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The e f f e c t  of  pu lsed  e l e c t r o n  i r r a d i a t i o n  on m i c r o s t r u c t u r e  evolu. t ion was s t u d i e d  i n  a  s imple 
Fe-N'iLCr a l l o y  and t h e  r e s u l t s  compared w i t h  a  t h e o r e t i c a l  model. P u l s e  p e r i o d s  o f  2 .5  t o  60 
seconds (du ty  f a c t o r  near  50%) a t  60O0C s i g n i f i c a n t l y  reduced t h e  maximum s w e l l i n g  r a t e  c o l n ~ a r e d  
t o  cont inuous i r r a d i a t i o n .  The vo id  c o n c e n t r a t i o n  was observed t o  i n c r e a s e  and vo id  s i z e  and 
s w e l l i n g  r a t e s  t o  d e c r e a s e  f o r  t h e  pu lsed  c a s e s  compared t o  t h e  s t e a d y  i : r r a d i a t i o n .  P r e l i m i n a r y  
model c a l c u l a t i o n s  were used t o  gu ide  t h e  experiments  and i n  t h e  q u a l i t a t i v e  i n t e r p r e t a t i o n  o f  t h e  
r e s u l t s .  \Wi le  t h e r e  a r e  s e v e r a l  a r e a s  o f  agreement w i t h  experiment ,  t h e  r e s u l t s  i n d i c a t e  t h a t  
f u r t h e r  development o f  t h e  models i s  r e q u i r e d .  

,1. INTRODUCTION 2 .  TtIEORY 

. Unlike f i s s i o n  r e a c t o r s ,  f u s i o n  r e a c t o r s  a r e  
l i k e l y  t o  o p e r a t e  i n  a  pu lsed  mode [ l ]  l e a d i n g  
t o  c y c l i c  v a r i a t i o n s  i n  tempera. ture ,  s t r e s s  and 
r a d i a t i o n  damage r a t e s  a.t  t h e  f i r s t  wa1.l. Such 
e f f e c t s  a r e  n o t  e a s i l y  s imula ted  i n  f i s s i o n  r e -  
a c t o r s ,  where most f i r s t  w a l l  m a t e r i a l s  s t u d i e s  
w i l l  be  yonducted. Nonetheless ,  t h e  e x t e n t  and 
impact of  t h e s e  e f f e c t s  on m a t e r i a l s  behavior  
must be understood i n  o r d e r  t o  p r o j e c t  t h e  l a r g e  
body o f  f i s s i o n  r e a c t o r  d a t a  t o  f u s i o n  r e a c t o r  
condj . t ions.  The i n i t i t l l  phase o f  t 3 i s  sturiy was 
d i r e c t e d  ai: under's.taading t h e  e f f e c t  ol' p u l s e d  
r a d i a t i o n  damage r a t e s  on n ; ic ros t ruc t i l re  evolu- 
t i o n .  . . 

Cycl ic  v a r i a t i o n  o f  t h e  displacement  r a t e  can 
be c a t e g o r i z e d  i n t o  t h r e e  b a s i c  r e g i o n s  r e l a t i v e  
t o  t h e  l i f e t i m e s '  o f  :he p o i n t  d e f e c t s :  ( 1 )  . t h e  
pu lce  d u r a t i o n  5s s h o r t  compared tn t.h? . l i f e -  

I 
t imes o f  bo th  vycancies  and i n t e r s t i t i a l s ,  (2)  
t h e  p u l s e  d u r a t i o n  i s  s h o r t  r e l a t i v e  t o  t h e  ' 
l i f e t i m e  of  vacancies  b u t  long r e l a t i v e  t o  t t ie  
l i f e t i m e  o f  i n t e i - s t i t i a l s ,  and ( 3 )  t h e  p u l s e  
d u r a t i o n  i s  long  r e l a t i v e  t o  t h e  l i f e t i m e s  . o f  
bo th  d e f e c t  t y p e s .  Previ.ous expe l . imenta l s tud ies  
[2,3j  have been performed i n  regior!  ( 2 )  w h i l e  
t h e o r e t i c a l  t r e  tments he7;e addresser1 vrrrious P 
a s p e c t s  o f  a l l j e h r e e  r e g i o ~ s .  (4-61 

The cu r r en t  t;udy i s  brine; con2luci;eci pr ima.r i ly  6 
i n  reg ion  ( 3 )  ,i where t o k m a k  f u s i o n  r e a c t o r s  
would be expected t o  o p e r a t e .  [ l ]  The e f f e c t s  
on void formation o f  a  range o f  p u l s e  p e r i o d s  
and duty f a c t o r s  i s  s t u d i e d  w i t h  e l e c t r o n  i r r a d -  
i a t i o n s  and q u a l i t a t j t v e l y  coml~ared wi th  t h e o r e t -  
i c a l  c u l c u l a l i u r i r  . 

*'dark s ~ i p p o r t e d  by ';he I;. S. Deptirimet~l. o f  
I ~ n e r g ~ .  

I 

Analys i s  of  t h e  experirnente.1 r e s u l t s  ci: inicro- 
s t r u c t u r e  e v o l u t i o n  d u r i n g  pulsed i-rra2.j a t i o n  i s  
a s s i s t e d  by comparison wi th  computer ~ n a d e l s .  
The i n t e r r e l a t i o g s h i p  between d i s l o c a t i o n  Ic;ps, 
network d i s l o c a t i o n s  and v o i d s  u a s  t l -ea ted  p:e- 
v i o u s l y  f o r  unpulsed i r r a d i a t i o n  c o n d i t i o n s .  [ 7 ]  
Both n u c l e a t i o n  o f  d e f e c t  aggrega . t~ l s  a!>:{ q r o v t h  
o f  t h e  a g g r e g a t e s  were t r e a t e d  wi.th i;i!e mo(iel. 
A t y p i c a l  p l o t  o f  t h e  c a l c u l a t e d  i ' l ~ i e n c c  c1eDe1.1- 
dence o f  t h e  v a r i o u s  m i c r o s t , r u c t u r a i  er . t i i ; ies  i s  
shown i n  F i g u r e  1 f o r  an unpulsed i - f s d i i l t i o n .  

I n  a n o t h e r  s tudy  r e p o r t e d  p r e v i o u s l y ,  +:.he c f -  
f e c t  o f  pul.sed i r r a d i a t i o n  on t h e  nucl .eat ion of 
v o i d s  was c o n s i d e r e d .  [ 6 ]  R e s u l t s  o? t n a c  s t u d y  
i n d i c a t e d  t h a t  under some c o n d i t i o n s  t h e r e  may 
be  a  s i g n i f i c a n t  r e d u c t i o n  i n  t h e  void nuclea-  
t i o n  r a t e  f o r  pu lsed  compared t o  t h e  unpulsed 
c o n d i t i o n s .  The dominat:t nlecharlism f o r  t h i s  
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r e d u c t i o n  was t h e  a n n e a l i n g  o f  p r e - c r i t i c a l  va- 
cancy c l u s t e r  embryos between p u l s e s .  F u r t h e r ,  
it was found t h a t  t h e  r e s u l t s  cou ld  be  expressed 
a s  a Q u a s i - a n a l y t i c a l  r e l a t i o n s h i p  between t h e  . 

t h r o t t l i n g  ( r e d u c t i o n )  o f  t h e  n u c l e a t i o n  r a t e  and. 
thepulse -on  and pu lse -of f  t i n e s  normalized t o  
t h e  r e l a x a t i o n  t i m e s  f q r  vo id  n u c l e i  bui ld-up and\  
decay.  By u s i n g  t h i s  r e l a t i o n s h i p ,  it was pos- , 

s i b l e  t o  p r e d i c t  t h e  t h r o t t l i n g  o f  t h e  vo id  nu- 
c l e a t i o n  r a t e  f o r  g iven  p u l s i n g  parameters  wi th-  
o u t  going through khe f u l l  computer c a l c u l a t i o n s .  

For  t h e  p r e s e n t  s t u d y ,  t h e  m i c r o s t r u c t u r e  ev- 
o l u t i o n  model was modif ied t o  a c c e p t  pu lsed  ir- 
r a d i a t i o n  c o n q i t i o n s ,  and t h e  c o r r e l a t i o n  f o r  
t h e  n u c l e a t i o n  r a t e  t h r o t t l i n g  was i n c o r p o r a t e d  
i n t o  t h e  vo id  n u c l e a t i o n  c a l c u l a t i o n  r o u t i n e .  
A d d i t i o n a l l y ,  t h e  model t r e a t e d  v o i d  and d i s l o -  
c a t i o n  l o o p  growth ( o r  shr inkage)  r a t e s  d u r i n g  
Loth bean-on and -off  c o n d i t i o n s .  

F igure  2 i l l u s t r a t e s  t h e  c a l c u l a t e d  micro- 
s t r u c t u r a l  e v o l u t i o n  f o r  a  p a r t i c u l a r  s e t  o f  
pu lsed  i r r a d i s t i o n  c o n d i t i o n s .  Comparison ~ i t h  
t h e  c a l c u l a t e d  e v o l u t i o n  f o r  s i m i l a r  unpulsed 
i r r a d i a t i o ~ ~  c o n d i t i o n s  shown i n  F i g u r e  1 i l l u s -  
t r a t e s  t h e  s i g n i f i c a n t  e f f e c t  pu lsed  i r r a d i a t i o n  
i s  expected t o  have on t h e  damage m i c r o s t r u c t u r e  
The i n i t i a l  vo id  n u c l e a t i o n  r a t e  i s  depressed  
many o r d e r s  o f  magnitude by t h e  pu lsed  r a d i a t i o n  
c o n d i t i o n s  chosen f o r  F igure  2 b u t  t h e  f i n a l  
vo id  c o n c e n t r a t i o n  i s  l e s s  t h a n  one o r d e r  o f  
nlagnitude lower .  The e x p l a n a t i o n  f o r  t h i s  i s  
t h a t  t h e  t h r o t t l i n g  o f  t h e  n u c l e a t i o n  r a t e  de- 
c l i n e s  a s  t h e  m i c r o s t r u c t u r e  evo lves ,  r e s u l t i n g  
i n  a  b u r s t  o f  n u c l e a t i o n  a t  very  n e a r l y  t h e  same 
peak n u c l e a t i o n  r a t e  a s  f o r  t h e  unpulsed condi-  
t i o n s .  I d e n t i c a l  c a l c u l a t i o n s  t o  t h o s e  used f o r  
F i g u r e  2, except  t h a t  no n u c l e a t i o n  r a t e  t h r o t -  
t l i n g  was a p p l i e d ,  r e s u l t e d  i n  very  l i t t l e  d i f -  
f e r e n c e  between the. pu lsed  and unpulsed condi-  
t i o n s .  T h i s  demons t ra tes  t h a t  t h e  d i f f e r e n c e  
between F i g u r e s  1 and 2 i s  due t o  t h e  i luc lca t ion  
r a t e  t h r o t t l i n g  a r ~ d  rlot due .Lo u chal~ge i r l  t h e  
average  displacement  r a t e .  
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' IC;jI!Z 7 .  ':z'T;':,:~?L Case Dc.n.?nji.::c.: I!! tile Low 
llose Region f o r  Pulsed Condit ions.  Other  Para- 
m e t e r s  a r e  i d e n t i c a l  t o  F igure  1. 

The range o f  a p p l i c a t i o n  o f  t h e  combined model 
i s  determined by t h e  s i m p l i f y i n g  a s s u a p t i o n s  
made i n  i ts  developinent. P o i n t  d e f e c t  concent ra -  
t i o n s  were assumed t o  r e a c t  i n s t a n t a n e o u s l y  t o  
changes i n  t h e  d i sp lacement  r a t e .  T h i s  i s  a  
v a l i d  approximation o n l y  i f  t h e  p u l s e  tiiues a r e  
l o n g  compared t o  t h e  t ime t o  ach ieve  s t e a d y - s t e t e  
p o i n t  d e f e c t  c o n c e n t r a t i o n s .  For p u l s e  tinies 
s i g n i f i c a n t l y  s h o r t e r  than t h i s ,  t h e  vacancy con- 
c e n t r a t i o n  w i l l  o s c i l l a t e  about  some aversge  
v a l u e .  Under such  c o n d i t i o n s ,  t h e  i n f l u e n c e  o f  
p u l s i n g  on v o i d  n u c l e a t i o n  r a t e s  i s  expected t o  
be  q u i t e  s m a l l  s i n c e  l i t t l e  embryo decay w i l l  
occur  d u r i n g  beam-off t imes .  

S i n c e  t h e  model i s  o n l y  approxinlate and may n o t  
y e t  c o n t a i n  a l l  r e l e v a n t  mechanisms, it was used  
o n l y  t o  gu ide  t h e  exper imenta l  work o f  t h i s  s t u d y  
and t o  a i d  t h e  q l - ia l i t a t ive  i n t e r p r e t a t i o n  o f  t h e  
exper imenta l  r e s u l t s .  The model w i l l  b e  r e f i n e d ,  
however, and experiments  w i l l  b e  used t o  t e s t  
i t s  v a l i d i t y ,  and a s  t o o l s  t o  c a l i b r a t e  model 
parameters .  

3. EXPERDIENTAL PROCEDURES 

A simple Fe-Ni-Cr a l l o y ,  d e s i g n a t e d  E20,  o f  
nominal. composi t ion 1 5  w t . 8  C r  and 25 w t  .% N i ,  
was used t h r o u g h r u t  t h i s  p o r t i o n  o f  t h e  s t c d y .  
T h i s  s imple a l l o y  was chosen t o  e l i m i n z t e  a s  
many v a r i a b l e s  as p o s s i b l e  and s t i l l  main ta in  a 
s t r o n g  t i e  t o  technol .ogica1 m a t e r i a l s  o f  d i r e c t  
i n t e r e s t  t o  t h e  U. S. Fusion M a t e r i a l s  Program. 

E l e c t r o n  i r r a d i a t i o n s  were performed a t  1 MeV 
i n  a JE0L.JB.f-1000 u s i n g  a  double t i l t i n g  goni-  
meter  h e a t i n g  s t a g e .  P u l s i n g  o f  t h e  e l e c t r o n  
beam was accomplished by d e f l e c t i o n  w i t h  two 
p a i r s  o f  e l e c t r o s t a t i c  d e f l e c t o r  p l a t e s  a i t e r -  
n a t e l y  charged arid d i scharged  w i t h  s q u a r e  wave 
v o l t a g e  p u l s e  g e n e r a t o r s .  Rise  and f  al.1 t i n e s  
of  t h e  v o l t a g e  p u l s e  were l e s s  t h a n  1 msec and 
t h e  p o s i t i o n a l  s t a b i l i t y  o f  t h e  e l e c t r o n  beam 
was e x c e l l e n t .  

An i r r a d i a t i o n  tempera ture  o f  600°c ( i n c l u d i n g  
h e a t i n g  due t o  t h e  e l e c t r o n  beam) w a s  used f o r  
a l l  i r r a d i a t i o n s .  Peak d i sp lacement  r a t e  f o r  
a l l  pu l sed  and. s t e a d y - s t a t e  i r r a d i a t i o n s  was 1 . 3  
x  dpa/sec (bO barn  c r o s s  s e c t i o n ) .  Thus, 
assuming t h a t  t h e  t ime d u r i n g  t h e  bean-on condi- 
t i o n  was s u f f i c i e n t  t o  a c h i e v e  quasi-s teady-  
s t a t e  d e f e c t  c o n c e n t r a t i o n s ,  t h e r e  was no e f f e c -  e 

t i v e  t empera tu-e  s h i f t  due t o  d i f f e r e n c e s  i n  
d i sp lacement  r a t e s  [,gj among any of  t h e  i r r a d i -  
a t i o n s .  A t y p i c a l  t o t a l  dose o f  I+ dpa was err- 
ployed which cor responds  t o  1 hour o f  s teady  ir- 
r a d i a t i o n  o r  approximately 2 hours  o f  pu lsed  ir- 
r a d i a t i o n .  

A r e l a t i v e l y  low displacement  r a t e  was used i n  
o r d e r  t o  l ~ i n i m i z e  t h e  i n f l u e n c e  of  t empera ture  
pu1:;cs cr, t k c  rc:;;lltz. 'L'ile tezr,))cl'atu:.c r i s e  d.\ie 
t o  tl:r ele: ';I, ,:? oea:n :.l+ l e s s  than I ! J ' 'C  2s Inez- 

. . 
:1c:-i2 ~ Y J  -:.- : ~ , 1 ~ ~ - - ~ 1 ~ " 0 ' ~ ~ ~ . ( ~ ~ ~  . , l 8 < , ~ . . ! : - . A ~ 1 ,  L l l  ? c ! r l .  
i l o ]  . 



3. 

pulse  per iods  o f  2.5 seconds t o  60 secoEds 
with 40 t o  605 52:; f3;-ars  ( r a t i o  of  pulse-on 
t i ~ o  t o  pu lse  p e r i o d )  were egployed i n  t h i s  in-  
v e s t i g a t i o n .  

4 .  RESULTS 

The dose dependence o f  s w e l l i n g  f o r  L Y D U ~ S ~ ~  

b and pulsed c o n d i t i o n s  a r e  shown i n  ?igures. 3 and 
4 .  The s r e l l i n g  r a t e s  and v c i d  p a r m e t e r s  f a r  
a l l  t h e  i r r a d i a t i o n  condiz ions  s t u d i e d  i n  t h i s  
experiment a r e  given i n  Table  1. 

These d a t a  i n d i c z t e  t h a t :  1 )  t h e  s w e l l i n g  
r a t e  decreases  f r o n  unpulsed t o  pulsed condi-  
t i o n s ,  2 )  t h e  swel l ing  r a t e  decrqases  wi th  de- 
c r e a s i n g  duty faccor  o r  i n c r e a s i n g  pu lse  p e r i o d  
a s  shown i n  F i s u r e  5,  3 )  t h e  n a j o r  e f f e c t  o f  
pu ls ing  on swel l inq  is  due t o  a  s i g n i f i c a n t  r e -  
duc t ion  i n  void s i z e ,  h )  t h e  void concentra-  
t i o n s  i n c r e a s e  i n  going f r o n  unpulsed t o  pu lsed  . 
cond' i t ions,  and 5 )  pulsed i r r a d i a t i o n s  appeer  
t o  approach steady-sca'ie s w e l l i n g  more q u i c k l y  
t h a n  unpulsed i r r a d i a t i o n s .  
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Period I r r a d i a t i o n  and t h e  Longest P d s e  Period 
I r r a d i a t i o n .  
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FIGURE 4 .  Fluence aependcnce o f  Swell ing f o r  
t h e  Continuous I r r a d i a t i o n  and Two Puised I r r a d -  
i a t i o n s  With E g ~ a l  F ~ l s e  Per iods  b u t  D i f f e r e n t  
Duty Fac tors .  * 
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FIGURE 5. The E f f e c t  o f  P u l s e  Per iod  on t h e  
tclaximum Swell ing Rate .  Duty f a c t o r s  a r e  a s  
shown f o r  each i r r a d i a t i o n .  For comparison, t h e  
msxinua s w e l l i n g  r a t e  f o r  t h e  con t inuous  i r r a d i -  
a t i o n  was Z.h%/apa. 

5. DISCUSSION 

The major exper imenta l  r e s u l t  i s  t h a t  pu lsed  
c o n d i t i o n s  i n  SIZM i r r a d i a t i o n s  produced a  s i g -  
n i f i c a n t  decrease  i n  s w e l l i n g  r a t e s  compared t o  
unpulsed c o n d i t i o n s .  T h i s  i s  q u a l i t a t i v e l y  con- 
s i s t e n t  wi th  t h e o r e t i c a l  c o n s i a e r a t i o n s  and t h e  
model p r e d i c t i o n s  ( s e e  F igures  i and 2 ) .  Fur- 
t h e r ,  t h e  swel.lidg, r a t e  decretised v i t h  i n c r e a s -  
i n g  p u l s e  p e r i o d ;  t h e  c u r r e n t  a o d e i  does  no t  
p r e d i c t  a  decrease  i n  t h i s  c a s e .  

The i n c r e a s e d  s w e l l i n g  r a t e  a t  t h e  lo-dest  
p u l s e  per iod  o f  2 .5  seconds cornpared t o  t h e  
s v e l l i n g  r a t e s  of  t h e  o t h e r  pu lsed  i r r e d i a t i o n s  
can  b e  p a r t i a l l y  r a t i o n a l i z e d  i f  t h e  vacancy 
c o n c e n t r a t i o n  does not  decay t o  ther ; la l  v a l u e s  ' 

between p u l s e s  a s  d i s c u s s e a  i n  S e c t i o o  2. Ne- 
g l e c t i n g  recombinat ion,  t h e  t . h e  t f o r  t h e  va- 
cancy c o n c e n t r a t i o n ,  i ~ ? i t i a l l y  a t  C,, r o  r e a c h  
thermal  e q u i l i b r i y m  c V t h  can  be es";mated a s  

1 
t=-- I n  c v  
Dvky 

~ , i h  , where D, is  t h e  vacancy d i f f u -  
. . 

s i o n  c o e f f i c i e n t  and h3. t h e  t o t a l  vacancy si.* 
s t r e n g t h .  Assuming a  vacancy migra t ion  energy 
o f  1 . 5  eV, cV/cvth = 1000 and a  t o t a l  d i s l o c a -  
t i o n  d e n s i t y  rang ing  from 1 x l o 9  t o  1 x 101° 
cm 2 ,  t h e  t i n e  t ranges  from 3 t o  -3. seconds.  
Hence, t h e  exper imenta l  obser - ra t ions  a r e  q u a l i -  
t a t i v e l y  c o n s i s t e n t  wi th  a  t h e o r e t i c a l  minixun . 
p u l s i n g  per iod  below which -m. ic ros t ruc tura i  ev- 
o l u t i o n  would not be in f luenced  by t b e  v a r i a -  
t i o n s  i n  vacancy c o n c e n t r a t i o n s .  I o t e  t h a t  
t h i s  i n t e r p r e t a t i o n  does not  n e c e s s a r i l y  in-  
c l u d e  a l l  i n p o r t a n t  t r a n s i e n t  e f f e c t s .  Sowever, 
t ime averaged vacancy c o n c e n t r a t i o n s  would b e  
a p p r o p r i a t e  f o r  use  i n  r a t e  theory  models below 
t h i s  minimum p u l s e  p e r i o d .  

The apparen t  i n c r e e s e  i n  - ~ o i d  c o n c e n t r a t i o n s  
i n  going from unpulsed t o  pu lsed  i r r a d i s t i o n s  
appears  t o  c o n t r a d i c t  t h e o r e t i c a l  i n d i c a t i o n s  



TABLE 1 

VOID STATISTICS FOR ELECTRON IRRADIATIONS 

Maximum Void 
Duty Concent ra t ion  Average Void Maximum P u l s e  

Per iod  ( s e c )  F a c t o r  Diameter a t  3 .5 dpa Swel l ing  Rate 

Steady 1 . 0  1.1 x 1015 29 rn 2.  4%/dpa 

2.5 ! 0.60 2.9 x lo1= 26 m l . o % / d p a  
20 0.60 4:O x  1015 21  nm 0.48%/dpa 
20 0 .40  3.7 l o l 5  1 7  nm 0.25%/dpa 
60 0.50 3 .0  x 1015 1 2  nm 0.13%/dpa 

-,&.-. .. 

t h a t  vo id  n u c l e a t i o n  r a t e s  can  b e  reduced s i g n i -  f i c a n t  d e c r e a s e  i n  s w e l l i n g  r a t e  compared t o  
f i c a n t l y  by p u l s i n g  i n  some c a s e s .  T h i s ,  how- cont inuous  i r r a d i a t i o n  r e s u l t s .  
e v e r ,  i l l u s t r a t e s  t h e  danger  o f  s i m p l i s t i c  in -  2. The observed d e c r e a s e  i n  s w e l l i n g  r a t e  was 
t e r p r e t a t i o n  o f  incomplete  models. I n  t h e  accompanied by an i n c r e a s e  i n  v o i d  c o n c e n t r a t i o n  
f i r s t  p l a c e ,  t h e  i n s t a n t a n e o u s  n u c l e a t i o n  r a t e  and a  d e c r e a s e  i n  vo id  s i z e .  
f o r  a p a r t i c u l a r  s e t  o f  c o n d i t i o n s  does n o t  de- 
f i n e  t h e  o v e r a l l  course  of  m i c r o s t r u c t u r a l  evo l -  3. Within t h e  p u l s i n g  c o n d i t i o n s  ea~ployecl, 
u t i o n  a s  c l e a r l y  i l l u s t r a t e d  i n  t h e  model c a l c u -  t h e  s w e l l i n g  r a t e  decreased  w i t h  i n c r e a s i n g  
l a t i o n s  i n  S e c t i o n  2.  There ,  it was shown t h a t  p u l s e  p e r i o d  o r  d e c r e a s i n g  d u t y  f a c t o r .  
c a l c u l a t e d  f i n a l  vo id  d e n s i t i e s  d i f f e r  by l e s s  4. Analys i s  .with a  p r e l i m i n a r y  t h e o r e t i c c i l  
t h a n  an o r d e r  o f ,magni tude  f o r  pu lsed  r e l a t i v e  model o f  l n i c r o s t r u c t u r e  e v o l u t i o n  i n d i c a t e d  t h a t  
t o  unpul.sed c o n d i t i o n s  i n  s p i t e  o f  a  l a r g e  i n i -  t h e  p u l s i n g  c o n d i t i o n s  employed should a f f e c t  
t i a l  r e d u c t i o n  i n  n u c l e a t i o n  r a t e s  i n  t h e  former v o i d  d e n s i t i e s ,  svel1.ing r a t e ,  and t h e  time 03 
c a s e .  F u r t h e r ,  t h e s e  model c a l c u l a t i o n s  i n d i c a -  s i g n i f i c a n t  v o i d  n u c l e a t i o n .  The d i s c r e p a n c y  
t e d  t h a t  p u l s i n g  a l s o  i n f l u e n c e s  t h e  e v o l u t i o n  between mole1 p r e d i c t i o n s  o f  vo id  d e n s i t y  t r e n d s  
o f  t h e  d i s l o c a t i o n  s t r u c t u r e ,  l e a d i n g  t o  a  b u r s t  and exper imenta l  o b s e r v a t i o n s  s u g g e s t s  t h a t  
o f  v o i d  n u c l e a t i o n  and an e a r l y  o n s e t  o f  l i n e a r  t r a n s i e n t s  i n  t h e  d e f e c t  concentra . t ions a r e  i x -  
s w e l l i n g  which i s  a l s o  q u a l i t a t i v e l y  c o n s i s t e n t  p o r t z n t  . 
w i t h  o b s e r v a t i o n s .  Secondly,  t h e  c u r r e n t  model 
i s  obviously approximate i n  i t s  p r e s e n t  form 
s i n c e  t r a n s i e n t  e f f e c t s  o f  d e f e c t  c o n c e n t r a t i o n s  
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