Title: Method and system for continuous or sem -continuous | aser

deposition. The invention relates to a nethod and a system for deposition
of mat er &b 2by/dea®er evaporati on. The net hod conprises PCONIAVOSYSEr3bir st

| aser, providing a deposition chanber, providing a target of substantially
| aser evaporative material in said deposition chanber, providing a
substrate in said deposition chanber, evacuating said deposition chanber to
sub- at nospheric pressure, operating said first laser to direct a first beam
of laser light at said target so as to forma cloud of |aser evaporated
materi al, plading sMethedbsd sastemnfor cennugiey ari semiycontinhpws apd cl oud of

| aser evapor at ed na&gg&&h_ and depositing said | aser evaporated material on
sai d substrate. Such et hod is known from for exanpl e US 2004/ 0033702- Al .
A probl em associated with the known nethod is the relatively |ow | evel of
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produced conprising particulates that, ideally, shou [ be produced,
much | ess berdepbse atepositichehguibst.rapeidass & hasgehaleuhstardgpdly ecref f ect on

the quality of the.fil Tq .prevent the deposition of said,parti.cul ates on
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heavi er, slower noving evaporapts deflect fromthe propagatiaon direction
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in the first sﬁhﬁgsee'r evaporated material on said substrate.

10 Such a method is known from for example US 2004/0033702-A1. A
problem associated with the known method is the relatively low level of control
over the ablation process, which prevents the formation of high quality thin
films. For example, during laser ablation of a target according to the known
method, a plume of laser ablated target material is produced comprising

15  particulates that, ideally, should not be produced, much less be deposited on
the substrate as they have a negative effect on the quality of the film. To
prevent the deposition of said particulates on the substrate, US 2004/0033702-
A1l uses a rotating target to impart a predetermined component of velocity to
the ablated material, such that the heavier, slower moving evaporants deflect

20  from the propagation direction and are prevented from being deposited on the
substrate. Although this specific example, which is indicative of the low degree
of control over the ablation process, can be dealt with this way, it is obviously
preferable to employ a method of laser deposition that does not produce any
particulates in the first place.

25 An objective of the present invention is therefore to provide a
method for deposition of material by laser evaporation that allows for a higher
degree of control over the ablation process than that provided by the known

method.



An objective of the present invention is therefore to provide a nethod for
deposition of material by |aser evaporation that allows for a higher degree
of contr ovoau@vostdee abl ati on process than that provi dedPoy/Nhesksoan

met hod. To this end the invention provides a nethod according to the
abovenenti oned type, characterized in that said first laser is a continuous
or sem continuous |aser, wherein a sem -continuous laser is a pulsed |aser
havi ng a pul se frequency < 1 kHz and a puwl se width of at |least 0.0001 s .
The known net hod of |aser deposition, which is often referred to as pul sed
| aser deposition (PLD), rrpl oys a pul sed |l aser that produces relatively
short |ight pul ses Hb)vnhrrfg e weentioaprondam mm@rmorbﬁgmﬂmms

pi coseconds orﬁgven gsborter durat i, o | ar er part

P hes omar et B B! HEabtth Bl R Thad i bk dhadtis B Rbph R pBIEE PO"1 e
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pul ses commn]L% have a rel ati veI% h energ content. Consequently, | aser
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gradients thereof. The train of Intense power | aser pulses striking
t he target npuleed dsendypesaucre(RIhg), daqdwmaspmhsechlasfer thee pmdecﬁslra}ats/lebuct ure

of a target ter.i nd/ or. t he ubI| tlon e mat er i (|
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are detached fromthe target. Furthernore, the violent nature of puI sed
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t he cl oud of mat er 1 al accor to't enti on uses a
| aser that tcansbelysharer rplatovdlp higleetarggeontent. Homsegudrithyy darslr ypbtation

sem -conti nuouﬁle sur?ace of ?hel taélsrgét mmcerlalltgﬁes ]gr)lgce% under rather violent

circumstances, including high temperatures and pressures, and steep
gradients thereof. The train of intense high power laser pulses striking the

15 target material may cause the decomposition of the molecular structure of a
target material, and/or the sublimation of target material (i.e. gasification of
material directly from its solid state) whereby particulates, which ideally are
not present in a plume of ablated material, are detached from the target.
Furthermore, the violent nature of pulsed laser deposition may interfere with

20 an accurate and stable deposition rate. To gain a better control over the
ablation process and the composition of the cloud of ablated material, the
method according to the invention uses a laser that transfers energy onto the
target either continuously or semi-continuously. Such a laser emits its energy
at a lower power than the pulsed laser used in the known method described

25  above. It is therefore less likely to decompose the molecular structure of the
target material, or to sublimate the target. Through the use of a continuous or
semi-continuous laser a so called ‘melt’ is created at the surface of the target: a
local pool of liquid or fluidized target material from which pool said material
can be evaporated in a well controlled manner by supplying energy to it. The

30 method according to the invention thus contemplates an ablation process,



at a | ower power than the pul sed | aser used in the known nethod descri bed
above. It is therefore less likely to deconpose the nol ecul ar structure of
t he targeworratoasi@B, or to sublinate the target. ThrougRCTNL208650136 a
continuous or sem -continuous |aser a so called "nelt' is created at the
surface of the target: a local pool of liquid or fluidized target materi al
fromwhich pool said material can be evaporated in a well controlled manner
by supplying energy to it. The method acgording to the invention thus
contenpl ates an abl ati on process, whereby the target material is first
brought into a liquid or fluidized state, fromwhich it is subsequently
evapor at ed. Aberabattbe darget olatesial istiiret batughbintevdporidior duidized stagst
material fromthe I.t . can, for exanple e, exerci se changi t he pul se
wdth ands or ot SaTFb i abes i M Fue IS PRELP NG RAR g he

wave | ength efapobgtidraskrarsétahbteribhroab eviemdisani e @xariph theieseitisdel by
applicable. It can he used to | aser deposit any nmaterial that can be |aser
evapor at ed, RIS thepulse stdthcandign pitlse Hreadenfy-of Gt GPENPREla8PT: % on.
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invention further conprises providing a gas atnosphere in said deposition
chamber. By pidely dbplicablgdscat hospitbtodasel daposit snytrhateriah dmttdas hednegst

terial be i ted i the d ited material. [or films.
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chem cally with the Acselinevap andhedadirtesfitak ifferthta, tid Bethodeddechelindef ore
the target material is deposited or at the substrate after deposition. This
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evapor at i®n gepRRsidd QhmiRgactive gases may al so be used to elinmnate
contaninating&%ﬁterlgFu?ron1the deposition chanber. For exanple, a

scavenger gas such &y iovaleg aSiabdjmorehdre, dementsotbér geni theltyrati nmi nat e
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Molecules and/or atoms of a so called precursor gas may, for example, react
chemically with the laser evaporated material of the target, either before the
15  target material is deposited or at the substrate after deposition.This is even
true despite the high growth rates attained by laser induced evaporation
deposition. Reactive gases may also be used to eliminate contaminating
material from the deposition chamber. For example, a scavenger gas such as
silane (SiH4) may be used to effectively eliminate any oxygen (O2), which may
20 interfere with the deposition process by oxidizing deposited material. Also non-
reactive gases can be useful, for example to reduce the influence of residual
gasses (such as water vapour and oxygen) still present in the deposition
chamber after evacuation, to facilitate diffusion of the laser evaporated
material, and/or to control the dimensions of the cloud of laser evaporated
25  material by changing the pressure of the gas atmosphere inside the deposition
chamber.
According to a further elaboration of the invention, said gas
atmosphere is a hydrogen gas atmosphere.
A hydrogen gas atmosphere can be particularly useful when the

30 target material to be deposited is to be hydrogenated. Such may for example be



gases can be useful, for exanple to reduce the influence of residual gasses
(such as water vapour and oxygen) still present in the deposition chanber
after evawoaniww7ooso facilitate diffusion of the | aser ecapareaisedomsateri al,
and/or to control the dinmensions of the cloud of |aser evaporated materi al
by changing the pressure of the gas atnosphere inside the deposition
chanber. According to a further el aboration of the invention, said gas

at nosphere is a hydrogen gas atnosphere. 4A hydrogen gas at nosphere can be
particularly useful when the target nmaterial to be deposited is to be

hydr ogenat ed. Such may for exanpl e bethe case when anorphous silicon (a-Si)
films are prtduwedwhem andwhots shigdu e StHEndargIprodudednah eidnsta yedusecor di ng
to a furthertehﬁgpﬁﬁgﬁ%%qungﬂe i nvention, the method according to the

i nvention fu#Fherg%oﬁprises pr%Viding means for deconposing at |east part
of the gas conpri sed.chyrdifetgasudhsnsdpb&iaciohdf Chainveation, thandetdper at i ng
said neans so as_to cause the decopposition of said at |east part of the
gas into a pRESHHNEAP thpliyNnEAn fRithPHEqP S Hravding Begas Iy des@nposipg t he
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tenperature of the cloud of |aser evaporated material, it may"under

ci r cunmst ancesperbtingesekimanys gy agesiauabltiee tecoaqtositameofsaghat legstapdréof neans.
A plasma - a_ highl.y, (re)active formof the gas "may be created in many
ways, such ag“i%¥ﬂéahap "Mke of a magnetron, an I CP (inductively coupled

pl asma) - source, or alflajughtih @RSy A6 scatie%ss MhéRt an Possddekitioal t er nati ng
el ectrical paotential difference is,appliﬁq gﬁeneans of a_controllabl e power
84

supply. By cHe8PegnereoBarye daRgtigatedd fyaxamaonhs dempetntendls
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necessary or desirable to activate a gas by other means. A plasma — a highly
(re)active form of the gas — may be created in many ways, such as through the
use of a magnetron, an ICP (inductively coupled plasma)-source, or a pair of
electrodes across which a possibly alternating electrical potential difference is

15  applied by means of a controllable power supply. By choosing the background
gas and the gas decomposition means appropriately, the kind and the amount
of reactive particles present in the deposition chamber can be controlled, and
therewith the composition and characteristics of the deposited material. In
case the gas decomposition means comprise one or more electrodes, it is

20 relatively easy to ensure that the plasma is present in at least the direct
environment of either the target or the substrate. This may, for instance, be
achieved by providing the target, respectively the substrate, with a carrier for
positioning the element, whereby the carrier also serves as an electrode so as
to electrically bias the target or the substrate. By electrically biasing an

25  element, i.e. providing the element with a certain electrical potential relative
to its surroundings, particles from a gas or plasma may be attracted towards
the element in order to impact on, to be deposited on, or to chemically react
with the element. It is noted that, to achieve this effect, it is not necessary that

an electrode is physically connected to the element or the substrate or target



therewith the conposition and characteristics of the deposited material. In
case the gas deconposition neans conprise one or nore electrodes, it is

rel ati velwoeasyost@sensure that the plasma is present inPat/NIeastose1ie direct
environment of either the target or the substrate. This may, for instance,
be achi eved by providing the target, respectively the substrate, with a
carrier for positioning the elenent, whereby the carrier also serves as an
electrode so as to electrically bias thestarget or the substrate. By
electrically biasing an elenment, i.e. providing the elenent with a certain
el ectrical potential relative to its surroundings, particles froma gas or
pl asma may bearatery Bonaobe ewldictbant thereiidae hiased etactiode o thevpaotityoef,theo be
deposi ted on,;.QF 1o ¢ %gﬂgﬁhl . eact with the elenment. It is noted that, to
achi eve this efrect> M 1o necessary that an electrode is physically

connected to the el ewentdies td Heushbsélabération of aigiiveativh ethe théthaay be
sufficient to provide a biased electrode in the vicinity of the el enent,
such as behi AOr4ng Ag thy Hivsgtips farther eapriggsaBeyidings seondiasqrndeht i on, the
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| aser, and operating said second |aser to direct a second beam of I|aser

i ght at sai sb dstagetehsat atsletst ppatizdtudhct eastofsaphtargetl surface area of
said target. By neans. of two.|lasers the.,leyel of contrql over the
ovapor at on pr scese HARCHE TSGR RICRLH it Pis e SFPEPRe second
| aser, can bgrdés@tandbdlinghioatd.t A8 auallgel 1sd8rf 2 ehtpec@nhdunskrf @m exagad e its
melting point or_evaporation tenperature, whereafter evaporation of the

target naterfeprebant te Prericeatasy upEotRd £ xagwle ARIHVARCEISTOf t hi s
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energy at paraneters as pulse duration, pulse w pul se hei ght
and/ or wave Inslugedby tlaé fiostddsdroAnhelvdepesidof tlois tpretaspratsdiantat grd at a
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duration, pulse width, pulse height and/or wave length) tailored to the
deposition process at hand, and at a relatively low power, thus allowing for

15  very accurate control over the temperature of the target surface. The auxiliary
laser may preheat the target surface in several ways, such as by means of line-
illumination — through the use of an extra optical element — or by means of a
scanning movement of a laser beam over the target surface.

According to a further elaboration of the invention, the method for

20  deposition of material by laser evaporation according to the present invention
can be used for manufacturing a thin film solar cell.

The high quality thin films that can be produced using the method
according to the invention may be applied in thin film solar cells. The method
is fit for the production of both single- as well as multi-layer films of varying

25  thicknesses and surfacial dimensions.

Further elaborations of the invention are described in the claims and

in the description of the figures below.

FIGURES



| aser may preheat the target surface in several ways, such as by neans of
lineillumnation - through the use of an extra optical elenent - or by
means of woO0@msrieg novenent of a | aser beam over the t&CHNL28081066Ge.
According to a further el aboration of the invention, the nethod for
deposition of material by |aser evaporation according to the present

i nvention can be used for manufacturing a thin filmsolar cell. The high
quality thin filnms that can be produced gsing the nmethod according to the
invention may be applied in thin filmsolar cells. The nethod is fit for

t he production of both single- as well as multi-layer filns of varying

t hi cknesses and surﬂﬁ@h@ﬁldnnb%sﬂumgﬂﬂﬁﬂwﬁhewfeﬁdbakatHeﬁxmﬁwéWhe i nvention

FIGURESFlgures nd”é) éﬁg |ca eﬁ8m1a e vﬁ% CARYEHOYel y a

frontal view, of a systemfor Iaser deposition accordlng to the invention.
DESCRI PTI ON OF THE Fl GURES Flgures 1 and 2 show a system for |aser
deposi tion a@@@%&ﬂﬁaquJpﬁé”ﬁ VERURBES The figures show the follow ng

el ements:ga cylindr 'FqglhretsqragﬁfZ dhow %' &sﬁe‘fﬁ{ Qﬁtlagerhﬁ‘f)bﬁﬁoﬁ at:@JrHﬁ{g guhbace 1
whi ch may be provided wth an interiof fluird channel 6, said fluid channel

6 havi ng endnn@nhentfh$ﬁgummdhﬁwthaﬂdhbungakﬁn@nﬁnwcﬁguhHMQHHEahkpﬁmd

direction T;, a first contjnu e ntin Qu enlttln a beam
of Taser 11 gt | RavERRLRSafog TCRPER, g LoMRanor Wi G HHRY 3 %2
gas or pl asmauit dRSPBEEEsadd flaideinthedb hadBRl crRVap@kaloesl7 At er;ial 8, and t wo
shields 9, 9'. The aforenentioned target 1, substrate 2 and gas .or plasna

at nospher e 5S%¥rsér8éfr|2 POWAE &7 2ithanspertdigessios i tohrst KantieroysitsedHown as
such), V"ft% dRi YA YLD dRitSHP a%g%mﬁﬁérquq{t%‘i%e%om d&epumlemga

shown) . asers 4 are not necessarl ocat’ed 1 nsi
beam of 1aser light 4’; a gas or plasma atmosphere 5, a cloud of laser

evaporated material 8, and two shields 9, 9'. The aforementioned target 1,
substrate 2 and gas or plasma atmosphere 5 are all located inside a deposition
chamber (not shown as such), which is evacuated to sub-atmospheric pressure

15 by a pump (not shown). The lasers 3, 4 are not necessarily located inside the
deposition chamber; they may also be located outside the deposition chamber,
whereby the produced beams of laser light 3, 4’ travel through one or more
transparent windows into the deposition chamber. A such transparent window
may, for example, be made of quartz. Because of the high temperatures to

20  which a such window is exposed in use, it may advantageously possess self-
cleaning properties with regard to parasitic deposition.

To evaporate target material off a target 1, two lasers 3, 4 are used.

The second laser 4, i.e. the auxiliary laser, is employed to preheat at least a
patch of target surface 1’ up to a certain temperature, such as a temperature

25  around the melting or evaporation point of the target material. Subsequently,
the first laser 3 is employed to accurately induce evaporation of the target
material at said patch of target surface 1. Care is taken to ensure that the
target material is controllably evaporated from a melt, i.e. a region of the
target surface 1’ comprising liquid or fluidized target material. To this end, the

30 first laser operates either continuously or semi-continuously at a pulse



deposition chanber; they may al so be | ocated outside the deposition
chanber, whereby the produced beans of laser light 3", 4' travel through
one or nowe 200%m3Par ent wi ndows i nto the deposition charb@EmL200898€136
transparent w ndow may, for exanple, be nmade of quartz. Because of the high
tenperatures to which a such wndow is exposed in use, it may

advant ageousl y possess selfcleaning properties with regard to parasitic
deposition. To evaporate target material 7o0ff a target 1, two lasers 3, 4
are used. The second laser 4, i.e. the auxiliary laser, is enployed to
preheat at |east a patch of target surface 1' up to a certain tenperature,
such as a t efrpevertcyrel &bzl vith Brmlllhse ngf(blrof@téwrt@tqo@ﬁ sp@hatwayk lemgtht ar get
material . Sub entI t i rsh | aser ed to accurately,.induce
evapor at | on. g1 TGt Gt P e BREE o g b ChLONS, mofe PRI 0l v

is taken to eagurd Otthan t he b Mied combightiah of paendterd drafilrys £vapdiwded from
a nelt, i.e. aregion of the target surface 1' conmprising liquid or
f1ui di zed t afiydtlchsl2pemi ConmetOHis dragyster of gaergyranto the Eregh stherey Bie her
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pul se width of at |east 0.000 . The wave length of the laser is
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and appropriate for nost deposition applications. Based on, for exanple,
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| engt h of about nm may vantageous as silicon tends to sorb energy
suppl i ed at bmeaﬂemmd@Q&Weimamepémmgthhepauhmeﬂbemmbbfkﬁhehght&t4Iaser 3
and the second %ﬁ e erated in coogeratlon oduced beans of
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over the targefface 1’, along the longitudinal axis of the cylindrical target 1. Alternatively,
the second laser 4 may be used in a non-scanning manner. Through the use of
15  an extra optical element, for example, the second laser 4 may be used to
provide a line illumination on the target 1, such that the illuminated surface
part of the target is preheated and fluidized, and an elongated melt is created.
The first laser 3 may then subsequently scan along said elongated melt
provided on the target surface in order to evaporate the preheated target
20 material. It is noted that although this embodiment shows two lasers 3, 4, a
different embodiment using only one laser 3 may provide the effect of the
invention as well.
To realize uniform evaporation of the target 1, said target 1 is
rotated around its longitudinal axis. The length of the target 1 has been made
25  to correspond approximately to the width of the substrate 2, as is clearly
shown in figure 2. By moving the substrate 2 along a transport direction T
perpendicular to the axis of the target 1, a layer of target material can be
deposited onto the whole deposition surface of said substrate 2. An advantage
of the setup shown in figures 1 and 2 is that the so called parasitic deposition,

30 1i.e. deposition of target material onto places other than the substrate 2, is



surface 1', along the longitudinal axis of the cylindrical target 1.
Alternatively, the second | aser 4 may be used in a non- scanni nhg nmanner.

Thr ough twe 20&@6ofo8an extra optical el enent, for exanpl ecTiNMigoms@sond | aser
4 may be used to provide a line illumnation on the target 1, such that the
illum nated surface part of the target is preheated and fluidized, and an
el ongated nelt is created. The first laser 3 may then subsequently scan
along said elongated nmelt provided on thg target surface in order to
evaporate the preheated target material. It is noted that although this
enbodi nent shows two |asers 3, 4, a different enbodi nent using only one

| aser 3 may pmotedd@he destefidedutwoén tiesubvietie 2omdadewetdet stofacedl pré uni f orm
evaporation gf t.he target., 1 aid.target. 1 .is,rqtated ar d it
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appr oxi mat el astPetdiprivedirhateiial Beawwbhskéat@h2hadany evapaatddymabawl will
figure 2. By npving the substrate 2 alongaa transport _direction

. ) T
per pendi cul afWCBl facaie cottaghuith augetate, 2. 40 vayeh itorilkadhyse. hatelal can
be deposi § edyQndiQtag LIRPLE BERASICE sQF8UpAACE vicE Bh A SUPSE FaLg 2. An

advant age of the setup shown in figures 1 and 2 is that the so called
parasitic deposidtitbataigetand eiposilistoric ofirfaer gatt whitlkeis miostomdjacqpitdc élsatot her

than the substrate islim.ted. The distance b en the substrate, 2 and
the target sirrargutice ek it ALRE SOF Sim el Lt PSR U BbReE £o
t he di nensi oagRitidhendtaitdnehati@serthe\drpedsitibedhamber,ishields 925 enghigsen such
that any evaporated nmaterial will quickly cone intg contact with substrate

2, to which pitaghqd todhprexgemiyps elfibeyarsdiesapssionrpenp shaelend chisehr get
surface P&r t e OMeﬁ h‘nét{%ﬁah 8$§Hv£{ta% [}5, thd Q@]%idst%%’ 51%5 ggﬂtrﬁﬂﬁie %(bgn
fgce part | a

substrate sur ch i's nos jJ7acent to that target surface part
is in the raeffjeicot uBe bf tbgatmmafaridluag tregetnmatariad enpdemtsilyidepodefalsirttbon and

contam nati opn of, .the deposition,chanber  shie 9, O be attached to
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the environmental conditions at the surface of the shields.
It is noted that the substrate 2 may be subject to high temperatures,

15 and should therefore be made of heat resistant material, such as glass. High
substrate temperatures may, for example, result from contact with the cloud of
laser evaporated material 8, the gas or plasma 5, or from direct heating of the
substrate by a heating device (not shown). Heating by a heating device may,
for example, be advantageous in cases where laser evaporated material does

20  not adhere adequately to a substrate with a too low temperature, or in cases
where the thermal motion of the deposited material is necessary to achieve a
film with the desired structure. The target 1 may also be subject to high
temperatures. To prevent the target 1 from overheating, it may be provided
with an interior fluid channel 6, through which a cooling fluid circulates.

25  Alternatively, the interior fluid channel 6 may be used to preheat the target 1
by circulating a heating fluid through it. The substrate and/or the target may
be provided with a temperature sensor — possibly at a distance from the
substrate and/or target, such as in the case of a pyrometer —, which sensor
outputs a sensor signal to a control device that, based on this input, can

30  monitor and control the respective temperature by controlling, for instance,



evaporated material 8. Advantageously, the shields 9, 9' also contribute to
an efficient use of target material, as target material incidentally

deposi t edwonv@/ash@sshi el ds nay be rei ntroduced into thePcroudomsfosesapor at ed
material 8 due to the environmental conditions at the surface of the
shields. It is noted that the substrate 2 may be subject to high
tenperatures, and should therefore be nade of heat resistant material, such
as glass. High substrate tenperatures may, for exanple, result from contact
with the cloud of |aser evaporated naterial 8, the gas or plasma 5, or from
direct heating of the substrate by a heating device (not shown). Heating by
a heating dethecidownal/{lufdothrewgingliceintéreoradividrehageeluy thn peazwstankef thd aser
evapor at ed terial does_not.adhere,adequat.ely, to, a substrate with.a too
Con v emper at 18 o ope s LIRS, SpR AR oA BpR RS P b gt e
material is preesSaensél0 achieve a filmw th the desired structure. The
target 1 may al so be subject to high tenperatures. To prevent the target 1
from over heating, i t\HRayehehpipvandioa idescrihediahoge Path Yasped te RaskEI 6,
through wWhi cliygo@aRkitng if LHAGsfloaaBhabES skifibd 8 Bt kMehK apbieviates i or fluid
channel 6 may be used to preheat the target 1 by circulating a heating

f1 ui d t hr ougthdriges Thé adabsiticas evitimaitdeating thasqget ofrtlye besprtonvdetdompt h a

t enperature §§Q§%ﬁj"ﬁg§iipky at a distance fromthe substrate and/or
target, such®@8 9Nt he CHEE of a pyrometer - , which sensor outputs a
sensor signal to a control device that, based on this input, can nonitor
and control the respective tenperature by controlling, for instance,the
flow of fluid through the interior fluid channel or the paranmeters of the
first or second | aser. Likew se, the deposition chanber nay be provided

Wi th a pressure sensor. Although the invention is described above with
respect to a certain enbodinent, it is understood that one skilled in the
art can apply various changes and adaptati ons wi thout |eaving the scope of
t he present invention as



defined by the clains.Cains 1. Method for | aser deposition conprising: -

providing a first laser (3), - providing a deposition chanber, - providing
a target woRoofoezwBst anti ally | aser evaporative materi alPCI/NIga8d5eBposi ti on
chanber, - providing a substrate in said deposition chanmber (2), -

evacuating said deposition chanber to sub-atnospheric pressure, - operating

said first laser (3) to direct a first beamof laser light (3'") at said
target (1) so as to forma cloud (8) of {gmser evaporated material, -

pl aci ng said substrate (2) at least partially within said cloud (8) of

| aser evaporated material, - depositing said |aser evaporated material on
said substrate (2), characterized in that - said first laser (3) is a

conti nuous or sem -continuous | aser, wg?ﬁein a sem -continuous laser is a
pul sed | aser having a pul se frequency and a pul se wdth of at |east
0.0001 s . 2. Method according to claim 1, wherein |aser |ight produced by
the first laser conprises one or. nore wave lengths in the range of 0.3 mm
"15 mm preferdbly Methomkfor daigs dsposptign gempaisingn 3. Met hod according to
any of the precedi_ng B, o Lt nprising - providing a gas

at nosphere in said dé%%????ﬁ%ﬁ%%§%§%4394_ Met hod according to claim 3,
wherei n the provi dedpgasdatgrod@iverteon chaanbprdr ogen gas at nosphere. 5. Met hod

according to claim 3p(12(r)vi ingfau{a{[rggtr(lgg Jﬂs%f!\nncgally laser evaporative material in

5 said deposition chamber,

providing a substrate in said deposition chamber (2),
— evacuating said deposition chamber to sub-atmospheric pressure,
— operating said first laser (3) to direct a first beam of laser light (3’)
at said target (1) so as to form a cloud (8) of laser evaporated
10 material,
— placing said substrate (2) at least partially within said cloud (8) of
laser evaporated material,
— depositing said laser evaporated material on said substrate (2),
characterized in that
15 — said first laser (3) is a continuous or semi-continuous laser,
wherein a semi-continuous laser is a pulsed laser having a pulse
frequency < 1 kHz and a pulse width of at least 0.0001 s.
2. Method according to claim 1, wherein laser light produced by the
first laser comprises one or more wave lengths in the range of 0.3 um
20 — 15 pm, preferably in the range of 0.8 um — 12 pum.
3. Method according to any of the preceding claims, further comprising
— providing a gas atmosphere in said deposition chamber.
4, Method according to claim 3, wherein the provided gas atmosphere is
a hydrogen gas atmosphere.
25 5. Method according to claim 3 or 4, further comprising
— providing means for decomposing at least part of the gas comprised

by the gas atmosphere into a plasma,



- providing neans for deconposing at |east part of the gas conprised by the
gas atnosphere into a plasm,- operating said neans so as to cause the
deconposiwpanovafe7®ai d at | east part of the gas into a plPasma20@/050m6 hod
according to claim5, wherein said neans for deconposing gas into a plasm
conprise two el ectrodes and a control |l abl e power supply connected thereto,
and wherein operating said neans so as to cause the deconposition of gas
conprises applying an appropriate electrical potential difference to the

el ectrodes by neans of said power supply. 7. Method according to claim®é,
wherein one of said electrodes, or a third el ectrode connected to said
control | abl e power- supgtaging sid¢ orwhingae ed t¢ casserthe dasorapasifisn phsaad abr a
target carrier. 8. thgd a§0fﬁgin .tg any of the preceding clains, wherein
providing a target of “Eup& aft 1 ¥Y Tas2P & Eporati ve material conprises
providing a sulgst anMcshdd/acytdifgtsd AL IARIREeinSaidMelchas f@cesdbagng 0 any of
the preceding clainms, wherein said substantjally |aser evaporative materi al
of which the target8isintaaelagma epmnprghtwa plectagesornde sgrtapple 8OWAY of the

pr ecedi ngs cl ai 15, WAGHA) Bo QYD SURAARLE RO E ERaBE Windid a

heat resistant substrate, such as a substrate na f glass. 11. Method
according to any of cause the deennprgitidradiiasns calrpriien apploviglamgpprapaiaget of

fluid channel . and RErEiarPeagr SFReRia kb sPrr i D mFrr o Bl ough s d
interior fluid chanpgbesquppsy.t o control the tenperature of said target.

7. Method according to claim 6, wherein one of said electrodes, or a

10 third electrode connected to said controllable power supply, is
configured to serve as a substrate- or a target carrier.

8. Method according to any of the preceding claims, wherein providing a
target of substantially laser evaporative material comprises
providing a substantially cylindrical target.

15 9. Method according to any of the preceding claims, wherein said
substantially laser evaporative material of which the target is made,
is silicon.

10.  Method according to any of the preceding claims, wherein providing
said substrate comprises providing a heat resistant substrate, such

20 as a substrate made of glass.

11.  Method according to any of the preceding claims, wherein providing a
target of laser evaporative material comprises providing a target
with an interior fluid channel, and further comprising causing a flow
of fluid through said interior fluid channel so as to control the

25 temperature of said target.

12. Method according to any of the preceding claims, further comprising

— providing a heating device for heating said substrate
— heating said substrate by means of said heating device while

depositing said laser evaporated material on said substrate.



12. Method according to any of the preceding clains, further conprising -
providing a heating device for heating said substrate - heating said
subst r at ewbypoessn®sof sai d heating devi ce whil e deposi t iPeg/Nadw/oserser
evaporated material on said substrate.13. Method according to any of the
preceding clains, further conprising redirecting said first beam of |aser
| ight incident on a partial surface area of said target, so as to
continuously change the partial surface grea of said target being exposed
to said first beamof laser light. 14. Method according to any of the
precedi ng clains, further conprising noving, particularly rotating, said
target rel ativésto Nathbd aqcerdihgéorany of Gwepretédihg clanob damtheygomppisitd al
surface area thereof,..s0,.as to c€onti nuousl h e.th artial ;sur

of said target bei ngliSulRat RISEbEY B DIV ER AT Y piyfter SHEREEE, Rod

according to cl ai meak3d ciRdidlthrgmhes by aitthubuklstchbagatiof pddtesutfaght 1S
redirected along a first directiaon, and whereby said target is_rotated
around an axis that 2Rt sad tagget hegpberpodrd e taigairehigam of bypstight i al 1y

parallel go said figgbnsH 4&6EdiRE 1o ARy oMt AREOLHERE, ﬁ?tl?e&‘)aég&?)rfsﬁf‘g

preceding clains, further conprising noving said substrate, east
partially, through sabthge bartituddrly astetingysgdtatget retatise t@baiddiragbeagn
distribute the deposfiti on. f .sa.idd mat eri al. over a de%)%fi t%){on suEface of
sai d substrate in ofd8rt bgq’&r%% S PBE VA AEAEET BT8R S4Pd Yeposi ti on
surface. 17. Methodc@aghiodkROHad g6 bidd pRrtid saffdcd SreadTenrRbiarge kbibh@r get is
rotated around an axis that extends in a third direction, and whereby said

substrate i s noved &¥RoAefl & $BA A panpet laser Belft is substantially
B?;ggg?:’]gylz?ral Eg, S?{\J@F&ﬁ' £c§8{jr$¥1|§g<|5 F]lgﬂns %§-an%t4b%e?@o%9§a@a RgstiiRa@Dyr Of the
laser light is redirected along a first direction, and whereby said
target is rotated around an axis that extends in a second direction
that is substantially parallel to said first direction.
16. Method according to any of the preceding claims, further comprising
15 moving said substrate, at least partially, through said cloud of laser
evaporated material so as to distribute the deposition of said
material over a deposition surface of said substrate in order to grow a
film of said material on said deposition surface.
17. Method according to claims 14 and 16, whereby said target is rotated
20 around an axis that extends in a third direction, and whereby said
substrate is moved along a fourth direction that is substantially
perpendicular to said third direction.
18.  Method according to any of the preceding claims, further comprising
— providing a second laser
25 — operating said second laser so as to preheat a partial surface area
of said target.
19. Method according to claim 18, wherein the first laser and the second
laser are operated in cooperation, whereby the second laser is

operated to preheat a partial surface area of said target, and whereby

ace area



- providing a second | aser - operating said second | aser so as to preheat a
partial surface area of said target. 19. Method according to claim18,
wher ei n twe 2héwesrooBaser and the second | aser are oper at @dTINL2e@BOpEBat i on,
whereby the second | aser is operated to preheat a partial surface area of
said target, and wherebythe first laser is scanningly directed at said
partial surface area so as to evaporate the preheated target material. 20.
Use of a nethod according to any of the pgyeceding clains for manufacturing
athin filmsolar cell. 21. Apparatus suitable for |aser deposition
conprising - a first laser (3), - a deposition chanber, said deposition
chanber conpri sing #te ﬂiréaéaseoﬁﬂasqahamy dirketod git saki phrtimbswdrccarvalye as
supplied to and/ or gl sv%har (ghfro M ed%% srlng1 eolnlcharrber - a target (1)
of substantially | aser gvap ra?rff eri g4 d 't ar get (1) being | ocated
in said deposi 2oon Ul@aﬁb@ﬁnethoeaamb@mgabangzzl“thé@rede&m@&laimtse‘oﬁ 2) being

| ocated in said deposition chanber, punp_ for evacuating the deposition
chanber, said punp B’@PH&‘Cé%ﬂ%é‘ttQH}@h{lédér%yd channel of the deposition

chanber, S;har a@tler'Aﬁgaﬂa@ué g‘l%ttable%ﬁ‘lgséﬂ ([(i)tosﬂtﬁ%%m(p‘}}smgs a continuous or
sen - contl nuous | aser, wherein a sem-continuous |aser is a pulsed | aser

havi ng a pul se fr equarfuyst kasgr kbz and a pulse width of at |east 0.0001 s
z2. Aonarstus accord g Lo Lol AL, Mhereln sl o Shigt LSseL poduces
one channel through which matter can be supplied to and/or
discharged from the deposition chamber,
10 — atarget (1) of substantially laser evaporative material, said target
(1) being located in said deposition chamber,
— a substrate (2), said substrate (2) being located in said deposition
chamber,
— apump for evacuating the deposition chamber, said pump being
15 connectable to a said channel of the deposition chamber,
characterized in that
— said first laser (3) is a continuous or semi-continuous laser,
wherein a semi-continuous laser is a pulsed laser having a pulse
frequency < 1 kHz and a pulse width of at least 0.0001 s.
20 22.  Apparatus according to claim 21, wherein said first laser produces
light comprising one or more wave lengths in the range of 0.3 um —
15 um, preferably in the range of 0.8 um — 12 pm.
23.  Apparatus according to claim 21 or 22, further comprising a gas
supply for providing a gas atmosphere, for example a hydrogen
25 atmosphere, inside the deposition chamber.
24.  Apparatus according to claim 23, further comprising means for
decomposing the gas comprised by the gas atmosphere into a plasma.
25.  Apparatus according to claim 24, wherein said means for
decomposing the gas into a plasma comprise two electrodes and a

30 controllable power supply connected thereto.



15 mm preferably in the range of 0.8 mm- 12 nmm 23. Apparatus according
to claim?21 or 22, further conprising a gas supply for providing a gas

at nospherw 2b@voeeo0anpl e a hydr ogen at nosphere, inside tRETONROSIOSITION
chanber. 24. Apparatus according to claim 23, further conprising neans for
deconposi ng the gas conprised by the gas atnosphere into a plasma. 25.
Appar atus according to claim?24, wherein said neans for deconposing the gas
into a plasnma conprise two el ectrodes angga controll abl e power supply
connected thereto.26. Apparatus according to claim25, wherein one of said
el ectrodes, or a third electrode connected to said controll abl e power
supply, is conf6gurAdpamtseaserdsgdo slabhwtFamderan aetodsgeltcledredesyor 27.

Appar at us accordi ng,,t.0, any, of the clains 21-2 rein said,target of
abetantialy | asertufi YRl & bl dRarle bRl R 0P BT eal . 2s.

Appar at us accor di ngedfiganyd &f sdriie a€ bhaubstrafe- 3¥ a tafiet ehirigai d | aser
evaporative material of which the target is made, is silicon. 29. Apparatus
according to amy: of APREa¢Nansrerdngde anyebihy sladng J1-<loyhenein spid AR of a

heat resistant mat et @i Assd Aadoraile ARRIAIUSIACLAIAINY L0 any of
the clains 21-29, wherein sald target of |aser evaporative nmateri al

conpri ses an interieylinfdrigal channel for circulation of a tenperature

control fluid. ,31. aratus accordi ng.te any of clains 21-30, further
compr Usi ng-a hélt i nPRRpTLE S raFERED P EutHafha tMar o Rl AR
according to any ongvaporithe Slhéiri of Frh3dh twhekedtris saddd, appBéat. us 1S
arranged to nmake a first |aser beam produced by said first |aser performa
scanni ng movendéft oiBParptas pecqrdingto agy g@f the claims 21-28, wherein said

10 substrate is made of a heat resistant material, such as glass.

30. Apparatus according to any of the claims 21-29, wherein said target
of laser evaporative material comprises an interior fluid channel for
circulation of a temperature control fluid.

31. Apparatus according to any of the claims 21-30, further comprising a

15 heating device for heating said substrate.

32. Apparatus according to any one of the claims 21-31, wherein said
apparatus is arranged to make a first laser beam produced by said
first laser perform a scanning movement over a surface of said
target, while evaporating said surface.

20 33. Apparatus according to any of the claims 21-32, further comprising
means for rotating said target around at least one axis.

34. Apparatus according to any of the claims 21-33, further comprising
means for translationally moving said substrate along at least one
direction.

25 35.  Apparatus according to any of the claims 21-34, further comprising a
second laser for cooperation with said first laser, wherein said second
laser is operated to preheat at least a partial surface area of said
target.

36.  Apparatus according to any one of the claims 21-35, further

30 comprising at least one sensor for measuring either a temperature of



target, while evaporating said surface. 33. Apparatus according to any of
the clains 21-32, further conprising neans for rotating said target around
at | east woeo@xic30834. Apparatus according to any of thecCtiNai2m/0307383,
further conprising neans for translationally noving said substrate al ong at
| east one direction. 35. Apparatus according to any of the clains 21-34,
further conprising a second | aser for cooperation with said first |aser,
wherein said second | aser is operated tojfpreheat at |east a partial surface
area of said target. 36. Apparatus according to any one of the clains
21-35, further conprising at |east one sensor for measuring either a
tenperature ofthe stlissiubatrate,a teempeataravéthsf tarpe arahgetressure hether essure in
t he deposition chan%fgr.sitiSO?HC Apngbaerrat us according to claim 36, further
conprising a contro R&vice }?aor controlling either the tenperature of the
substrate, based. onApphetaRhi@pdingitdpliimf 36 Muahsubishpiadiag hevpeohteviee
sensor, the tenperagjure of the target, based on informational input froma
target tenperature $858BFolgE thﬂ@rgh%g@ma@fafcwetqféh@é%%r%qeow@ﬁé%er, based

on informgtional ingit,fAQ5R:A i HERAT ! ORI &m PLEBIN LnSAN BN -

temperature of the target, based on informational input from a target
temperature sensor, or the pressure in the deposition chamber, based

on informational input from a deposition chamber pressure sensor.

10



