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10 BACKGROUND OF THE INVENTION

Laser irradiation of semiconductor material surfaces is well known for applications
such as thermal annealing of amorphous silicon to obtain re-crystallization, and
dopant activation. This technique offers significant advantages over a conventional

15  heating process by enabling a very fast heat treatment and shallow depth of the
heated region.

Since the shape and/or size of the laser beam spot usually does not fit to the shape
and/or size of the region to be irradiated, the state of the art provides a number of

20 means for shaping the laser such that a region of a semiconductor material layer with
particular size and shape or a pattern of such separated regions can be irradiated.
For example, a commonly known technique, as illustrated in US2003199176, is using
a shadow mask for shaping the laser beam spot. Such shadow mask may have a
plurality of apertures.

25
Since the laser spot size is much smaller than the size of a die (also called a chip or
device) due to the high energy density required for the irradiation process and the
low output energy of traditionally available laser sources, a first disadvantage of
using the conventional shadow mask technique is that, when a whole die or a big

30 pattern within one die has to be irradiated, the laser spot has to step over or scan the
die or the pattern to irradiate it completely. This may result in decreased processing
speed and increased production cost.
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20
As a third object the present invention may provide an apparatus allowing the user to
control and adjust the shape and/or size of the laser beam spot to the geometry of
the region to be irradiated, thereby increasing production rate and production
flexibility.

25

As a fourth object the present invention may provide an apparatus allowing reduction
or even suppression of overlap and as a consequence increased uniformities

regarding dopant activation rate or depth and surface quality.

30 As a fifth object, the present invention may limit significantly the number of optical
elements required for allowing matching shape and/or size of the beam spot to the
region to be irradiated, thus reducing the cost and size of the apparatus.
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SUMMARY OF THE INVENTION

10 The present invention is directed to the apparatus for irradiating semiconductor

material comprising:

- a laser generating a primary laser beam;
- an optical system;

15 - and a means for shaping the primary laser beam, comprising a plurality of apertures
for shaping the primary laser beam into a plurality of secondary laser beams;

characterized in that the shape and/or size of the individual apertures corresponds to
the shape and/or size of a common region of a semiconductor material layer to be
20 irradiated, and that the optical system is adapted for superposing the secondary laser

beams to irradiate said common region.
Further, the present invention is directed to the use of such an apparatus in
semiconductor device manufacturing.

25

BRIEF DESCRIPTION OF THE DRAWINGS

FIG 1 illustrates an embodiment of an apparatus in accordance with the present

30 invention.

FIG 2 illustrates another embodiment of an apparatus in accordance with the present

invention.
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FIG 6 illustrates a modification of the plurality of apertures.
10

DESCRIPTION OF THE INVENTION

A person skilled in the art will understood that the embodiments described below are
15 merely illustrative in accordance with the present invention and not limiting the
intended scope of the invention. Other embodiments may also be considered.

According to a first embodiment of the present invention, an apparatus for irradiating
semiconductor material is provided comprising:

20
- a laser generating a primary laser beam;
- an optical system;
- and a means for shaping the primary laser beam, comprising a plurality of apertures
for shaping the primary laser beam into a plurality of secondary laser beams;

25
characterized in that the shape and/or size of the individual apertures corresponds to
the shape and/or size of a common region of a semiconductor material layer to be
irradiated, and that the optical system is adapted for superposing the secondary laser
beams to irradiate said common region.

30
By using a primary laser beam which is shaped into a plurality of secondary laser
beams by a means for shaping comprising a plurality of apertures of which the shape
and/or size corresponds to the shape and/or size of the common region of the
semiconductor material layer to be irradiated, and by using an optical system
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Further, as a skilled person will recognize, an apparatus in accordance with the
20 present invention limits significantly the number of optical elements required for
allowing matching shape and/or size of the beam spot to the region to be irradiated

compared to conventional systems, thus reducing the cost and size of the apparatus.

The plurality of apertures (also called “mask”) may be a solid plate in which a plurality

25  of apertures is manufactured or it may be an assembly of apertures mounted in a
frame of any form, preferably in the form of an array. In essence, one such aperture
is then a hole or an opening through which part of the primary laser beam passes
and which defines the shape and size of the secondary beam spot.

30 The number of apertures of the plurality of apertures may be from at least two up to
M x N, wherein M and N may be from 2 up to 30, from § up to 20, and preferentially
10.
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dies may significantly contribute to increased uniform irradiation energy distribution

over the die and to reduction of overlapping effects, resulting in increased process

25  uniformity.

In an embodiment in accordance with the present invention and as illustrated in
FIG 1, the optical system may comprise an array of microlenses (ML2) and a
spherical lens (FL). The primary laser beam will be shaped by the plurality of
30 apertures into secondary laser beams which subsequently will be superimposed by
the array of microlenses (ML2) and the spherical lens. The spherical lens defines the
magnification of the image on the region to be irradiated. Preferably each aperture of
the plurality of apertures (M) may correspond substantially exactly with one microlens
of ML2, wherein each microlens forms the image (IM) of the corresponding aperture



25uniformty. In an enbodi ment in accordance with the present invention and
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corresponding aperture in the infinite plane.

15 As illustrated in FIG 3, the latter embodiment has the additional advantage that it may
provide fine matching and adjustment of the image size to the region to be irradiating
by making ML2 movable relative to ML1 (a so-called “mini zoom”). FIG 4 shows an

example of the range of magnification that can be achieved in this way.

20 The optical system of the apparatuses in accordance with the present invention
serves in fact as a beam homogenizer. By providing the plurality of apertures up-front
the optical system, the laser beam is shaped and then homogenized. This provides a
significant advantage regarding sharpness of the image compared to a shadow mask
approach where a mask is positioned close to the wafer. Moreover, very close
25  position may include a risk for contamination of the semiconductor material substrate.

Alternatively and as illustrated in FIG 5, the plurality of apertures (M) may be located
at the inner surface of the output mirror of the laser (L). In this case, the plurality of
apertures may be an assembly of apertures mounted as close as possible to the
30 inner surface of the output mirror. A more easy and preferred way of constructing is
providing a partially reflective coating on the inner surface of the output mirror having
a plurality of higher transmittance areas, i.e. the apertures, surrounded by a lower
transmittance area on the inner surface of the output mirror. The latter provides a
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lower and higher transmittance zones, a controlled non-uniform irradiation may be
possible allowing the ability to process in one irradiation pulse a region having sub-
regions of different irradiation requirements, e.g. different thermal budget for different

20 activated dopant percentage. Such controlled non-uniform irradiation may be used
also to compensate for non-uniformities generated by previous process steps.

The laser may be any laser whose wavelength, energy and pulse duration is adapted
to the process. Preferably, the laser may be an excimer layer, more preferably a

25  xenon chloride excimer laser.

The wavelength of the laser may be in the range below 600 nm, in the range of
190 nm to 480 nm due to the high energy absorption of silicon at those wavelengths,
and preferably 308 nm.
30

The laser energy may be in the range of 5 Joules to 25 Joules. In order to achieve
these energies, the laser discharge volume is optimized to typically 10 cm (inter
electrodes spacing) x 7to 10 cm (discharge width) x 100 to 200 cm (discharge
length).
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9 The polaseenibodinent efotheeypseadisinvention,dpeilasen imayvizee adépied toeprodnge feor

reduci ng diffusion of dapants and relatively sl C own for reducing
the T orfaerls Bpéteran O Ehanaty dehty aefuded 0gbage I0HEHE {0’ 1000 ns,
preferably between 100 ns 5 and 300 ns. In an enbodi nent of the present

i nvention, the |aser may be adapted to produce a goj ected | aser beamw th

an 18nergy prefeired epdogenani fne aser 100 be . eXaMer iaser eldepkesttcepiosidicaent |,

the | a?frrgen?r%abo%tﬁuq t?é‘a% rg?rmérgstﬁfan W&%Q%E)Pe f?‘nra%dét?gma, preferably 100 cm?,
having a projected beam spot typically from 1 to 10 cm?® with an energy density
between 0,5 and 10 J/cm?.

15 An apparatus according to the invention may further comprise means for aligning the
secondary beam spot in XYZ-direction with the plurality of regions.

Further adjustment may be performed by visualizing the beam spot on the
semiconductor material layer using a camera, measuring its size and adjusting the

20  magnification.

An apparatus according to the present invention may further comprise a pattern
recognition system. Such pattern recognition system may comprise a camera,
mechanically linked to a stage for holding the semiconductor material, and positioned
25 above the material layer surface. In a specific embodiment, the image from the
camera may be processed to locate several (typically 3) alignment marks that have
been etched on the semiconductor material. The alignment marks provide the
precise location of the semiconductor material in the coordinate system the
apparatus.
30
The semiconductor material layer may be of any material suitable for semiconductor
applications such as, but not limited to undoped silicon, doped silicon, implanted
silicon, crystalline silicon, amorphous silicon, silicon germanium, germanium nitride,

I11-V compound semiconductors such as gallium nitride, silicon carbide, and the like.



| arge area out put beam of nore than 60 cn2, nore than 80 cnR, preferably
100 cn®, having a projected beamspot typically from1l to 10 cn2 with an
ener gy deweioy/toetoseen 0,5 and 10 J/cnR. 15 An appar at upcampooidiosyos o t he
invention may further conprise nmeans figr aligning the secondary beam spot
in XYZ-direction with the plurality of regions. Furt her adjustnent may
be performed by visualizing the beam spot on the sem conductor materi al

| ayer using a canera, neasuring its size and adjusting the 20nagnification.
An apparatus according to the present invention may further conprlse a

pat t er i NecapRATalUS M §9§@@1ﬁn091wﬁhﬁaetmeﬁeﬁ*te@dgﬁtlpndnagmlé$ﬁ wakind se a
camer a, e'ﬁ%&zﬂﬁcﬁ&l Métér‘ué(]‘i)‘;gie'vgc @ &s iRk nB?' ifitBd bt dl?E&ﬁéHrs
materlasl oSition nateri a Ia er sur naspeC|f|c

enmbodi mmermdmzes, Img@Sflogmddmemmt pholnyolb@cmetbsessed to Iocate sever al
(typically 3) alignnment marks that have been etched on the sem conductor
material. The alignnment nmarks provide the precise |ocation of the

sem conductor nmaterial in the coordinate systemthe apparatus. 30 The

sem conductor material |ayer nmay be of any material suitable for

sem conduct or applications such as, but not limted to undoped silicon,
doped silicon, inplanted silicon, crystalline silicon, anorphous silicon,
silicon germanium germaniumnitride, 111-V conpound sem conductors such as
galliumnitride, silicon carbide, and the like. WO

2011/ 104198PCT/ EP2011/ 052498 10 The apparatus in accordance with the
present invention may be used for nmaki ng sem conductor material or devices,
such as but not limted to CMOS i mage sensors, 3D nenories, CMOS | ogic

devi ces and photovoltaic cells. WD 2011/104198PCT/ EP2011/052498 11



CLAIMS: 1. An apparatus for irradiating sem conductor material conprising:
5- an laser generating a primary |aser beam an optical system and a
means forwehapimgioshe primary | aser beam conprising a pcureekeitpsnbs
apertures for shaping the primary | asg¢{ beaminto a plurality of secondary
| aser beans; 1l0characterized in that the shape and/or size of the

i ndi vi dual apertures corresponds to the shape and/or size of a commn

regi on GifAlMMSem conductor naterial |ayer to be irradiated, and that the
optical systemis adapted for superposing the secondary | aser beans to
irradi ate said common region. 152. An apparatus according to claim1,
wher ei ny tahe . SI Za. I L hat the spot shape and
spot sﬁié@b ﬁ%ﬂgﬁggggH%g&%”&%%%ﬁﬁﬁggﬁébﬁa Cﬁh@ﬁ%ﬁ@ﬂg% ‘and size of said
region to be irradiated. 3. An apparatus according to clainms 1 or 2,
mhereiné%ﬂe optical systemconprises an 20 array of mcrol enses (M2) of
whi éh & aﬁﬁeg%?er?H%gﬁi@Wré( 2 k&3 Pesponds to one of the plurality of
apertur. WN§Q%|§y§:Hﬁrical | ens. 4. An apparatus according to claim3,
wherein the optical System additionally conprises a second array of

m cr ol eraesa (ndahp fof shvping tlephimange lasier bhemyicomyrisitges pRBalityrafspenidses o one
of the_plurality of .apertures. 5. An ratus according.to clains 1 to 4,
wher of 0% HiAtg e LB leser Bramiiniste PAIFRRY T SReOTHY Ss B8r o ol 1 Ly o
apertures is located at the inner surface of the output mrror. 30 6. An
apparatus according to claim5, wherein the plurality of apertures

confr i sbaractemzad il that ther shaneg grd/ebaizeryf thaindigddapareriures cogespeiireto
Lransmil aneseaeas, SUESUNEHRY, FediBNr 4 SBARGBHARR: maleft 1% to be

2011/1

irradiated, and that the optical system is adapted for superposing the secondary laser

beams to irradiate said common region.

15 2. An apparatus according to claim 1, wherein the shape and size of the apertures is
such that the spot shape and spot size of the secondary laser beams match the
shape and size of said region to be irradiated.

3. An apparatus according to claims 1 or 2, wherein the optical system comprises an
20 array of microlenses (ML2) of which each one of the microlenses corresponds to one
of the plurality of apertures, and a spherical lens.

4. An apparatus according to claim 3, wherein the optical system additionally
comprises a second array of microlenses (ML1) of which each one of the microlenses
25  corresponds to one of the plurality of apertures.

5. An apparatus according to claims 1 to 4, wherein the laser comprises an output
mirror and wherein the plurality of apertures is located at the inner surface of the
output mirror.

30
6. An apparatus according to claim 5, wherein the plurality of apertures comprises a
partially reflective coating having a plurality of higher transmittance areas surrounded

by a lower transmittance area.



12 7. An apparatus according to any of the above clains wherein the
plurality of apertures is an Mx N array of apertures. 8. An appar at us
accor di ngvoeoamp4nB t he above clains wherein at | east omeTwP201h@shi9os
apertures shows a pattern. 9. An appgsatus according to any of the above
clainms, wherein the laser is an exciner |aser adapted to produce a
projected | aser beamw th an energy density between 0,5 and 10 J/cnR. 10

10. An 7appeibpipasatte atooiing Qoadny of thdebdveve atingi wherainahel piuraietyr Qi on
to be irradiated corresponds to at |east one full die. 11. An

appar ataperigeesoiscAmby X bl sy ef aperéurgbove cl aims, further conprising neans
for 15aligning the secondary beam spot in XYZ-direction with the region to
be irradiated. 12. Use of an apparatus according to any of the above

cl ai ns 8. Ars @pparatds Gceordimy ite eanyeofufr@cabovenglaims wherein at least one of the

5 apertures shows a pattern.

9. An apparatus according to any of the above claims, wherein the laser is an
excimer laser adapted to produce a projected laser beam with an energy density
between 0,5 and 10 J/cm?.

10
10. An apparatus according to any of the above claims, wherein the region to be
irradiated corresponds to at least one full die.

11. An apparatus according to any of the above claims, further comprising means for
15 aligning the secondary beam spot in XYZ-direction with the region to be irradiated.

12. Use of an apparatus according to any of the above claims in semiconductor

device manufacturing.



