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Abstract

Solid phase crystallization (SPC) is a simple method in producing a polycrystalline phase by annealing
amorphous silicon (a-Si) in a furnace environment. Main motivation of the crystallization technique is to
fabricate low temperature polycrystalline silicon thin film transistors (LTPS-TFTs) on a thermally susceptible
glass substrate. Studies on SPC have been naturally focused to the low temperature regime. Recently, fab-
rication of polycrystalline silicon (poly-Si) TFT circuits from a high temperature polycrystalline silicon process
on steel foil substrates was reported. Solid phase crystallization of a-Si films proceeds by nucleation and
growth. After nucleation polycrystalline phase is propagated via twin mediated growth mechanism. Elliptically
shaped grains, therefore, contain intra-granular defects such as micro-twins. Both the intra-granular and the
inter-granular defects reflect the crystallinity of SPC poly-Si. Crystallinity and SPC kinetics of high tem-
peratures were compared to those of low temperatures using Raman analysis newly proposed in this study.
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Fig. 1. Raman data for single-crystalline and amorphous
silicon. Notice that normalized intensity at Raman
shift 520 cm™ is set to be 1.0 for two phases,
respectively.
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Fig. 2. Normalized Raman Spectra vs annealing time at

620°C.
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Fig. 3. Raman crystallinity vs annealing time at 620°C
using a method proposed in this work.
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Fig. 4. Comparison between Raman crystallinity and
Hall mobility for the P doped samples crystallized
at 620°C. Notice that correlation between Raman
crystallinity and Hall Mobility fits well.
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Fig. 5. (a) Raman crystallinity vs annealing time annealed
in the temperature ranges between 560 and
640°C, (b) Raman crystallinity vs annealing time
annealed in the temperature ranges between
700 and 800°C.
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Table 1. Measured and estimated incubation time vs.
annealing temperatures

Measured Estimated
incubation Time | incubation Time
560°C 5 hrs 6 hrs
580°C 1 hr 45 min 1 hr 40 min
600°C 30 min 30 min
650°C 6 min 185.6 sec
700°C 1 min 8.7 sec
750°C 30 sec 0.9 sec
800°C 20 sec 0.1 sec
850°C <10 sec 174 msec
900°C <10 sec 3.1 msec
950°C <10 sec 645.2 psec
1000°C <10 sec 150.7 psec
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Fig. 6. (a) Raman crystallinity vs annealing time for the
samples with and without P doping at 620°C, (b)
Concentration profile of P according to Trim-code
simulation with the 15 kV implantation at a dose
of 1x10%/cm’.
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