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A Study on the Growth of Polycrystalline-Silicon
Thin Films by Layer Exchange Process on ZnO

Won-beom Chang

Department of Applied Sciences

Graduate School of Korea Maritime University
Abstract

High-quality polycrystalline silicon (poly-Si) has attracted much
attention because of its wide range of applicability in electronics, such
as thin-film transistors (TFT) and solar cell. However, growth of
poly-Si layer on a low cost substrate with large area is still difficult.
In this thesis, it was proposed to grow poly-Si layer on a glass
substrate by layer exchange method on ZnO layer, and the effect of
ZnO surface and annealing temperature was discussed in terms of
growth rate, crystallized fraction, diameter, and orientation of poly-Si
nuclei.

First of all, it has been investigated on the effect of surface
roughness of zinc oxide (ZnO) layer on the growth of poly-Si layer. It
was found that the growth rate, grain size, crystallized fraction and
preferential orientation are closely related with the surface roughness
of the underlying ZnO layer. As the ZnO surface roughens, growth
rate, grain size, and crystallized fraction increase, and preferential
orientation of (100) direction was appeared as well. The poly-Si layer
formed on a ZnO with a roughness of 24 nm in root-mean-square
revealed fast growth rate (40 minutes), large grain size (~20 pm) and
high crystallized fraction (51 %) with a preferential (100) orientation.

In the next part, it has been investigated on the effect of annealing



temperature to the layer exchange process. Annealing was performant
at 500 ~ 600°C. It was found that the preferential orientation and
growth rate of poly-Si layer is closely related with the annealing
temperature. As the annealing temperature increasing, faster growth
rate, larger crystallized fraction and (100) preferential orientation was
observed.

Consequently, it was provided that a new approach to obtain large
grain size poly-Si on glass substrate that contains ZnO light scattering
and transparent conducting layer. It is expected to be used for the

high performance thin film poly-Si based solar cell.
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h(vy+vy) : anti-stoke scattering

> k ) > hv, Rayleigh scattering
hvo( 2 ARE)

h(vy-v,) : Stoke scattering

Fig. 2.4 Schematic illustration of Raman scattering.
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2.2.3 Electron backscatter diffraction (EBSD)

AlAd JAtE ARl ZA ©@Ad Abeh(elastic scattering) ¥ H €AY
2Fek(inelastic scattering) &2 Uis 4= Utk G A g abdkE Az}
= Laued] 3d x5 WHsle WFoR A dUAE &A%
314 Ho] Y2t ol#g 3d AU TEMOAA 538% 34 s
dst= Aotk &3, Bl HIEd Abekd AA= AlHE oA H

o

[e:

HA e, ol& ol&shd SEM o|mAS TS A Bo HEgA
e AAES B X-AdolgteA], A9 Xﬁ} s WEANIIE 3
=, ol2lgh §hg-& A9 dAE FAst=H 83 ©o]-8E T EBSD

Eis
2 AR $L3 Az FAEH AlHAAN ofstA g

e 7]
A e AxE YA UiFgE 28] AJEYe RE WEko g AhekE o] Uzth
th. oAl wlEg AtdE AxpEo] 7} (hKl] zg_zg?ﬂ o] e oS Bragg
o] 1S WA HW o WEko g BA AkgkE o] yrtA "ok
A\ = 2dsinb

o] A vHletAd AtdE AA= JAF deo] dUAE A 4R ¢r] uf

ol 9 A9 3% e dAF JAARe yAow 5T 4 Qo T3,
A=)

g a2
O]‘jﬂd 141}15 BE e A JAE S AR A4 5 7] diEed A

Hol UrtA €
o] & Kosssel-coneo]#}al &t 7|Fx2] & 3k o Y5 dFEQ
g Ao do=m uetuA Ao & Y 7IFH A& a2 o HRg
{(hk}H-ES omlsta, 1 A2 Wit Ao 29 #AE 7HXIth
wdy, = C

A7) A we HIP3 7]FX AT Agelx, Ce=
A% 173 WES AN U AUE ol gkl 7 HES A4E A

AshE, zt 7]7:wao] TUE poled] AFE ARFE F U o2 HH
HTH5]

o
o T
£
Lo
o
R
2
2
S
L
rj\g
i
o
14
ok
o%
o
H
o

N

QlAl Hl9] B9 E AIs AAT 5 YA

_24_



2.24 Atomic force microscopy (AFM)

AFME A2 8 dnidoeg A5 v &3

AZZ FAtete] Als W FIZA71W AddH o] A9k A 583 Y
AR} Atole] Ao wet 1=Ey HEHo] 2 A =i 747t S o] &
3} Contact =9} non-contact =2 i tH6, 7]. Contact mode ol
He AYE AEsed 2 g9 A7 110 nN 2R ofF wASHA
o AEdHE 2 ol g FoAAA "ok g Wt ofddE I
AL 2437 98] dolAE Adeel vz Ada sido] A u
) Efo]2E (photodiode)E A}-g-3le] ZA 3.

He &89S 570 feedbacksle] AE# 7L LA A 3
A7IH B3 23 A3k HAE dAFAEE A5 3

—

o
r
o
N

N
b
Ll
bl

¢

]

F

o
o Jo n X

of
o
filo

21t} Non-contact mode oA = WAA}o] 9] AHS A}

A
1 %9 A7]= 0.1~0.01 nN HEZ contact modeol] H|d &
A

oo
ol
L

N [T e
N, =

= R oo o,
N,odobgm i
o B it 2 N
oX, Lo A~
X i) Mo
92
o B
© - o U2 K
L T4 C
e X e, =
o o
ox (. =
ol E’
I‘LN - Sy
oo o G
o o
rlr
fr > N (=
H i ﬂ 2
2 1= )
AN Ao
e o 2 ‘E
o N
g ™
= N4y 2L
FLEZ T
i Tee
Mo @ 1 T
(0]
AL
Mz o = (b

o
olr

_25_



laser diode nirron sensor output, 8¢, Fe

................ A B
Cc[p

cantilever . ; position sensitive
« spring which deflects s probe tip i photdetector

scans sample surface

+ measures deflection of cantilever

dc . 1
probe tip

& + senges surface
a1 100-15° properties and causes ERROR =
cantilever to deflect actual signal - set point
sample 3 !
feedback loop

g * controls z-sample
| T postion

piezoelectric %

scanner
+ positions sample

(x, v, z) with & accuracy

computer

* contrels system

s petforms data acquisition
display, and analysis

Fig. 2.5 Schematic illustration of Atomic force microscope[8].
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2.25 Energy dispersive spectroscopy (EDS)
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Etching solution

fJ
Jff ~, |Layerexchange
amorphous-Si 7

» _ 7nO layer

Annealing
(a) As-deposited sample (at 577°C) (b) Layer exchanged sample

Etching
(HCI, HF)

(c) After etching of the Al layer
on the surface

Fig. 3-1 Schematic drawing of the fabrication process of poly-Si layer
by the ZnO assisted aluminum-induced layer exchange process: (a)
amorphous-Si/Al/ZnO/glass stacked sample (as-deposited sample), (b)
Al/poly-Si/ZnOfglass stacked sample (layer exchanged sample), (c)
poly-Si/ZnO/glass (after etching of the Al layer on the surface).
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]
(a) ZnO (RMS =0.73nm)
0, flow= 0 sccm

[uem]
(b) ZnO (RMS=1.42 nm)
O, flow = 8 sccm

[pm]
(€) ZnO (RMS=2.4 nm)
0, flow =10 sccm

Fig. 3-2 Atomic force microscope images of the ZnO grown on a
glass substrates : (a) ZnO/glass (ZnO RMS: 0.73 nm), (b) ZnO/glass
(ZnO RMS: 142 nm), () ZnOfglass (ZnO RMS: 24 nm). The insets

in the upper-left corner are the pictures of each sample.
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Fig. 3-3 Optical micrograph of the annealed samples at 577°C for 0,

15, 30, 40, 180 min; (a) sample-A, (b) sample-B, and (c) sample-C.
The black areas in the picture correspond to the poly-Si grains.
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(a) As-deposited EDS

Al
® Si
®/n
e O

(b) After annealed ES

Fig. 34. Cross-sectional SEM images and EDS mapping of the
sample; (a) as-deposited sample with a stacking sequence of
amorphous-Si/Al/ZnO/glass, and (b) annealed sample at 577 °C for
3hour which has a stacking sequence of Al/poly-Si/ZnO/glass.
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3.34 poly-Si ¢ ZA3}g &4
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Annealed at 377°C
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-
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Annealing time (min)

Fig. 3-5 Annealing time dependency of crystallized fraction. The
crystallization rate of poly-Si is closely related with the roughness of
ZnO.
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Fig. 3-6 In-plane EBSD images of the samples; (a) sample-A, (b)
sample-B, and (c) sample-C. One can observe that the preferential
orientation of the poly-Si is closely related with the roughness of
ZnO.
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ZnO Surface Average Si(100)
Process . . . !
Samples Roughness L Grain Size orientation
. conditions 1) 1)
(nm in RMS) (um) coverage(%)
Sample-A 0.73 30 17
Sample-B 142 577°C, 3hr 25 31
Sample-C 24 22.7 51

1) Estimated by EBSD

Table. 3.1 Summary of the surface roughness of ZnO, ALE conditions,

average grain size, and preferential (100) orientation coverage for each

sample.
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Fig. 4-1 Optical micrograph of the annealed samples at 500, 577, 60
0C for 0, 15, 30, 40, 180min j;(a)sample-A, (b)sample-B, and
(c)sample-C. The black areas in the picture correspond to the poly-Si

grains.
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Fig. 42 Annealing time dependency of crystallized fraction. The
crystallization rate of poly-Si is closely related with annealing

temperature.
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Fig. 4-3 In-plane EBSD images of the samples; (a) sample-A, (b)
sample-B, and (c) sample-C. One can observe that the preferential
orientation of the poly-Si is closely related with annealing

temperature.
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Fig. 44 Raman spectra of the samples : (a) As-deposited, (b)
Sample-A, (c) Sample-B, (d) Sample-C. We can observe that the
crystalline quality of poly-Si is closely related with annealing

temperature.
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52 A&

2 AFoAAME glass 713 el oA 2HEHOE Ar : 10scem,
O, : 10scem (WAL : 6x10°torr) 2738t ZnO (F7 ~lum, A H4&E%
~1.6 nm/sec)& SA3ATH. ZnO 9 ol+= photolithography I8 = 3
um =719 FHZA RS AFstG o, HC 895 F3l AZHE 30,
35, 40 min 3t A€ 7 o] H(etching)S AT I 9ol EFHR o= 130
nm F7¢ Al & E3FF SR T A AFHE o] &3t oF 2

A aSi & AHAZH. AFE Alae AFAAS Bdrdes 3

& e GHYURE o &8t Tud AU

S gL APATFe] vEd Fig 3-13% o] ALE 348S 3k
=573

on, dxg & Al # aSi Fo] AR udEo AQAAHS JyH v-F
A Si o AxE Feldr] Y8 EH FHI Al =& HC §HE o] &
5t 40 CollA 587F A7 33 ZH{ Al & 2294 HF & ]85}

}d3] AA AT
A 2 (annealing) 74 Fo 3 Ar A4S AHEF Az RUE Y
Sa 243 Hge A s FAAT. A% guE A8 2F
As dotr 7] 98] TEMY 3A- 38 (diffraction pattern) w415 &3 o
2% si 2499 294 Frlatsith
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53 ZnO patteringS °] &3 A 32 2% AP 2F 5
A
531 ZnO 2|Z+& T3 ¥ ¥s 4

2 A9 ZnO EFS 725 AAst7] 93l Photo lithography &7
S % 7ZnO %W patterningS 331 XWH ol =F A7HS HIAA 19

o] A& SEM(scanning electron microscope) = 41 3FTh  Fig.

51@e 1% 87 A AZ2 PR YA vha3 HE F UVERS E
3 zZnO TS0l 3um 27 HEE FAHAD Fig. 5-1b)~(d)E 13

A1ZH& 30, 35, 40min ¥ 3lo] wel FHHOE AH ZnOFY FHOE
sample-A : 4.5um, sample-B : 53um, sample-C : 6.lum FHE =A7|E
Uebdth "o yehd RAF o] A ATl FrF dE sjEHYE
hole®] =717} F7kst= AS &2 & =+ Adow Z

o2 ARAQ Y-S FAZs Ak
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(a) as-deposited (b) sample A

L]

-(€) Sample B ; (d) Sample C

Fig. 5-1 The acid etched hole in the ZnO/glass by using scanning
electron microscopy : (a) as-deposited, (b) sample-A : 4.5 um (hole
size), (c) sample-B : 5.3 um (hole size), (d) sample-C : 6.1um (hole

size).
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5.3.2 poly-Si 233 4
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hole Z7]& 7}A = sample-A (hole size : 4.5um), sample-B (hole size :
5.3um), sample-C (hole size : 6.lum), 3712 A|EE FHISIATE APATE
o2 dAy 2% 577CAA 10%5e A48 € Si 591 #x¥ f‘ﬂﬂ}
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Annealing time (min)

Fig. 5-2 Optical micrograph of the annealed samples at 577C for 0, 1,
2, 3, 10min j;(a)sample-A, (b)sample-B, and (c)sample-C. The color

areas in the picture correspond to the poly-Si grains.
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5.3.3 poly-Si 233& £4

Fig. 5-3& 33t dAvds T3l A5 EWHY poly-si 243t 3 Hl&

3
st Aoz Alg 1xHS TEF <)
AslgS ALStAT.  Fig 532 GX g Aol mE AHElE 4Hs
X9 WstE yEdT oled FXEWM3= ZnO etching hole Z7]of| we}
Ao A% £x7F ¥slgides AS BoFa o 5 ug RS
ZnO hole ¢ Z7do] ¢F 53um®l sample-Bol| A 2% 307 EF 2AA
3}7F o] oo AT A7} 6.1um, 45um® HAS 7HA= ZnO 9
of AARE7}t o] Fo|Z sample-A$}t sample-Col A 7247} 4% 2 5&7H

hole =719 9] Aojd 4 Qo FAHA HHS FAste] AP A+
2 ool A Avr wEA QARSI AP A TH7-9].
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—e— Sample-A
—a— Sample-B
—-— Sample-C

40

Crystallized fraction(%o)

0 50 100 150 200 250 300 350 400 450 500 550
Annealing time ()

Fig. 5-3 Annealing time dependency of crystallized fraction. The
crystallization rate of poly-Si is closely related with hole size ; (a)

sample-A : 4.5um, (b) sample-B : 5.3um, (c) sample-C : 6.1um.
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534 poly-Sie] 2R £4

Fig. 5-4= 243} £=7} 714 WE sample-Be A8 ©do TE
(transmission electron microscopy) #]4 3] € (diffraction pattern)< “EHd
t}. Fig. 54(a)= €8 34F poly-Sie MAHE =+ #HS TEMS
2 #EAT Hog ARELS Al/a-Si/ZnO/glassTFo|H 443 Si(111),
Si(220)0] #EE A BREEL Al/a-Si/glassol & WYEYA] gkt o] A
< ZnO 577k Si AAASHAS Ao 2R FFS vIAH H w2
A A3 Al7le AR dddEn F ZnO 9ol A3 stAS Aol 24
ste = 27t man, 9538 2440 grHE polySi olgte AS R
St} Fig. 5-4(b) & A Aol $5¥ A5 @ HAHS YeEA
Ao Z C FiEolA Si(22009] @444 FHZ UEE o DFEEAA Si
ring-pattern 3 %2 AFEEANAN YEUE Si(111)°] #F HAT o=
ZnO F°] poly-5i% BRAEEE AT = lor AAF LA o

=
=2
s v AE FQA F F AbTh

Lo
=<
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(a) Annealing time : 1min (b) Annealing time : 180min

Fig. 54 Transmission electron microscopy diffraction pattern of the
annealed samples at 577C for (a)1, (b) 180min.

_66_



54 F3 &3

[1] Milan Vanecek, Oleg Babchenko et al, Appl. Phys. Lett. 98, 163503
(2011).

[2] N. Senoussaoui, T. Repmann, T. Brammer, and H. Stiebig, H.
Wagner, Rev. Energ. Ren. 3, 49 (2000).

[3] Christian Haase and Helmut Stiebig, Appl. Phys. Let. 91, 061116
(2007).

[4] H. Stiebig, N. Senoussaoui, C. Zahren, C. Hasse, and ]. Muller,
Prog. Photo, Res. App. 14, 13 (2006).

[5] S. B. Rim, S. Zhao, S. R. Scully, M. D. Mcgehee, and P. Peumans,
Appl. Phys. Let. 91, 243501 (2007).

[6] A. J. M. van Erven, R. H. Franken, J. de Ruijter, P. Peeters, W.
Vugts, O. Isabella, M. Zeman, C. Hasse, U. Rau, and H. Borg, 23rd
EUPVSEC (2008).

[7] KY. Lee, M. Muske, I. Gordon, M. Berginski, ]. D’Haen, ]J. Hupkes,
S. Gall, and B. Rech, Thin Solid Film 516 (2008) 6869-6872.

[8] G. Ekanayake, T. Quinn and H.S. Reehal, J. Crystal Growth 293
(2006) 351.

[9] Mina Jung, Atsushi Okada, Takanobu Saito, Takashi Suemasu, and
Noritaka Usami, Applied Physics Express 3 (2010) 095803.

_67_



il

ol
24

&

Al
=2

71¢F EAxE X0 e
ANx ZAA3tE polyd

toich o A

]

=

©

Z

J

A
ax

A

o H
AC—]E Rue

A 2] ol A

hyA

Al 67 2 3 EE

Aol ZnO9 %
ZnO

il

0
i

3k

(<]

o w3
Uelgon 29

o
o
o
0SS

AN

o
A

Gl

sHA

s

S

fol WlmA w

A &

J]

©

Ay 2z 93

=l

(e5]
A LEE Ao

= 024 sio] &

]:}\é o]

o,
=

[e]

]

=
o

Z

Hj

=~

= 7
ol

al

AR A 2= EA e
AU T whEtA

)

Ead

-
It

}4 0] ZnO<]
AoZ Yo, ZnO
a4y =271

K

7] B Hy
2% sio] ¥

L
L

zt

o
s
%o

puy
i

o
vl

X
puy

il

_68_



o] ¥ A

Adge: 1986 03¢ 02¥

il

o
o
—
—
%)
—
Ho
2
<
g
in
=
g
<

REE

= . B\
T &

™

o

0
o

!
4
|

) 2 AT AT

A g A: 010-4469-5595

E-mail:onebum@hhu.ac.kr

5 9

2002. 3 ~2005. 2

2006.3 ~ 2012.2

2012.3~ & A

i g
A

o

2012. 2. 24

s

Heks Az

dTEs H BH

2010.09~2010.09

_69_



“LED 2% ©|&% Smart Bt A2
2010.09~ 2010.12

LEDE o] 48 4EAY 47
2010.10~ 2010.10

TP Ax F3F Ak PAF o

“LED Smart H<ts HA)”
2012.01~ 2012.01

FLdFTEFAT HA

JdE FEHTW F5AE AT

“Poly-Si m]A| 2
2012.02~ 2012.02

2012.05~ 2012.05
A1163] ICMOVPE 3}3] zl3) @ ¢
2013.02~ 2013.02
FIdETEFAT AA
dE sHEUStw HAE AT
“Poly-Si A 2
2013.11~ 2013.11
Tzl s stolgtolE AA
“Influence of the Surface Roughness of a ZnO Layer on the Growth
of a Polycrystalline Si-layer by Using an Aluminum-induced

Layer-exchange Process”

2010 gr=ref st wf AAaE AR FHd 3



ae

2013

a7 243

TATFAE (2012. 3.1 ~ AA)

/EES /AR A
(2011.03.1 ~ &)

=
[}

2) LEE LED7IZ

71

Z Aol

Green IT 7]&7)3

&

e 5

a7 243

T =& 9% 43

d¥7}" Journal of Light

E
=

A5}

sPE HokE Y

2
Emitting Diodes Vol.3, No.2 (2011).

3|

_71_



"3 LED

il

o] &

2!

Ao AW FRAM B
Emitting Diodes Vol.4, No.1 pp. 6-10, (2012).

3. A7, FEY, o4, ABw, A5Y, AV, FAZ
%, 84, AUy, 945, A5 MR LEDE AHEF =5 A 4
w2 Al A3l 4" J. KIEEME Vol. 26, No. 1, pp. 80-82, (2013).
4. FEH, A=, AFF, O]Xé—or, Kosuke Hara, Haruna Watanabe, Noritaka

Usami, FA 3, “AlSi =103 AANA ZnO TH AZA77F Si AA A vx=

e
-
—
o
o
=
=
=N
o
=
£
ag
=
=

%3, New Physics: Sae Mulli, Vol. 63, No. 11, November (2013)1218.

IS ste O

1.3, AT, o|&d, ALLE, WAA, o7, FAE” LEDE ©|&3 Smart
Hebs AR =) FolFo Stal & 31(2010.10~ 2010.10)

2. Fgd, AANTE, oled, ARE, MAA, o7}y, FAF” LEDS o] L3
SmartB oS AZ 201095 FAE TARel 727 t3](2010.9.16~17)

3. oled, LW, AAF, AR , °IFE AAZ” ~viE LEDZ
720109 % = vk Ay olg £7] 3t $](2010.10.28~ 30)

4. The 5th International Coference on LED and Solid State

o

Lighting(2011.4.1~12) "LED smart lighting for advanced security lightung" -J. K.
Shin, C. H. Sa, H. J. Baek, W.B.Jang, KY.Lee, SHLee, C.HJung, T.]Lee,
S.K.Choi, J.H.Chang

5. F4d, A4, A5F, 4235, o
A2 A53] LED WAz 3] st
6. Fd¥, ANT, AT, 8T, FAS GAPLEDES o] &
A7 A|55] LED RFEA|
7. A, A=, #3 YA, FHH, 254, oldA, ZAZ Al m
A 71l Thaas A oA gAIZ AZAZ WS4 GaNFHe] 24745
3] LED WH=A| 2753 &) 3](2012.2.23~24)
8. A=, #AS, AFE, FYY, FAE"GS MBEAA V/II FFvlel me
GaN A% &
9. #14,

"A|53] LED WrE=A| X7 38t3] gl 3](2012.2.23~24)
the growth of GaN on ZnO layer by using ZnAl204 interlayer” The 29th

g g%

& Het

fd
ol

oy
Y
N
foy
r?
™
7

3

2!

o g%

A
o

iR
.

1>

N
oX,

=, F9H, A4F, “Reduction of impurity out-diffusion during

_72_



North American Molecular Beam Epitaxy conference(2012.10.15)

10. FFH, FAA=, F3%, F4F “Migration enhanced epitaxial growth of

m-plane GaN on a m-sapphire substrates” The 29th North American
Molecular Beam Epitaxy conference(2012.10.15)

11. 5%, A4S, 734, 29A, FYH “Effect of substrate pre-annealing
on the growth of GaN by gas source molecular beam epitaxy”(2012.10.15)

12. 4%, A=, 779, FYY, I A “Effects of nitridation temperature
for m-plane GaN grown on the m-plane sapphire substrate by gas-source
molecular beam epitaxy”39th International Symposium on Compound
Semiconductor (2012.08.27)

13. Fgd AL, A+FE, 7739, ©]8$, Kosuke Hara, Haruna Watanabe,

Noritaka Usami, &A%, “Influence of the surface roughness of ZnO layer on
the growth of polycrystalline-Si layer by aluminum-induced layer exchange

process” $to&EE|8t3] & Srewit W3EF](2013.04.24)

Jm
Qi

A =} 2013.08.07
5 10-2013-0093848 (A & 1-1-2013-0717272-60)
B e st At g (2-2005-042655-6)

e
o e

iy
o,
-,
o

WA 4 A AYT FA
Wyl WA 395 BY dojuyx

_73_



i
o)

N

R 4RE Az

717ko] A w24 Ay

L

A ZEYo

L

L

A 24 2dole

S|
~

HYx

[e)

= =

a4
2 AZE oA viRE ol 7}

AA B2 wfwol 7t
A™ obg gflo] A

T

A BAe FAA AT,

I
5%
N

™
N

=
o

=

=

A

o
b
b

Aoz AZ 4

_74_

WA QA=Y @



	목     차
	List of Tables
	List of Figures
	Abstract
	1. 서  론
	1.1 산화아연의 특성 및 응용
	 1.2 다결정 실리콘의 필요성 및 문제점
	1.2.1 이론적 배경
	1.2.2 다결정 실리콘 성장방법의 문제점

	1.3 최종 연구 목적
	1.4 참고문헌

	2. 실험 및 분석 방법
	2.1 성장 단계
	2.1.1 sputter 법
	2.1.2 열증착법

	2.2 분석
	2.2.1 Optical microscope (OM)
	2.2.2 Raman spectroscopy (Raman)
	2.2.3 Electron backscatter diffraction (EBSD)
	2.2.4 Atomic force microscopy (AFM)
	2.2.5 Energy dispersive spectroscopy (EDS)

	2.3 참고문헌

	3. Al-Si 층 교환 성장에서 ZnO 표면 거칠기가 Si 재결정화에 미치는 영향
	3.1 서론
	3.2 실험내용
	3.3 ZnO 표면 거칠기를 이용해 성장된 실리콘의 재결정화 특성
	3.3.1 ZnO의 표면 거칠기 제어
	3.3.2 poly-Si의 결정형상 분석
	3.3.3 층 교환 성장법을 통해 성장된 poly-Si 분석
	3.3.4 poly-Si 결정화율 분석
	3.3.5 poly-Si 배향성 분석

	3.4 참고문헌

	4. ZnO를 이용한 Al-Si 층 교환 성장에서 열처리 온도가 Si 재결정화에 미치는 영향
	4.1 서론
	4.2 실험내용
	4.3 열처리 온도에 따라 성장된 다결정 실리콘의 결정 특성
	4.3.1 poly-Si 결정형상 분석
	4.3.2 poly-Si 결정화율 분석
	4.3.3 poly-Si 배향성 분석
	4.3.4 poly-Si 광학적 특성 분석

	4.4 참고문헌

	5. Al-Si 층 교환 성장에서 ZnO 표면 patterning이 Si 재결정화에 미치는 영향
	5.1 서론
	5.2 실험내용
	5.3 ZnO pattering을 이용해 성장된 다결정 실리콘의 결정 특성
	5.3.1 ZnO 식각을 통한 표면 변화 분석
	5.3.2 poly-Si의 결정형상 분석
	5.3.3 poly-Si의 결정화율 분석
	5.3.4 poly-Si의 결정성 분석

	5.4 참고문헌

	6. 요약 및 결론
	7. 이력서
	8. 감사의 글


