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High rate growth of microcrystalline silicon at low temperatures
M.Kondo et al. : Journal of Non-Crystalline Solids 266-269(2000),84-89

@®Use of VHF at 60MHz increases the growth rate up to 5 nm/s
and good crystallinity is maintained up to 3.8 nm/s at 250°C.
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MHI’s Patent

Typical method of

production for microcrystalline silicon films
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AT LEINDOERENDR - HEMEL---FEBEFEREBEEBLZFEASHNEERE

@) O—XvryJEHE:8mmLlT @EREE:180~220°C
@5 /E5:600~2000Pa(4.5~15Torr) @E= K%k :40MHz~100MHz
@ /\J—FE 3.0KW. m2Ll Lt

13.0
12.5

% 12.0

i
= 11.5

§ 1.0
10.5
10.0

1.0

0
L f‘ © " A P ')
8, V& ™ =
2
2~ 3KW/mn 5 SR
- 4~ 5KW/m”
o 400Pa
o O 533Pz
& 667Pa
I~ < 800Pa
| | | 3
1.5 20 25 3.4 35
BELERE m's)

4,0

1.05

1.40
B 0.95
2y

& 0.0

0.85

0. 80

1.0

[EH:1333Pa

- FEBCRE 60MHz, 1008z

i

1.9

2.0 2.5
IR (w/s)

3.0 3.5




VHF 7S XTZERAWSE.
EERMEL-EREREBEENTEZEDIE.
A&k Hy 2

(1) TSAIFENB N L EEHEL

(2) TS XX EBLVpLERBERBLVsDEMNNINZE
= AFEEHTHL
= IVFUTERAMNRFEELLEL
= BEMEEOE




AEE-EE - ESnEORENTRELR
TJS5XARCVDEERREEH

(FS5X<CVDEEIZET AR FRAEFFEM)
e FSATEHMS E RV EBRROEELE

DOVHF 7S X DHFDERZ ., a—Si: HEED & EHE (30-150MHz)
H.Curtins et al: Mat.Res.Soc.Symp.Proc.Vol.95(1987),249-253

Ot FH), WEERZSIEIL DRI, VHF TS XTI LS MEERSIKBE h Dk
J. Meier et al :Proc. of 1994 IEEE First World Conference on
Photovoltaic Energy Conversion,Vol.1(1994),409-412

QEERDHELE(TIXAIFY—LDER)  BROTH
L. Sansonnens et al : Plasma Sources Sci. Technol. 6(1997) 170-178.
M.A.Lieberman et al : Plasma Sources Sci. Technol.11(2002),283-293
- A. Perret etal: Applied Physics Letters, Vol. 83, No. 2(2003), 24 3-
245

@D=ZFEEIT OHHFBEM . VHFFS XD KmEIEIL : $5FE2000—6904 (HEEH
2000. 3. 13)

OFBEAR (BEHEKRERR) DT ATATRIERER
OFBEFR (FEREER) DR




VH F7°3;<‘70)'ﬂ5'?~$ﬂ®5’*$<
a—Si: Hid) R Z(30-150MHz)
AT AR B

H.Curtins et al: Mat.Res.Soc.Symp.Proc.VVol.95(1987),249-253

20

i) rescior wall (55)

b) REF electde

B SLDSITINE hoider elacmode
g} substrare

el marshng bow

0 SWESpower meer

' 1 0 £ conxial bnes RG-Z130 2my)
; C : h} signal source and broadband
: i re— & _ amplifier
“;‘g"““ 1) gas inler
OC - 13.56 MHz = g
¥

110 TRy pump
0 LI T oL A O O O O O L0 0 O |

R [R/sec]
o

0 50 100 150
f [MHz]
Fig.2 Deposition raie R as functrion of

plasma excitation frequency £, The dcpasmcm
parameters are: T,=280 °C, P=0.1 Wiem?,

p=0.28 mbar and FSII'I"-=2G scem.




Q@a—Si:HEIEEE HER
Q@A —REES " HNERE

—Si:HIED 51 & &
- FATEAR B
U.Kroll et al :

E(13.56~250MHz)

Solar Energy Material and Solar Cells,Vol.48(1997),343-350

(=]

BB OE R

BB DR R

Deposition Rate [A/s]

40

L
=

b
=

10F 7

T T T
Cartins et al. [1987]
Zedlitz et al. [1992]

Howling et al. [1992]

50 160
Frequency [MHz]

150 200 250

Cshenth [pF]

60

901

30

50

60
Frequency [MHz]

dsheeth [mm]




a—SIHERICEITAT X VHERKHEDUME

REEEBRDEREEZRT Vavhr—ESREOMEREF (FF) L.
75X miE K (13. 56MHz~80MHz) D%

Exciation fregeency (MHZ)

(HE)SHFEE,., AEL. TEEER., NEEA
HE17EIT75XITO0EL U MES (20001 H26~28H . REIE)



VSV SARHEE REa—Sig R R
(FhiE/E K% 13. 56MHzEVHFTIE, 7S XARDEMNRELS)
SiI*RENABELSIH*BABEDLLE, TSXTRIFEERE
(13. 56MHz~80MHz) D Ed{&

(HBE)SHFEES, AT, TFEEH. MEHEA
E17EIT7S5XYTO0EL U MES (20001 H26~28H . REE)



U—REBHR(TIATEMVp—EIREEMELIVs) LML E
@ —REBHMN10eVELTTHNIZL, ERIEENRL

r—T — S -r
= — - Pl
5 & W -H"'H.H :- o L
l— .\"'\-\.\_\_\_ - - o . - >
> S - = AE |
F e = sn o4 & .
1
T 2 4 g
. WOWE ™ | |
5 -.: .:'“'m___ i o
- o G 1
oy A ; e Plirrm wyn | oy o
14 Arg
1] ~m WiE-YE
EFEENe RUI—REN O—REH

(TSXTEHL—EIRDELL) &.

(TS XIBHR—EHRDELL) &,
HEIE(E=500A)D{ERIEEDRERER

BIE(E=500A)D{ERIEEDEER

(HE) R ESH. MAEA  BREMEESTSAIHEREE153RER.
FEA49MMAELERE (2001.2. 9), P16—23



Special feature of SiH4-VHF-plasma

m—

Floating potential \ o ¥
30 T | I | I

Wall potential Vw is defined as
the difference between the plasma 20 7
potential and the floating potential.

Plasma potential \

Ve (V)

Wall potential Vw decreases
with increases in discharge
frequency.

Vw is a key value in plasma CVD

because when the wall potential is low, % EIﬂ 4:'.} E:D alu 1E:-u 120
the ion bombardment decreases, Fraquency (MHz)

as a result, the obtained film quality

becomes good.

v,

Y.Takeuchi et al : Surface and Coatings Technology, 142-144(2001), 52-55.
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