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1 Localized Annealing During Semiconductor Device Fabrication Field of

the Invention 5 This invention relates to optical annealing during

semiconductor device fabrication and refers particularly, though not

exclusively, to annealing during semiconductor device fabrication by use

of lasers or lamps after the substrate is removed, Background of the

Invention 10 Many semiconductor devices are fabricated in large

MYTRSLS QN.A SHRSH AL LIRS [RRIRANON (b Y RcqiRerate at least one

layer of a metal. Most metal layers applied to semiconductors devices

during the fabrication of the semiconductor devices are annealed following

tihein @pplicatienicknnealing is normally in an oven or the like for a period

of time and a 15 predetermined temperature. Often the temperature is

relatively high, for example, the annealing temperature for the Ohmic

COMtAR FHETAI B et ARSI J8NaBliE ALY0e T EORUTAE 4FViapAfsigation and refers
Rhysigsr lyetienshvialumel 6Sypage 1621id9A6ling Renusenaficelativalye ighcation by
tempetatures, hag t%%&%%"fm 1S, ihat dedrade device performance. For
exampéie, unwanted atomic diffusions can take place at high annealing
temperatures, degrading the device performance. It is desirable 20 to

havedhe anpealing dans:at low temperatures, preferably at room

temperature. Due to the difference between the thermal expansion

coefficients of different materials on a wafer (such as. for example, the
dlibstrateicepitasiallfayersamétaisadible dtrissyantt sooforth)b cotv éhtiogakbrication
W%HG&&%QP%§55@ %f@m@tﬁe{%‘%tm thewafenas b QSﬁ“@gt}ﬁ semiconductors
applied to the whole wafer If the stress is not buffered properly, it often ,
davises LrHBRinY i e Warerbrthe PRERAG S PENIIT YE°IAE fHBIYAS WWilfering their
apgieating defectis ¢n itheomahdly, Thisriscespegially tite ifocertaikrinafel time and a
f&?&%‘%@r‘i%ﬂ%@{éﬂ Qlogies eﬂﬁ%%r&shgnﬁo%PaU@tg l%lEﬁUé%VE%ﬁ“?QrtQ&S taxial nnealing

ayers are bonded to another mechanical support that acts like a new

SupRtratES SUHiH &Y BIIENHEREEH 8 ActRd&Hee Wit actitstiiefertéglan et al.
aspaed, Mmyaiproeess, foblihefabricatam7of 1 semiqopdyetar drvices Neingmperatures
%aakgrliT(l:aaﬁt)? }C)Iro e?n‘?’%?a?tﬁ%‘é?aﬁé‘ geivnxgcleu;%irr}grmance. For example, unwanted atomic diffusions
can take place at high annealing temperatures, degrading the device performance. It is desirable
to have the annealing done at low temperatures, preferably at room temperature. Due to the
difference between the thermal expansion coefficients of different materials on a wafer (such as,
for example, the substrate, epitaxial layers, metals, dielectrics, and so forth), conventional
annealing often causes thermal stress in the wafer as the heating is applied to the whole wafer. If
the stress is not buffered properly, it often causes cracking in the wafer or the peeling of thin
films from the wafer, or creating defects in the wafer. This is especially true in certain wafer

fabrication technologies where the substrate is removed and the epitaxial layers are bonded to

another mechanical support that acts like a new substrate.
Summary of the Invention
In accordance with a first preferred aspect, in a process for the (fabrication

of  semiconductor devices being fabricated on a substrate and including

at least one metal layer, after removal of the substrate and applying a secondsubstrate, there



at least one metal layer, after removal of the substrate and applying a
seeondsubstrate, there 2 is provided the step of annealing the at least
one metal layer by application of a beam of electromagnetic radiation on
the least one metal layer. According to a second preferred aspect there is
provided a process for the 5 fabrication of semiconductor devices being
fabricated on a substrate and including at least one metal layer, the
process comprising removing the substrate from the semiconductor
devices, forming a second substrate on the at least one metal layer, and
annealing the at least one metal layer by application of a beam of
electrommagnetéc thelidtionfsnacainn fer dfdosatiensan theeabjeasticitien of a
metal lagem olOdcosbatheaspeciithe second suubstiateymay be applied to
the semiconductor devices before or after the substrate is removed. The

oeam ol 2 ieaHoMagnalis,[giglon May0e A 1RSE Beam, 1ML T 3L e
least one lamp, or light from a ban amps. 15 The Sécond Substrate

may be PR 85 IHE CEIHEBhRIEDT i feioried Seecas'irras o rac
semicofideRtoPEeVRI@S2 e 'BaIPserate PRIVING Iseemesnsoedibeinata ffirstihe
surfacesehihedsemidevickc fomdeyvicespth e ikstasnchsec and-susfacesdeing,

differentadl harisihsutiace: maxbereppesiladns Secapgiskidace: 20 kis of
duration gt Ine.aRALCAHONLIIS IARE! HeATINAYAIR0 P dRRImIngd.bY.

the metal of the at least one metal layer, and the thickness of the at least
one metal layer. The laser beam may be of a frequency and intensity

determifedP®y fr@erietaf sefiaatiesiimamptaprayies, théhthradmeysistor
the at |eadesneeivietal lfirsrthesuasithtthes materidl dheheesenitelnductegnetic
devicesadidiereniaayehelas@lusatityic: metal ayersad e plor adity rfmetab of
layers maysbe annealed sequentially or simultaneously. The laser beam
may be sequentially :

The second substrate may be applied to the semiconductor devices on a second
surface of the semiconductor devices, the substrate having been removed from a
first surface of the semiconductor devices, the first and second surfaces being
different. The first surface may be opposite the second surface.
20

The duration of the application of the laser beam may also be determined by the
metal of the at least one metal fayer, and the thickness of the at least one metal
layer. The laser beam may be of a frequency and intensity determined by the
metal of the at least one metal layer, the thickness of the at least one metal layer,

25 and the material of the semiconductor devices.

There may be a plurality of metal layers. The piurality of metal layers may be
annealed sequentially or simultaneously. The laser beam may be sequentially
applied to the number of locations.

30
The laser beam may be applied directly to the at least one layer, or may be applied
through the semiconductor device to the at least one metal layer. It may be to an

interface of the at least one metal layer and the semiconductor device.

35  The beam of electromagnetic radiation may be applied at a number of locations on

the at least one metal layer.



applied to the number of locations. 30 The laser beam may be applied
directly to the at least one layer, or may be applied through the
semiconductor device to the at least one metal layer. It may be to an
interface of the at least one metal layer and the semiconductor device. 35
The beam of electromagnetic radiation may be applied at a number of
locations on the at least one metal layef. 3 For both aspect the number
and spacing of the locations may be determined by the metal of the at
least one metal layer, and a thickness of the at least one metal layer.5 A
mask may be placed between a source of the beam of electromagnetic
radiatiororapeh tRp-seidicanducian sieieg st theseresnMaviagiatleast 0nee

aperturg theseitropghdos 1he,passgee thravghihe.atleast ANeansitUre
of the heam of electromagnetic radiation. The at least one aperture may

be sized’and shaped to be substantially the same as the at least one
metal layer. 10 Brief Description of the Drawings 15 In order that the
preSentimasiation Paajpers flyapderatse @fdhehesanlif aratieoprictcktion
effect, thereishalimiowdhetceseribed byewayeoh nosviligitativaexampleonky
preferrechRMBASHMSNES QISR @RaRh ME AliQRs tRRUSSCHAIIQRN ARG Wit
refere ”&%&Po%ha%%%%%&w%é' 'é{%ra%'}éﬁeda’;?eviwﬁg%a%fooé”s.t?ef‘% %E%(;’é’h%%éé t9

Figure 1 1S a schematic vertical cross-sectional view of a preferred form o
semicoRttiEP HEN e SRTGHIRA G/ 'BE RS S breferred method:; and

Fidire 2 is a view corresponding to Figure 1 after removal of the first
substrate; Figure 3 is a view corresponding to Figures 1 and 2 after

formatieng e saconst (RE substgte;

15 In order that the present invention may be fully understood and readily put into
- practical effect, there shall now be described by way of non-limitative example only
preferréd embodiments of the present invention, the description being with

reference to the accompanying illustrative drawings.

20  Inthe drawings:
Figure 1 is a schematic vertical cross-sectional view of a preferred form of
semiconductor device on which will be performed a preferred method; and
Figure 2 is a view corresponding to Figure 1 after removal of the first substrate;
Figure 3 is a view corresponding to Figures 1 and 2 after formation of the second
25 substrate;
Figure 4 is a side view corresponding to Figures 1 to 3 after formation of an ohmic
contact layer;
Figure 5 is a top view corresponding to Figure 4;
Figure 6 is a schematic top view of the semiconductor devices of Figures 4 and 5
30 during annealing;
Figure 7 is a side view corresponding to the Figure 6;
Figure 8 is a localized side view corresponding to Figure 7; and
Figure 9 is a schematic side view corresponding to Figure 6 of a second
embodiment;
35

Detailed Description of the Preferred Embodiments



Figure 4 is a side view corresponding to Figures 1 to 3 after formation of
an ohmic contact layer; Figure 5 is a top view corresponding to Figure 4;
Figure 6 is a schematic top view of the semiconductor devices of Figures
4 and 5 30 during annealing; Figure 7 is a side view corresponding to the
Figure 6; - Figure a is a localized side view corresponding to Figure 7; and
Figure 9 is a schematic side view corresponding to Figure 6 of a second
embodiment; 35 Detailed Description of the Preferred Embodiments 4 To
refer to the drawings there is shown a substrate 3 on which are epitaxial
layers | and quantum well layer that together from the beginning of a
semicorglkeioto dR\IERVIAS SRAWNIMLIIGHEEHIRE Suhsifieds @Raedyers
from the guaptum.welkdaygr 2.ang F%@' Y& hrdRG A%, 'mv\e%ndum
techni le. A \ SEC gd subsgrate % suL&stra 3 !sr exam #@ oR]per |sta eq
above apitaxial (fayer | ure es 4 and F10 that Ghmic "

contacﬁ‘éﬁl LRIFPIREA I’8¥ﬁﬁ%€i 8h iRe ‘iéﬁﬁi‘t’ﬁxﬁ%ﬂh%w&rs"i SatPot ﬁﬁi%g?‘ﬁ&’ﬁ
be in ateohdante withhonewrrpore efddr dmniehapplicddidaver 1 (Figure 3).
PCT/SG206308022 s G THI G200 3H0022 3P € ISE200mie0086 1he epitaxial

PCT/S{agR05/00R062 1mGAP3E63 kb ant s @dPBROGBH & Weur carlier
Comené%&ac:]t%é{"h%%é 586’!9@@%{2%90‘8%/68535 ”C%r’-?féf &%%%88'1

herein In_th e second s trate 4 'Sg[;s era on a

Ir e
second SUFAE g %’%08%% SERT Nl ko rr Vi StP e sﬁbéﬂ%t%oﬁtems of
hdfing Wedrrre ey arsmesetiray Kivrencs 30 abtinseseiprieibititietortirety.
devices 20, the first and second surfaces 30, 32 being 15 different.

Preferably, dhedir Suanehsesophauiane sodle S 2raLe QRPASIIREEALES! the

The 3e&&ﬁ@oﬁb‘@é&@&&@ﬂf@%JBéfF%?eda%v@{gao%BH?Q#&é'&?réﬁ%qng surface
surfac%é-:-ltp r before fte the sggsgat}gsf{; IS remo

e semicon uc evices secom? surfaces 30, 32 being
15 different. Preferably, the first and second surfaces 30, 32 are opposite surfaces.
The second substrate 4 may be formed on or applied to the second surface either

before or after the substrate 3 is removed.

In Figure € there fs shown an apparatus 14 for producing a beam 16 of
20  electromagnetic radiation. The apparatus 14 may be a laser, at least one lamp, or
a bank of tamps. The substrate 4 has a number of semiconductor devices 20
being fabricated on the substrate 4. Although twelve sem.iconduoto‘r devices 20
and shown, there may be any suitable number. After the ohmic contacts 5 are
formed (after removal of the substrate 3), the ohmic contacts 5 are annealed to
25 enable them to be more strongly adhered to the epitaxial layers 1. This is by a
férm of fusion of the ohmic contacts & and the epitaxial layers 1 at their interface.

The apparatus 14 produces the beam 16. The beam 16 will be a laser beam if
30  apparatus 14 is a laser, or will be light of desired frequency if apparatus 14 is at
least one lamp, or a bank of lamps. The beam 16 is focused on the exposed
surface of the ohmic contact 5. As such the ohmic contact 5 is heated by the beam
16. Due to the inherent heat conducﬁvity of the ochmic contact 5, the beam 16 does
not need to be applied to the entirety of the surface of the chmic contact 5
35



In Figure 6 there is shown an apparatus 14 for producing a beam 16 of 20
electromagnetic radiation. The apparatus 14 may be a laser, at least one
lamp, or a bank of lamps. The substrate 4 has a number of
semiconductor devices 20 being fabricated on the substrate 4. Although
twelve semiconductor devices 20 and shown, there may be any suitable
number. After the ohmic contacts 5 are Yormed (after removal of the
substrate 3), the ohmic contacts 5 are annealed to 25 enable them to be
more strongly adhered to the epitaxial layers 1. This is by a form of fusion
of the ohmic contacts 5 and the epitaxial layers 1 at their interface. The
apparatus d<bjproglscesthebeanmilied thenbeamchGiwibheadaser hesy ié

30 appaigistsd4vs orlasar.sarwihbedightobdesiredfiaanansy ppied to al
apparafus.14 is at_least ope lamp, or a bank of lamps. The beam 16 is

m d
focused or'mcct)ﬂeuexposed surface of the ohmic contact 5. As such the

ohmic contact 5 is heated by the beam 16. Due to the inherent heat

coductivit)eTtie s & chRtatt o BEdnT 1B edEec for et ey that
appliedh¢etiteiseintitetyicofhthiesatfaiceek tlecd mich contaced 8%1E! Mirenot all
beam 16tis shiewial keing eppliedido. onemsemicon deuctandemigeR0. denayis
be applied lRdwWaQLmare simuliangensly e @heing sioultanenushke o

applledt a”l eerlsC ndgc%;\%rsggé/twl es%bzsgate s %Eergorenth@ ureeiét&reatﬁ
conduct? ?Heo mic contact 5 means that heating is limite ?

imfhedid %ﬁ’éafébecﬁpfﬁé BIHE E&H?a%?ﬁ%?ﬁadtﬁtﬁ%sﬁ%‘? AIVErihéEphitakiar
layers Eaperhtetthmtiesoey freeohreiarchn it Txpsitarien iapdrevens.
dispersed through the epitaxial layers 1 and does not affect the interface

of epitaxiakipuess landibe sesrnsh syl atedralReERTRMR P iensity of the
temPe@pt&r&t?otpt@Ptri’eoe@é%@&g%& t!;‘eearﬁﬂ'é%%' Aé‘%%{eﬂm%‘é B@%%%&Q;dof the

substrate 4 will be less that temperature att e interface of the ohmic

contacts BRI EFaXAT Ta5at To TR SGrIoR: atf@éfé’r‘?&tﬁ‘etr%aaé flon @
power,t%@?*ﬁﬂ?ﬁﬁﬁhﬁéﬁi@?‘a@ﬁ%‘ﬁyd@wﬂﬁ’é 28|opllcat|on of the
electromagnetic beam 16 may be determined by the metal of the
Figure 9 shows a second embodiment. This may be used when the beam 16 is
laser beam, but should be used when the beam 16 is of light. A mask 24 is placed
20 between source 14 and the semiconductor devices 20. The mask 24 has at least
one aperture 26 that is preferably sized and shaped to be substantially the same
as that of the area to be annealed — in this case. the ohmic contact 5. In that way
the light 28 passing through the aperture 26 only contacts the ohmic contact 5 and
not the epitaxial layers 1. There may be the same number of apertures 26 in
25 screen 24, and their location and spacing may be the same, as the ohmic contact
5.

This has the advantage of reducing fabrication time, reducing risk of cross-
contamination of wafers, and increasing productivity. It also enables device repair,

30 and localized annealing.

By use of this invention, localized optical annealing is used in semiconductor
device fabrication, where the original wafer substrate is removed and the
semiconductor layers are transferred to a new substrate either before or after the
35 optical_annealing. Both laser annealing and lamp annealing may be used. Laser
annealing can be applied to where annealing is required by directing the laser

beam to that area. A broad light beam that is generated by a lamp, a bank of.



15 at least one metal layer 5, and the thickness of the at least one metal
layer 5, and the materials of the semiconductor devices 20. Figure 9
shows a second embodiment. This may be used when the beam 16 is
laser beam, but should be used when the beam 16 is of light. A mask 24
is placed 20 between source 14 and the semiconductor devices 20. The
mask 24 has at least one aperture 26 théat is Preferably sized and shaped
to be substantially the same as that of the area to be annealed - in this
case the ohmic contact 5. In that way the light 28 passing through the
aperture 26 only contacts the ohmic contact 5 and not the epitaxial layers

1. ThengnpayPe 1he SABKBLBESN 65ARESEes rAbd b 2R SHEE BuZAcaBthe
their lowawrem%pﬁe%& mav %&bﬁ FEMB: @%&Qﬁogmgﬁpmsgs?cm

has the advantage of re u abrication ti re jucin I‘ISkO
contarﬁlﬁatlo §J \;%v’a 8rs aﬁg’ %n‘évraé%rsﬁvﬂ“gg%)rto CEVIETIERILD 2 33698% efore
device TEFANH9 R AREPRScalized annealing. By use of this invention,
localized optical annealing is used in semiconductor device fabrication,
where the angiaakyrafer subsiyateds semovedandthensemicondycterntial

layers argdransierraddod Bew st astratspithasbefore %ﬁa@%&é@%@éas the

optlcal %ngr?oa]slmgtra gth !9 %qr ann?a“ngta?r(.'dolagr‘ tr?ért]ri]w%al q%\ uo?vq t%ie
Laser annealing can be ap ﬁe dto v%ere anne gisre

directirf e g8 6’85%6’[% tﬂwg‘f BRI AL I@tﬁ BfetﬁFn”fﬁ? i%yer 4, butis
geherat@elitscat4anina B asRtiorBEONdra Y feteL bisatiridey tadéeisoanmlicarn
also berepptieditgahée whete sactac@hef thebwaler, spedoqarn itterfasen, the

wafer ifithadightiie septhasebriiabilearpassaestainn layers(Rnsuhstrate)
of the W@Jﬁ%’%ﬂ&’%‘?@&l&é&?@%@@@&'& e@%%%ﬂs;bo%f%m%mv%hsetax of

mterfa(ge 5 Tfﬁ above-de cnP rocess ma aso be used to anneal a

more sUBXERtiZY Tnétal ey S LtiF S 10F SEAFhBIST the LRI YL HSAR™

4.n thié e\é@@feé\ﬁahg%%ttaneousty to the number of locations. Preferably, the order
of application of the beam 16 matches heat flow in the metal layer 4 to maximize
the annealing. If the beam 16 is from a lamp or bank of lamps, the aperture(s) 26
will be sized, shaped, spaced and located to substantially match the size, shape,
spacing and location of the metal layers 4.

20 .
The beam 16 may be applied directly to the at least one metal layer 22, or may be
applied to the at least one metal layer 22 through the semiconductor device 20. In
the latter case, the beam 16 is preferably applied to the interface between the at

least one metal layer 22 and the semiconductor devices 20.

If there is more than one layer in the least one metal layer 22, each layer may be

annealed sequentially, or simultaneously.

The nature of the beam 16 will depend significantly on the materials of the ohmic or
30 metal layer 5, and the epitaxial layers 1. This will include the thickness of the
ohmic or metal layer 5. For a laser beam 16, the nature of the laser, especially the
laser wavelength and the laser conditions, will be determined in this way. Laser
conditions include pulse width of the laser, number of pulses, the frequency of the
pulses, and the power and density of the laser beam.
35
Whilst there has been described in the foregoing description preferred

embodiments of the present invention, it will be understood by those skilled in the



second substrate 4 is a layer of a metal (copper) that has high
conductivity, the beam 16 does not need to be applied to the entirety of
the metal layer 4, but is 10 applied sequentially to locations on the surface
of the metal layer 4 for annealing of the metal layer 4 to take place. The
number and spacing of the locations, the duration of the application of the
beam 16 at each location, the intensity df the laser beam 16 and the
frequency of the laser beam 16 will be determined by the metal of the
metal layer 4, and the thickness of the metal layer 4. Alternatively, the
beam 15 16 may be applied simultaneously to the number of locations.
Preferabtynsheyorderrafapplicatip reoiithre lbe amdiibatratchetsthieat! flowicin or
the metahdayerod maxinisavithe:asneaingod theoheamiderisrom a
lamp-or bank of lamps, the aperture(s) 26 will be sized, shaped, spaced
and located to substantially match the size, shape, spacing and location
of the metal layers 4. 20 The beam 16 may be applied directly to the at
least one metal layer 22, or may be applied to the at least one metal layer
22 through the semiconductor device 20. In the latter case, the beam 16
is preferably applied to the interface between the at least one metal layer
22 and the semiconductor devices 20. 25 If there is more than one layer in
the least one metal layer 22, each layer may be annealed sequentially, or
simultaneously. The nature of the beam 16 will depend significantly on the
materials of the ohmic or 30 metal layer 5, and the epitaxial layers 1. This
will include the thickness of the ohmic or metal layer 5. For a laser beam
16, the nature of the laser, especially the laser wavelength and the laser
conditions, will be determined in this way. Laser conditions include pulse
width of the laser, number of pulses, the frequency of the pulses, and the
power and density of the laser beam. 35 Whist there has been described
in the foregoing description preferred
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embodiments of the present invention, it will be understood by those

skilled in the 7 technology concerned that many variations or LLOYD WISE

modifications in details of design or construction maybe made without
departing from the present invention. LLOYD W SE: 8 THE CLAIMS 1. In
the process for the fabrication of semiconductor devices being fabricated
on a substrate and including at least ong metal layer and a plurality of 5
semiconductor layers on the substrate, the improvement comprising:
removing the substrate and applyimgie GEAMME substrate to the
semiconductor devices, and annealing the at least one metal layer by
application of a beam of electromagnetic radiation directly on the at least
orfe metH B§/&PCEH L AR EEPheICTEIoT doXRthERpiRrSaedRD 2
subsinate asiapplididste thet senmicehidyctorddevicgsbdfore the substrate is

re{&ﬁ%@ﬁhu%toIEf&mwmas@ftﬁam&véﬂnﬁ{%m@conql substrate is
applied to the 15 semiconductor devices afté—:-r Lhe subsHate Is remove
% su semiconductor

4. The ifBUBRTRRT O EIS AT L RR &I T SR O h St SR T et 15
thendsemiconductor devices on a second surface of the semiconductor

devices, iR SubsiraiaAa\ihgmbenay ke ByQyeiikamoa fisss urfasea omtagetic
semiconduycto dev'lfes the first anfjlasecond surfaces 20 being different.

radiation directly on the least one mega €T . . .
5. The improvemen of clain , W erdin the first surface is opposite the

second surface. 6. The improvement of claim 1, wherein the beam of
electromagnetjcoradiationdsiapphedrabiat @conmbes-of Iscatibasomdhe at

'eé‘gfﬁj%‘n%lﬁ%%%'e'v%‘éfe%rbe%rlﬁl% IMRrovemeRsRficlaim 6, wherein the number
and s i i i

pacing of the locations is determined by the metal of the at least one
metal layer, and a thickness of the at least one metal
3. The improvement of claim 1, wherein the second substrate is applied to the

semiconductor devices after the substrate is removed.

4. The improvement of claim 1, wherein the second substrate is applied to the
semiconductor devices on a second surface of the semiconductor devices, the substrate having
been removed from a first surface of the semiconductor devices, the first and second surfaces

being different.
5. The improvement of claim 4, wherein the first surface is opposite the second surface.

6. The improvement of claim 1, wherein the beam of electromagnetic radiation is applied

at a number of locations on the at least one metal layer.

7. The improvement of claim 6, wherein the number and spacing of the locations is
determined by the metal of the at least one metal layer, and a thickness of the at least one metal

layer.

8. The improvement of claim 6, wherein the laser beam is applied sequentially to the

number of locations.
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layer. 30 8. The improvement of claim 6, wherein the laser beam is

applied sequentially to the number of locations. 9 9. The improvement as

claimed in claim 1, wherein a mask is placed between a source of the LLOYD wiSE
beam of electromagnetic radiation and the semiconductor devices; the

mask having at least one aperture therejhrough for the passage through

the at least one aperture of the beam of electromagnetic radiation. 10. The

in provmmmmla&m%g InGRIMAmhereindhe atlaastkone APRIEMEEIS source of
d and tlped to be substantia g{hthe same as the at least one metal

| ‘ﬁ’FW RE HHIBFOVERANE BT Ay Sie’OF CIdiins PLS A8 kTl th v ing at least
@ucamgmlrwa\weéémgmgh 19 fediatiopepbweglathd raldration: ppweradenisitycofn of
the.applisatien.of the,electromagnetic beam arc determined by the metal
of the at least one metal layer, and the thickness of the at i east one
metal layer, and the materials of the semiconductor devices. 12. The
iniprovenenhpfoany omnesaldladhs Lol 0, whersginkha lasepbhegrrisor aized and
(irgusneY. Anand ineasiudetermined fydfie mefal af the at jeast one
metal layer, the thickness of the at least one metal layer, and the material
of the semiconductor devices. 1 3. The improvement of any one of claims

lito 10, Whmmﬂéﬁtaiﬁﬁ\ywﬂdf@mg@lﬁqﬁnﬁi&hda\)&ﬁé&iﬂ’tﬁepﬂirrzﬁlﬁb{ ofameladih,
la%learnsog) ein ann 89 1|0r1]1 aon\ggrn en T{' C(Iifr @hmeogﬁ 2t0 ConSIStI

sequ Iy, an smuﬁaneous y 1 é”?mprovement as ciaied n

dﬁvr@n@eémléﬂﬁnseratb)m,ewhb@eﬁ nhede[dast.one tmétakiayerishanidimsione
cMAGE lRYSld 4R HaicfhR InpravemeniRiankng of claims 1 to W,
wherein the beam of electromagnetic radiation is selected from the group
consisting of. a laser beam, fight from at least one lamp, and light from a
Rank ofllanpsroléménprdeessiforthkifabticatiomdtsemicondubtemdevicesequency
being:fAbHcaRMona SUBSE) SR INSIUAINg &L 18RSE ANEIMEIRLIANERe at least

the process comprising:
one metal layer, and the material of the semiconductor devices.

cdimn are

13. The improvement of any one of claims 1 to 10, wherein there are a plurality of metal
layers, the plurality of metal layers being annealed in a manner selected from the group

consisting of: sequentially, and simultaneously.

14. The improvement as claimed in any one of claims 1 to 10, wherein the at least one

metal layer is an ohmic contact layer.

15. The improvement of any one of claims 1 to 10, wherein the beam of electromagnetic
radiation is selected from the group consisting of: a laser beam, light from at least one lamp, and

light from a bank of lamps.

16. A process for the fabrication of semiconductor devices being fabricated on a substrate
and including at least one metal layer, the process comprising:

removing the substrate and applying a second substrate to the semiconductor devices;
and

annealing the at least one metal layer by application of a beam of electromagnetic

radiation directly on the at least one metal layer.
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removing the substrate and applying a second substrate to the
semiconductor devices; and annealing the at least one metal layer by
application of a beam of electromagnetic radiation directly on the at least
one metal layer. 35 LLOYD WISE 10 17. The process of claim 16,
wherein the second substrate is applied to the semiconductor devices
before the substrate is removed. 5 18. Tjje process of claim 16, wherein
the second substrate is applied to the semiconductor devices after the
substrate is removed. 19. The process of claim 16, wherein the second
Sut}Strat%ﬂs agg Iggftg thel er?llecoln UCtOf (aes\u/foc?rgte? 1rs1 ala Otn%g urfa(c:oenguctor
the' semichrductor dévices, the su strate been removed from a. 10 first
suiFaees é?fﬂﬁétééﬁﬁléﬁﬁém’l%?ﬂé%ces, the first and second surfaces being
different. 20. The process of claim 19, wherein the first surface is opposite

th%secoﬁgf r&%cé‘%f %l%irg- !ﬂg Qﬁ@r%‘ﬁ?%@le%%@u%@ua"t‘éﬁ? Eﬁm&ﬂ% la{%eygllrﬁ:gonductor

electromagnetic radiation is applied at a 15 number of locations on the at
ledstiginafiFiabaIsEr o rePREHrocess of claim 21, wherein the number
and spacing of the locations is determined by the metal of the at least one

medal layer, and.@ thigkness ehdhe aldeashonsmatal wﬁed@tee%em%nduaor
process of claim 21, wherein the Iaser beam isa Ile? entlall to the
PSS BRSBTS Orife BPERELAY dRia LA 1% W BRT 4o @
masksagf;ata@édabeqweerm@@omree@ftmélrﬁeaiﬁesﬁrélé@tm%ézgmét@efferent
radiation and the semiconductor devices; the mask having at least one 25
apz%rtureTtperet(Qr% Q for IQ a%§na&e fthro%pc yllseoat CI)% estthone a}Begr gge.of
the beam Of €16¢ romagne ic radiation. 2 e pro Ess as claimed i
claim 24, wherein the at least one aperture is sized and shaped to be

substantialiypthe sameas thevatteast-onamietalclayerg@@c radiation is applied at a

number of locations on the at least one metal layer.

LLOYD WISE

22. The process of claim 21, wherein the number and spacing of the locations is determined

by the metal of the at least one metal layer, and a thickness of the at least one metal layer.

23. The process of claim 21, wherein the laser beam is applied sequentially to the number

of locations.

24. The process as claimed in claim 16, wherein a mask is placed between a source of the
beam of electromagnetic radiation and the semiconductor devices; the mask having at least one
aperture therethrough for the passage through the at least one aperture of the beam of

electromagnetic radiation.

25. The process as claimed in claim 24, wherein the at least one aperture is sized and

shaped to be substantially the same as the at least one metal layer.

26. The process of any one of claims 16 to 25, wherein the duration, wavelength, radiation
power, and radiation power density of the application of the electromagnetic beam are
determined by the metal of the at least one metal layer, and the thickness of the at least one

metal layer, and the materials of the semiconductor devices.
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26. The process of any one of claims 16 to 25, wherein the duration,
wavelength, radiation power, and radiation power density of the

application of the electromagnetic beam are determined by the metal of  LLOYD w)SE

the at least one metal layer, and the thickness of the at least one metal
layer, and the materials of the semiconductor devices. 35 LLOYD WISE
11 27. The process of any one of claimg 16 to 25, wherein the laser beam
is of a frequency and intensity determined by the metal of the at least one

mejal laygl @addhe %F&E@&@QT&Q@&B leashone dmatalayehi apth & uency and

semlconductor d%wces mat I’I?][h 2 The rocess of a grﬁgec ofegga AR
167655 (WISEPERRLrS IR AP |teaStfone STAERS R HIARS o
memahletybk-y%e#n@thﬁﬁé&%ﬂdﬁ?tﬁrﬁ%{mé@?,@@ﬁed from the group

consisting of: sequentially, and simultaneously. 29. The process as

C'%med Jﬂle C%Qseo Ilgcilrg%f Cgﬁ%%%’t(\)’\%e %Qréj}ﬂ%h%}el%%%t ﬁ&%l@%%e%a@layers

layer is an ohmic cont yer. 30. The process of any one of claims 16 to
258hhErEM ?ﬁ@%@éﬁeﬁf‘ﬁr@%ﬁﬁﬁ%ﬁﬁéﬁ@%@ﬁlﬁtﬁ é&%ﬁt‘ééf FBrfPpiting of:
gragpeansistiagiofilajasatybeam, light from at least one lamp, and light
from a bank of lamps. 15

29.  The process as claimed in any one of claims 16 to 25, wherein the at least one metal

layer is an ohmic contact layer.

30. The process of any one of claims 16 to 25, wherein the beam of electromagnetic
radiation is selected from the group consisting of: a laser beam, light from at least one lamp, and

light from a bank of lamps.





