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Theoretical models of irregular eutectic growth are reviewed, and constrained growth of AI-Si 
eutectic has been experimentally investigated to quantitatively check these models. A thermal- 
difference amplifying method has been applied to measure the supercooling of the growing 
interface. Our results support a revised Jackson-Hunt model of interface supercooling. The 
dependence of the supercooling on temperature gradient is presented. At low growth rate, 
dependence of silicon branching on temperature gradient has been observed. The inter-phase 
spacing decreases with increases of growth rate and temperature gradient. 

1. I n t r o d u c t i o n  
In recent decades many studies of eutectic growth 
have been reported [1-8]. Significant progress in 
modelling regular eutectic growth has been made. 
However, much work remains to be done for the 
modelling of irregular eutectic growth, although 
a series of studies have also been made [9-13]. In this 
paper, theoretical models of irregular eutectic growth 
are briefly reviewed first. Our experimental investiga- 
tion on the growth of irregular A1-Si eutectic under 
constrained conditions, aimed at obtaining a deep 
insight into the growth mechanisms of irregular eutec- 
tics and also checking the current models, is then 
presented. 

2. Theoret ica l  rev iew 
2.1. Supercooling of the growing interface 
It is well known that the supercooling AT of the 
growing interface of a regular lamellar eutectic can be 
expressed as a function of the inter-phase spacing 
)~ and growth rate V 

K2 AT = K 1 )v V "~ ~ -  (1) 

where K1 and -K2 are two parameters which express 
the constitutional supercooling effect and the 
Gibbs-Thompson effect of the solid-liquid interface, 
respectively. In 1966, Jackson and Hunt [1] derived 
expressions for Ks and K2, based on the assumption 
of a planar isothermal growing interface as shown in 
Fig. la: 

K1 \ m~mf~ J ~DL x3 (2a) 
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K2 2(1 + ~)( F~sino~ F~sin0~'~ = - -  + (2b) 
\ ms 8m B / 

where rn~ and m I are the absolute values of the 
liquidus slopes of ~ and [3 phases, F ~ and F ~ are the 
Gibbs-Thompson coefficients of the s-liquid and 

liquid interfaces; respectively; 0~, 013, S~ and SI~ are 
denoted in Fig. la; Co is the difference between the 
maximum solibilities of two phases; DL is the solute 
diffusion coefficient in liquid; ~ = S~/S~; P is the sum 
of a series: 

1 - 2 /  n~t '~ 
P : n=IL ~ s i n  ~ - ~ )  (2C) 

The Jackson Hunt model has been verified to be 
a good approach for the case of regular eutectic 
growth. However, the assumption of a planar growing 
interface neglects the coupling among the thermal 
transfer, the mass diffusion in liquid and the 
Gibbs-Thompson effect as well during growth. For 
the irregular eutectic case, in fact, the growing inter- 
face morphology is determined by this coupling, if the 
kinetic supercooling is omitted [14, 15]. This coupling 
results in a large dependence of X as a function of the 
temperature gradient in liquid near to the growing 
interface, GL, which has been shown by some experi- 
mental measurements [4, 9, 10, 14-19]. 

The curved solid-liquid interface and non-uniform 
interface wavelength (i.e. the spacing) )~ are two im- 
portant features of irregular eutectic growth. The typ- 
ical interface morphology is schematically drawn in 
Fig. lb. The amplitude of the interface along the 
growth direction is at least comparable to Z, or larger 
than X. The argument that the interface is almost 
isothermal and planar seems to be incorrect for the 
case of an irregular eutectic. 

2067 



Z 

F 

Liquid 

I VG L 

0 /~ O o~ 

X --~" . . . . .  

I12X ~ 

IQ} 

\ 
\ 
\ 

\ 
\ 
\ 

\ 

/3 

Liquid I V G L 

Ib) 

Figure 1 Sketches of the growing interface profile of regular eutectic (a) as proposed by Jackson and Hunt and (b) for an irregular eutedtic. 
GL is the temperature gradient. 

Sato and Sayama [20] first considered this coup- 
ling. They noticed that for an irregular eutectic, com- 
monly S~ >> Sp (and/or one (13) of the two phases is 
faceted), so the middle range of the m-liquid interface 
will be concave into the solid side. They modelled the 
interface profile as drawn in Fig. 2a, and defined 

n = w/S~  (3) 

as the controlling parameter, then derived the follow- Z*(X) 
ing expressions for K1 and K2: S~ 

= ( m ~ m ~  Co 
Ki \m~ + m~JnDL(1 + ~) 

x [ ( ,  + ~ ) l n ( 1  + ~ )  

+ 4q~ In + 1 (4a) 

K 2 -  2mam~ ( 1 +  e ) l n ( ~  + 1) 
ma + m13 

(F%sinO~ F~ sinO~ 
x + (4b) 

2 qm~ m~ / 

The Sato-Sayama model does not tell us how to 
calculate the parameter 11. Moreover, the interface 
morphology observed experimentally differs from that 
shown in Fig. 2a. The coupling relation can be written 
a s  

AT = AT* - GeZ (5) where 

where AT* is the supercooling at the three-phase 
conjunction point (X = S~, Z = 0). This coupling rela- II = 
tion is no doubt reasonable. However, as we have 
pointed out above, the morphology of the growing 
interface should be completely determined by the 
coupling relation and the corresponding boundary 
conditions, so an arbitrary controlling parameter (rl) 
is unnecessary to calculate the interface profile. Nash 
[21] has derived a differential-integral equation to 
describe this coupling. In order to solve this equation, 
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Nash also used the assumption of a planar isothermal 
growing interface to simplify numerical calculation. 
Therefore, Nash's solution may not be applied to the 
case of irregular eutectic growth as well. Fisher and 
Kurz [22] argued that the growing interface profile 
can be expressed by a polynomial, which satisfies the 
boundary conditions. They derived this polynomial as 

2 / X  - Sp\ 2 ( X  - 

(6) 

where Z*(X) denotes the interface profile, 9 
=2~(1 + ~)/(~.~ + gO~), w = S~ +fiS~, g = tan0~ 
x [(69 + 3)fa 2 - (69 + 4)/~ + 13, f~ = [(2 + 39) 
- ( 9 9 2 +  49)i/2]/(2 + 49); 8 and w are defined in 
Fig. 2b. Expressions for K1 and K 2 are  written as 

K~ = \ ~ + m ~ j  7 5 ~  P + f ~  (7a) 

2(1 + ~) 
K2 - 

m~ + m[3 

m~F ~ sin O~ - sin(tan- 1 g)~ 
x m~F ~sin0~ + f -  -j 

(7b) 

(sin[nn(1 + 0]sin[(ln 3 + f i0 / (1  + e)])  

n = l  

- p  

Fisher and Kurz [22] used the following approxi- 
mative coupling equation to determine the factor & 

ATJo<_x <_s~ = ATJs,<x <(s,+w) 

= ATl(s~+w)<X<_(s~+s~) + GL8 (8) 
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Figure 2 Sketches of the growing interface profile of irregular eutectic, proposed by (a) the Sato-Sayama model, (b) the Fisher-Kurz model 
and (c) the revised Jackson-Hunt model. 

They declared that AT and the interface profile can be 
calculated with Equation 8. 

For the case of an irregular eutectic, under common 
conditions of growth k is of the order of micrometres, 
so the Gibbs-Thompson effect is very weak. The pri- 
mary contribution to AT comes from the constitu- 
tional supercooling. In earlier work [23] we have 
modelled the ~-liquid interface profile a s a semicircle 
(in three dimensions, it is a semi-cylindrical surface), as 
drawn in Fig. 2c, and derived the following expres- 
sions for K1 and K2: 

m a + mj3(P(1 -F 1~)2Co CE -- C~m 

K1 - m~-m; ~ -~D-L ~ -~- TCDL(1 + e ) ]  

(9a) 

m~ ) (9b) K2 = 2(1 + e)F~sin0~ m~ + m[3 

where Cam is the maximum solubility of the ~ phase at 
the equilibrium temperature. We name Equation 9 the 
revised Jackson-Hunt model. 

Pandley and Ramachandrarao [24] also recently 
set up a coupling relation satisfied by lamellar eutectic 
growth, although the expressions for K1 and K2 were 
not directly given. This relation can be rewritten as 

tanh(PaSa) _ __C~~ + (GLDL/V)~ 
1 

PaS~ gC~\mf~C~ -'}- ( G L D L / V ) J  

x (1 tanh(n~s~)'] 
P ~ 2  ] (10) 

where P~ = (m~A: + GL)/F% P~ = (m#A# + GL)/F ~, 
A~ = VC~)/DL, Ap = VC~o/DL, C~) = CE - Cam, 
Co ~ = C#m - CE; Cpm and CE are the maximum solu- 
bility of 13 phase and the eutectic concentration at the 
equilibrium temperature, respectively. Equation l0 
differs in form from Equation 1. For the A1-Si eutectic, 
we have made calculation and obtained a similar form 
to Equation 1 from the Pandley model [24]: 

0.139 
AT = ( -  1.82 x 10-~)XV + - ~  (gin, s, K) 

(ll) 

where K1 < 0 is apparently unreasonable. Hence the 
Pandley model [24] seems also not to be a good 
approach for the case of an irregular eutectic. 

2.2. Selection of the spacing k 
Selection mechanisms of the spacing k, at least for an 
irregular eutectic, have not so far been understood. 
Jackson and Hunt [1] used the extremum condition 
proposed by Zener (see also [1]), which yielded the 
following scaling relation of k and Vfrom Equation 1: 

k 2 V  = K 2 / K  1 k = ke (12) 

For irregular eutectic growth, the selection of 
X measured by experiments, ks, is much larger than ko. 
Similar scaling relations are suggested by the 
Sato-Sayama model [20] and the Fisher-Kurz model 
[22]. For the A1 Si eutectic, Fisher and Kurz obtained 

k 2 V  ~- (8.01 x 104)GL ~ 

(Z:pm, V:gms -1, GL:KCm -1) (13) 

Equation 13 gives k as a function of both V and G t .  

Pandley and Ramachandrarao [24] declared that 
k should satisfy Equation 10. In fact, we can rewrite 
Equation 10 to give 

P~Sa - tanh(P~Sa) 
= f(X) PpS~ -- tanb(P#S#) 

PpC~\m~C~ + (GLDL/V)J 

= K (14)  

Unfortunately, we find that f(k)  oscillates irregularly 
with k for the case of the AI-Si eutectic. No unique 
selection of k can be obtained from Equation 14. 

We have briefly reviewed and discussed some cur- 
rent models for irregular eutectic growth. In addition, 
some experimental reports have also been published 
[16-19]. It has been shown that there are two large 
obstacles: the first is that measurement of AT is tech- 
nically very difficult; the second is that the holding of 
a constant temperature gradient during growth is not 
easy. So far, quantitative checking of these models has 
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not been done because of a lack of enough experi- 
mental data. Therefore, further experiments on irregu- 
lar eutectic growth are required. In this paper, we will 
present our preliminary experimental results on A1-Si 
eutectic growth under constrained conditions. 

3. Exper imenta l  procedure  
In our experiments the supercooling AT of the grow- 
ing interface and the inter-phase spacing ;~ were 
treated as functions of V and GL. The experiments 
were done on a unidirectional solidification appar- 
atus. The samples were prepared by melting high- 
purity aluminium and single crystals of silicon in vac- 
cum induction furnace and casting into cylindrical 
bars of qb8 • 140 mm. Each sample was set into a high- 
purity graphite tube. The tube was put vertically into 
an alumina pipe surrounded by two heaters. The 
sample was heated to 1000~ and held for 30 min. 
The graphite tube was then lowered into a freezer 
connected with the bottom of the alumina pipe. The 
cooling medium in the freezer was liquid Ga-In-Sn 
alloy with a freezing point of 5 ~ The freezer and the 
alumina pipe moved upward relative to the sample at 
a constant speed Vp. Because the freezer could effec- 
tively cool the end part of the sample, the temperat- 
ure distribution in the liquid zone ahead of the 
solid-liquid interface remained linear and unchanged; 
GL was then constant during growth. Each sample 
grew for 6-8 cm and was then quenched into water at 
room temperature. Since Z was ,-~ 10 lain, the steady 
state of growth was considered to be reached after an 
initial growth of 10 mm. 

In our experiments a thermal-difference amplifying 
method was applied to measure AT. The principle 
of this method is shown in Fig. 3a. Two pairs of 

NiCr-NiSi thermocouples are fixed in the liquid zone 
about 30-40 mm above the initial solid-liquid inter- 
face, with a 1 mm vertical distance between their joints 
(a) and (b). While the growing interface moves upward 
and contacts with joint (a), latent heat released from 
the interface will heat the micro-zone around (a), 
About 0.02 ~ elevation in this zone leads to a small 
change of thermal-potential difference between (a) and 
(b), which is amplified by an amplifier into a signal of 
the order of millivolts and recorded by an X-Y re- 
corder. The recorder records meanwhile the thermal- 
potential change of joint (a) with time. Typical 
recorded curves are shown in Fig. 3b, where curve F is 
the variation of the potential difference between (a) 
and (b) with time; the valley in F indicates that the 
growing interface is arriving at joint (a). Curve E in- 
dicates the change of temperature at joint (a) with 
time. That point on curve E which corresponds to the 
valley of curve F is the temperature of the growing 
interface TM; AT = Te -  TM, where T~ is the equilib- 
rium temperature. We can also easily obtain the value 
of GL with the aid of curve E and the growth rate 
measured by a dial gauge. 

Our measurements show that effective cooling of 
the freezer can guarantee synchronization of the 
moving speed Vp of the freezer and the growth rate 
V of the sample, provided V _< 120/am s-1. Even if 
V > 120 ~tm s-1, the movement of the solid-liquid 
interface relative to the freezer is also very small. 
Therefore V is taken to be equal to Vp. 

The solidified samples were cut longitudinally and 
radially. The inter-phase spacing )~ was measured on 
longitudinal sections of the samples by a micrometer 
in a microscope. The solidified structures are for 
example shown in Fig. 4, where the line crosses 
a number of silicon flakes. The ratio of the length of 
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Figure 3 Measurement of the supercooling AT of the growing solid-liquid interface by the thermal-difference amplifying method. 
(a) Principle of the method: a, b two pairs of NiCr-NiSi thermocouples, (A) box filled with mixed ice and water, (B, C) zero-potential-set units, 
(D) amplifier, (E, F) recorders. (b) Curves recorded by recorders E and F (paper speed 30 mm min-  1 ). T~ is the equilibrium temperature at the 
euteetic point; AT = T~ - T. 
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Figure4 Solidified microstructure of A1-Si eutectic under con- 
strained conditions: longitudinal section, growth direction from left 
to right, magnification x 160. V = 9.66 tams -z, GL = 149 Kcm -1. 

the line to the number of the flakes equals K 20 regions 
of each sample were measured, and the average of 
measured values Zs, was denoted by km. 

It has been noticed that the growth laws are differ- 
ent for different ranges of growth conditions. In our 
discussion the following four ranges will be dealt with: 

A: 0.63 jam s-1 _< V _< 4 0 . 0 0 g m s -  

8 K c m  -~ _< GL _< 7 7 K c m  -1 

B:0.63gms-1 _< V N 40.00 jams-1 

7 8 K c m - 1  _< GL _< 1 4 9 K c m -  

C: 19.50 jams-~ _< V _< 206 jams-1  

8 K c m  -1  _< GL < 7 7 K c m  -1 

D :  1 9 . 5 0 1 a r e s - 1  < V _< 206 j a m s - 1  

7 8 K c m - ~  _< GL _< 1 4 9 K c m -  

where A and B are ranges with low growth rate, while 
C and D are ranges with high growth rate. 

4. Results and comparisons 
4.1. Supercooling AT 
4. 1.1. Comparison 
Experimental results are listed in Table I. We have 
also used the experimental data obtained by Hogan 
and Song 1-19] and Elliott and Glenister 1,-17] in order 
to pile up as many data as possible. Table II shows 
some physical parameters of the A1-Si eutectic I-5]. 
We have calculated the values of parameters K~ and 
K2 according to the models described in section 2. The 
results calculated and regressed from experiments are 
listed in Table III. 

We can conclude from Table III the following: 
among these models, only the Jackson-Hunt model 
and the revised Jackson-Hunt one are close to the 
experimental data. In detail, consistency of the 
Jackson-Hunt model with the data of ranges C and D 
can be seen, and differences between the revised 
Jackson-Hunt model and the data of all four ranges 
are small. 

T A B L E  I Parts of the experimental data for steady-state growth 
of AI-Si eutectic under constrained conditions 

Sample V(gms  -1) GL (Kcm -1) )~ (gm) AT(K)  

01 0.63 77.55 28.03 _+ 1.72 0.25 
02 1.04 149.00 28.57 _+ 1.80 0.42 
03 1.75 77.55 27.58 _+ 1.66 0.68 
04 5.05 100.50 13.71 -I- 2.51 0.86 
05 5.10 90.90 13.33 _ 2.54 0.96 
06 5.18 149.00 9.66 _ 0.90 0.86 
07 5.43 42.53 13.62 + 0.92 1.34 
08 9.66 149.00 8.02 + 0.32 1.46 
09 9.71 63,00 9.34 _+ 2.17 2.22 
i0 9.84 149.00 7.95 + 1.47 1.74 
11 9.95 129.40 8.41 + 1.23 2.17 
12 11.36 42.51 9.54 __ 1.41 2.14 
13 19.50 106.00 6.23 _+ 0.85 1.84 
14 20.12 95.95 6.60 _+ 0.74 2.74 
15 20.45 42.53 8.21 _+ 1.92 2.92 
16 20.50 149.00 5.61 _+ 0.39 2.26 
17 25.32 95.00 6.24 _+ 0.70 2.28 
18 38.47 102.80 5.51 _+ 0.44 3.29 
19 40.00 101.00 5.47 _+ 0.41 3.35 
20 70.00 95.95 4.00 _+ 0.59 3.89 
21 74.90 106.80 4.03 _+ 0.06 3.56 
22 121.00 77.10 3.46 _+ 0.20 7.11 
23 206.00 69.43 2.98 __+ 0.17 8,42 

T A B L E  II Physical parameters of A1-Si eutectic [5] 

Parameter Value 

Co 98.35 wt % 
Cam 1.56 wt % 
m13 20 K (wt %) -  1 
P 0.34882 
F 13 0.125 K g m  

0~, 013 30 ~ 
C[3m 100.00 wt % 
D L 5 x 103 gm 2 s 1 

mc~ 8.3 K (wt%) -~ 
5.993 

F ~ 0.106 K tam 
CE 12.62 wt % 

T A B L E I I I Comparison between models and experiments for the 
parameters K t and K2 for AI-Si eutectic growing under constrained 
conditions 

K1 ( K s g m  -2) K2 (Kgm -1) 

Theory 
Jackson-Hunt 9.61 x 10 -3 0.567 
Sato-Sayama 8.49 x 10- s 1.449 
Fisher-Kurz - 4.30 x 10 -4 1.348 
Pandley - 1.82 x 10 -7 0.139 
Revised Jackson-Hunt 14.10 x 10-3 0.090 

Experiment 
Range A 16.71 x 10 -3 2.541 
Range B 17.41 x 10 -3 2.284 
Range C 10.87 x 10 -3 - 3.056 
Range D 10.16 x 10 .3 1.861 
Range C + D 11.66 x 10-3 - 0.763 

On the other hand, the contribution of the constitU- 
tional supercooling to ATis always dominant, and the 
Gibbs-Thompson effect is weak. The comparison be- 
tween the models and the measured data for AT as 
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a function of the term )~Vfor ranges C + D and A + B 
are shown in Fig. 5a and b, respectively. In the C + D 
range, linear dependence of AT as a function of the 
term ~.V is presented. In the A + B range, the meas- 
ured curve of A T as a function of ~ V is slowly concave 
upward, which means that the Gibbs Thompson ef- 
fect becomes relatively more important. Generally 
speaking, of these models the revised Jackson-Hunt  
model of AT obtains the strongest support from the 
measured data. In fact, the most important feature of 
irregular eutectic growth is the deep concavity into the 
solid side of the middle range of the ~-liquid interface. 
There is strong pile-up of solute within the concave 
zone. The revised Jackson-! lunt  model has con- 
sidered this feature, although some unimportant 
points are neglected. 

9 
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~'-~ V= 80 p.m s -I 

V= 10 p.m s -I 
I l i I i i 

2 40 60 80 100 120 140 
G L (K cm -I) 

Figure 6 Interface supercooling AT as a function of GL for AI-Si 
eutectic growing under constrained conditions. 

4. 1.2. /nf luonce o f  temperature gradient  
So far, no quantitative expression for AT as a function 
of GL has been given. Our experiments show that AT 
decreases with increasing GL, as shown in Fig. 6. In 
our opinion, an increase of GL makes the interface 
profile closer to planar, and solute pile-up within the 
concave zone is decreased. The Gibbs-Thompson 
effect is also weakened because the curvature of the 
growing interface is reduced. Therefore, both K~ and 
K2 in Equation 1 will be lowered. 

When V is held unchanged, AT as a function of 
GL can be determined by Equation 5. Therefore, the 
dependence of AT on GL is at least in part considered 
by models other than the Jackson-Hunt  one. 

6 

~ 4  

<1 
2 

0 
0 

(a) 

/ /  

.f'J" 

I I I I I I I 

I 2 3 4 5 6 7 
XVx10 -2 (larn 2 s -11 

X 

2=3 

. = 2  ~ ~ . 7 . . ~  t ' ' ' ~ ' r  

i 

~ zo 4o 6o s o  leo 12o i oi;o 
(b) XV (larn 2 s- l )  

Figure 5 Comparisons between models and experiments for the 
interface supercooling AT as a function of the term XV for AI-Si 
eutectic growth under constrained conditions. (a) Growth in range 
(C + D), (x)  experimental results, ( - . - )  Jackson-Hunt model, 
( - - - )  revised Jackson-Hunt model. (b) Growth in range (A + B). 

4.2. S e l e c t i o n  of the  s p a c i n g  
The spacing )~ as a function of V and GL is regressed 
according to the formula 

XmV = K3GC" m > 0, n > 0 (15) 

The regressed results are listed in Table IV. Unfortu- 
nately, none of the models is supported by the 
experimental results. Equation 13 obtained by Fisher 
and Kurz [22] is close to the regressed equation for 
the C + D range, but quantitative consistence has not 
been shown. These comparisons show that our insight 
into the selection mechanisms of the spacing for ir- 
regular eutectic growth under steady-state conditions 
is very limited. However, we will analyse the experi- 
mental data in more detail. 

Except in range A (low V and low GL), the spacing 
as a function of GL decreases with increase of GI.. In 

range D, dependence of )~ on GL is comparable to that 
of X on V. In range A, we have 

)~ ~ K3 V -~ K3 > 0, constant (16) 

i.e. Z is only determined by V. Another characteristic 
shown in Table IV is that only in range D, the expo- 
nent m ~ 2. In other ranges, m > 2 (m is close to 3 in 
range A) which cannot be reasonably explained by the 
current models. 

For irregular eutectic growth, since the difference in 
volume fraction of the two phases is large, moreover, 
the phase of smaller volume fraction (13 phase) is com- 
monly faceted; the growing interface is curved in mor- 
phology and non-isothermal. If the interface deviates 
from a plane in morphology, m will not equal 2. For 
the A1-Si eutectic, m > 2 since the middle part of 
the ~-liquid interface is largely concave into the solid 
side [14, 15]. The current models, except the 
Jackson-Hunt  one, have taken this deviation into 
account, and introduced GL into parameters K1 and 
Ka, which hence become functions of GL. However, in 
these models the extremum condition proposed by 
Zener [1] is still used to derive the expression for X as 
a function of V and GL, so m -- 2.0. Naturally, in the 
range D of high V and GL, the growing interface is 
constrained to become closer to the planar, then 
m tends to 2. 

During irregular eutectic growth, the faceted 
13 phase commonly branches continuously because of 
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T A B L E I V Experimental results for growth of A1-Si eutectic under constrained conditions (r = correlation coefficient) 

Range V (/am s -1 ) GL (Kcm -1) )~mv= KGL"  r 

A 0.63-40.00 8-77 ~2.a7 V = (1.27 x 104)GL TM 0.97 

B 96-149 )~2"1s V = (4.37 x 103)GL ~ 0.96 

A + B 8-149 )z.11 V =  (5.43 x 103)GL ~ 0.97 

C 19.5-206.0 8-77 ~2,6V V = (3.19 x I 0 4 ) G L  0'49 0.99 

D 96-149 ~2.Ol V = (3.22 x 105)GL 1.25 0.97 

C + D 8-149 )~2'~ V = (7.20 x 103)GL ~ 0.95 

Figure 7 Photographs showing the dependence of the branching number  of silicon flakes on GL for AI-Si eutectic growing under constrained 
conditions; V ~ 0.94 ~tm s -  1, radial sections, magnification • 200. (a) GL = 149 K c m -  1, (b) GL = 77 K c m -  1. 

i ts  strong crystalline anisotropy. High growth rate 
(or high temperature gradient) constrains branching of 
the faceted phase, but the branching can also fully 
develop at low growth rate or temperature gradient. 
For the A1-Si eutectic at low V, strong dependence of 
the number of primary branches of silicon flakes on 
GL has been observed. Fig. 7 shows variation of the 
number of silicon branches from 8 to 5 as GL varies 
from 77 to 149 K cm- 1. This effect will no doubt result 
in )~ being an increasing function of GL. On the other 
hand, )~ should be lowered with increasing GL, because 
A T as an approximative linearly increasing function of 
)~ (as V is held constant, as shown in Fig. 5) is lowered 
as GL increases. Therefore, at low V and GL, )~ is nearly 
independent of GL, as shown in Equation 16. At high 
V, the exponent n in Equation 15 will become positive 
and increase with V, since the number of silicon 
branches shows a weak dependence on GL. 

5. Conclusions 
Experimental data for interface supercooling seem to 
support a revised Jackson-Hunt model. The interface 
supercooling is contributed mainly by the constitu- 
tional supercooling effect. Therefore, the interface 
supercooling is an approximately linear function of 
the term )~V. The interface profile as a function of 
temperature gradient GL is constrained to become 
closer to the planar as GL increases, and hence the 

interface supercooling as a function of G L decreases 
with GL. 

Our experiments show that at low growth rate, the 
number of primary branches of silicon flakes decreases 
with increasing GL. For different ranges of growth 
conditions, the spacing )~, as a function of GL and 
growth rate V, has different expressions. When both 
GL and V are low, the spacing depends only on V. In 
other ranges of growth conditions the spacing is de- 
creased with increasing V or GL. None of the current 
models is supported by our experiments on the selec- 
tion of the spacing )~. 
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