WO 2009/ 067008PCT/ NL2008/ 050736 Titl e: Met hod and system for continuous or
sem -conti nuous | aser deposition. The invention relates to a

met hod amstoao@ysr@m f or deposition of material by | aser rerayiao@tosons The
met hod conprises providing a first |aser, providing a deposition chanber,
providing a target of substantially | aser evaporative material in said
deposi tion chanber, providing a substrate in said 5 deposition chanber
evacuating said deposition chanber to sub-atnospheric pressure, operating
said first laser to direct a first beamof laser |light at said target so as
to forma cl 8ilte:of DMetbed endpustateldr varidprials orpleadiongtisnpes babst rat e at

| east partially wﬁtQ@goggg cloud of |aser evaporated material, and
depositing said | aser evaporated material on said substrate. 10Such a

met hod i s known fromfor exanple US 2004/0033702-Al . A probl em associ at ed

wi th the known netaﬁﬂELs the relatively %%M/Iegel of c?nt ol over the
abl ation process, i HnﬁwayﬁhF§a¥ﬁéoﬁd? Pﬁ@ﬁ-é?ﬁﬁpﬁﬁ Fudapesiionfn i1 ns.
For exanpl e, nkiiNi%hy BS&r evBBbAILAN TBE Reth8ll 96hpReEOpFIvidnE @ ie1dcapwWn
nmet hod, a plune of l'aser ablated target material is produced conprising 15

parti cul at espxdvading iadeabsijionsheuibdr nopvisenpa daget df syhstantialbslaper deposi t ed

on the substrate as they have a. ative effect on the quality of the film
To provent  t honeaye PG R B fRRRMAE P BEh e Bl pieth ®
2004/ 00337 02deAsitisechaabedt atdcngtihakgil ddpositivpadhiantbep te deb-atmbygrizonponent
of velocity to the abl at ed natF [ such tha% t he heayvi er, sl ower poving

rial, [
evapor ant s dBfasgiRte, operRtingspHe Wi@%ﬁﬁé? dyecla Fgstheam angsariehiradvait ed from

bei ng deposi %a%getoéb 4@ BHASE N8 € of 1BLENAKDBr 4Rl $nARAGT, Tl &oifX 8R! BbstLh 1S
i ndicative of the | ow degree of control over the ablation process, can be

dealt with t hikasayartiallyigithimndaadislopd pf &fser atimradenpieninl canveddroditofg | aser

deposi tion that ;does_ not prpduce.an articulates in the first place. 25An
obj ective ofs?ﬁéa(?éggwpaﬁﬁggﬁﬁﬁ%q(¥§£?%8?%%5q§'to provi de a nethod for

deposi tiom of mat eriSylchbymk@isaris @waparfash o éaiplalUDusod/on3Fopigher degree
of control over the ablation process than that provided by the known
met hod. 2 problem associated with the known method 1s 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.



To this end the invention provides a nmethod according to the
above-nentioned type, characterized in that said first laser is a

cont i nuouwsoanosenioscont i nuous | aser, wherein a sem - coONnPCMINILBISI0EEB6 | S a
pul sed | aser having a pulse frequency < 1 kHz and a pulse width of at |east
0.0001 s. 5The known net hod of |aser deposition, which is often referred to
as pul sed | aser deposition (PLD), enploys a pul sed | aser that produces
relatively short |ight pulses having a pul se duration on the order of
nanoseconds, picoseconds or even shorter durations. As all or at |east the
| arger part of the energy necessary to ablate the target material is
transferred to the tlharthat eridthraingentadn p&OVMmsm@thqdmgrdﬁeg & thﬂsilqpvshor t

| aser pulses er pul se rel ativel ener.gy
content . connsbEneT P Bt P AT I AR B Bupra R PRl L R e e
t akes pl acescdfitiiftiouk diee) wiieiRh Blse i 6Bl ANRCIaSer ik RGHISH AR s b 1gdwmg a
tenperatures and pressures, and steep gradients thereof. The train of

i ntense h|ghP%G%@FqPQ%@?<BJﬂ§é§n%P senticithef atlepst 800hat eri al may cause
the decorposi tion e iRl FEH A ofIhldt CielbriBh, Fhlchig8HeARLRE Al LN/ Or
the sublimation of target material (i.e. gasification of materi al girectly
fromits sol pdlsed kisey debeitedy (RJap), emﬂlfatse?spuk&hd tiser destl hrpdaces mbittivehesent

ina plunme o ri.a e det ached fron1the tar Furt her nore,
Lhe vl ol ot ritbighbPulEr BatiReasi Sl Buar on e e hidEn 20 an
accurat e andpibakbeddapaentshenter aheatidd. g@lafﬂl@dzabé@rth@@iﬁge@baﬁ\&&hé he
abl ati on process and the conposition of the cloud of ablated nmaterial, the

met hod accor #RHEY REceshary inaiietedhe fawet smatasal istransierrad &9 Bhestasaey gy ont o
the targgj e ta@&ﬁaﬂg%b%lfb&ﬁéh)éﬁ&feléﬁ%lﬁ%ﬁb‘hﬂ&é&;ﬁgé@s SR nﬁlﬁé&f emits its

energy at a omer an the pulse aser in the own net hod
descri bed 25cca:h)mm>aly havei ssrdlieva§ tugh msgy lcoktehy. (Ecmsdqc@ﬂpos];@seur lablatminecul ar

structure of the ta et teri ubl.i mat e Through the
ise of a contt cuear os B Seef pafiuin Hrittre el e | o or eat od
at the surfagecphsthheed aid@@dinghigloeah é}@ﬂhre@fanﬂlrﬁ}bléﬁr@é’, ahldwtetipzed target
material from which ﬁool said materi ? can _be evaporated in a well

control | ed nﬁYfﬁ‘i]éQntW %Y@B%fr)}ier’f@aléﬁérl@t)‘ﬁnﬁ%hl&h PGIVYfé” 13Wrrmtl$ﬁ§cst%i&smﬂieng to the
inventio th

A T e e T

IS subsequenhhge@manﬁudtmﬂﬂaﬁﬁﬁunﬂﬂEnwmntmbbr@nenmmhalﬁaigamﬁmﬁmapmﬁat|on

Che pulse w PRSP BETBUNGE Ty BHoHEy) BRer Cam KBl ORI [HeLF oy 50 |

changi ng t henma;]&&%sé&rlﬂtehplﬂﬁnet dravlAs8matesil -ard QetRROY BrodeBLS ﬂa@?éi. net hod is
w dely applicable. It can be used to |aser dep03|t any material that can be

| aser evaporEtuef@er@g% the viogantinasared @ulsaddpseratepssitiondoad idedere Witke
silicon. %ﬁ&éﬁ%le ep%sft#)ur &L PSREE b 1kt REn LY SRR tshe

accy
met hod accor%rl rnvention e€r conprises providing a
at nosphere i ablaabd 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,



10 deposition chamber. By providing a gas atnosphere, elenents
other than the target material nmay be incorporated into the deposited

mat eri al woadbevosfaoBns. Ml ecul es and/ or atons of a so caCirad2psésuBsor gas
may, for exanple, react chemcally with the | aser 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 |aser induced evaporation degosition. Reactive gases may al so
be used to elimnate contam nating material fromthe deposition chanber.

For exanpl e, a scavenger gas such as silane (SiH4) may be used to

ef fectivel y whiermbyahe target matgeal 325t budvigbhintay 1doiid or Evidized sfiatd t he
deposition praocess. by, oxidi zin eposi t ed terial. Al so nan-reactive gases
can be user ot SR B MR kR TR Bl Rsont o Sl B ke (oven
as wat er vapepoamiorosfigesdt 1shicrlal Proas et mielt daefodepamipld, ®a cgbatdedrbyaf t er
evacuation, to facilitate diffusion of the |aser evaporated materi al,

and/ or to cofawing the pilspHddirndier piae Breguendyrof |aaiea-cepHpYP At kgenmr
material by ghanghPehd HevPlEsH bERMNalR9:iHRSTRE IRARNELE bABdendd ']
deposi ti on chanber: According to a further el aboration of the

i nvention, swidklygasplataisghearebé ssal toylds agdapogdsinatmaeplaétimat cAntbedregren gas
at nosphere can be ﬁrti ulﬁrléﬁgseful when t he 30 tq;gegknaﬁerial to be
deposi ted i sCFBOBEHyHBGEASE FYT &R O BT 6 LRI ETHERC IPRR case when
anmor phous silicon (awcsndihg td® fidftBeddPALCEThe vt Rl thOmieethdCachbieng

dangl i ng bond density. According to a further el aboration of the
i nvention, tietheaprobiaebetharrgmpsisenereidiegtd s aturashbereddmgid ses
providing)neagﬁghg%_ osing 5 at least part of the gas conprised by the

gas atnosphere into a plasma, and operating said neans so as to cause the
deconposi tion of saily mbovidest gaamtmofphdre, dasentsthear {iaasting.target

material may be incorporated into the deposited material and/or films.
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



Al though an initially non-reactive gas present in the deposition chanber
may sonetinmes be activated through, for exanple, the tenperature of 10 the
cl oud of weazew/mwvaporated material, it may - under circReENROBY5073HE
necessary or desirable to activate a gas by other neans. A plasma - a
highly (re)active formof the gas - may be created in many ways, such as

t hrough the use of a magnetron, an I CP (inductively coupl ed plasma)-source,
or a pair of electrodes across which a pgssibly alternating electrical
potential difference is 15 applied by neans of a controll able power supply.
By choosi ng the background gas and the gas deconpositi on neans

appropri at el the Qahe wiemchrapigphphe sdivom a-Soffilmsaareipredyardt incdrdsr praslane i n t he
deposi tion cala er.15an gdce%gttrol | ed, and therewith the conposition and
characteristits oqu]tnﬁe ep 0sit¥d material. In case the gas deconposition
means conprise one @rccmlﬁ@gamﬁiﬂm@ke@lab&hnioﬁ 026h¢ Blvahtive| theaasthotlo ensur e
that the plasma is present in at |east the direct environpent of either the
target or thaccerdagtathe nprpRopgyrthehromprasosravidig BEARL{BdeEYMBPERE di ng

the targeg, 5@]%89?1%1 A ¥ Bk Yhd £ SHBRELANS thWidhl a@m%%}{érgﬁntfo%{plﬁgﬁﬂ theping the
el ement, whereby the carrier also serves as an el'ectrode so as f

el ectrical | yomrasngheldtlaegm smas theusablse detompoBiticel @ctrd atalehst Hrasf ng an
25 el enment, # viding the element with a certain electrical potential
relative to hesgasgdp oﬁﬁiﬂ %bas particles froma gas or plasma may be
attracted towards thatielu@RBi initialdy Hex- ré&tiv@@@@fpr%n‘c LotheddppRiint ed on, or
to chem call y react with the el enent. is noted that, to achieve this
effect, it i&hapberjearseneymende aﬁﬁVéﬂ@éé@FW@ fa G&ﬁwl%arbwe%ﬁwéb}#eﬁ to
the el en?(')“ He AQL?C% §Mg§é1r@/ta?)09§te& %ag@flal 2t & r' der cﬁrcgﬁ'ﬁétgﬁzémbfe' cient to
provi de a biase ectrode in the vicin'ty o e elenment, such as behind
it. Accordi nge(teesea"yfanrdtelaﬂableItalaonaaue@rgatsfbﬁ cbther mﬂanslzbrplamhve— et gloky

according to e |n entl further ris rovi ding a.sec er, and
5 oper at P ng. GEIESERO  deas ooay BT L By B HEA S1oH SSAPO R HEE a
said target &g éa fn@gﬁé@b\ﬁadn P (igdsttivelpasiplad prhfaeeudcear hakaifd
target. nmeans of two | asers the | evel of control over the

evapor at i on 91%'%" @@%G aexpsspehichsrrepailly albernating| alegtyicalppsentigl diffexenge Fecond
laser, can Epﬁi? RieREEBERL o PR AR gg&rﬁrrséeﬁﬂpaﬁer eﬁ%o%rsﬂl%efb%kgﬁf)ﬁﬁﬁl eits

mel ting p0| nt™or evaporation tenp ter evaporation of the
target mater gad amhtheb@ﬂ dedum@dsmlpntm@nfa appiroprastety, tl&mkadi/ard gigeanbunthi s
two-step pro s i.s that .the first can nfl

bher gy ot paranartrs bR et pib b arhat e CuRed st consn el wd gh
and/ or wave tRagkith thaich@pedtib ahﬁféhﬂ@&@@léﬁl&rbf@h@@@l&fmﬁﬂ mMakdial.gad at a
relatively | ow power, thus allowing for 15 very accurate control over the

t enper at ur e ofsetthe gaadermpnsitiocicmearrheorapsise prg gr Mateelegtagdass BHeat t he
target suypf a?eﬂat!l{;efl?%\c{%; A o RYS thAY ?1@ A5y 15%%9&1@&1 At10%% th% Hipegation -

t hrough t use of “an extra optica &rement by nmeans o scanni ng
novenment of enviaseneitedritheethd tregttasghbie s&bsn‘rameTms may, for 1nstaﬂm;<'bed| ng to

a further el aharatjon of}f{he 1|1nvent|on the1 fl d‘gfé grﬁposi.ti n of
material | by MASEICEUABOr PG GEREF AR TRy eE B HIREhS FRRERtC] HEHL VO CE I be
used for manpfaabMhbRge dldndi?, fvhbrabgahataf@dd 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



The high quality thin filnms that can be produced using the nethod according
to the invention nay be applied in thin filmsolar cells. The nethod is fit
for the pwodoexdcomwsof both single- as well as multi-| ay@cTiNI208/08673¢ar yi ng

25 thicknesses and surfacial dinensions. Further el aborations of
the invention are described in the clains and in the description of the
figures below. FIGJRES 6 Figures 1 and 2 schematically show a

side view, respectively a frontal view, gf a systemfor |aser deposition
according to the invention. DESCRI PTION OF THE FI GURES 5Figures 1 and 2
show a system for | aser deposition according to the invention. The figures
show t he f ol tawiemgltehanbassfficent po prondeabidsad glictrbde smithe viaimget ofthhavi ng a

t ar get SurfaQEnwan%kﬁh Q%thfﬁprovided with an interior fluid channel 6,
e b

said fluid chann 5§ing end connectors 7 and 7'; a substrate 2 noving

in a transport diregiccelidg tida furtBér dabdrafidaws tlF irsention lheafethbauous | aser
3 emtting a beamof laser light 3'; a second |aser 4 emtting a beam of
| aser |ight accordingde thy myentinn furthesppapases praviding gy seonddassy, a¥dpor at ed

material 8, andatiwe i &85 BascPto dilb& ﬁ&Bﬁﬁ@&%?%e%ﬁ%ﬁ?Bt daidsRRtrate 2

and gas or plasnma atnosphere 5 are all |ocated insi eposi tion chanber
(not shown aso sutd)rehut athlepst epadidtsedatoasalpianoepheri c pressure 15 by a
l,ocat ed i nside the

purp (ot shou) T LBSRL S e % L DR SRR R
chanber, whepehysddie W @ducedt. baammxnfarkases, 1.4.ht s&ond4asde! @mebhe tifydough
one or nore transparent wi ndows into the deposition chanber. A such
t ranspar ent 0 Prgb@at the target surface up around for example its melting point or
10  evaporation temperature, whereafter evaporation of the target material can be
induced by the first laser. An advantage of this two-step process is that the
first laser can be configured to emit its energy at parameters (such as pulse
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



may, for exanple, be nmade of quartz. Because of the high tenperatures to 20
whi ch a such window is exposed in use, it nmay advantageously possess

sel f-cl eawDregoypro@erti es with regard to parasitic deposiPCIINL2008/050736 To
evaporate target material off a target 1, tw 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
tenmperature 25 around the nelting or evapgoration point of the target
material. Subsequently, the first laser 3 is enployed to accurately induce
evaporation of the target material at said patch of target surface 1'. Care
is taken to ensure thhatresHeartda? gdtenmmtieillyahovsa sidatviaw, lrasiegtisolypor at ed from

anmlt, i.e..a ion of the target surface 1' ¢ riskng liquid or

I ui di ed tabGRETRTGt ey g FiiesaPopiEn s6o et s dpvatena; es e ¢ her
continuously or sem -continuously at a pulse 7 frequency < 1 kHz and with a
pul se width of at |east 0.000 ...The wave |l ength of the laser is

1ls
preferably iPE¥%3HFHE8éJ9¥f%H J¥IH$BE§5 [im nore preferably in the range
of 0.8 ms 12 m Thifg,cQERI HAf 4 ORowh N BRI QLS reRPHLIEBn ActRqHs or at

| east a sem -continuous transfer of energy onto the target, whereby the 5
power at whi tolvehtien&Rer figuiies shparthf doltadng slavedrtthen cYlovlrivaybangotr 1tsmad | ow,

and appropriate f nost depasition . applicati ons. Based.on, faqr .exanple,
the specifi cUPErybRaHREd FaFcorBtatt 1 FRih R BE papadRE withan EHOS od wi 1 hi n
the given rafgRiSchanfel Besat@EQiDEhamnel BIe®hd @ld@hnetdrs 7 ASHANGE, a wave

| ength of about 1 m may be advantageous as silicon tends to absaorb energy
suppl i ed at TePsbrataPoupang in 8 WaRaporedigediionel st fiva coniayous o r st | aser

3 and the, secondJ3S8hsct 3%%688%%%391 bNaCQARET A Lol D EaRE QdGEE pGAMS Of
3 4" may t hereby

| aser |ight , erforma conplenentary scanni ng novenent
over the tarbetmsiitdsacbglit 4; algengr phemaoatgidspteread, saolowd off lakévre cyl i ndri cal
target 1. Alternat,i vel t second |.aser 4, e used.in non-scanni ng
manner . Thr obGIFoLHEAaRdtep] Sotah PRk PR e e et P g TelERR 6.t he
second | aser sébsiBite Randsed drplRHBY he8oSHHIrO8 drb hUmbaatbd aki@ha UBgodiasget 1,
such that the illum nated surface part of the target is preheated and

fluidized, atlepraberebehgaveyapsn¢h)] whichdgesacuatebta subsatmespberia Piessuthen
subsequept | y i i . e geh surface
T or der 13 o 2 e ARFRAED RIaNAELES, TRt pBf AR Togrt LREEEheS Y F

al t hough t hi demsitomh chemibeshtiwy hap alsaderlscaded dutsadeditfef depesitioarbadibeent

using only ong | a8t e el RHRY IS 118, BELEGE 4Olal NGnt MR NASD Se! |-

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



To realize uniformevaporation of the target 1, said target 1 is rotated
around its longitudinal axis. The length of the target 1 has been nmade 25
t o correswondosppoexi nately to the wi dth of the substraPeTNL2e08/0567361 ear |y
shown in figure 2. By noving 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 whol e deposition surface of said substrate 2. An
advant age of the setup shown in figures ¥ and 2 is that the so called
parasitic deposition, 30 i.e. deposition of target nmaterial onto places
other than the substrate 2, is 8 limted. The distance between the
substrate 2 &ndutdvy € hkfltansuwitheepulse wadidh aftag leistr®H¥i0d ss Tof wave lengtbt r at e
2 relative to. the di nensions.,of the clou f |as evapor at terj,al 8,
are chosen sOreuRAr SACEURED P Phal oF 02 b TP i BRRC BEER e nc
W th substraténge of DB wi-ch2 Lin. Wihid caghiaation &Y pheahdtyrs ddues desittnosis
between the target surface part at which the |l aser or |asers inpact the
target and tMealsigBs? sgral-catipss sepnsfeinf cReray apbe thathrgefe Mthorebst st t ar get

surface partjsed &t Jvﬂﬁhrtﬁ_ggﬁe&;y i9 tPrisfer dMs Nk HeK R OBIhRitEd Ffv, R@Maasi tic
deposition and contam nation of the deposition chanber, shields 9, 9° may

be attached tpprohsatxfor emist idesosafion hpplicatypets, Basedam, for caninlaghehe cl oud of
| aser 10 evapor at ed terjal ;8 Advant ageously, the shi.el.ds, 9,.9' .al so
contribut o ¢ Bty i Bhte Tl horly B SR e i B SPEVAS Withturft)

i nci dent al | ygidepeshiedlotidcdsbef sRildlodsar@my, fae inehndd, adugrdehshonft he cl oud

of evaporated material 8 due to the environnental conditions at the surface
of the shi el goutiiungngppegdyregedes asbitandeads toahsopl cagugyesprlied af gh

tenper at yj es, %_uﬁHQh%hQHJzéjleBQﬁ{ glﬁi@el?%ewqﬁeq{rFmQEr 3 Qﬁ%i Zf’légécogﬁt erial,

such as glass. Hi gh substrate tenperatures nmay, for exanp result from
contact wit hlashe4 ereogerated ms@openadipor Bhe grovhtced behms of taser Galst §r 4pl asma 5,

or fromdirect ggat' ng9 of the substrate by a heati‘g%%d vi ce ( not sthovvn).
Heating by a"fi¢ Flﬁ%y SUOER HEP B RER A5 PR ISP QTR Y EL B e ases
where | aser gydp@ Bl gongthElhaltudRes aZid diehe adhehaaddagual eAltcilritively,

substrate with a too |low tenperature, or in cases where the thermal notion
of the depostheettcond spaft may bepeaksiagney sepapiiey eanner | Fhigugh theaseiesi r ed

structures The e&ﬁ-&%i)hfgd a@%eﬁ%,sfgr 8& Q!I ﬁl%tsey&b(:gfag& &%ea&%rd% To

prevent the target rom overheati ng, ma rov wth an interior
fluid channeprdyidd dtioodghummativneorcthel iangetfll, wiich chatabb aflesina2ed surface

Al ternatively, t interjior fluid channel. 6, may, be used to preheat, the
Carget 1 by Bt Fgeh tusbeiig far Bt buge 1 onreed dpat R el or
the target maye BRsILOM HRGYWHhER sabdRNBRIALEILaRARSAA cloR@RsH Bhelt at a

di stance fromthe substrate and/or target, such as in the case of a

pyroneter -, Puiddad aethedrrgaitsyutase in edesép cxanpiate the rrchented saregevi ce t hat
based ONgd hi FatARAE 1t £Hted 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



30 nmonitor and control the respective tenperature by controlling, for

I nstance, 9 the flow of fluid through the interior fluid channel or the

par anet erwoapoxdeeooBi r st or second | aser. Likew se, the aepodioismsoshanber

may be provided with a pressure sensor. Although the invention is described
above with respect to a certain 5 enbodinent, it is understood that one
skilled in the art can apply various changes and adaptations w t hout

| eavi ng the scope of the present inventign as defined by the claims. WO

2009/ 067008PCT/ NL2008/ 050736 10 Clainms 1. Method for | aser deposition

conprising: providing a first laser (3), providing a deposition chanber,

provi di ng a havtgdt The disshnealisstvaen thad substzde 2 aodaportargepeunfatet’i ahdi n 5sai d

deposi tion Cﬁlaéné)l%{e’nsions of the substrate 2 relative to the dimensions of the cloud of
laser evaporated material 8, are chosen such that any evaporated material will
quickly come into contact with substrate 2, to which it will adhere. Typically,

5 the distance between the target surface part at which the laser or lasers
impact the target and the substrate surface part which is most adjacent to that
target surface part is in the range of 0.5 — 5 mm. To further minimize parasitic
deposition and contamination of the deposition chamber, shields 9, 9 may be
attached to the extremities of the target, so as to confine the cloud of laser

10  evaporated material 8. Advantageously, the shields 9, 9" also contribute to an
efficient use of target material, as target material incidentally deposited onto
the shields may be reintroduced into the cloud of evaporated 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 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,



providing a substrate in said deposition chanber (2), evacuating said
deposi ti on chanber to sub-atnospheric pressure, operating said first
| aser (3)wocodhesews a first beam of |aser |ight (3') atPsaiNi20mroget3s (1) so
as to forma cloud (8) of |aser evaporated 10material, placing said
substrate (2) at least partially wwthin said cloud (8) of |aser evaporated
material, depositing said |aser evaporated material on said substrate (2),
characterized in that 15- said first laser (3) is a continuous or

sem -conti nuous | aser, wherein a sem -continuous |aser is a pulsed | aser
having a pul se frequency < 1 kHz and a pulse width of at |east 0.0001 s.

2. Met hod actloridewgf floidcihapwnghl thasnéeroniliidebanhélghtthp peduwetbrpyl thee fir st

| aser conprises one or,,n1ore ve | ths i.n the range of 0.3 .m 20-.15 pm
roferably | s e ane pB el Shguliod ot b BAR 0 e e b Marisd, ot

t he precedi ngregbate@ensdur t her conprising providing a gas atnosphere in
sai d deposition chanher. 4. Method according to claim3, wherein the

provi ded gas at nosphethough the pywmbipans gascritedpdisie math pesgeqie RggrtadR or di ng
toclaimg Oémﬂodﬁﬁbrnrt,hi%"is GREBLE A8 at one skilled in the art can apply various

changes and adaptations without leaving the scope of the present invention as

defined by the claims.



provi di ng neans for deconposing at |east part of the gas conprised by the
gas atnosphere into a plasma, 11 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 5supply connected thereto,
and wherein operating said neans so as to cause the deconposition of gas
conprises applying an appropriate el ectrigal 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 10third el ectrode connected to said
control |l abl e power supply, is configured to serve as a substrate- or a
target carrier. 8. Method according toC%ﬂ%mpf t he preceding clains, wherein
providing a target of substantially | aser—evaporative material conprises
providing a substantially cylindrical target. 159. Method according to any
of the preceding clains, wherein said substantially |aser evaporative
material of whilch t Methed fsdases depepdtion omprisivgn. ~ 10. Met hod according to

any of the preceding,¢clahiffa phgNEIHN By 0vi ding said substrate conprises
provi ding a heat resistant substrate, 'such 20as a substrate nade of gl ass.
— providing a deposition chamber,

— providing a target (1) of substantially 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,



11. Method according to any of the preceding clains, wherein providing a
target of |aser evaporative material conprises providing a target with an
i nterior woun@/msh@anel , and further conprising causing &cCrinawowsfoséizei d

t hrough said interior fluid channel so as to control the 25tenperature of
said target. 12. Method according to any of the preceding clains, further
conprising providing a heating device for heating said substrate heating
sai d substrate by nmeans of said heating gevice while depositing said | aser
evaporated material on said substrate. WO 2009/ 067008PCT/ NL2008/ 050736 12
Met hod according to any of the preceding clains, further conprising
redirecting said firspetréng wfid heses sbiaght caureithe diecaonpesifpan bf sdid stir f ace
area of said target, 189, as %o ghonti nu?usl¥/ change the partial surface area
of said target bei ng @Xpd%84ot B 97 B2E8am of 1 aser Iight. Method

according to amy of Mefleodaeethfdo Elah B wHeudihhaid sRERE f1 ddgoiPyding,
particularly rotating, said target relative to said first beam of |aser
light incident on aS{ainte aPlaiind suaPHpeEve pleraates al ysontyolkadie PANEUS! v

change the partial M@?E&@Jc@&l @%rét@' ghd @v}i@f’éinl% %fbgi & Gfbalh s5akdo fi 1 st

3
beam of |aser |ight. hod according to clalns nd 14, whereby said

first beam of | asercdusglhe idscanaptisitent eftzaslcomprmes applyind aeeppopriadnd

whereby said target s rotated, around an axjs that .extends in.a.second
directson that 19 seseristt ParnyahRErnER P5hdeafhrile ierecel S8 Mot hod
according to any ofpéd& pipptedi ng clains, further conprising noving said
substrate, at l|least_partially, through said cloud of |aser evaporated
material so asto dMethedgcerding teielasait mbrsran cagiol spstdeqtrpdesyara a

depositign surface Hiir&@fegtrﬁ&'é’%{n%h?ed:\t/g sa{(p&)rntfoqlagfeoﬁ%v@erfgu{pgll}?és sai d

material on said deposition surface. thod according to c 14 and 16,
wher eby sai d t ar get cardiguotdteeskrae asincubstrabe- r bhatgeexbtemnds in a third

direction, and wher said substrate j noved..al o a fourth direction
Chat o oo e A CaRRR b AN g e it pe ST p ot e RETGGE =
according to any of tdrBét ¥r-RBehnbialI§ 1adFevaoliative m HRARI bshpdses Provi ding a

second | aser - operating said second |laser so as to preheat a parti al
surface area of sai Bravihgee 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.



Met hod according to claim 18, wherein the first |laser and the second | aser
are operated in cooperation, whereby the second | aser is operated to
preheat awpanwymbioogsurface area of said target, and wher @oy/NL2@Stos&736i r st

| aser 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 preceding clains for manufacturing a thin filmsolar cell. 521.
Apparatus suitable for |aser deposition gpnprising a first laser (3), a
deposition chanber, said deposition chanber conprising at | east one channel
t hrough which matter can be supplied to and/or discharged fromthe
deposi ti on charBer , MbBhodadtcardjeg t¢ ahy of theupystethng alafips) fagther svmporatd ve
material, said target;. i

edi ;é%ilnglési%rd?%sg%g‘éﬁdof | %se% 11§ t glw?cri)(?eslltgngag}a%rs}a‘atqglel{"f’ag%g mber |

substrate (2), sai d su being cat insal i"on

a punp for evacuati agatdieaidefpogdt] k@as ehaniiuousid cdthapgdthdpamgl thefaanect abl e
to a said channel of the deposition chanber, characterized in that

said first laser (33reRtgaibipretilsing srposedre eBAlirRubn Phivse! lighler ein a
sem - contg nuous 4l asgrethsy Qccgfﬁiﬁggo 5@? &f tMe@&iiﬁg Qlélilﬁg, further comprising

moving, particularly rotating, said target relative to said first beam
of laser light incident on a partial surface area thereof, so as to
continuously change the partial surface area of said target being
exposed to said first beam of laser light.

10 15. Method according to claims 13 and 14, whereby said first beam of
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



frequency < 1 kHz and a pul se wdth of at |east 0.0001 s. 2022. Apparatus
according to claim?2l, wherein said first |aser produces |ight conprising
one or nowe 2aeve7doengt hs in the range of 0.3 m- 15 . m PpraNIeo@®s§736n t he
range of 0.8 m- 12 p.m 23. Apparatus according to claim2l1 or 22,
further conprising a gas supply for providing a gas atnosphere, for exanple
a hydrogen 25at nosphere, inside the deposition chanber. 24. Apparatus
according to claim 23, further conprising means for deconposing the gas
conprised by the gas atnosphere into a plasna. 25. Apparatus according to
claim 24, wherein said neans for deconposing the gas into a plasnma conprise
two el ectrodes and duﬂbwohﬁwoﬁdabhehpﬂméhe@wgpﬁyatbmn@kdedﬁhhHM@a@pa514 26.
Appar at us accordlngttoap ﬁaetﬁe W? n.9ne O&ﬂuﬁld el ectrodes, or a third
el ectrode connect ed 10 28ai J con eﬁéﬁ omer supply, is conflgured to

serve as a subsgr at Ese of a andths@eécoedihkiteany o2the prpadiagdkiaecdor di ng to any
of the clains 21-26, wherein said target 5of substantially |aser
evaporative naterlaFmpgf?@@§?&ﬁﬁh§1ﬁ¥“é@@?ﬁ@¥lcaI 28. Apparatus according

to any ofsthe @ha'”RpﬁémﬁﬁssM@ﬁH@ﬁQI%Qthhéﬁﬁﬁnﬁ%ﬁﬁﬁﬁﬁﬁéVe material of
which the target is nade, 1s silicon. . Apparatus according to

any of the clalns—21a283thh£réﬁn sai d 103ubstrate is made of a heat
resistant materi al—’ %ucf:e?)osal%ioglc%grsn'ber, said deposition chamber comprising at least
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.



30. Apparatus according to any of the clains 21-29, wherein said target of

| aser evaporative material conprises an interior fluid channel for

ci rcul at iwo 2009/@m7G08nper at ure control fl uid. 31 PCANIZ0BI086736
according to any of the clainms 21-30, further conprising a 15heating device
for heating said substrate. 32. Apparatus according to any one of the
clainms 21-31, wherein said apparatus is arranged to nake a first | aser beam
produced by said first |aser performa sggnning novenent over a surface of
said target, while evaporating said surface. 2033. Apparatus according to
any of the clainms 21-32, further conprising neans for rotating said target
around at | east26oneApriusitugdccoppipartarigmatic ohgireig ane dnyidofledtheles] @i ars

21-33, further conpni.s ans for t.r.ansl mvi ng |d substrate
along at |east one QP“iQ@ﬁgﬂ tggﬁosﬁl %%1%§%%%3‘W6”to §§9 of the

clains 21-34, furthemfRoned teidtge as aecbngatcasen thafetean@r ati on wth said
first laser, wherein said second |laser is operated to preheat at |east a
partial surfacé’ar eAPPAradd; acorfiggito any of the clags 2 kghavheirin seiddamesig t o

any one of the clai B‘Fsu%%féélaufy%éé}eefvaﬁ&fa‘%%%éﬂe?&li"stsdb%@i{uémﬁ‘ sensor for
measuring either a tenperaturé of 15 the substrate, a tenperature of the

target or the pressarimdrivrat.he deposition chanmber. 37. Apparatus according

to claim36, f l‘é%t heﬁxp]ggra s g(‘:cggdi%g%g g\%{f%k’ tlgeec hitss 21- 27, wherein said laser

evaporative material of which the target is made, is silicon.

29.  Apparatus according to any of 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



for controlling either the tenperature of the substrate, based on
S5informati onal input froma substrate tenperature sensor, the tenperature
of the tawgebgydsa®ed on i nformational input from a tar g@CTINIESr0&a0736 e
sensor, or the pressure in the deposition chanber, based on infornmational
i nput froma deposition chanber pressure sensor. 10

15

the substrate, a temperature of the target or the pressure in the
deposition chamber.
37. Apparatus according to claim 36, further comprising a control device
for controlling either the temperature of the substrate, based on
5 informational input from a substrate temperature sensor, the
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



