O,, but not with NH,OH or Nalco 2360 alone. (Graph to show comparison
rates and Ge/SiO, selectivity; slurry and additive concentrations are not the same.)




P , .
E.\\ ECS Transactions, 16 (10) 237-248 (2008) ECS Transactions, 16 (10) 237-248 (2008) N% V\

Process Optimization
Surface Metals Analysis Post-CMP by VPD-ICP-MS :

Concentration of H,O,

Although removal rate data for various concentrations of H,O, additive in the slurry

10000
+o00 mix was mwmm&\ shown above, this was only one of several factors in determining the
- nm,ﬁ..oouonmqmdom of H,O,. Pitera warned of pitting when using H,0, (11), and dishing
s also'a:concern if the Ge RR is too high compared to the oxide RR. At the same time. a

10 Ge RR'which is too low increases polish time. u

WEEW was observed for 5% and 10% H,O, slurry mixes, but decreasing the
concentration of H,O, decreased pitting effects. Figure 12 demonstrates pitting observed
afte OH.SH.V using 10% H,O, on a Ge blanket film and 5% H,0, on Ge ART trenches. At
optimized concentration of 0.16% H,O;, no pitting of the Ge surface was detected.

RMS roughness (of Ge areas in a Ge ART sample) measured by AFM is 0.21nm; the
M scan is shown in Figure 13.

Metals Level (x10 ' atoms/cm?)

CMP: Oxide CMP: N2360 GMP: N2360 CMP: N2360| NaOCI +
slurry/clean +H202 + NH40H + NaOCl rinse .
Figure 10. Concentration of selected metallic elements at the wafer surface for dilute
slurry-additive combinations post-CMP, with comparative data for an oxide CMP proces
on the same equipment as the H,O, and NH;OH data and an evaluation of NaOCl:on
wafer without polishing. Data is all from the front-side of the wafer. No data shown
a given metal indicates that the level for that metal was below detection limits of'th
VPD-ICP-MS analysis. i

ishing also varies with concentration of H;0, in the slurry mix, ranging from
table levels at high concentrations to ~20-50nm for 200-375nm wide mw ART
ches at 0.16% H.0,. Figure 14 illustrates this difference post-CMP, with an SEM
omnm w\ﬂ W_ a%é.mom::v\ dished sample (5% H,0,) and a TEM image of wo.:mwoa Ge ART
, A )
Some metals levels for polishing with H,O; in the slurry mix are higher th ety
acceptable levels (5x10'%cm®), but this additive had the best performance in coplar
CMP. A short cleaning step was devised to follow the megasonic post-CMP. clean
involving a DI water rinse and HF dip. Ge etches slightly in this cleaning step. Afterihe
water rinse and HF dip, metals levels were reduced to acceptable levels for sample

polished with the H,0,-containing slurry mix.

H,0, was the chemical additive to the slurry mix with the best performance in term
of removal rate and selectivity (as seen in Figures 7 and 9), and metals levels post-CMP
(Figure 10). Pre-CMP and post-CMP structures are shown in Figure 11. Once the slurry
mix chemistry was determined (Nalco 2360, H;O,, and DI water), CMP proces
optimization on the Ge ART samples was possible.

Figure:12. g ,Huw&:m ocmaﬂswa in plan-view SEM for (a) a Ge blanket film polished with
0% H.muom in the slurry mix and (b) an overpolished Ge ART sample, polished with 5%
10y in the slurry mix. A few defects are circled to assist the eye.

Figure 11. Cross-sectional SEM images of germanium

structure before (&) and after (b
CMP with H,O, additive in the slurry mix. : A5

igure Hm., 2umx m.:E.meg womn ofa Ge ART sa "Em polished with 0.16% H,0O, in the
urry:mix. . 30nm of a_.mEmm.wm evident, and RMS roughness measured in the Ge area is
1Inm.. Note that no pitting is seen in the Ge at this concentration of H,0..
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spacing.- Times listed at the bottom of the chart reflect the polish step; where two times
are listed “X+Xsec™, two polishes were done on the sample. The original oxide pattern
film: thickness on this sample was slightly less than 500nm; a 500nm marker line is
- provided as a reference point in the figure.

The colored bars in Figure 15 represent the thickness of the Ge in the trenches (fora
given patterned area and CMP time); measured from the bottom of the oxide patterning to
¢ bottom of any dishing that may have occurred. “Error bars” are used to show the
vel:of the oxide post-CMP. If the error bar ends below the height of the Ge thickness

he Ge is underpolished and some Ge remains above the patterned oxide. If the error
ends above the height of the Ge thickness bar, the oxide height is greater than that of
Ge, and therefore the length of the error bar reflects the amount of dishing in the Ge.
inally, if the end of the error bar lies below the 500nm horizontal line on the graph, the
ifference between the end of the error bar and the 500nm line reflects how much
rpolish occurred for that patterned area on that sample.

image of Ge ART sample polished at 0.16% HjOx.

Post-CMP Clean

Most of the samples presented here had a megasonic post-CMP clean. An additio
water rinse and HF dip step was added for samples which _.wmcm_.ma.amasoma mcn.,m.
metals contamination. The megasonic cleaning used diluted SC-1 orS.EmE for m_.ﬂ 0 d
wafers, but this chemistry was found to etch Ge even at low concentrations, ac.n prim:
to H,O,. Because of this effect, DI water only was then used in the megasonic &mmb, f
all Ge samples (blanket film and Ge ART). This megasonic clean was reasonabl
effective for slurry particle removal on the Ge samples, except where sample topography

prevented slurry from escaping the surface.

Post-CMP Ge Thickness, Dishing, and Overpolish (0.16% H;0,)

Thin Coalesced Uncoalesced

Effect of Coalescence on CMP

All of the post-CMP Ge ART samples discussed thus far had pre-CMP structure
which are coalesced over the oxide trenches during growth (like Figure 11a). Because of
selective Ge growth, each of the patterned areas has a different zmnwbmmm. of coalescence
over the trenches, resulting in different times to reach coplanar Ge-SiO;. Howeye
coalescence may not be necessary if the CMP process can handle uncoalesced Ge ART.

 Flim thickness (fim)

60+60sec  60+45sec : 60+15sec T8sec 40sec 20sec 10sec

efching clean
BA BB oC oD

FmE.,,m 15.- Ge thickness, dishing, and overpolish for thin coalesced and uncoalesced Ge
ART-wafers polished in 0.16% H2Oz-containing slurry mix for different times. A-D are
the four different patterned areas. See paper text for additional graph interpretation.

Generally, a CMP process does not reach a reproducible, steady state until after about:
a minute of polish. For 0.16% H,0, in the slurry mix, polish time for an uncoalesced G
ART wafer to reach coplanar is typically less than a minute, so oowﬂqommg.:&\ ofa mr.o
process for the uncoalesced Ge ART is-uncertain.. It may help ﬁ.wﬁ..zuw m._ON .@mnmEE
slows the overall polish rate as the structure begins to clear.. Initial investigations of 9
effect of coalescence on Ge ART CMP were concerned primarily with how no&wm.owun
might change the clearing behavior of the structures during CMP, so the question o

polish controllability was not evaluated. * An‘enormous amount can be learned from the data presented in Figure 15. First,

comparing the thin coalesced vs. uncoalesced samples, it is interesting to note that the A
section clears before the B section in uncoalesced, but the reverse is true for thin
coalesced. - Also, the amount of overpolish evident in thin coalesced sections C and D
(before section A is completely cleared) is much more significant than that observed for
the uncoalesced samples when all four sections are cleared. It seems that in order to
more effectively clear all four sections without significant overpolish in any of the
sections, polishing uncoalesced samples is better. For a thin coalesced sample after two
ne-minute polishes, section A is not yet cleared, while the film remaining in section D is

Analysis of polished ‘thin coalesced’ and ‘uncoalesced’ mmBE.mm focused o
evaluating dishing and overpolish as a function of polish time for four different Hmma,u,x,
13mm pattemed regions (designated A-D). Uncoalesced Ge was grown above th
trenches by ~100-200nm; thin coalesced, by ~400-500nm. Combined am& for seve :
samples is presented in Figure 15; thin coalesced samples are on the left side of the mnﬁF
uncoalesced on the right. Sections A-C had increasing trench widths and ooﬂmmwou&u
oxide spacing; section D has the same trench width as section A, but with wider owa,.
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approaching its dislocation trapping region. On the other hand, if the primary sections of
interest for a given sample are C and D, the polish time for an uncoalesced sample would
be extraordinarily short, and it would be better to polish from a thin coalesced sampl

Only one of the samples tested here used an etching clean (3-5% H,0, in the megasonic:
post-CMP clean), and.it is clear that this sample had more significant dishing than the
other samples shown. Finally, some difference can be observed between the two thin:
coalesced samples with similar polishing times (75 seconds in one polish and 60+135
seconds in two polishes). It seems from these two samples that the ramp-up and ramip-
down steps in the CMP do polish a small amount. The data presented in Figure'15
clearly indicate that uncoalesced Ge CMP is possible, and that it provides less variatio
among the patterned sections, but coalescence may be helpful for some patterned mmomo,sm.

Micro-Raman Studies on Nickel Germanides formed on (110) crystalline Ge
C.-Y. Peng®, C.-F. Huang?®, Y.-J. Yang?®, and C. W. Liu®>"

Unﬁmnam& of Emo.ﬁom_ Engineering and Graduate Institute of Electronic Engineering,
. ,Zmdo:& Taiwan University, Taipei, Taiwan 30076, Republic of China «
. " National Nano Device Laboratories, Hsinchu, Taiwan 30076, Republic of China

e-mail: chee(@cc.ee.ntu.edu.tw

ﬂmowﬁ germanides formed on crystalline n-Ge (110) substrate are

investigated. By the XRD analysis, NisGes, NiGe, and Ni,Ge

phases are formed sequentially with the increasing annealing

« :itemperatures from 300°C to 600°C on n-Ge (110) substrate. NiGe,

e ‘however, is the only phase observed on (100) substrate at

~ .-corresponded annealing temperatures. On the other hand, there

shows a strong tensile stress in the underlying Ge (110) substrate.

- The tensile strain may be due to the lattice mismatch between
-+ nickel germanides and Ge substrate.

Conclusion

A CMP process was developed and optimized for planarizing Ge grown in oxide trenches
on Si substrates, by the Aspect Ratio Trapping technique. NaOCI, NH,OH, and H,0;
additives were evaluated in diluted Nalco 2360 slurry, for Ge removal rate enhancemen
NaOCI and H,O; had high polish selectivity for Ge, but wafers polished with NaOC! had
high surface metals contamination levels post-CMP. A 35% Nalco 2360, 0.16% 0,
_(30% solution), and DI water slurry mix was determined to have the best combination of
selectivity, planarization behavior for Ge ART samples, and low surface metal
contamination. This optimized slurry mix and a post-CMP clean were used to polishia
variety of coalesced and uncoalesced Ge ART samples to coplanar Ge-Si0s!
Heterointegration by the Aspect Ratio Trapping technique, combined with the optimized
CMP process developed here, can be used to create planarized areas of defect-free Ge on
a Si wafer. These structures may enable high mobility non-Si channel MOSFETs on
silicon substrates, for future generation CMOS logic, and potentially a wide variety of
other applications as well. .

Introduction

The  germanium channel metal-oxide-semiconductor filed effect transistors
(MOSFETs) have received much attention because it offers 2.8x low field electron-
BocEQ.Eﬁ 4x hole-mobility enhancements over Si [1]. The implement of different
mcvmqmﬁm orientations such as (110) substrate for the bulk Ge PMOS [2] is also an
mﬁmﬁ?w way ‘to further enhance the drive current. Owing to the recessed Si,Gey
gmo.m.ou technology, currently employed in state-of-the-art CMOSFETs, introducing
c.EHcmE compressive stress in the Si channel, the germano-silicide induced stress is a
highly concerned issue to avoid the strain relaxation on underlying Si,.Ge, junction [3].

mﬂﬁioE<wmmmmﬁnngmo§mn:dmmammozmaoowmmEacoaama.mwmomm:ovz-oa
bstrate. :
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