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Fig. 1. The wetting angle of moltensilicon on un-
polished graphite at 1737 K.
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Fig. 2. (color online) Wetting angle in the tempera-
ture range of 1737-1753 K under the same tempera-
ture conditions with different durations of 10, 20 and
30 s: (a) Wetting angle on unpolished graphite with
R, = 0.721 pm; (b) wetting angle on polished graphite
with R, = 0.134 pm.
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Fig. 3. Wettingmodel of melting silicon ongraphite:
(a) Schematic diagram of the model; (b) meshing of
the model (right, meshing scheme in the whole do-
main; left, an enlarged view near the gas-liquid inter-

face showing stretching of the mesh).
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Fig. 4. Simulation of the wetting process of molten silicon droplet on smooth graphite surface at 1700 K:

(a) to (f) is the shape of the molten silicon droplet at 0, 0.2, 0.4, 1, 2.5, and 5 ms respectively.
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(2) (b)

(e)

5 MR 1700 K I A [E 2P ARR S I R K (a) £ = 0.025 ms; (b) t = 2.5 ms; (c) t =5 ms
Fig. 5. Contours of speed vectors at different time during the wetting process at 1700 K: (a) t = 0.025 ms;

(b) t =2.5ms; (c) t =5 ms.
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Fig. 6. (color online) Distribution of surface pressure at different time: (a) 0 ms; (b) 0.075 ms; (c) 1 ms;

(d) 5 ms, the green curves in (b), (c), (d) are the original contours of the melting silicon droplet.
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Fig. 7. (color online) The wetting behavior of melt-
ing silicon on graphite surface at different tempera-
ture: (a) The wetting angle at different temperature
obtained from experimental test and simulation re-
sults; (b) wetting angle of different roughness versus

the varied temperature.
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Fig. 8. (color online) Relationship between H* to tem-
perature and droplet radius: (a) Hf versus tempera-
ture; (b) Hj versus temperature; (c) Hj with various
droplet radius Rg when 05 = 40°.
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Abstract

A theory which was proposed by Scheid et al. in 2010 (Scheid B, van Nierop E A, Stone H A 2010 Appl. Phys.
Lett. 97 171906) suggests that very thin ribbons of molten material can be drawn out of a melt by adequately tuning the
temperature gradient along the dynamic meniscus that connects the static meniscus at the melting bath to the region of
the drawn flat film. Based on this theory, one-step manufacturing ultra-thin silicon wafer by pulling out from a molten
silicon bath has attracted considerable attention in recent year due to its many attractive performances such as low cost,
simple process, etc. By using this method, solar cell can have intensive applications due to its low cost and stable output
efficiency. The results show that the thermal capillarity effect plays a great role in preparing the ultra-thin silicon. The
thickness of the silicon wafer is sensitive to the capillary length and the strength of the surface tension variation as well.
In order to reveal the mechanism for the effect of thermal capillary on the fabrication of ultra-thin silicon wafer, a thermal
capillary finite element model is developed for the horizontal ribbon growth system to study the wetting behaviors of
molten silicon on graphite. The mathematical model is established and simulated by using the commercial software;
several parameters such as mass, viscous stress and capillary force are calculated. The wetting processes are tested by
changing surface roughness (Ra = 0.721 ym and R. = 0.134 pm), system temperatures (1737-1744 K), and durations
(10-30 s) at constant temperature on a high-temperature, high-vacuum contact angle measurement instrument. It is
found that the wetting angle of silicon droplet on graphite decreases with surface roughness and temperature increasing;
the wetting angle comes down with time going by (lasting 30 s) at constant temperature, which is consistent with the
theoretical result of Wenzel. The influence of surface tension on wetting process is studied by analyzing the distributions
of pressure and velocity field. It is shown that the differential pressure at the solid-liquid interfaces, induced by thermal
capillary effect, decreases in the wetting process and reaches a balance which prevents the droplet from being wetted. At
T = 1700 K, the wetting angle and the shape of droplet change quickly within 0.4 ms and eventually become stable after
5 ms as shown in the simulation. The spreading length L and droplet height h at the steady-state are calculated with
considering the influence of droplet radius on the wetting process. The results show that both L and h are directly related
to the steady-state of wetting angle. The surface tension dominates the wetting process for droplet radius Ry < 5 mm;
while for Ro > 5 mm, the wetting process is dominated by gravity.

Keywords: molten silicon, wetting angle, capillary effect, surface roughness
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