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15 Such a method is known from for example US 5,304,281 (Wang).

’ It is an objective of the present invention to provide for an
alternative method for laser depositing thin films that allows for a high degree
of control over the ablation process.

To this end the invention provides a method according to the above-
20  mentioned type, characterized in that it further comprises scanningly
redirecting said first beam of laser light along a direction that is parallel to an
axis around which the target is rotated; and translationally 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
25  substrate in order to grow a film of said material on said deposition surface.
A known method of laser deposition, which is often referred to as

pulsed laser deposition (PLD), employs a pulsed laser that produces relatively

short light pulses having a pulse duration on the order of nanoseconds,
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20 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
method according to the invention thus contemplates an ablation process,
whereby the target material is first brecught into a liquid or fluidized state,

25  from which it is subsequently evaporated. Accurate control over the rate of
evaporation of target material from the melt can, for example, be exercised by
changing the pulse width and/or pulse frequency of a semi-continuous laser, or
changing the wave length of the laser light. The above described method is

widely applicable. It can be used to laser deposit any material that can be laser

30  evaporated, such as for instance metals or semi-conductors like silicon.



By providing a gas atnosphere, elenents other than the target 5
material may be incorporated into the deposited material and/or
films. Mol ecules and/or atons of a so called precursor gas nmay, for
exanpl e, react chemcally with the |aser gvaporated material of the
target, either before the target material®is deposited or at the
substrate after deposition.This is even true despite the high growth
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15 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
material by changing the pressure of the gas atmosphere inside the deposition
chamber.

20 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
target material to be deposited is to be hydrogenated. Such may for example be
the case when amorphous silicon (a-Si) films are produced, in order to reduce

25  the dangling bond density.

According to a further elaboration of the invention, the method
according to the invention further comprises providing means for decomposing
at least part of the gas comprised by the gas atmosphere into a plasma, and
operating said means so as to cause the decomposition of said at least part of

30 the gas into a plasma.



the cloud of |aser evaporated material, it may - under circunstances
- be necessary or desirable to activate a gas by other neans A plasna
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carrier. It may be sufficient to provide a biased electrode in the vicinity of the

element, such as behind it.

25 According to a further elaboration of the invention, the method
according to the invention further comprises providing a second laser, and
operating said second laser to direct a second beam of laser light at said target
so as to preheat at least a partial surface area of said target.

By means of two lasers the level of control over the evaporation

30  process can be improved.. An auxiliary laser, i.e. the second laser, can be used



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 prodgged usi ng the nmethod 15
according to the invention may be applied in thin filmsolar cells.
The nethod is fit for the production of both single- as well as
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According to a further elaboration of the invention, the method for
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

15 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
thicknesses and surfacial dimensions.

Further elaborations of the invention are described in the claims and
in the description of the figures below.

20
FIGURES

Figures 1 and 2 schematically show a side view, respectively a

frontal view, of a system for laser deposition according to the invention.

25 DESCRIPTION OF THE FIGURES
Figures 1 and 2 show a system for laser deposition according to the
invention. The figures show the following elements: a cylindrical target 1, said
target 1 having a target surface 1’ which may be provided with an interior
fluid channel 6, said fluid channel 6 having end connectors 7 and 7’; a

30 substrate 2 moving in a transport direction T; a first continuous or semi-



5 chanber (not shown as such), which is evacuated to sub-atnospheric
pressure by a punp (not shown). The |lasers 3, 4 are not necessarily
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rst laser operates either continuously or semi-continuously at a pulse

frequency < 1 kHz and with a pulse width of at least 0.0001 s. The wave length
of the laser is preferably in the range of 0.3 um — 15 pm, more preferably in the
range of 0.8 pm — 12 pm. This combination of parameters ensures a continuous

25  or at least a semi-continuous transfer of energy onto the target, whereby the
power at which the energy is transferred is neither too high nor too low, and
appropriate for most deposition applications. Based on, for example, the
specific target material chosen, the parameters may be optimized within the

given ranges. In the case of a silicon target, for instance, a wave length of

30 about 1 pm may be advantageous as silicon tends to absorb energy supplied at



10 provided on the target surface in order to evaporate the preheated

target material. It is noted that although this enbodi nent shows two
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Ler B SR le i IR TURS R A TRBERNEAE Ity ol s ppen mac
mat eri al  8to tdivegimd APpIkaBaBely, tothefwidlh dif tRE kubs@htd9, & id Barly
substrate by a heating device (not shown). Heating by a heat i ng

devi ce nmyshawnfipfigurgis s mélmmtbﬁ\sa@@t@a@zﬁlm@@mpet dasemonT
evapor at ed_mat er4. al;_does, not e ade tq,a bst vvlth a
too | ow t eRpery Rdigular g?%b%aé%ts%g QF%Ett faﬁér‘r?gl ‘rﬁ#ﬂ’&‘h eéta {9RG be
deposi t ed H'é[‘[%] Shted ortd t%%%ﬁﬁ@rdépbgltﬂﬁhétﬁ‘fgc@of é%@s‘ﬂbﬁﬂa&@% aesid age
structure. e target may al sO be subject to tenperatures. To

pr ever0 t hef ther spdtip Ehbmmmﬁgui'@al and,2 istthamyhbeo maﬁvd@adaéﬁmvddmsftmn,
interior fluid channel t hr ough, |chfcoolln fluid circul at es.
a

Al t er nat i vkf eﬂ%gl‘?rht’gtarlgﬁt F}*’JPH‘a REHhRIaCES pEeIh ARk %@Sﬁlf%‘ﬁe?atls
the target) ﬂm@ﬁ L4 Eﬁﬁé&%&v%%@t %]l.lbl 4 r2h£r9c%"91tfe b I 81@%(9 §irRLe

and/ or the target may be provi errpera ure’'s
possi bl y atheadiheidoneof tladihgrate 2 relative to the dlmensmns of the cloud of

laser evaporated material 8, are chosen such that any evaporated material will
25  quickly come into contact with substrate 2, to which it will adhere. Typically,
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

30  attached to the extremities of the target, so as to confine the cloud of laser



substrate and/or target, such as in the case of a pyroneter -, which
sensor 20 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 flyuid through the interior
fluid channel or the paraneters of the fitst or second |aser.

Li kewi se, the deposition chanber nay be provided with a pressure

sensor. 25%%%?8%@&1'1}%1:&1'%%}%4% %gt%qﬁs(ﬂ{’ ﬁl%dshﬁgﬂil\é bkl ?1@1 1% c?_lan

certain enbo IS un one s |nt ear

apply vari efifciehfnge sf eaided hapoatal omtaaagbhmateiﬁaymdaaeﬁmbsmn@ﬁ onto
t he present invention as defined by the clainms. 9 Cains 1. Method

for |aser dbpebialilpmasobprewitretuced intpthw tlgudgpizvaportted asaterid) due to
said fi rst aser . bei n ta con muog% ?1 e{n (%E ﬂ a | aser, wherein
a seni - contPRGEYEORRGEHal condifions 4y the sprfacen b b‘ﬂ $e frequency <

| kHz ang a pul se V"'Igiéqn@tfedacthak%H@%ugstqgg’elzﬁaf_’be%ﬁ%j’écg‘tﬁg. ?h (meelatules,
deposi tion chanbe providing a substantially cylindrTca ar get
(1) of subsiadndlicalld yhéwsere ey apaleaifihemt retstasd miateidal, dudhm@@assmrﬂlgh

chanber; proyiding a substrate in _said deposition chanber
evacuat i ng Sgﬁﬁfaaa%ﬁﬁﬁpﬁwéﬁl%w@ for; @xam %ﬂﬁﬁﬁlbﬁ@m&%‘i@% graﬂ@ the cloud of

L00per a4 A bl A, 48 A GpPalls 3 Aol 80 ot e
evapor at ed subtt2ht@by a heating device (not shown). Heating by a heating device may,

10  for example, be advantageous in cases where laser evaporated material does
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

15  with an interior fluid channel 6, through which a cooling fluid circulates.
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

20  outputs a sensor signal to a control device that, based on this input, can
monitor and control the respective temperature by controlling, for instance,
the flow of fluid through the interior fluid channel or the parameters of the
first or second laser. Likewise, the deposition chamber may be provided with a
pressure Sensor.

25 Although the invention is described above with respect to a certain
embodiment, it is understood that one skilled in the art can apply various
changes and adaptations without leaving the scope of the present invention as

defined by the claims.



rotating said target (1) relative to said first beamof |aser |ight
(3") 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 |aser 15light; pl aci ng said
substrate (2) at least partially within said cloud (8) of laser
evaporated material; depositing said |aser evaporated material on

said substrate (2); characterized in that the nmethod further
conprises: 20- scanningly redirecting said first beam of |aser |ight
along a direction that is parallel to glhfygi tudi nal axi s around
which the target is rotated, and translationally noving said
substrate, at l|least partially, through said cloud of |aser evaporated

material sq as to distribute the, depgsition of. said material over a
deposi tion urface(ig‘?thsogi%l _i?ﬁ_fétdreé’?g{%}q{l OB St grow a filmof 25
sal d material -OfyaidinglaNR, 1AQH BYIAF firsi kLML doRGRALEL BISL A
claim1, wherein |laser |ight produce y the tirst 1 aser conprises
one or nor eontiveolie hagdrs wihereéinea samgeonfinQods luser ida pulsed nﬁee][}@twlﬁlyg a
inthe range of 0.8 jim- 12 um 5 3. Method according to any of the
precedi ng OUsHEeapeRehelkddnprd & pialse widsh oéinhdeast §-Q0%k sosphere | R
sai d deposition Qgﬁ?g . thad agcording to claim 3, wherein the
provi de%) gas at rl?gsp er aidse%gsﬁ,/go r((g)ibaenn1 glas, at nosphere.

— providing a substantially cylindrical target (1) of substantially laser

evaporative material in said deposition chamber;

— providing a substrate in said deposition chamber (2);

— evacuating said deposition chamber to sub-atmospheric pressure;

10 — 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 material;

— rotating said target (1) relative to said first beam of laser light (3")
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

15 light;

— 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 the method further comprises:

20 — scanningly redirecting said first beam of laser light along a direction
that is parallel to a Jongitudinal axis around which the target is rotated, and

— translationally 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

25  said material on said deposition surface.



10 5. Method according to claim3 or 4, further conprising -

provi di ng neans for deconposing at |east part of the gas conprised by
t he gas atnosphere into a plasm, operating said neans so
as to cause the deconposition of said at beast 15part of the gas into
a plasma. 6. Method according to clai mé‘c, wherei n said nmeans for
deconposing gas into a plasnma conprise two el ectrodes and a

control | abl ower Y ] t heret @, and wher.ei n_oper at.i;n

sai d neans %opas t(%\ﬁ %’tgﬁscleac%ﬁ{;ﬂ%% tgcejcclz%lnnrl)(%sﬁ%leb%mo salaglghg%&f%cgg bﬂthe
appl yi ng a'ﬁl@pM@@fcbﬁifﬁisﬁ:lgsetﬁier¢1Cﬁbr@6$eﬁr@tlbﬁkt}%' i @O Rl 0.H8m — 15 um,
el ectrodes by neans of said power supply. 7. Method according to

cl ai m 6, wheefirabbnia dfe smigh &fl 6@ pmdes]2 pm.a third el ectrode

connected to said controll able power supply, is configured to 25

serve as a substrate- or a target carrier. 8. Method according to

any of ghe gorecedi i " rei i i @l I [
ev;por a%i vg') mat er i 2? Bt?)llfoavé;ﬁ:é 8%%%5%%?5%#%?@%%@?&@411@ ’ifgg%.el cppprising
9. Met hod accordippgviding@a)eaefatiiesphees adbng ddpvisitBon WASHBLRA, provi di ng

sai d substrate conprises providing a heat resistant substrate, such

as a substrate made of gl ass.

4. Method according to claim 3, wherein the provided gas atmosphere
t

is a hydrogen gas atmosphere.

10
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,
— operating sald means so as to cause the decomposition of said at least
15 part of the gas into a plasma.

6. Method according to claim 5, wherein said means for decomposing
gas into a plasma comprise two electrodes and a controllable power supply
connected thereto, and wherein operating said means so as to cause the

20  decomposition of gas comprises applying an appropriate electrical potential

difference to the electrodes by means of said power supply.

7. Method according to claim 6, wherein one of said electrodes, or a
third electrode connected to said controllable power supply, is configured to

25  serve as a substrate- or a target carrier.

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

30



5 10. Met hod according to any of the preceding clains, wherein
providing a target of |aser evaporative material conprises providing
a target with an interior fluid channel, and further conprising
causing a flow of fluid through said intiéior fluid channel so as to
control the tenmperature of said target. 11. Met hod according to any
of the preceding clains, further conprising providing a heating

devi e L7 et g S SRS L e TS TSPl

sai d heating devic epositing-s

on sai d subgid atBstrafe domRikbograaanislh Mat edibRin® shbsWhaEs eiehsal 4
target is rotated around an axis that extends in a first direction,

and wher ebypubaimite npade of glass. noved al ong a second direction that is
substantially perpendicular to said first direction. 20 13. Met hod
according to any of the preceding clains, further conprising

rovi di gg econd \iasea At i . : T
Breheat Ba ggf tial sNIurfaceacgrg)gdz:ilﬂgftragizill%?g(S iﬁg?éﬁé?@%é%ﬁéﬁ%ho e%%%B%%‘l’qulgng
to clai m 13, tasget ef lasthevipastivieaneterdaldconiyeri saecondidiages taget with an
operated in cooperatiqn, whereby the second | aser is oEer ated to
preheat a pararia) g ¢hanmel, and %mrtbar gomarisng cansingretewyofifhidithrengh

| aser is s | e e d saig arti gls rface area.so,as t
vapor at e CAS BREEatLTEkARp! aEfbts BRIGLECHABEREESr SRathntSl
10 11. 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.

15  12. Method according to claim 1, whereby said target is rotated around
an axis that extends in a first direction, and whereby said substrate is moved
along a second direction that is substantially perpendicular to said first

direction.

20 13. Method according to any of the preceding claims, further comprising
— providing a second laser
— operating said second laser so as to preheat a partial surface area of said

target.

25 14 Method according to claim 13, 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 the first laser is
scanningly directed at said partial surface area so as to evaporate the
preheated target material.

30



15. Use of a nethod according to any of the preceding clains for
manufacturing a thin filmsolar cell. 16. Apparatus suitable for

| aser deposition conprising 5 a first laser (3), said first |aser
bei ng a continuous or sem -continuous Iaagr, wherein a

sem -continuous | aser is a pul sed | aser ving a pul se frequency < 1
kHz and a pulse width of at |east 0.0001 s; a deposi tion chanber,

sai d deposid on ch e | gl at ast_o channel._ t hf Qu whi ch
mat ter can 15 suppt et RTEbE e Bing 5 2k PR ERE TR D s ok
chamber;  ansbtifceintihgld phigailnngsliagabllt arget (1) of substantially

| aser evaporative material, said target (1) being located in said
deposition chanber; neans for rotating said target around at | east

one axis; a substrate (2), said substrate (2). being | ocated
in said degfsiti on APEARATL ‘%1%%15118 fox zasﬁﬁrﬁs?PP loé\fa?@é:%‘%l?w@the

deposi tgon chal , j bei. I - i. f
tho_deposi t1 on raarsdt By T O PR E R obnliBufuE Bt Ce7RARnBhs
configured to mikerawhersin 4 asmi-cobrtinucds lagiaduqadsey 120s diadihs bgulse
| aser (3) performa scannj nhzrmvemant over a surface of said target

(1) along a di r SEAUERY Frat kil mad aimwpe mgdthef at laash 8:008Hes; axi s
oroun v ch $18 Aghlol uf  Yt A0b el P LSBT Ml on
conprises: neaghafRél (EBLEH WiRichBAfkAthAMR! JuppHeuS oS dos HRShA ALl
along at | east 25one direction (T), such that Said substrate (2) 71s
movabl 80 at | eaftom the deposition chamber;
— a substantially cylindrical target (1) of substantially laser evaporative
material, said target (1) being located in said deposition chamber;
— means for rotating said target around at least one axis;
— a substrate (2), said substrate (2) being located in said deposition
15 chamber, and
— a pump for evacuating the deposition chamber, said pump being
connectable to a said channel of the deposition chamber;
characterized in that
— said apparatus is configured to make a first laser beam (3’) produced by
20 said first laser (3) perform a scanning movement over a surface of said
target (1) along a direction that is parallel to the at least one axis
around which the target is rotated, said at least one axis being a
longitudinal axis of the target, while the apparatus further comprises:
— means configured to translationally move said substrate along at least
25 one direction (T), such that said substrate (2) is movable, at least
partially, through a cloud (8) 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.
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partially, through a cloud (8) of |aser evaporated naterial so as to
di stribute the deposition of said material over a deposition surface
of said substrate in order to grow a filmof said material on said
deposition surface. 13 17. Appar atus acci ding to claim 16, wherein
said first laser produces |ight conprisi 8 one or nore wave | engths
inthe range of 0.3 m- 15 m preferably in the range of 0.8 m- 12

m 5 18. Ap at us di i i . OF furthern £oopri sing-a
gas suppl yror proci e at@r i B 4306 bmesie Sl G9FPheR gl atces
at nospher e lightSofridifsdeRasi hbfweRandesths in the rh8ge MPPAS phtS 15 pm,
according to claim 18, further conprising neans for 10 deconposi ng
the gas comppefesablyoyp thearagee oft hifspherdd o a pl asma.  20. Appar at us
according to claim 19, wherein said neans for deconposing the gas
into a plasma conprise two el ectrodes and a control | abl e power supply

connectgd tgereto. oAi%g,rg%Jrs ﬁ&b@ﬁ?@?@l cggﬁﬁ’ M@ 19 7 ?u{:dh%% %ﬁﬂjri%&r&e&&

one of said electr ctrode corinected to - sa

control | ablsapphwvier prupiliyg al gascaimhogplieed, foo exafre ashylidubs atAloephére,
a target carrier, 20 22. Apparatus according to any of the clains
16-21, whei@side $hp depagibion chamber.

19. Apparatus according to claim 18, further comprising means for

10  decomposing the gas comprised by the gas atmosphere into a plasma.

20. Apparatus according to claim 19, wherein said means for
decomposing the gas into a plasma comprise two electrodes and a controllable
power supply connected thereto.

15
21. Apparatus according to claim 20, wherein one of said electrodes, or a
third electrode connected to said controllable power supply, is configured to

serve as a substrate- or a target carrier.

20 22. Apparatus according to any of the claims 16-21, wherein said laser

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

23. Apparatus according to any of the claims 16-22, wherein said
substrate is made of a heat resistant material, such as glass.

25
24. Apparatus according to any of the claims 16-23, wherein said target
of laser evaporative material comprises an interior fluid channel for circulation

of a temperature control fluid.



evaporative material of which the target is nmade, is silicon. 23.
Apparatus according to any of the clainms 16-22, wherein said
substrate is nade of a heat resistant material, such as glass. 25
24. Apparatus according to any of the clagins 16-23, wherein said
target of |aser evaporative nmaterial con@#i ses an interior fluid
channel for circulation of a tenperature control fluid. 14 25.
Appar at us ordin R aj =24, - fur QRPLI Sing..a
heat i ng de\%r)ge forq}#é%tl?ﬁ%s ggﬁogﬁg}%g ér‘%?g%ﬁlgéfé& ; %B%L%’aﬁtﬁﬁs LGt ilﬁlélga
to any of thetileademcd Erdmeating bhersul@biRitesi ng a 5 second | aser for
cooperation with said first |laser, wherein said second |aser is
operated to preheat at |east a partial surface area of said target.

27. Appara according to any one of the.clainms 16- urther . .
conpri si ngbﬁ I east‘Apé)r‘?gag%%g(if%gl&d}g SR Pf %]?flﬁéaegfq’éjﬁb {QFEPIAFIng a
the 10 subgbiElasdr £6 badion Qfith Bgid BF f y ) | i
deposi tion chanbear . ! 28. parlartlus1 aggg&r%{%ghf%gﬁﬁ%%gm%??%grﬁg& 1
conpri si ng opecatetrtolprebeatet femst aqartial Istinfaceiarbe of bl tazgper at ure of

the substrate, based on informational 15 input froma substrate
tenperature sensor, the tenperature of the target, based on

i nfornati orﬁayl i nputAﬁJ n ; r e r pressure
int h_e _deposf tion C grr?{%erl,?s %%égfgﬁlgﬁlt%i nﬁo{r%ngf) f%%ea@%?%&}t %éf’g%%m
deposi ti on comgiteng pt dsEdtIoReSRMSOF for measuring either a temperature of the

10 substrate, a temperature of the target or the pressure in the deposition

chamber.

28. Apparatus according to claim 27, further comprising a control device
for controlling either the temperature of the substrate, based on informational
15 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.



