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A Microscopic Role of Impurity on Growth Surface of Microcrystalline Silicon

0 Towards Larger Grain Size and Lower Defect Density

gooobobooogoooboogo
T. KAMEI 0O A. MATSUDA

Ultra clean plasma CVD (Chemical Vapor Deposition) process opens the doorway to clarify
the role of impurities in the growth procesguetSi:H. A reduction of impurity levels during the
growth extends the temperature range for crystalline formation to lower side, i.e., high-crystallin-
ity pc-Si:H formation even at room temperature, substantially reduces midgap defect density at
200°C, and enlarges crystalline grain size at 350°C. These results imply significant effects of
impurities on crystalline formation, the surface of which is covered with hydrogen and thus can be
considered to be chemically inactive. The crystalline-to-amorphous transition at higher tempera-
ture of ~450°C is induced by a loss of surface hydrogen coverage due to thermal hydrogen desorp-
tion irrespective of the effect of oxygen impurity.

§00000O0O

goboobboobbuooboboobbooobuoo
goboobboobbuooboboobbooobuoo
gooOoOoOoOoOoOoOooood»gU40000D0OOODOOO
00000000 cvDb(Chemical Vapor Deposition)O O O O
gobdoobboobbooboboobbooobuoo
O000o0oo0o0oooUooooooooouooooooo
00000000000 0o0oo0ooooooooooon
O0000o000ooooooo” oooooOo” oooo
godo0oUooOoUoooUoooUooooooooooo
00000000000 000o00o0oooooooooon
0000000000 o00ooooooooooooo” o
OooO0oo” Jooooooooooooooooooo
gooooooooooo

gooooOoOo, 00000000, 00D000000D0O0DO
goooooOonOO00OO0OOOOOOOO, DOoDODOOO
0o000oO0000OO0OO0OO0OO0OO0ODOOOODOOOOOO nOp
O0000o0O0O0O0OO0OOODODODOOO®»0000000000
Oo0OO0O0OOoOoOoOoOoOooOoil99e0OoOpoOoOoOoODODOOO
O00p-i-n0000D00ODODODODOO7700000000

000000o0OoOo¥»wo0o0o13.56MHZO00O0O0OOO
goi1oovMHz DO DODVHFO D OOOOOOOoOOoooooo
goboooboboobooboboooboobobooboo
00000O00DOintrinsicCO00000O00DODOOOODODO
gobooboboobobooboboooboooboboooboo
gobooobobooboooboooboooboooboo
gobooobobooboooboooboooboooboo
goboobobooboooboboooboooboooboo
oooboooboo

goboooboboobooobobooobooboboooboo
goboobobooboooboboooboooboooboo
goboboboobooooboobobo, oconobOonDO
gooo0o00oO0oOoOoOooOoY%U00U0o0Oooooooog
gobooboboobooobobooobooobobooboo
goboobobooboobobooobooobooboo
goboobobooboobobooobooobooboo
goboobobooobooboboooboobobooboo
gopoooboboobooboboooboooboooboo
gopoooboboobooboboooboooboooboo
oo0o0oQoOo»00000ooooooooooooooo
gobooboboobooobooobooobooboo

KEY WORDS : microcrystalline silicon, ultra clean plasma CVD process, impurity, crystalline grain size, defect density, surface hydeoag®, co

crystalline-to-amorphous transition

M 37 M



38 goboooobobooooboooessod 1,20

go0oO0O0oO0OOoi0dcm*0O000O0ODOODOODODODOODOO
oooooos®ed
gooooboobbooboboobooobobuooboooo
gbooooboobbooboboobooobobooboaon
gooooboobbobobooboooboboobooon
oo0s"00000000000O0ODO0ODOODOODOODOO
gboooooooobo

§00040d0
O
gdoooooobooooooooooboobooboboa
cvDbOooOooOooooooooooooooooooooo
000000000000 0D0o0FZOOOODOOODOO
000000000000 DO100mTorrO OO 0O OO 1scemOd
O0049scecmd RFO OO OSmW/em?20 0000000000
000000000000 0o00ooooooooooDoon
0000000000000 0DOO0O0000OdDn?2504500
000000000000000.1As0000001um0O
O00oooooooo, ocoooeo
gdoooooooooooooooooobooboboa
0000000000D00DOODO0OO0OSecondary lon Mass
Spectrometryd SIMSO 0O 0000000 OO0OOOOOO
O, X000, 00TEMOOCO0ODOOOOOOOOAIODOO
000, 0000000,AML5100mW/ecm20 000000
O0000o0ooooooeodonDi3o0ooooooon
000000000000 0ooDDoooooooooaon
0000000000DO0DO0O000O00OO00d0OElectron
Spin ResonanceJ ESRO 0000 OO0 OO OSIMSO FZO O
0000000000 oooooooooooooon
ooooooooooo

§0d0oOooog

O

O00(a)b2000000000000000DCO0OODO
goooooosiMsOOoooooooooooobobo
goooobooboboboboobooobobOooboooon
gbooooboobbooboboobooobbooboaon
OO00OO0O0OOOoOoooosx1o* ecm®*0000CObOOOOO
6x105ecm30000003x10*ecm* 00000000 000
gboooobooboboboboobooobbooboaon
gooOoOoOoOoOoOoOoOoOoOoOoOYwWoooooooooo
goobooooobboooobbobouooboboo
goooobooboboooboboobooobbooboaon
goooobooboboooboboobooobbooboaon
OO0000O0OoOooOo@mOoooooog, 4000000000
OO00OC0OO0OO0OOoOoOoOoOoOoOoOooOoosx1oYem3oOOO

120

[CH

qmiahk

iplEh

LG K ______.//1-,' o
=

1|:|1'E-----t:- ------ J:lltll-.-;,.;-ﬂ-\._-‘_‘--\_—\_

\
5L s N e
1] Y

1|:|1|','. p 1 2

concentration (cm'a}
=

Ceplh (pm)

0O0O0@2000000(M4s00000000000000000
gooooooosiMsOooooooooo

Raman Imensity {arb. unit)

1 L L 1 L L
ad iy a0 wan £ a0

Aamean Shit {ermT)

goOooboooloo0Ossong4so0booooonoonoOooOn
gooooooboboo

O01x10%cm®*000005x10%ecm*0 0000

gboooboooboooboooboobobooooboon
gooooboobbooboboobooobobuooboooo
gbooooboobboooboobooobbooboaon
gbooooboobboooboobooobbooboaon
goooooooboobobobobobo,bobobooon
gboooboobbooboboobooobbooboaon

M 38 M



000000000000000000000000ao 39

| il |“
[ S
—~ L - [ |I I
E} [ __,)' I"».\__ ML
ﬂ L F %7 % aR
A P
;\E, | I"\-\.\_\____-_ - I-\.'-‘- 35T G
F o, |
w
R
=, [E— - LTI
— e L
I — A i
T —_ - — " =5
L L I._ = I'_
B K| HE 10 RE 52 i G2 Gh o

|
oo gboooooooooooobooooboooooXxooo

oobo0ooobooOoooossedoononooonnzzo0000
ooboooboooo

gboooobooboboooboobobooboboobogon
oo0oooooooooobbooooosseonooooon
ooobooooooooooboooboooon, 450000
gboobooooooooboobobob
go0ooooooossoooboooooooooXxgoo
ooooOoOoOO00O@200000000000000O0
gooOoOooOoooooo@myo@Ey)yooooooooo
goobooooobobooooobbboouooboboo
00@20)0000000000000000 35000 10004
goooboobooooobbooooobobooooooboo
gboooobooboboboboobobooobobooboan
odoo0oooooooOdbocu-Kae,ODOOOOOOODOOO
gbooboooooboob ooobooobogoossonooboooon
gbooooooobooboboboTeEMODODOOOOO
ooo0ooooobobobooooooooogooDooon
0000000000000007000~8000A0 00000
0oOoOoi1000A00000000000000O0DOOOO
oo0oooooobooboooboooooooboobobooobooo
goooobooboboooboboobobooobobooboan
goooobooboboooboboobobooobobooboan
goooobooboboobobooboboooboobooOoon
gbooooooboobobooboobooonoo
goooobooboboooboboobobooobobooboan
0000000000000 0000000500A000%0
gboooobooboboooboobobooboboobogon
gboooobooboboooboobobooboboobogon
ooo0ooooobobobooooooooogooDooon
gboooobooboboooboboobobooboobogn
gboooobooboboooboboobobooboobogn
oobo0ooooobobobooooooooogooDooon
000000000OooOooooosiHooooo0o00©d

Substrale Temperature (T}

| L) 1 1 1 1
s _: = AR R
B ' » 200
" ; a (313
'-E L * E_al -0, Zay L
- 5
W h
B B |
ifa |
.
= |
a
E B a cC
o B .
&
hi a a |
1A —
[ 1 1 1 b
1h chn 2.3 iz 4.5

1000 f Substrate TeEmporatuia {K)

obooooobooooobooooooobooobooobooooboonon

oOo0Osso0000000b000oo0oocoooOo0ooon
goTeEMOOO

oooooO00ooOoo0ooOOooO0oOOO0O0O0O0O0oOoon
o0ooooooow%2ooevbOO0OO0O0O000O00O000O0
oooooOooooo0ooooOooooooooooon
oooooO0o0ooOoOo0ooOOooOoOO0OO0OoO0OOoon
oo0o0oO0O000o0oO00O0bs*°000boooooocvD
oooooOooooo0ooooOooooooooooon

M 39 M



40 goboooobobooooboooessod 1,20

0oo0o0o0obOooooooobooosiv,00o0ooo
ggodoooooooboobobobobbobbboboboon
gooboobogobooboo

SiH,+ Si-H(S) -~ SiH,1 + Si-(S) o)
H + Si-H(S) - H,1 + Si-(S) @)

000O0SiFHEG)DSIH(S) D0 00000000000000
00000000000000000000000000
0000000000000SiH,00000000000
00000000000

SiH, + Si-(S) - Si-SiH,(S) @)
H + Si<(S) - Si-H(S) @)

gooooboobbooboboobooobobooboooo
gbooooboobboooboobooobbooboaon
gooooboobobobobooobooobobooboooo
gooooboobobobobooobooobobooboooo
gboobooooooooobobobob

goooooooboobOobuoboboooog4o000bO
goooobooboboobobooboooobooboooon
gboooboboobobooboboobooobbooboan
0oooooobOooooooosiH,oooooooooo
gooooboobobooboboobooobobooboooo
gooooboobobooboboobooobbooboon
gooooboobobooboboobooobbooboon
gbooboooooboobobobob200oboobOobo
go0oOoOoOoOoOoOoOoOoOoOoOoOoOoOoOoOoOoOoOooOoo®=eg
oooooooosiH,D0b0o0oooooooooooo
gboobooooooooooobobob

goooobooboboooboboobooobbooboaon
0oo0ooobOooooooobooooooosid, oo
gooooboobobooboboobooobobooboooo
oo0ooOoOoOoooogoooosi-o-sinoooooooo
oooooobooooooo siHOoooooooooo
gooooboobobooboboobooobobooboooo
ooooooboooosSHO00000000000000
gboooobooboboboboobooobbooboaon
gooooboobobooboboobooobobooboooo
o0 OobOgb2s0000000000000000D00
gboooooooog, 2s0000000000000D00
goooobooboboboboobooobobooboooon
gooOoOoOoOoOoOoOoOoOoOoOoOoOoOoOoOooOOoYwoooo

gboooooooboo,bcobocoboobobobobooon
goooopleobobbooooboobobobobooon
oosiH,OOODOO0OSHOOODOOO0O0O00150000
00001000 0000000000U0O0OOOOOg.,
gboooooooboobgbz2sob0b00bo0oboOoboOoOnO
oooosiH,00siHODOOOSsSiHOOODODOOOO
gluooooobooboobooboon
gboooooooboobOobossounooooooooon
gboooooooboobOo4s00bonoobooboobooon
gbooooboobboobobooboobbooboon
00000000000 00DO0O0O00 VeprekOO,000
gboooooooboobOobobobobooogecoboon
gbooooooobobobo,bobob0oboooon
gooooboobbooboboobooooboobooOoon
OO00000o0oOopooOooootsegpoooooooooon
gbooooboobooobooobooboobooboooobaa,
4500 00000000000, 000014x10%cm®,000
01.5x10%cm3,0 0 0015x10"em*0 0000000 MO0
go0OO0O0oO0OOoOoOoOoOoOoOOo1c*cm*000000ODODOO
gooooboobbooboboobooobobooboooo
gbooooooobooboboboboooog, Ooo4s00
gbooooboobboooboobooobbooboaon
gooooboobobobobooobooobobooboooo
go,3so00booo,0coocobooboobooboobooon
0odoooobooooooobooosiH,Ooooooo
gbooooboobobobobooboooobbooboaon
oo0ooO0ob0oO0o0oo0oDOosiH, 0000000000
gbooooboobobobobooboooobbooboaon
gbooooboobobobobooboooobbooboaon
goooobooboboboboobooobobOooboooon
gbooooboobbooboboobooobbooboaon
gbooooboobbooboboobooobbooboaon
OVeprek DOOODOOO0ODOOOOODODOOOO VeprekO
gboooboboobobooboboobooobbooboan
ooobOooooooosiH/M=2mol%0000000000
00 SiH/H,=03mol%e00000000000000000
gbooooboobbooboboobooobboobooon
gboooooooobo

0000000000 00DO0O0OO%wgOooooz00000
go0oOoOoOoOoic*cm*0000O0D0OODOODOODODODODOO
gboooobooboboboboobooobbooboaon
gboooogoozo0b0ooobooboobobobooon
gbooooooobobobobooobooobzoo0bOoOon
gb0o00, oooooobob0ob0obo0obon0oo.3ev
gooooboobobobobooooobobooboooon
gboooobooboboboboobooobbooboaon

M 40 O



000000000000000000000000ao 41

B}

-, -'\-1 Ir
Ce B
E .
=
Tl
2 a
L
O
=
':% e I 1 L
ib
1] ]
1 .
I | FPure —- = (I
LL L
W la ", “ fﬂ
I.I'E'J:I o Coavarienz e
Q I | ]
o 10 ano 05 4041

Sugsirale Temperaurc {5

goooooooooooo*egpoUo(a)0ooooo
(MoOooOoOoOooo0ooooooooooooo

goooobooboboobobooobooobooboooo
gboooobooboboooboobobooboboobogon
gboooobooboboooboobobooboboobogon
gooooboobobooobooobooobobOooboogoo
oooooooooooobboooooooomy, ooo
O,0000000000DbOO0O0OooOog(b)booooon
goooobboobobooboboooboooboooboobo
O000000o0ooo0o0ooooooooooobOooobe
gboooobooboboooboobobooboboobogon
goooobooboboobobooobooobooboooo
000000000000 Density of States: DOSO 0 0 0 0O O
goboboooboooboobobooboboooobbooo
O00000ooooooooOob-ODoooobeob*OOO
gboooobooboboooboobobooboboobogon
oooOop0dooOoOoOooooooobe, DYSDHOOOO
goooobooobooobooboooboobooobog

s§o0oo0O0

gboooobooboboooboobobooboboobogon
gboooobooboboooboobobooboboobogon
goooobooboboobobooobooobooboooo
gbooooboobobooobooboboboboobogon
gbooooboobobooobooboboboboobogon
goooobooboboooboooboooboobooon
gboboooooboboboboobooboo4sob00non

gobooboboooboobobooobooboboooboo
gbobobobooooooboobobobobooooo

god

ggjdddoooooooooooooooobooboboobobo
gboboooooobooobooboooo

gogooooo

1) A Matsuda, J. Non-Cryst. Solids, 59&60 (1983) 767.

2) S. Guha, J. Yang, P. Nath, and M. Hack, Appl. Phys.
Lett., 49 (1986) 218.

3) J. Meier, P. Torres, R. Platz, S. Dubali, U. Kroll, J. A.
Anna Selvan, N. Pellaton Vaucher, Ch. Hof, D. Fischer,
H. Keppner, A. Shah, K. D. Ufert, P. Giannoules and
J. Koehler, Mat. Res. Symp. Proc., 420 (1996) 3.

4) F. Finger, C. Malten, P. Hapke, R. Carius, R. Fluckiger
and H. Wagner, Philos. Mag. Lett., 70 (1994) 247.

5)  B. S. Meyerson, F. J. Himpsel, and K. J. Uram, Appl.
Phys. Lett., 57 (1990) 1034.

6) T. Kamei, M. Kondo, and A. Matsuda, Jpn. J. Appl.
Phys., 37 (1998) L265.

7 T. Kamei, M. Fukawa, T. Nishimiya, M. Isomura, M.
Kondo, and A. Matsuda, Mat. Res. Symp. Proc., in
press.

8) T. Kamei and A. Matsuda, J. Vac. Sci. & Technol. A.,
in press.

9) T. Kamei, N. Hata, A. Matsuda, T. Uchiyama, S.
Amano, K. Tsukamoto, Y.Yoshioka and T. Hirao:
Appl. Phys. Lett. 68 (1996) 2380.

10) N. Itabashi, K. Kato, N. Nishiwaki, T. Goto, C.
Yamada, and E. Hirota, Jap. J. of Appl. Phys., 27(1988)
L1565.

11) Y. Toyoshima, A. Matsuda, and K. Arai, J. of Non-
Cryst. Solids, 164-166 (1993) 103.

12) A. Matsuda and T. Goto: Mat. Res. Symp. Proc. 164
(1990) 3.

13) S. Veprek, Z. Igbal, and F. A, Sarott, Phil. Mag. B45
(1982) 137.

14) M. Kondo, T. Nishimiya, K. Saitoh, T. Ohe and A.
Matsuda, Mat. Res. Symp. Proc., 467 (1997) 391.

15) S. Veprek, F. A. Sarott, and Ruckschlob, J. of Non-
Cryst. Solids,  137&138 (1991) 733.

16) M. Kondo, T. Nishimiya, K. Saito, and A. Matsuda, J.
of Non-Cryst. Solids, 227-230 (1998) 1031.

(1999.3.500)

M 41 M






