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A study on silver induced crystallization of amorphous

silicon thin film at low temperature.

Abstract

In this thesis, crystallization of a-Si films on glass substrate using
silver (Ag) induced crystallization (AIC) technique at low temperature
has been studied. An amorphous silicon layer (about 100 nm) coated on
the glass and then coated silver layer (about 250 nm) by thermal

evaporation coating machine. The sample was put in the quartz tube

annealing at 350~550 ‘C for 60~300:/minutes with vacuum. The result

found that silver could induce the crystallization of amorphous silicon at
low temperature. The crystallization-form was doughnut shape, which has
never been observed. When the annealing temperature increased, the size
of crystalline grain, number of nuclei and percentage of doughnut area
per pattern area obviously increased. When annealing temperature
reached 550 degrees, the increase was more obvious. When these
doughnuts grew, ones grew slowly in horizontal direction, but rapidly in
vertical direction. Another discovery of this thesis was that the effect of
silver-induced crystallization would increase as the thickness of the silver

layer increased.
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1.1 Thin Film Transistor & E ifi®
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3.1 7 ki

-glass -PR
- -

Experimental procedure

Prepare a piece of glass

Sputtering an
a-si layer
on glass

Coating an PR layer
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Exposure and develop the
pattern

Coating an Ag layer

Lift off PR and left an
patterned Ag layer




Annealing

Etch and observe

(F A2 fi W)
B A s ¥ PECVD 24 - & ¥ 100 3
ch2t B 0 ¥ - =< RCA Clean ’ 1% § ki@ flfed st ipm +

%% # (Spin Coating)4&+ — %k k2% (PR) » 4 ¥ % (sof t bake)2
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Foric o ERA RS v nand P {F o
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3.2 SEME.Z2 4% Sk~ ] E4R

3.2.1 SEM f§ 4

SEM R & d & +4# (Electron Gun) # %% + & > S &
#% 8% & (Condenser Lens) H & 16 » * i frit /= (Condenser
Aperture) E# 7 + &% f (Beam Size)fs » - 24547 F &
i B 0 £ BiE 4 (Objectivelens) B E » 7 Az o A

WH e R BT E > Y uEP - T+ (Secondary

Electron) & # = $g8+ 3 —”{;1-,:<:B'é'c;l.<$:réé"1:-tﬁered Electron) = i} -

Bl =l

JSM-6700F

AFFUR.. v Ty
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000000 OO

B 3.2-1 JSM-6700F & 4L ]
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3.2.2 SEME%3 7 2 W&

1. #43 Ci 15 o WA W 0 0 32 02 D, 1L VATER
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2. VIGET o B L A g O £ DL WATER e
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4 b - k%Pt w4 SEM £ + & charge ~ @& > &% A
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3. 3 ¥ iF £ B e H #e(scanning probe microscopy ° SPM)

-16 -



3.3.1 SPM = AFM fi 4

SPM # & % 2 p? ern STM wﬁd R o o B s A R s AL S
PG HERE G miE g B R T EERIEIA G
H-R3+nz2H33 30l FIHEA3 27 HE 28 o d 3 STN
RSB R TR R RS By o TR R E LG ApE ET i
BooF - BEFARFE T TREMNEFRESA G FE F AR
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BhG Bt 4 REPRGER T, ELT ET > HIEITRE
IR R SV - MUFRET A DR ALY i o gt vt i
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R R
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LGS b ipa R SEM A E 1 vt ST
N S I R =t LR Er B
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SEM # @ &% 24 &% N E R+ 4 Bgues[l1] (Atomic
Force Microscope * AFM) > BT 4 BB G @
A o AREEIERE WY AR - 0T 4 s ) 0 RIS

GO IEE T e AR EFFEA R R TEF L G 0B KAk A

-17 -



v o = 2 “ﬁf BlIFEEHDFT RS PRI L DR
(topography)-H @ % L endfdy 4 Aicse A2 4 s (Magnetic
Force Microscope > MFM) ~ 2 #= 4 % #c 4 (Friction Force
Microscope » FFM) ~ # % 4 & ik 4t (Electrostatic Force
Microscope * EFM) ~ & % »+ & * E it 4t (Piezoelectric Force

2

Microscope » PFM) & % » g2 2K 91

\f“lﬂ

BleniT® 4 '*'37» ke "K f#_
APM PR AL » P BB E hm e 3 5 A A S HRIE -

i g4 CFM > SCM 4 C-AFM & w45 4o o

(1) & % * s (CapacitancelForce Microscope » CFM) £ 44

% % M st (Scanning Capacitance Microscope » SCM)

CFM & SCM #>+ 2 HHERs T LB s i k- 43 &
P T UEREEMBEELINE AL BRIER - BH AP ik

s SRR AT BB ERL

(2) 7 B+ 4 k#csr(Conducting atomic microscope, C-AFM):

C-AFM i & ¢ % & Jh3F &2 >3 % L schottky #7§ @ % 2474
Vip 3 I enip BT MR e in (D) 5d s Bie* 1)
- %g&:}ig} LL ﬁé% /F ‘\‘ 41“‘]—*3— Lr‘\!:'m/ﬁi R /n =3 &‘E%‘,E"ﬁi,{% ° fi \?’g’

7 X Bl R
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(107%-10™ A)
Conductive to ADC
AFM probe

bias voltage
(50-500 mV)

Back contact

B 3. 3—lua C-AFM % iF jn 12

3.3.2 AFM 232 7 2 W #§

1833 Vg ts e ¥ G+ @ B0 ¥ 2 DL WATER
PRIER L EREF UG FPA R Lo

2. MgEER o BT B A A g Ix] 24 T35 g 0w D TWATER #* %
WEOBEFNFFAIEE RN

3. M 5 i » BRG0P RS s vy
¥¥2e D.LWATER 1 ~ 4 -

AsRFesE Y 20 0 FR A m A STt Fpy £ & o

5 SRS E BB HRES o
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%43 1%-#gnILEeLF R A W
Element Weight% Atomic%
0 9.38 16.67
Al 4.72 4.97
Si 75.33 76.28
Ag 4.58 1.21
Pt 5.99 0.87
Totals 100.00 100.00
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24.3.2: % BRI LEEFAVERI T AW

Element Weight% Atomic%
@) 7.69 21.51

Al 2.54 4.22

Si 31.39 50.04

Ag 58.38 24.23
Totals 100.00 100.00
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SRR R A

Element Weight% Atomic%
0 10.66 17.28

Al 6.11 5.87

Si 83.23 76.85
Totals 100:00 100.00
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# 4.4.1(@)350CH A 7.5 %

(b)350°C # s 47 % *F A% B

350°C lhr 3hr Shr
= e 6 7 [y Pattern o=k 0.0203 0.0601 0.0681
Ho PR 1 R R 0.0056 0.015 0.01545
B R B9t 7 35( 1 m) 1.641 1.628 1.677
(a)
—m— percentage of donut area per pattern(%)
20 —e— nuclei per pattern area(N/um?)
T ' mean outer diameter of donut(um)
1.8 - -
1.6 -
1.4 - -
1.2 -
e 1.07 4100%
> 0.8+ -
0.6 - -
0.4 y 150%
0.2 4 -
0.0- — % _ : 1 0%
1hr 3hr 5hr
Time(hour)
(b)
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NCTU SEl 15.0kv X600 10um WD 9.9mm

NCTU SEl 15.0kv X550 10 LIT WD 8.0mm

- 42 -



# 4.4.2(a) 450CRHGA T8 %
(b)450°C # i 17 & "% % ]

450°C lhr 3hr Shr
s - [ 7R ffy Pattern b=k 0.1951 0.2056 0.1996
H i E AR AR B E! 0.069 0.0706 0.0785
&) f[afﬁ‘:*ﬁ‘:‘%*lfl@% 1 15( 1 m) 1.4269 1.6727 1.7077
(@)
—m— percentage of donut area per pattern(%)
—e— nuclei per pattern area(N/um?)
2.0 ] ' mean outer diameter of donut(um)
1.8 - -
1.6 - -
1.4 - .
1.2 - .
= 1.0 1 41100%
> 7 J
0.8 - -
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0.4 I 1 50%
02 1 | | [} -
. o .
0.0 ; - T - . 0%
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Time(hour)
(b)

-43-



NCTU SEl 15.0kv  X12,000 Tum WD 9.9mm

W) 4.4-5:33 % 450°C = - ¥ 12, 000X = % & 5 %
i,

T0h X

: Y

b i B % -
e W
] Yol
o =]

NCTU SEl 15.0kv  X12,000 Tum WD 9.9mm

W 4.4-6::13 4 450C7 - p# 12,000 = =&+ ¥

-44 -



Digital Instruments ManoScope

Scan size 30,00 pm
Scan rate 1.130 Hz
nNumber of samples 512

Image Data Height
Data scale 1.000 um

@ view angle

-‘(:)i- Tight angle

m b

® 10,000 pm/div
z 1000.000 nm/div

960047004 (a)

o rm Section Analysis
a -
=
' L 1.230 pm
RMS 247.01 nm
' Tc DC
Ra(lc) 37.558 nm
=7 Rmax 174.09 nm
Rz 174.09 nm
Rz Cnt 2
Radius 1.855 pm
) Sigma 24.504 nm
S 1 | 1
) 10.0 20.0 30.0
= sSurface distance 1.682 pm
Spectrum Horiz distance(L) 1.406 pm
vert distance 370,08 nm
Angle 31.746 °
Surface distance 1.068 pm
Horiz distance 937.50 nm
vert distance 426.33 nm
Angle 24.454 °
Surface distance 1.465 pm
Horiz distance 1.230 pm
vert distance 694.97 nm
Angle 29.458 °
' Spectral period
ne Min Spectral freg
960047, 004 Spectral RMS amp

(b)

Bl 4.4-T(a) 450°Ci X = /| B¥ AFM % & A< R §]

(b) 450°Ci2 X = -| p& AFM % 8:4 17 B
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Digital Instruments ManoScope

Scan size 30,00 pm
Scan rate 1.969 Hz
Mumber of samples 256
Image Data Height
Data scale 1.000 um

@ view angle

Q(:)} Tight angle

m
- ¥
A

® 10,000 pm/div
Z 1000.000 nm/div

960047.002

(a)

nm

0 1000
I

-1000

960047.002

Section Analysis

L 1.875 pm
RMS 544 .67 nm
Tc DC
Ra(lc) 122.99 nm
Rmax 452.03 nm
Rz 452.03 nm
Rz Cnt 2
Radius  2.440 pm
Sigma 36.641 nm
20.‘0 30!0
sSurface distance 1.570 pm
Spectrum Horiz distance(L) 1.172 pm
vert distance 315.99 nm
Angle 34.850 ¢
Surface distance 1.553 pm
Horiz distance 1.172 pm
vert distance 873.11 nm
Angle 36.688 °
Surface distance 2.625 pm
Horiz distance 1.875 pm
vert distance 1.675 pm
Y angle 41.782 °
Spectral period
ne Min Spectral freg
Spectral RMS amp

(b)

B 4.4-8(a) 450°CiI X 7 -] p= AFM # & A= R[]

(b) 450°Ci2 X 1 -] p& AFM % B:4 17 B
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NCTU SEI  150k¥ X500  10um WD 7.8mm

b
: -
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% 4.4.3(a) 550 C R A 78 %

(b)550°C # i 17 2 "% % Bl

550°C 1hr 3hr Shr
FEFE B VR [ Pattern L=k 0.3424 0.3948 0.3901
B VRS 1Y B R 0.1084 0.1095 0.1088
5 [ R B 9t 2 159( 1 m) 2.202 2.337 2.322
(a)

um

—m— percentage of donut area per pattern(%)

—e— nuclei per pattern area(N/um?)

3.0 mean outer diameter of donut(um)
2.5+ '
2.0 7
1.54 _

1.0- 1100%
0.5+ 4 50%
- * "

0.0 ; ; 0%

3hr 5hr
Time(hour)
(b)
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Digital Instruments ManoScope

Scan size 10.00 um
Scan rate 1.969 Hz
Mumber of samples 512

Image Data Height
Data scale 500.0 nm

@ view angle

Q(:)} lTight angle

[

pm
ot

0y

x 2,000 pmfdiv
2z 500,000 nm/div

960082.001 (a)

oo Section Analysis
o Y
' L 585.94 nm
REMS 137.97 nm
Tc DC
Ra(lc) 16.792 nm
=7 Rmax 73.734 nm
' Rz 64.696 nm
Rz Cnt 4
Radius £626.26 nm
. Sigma 28.657 nm
= 1 1 I 1
o 2.5 5.0 7.5 10.0
= surface distance 728.32 nm
Spectrum Horiz distance(L) 585.94 nm
vert distance IB9.B8 nm
Angle 33.640 °
surface distance 812.21 nm
Horiz distance 703.13 nm
vert distance 333.73 nm
Angle 25,391 =
Surface distance 2.674 pm
Horiz distance 2.480 pm
vert distance 125.12 nm
Angle 2.888 °
' Spectral period
ne Min Spectral freg
950087, 001 Spectral RMS amp

(b)

B 4.4-11(a)550°Ci8 % — | p= AFM eh2 & 42 K ]

(b) 550°CiZ % - | p AFM % 8L 4 17 B
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Digital Instruments ManoScope

Scan size 30,00 pm
Scan rate 1.453 Hz
Mumber of samples 512

Image Data Height
Data scale 500.0 nm

@ view angle

Q(:)} Tight angle

|
-
0y

® 10,000 pm/div
2z 500,000 nm/div

960082 002 (a)

rirm Section Analysis
=
= Y
L 1.406 pm
EMS 128.90 nm
Tc DC

Ra(lc) 10.083 nm

=7 Rmax £52.269 nm
Rz 42.821 nm
Rz Cnt 4
Radius 1.614 pm
. Sigma 52.277 nm
S 1 I 1
10 10.0 20.0 30.0
= sSurface distance 1.264 um
Spectrum Horiz distance(L) 1.172 pm
vert distance 412.19 nm
Angle 19.378 =
surface distance 757.97 nm
Horiz distance 527.34 nm
vert distance 476.67 nm
Angle 42.111 ©
Surface distance 1.462 um
Horiz distance 1.406 pm
vert distance 370.97 nm
Angle 14.778 ©
' Spectral period
ne Min Spectral freg
960087, 007 Spectral RMS amp

(b)

B 4.4-12(a)550°Ci3 X = -] p# AFM 12 & A= R [

(b) 550°C:i2 X = | p= AFM % B4 17 ]
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7 4.4.4 T IOF G iy

TS Pl A [ Pattern
R
ek 1hr 3hr Shr

350°C 0.0203 0.0601 0.0681
450°C 0.1951 0.2056 0.1896
550°C 0.3424 0.3948 0.3801

gy JiREeEyd et Thr 3hr Shr
350°C 0.0056 0.015 0.01545
450°C 0,069 0.0706 0.0785
550°C 0.1084 0.1095 0.1088

B =R O o = 1hr 3hr Shr
350°C 1.641 1.628 1.677
450°C 1.4269 1.6727 1.7077
550°C 2.202 2.337 2322
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um

um

—m— percentage of donut area per pattern(%)
—e— nuclei per pattern area(N/umZ)

3.0 mean outer diameter of donut(um)
2.5—- _
2.0—- .
1.5—- 4
1.0—- — 100%
0.5—- 1 50%
] " ]
0.0- ./;: *  low
350 460 450 560 SéO
Temperature(°C)
(a)
—m— percentage of donut area per pattern(%)
3.0 l —e— nuclei per pat_tern area(N/um?)
mean outer diameter of donut(um)
2.5 .
2.0 4
1.5+ .
1.0+ 1100%
0.5 . 50%
.///
0.04 — . * 1 ow
BéO 4(50 4%0 | 5(l)0 | SéO
Temperature("C)

(b)
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—m— percentage of donut area per pattern(%)
—e— nuclei per pattern area(N/um?’)

3.0

2.5

2.0

1.5

um

1.0+

0.54

0.0+

T ' mean outer diameter of donut(um)

4100%
. 1 50%
/// 4
——— |y
SéO | 460 | 4é0 | 560 | 5é0
Temperature(°C)

(e)

W 4.3-13 T35 gL 47 Bl@)lhr > €b)3hr > (c)bhr
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SEl 15.0kv X250 100pm WD 8.0mm

W 4.3-14: X324 3 % SEM T 25

r-"'

SEl 15.0kv X250 100pm WD 8.0mm

W 4.3-15: A3 Lg% SEM ™ 2508 = & 3 B i
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NCTU 150KV X550  10pym WD 80mm

15.0kv  X12,000 Tpm WD 8.0mm
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#4.4.5 5 W 4.4-15 2 W 4. 4-16 2 ks 47

B BEEERONE [ SEERERITE T SE
Min 0.50408971 0.00000976
Max 4.7885785 0.00104305
Mean 1.6842235 0.00018333
Sum 1952.015 0.21248186

K5 HEEEpte | SRR T e
Min 0.53508103 0.00011847
Max 0.4222422 0.01524396
Mean 2.7289593 0.00471558
Sum 188.29819 0.32537568
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1. fgt3§ A 4% + 12 PECVD s 4%+ % 100nm 2§ 72 > 35 % 1
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$10 A 350°CHRT R B 0 B IRAWET 1L FGE S R hl B
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SIINPER A % WAV ER R ERDRA ]~ fkdkp
frdoddm ff 1 & B pattern v A v 3R g § P RF O 4 R R T
550°CHF » £ & futnfade® | ~ Skl P fodfodd #f i & B pattern
R A 6 G A FR R R o
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