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‘Field of the Invention This invention relates to 900 af rding
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optical recording, especially wite once, read many tinmes optical
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BACKGROUND OF THE INVENTION

1. Field of the Invention

This invention relates to optical recording media for memory applications
generally and particularly to the use of nitrides of column il metals as the materials for
phase change media for optical recording, especially write once, read many times

optical recording.

2.  Background

In optical recording for memory applications, a focused incident beam, e.g. from
a semiconductor laser, reads or writes bits onto a thin film of appropriate material
(media). Writing (encoding) is generally done by either changing the magneto-optic
properties of tﬁe media or the reflectivity of the media to form a bit, the bit being the

region of material irradiated and heated by the focused beam as the beam is scanned



2 (rastered) over the surface of the nedia and varied in intensity as by

s being pulsed on and off. In the read operation the |aser beamis incident
on the bit and the reflected beamis nodulated either in ternms of a change
in polarization (for magneto-optical recording) or reflectivity (for phase
change al |l oys, organic dye/polymer, or ablative nedia). The present
I nventi on addresses phase change nedi a. 2 Phase change nedi a can be
used for applications involving "wite once read many" (WORM as well as
erasabl e optical storage. The present invention is directed primarily to
WORM syst enprastébed) Gebr WERMraBd 6f indl hedidl bh@ Vhfied HSREnsiycad §) béthy Pilsef TR) OF
sel enium (Se) based filns which are based on ablation of materral to create
refl-ectivitwandlofnge theAtead oppetionntite la3&bilsandis intibett omethalditi ahdathé esecidaat
rely on an anorphous to crystalline phase transition for the reflectivity
contrast. Theare isnmedalatezeittds imeaak 9f hehhiesia polbdzatiah Jfor Magttloyoptisaince
there is the possibility for recrystallization of the phases, stability of
storage i s gecording)eor rétentivityl {for grasarntafie allogs,Lrgdrid dee/polymer, orabthtiee e
toxic. Thirdly, the reflectivity difference or signal contrast (which is
normal |y defedisd The préfent iifveRjanr addrédsB$ phagertiamge Inpedid.t h Rl err] and Rl err]
being the reflectivity of the starting phase and witten phase,
respectively) in these materials is in the range of 20-30 % Thus, there
is a need for phase change nedia that offer inproved perfornmance relative
to the above neRbaserchangdmesigpcimbe usdelior Applicalians involvisg &wiite cined redrht
within the next five vyears shorter wavel ength (600 nm and | ower)
sem conduct aRNYH[WORMIrad welbas ermisalble loptical storage. The present invention is directed

primarily to WORM systems. Typical WORM materials currently used are teflurium
(Te) or selenium (Se) based films which are based on ablation of material to create
reflectivity change. Also used are InSbSn or other metallic afioys that rely on an
amorphous to crystalline phase transition for the reflectivity contrast. There are a few
drawbacks to these materials. Firstly, since there is the possibility for recrystatiization
of the phases, stability of storage is an issue. Secondly, Te and Se are unstable in air
and are toxic. Thirdly, the reflectivity difference or signal contrast (which is normally
defined as |(R,-RV/(R,+R,)}| with R, and R, being the reflectivity of the starting phase
and written phase, respectively) in these materials is in the range of 20-30 %. Thus,
there is a need for phase change media that offer improved performance relative to
the above mentioned three points. Furthermore, it is expected that within the next five

years shorter wavelength (600 nm and lower) semiconductor injection lasers will be
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3 i ntroduced for higher storage densities, and thus there is need for
. phase change nedia conpatible with these |asers. SUMWARY OF THE
| NVENTI ON This invention provides phase change nedia for
optical storage based on sem conductors of nitrides of the colum I1]1
.metals. The surface of thin filnms of these w de bandgap sem conductors may
be netal lized (by desorption of the ?itrogen) by irradiating with photons
of energy equal to, or greater than the band gap of these materials, and
wi th power densities beyond a critical threshold value. As a consequence
of such wi |k ' i a I | dat es
for wite o?@%{dﬁ(r:é(agzi??rﬁadnhé?%{o%g &sé[}'gi?gs@e% Eégth?%{hgfen%ge? ﬁg&dﬂg @?ércg'nc s in the
reflectivit . ; its corresponding wide gap nitride are
very | ar ge.helggf%\g n%;?ée‘;ﬁntmeg&tl egﬁi trogen is desorbed, the witten
metal lic phase can no |onger revert back to the nitride phase and hence
the nedia is stable and is truly a wite-once system Additional
advant ages gUMMARYOF TS INVENTBONG! S over present day phase change nedia
i nclude higher drfferences In reflfectivity contrast and suitability for
use with short wavel ength | aser diodes (460 nmand | ower) which are
expected to be introduced into optical recording technology in the next 5
" years. The band gap of alloys of nitrides of colum Ill nmetals can be
tuned by changing the relative fractions

This invention provides phase change media for optical storage based on

semiconductors of nitrides of the column lit metals. The surface of thin films of these
wide bandgap semiconductors may be metallized (by desorption of the nitrogen) by
irradiating with photoné of energy equal to, or greater than the band gap ot; ghese
materials, and with power densities beyond a critical threshold value. As a
consequence of such writable metallization, these materials are excellent candidates
for write once, read many times storage media since the differences in the refléctivity
between the metal and its corresponding wide gap nitride are very large.

Furthermore, once the nitrogen is desorbed, the written metallic phase can no longer
revert back to the nitride phase and hence the media is stable and is truly a
write-once system. Additional advantages offered by these materials over present day
phase change media include higher differences in reflectivity contrast and suitability for
use with short wavelength laser diodes (460 nm and lower) which are expected to be
introduced into optical recording technology in the next 5 years. The band gap of

alloys of nitrides of column Ill metals can be tuned by changing the relative fractions



4 of the colum Il netals to continuously vary the band gap so as to be

. conmpatible with |asers having photon energies within the range. The | ow
absorptivity and hence high transmssitivity, at the appropriate recording
wavel ength, of the starting phase also offers the potential application of
these materials in a nmultiple-recording-layer format. BRI EF
DESCRI PTI ON OF THE DRAW NGS The, above and ot her advantages of this
i nvention will become nore apparent fro%n the foll ow ng description taken
in conjunction with the acconpanying drawi ngs, in which: Figure 1 is a
schemati C GjfQR& ohlBfinl Mmethlso RBARRIGARVAR BBIaRa|gaplsdr #0@ R Ebrapatible’ with Ur €.
Figure 2 is an optical reflection mcrograph taken in nornmal incidence node
showi ng  ma&sdrs ihaiflg PhotoRr érferdlbs MithRnhé\rdhge. THe B @sdrptisitydasdl hégzehigh
profiler trace across the surface of the netallized pattern of Figure 2
after the reinshidsiivfly, At the appropedie aeBurding wavelength, of the starting phase also

offers the potential application of these materials in a multiple-recording-layer format.

BRIEF DESCRIPTION OF THE DRAWINGS

The above and other advantages of this invention will become more apparent
from the foliowing description taken in conjunction with the accompanying drawings, in

which:

Figure 1 is a schematic cross-section of a phase change optical storage media

structure.

Figure 2 is an optical reflection micrograph taken in normal incidence mode showing

metallized patterns of Al on AIN.

Figure 3 is a surface profiler trace across the surface of the metallized pattern of

Figure 2 after the metallized Al is etched away.
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5 Figure 4 is an optical reflection mcrograph taken in normal incidence

* node showing netallized patterns of In on |InN Figure 5 shows the
calculated reflectivity, transmssivity, and contrast for an AINfilm as a
function of thickness at a wavel ength of 248 nm Figures 6A, B and C
show three configurations of nmulti-layer optical recording disks wutilizing
t he phase change nedia of the invention, Figure 7A shows the desired

absorption characteristics for multi-layer optical recording disks of
Figures 6A, B and C when the recording | aser has a single wavel ength.
Figure 7B shows .the desired absorption characteristics for nulti-Iayer
optical rel8FH AdS 2nioskeal seflepfion, mictogaph rkemin ®rwakincideace awde dihowirgaser

has nul ti plnget%vgl er&gt hs. TAI LED DESCRI PTI ON OF THE | NVENTI ON
This i nventioh prrAgEs Yiao8 Bange media for optical storage based on
sem conductors forned of nitrides of the colum (group) IIl netals of the

periodic table and nitrogen, e.g., AIN InN and GaN. Al loys of the colum
11 metal s F‘iﬁ'uféﬂ'sryh%rg%eenbalculated reflectivity, transmissivity, and contrast for an AIN film

as a function of thickness at a wavelength of 248 nm.

Figures 6A, B and C show three configurations of multi-layer optical recording disks

utiizing the phase change media of the invention.

Figure 7A shows the desired absorption characteristics for multi-fayer optic.ai- recording

disks of Figures 6A, B and C when the recording laser has a single wavelength.
Figure 7B shows the desired absorption characteristics for multi-layer optical recording
disks of Figures 6A, B and C when the recording laser has multiple wavelengths.
DETAILED DESCRIPTION OF THE INVENTION

This invention provides phase change media for optical storage based on

semiconductors formed of nitrides of the column {group) it metals of the periodic table

and nitrogen, e.g., AN, InN and GaN. Alloys of the column Il metals with nitrogen,
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6 e.g., InGAIN, have been found to be useable and to offer unique
properties in that their bandgaps can be tailored, or tuned, by adjusting
the alloy conposition to thereby nmatch the wavel ength of the beam used for
witing. Figure 1 shows the structure of an Al N phase change nedi a
in schematic cross-section. To formthis structure, AN was deposited onto
a sapphire substrate by directing evaporated Al and reactive nitrogen
created by radio frequency (rf) discharge towards the substrate in high
vacuum The choi ce of substrate can be varied; sapphire is used as an
exanple only. Also, the rf deposition technique is an exanple and other
deposition techniques nmay be used. The AINthin filmin this case was

about 300 nfS-hiPERAIN:dIave hear fuwddeibei uneable rmddapffereuniaue popetied if thah t he
vacuum chanber and the surface of the AINirradiated with 248 nm

ul t ravi ol et MEiRAyandogps can belitaileresh of tunedaby asiustingrthe gliey conprsitioadiodhershy was
supplied at an energy density o 100-200 m}/cnferr] in short nanosecond

f
pul ses. Thi &6 Q&i%ﬁe&ﬁgtheg{}h?@eamrﬂsf?ﬂéwew@m al "~ desorption of the

nitrogen | eaving behind netallic alum num presumably due to the rapid
heating effect of the | aser beam The radiation was focused through an
SCanned acr oss. { HETeQ] BRI BF B ANMpETe NG A SUBHIAE
ConSt 110 Bl dBSEL ! et A el b L ORI B
pertodi cal I gt G SRRERRY X dnd f280tive Sitrsieh creatbd'by SRS fleliery {rf Hschirg' ™
towards the substrate in high vacuum. The choice of substrate can be varied;
sapphire is used as an example only. Also, the rf deposition technique is an example
and other deposition techniques may be used. The AN thin film in this caéé was
about 300 nm thick. Foliowing deposition, the sample was removed from the vacuum
chamber and the suriace of the AIN irradiated with 248 nm ultraviolet (uv) light
radiation from an excimer laser. The radiation was supplied at an energy density of
100-200 mJ/cm? in short nanosecond pulses. This irradiation resulted in preferential
desorption of the nitrogen leaving behind metallic aluminum, presumably due to the
rapid heating effect of the laser beam. The radiation was focused through an optical
microscope system and the 248 nm wavelength focused spot was scanned across the
surface in an appropriate fashion to write bits consiéting of discrete regions of high

reflectivity Al in a non-refiective matrix of AIN as shown in Figure 1. Such reflective

regions when periodically interspersed with non-reflective (or less reflective) matrix
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7 regions of AN constitute encoded (stored) information in the form of
*"1s" and "0s" (or bits). The read operation may be carried out
by scanning the sane | aser beamat a |ower power level that is
sufficiently below the wite threshold of the nedia and detecting the
reflectivity change between the Al bits and the AIN matrix. Figure 2 shows
an optical mcrograph taken in the reflex,‘tion node in a netall urgical

m croscope at 80X of Al features patterned by the above process on an AIN
thin film As shown in Figure 2, the lateral dinensions of the netallized
areas are conparable to the lateral dinensions of the focussed |ight beam
fromthe | JLn order to determne the netallization depth, z,
the Al vvasa%gi(’:oﬁg(?fé’%fowﬂf‘ﬁe 4 dr‘é@f"'ﬁé’ﬁﬁ”‘ﬁ"@"d@ﬂi‘ﬁ%‘?‘ thég e?’@ﬂél? {®ench
measur ed bybig)surface profiler. The results are shown in Figure 3 which
gives a value’for z of about 150-200 nm The netallization depth is

For & diroct gap ooy EhARALEr ah oR critac SEEY redinuld e SRR hegm ke
Cransmh ot og st BoRRTIFANNTE Sinobd AISRIE Wi, SASROMTHR el led 27 and
bsor pt i on aoe e spfect i el BOERT e ALGRY R AR Hido 277 00
he Tor mati oy SapPicll kbR IRRATE e RloctBRa o ekl oot Ui 1y ™™
microscope at 80X of Al features patterned by the above process on an AIN thin film,
As shown in Figure 2, the lateral dimensions of the metallized areas are comparable

to the lateral dimensions of the focussed light beam from the laser.

In order to determine the metallization depth, z, the Al was etched away with
agua regia and the depth of the etched trench measured by a surface profiler. The
results are shown in Figure 3 which gives a value for z of about 150-200 nm. The

‘metaliization depth is believed to be limited by the absorption depth for the photons.

For a direct gap semiconductor, when the photon energy is less than the band
gap of the semiconductor, the absorption coefficient is near zero and transmission of
the light will occur. For photons with energies near and above the band gap, the
absorption coefficient is no longer near zero and absorption of the light will occur. For
the AIN film, absorption of the 248 nm photons results in the preferential desorption of

the nitrogen and the formation of Al. Once the Al layer is formed, its high reflectivity
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reflects the incident |ight away and the process of netallization self
*limts. The band gap of AIN at roomtenperature is 6.2 eV, which
corresponds to a photon wavel ength of 200 nm On the other hand,
absorption appears to occur at 248 nmor, equivalently, 5 eV. Absorption
at this lower value is believed to be due to the presence of states in the
band gap and al so due to the highly noih-equi libriumnature of the
reaction. Incidence of a short pulse of intense radiation can create

I nstant aneous | ocal tenperature spi kes and consequently shift of the band
gap to lower energies. A so, disordering of the |ocal bondin

conf i gur at'PHRstthe; 'gﬂd‘?’ffd‘ﬂ{“ avgysHichihe docess of metallizglion s?'ﬁh’"ﬁ%n%h%@@@‘.j The

t enper at ure def\p@ﬂdence of the AIN band ,aﬁ i s not known. Taking the val ue
known for SEEN' A AL M tempastue 562 Y. ngc fegtieRPopfS o Adholon WayRlength o

L T Sy A 1 L
5 SR NEE Rt T e oy '
i e P R b Sl e b
ginm_olo;irc?Io mcr 38@ aph g@@%o‘?j?@h?ﬁ%g %er‘% %Hrb?or %t_r? | NN tggpi Lisl g1f
2l Toye. f on e taeeE s KFpaeuieCboigand bdfRpauell spit 5 Bah 88 o

met al 11 zatgh 0k GRIGU. O'iso, disordering of the focal bonding configuration during light

absorption can also shift the band edge. The temperature dependence of the AIN
band gap is not known. Taking the value known for GaN, which is 6x10* eV/K, it is
found that for a temperature rise of 1000°K the band gap would reduce by about
0.65 eV. Thus it is plausible that temperature effects may also partially contribute to
the absorption at reduced wavelengths. Further, to apply this material system to a
multiple-recording-tayer media, a material that has a bandgap energy slightly above

the recording photon energy would be chosen so as to maximize transmission.

The above metaliization process was also demonstrated for the compounds InN
and GaN. As an example, Figure 4 shows an optical micrograph at 80X of features
metallized onto an InN thin film. Similar results were obtained for GaN films. Thus

the continuous series of alloys formed by InGaAIN are also expected to exhibit similar

metallization behavior.



9 Al t hough the band gaps of nitrides wth single colum three
netals are single- valued, e.g., 1.9 eV for InN 3.4 eV for GaN and 6.2 eV
for AIN, it has been found that alloys of these nmetals with nitrogen have
band gaps that can be adjusted (tuned) by varying the ratios of the netals
in the alloy. Thus, in accordance witth this invention, optical phase
change nedi a can be made fromthese aII?ys that are conpositionally tuned
for a desired band gap for operation wi th photon energies that that can be
sel ected anywhere in the bandgap range. In the case of InGAIN, this range
can vary from1.9 to 6.2 eV. This is particularly attractive since short
wavel engt h  sévtheughdihetbandi ggpe of ntiidesawity single coligisettvesymetis,are; $iPg'gduced
shortly for optical recording and these |asers have photaon enerﬁ£§%
tchange

cor r esporialueg. ©g.21.8 eMfor Iy JrhpV famdaliames-2 sVHas AMhdt hascReanNey

media wll be conpatible with these |asers. For insbtan e, hPtfgﬁ | aser
wavel engt#ioys otigse mqtals vathonitregenphayeiand gapg fjat cap bey ?fﬁ‘éﬁt?ci AP BN al | oy

Gap. ener YN o ey of Yeumeetsan the A Fienit 8poolEAF? MAPE QR 4Bk e an
AL er 1] Bl RS Bhespienangs Sredia cas, D3 AIROE MGAL st AP DL R A AOR COMYal s and
x and y are nunbers between 0 and 1. . The. ab?\v ' 8 i on
assumes  t 1¥88d ffea Apsired) bangdigaprfor E%PV@SW%BP?}H% gRefges t gﬁg@b%@ %ear or
occur, 1 csainre SanviRee e i baaes srderondaaret LR e e b on i <
,C?: ;Sicgi efrg%(ggﬁq %,nz]ntla\llg tHﬂsfié %g]rti%ulfarrlye %gr%gt(f e gl%t‘:é) Isheéjrt W‘&b&(@h%n\ aser was used to

semiconductor injection lasers are expected to be introduced shortly for optical

recording and these lasers have photon energies corresponding to 2.9 eV tizo nm)

and higher; thus the InGaAIN phase change media will be compatible with these

laseré. For instance, if the laser wavelength is 380 nm {or 3.25 eV photon energy), an

In,,Al, ;N alloy would be useable as a phase change media since it corresponds to a

band gap energy of 3.25 eV. The metal remaining after denitridation would be an

alloy of Al and In. Generally, these alloys have the composition AB,C,,,N where A,

B, and C are different column Il metals and x and y are numbers between 0 and 1.

The above discussion assumes that the metallization requires photons with
energies near or above the band gap of the nitride semiconductor so that absorption
can occur, leading to the metallization. To demonstrate that the assumption is correct,

a 355 nm light from a frequency tripled Nd:YAG laser was used to irradiate a GaN thin



10 filmand an AIN thin filmusing the sane incident power, i.e., 200 mJ
per cn2. The band gap of GaNis 3.4 eV, which corresponds to a photon
wavel ength of 360 nm The incident radiation thus had an energy close to
the band gap for GaN. On the other hand, the band gap of AINis 6.2 eV,
corresponding to a photon wavel ength of 200 nm The incident |ight thus
corresponds to an energy much less that the AIN band gap and no absorption
in A'N was expected to take place. Uponygrradiation, it was found that the
surface of GaN readily netallized to Ga, but no change was observed on the
AlN surface, conpletely in agreenent with expectations. Thus the band gap
of the nitride nedia has to be close to or bel ow the photon energy for

metal | i zati Gfin &Ad @ACAIN-thin film using tHd'Sarfé Lr{cidgﬁ’t ;F]l)g%‘g?,q.erxeﬁoamg‘;ge? BR21 RNt i on

have several advantages over présent phase c e nedia. First, the

reflectivit yafinyap o CRINEREY BV, whis8sHRpbilst 188 pidiHTWaRdledtith &F 8ed AN t he
netal-nitride to the netal. This change is far nore robust. and stable and

is truly irmaeancddnt fadiationCid hadhn bRerfy R8O IhelstRd gabasecaNange tegedi a
that swwtch froma crystalline to anorphous phase (or visa versa) where the

possi bi | i ty otifephand,cthy Hand lgag aF APNis@.28Y ScavespdriiingHeNe phdtére wamblengtal of
systens of the invention are nore advantageous for WORM applications. In

the case of 260Mm.t e ieident iight thudl cohrespontie maam edergy amlch leswithahiheyAiNo t he
eye for about 2 nonths in the anbient and is
band gap and no absorption in AIN was expected to take place. Upon irradiation, it
was found that the surface of GaN readily metallized to Ga, but no change was
observed on the AN surface, completely in agreement with expectations. Thus the

band gap of the nitride media has to be close to or below the photon energy for

metallization to ocour.

The nitride based media of the invention have several advantages over present
phase change media. First, the reflectivity change depends on a change in the
chemical nature from the metal-nitride to the metal. This change is far more robust
and stable and is truly irreversible, in contrast to presently used phase change media
that switch from a crystalline to amorphous phase (or visa versa) where the possibility
for recrystallization always exists. Hence the material systems of the invention are
more a\_dvantageous for WORM applications. In the case of AN, the metallized Al has
remained stable and shiny to the eye for about 2 months in the ambient and is
expected to remain so since Al is protected by a very thin (self limiting) film of

aluminum oxide that is transparent down to wavelengths of 180 nm.
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expected to remain so since Al is protected by a very thin (self limting)
filmof alumnumoxide that is transparent down to wavel engths of 180 nm
Second, the reflectivity of a 20 nmthick Al filmfor normal incidence
radiation is about 80%for photons with wavelengths in the 200 nmto 700
nmrange. For AIN, the reflectivity is;about 28%for a 20 nmthick film
|l eading to a cal cul ated val ue of contrast.yfor the Al/AI N system of about
48 % as illustrated in Figure 5. This high value of signal contrast wll
provi de good signal to noise ratio for this material systemand is much

| arger than that available for current phase change nedi a which has typical

si gnal cont raStSdéana,. o TENR ot Oiq?gr(r%’othicléﬁle film for ?%In‘:ar ﬁxc'%dgnc?ea%éa{tiioﬂq

senm conduct or s Scr’i bed aboveé are m cal ner non-?oxi C.

They thus By 6bat (ol Bhioh® WA waRDXRAE In MeORBTHH BS7QPARIARI. tPor RACBRNT Se

and Te based phase change ne grade 1n alr and are toxic.

As noted epdibétfity iVEbAR 28% fFLS0! ﬂrﬁ?(ﬁ)ii;l@ﬁl BSIRY 100 Salb RakEE VaILRR Wonth

ml/cnferr] Pulse wdths are about err] sec. Thus, the power requiremnent

i s about ltor tHORGAN syMleriTbeasdut 48 RArasORidiaRY ih FigaFdENThRt g 0ail8of
wavel ength, for exanple, the focused spot diameter (using a focussing |ens

with a nunﬁbhé’ladonﬁ@ﬁrlv@ig pRovide &oﬁisig'cr%lﬂ & rﬁl_cfri]éeaf’aiib @it thik Mdtéh spstéoatd is400 nm

i.e. a spot "area of x 10[err Is requires a |laser with about 125

mj . W th hiugh RAYET thR tie avHikble BE ciserd pRHSeS 61¥hnge Gt whick Pas iypicdrs (cw)

signal contrast in the range of 20-30%.

Third, the nitride semiconductors described above are hard, chemically inert,
and non-toxic. They thus have far more robust physical properties compared to

present Se and Te based phase change media which degrade in air and are toxic.

As noted earlier, write or metallization operations require about 100 md/em? .
Pulse widths are about 10° sec. Thus, the power requirement is about 1 x 10° Wicm?
For optical recording at 400 nm wavelength, for example, the focused spot diameter
(using a focussing lens with a numerical aperture of 0.5} is diffraction limited to about
400 nm, i.e. a spot area of 1.2 x 10° cm® This requires a laser with about 125 mW,
with the power to be supplied in a pulsed and not a continuous (cw) mode.
Furthermore, as described earlier, this power level desorbed nitrogen from a film of
AIN of approximately 150 nm thick. For practical application in a optical storage

media, a thickness of 15 nm is more than sufficient. At 15 nm, the energy required to



Furthernore, as described earlier, this power |evel desorbed nitrogen from
a filmof AIN of approximately 150 nmthick. For practical application in
a optical storage nedia, a thickness of 15 nmis nore than sufficient. At
15 nm the energy required to

12 desorb nitrogen woul d expected to be nuch less. Thus a | ower incident
power |evel would be pulses of photons at approximtely 25 to 30 nW

The (1 nGaAl)N system descri bed above can al2so be used for nultilayer WORM
applications. In a multi-layer application, the optical disk has a |ight
transm ssive substrate onto which the laser light is incident. The
substrate supports at least two spatially separated active recording

medi a. The dd@i‘orﬂ"‘rﬁt%g@n GdticP bx (ﬁé‘&{e@ 18 bef Alich 204! nfm 2 QU lﬁé?%eﬁlpggggteie%gﬁft
in a drive, can be either an air-gap structure erein cordi ng
medi a i S SUPRELIasE Mllses SIRRIGHS Sat HibRidhdly O5itg 3@ . or a solid
structure wherein a solid light transm ssive spacer |ayer separates the
recording nedium (Figures 6B and 6C). In Figure 6A, the read/wite |aser
beamis incident onto disk 12 through a transm ssive substrate 56. The
focal point of tHend amlma?steﬁadbs&ﬂaeamé edn aoasligBfoO RRltRlyet WORM | Ve
medi a, here 94 and 96. Wen cused on 94, nmedium 96 is out-of-focus so
cross-tal k f apphichifors. | layemultidayer dippRiatiod, thé @ptice Bisk diak Alighe tragsiisdive t wo
recording nmedia (in this case air gap 78) is larger than about 10 m crons.
Conversel y, siibstiate betarwhich thedass dightris ivitientn Phe siitfstratd siippogeianeast twoough
medium 94 is sufficiently defocused so as not to contribute to the dynam c
spatially separated active recording media. The disk with a center hole 80 for

mounting onto to spindle shaft in a drive, can be either an air-gap structure wherein
each recording media is supported on a separate substrate (Figure 6A), or a solid
structure wherein a solid light transmissive spacer layer separates the reco'r;iing
medium (Figures 6B and 6C). In Figure 6A, tﬁe read/write laser beam is incident
onto disk 12 through a transmissive substrate 56. The focal point of the laser beam
can be adjusted to address one of the active media, here 94 and 96. When focused
on 94, medium 96 is out-of-focus so cross-talk from this layer is minimal if the
separation between the two recording media (in this case air gap 78) is targer than
about 10 microns. Conversely, if the beam is focused on medium 96, the light going
through medium 94 is sufficiently defocused so as not to contribute to the dynamic

signal detected from medium 96.

Disk 12 can be made by depositing active media 94 and 96 onto two separate

substrates 56 and 62, respectively, to form a layer/substrate pair. The two substrates



signal detected from nmedi um 96. D sk 12 can be nmade by depositing
active nedia 94 and 96 onto two separate substrates 56 and 62,
respectively, to forma |ayer/substrate pair. The two substrates

13 can then be nounted (stacked) together, formng an air gap 78, with
the active nedia facing each other by using an outer and inner spacing
glue rings 58 and 60, respectively.-Alternatively, a solid structure can
be formed as shown in Figs. 6B and 6Cl3In Figure 6B, active nedia 194 and
196 can be deposited onto two separate -substrates 156 and 162,
respectively. The two substrates can then be nounted together with the
active nmedium facing each other by using glue |ayer 122 which is

transm ssivegh Qhémﬁ? R %I’a%!é&@ g(?%}he'rz,ofordg}ﬂé faﬂrdiplag}aYJ RSB adibé media

transm ssive gl ue ayer ca coated on nedi um 194 and t hen conbi ned

wi th nmedi umgd@Ry ehéf 8mbP by a6iRg @h cRidPAhWiRRr Shadietslue MR§s s&1ahd8L, Way is
shown in Figure 6C. In this <Case, active recording nmedium 294 is deposited

on transm sseyRchidhnt AabRaRefy, a/soid GAIHIF Bh\bR BpRRe as|sayer i2Bigsi 68 khen
deposited on nedium 294. A second recording nmedium 296 can now be

deposi t ed oreGipRCEguleads; ractivey mediii 1941 ehdf 196| candet depositbdpogo twangeparate ot ecti ve

overcoat 262 on topnost nedi um 296. There are two nethods to

addr ess t he subktrated 496 randii1SRsredpetiveline Thalvew subshates candbkan be siovgled

wavel ength | aser source and the other uses a nultiple wavelength
together with the active medium facing each other by using glue layer 122 which is
transmissive to the read/write beams. For uniformity purposes, the transmissive glue
layer can be spin-coated on medium 194 and then combined with medium 196
face-to-face or otherwise stacked. Yet another way is shown in Figure 6C. In this
case, active recording medium 294 is deposited on transmissive substrate 256. A
transmissive spacer layer 222 is then deposited on medium 294. A second recording
medium 296 can now be deposited on spacer layer 222. This is followed by

depositing ‘a protective overcoat 262 on topmost medium 296.

There are two methods to address the multi-layer disks described above. One
uses a single wavelength laser source and the other uses a multiplelwavelength
source {such as two separate laser diodes with different wavelengths). In the first
method, using a single recording wavelength laser, the recording layer closest to the
light source (for example, medium 94) should be semi-transparent so as to aliow
enough photons to pass through and reach the second Iéyer {medium 96) for writing

and reading with a sufficient signal-to-noise ratio. However, medium 94 can't be
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source (such as two separate | aser diodes wth different wavel engths). In
“the first nmet hod, using a single recordi ng wavel ength | aser, the
recordi ng |l ayer closest to the | i ght source (for exanple, nedium 94)
shoul d be sem -transparent so as to allow enough photons to pass through
and reach’'the second | ayer (medium 96) .for witing and reading with a
sufficient signal-to-noise ratio. Howeper, nedium 94 can't be

14 totally transparent since it needs to have sufficient absorption for
the nediumto change phase at a reasonable incident |aser power |evel.

Thus, the dbsly pansparenndinct litaeeds kShaR Qificldn® abRAbtioN Bthafediin ieed to be
desi gned accordingly. The desirable transm ssion of |ayer 94 should be

sonewher e Rhenge phasglsttareBbdnablelinsidenttiasen pbwer leagleTho§ thdabsapta asi hi gh as
possible so as to have a sensitive recording mediumsince only a fraction
of the incittheamissiogmf theymedisacdd and §6 Inagdto be Hesigrpld dcagriing4. THEr ansmi ssi on
of medium 96 is non-critical since layer 96 is the last recording |ayer of
di sk 12. TrRestiRile trapsraissipr of jsyeio9t shnuidhbe semewhare betwesndiOtntooBd%nd 96 are
schemat i caw illustrated in Fi g)ure 7A. At the recording wavel ength [err]1,
the absor gtisgmPUPR fordavar $& sheuldpesgrahigh psippsslble 508549 harrnr saRsiive i s very
| arge for rpedirgm 96.@0[ idlij ne?{. The material systemof
err err [ T especially

Al er r] B[ er rPCT P9 ReqiEm since ioply| axfragiion @k the ingident figkt capggashcthls; layer i al |
where the [ ,.of y desired exceeds two, since . the band  gap, and
hence the gﬁ@ﬁ&bﬁ%ﬁ%’ioﬁ{aé‘éwspﬁoqfﬂm 9F d% BrarPiigalnsiege IRy R 49 'Bg‘ea Uist ed
and control ; I conposition. . . l.h a second nper,
usi ng mul tir;Li ed'B ééé%éﬁgigb\gg:r@ng? ,'et gorgg%glﬁa%?nshcs of medium gf&nd“

96 are schematically illustrated in Figure 7A. At the recording wavelength A, the

absorption for medium 94 is small (dotted curve) whereas it is very large for medium

86 {solid {ine). The material system of AB,C,,,N is particularly ideal for this

application, especially where the number of layer desired exceeds two, since the band

gap, and hence the absorption, of each individual recording medium can be adjusted

and controlled by varying the composition.

in a second manner, using multiple recording wavelengths, the bandgap of
medium 94 should be larger than that of medium 96. A recording laser with
wavelength at 4, is used to read and write on medium 94. Whereas a second
recording laser with wavelength at A, (with A, > 4, ) is used to read and write on
medium 96. This is schematically shown in Figure 7B. With A, > A,, the photons from

the second laser can pass through medium 94 without perturbation and can freely
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medi um 94 shoul.d be larger than that of nedium 96. A recording |laser with
“wavel ength at [err]1 is used to read and wite on nmedium 94. \Wereas a
second recording laser with wavelength at [err]2 (with [err]2 > [err]1l)
is used to read and wite on nedium96. This is schematically shown in
Figure 7B. Wth [err]2 > [err]1, the photons from the second | aser can
pass through nedi um 94 wi thout perturbation and can freely

15 address nedium 96. The first |ad8r at [err]1 is restricted to address
medi um 94 only. This can be done by restricting the focusing | ens novenent
for the first laser so as to not allow the beamto focus onto nedi um 96.
However, beedtiess mediumn9®4Thesfirsksiaserra)lly isalesticietto @ddiess aredjuln 94 lealy.

transm ssion should be relatively small anyway and hence the anmount of
photons at [&p CRA bgLoae by restidding therfogusing s Srpyamgnier fenfirplalser so as to
VWhile this invention has been described in terns of preferred and alternate
embodi ment sPOtHBY NS Ppam de) facys oAt aediumi98 HQyveL ibeCRUSEHRSINB A% Scat i ons

o T O R N RS R LRty 20 5508 R
b | b I d f L ting. I b
oeam . Wby Ay 5 o oot et 8 ST i oo

may be advant ageous to enploy one laser to wite and another one to read
or to use one beamneans to wite and a different type beam neans to read.

And, whi |'e  desCryReonldnldahidk hgé bWs@@%{(ﬁ%ﬂ%ﬁ&i psréftgﬁe& Q4§ Mk S al so

applicable to witing once on nast er en subsequently used
to embodiments, those skilled in the art will appreciate many modifications which may be

made without departing from the spirit and scope of the invention. For example, other
beam means, such as a focussed electron beam, may suitably be employe'd" for
writing. Also, the same laser or beam means used for writing need not necessarily be
used for reading in that it may be advantageous to employ one laser to write and
another one to read or to use one beam means to write and a different type beém
means to read. And, while described in terms of WORM applications, the invention is
also applicable to writing once on a master disk which is then subsequently used to
produce many read only disks. Accordingly, all such modifications are intended to be

included within the scope of the claims appended hereto.



produce many read only disks. Accordingly, all such nodifications are

. intended to be included within the scope of the clains appended hereto.

16 What is clainmed is: An optical recordi ng nedi um consisting of
athinfilmof a netal nitride of conposition MN situated on a
substrate where Mis a netal selected fromthe colum IIl netals and
N is nitrogen. The optical recording medium according to claim1l

wherein Mis a netal sel ected fyggom t he gr‘oup con (m\wl um num
gal lium and i ndi um The optical recor dl \‘\’“‘\ﬁ gto

claim1l V\,her %st rate is sapphi re nsopti cal
recordi ng nme |umconS|s 'ng of athin filmof a &Iloy of

conposition Alerr]Blerr]Cerr]N situated on a substrate where A, B and C
are different colum 111 nmetals, x and y are nunbers between 0 and 1

and N is nitrogemn optical recordﬂ@%éaﬂﬁﬂ Q@f{smﬁﬁ&QfQ'tﬂ'}gmﬁ?Qﬂ Al MeRE @Riidl Y to claim
4 wherein Ais indium Bis liumand Cis alum num
composition MN situated on a substrate where M is a metal selected from the

column 1l metals and N is nitrogen.

The optical recording medium according to claim 1 wherein M is a metal

selected from the group consisting of aluminum, gallium, and indium.

The optical recording medium according to claim 1 wherein said substrate is

sapphire.

An optical recording medium consisting of a thin film of a metal alloy of
composition AB,C,, N situated on a substrate where A, B and C are different

column Ill metals, x and y are numbers between 0 and 1 and N is nitrogen.

The optical recording medium according to claim 4 wherein A is indium, B is

gallium and C is aluminum.

The optical recording medium according to claim 4 wherein said substrate is

sapphire.



The optical recording nediumaccording to claim4 wherein said substrate is

sapphire. 17 A system for the
processing of information conprising: a) an -opt.i. caI recordi ng medi um
consisting of a thin filmof a netal nitride of nposition MN
situated upon a substrate where Mis a rret al sel ecmmllum MEH"
colum 111 netals and N is nitrogen; beam vel y
irradi ating regions of said nmedium t ol7 sel ect vel y ‘cofiveft Hiscrete
regions of said nediumto the netal nitride to t hereby form

netallized regions of high reflectivity enbedded in the netal

nitride matrix, which netallized regions and matrix regions constitute
encoded i nf or mafiS¥Hemaiggthe pregessing opifpsmalign eQRisindy sai d beam neans acr oss
the surface of said medi um The system of claim 7 wherein said

I rradi ati on produces a |ocalized heating effect.

a) an optical recording medium consisting of a thin film ot a metal nitride of
composition MN situated upon a substrate where M is a metal selected

from the column Il metals and N is nitrogen;

b} beam means for selectively irradiating regions of said medium to
selectively convert discrete regions of said medium to the metal nitride to
thereby form metallized regions of high reflectivity embedded in the metal
nitride matrix, which metallized regions and matrix regions constitute

encoded information; and

c) means for scanning said beam means across the surface of said

medium.

The system of claim 7 wherein said irradiation produces a localized heating

effect.

The system of claim 7 wherein the lateral dimensions of said metallized regions

are comparable to the lateral dimensions of said beam.



N

The systemof claim7 wherein the lateral dinensions of said netallized
‘regions are conparable to the lateral dinensions of said beam
18 The system of claim7 wherein said beam neans are a | aser. The

systemof claim7 wherein the energy density of the j ng i s
on the order of about 100 mllijoul es per square qmﬁﬁmmmﬁmﬂe beami s
delivered in a pulsed node with a pulse tinme of a #® seconds The
system of claim 11 wherein the dianeteggof the focussed beamis
approximately equal to the wavel ength of the beam The system of claim
10 wherein the wavel ength of the beamis in the range of 200 nmto 650 nm
The system of claim 10 wherein said | aser used to encode said information
emts light with a wavel ength havi ng an energy approxi mately equal to or

l'arger than theahbagstedst RiArowhabintdari BEmREa® are a B86r. system of claim 7
wherein the thickness of the netal nitride layer is in the

The system of claim 7 wherein the energy density of the beam for encoding is
on the order of about 100 miflijoules per square centimeter and the beam is

delivered in a pulsed mode with a pulse time of a few nanoseconds.

The system of claim 11 wherein the diameter of the focussed beam is

approximately equal to the wavelength of the beam.

The system of claim 10 wherein the wavelength of the beam is in the range of

200 nm to 650 nm.

The system of claim 10 wherein said laser used to encode said information
emits light with a wavelength having an energy approximately equal to or larger

than the band gap energy of the MN media.

The system of claim 7 wherein the thickness of the metal nitride layer is in the

range of about 10 nm to 300 nm.

The system of claim 7 wherein the thickness of the metallized regions are less

than or equal to about 200 nm.



range of about 10 nmto 300 nm The system of claim7 wherein the
t hi ckness of the netallized regions are less than or equal to--about 200
nm ST

19 system
of claim7 wherein said beam neans are al so used tg “ﬂ‘“\ mat i on.
The system of claim 17 wherein said beam neans is a\‘m\ »encoded
I nformation is read by rastering the beam from sai d kaser across said

medi um and detecting the changes in refl &tivity between the high
reflectivity nmetallic regions and the low reflectivity netal nitride

matri x. The systemof claim7 further including additional beam nmeans
for reading said information. A system for the processing of

i nf or mati on Joesysteinmg claim 7ayhereimisaid peamaheane eoe dispgised i Wwadowitsi sting of a
thin filmof a netal alloy of conposition Alerr]Blerr]Clerr]N

si tuat ed upoinfermatitist rate where A, B and C are different colum 111
netals, x and y are nunbers between 0 and 1 and N

The system of claim 17 wherein said beam means is a laser and said encoded
information is read by rastering the beam from said laser across said medium
and detecting the changes in reflectivity between the high reflectivity metallic

regions and the low reflectivity metal nitride matrix.

The system of claim 7 further including additional beam means for reading said

information.
A system for the processing of information comprising:

a) an optical recording medium consisting of a thin film of a metal alioy of
composition AB,C,,,N situated upon a substrate where A, B and C are
different column il metals, x and y are numbers between 0 and 1 and N

is nitrogen;

b) beam means for selectively irradiating regions of said medium to
selectively convert discrete regions of said medium to the metal nitride to

thereby form metallized regions of high reflectivity embedded in the metal



<
IS nitrogen; b) beam neans for selectively irradiating regions of
- said nediumto sel ectively convert discrete regions of said nedium
to the netal nitride to thereby formmetallized regions of high

rzgf ectivity ﬁint)regggdrr:atnr;[g,e V\nﬁf glh netallized reg| OHI““WI“’IE““““‘““J' ons

constitute encoded i nformation; 26nd means flor %scd&nni*ng said
beam neans across the surface of said rredl um The system of claim
20 wherein said irradiation produces a localized heating effect. The
system of claim 20 wherein the lateral dinensions of said netallized
regions are conparable to the |ateral dinensions of said beam The
system of claim 20 Vifitdde: matrixa wdlich eustallired regianseand tnatsisrregions qnstitstest em of

claim 20 wherein the energy density of the beamrequired for
encoded information; and

c) means for scanning said beam means across the surface of said

medium.

The system of claim 20 wherein said irradiation produces a localized heating

effect.

The system of claim 20 wherein the lateral dimensions of said metallized

regions are comparable to the lateral dimensions of said beam.

The system of claim 20 wherein said beam means are a laser.

The system of claim 20 wherein the energy density of the beam required for
encoding is on the order of 100 millijoules per square centimeter and the beam

is delivered in a pulsed mode with a pulse time of a few nanoseconds.

The system of claim 24 wherein the diameter of the focussed beam is

comparable to the wavelength of the beam.



N

encoding is on the order of 100 mllijoules per square centineter and the
 beam is delivered in a pulsed node with a pulse tinme of a-few nanoseconds.

The system of claim 24 wherein the dianeter of the focussed b { g
conparabl e to the wavel ength of the beam k\m\“ S‘“\\“‘\

21 The system of cl aim 23 wherein the wavel engt h;g\\“\ sIsfin the
range, of* 200 nmto 650 nm The system of claim wer & n said | aser
used to encode said information enits2light with a wavel ength from 200 nm
to 650 nmand the gallium alum num and indium conposition of the

recordi ng nmedium adjusted so that the Al[err]G[err]In[err] N nediumhas a
band gap that is approximately equal to the photon energy of the |aser.

The system of cFif fystiem qf sleim 2B wherein: theevayelgngth rad theelight isintthe tage ®fer is in

the range of apout 10 nmto 300 nm The system of claim 20 where the
t hi ckness of t heohBPHPIB9dW-r egi ons are I ess than or equal to about 200
nm .

The system of claim 23-. wherein said laser used to encode said information
emits light with a wavelength from 200 nm to 650 nm and the gallium,
aluminum, and indium composition of the recording medium adjusted so that
the ALGaln,, N medium has a band gap that is approximately equal to the

photon energy of the laser.

The system of claim 20 where the thickness of the metal nitride layer is in the

range of about 10 nm to 300 nm.

The system of claim 20 where the thickness of the metalfized regions are less

than or equal to about 200 nm.

The system of claim 20 wherein said beam means are also used to read said

information.

The system of claim 30 wherein said beam means is a laser and said stored

information is read by rastering the beam from said laser across said medium
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The system of claim 20 wherein said beam neans are al so used to read said
*information. The system of claim 30 wherein said beamneans is a | aser
and said stored information is read by rastering the beamfromsaid 1aser

gg{ gifi ﬁgi ?hgegih;nmges inreflectivity between the hi dﬂlﬂﬂﬁ"’“"ﬂﬂ'!ﬂiﬂtt aﬁnd
Sy St N

spot.s and the low reflectivity nmetal nitride. The ento 0
further including additional beam nmeanspd or reading said information. A
mul tiple-layer optical recording disk conprising a plurality of |ayers of
an optical recording nediumof a thin filmof a metal nitride of
conposition MN where Mis a netal selected fromthe colum |1l nmetals and
N i s nitrogen?and detpgiingjthelchengesl inirefiegivitytietveien thabighlrefjestivilysmetat uat ed on a
substrate and said |ayer/substrate pairs are stacked with an air gap

i nbet ween.  SROIR 3 dhe low teflegtiviyametghaitilen each |ayer is situated on a
substrate and said |ayer/substrate pairs are stacked wth a | ayer of
transm ssi ve gl ue i nbetween.

The system of claim 20 further ‘including additional beam means for reading

said information.

A multiple-layer optical recording disk comprising a plurality of layers of an
optical recording medium of a thin film of a metal nitride of composition MN

where M is a metal selected from the column [it metals and N is nitfogen.

The disk of claim 33 wherein each layer is situated on a substrate and said

layer/substrate pairs are stacked with an air gap inbetween.

The disk of claim 33 wherein each layer is situated on a substrate and said

layer/substrate pairs are stacked with a layer of transmissive glue inbetween.

The disk of claim 33 wherein a first fayer is situated on a substrate and each

subsequent layer is stacked thereupon with a layer of a transmissive material

inbetween.



The disk of claim33 wherein a first layer is situated on a substrate and
. each subsequent |ayer is stacked thereupon with a |ayer of a transm ssive
mat eri al i nbet ween. 23 The

disk of claim36 further including a final |ayer of a protective materi al

on the topnost |ayer. The di sk of claim 33 wherein each \“\
optical recording nediumhas a different conpositi \u\\mlmm&l | ayer
optical recording disk conprising a plygality of | aim ‘2w Opti tal
recording ‘mediumof a thin filmof a mefal alloy of conpbsition
Alerr]Blerr]Cerr] J[err]Nwhere A, B and C are different colum I11

netals, x and y are nunbers between 0 and 1 and N is nitrogen. The di sk
of claim 39 wherein each layer is situated on a substrate and said

| ayer/ substrat e T disk of Gaifnt RLIGRRAeVEIIAG adinkl 1B¢H df BNREEIRE- materidigh ®esk of
claim 39 wherein each layer is situated on a substrate and said

| ayer/ substrat e tophost layee. St acked with a | ayer of transm ssive gl ue
i nbet ween. :

The disk of claim 33 wherein each layer of optical recording medium has a

different composition.

A multiple-layer optical recording disk comprising a plurality of layers of an
optical recording medium of a thin film of a metal alioy of composition AB,C,.
yN where A, B and C are different column lil metals, x and y are numbers

between 0 and 1 and N is nitrogen.

The disk of claim 39 wherein each layer is situated on a substrate and said

layet/substrate pairs are stacked with an air gap inbetween.

The disk of claim 39 wherein each layer is situated on a substrate and said

layer/substrate pairs are stacked with a layer of transmissive glue inbetween.

The disk of claim 39 wherein a first layer is situated on a substrate and each

subsequent layer is stacked thereupon with a layer of a transmissive material

inbetween.



‘The disk of claim39 wherein a first layer is situated on a substrate and
‘each subsequent |ayer is stacked thereupon with a |l ayer of a transm ssive
materi al inbetween. : 24 The

disk of claim42 further including a final |ayer of a protective materi al

opti 0al recording meti um has a i terent compostti on| NI TIONEN A
24 x ¢ L ® s ¥

The disk of claim 42 further including a final layer of a protective material on the

topmost layer.

The disk of claim 39 wherein each layer of optical recording medium has a

different composition.



