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ABSTRACT

The phase change materials have been extensively used as an optical rewritable data storage media utilizing their phase
change properties. Recently, the phase change materials have been spotlighted for the application of non-volatile memory
device, such as the phase change random access memory. In this work, we have investigated the crystallization behavior
and microstructure analysis of In-Sb-Te (IST) thin films deposited by RF magnetron sputtering. Transmission electron
microscopy measurement was carried out after the annealing at 300°C, 350°C, 400°C and 450°C for 5min. It was observ-
ed that InSb phases change into In;SbTe, phases and InTe phases as the temperature increases. It was found that the thick-
ness of thin films was decreased and the grain size was increased by the bright field transmission electron microscopy (BF
TEM) images and the selected area el ectron diffraction (SAED) patterns. In a high resolution transmission electron micro-
scopy (HRTEM) study, it shows that 350°C-annealed InSb phases have { 111} facet because the surface energy of a {111}
close-packed plane is the lowest in FCC crystals. When the film was heated up to 400°C, In;SbTe, grains have coherent
micro-twins with {111} mirror plane, and they are healed annealing at 450°C. From the HRTEM, InTe phase separation
was occurred in this stage. It can be found that In;SbTe, forms in the crystallization process as composition of the film
near stoichiometric composition, while InTe phase separation may take place as the composition deviates from In;SbTe,.

Keywords : In-Sb-Te(IST), Phase change memory (PRAM), Transmission Electron Microscopy (TEM)
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In-Sb-Te

& Fd 4 oot o Aol oshH o 280°CellA] IST
hute] AAshEcty 3w gich(Maeda et al., 1988). Fig.
1@l B5o] i vAA ez ExfatA| R 2k o
Aol A AA37} o] Foi2l AL Flsd AA 7 =]

Fig. 1. Cross-sectional bright-field
transmission electron microscopy
images (left side) and the correspond-
ing selected area electron diffraction
patterns (right side) of an In-Sb-Te
thin film grown on an Si (001) sub-
strate annealed at (a) 300°C, (b) 350
°C, (c) 400°C and (d) 450°C.

T o 5~10mm A x] 27|15 FHAH, dXe] Lxrt 37}
ated Fig. 1(b) 350°Cell =3}3lS o) ZAAF ] 27 <F
10~15nm= AA7e] Aol o]Fexl Z& FHsisiH:
o] 3t A= SAEDeIM = el 4~ g)li=vl, 300°CrH}
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350°CellM B o] oS et g 3HAHES vehy
32 ek AR Fg. 1(a), (b) =F InSb Aoz #qls
Sk v IST AHA] el =ell A= 430°C o3} o el
A1 InShe} InTe Ayo] FE3}x]qt(Villars et a., 1994), AlA)
uhako] 350°C o3} o JellA] InSb Abate] EAjsl= Ao
el o] 3 A= IST vhte] A4 = A9l o-&
v 3 Al HEL o] Foixl At} A =3t
Fig. 1(c) 400°C, (d) 450°Cel|A] At# R, dxje] %7}
Vo zm AAYY #7t Sk, AR == o
2 20~26nm A =2 AR o] JAd A& g 4 gl
t}. SAEDE Alsam 400°C, 450°Cof|A] w32 In,ShTe,
Zbo] =9l =, 450°C A|H 2] ¢ InTe 43¢ (022) 314
Helo] FA= et o]l Aol 2shH 400°C o|Ae] &=
NA B IngSbTe, A2t w|4xedel|A] InTegt In,Te; A
o] F&3= Ay} Ryt (Men et a., 1997). 400°C
1’4e] E=ellA] BstFE Aol wel IngSbTe, A2l A4
| o]FolAof sht, FeteFE XS oFzE Hloldt oA
InTe 2] 7} dofd Aoz AAFoh A3} z)ge) gle]
AR AR 525 AT AA| Al A 24
z2ke vleels oz B wE ¢l (Chen et a., 1986).
IST #H§HE-2] 7§ 555°C o] A}e] 2=ol|A] InTe Afo] b
g A2 Exshs A AH=E 58 & 5 sled, ol
Hop e 2mex] AAE InTe Aol FHA AL IngSbTe,
o} o AASH AL deAledl sl FrHH] Adel
dod Aoz ote.

Fig. 2(a) 300°C¢} (b) 350°C= dx]&]st IST utute)
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=it InSb 442 F-43m (216) 2] F-7+<(space group)2 7}
A™ Zincblende 722 ARG ()= <F 6.476A¢]H In
217} (0,0,0) A=l 91H8 2z Sb A} (1/2,1/2,1/2)
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2] AAFEe] JAE InSh AFE o] F e AL
1&g 4 vk =3 FFT ZFolM = 58t gdgelA
(117) 3P 4eat ope} (220) 3|2 Ee] vebd e &
Zapdt. b 27] AA 3L o] o1l 300°C A 2]t A
He] A AAPE] TS WdE o7 slsler
350°C dA gt AlHe] 79 AAFE] 7|7} v|wd =
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Fig. 2. High resolution transmission el ectron microscopy images and
fast-Fourier transformation images of In-Sb-Te thin films annealed at
(a) 300°C, (b) 350°C. (a) About 5nm-sized InSb phases were random-
ly existed in the amorphous matrix. (b) It was observed 10~ 15 nm
InSb grains formed { 111} facet planes.

Tk {111} facet & 7zt gl ow Fig. 2(b)ol] {111} facet =
55 AT WA 99 (feo) +25 Zhe AACdA 47
o] AR ZA oA Feoixl Agule] Fof uwl
g AA= =4, {111}, {200}, {220} W& we} Z=7}3kc}
(Porter et al., 1981). 718]2 2 WA o2 ZHIYXR|7}
71l WA AAE 2 InShARe {111} HEo
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Twinboundary
N

Twin boundary

}\f :

U 354mm

Region I

Fig. 3. High resolution transmission electron microscopy images of
In-Sb-Te thin films annealed at (a) 400°C, (b) 450°C. (a) In;SbTe,
phase have micro-twins with a {111} mirror plane. (b) It shows the
extinction of twin defectsin In;SbTe, phase(region I) and InTe phase
was formed (region 1), respectively.

b ke EmUAE 7 B2 HRTEM AbdelA {111}
facet o] Exj31A €

Fig. 3(a) 400°C¢} (b) 450°C= gx]2]3t IST ulwute)
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INgShTe, AFS °F 16.6%2] vacancy”} In, Te 9} =24
Z2)3}x ¢t} (Deneke & Rabenau, 1964). 2kA] 350°C <&
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Te A7} Sb A F249) 2 2oz AhHe| 7t o] F
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A M2 o2 ZAA 9)X]E xpA]EH] Eloh(Lebedev et
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Z= 9leh AAZ InTe A2 7% 1ol|A] TlSe tetragonal
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o]9} 7+ Atz =iz InTes} InShTe, A7He] F-z2w 3}
7} hsstele Az,

Chattopadhyay T, Santandrea RP, Schnering HG: Temperature and
pressure dependence of the crystal structure of InTe: A new
high pressure phase of InTe. J Phys Chem Soids 46(3) : 351-
356, 1985.

Chen M, Rubin KA, Barton RW: Compound materials for reversi-
ble, phase-change optical data storage. Appl Phys Lett 49(9) :
502-504, 1986.

Day-Flynn K, Strand D: InSbTe phase-change materials for high
performance multi-level recording. Jon J Appl Phys 42: 795-
799, 2003.

Deneke K, Rabenau A: Uber die natur der phase In;SbTe, mit koch-
salzstruktur. Z anorg allgem Chem 333 : 201-208, 1964.

Ha YH, Yi JH, Horii H, Park JH, Joo SH, Park SO, Chung U-In,
Moon JT: An edge contact type cell for phase change RAM fea-
turing very low power consumption. IEEE Symposium on VLSI
Tech Dig: 175-176, 2003.

Lebedev Al, Michurin AV, Sluchinskaya |A, Demin VN, Munro I:
Structure and electric properties of InTe,,Se,, In,,Ga Te and
In,,TI,Te solid solutions. Crystallogr Rep 45(4) : 555-559,
2000.

Maeda Y, Andoh H, Ikuta |, Minemura H: Reversible phase-change
optical data storage in InSbTe aloy films. J Appl Phys 64(5) :
1715-1719, 1988.

Men L, Jiang F, Gan F: Short-wavelength phase-change optical data
storage in In-Sb-Te aloy films. Mat Sci Eng B-Solid 47 : 18-
22,1997.

Ovshinsky SR: Reversible electrical switching phenomena in dis-
ordered structures. Phys Rev Lett 21(20) : 1450-1453, 1968.

Porter DA, Easterling KE: Phase transformations in metals and al-
loys, Van Nostrand Reinhold, New Y ork, pp. 110-116, 1981.
Rao F, Song Z, Zhong M, Wu L, Feng G, Liu B, Feng S, Chen B:
Multilevel data storage characteristics of phase change memory
cell with doublelayer chacogenide films(Ge,Sb,Te; and Sh,Te;).
Jpn J Appl Phys 46(2) : L25-L27, 2007.

Sowa H: Relations between the zinc-blende and the NaCl structure
type. Acta Cryst A 59 : 266-272, 2003.

Villars P, Prince A, Okamoto H: Handbook of ternary alloy phase
diagrams, ASM International, pp. 12018-12034, 1994.

b

<IZEESF>

A3 mme] e AL 7= In- SbTe(IST) ulale RF
Mo EE 2SEYE S AHSl] R F 9XE Fo
o w2 AA3} A% 2 uNTRE E3A280) A (TEM)LS
B ¥4tk IST uteke asdep Aol A WY o= =
Ashglon, dxje] Exol weh AAAkel InSh, InShTe,, InTe
o Apash defiget. ojeldt APk 71Ee) AA A=
sh b A Aejolne] At ool e AT 4 9l
S B S B ] £A7) RN W vl
]

v A%E @M%}a’iv}._‘ﬁ‘ ksl 249 91 ) %57}
As}elet. 53], 350°C A=) g upa}
e A Mauow EolA7L A e (1

& o) faoete o9 AH) ol FolAch Lxrt Zohgel
Geh InSoTe,2. APHEHE Qolshios], 400°C G Azie)
A% vAacd el mle]laz2 EQIEe] FEE. o] WATS
{111} & v} FZo] AxPEo] dAF e A AAAS
o] F31 9)9lor, 450°CellA] FYdedd % %H = A3 A4A
AgEo] AfHe] {111} facet WS o] 73 & 7S sl
IS Bl A A2 oA e v} ?401‘& InTe*‘E T3
slode}. InTe AFe] 73-$- =AUMS £x¢] 555°CHT} e 2%
A FE=ER=T, InTe?] (002)H3} IngShTe,o] (111)Ho] v]
=3 A EE /AR S ElEkdt e =® 500°C
e exelA olEe] AR A me Azt zol
AF7} s ool & How A7

olN

L

o



