
HAL Id: jpa-00230312
https://hal.science/jpa-00230312v1

Submitted on 4 Feb 2008

HAL is a multi-disciplinary open access
archive for the deposit and dissemination of sci-
entific research documents, whether they are pub-
lished or not. The documents may come from
teaching and research institutions in France or
abroad, or from public or private research centers.

L’archive ouverte pluridisciplinaire HAL, est
destinée au dépôt et à la diffusion de documents
scientifiques de niveau recherche, publiés ou non,
émanant des établissements d’enseignement et de
recherche français ou étrangers, des laboratoires
publics ou privés.

HREM CHARACTERIZATION OF STRUCTURAL
CHANGES IN A DEFORMED Σ = 9 (122) GRAIN

BOUNDARY IN SILICON
J. Putaux, J. Thibault-Dessaux

To cite this version:
J. Putaux, J. Thibault-Dessaux. HREM CHARACTERIZATION OF STRUCTURAL CHANGES
IN A DEFORMED Σ = 9 (122) GRAIN BOUNDARY IN SILICON. Journal de Physique Colloques,
1990, 51 (C1), pp.C1-323-C1-328. �10.1051/jphyscol:1990151�. �jpa-00230312�

https://hal.science/jpa-00230312v1
https://hal.archives-ouvertes.fr


COLLOQUE DE PHYSIQUE 
Colloque Cl, supplement au n0l, Tome 51, janvier 1 9 9 0  

HREM CHARACTERIZATION OF STRUCTURAL CHANGES IN A DEFORMED 1 = 9 (122) GRAIN 
BOUNDARY IN SILICON 

J.L. PUTAUX and J. THIBAULT-DESSAUX 

Centre d'Etudes Nucl6aires de Grenoble, Departement de Recherche 
Fondamentale, Service de Physique, Groupe Structures, 85X, F-38041 
Grenoble Cedex, France 

RESUME: D'importantes mod i f i ca t ions  s t r u c t u r a l e s  on t  l i e u  en deformant, a temperatures 
re la t ivement  elevees ( T >l020 K = 0.6 T,), l e  j o i n t  Z=9(122) p a r f a i t .  Le coeur des 
d i s l o c a t i o n s  elementaires de x=9, produi tes 21 f a i b l e  deformation, a i n s i  que l a  
s t r u c t u r e  des j o i n t s  de coincidence d' angles superieurs, produi  t s  A f o r t e  deformation, 
sont d e c r i t s  grsce au modele des un i tes  s t ruc tu ra les .  On constate que l a  p r e d i c t i o n  de 
l ' e v o l u t i o n  s t r u c t u r a l e  du j o i n t  n 'es t  pas immediate e t  que l e  melange d 'un i tes  
s t r u c t u r a l e s  depend des cond i t i ons  de deformations. 

ABSTRACT: A t  r e l a t i v e l y  h igh  temperature (T>1020 K = 0.6 T,), t h e  deformation o f  a  
per fec t  2=9(122) symmetrical g r a i n  boundary (GB) induced l a r g e  changes i n  t h e  i n i t i a l  
s t ruc tu re .  The s t r u c t u r a l  u n i t  model was used t o  descr ibe the  s t r u c t u r e  o f  elementary 
E=9 DSc d i s l o c a t i o n s  cores, produced a t  low s t r a i n ,  and h igher  t i lt angle coincidence 
GB's, produced a t  l a r g e  s t r a i n .  It was shown t h a t  t h e  p r e d i c t i o n  o f  t h e  GB s t r u c t u r a l  
evo lu t ion  was n o t  so s t ra igh t fo rward  and t h a t  the  mix ing o f  s t r u c t u r a l  u n i t s  depended 
on the deformation condi t ions.  

1 - INTRODUCTION 

One way t o  descr ibe the s t r u c t u r e  o f  t i lt g r a i n  boundaries (GB's) i s  t o  use t h e  s t r u c t u r a l  
u n i t  (SU) model developped by SUTTON and VITEK /l/. I n  t h e  case o f  cubic  diamond mater ia l ,  
s t a r t i n g  from t h e  e a r l y  work o f  HORNSTRA /2/, var ious authors have proposed models t o  
describe d i f f e r e n t  <011> ti lt GB's i n  a l a r g e  misor ien ta t ion  range and ca lcu la ted  t h e i r  
energy /3, 4, 5, 6/. On an o ther  hand, observat ions by h igh  r e s o l u t i o n  e l e c t r o n  microscopy 
(HREM) have been performed on Czochralski  grown b i c r y s t a l s  w i t h  d i f f e r e n t  coincidence Z GB's 
/7/. They confirmed the  v a l i d i t y  o f  the  s t r u c t u r a l  u n i t s  d e s c r i p t i o n  b u t  emphasized the  
d i f f i c u l t y  of a  p r i o r i  desc r ib ing  p a r t i c u l a r  GB's, revea l ing  f o r  instance a s p l i t t i n g  
tendancy.The aim o f  t h i s  paper i s  t o  i n v e s t i g a t e  the  s t r u c t u r a l  changes undergone by a 
E9(122)  t i l t  GB under p1 a s t i c  deformation a t  d i f f e r e n t  cond i t i ons  ( s t r a i n  and temperature). 
Atomic descr ip t ions  o f  t h e  GB's and some o f  t h e i r  defects  are proposed, us ing a s t r u c t u r a l  
u n i t  formalism. The p o s s i b i l i t i e s  and l i m i t a t i o n s  o f  the  concept o f  SU mix ing are discussed. 

Czochral s k i  grown s i l  icon b i c r y s t a l  S, con ta in ing  a d i s l o c a t i o n  f r e e  symmetrical ~=9(T22)  
t i l t  g r a i n  boundary (0 = 38.94'), were macroscopical ly deformed by A. JACQUES and A. GEORGE 
a t  the  Ecole des Mines de Nancy (France). A symmetrical compressive s t ress  was appl ied t o  
the samples. A f t e r  deformation, specimens were cut,  i o n  th inned and observed i n  a JEOL 200CX 
(200 kV) microscope. Imaging cond i t i ons  s u i t a b l e  f o r  HREM were achieved by p u t t i n g  the  
common [Oil] t i l t a x i s  o f  the  b i c r y s t a l  p a r a l l e l  t o  the  e l e c t r o n  beam, so t h a t  t h e  i n t e r -  
f a c i a l  s t r u c t u r e  and i t s  defects could be viewed end-on ( f o r  more d e t a i l s ,  see /B/). I n  the 
fo l lowing,  the g r a i n  I w i l l  be the  reference f o r  the indexat ion o f  planes and d i rec t ions .  

Experimental micrographs have enabled us t o  propose atomic models t o  descr ibe the  s t ruc tu re  
o f  some observed Z GB's. These models were inpu t  i n  a computer r e l a x a t i o n  program which 
ca lcu lated the s t a t i c  ( i .e .  a t  0  K) energy of the re laxed con f igu ra t ion .  KEATING's i n t e r -  
atomic p o t e n t i a l  was used. Two values o f  the energy were ca lcu la ted  depending on t h e  set o f  
parameters chosen f o r  the  p o t e n t i a l ,  e i t h e r  t h e  KEATING's one /9/ o r  t h e  BARAFF's one /10/. 

3 - RESULTS 

I n  the fo l low ing ,  defects  and boundary s t ruc tu res  w i l l  be described w i t h  respect  t o  the 
i n i t i a l  per fect  E=9 GB whose model corresponds t o  the  z i g  zag s tack ing o f  the m i r r o r  r e l a t e d  
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Fig.1 : a) Z=9 DSc l a t t i c e  w i t h  v e c t o r s  o f  elementary GBD's, (o : z=O and + : z  = a/4[011]), 
b) i n i t i a l  2=9 GB (b lack atoms) and i t s  z ig-zag M+M* model, d)  bas ic  SU's used t o  describe 
GB's and defects  s t ruc tu res ,  c) e) and f )  micrographs (b lack atoms) o f  Z=9 GBD's wi thout  
screw component and corresponding models : c)  b, ( M'), e) b, ( T  ) and f )  b;, ( M-P'). 

M+ and M- u n i t s  (see f i g . l b ) .  Th is  descr ip t ion  i s  d i f f e r e n t  from the  one based on the 
s tack ing o f  Lomer d i s l o c a t i o n  cores /2/ but,  as explained by VAUDIN e t  a1 ./4/, i s  s u i t a b l e  
t o  propose models o f  GB's i n  the m isor ien ta t ion  range o f  38.94"(Z=9) S 0 G 70.53"(Z=3). 

3.1. Low deformation ( E  = 1.7%); medium temperature (T = 1120 K ) :  

The i n t e r a c t i o n  between g r a i n  d i s l o c a t i o n s  and a  Z=9 GB was examined by HREM by EL KAJBAJI 
e t  a l . / l l /  i n  a  sample deformed a t  1120 K up t o  E = 0.3%. They showed t h a t  a  60' d i s l o c a t i o n  
was absorbed by the i n t e r f a c e  where i t  decomposed, by c l imb and g l ide ,  i n  th ree  GB d is loca-  
t i o n s  (GBD's) whose Burgers vectors  (Bv's) were p r i m i t i v e  t r a n s l a t i o n s  o f  the  E=9 DSc 
l a t t i c e  : bin =bp +b,+b& . At  very low deformation (0.3%)' i s o l a t e d  GBD's could be we l l  
charac te r i zed  and t h e i r - c o r e s  s tud ied w i t h  respect  t o  the  Z=9 GB s t ruc tu re .  

A t  the same temperature bu t  f o r  a  1.7% s t ra in ,  we observed t h a t  the i n t e r f a c e  contained an 
inhomogeneous d i s t r i b u t i o n  o f  var ious DSc d i s l o c a t i o n s  /12/. I n  t h i s  paper, we w i l l  concen- 
t r a t e  our a t t e n t i o n  on GBD's in t roduc ing  on ly  r o t a t i o n s  and/or shears perpendicular t o  the 
[Oil] t i l t  ax is .  D is loca t ions  w i t h  a  screw component w i l l  n o t  be considered here. 

b, (and -b,) : The Bv o f  t h i s  GBD l i e s  p a r a l l e l  t o  the  GB plane. Thus, b, moves along the 
GB by pure g l i d e .  I t s  core can be described by the  a d d i t i o n  o f  a  supplementary M- u n i t  t o  
the i n i t i a l  x=9 GB ( f i g . l c ) ,  inducing a  step whose he igh t  i s  -h,=-a/3. Then the  SU sequence 
i s  . .M+M-M-M+M- . . . The -b, GBD i s  m i r r o r  r e l a t e d  t o  b,. I t s  core i s  associated t o  one M+ 
u n i t  and a  +h, step. b, type GBD's do no t  change the m i s o r i e n t a t i o n  angle bu t  t h e i r  motion 
produces i n t e r g r a n u l a r  s l i d i n g  and l a t e r a l  m ig ra t ion  o f  the  GB. 



Fig.2 : One way t o  ob ta in  t h e  Z=3, model ( w i t h  P u n i t s )  by apply ing t o  Z=3,(with T u n i t s )  a  

a/6[211] i n  g r a i n  I 1  p a r a l l e l  t o  the  GB plane (arrows i n d i c a t e  t h e  t i l t i n g  o f  atomic rows 
before a s u i t a b l e  bond reconstruct ion) .  

4 : With i t s  Bv normal t o  t h e  boundary plane, b  moves along t h e  GB by pure 
climb. It i s  n o t  associated w i t h  a s tep and i t s  core i s  characterized by a boat shaped 
6-atom r i n g  (T u n i t )  i nser ted  between two-M u n i t s  o f  one 2=9 per iod  (see f ig.1.e).  T i s  the  
basic SU o f  the  f i r s t  order  t w i n  Z=3(111). As T in t roduces a a/4[011] s h i f t ,  the  complete 
sequence o f  one E=3 per iod  i s  (T T). Introduced i n  2=9, t h e  T u n i t  w i l l  be deformed. The two 
reasons are: i )  E=9 and Z=3 GB's have d i f f e r e n t  t i l t angles g i v i n g  r i s e  t o  r o t a t i o n  
i n c o m p a t i b i l i t i e s  between M and T un i t s .  The T u n i t  induces a increase i n  the  2-9 GB 
misor ien ta t ion  angle. i i )  Z=9 and Z=3 GB's have d i f f e r e n t  " t r a n s l a t i o n  s tates" .  2=3 has a 
m i r r o r  symmetry and T u n i t  i s  symmetrical w i t h  respect t o  t h e  (111) boundary plane. Because 
o f  the  z ig-zag s t r u c t u r e  o f  the  m i r r o r  g l i d e  2x9 GB, t h e  T u n i t  w i l l  be sheared p a r a l l e l y  
t o  the  GB plane when inser ted  between M u n i t s .  Two sequences are poss ib le  : 
. .M'M-M'TM-M'M- . . o r  . .M'M-TM'M-M'M- . . .They are m i r r o r  re la ted .  Thus, i n  both cases, T u n i t s  
undergo equal and opposite shear stresses b u t  are associated w i t h  the  same b, Bv. 

b,o : Un l i ke  b, and b, , bp, i s  n o t  an elementary DSc d i s l o c a t i o n .  I t s  Bv i s  
equal t o  bc+_bg (b;, =bctbg and b$, =b,+(-b,)) and t h i s  decomposition immediately g ives the  
cl imb and g l i d e  components o f  the  defect .  As shown i n  f i g . l f ,  i t s  core can be modelized by 
using a group o f  two SU's, noted M'P- f o r  b;, and M-P' f o r  b:, ( t h e  two d i f f e r e n t  cores are 
m i r r o r  re1  ated) . 
P i s  a  SU o f  a  new type corresponding t o  a d i f f e r e n t  arrangement between two r i n g s  o f  5 and 
7 atoms. I n  the same way as T i s  the  bas ic  u n i t  o f  the m i r r o r  2=3 GB (noted X=3, ), P can be 
used t o  describe a new model o f  the  f i r s t  order  twin, whose p e r i o d  i s  then (P'P-), as shown 
i n  f i g .2 .  This s tuc tu re  has a m i r r o r  g l i d e  symmetry ( the g l i d e  vector  being a/3[211] 
t a/4[011]), bu t  g ra ins  I and I 1  are s t i l l  m i r r o r  re la ted .  Fig. shows t h a t  one p o s s i b i l  j t y  
t o  ob ta in  t h i s  new model (noted 2=3,) i s  t o  apply t o  g r a i n  I 1  o f  t h e  2=3, model a  a/6[211] 
shear p a r a l l e l  t o  the  GB plane. The recons t ruc t ion  o f  d i s t o r t e d  bonds i l l u s t r a t e d  i n  
f i g . 2  r e s u l t s  i n  the  2=3,, model. 
The geometr ical cons t ruc t ion  o f  t h i s  model i s  n o t  d i f f i c u l t  however, t h e  quest ion o f  the  
~=3, mechanical s t a b i l i t y  s t i l l  remains. Computer c a l c u l a t i o n s  performed on a re laxed  model 
g ive  a s t a t i c  energy which i s  very h igh  (see t a b l e  l) compared t o  t h e  one, ca lcu la ted  n u l l  
( the p o t e n t i a l  i s  c u t  o f f  be fo re  t h e  second neighbours), o f  t h e  2=3 GB. This  i s  c l e a r l y  i n  
agreement w i t h  the  f a c t  t h a t  t h i s  l a s t  s t r u c t u r e  i s  t h e  o n l y  one otserved i n  diamond cubic 
materi  a1 S. 

3.2. Low deformation ( E  = 1.7%); h iqh  t e m ~ e r a t u r e  I T  = 1470 K):  

We observed t h a t  the  GB contained on ly  one type o f  GBD: b,. These de fec ts  were homogeneously 
d i s t r i b u t e d  and formed a more o r  l e s s  regu la r  sub g r a i n  boundary superimposed t o  the 
o r i g i n a l  Z=9 GB. EL KAJBAJI e t  a1 ./ll/ have shown t h a t  reac t ions  between GBD's had t o  be 
invoked t o  exp la in  t h i  S con f igu ra t ion .  During a deformation a t  h igh  temperature, d i f f u s i o n  
i s  large.  One can expect d i s l o c a t i o n  m o b i l i t y  t o  be enhanced so t h a t  GBD's can i n t e r a c t  and 
react .  For instance, two 60' d i s l o c a t i o n s  coming from both g ra ins  and decomposed i n  
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b i, =bc+bg+b& and b:; =b,+(-bg)+bG can r e a c t  i n  the  f o l l o w i n g  way: b,+(-b,)=O and 
1- b2+ b,, + ,, =b, ( a t t r a c t i v e ) .  The n e t  r e s u l t  i s  : bi, +b i i  =3bc . Then, i f  the  deformation 

condi t ions are symmetrical ( i .e.  the  numbers of d i s l o c a t i o n s  coming from both g ra ins  are 
equal), i t ' s  poss ib le  t o  ob ta in  several b,'s t h a t  w i l l  move i n  t h e  GB t o  be evenly 
d i s t r i b u t e d  and minimize t h e  e l a s t i c  energy. 

3.3. Larqe deformation: 

Two samples were deformed up t o  a 6.8% s t r a i n ,  a t  1220 K and 1470 K, r e s u l t i n g  i n  a la rge  
increase i n  the  macroscopic m isor ien ta t ion  angle o f  the b i c r y s t a l :  8 - 51'. However, due t o  
a h i g h l y  heterogeneous deformation, lower  and l a r g e r  m isor ien ta t ion  angle areas, separated 
by sub g r a i n  boundaries i n  the g ra ins  /13/, were observed, a t  nanoscopic scale, along the 
same i n t e r f a c e .  We w i l l  p a r t i c u l a r l y  pay a t t e n t i o n  here t o  sect ions o f  the  GB e x h i b i t i n g  
p e r i o d i c a l  s t ruc tu res  w i t h  on ly  few defects .  

H a l f  a  per iod  o f  t h i s  GB i s  obtained when one T u n i t  i s  in t roduced i n  two E=9 periods, 
r e s u l t i n g  i n  t h e  sequence: (M'TM-M'M-). Because o f  t h e  a/4[011] s h i f t  due t o  T, the  complete 
Z=187 per iod  i s  tw ice  the  previous sequence. Th is  model i s  b u i l t  f o l l o w i n g  t h e  idea t h a t  
m i n o r i t y  u n i t s  (T) have t o  be evenly d i s t r i b u t e d  among m a j o r i t y  ones (M). As already shown 
i n  92.1.' T  can be placed between e i t h e r  M' and M - ,  o r  M- and M'. Th is  leads t o  two 
poss ib le  m i r r o r  re1  ated var ian ts  f o r  2 ~ 1 8 7  period: (M+TM-M'M-)x2 o r  (M-TM+MmM+)x2. Both 
s t ruc tu res  are e n e r g e t i c a l l y  equiva lent  (see t a b l e  1 ) .  However, on ly  a study o f  these 
con f igu ra t ions  energy could help t o  a c t u a l l y  decide i f  the  e q u i l i b r i u m  s t a t e  o f  t h i s  GB i s  
described by e i t h e r  one o f  the  two models o r  a  convenient m ix tu re  o f  both. Nevertheless, we 
observed areas o f  both types separated by defects. Fig.3a shows such an example where one M' 
u n i t  i n  miss ing i n  the  o r i g i n a l  sequence. On each s ide  o f  t h e  defect ,  one can observe the  
two 2 ~ 1 8 7  var ian ts .  

Z=l1 (233) [011] - 8 = 50.48" : 

- medium temperature (1220 K): When two T u n i t s  are in t roduced per  one Z=9 period, M and 
T u n i t s  are i n  equal propor t ions.  The d i s t r i b u t i o n  i s  homogeneous when one T separates two M 
un i t s .  The p e r i o d i c a l  sequence (M+TM'T) corresponds t o  a m i r r o r  g l i d e  z i g  zag model o f  the 
~ = 1 1  GB and was observed i n  our specimen (noted Z=l14 i n  f ig .3b) .  

- h igh  temperature (1470 K): The p i c t u r e s  e x h i b i t  a  d i f f e r e n t  s t ruc tu re ,  s i m i l a r  t o  the 
one already detected by BOURRET e t  a l .  i n  as-grown b i c r y s t a l  /7/. The p e r i o d  i s  doubled, 
w i t h  respect  t o  t h e  previous case, and t h e  proposed model now inc ludes a m ix tu re  of SU's 
associated w i t h  the  b, and b,, E=9 GBD's. The sequence i s  (M'TM'P'M-TM'P- ) and has a m i r r o r  
g l i d e  symmetry, bu t  g ra ins  I and I 1  are m i r r o r  r e l a t e d  ( the  model i s  noted Z=ll, i n  f i g . 3 ~ ) .  
We have t o  p o i n t  out  t h a t  c a l c u l a t i o n s  performed on both models lead t o  very s t a t i c  energies 
(absolute and r e l a t i v e  values depending on t h e  chosen p o t e n t i a l .  See t a b l e  1). 

I f  the GB absorbs more d is loca t ions ,  the  m isor ien ta t ion  angle keeps increasing. I f  we 
ext rapolate t h e  previous examples (Z=187 and Z=ll,) and in t roduce more T u n i t s  i n  the  
GB sequence, a  poss ib le  model o f  S 4 1  GB i s :  (M'TTM-TT). This time, M a re  t h e  m i n o r i t y  
un i t s ,  evenly d i s t r i b u t e d  among the  m a j o r i t y  T un i t s .  The model has a m i r r o r  g l i d e  symmetry 
and a z i g  zag s t r u c t u r e  (see f ig .3d) .  
Experimental ly,  we observed GB zones w i t h  a p e r i o d i c i t y  compatible w i t h  a Z=41 coincidence. 
Owing t o  a small t w i s t  component, one has t o  be very caut ious t o  analyse t h e  p ic tu res .  
Nevertheless, i t  appeared t h a t  the  previous model was n o t  s u i t a b l e  t o  descr ibe the  
micrograph o f  f i g u r e  3d. Instead, we proposed another model whose sequence i s  noted: 
(M'P-P'M-TT) o r  (M-P+P-M'TT) . The f i r s t  model o f  E=4l conta ins two per iods o f  S 3  GB, 
separated by M u n i t s  and undergoing equal and opposite shears, whereas t h e  observed s?ruc- 
t u r e  now inc ludes one per iod  o f  each Z=3 model presented i n  92.1. and has a d i f f e r e n t  t rans -  
l a t i o n  between both gra ins.  Comparing the  shear d i s t r i b u t i o n s  along t h e  two SU stackings, 
one can see tha t ,  i n  t h e  new model, each Z=3 per iod  i s  c l o s e r  t o  i t s  " i d e a l "  (i.e. undis- 
t o r t e d )  s ta te .  Moreover, once again, c lose s t a t i c  energies are ca lcu la ted  f o r  both SU 
sequences ( t a b l e  1).  



Fig.3 : Micrographs (black atoms) of coincidence GB's obtained by deformation of the initial 
z=9 and their atomic model. a) Z=187 : a defect corresponding to a missing M unit (indicated 
by the arrow) separates two mirror related variants. b) Z=l1 , (obtained at medium 
temperature) with a simple period containing only M and T units. c) Z=l1, (obtained at high 
temperature) with a double period containing M, T and P units. d) Z=41 : model with M, T and 
P units; a defect corresponding to a missing T unit is indicated by an arrow. The non 
observed mirror model is given for comparison in the frame. 
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Table 1. :Values o f  the  s t a t i c  energy f o r  d i f f e r e n t  Z GB, ca lcu la ted  on models re laxed  w i t h  
KEATING's p o t e n t i a l .  Two se ts  o f  parameters are used. 

4 - DISCUSSION and CONCLUSION 

From a t h e o r e t i c a l  p o i n t  o f  view, t h e  s t r u c t u r a l  evo lu t ion  o f  t h e  i n i t i a l  GB from Z=9 t o  Z=3 
could be cont inuously  described i n  a very simple manner, by mix ing SU's o f  these two low 
energy shor t  pe r iod  d e l i m i t i n g  GB's /15/. By incorpora t ing  more and more T u n i t s  o f  ,~=3 
(m inor i t y  u n i t s )  i n  the  o r i g i n a l  Z=9, one would t ransform progress ive ly  t h i s  GB i n t o  a Z=3 
where t h e  M u n i t s  o f  Z=9 are i n  m inor i t y .  
However, we proposed new models t o  account f o r  the HREM micrographs. The P u n i t  was i n t r o -  
duced which was found - a p o s t e r i o r i  - t o  descr ibe an unfavoured h igh  energy Z=3 GB. The 
sequences o f  t h e  observed in termediate Z were b u i l t  w i t h  a m ix tu re  o f  th ree  k inds o f  SU's. 
Moreover, computer c a l c u l a t i o n s  on t h e  two d i f f e r e n t  models ( w i t h  o r  w i thou t  P u n i t s )  o f  the 
same coincidence GB l e d  t o  c lose s t a t i c  energies. 
As a mat ter  o f  f a c t ,  our  HREM observat ions c l e a r l y  showed t h a t  the  s t r u c t u r a l  evo lu t ion  o f  
the  i n t e r f a c e  was c o n t r o l l e d  by the  absorpt ion o f  the  incoming d is loca t ions ,  the  movement o f  
the  r e s u l t i n g  GBD's (by g l i d e  and c l imb)  and t h e i r  react ions.  During t h e  deformation, the  GB 
passes through var ious in termediate s ta tes  which depends on t h e  i n t e r n a l  s t resses and are 
f a r  from equ i l i b r ium.  At  a s u f f i c i e n t l y  h igh  temperature these con f igu ra t ions  can re lax,  
leading t o  p e r i o d i c a l  s t ruc tu res  on more o r  l e s s  wide areas. 
Three types o f  s t r u c t u r a l  u n i t s  can now be used t o  b u i l d  var ious poss ib le  reconstructed 
models o f  coincidence GB's from Z=9 t o  z=3. Then, i f  s t a t i c  c a l c u l a t i o n s  a l low one t o  put  
aside models w i t h  a too  p r o h i b i t i v e  energy, they cannot he lp  decide - a p r i o r i  - which o f  
the  remaining ones w i l l  be favoured. I n  t h e  present case, the  problem remains i f  the 
observed mixings o f  th ree  SU's (M, T and P) a re  s t a b i l i z e d  by l o c a l  s t resses cond i t i ons  o r  
i f  they ensure the  g loba l  e q u i l i b r i u m  o f  the GB a t  a g iven temperature. 
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