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Al/Ni chloride vapor has been employed for the first time to enhance the crystallization of amorph@uSiSiims. a-Si films

under the vapor at 480°C were completely crystallized in 5 h. At the initial stage of the vapor induced crystaliiZeZiprthe

seed grains were nucleated evenly throughout the film and their grain size was uniform. The final grain size was larggmthan 10
depending on the process conditions. The poly-Si films showed a very smooth surface with a roughness of 4.26 A due to the
double surface-oxide layer formed during the VIC process.
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The solid phase crystallizatiofSPQ of amorphous Si(a-Si Figure 2 shows the crystallized fraction of the a-Si films after
films results in large grains compared to direct deposition of poly-Siannealing at various temperatures for 5 h. The crystallized fraction
films. To reduce the crystallization temperature and improve thewas calculated from the XRD111) intensities and SEM observa-
crystallinity of poly-Si in the SPC grocess, many methods such agions. Crystallization noticeably occurs at a temperature as low as
metal induced crglstallizatiofMIC),l' metal induced lateral crystal- 470°C. The minimum temperature for complete crystallization in 5 h
lization (MILC),®> field-aided lateral crystallization(FALC),*®>  was 480°C. The crystallization was remarkably retarded below
microwave-enhanced crystallizatiband metal induced crystalliza- 460°C. Considering that the crystallization of a-Si film with only

tion through a cagMICC)” have been developed. AlICI 4 vapor occurs at about 5409E the crystallization with Al/Ni
In Al-induced crystallization(AIC), no intermediate-compound chloride was greatly enhanced.
exists between a-Si and crystallized®Snstead, a solid solution Figure 3 shows an SEM image of fully crystallized poly-Si film

interlayer exists between them. In AIC, the grains grow in all direc- annealed at 480°C for 10 h. The grains are impinged together and
tions, resulting in larger grains compared to the needle-shapedlisplay various octagonal disk shapes. The grain size is abquinl5
grains grown by Ni-induced crystallization. AIC can significantly and is very uniform. Also note that no voids are observed in the film.
relieve metal contamination, compared to Ni metal induced crystal-In the conventional AIC process, many voids have been observed.
lization. Al exists as a shallow acceptor with an ionization energy of The grain boundaries were delineated by Secco etching with a
0.067 eV in single crystal Si. The incorporation of Al during the CrO;:49%HF:H0 = 0.75M:1:100 solution. In Ni-induced lateral
crystallization yields p-type poly-SiThe disadvantage of the AIC  crystallization, needle-shaped grains are grown and the width and
process is that the poly-Si film has a rough surface and containgength of the grains are about 50 nm and aboung respectively?
many voidst® By utilizing AICI; vapor for AIC, instead of Al metal ~ The grain size by the VIC process is much larger than that by Ni-
film, the surface roughness of the poly-Si film can be as smooth agnduced lateral crystallization.
that of the intrinsic poly-Si filmt* Crystallization is enhanced with ~ Figure 4 shows an SEM image of poly-Si grains grown on a-Si
the effect of AIC} vapor such that crystallization can be completed film after annealing at 480°C fol h in an Al/Ni chloride atmo-
in 5 h at540°C. The crystallization of a-Si using AlCapor has ~ SPhere. The grains were observed after removing the non-
some problems, however, such as nonuniform crystallization, pooFryStal_“Zed_ a-Si region by Secco etching. Figure 4a shows that the
reproducibility, and much higher crystallization temperature com- poly-Si grains are evenly distributed at the initial stage of crystalli-
pared to other MIC processes with a metal layer. zation and their size is very uniform. At higher magnificati®ig.
In this study, we report a new VIC process that employs Al/Ni 4.b), .the core of the grains shows a dense and smooth surface. No
chloride vapor. The crystallization temperature was reduced to asignificant inherent structural defects were observed. _
low as 470°C and the grain size was as large ag/20 Generally, ne_edle-sklmglped grains grow by Ni-silicide mediated
a-Si films (100 nm thick were deposited on oxidized Si wafers Cystallization (NI-SMC)™ process and round-shaped grains grow
by low-pressure chemical vapor depositiPCVD) at 550°C us- by AIC proces$ Our early TEM observation found that, at the

ing SiH, and they were crystallized by the VIC process using the
vapor transport of Al/Ni chloride. In the VIC process, two heating
systems are required: one for source evaporation, the other for

sample annealing.
Figure 1 shows a schematic diagram of the annealing system fo
the VIC process. The source temperature was 200°C and the samp
annealing temperature was varied from 450 to 600°C. The source Sample Source
was composed of AIGENICI, = 10:1 and was transported from “I“
Ar

Ar was continuously supplied before and during the annealing with
a flow rate of 0.5L/min. The crystallinity was investigated by X-ray

diffraction (XRD) and a scanning electron microsco{&EM). The 470°C 200°C
grain morphology and film structure of the poly-Si were observed by
SEM and a transmission electron microscdpp&M). The surface |-’
roughness of crystallized poly-Si film was investigated by atomic 1
force microscopy(AFM).

the source zone to the annealing zone as a vapor phase by Ar flov _D‘”“

* Electrochemical Society Active Member. Figure 1. Schematic diagram of the annealing system for the Al&oor
2 E-mail: btahn@kaist.ac.kr induced crystallizationprocess.
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Figure 2. Crystallized fraction as a function of annealing temperature.
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Figure 3. SEM image of fully crystallized poly-Si film annealed at 480°C
for 10 h using Al/Ni chloride vapor.

growth front of those seed grains shown in Fig. 4a, needle-shaped
grains grew by the SMC process and later merged themselves by th
AIC process, resulting in large grains. The detailed growth mecha-
nism in our VIC process will be reported soon.

Figure 5a is a TEM image of the cross-section of the a-Si film at
the initial stage of crystallization. Note that a surface layer with a
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Figure 5. (a) Cross-sectional TEM image of Si film after annealing at 480°C
Figure 4. SEM image of poly-Si annealed at 480°Cr fb h using Al/Ni for 1 h using Al/Ni chloride vapor antb) AES depth profile of the Si films
chloride vapori(a) grain distribution andb) microstructure in grain core. annealed at 480°C for 10 h by using Al/Ni chloride vapor.
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thickness of about 20 nm was formed on the a-Si film during thepoly-Si annealed at 480°C for 10 h was larger thanub® and the
VIC process. From the AES depth analysis of the poly-Si film fully grains showed a dense and smooth surface. ADAISIO, layer

crystallized using the VIC process, as shown in Fig. 5b, the surfacqvas formed on the Si film during the VIC process, enabling a
layer was found to be composed of a top layer with Al and O smooth poly-Si surface.

components and a bottom layer with Si and O components, indicat-

ing that the surface layer is an A;/SiO, double layer. The thick- The Korea Advanced Institute of Science and Technology assisted in

nesses of the AD; and SiQ layers are about 10 nm each. The Meeting the publication costs of this article.

surface roughness of the poly-Si films crystallized by the VIC pro-

cess, measured by AFM, was 4.26 A, while that of the intrinsic

poly-Si film was 6.33 A in rms value. It is considered that the (1997

surface oxide layer limits the growth direction of poly-Si grains, J. H. Ahn and B. T. Ahny. Electrochem. Soc148, H115(2001.

resulting in a very smooth poly-Si surface. It is believed that the 3. s. w. Lee and S. K. JodEEE Electron Device Lett17, 160 (1996.

oxide layers are formed by the existence of oxygen even in Ar 4. J. Jang, J. Y. Oh, S. K. Kim, Y. J. Choi, S. Y. Yoon, and C. O. KNature

atmosphere. The double layer is formed due to the supply of Al from  (London),395 481(1998. ] T (1999
Qi fi : e 5. S.1.Jun, Y. H. Yang, J. B. Lee, and D. K. Ch8ippl. Phys. Lett.75, 2235(1999.

AICI; gas on the a-Si film. More detailed study on the metal diffu- & 7y Lee, Y. W. Choi, B. J. Lee, and B. T. Ahh, Appl. Phys.82, 2918(1997.

sion and contamination through the oxide layer will be reported 7 ; i cpoi b. v. Kim, B. K. Choo, W. S. Sohn, and J. JaBgctrochem. Solid-

later. State Lett.6, G16(2003.

In conclusion, a VIC method that utilizes Al/Ni chloride has been 8. T. K. Konno and R. SinclaiPhilos. Mag. B,66, 749 (1992.
introduced for the first time. It was found that the VIC process using 9 S- Na51»4 g-z%%ezh(fl‘gé;- H. Neuhaus, and S. R. WenH&f&E Trans. Electron
. - H : _Qj evices A0, .

AVNI chloride grgatly enhanced the crystallization of a S! and the 10. O, Nast T Puzzer, L. M. Koschier, A. B. Sproul, and S. R. Wenlsm). Phys.

minimum crystallization temperature was as low as 470°C. In the™™ ;73 3214(1998.

VIC process, seed grains were grown evenly throughout the Si filmi1. 3. H. Ahn, 3. H. Eom, and B. T. AhBol. Energy Mater. Sol. Cellg4, 315(2002.

and their grain size was uniform. The grain size of fully crystallized 12. J. H. Ahn, J. H. Eom, and B. T. Ahd, Electrochem. Soc151, H141(2004.
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