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ABSTRACT

B-S1C was chemucally vapor deposited by pyrolysis of MTS+ H. gas mixture The experimen(s were conducted
m the temperature range ol 1100--1500C wilh a r.[. mduction furnace under atmospheric pressure. The IR,
XRD, EDS and AES analysis revealed thal the free Si was always codeposited with SiC below 14007 | regardless
of the tatal fow rate and MTS concentration, whereas B-SiC single phase waz deposited at 1500€ . Galfy or
CH,CL, as an excess C sources, was supplied with MTS in order to obiain stoichiometric SiC at low temperature.
With 1he addition of C;Hy ar CH:Cle, the deposition rate was ncreased and B-SiC single phase could be deposiled
even al temperature as low as 1100C . In the absence of C.H. or CH.Cl, the mcrohardness of the layer
was quite low (<H,2000) becausc of codeposited free Si. with propane addition, however, 1l reached up to
wherent SiC value (= H,3000).

LA 2 S0t AdEa gl
elsh #e) SiCe ofi7bA $43 44 sxa gl
TE A A v gAY, gl 2 Ak 2gAAE Aed Axg e owdel 9o
FAHAATE AR Gl SiCe 2w BEH SEA €4 podEen g o148 9t T2 SiCE F2
ol 2prad NRE de) AHgEe] gul w2 2ells Acheson®]™el f3le] Az¥m gch s Az
dgd el A28, AEY 920 5 40) e SICH bulk HHE A8 g3 AAEE AdngA,
et el 4] wEEE AEE w wbE sl g WLT A AA) Eo] el b wWEsled r|gkame]

,46_



MTS)
fa g SIC AHEe B4 FaAle o)gEls
Fokel FAlel Eolx it olvh EA# A 5iCE AE5s
b e 2= CVD, CVI'Y, sputtering'™, MBEY™ = ﬁ%
A2 Al ekEe] d=wl 2 FolA sEhEEACVINS
Azgdulz hdEbs Bl A2 A
Ze R 08 Az AheshE vha e 9
Hx e ielr

Si1C= z}eza) 4]

[}

T

AWq 24E

e7lde Fade S C

o HD
de SRdeE TEshe WHELAE, SR Cs
ale] Piaba ol rldEEA g QReE o

Ashs A ek MIIIAEA 29A S A

¥ oA txe ol 5 ggdks wkeslasl .8
Tl J—% 142} AR ms} N2 Db 2a
7)1 EHoR L olyge] qfE0E

7l del e gy R E ol buls 14AEe] B2
war sl "HAjsa] A= fr)AdResEtee 32
FEeld], %"ﬂ’f] £3] methyltrichloro-
silaneMTS | CHaSICI)2 SH3-E12) Siel C8 ul7) 1

P12 =] gletd FEE2] zAe] sl Ao
chiometry) 2.5 ¥ 7] 4rie o) § wf2e ] o] L5
g2

MTSE Hb-&7]4 = A ojz] odpgalssl 2ag
Hml, MTS Briul2 Sigh C2] wlz} 1712 =) g/e
S Hshz F e mel §iC B ooz }free S Ep2
[ree C7} &4 Z3¥les #Ao® el ok Chinsd
Ohkawa"E 7|@ex = MTSe) —m:7], W ke
A 5iC2F @A free Siz) Sy § gj_gu:}, Fisch-
man 5L 1 o]f-F MTSe] Aiael] Sale] gz
silicon chloride | i]—ﬁi]'%—-%o] 8+e4le| hydrocarbon i
el v)g =7 o))l sl Zehd #Alvs|
MTSE 9574z Alsle] SiICE #3Z45 od1a)
E2 IF (ree Si9] £215 fuldllw] x5 gL &

L)

o2& AR free Sivh fE SIC BYAdE &

dl5iat k= e ofF] o]|RoiR|3 oA k)

4, A2 SH+CH+HoZ 4 SiCE 2arzae
Allendorfel Kee*'o] edjte] ojale) setmaleci ul
7 AW £ 5 hydrocarbon®) FEo] = 82
317 silane ] FrAl Bl owg AHA ws 7

Lz veht ‘31‘:1- olgh Zo] SiCe) Fehzatulgol
S AW C5 Siate HebEe] geted #ulgr)
¥, MTSE o8¢ 5iC4 2)5h32b) whe=) Aol hyd-
rocarbon® FEE E9EoR A free S8 T2 o
A A0 2AEES F0)

7)) Eo

- o
Al e ogle Few

A 304 A1 £(1993) -47-

o 3-8\ 2 o8-8k B-SiCe 3erE3ak 7 Bxcess C

EE8) <l

w4 ishutaff valves,

claneedls valves,

v:3 way valves, F:flow mefars

Fig. 1. Schematic diagram ol experimental apparalus.
1: precursor reservior (MTS or MTS - CH,Cly),
2: r.k heater, 3: susceptor and substraie, 4: vie-
wing porl, b vacuum gauge, 6,7: traps, 8: va-
CUUT pUInp.

2] = =g b K= R
s I ki Ct 7]%1—{—1:_, ESCAETS \’ITS‘”] L

oﬁ, UIN
o o
o
)
2
Sl
i
A
=
o
T
w3
~
1
DT}.

CH2C!,E MTSg] A4 Zggd o vbeluk= B
=9 gleha A, U]A]Ax! L B |
[8fe] H 2ol Ax free 817} gl SiC wrd Y TS

2oz sl

o']}{
,Lr

>

Ll AR 8 s

2 Aol AlgE Agae sigEs Fug le 24
shedel

e Fag HENE LRaGEe H bl
TEybERE AgEch 7l 2k 2 Al {optr-

cal pyrometer) 2 &&=t &3 e A2 }}iﬁ}r}'}:ﬂ
et 2% Au g Cod Faloz #7s|y

24 SICS) emussrvy™e=DOE Y B A5 An) Sus-
ceptors= Tl SICE A s Eqlg al4slgy, 7| ghe
Anledel gl 3o A )
7lH el MTS= 0C & 425 g2z 25 H, carrier
gasel] #sbe] ql-gste g mglulelr) o] Ffalk W
EF7IAle] Fee float typee] ez 2Yalgr),

g8 CH, B2 CHXLE MTSe) g9 358 45 CHy



& Hel A 1%2 #l4sle] Sydoz et sy
algeh 2.2vk CHCLE 0T o) 4 of 5] Alef o 1 MTSs)
Al o s el ‘ﬂ')'}ﬁ]”i MTSeh 34 44

o uﬂ;ﬂ AL o]]}\-] Fgs) S’j + FgE &7] ahd

—'EE H; 2 bubblings}eq

'ﬁ
g

T
2 F8

Asieh

FARSEA SHshn
w o Aetseh Faael B

Y XRD(CuKa = 7_} 7} :ﬁ}\}-é]“;’\l =1

o, A&

s —ﬁ—*"ﬁ] o (e ZHe] 74]43]3’1"—}

L e

- 0.5)
S(al.%)= 20l —Ig0)

> 100

o174 Lt
L= Fzf SicC
el o] 4T o] EDS
thal AESEZ 7Alshelir, AES
AR MEHEUE

=45 AES ~dlEdo g ] (3
skl

]i—”r
EUSTT

=

2o

b
‘-I

'I\J ‘\1

Ar sputtermga‘]

)

:l[o

WS
2(/S)

o714 Ce &% i8] =9y
Auger Hate] A%, B(I/S)E =E 3
ger Edl 2}71—: ug] g2 7} 2} 'L.]-E:I.LH[,}.
= FAT AEe wHanndzds
bEe] wniel o)sle] s} 100gf2

lf

52, L B i) gt
20 )&l Ay

To 2

3L MTS+HA
Fig 2= :EMM]A] MTS8] E2-8(MTS/MTS-+ H.)

= 0012 dAstA §As¢de of, 12000, 1300C 2
1500C o 21614 HE1 5121 5ol e 44 me)
WSS el Hoin),

_48,

5 A% F

2.0 _l
— ® [200°C &
£
E 1.6 + mi3coc
S~
R a 1500°C
£
()
. -
;1.2 F
E
~ [
s
=
S a8 +

. .

=
o]
=
(%) -
S 0.4
o
Lid
<)

0.0 1 1 1 1

400 300 1200 1600 2000 2400

TOTAL FLOW RATE {sccm)

Fig. 2. Deposition rate as function of tolal flow rate
al MTS melar fraction of (.01

Fig 2ell4 2t £x2e glejd Zasne 2k uf
gt 712 #HidFes Zoslw Qu 2 7)ErE ue
sict Eversteyn™-& 94 cold wall Wkl 4] 7h4)
Hi(forced flow)2 9labe] 7lgta} Sxubgkon ool

Ve mass fux( S (A3 zbe] maabelch

EL

Wb dPx)
" RT, Ox

o 7] 4 v

3

7149 $2 b= vl Faogy
7] kA 2 %ﬂ]. R& 7] Al/”f?—, FP(x)/oxl= 54
Fbabe 22| el gel), (DAelA) hulk gasEHE]
Flgalake 2 o] mass flux(,)E BH-L7] A2
vleEhed], L8 4 413l kgl

Free] P 2 S5

ape) 7} Fig 29} o

b3 H

B

T vl
0](}.}}\-] =
golseE 2Hg

Ao

o) F7HE
= A ]
gk

Fig. 3& &-#7& 1600 scem2 & 714
©, 1300C & 1500C «ff glef4 MTSZ|
FA£me] WIE vehd Aol

Eversteyn®| boundary layer o]&
={ye 7l e SE20EP,—P.)

A& oieh (@4} 2ol EEAT

Pef] £13]
52

st

(Ph - Prq)

RTfE I--ED)

I= 4

]
=

714 P, W P bulk gas ¥ 7|gEwle)4e] =3

5.9

437



MTSe) «alg o8 B-SiCe
2.5 ]
e 1200°C &
240 m 1300%C
4 1500°C

0.5

DEPOSITION RATE {mg/cm’/min)

0.0 3 L L 1
0,000 0.005 D.010 0.015 0.020

0.025
MTS MOLE FRACTICN

Fig. 3. Deposition rate as a tuncton of MTS molar fra-
cton al lotal flow rale of 1600 sccm.

D ke kSl Gl
wEbdich @A SRS R

sl vl#se g Fig 364 vephd =
Bl MTS2) B34 whke) Aases
&} o] Z=hz Eversteyn®] 4] (3)ef glei4
AP(xYIXEE o4 HmE 4

B B AYg Foo
WHilel]l W=

]
=

] nt

1t 2B
E]

L-c

-

=
ER
=1 c,w
27)51

FET

e
A

do i

1]

g

714

% 7

7]
I

ol

=

(o2
i

=z
THEF % MTSe
r:]-E
tle
1600 sccm, MTS2]
Fig. 4= MTS2] =

1600 scem !

Z 71577} ‘ﬁ?"ﬂﬁ]
L Weed m yeeidy
z}z] 38t2kcal/1n0] 10
e
FAhgol

=
T Ans] By
=+ 2 keal/molal 7 .e

Zapikge] g

=
=7

A 303 A1 &(1993)

| e

_49,

=3 4 Excess C ZaF%2] 2%

" -]

0.2 |

““————_A
“-___\-___-——___A
C 00 o, . T
“E \ \A
L H

NE -0.2 | \
[+ .\
~,
m
£ -04 | \
e -
Ll
[
= -0.6 - @ 8O0 scem "
b W 1200 scem *

“0B - 41600 secm

—-1.0 . I i

55 6.0 6.5 7.0 7.5

RECIFROCAL TEMPERATURE {10%/T,K™"}

Fig. 4. Temperature dependence of deposition rale at
MTS mpolar fraction of 0.01.

AT g7 AlS) B 7| A 8] o, g e
wak, 7o) G Sof ) A2 ke wad o]
Q17T AR e 2 oF 10 keal/mol o]4l Aels E
ALgAu], 2 o)ald Agel FRHDA AR B}
S 9o, wehd B A9Z 12500 olsel s
AA ubgo] Elubgol slshed AuisE Ao 47}

ey, 12507 o)At B LM— Aol 2]g} =]l
]

A E A" ghe] Thi Ze ol 2 Aol ub
27 A2 AF2E MTS7) 8loa Bxieke] & ¢sbEo]7]

©

&

Aoz 5o

£l

= Ao 4%5@ MIS+H AN 4= %4 35
FF5e] S C, Ho ClE FA4z glezz Zakzg
o= 510 75{.- ol#lel = SpH, S-Cl Si-CH, C-H$)
2e el Zitel 2AF = olrh FH3wel 74 4
rEo) Ay g 2obehy) gfaie] 7 savu-feuﬂw
£4E stglc), Fig 5= #lg-2x 71 zhzh 1200T . 1360C
21500 2 f Yol BHE Ao FragE
HikE ekl zolth

Fig.5% ¥ =8 2=l glels s 500 &

2ol A Si-C8) stretching vibrationel| 2]&F E-4=207] -2
A5 dejta gqln 2 Ao we
A Frbela alrk ® S 1100 2 A8 Si0-Sig
antisymmetric vibration '3 stretchingsl] 213+ F-97)
defbm qlow 7 Frgee ndl wel asho)

1500T o] 24 #2] Re)x L o]8) Zo] o] 4

=

IZE

P A

DJ—‘—-
s L

§i-0-8iell 2l F7) A el ol f 24 SiIC
xg Aol dEhEinative oxide)ol o8 F e £



TRANSMITTANCE

2000 150C 1Qco 500

WAVE NUMBER {cm™")

Fig. 5. Infrared Spec:tl‘al change of the CVD layer de-
posited at a total flow rate of 1600 sccm and
MTS molar fractien of 0.01.
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Fig. 13. Si content of CVD layers as a [unction of de-
position iemperature in MTS- Colla+Ho.
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Fig. 14. Vickers microhardness of the CVD laver as
a function of deposirion temperature in
MTS+CHy+-Hy system.
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