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Effect of compressive stress on the nickel sheet

induced lateral crystallization of amorphous silicon

thin film.
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Effect of compressive stress on the nickel sheet induced lateral
crystallization of amorphous silicon thin film.

Student : H. L. Lin Advisor : Dr. T. F. Liu

Dr. C. G. Chao

Department of Materials Science and Engineering

National Chiao Tung University

Abstract

The purpose of this study.is.to-develop a low-cost fabrication
method of metal induced lateral crystallization of amorphous silicon
film, which can replace the expensive coating equipment. After
executed compressive stress at the stresses ranging from
265.8MPa to 8.857Mpa and heat treated, the specimens were
analyzed by AFM, SEM, EDX, Raman and XRD.

After carried out compressive stress of 265.8MPa at 550°C
for 1h, the thickness of nickel silicide surface film was 185.95nm.
EDS analysis indicated that the Ni content of the nickel silicide film
was 76.22 at%. When the compressive stress executed with 2.857

MPa at 550°C for 1 hr, the thickness of nickel silicide was 8.98 nm



and EDS analyzed the Ni content was 0.33 at%. The nickel silicide
was hard to form at the compressive stress between 265.8MPa and
132.9MPa at 550°C for 1 hr. However the nickel silicide induced
lateral crystallization was occurred at the compressive stress
between 38.2MPa and 3.7MPa at 550°C for 1 hr. After nickel sheet
removed the compress stress and then annealed at 550°C, the
lateral crystallization rate was 3.3 um/h. The nickel concentration of
the sample which was enforced with 2.857MPa at 550°C for 1 hr
and then nickel sheet removed and.annealed at 550°C for 4 hr was
examined by SIMS. The residual nickel concentration was 30
counts. From Raman spectroscopy, the Raman signal at lateral
crystallization region was 51711 cm™, the result showed that the

grain was poly-grain by Raman signal.
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3.2 #Frddg
AR RRATIR Y 2 3F L A £iF2 o 94k ik > % Corning
173TF 38+ 4% 2007 F (nm)2 SiNx » £ 48+ - & 200% 3 (nm) 2 2+

fo B R 0 ARigE 7= 10 mm X 10 mm~ -] ©
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(2) &2 tp pr (Acetone) zi P @@ ¥ A2 5 A BT T » 48
(3) @ * 2 g3 ko2 o b
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3.8 %= #AIE
WA IR o A F REY% Y 0 12 B50CA HE 124

PRELE BTN A BAE R D -

3.9 RIFE LT
3.9.1 H-#F & H ' T+ Bk
(Field-emission Scanning Electron Microscopy, FE-SEM)
AR B 2T RS S E TR R T RS B A5G
JOEL-6500F - 1 ieig it : &+ & =& 15KeV~» 7 /v 40 1A > Working

0.63%10°Pa » % 5 © 4 452 EDS 5 i 4e &

Y

Distance s 10mm: E 7

**FESEM® » H 3 73 B 515 KeV e

= £ ’FELI'}” S %‘ HEEI ¥ ié‘i = ﬁ,g'}i ° I E.Ei;’;i o0 1Y Secco
Etchant[44 )4 %] % & > Secco. Etchantz ;%% 3 K:Cr:0:(0. 15M) :

HF(55%) : B0 =1 : 2 : 6 fI* BpfEHpw 22thp 458

3.9.2 # & k3 4 47 (Raman Spectroscopy)

AR 238 EFHKAELE Jobin Yvon HR-800 0 # 7
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10X ~ 20X ~ 40X 2 100X 2 4~4% > #pe® f2474c 4 CCD(1024 * 768
Pixels of 26 Microns) ¥ B|% » % #fe Confocal Laser Raman > &
£ 8T B B0 (632nm, 514, bnm) EEE o 7 & BlA-B34 -

AF St 2 RRAArE & Hop £ 5514, 5nm > ¥ 2 100X4~
GEHRERFELIY Jum & LRI RE T p P T
N ig A o BRI T MR A G 2 # F T [0mW e R * 2
RS 2 3804/-25 um~ N-Type > & e 1-10Q-cm > (100)Silicon

wafer > ¥ i3 520cm’ %4 B (7= FZH KD o

3.9.3 B3 4 s (Atomic Force Microscopy, AFM)

AFMAE (e 8058 ¥ & 5= fa s dff 58 (Contact Mode) @ 2b4 7§ 3¢
(Non-contact Mode) > e fff 5% (Tapping Mode) - @ & 5§ 2 i * £ fj
K o

*F B 2 AFM#% 2 A% 2 Digital Instruments, Model
no. :LFM-2 > Serial no. : 242> #t3* crfF 44442 5 n' Silicon ,

Resistivity: 0.01-0.02 Q s cme~ # 7+ % Bl4c-B3-5 °

3.9.4 X k354 45 (XRD)

*F % % 2 X-Ray ¥4+ ik % Material Analysis
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Characterization(SRA) [M18XH] » = iFi% i : 200V ~ H0A » ri 4 ic &
2 Kal, & 5 1.5420 shkih  FH#F 20=20"-60"- 2 % 7 &
I A X-Ray A P B BH M 54 R (5
") v it fAX-RaysEst o Fd X-Ray s e st fo 2 B 3 2 FH 4 5 &

F7 %

i

B2 ARG EERAS L REEEFER LN

3.9.5 TP a3 T % (TOF-SINS)

AF & * 2 TOF-SIMS = ION-TOF - # 4]55 TOF. SIMS IV > @
AYTEES RS Gl BRI R A Cs B EATEL BARFF
B8 2472 5 5 % >10000 - TOF-SIMS = 47 & # » 0 (1) 4 6 3
PEHFRAFEG IS (DI BRI AT AR bk G DA

B (EURA T 1 A R R AG RR DA R 5 A

3

FoRART R ATTHAFLTE
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Fri BxaH
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AR EED 7 Rk (805 ~ 400522 200050 ) 22 ) ST B 44
PR R kER 2 4R 0 wBl4A-15 45 8 ] B05LE) M RS 2
SEM# & @] > Bl4-2(a)-(b) A w4005 2 20005LF7) AF {5 2. AFM £
B AT BLEAR S o B A g e R AR S H P B05LR) KA
B k2 448 B A G oA S527nm A 4005 H0FT B 02 e kR L
125nm » @ 200050) SF7 B8 2 & w e g R 5 3Tnm(4e £ 4-1) ©
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PRV ES B2 RS o

A B2 A UR4A-3(a) R FIF O RA R R S BT S Bk 4T
BB AR g A Bg 20, T52% k42 i %
20KG/lcm’ = 2MPa o 1 B4 fR B £ 2 4 B b bt /BT 6 F =
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d 7% g4 d A P A UHEEBEAB-C D EfcF - He AL £
4 265. 8MPaz & * ~B5132. 9MPa ~ C5 38. 2MPa ~ D5 19. IMPa ~ E 5
T.4MPa ~ F 5 3. TMPa(4-#4-2) -

BB e 2 B - hBRITEE R T ARMA AR S % T
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AR ZFEF B A 2Bt ER 5185.9mm A H = 5B

Hegp it &4 5 & 559.76nm> 2 6% AC537.16nm ~ D % 26. 92nm ~ E
514.26nm ~ F5 8. 98nm(4-B4-4% 4-922 £ 4-3) o 2 R A b £ a2
EET O RAARAPFET 2B SR ERARE A 4 AR R4
i e ARE o A e 1 2 KR RRI(R4-10) 0 3 BT
Toars- B A g gd 4258 (OriginPro)i fF 17 2 ARF AR 2 5 4o T
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AP 2Y58p2 R ERE (M) X5 %42 54 (MPa) - H ¢ &
F2FAE50.074 RE2 22 E 50,12 2B+ 4135265, 8MPa
g 3. THPaz Fp¥ » & 3 46 IMPaza B 2447 1 & % 2 B /i # 40
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Afple & R auEAET > 4R 2 BAPHE L EE
2Ni + Si —> Ni:Si (2)
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NiSi: & B3t Fpdcddl > #7120 2350C = T I A58 NiSize & §_A &
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SRR G BOAREG R Rle S K ACD-E&Fe B
BEF R AL 2 SR apEdgy RIS ¥3-4um 2CF.
Chengé;ﬁ%wﬁi‘a[%]#ﬁ v o B¢ BH0CINEF L3 3un/h 4R
IH 4 o

L. W. Chengi@?&[%]r‘ #30 %30 nmA 2 Nisg (0 0 1)Si
FAARRATUARERZAPRFERAAILE AL A R pRT
WA AR TR 233> 2300CHE 44 2 > & 2 NioSi > 350
CrErF 2NiF & 2NiSix 2 § 5 £2NiSiA 2 » 2400°CPE#7}
2 NiSigh 5 o= 5 NiSi-a 2750 CpFe 5= 2 F & 5 NiSize 22100
MPaz B+ Fin™ » 2400Cr &5 2 3%NiSiv A2 2 F 5= 5
NiSi> #450CPF 4 = 2 F &= 5 NiSiv &750°C ¥~ B3 %2 NiSi
x>k > 5NiSi:» 2800CH 4 = 2 F &~ 2 NiSizo § B+ < 1
380 MPaps » %300CH A 3 = ®NLSiA)= » & & FHMANiI - £350C
B B 4eF NieSij= > 2400°CPFE 7 P3FNSiv A= 2 F &= &
NiSi> #450CPF4 = 2 F &= 5 NiSi> 2750 CpF~ B 5 > 3F2NiSi
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BB L EF2 PR AR RFZ HBF I EL 2R
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ETIR
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=
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REEANFRAIIFR T ZERFZER ] T ILRS o
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4.4 H&H2ATE
4.4.1 EDS~ +5
~F % & * SEMp 2. EDSfad= gh-:¢ (Point) ~ % 2 ~#7A~B~C -
D E~Freggp it g Ay HP AT 2482785 76.22
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B2 F ki & §A3,4NS1 0 £ & F B, SNIST > 2 18
1€ AP 2 NiSize M ABEBFE P Gd b2 2 4 &% -
B ILEALY B 2 NIiSL7 R > B Ry ZNiSi:
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%o4-1 40 B LB MBS 2 4 6 R kbR

80 % 400 & 2000 52
+ o ofe kR 527nm 125nm 37nm

24-2 AL P RMEZHAE T BRA T2

REL(F) M BLBRE e i 4 ) &+ (MPa)
A(80%*20) 265. 8
B(80%10) 132.9
C(400%*20) 38. 2
D(400%*10) 19.1

EC2000%20) 7.4
F(2000%10) 3.1
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#4-3 BEEXINAFRBEEZHRE T RS T 5 - HAEILIS

R 2 Mk BR

B (F) AR e 4 )

gy i e ER

A(80%20) 185. 95
B(80%10) 59. 76
C(400%*20) 36. 81
D(400%*10) 30. 01
EC2000%20) 14. 26
F(2000%10) 8. 98

F4-4A 32 F3#R % - 3 H gl i7 2

Bk 2B ERRR

R EE EDS 4 1718 a-si-¥ NiSix » &2 iF Rk
(*5 4 &4 , MPa) Ni 7 & (at%) (nm)
A (265.8) 76.22 Ni2Si -> Ni : 129.35 nm
NiSi -> Ni : 183.1 nm
B (132.9) 37.06 Ni2Si -> 30.9 nm
NiSi -> 105 nm
C (38.2) 13.7 36.81
D (19.1) 11.55 30.51
E (7.4) 3.28 1.02
F (3.7) 0.33 -5.3
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SEI 15.0kV X10,000 1um WD 9.6mm

Bl 4.1 4 5 5d 80 5ur a7 B fe 2. side view
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Summit O

48

Image Statistics

Img. 2 range 3.083 pm
Img. Mean -0.00002 rm
Img. Raw mean 393.65 nm
Img. Rms (Rq) 179.46 nm
Img. Ra 138.71 nm
Img. Rmax 3.083 pm
Img. Srf. area 10370 pm®
Img. srf. area diff 3.708 %
Box Statistics
Z range 1.32% pm
Mean -25.766 nm
Raw mean 212.40 nm
rRms (Rq) 158.50 nm
Mean roughness (Ral 125.34 nm
Max height (Rmax) 1.204 pm
peak Thresh ref
Peak Threshold
Box w dimension 46,184 um
Box v dimension 43.640 pm




Digital Instruments NanoScope

Scan size 100.0 pm
Scan rate 1.001 Hz
Number of samples 512
Image Data Height
Data scale 500.0 nm

H:ﬂ wview angle

%i§,1ight angle

® 20,000 pm/div
Z 500.000 nmfdiv

970122.008

Image Statistics

Img. 2 range F02.91 nm
Img. Mean 0.000001 rm
Img. Raw mean 385.79 nm
Img. Rms (Rq) 53.235 nm
Img. Ra 41.427 nm
Img. Rmax 702.91 nm
Img. Srf. area 10135 pm®
Img. srf. area diff 1.354 %

Box Statistics

Z range 63477 nm
Mean 5.084 nm

Raw mean 478.99 nm
rRms (Rq) 48.035 nm
Mean roughness (Ral 37.142 nm
Max height (Rmax) 535.01 nm

peak Thresh ref
Peak Threshold
Box w dimension 51.076 pm

Box v dimension 49,511 pm

970122.008

Summit O

Bl 4-2 ~ % (a)400 522 2 (b)2000 om) Ar= B is 2. AFM £ & 25
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(a)

(b)
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100 um

(©)

100 um




()

Bl 4-3 & %] 53 7 5 (a)80 5Lr) X 20kg (b)80 5Lr) ¥ 10kg (c)400
57 A 20KG (d) 400 5275 A 10KG (e)2000 57y A 20KG(f)

2000 5L#) % 10KG 2= 550°C — | P % — ) # a2 t8 22 OM ] -
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Digital Instruments NanoScope
Scan size 20,00 pm
scan rate 1.001 Hz
Number of samples 512
Image Data Height
Data scale 1.0000 um

[:] view angle

sy g
ﬁ;? Tight angle

dm

¥ 5,000 umfdiv
z 1000.000 nm/div

950016.001

Image Statistics

Img. Z range 1.527 pm
Img. Mean 000009 nm
Img. Raw mean -256.97 nm
Img. Rms (Rq) 156.68 nm
Img. Ra 121.10 nm
Img. Rmax 1.527 um
Img. srf. area 453.66 pm?
Img. Srf. area diff 13.415 %

Box statistics

Z range 1.527 um
Mean 12.509 rm
Raw mean -213.88 nm
Rms (Rq) 209.37 nm
Mean roughness (Ral) 185.95 nm
Max height C(Rmax) 1.479 pm

Peak Thresh ref
peak Threshold
Box = dimension 9.276 pm

Box yw dimension 19.961 pm

980016.001
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Digital Instruments NanoScope
Scan size 20,00 pm
scan rate 1.001 Hz
Number of samples 512
Image Data Height
Data scale 1.000 um

[:] view angle

sy g
ﬁ;? Tight angle

dm

¥ 5,000 umfdiv
z 1000.000 nm/div

950016.000

Roughness Analysis

Image Statistics

Img. Z range 1.264 pm
Img. Mean 0.000006 nm
Img. Raw mean 268.38 rm
Img. Rms (Rq) 71.036 nm
Img. Ra 41,320 nm
Img. Rmax 1.264 um
Img. srf. area 427.55 pm?
Img. Srf. area diff 6.887 %

Box statistics

Z range 1.264 um
Mean -0.268 rm
Raw mean 287.71 rm
Rms (Rq) 92.322 nm
Mean roughness (Ral) 59.761 nm
Max height C(Rmax) 1.264 pm

Peak Thresh ref
peak Threshold
Box = dimension 9. 980 pm

Box yw dimension 20,000 pm

980016.000
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Digital Instruments NanoScope
Scan size 50.00 pm
scan rate 1.001 Hz
Number of samples 512
Image Data Height
Data scale 1.000 um

[:] view angle

sy g
ﬁ;? Tight angle

dm

10,000 um/div
1000.000 nm/div

[

10

950016.003

Image Statistics

Img. Z range 977.25 mm
TImg. Mean 0. 066 nm

Img. Raw mean 222.45 nm
Img. Rms (Rg) 34661 nm
Img. Ra 14.733 nm
Tmg. Rmax 97E. 86 mm
Img. srf. area 2514.1 pm?
Img. Srf. area diff 0.563 %

Box statistics

Z range 977 .25 nm
Mean 12.717 rm
Raw mean 437.75 nm
Rms (Ra) 68.950 nm
Mean roughness (Ral 37.160 nm
Max height (Rmax) 969.66 nm

peak Thresh ref
Peak Threshold
Box w dimension 9.295 pm

Box yw dimension 49,902 pm

950016.003
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Digital Instruments NanoScope
Scan size 50.00 pm
scan rate 1.001 Hz
Number of samples 512
Image Data Height
Data scale 250.0 nm

[:] view angle

sy g
ﬁ;? Tight angle

dm

¥ 10,000 um/div

10 Z 250,000 nm/diwv

950016.002

Image Statistics

Img. Z range 666.83 mm
TImg. Mean -0.00001 nm
Img. Raw mean 113.81 rm
Img. Rms (Rg) 23.693 nm
Img. Ra 10.005 nm
Tmg. Rmax 666.83 mm
Img. srf. area 2520.5 pm?
Img. Srf. area diff 0.820 %

Box statistics

Z range BE6.E3 nm
Mean 10.875 nm
Raw mean 145.90 rm
Rms (Ra) 48.284 nm
Mean roughness (Ral 26.924 nm
Max height (Rmax) 665.02 nm

peak Thresh ref
Peak Threshold
Box w dimension 9.491 pm

Box yw dimension 49.413 pm

950016.002
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Digital Instruments NanoScope

Scan size 50.00 pm
scan rate 1.001 Hz
Number of samples 512
Image Data Height

Data scale 200.0 nm

[:] view angle

sy g
ﬁ;? Tight angle

dm

¥ 10,000 um/div
10 Z 200,000 nm/diwv

950016.005

Image Statistics

Img. Z range 1.283 pm
TImg. Mean -0.00001 nm
Img. Raw mean -135.91 nm
Img. Rms (Rg) 20.304 nm
Img. Ra 7.739 nm
Tmg. Rmax 1.283 pm
Img. srf. area 2512.3 pm?
Img. Srf. area diff 0.492 %

Box statistics

Z range 322.53 mm
Mean 4.310 nm

Raw mean -155.61 nm
Rms (Ra) 25.970 nm
Mean roughness (Ral 14.262 nm
Max height (Rmax) 323.64 nm

peak Thresh ref
Peak Threshold
Box w dimension 9.883 pm

Box yw dimension 49,902 pm

950016.005
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Digital Instruments NanoScope
Scan size 50.00 pm
scan rate 1.001 Hz
Number of samples 512
Image Data Height
Data scale 200.0 nm

[:] view angle

sy g
ﬁ;? Tight angle

dm

10,000 um/div
200,000 nm/diwv

[

10

950016.004

Roughness Analysis

Image Statistics

Img. Z range 301.44 rm
TImg. Mean 0.000001 mm
Img. Raw mean 94 327 nm
Img. Rms (Rg) 9.763 nm
Img. Ra 5.364 nm
Tmg. Rmax 301.44 rm
Img. srf. area 2507.5 pm?
Img. Srf. area diff 0.300 %

Box statistics

Z range 198.02 nm
Mean 1.179 nm
Raw mean 207.90 nm
Rms (Ra) 15.662 nm
Mean roughness (Ral 8.988 nm
Max height (Rmax) 197.97 nm

peak Thresh ref
Peak Threshold
Box w dimension 9.883 pm

Box yw dimension 49,804 pm
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NiSix thickness(nm)

Y = 0.622X + 7.05

T T T T

T T T T 1
0 50 100 150 200 250 300

Stress (MPa)

@4_10 %187‘4\:}"[%4 g’?ﬁ;} 1 @ﬁv}%—}if%lﬁq
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X5,000
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NCTU SEI  150kV  X5,000 1um WD 10.3mm

NCTU 1um WD 9.5mm

(b)

\:

B4-12 (a)& ()i B#FEPEd % - H# g7 F % £ 2 SEM R
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SEI  150kV  X5000 1um WD 102mm

)
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150kV  X5000  1um WD 102mm

Bl 4-14 DF F 54 % - # g2z SEM B

62



SEI 15.0kV  X8,000 1um

63



NCTU

=
i
f—
-
Y

. 4s11(b) e B 2 e W)

64



14 -

12
10 +
€
2 84
F =
=
2 64
O —=— A
Z 4 CB)
—v—D
2 —+—E
——F
O ; I % I . I I y 1 y I * |

=4 F & 0
00 05 1.0 1.5 20 25 30 35 40 45 50
Annealing time (hr)

B 4-18 A~F :# % 2 500 C 5B Ak # ad@pr F 44 ] o = £ FESLR]

65



! 100pm ) Electron Image 1

7. 4-5 A& % 2 EDS & 47

Eleme | Weight Atomic
nt % %

Si K | 12.99 23.78
Ni K | 87.01 76.22

B 4-19 A# % EDS » 452 = % [§l

10um Electran Image 1

7. 4-6 Bi# 5 2 EDS ~ 47

Eleme | Weight Atomic
nt % %

Si K | 44.83  62.94
Ni K | 55.17 37.06

B 4-20 B2 % EDS #» 472 = & [§l
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Bum ' Electron Image 1

7. 4-7 Cz# % 2. EDS & 47

Eleme | Weight Atomic
nt % %

S1 K | 75.08  86.30
Ni K | 24.92 13.70

B 4-21 Cz# % EDS & 472 = % [§l

20pm : Electron Image 1

A5 5) N

A

7. 4-8 D& % 2 EDS 4 47

Eleme | Weight Atomic
nt % %

Si K | 78.55  88.45
Ni K | 21.45 11.55

B 4-22 D % EDS & 472 = % [§l
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7. 4-9 Ez# % 2 EDS & 47

Eleme | Weight Atomic
nt % %

Si K | 93.38  96.72
Ni K | 6.62 3. 28

! 20Um ! Electron Image 1

Bl 4-23 E2 5 EDS 472 = 8

A 7. 4-10 T z# ¥ 2 EDS 4 47

Eleme | Weight Atomic
nt % %

S1 K | 99.32  99.67
Ni K | 0.68 0.33

10 !

Bl 4-24 F 2% EDS » 472 = % [§l

Electron Image 1
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Etching pits

Bl 4-25 Etching pits -+ & Bl
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B 4-26 A 5 58 550°C e /) FF 44 g2 2. SEM

NCTU

B 4-27 A5 538 500 C e | P4 g2 2. Etching pits % #%c + B
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Intensity (a.u.)

Intensity (a.u.)
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Intensity (a.u.)

Intensity (a.u.)
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Si (111)

Intensity(a.u)

Si (220)

Si (311)
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