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MSS 507: CRYSTAL GROWTH (3 Credits)

Objectives: Objective of the course is to provide a fairly detailed knowledge on the various
crystal growth processes. In particular, single crystal growths in bulk form and in epitaxial thin
film forms which are essential for various research and development/technological
applications.

Expected course outcomes: The student should be familiar with the crystal growth techniques
with the necessary nucleation-growth theory. Good foundation on these topics would be helpful
during their career in research or industry.

Unit |

Crystal growth phenomena: Significance of single crystals — crystal growth techniques. Ideal
growth laws — crystal-ambient phase equilibrium — criteria for equillibria in crystal growth —
phase diagrams. Classification of growth processes.

Theories of nucleation- energy of formation - homogeneous nucleation — Gibb’s Thompson
equation for vapour, melt and solution, equilibrium shape of crystals. Heterogeneous
nucleation — cap and disc shaped nuclei —constitutional supercooling - velocity of growth.
Atomistic, thermodynamical models of crystal growth - Kossel and BCF theory.

14 hours

Unit 1l

Crystal growth techniques : Bulk crystal growth — solution growth methods - supersaturation -
aqueous solution, flux, hydrothermal methods. Melt growth — Kryopoulos, Bridgman —
Stockbarger, Czochkralski, float zone and zone refining techniques. Impurity levelling factor
— segregation coefficient. Verneuil method.

Low and high temperature solution growth — methods of crystallization — temperature gradient
methods - growth of KDP and KTP crystals. 14 hours

Unit 111

Epitaxial growth methods — advantages - PVD — chemical vapour deposition — liquid and
chemical vapour phase epitaxy — hot wall epitaxy- molecular beam epitaxy - MOCVD. Surface
impurity contamination, defects and dislocations, determination of dislocation density.

Application: Si and Ge in semiconductor industry- IC technology: monolithic IC- masking and
etching - elements of lithography- resist systems and patterning.

14 hours
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