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Thin films of different materials play an importan: role in fundamcntal
as well as in the field of applied matecials and solid stute technology. By
‘of thin-film materials many new phenomena in chemdscry, physics, biolowy
medicine have been detecied and imvestigated, Microclectronics, sensors,
it cells, metal cuning and forming, corrosion protection and biocompatibility
well known examples of thin-film applications.
With the incecased demand for tailor made, well-defined and bigh-puriey
ials with precisely_ contrlled properties, vapour
on chemical reactions have increased in

mteiial i depasited B ' vapour: by ‘cientical reactions o,
ty of @ subsirate surface. The chemical ceactions are usually ini-
wnd maineained by heat (thermally sctivated CVD, TACVD), but can also
induced by photons {e.g. laserassisted CVD, LCVD), electrons, jons or @

‘of these us in plasma-assisted CVD (PACVD).
IThe VD process wuslly ‘consists of several sequential steps foch as' ()
frvmport of reactants in the vapour, (i) homogeneous reactions, (il
of the reactams, (iv) surface diffusion, (v} surface reactions, (o)
of reactnts and () mass transport of the reaction produers. Finally
state resctions may also take plice during the deposition protess. The ery-
Structure, microstruciure, morfology, defect content, etc. and thus the pro-
of the substratc/flm material are then the result of the interplay berween

he reactions mentioned sbove.

BEss sty e VD provencs
In order to ailor the desirable film propertics and achieve an improved
 process control, & mechanistic understanding of the nucleation and growth pro-
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cess is needed. A classical approach is to apply chemical modeling coneepts 1

get & hint of the important reaction steps. In chemical modelling the plausible

dementary reaction steps are bsted and the coresponding raie equations are

written. The drawback of this approoch s thu « CVD process usually imvolves

teps and thut more than one rate equation can predict the

position rate in an scceptable way. Anether approach is 10 try to

solate imponiant reaction steps by using different analytical technigues in-sim

during the deposition process. However, many CVD processes are working ar

high pressures (above 1 Torr) and at elevated temperatures, which excludes
direct use of electron speciroscopic techniques.

An altemative is therelore o perform the process under UHV conditions
in order 10 cnable surface analysis. Examples of reaction steps which can be
invesigared by this type of studies are, adsorption of reactants, surfuce reactions
and desorption of reaction products. An sdvantuge with this type of studics it
that. well-characterized surfaces is used. The UHV environment also offers high
purity conditians where the influence of various contaminants cun be eliminued
Tn addision, under these conditions the depasition process s controlled by the
surface reactions und not by a of h and b
seactions. CVD under UHV. conditions has opened a new marerial processing
area and complerely new materials can be grown by this rechnique.

It is important to note that results obtained undes UHV conditions cannot
dircctly be applied 10 explain reaction mecanism in *high-pressure” CVD pro-
cesses. Another important issue which musi be considered s thar the analytical
technique itself seriously can influence the surface chemistry. Most analytical
technigucs are based on the principle that the surface is bombarded by high
encrgetic photons, electrons ot ions; This bombardment may offect the chemi-
sy and give misleading information which in the worst case can Jead to wrong
<conclusions.

An alternative route to sy surface reactions in CVD is o actually depo-
sit the film in o CVD reactor under tue deposition conditions and quickly
interrupt the growth process. The film s then transported under vacuum by a
special transfer system 10 the UHV chamher for surface analysis. In the snalysis
chamber, sdsorbed molecules can be studied by various techniques (AES, ESCA
<) 1o determine the rype of species present on the surface as well as their con-
centrations.

Sclective deposition by laserassisted CVD

CVD is usually considered a5 o large-ares deposition technique. However,
the use of lasers in CVD is one way to achicve area selective deposiion. T
LCVD the laser beam activation of the chemical reactions is hased on pyralytic
{themmal) and/or photolytic excitation mechanisms. In the photolytic process, the




Ceyslline boron spring deposited by LCVD

laser beam is used for excitation of species which can be activated by 4 proper
seection of precursor moleculss, substrate material and lsser wavelenght. In
thermal LCVD the laser beam is used as a Jocal hear source. The beam is focu.
sed onto the substrute surface and induces a temperature incresse which initia
U1es and maintains the CVD process. However, a high temperature & only rea-
{ dhied locally in the centre of the laser spot on the susface and the remperawre
decreases rapidly in the lateral direction. Thus, deposition will enly take place
in that small spoc and selective deposition is achicved.

In conventional CVD, selective deposition can be artained on pattemed
substrates or in combination with a mechanical mask LCVD, however, offers
the unique possibility of depositiong luteral resolved material structures. By
moving the laser beam or the subsirate, structures maller than 1 wm can
produced in o single step using o so-called dieecr writing process. Moreover, o
* spectacular use of LCVD in the future may be fabricarion of very complicated
misterial structures. By moving the laser beam, not caly in two, but in three
difmensions, truely free standing 3D struenres can be produced.




