
Answer	  to	  Question#51244	  –	  Physics	  –	  Solid	  State	  Physics	  
	  
 
Point	  defects	  
Point	  defects	  are	  defects	   that	  occur	  only	  at	  or	  around	  a	  single	   lattice	  point.	  They	  are	  not	  
extended	   in	   space	   in	   any	   dimension.	   Strict	   limits	   for	   how	   small	   a	   point	   defect	   is	   are	  
generally	   not	   defined	   explicitly,	   typically,	   however,	   these	   defects	   involve	   at	   most	   a	   few	  
extra	   or	   missing	   atoms.	   Larger	   defects	   in	   an	   ordered	   structure	   are	   usually	   considered	  
dislocation	  loops.	  For	  historical	  reasons,	  many	  point	  defects,	  especially	  in	  ionic	  crystals,	  are	  
called	  centers:	  for	  example	  a	  vacancy	  in	  many	  ionic	  solids	  is	  called	  a	  luminescence	  center,	  a	  
color	  center,	  or	  F-‐center.	  These	  dislocations	  permit	  ionic	  transport	  through	  crystals	  leading	  
to	  electrochemical	  reactions.	  These	  are	  frequently	  specified	  using	  Kröger–Vink	  Notation.	  
	  
Line	  defects	  
Dislocations	   are	   linear	  defects	   around	  which	   some	  of	   the	   atoms	  of	   the	   crystal	   lattice	   are	  
misaligned.	  There	  are	   two	  basic	   types	  of	  dislocations,	   the	  edge	  dislocation	  and	  the	  screw	  
dislocation.	  "Mixed"	  dislocations,	  combining	  aspects	  of	  both	  types,	  are	  also	  common.	  
Edge	   dislocations	   are	   caused	   by	   the	   termination	   of	   a	   plane	   of	   atoms	   in	   the	  middle	   of	   a	  
crystal.	  
The	  screw	  dislocation	   is	  more	  difficult	   to	  visualise,	  but	  basically	  comprises	  a	  structure	   in	  
which	   a	   helical	   path	   is	   traced	   around	   the	   linear	   defect	   (dislocation	   line)	   by	   the	   atomic	  
planes	  of	  atoms	  in	  the	  crystal	  lattice.	  
	  
	  
Planar	  defects	  
Stacking	  Faults	  and	  Twin	  Boundaries	  
A	  disruption	  of	  the	  long-‐range	  stacking	  sequence	  can	  produce	  two	  other	  common	  types	  of	  
crystal	  defects:	  1)	  a	  stacking	  fault	  and	  2)	  a	  twin	  region.	  A	  change	  in	  the	  stacking	  sequence	  
over	  a	  few	  atomic	  spacings	  produces	  a	  stacking	  fault	  whereas	  a	  change	  over	  many	  atomic	  
spacings	  produces	  a	  twin	  region.	  	  
	  
A	  stacking	  fault	  is	  a	  one	  or	  two	  layer	  interruption	  in	  the	  stacking	  sequence	  of	  atom	  planes.	  
Stacking	   faults	   occur	   in	   a	   number	   of	   crystal	   structures,	   but	   it	   is	   easiest	   to	   see	   how	   they	  
occur	   in	  close	  packed	  structures.	  For	  example,	   it	   is	  know	  from	  a	  previous	  discussion	  that	  
face	   centered	   cubic	   (fcc)	   structures	   differ	   from	   hexagonal	   close	   packed	   (hcp)	   structures	  
only	   in	   their	   stacking	   order.	   If	   a	   stacking	   fault	   does	   not	   corrects	   itself	   immediately	   but	  
continues	  over	  some	  number	  of	  atomic	  spacings,	  it	  will	  produce	  a	  second	  stacking	  fault	  that	  
is	  the	  twin	  of	  the	  first	  one.	  For	  example	  if	  the	  stacking	  pattern	  is	  ABABABAB	  but	  switches	  
to	  ABCABCABC	   for	   a	   period	   of	   time	   before	   switching	   back	   to	  ABABABAB,	   a	   pair	   of	   twin	  
stacking	   faults	   is	   produced.	   The	   red	   region	   in	   the	   stacking	   sequence	   that	   goes	  
ABCABCACBACBABCABC	   is	   the	   twin	   plane	   and	   the	   twin	   boundaries	   are	   the	  A	   planes	   on	  
each	  end	  of	  the	  highlighted	  region.	  	  
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