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Y e t a l l i z a t i o n  o f  semiconductor d e v i c e s  is conven t iona l iy  accomplished by 
c mil t  i s t e p  p rocess  involving pho to l i t hograph ic  p a t t e r n  d e f i n i t i o n ,  metal 
f i l m  d e p o s i t i o n ,  arid l i f t o f f  o r  e t ch ing .  Lase r -a s s i s t ed  p y r o l y s i s  and photo- 
l y s i s  t e c k i q u e s  Mve r e c e n t l y  emerged as nove l ,  maskless, one-step p rocesses  
f o r  s e l l - r e s o l v e d ,  l o c a l i z e d  metal f i l m  growth on semiconductor s u b s t r a t e s .  
I n f r a r e d ,  v i s i b i e ,  or u l t r a v i o l e t  lasers have been used ta d e p o s i t  metal 
f i b a s  on s e l e c t e d  s u b s t r a t e s ,  e i t h e r  thermally,  as i n  laser chemical vapor 
d e p o s i t i o n  (LCVD! , o r  non-thermally by pho tod i s soc ia t ion  o r  o r g a n o n e t e l l i c  
-.rapor s . 
Laser-Assisted Thermal Deposit ion -- - 

Chemical vapor d e p o s i t i o n  (CVD) o f  metals is conven t iona l ly  performed by 
r e s f s t i v e l y  o r  inducEively h e a t i n g  a n  a p p r o p r i a t e  s u b s t r a t e  i n  a reactive 
atmosphere, w i t h  p y t o l y s i s  r e a c t i o n s  a t  t h e  s u b s t r a t e  s u r f a c e  providing t h e  
basis f o r  f i l m  growth. 
used t o  s e l e c t i v e l y  heat l o c a l i z e d  areas of  s u b s t r a t e s  which abso rb  a t  t h e s e  
uaveiengths.  The u s e  of  a laser a s  a hea t  sou rce  f o r  chemical vapor deposi-  
t im (LCVS) ,(I) p a r t i c u t r l y  f o r  p h o t o v o i t a i c  m e t a l l i z a t i o n  systems app l f ca -  
t i o n s ,  o f f e r s  s e v e r a l  d i s t i n c t  advantages:  (1) t h e  s p a t i a l  r e s o l u t i o n  and 
c o n t r o l  r equ i r ed  f o r  maskless  product ion o f  f i n e  l i n e  metal g r i d  s t r u c t u r e s ;  
(2) l o c a l i z a t i o n  o f  t h e  hea t ing  to a sk i l l ow,  s u r f a c e  layer, r e s u l t i n g  i n  
l i i n i t ed  d i s t o r t i o n  of  t h e  s u b s t r a t e ;  (3 )  t h e  p o s s i b i l i t y  oE c l e a n e r  f i l m s  due 
t o  t h e  small  volume heated;  and (4) t h e  b i l i t y  t o  i n t e r f a c e  e a s i l y  w i t h  
laser anneal ing(2)  and laser d i f fus ion (38  of  s o l a r  cells. 

Pulsed or CW lasers o f  s u i t a b l e  wavelengths may be 

Allen and Bass(4) have used a C02 laser to  d e p o s i t  n i c k e l  on q u a r t z  
LCVD metal f i l m  t h i c k n e s s e s  tend t o  be s u b s t r a t e s  from gaseous Ni(C0)4. 

s e l f - l i m i t i n g ,  w i t h  a maxhum t h i c k n e s s  of  550 being ob ta ined  f o r  n i c k e l .  
F l e c t r o p l a t i n g  o r  e l e c t r o l e s s  p l a t i n g  t e c h i q u e s  may have t o  be employed i n  
o r d e r  t o  b u i l d  up t h e  r e q u i s i t e  f i l m  t h i c k n e s s  f o r  scjlar ce l l  a p p l i c a t i o n s .  

V i s i b l e  c r  u l t r a v i o l e t  lasers may also be  used t o  select ivel :?  h e a t  t h e  
s u b s t r a t e s .  Excimer lasers, which o p e r a t e  a t  u l t r a v i o l e t  wavelengths,  may be 
more e f f e c t i v e  than long-wavelength lasers f o r  LCVD a p p l i c a t i o n s ,  as  s i l i c o n  
has a d i r e c t  bandgap t r a n s i t i o n  a t  u l t r a v i o l e t  wavelengths. A s  a r e s u l t ,  
t h e  u l t r a v i o l e t  r a d i a t i o n  is absorbed much more s t r o n g l y  a t  t h e  s i l i c o n  
s u r f a c e  and does n o t  p e n e t r a t e  as deep ly  i n t o  t h e  s u b s t r a t e ,  r e s u l t i n g  i n  
p r e c i s e l y  loca l  ized heat ing.  Other advantages o f  excimer lasers inc lude :  
(1) g r e a t e r  e l e c t r i c a l  e f f i c i e n c y  r e s u l t i n g  i n  lower f a b r i c a t i o n  c o s t s ;  
(2 )  low coherence,  a l l e v i a t i n g  i n t e r f e r e n c e  pro5lems such a s  speck le ;  and 
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(3) a typ ica l ly  high t ransverse  mode s t ruc tu re ,  producing a beam of uniform 
i n t e n s i t y  over a l a rge  area. 

-- P'mt@dissociatPJe Metal Deposition 

One of t h e  most exc i t i ng  new tec ln iques  f o r  metal f i lm deposi t ion that 

Tha fundamental d i f fe rence  between t h i s  t e c h i q u e  and 
has recent ly  emerged is laser-induced photodecompgsit ion of gas-phase organ- 
ometal l ic  compounds. 
laser chemical vapor depos i t ion  is that,  instead of  r e ly ing  on loca l i zed  
subs t r a t e  heating and subsequent pyro lys i s  r eac t ions  a t  t h e  s u b s t r a t e  sur face  
t o  achieve f i lm deposi t ion,  t h e  photons non-thermally sever  bonds in gas- 
phase  organometall ic molecules, l i b e r a t i n g  metal atoms which condense on t h e  
laser- i l luminated regions of t h e  subs t r a t e ,  forming a fi lm. This techr ique  
is capable o f  very high r e so lu t ion  pat terned f i lm  depos i t ion  f o r  two reasons. 
F i r s t l y ,  t he  deposited metal l inewidths  are independent of t h e  s u b s t r a t e  
absorpt ion or thermal conduct ivi ty ,  r e s u l t i n g  i n  f i n e r  reso lu t ion  and g rea t e r  
uniformity over t h e  e n t i r e  s u b s t r a t e  due t o  t h e  i n s e n s i t i v i t y  t o  l o c a l  
v a r i a t i o n s  of thermal conditions.  Secondly, t h e  u l t r a v i o l e t  l a s e r s  t h a t  are 
general ly  used i n  t h i s  technique have considerably snaller d l f f rac t ion- l imi ted  
spot s i z e s  than vis ib le ,  or in f ra red  lasers, r e s u l t i n g  in  deposited l inewidths  
a s  small as  0 . 1  micron.(5) 

E'nrlich, Deutsch and Osg0od(5)-(~) have performed a v a r i e t y  of experi-  
ments on photodissociat ive m e t a l  deposi t ion using both pulsed (excimer 
lasers, 1-100 m J ,  10  ns) and CW (frequency-doubled Arf laser, 10 uW - 3 mW) 
W lasers. 
process was used t o  depos i t  Cd, A l ,  and Zn pat terned f i lms  from metal-alkyl 
vapors. I n  t h e  f i r s t  s tep ,  c a l l e d  prenucleat ion,  a focused t !  laser w a s  
used to i r r a d i a t e  t he  s u b s t r a t e  i n  t h e  r e q u i s i t e  pa t t e rn ,  photodissociat ing 
a th in ,  adsorbed layer of meta l -a lkyl  molecules. The laser w a s  then de- 
focused t o  i l lumina te  t h e  e n t i r e  subs t r a t e ,  causing f i lm growth t o  occur 
s e l e c t i v e l y  i n  t h e  prenucleated regions.  These experiments also indicated 
that f i lms  of one metal ,  e.g., A l ,  may be grown on nuc lea t ion  cen te r s  of  a 
second d i s s imi l a r  metal, e.g., %n. This is of  p a r t i c u l a r  i n t e r e s t  f o r  s o l z r  
c e l l  appl ica t ions ,  whre a two- or three-metal sys tem o f t e n  has t o  be employed 
for d i f fus ion  barrier and galvaaic  buffer ing purposes. 

I n  one of t h e i r  most i n t e r e s t i n g  expe rhen t s , (6 )  a two-step 

Draper(9) has deposited both C r  and MG using off-resonance laser- 
induced d i e l e c t r i c  breakdown of metal carbonyl vapors wi th  a pulsed CO2 
laser. 
nm, u t i l i z i n g  t h e  multiphoton absorpt ion that  occurs  a t  t h i s  u l t r a v i o l e t  
wavelength f o r  carbonyl molecules, tc deposi t  C r ,  Mo, and W f i lms .  The 
laser was operated a t  150 mW peak power with pulse  widths of 120 LIS. I n  
another set of experiments, Coombe and Wodarczyk(11) used KrF (249 nm) and 
X e C l  (308 nm) excimer lasers t o  induce t h e  loca l i zed  deposi t ion of Zn and Mg 
f i lms  from t h e  pure metal vapors. The l a s e r  pu lses  used i n  these  experiments 
were typ ica l ly  20 ns i n  dura t ion  and ca r r i ed  ene ig i e s  of up t o  20 m J  (KrF) or 
5 mJ (XeC1). 

Sola3ki e t  a1.(10) used a pulsed copper hollow cathode laser a t  260 

Conclusions 

Applications of laser-based processing techniques t o  s o l a r  c e l l  metalli- 
za t ion  w i l l  be discussed. 
deposi t ion from organometall ic vapors or so lu t ions  may provide a v iab le  

Laser-asslsted thermal o r  photo ly t ic  maskless 
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a l t e r n a t i v e  t o  p h o t o v o l t a i c  m e t a l l i z a t i o n  systems c u r r e n t l y  i n  use.  High 
power, defocused excimer lasers may be used i n  conjunct ion w i t h  masks as  an 
a l t e r n a t i v e  t o  d i r e c t  laser w r i t i n g  t o  provide higher  throughput.  Repeated 
pu l s ing  wi th  excimer lasers may e l i m i n a t e  t h e  need f o r  secondary p l a t i n g  
techniques f o r  metal f i l m  buildup. A comparison between t h e  thermal and 
photochemical d e p o s i t  ion p rocesses  w i l l  be made. 
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Potential Advantages of Laser Deposition 
Techniques for Photovoltaic Systems 

High Resolution 

Masklass Process 

Clean And Contamination - Free 

In-Situ Sintering 

Low Contact Resistance 

Low cost 

A Conventional Metallization System Employs 
a Sequential Multistep Process: 

I 
Lift-Off Or Etching 

Laser-Assisted Metallization Techniques 
Are Essentially One-Step Processes: 

laser-Surface Interaction 
Resulting In 

Loalired Film Growth 
I 
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Photovoltaic Metallization System 

Screen Printing 
6 Etwtmpbting Not Required 

PoorRcrdutioa 
limited lo  Oac Metal - Ag 
Possibility 01 La Ulunt Resisbmt. LOW Lifetimes 
High Coatact ResiStrnce 

Photolithographic Definition 
lkttef R#alUtioa 

6 Variety Of Metals (Diffusion Lma) 
Ektroplrtiag Required 

6 Multistep Process 

Laser-Assisted Deposition 
Submicron RIsdntioa 
Variety Of Metals 

6 Eketmphtiag b y  lot Be Required 
6 One-Step. Maskless Process 

Laser-Assisted Deposition Techniques 

Pyrolytic Deposition (Thermal) 

laser Chemical Vapor Oeposition (LCVD) 

Laser Deposition From Solutions 

Photolytic Deposition (Non-Thermal) 

Laser Photodissociation Of Vapors 

laser Photodissociation Of Solutions 
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Pyrolytic Deposition 

Laser ChcmICll Vwr Degorlon ILCWI 

c P Chrirtonsen and K M lakin I W I I  

Unrenny 01 Southern Calilornu 

Center lor Laser Studies 
Unrersily 01 Soulhern Calilornu 

w Roth H SchunIUher anaH Emeking 11983. 

flKtrKll flQlnCWl~ De#aflmml 

s D AIIUI ana M Bass I l97W 

Instttuteol Seciwandurlor f l c t m n ~ r  
W. Germany 

S. ouna 
1.1. -m. z, 3-11-11) 

Advantages 

o\q. 1119A96 

Spatial Resolution And Control - !Aaskless 

limited Distortion Of Substrate 

Possibility Of Cleaner Films 

Convenient Interfacing With laser Annealing 

Process 

And laser Diffusion Of Solar Cells 

Disadvantages 

LCVD Metal Film Thickness Self-limiting - 

Direct laser Writing Relatively Slow Process 

Require Electroplating 
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Photolytic Deposition 

5. Dun* 
I . \  -In L 3-11-83 

Laser-Induced Photodissociation Experiments 
Performed by: 

D.J. Ehrlich, T.F. Deutsch. And R.M. Osgood 

M.I.T. Lincoln laboratory 

Pulsed Excimer lasers 
A = 157-350 nm 
Enern = 1-100 mJ 
Pulse Width = 10 ns. 

A = 257.2 nm 
Power = 10 pw - 3 mW 

(1979-1982) 

Lasers 

Repetition Rate = 1-150 HZ 
CW Frquency-Doubled A? laser 

Encapsulant Gases 
Cd (CH3)2 
zn (CH3)2 Fr lE:k Fa (Cob C F j l  

SnC14 
Sn (CH3k 
Q (CH3k 
Bi ( W 1 3  
Si (CH314 
Ge (CH314 
AI2 (cH3)6 
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Two-step Deposition Process 

Prenucleation: 
1. Substrate Exposed To High Pressure 

2. Chamber Evacuated To << lTorr 
3. Focused CW laser Beam (A = 257.2 nm) 

Scanned Across Substrate In Requisite 
Pattern Forming Zn Nucleation Centers 

1. Chamber f i l led To 10 Torr Of Zn (CH3)2 
2. Substrate Flood Illuminated Using 

3. Film Growth Occurs Selectively In  

(- 20 Torr) Of Ln (CH3)2 

Film Growth: 

Defocused laser Beam 

Prenucleated Regions 
Films Of One Metal, e.g. AI, May Be Grown On 
Nucleation Centers Of Another Metal, e.g. Zn 

...... 
Nuclulbn Centers Formed 

( InvislMel ...... ...... 
Prtnnucleatbn 

Ovcrfmporun 

Fllm Growth In 
Non-Prenuclwted Rqbnr 

5. DUM 
1.t. -m.z 3-11-03 
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Other Laser-Induced Photodeposition Experiments 

R. Solanki, P.K. Boyer, J.E. Mahan, 
And 7.J. Collins (1981) 

Colorado State University 

Pulsed Copper Hollow Cathode Laser 

A = 269 nm 
Power = 150 mW 

Pulse Width = 120 ps 

Cr, Yo, And W Films Deposited From 
Metal-Carbonyl Vapors 

R.D. Coombe And F.J. Wodarczyk !1980) 
Rockwell International 

Pulsed Krf Excimer Laser 

A = 249 nm 
Energy = 20 mJ 

Pulse Width = 20 ns 
Pulsed XeCl Excimer laser 

A = 308 nm 
fnergy = 5 mJ 

Pulse Width= 20 ns 

Zn And Mg Films Deposited From 
Pure Metal Vapors 

C.W. Draper (1980) 

Western Electric Research Center 

Pulsed C02 Tea Laser 

A = 10.6 pm 
Energy = 4-5 J 

Pulse Width = 170 ns 

Cr And Mo Films Deposited From 
Metal-Carbonyl Vapors 
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Advantages 

Possibility Of Depositing Two Or More 
Dissimilar Metal Films Over Each Other 

Higher Resolution Obtainable Than With 
Thermal Techniques 

Defocused, High Power, Pulsed Excimer 
laser May Be Used With Mask For Faster 
Deposit ion 

Repeated Pulses For Film Buildup 

Advantages of Excimer Lasers 

0 Direct Bandgap Transition Strongly 
localized Heating At Silicon Surface (For 
Thermal Deposition Techniques) 

Greater Electrical Efficiency + lower Costs 

l ow  Coherence - Absence Of Speckle 

High Transverse Mode Structure - Uniform 
Intensity Over large Area 

Applications To Photovoltaic 
Metallization Systems 

laser Thermal Deposition From Vapors 
(Or Solutions): 

Clean, Maskless Process 
Possibility Of Interfacing With Laser 
Annealing And Diffusion Techniques 
Ability To Electroplate On Thin, Laser- 
Deposited Film For Rapid Metal Buildup 

laser Photodeposition From Vapors 
(Or Solutions): 

Possibility Of Two Or Three layer Metal 
Deposition (Diffusion Barrier, Galvanic 
Buffering) 
Flood Illumination Using Mask For Rapid 
Throughput 
Possibility Of Using Repeated laser 
Pulses For Film Buildup 
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DISCUSSION 

LAEJDJL: I'm sure there will be a number of questions. Let me e:cercise che 
chai-man's prerogative to ask a few. You described the nature of the 
technique, but I'm sure the audience is hungering or thirsting for some 
Information. For example, what has been put d c m ?  Ynu talked about the 
ability to put down lines, in some cases you talked about films, which 
must be general films. It is not clear w3en you are talking about a 
line and when you are talking about a general surface area coverage. 
Finally, since you talked about tnin films at the end of the last taik, 
yoil were talking about the problems that ccLid be seen i f  you tried now 
to bond to the very thin films. 
those? Let me repeat them, let me take them in turn. The quantitatrve 
data: what has been put down in thin film or thin lines, since we are 
talking about metallization systems for cells? 

Would you conanent on any or all of 

DUTTA: Well, zinc, aluminum. The group at MIT have put down both films and 
lines, they have done several experiments on this technique and in the 
review paper they have written on the subject they have listed all of 
these encapsulant gases, so I assume they have put down all of these 
materials. They have talked in greater detail about aluminum, zinc and 
they have written lines, as well as deposited films; they have tried 
both. They have written lines using focused laser, and they've 
deposited films. 

LANDEL: That wasn't clear. The second one was bonding to these lines. People 
have been talking about the difficulty of eo1de;ing to the various ink 
lines or lines put down in various ways. 
talked about the possibility of depositing the chemically 
metallo-organic systems, but those are so thin that she had to take 
special precautions to keep from simply dissolving them '3 . again. 
anyone tried bonding to these sorts of lines? 

For example, the last speaker 

Has 

DUTTA: You mean electroplating to these sort of lines? No, I have not seen 
it. 
metallization technique for MOS FETs, and they were able to measure 
device characteristics. 

There is a paper that this group (MIT) has written on us'' ; this 

HYDE: What kind of deposition rate can you get with these techniques? What 
speed of layer buildup? 

DUTTA: With this pyrolytic technique you are limited by your writing speed 
because you have to use speed that is compatible with the pyrolytic 
decomposition taking place at each spot. That makes it a relatively 
slow technique. I think you approach one micron or several microns a 
second. it is quite slow. With the photodissociatp.' technique, the 
deposition rate is linear with the laeer intensity and also with ths 
density of organo-metallic gas. 

LANDEL: You still have to prewrite, evidently, a nucleation a4te. Is that 
true? 

DUTTA: That is true. 
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UNDEL: I think an appropriate  question would then be, what s o r t  of wr i t i ng  
speed do you have there? 

WITTA: I think you could prew-ite th+ pa t t e rn  very r ap ia ly  -- 2000 cm per 
second. 

SOI¶BERG: Would you care t o  c m e n t  on the  cos t  of such a s y s t a ,  assuming i t  
is done i n  a vacuum or sme! kind of chamber? 

WTTA: If you use an ex iaer  laser - t h a t  i s  a high-efficiency laser, so it 
is not as expensive as other  laser systems - I think the  i n i t i a l  
settir,g-up cos t  would be greater -- the  i n i t i a l  op t ia izd t ion .  Al;  t h a t  
would t ;tester than other  techniques because it  is a novel procedure, 
and I wourd assume t h a t  i f  things are properly optimized i t  would not  be 
a l l  t ha t  much more expensive t o  run. 

SOnBEBG: Are we t a lk ing  i n  the  order  of ,  s ay ,  a qua r t e r  of a mil l ion  d o l l a r s ,  
a hundred thousand doll2.rs? 
equiprent,  with the  vacuraa equipment. 

I am t a lk ing  about t he  laser with the  

DUTTA: The vacuam equipment should not be too expensive--a few thousand 
dol la rs .  The laser would be the most expensive item. 

SOnBEXG: The other  question I have, i f  I may, is: i f  you have t o  use a 
plating-up procedure on the  pyro ly t ic  technique, what is the  advantage 
of t he  technique i f  you have t o  p l a t e  up? 

WTTA: You get very much better reso lu t ion  than i n  the  screen p r in t ing  
technique. 

SOUBLRG: I am t a lk ing  about placing -- i f  you have t o  p l a t e  up, and i f  you 
were t o  use a photoli thographic technique, what is the  advantage of t he  
py ra ly t i c  technique i f  you have t o  p l a t e  up anyhow? 

WTTA: What is the advantage of the  pyro ly t ic  technique over the  photo- 
1 i thograph i c  technique ? 

SOnBERG: Yea. 

WTTA: You are s t i l l  using maskless procedure -- t he  p l a t ing ,  of course, 
p l a t e s  onto the metal. 
you are cu t t i ng  down some of your process s teps .  

You don't have t o  use  a mask during p l a t ing ,  so 

SOHBERG: T h a k  you. 

AMICK: In descr ibing the single-step photodecomposition gaseoas organo- 
me ta l l i c  technique, you say t h a t  a f t e r  the  metal atoms have been f reed  
they w i l l  condense on a region of the subs t r a t e  i l luminated by the  
l a se r .  Why a re  they so cooperative as t o  do tha t ?  

DUTTA: The laser i s  focused c lose  t o  the  subs t r a t e ,  so t ha t  the d i s soc ia t ion  
occtirs r i g h t  a t  the subs t r a t e  and your d i s soc ia t ion  i s  occurr ing i n  the  
absorbed layer  a t  the sur face  of the subs t ra te .  
where the l a s e r  s t r i k e s  it .  

It i s  d i s soc ia t ing  only 
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AnICK: If I go back from the substrate a little bit, unless it is a highly 
converging beam, I will also see dissociation there as wll, so I would 
actually be depositing some metal atas all over the place, wouldn't I? 

WTTA: That is right. 

SCHVUTIIKE: I believe that the surface temperature in general where the 
focused laser beam hits the siliccn surface, there you have the proper 
temperature that the gas dissociates. 
depos i t ion. 

There you would get the 

coM(ENT: That is pyrolytic. 

C(HMEKI:: Would you put up that viewgraph? I also had the same problem. 

LANDEL: Also your sketch shoved a general budding of the area for the order 
of associations. 

DUTTA: Yes, that is the problem with schematics. They are not very precise. 
This was to just give an idea of what is going on, but I rea: .ze it can 
be confusing. 
gas. If you have too high a pressure of gas within your cell, then you 
get decomposition too early on. A s  your photons enter the cell you get 
decomposition very close to the window, and so you have compositiaa all 
w e r  the walls in the chamber. But if you peak the gas pressure at sooe 
critical pressure, and you focus your beam so that the maximua intensity 
is close to the surface, or at the surface, where you have the absorbed 
layer, then you dissociate the gas at the surface. You don't have that 
ptob lem. 

It is very critical to have the right density of the 

TAYLOR: I am having problems, also. Let's assume that you are doing your 
excitation all very close to the surface but when you undergo a 
dissociat;m event the metal atom that is liberated is likely to move in 
any direction--to be moving straight out away from the surface as 
frequently as it is moving toward it so, it seems to me like you would 
get a lot of diffusion through the gas phase before it hit the surface 
and stuck. Your resolution would not be very good. 

DUTTA: Well, apparently once you form your nucleation sites then the sticking 
coefficient is such that when you are flood-illuminating the substrate, 
then you have very good localization of the subsequently deposited 
layer. It sticks very well to those nucleation sites. Are you talking 
about the initial nucleation? 

TAYLOR: No. I can understand if you do your pre-nucleation, that route of 
preparation, then you have sites to which the deposited atoms can'stick, 
but unless you do that prenucleation, if you are depending on writing a 
pattern on a substrate without prenucleation, now I think you would have 
trouble with getting resolution. 

DUTTA: Well, people who have not ueed the prenucleation technique have 
reported lines of one to two microns with just using the une-shot 
deposition process. 
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LANDEL: In this case, you are using a line laser that is focused s-where 
off the surface, so you are getting presumably gas-phase disassociation, 
and then that gives rise to uhat line? How wide? 

MITTA: Well, with the prenucleated - 
LANDEL: No, not prenucleated. 

WTTA: One to two microns. 

LANDEL: And how far off the surface are you focusing? 

DUTTA: The Be11 system researchers don't specify. 

LANDEL: I wonder -- in fact, aren't you saying that if YQU prenuclaated, this 
represents some distance of micrans for the pressure you have. You must 
be dissociating through the whole Line, whatever your absorption is, but 
yo2 must have some recombination rate. So you dissociate and recombine, 
and only if you have a site close do you have deposition. If you have 
thought about it, it would seem to me, like Bill (Taylor) said, you are 
going to have things going off in all directions. And furthermore, it 
means you are going to have a tremendous loss or wastage of the material 
you have. It dissociates and now you have the methyl radicals and the 
metal, and it is just floating around in a cloud, and now it is going to 
deposit all over the place -- unless one is relying on the dissociation 
and rapid recombination during the length of the meau free path. 

DUTTA: Yes. 

QUESTION: Doesn't the intensity at the focal point increase the dissociation? 

DUTTA: It does. That is why it is important to have the focus close to the 
substrate. 

COMMENT: You have drawn the laser's focus down at the surface, so that you 
get more dissociation at the focal point of the laser than back in the 
gas where it is not so intense. 

COMMENT: Plus the fact that it really is a surface-absorbed phase; we are 
really talking about enormous density gradient too. 

LANDEL: Well, it is not clear whether it is dissociation of the 
surface-absorbed phase, or whether it's dissociation in the gas phase. 

COMMENT: The point is, if it is out of the surface-absorbed phase, the 
density there is much higher than it would be out of the gas phase--3 
orders of magnitude or something like that. 

COMMENT: I'm getting confused back and forth between prenucleation and the 
single -- this particular one is the single step process, is that 
correct ? 

DUTTA: Well, this is just a generalized viewgraph, depicting the entire 
technique. I think the prenucleation and the whole technique is just 
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one technique, but a two-step deposi t ion process i n  vhich they 
prenucleate and then flood-illuminate is j u s t  breaking down the process 
i n t o  its capouen t  par t s .  I th ink  when jou do it one shot ,  t he  same 
th ing  is happening. The adsorbed lager is being decaaposed. 

COpbIENT: But when done i n  one shot ,  t h i s  does not  represent  a flood example, 
does i t ?  

WTTA: The l oca l i za t ion  can be done by e i t h e r  focusing or by using a mask. 
This was j u s t  t o  general ize  the  depict ion of the  technique. I am not 
specifying how it 's being local ized.  

STEIN: I f  you look a t  the  second and the t h i r d  i l l u s t r a t i o n s  there ,  there  are 
vo d i f f e r e n t  funct ions t h a t  the  photons are performing. One is, you 
call i t  l i be ra t ing  the metal atoms, and the  other  is ac tua l ly  
i l luminat ing the substrate .  
is tha t  you've r e a l l y  got t o  a t t ack  tha t  subs t r a t e  with a laser beam, 
whether you prenucleate it  or whether you j u s t  i l luminate  it. Whether 
the gas i s  photolyt ic  or pyroly t ic  is not as c r i t i c a l  as the f a c t  t h a t  
you've got t o  get  the subs t r a t e  very recept ive  t o  these ava i lab le  atoms 
t h a t  are going t o  be deposited. I 
am not  sure;  I wish you would cor rec t  me. And once you ge t  t h a t  
subs t r a t e  ready, then anything c lose ,  any atoms c lose  t o  i t ,  i f  they are 
s t i l l  atoms, are going t o  s t i ck .  I mean, you 
have tvo functions f o r  t h a t  laser beam shown i n  the  second and t h i r d  
photograph. It seems t o  m e  t ha t  the last furxt ion,  the  bottom one, is  
Lhe c r i t i c a l  one. You've got t o  i l luminate ,  you've got t o  prenucleate 
the surface,  t o  l i b e r a t e  the metal atoms. In f a c t ,  you don't  want t o  do 
much of Chat away from the subs t ra te .  

The way I'm assuming t h i s  thing is working 

I think t h a t ' s  what you're saying. 

Is t ha t  wnat's happening? 

GALLAGHER: Do you knou i f  anyone has ever made a s o l a r  ce l l  andfor l a i d  down 
metal on a solar c e l l  using t h i s  technique? 

WTTA: No. 

ZWERDLING: I assume t h a t  i n  t h i s  process you have t o  use wave lengths  or  
photon energies t h a t  are capable of breaking the organo-metall ic bond. 
Does tha t  mean you have t o  choose se lec ted  wave lengths  fo r  your l a se r?  
It i s  not a thermal process t h a t  i s  breaking the  bond and f ree ing  the 
metal, it: is a photo ly t ic  process. So you must choose wave lengths,  
pa r t i cu la r  wave lengths ,  for  d i f f e ren t  compounds? 

DUTTA: A l l  of the UV wave lengths  w i l l  do it ,  some more e f f e c t i v e l y  than 
others.  

ZWERDLlNG: You're r a i s i n g  the v ibra t iona l  energy, or the  e l ec t ron ic  state,  t o  
such a point t h a t  the  v ibra t ions  w i l l  tear the  molecules apar t .  

DUTTA: That's correct .  

LANDEL: You point out t ha t  one of thz advantages of t h i s  was the  p o s s i b i l i t y  
of having cleaner f i l m .  
are cleaner  f i l m o ,  than by some other  technique? It is a reasonable 
supposit ion,  but then there  a re  always so many things t h a t  can go 
wrong. Is the supposit ion borne out i n  the product? 

Is there  any evidence on whether or not they 

331 



WTTA: I think so. 
any impuri t ies .  

The SEH pic tures  of the depos i ted  f i l m s  don't show 
It looks very clean, very uniform. 
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