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 rel ro.a ca evice and nethod
of fabricating the samﬁﬁmi@%ﬁi@ﬁ%ﬁﬁ@ﬁ§ ture for an
optical device, which includes a light scattering |ayer for producing
nanoparticles to scatt METHED %E%&RI@ATJNGQ%EG%%MQ the same. 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 YW@SSWEFEWE%@LR?EWAT‘PU%W' zed into a pup
or npn junction, which 1s applied bi pol ar transistor in which signals

lif I . ho h h f d
of *super conbiSHr et A% PR iaor et SR oy HE °ﬁg q%gééni [ 0004]
Atrilayer Josg)hson junction using YBCQ Ii i nt roduced b% . H _ Moeckly
["All Y-Ba- ot Application N4 rlvébél@f%é‘@e Rscrmdbeed. 389&pthsodisclosure

of which is incorporated herein by reference in its entirety.

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

[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.



junctions", Appl. Phys. Lett., Vol. 78, pp.790-792, 2001]. According to B.

H  Meckly, a lower YBCO thin |layer is deposited on a LaAl O3 substrate, and
the surface of the lower YBCO thin layer is nodified using Ar plasna.
Thereafter, an upper YBCO thin layer is deposited in vacuum thereby
formng a trilayer Josephson junction. However, the conplicated oxide

structure o resul tant YBCO Josephson juncti is. highly sensjtive to
the anount EQﬁJlﬁoped oxY é}ﬁf?f%lﬁé?l?hsﬁ’rlsju?@é@{)ﬂs,ln CPhis 1 @ﬂ}“fﬁﬁlsl@bhsﬁr:
junction is used in the fabrication of highly integrated circuits, it is
difficult t&oeshkiniAMhIY-ddarCar@ ecepivduidaysr eintenface-enginegredof)sephsast her
words, the use of conventional pnp or npn junctions or Josephson junctions

precl udes t hendtivpk'grepplaPhos Iodtt. 'Wohl 38, ippt B-29Z,R2 004 e AdcondingabrB.Udt s ow ng
to the sensitiveness of a stoichionetric ratio caused by conpound oxi de

materials. ©OQRly a[‘ld»?&eﬂ"B(Y@athﬁq lle%?éfr %E%lieﬁ@si%dé{#% %SLQAY@% ResirfABAHPT the

anplification of signals in optical "fibers base n an optical nonlinear
effect. However..in er.to e e t.he sensjtivi of .an anplifier, it is
necossary ¢ B Shpedel () farn s ahy Ml ISRl e andeinear sl AEThaof: o
|l ength of the optical fibers, As a result, the anplifier needs to be
fabricated ti&ceeafigr.gen upp@ IP¢Rathin {ayeanisodepesiedsin yvagypm, etherebt he
highly integrated electronic circuits. [0007] Meanwhile, a techni que of
accunul at i ndormmingnpl frilgyerg Jesephsae jupttaemon$owever,, tlptdoogllicstghalxsdaisi ng a
light scattering |ayer for producing nanoparticles is proposed by J.
Tom naga et sglictuke bP@ rdduREAPYBUORBEFhsoR junction is highly sensitive to the

amount of doped oxygen. For this reason, when the YBCO Josephson

junction is used in the fabrication of highly integrated circuits, it is difficult 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 have 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



transistor”, Appl. Phys. Lett., Vol. 78, pp.2417-2419, 2001]. In this

techni que, when | ow power |aser or heat is irradiated on the |ight
scattering layer to produce nanoparticles, surface plasnons are accunul at ed
according to a variation in the transm ssivity of the nanoparticles. Al so,
when the transmssivity of the nanoparticles is varied by controlling the

power of |aser . or, heat, the . acc ed I re externally
scattered sHPHIPO p@pPhX%IL%%L'%appézlgﬁﬁgg 5@@@8@‘@‘&%6’86@&96{ 0008]
J. Tominaga et al. discloses a thin filmtransistor, which includes a .
protective Mgarloveppwghtlasesaet beatniy irsadiated o the Jiedt esepitorng dgxsr. toThe
light scattering |layer is forned of AgOx, and each protective |ayer is
formed of pnhuSeCRandpartities, sturfacd ylasmens faae eaqehiasitaiod accerdingl td ied about
60 times as nuch as conventional bipolar transistors by using a red |ight

l'aser havi ngagatiRPWel e kranshfsstvity "W HRWeNAlopatti@efbWVIBo dewaEh Daik _
structure allows oxygen and nitrogen to |leak out fromthe 1ight scattering

| ayer durin . e i O 1 Cl S.Cr j i smat ch
ooour s. - suviRTissRGRED MisERertiad 3605 PRG! b <Bameh S uRtIShE of Belered o
a structure f%;: an, opti cal sd;rugture, in which a light scatfering |ayer is
formed of nPE Medle bk pagimilatedssuréagsoplagmpens are FXerial B podeeedha WRE RN he
light scattering |layer and a protective |ayer to prevent crystalline

m smat ch, angtiosdtamplifoéatioaetiechcambeahbicsedre. [0010] One aspect of the
present invention is to provide a structure for an optical device
including: 0008t scat Temimgal @uerdipelosscd 1hen FidMopaisidtet, @hich dtclhdes

externally provided thermal energy; a protective |layer for protecting the
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-Si0,. 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



3 light scattering layer; and a capping | ayer disposed between the |ight
scattering layer and the protective |ayer. [0011] Another aspect of the
present invention is to provide a nethod 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
| ayer on the first protective |ayer by depositing a material, which is

doped Wth A0 SELESAE /oL O f Eali P PBP RIRSA Be e [ sWficfide B -

depositing Pi tri dcg- oxi de; formng a second capping |ayer on the |ight
scattering 1§eanGhedIolstve ARy naterial, which is doped with one sel ected
fromthe group consisting of Si, Ta, W Zn, Be, Li, and Al; thernmall
treating tK9MMEsul t aAnotter aspest of the ptreamtelnmmcgmséoaxrbmde@fmnﬁwdpé{ ticles;
and formng a second protective |layer on the second capping | ayer by

deposi ting fibeicafingxi denct@edoniahrdpieal 166t2] THeemedodeinkhides ofofimigg tahe fir st
and second protective |layers may be one of Znl xOx and Ah_xOx, and the

nitride for rim : Lr I ] ne of
Y Lor QIR G| ERaid 5h FRSGRORS ARKRIGR bHe drRKRNE aRRpRuEne of
(0,07 2% B EA PhoChrine e B e i L A 5 ollen g, ane
the nitride-oxide is (M)1 xOx_ (MSi, Ta, W Zn, Be, Li, Al). BRI EF

DESCR! PTI ONmaterialewiniolnig oged with one selected from the group consisting of Si, Ta,

W, Zn, Be, Li, and Al; 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.

[0012] The oxide for forming the first and second protective layers may
be one of Zn;4O, and Al;_O,, and the nitride for forming the first and second
protective layers may be one of SiN and Ga;_Nj.

[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.,((SiNO),)y, M. ¢(Zn,.
Oxy, M14(Al140,)y. and M;(Ga;4Ny),, and the nitride-oxide is (MN); O

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

BRIEF DESCRIPTION OF THE DRAWINGS



4 [0014] The above and other features and advantages of the present
invention wll becone nore apparent to those of ordinary skill in the art by
describing in detail exenplary enbodiments thereof with reference to the
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 nventi on; 0016] . .FIG, 2 is flowhart il ]l pstrating exenpl ar

oper ati ons ﬁgﬁ“&f abri Ig?iq@vﬁ gq(fdgigq\rl\geal%rpsaqpcﬁ&giy@gpg%se\ph@ea@%?% ng to
an enbodi rent of the_ present invention. DETAI LED DESCRI PTI ON OF EXEMPLARY
EMBODI MENTSInVepter [willheeqomee apareiapparant da thpsa ohevdiparydslsitl e ambby ful |y
hereinafter with reference to the acconpanyi ng drawi ngs, in which exenplary
enbodi ment sdedcribliveg iimvdathil crxearpargyhemboditherstsi thessufi withnesferehoaetoethe be
enbodied in different forns and should not be construed as limted to the

embodi ment s,@fhell ArhWi¥Rlifiwhiciiat her, these enbodi ments are provided so that
this disclosure is thorough and conplete and fully conveys the scope of the

i nvention t se skilhed jn t art .. F ' 0SS i onal
view of a s rott}lcgi ure fiéid}‘ai fg’p?icggsfs E‘éo%lvl gfe):bgécvgo(#fc??nsg:]frdtcgurgnﬁ)én%log?’ﬁ g}llt of the
present invention. [Q019] The str_uctur? for the optical dgvi ce is disposed
on a subst r 88¥ca aceardingfe anabediment of thepresentigventiosy and protecti ve | ayers
2 and 6, and capping layers 3 and 5. The |ight scattering |ayer 4 produces
nanoparticl 016je to FIG. 2 is a flowchart 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



externally produced Iight or thernmal energy. The protective |ayers 2 and 6
5 serve to protect |ower and upper portions of the light scattering | ayer 4.
The capping layers 3 and 5 are di sposed between the |ight scattering |ayer
4 and 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 (I\/N)l X Ox (M:Si Ta, W Zn, Be,

Li, A F ticl _
o erent "SR BRSSO 00T GEYRL Sl L, P
nitride-oxide ((Si.3N4)1 xOx, (SIO2)1 xNx)), t ntalumnltrlde OX|de

((Ta20B) 1_ R&angdayqrﬁ&a@@d;é @rarcbﬁmddﬁw&ere (tkmjlghk Regtieringnlaygr dadonbi ne
with the |norgan| c elenent M The capping layers 3 and 5 may be formed of

M _y((Si NO) jeyprotédiive(Iaydrs 2Gady6, rifipectiy ¢l tomrenent arystdlling @asmatk) y, whi ch
is doped with one of Si, Ta, W Zn, Be, Li, and Al. The protective |layers 2

and 6 may bgodzn]m?d Offh@ﬂigﬁ@s@zittd‘r‘irigr 1'a9@r41sl‘ﬁfrﬁ)edtdﬁn&¥déj6xiﬂérortdaﬁalﬂéﬂt ective
| ayers 2 and 6 nay be Znl . XOx or and the nitride therefor nay be

"s irraai af oS dRe 4 of’é@“ %‘Z’%?ﬁi Odem?“Rug?n PO, g ??f%%f“é%‘?cio 3
ARG e TR MG A
the transmssivity of the crystalline portion becones higher than that of
t he anor phothe lighttscattering GyeeH may baifermedef silihen nithide (Gi:Nasddx,or heat
is increased above a predetermned critical value, the crystalline portion
i's changed bRYB8i®,);..N,)), tantalum nitride-oxide ((Ta,Os);..N,)), or tungsten carbide-
oxide (WO),.xN,)), which can combine with the inorganic element M. The
capping layers 3 and 5 may be formed of M,.,((SiNO)y),, M1 ((Zn;.Ox)y, M.
(Al Ox)y, or My.,(Ga;4Ny)y, 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,



nanoparticle phase. The transm ssivity of nanoparticles becones |ower than
that of the crystalline portion. Accordingly, surface plasnons are

accurul ated according to a variation in the transmssivity of the
nanoparticles. In this case, 6 once the power of |aser or heat is increased
above the critical value, surface plasnons are accunulated in inverse

proportion to a,di stance.between the . surfaces of the .nanoparticles and the
BurFace of DR MEGRWECaE FBFT G heay B ingreasfd aBete aRUHETRVARE, tHESoner o
| aser or heat is increased above or decreased below the critical value, the
t ransni ssi vPlagmens tase assHewdated dnelfiveess ploPortion Hera dédareed betweenythenher
reduci ng the transmssivity of the nanoparticles, the accunul ated surface

pl asnmons ar suréades ofidhd yarmpattideednd thet svafacamfalpd light scattepihgflayzatd. on ef f ect
can be obtained. In other words, the application of a power that exceeds

the criti Catom:; ue | eRanivhilehef 8RNE6WE BN 148kr lor Mt $€ Aldr€dsRlSabovkhdts t he
accunul ated surface plasnons are externally scattered. In this case, the

i ght SC""“Q%& sedl BelOw the ik 951'&8rﬁlteet‘?ar?srnai§§gbgggn_‘f" ntfiﬂ@?%g%ﬁ%ti%?esacahaser

power. [002 Oor exanple, Tn order to recor mark on a
track, ared_.light |aser wth a predeterm ned power is irradiated on the
light scat b%ﬁlrﬁlgenrs ‘é‘?edél,f,r\ftmebf?fg{%‘?%\ﬁ‘eﬁ F%lmwi‘.tflerﬂ@mpaaﬂglpae i ght

| aser is transported onto the same track, and a nodul ation signal that is
al nost equathe aceuimidated reaylace . dasmanss Mz pxtemnadlyr scathetksti s ithatadn opticalput at a
power of 1.5 mW +0.1 mW Thereafter, when a power of the red light |aser
is varied bghpHébatidn 2fidtardn b a¥idingd.t Ha phepaserdef titehpplicaion bhe si gnal

of the blue |1ght

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 layér 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. Thereafter, 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



| aser is reflected on the nanoparticles and cones back. In this case, the
intensity of the signal of the blue light laser is anplified by about 60
times. [0025] In this process, surface plasnons are accunulated in a region
that is about 100 nm deeper than the surface of the light scattering |ayer 4
and 7 interact with |ocal plasnons using the nanoparticles, thus causing
optical anplificatjon. [0Q26] If the laser or therma| irradjation is

i nt err upt edNArpE Yathe ?%@5 dﬁaﬁon% R1Nga i AaNPRIEIS 655 1 GAESIEgoptical
Accordingly, since the area occupied by the anorphous portion of the |ight
scat t eri ng dmpkkicatians i ncreased nore than the area occupied by the
nanoparticles, the light scattering |ayer 4 approxinmates to the

transm ssi io026Ppf t helfah®tabpostheantl eradiaibrdisriatdriuptéd,ahe geherationiodent
| aser so that a light scattering effect cannot be expected any nore fromthe

i ght scat t@Li : ent.ol i I : waci pl
g tﬁ(E)'rrﬁ 8};?%&[65418 s-ﬁg gétééﬁis %ccbfﬁiﬁ%lﬁf‘bgﬂ]c'esthgaa?@éjo@éhlpitlgg_bgrthgc' ple

that |aser Isirra on an a hous- phase nit xi de | ayer

to t hereby roduce nanoparticles.due.to ralysis. Therefore, . .a thermnal
cner gy i n GEBRETOGEPORRGE BF b L B R S BT Re R RO B8 1o
produce the nanoparticles. Al thqough it depends on the characteristics of
materi al s, #HetacSpietEY thepapenartigicasthy lhysenttesingdayer ¢ 2ppioyLnaiesdo
according to the thermal energy, the function of a thermal energy source is
very i npor tthattrafsatigslyitiHerfetheadmerphcusnpartiod afd dadecily dransgits stcaidentur e f or
an optical device according to the present invention will be described with
reference tjaserlddthat b BBRt Seattering effect cannot be expected any more from the

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;.,Oy or Al; Oy, and the nitride may be Si;_ Ny or Ga;(Ny.

The Zn; Oy, Al;.xOy, or Ga; N, has the same crystalline structure and almost

the same crystal constant as nitride-oxide ((MN);O,) (M=Si, Ta, W, Zn, Be,

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



[0028] In operation 101, oxide or nitride is deposited on a substrate Ito
have a thickness of 10 to 300 nm thereby formng a first protective |ayer
2. The oxide may be Zn].XOX or AI] _xOX, and the nitride may be Sil_XN, or
Gl-,N,. The Znl ,Ox, A1l xOx, or Gal_, Nx has the sane crystalline
structure and al nost the sanme crystal constant as nitride-oxide ((MN)1_,0)

(M=Si, Ta, Z e, | ). used for a . light scattering |ayer 4 as
described b nvé.grl’FBu’s?r Hﬁ’e-xglnis_ eag‘f]& g&\jvn'&rylgg%@p}tag}a @?ﬁ%ﬂb?rggesé ly grown

by an epitaxial growth process and also facilitates the epitaxial growth of
the light selaeieqilitdes hpepitaxiaberathos! thedightseattagimgdryeret fampead e3he. [ 0029]
In operation 102, M _y((SINOXx)y, ML_y(Znl xx)y, M _y(Al1l xOx)y, or

M _y. ( Gal _xhitpigle-owkde¢tMNy, . doped with any one of Si, Ta, W Zn, Be, Li, and
Al, is deposited on the first protective layer 2 to a thickness of 0.5 to 2

nm thereb m ng j i [ 0 InHyo ' 03,
nitride- oxi %og 2((9? MN) i _gloéﬁ)’ ér(ﬁf\l/g%iql,w‘rgg"yw g?)%yng'yﬁig%l"‘Al@ ‘?y’ g‘? L%lg'%’é!’ni tride

coat tori ng. Daybr(GE-pko5 AT MekdXfin ey WBELTY), T WRZR BRCLL Y
eri ng e,y RSl ee A
i 5t ance. Thbr BIAAESHES) OBORE Gt PIRICETNG TRFE Rriood BIEKRRES B 01 el Bihde

((MN), xOx) to about 2 to 50 nm nanoparticles can be easily produced even
at a | ow ptheesbyl tasming Edirstevapppigelayehd. ni tri de- oxi de may be silicon
nitride-oxide ((Si3N4)1 xOx or (Si02)1 .N,)), or tantalumnitride-oxide
((Ta206)] _xf¢d30]and thieop&atibh dO3NiditridécoxTay (FIN)YOK QVI=Sar Dh,dw, ok de

(WD), _xXNx) .

Be, Li, Al) or carbide-nitride 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);.,O,) has a very short diffusion
distance. Therefore, by controlling the thickness of the nitride-oxide ((MN);.
«Oy) 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.xO4 or (Si0;)1.<Ny)), or tantalum nitride-oxide ((Ta;Os);.xNy), and the
carbide-nitride may be tungsten carbide-oxide ((WO);Ny).

[0031] In operation 104, M,((SiNO)y)y, M1.,(Zn,Oy)y, M (Al Oy)y,
or M,.,(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 105, 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.



[0031] In operation 104, M _y((SINOX)y, M _y(Znl_xOx)y, ML_y(A 1_xOx)y, or
M _y(Gi _xNx)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 form ng a second capping |layer 5. [0032] In operation 105, the
resultant structure is thermally treated at a tenperature of about 200 to

850 Cin an sphere of nitro , oxygen, .and . arqgon. In this case, the
resul t ant sl@@ure i inroé’ﬁfq}f(ﬂp ﬂ@&t QHl%po’E 6"‘[5@%&5 é%g)sgtgd A5 ANESCEMMt mal | y
treated for 5 to 100 seconds, ~.and then rapidly cooled. 9 [0033] In operation
106, oxide &#PRingriayer Sstagapthicknsss b atoat slék &0 B00c apY i thgrabyy ErmEng & o

t hi ckness of about 10 to 300 nm thereby formng a second protective |ayer

6. The oxi deecomyl pretdcZive) lhyer & R)e oXiadie_m&x ber (ZAS).(S¥Q,), ZandOy, foe Al ri de
may be Gai _xNx. In another case, the second protective |ayer 6 nay be

formed of Agal nRAue Sidewna B0%, R pKhioneZods e atedld p@IRr L he

nitride(Gai _xNx), which is uUsed for the first and second protective | ayers

2 and 6, mﬁ&éi@@’ﬁﬁrf%&o%@@% :S%?Féy ML_y. (Al _xOx)y, or

My ( Gai _xNX any " W Zn, Be, Li, and A, which is
oo o T SRS BT S 3t A B o 1
scattering layer 4, may be deposited using a sputtering process, a pul sed
| aser deposiusédhiorn teDiirgbrasclesscondrpratecéivedayensi 2 abd am Me- (&) )avidhor at i on
process. During each deposition process, the substrate 1 is naintained at a
t enper at ur e (@n; 30Q1 ME3(AD. IR, 6r M, (Ga,4Ny), doped with any one of Si, Ta, 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=Si1, 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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[0035] In the above-described process, if deposited | ayers are exposed to
air, they may be contam nated and changed in properties. Accordingly, in

order to prevent the contam nation of the deposited |ayers, operations 101
t hrough 106 may be performed in-situ. [0036] In fabricating a device using
t he above-described structure, after the first capping Iayer 3 is forned,

photol 1t noglA) pr oc oL ”Efaﬁ *rrl‘%er%irde"@me?ﬁﬁ%ﬁt 38 Welfafss 16 i s

formed, electrode pads are formed using a hotollthogra hy process 10
[0037] Sincdl} Méhlﬁﬁtlfr P%rélmtta%hgbwtwr@g)laxwﬂs. aS‘ﬂablgkyvr engreygap than A ) |
which is used for the light scattering |ayer 4, has a higher energy gap than
convent i onakomaintional matenialsdoman iavevé layer,, theeérusture dbn tiee bpticalhdevoqst i cal
device according to the present invention is advantageous to the

fabricati Ona@éorbi@hto ﬁ@qﬁ‘és@hQﬁvérﬂwrplscadv@ﬁtatg%oufw tiefabricafiof TRk M
(MeSH Ta Be, Li, Al) is efficiently conmbined with nitrogen and

oxygen, Q@éd an. BREQREhASe R CIIODERSLE MRS LR, B9, oRs By rgbt ai ned

and a th| n yer W uniformty reprodu tan’ o’r med.

00381 s et 1 FltFieH e C@@Pler'lq%ﬁéfﬁt%rleﬁr@%%ﬁ %‘ﬁbéqﬁ:yaggﬁf’ 5 it aBbropgHEe
scattering layer formed of nitride-oxide ((MY)1_xOx) (M=Si, Ta, W Zn, Be,
Li, A) fostophdametriey ratinoparr theclcasily cotyaimedennd i yhthin Apyer, veith agsichg | ayer
formed of MLy((SINOX)y, M _y(Zni_xOx)y, MLy(Ali_xOx)y, or M_y(Gl_xNx)y
is formed uniformity and reproducibility can be formed. Hence, a highly integrated
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,) (MM=Si, Ta, W, Zn, Be, Li,
Al) for producing nanoparticles to scatter light. Also, a capping layer formed
of My,((SiNO)y)y, M1.4(Zn;,0y)y, M1 (Al xOy)y, or My(Ga;Ny)y is formed
between the light scattering layer and a protective layer. Since the nitride-
oxide ((MN);.,0y) has a high energy gap, it is quite suitable for a high-speed
electronic 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 layers
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between the light scattering |ayer and a protective layer. Since the
nitride- oxide ((M\)I.xOx) has a high energy gap, it is quite suitable for a
hi gh-speed electronic circuit. In addition, an elenment M (MSi, Ta, W Zn,
Be, Li, Al) is efficiently conmbined with nitrogen and oxygen, so that an
appropriate stoichionetric ratio can be easily obtained. Further, because
the capping | ayer conbines wth oxygen and nitrogen, which |eak out from
the light s i ri t i arty.cles, the
cappi ng | ay S P, aTRAL AYERARs; SRR A I SEgh M BRIRR R olih-

non-uni form,ty of elenents js inhibited .to maintain a staichi tric state.
100367 1 oot e ARcosl Elechonit saRbILotE BsoF S: AEBOGHSt: | BHUSE +hi n

| ayers with high uniformty and reproducibility. Because the thin |ayers 11
are forned owiag seraldigndliasplidseation effenicanged by dight sedttanimgditeid possible hi gh-

i ntegrated high-speed electronic circuit can be easily enbodi ed. Further,

ow ng to a $b @badin amphmplifiet itient @hf faplifasipedisbyt leéagh60 saéd &8 mngch 4 1S
possible to obtain an anplifier that can anplify signals at |east 60 tines

as nmuch as CSH{?é{ﬁfUrﬂapﬁgJolﬁit%s?%ofsf ansistors. [0040] In the draw ngs and

specification, there ve been disclosed typical preferred enbodi nents of

he i [ d, h h ifi I d hey.. d
gener ¢ and ORAHL T o1 V8 BE0ER3RRs, allSitioeBion. JiFisobEte peefidibtdn. A °

for the scope of the invention, it is to be set forth in_ the follow ng
clai ms. Thefwteplepreferred embodiments raft Bednyyntien sadopltheugh speeilic kermps i n t he
art that various changes in formand details may be nmade therein

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

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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Wi t hout departing fromthe spirit and scope of the present invention as
defined by the following clains. 12 WHAT IS CLAIMED I'S: 1. A structure for
an optical device conprising: a light scattering |ayer producing
nanoparticles due to externally provided thernmal energy; a protective |ayer
protecting the light scattering |layer; and a capping | ayer disposed between

the light scatter] e protective layer. 2. The structure
according to cl aiWA%%eé%nggér having a predeterm ned power is used
to provide the thermal energy. 3. The structure according to claim1,
wherein the |ightl. Acdructyredgr prppticalideviesr ¢aapdsingi t ri de- oxi de, which is
(M1 ,0 (MSi, Ta, W Zn, Be, Li, Al). 4. The structure according to

claim 1, whereinat lighcappitering ayeer ippoduwring dnafopanticlsel det ed txieradllye group
consisting of ML y((SINOX)y, M _y(Znl_xOx)y, ML_y(A 1.xOx)y, and

W_y(%l_x%widw{&ﬁnhﬁe&é}g§g wth one selected fromthe group consisting
of Si, Ta, Zn, Be, Li, and Al. 5. The structure according to claim1,

wherein the prot ive.la i f 0X | d nitride. 6. The
structure accor d?i’g’%“}é‘? gqg’rﬁ{ gis()tﬁ%ﬁiggi&% lfg%gg"}e(ﬂtegkg @]gﬁeaﬁgf Znl_ xOx and
Al 1-xOx, and the nitride. is one of S| N and 1 xNx. 13 |

a capping layer disposed between the fight scattering layer and the

protective layer.

2. The structure according to claim 1, wherein a laser having a

predetermined power is used to provide the thermal energy.

3. The structure according to claim 1, wherein the light scattering layer

is formed of nitride-oxide, which is (MN),_,O, (M=Si, Ta, W, Zn, Be, Li, Al).

4, The structure according to claim 1, wherein the capping layer is
formed of one selected from the group consisting of M;.(((SiNO),)y, My.y(Zn;.
«Ox)ys Miy(Al;1Oy)y, and My y(Ga;.Ny)y, which is doped with one selected

from the group consisting of Si, Ta, W, Zn, Be, Li, and Al.

5. The structure according to claim 1, wherein the protective layer is

formed of one of oxide and nitride.

6. The structure according to claim 5, wherein the oxide is one of Zn,.

<Oy and Al O,, and the nitride is one of SiN and Ga;_(N,.

13



7. A nethod of fabricating a structure for an optical device, conprising:
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 material, which is doped with one selected fromthe group
consisting of Si, Ta, W Zn, Be, Li, and Al; formng a light scattering

| ayer on the first capping | ayer by depositing nitride-oxide; formng 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 treatlnP t he resultant structure to
enabl e the gener at Aonetod qfiﬁb@%tm&:a siguctyregior anAptigahdedesPIpEtBg: i ve

| ayer on the second capping |ayer by depositing one of oxide and nitride.

8. The net hod actanmingga tfrstc paotactive \dyer eom at hiebstoata dyf depdsotimg oget e i r st
and second protective layers is one of Znl_,Ox and All-, O, and the nitride
for form ngokfiR dnidritridd second protectlve | ayers is one of SiN and

Gal xN,. 9. The nethod accordlng to claim?7, wherein the material, which is

GoP20 i one SShghg GETT RBRPLE M BB ST an e,
ML y(Gai _ a rr’lzlt%rlal, which is doped with one selected from the group consisting of Si,
Ta, W, Zn, Be, Li, and Al;
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.
8. The method according to claim 7, wherein the oxide for forming the
first and second protective layers is one of Zn;_,O, and Al;_,O,, and the nitride

for forming the first and second protective layers is one of SiN and Ga,_N,.

9. The method according to claim 7, wherein the material, which is

doped with one selected from the group consisting of Si, Ta, W, Zn, Be, Li,
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10. The met hod according to claim7, wherein the nitride-oxide is (MN,..QO
(MsSi, Ta, W 2Zn, Be, Li, A). 11. The method according to claim?7, wherein
the thermal treatnent is perforned at a tenperature of about 200 to 850 C
in an atnosphere of nitrogen, oxygen, and argon. 12. The nethod according
to claim?7, Wnereinformngthefirst protective |ayer through formng the

second prot el(‘:lé IAvlelsl g fﬁl y((%eN 3x ryT;EM {ErllsxI txsjys N}l Y(All X X)y’ and M, y(Gal
xNx)y-

10. The method according to claim 7, wherein the nitride-oxide is

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

11. The method according to claim 7, wherein the thermal treatment is
performed at a temperature of about 200 to 850 °C in an atmosphere of

nitrogen, oxygen, and argon.
12. The method according to claim 7, wherein forming the first

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

situ.
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