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l.Introduction
The gl'oup IV alloys such as Si1-*-yGe*Ca ancl

Si1-sCy are very pronrising materia,ls for band-gap en-
gineering in Si technology. However the growth of C-
containing epitaxial a,lloy is clifficulb bectruse of the very
low solid solbility of C in Si.

We have invesbigabecl Si1-rC, alloy by using plasrna-
enhanced chenrical vapor deposition (plasma-CVD) anct
rnercury sensitizecl photo chenrical vapor deposition
(photo-CVD)[1]. Since the epitaxial growth by these
methocls proceeds uncler non-therrnal ecluilibriunr concli-
tions, ltighly C conha,ining alloy can be rea,lizecl without
solid solubility limitrr,tion. In this paper, we have ob-
tained the epita,xia.l Si1-rCu alloy with high substitutona,l
C cornposition higher than 3% af a growth tenrperature
of 200oC. Additionally, i,n-si,ttr P doping was also carried
out using PHr. This paper reviews structual and electri-
cal characteristics of the Sir-ycu fihns.

2.Experimental results and Discussion
Epitaxial Sil-ycy la,yers $/ere grown by the pla,snrar,-

CVD ancl the rnercury sensitizecl ptroio-CVD on Si(001)
using i\ gas utixttrre of SiFIa ancl FI2. The C aclclition
was carriecl out using CzHz, CFIa or SiHz(CH3)2. PI-IJ
was used as cloping gas. The substrate temperature was
about 210oC. The growth pressure was maintainecl art

0.5 Torr.
The epitaxial growth was confirnrecl by reflection

high-energy electron cliffra,ction (RHEED). The struc-
tural properties were rneasurecl by high-resoltrtion X-r.W
diffra,ctornetry (HRXRD). The ciistribution of the ele-
tnents within the filnrs wtr,s cha,rtr,cterizecl by seconclary
ion mass spectroscopy (SIMS). Electrical propaties were
determined by Hall mesurernent.

Figure 1 shows a SIIWS profiles of the H tr,ncl C con-
centraton in the r.rnclopecl epitaxial films. The samples
were (a)as-grown ancl (b)a,nnea,lecl a,t 700oC. The film was
growll by the plirsura-CVD alncl each layer has deffereut
CzHz a,clclition ra[io. Ib is confirmecl that the C couteut
of tlrese fihns strongly clepenclecl on the CzHz/SiHa ra-
iio. However, H incorpora,tion in ihe as-growlt frlnr also
increasecl with increasing CzHz aclcli[ion ra,tio. It suggest
that C-H' bonds are fbrurecl in the film. In orcler to cles-

orb the H in [he filns, we carriecl out thermal annealing

Figure 1: SINIS profile of the epibaxial film contain-
ing three layers. The samples were (a,)m-grown ancl
(b)annealecl at 700oQ.

10''

102

102

101

101

(f,

E()
a
Eo

co
fit

G
o(J
o
c)
(J
15

(s

-

cr)

E(J
a
Eo

co
(E

.co(J
co(J
o
Ec
(It

-

1023'
as-grown

400 600 800

Depth (nm)

(o)

annealed at 7000c
102

102

102

01

101 0 200 400

Depth

(b)

600 800

(nm)

484

c2H2lslH4

0.0

s--

\

-----rd

-/

t ,l
I
I
I
I
I

0.001 i
I
I
I

I

Lritt ,l

--r------{l I
I

i

I

!nvl

,f

0.005

r
rl .

il :

c2HzlsiH4
0.0 0.001 0.005

c ri
l!
ri,l

I
I
t
I
I
I
I
I
I
I
I
I

r--9+t--4

' t.,at-v
tr\i--r{--{l

I
I
I
I



after annealing

by plasma-CVD
C2HzlsiH+=0.00

substrate

epilayer

lrown
lln r u-

annealed

il l.Lnr!.
,,at 500oC
lrHnr'ljr'-r rl. r-

7000c
r.u rt . tr. it --

-0.4 -0.2 0 0.2 0.4
A0 (degree)

Figure 2: XRD(004) results for as-grown
Si1-eC.y films.

Table I: Vlaximum C compositions

Cz}{z 2.3% 2.7%
3.5%siFlz (cH3)2 0.7%

CH+ 0.4%

in N2 atraosphere. By annealing, H concentrartion could
be decrear,secl. On the othe hancl, there is little clifference
in the C profiles between the as-grown ancl the annealecl
sanrple.

The XRD(004) patterns are shown in Fig.Z. It is ex-
pectecl that the C incorport'r,tion into [he Si layer sirould
clecrerrse the lattice conste'r,nt. However, the XRD peak
of the epitaxitr,l Si1-yCs films was shifted to a lower cle-
gree cornparecl to the peak of the substrate. This is clue
to H incorporation into the fihns[2]. The XRD pattern
of the layer anneaiecl at 700"C revezr,leci thab the le'r,ttice

constant was srnaller than that of Si. This inclicat,es tire
fortnation of Si1-yC, alloy. Furthermore, we confirnrecl
tirat the Si1-yCy layer was pseuclomorphically grown or1

Si substrate by X-ray reciprocal lattice mapping.
The fabrication of Si1-oC, filurs was acheavecl using

several C source gases. Table I shows rttaximuur substi-
tutional C conrpositions of the obtained fi.lrns fbr each
conrbination of C source gases ernct grolvth methocls. The
subsbitutiontrl C cornpositions were ci'ulculatecl consicler-
ing the strrr,in in the films by Veger,rcl's iaw, whicir is baued

on the lattice constants of Si and 3C-SiC. The uraximum
substitutionerl C composition of about 3.5 at. % was ob-
tainecl by plasura-CVD using SiHz(CHl)z Bas.

In-situ P doping was carriecl out using PHs. C aclcli-
tiou was carriecl ou[ using SiHz(CHs)g. In the a,s-grown
films. bhe czr,rrier concentra.tion of tlie C-aclcleci filnrs were
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lower than that of Si fihns. However, after annealing at
700"C, the values of the Si1-yCy fihns became the sanre

level of the Si fihns as showu in Fig.3 which shows the
clepenclence of the carrier conceutratiou of the annealed
sarnples on the PHr doping ratio. The open circles ancl

the closecl circles inclicer,te the fiirns with ancl without C
adclition, respectively. These results strggest the forma-
tion of the P, C and H including conr.plexes and suppress
a dopant activation by the cotrplex. The P-doped epi-
taxial Si1-yCy fihns were obta,inecl with carrier concen-
tration up to 1x101ecm-3.

3. conclusions
Pseudomorphic Si1-37Cs alloy lar,yers were growtl on Si

by plasrna-CVD ancl tnercury seusitizecl photo-CVD. By
deposition at very low substrate tetnperature of 200"C,
we have successfully obtainecl the epitaxial Si1-sCy films
witlr lrigh substitutional C composition of.3.5To. In-situP
clopiug was carried out by using PHr. P-cloped epitaxial
Si1-yCy fihns could be obtainecl with carrier coucentra-
tion up to 1x1gie.*-3.
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