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Abstract: In this work, we investigated hydrogen content, bond structure, and electrical properties of a-Si:H films prepared by ECR plasma CVD
as a function of pressure. In general, the photo sensitivity of a-Si:H films prepared by CVD method decreases as the deposition rate increases, but
the photo sensitivity of a-Si:H films prepared by ECR plasma deposition method increases as the deposition rate increases. In the same condition of
microwave power, the ratio of SiHy/H,, and pressure, though film thickness increases linearly with deposition time and hydrogen content in the film
is constant, photo conductivity can be decreased because SiH» bond is made more than SiH bond in the short reaction time. According to increase
pressure in the chamber, SiH bond in the film increase and optical energy gap decrease. So, photo conductivity can be increased. But photo
sensitivity decreased as dark conductivity increase. It must be grown in the condition of low pressure and hydrogen gas for taking the a-Si'H film
of high quality.
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Figure 1. Schematic diagram of ECR plasma system.
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Figure 2. Shadow mask and cross-section of the metal
deposited for photo-dark conductivity.
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Figure 3. SEM micrographs of the a-Si‘H film cross-section
deposited on silicon oxide film. (a) 45 mTorr, (b) 8 mTorr, (c)

12 mTorr.
& 2451 4 () A AR AR B¢ AE
T& 734t

© =V X W

o71olA g& conductivity(Qem™), &
A5 F(m), dE a-SiHZY FA(cm
current(A)o] t},

A5 Adl(em), we
), V& voltage(V), 1=

w

[IF
ic]
g

|
o 4
o pE
2 o o
N
I
b o Py
=
48
S
-t
X

. Figure 3
UMEEJ} 9 l 200 Wolx whg7|uf ¢

NS 9 ol
O g ok go mo o

oX
i ok Ry
[N
S

rlo 4
bt

~ L8
1
o0
s
[S]
3
g
5
o
fix
o
EN
&Y
2
_>_

Fdse A 108 A1 E, 199

A 8, 12 mTorr2 Z£71818A 2o FAE 242 640, 445, 350 nm
2 45 mTorrdd 2HE2d 070, 0558 A el o] 7o)
dEo] Frtel wet & FAY Bae 7R ke dike] 2

C e FEEoY 71 EEukg dighuEe ECRZUCNA 88
eV o9 ouxg 2= AAE F4 BAEH FESA S

ol & #2012 AAHT 402 AREL AYd 2ag
B 84 B2 b2 HE A7Ad od go) 848 A%
Bk TN QY BRE 24 Bl HAE AR, 14 A4

3 FHAlA SiH', S, SiHs', SiH, SlHo, SiHy 7t B s 2

ol o] 23 gz T FFL FE AFAIh 14 MY
o AN AHE ol 2z 2 B dAgA

5o 2
SipH7, SiHs 9 22 o] 23 whgAle] Q= SpH;, SiHy, SisHe9
FATAZ AR detq Bl gEel FNEFE o
L9 P AF A2 FolNnz Fetzut Jodd A o] 23td
B 2 40 184 S99 24 24 24

BHFE] 71

3}
corning #7059 g]ass o Fad
-‘1‘—‘5 5760}""3} 33t °‘M A 7

= ‘1}‘1}, coming #7059 glass, 1

=% M=®R)S 527H 78

T=0—-R)exp (—a d) (2)

A719A T < e
A, ae B$ﬁl—?°lﬂ¥ 4 (Z)ETE Ela
A+-E 78 F 4 Q) dsistd # °1L1119P A
Az 7]%71% Ay A 33} "HLVI Y (E™ gap) J% B
Ak

_L

a = (B(hy — E?))»/hy ®)

2

7164 B¥ coefficient, hi= Plank constant, o+ frequency©]t}h.
2 AP ZdAA w7 ¢4 Hale] ma o] Bat oy
& A7) 8l coming #7059 frEl 7)ol 4" £A
AEE T T UVAHEHL 198~900 nm7HA] 02 nm3t
203] scanningdte] £ T3z RY o FAS 193
@9 g3l AtE 5 A5 FoldA g BAZ A (3
|AF8te] Figure 49) L}E}lﬂﬁi“% HEF oyAE 20~25 eV
of HFHEZ o] YA F5 AFE ofF Fastd wit
ahv)®st hy o BAZRE 20 27 eVERe A¥gsa 7
A 3E dqua] g Adstd
28 zozRy F3d vdo A
7F 3 AxEet B3 oy o
st7] $isted 93d dzE 71go] wee
FAt Fastd FAY AgE vt
2% FdE Jehle FT-R 29E®L
2 Al

12 leﬁmzmy__

o2 of 2 QY ooft N

=

o

B J,“_,
o
i)
4]

-
m =i & ol e

IN 0%t N
R
off
k1l

Y
e

o

Eus

A
fio of

-4
o

M ok o B o

Lo
i e 1y
o g0

x

2 fr H{r 2 ol

=
ofy
I8
o
ut
£
aul
v
Rej
=
- R
=
o)
=4
Ly
o
-

fin)
g
i)

AT—Z—EE(stretchmg mode)E UERHH, 840
(SiH2)»® 27 EE(bending mode),

_E‘
g



2 4ol a-SiHY e AExe}

- F T T T T T T T ] T 3
5wl
8 3
FR / 3
‘5 F ¥ Microwave power : 200W3
g i j;ig SiH,:H,=2:1 ]
10E , »~"  Total flow rate : 20 sccm o
g- E 7 ¢ . o Pressure : 4.5 mTorr
o - v ]
£ 10 —+————+—+—+—
__8F .
% 6}
5 wf
—;;\ N
5 20|
3
0
1.5 20 25 3.0 35 4.0

Photon energy [eV]

Figure 4. Absomption coefficient and (ahv)
energy of a-Si'H films.

Y with photon

1.61 1.81

8 B.85

1,01 1.81

[«B]
§ : 0:85 095
: ! “b) ]|
g i
% H

1.0 101 1.61
=

0.85 8.85 0.85

{c)
o.60_f i e 8.69

2280.0 1900.0 1000.0 500.0cm ™

Figure 5. IR transmission spectra in the range of 2280~1900
and 1000~500 cm” of a-SiH films with pressure. (a) 12
mTorr, (b) 8 mTorr, (c) 45 mTorr.

640 cm '9) B4 Si-HO) R E T E(wagging mode)E UrEFIL)
Figure 5& U}°]ii—4 F¥o] 200 Wolx 7]#&%7} 200 ¢,

B84 540 vAE 9% 101

1.81 1.01
‘\/ﬁv\f
 (a)
8854 ... . 0.85
1.01 ! 1.61
i (b)
s.as_l N 9.85
[«B] H :
= 1 | 1.1
z (c)
§ 8.85
&=
161 1.81
()]
a.ssT : 0.85
8.69. 8.69
]
S 1
2280.0 1900.0 1000.0 500.0cm !

Figure 6. IR transmission spectra in the range of 2280~1900
and 1000~500 cm” of a-SiH fims with the ratio of Hs to
SiHi. (a) SiH/H:=2/1, (b) SiHy/H:=1/2, (¢) SiHy/H:=1/4, (d)
SiHyHz = 1/9.

Apolds 44 7)A9] HAv7} 2:1, #Z 20 scem?l A8 =
740]]*‘} BES7I b e w3l R}i} - Ef} HHSAIZE F2t £4
¥ Fastd FAY deE 9o FT-R 2¥9E3S Yehidch
710 hEol F7ME4E 640 cm el A Si-HO Expgo] 724
T AYE BYoEH & T wuhyd) i g F
29 FE #42¥L HFHer o 4 Jom 2000 cm oA
Si- H@ﬂ-ﬂr 2000914 Si-H.2%-& YelNE stretching mode &
A FHEs} gastn Hae **'01 2000 cm'Z olFde A

=3 2‘"1?} F Utk olEd oz wehy Fiso] e A
g EZ% Fa 929 Si-HZAZol Z718tn v Si-H,ade] 7244
& ¢ Jdon, Si-He Si-H, 29 %o wehy ik
s} @_\,:_50“ 3L o},

Figure 6& vlo]a 235t £3o] 200 Wolx 7|% %7} 200 T,
F % 20 scom, &7 Yol 45 mTorrdl ZAA Apoldl
3 A 71AY Ay vl wel F3Y FA8E Z2AE Ag

utete] FT-IR 29 EZ oz o Msls} e $49 o] =
7FEFE 20009 2090 cm A Si-HZ#3 (SiH), B A%E
Ev FAET F7bstn 39 F4L 2090 cm'2 W] Qe
€ AAF S ek webA 2000 cm A Si-HZ S 2000004
Si-HoZ2¥€ YehlE Stretching mode®) ¥3 57} EAlo) =7}

\

O

F\

oy

< ¢ F Uk

Ry Fae] B2 o 54S WY 2 g 2
E ohet 4SE g WAYF S Fdsted Fasc we
W oFad) #FE 4gs A ﬁo}oq B g AAE
of gtout 1 F FT-IR $A422RH 5 A4S 3}01 HEst
T % F28%(hydrogen thermal evolutlon)““ﬂ"’] o) A&
31 % FT-R $H02%H 359 F5 A5 o]gaty
FAEEE AMHE WHS SIHATS Yehi: NzREQ
20003} 209 cm 'Fde) HAE 7H¢ 2(Gauss)FHE AL F
A9 FAz ZAF ¥, 2 939 HY e olgdE P 2

J. of Korean Ind. & Eng. Chemistry, Vol. 10, No. 1, 1999



102 A9

2400.0 ——F————T——1—1—— 50.0
g 2000.0 a0
9 4 =
o  1600.0 <1
g 4300 2
3 T8
S 12000 . e
= [F)
i) ~200 %
S 800.0 i =
Q >
& T
Q4000 100
0.0 0.0

0.0 200 400 60.0 80.0  100.0
Deposition time [min]
Figure 7. Effect of time on the thickness and hydrogen content
of a-Si:H film prepared by ECRCVD at 45 mTorr, 250 C and
15 sccm.

FTREAA HE g o8t F49 FEE Fie ¥ A
Hol AHEHL Ut B AHAE IER=M FHRRE o]§
o A (4), GO2FH 7 g5 u ¥4 AFE T, g
2 Uy F U938 A8 g3 Si-HZRE 4 G)l dgstel u
Ty T FEE ANSIETHIGL. ol| AFRIe TdHo 9
€ Si-Sid®e %S A7) At s 42 2
gzo 3= % Z ¥ A8d FIARE o] FIAE v
A FREZ F5 AFE TS FA%E 7Y HdE oy
o FAZL 1 pm 013 AL, A WE A3 FF AFE 7

A9

A
1 A (@eX T FF AFE A7 (02 e S HEd)
A

Aot $49 FEE AMSYT

4Toe_"d
(Q+T?—(1—Ty% ™

T= “

A71M Toe 054, e &FF AF, dE a-SiHHE] F7(cm)olth

.o a
¢ = T (0.00lIX oXd) ©)

Igplem '] =f—amda)=fa(w)dlnm

d @
Aot FAZE 1 pm PV B 4 2HY A §5 AFE
2Ast A )4 FF AFE 7 F 4 DIA F4a5EE
Adstg o
A
Cu [% 1= psl“j" Toyp X 100 (7)

A7) Agy=2.0x10" [cm 2],
psi-u = 5.0x10% [cm~®]olch.

Figure 72 S3A1Zte] wisle] wel $439 749 dz o
R FAG #4 FRY BAE vehigid W %‘3'01 45
mTorr, 7|98 £E7} 250 C, Abdallz 5229 w7} 2:1,
@l 15 scem, vtolA2 o) 400 WYl A% 2704 %ﬂ
Fastd Y wate $AE FF Azl F7d met A
o 57}3}21031 51} A F7he dehge) ghso

F2 ] 98E FA 4gton] o) 4Y 2N Wy

2}
3
9\1

ki _|§, fua :10

Fdse, 2 10 A Al 15, 199

1.0 e e 1.0
sl K
_- e
g 6 m 46 g
=l O
B | S i g
% g
s 4 44 7
®
| ° A ° 1
= - -
2 ?_,.. 2
0.0 i 1 n 1 n ] n 1 1 0-0

0.0 20.0 40.0 60.0 80.0 100.0

Deposition time [min]

Figure 8. Variation of axm/ as0 and @an/ @ as a of a-SiH
film deposited at 200 W with deposition time.

fFHo Y& Hd F429 FRE 23%2 et

Figure 5, 622598 RHE7} Frlsle olft B9 FA4 F7}
st 4+ A9 zAdA Axd H& FAHS2 Y& SiH, SiHY 2
e o5 4FS wed gebr wehyd deHo 9e
A9 F29 ¢ AFt 5YT 2o FAGM FuH
=9 FF ASFE vlude}l stz e uiato] T4
A A= ook g} Figure 5, 69 FT-IR E4 0z 2§
£ m8 640 cm', 2000 cm™, 209 emelA FF ASE 4
(4), GZFE At

Figure 82 Figure 77 548 ZAdA d48 £43d A
Y AeE gt FHA N gE DQK*EIH WEE 2000, 2090
cm A F5 ASS 640 em’Y 5 AS v Jehiioh
g z7ld SiHA®S SiHZA#RT Bo| FAFQen SHAS
< A7 st R@SHA dAT &S Uehidch 28y SiH,
AZLE v 2700 Bol FAHEE & 4 ANen SiHAFY &
ol FNEFE F ArEvw FAMNEZ F AREE FIHNF)7)
fste] FAALE 308 o4 FAAACk 49 o] FHPL
& 4 gl
F4std FAY AE weke AzdA wE7u g g8
A R7] A3t F/HFLS 20 scem, 7]3H 2EE 200 T2
2 g7 =S 4 mTorrlM 12 mTon7HA MEHA71HA
2 Zi"‘liiﬁ} 7 g EAEY BF Av B2
2 843 dxe 94 BA 9ok Sy ¢
g JT A B2 BaE) qEd $4 g2
w}o]] -431] "35]“ w3Aol e AUaEL N4 A A
3 g oF FAsE 259 o) Frlslnz g43E 7
gz °] E9 F=d 93& FA Ft

Figure 9v F49 Agd 7149 84 82 12~9/171A 3}
AA F23 et ’Z"—‘}—.EQ} ii}% 2y A& gehyd
&hEo se £ 3= ‘45}‘41"“3} €710 4ol F7H3l

RT T
E}E} BT A B27} grastel By %r‘% 1 718 £287]
24 389 S5} Bes)

~

T

=
o

e

2
183
L =
;(l.r.

o]
pis
_E_
=
=
©

2

=

-4
OIN
N
m°‘ 1:1

7] HEod A #.‘E F&F
T ST el B BerR =gsE 7149 °§°I
Z713l wet 22459 $4 557 l?—if& olfre
i setzele 957t 23 BF AF F27) dojA7) fie|
& 1A 283 o7 A7) e BAHL = &

*

N

e

QL

3329

T
O

EIZJF_OI 1% ERel =galo] mud AP Qi
A2 Z3o] A Yojur] Wl 2EY F4 7)A



¥

of\

40-0 T T ¥ I 1 11
| Microwave power : 200

Temperature : 200 °C
30.0 - -

T T T T

T
W

20.0 - N

10.0 |-

Deposition rate [nm/min]

0.0 —
35.0
30.0
25.0
20.0

15.0

LI B s B Bt e B M B
I N W SN W NOU UG O OO 1

Hydrogen content [%]

00 b
2.0 4.0 6.0 8.0 100 12.0 14.0

Pressure [mTorr]
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Figure 10. Varation of a@2w/aes0 and a2/ aew of a-SiH
film deposited at 200 W as a function of pressure.
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Figure 11. Optical energy gap and B value with the ratio of Hy
to SiHy as a function of pressure.
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Figure 12. Photo-dark conductivity and sensitivity with the
ratio of Hz to SiH; as a function of pressure.
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