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Abstract: Aluminum-induced crystallization (AIC) as a route to reduce the fabrication cost and to obtain polycrystalline Si (p-

Si) thin-film of large grain size is a promising alternative of single-crystalline (s-Si) substrate or p-Si thin-film obtained by

conventional methods such as solid phase crystallization (SPC) and laser-induced crystallization (LIC). As the AIC process

occurs at the interface between a-Si and Al thin-films, there are various process and interface parameters. Also, it directly means

that there is a certain parametric window to obtain p-Si of large grain size having uniform crystal orientation. In this article, we

investigate the effect of the various process and interface parameters to obtain p-Si of large grain size and uniform crystal

orientation from the literature review. We also suggest the potential use of the p-Si as a virtual substrate for the growth of various

compound semiconductors in a form of low-dimension as well as thin-film as a way for their monolithic integration on Si.
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Table 1. Process temperature, duration, cost and process area
obtained as a result of SPC, LIC, and AIC processes, respectively [6-8
and references therein].

SPC LIC AIC
T ; High Room Low
emperature
P (600°C approx.) temperature  (450°C approx.)
. Long (depending  Short (pulse Rather short
Duration . .
on target thickness)  duration) (1 hour approx.)
Cost Low High Low
Process area Large Small (spot size) Large

2. Aluminum-induced crystallization (AIC)
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o7} == stc} [10]. a-Si gtato] 542 B¢ ZAL
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Fig. 1. Schematics of the AIC process for the formation of p-Si.

Grain Boundary

a-Si wetting film Crystallized p-Si

Fig. 2. Schematics of the detailed layer exchange during AIC process (Reconstructed image from Ref. [20]).
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Fig. 3. Crystallized fraction and number of grains of p-Si as the
functions of annealing time [Filled square and open circle represents
number of grains and crystallized fraction, respectively [8]. Reprinted

with permission from J. Appl. Phys., 88, 124-132 (2000). Copyright
2023 AIP Publishing].
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Fig. 4. (a) Cross-sectional scanning electron microscopy (SEM) image of AIC processed sample (The thickness of Al thin-film was three
times thicker than the one of a-Si thin-film) and (b) cross-sectional SEM image of AIC processed sample [The thickness of Al thin-film was
half of the one of a-Si thin-film [8]. Reprinted with permission from J. Appl. Phys., 88, 124-132 (2000). Copyright 2023 AIP Publishing].
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Fig. 5. Crystal orientation fraction as a function of the deposited Al/Si
thin-film thickness [29] [Reprinted with permission from Cryst.
Growth Des., 13, 1767—1770 (2013). Copyright 2023 American
Chemical Society].
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1 . . & 0
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Fig. 6. Time required to complete AIC process (tp) and grain size (d)
as the functions of oxide layer thickness [35].
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Fig. 7. Electron backscatter diffraction (EBSD) maps of the p-Si thin-films as a result of AIC process (The distribution of crystal orientations

is different depending on substrate) [36].
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A& [38-41].
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v O

(bio/chemical sensor) 9] &
3 A] Si nanowireS A A5t o)
W-g2]4T2n] FA(e-beam lithography) % Azt
(etching) &4 ©l&7t st (top-down) U}
vapor-liquid-solid (VLS) &yt Z+& AFsFAl(bottom-
up) g o] i} [42,43]. YBFRl o 2 VLS AJA} vl o] 9]
¢F Si nanowire g/do] tiHA o] ZAl HE hEof 72
gh7lor deiA gloy, o] 5 &l -4A Tt Si nanowire
+ (111) go] fAlstct. maba] 71 mHof tiste] 4
A 95k 0 2 nanowiree A4 AHA]717] YsliAl = (111) ¥ak
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SFSIig o] 88 £~ Q7o) SOIQ] ¢ Aoz A
o] K] = =2 31X Chrta 9lsf 71 A #
=] Wojx| 1, SPCE AHe AAY 2712 5] AR Y
A Yot oo g XNsHA] ot [6,44]. v AICo]
o3 YA p-Sio] 2R 50 um 0]4] 275 714
o mjel W AN UES 27 Sick [45]. E3, 4
=3t o2 oh2tu]8E& 245t p-Si 9 2A £
28 £ At} G2t AICZ F7d7t p-Si ghah2 AH]&
Sinanowire %2 23t template© 2 A-&s}7]of] A3}
sttt 2 4 At} [46]. GaAs nanowire 9A] Si
nanowire?} OFRI7FA] 2 VLS Ao 2 A& 4~ 9o
(13 8), £3] GaAst Si Oin] &L 7j2jo] o] 5 &, AH
-&Mo] "ie 78 oyX](direct-transition bandgap
energy) ¥ oj2] 2435 YstA EAJo g2 WARAR &
& 7H57d0] 27] ol Y2 A7} RIS Folt} [47,48].
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S|

7o ZA o Fo

3717} o] - [44].

At ,:_‘i]E(lattlce match)% Ag
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(microcrystalline) t22 7% GaNg £ 7|Hof &4
o|5 W Z(buffer layer)0 2 &85t InGaN&
Y& s, 2EA0R SrdNY SAe 1
7] oj2] & FHolt}. o] 2o = Tt E = T A HojX|[Y A
A} 2R w7} e thAA 7Tt o]0 A InGaN<S A Ats
1 OhA] £5 Z]ao]] A AKtransfer)sh= WH -2 AFES}H|
= o]-]_‘}7]/’\7<4 0]57}&_013:] _wo_o Ea Oo] Ll-o}EHEl}\H
Aol 9lof ojelgo] 9lct. of elojw golst HArS 3]
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Fig. 8. SEM images of (a) GaAs nanowires and (b) GaAsSb nanowires grown on AIC-processed p-Si template [48] [Reprinted with permission
from J. Vac. Sci. Technol. B, 34, 021117 (2016). Copyright 2023 AIP Publishing].
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Fig. 9. Schematic illustration of GaN growth on an AIC processed p-Si thin-film [51] [Reprinted with permission from Phys. Status Solidi-
Rapid Res. Lett., 12, 1700392 (2018). Copyright 2023 John Wiley & Sons].
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