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3. No diffusion in solid, diffusional mixing in the liquid

4.3 Alloy Solidification

Phase Transfromation In Materials

 Solute rejected from solid →

diffuse into liquid with limitation

 Rapid build up solute in front of 

the solid → rapid increase in the 

composition of solid forming 

(initial transient )

 If it solidifies at a constant rate, 𝑣, 

then a steady state is finally 

obtained at 𝑇3

 liquid : 𝑋0/𝑘 , solid : 𝑋0
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I. Initial transient

4.3 Alloy Solidification (diff. mixing in liq.)

Phase Transfromation In Materials

 T1 <  T  < T3

 First solid: kXo

 Solute rejected from solid →

diffuse into liquid with limitation

 Rapid build up solute in front of 

the solid → rapid increase in the 

composition of solid forming 

(initial transient )

 Solute rejected from solid to 

liquid, and  increase the liquid 

concentration

 Two shaded areas are equal


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II. Steady State

4.3 Alloy Solidification (diff. mixing in liq.)

Phase Transfromation In Materials

 T  = T3

 If it solidifies at a constant rate, 𝑣, 

then a steady state is finally 

obtained at 𝑇3

 liquid : 𝑋0/𝑘 , solid : 𝑋0

 Rate of solute diffuses down 

(away from the interfaces)

= Rate of solute is rejected from 

the solidifying liquids 

)CC(
dX

dC
D SL

L  



Nano & Flexible 

Device Materials Lab.39

)]
)/(

exp(
1

1[
D

x

k

k
XX OL 




If solid/liquid interface in within ~𝐷/𝑣 of the end of the bar 

→ compressed to final transient (eutectic formation)

4.3 Alloy Solidification (diff. mixing in liq.)

Phase Transfromation In Materials

Slope of the curve at 𝑥 = 0
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III. Finial transient

Characteristic distance: 

excess conc. falls to 1/e
𝑥 = 𝐷/𝑣→ exp(−1)→ 1/𝑒
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4.3 Cellular and dendritic solidification

Phase Transfromation In Materials

Solute diffusion into the liquid during solidification in alloy

~ similar to the conduction of latent heat in pure metal

→ possible to break up the planar front into dendrites.

→ complicated by the possible temp. gradient in the liquid.
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4.3 Cellular and dendritic solidification
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4.3 Cellular and dendritic solidification
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Wafer Production

Phase Transfromation In Materials

Poly-Si

rod

CZ

Growth

FZ

Growth

Slicing PolishingLapping

Cleaning Wafer
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Dopant Behavior During Crystal Growth

Phase Transfromation In Materials
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Dopant Behavior During Crystal Growth

Phase Transfromation In Materials
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Dopant Behavior During Crystal Growth

Phase Transfromation In Materials


