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Pulsed laser deposition of periodically-aligned Ga,Tes/Te
nanocomposites with high electrical conductivity for thermoelectric

applications
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ABSTRACT

Gallium telluride (GayTes), one of the typical A,"'Bs”' semiconductors, has a crystal
structure of zinc blende (ZnS). To keep the stoichiometry of the Ga** and Te” in the zinc
blende structure, a large number of periodically assembled two-dimensional vacancy planes
spontaneously form, which could greatly scatter the phonons and thus effectively decrease the
thermal conductivity (k). In addition, the Seebeck coefficient of Ga;Tes found from the very
few thermoelectric data available can reach a very high level of ~800 pVK™, which is four
times higher than that of the well-studied bismuth telluride (Bi,Tes, ~200 pVK™). As a
conclusion, it is reasonable to believe that Ga,Te;should be a very promising thermoelectric
material system not only for the fundamental researches but also for the practical applications
for the next generation. However, according to the relevant studies, the electrical conductivity
of all kinds of Ga,Tes structures is rather low probably due to the great presence of the 2D
vacancy planes, which also leads extremely low values of thermoelectric figure of merit (ZT).

Nanostructuring is recognized as one of the most effective strategies for improving the
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ZT values since not only could the largely created surfaces or interfaces inhibit the thermal
conductivity but the Seebeck coefficient could be improved through the induced quantum
confinement. In this work, in addition to the above mentioned concepts, we introduce a
completely new concept, that is, the nanocomposites for fundamentally resolving the problem
of interface resistance. By precipitating the conductive second phase, each separated
nano-domains of the main phase can be well linked by point-to-point or face-to-face
approaches. By changing the amount of precipitations, we could further control the Seebeck
coefficient of the nanocomposites to achieve the goal of ZT enhancements.

In this work, by using the pulsed laser deposition (PLD) technigue, the Ga,Tes
nanoparticles were deposited on the insulated SiO/Si substrates (1.5x1.5 cm?). Through the
post annealing, the Te second phase could precipitate between the Ga,Tes nano-domains and
thus formed unusual periodically-aligned Ga, Tes/Te nanocomposites. By precisely controlling
the annealing temperature and time, the morphology of the Te second phase varies from the
point-to-point single-crystal bridge (200 °C) to fully (225 °C) or partially (250 °C) filled
river-like nanostructures for providing brand-new pathways for carriers. As a result, the
carrier mobility s greatly improved and is comparable to the value found from the single
crystalline GasTes (~28 cm?V:’s™). Interestingly, the carrier concentration (=3x10*" cm™) also
dramatically increases up to 5 orders compared to that of the single crystalline Ga,Tes. The
present Ga,Tes/Te nanocomposites show an extremely high electrical conductivity of 177.7
Sm™ at room temperature. The obtained power factor of 19.6 pWm™K™? is about 87 times

higher than that of the best value been reported up to date.

Keywords: thermoelectric material, pulsed laser deposition, nanocomposite thin film, Gallium

telluride, Tellurium
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ERATARTHPEE N2 G L AT AFE > AFT e A LU KR g

GRE P A F R T RE > T APPSR S N LA BT M
231 &+ HH-%5 2L (PEGC)

g 7~ 1979 & > GlenA . Slack #& 817 — EATREA FL 5“7 & - % .33 (a phonon
glass and an electron single crystal)(PEGC) - %A—EL%:;: Yo B8 5 # E3E  gl3g et R [11] -
Slack 335 # = L H & %‘g..“r—;-*f#“ 3 - fa% &4 s arattling” it F 2 o S0 S h

R BT RS RS AT AL IRIES 0 B T AR B et

-t RE S S R PRI CR BB G T BER S e s 2
P At BURARRN R EGEE L IR R RIS E F 3 RS
o2t Wi B T BTG A B B AHE[12]0 R+ & A B ko HEREGE 2 A

| 3% _Skutterudite 1154+ » Skutterudite & CoAss Fhi & - 4 > 1% &= & Had 545
MXs(ME £ ~% >4elr-Co~Rh-Fe % ; X £ V*%~2>4rAs~Sh~P %) d F 2-7
¢

7 d1> Skutterudite £ § 2Ly AFfeen B - BHE B LN & 7 8B MX A S o

£ 3RBRFHDRG A B N RIH[L3]

T

’MCoRhIr ‘XPAsSb

Bl 2-7 : Skutterudite % 57 & B - [10]
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2.3.2 Harf-Heusler & &

Harf-Heusler i* &4 2 4 ABX Al%4# > ¢ & B3 40 5 #cha & 2 % foitd b
E =44 [14] 0 a4 B &R > 2300 HuT FHL B p 340 ACOSH(A 5 Ti~ Zr
4r HR)[15-19] - &4 n 37 ANISn(A % Ti ~ Zr 4= Hf)[20] -

PR EFE L EUF R BAOERILY o Seebeck ity A AR > TR
T 7 i 400 pVK'[20] o @ 5% i&- L Harf-Heusler & 4 s 7 1+ 5 » 2000 £ Y. Xia
EAFNMFAY A RS I ACOSh 3 & £ > F Iz )R T TiCoSb 7 Seebeck i #ic
i# —500 uWVK's %% PtE~ it Co - Seebeck % #c" % —100 nVK ™ » 4r% 2_Sn Bt Sh >
Seebeck iR/ 5 130 pVK™ s e Fo kA - B 5 ¢ 3 BTGB E AT 3

Wm?K?: % p w5 4 Harf-Heusler & & 7 v & g i 8 R ac17] -

a Half-Heusler, ABX

> @ 4 (1/2,12,172)
- j @ 5.0/2,1/4,119)
! I
X,(0,0,0)

° D

= - b
= pono
v el

v | o G |~ |«
e R | [ |

- S R e

Bl 2-8 : Harf-Heusler & %8 %% 4 & 8 - [10]
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2.3.3 42 & 12 %4 # T H# (Superlattice)

RLHRSHERTHE LS BT w2 i F 2 FaoR TR G FEUSE
o SRR TR SRR BB S B RS K 1993 # Hicks - Dresselhaus
FA0T25 4 (Quantum-well)IZ 4 [21] > # iz F ALt 2 i i 3K

|

M
L]

ic [ (Fermi level)'iT end & ic &8 % AR #& % > £ Fl#& ! Seebeck i #iceip e ¥ &5

-

RN A OREE T AR RARE R PR AT RBEY TV EF 10 0+ 21995
# Harman % 4 4] * MBE iz % % PbiyEu,Te/PbTe &+ & .3";‘1‘#-[22] » = 300K T &7 iR
Eviz 1.2 ¥~ <~ 323 7] 2001 # R. Venkatasubramanian % 4 # Nature % % & &

¥ 5 50A° 1 Bi;Tes/ShyTes 42 fu 1 S HE » H B 4 @ 4 i 0,22 Wm K™ » 300K ~

%ﬁ?fﬁ@_ 245 5 p v B ZT fE’L—[23] I

B 29 st tir LW -
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234§$ﬁ$%ﬁﬁ#mmmmm%M)

AL RHHE L AR THEY B A A PB4k AER(E %
B LTHEBATERE)AEIN rF R F it et T AREHRE AL ET F el
oo MARBE G - LA T XA EREHEDES N3 - R
PEZAMERA L ARSI P NAFE D S V- AR TR R
Hed fEA 2 K ARAR € o - FEERIEAS S A NG o 5 BT GRS
BE o ] € 31 3 E) AR o i P MR @ B Glicep e 4245 > C.B. Vining B
W E o 4Rt pd 24z KRR B4 KA @ 8 6c[24] > & Klemens » FE 3t
%%ﬁ?ﬁwi—i@#%’Q%%§£%?ﬁﬁpﬂ’%ﬁ£&ﬂ&—ﬁa’ﬁﬁi
3

BIATHENR FAp 2 o SR8 g S22 B o fy £ 8 % -

[ N —— b‘rty'o'ooqq Ccs e
o9 00/00 00 00990000
pbzq I ) 000000000 4
o0 54/550e (setessies o ‘
o s 9090 0033233200 o
9000000 ® oo a4 o.r?—‘ ::
e0e0000 0 s o000 000 $2 2% 000
00000000 00000000 3.0: 0903035858
uniform incoherent random normal spherical
doping inclusion boundaries grains voids
| versus |
modulation coherent ordered modified columnar
doping inclusion boundaries grains holes
f oo 900000
c000000e
99959999
90 0009009
s o9 0000 990
= s9e%es 00
&1 * 0000000
: 00000000

B 2-10: "L 48 (random)?; & 3 S 4F & & HE(a-e)frr Rl (ordered)?) i 7 A 4F & & H#(f))
% 4% 32 /o 3 (doping atom) ~ % ;& & % 4 (nano-inclusions) ~ & % (grain boudaries) ~ &

#3554 (grain shape)f- 7 .2 $.(void morphology) 2 +* $#7 & B - [10]
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2.4 F-fﬁ‘l"‘ G T a@A

Fii i 45 (GagTey) & M-VI%E 2 X S48+ - 2 R4 4f 5 P 427 (Zinc Blende) 1 -
RAVH PR - o A GEGRI SR L D2 o A F 2 BB o
Sd AT EROATLBYS IV ESY S FIREFIFH A SR B AR

[CEEAE SRl - S L NP E L

(m’

—a\

__I_;Fu r(f’f’Léﬁaa _’TT &%*iﬁ”@&iﬁu
PO B A5 - LT G [26]ed A s T ILT G ey Ao 8 BT A iR

g 33 25 7] erRe STl 0 K g RE PR R B 8 i o

1T O AR G IBAEF A S B R # @ Clicfe § Seebeck (R H(800 uVK ) enig %
SRR EFE YT AT S R b Pk 82008 £ K. Kurosaki & + ¢ Applied
Physics Letters 74 # 3% S i“ 45 2 A S HBM[27] > 8 PH* 234 TG s b &
M B Al 8 T % 206 Wm'K 22 2001 # R. Venkatasubramanian % Nature 3 #
Az fa e fEdp % [23] 0 £ 2011 & K. Chang-Eun = * Z3arit 452 73 T a » ¢ FI&
LR SRR L TS SR R T E Y Sk T
Z3C I s P F TR R H A st g [28] o A H R R4 0 1081 &
S. Sen = D.N. Bose % + 7 300K 12 2 525K fF » 2 W] g i 45 48 1 3 35 (glass) ~ Z + (mica)
©E § i 4g(aluming) b o X RRIHAPFIRAR M E BB I EET BAFEI FUFER
R 4 R 3R P[29] 0 HET 595 10%-10° Smto & Ko Kurosaki 5% 8 &
lia

2w B ?Eﬁ‘l“ﬁﬁ‘}'t‘ %;J’?—k enB A 2 hrag = [30] e *—*ﬁ’ e R QE N A g e

Rt

“ﬁi?% 7} %‘ﬁi‘ﬂa’ﬁ T:“S__ 0.42 Sm-l . ‘V‘ z 5‘52 iF=x > > #B’. Ip )@FZT‘F‘!\J‘ —E‘_ﬁ‘]i:}bj‘j z 5 BB X

SEM 7} Bl & 4.3 % 58 T 3 B IS 2472 %P > @ K. Kurosaki 7% 8 &7 1 45 2 A
BR80T X kSRR (R 2-11)> £ 2 0 aeend 5 N T AR D 4
RF 5T 62 G A (R 212) F ik @ AR RN A B F L BT FE
Bl s 54 i o ® 1963 &£ P.C. Newman % % #& Nature ¢ P fzdp ) > frit g el & /2
AEEFAHADAL[EL] ) A% § A R padim ] WA A 4 (CdTe) ke pF o 7 g

Fip ek et M[32] > £ 5 d BN AGR > Fp kA AR EY 0 g R AR
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E] 2-11:

TRB A AR L X RS R - [27] 0

=
D
=
N
AN
gm
By
4
=
Aok

3 F B HEH 2 (QHR-TEM # §(b)fr(c) & +

iR % - [27]
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random distribution m(L

(a)
\\\\\ DA ~ regular "istr'ibution

X

213 ¢ foff i £ o s L HR-TEM Bilfe @ 5 %654 W & (@i 12 52

(D)% BT LR o [28]



25 e g e i A

A (Tellurium) £ - B4 5 3 A&BcHX R4 - B 2@ F fAagantdid o ok g &
(photoconductivity) ~ =& & (photoelectricity) ~ # & (thermoelectricity){-4# % (piezoelectricity)
F M F[35-38] 0 T e flz ¢h kR B (IR-detectors) ~ sk £ 3 2% 73 (optical information
storages) ~ # %% R Pl (gas sensors) ~ R B} % ¥ (switching devices) f= 4 % ¥ (cooling

shields)[39-42] » g &4 & B i o

BFT G Ak 2 E & F Seebeck % #(500 uVK™) - LA BT R
FOUNH B E GEGER AR R E o mE RE - 1973 £ 5 A Goswami % 4 ® & -
PNH e R e R R T RSB o84 343 kARG Seebeck
GEcE 2R w ot g AR S goanRtwm[43]) e 1974 £ > Mumtaz A. Dinno & A g 3 4F
GLH AR T P AR SR G M A T s B LR Rk ) S R

FRRFES 0 HoRAR S PIBH FARE 0 s ¥ I QAT S8R B 0 4ol IS L e dk it
FACCRIVER B F A RBRBEL RS ] e WA G ERF OFFET
% 800-1600 Sm™[44] - 1975 # > Katsuro Okuyama {= Yasuji Kumagai | £ % & #7777
b A AR A B S IR el T M T e i AR R gty
¥ F B G R R R AR R R AR R o SR (e g fRE R T 50 °C 1
TR 4rS F A S R A T a b - S SIEE Y 2 T S0h g 7 & 1064 Sm[45] -
1979 & - H. Ozkaplan ¥ % 2% % A& " Seebeck 22t § X 3| S H 7 b @2 58 8 Py
WAL E R R RER VS ans > B Seebeck ¥ M e T I ArEg o
AU RN Fed R leg ® o P Seebeck A w HT M JaplH R T B PG
Seebeck »cf b4t Bt 3 kR 0 3V B4 F kR ° o Seebeck k" 4[46] - B
2-14 % A -7 I 5 T o Seebeck T Bl R R |2 B 7k F]-1981 £ V. DAMODARA
DAS % A P F 3R mr i senE B 28 B > §3 Seebeck “#cehfb i @ B IR A B ER
2 A7 R R T A& 95eh Seebeck (% #3350 —400 VK™ 2 4 b =

Y
p
&2 Seebeck »T i da Rl & € F B (:[47] - 1983 £ » AK. SHARMA £ & ¥ 6 "5 $ 4
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FW BT RTRE L S % 2E4 Ap 4L + » Seebeck .9 & 300—350 uVK?

9 i R 20T 42 48] ¢

(P | |
-
=
; e 25.0nm
2 0 v o 620nm
e

3- e ® 890 nm
© | = , “.‘ . 4 185.0 nm
g A197.0 nm
g 300} L | i | | | |
E 20 22 24 26 28 30 37 34

y ]
=
-
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EN RERCEEHR

Ga,Te; 0.6 g Ga,Te; powder
Press into target [JERULINIET

Pulsed Laser DepOS}t!Oll Pressure
Deposition Deposztl'on Tt‘amperature
_ Deposition Time

Annealing Annealing Temperature
Process Annealing Time

Thin-film
Structure

XRD SEM 101)).¢ TEM
(crystal structure) (morphology) (composition) | (microstructure)

Thermoelectric
Property

Seebeck Measurement Four-point Probe Measurement Hall Measurement
(Seebeck coefficient) (Electrical Property) (Electrical Property)

Bl 3-1° 7 i AR o
Bl 3-1:FskinfeBe A PHRIBASZ XA FLEF B AR 40
A F A% T SR HAE o ¥ BT M2 4800 5 500 nm SiO, % 4 A cha B b o
R EE R PPEFE RGN IE RS L ERFET S

2R RBE ET
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1 ok e Waeh o $d

(-) R E — R
FACBREHE P kicE R AR EF 069 AR N H

B R A B EE e RT 10000 psic #HE - AESER S REFNTVFELY
10 mm > & & 2 mm 2 F i 45 [fl4z_
(z) # B iFE -0

Bepr gz AE A A e o A E 2 6 K B R X 500 nm 1 Si0, § H A
ﬂ%héL&Lhm%ﬁﬂﬁﬁﬁm%@ﬂﬁéﬁﬁaﬁgﬁﬁibﬁgéiaym,
FI* 2§ REFCERET o
(=) A IRE Sk

FIHR B i 7 il Lok ehp AR B 2T 2 v B F] hoaR BN g Y L o
FAETHE LR AR E I RS A eG e 0 RPN RS DY
2.0x10%Torr » £ 1% JFeFlif » 8- % p B4 % 5 1 1.5x10° Torr » & 4 738
B 25°Co e pFid » BB 5 R o EIRIR LI = 2 (8 o ga T B SR K w5 532

nm > LKA E g SR L3 et b oo Bt Ginfh o Bhis B DR o

Vacuum
chamber

Argon

Turbo pump
_— Target

Ga,Te; plu;mu ® * Laser Bqam
o

da < &

+-S1 substrat

-

Bl 3-2: " g SR A T AR

32 WA & HHP

Laser Source
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()"% =3 % % s @ Litron Laser : LPY -644 -
TEE-A 5 Nd: YAG
7 btk <3 1024 nm ~ 532 nm ~ 355 nm v 266 nm % = fE L £ S
T £ 58 v iE 1000 mW o
(D)F % 45t & 77 G vEtl ~ BT Rl 3 i 20 B s
PG oo
(C) ¥ imdxl & s : Protec : PC540 -

(d)FF 1 45 HH AL & 59 99.9Wt% » =t ~60 mesh

Bl 3-8 : M il S K b o

33 AT REFHERZ 2
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331 BF scAr$ T
AT AR e E R Rk 5L i HMS-3000 ECOPIA Korea» & B pF #7ié * chgi 3 i

1Tesla> #nHZ 5 20nA> B A & 4c@ 3-5 #77 o

HALL BFFECT MEASUREVENT 373 TEM

-

B 3-4: BfER ci-o

. HALL EFFECT MEASUREMENT SYSTEM

INPUT VALUE 1 MEASUREMENT DATA
DATE LISE R NAME
I OSR1 2013 [ T AB ImV) BC (mV) AC ImV] MAG [mV) MAC [mV]
] 413272 | 297.475 | 381921 | 124,500 | 353.435
SAMPLE NAME COM PORT TEMP
[ Samplo_1 ¢ coms [ soox = 1000.310 I 250.881 | 206,113 I 327106 [ 310.602
1« woo & nA DoAY <[ o100 (8] COmV] DA ImV] BO (mv] MBD (V) MBD (V)

[ 266 044 | 2,506 [ 455800 [ 726815 [ 033907

pal 1000 fum} B=[ 1000 (1)

et Noinboag T YRR} [azo788 [ 4985 [ 1006380 — [ 07755 T
RESULT
Bulk concentration =] SABSE+12  [fem ) Sheet Concentration = [ J4B5e<8  [fom?)
Mobility [~ 1poste2z  [em? / vs] Conductivity = [~ 10004 [Hoom)
Resistvity = [ 90250 +3  [oem] Avernge Hall Coticlent = [ 1.761E+6  fem IC]
A-C Cross Mall Coeticont <[ S.530E+6  [em/C) B0 Cross Hall Cooffickont = [—w':Tlun’lcl
MAGOOLO Rosstance 2066+7 1ol Ratio of Varties / Horzonwl = [~ 154362

OPERATING DESCRIFTION PROGRESS [%]
[ The calculation is compieted. [N SoTo v CURVE

COMTEST| MEASURE | sroe | cLear | caicuL | LoAD I SAVE [ prINT | cLose | HELP

B 3-5: FfEER A ha o

332 ¥ % & H & N T 5 & #c 4 (Field Emission Scanning Electron
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Microscope, FESEM )
FHEATINMBRIES RIS AL TRSBENFRABEENAS o H(E
REZTFIHBEEFRS IS FHRILE 2 F 0T+ L0 ST A
THFAREWRY L I FRABRITE TR AR Y A0 P R R FR o §
TFREBEPERPE AL LRI PG  do- T F ~F o 4T F vz F
AT HEEX kL E . - BRHEAT Mg s st > 28 2Pl g S
2 A AT 0 S MBS BT RIS T E A R o ARy 7] 5 JEOL

JSM-6500F H 1 (TgEdtes § = & T i 5 %2 10 mm ~ 86 pA » 4rig & 5 15KV -
3.3.3 X sk it £ 4w % # H #e(Energy dispersive spectrometer, EDX)

X ki BACH LA BRI RS A R P RS RAn T 6 A e N2 B
B X i 1% iR E KX ki A o el I g e s B R L

* 54 % OXFORD » ¥ 4e %t JEOL JSM-6500F $# 45 ;% & =+ Baficds + -

3.4.4 X k& &4 4 +7 (X-ray Diffraction, XRD)

XSS LA 3 R B BHEAFAE L 2 BT F o w A2 PP X ER » S8 5
AL ¥ Hcs kil A2 L8 K B 2 = (Bragg’s law) : nA=2dsin0 2_iF 2 pF > ¢ 2 4 4
St il P B R UEL S 1 g JCPDS TR g0 TS S d R 2
56 B 18 ARl fEag e & £ iRiE 3 iz (preferential orientation) e &5 2% ¢ * Bruker D8 - #&
* 0-20 Ho5N 0 B F SR > Xray k@ * CuKo &fs o H2 £ 5 0.154nm > #¥ @

F L E 45004 & 20 4 5 FE10 7 90 & -

345 ¥ #F &7 5 N T 3 B ks (Field Emission Transmission Electron

Microscope, FETEM)
FHNTFEASETAY B A(- 54 100 keV-1 MeV) 7 % & & 43 100

i
nm 2Tz & fefk SR hE iR A R AR 25T o ST R F U i
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GREEUIE e R Rt SRR T OIS 2 SR E-LL o R
BRRATRd ¥R FERER-FFTEN LT RAEA T TR F R ARSI TS &
ASEPEAH T S A o A TR MR R e TR R SRS e BB 2T R

FI#* JEOL JEM-3000F & {7 TEM # ] &2 L% -

346 R E#HRF 8T 3 & Bk ¥(Focus lon Beam, FIB)

R s Y WL FR AR LS ek e H 0 2 H DG 8um
& B & %100 2. L DR B AR TP > AT 2 RE

% FEI Nova 200
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T~ BEHEEH
4.1 Friv &4 %L%ﬁ.kﬁ

AFE R R BT AL UVAT 2 & 9idk Bauf it g5 & o B 4-1 ZaF it g5 k2
X kGEbt B o0 BlP 7 F I A0 $5 0 B ¥t % &7 JCPDS +4p v+ & o
PR RS E S S P & d(Zine blende) S o & ATBY i £ 4 5 BB

ARG ES LRSH s R NP E P RS A6 7 T30 el f il

S

B Sk 8 TIRET R 3] ARl Al chd B sk R 0 2
BT 30 B2 B éh X Sk Mebt Wl 0 b iE S e (L) chde bt 5 67 R T - 4 5 B A 53
ST 48 BT i AT A S R g at o B0 A (D) e b AR e

- om% VLG A (27, 28, 49]

(111)

(220)
(311)
Intensity(a.u.)

o

=

Gl |

\; 24 26 27 29 30

h Two theta(degrees)

wn —_— —~

5 = e ™~ &

- ~ e 0o a

= P + N s o

el N -~ T~
e

JCPDS - 00-035-1490 - Ga,Te;

10 20 30 40 50 60 70 80 90
Two theta(degrees)

- ff-(zoo)

Bl 4-1: m it g5 & 22 X X SE5+ R o
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42 A BIREI BRI KA & B2 B
421 Fpivdg 3 X E2 AT

AR AR R S F R T WA A D S TR B
Bl 4-3 5 25°C iuff WA X & SEsFH o J B® 7§ 91 25°C A 1 R dphpi
B B 42 JCPDS + e £ 0 5 PR f M4 258 3 30 A B 35 % 40
R 4P B R A s (30 0 B fd A i o @] 4-2 5 25°C iUk 2 EDX
B2 fod A 47 o fudi it 25 °C AR X RS Bl A 470 7 oo NP 4 R
Fipiv g0 B F Freng B2 d EDX 2 A A4 AR F E 4R 6] 5 162
v g (GaTeg) S o bl h 160 R FRAFE G - RSB AL e f
SEF SR AN o S A AP o W44 3 25°C A ALK E ()% @

155 Bl QR 6 7 R Fl o (b)E(d)A ul 2 HBLR B F A6 RR

1v

5 A RE - d F
w4 25 A AR A kel a s @RARAS A= 2Ny
Wi TREARGFRGE @ &G TR S LA o 5 d SEM # 6 7 R Fl(R)
4-4-C)fe(d)? mE BRI R G RS ERBE PG X B Ao E &G A R

& ERE R K 1.96 um e

© 'S pectrum 1
w

ull Scale 267 cts Cursor: 0.000

Bl 4-2 1 25°C i &z, EDX Bz 3 e A 45 o
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JCPDS - 00-035-1490 - Ga,Te, %*:Te
JCPDS - 00-001-0727 - Te
[ ~—~
> = % *
S — .
> ~o —
=) X oo ik
'E DAY N
= S W AT YEN
— | I 1 1 lI
10 20 30 40 50 60

- - Two theta(degrees) \

¥ B 435 25°C iff e X LI

i~

B 4-4:25°C uff oL (G F @4 6 2R EE(QF 6 RE - (D)%) HEL

®

=

I=4
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422 = ] RISV ERZ AT

Bl 45 5= [ P2 X L SestBsH o d Bl 75 0> R 25°C i s A
B bt =¥ PR 452 JCPDS kv &0 fe itk 252 3 30 2B 351 0B
AP BT LA OMERE > S S RIS A0 IR g o LB MM R RS LR
BoRATVE R 150°C T A 0 HEp i s AR s X 3R R EARH L
RARRAPR S o h i RL A F AT VIR R R o0t B AP 2 MRS S5 R P AN 5
%39 Vg & 150 °C p > 200 °C~225 °C {r 250 °C @ » 2. 4854k 55 B rf 1 45 40 $HP0 B
W 175°C b ¢ @ R SESHE LB R ALV E R b m RO R B e o
7| 275°C > 4w BB PR 452 M @ AFRIE > 8 A E20RF 0RR A
Fook e B SIS G T B AL S RS S B gt Xk S R

2 e e - AL RO B AR A A AT e S SRR VR R 40 A

e *:Te
3hr-annealinl® =3 S N
S S S8 88 o°g &
250 °C * ‘ *x % % *

225 € \ -

W'
19000, e A
kd B2 0 o ®

Intensity(a.u.)

JCPDS - Ga,Te, | 4 | \
10 20 30 40 50 60
Two theta(degrees)

B 4-5: = ] iR L E 2 Xk YRS R o

Bl 4-6 3 Bl 4-11 » %] 5 i3 L8 A& 150°C ~ 175°C ~ 200°C ~ 225°C ~ 250°C 2 275°C
2 EE G A REE G RBRG ] IR d Bl 467 VR R 415150 °C

QU B b 25°CI A 4 o v« BAEM G A AFRIACE



R AP EARA A o

175°C i3 v E (@ 4-7-()) % o HH & M5 3 ahiin &5 3% > 5 R 9 300

nm =+ > S FF s iodsi T2 2% RE 6 T b

* g1 =

=

#hooad B2 SEM £ & U RE(H 47-CFfW)L 7 ERZD > BB E K

(Nanocolumn)e?j s =~ & 4 o 2 R 474 > < st > £ A& F - > ®100nm =+ -

200 °C i3 L 3 (B 4-8-(a)) B e = @ P M0 = 3 Af TR % 500
nm =+ > A2 a3 FREROERNE REG L EReD ) & B R 0 555 A g

& SEM # & 2,5 BI(H] 4<8-(C)fr(d))® = 7 B )t % o & 200°CHT \ Fas 4 %

A2 G AN AR A FHENT LG 2 KR FE A3 175°C T X E 2 2 ok
oo R AT Lum 2 R0 R RS R @ R T2 o ik BRI 1T
BR FIEF A MM A Z LR & @ T B kL5 K IR (Bridge)” o

d B 4-9-@)f(b)? ¥ F 1 2225 °C I L EW LG S BEEM G b0 B B2l

\F‘b
\ =
94

i
200°CHT L E A ik A 2 B R Ee G apenir o R R R FE R 2 AR R
%

3 > Hetd oF o 9 200°C 8 oA iy o b S K A o) ot

HAHF g ZEAE R @ 225°CAVENE GBS T 2 GRG0 2 RE G T

T

NS Rl IR 2 R R LIS R TR RA S & SS R i - A

<

# SEM # 5 A BI(W 4-9-(c)f-(d)) > #IRAEd 2 A Apkd EAFF A & > w2 L 5

“% g 2 e o (Fully filled river) $42e mdf iR S HE & R KT L2 PR a3

%

RN

J—‘;v ’Zg

w«
e
—

=k

iﬁ 1 B AR 2 MM eniE Rk 15 BILA ot MR A2 Y
+ R #

TR R AT

‘24

250 °C i3V (W 4-10-(2))~ £ F @ M > B E Y §F R MG Y
FoAAY HERIFHES R A e TERUTG FPROE KLk L
“Fr4 gz e pn(Partially filled River) g7 384 svz Pingip? T B2 KA 2 -

S SEM #5 A RBI(R 4-10-C)f=(d)) ¥ F S R & 6 T Kk 2td B - @ FHES
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a

A5F 5 H K 5000m > £ ¥ 2 um ok AR T R T - Fifd Ao @RI A

Ba > 2 R R Ay A BRI EEWESLE £ B o
275 °C i3\ & (B 4-11-(@)fr(c))d g 150 °CiT N EW AL AP0 > ©E
HAM LA R A B E 300500 nm = 0 ¥ HIE G & £ AR FFRACE

R O AR N RF SRR RAS
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