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I. Introduction 

Recently, i t  has been shown that  h i g h  powered pulses of laser  radiation can 
be used t o  anneal ion implanted s i l icon [I] .  Changes i n  the implant dopant 
profi le  as a resul t  of laser  annealing provides fundamental i n s i g h t  into the 
l a se r  annealing mechanism. Consequently, we have used secondary ion mass 
spectrometry (SIMS) to  investigate the ef fec t  of l a se r  annealing on the d i s -  
tr ibution of ion implanted and surface deposited boron i n  single crystal s i l i -  
con. 

-- 
2. Experimental 

To f a c i l i t a t e  SIMS depth profil ing, the samples were cut into chips approxi- 
mately 2 mm on a side. The individual specimens were ultrasonically solvent 
cleaned, affixed to a f l a t  conducting sample mount and overcoateg w i t h  20-30 
nm of spectrographic grade carbon. The primary beam used was 0, a t  16.0 ke\l_ 
impact energy, 15 x lom9 A+beam current and a 5 um beam diameter. The beam 

h- was ras ter  scanned and l l B  sputtered ions were \detected from the central 10- . 
15% of the rastered area using an electronic aperturing technique; Depth and- 
concentration scales were establ ished by rofi  1 i n g  ion impl antation stgndards 
prepared a t  35 key energy a t  doses of lo1!, 1015 and 1016 l l B  atoms cm ,.--- -- 

Laser annealing was carried out i n  a i r  us ing  the output of a Q-switched ruby 
laser  ( A  = 0.694 pm, 60 ns pulse duration). - -- I 6. 

3. Results and Discussion 

The resul t  of 1 aser annealing (1.6 J 60 ns si 1 icon impl anted to d i  f-- 
Ferent boron dose levels i n  the range lo1& to 1016 cm-, is shown i n  Fig.  1 ..- . 
The as-implanted profiles are shown t o  establish the depth and concentration 
scales. The extent of boron migration and the shape of the final profi le  is 
almost the same fo r  crystals implanted to  1015 and 1016 cm-,, b u t  i s  somewhat 
less a t  a dose of 1014 cmm2. The increased redistribution a t  doses of loi5 

I ,  

cm-2 and greater i s  believed related to more ef f ic ient  absorption of laser-- 
l i g h t  due t o  increased damage and/or dopant concentration i n  these crystals.  
The absorption coefficient a t  the ruby wavelength is a strong function of the- - 
damage i n  s i l icon crystals ,  being about an order of magnitude higher i n  amor- 
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I FIG 4 .  BORON PROFILES IN SILICON FIG 2. BORON PROFILES IN SILICON AFTER -:---I 
IMPLANTED TO DIFFERENT DOSES. ANNEALING WITH SUCCESSIVE LASER PULSES., : . _  - 

I ! !  
- . - - - . . - . . . , . . - -. 1 .  

i phous s i l icon as compared to single crystal s i l icon.  In addi t ion ,  the-dopant 
concentration shoul d increase the absorption coefficient due to  free carrien 

: absorption [2]. Integration of the profi l e  peak areas for  the as-'impl anteal-,, 
i samples and. the corresponding 1 asek .annealed samples indicates tha t  no appre- - 

ciable boron i s  l o s t  from the s i l icon during the laser  annealing process-;+-- 
. . . . - . - . - . . - - . . . . . . .  

, . : L 
-. . . . . . * ,  . - . . - - . -- -. 

Figure 2 shows the re1 ationship of the dopant profi le  .on ' the  number ofi--' 
successive laser  pulses. This i s  i l  lustrated for  s i l icon imp1 anted wi-sh-.bo- 16 

ron to doses of .  1 0.'5...and. 1 0 1 6  and annealed wi t h  one and two successive 1 
1 aser pulses \(I .7 J cm-2, 60 ns); Most of the redistribution takes p l ace -dy-  ,: 
ing the f i r s t  pul se;"but additional redistribution i s  observed during the'-;- 
second pulse. A third pulse produced no s ignif icant  further broadening o f 4  
the profile.  These resul ts  show that  the crystal can be remelted a f t e r  t h e i L S  
f i r s t  l aser  pulse. This mayioccur due to  increased free car r ie r  absorption-; 
by the implanted dopant. Calculations [3] show that  fo r  pure single crystal 19 

s i l icon the absorption i s  too low fo r  melting to  occur under these condi t i o n r  
.. . . - - - 

1 3 i l  

Another appl i ca t i  on i nvol ves the use of 1 aser i rradi a t i  on to form 1 arg/-i--.- 
area p-n junctions in s i l icon by a process of laser  induced diffusion [4] ,-! 
For t h i s  ap 1 ication, the dopant i s  deposited on the surface as a film approxi= W mately 100 thick by evaporation. The deposited surface i s  then irradiated 
w i t h  pulsed 1 aser l igh t  and during the time the near surface region i s  me1 ted,:.; 
the deposited dopant diffuses into the crystal and i s  made e lec t r ica l ly  act ive ' .  
by being incorporated i nto substitutional 1 a t t i c e  s i t e s .  The profi le  of borog3 
obtained a f t e r  laser  i r radiat ion of boron deposited s i l icon i s  given in Fig, -3- 
and shows the penetration of boron t o  a depth of several thousand angstroms: 
This appears to be a very a t t rac t ive  method for fabricating shallow p-n junc:-?? 
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t i o n s  because the depth o f  me1 t i n g  and subsequent dopant d i f f u s i o n  can 'be 
c a r e f u l  l y  c o n t r o l  1 ed by the  1 aser  energy densi ty . 
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4. Concl u s i  ons 

. .-- 

SIMS i n v e s t i g a t i o n s  have shown t h a t  pulsed l a s e r  anneal ing o f  i o n  imp1 anted 
and sur face  deposi ted s i l i c o n  leads t o  s i g n i f i c a n t  dopant r e d i s t r i b u t i o n .  . 

Comparison o f  c a l  c u l  a ted p r o f i l e s  t o  SIMS determined p r o f i  1 es prov ides s t rong  
evidence t h a t  the  l a s e r  anneal ing mechanism invo l ves  me1 t i n g  o f  t he  c r y s t a l  , 
d i f f u s i o n  o f  dopants i n  l i q u i d  s i l i c o n ,  f o l l owed  by e p i t a x i a l  regrowth - [5]. . -..-- - . . 
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