STRUCTURE FOR OPTI CAL DEVI CE AND METHOD OF FABRI CATI NG THE SAME

CROSS- REFERENCE TO RELATED APPLI CATI ON [0001] This application clains
priority to and the benefit of Korean Patent Application No. 2004-100429,
filed Decenber 2, 2004, the disclosure of which is incorporated herein by
reference inits entirety. BACKGROUND 1. Field of the Invention [0002] The
present invention relates to a structure for an optical device and nethod
of fabricating the sanSERUCTURE FOR OPTHCAY, DEVECEtAND ure for an
optical device, which includes a light scattering |layer for producing
nanoparticles to scatteMETHOD OFFABRITATINGITHE SAME t he sane. 2.

Di scussion of Related Art ( [0003] A junction, which is associated with an
essential technique for the configuration of an electronic circuit in

sem conductor fabrication technologies, has actively been devel oped for
several dozens of ye be in t rized into a pnp
or npn junction, &h@%gqgﬁ,ﬂﬁk@ﬁ@g m %‘%gﬁgéﬁgﬁ&ﬁ] whi ch signals
are anplified by electrons and holes, a Josephson junction, which is forned
of super condi®®0d} - net aThls(apﬂwaaborglannmwmmlaotarr thaobenbbit lof Kiésrean [ 0004]
A trilayer Josephson junction using YBCOis introduced by B. H  Meckly

["Al'l Y-Ba- %t@nCA@g'liéaﬁdﬂ Nety 2004 0ERI4R9C Sl Deb@abes 2 Q@@@h&@rﬁlscﬂ%\%' ons”
Appl . Phys. Lett., | . 78, pp.790-792, 2001]. Accor di ng t'o B. H.

of which is incorporated herein by reference in its entirety.

C BACKGROUND
1. Field of the Invention
[0002)] The present invention relates to a structure for an optical device

and method of fabricating the same and, more specifically, to a structure for an
optical device, which includes a light scattering layer for producing

nanoparticles to scatter light, and method of fabricating the same.

2. Discussion of Related Art

C_ [0003] A junction, which is associated with an essential technique for
the configuration of an electronic circuit in semiconductor fabrication
technologies, has actively been developed for several dozens of years. The
junction may be mainly categorized into a pnp or npn junction, which is
applied to a bipolar transistor in which signals are amplified by electrons and
holes, a Josephson junction, which is formed of superconductor-metal

(insulator)-superconductor, and the likes.



Moeckly, a lower YBCO thin layer is deposited on a LaAl B substrate, and
the surface of the lower YBCO thin |ayer is nodified using Ar plasma.
Thereafter, an upper YBCO thin layer is deposited in vacuum thereby
formng a trilayer Josephson junction. However, the conplicated oxide
structure of the resultant YBCO Josephson junction is highly sensitive to
the anmpunt of doped oxygen. For this reason, when the YBCO Josephson
junction is [0604] i n t hd thlayer desepbsomjunciighiugingnY B4rQdsntmduced by B.il. i s
difficult to obtain uniformand reproducible junctions. [0005] In other

words, the uskeecklycPtwWinYi-Balunc-axisnprilay e dhteefase @hgintesRpee¢plsuact i ons
precludes the inplenentation of highly integrated electronic circuits ow ng

to the sensi.i S of ghi t gRC horgea i de
materiale, [OBOST nAPBkanbE Ll VI V8 0 P00 T2 PORE) e ORI, B Fre
anplificati of. signal s i l,cal, fibers based on an tical nonlinear
fTect  Hodogrkiv; A Bmae VBERL HEG dpuer RedewRBrd ioh ¢ AdhCh s spier dB . 1 ¢ i s
necessary to increase a distance between optical fibers as well as the

| engt h of tHbeopufasgl of thedpwer AABEQ ¢bin dayerhis msiified arsing s plasmee
fabricated to a larger size so that it cannot be easily applied to the

hi ghly i nt edTkdresfie, ent nippee ¥BCOI thén 1aOA0T] dépadiadd |ia, vacigahnherebyof
accurrul ating or anplifying surface plasnons, i.e., optical signals using a

L e S BN TP LGS . BOGRMER e,
heai 19 i 17 ANUSHUE Qriheresiph T BEG TetoPhupn dftionds Higni$ SRR e’
| amount of doped oxygen. For this reason, when the YBCO Josephson
junction is used in the fabrication of highly integrated circuits, it is difficuit to
obtain uniform and reproducible junctions.

[0005] In other words, the use of conventional pnp or npn junctions or
Josephson junctions precludes the implementation of highly integrated
electronic circuits owing to the sensitiveness of a stoichiometric ratio caused

by compound oxide materials.

[0006] In recent years, extensive studies ﬁave been made of the
amplification of signals in optical fibers based on an optical nonlinear effect.
However, in order to elevate the sensitivity of an amplifier, it is necessary to
increase a distance between optical fibers as well as the length of the optical
fibers. As a result, the amplifier needs to be fabricated to a larger size so that

it cannot be easily applied to the highly integrated electronic circuits.

[0007] Meanwhile, a technique of accumulating or amplifying surface

plasmons, i.e., optical signals using a light scattering layer for producing

nanoparticles is proposed by J. Tominaga et al. ["Local plasmon photonic



produce nanoparticles, surface plasnons are accunul ated according to a
variation in the transmssivity of the nanoparticles. Al so, when the

transm ssivity of the nanoparticles is varied by controlling the power of

| aser or heat, the accunul ated surface plasnons are externally scattered so
that an optical anplification effect can be achieved [0008] J. Tom naga et
a] . discloses a.thin f|In1tranS|stor rotective layer, a

Iight scatt eltARRStPRYy &pplalaysa Lsttor ek |7§ePIP 39137 24Tﬂe2QQ'dhtIn thisdeelrinne | ayer
is formed of AgOx, and each protective layer is formed of 2ZnS-SiQ2. In this

structure, swhtmdewppewenhaseanrcr el isfirediadbdon @6 light scattering) ddyeasto
conventional bipolar transistors by using a red light |aser having a power

of 1.5 to 3. ﬁro@ﬁ\ée H%yseﬁlclédﬁes&m%e HRAfIHsP %Eélkiﬁhlbrté‘d alceving Oppy @en and
nitrogen to ak out fromthe 1ight scatter| ng layer during the generatlon

VENTT O [ o0BH eZnprtﬁgiﬁs%%ﬁi\éhbfﬁnOf”ﬁ%a BRI, 3%”“%% B an

optical structure, ich a li scattering |layer, is forne

nitride- oxi d@an%@maltwﬁgaprx@npa qsslslwv@d ewtseldmeéhem%vqutgfwﬁser
scattering layer and a protective layer to prevent crystalline m smatch,
and net hod oér hediy theaséougnulhedssaurtace fla0ia)s dreeexteprtlly schiteted qur tméran
invention is to provide a structure for an optical device including: a

l'ight scat t egptivh] ampiiticatief eEfctBcatPbORiIEV&d.es  due to external |y provided
thermal energy; a protective layer for protecting the 3 Iight scattering

Layer: and AR 19 ! RYFmHagRPEr REIURE] hlifrlh HinsRESH WHIA et e 2"

- a protective layer, a light scattering layer, and a protective layer. The light
scattering layer is formed of AgOx, and each protective layer is formed of
ZnS-5i0,. In this structure, surface plasmons are amplified about 60 times as
much as conventional bipolar transistors by using a red light laser having a
power of 1.5 to 3.5 mW. However, the above-described structure allows

oxygen and nitrogen to leak out from the light scattering layer during the

generation of the nanoparticles, thus crystalline mismatch occurs.

SUMMARY OF THE INVENTION
[0009] The present invention is directed to a structure for an optical
structure, in which a light scattering layer is formed of nitride-oxide, and a
capping layer is interposed between the light scattering layer and a protective
layer to prevent crystalline mismatch, and method of fabricating the same.
[0010] One aspect of the present invention is to provide a structure for
an optical device including: a light scattering layer producing nanoparticles

due to externally provided thermal energy; a protective layer for protecting the



[ 0011] Anot her aspect of the present invention is to provide a nmethod of
fabricating a structure for an optical device. The nethod includes: formng
a first protective |layer on a substrate by depositing one of oxide and
nitride; formng a first capping layer on the first protective |ayer by
depositing a naterial mhich IS doped wi th one selected fromthe group
consi sting of Si Zn, Be, Li, and Al; formng a li scattering

| ayer on thellghtr%att@'amalaygr,(andaa/@apmg invien dispopef h¢wqeaéh@gighbscat@mgng a
second capping layer on the light scattering |ayer by depositing a

mat eri al , whiagtr arsd dhegedtostive layee. sel ected fromthe group consisting of Si,
Ta, W Zn, Be, Li, and Al; thermally treating the resultant structure to

enabl e the 9[0'0‘1’1]1“ on Rﬁoﬂx@ﬁﬁﬂﬁﬁ bf't}ﬂ:csjpreé‘é}ﬁ 1ﬁ@ér{ﬂdi‘ﬂlséto p‘i@@l@@q ReMoadfi ve
| ayer on the second capping | ayer b epositing one of "oxid and nitride.

one of Zni _ °%bﬁ§%%€éefs?€?&ﬁgg‘ﬂpgﬁ@hﬁﬂ #htles e?‘ﬂ"@ﬂz}?{h%ﬁgﬁ%wggf.ﬁ%ﬁ“i%gaiecgﬁd

protective | gyers ma one of Si N and, Gal xNx, [0013], The mater,jal, which
i's doped wi ¢ st paotse 1§%twrf9%ﬁ$%tf@%bﬁ Posding PRy Oé"fm«ﬁe ang nifgiden  Be,
L|, and A], is one of ML_y((SINO,)y, M_Y(Znl_ XxOx)y, ML.y(Al] x0<)y, and

M _y(Gl xl\lxﬁqrmm\ca finst cappmgidapen de the fisN)proteCkive (IMSi by Tdepogitingna Be,
Li, Al). BRI EF DESCRI PTION OF THE DRAWNGS 4 [0014] The above and ot her

features andmatantwaRS i9dopO® withesiRdeledted S tHe youp cléﬁ§1@ﬁB%@S‘P'S? ‘Bppar ent
to those of ordinary skill In the art by describing In detai exerrpl ary

enhodi ment s W%ﬁoﬁeﬂf,har{cﬁﬁf ?&ﬁﬁnéoa h@ﬁt scattering layer on the first capping

L., layer by depositing nitride-oxide; forming a second capping layer on the light
scattering layer by depositing a material, which is doped with one selected
from the group consisting of Si, Ta, W, Zn, Be, Li, and Al; thermally treating
the resultant structure to enable the generation of nanoparticles; and forming a
second protective layer on the second capping layer by depositing one of oxide
and nitride.

[0012] The oxide for forming the first and second protective layers may
be one of Zn, O and Al;_, O, and the nitride for forming the first and second
protective layers may be one of SiN and Ga;.(N,.

[0013]} The material, which is doped with one selected from the group
consisting of Si, Ta, W, Zn, Be, Li, and Al, is one of M, y((SiNO),),, M;.,(Zn;.
Ox)ys M1,(Al10,)y, and M. (Ga;.Ny),, and the nitride-oxide is (MN);.xO,

(M=Si, Ta, W, Zn, Be, Li, Al).

BRIEF DESCRIPTION OF THE DRAWINGS



attached drawings in which: [0015] FIG 1 is a cross sectional view of a
structure for an optical device according to an enbodi nent of the present
i nvention; and [0016] FIG 2 is a flowhart illustrating exenplary
operations for fabricating a structure for an optical device according to
an enbodi mrent of the present invention. DETAILED DESCRI PTI ON OF EXEMPLARY
EVMBODI MVENTS 71 T present ipventign will now be described nore fully
herei nafter [ﬂhﬁa}ref er ‘éé‘%%’et g hardk advanjages ﬁf\/\ﬁpcweé?@npl ary

enbodi nents of the invention are shown. This invention nmay, however, be
enbodi ed i n divehder willf beoesncambre fapphrenh ¢o thesecofistdinery siglll inntheeatt by t he
enbodi nents set forth herein. Rather, these enbodi nents are provided so that

this di scl osgéseribing n@rdugih exechplaypembedanehts Unkdof ORUBY fefélefcs aBPReOf the
i nvention to those skilled in the art. [0018] FIG 1 is a cross sectional

view of a st .Jical device according to an enbodi nent of the
SRR e g T

present inventl he 'Structure for the optical device is disposed
on a substr and includes a light scatjtering | ayer 4, protectjive |ayers
2 and 6. andW@a8hi ng Plhjer siose GrpssSscoribal ity "Soaornit Phyar ortitflodutes
nanoparticles due to external Ig/ groduced light or thermal energy. The
protective |dgdesaccoadimggo ap embodiment of thepresendtinvention; and upper portions
of the light scattering |ayer 4. The capping |layers 3 and 5 are di sposed
bet ween the {0038] scatFER. 119 id aydowciaird illustrating exemplary operations for
fabricating a structure for an optical device according to an embodiment of the

- present invention.

DETAILED DESCRIPTION OF EXEMPLARY EMBODIMENTS
[0017] The present invention will now be described more fully
hereinafter with reference to the accompanying drawings, in which exemplary
embodiments of the invention are shown. This invention may, however, be
embodied in different forms and should not be construed as limited to the
embodiments set forth herein. Rather, these embodiments are provided so that

_ this disclosure is thorough and complete and fully conveys the scope of the
invention to those skilled in the art.
[0018] FIG. 1 is a cross sectional view of a structure for an optical
device according to an embodiment of the present invention.
[0019] The structure for the optical device is disposed on a substrate 1
and includes a light scattering layer 4, protective layers 2 and 6, and capping

layers 3 and 5. The light scattering layer 4 produces nanoparticles due to

externally produced light or thermal energy. The protective layers 2 and 6



!

the protective layers 2 and 6, respectively, to prevent crystalline

m smatch. [0020] The light scattering layer 4 is fornmed of nitride-oxide or
carbide- nitride. Here, the nitride-oxide is (M\)i_xOx (MsSi, Ta, W Zn, Be,
Li, Al). For exanple, the nanoparticles may be fornmed of an inorganic
elenment M and the light scattering |layer 4 may be fornmed of silicon
nitride-oxide ((SIi3N4)i _xOx, or (SIR)1 xN)), tantalumnitride-oxide
((Ta20B)1_xN,)), or tungsten carbide- oxide é(V\D i _XNx)), which can conbi ne
W th the i nofegesmia pritecteloweriandtrupper poplions ohther kgly staticBngdgydred.f dheed of
M.y((SINOXx)y, M_y(Zni.xX)y, M y(Ah_XO )y, or M_y(Gal.,,Nx)y, which is

doped with Oa‘?ptﬁg BiyersTa, and/ 5 Zfe dBposed-ibetvadtsh Me. lidhesdatetiagtihye 4 amars 2
and 6 may be torned of oxide or nitride. Here, the oxide for the protective

| ayers 2 an | d:h i r may be
Sk or Gal ERPRESOS FRGRER B a8, el @telaR HAnAE ARRLECRT T
Is irradiat t he oyer-descri.bed structure for. the optical device, a
portion of @ﬁ@af i ght ﬁﬁ%ﬁggﬁ% e’f‘%i@yeﬁ 418 \‘RHPE?& of Hétrﬁﬁ' ?O’éﬁ%&b‘iﬁ'i s
applied is changed _from an anorphous phase to a crystalline phase. Here,

t he transni skitide.yHere, thaaitridesexideiindMMWhtOarMeonks Wi dineBea, HdanAdhat of

t he anorphous portion. [0022] In this case, when the power of |aser or heat

i s i ncreasedFateneenpie, theerabpamiciednay beifoahed of ug indriganierelémant Mjandor ti on
is changed into a nanoparticle phase. The transm ssivity of nanoparticles

becortes | oweiheli i scddiBinglhy NP b5 RrhieBMAddiheriAC LRI (91X SHy 1 ace

pl asnons are a ate g to a variation in the tr givity of
e nanopar SPGB D). 6 Bl BB
i_w oxide ((WO).4N,)), which can combine with the inorganic element M. The

capping layers 3 and 5 may be formed of M, ((SiNO),)y, My (Zn..Oy),, M,
WAL Oy, or My(Gay.(N,),, which is doped with one of Si, Ta, W, Zn, Be,
Li, and Al. The protective layers 2 and 6 may be formed of oxide or nitride.
Here, the oxide for the protective layers 2 and 6 may be Zn,., O, or Al,.,O,,
and the nitride therefor may be SiN or Ga;.(N,.
[0021] When laser or heat having a low power of 1 to 20 mW is
irradiated on the above-described structure for the optical device, a portion of
the light scattering layer 4 to which the thermal energy is applied is changed
from an amorphous phase to a crystalline phase. Here, the transmissivity of
the crystalline portion becomes higher than that of the amorphous portion.
[0022] In this case, when the power of laser or heat is increased above a
predetermined critical value, the crystalline portion is changed into a
nanoparticle phase. The transmissivity of nanoparticles becomes lower than

that of the crystalline portion. Accordingly, surface plasmons are accumulated

according to a variation in the transmissivity of the nanoparticles. In this case,



pl asnmons are accunul ated in inverse proportion to a distance between the
surfaces of the nanoparticles and the surface of the |ight scattering |ayer
4. [0023] Meanwhile, if the power of |aser or heat is increased above or
decreased below the critical value, the transmssivity of the nanoparticles
can be further reduced. In further reducing the transmssivity of the
nanoparti cl es, thhe accunul ated surface plasnons are externally scattered so
that an optiUKE thapower alasemoheatds 1aeigasrdd abevg thegeritical grakes. sistage. t he
application of a power that exceeds the critical value |eads to the

gener at i on gfladmoit asx accwemelaged in Hoserséigrapomionl &t addistankacketpleas thas ar e
externally scattered. In this case, the light scatterers are reversibly

gener at ed orsyepackgfineiRMAoPaRicl& Fhd e 8hrfaB@¥Ethe 1ﬁé)ﬁ%éhn5%%ﬁeyeﬂn! e, in
order to record a 200-nmrecord mark on a track, a red light laser with a

predeterm n riSul j1at ' . terd I hus

pr oduci ng ngggga ticl 3‘4‘?5‘{1‘?@’%;& fgqggﬁjgﬂﬁ?g#[ ﬂ?%rsgfﬁ?ét ﬁtlpg%gsgélt%égé%r?%o t he
same track, and a ppdyl atjion . .signal that is alnpst equal in frequency
(i.e., 15 rq&'é"&?ﬁ%ﬂ&%ﬂ“@? ngalug. dhe fapsmassivity, gfdhe anopastigigs cap. 1 my
Thereafter, when a power of the red light laser is varied between 1.5nW and
3.5mWV for t He furtheo sedusiedddn durtherredubimgshgtansmissivity of the nangipartidlesser i s
reflected on the nanoparticles and cones back. In this case, the intensity

of the signaheGlcctmaldibd Sutfh@pldstfdis arg Sinhfly edativredb@uitha®Gint bl
[0025] In this process, surface plasnons are accunulated in a region that

s about 100G pdenper gff@&”céﬂ‘%esbﬁt%ﬂfeﬁ.eoin tdifier) WolMs, 5% 4iilcAHoh WCE * A0

7 interact w asnons usi ng nanoparti c ausi ng optical

‘:.... power that exceeds the critical value leads to the generation of light scatterers,

thus the accumulated surface plasmons are externally scattered. In this case,
the light scatterers are reversibly generated or extinguished due to a laser
power.

[0024] For example, in order to record a 200-nm record mark on a track,
a red light laser with a predetermined power is irradiated on the light
scattering layer 4, thus producing nanoparticles. Then, a blue light laser is
transported onto the same track, and a modulation signal that is almost equal
in frequency (i.e., 15 MHz) to a recorded signal is input at a power of 1.5 mW
+0.1 mW. Thereafier, when a power of the red light laser is varied between
1.5mW and 3.5mW for the purpose of detection, the signal of the blue light
laser is reflected on the nanoparticles and comes back. In this case, the
intensity of the signal of the blue light laser is amplified by about 60 times.
[0025] In this process, surface plasmons are accumulated in a region

that is about 100 nm deeper than the surface of the light scattering layer 4 and



anplification. [0026] If the laser or thermal irradiation is interrupted,
the generation of the nanoparticles is suppressed. Accordingly, since the
area occupi ed by the anorphous portion of the light scattering layer 4 is
i ncreased nore than the area occupied by the nanoparticles, the |ight
scattering layer 4 approximtes to the transm ssivity of the anorphous
portion and directly transmts incident |aser so that a |ight scattering
ef f ect canndbterctewphclosal Plgsmense usingnihensanepagticlesc dhyse cruging agrticall. The
present invention is based on the principle that |aser or heat is

i rradi at ed amg@ifiGtionphous- phase nitri de-oxide layer to thereby produce
nanoparticles due to pyrolysis. Therefore, a thermal energy in excess of a

critical valiggagpoul d [penCRBE GUREFhY] iRRidtRA iEQnﬂéhQ@'tlﬁE tﬁ@gemaﬁmbri cles.
Al t hough it depends on the characteristics of materials, beCause the

The T anct | onte oo RiFieR i€ SnBprsSicd, iALLSIEGI2r SRER (BP alch St pyhe o O

Herei nafter, a r’rEthod of fa ricTt'hng a structure for an optical device
accor di ng t dMeEhpusperion pldhe fight Srattering layse /i isdactsased marethar dhe o
FIGS. | and 2. [0028] In operation 101, oxide or nitride is deposited on a

substrate 1 area otmpecchby thehamypmridéled, Ghe tighOscatteringHayerby approximatea té i r st
protective layer 2. The oxide nmay be Zni _xOx or All xOx, and the nitride

may be Si 1 XX tRinskAdsivit of theeamdBiphet poMibn dad dREcti lranibhiRRamcidept same

crystalline structure and alnobst the same crystal constant as nitride-oxide

(1 x00) (WS wTF M anBling dfecy Rabnbi®68 chBbciBainf ok B g9 | aver

Qm light scattering layer 4. The present invention is based on the principle that
laser or heat is irradiated on an amorphous-phase nitride-oxide layer to thereby
produce nanoparticles due to pyrolysis. Therefore, a thermal energy in excess
of a critical value should be continuously applied to produce the nanoparticles.
Although it depends on the characteristics of materials, because the
nanoparticles are generated or extinguished according to the thermal energy,
the function of a thermal energy source is very important.

[0027] Hereinafter, a method of fabricating a structure for an optical
device according to the present invention will be described with reference to
FIGS. 1 and 2.

[0028] In operation 101, oxide or nitride is deposited on a substrate 1 to
have a thickness of 10 to 300 nm, thereby forming a first protective layer 2.
The oxide may be Zn, O, or Al;.,O,, and the nitride may be Si,_ Ny or Ga;.,Nx.
The Zn,0,, Al;O,, or Ga; N, has the same crystalline structure and almost
the same crystal constant as nitride-oxide ((MN),.Oy) (M=Si, Ta, W, Zn, Be,

Li, Al) used for a light scattering layer 4 as described below. Thus, the Zn,.



XOx, Al xOx, or Gal.,N, is easily growm by an epitaxial growh process and
also facilitates the epitaxial growth of the light scattering |ayer 4 forned
of the nitride-oxi de((MN) i.XOX). [0029] In operation 102, ML_y((SiNO,)y,
M_y(Zni _xX)y, M.y(Al1 xOx)y, or M_y(Gl_xNx)y, which is doped with any
one of Si, Ta, W Zn, Be, Li, and Al, is deposited on the first protective
|l ayer 2 to a thickness of 0.5 to 2. nm thereby formng a first cappi ng

| ayer 3. [oeﬁ@]AﬁnB@pefquehlxllwaswtgrp%-wiaaeem(aml,g_rﬁm RrRgsss anrg, W
Zn, Be, Li, A) or carbide-nitride is deposited on the first capping |ayer
3, thereby alorfadilitptesehel dpjtaxiad gaowtr ofthel light scatteritey lnyend fotraodof thd M=Si |
Ta, W Zn, Be, Li, Al) contained in the nitride-oxide ((M\)j _xOx) has a

very short gitfifleloixede( Mm;ggg Therefore, by controlling the thickness of
the nitride-oxide ((N$\I)i_ ,X) to about 2 to 50 nm nanoparticles can be

easi | rod even I ofs€ ey t .t r hde- oxi de
may be Sil WAi tri olg‘E 89‘?‘18@%(1@2%(@@&)*& N{‘ﬁ@ﬁ?ﬂ@&%?@ﬂ*@ Mt al um
nitride-oxide, ((Ta2 _, and the , carbide-nitride be tungsten

car bi de- oxi a{el‘%&@?g&g&)%%@%ﬂqmﬁa VoIt ARy joBs (rlyoﬁl; lem ﬁé@ §® Lj}sya,nd
ML_y(Znl_xOX)y, M _y(A 1_x0<)ty, or ML.y(Gl _xNx)y, which is doped with any
one of Si, #Ad, iswlepositedon the, fitshgrotective fayde gota a dbicknesshef DiSgtet 2sumt t eri ng

| ayer 4 to a thickness of 0.5 to 2 nm thereby form ng a second cappi ng

| ayer 5. [Oﬂﬁ&}b)} forfiigg atfirencdpping layer Besul tant structure is thermally
treated at a tenperature of abou% 00 to 850 Cin an atnosphere of

7oA, SRR, 20 SR SR PSRRI B0 AT B S
se(ﬁnds, angcf %nAf)acﬁi c%lr id(é?n%rlec% is deposited on the first capping layer 3, thereby
forming the light scattering layer 4. Here, an element M(M=Si, Ta, W, Zn, Be,
Li, Al) contained in the nitride-oxide ((MN),.4O,) has a very short diffusion
distance. Therefore, by controlling the thickness of the nitride-oxide ((MN),.
«Ox) to about 2 to 50 nm, nanoparticles can be easily produced even at a low-
power laser. For example, the nitride-oxide may be silicon nitride-oxide
((Si3N4)1.x0O4 or (8i0;).<Ny)), or tantalum nitride-oxide ((Ta;0s);.xNy), and the
carbide-nitride may be tungsten carbide-oxide (WO);Ny).

[0031] In operation 104, M_,((SiNO)y)y, M1.,(Zn;,Oy)y, My y(Al1Ox)y,
or M,.4(Ga,.«Ny)y, which is doped with any one of Si, Ta, W, Zn, Be, Li, and
Al, is deposited on the light scattering layer 4 to a thickness of 0.5 to 2 nm,
thereby forming a second capping layer 5.

[0032] In operation 1035, the resultant structure is thermally treated at a
temperature of about 200 to 850 °C in an atmosphere of nitrogen, oxygen, and
argon. In this case, the resultant structure is rapidly heated up to about 200 to

850 °C, thermally treated for 5 to 100 seconds, and then rapidly cooled.



9 [0033] In operation 106, oxide or nitride is deposited on the second
capping layer 5 to a thickness of about 10 to 300 nm thereby formng a
second protective |ayer 6. The oxide may be (ZnS), x(Si Ox), Znl xOx or Al _
, X, and the nitride my be Gai _xNx. In another case, the second protective
| ayer 6 may be fornmed of Ag4l n594 ySbxTey. [0034] The oxide (Zni.xOx or Al,
x) or the nltrlde(Ga , o NX) . ichis used for the first and second
protective NGQ&Hs 2 akd @CYWW(I@Q Rejde) pr migride 5 deposiied) 9n the sgcend xox) vy,
or M_y(Gai _xNx)y doped with any one of Si, Ta, W Zn, Be, Li, and A

whi ch is usedppiog lalyer i tsta ﬁlidqmsmfdabmpplmgoliﬁxbnm 3thareby $orneing 4 he
nitride-oxide ((M)1_xOx) (M=Si, Ta, W Zn, Be, Li, which is used for

the Iight SGadmy b ﬂﬂedt%elrazzér 6”Wh@6xﬂ&pﬂ§¥tﬁ zgfse)?gsqowzb SUNg ARL ocess,

a pul sed | aser deposition [PLD) process Yoni ¢ éfm (e- ean)

i nia ned apsoitb s PP dn gy S AP 1E AuBuRETaR chapeRng etebuive ' ©

above- descrlbed roc i f deposjted Ia ers are exposed to air, they may
be cont ani ndd¥d dﬁéygﬁfﬁﬁéﬁd Pﬁ iﬂwrytsbé €v-Accordingly, in or der to prevent
the contam nation of the deposited |ayers, operations 101 through 106 may
be perfor ned003d]si t u. Theo®dile I(Anf.ABy b Atli.(9,)aordehei itrideg Gag e which is
above-descri bed structure, after the first capping layer 3 is forned,

I nt er conneciysed ot fiedirmidl Ssdond protdctie Bybls DGnl’ OCRES(BIND),),,
phot ol i t hography process. Al so, after the second prot ective I'a ér 6l IS

formed, el egézrﬂgbxg , i_yilm,_xf(jgjyff%ii Nfls_y'(ﬂﬁl_fo)g Who4 WillPHPBRY oP gﬂcleas, W,
{; Zn, Be, Li, and Al, which is used for the first and second capping layers 3 and
5, and the nitride-oxide ((MN),.,O,) (M=Si, Ta, W, Zn, Be, Li, Al), which is
used for the light scattering layer 4, may be deposited using a sputtering
process, a pulsed laser deposition (PLD) process, or an electronic beam (e-
beam) evaporation process. During each deposition process, the substrate 1 is
maintained at a temperature of about 25 to 400 °C.
[0035] In the above-described process, if deposited layers are exposed
to air, they may be contaminated and changed in properties. Accordingly, in
order to prevent the contamination of the deposited layers, operations 101
through 106 may be performed in-situ.
[0036] In fabricating a device using the above-described structure, after
the first capping layer 3 is formed, interconnections are formed using an ion
milling process or a photolithography process. Also, after the second

protective layer 6 is formed, electrode pads are formed using a

photolithography process.
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10 [0037] Since the nitride-oxide ((M)1_XOX) (M=Si, Ta, W Zn, Be, Li,

Al), which is used for the light scattering |ayer 4, has a higher energy gap
than conventional nmaterials for an active |ayer, the structure for the
optical device according to the present invention is advantageous to the
fabri cation of hi gh- speed el ectronic circuits. Further, the elenment M

(MeSH efficiently conbined vmth ni trogen and

oxygen, Vdp(inan apgkf@ﬁrqhﬁtfémfiq'%‘éﬁl(&w}uxgx} M1cdr, & éasBey Lt ai ned

and a th| n | ayer with good wuniformty and reproducibility can be forned.
Hence, a hi 4i), which égusedefidr tie lpbcioattering dayer, thas arhighcreari gy gaprticoi ed.
[ 0038] As explained thus far, the present invention provides a |ight

scattering tomeintbRENRMaloFor il Goeve fef, (tml)suucﬁar): fbMﬂ% optléal d&icen. Be,

Li, Al) for producing nanoparticles to'scatter |ight. Al so, a cappihg |ayer

i et SR A Rl Lo T 220
e A0, it DD P Sh AR

W Zn, Be, Li, is efficiently conbined with nitrogen and oxygen, so
t hat an appM}am wientlyotembuoredt with nittogen ead deygensisd yhatkamapgoprikter t her ,
because the capping |layer conbines with oxygen and nitrogen, which |eak out

fromthe |i gldichiemetry irio tayYe QUi DbthiRear @ﬂumé it dhyéhevifiRnaray ti cl es,
the capping layer can prevent crystadlline msmatch. As a result, the
’he

R N B R R R
O electronic circuit can be easily embodied.

[0038] As explained thus far, the present invention provides a light
scattering layer formed of nitride-oxide ((MN}),.,O,)} (M=Si, Ta, W, Zn, Be, Li,
Al} for producing nanoparticles to scatter light. Also, a capping layer formed
of Mi((SINO)y)y, M1 y(Zn;,Oy)y, My y(Al;1{Oy)y, or M. (Ga;..Ny)y is formed
between the light scattering layer and a protective layer. Since the nitride-
oxide ((MN),.,O,) has a high energy gap, it is quite suitable for a high-speed
¢lectronic circuit. In addition, an element M (M=Si, Ta, W, Zn, Be, Li, Al) is
efficiently combined with nitrogen and oxygen, so that an appropriate
stoichiometric ratio can be easily obtained. Further, because the capping layer
combines with oxygen and nitrogen, which leak out from the light scattering
layer during the production of the nanoparticles, the capping layer can prevent
crystalline mismatch. As a result, the non-uniformity of elements is inhibited
to maintain a stoichiometric state.

[0039] In conclusion, the present invention enables the formation of

thin layers with high uniformity and reproducibility. Because the thin layets
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thin layers with high uniformty and reproducibility. Because the thin

|l ayers 11 are forned to a small thickness of about 10 to several hundred
nm a high- integrated high-speed electronic circuit can be easily enbodi ed.
Further, owng to a signal amplification effect caused by |ight scattering,
it is possible to obtain an anplifier that can arrplify signals at |east 60
times as nmuch as conventignal bipol ar transistors. 0040] In the draw ngs
and speci fi ag faymed; toen small, thigkngss afsthoyt d@ ta gevesall hyndied mnegda drigledi nent s
of the invention and, although specific terns are enployed, they are used
in a generi mtagtmaﬂbhdgh-ppéedee}zaetmnioonir;zu'mnmhnnbb ¢asily pmbpdieels dfurthien] t ati on.
As for the scope of the invention, it is to be set forth in the follow ng

clai ms. Thepgfigg fo aisignMl lan rfhﬁidhﬁ@ﬁrﬁf&?‘éaﬁ%dtWﬁgh%céﬁreﬁngaﬁﬁs posiible i n the

art that vari ous changes in formand details ray be made therei'n w thout

he 1 ol | owi 1 Sblelf ARPrbh R SARTafRs Fiaho Bt UE Y St ng 2

structure for an optjical device, conprising: formng a first protective
|l ayer on a Sewntional bipolar JESISIONS: one of oxide and nitride; forming a
first capping layer on the first protective |layer by depositing a material,
which is dof#0ji t h obe thel dratvinis mndh dpveifgpatiop, chersi bavendeed discloSaml W Zn,
Be, Li, and Al; fornming a light scattering layer on the first capping |ayer
by deposi ti pgibalt prefiired embodiments of the invention and, although specific terms

are employed, they are used in a generic and descriptive sense only and not for

C' purposes of limitation. As for the scope of the invention, it is to be set forth in
the following claims. Therefore, it will be understood by those of ordinary
skill in the art that various changes in form and details may be made therein

without departing from the spirit and scope of the present invention as defined

by the following claims.
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oxi de; form ng a second capping |layer on the |light scattering |ayer by
depositing a material, which is doped with one selected fromthe group
consisting of Si, Ta, W Zn, Be, Li, and Al; thermally treating the
resultant structure to enable the generation of nanoparticles; and formng
a second protecty I r . second cappi ng | ayer by depositing one of
oxide and nitri 3%%51§¥E‘£%I%g§ according to claiml1, wherein the oxide for
formng the first and second protective |ayers is one of Zni-,O0 and
Ali-,0, and the nitride for formng the first and second protective |ayers
is one of SiN aﬁdA&qtth\?ffa@?caﬁiﬁéaﬁ&PﬁB@ fapaperticabdevices FRMPAISINE wher ei n t he

mat eri al, whi chgi S | : l.ec 1.Si4 of Si,
Ta, W Zn, Be, E‘%fﬁ'gﬂﬁgiff f’%‘ts"%é’ﬁggg?y%&"?’ {,%}’kﬁ%j egpﬁtm@%'?%%&%?fdb%d
Mry (AT - XOnittide; and Mry(Gai - XNX)y 4. The method according to claim1, wherein
e or o) e 4 Uk A LTS B Yt
t enper at ur . | fq; Nt 1 , , and
argon. - 6. VERR IS8 A0 ohOsclerted Il B RPRBRISIE AsiT IR BLTY 60

protectiveAl;ayer through formng the second protective |ayer are perforned
in-situ. 13

forming a light scattering layer on the first capping layer by depositing nitride-
oxide;

forming a second capping layer on the light scattering layer by depositing a
material, which is doped with one selected from the group consisting of Si, Ta, W, Zn,
Be, Li, and Al,

thermally treating the resultant structure to enable the generation of nanoparticles;
and

forming a second protective layer on the second capping layer by depositing one

of oxide and nitride.

2. The method according to claim 1, wherein the oxide for forming the first and
second protective layers is one of Zn; 4O and Al; 4Oy, and the nitride for forming the

first and second protective layers is one of SiN and Ga;.N.

3. The method according to claim 1, wherein the material, which is doped with
one selected from the group consisting of Si, Ta, W, Zn, Be, Li and Al, is one of M,.
y((SiNO)x)ys Ml-y(znl-xox)s Ml-y(All-xOx)ys and Ml-y(Gal-xNx)y-

4. The method according to claim 1, wherein the nitride-oxide is (MN),.
xOx(M=S8i, Ta, W, Zn, Be, Li, Al).

5. The method according to claim 1, wherein the thermal treatment is performed

at a temperature of about 200 to 850 °C in an atmosphere of nitrogen, oxygen, and argon.

6. The method according to claim 1, wherein forming the first protective layer

through forming the second protective layer are performed in-situ.
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