SEM - REFLECTI VE FI LM AND REFLECTI VE FI LM FOR OPTI CAL | NFORMATI ON RECORDI NG
MEDI UM  QPTI CAL | NFORVATI ON RECORDI NG MEDI UM AND SPUTTERI NG TARGET
BACKGROUND OF THE I NVENTION 1. Field of the Invention The present invention
relates to a sem-reflective filmand a reflective filmfor an optica

i nformation recordi ng medi um which has a high cohesion resistance, high

| i ght resistance, and high heat resistance sinmultaneously with a high
reflectivity, high transmssivity, |ow absorptivity, and high thernmal
conductivity in the field of optical information recording nmedia such as
conpact disc (CD) , digital versatile disc (DVD) , Blu-ray D sc, and HD
DVD. It also relates to a sputtering target for an optical information
recordi ng medi um which is used in depositing the sem -reflective filnorref

lective film and agp@ptierledhiv etipomNeeerdEegmed wormhavi ng the
sem -reflective filmor reflective film 2. Description of the Related Art

Optical informatiorroreC@TACAy THEDBMADPON CRBECCORIIOY) MERIUMie various types,
and the three main types categorized by the witing/reading systemare

read-only, wite-ofEdICakhdINE AbPH RBEPRRENG MERM,| &N der to i ncrease
storage capacity, single side, e cal dISCS have al so been
RO L p@ kB Meal a

devel oped fromthe ordinary e |layer optical discs. For
exanple, in the case of a single side, dual |ayer optical disc wherein the
signals are witten and read in the recording layer which is farther from

the 1 sigacekrbbeDl asergbemmyvaNTicience, the | aser beam shoul d be
transmtted through the recording |ayer which is nearer to the |aser beam
i nci dencé,. rBie¢kdtetl the thwenddicmer recording |ayer, and again transnitted
t hrough the recordlng | ayer which is_nearer to the beam j nci dence.

Accordingly, a E%rﬂrerst?ﬂtejc‘w%tlf?r} ﬁlelégﬁibtt%aoﬁ‘e%‘fq %Vﬁnﬁlw ARSmitting
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beam i ncidence terl unction as senl-re trve m1 ncl ude
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heat resistance simultaneously with a high reflectivity, high
transmissivity, low absorptivity, and high thermal conductivity
in the field of optical information recordingmedia such as compact
disc {CD), digital versatile disc (DVD), Blu-ray Disc, and HD DVD.
It also relates to a sputtering target for an optical information
recording medium which is used in depositing the semi-reflective
filmorreflective film; andanoptical informationrecordingmedium
having the semi-reflective film or reflective film.
2. Description of the Related Art

Optical information recordingmedia (optical discs) include

various types, and the three main types categorized by the
writing/reading system are read-only, write-once, and rewritable
opticaldiscs. Inordertoincreasestorage capacity, singleside,
multilayer optical discs have alsobeendeveloped from the ordinary
single side, single layer optical discs. For example, in the case

of a single side, dual layer optical disc wherein the signals are

written and read in the recording layer which is farther from the



such as Si and Ge. Anong these, pure Ag and Ag alloys containing Ag as
their, main conponent are featured in view of (1) high light efficiency
(i.e., the total of reflectivity and transm ssivity), (2) high reflectivity
for the blue-violet |aser (wavelength: 405 nn) used in Blu-ray Disc and
HDDVD, and (3) high thermal conductivity which enabl es adequate diffusion
of the heat generated in the recording filmupon recording of the signals.
Such Ag based materials exhibit excellent properties for use as

asem -reflective filmof an optical disc including high reflectivity, high
transm ssivity, |ow absorptivity, and high thermal conductivity. 1In this
connection, the absorptivity is determ ned according to the follow ng
equation: absorptivity = 100% - (reflectivity + transm ssivity). However,
in order $idacconpld diaserf beamenncifiancej obhasl asserbearefdhestlidveef i | m of an
optical disc wth Ion termreliability, the Ag based materials need to
over cone Ermnswitdady dhragel shet hecardbng vt ethilghs 1snagergr % )theohesi on

i st , (2) light i st 3) heat i St L1 hesi
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used in therhelliaakid béymtiest dehcan addealindlss, a Femidhre@ngedi 8 fGaRt act

wi th a hal ogen-containing organic material typically of the organic dye
recor di ngdpabhe ¢he gfileaddmigvend dyemsrirttilhg Huhdsisee begris codbddioon nmay
take place, resulting in the_ .increase in the surface roughness of the thin
filmor I'SEsTBFOFRENTIGHISMIPLFhors I TeT RO Hnl afsche MRy i deRCS i nvit e

loss of the frﬂ%gglt:g?lgrvg%#c% %%8[:5.31'1 a Saasesrr?irr—ifeirﬁfelc%%tv!evg' Irlnllrrrll g',rud%ual

reflective ] “resistance For exanpl'e,” a singlre si
layer, rerE208!360PhE a8l Adi sg, bE§z@aé}ﬁﬁcgaﬁacei%m%@ﬁtauogahcwda&%\% of

pol ycarbonate (PC) substrate\sem-reflective film adhesive |ayer

refl ectiwachi 4si aRE GebstAmeing. tiaea, suote g opl iAgahlcgs detanimadigat ed by

a Xe lanp (a |lanp having a spectrumresenbling that of the sunlight)
Ag as their main Component are featured inh view of (1) high light
efficiency (i.e., the total of reflectivity and transmissivity),
(2) high reflectivity for the blue-viclet laser {wavelength: 405
nm) usedinBlu-rayDiscand HDDVD, and (3) high thermal conductivity
which enables adequate diffusion of the heat generated in the
recording film upon recording of the signals. Such Ag based
materials exhibit excellentproperties foruseasasemi~reflective
film of an optical disc including high reflectivity, high
transmissivity, low absorptivity, and high thermal conductivity.
In this connection, the absorptivity is determined according to
the following equation: absorptivity = 100% - (reflectivity +
transmissivity). However, in order to accomplish sufficient
function as a semi-reflective film of an optical disc with long
term reliability, the Ag based materials need to overcome the
disadvantages of the Ag based materials, namely, (1) cohesion

resistance, (2} light resistance and (3) heat resistance.

[1] Cohesion resistance



in a so called "light resistance test”, the sem-reflective film
experiences decrease in the reflectivity when the filmconprises a Ag based
material, and in such a case, reading of the signal becones inpossible once
the reflectivity is reduced to below the threshold value that is required
for detecting the signal to be read. [3] Heat resistance A single side,

dual layer, wite-once optical disc, for exanple, has a basic cross
sectional structure of PC substrate \ recording film\ sem -reflective film
\ spacer \ recording film 3\ reflective film\ PC substrate, and a single
side, dual layer, rewitable optical disc has a basic cross sectional
structure of PC substrate \ dielectric and protective |layer \ interface

| ayer \ recording film\ interface layer \ dielectric and protective |ayer

\ semi-refl ecting vhisled hat8Ees 180 24 € 11a16f thddirgbeebhigidndun@sotierd i ve

| ayer \ interface layer \ recording film ‘interface layer \ dielectric and
pr ot ect i vef ieayter £ \hepéfdrebtdve hkilbgeh RChsapsilrareéne, |ghide neaderafine
recordabl e optical discs including such wite-once and rewitable optical

di scs, tHE ieddpai nd'hayeE i% kgpat et hight bRt ti e a Sl HRgHLI300C to
600C during f.he witin ,.an€h a_VEery. Sever et@ergal hxs%ere%i%.is arplied to
the seni -% e T5FF W of e e et ective °Fit - e 8 oWt Of°T'h crystal
grains  ofy thgddhin Ebhihapdsdass faildaenceBhtRYhE ¥g0br§he: & hidt Jrislam caused
as a result of such thermal hysteresis inpair the function of the

sem - r ef lggtiicad 1fyi b tardotden e llyect éverdidgnfiVay i s pabtenpl se Naye rbeen

made to inprove the pure Ag, mainly by alloying the Ag. For exanple,

corrosi oIr B sadhrdl Ve lpproveehe s FPIUSRY6DO78 30 45e rad@isHg tAng i theu, Rh,
Ru, Gs, Ir or Pt to Ag; ..in USP628Q811, Publ,ished J nese.trans i on of
PCT i it erREEFaREI L5 S FEALROR TOIPREnE APl (B4 D LBGYs 1828556 L6, addi ng
Au, Pd,  Gliei B4 tBor Ghe LhinBE 100, Bhikl A0 i3ndutf 43R 8948437« JgRanese
Pat ent Application Lai d-Open No. 06-208732 by adding Pd or Cu to Ag. The
i nvent or $uatttibe ¢of erendatanienit aor bhave-nd Sl cliisd di2d of B xkaflanreseePat ent

No. 3365762 a nethod for inproving crystal structure stability by adding Nd
to Ag whé&iéPn the crystal structure

{2] Light resistance

For example, a single side, dual layer, read-only optical
disc has a basic cross sectional structure of polycarbonate (PC)
substrate\ semi~reflective film\ adhesive layer \ reflective film
\ PC substrate. When such an optical disc is irradiated by a Xe
lamp (a lamp having a spectrum resembling that of the sunlight)
in a so called “light resistance test”, the semi-reflective film
experiences decrease in the reflectivity when the film comprises
a Ag based material, and in such a case, reading of the signal
becomes impossible once the reflectivity is reduced to below the
threshold value that is required for detecting the signal to be
read.
[3] Heat resistance

A single side, dual layer, write-once optical disc, for
example, has a basic cross sectlonal structure of PC substrate

\ recording film \ semi~reflective film \ spacer \ recording film



stabilized by suppressing Ag diffusion and crystal grain growh. 4 In spite
of such efforts, no Ag based all oy has been found that exhibits high
reflectivity, high transm ssivity, low absorptivity and high thernal
conductivity sinmultaneously with high cohesion resistance, high |ight

resi stance and high heat resistance, and accordingly, there is a strong
demand for a Ag based alloy which satisfies requirenents for all these
properties. SUMVARY OF THE | NVENTI ON The present invention has been
conpleted in view of such situation, and an object of the present invention
is to find a Ag based alloy which exhibits high cohesion resistance, high

| ight resistance, high heat resistance, high reflectivity, high

transm ssivity, |ow absorptivity and high thermal conductivity of the |evel
whi ch had, not.,been_real { zed hy e or by. the .caonventi Ag

al | oys, ahcf eg%eF ﬁév aléaleisl%o Pgusé‘%gsgrrllpac%ﬁ’ ?gdp%o%%/%ile 8 ls%,%r’n' (-%rlée Iolen°1 Ve film
and a reflgeling el bptiohl ali QPhiaGad balsRiOEPBEL Mk dEHl BErRBehindFavi ng
excellent witing/reading properties and long termreliability; a

sputteri ngc tsabgetatar\ alieleptirdal andaoneicitawver tapedingntedf ace Useedd n
depositing the sem-reflective filmand the reflective film and an opti cal
i nf or mat i bneeerdind Ajlmddinfariiaceddivey t Atebeatriephd@rorectivmlayert he

reflective film ecifically, .the present invention provides, in a first
epeer . o€ st TrefPRSH Ve H Vi or s BrTetd ta T an R R A
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can furtheqiensdidine Qn@QPrdte R i&eatomEc\ rpeneent veftiBin \ PO agditiriage .or
alternatively, the Ag based alloy can further contain 0.1 to 2 atom c
percent iIn theaasef chtrdosasiabdecoprenledishs imtlaldigierenh wiltectadef rom t he
group consistingﬁof Sc, Ho, Er

Tm Yb afdd gew Ea?ﬁ?eogéﬁéghrﬂé%%s'gkgﬁsgécgghﬁgg}Egg%¥gﬁégl%@§ t8ne of
Nd and Y'a temperature as high as 300°C to 600°C during the writing, and
a very severe thermal hysteresis is applied to the semi-reflective
film or the reflective film. The growth of the crystal grains
of the thin film and loss of the continuity of the thin film caused
as a result of such thermal hysteresis impair the function of the
semi-reflective film and the reflective film.

Various attempts havebeenmade to improve the pure Ag, mainly
by alloying the Ag. For example, corrosion resistance is improved
in USP 6007889 by adding Au, Pd, Cu, Rh, Ru, 0s, Ir or Pt to Ag:;
inUSP 6280811, PublishedJapanese translationof PCTinternational
publicatio-n for patent application 2002-518596, by adding Au, Pd,
Cu, Rh, Ru, Os, Ir, Be or Pt to Ag; and in USP 5948497, Japanese
Patent Application Laid~Open No. 06-208732 by adding Pd or Cu to
Ag. The inventors of the present invention have also disclosed
in Japanese Patent No. 3365762 a method for improving crystal

structure stabilitybyaddingNd to Agwherein the crystal structure

stabilized by suppressing Ag diffusion and crystal grain growth.



The Ag based alloy can further contain 0.1 to 3 atomc percent in total of
at | east one el enent selected fromthe group consisting of Cu, Au, Rh, Pd
and Pt. The present invention provides, in a second aspect, an optical

i nformation recording medi um having the sem -reflective filmof the present
invention. Further, the present invention provides, in a third aspect, an
optical information recording nmediumhaving the reflective film of the
present invention. In a fourth aspect, the present invention provides a Ag
based alloy sputtering target, containingAg and 0. 01 to 10 atom c percent
of U The Ag based alloy sputtering target can further contain 0.02 to 8
atom c percent of Bi. The Ag based alloy sputtering target can further
contain 0.1 to 2 atomic percent in total of at |east one rare earth netal

el enent sel ect f t ISt 1 , , Pm
Sm Eu, d, Tb?ﬂbi?q%,gﬁrg%%f%%ﬁd fﬁﬁ%ggﬁ%ﬁgdr%%le&ga{lratgﬁbﬁg?a Oe enment in

the targethis evefierably gtrdreastieneyof hiNgh angaemilher Sipuft ardgung tar get
can further contain at |east one selected fromthe group consisting of Cu,
Au, Rh, PabseubPFivityrsndebdphbebeabalesondietdonityr efitettenectislmwinth t he
reflective filmfor an optical information recording nediumof the present
i nvent i onkhaly eHiag cdoResiiskanssi sPadbel 18R ghres hhtange st AHER head hi gh
heat resistance simul t%neousl éWI ﬁ.h hﬁg‘%}% refl ectti vity, hi 85 J%rans i Ssivity,
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writing/reading properties as well as excellent long term relirability. The
sputtering target of the present invention is well adapted for depositing
t he above-nentioned sem -reflective filmor reflective film and the

seni - r ef | SBMARY OF) FHENNVRNTIPHf | ective fil m produced by using the

sputtering targel are . Sxcell et b Ahe il oL SoTROSLt Lan, gl sty B on of

situation, and an object of the present invention is to find a
Ag based alloy which exhibits high cohesion resistance, high light
resistance, high heat resistance, high reflectivity, high
transmissivity, low absorptivity and high thermal conductivity
of the level which had not been realized by the pure Ag or by the
conventional Ag alloys, and on the bases of such alley, to provide
a semi-reflective film and a reflective film for an optical
information recording medium having excellent writing/reading
properties and long term reliability; a sputtering target for an
optical information recording medium used in depositing the
semi~-reflective film and the reflective film; and an optical
information recording medium including the semi-reflective film
or the reflective film.

Specifically, the present invention provides, in a first
aspect, a semi-reflective film or reflective film for an optical
information recording medium containing a Ag based alloy, wherein

the Ag based alloy contains 0.01 to 10 atomic percent of Li.



el ement, and uniformty in the filmplane direction, and such film wll

al so enjoy low inpurity content, and therefore, the resulting

sem -reflective filmor the reflective filmw Il enjoy high perfornmance,
enabling the production of an optical information recording nedi um having
excellent witing/reading properties and excellent long termreliability.
Furthernore, the optical information recording nedium of the present
invention will have remarkably inproved witing/reading properties and |ong
term reliability. 7 DESCRI PTI ON OF THE PREFERRED EMBCDI MENTS Under the
above circunstances, the inventors of the present invention have nade
intensive investigations to provide a sem-reflective filmand a reflective
filmconprising a Ag based alloy, which are adapted for use in an optical
infornmation recQrdin medi n I i bhi.t .hi gh esi.opg resistance,

hi gh i ght regfglset %ﬁg%a%% %T&Yaﬁg%ﬂ%;}% gr??&%ﬁrﬁ[?@%&@u?l‘g %\n&? i gh
reflecti vVidysedqt ¥ tgiansm ssivity, |ow absorptivity and high thermnal
conductivity. Mre specifically, the inventors deposited various Ag based
alloy thin fil ma addiverdwos £l tenhaadmedsi,t tlondg hysspalleyicag Fartioes Ag
based all oy sputtering targets, and evaluated these filns for their film
conposi t i omtadohesl de 2 ragmimsitcapeecent gt toesl sifantd calssarne geirst emceh
reflectivity, transmssivity, absorptivity and thermal caqonductjvity. The

i nvent or *4%dn eL60RE tt AEL SCRBIAGTPRSEY ATV SOmSLSELREcPvect i ¥mldmd
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[

to 10 atom’c “pércent of havé excelTent” tohesion Té€sistance, 17 ght

resistance andrheatar&dsitanNgerasi ddianeaushyerukhbl high 1eaklkesté iy, high
transm ssivity, |ow absorptivity and high thermal conductivity surpassing

t hose of Ndhenfd IYfns made of the pure Ag or the conventional Ag alloys. The
present invention_ has been_achieved on the bases of such findings. The

inventors of tHRBeAdRatd phdeNtGast e e WERBRELR &t ddt0 £ RAC™RP AT Bised
ol L 4L BEkeL1h0n dl LiGRAPLLSRt L humLaplit Gt f g e =
al l oys. Fk@r cexamnl eRh, Pd and Pt.

Thepresentinventionprovides, inasecondaspect, anoptical
information recording medium having the semi-reflective film of
the present invention.

Further, the present invention provides, in a third aspect,
an optical information recording mediumhaving the reflective film
of the present invention.

In a fourth aspect, the present invention provides a Ag based
alloysputtering target, containingAgand 0.01 to 10 atomic percent
of Li.

The Ag based alloy sputtering target can further contain
0.02 to 8 atomic percent of Bi.

The Ag based alloy sputtering target can further contain
0.1 to 2 atomic percent in total of at least one rare earth metal
element selected from the group consisting os Sc, Y, La, Ce, Pr,

Nd, Pm, Sm, Eu, Gd, Tb, Dy, Ho, Er, Tm, Yb and Lu.



decrease in the reflectivity for the light irradiated by a Xe lanp 8 (a

| anp havi ng the spectrumresenbling the sunlight) takes place, for exanple,
in a single side, dual layer, read only optical disc having the basic cross
sectional structure of PC substrate \ sem-reflective film\ adhesive |ayer
\ reflective film\ PC substrate only when the sem -reflective film
conprises a Ag based material. This is a phenonenon caused by diffusion and
penetration of the Ag atomconstituting the Ag based sem -reflective film
into the adjacent PC substrate and/or adhesive layer. In the Li-containing
Ag based alloy thin filmof the present invention, ionization of Ag due to
light irradiation is prevented by preferential ionization of Li, i.e.,
sacrificed protection of Li having a higher ionization tendency than Ag.
The |ight resi n [ r.ehy. i npr N L1 t i S
reveal ed t hat §P%egﬁfgc%#%éﬁiﬁ%%f%Agﬁﬁgggg é+|%@g?%%#§§#Iﬁéﬁégégg%g%?Pnal Ag
based aldtoy ehBithohel bR H9d Mot only excel l ent |ight resistance, inproved
cohesi on resistance and i nproved heat resistance, which are disadvantages
of conventi onalhAgsbasesr it erdafes; @nd faxfihert cogtalhnghtr débhectonag ty, high
transmssivity, |low absorptivity and high thermal conductivity, which are
advant agesleftedcAirply PasetrovmtetHistimphefA§ubaded &bl ofdsans-Fefl ective
filmand reflectiye film fqr an tical .infarmation recordi di unof the
present invent 8n¥eﬁ%5%9%9fé§ﬁqﬁﬁa aFeFﬁé§eggﬁFg?HeLFl?ﬂ 3n%gﬁ$%nt of 0.01%
to 10% é:@%&@beg%efiﬁﬁv\!’fd}eraqle@b%g%ala&ﬁf@-&mforpef&@&wﬁgsme_ta&bﬁﬁéf

ot herwi se specified). th an increasing content of Li, the inprovenent of
t he coheshenpresést dancenttiba hagbthigsicohasdenandsitbenbeathirgsiisynoce
becones clear but decrease in the reflectivity, 9 the transmssivity and the
t her mal cendatenve: yand hdl heat resdgda@ncensinelsbseppslyvi vythdeigh

han 0. 056FFeehbT TR ot e/ S ee Y1 LA PFOPREEVLbY SRR b1t gh
Cones, OEFEThE bRl o) ol e SLNERtCHL IR BRI g
filmw | kecording medium will exhibit dramatically improved
writing/reading properties as well as excellent long term
reliability. The sputtering target of the present invention is
well adapted for depositing the above-mentioned semi-reflective
film or reflective film, and the semi-reflective film and the
reflective film produced by using the sputtering target are
excellent in the alloy composition, distribution of the alloying
element, and uniformity in the film plane direction, and such film
will also enjoy low impurity content, and therefore, the resulting
semi-reflective film or the reflective film will enjoy high
performance, enabling the production of an optical information
recording medium having excellent writing/reading properties and
excellent long term reliability. Furthermore, the optical
information recording medium of the present invention will have

remarkably improved writing/reading properties and long tferm

reliability.



not exhibit high reflectivity, high transmssivity, |ow absorptivity and
hi gh thermal conductivity. Therefore, the Li content is preferably 0.01%to
10% nore preferably 0.05%to 8% and further preferably 0.1%to 6% Al so
effective is addition of Bi to the Ag based alloy sem -reflective film and
reflective filmof the present invention for further higher cohesion

resi stance, heat resistance and corrosion resistance. However, when Bi is
added in a content of |ess than 0.005% further inprovenent in the cohesion
resi stance, the heat resistance and the corrosion resistance nmay not be
attained. on the other hand, addition of such el enent exceedi ng 0.8% nmay
not yield high reflectivity, high transmssivity, |ow absorptivity and high
thermal conductivity. Accordingly, the Bi content, if added, is preferably
0.00S%HJ?#%%éyﬁ 18 & eire R rRBr N0 b8 TR and further preferably
0.05%to 0.4% giso effective is addition of a total content of 0.1%to 2%
of at |east onemndareteanbhvietatcehermidessekretied dntomst HE t@eopPes€oNSi Sting
of Sc, Y, La, Ce, Pr, Nd, Pm Sm Eu, &, Th, Dy, Ho, Er, Tm Yb and Lu,
and i n painveniliam hatvel sade dnseosiNd anveytigatidres Ap et dd laoy

sem -reflective filmand reflective film, of the present invention for
further i¥8HoweTdeChd VEohksr AR 20T ET St & LAAICP R HEHY Pedf RafR%

rovever, Wieh SSN 812 ,83L 00 BLAIBN . L8 Bdded i 1 A Lolalcont ens; of | ess

than 0.1 i hpr ovemnent cohesion resistance an

resi st anggqiivs, NQhaaithakbRedxh i ¢ hei i RIhang, raddsthane ofnsygh gignent in
excess of 2% does not yield high reflectivity, high transmssivity, |ow
absor pti wesy standehergd hhghnhkatonescstanty . s idocoraiavgisity witia hagal cont ent
of such elenments is preferably 0.1%to 2% nore preferably 0.2%to 1% and
further predfflecabryty, 30408 DravsmsSHVEEY ecteW s riddititoh ave BLdPheast one
el enent %i]ect Rh d he Ag _based, al

sem -refl gffn?g%#q{uor%@ai%’tﬁéﬁ%%ﬁ \?ggf'? rlncgp;Ll}%ﬁgtnﬁrléls‘%ngoirﬁvdeerﬁ(%sg%efdor
further ¥R6A% g BNARLUNIRS @RihESE Bhanse valaweves 1 1 ¥hefdiss ati drgast  one
el ement selected fromCu, Au, Rh, Pd, and Pt is added in a ‘total content of
| ess t habyOsp¥uitéuihbevaripnovagemsed dheoy sputtering targets, and
evaluated these films for their film composition, cohesion
resistance, light resistance, heat resistance, reflectivity,
transmissivity, absorptivity and thermal conductivity. The
inventors then found that the Ag based alloy semi-reflective film
and reflective film for an optical information recording medium
containing 0.01 to 10 atomic percent of Li have excellent cohesion
resistance, light resistance and heat resistance, simultaneously
withhigh reflectivity, high transmissivity, lowabsorptivityand
high thermal conductivity surpassing those of the films made of
the pure Ag or the conventional Ag alloys. The present invention
has been achieved on the bases of such findings.
The inventors of the present invention have demonstrated
that the Ag based alloy thin film containing Li is excellent
typically in light resistance as compared with thin films made

of pure Ag and the conventional Ag based alloys. For example,

decrease in the reflectivity for the light irradiated by a Xe lamp



corrosion resistance and the heat resistance is not attained. On the other
hand, addition of such elenent in excess of 3% does not vyield high
reflectivity, high transm ssivity, |ow absorptivity, and high thernmal
conductivity. Accordingly, such elenents are added in a total content of
0.1%to 3% preferably at 0.2%to 2% and further preferably at 0.3%to 1%
It is to be noted that the Ag based alloy sem -reflective filmfor the
optical information recording nmediumof the present inventionis a thin
filmin a single side, multilayer optical disc which functions to enable
transm ssion and reflection of the |laser beamat the recording |ayer other
than the recording |layer |located farthest fromthe side of the |aser beam
i ncidence, and this film may have a transm ssivity of about 45%to 80% and
a reflectjyvit 11 .of out 5%t 0%, _The thickness. e.any_ -adequately
det er m netz‘il lg%‘pt}haa‘flpt%gg?rsfnescrﬁ%@? \%Fts;e/mlégﬁngi ﬁggrse rﬁlcgf%i t?kgisep%%% n the
predet er r&{}e@xaﬁagg- ithe donbpsed &l a¥a semyeref Legdism f bhiicabymver, may
general ly have a filmthicknéss in the range of 5 to 25 nm It is to be
not ed thatawihrr Agiebdaedcakieysr ekbedbnye $thmturer dthempbsalkaitaf or mati on
recordi ng nmediumof the present inventionis a reflective filnof a single
si de, singkemiayeflepticalfilbmscadbesive Fafdreidtieblddtive nfidmsimRf e side,
multilayer optical dis¢c which is .the g%rg%hest fromthe, side of the |aser

beam i nci%’é’ﬁcté,at_eaﬁ_’f&lllf i §nf?1'll?nsr‘?é‘§}'ﬁ§\; ELE‘FIfééf‘! GPRDT bF S 250h¢ bf?(f‘%dlor mor e
and a ”m?a’?%’Pi%ﬁ'.V'{'H i Qgsé#gfért?ﬂ%éﬂr#%(a@s()@dﬂ-{?ﬁi%?ggifﬁﬁﬁid N8 80%n

adequatel'y determ ned so t rerlectivity an e transmssivity are

Wi thin the oredet £fdh Bedstangei ndhehAllg hased sali-OYe f1efd1€Gtd Y€1k iihio
however, may generally have a filmthickness in the range of 50 to 250 nm

The Ag bddedadikognseh- sebsbrateeahd/on avthasdfieedives .f i Imtlf t he present

i nvention are produced b deposintti ng .t he ,above-pnenti oned Ag based all oy on
a subst r 26 AP CRARLBALS RRge f OHgﬂHﬁ £i o A LhRi REeseRE AR VEEE8Baum

deposi ti %niiz%igha&%”ﬂ?%?e é&“ﬂ&lﬁ%r‘%rﬁ%l%&&'aﬂ &EP%?‘%@%%‘EQ& E%t he one

produced using the sputtering for the tilm deposition. npared to the

films fopiederential ionization of Li, i.e., sacrificed protection of Li
having a higher ionization tendency thanAg. The light resistance
is thereby improved. In addition, the inventors revealed that
the Li-containing Ag based alloy thin film is an optimal Ag based
alloythinfilmhavingnotonlyexcellentlight resistance, improved
cohesion resistance and improved heat resistance, which are
disadvantages of conventional Ag based materials, and exhibiting
high reflectivity, high transmissivity, low absorptivity and high
thermal conductivity, which are advantages of such Ag based
materials.

The Ag based alloy semi-reflective £film and reflective film

foranopticalinformationrecordingmediumof the presentinvention
have a feature that they contain Li in a content of 0.01% to 10%
(hereinafter all percentages are atomic percentages, unless
otherwise specified). With an increasing content of Li, the

improvement of the cohesion resistance, the light resistance and

the heat resistance becomes clear but decrease in thereflectivity,



by other thin fil mdeposition techniques, the Ag based all oy

sem -reflective filmand reflective filmfornmed by sputtering are superior
in thé alloy conposition, distribution of the alloying elenents, and
uniformty of the filmthickness in the filmplane, and hence, in the
performance as a sem -reflective filmand 12 reflective film (including high
reflectivity, high transmssivity, |ow absorptivity, high thernal
conductivity, high cohesion resistance, high light resistance and hi gh heat
resi stance) enabling the production of an optical information recording
medi um having excellent witing/reading properties and |long term
reliability. In the sputtering, a reflective filmof desired all oy
conposition can be deposited by using a sputtering target (hereinafter

sinply referred as."target"” risin : I containing 0. 01%
Co h0% of cit Eranat e EEAL aba SRE S S A ey bRy BT
0.05%1t0 ﬁ%tr@“ib%&ﬁtﬁ?{rﬁfr@@édr 0. 3¥rb@c6% 10 deResida aAghassdald oy
semi-reflective filnor reffective filmfurther conprising 0.005%to 0.8% of
Bi, the tef gen1shonllds . f uLi heynteent aifni s D2%aho0 804 % frschetabt yT & 0 6%
and nore preferably 0.2%to 4% of Bi. The Bi content in the target is
hi gher t$imcea hee Biilgoni bhifaiid thexbéhitddfdheeohgel o0 Inesds tratkedtighe film
since the anount qof Bi in the resqﬁting seni-reflec&!ve filmor reflective
I

filmredutet Fesdpbanre andelesil Ledy et Pt i o HeT5@ Seil Yt KRR TRRE been
. ‘ ; el r _ . ; .
present ;%}{ée%%ltﬂ.%r% 1'fshnaf%)enS‘Bﬁsteefe‘?:fabl:&gE%ngggﬂgi J{éosgﬁ%éﬁh?giﬁ%fﬂg using

t he targ conpriI'si ng e - corit al ni ng ase ecrease 1S

esti mat echdto HAMB i tbaeghCausedcbyvi By SRR alr0ikrdfsstikg tBi, fibem the film
surface in the course of the filmdeposition due to the substanti al

di f f er encsorpttive tgeknidnyi pivi the et Wwesmdued ikg tand Therdfqrel ffiedlity of
sputtering Bi due to higher sguttgrinﬂ rate of the Ag conpared taq that of
the Bi; &LEREIRTiIRAEIGETaRHY P BPLETS AE % aPQEE REFTEFEE Y18 - Hae 1 Bfirgher

reactivi%%d?%uEQg?Fgg%ggggégﬁ&; }%ﬁﬁ%g{h%jhe substantial decrease of the B

cont ent he re rve
Also effective is addition of Bi to the Ag based alloy

semi-reflective film and reflective film of the present invention
for further higher cchesion resistance, heat resistance and
corrosion resistance. However, when Bi is added in a content of
less than 0.005%, further improvement in the cohesion resistance,
theheat resistance and the corrosionresistancemaynotbe attained.
On the other hand, addition of such element exceeding 0.8% may
not yieldhighreflectivity, hightransmissivity, lowabsorptivity
and high thermal conductivity. Accordingly, the Bi content, if
added, is preferably 0.005% to 0.8%, more preferably 0.01% to 0.6%,
and further preferably 0.03% to 0.4%.

Also effective is addition of a toctal content of 0.1% to
2% of at least one rare earth metal element selected from the group
consisting of S¢, Y, La, Ce, Pr, Nd, Pm, Sm, Eu, Gd, Tb, Dy, Ho,
Er, Tm, ¥b and Lu, and in particular, at least one of Nd and Y
to the Ag based alloy semi-reflective film and reflective film

of the present invention for further improving the cohesion
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that of the target is a phenonenon that is not found in other Ag based
all oy such as Ag-rare earth netal alloy. Accordingly, Bi content in the
target should be increased conpared to that of the Bi in the

sem -reflective filmor reflective |ayer to be deposited. Wen 0.1%to 2% of
at least one rare earth netal elenment selected fromSc, Y, La, Ce, Pr, Nd,
Pm Sm Eu, Gd, Th, Dy, Ho, Er, Tm Yb and Lu, and in particular, at |east
one of Nd and Y is to be further added to the sem -reflective filmor
reflective film these elenents may be added to the target. The rare earth
metal elenent, and in particular, the at |east one of Nd and Y nay be added
in atotal content of 0.1%to 2% preferably 0.2% to 1% and nore
preferably 0.3%to 0.5% Wen 0.1%to 3% of at |east one el enent selected

fromCu, AU stRhcePth@RlcRledSrt 91 beaddedubet/Be, S@br 58E] 8Glievies fid m or
reflective film these elenents my be added to t he target. The at | east

one el emasterfRitedceddiieam £ua tata RgorRénandfPlegaythen adided furtaherot al
content of 0.1%to 3% preferably 0.2%to 2% and nore preferably 0.3%to
1% The Agrtrayethealt! op Sheat cehesrn diggdistencehangr 6benhephveddisianasan be
produced by any nethod incl udjng | ting and casting, powder_ sintering, and
spray forkfi R§L ahtpiRfshg PReSR® ‘:flﬂgerp:héggrr% 1elon F SHEPpRbRTRREY 1By vacuum

el 1o andRastd A9 L0Ge o PP A9nDaRd 1 BLLOY SRULLGH A, ag et pngduced by

vacuum and cas S I'éSs nitro T 7oxygen and ot her

i mpuriti egw aBdotPeiveey) -4&d lecdi addam asdatibe i kethective fdilHyiRr, oduced
by using 14 such sputtering target efficiently exhibit excellent

properti ehe tsteh cantienghof efldceileneytsHighrefanshilgs? vit yo 2Hwmore
absorptivity, high thermal_conductivity, high cohesiaon resistance, high

light r&seseaaReYald?hibh heat 27SstEtidifde PHed s&idbive JpriSdiet PoR®of an
optical infor #ég%ft’f%%%'i%'engs itTofave 1g fé&g &t o a}néhg%/eg,l%%@eﬁg

properties and Tong termreliability. e optrcal recording nmediumof the
present irRv@Nth O, SRhNOPd padd ipgukartie lagbheddl 8116 ¢ Ssa@instddidli-@Reas an

optical information recording medium as long as it has the Ag based all oy

sen -ref fédmi grdf ré¢ M antive fhion Ayt Bdsedralskay defveactiione £hirl further
improving the corrosion resistance. However, when the at least
one element selected from Cu, Au, Rh, Pd, and Pt is added in a
total content of less than 0.1%, further improvement in the
corrosion resistance and the heat resistance is not attained. On
the other hand, addition of such element in excess of 3% does not
yield high reflectivity, high transmissivity, low absorptivity,
and high thermal conductivity. Accordingly, such elements are
added in a total content of 0.1% to 3%, preferably at 0.2% to 2%,
and further preferably at 0.3% to 1%.

It is to be noted that the Ag based alloy semi-reflective
film for the optical information recording medium of the present
invention is a thin film in a single side, multilayer optical disc
which functions to enable transmission and reflection of the laser
beam at the recording layer other than the recording layer located

farthest from the side of the laser beam incidence, and this film

may have a transmissivity of about 45% to 80% and a reflectivity

11



of the present invention, and any constitution known in the field of the
optical information recording nmediumnay be enployed. For exanple, the

sem -reflective fiimor the reflective filmconprising the Ag based all oy
as descri bed above have high reflectivity, high transmssivity, |ow
absorptivity, high thermal conductivity, high cohesion resistance,

hi ghl i ght resistance and hi gh heat resistance, and therefore, these filns
are well adapted for use in the current read-only, wite-once, and
rewitable optical information recording nedia as well as next-generation,
hi gh storage capacity optical information recording nedia. Exanples The
present invention will be described in further detail wth reference to the
follomjng experinmental exanples which by no nmeans limt the scope of the

pr esent 2 di fo ' I -Qﬁ%h iqng the
scope of %ﬂéégge-ﬁpgp%Veﬁ?%%%h?gkefg%ﬁﬁ?hﬁiéﬁggﬁﬁﬁggkgﬁgnge ?%E pr esent

inventiony, thhk @ﬁ@%r&h@ﬂl@éwm;n drid b5 rBy16st N9i spUiteniithtraraet s,
sanple thin films (Sanple Nos. 1 to 139) were each deposited on a

pol ycar bqnmtd&tstrbwshedt eafiget h Ttee dicaesed ells0 sembrick Al ediickeneSidmef 1.0
m) in a sputtering apparatus HSM 552 manufactured by Shimadzu Cbrporatlon
by DC ndgmevesn Bphit gerehglhy hathde fddassbieknese. Dy thea geagge odr 3 ess,

an Ar gas pressure of 0.27 Pa, an Ar gas flow rate of 30 sccm a sputtering
power ofﬁﬁczgo 8™V a di stance between the target and substrate of 52 nm and

asubstrate i Cqper iy &b AOMASEPHIAY Basedel SRS 0L 9315 Used

herein are a pure Ag sputtering target a dianeter 101.6 nm and a

t hi cknessoef thendptiaaAgihformdtiyn sqmﬁdzﬁun@gmrealﬁg&t oﬁsvw:hla ardsanet er of
101. 6 mmand a thickness of 5 mm, a Ag-Li-Bi alloy sputtering target
(Wi th a drasetépnds a 18flectiva Ghimafelidiiessidd, sing)e lagecopposhled

compr | 81 A=<t i AReLTE BTy NS BRI hG THPEER SOrer MECHG LY cegaee ”“’g
ltg;]get ?@gc hHrc%gfé Eﬁ@f@%@h@%@ﬁoﬂhé Qfd&B'f&%e(Y‘éé& Be%ﬁlq.rnb:lgfené a
gth o nm and a thickness of an alloying e Cu
or Au) aehdngetls ofi ImensAg-Hadveld Q}éfiﬂutﬁ.eitpgof adlgait 50% or more and
a transmissivity of substantially 0%. The thickness may be any
adequately determined so that the reflectivity and the
transmissivity are within the predetermined range. The Ag based
alloyreflective £ilm, however, may generallyhave a filmthickness
in the range of 50 to 250 nm.
The Ag based alloy semi-reflective film and reflective film
of the present invention are produced by depositing the
above-mentioned Ag based alloy on a substrate by various thin £ilm
deposition techniques such as vacuum deposition, ion plating and
sputtering, and the recommended is the one produced using the
sputtering for the film deposition. Compared to the films formed
by other thin film deposition techniques, the Ag based alloy
semi-reflective film and reflective film formed by sputtering are
superior in the alloy composition, distribution of the alloying

elements, and uniformity of the film thickness in the film plane,

and hence, in the performance as a semi-reflective film and

12



or the Ag-Li-Bi sputtering target, or a Ag alloy sputtering target (with a
di aneter of 101. 6 mmand a thickness of 5 mm . The sanple thin filns for
the analysis of the filmconposition, and the evaluation of cohesion

resi stance (cohesion caused by heat, and cohesion caused by a hal ogen),
heat resistance and thernal conductivity had a thi ckness of 100 nm
corresponding to the thickness of a reflective filmused in an opti cal
information recording nedium The sanple filnms for the evaluation of the
light resistance, reflectivity, transmssivity and absorptivity had a 16
t hi ckness of 15 nm corresponding to the thickness of a sem -reflective
filmused in an optical information recording nedium (2) Analysis of the
filmconposition O the thus deposited thin filns, Ag alloy thin filns

(it v elSFiest sa il ChEe So i HEEH Ol LPELL Ll W BAIPARA Ny,

|nduct|véiy cou S spec FoScoD Speci
anal ysi s 1y@s a‘E@B@PEE%gtPY Hiéﬁoh’{éﬂgaﬁrbcﬁﬁﬁic\tt&l%@ ﬁthbeBl&h' min an

acid solution ric acid : pure water = , heating the acid solution
on a hot r@lsatscaﬁ‘ceZOHDghcDdecgreihetamdaJtam hthhr beatt erpesaknce) af ter
confirmng that all analyte sanple had dissolved in the acid solution, and
measur i n@ntabélaMQPrQﬁutaHQ}ypﬁgﬁ@@ml infermaiprrroprdbhea meidigmby using
| CP nmass ectronei é%800qﬁpanu actured by.Seiko I$strunent Inc. The
analyzeth Hﬂcﬁﬁﬁ% FEPoNE bR e PTRPETERERN P F8BFetE ™t oget her
with the resy % the filmstructure analysis and evaluation of various
propertles in S 2to 7 as described below Table 1 (3) Evaluation of

l'ight resistance ﬁeérm;a&w&mfﬁj,n d hefllkesidepesihedrt Besiféd nsl(Sanpl e Nos.
1 to 139) was overlaid with a UV curable resin filmwere subjected to
deterninabmeSbticme¢an§®@od¢gﬂ8ﬂtﬁd(hnimﬁhng andprypteriny térgesm ssivity at
wavel engt hs of 400 to 80 si ng by usi UV- Vi s- NI R spect r ophot onet er
V-570DS HBREFERELFRT By KSBOIeTRED 4y target”) comprising a Ag based

alloy containing 0.01% to 10% of Li. The Li content of the target
is 0.01% to 10%, preferably 0.05% to B%, and more preferably 0.1%
to 6%.
TodepositalAgbasedalloysemi-reflectivefilmorreflective
film further comprising 0.005% to 0.8% of Bi, the target should
further contain 0.02% to 8%, preferably 0.1% to 6%, and more
preferably 0.2% to 4% of Bi. The Bi content in the target is higher
than the Bi content in the semi-reflective £film or reflective film
since the amount of Bi in the resulting semi-reflective film or
reflective film reduces to several to several dozen percent of
the Bi that had been present in the target in the course of film
deposition by sputtering using the target comprising the
Bi-containing Ag based alloy. Such decrease is estimated to have
been caused by re-evaporation of the Bi from the film surface in
the course of the filmdeposition due to the substantial difference
in the melting point between the Ag and the Bi; difficulty of
sputtering Bi due to higher sputtering rate of the Ag compared

to that of the Bi; and oxidation of only Bi on the target surface
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sanpl es were then subjected to UV/visible light irradiation test wusing
Super Xenon Fadi ng Apparatus SX75Fmanufactured by Suga Test Instrunents
Co., Ltd., wherein the sanples were irradiated with Wvisible light at an
illum nance of 120 WnR, a tenperature of 80C for 144 hours by a xenon arc
| anp, and the spectral reflectivity and spectral transmssivity were
determ ned after the test. The results of the evaluation for the Iight

resi stance are shown in Table 2. Table 2 In Table 2, a sanple with a change
inreflectivity to laser beamw th a wavel ength of 405 nmtypically used in
Bl u-zay Disc and HD DVD between before and after the irradiation test of

| ess than 1% was regarded to have high light resistance and evaluated as
"A", and a sanple with the change of 1% or nore was regarded to have |ow

(S o TS 0 b SRR i e B0 e PRELRSSeS (e LE A%
(Sanpl e "&b@amdal a@erégs&ftm Bf'r%] %ﬁf@nge%i]}@reﬁeé@i‘!fetﬁl%ﬂ&ht hi gh

light resistance. In contrast, Sanmple Nos. 5 to

exhibit #ghdd ghe £esdst drce pllu@nmemmmmm ati ot of odrid itheteéfexgs of
adding Rh, Pd and Pt are equivalent to the addition of Cu and Au. (4)
Eval uat i oresdfd @dieyi ench esi sﬁgm@e?e( eehitsi natzhuslddyby Aeabydin8lThedt hus
deposited thin filnms (Sanple Nos. to, 139) were neasured for average

surf ace r%ﬁ%ﬁi’ésén%‘%ﬁaﬁgﬁ‘ﬁf%(]E’Spénﬁ?%se%&é’l‘iﬁaﬁ&dp\;%ﬁé‘arﬁ efoope
f d |
manutact y.ed l% L8] f'tl'<1;5c:ttr '\’rg?flt by Q:ttqq]teglaafrxcﬁ 'Encciriceﬁrp ciAFM hi gh

observati on ese i vvere SU ] ec era ure,

hum dity test %enaot.@@p@éawr@f oft 8QG Andniehatbveahun bty of1 SQ9H for 48
hours, and the average surface roughness Ra was neasured again after this

test. Theealesuletisfobmtde, &valLaatCen For Ndhe Poph&si d@u,r 6, sTancky, (xghesi on
caused by heat) are shown in Table 3. Tahle 3 In_Table 3, a_sanple with a
change |ﬁkavgﬂaggbsﬁﬁﬁa%%rr%%bhﬁé§§uthUIarf at least one of Nd and Y

is to be further added to the semi-reflective film or reflective
film, these elements may be added to the target. The rare earth
metal element, and in particular, the at least one of Nd and Y
may be added in a total content of 0.1% to 2%, preferably 0.2%
to 1%, and more preferably 0.3% to 0.5%.

When 0.1% to 3% of at least one element selected from Cu,
Au, Rh, Pd and Pt is to be added to the semi-reflective £film or
reflective film, these elements may be added to the target. The
at least one element selected from Cu, Au, Rh, Pd and Pt may ke
added in a total content of 0.1% to 3%, preferably 0.2% to 2%,
and more preferably 0.3% to 1%.

The Agbased alloy sputtering target of the present invention
canbe produced by any method includingmelting and casting, powder
sintering, and spray forming, and among these, the preferred is
the one produced by vacuum melting and casting since the Ag based
alloy sputtering target produced by vacuum melting and casting
contains less nitrogen, oxygen and other impurities, and the

semi-reflective film and the reflective film produced by using
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bet ween before and after the high tenperature, high humdity test of |ess
than 1. 5 nmwas regarded to have hi gh cohesion resistance, and was

eval uated as "A", and a sanple with a change in average surface roughness
of 1.5 nmor nore was regarded to have no such high cohesion resistance and
was evaluated as "B'". As denonstrated in Table 3, all Ag alloy thin filns
containing Li (Sanple Nos. 5 to 139) exhibit high cohesion resistance, and
those not containing Li, nanmely, the Ag thin film (Sanple No. 1) , the
Ag-Au thin film (Sanple No. 2), the Ag-Pd thin film (Sanple No. 3) and the
Ag-Pt thin film (Sanple No. 4) fail to show such high cohesion resistance.
The effects of adding Rh, Pd, and Pt are equivalent to the addition of the
Cu and Au. (5) Eval uati onof cohesion resistance (cohesi oncausedbyahal ogen)

19 The thus .deposjted thin fil ( Sanmpl.e .1, to 139) re asured for
aver age sﬂ%?rhéguftﬁﬁhﬁﬁ%gér B By U n%glijo]ﬁjet IeF(IC§§%§E£Brﬁﬁ C?Pger%'l&ﬁé

m cr oscop, DI gl : At. S+ 4 a t.am .G

m croscop%ﬁ%%qggiﬁla%&&?ﬁ de.l#}ﬂggéﬁgﬁgﬂﬁél???%ﬁqﬁr%@su j%gﬁgg't o salt
wat er i Mg 8RetkRSl @nducalti twet Bi ghcasteadidratrieen s¢haes, congentinati on) of
0.05 nmol /I, a salt water tenperature of 20C, and an imrersion tine of 5

m nut es, @l stthaceased agegts neldceesbaghmess Ra emadleepsadedtagaiarf abter this

test. The results of the evaluation for_ the cohesion resistance (cohesion
caused byPikatodehPrarbl QhovRCOFAHED MU U HAVEng PRCPABFBE4, a sanple with

a change in,average . surface r hness t ween . bef ar. fter the salt

wat er i msggggilgg/?gggigg ?g%%egﬁgeasn a}dnn%%\%g;\%reé‘anas: g&ngEgggé a hi gh cohesion
resi stance andryesepeVéd VARG RS ngPmed?Of 8£SERP! Sradddt a fhangen asaverage
surface roughness of 3 nmor nore was regarded to have no such high

cohesi onnotephstanabaaby Whbsiteadal fitat edsaschBtitAsidemarsktnabpdical Tabl e 4,
the Ag-Au thin film (Sanple No. 2), the Ag-Pd thin film (Sanple No. 3), the
Ag- Pt t hitREPEPAE{ Safscerdiy g mydiyhd afHeo g 281 1 o ashiie AdlkasebataPHi ng Li
(Sanpl e Nos.

(S7rmte 3R8 r Scd 7L, 0L B OO R RSB 1 S A 1P
of the present invention, and any constitution known in the field
of the optical information recording mediummay be employed. For
example, the semi-reflective filmor thereflective filmcomprising
the Ag based alloy as described above have high reflectivity, high
transmissivity, lowabsorptivity, high thermal conductivity, high
cohesionresistance, highlight resistanceandhighheat resistance,
and therefore, these films are well adapted for use in the current
read-only, write-once, énd rewritable optical information
recording media as well as next-generation, high storage capacity
optical information recording media.

Examples

The present invention will be described in further detail
with reference to the following experimental examples which by
nomeans limit the scope of thepresent invention. Anymodification
of such examples without deviating the scope of the present

invention is within the technical range of the present invention.

{1) Deposition of thin film
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effects of adding Rh, Pd, and Pt are equivalent to the addition of the Cu
and Au. (6) Evaluation of heat resistance 20 The thus deposited thin filns
(Sanpfe Nos. 1 to 139) were neasured for average surface roughness Ra by
usi ng Nanoscope Illa scanning probe mcroscope manufactured by Digital
Instrunents in an atomc force mcroscope (AFM observati on node. These
thin filnms were subjected to vacuum heating test at a degree of vacuum of
0.27 x 10-3 Pa or less and a tenperature of 300C for 0.5 hour using a heat
treatment apparatus in rotary nmagnetic field manufactured by Naruse
Scientific Machi nes, and the average surface roughness Ra was neasured
again after this test. The results of the evaluation for the heat

resi stance are shown in Table 5. Table 5 In Table 5, a sanple with a change
in average surface roughness_.between before and, after. t he \vacuum heati ng
test of less tRan*31%9 %Pflﬁw%\?ééngetgagrg gé?’t%alﬂ%g%%gﬁne@c]ﬁsf gﬁ?nﬁgﬁgﬁqse‘si st ance
and was I A" S VY] a I r ce,+qughness
of 15 o e e e A e e SR A B B heat
resi st ange @nchewas 6¥ablakedad$ a2 Bhicmkss &ML e Mhuf him £hapgeterdimgpver age
surface roughness of 3.0 rimor nore was regarded as the one not having
such hi gleppeattues H§Mahte madufasterved st d¢thimsiziCCorPloeasg onhiby DCI m
(Sanmple No. 1) , the Ag-Au thin film(Sanple No. 2), the,Ag-Pd thin film
(Sanpl e REINSFIrRRSE N HGLIE ath? Pasie RFCFSaRpId RoZ” 49 1031 B3t 8T &FiSi t hi gh

heat resia%t %_ngéaghglégg%ﬁ{gs% 6]1297 tEJ;ii nta%L: h‘ﬁ??g %&pl Pa@'é’sofg%d o?%c 9 exhibit

hi gh heat™ T esi nong them thé ns-contai hi ng ‘east one

of Nd and Yposhewt{ds theverhbgndieab wes aiapgRce B @fdieehs thEg@«@l(yn@g Rh,

Pd, and Pt are equivalent to the addition of Cu and Au. (7) Evaluation of
refl ecti subgtratarsnd2 simdrid/a amih slbsteptampenatuliees f husmoeggsi tagchrtehi n fi |l s
(Sanmple Nos. 1 to 139) were neasured for spectral reflectivity and spectral
t r ansm sThei qpyuttering targets used herein are a pure Ag sputtering target

(with a diameter of 101.6 mm and a thickness of 5 mm), a Ag-Li

alloy sputtering target (with a diameter of 101.6 mmand a thickness

of 5 mm), a Ag~Li-Bi alloy sputtering target (with a diameter of

101.6 mm and a thickness of 5 mm), a composited sputtering target

(with a diameter of 101.6 mm and a thickness of 5 mm) comprising

the Ag-Li alloy sputtering target or the Ag-Li-Bi sputtering target

and a predetermined number of the chips (with a width of 5 mm,

a length of 5 mm and a thickness of 1 mm) of an alloying element

(Nd, ¥, Cu or Au) arranged on the Ag-Li alloy sputtering target

or the Ag~Li~Bi sputtering target, or a Ag alloy sputtering target

{(with a diameter of 101.6 mm and a thickness of 5 mm). The sample

thin films for the analysis of the film composition, and the

evaluation of cohesion resistance {(cohesion caused by heat, and

cohesion caused by a halogen), heat resistance and thermal

conductivity had a thickness of 100 nm, corresponding to the

thickness of a reflective film used in an optical information

recordingmedium. The sample films for theevaluation of the light

resistance, reflectivity, transmissivity and absorptivity had a
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at wavel engths of 400 to 800 nm by using UV-Vis-N R spectrophot onet er
V-570DS manuf actured by JASCO, and absorptivity was calculated fromthe
neasured reflectivity and the transmssivity according to the foll ow ng
equation: Absorptivity = 100% - (Reflectivity + Transmi ssivity) The results
of the evaluation for the reflectivity, the transmssivity, and the
absorptivity for the laser beamwth the wavelength of 405 nmtypically
used in Blu-ray Disc and HD DVD are shown in Table 6. Table 6 In Table 6,
the sanple having a reflectivity of 15%or nore, a transmssivity of 60% or
nore, and an absorptivity of less than 25%in relation to the reflectivity
of 18% the transmssivity of 68% and the absorptivity of 14% of the pure
Ag was regarded as the one having excellent optical properties, and such
sanple was evaluated "A", and the sanple having a reflectivity of |ess

t han 15%t1a1¢1freﬁﬁssncsfsum WroFOFfé§§PPﬁ§hn60%> Bhel Bl eFReTptevidy 25% or
nore was re arde e not .havin elI tical rties,
and such § Yiwgaradt decapth 39 o Gaf T fmaPeT e RdRE o No
8) fails }o44 _w hi gh reflect|V|ty, high transm ssivity and | ow
absorptivity due to its excessively high Li content. In contrast, the other

sanpl e thigy fadams,sshiclE thbi ghimr ebhpetividy, high transmssivity and | ow
absorptivity. The effects of adding Rh, Pd and Pt are equivalent to the

addition of tIog€ e ahds,ﬁ@p0§8)te5vlm:uanbms pRgteromihéorfduasi (§dmpIEhe t hus
deposited thin films s anple Nos. 1. to 139) were _ neasured for thermnal
conduct i Wasy @y ttoné3§ o¥&der @naéyaégcﬁ%e%heh@wm NERTIGP L tliodr Rl

conduct i vi t eter g S fﬁgsi?‘% t reS| tan Rs
f our - pr obé’ edth ESQB %%gﬁg HJI:—PQ F?Sg]rreacﬁtu 3’ lgyr?—ﬂ Ki E E.
CORPORATI Sy, Clrﬁ%%q&gb%aﬁiﬁsﬂé Lalst BbEdRessq bwémgoﬁbm@a%t 8Ra2pfe Ag
manuf act ured by TEN STRUMVENTS; cal cul ating the electrical resistivity
p (pf2cmallagcahdnnfilio ihenf ecidwsnguegoat iwitrix acdhicet pnesiwdtance Rs X
1 : 1), heating the acid solution on a hot plate of 200°C, cooling
the solution to room temperature after confirming that all analyte
sample had dissoclved in the acid solution, and measuring the amount
of alloying element in the Ag alloy thin film by using ICP mass
spectrometer SPQ-8000 manufactured by Seiko Instrument Inc. The
analyzed film compositions of the samples are shown in Table 1
together with the results of the film structure analysis and

evaluation of various properties in Tables 2 to 7 as described

below.
Table 1

{3} Evaluation of light resistance

Samples wherein the thus deposited thin films (Sample Nos.
1 to 139) was overlaid with a UV curable resin film were subjected
to determination of their spectral reflectivity and spectral
transmissivity at wavelengths of 400 to 800 nm using by using

UV-Vis-NIR spectrophotometer V-570DS manufactured by JASCO. The
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filmthickness t; and then, calculating the thermal conductivity X
(W(mK)) at an absolute tenperature of 300K (ca. 27C) by W edemann-Franz
| aw according to the follow ng equation: K=2.51 x (absolute tenperature T)
/| (electrical resistivity p) The results of the evaluation for the therna
conductivity are shown in Table 7. Table 7 In Table 7, a sanple having a
thermal conductivity of 160 W (m K) or nore correspondi ng 50% or nore of
320W (mM K) , the thermal 23 conductivity of the pure Ag thin film was
regarded to have excellent thermal conductivity and was eval uated "A", and
a sanple having a thermal conductivity of |ess than 160 W (m K) was
regarded as the one not having the excellent thermal conductivity and was
regarded as "B". The Ag-16%.i thin film (Sanple No. 8) fails to show high

thermal %%ﬂ%ﬂ%%%%%%¥&ﬂ#§1%ﬁbh%%Fgﬁﬁﬁiﬁgzgﬁﬁiﬁigqu}n999%§83?§%$#¢%%@traSt’

t he ot her”sanp er nal Nduct I vi he “ef f ect s

of addi ng, Ry Sthe ARENBh AU IRANLY A £Rs sKkO5FRRRGAIIR0)y ENga@ésand Au.

Wil e the présent invention has been described with reference "to what are
pr esent | yrepansimdatedcs o, betd he wheafdnr ebde erdiqdierenese ittadsatead bath

understood that the invention is not linmted to the disclosed enbodinments.
On the caiVvasyblehbl ghveait aonilsuphrerce®lt L3040 RaremRer M ofat | ons

and equi val ent arrangenments included within the spirit _and scope of the
appended B GIRE L 4oL N %?n%@rf:gﬁ% HY EPeSREStE t F B o5t i d¥d t he

broadest | . . . g1 . d
oqutvar eRP oL FeOE R ARMT 88t Ey SRETPRSR Al he UL TP Ehie CBLLOERET0, o
1 A9 2 Ared3Uhds SfAtha3%diluation for the light resistance are shown in

Table 2.
Table 2

In Table 2, a sample with a change in reflectivity to laser
beam with a wavelength of 405 nm typically used in Blu-ray Disc
and HD DVD between before and after the irradiation test of less
than 1% was regarded to have high light resistance and evaluated
as "A", and a sample with the change of 1% or more was regarded
to have low light resistance and evaluated as "B".

Table 2 shows that the Ag thin film (Sample No. 1}, the Ag-Au
thin film (Sample No. 2), the Ag-Pd thin film (Sample No. 3} and
the Ag-Pt thin film (Sample No. 4) fail to exhibit high light
resistance.

In contrast, the thin films of Sample Nos. 5 to 139 exhibit
high light resistance due to incorporation of Li. The effects
of adding Rh, Pd and Pt are equivalent to the addition of Cu and
Au.

(4) Evaluation of cchesion resistance (cohesion caused by heat)
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4 A-3%t 5 A0.01%J 6 -4%) 7 A -10%.i 8 kg-16%J) 9 -4%J)0.1%8 10 A
-494i-0.49%\Nd 11 A -49%.i-0.4%" 12 Ag-4%J-0.5%u 13 A -4%J0.5%u 14

AQ-4%J- O | BFO. 4%Nd 15 Ag-4%J-0.198i -0. 4% 16 A -4%.i-0.198L0. 5%Cu 17
Ag-4%J- 0. 198i - 0. 5%Au 18 A -4%J0.4%\d-0.5%u 19 A -4%J 0. 4%N\d- 0. 5%Au

20 A

-4%J- 0. 4%/-0.5%u 21 Z-4 9%J-0.4%/-0.5%\u 22 -4%.i-0:1 %Bi -0.4%N\d-0.5%u 23

A-

g- 4%J- D. 198i - 0. 49%\d- 0. 5%Au 24 Pfl-4%.-0. 19%8i - 0. 4%/-0.5%Cu 25 A

-4%J- 0. 19%8F0. 4%r- 0. 5%Au 26 A -0.05%.i 27 A-0.1 %J 28 A-0.5%i 29 A-1

A

34 A-0.1 %)0.1 %8BI 35 Ac-0.1% U-0.29B! 36 A -0.5%.1-0.005%8i 37 A
0.5%.L0.01%8i 38 A -0.5%.i-0.0S%8i 39 A -0.5%.-0.198i

The thus deposited thin films (Sample Nos. 1 to 139) were

measured for average surface roughness Ra by using Nanoscope IIIa

scanning probe microscope manufactured by Digital Instruments in -

an atomic force microscope (AFM) observation mode. These thin
films were subjected to high temperature, high humidity test at
a temperature of 80°C and relative humidity of 90%RH for 48 hours,
and the average surface roughness Ra was measured again after this
test. The results of the evaluation for the cohesion resistance

(cohesion caused by heat) are shown in Table 3.

Table 3

InTzable 3, asamplewith a change in average surface roughness
between before and after the high temperature, high humidity test
of less than 1.5 nm was regarded to have high cohesion resistance,
and was evaluated as “A”, and a sample with a change in average
surface roughness of 1.5 nm or more was regarded to have no such
high cohesion resistance and was evaluated as “B”.

Asdemonstrated inTable 3, all Agalloy thin films containing
Li (Sample Nos. 5 to 139) exhibit high cohesion resistance, and
those not containing Li, namely, the Ag thin film (Sample Neo. 1),
the Ag-Au thin film (Sample No. 2), the Ag-Pd thin film (Sample
No. 3) and the Ag-Pt thin film (Sample No. 4} fail to show such
high cohesion resistance. The effects of adding Rh, Pd, and Pt
are equivalent to the addition of the Cu and Au.

(5) Evaluationofcohesionresistance {cohesioncausedbyahalogen)

138

30 A -2%.i 31 A -0.1%.-0.005%8i 32 -0.19%1L0.01%8i 33 A-0.1%J 0. 05%®Bi



40 Aa-0.5%.L-0.29B1 41 A -1%.i-0.005%Bi 42 A -1%J)0.0198i 43 A
-1%J-0.059Bi 44 A -i%J-0.1%Bi 45 A -1%.i-0.2%8i 46 A 2%J0.005%Bi 47 A
204 0.019%Bi 48 -2%J0.059Bi 49 A -2%.i-0.19%8i 50 A 2%.i-0.29Bi 51 A
-0.1%.i-0.19%d 52 A -0.1%.i-0.2%d 53 A -0.1%1-0.5%d 54 A .1%F- 1%\d
55 A -0.1%J)2%Nd 56 Ag-0.5%J0.1%Nd 57 A -0.5%.i-0.2%d 58 A
-0.5%J)0.5%Nd 59 A -0.5%J)1%Nd 60 A -0.5%J)2%Nd 61 A -i9%.i-0.19%d 62
19440. 29%0Nd 63 Ag-1%.i-0.5%\d 64 A -1%.i-1%\Nd 65 A -1%.i-2%\d 66 A
-2%.1-0.19%d 67 A -2%.L0.2%\Nd 68 Ag-2%.i-0.5%Nd 69 A -2%.i-19%d 70 A
-2%.1-29%Nd 71 A -0.1%.i-0.1%u 72 A-0.i%.i-0.2%u 73 A-0.1%J)0.5%u 74
A -0.1%61%u 75 A -0.1%.i -2%u
The thus deposited thin films (Sample Nos. 1 to 139) were
measured for average surface roughness Ra by using Nanoscope IIla
scanning probe microscope manufactured by Digital Instruments in
an atomic force microscope {AFM) cbservation mode. These thin
films were subjected to salt water immersion test at a salt water
concentration (NaCl concentration) of 0.05 mol/l, a salt water
temperature of 20°C, and an immersion time of 5 minutes, and the
average surface roughness Ra was measured again after this test.

The results of the evaluation for the cohesionresistance (cohesion

caused by a halogen) are shown in Table 4.
Table 4

InTable 4, asamplewitha change inaverage surface roughness
between before and after the salt water immersion test of less
than 3 nm was regarded to have a high cohesion resistance and was
evaluated as “A”, and a sample with a change in average surface
roughness of 3 nm or more was regarded to have no such high cohesion
resistance and was evaluated as “B”.

As demonétrated in Table 4, the Ag-Au thin film (Sample No.
2}, the Ag-Pd thin film (Sample No. 3), the Ag-Pt thin £film (Sample
No. 4), and the Ag alloy thin films containing Li{(Sample Nos. 5
to 139) exhibit high cohesion resistance, and the Ag thin film
(Sample No. 1) fails to show the high cohesion resistance. The

effects of adding Rh, Pd, and Pt are equivalent to the addition

of the Cu and Au.

(6} Evaluation of heat resistance
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76 A -0.1%L3%u 77 A-0.5%J)0.1%u 78 A -0.5%J0.2%u 79 A 0.5%J0.5%u
80 A -0.5%.i-1%u 81 A -0.5%.i-2%u 82 A -0.5%.i-3%u 83 A -1%.i-0.1%u
84 A -1%J0.2%u 85 A -1%.i-0.5%u 25 86 A -1%.i-i%u 87 A -1%F2%u 88 A
-1%.0 -3%u 26 89 A -2%.i-0.1%u 90 A -2%J0.2%u 91 Aa-2%f-0.5%u 92 A
-2%.1 19%Cu 93 Ag-2%.i-2%u 94 A -2%.1-3%u 95 A -0.1%.i-0.1%\u 96
P-0.1%}A 2%\u 97 A -0.1%.i-0.5%u 98 -0.1%.i-1%wu 99 A -0.1%.i-2%wu 100
A -0.1%.i-3%\wu 101 Ag-0.5%.i-0.1%\u 102 Ag-0.5%.i-0.2%\u 103 A
-0.5%.-0.5%\u 104 -0.5%.i-1%wu 105 A -0.5%.1-2%\u 106 A".5%.i-3%\u 107
Ag-1%J- 0. 1%Au 108 Ag-1%.i-0.2%\wu 109 A -1%.i-0.5%u 110 A -1%.1-1%\u

The thus deposited thin films (Sample Nos. 1 to 139) were
measured for average surface roughness Ra by using Nanoscope IIla
scanning probe microscope manufactured by Digital Instruments in
an atomic force microscope (AFM) observation mode. These thin
films were subjected to vacuum heating test at a degree of vacuum
of 0.27 x 107 Pa or less and a temperature of 300°C for 0.5 hour
using a heat treatment apparatus in rotary magnetic field
manufacturedbyNaruse ScientificMachines, and the average surface
roughness Ra was measured again after this test. The results of

the evaluation for the heat resistance are shown in Table 5.
Table 5

InTable 5, a sample with a change in average surface roughness
between before and after the vacuum heating test of less than 1.5
nm was regarded to have an excellent heat resistance and was
evaluated “A”, a sample with a change in average surface roughness
of 1.5 nm or more and less than 3.0 nm was regarded to have a high
heat resistance and was evaluated as "B”, and a sample with a change
in average surface roughness of 3.0 nm or more was regarded as
the one not having such high heat resistance and was evaluated
as “C”.

The Ag thin film (Sample No. 1), the Ag-Au thin film (Sample
No. 2}, the Ag-Pd thin film (Sample No. 3) and the Ag-Pt thin film
(Sample No. 4} fail to exhibit high heat resistance.

In contrast, the thin films of Sample Nos. 5 to 139 exhibit

high heat resistance. Among them, the thin films contalning at
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111 A 1% -Z%u 112 A -1%.1-3%u 113 A -2%.i-0.1%u 114 Ag-2%.i -0. 2%Au
115 AQ 29%.1-0.5%Au 116 A -2%.i-1%\u 117 A -29%.1-2%\u 118 Ag-2%.i -3%Au 119
A -1%J-0.29Bi - 0. 5%Nd 120 Ag-2%.i -0.2%81-0.5%\d 121 A-4AU-0.298i - 0. 5%\d
122 Ac-19%.1-0.29%8i -2%Cu 123 Ac-2%.i - 0. 298i - 2%Cu 124 A -4%J 0. 298i - 2%Cu

125 1 %.1-0.2%81-2%Au 126 Ag-2%.1-0.298i -2%Au 127 A- -49%J 0. 298Il -2%\u 128
1980 -0.5%N\d- 29%Cu 129 1 %.i-0.5%Nd- 2%Au 130 2%J 0. 5%N\d- 29%Cu 131

-2%. - 0. 59%N\d- 2%Au 132 A -4%.i - 0. 5%Nd-2%Cu 133 A -4%.i - 0. 5%Nd- 2%Au 134 A
-1%.0 -0. 298i - 0. 5%N\d- 29%Cu 135 1 9%.i-0. 2%81- 0. 5%\d- 2%A u 136

Ag- 198J- 02981- 0. 59%Nd- 1%Gu- 1%Au 137 AQg- 2%.i - 0. Z98i - 0. 59\d- 2%Cu 138 A

-2%.i - 0. 298i - 0. 5%N\d- 2%Au 139 A -2%.i - 0. 298i - 0. 5%Nd- 1%Cu- 1%Au 27 'able 2
Sanpl e Fil mconposition Change in Light resistance No. reflectivity (X) 1

Ag -3.1 B_LeazstAorge_ gflz\rdpéunci_gs}glo%fu%tﬁe_r%%% £ PrBsistance. Theeffects
of adding Rh, Pd, and Pt are equivalent to the addition of Cu and
Au.

(7} Evaluation of reflectivity, transmissivity and absorptivity
The thus deposited thin films (Sample Nos. 1 to 139) were
measured for spectral reflectivity and spectral transmissivity
at wavelengths of 400 to 800 nm by using UV-Vis-NIR
spectrophotometer V-570DS manufactured by JASCO, and absorptivity
was calculated from the measured reflectivity and the
transmissivity according to the following equation:
2Absorptivity = 100% - (Reflectivity + Transmissivity)
The results of the evaluation for the reflectivity, the
transmissivity, and the absorptivity for the laser beam with the
wavelength of 405 nm typically used in Blu-ray Disc and HD DVD

are shown in Table 6.
Table 6

In Table 6, the sample having a reflectivity of 15% or more,
a transmissivity of 60% or more, and an absorptivity of less than
25% in relation to the reflectivity of 18%, the transmissivity
of 68%, and the absorptivity of 14% of the pure Ag was regarded
as the one having excellent optical properties, and such sample
was evaluated “A”, and the sample having a reflectivity of less
than 15%, a transmissivity of less than 60%, and an absorptivity

25% ormore was regarded as the one not having the excellent optical

properties, and such sample was regarded as “B”.
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4 A-3%t -3.0B 5 A-0.01%i -0.8 A 6 A-4%i -005A 7 A-10%-0.3 A 8
A-16%.i -0.2 A 9 Ag-4%J0.19%Bi -0.4 A 10 Ag-4%J0.4%\d -0.5 A 11
-4%.i-0.4% -0.5 A 12 A 4%J)0.5%u -0.5 A 13 A -4%L0.5%\U -0.5 A 14
Ag-4%J)0.1 9Bi-0.4%\d -0.4 A 15 A -4%J-0.198BI-0.4% -0.4 A 16

4%J)-0.19%8i -0.5%u -0.4 A 17 A 4%J0.198I-0S%wu -0.4 A 18 A
-49%.i-0.49%N\d-0.5%u -0.5 A 19 A 4%.1-0.49%d-0.5%u -0.5 A 20 A

4%.1 -0.4%/-0.5%u -0.5 A 21 A 4%J0.4%r-0.5%\u -0.5 A 22

Ag4%.i - 0. 198i - 0, 4%Nd- 0. 5%Cu -0.4 A 23 A 4%.i-0.19%Bi -0.49%Nd-0. 5% u -0.4 A
24 - A 4% F0. 198i - 0. 4%-0.5%u -0.4 A 25 A 49%.i-0.1%B8i -0.4%/-0.5%u -0.4 A
26 A -0.05%.i -0.8 A 27 Ag-O1%.i -0.8 A 28 A-0.5%i -0.7 A 29 A -1%.i
-0.7 A 30 Ai7-29 -0.6 A 31 A-0.1%i-0.005%Bi -0.6 A 32

(0.4 A 35 A - G5ap0l BVET U A LG SRR CcHr BT obsbE Lo Sk T
'_A‘g' g i%-q.’e%e(@iiv'igyé} kﬁgl@@réﬂ.‘sﬂié&%‘@fi@y QRYBI 6w Qbéo@pt%itpy 28+ Q 5198
- excessively high Li content.

In contrast, the other sample thin films exhibit high
reflectivity, high transmissivity and low absorptivity. The
effects of adding Rh, Pd and Pt are equivalent to the addition
of the Cu and Au.

{8} Evaluation of thermal conductivity

The thus deposited thin films (Sample Nos. 1 to 139) were
measured for thermal conductivity by the procedure as described
below. Namely, thermal conductivity was determined by measuring
the sheet resistance Rs by DC four-probe technique using 3226 mQ)

Hi TESTER manufactured by HIOKI E. E. CORPORATION; measuring the
film thickness t using alpha-step 250 manufactured by TENCOR
INSTRUMENTS; calculating the electrical resistivity p (pQcm)
according to the following equation: p = sheet resistance Rs x
film thickness t; and then, calculating the thermal conductivity
x (W/ (m'K)) at an absolute temperature of 300K (ca. 27°C) by

Wiedemann-Franz law according to the following equation: x=2.51
x {absolute temperature T}/ (electrical resistivity p). The
results of the evaluation for the thermal conductivity are shown

in Table 7.

Table 7

In Table 7, a sample having a thermal conductivity of 160

W/ {m'K) ormore corresponding 50% or more of 320W/ (m'K) , the thermal
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40 A -0.5%.i-0.298i -0.3 A 41 A -1%)0.0059%8i -0.5 A 42 Ag-1%J0.0198
-0.4 A 43 A -1%10.05%8i -0.4 A 44 A-1%.i-0.19i -0.3 A 45 A
-19%F0.29Bi -0.3 A 46 A -2%J)0.005%Bi -0.4 A 47 A 2%J0.0198I -0.3 A 48 A
-2%.i-0.05%8i -0.3 A 49 A-2%)0.19%i -0.2 A 50 A -2%i-0.2%i -0.2 A 51
A -0J%J)0-1%\d -0.8 A 52 A-0.1%.i-0.2%\d -0.8 A 53 A -0.1%.i-0.5%\d -0.8
A 54 A-0.1%.i-19%d -0.8 A 55 A -0.1%L2%N\d -0.8 A 56 -0.5%.%-0.1%\d -0.7
A 57 Po-0.5%J)0.2%Nd -0.7 A 58 A -0.5%)0.5%\d -0.7 A 59 A -0.S%.i-1%\d
-0.7 A 60 A-0.5%J)2%Nd -0.7 A 61 A -1%i-0J%\d -0.7 A 62 A -1%J0.2%\d
-0.7 A 63 A1%W0.5%Wd -0.7 A 64 A-1%i-19%d -0.7 A 65 A .1-2%d -0.7 A
66 A -2%.i-0.1%\d -0.6 A 67 A -2%J)0.2kNd -0.6 A A -2%.i-1%d -0.6 A N/8 A
-2%J)0.5%\d -0.6 A A -2%J)2%d -0.6 A A -0.1%.i-0.1%u -0.8 A A
- 04 - 0 - - Qi - 0 - - 0 0 -
_giéé?lzaééé%gpégkgyéféﬂggﬁ§e 5tgigé?ﬁmf%ééf%gé§déh%o %Lé%&ce'f%ﬁ% A
thermal conductivity and was evaluated “"A”, and a sample having
a thermal conductivity of less than 160 W/ (m'K) was regarded as
the one not having the excellent thermal conductivity and was
regarded as “B”.
The Ag-16%Li thin film (Sample No. 8) fails to show high
thermal conductivity due to its excessively high Li content.
In contrast, the other sample thin films exhibit high thermal
conductivity. The effects of addingRh, Pd, and Pt are equivalent
to the addition of the Cu and Au.
While the present invention has been descrikbed with reference
to what are presently considered to be the preferred embodiments,
it is to be understood that the invention is not limited to the
disclosed embodiments. On the contrary, the invention is intended
to cover various modifications and equivalent arrangements
included within the spirit and scope of the appended claims. The
scope of the following claims is to be accorded the broadest

interpretation so as to encompass all such modifications and

equivalent structures and functions.
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A-0 1%F3%u -0.8 A A-0.5%i-0.1%u -0.7 A A -0.5%.i-0.29Cu -0.7 A 79 A
~0.5%)0 SUu -0.7 A 80 A -0.5%Li%u -0.7 A 81 A -0.5%i-2%u -0.7 A 82
A -0.5%.i-3%u -0.7 A 83 A -1%J}0.1%Cu -0.7 A 84 Ag-1%.i-0.2%u -0.7 A 28

85 A -1%i-0.5%4U -0.7 A 86 A -1%.i-1%u -0.7 A 87 A -1%F2%u -0.7 A 88 A
19 - 3%Cu rgWA 20 80 A -2 olk0.1%u -0.6 A 90 A -29%i-0.20CU -0.6 A 91
A -2%.i-0. JO8°]0. 6 A rirdwdkor 2041 - J%UCU -0.6 A 93 Ag-204i-2%Cu -0.6 A 94 A
J204) 30U -Jo-B—h—95—A—B—1+T—0—HAU -0.8 A 96 A -0.1%.i-0. 2%\ -0.8 A 97
A 0. 194} 0. 57291 -;é?vpuA 9B A0T0A{-1%u -0.8 A 99 A -0. 19 2% -0.8 A

5 Li-0.1%\WU -0.7 A 102 A .5%J 0. 2%\u

100 A -0Q0.1

-0.7 A 10 | 104 A -0.5%L7%\u -0.7 A 105

Ag- 0. 5%J- 29 -3%\u -0.7 A 107 A -1%J)0.1%\u -0.7 A
108 A - 1%.i i -0.5%Au -0.7 A 110 A1 %i-1%U -0.7 A

10 Ag-4%L|-U 4%Nd

11 [Ag-4%LI0.4%Y

12 |Ag-4%Li-0.5%Cu

13 Ag-4%Li-0.5%Au

14 Ag-4%Li-0.1%Bi-0.4%Nd

15 Ag-4%Li-0.1%Bi-0.4%Y

16 |Ag-4%Li0.1%8i-0.5%Cu

17 | Ary-4%Li-0.1%Bi-0.5%Au

18 |Ag-4%Li-0.4%Nd-0.5%Cu

19 |Ag-4%Li-0.4%Nd-0.5%Au

20 |Ag-4%Li-0.4%Y-0.5%Cu

21 Ag-4%11-0.4%Y-0.5%Au

22 |Ag-4%LI01%Bi0.4%Nd-0.5%Cu
23 |Ag-4%Li-0.1%Bi-0.4%Nd-0.5%Au
24 Ag-4%L1-0.1%8i-0.4%Y-0.5%Cu
25 Ag-4%Li-0.1%BI-0.4%Y-0.5% Ay
26 [Ag-D.05%Li

27 |Ag-0.1%L]
28 JAg-0.5%Li
29 [Ag-1%Li
30 JAg-2%Li

31 Ag-0.1%Li-0.005%Bi
32 |Ag-0.1%Li-0.01%Bi
33 ]Ag-0.1%Li-0.05%Bi
34 Ag-0.1%Li-0.1%Bk
35 [Ag-0.1%Li-0.2%Bi
36 Ag-0.5%Li-0.005%Bi
37 |Ag-0.5%Li-0.01%Bi
38 |Ag-0.5%Li-0.05%Bi
39 Ag-0.5%Li-0.1%Bi
40 JAg-0.5%L1-0.2%8l
41 Ag-1%Li-0.005%Bi
42 Ag-1%Li-0.01%Ei
43 Ag-1%Li-0.05%Bi
44 Ag-1%Li-0.1%Bi
45 {Ag-1%LiD.2%Bi
45 |Ag-2%Li-0.005%8Bi
47 Ag-2%Li-0.01%Bi
48 Ag-2%Li-0.05%Bi
49  JAg-2%Li-0.1%Bi
50___|Ag-2%Li-0.2%Bi

51 Ag-0.1%Li-0.1%Nd
52 |Ag-0.1%Li-0.2%Nd
53 1Ag-0.1%Li-0.5%Nd
54 Ag-0.1%Li-1%Nd
55 _|Ag-0.1%Li-2%Nd
56 [Ag-0.5%ii-0.1%Nd
57 Ag-0.5%Li-0.2%MNd
58 Ag-0.5%Li-0.5%Nd
59  |Ag-0.5%Li-1%Nd
60 Ag-0.5%ELi-2%Nd
61__ |Ag-1%L10.1%Nd
62 JAg-1%LHD.2%Ng
63 Ag-1%Li-0.5%Nd
64 Ag-1%L-1%Nd

65 JAg-1%Li-2%Nd

66 Ag-2%Li-0.1%Nd
67 |Ag-2%Li-0.2%Nd
68 [Ag-2%Li-0.5%Nd
69 |Ag-2%Li-1%Nd

70 Ag-2%LI-2%Nd

71 Ag-0.1%Li-0,1%Cu
72 JAg-0.1%Li-0.2%Cu
73 JAg-0.1%Li-0.5%Cu
74 |Ag-0.1%Li-1%Cu
75 Ag-0.1%L§-2%Cu
76 |Ag-0.1%Li-3%Cu
77__|Ag-0.5%Li-0.1%Cu
78 Ag-0.5%Li-0.2%Cu
79 [Ag-0.5%Li-0.5%Cu
80  |Ag-0.5%Li-1%Cu
81 Ag-0.5%Li-2%Cu
82 1Ag-0.5%Li-3%Cu
83 Ag-1%Li-0.1%Cu
84 {Ag-1%Li-0.2%Cu
85 |Ag-1%Li0.5%Cu 25




111 Ag-19%1-2%wu -0.7 A 112 "-'"2 Li-3%U -0.7 A 193 A -2%.i0.1%\u -0.6 A
114- A -2%)0.2%\u -0.6 A 115 A -2%.i-0.5%u -0.6 A 116 A -2% F1%\u -0.6 A
117 A -2%.i-2%\u -0.6 A 118 A -2%.i-3%\u -0.6 A 119 Ag- 1%J 0. 298i - 0S¥Nd
-0.3 A 120 Ag-2%J0.2%Bi-0.5%\d -0.2 A 121 Aa-4%.1-0.29%8i 0.5%\d -0.1 A

122 Ag-19%.i-0.2%43J-2%u -0.3 A 123 A -2%.1-0.29%Bi -2%u -0.2 A 124

Aa- 4%J- 0. 2YBhs 2=t A 125A—=11% . 298l - 2%AU -0.3 A 126 A

- 29%J- 0. 2%3i-:81)/ Ag-tj@»zmuA 127 A -49i-0.29%Bi 2%\u -0.1 A 128 A

- 19%J- 0. 59 b, 0.5%N\d-2%Au -0.7 A 130 A

-2%. 0. S%\Id 240U -0.6 A 131 A -2%)0.5%\d-2%A\u -0.6 A 132 A

-49%J- 0. 5%Nd-29%Cu -0.5 A 133 A -4%J)0.5%d-2%\u -0.5 A 134 A

-19%J-0. 298i 0. 5%Nd- 2%Cu -0.3 A 135 Ag-1%.i -0. 298i - 0. 59%0\d- 2%u -0.3 A 136 A
-19J- 0. 29%\- 0. 59%Nd- 1%€Cu- 1%Au -0.3 A 137 A -2%.i -0. 298i - 0. 5%N\d- 2%Cu -0.2 A
138 A -2%J0. 298I -0.5%Nd-2%\u -0.2 A 139 A -2%.i-0.2%Bi 0. 5%N\d- 1%Cu- 1%Au
-0.2 A 30 Table 3 Sanpl e Change in average Ceheaien resistance Film
conposition surface roughness (cuhesion caused ea No. heat) 1 Ag 3.0 B2 A
-3%\u 2.0 B
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3 Ag-3%°d 1.8 B 4 A-3%t 2.2 B 5 A -0.01%.i
0.4 A 8 AU-16%J 0.4 A 9 A -4%.-0. 198i

-10%.i

0.7 A 6 Ag-4%J 0.6 A 7 A
0.4 A 10 A -49%.i-0.4%\d 0.4

A 11 -4%)0.4% 0.4 A 12 A -4%i-0.5%u 0.6 A 13 A -4%i-0.5%u 0.6 A 14
A-4%J3-0.198Bi-0.4%\Nd 0.3 A 15 A -4%.i-0.19%Bi-0.4% 0.3 A 16 A

- 4% 0. 191 - 0. 5%
AQ- 498 0. 49 C

O4A 17Ag4%_|-01‘%BL05%Au04A 18

% 0.49%Nd-0.5%\wu 0.4 A 20 A

10.45%AU 0.4 A 22 %J0. 19BF0. 4%Nd- 0. 5%Cu

- AL 0. A%Y-1O- Bt
0.3 A 23 A[-A04gincp.. VAU 0.3 A 24 A 49%J 0. 198 - 0. 4%/- 0. 5%CU
0.3 A 25 A At timuBi— Au 0.3 A 26 A-0.05%J0.7 A 27 -0. 14
0.7 A 28 A—3f Lo ).6A 30 Ag-29J 0.6 A 31 A
- 0. 1% 0. 04598 S -0.0198i 0.6 A 33 A -0.1%J)0.05%B 0.6
A 34 A-0. JOT - fleTomosinE A AEK10. 1940 0. 298 0.5 A 36 A -0.5%. 0. 0050
0.6 A 37 A—b- ,ﬁ?ﬂ:}**égﬁa%l——e—e—#-m . 38 P-0.5%J-0.05% i 0.6 A

10 . 1%LE-3%Au :

101 Ag U o%Li—OJ %AU

102 JAg-0.5%Li-0.2%Au

103 (Ag-0.5%Li-0.5%Au

104 Ag-0.5%Li-1%Au

105 Ag-0.5%Li-2%Au

06 _ {Ag.0.5%U-3%Au

107 |Ag-1%60L-0,1%Au

108 Ag-1%Li-0.2%Au

109 Ag-1%4L-0.5%Au

110 |Ag-1%Li-1%Au

111 JAg-1%LIF2%Au

112  {Ag- 1%L-3%Au

113 |Ag- Z%U-O 1%AL

114 [Ag-2%Li-0.2%Au

115 |Ag-2%Li-0.5%Au

116 1Ag-2%L-1%Au

117 |Ag-2%Li-2%Au’

118 Ag-2%Li-3%Au

119 Ag-1%1Li-0.2%Bi-0,5%Nd

120 Ag-2%Li-0.2%Bi-0.5%Nd

121 Ag-4%Li-0.2%Bi-0,5%Nd

122 Ag-1%LI-0.2%B-2%Cu

123 Ag-2%Li-0.2%Bi-2%Cu

124 Aa-4% .i-D.E’%E;Z %k

125 Ag-1%0LI-0,2%81-2%A0

126 Ag-2%LI-0.2%Bi-2%Au

127 __|Ag-4%Li-0 2%BE2%A0

128 Ag-1%Li-0.5%Nd-2%Cu

129 Ag-1%Li-0,5%Nd-2%Au

130 Ag-2%0U-0.5%Nd-2%Cu

131 Ag-2%Li-0.5%Nd-2%Au

132 Ag-4%Li-0.5%Nd-2%Cu

133 jAg-4%Li-0.5%Nd-2%Au

134 Ag-1%1L1-0.2%Bi-0.5%Nd-2%Cu

135  JAg-1%Li-0.2%Bi-0.5%Nd-2%Au

136 Ag-1%Li-0,.2%B-0.5%Nd-1%Cu-1%Au

137 [Ag-2%Li-0,2%Bi-0.5%Nd-2%Cu

138 AQ-2%Li-0.2%Bi-0.5%Nd-2%Au

138 Agi%u—ﬁ.z'ﬁ_ﬂi-ﬂ.ﬁ %iNd-1%Cu-1%Au
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39 0.5%J)0.198I 0.5 A 40 A -0.5%J0.298i 0.5 A 41 A-1%J0.005%8i 0.5 A 42
A-1%.i-0.0198i 0.5 A 43 -1%.i-0.05%8i 0.5 A 44 A -1%J-0.198i 0.4 A 45 A
-1%.i-0.298i 0.4 A 46 A -2%J)0.005%8i 0.5 A 47 A 2%.i-0.0198i 0.5 A 48 A
-2%.i-0.05%8i 0.5 A 49 Ag-2%J0.19Bi 0.4 A 50 A -2%)0.2%i 0.4 A 51 A

-0.1%.i-0.1%d 0.6 A 52 A -0.1%J)0.2%d 0.5 A 53 A -0.1%40.5%\d 0.5 A 54

Aa- 019 L7%Ndsml: 3 A 55,,mtmmg,o,,1%| - /Nd:ha@_lgiB}A L,gms,mg 39%.i-0.1%\d 0.6 A 57 A
. 5%.F0. 290\—L£-51-A—5 0594} 0-5peREPE A 50 A 0 504i-190Nd 0.3 A 60 A
- 0. 5%J 29 —3[Adaw%A = - 0. 2. GZEX-I%_I-O 29Nd 0.4 A 63 A
-1%.i - 0. 59 i ',’P’f 9 g “.'j?SA 65 ,Ag ljl-Z%\IdOZA 66 A
-2%0 - 0. 19050 g% = : A AT OS A -2%)0.5%\d 0.4 A 69 A
- 2% - 19\d 059' .':3‘,}?0 A-2041-290Nd D.-2 %; Z4 A -8 1% F0.19%u 0.7 A 72 A
NSNS M & RN —a

-0. 1%J0. 2% Co50 ety 70 A =014 T=-0[ 59 O A :7 A1-0.1%J)1%Cu 0.7 A

9 |AgA%LI-0.1%0] 0.4 A

10 |Ag-4%LI-0.4%Nd 05 A

11 |Ag-4%Li04%Y 05 A

17 |Ag4%LI0.5%Cy 05 A

13 |Ag-4%Li05%Au 05 A

14 Ag-4%Li-0.1%Bi-0.4%Nd 0.4 A

15 AG-4%Li-0.1%B-0.4%Y -0.4 A

16 Ag-4%Li-0.1%Bi-0.5%Cu -0.4 A

17__|AgA%LI0.1%BF0.5%Au 04 A

18 |Ag-4%Li-0.4%Nd-0.5%Cu 35 A

19 Ag-4%1I-0.4%Nd-0.5%Au -0.5 A

20__JAg-4%Li-0.4%Y-0.5%Cu 35 A

21 Ag-4%L1-0.4%Y-0.5%Au -0.5 A

22 |Ag4%Li-0.1%BR0.8%Nd-0.5%Cu 04 A

23 Ag-4%1i-0.1%Bi-0.4%Nd-0.5%Au 0.4 A

74 |Ag4%LE0.1%BI-0.4%Y-0 5%Cu 04 A

25 Ag-4%Li-0.1%Bi-0.4%Y-0.5%Au 0.4 A

26 |Ag-0.05%Li 038 A

27 Ag-0.1%Li -0.8 A

28 |Ag-0.5%L1 0.7 A

29 Ag-1%Li 0.7 A

30 Ag-2%Li -0.6 A

31__|Ag-0.1%LI-0.005%5 06 A

32 Ag-0.1%L.i-0.01%Bi ) -0.5 A

33 Ag-0.1%L1-0.05%Bi -0.5 A

34 IAg-0.1%Li-0,1%Bi -0.4 A

35 |Aq0.1%LF0.2%B1 03 A

36 |Ag-0.5%Li-0,005%8 55 A

37 |Aa-0.5%Li-0.01%5i 0.4 A

38 Ag-0.5%Li-0.05%Bi 0.4 A

39 Ag-0.5%Li-0.1%B! 0.3 A

40 |Ag-0.5%Li-0.2%B ' -0.3 A

41 Ag-1%Li-0.005%Bi -0.5 A

42 |Ag-1%Li0.01%5i 0.4 A

43 Ag-196Li-0.05%Bi -0.4 A

44 Ag-1%Li-0.1%Bi -0.3 A

45 Ag-1%Li-0.2%Bi -0.3 A

45 Ag-2%Li-0.005%Bi . 0.4 A

47 Ag-2%L0.01%BI1 -0.3 A

48 |Ag-2%0i-0.05%Bi 03 A

49 Ag-2%E-0.1%8i -0.2 A

50 Ag-2%Li-0.2%Bi 0,2 A

51 |Ag-0.1%LL0.1%Nd 0.8 A

52 |Ag-0.1%Li-0.2%Nd 038 A

53 |Ag-0.1%Li-0.5%Nd 0.8 A

54 Ag-0.1%Li-1%Nd -0.8 A

35 Ag-0.1%LE2%Nd -0.8 A

56 |Ag-0.5%Li-0.1%Nd 0.7 A

37 Ag-0.5%Li-0.2%Nd -0.7 A

58 Ag-0.5%Li-0.5%Nd -0.7 A

59 |Ag-0.5%L-1%Nd 0.7 A

80 Ag-0.5%L1-2%Nd -0.7 A

61 Ag-19%L-0.1%Nd 0.7 A

52 Ag-1%Li-0.2%Nd 0.7 A

63 Ag-1%Li-0.5%Nd -0.7 A

64 |Ag-1%Li-1%Nd 0.7 A

65 Aq—1%L:—2%Nd -0.7 A

56 Ag-Z%Lt-O 1%Nd 0.6 A

67 Ag-2%Li-0.2%Nd -0.6 A

68 |Ag-2%Li-0.5%Nd 0.6 A

69 {Ag-2%Lr1%Nd 06 A

70 Ag-2%Li-2%Nd -0.6 A

71 Ag-0.1%0U-0.1%Cu -0.8 A

72 Ag-0.1%LE0.2%Cu -0.8 A

73 |Ag-0.1%0L-0.5%Cu 0.8 A

74 Ag-0.1%Li-1%Cu -0.8 A

75 _ |Ag-0.1%L-2%Cu 08 A

76 |Ag-0.1%Li:3%Cu 08 A

77 |Ag-0.5%Li-0.1%Cu 0.7 A

78 AgQ-0.5%Li-0.2%Cu N A

79__ |Ag-0.5%01-0.5%Cu 07 A

80 Ag-0.5%Li1%Cu 0.7 A

81 |Ag-0.5%0-2%Cu 0.7 A

82 Ag-0.5%Li-3%Cu -0.7 A

83 Ag-1%Li-0.1%Cu -0.7 A

84 |Ag-1%Li-0 2%Cu 07 A 28

85 Ag-1%Li-0.5%C -0.7 A




75 A -0.1%.i-2%u 0.7 A 76 Ag-O. 1%J)}3%u 0.7 A 77 A -0.5%.i-0.1%u 0.7 A
78 A -0.5%J-0.2%u 0.7 A 79 A -0.5%.i-0.5%Cu 0.7 A 80 A -0.5%J)}1%u 0.7 A
81 A.-0.5%J)2%u 0.7 A 82 A-0.5%J)3%u 0.7 A 63 A-1%i-0.1%u 0.6 A 84 A
-19%.FO. 2%u 0.6 A 31 85 A -1%J0.5%u 0.6 A 86 A -1%.i-1%u 0.6 A 87 A
-1%.i-2%u 0.6 A 88 A -1%.i-3%u 0.6 A 32 89 Pg-2%J0.1%u 0.6 A 90
Ag- 2% 0. 2%:uoeA 91A - 2% 0.5%u 0.6 A 92 AQ 2%.i-i%u 0.6 A 93

0% a6y Cu—0]6 A0795 N0 2. 094LI0. 1 %Au 0.7 A 96 A
-0. 1% 0. 2%AGs OTal -:' 87— A =C D59 0498 g-0.1%Lt%u 0.7 A 99 A
-0. 1%} 2%Au 0. 7 A 100A-0 1%)—30/d\u07A 101 A -0.5%i-0.1%wu 0.7 A 102
q-0.5%.i-0.2%\u 0.7 A 103 Ag-0.5%.i-0.5%\u 0.7 A 104 A -0.5%F4%Au 0.7 A
105 fta-0.5%L2%\u 0.7 A 106 A -0.5%.i-3%\u 0.7 A 107 Aa-1%.i-0.1%\u 0.6 A
108 A -1%.i-0.2%u 0.6 A 109 A -1%1-0.5%\u 0.6 A
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110 A -

1%J) 1%\ 0.6 A

I A -

1%)-2%wu O.6 A 112 A -1%.i-3%wu 0.6 A 113

A-2%J)0.1%wu 0.6 A 114 A -2%1-0.2%u 0.6 A 115 2%J)0.5%u 0.6 A 116
Ag-2%.i-1%Au 0.6 A 117 A -2%.i-2%\u 0,6 A 118 A -2%J)}3%wu 0.6 A 119 A
-1%)- 0. 29%Bi -0.5%Nd 0,2 A 120 A 2%.i-0.2%Bi-0.5%\d 0.2 A 121

0. 208270 024 A 123 Ag- 2%J- 0. 298I - 2%Cu

49%). 0. 29%480. m oMy 122 Ag- TOaI
0.4 A 124 a0 0-4--A—125-2041 10208 -J%u 0.4 A 126 A
. 5 - - P N ) )
-2%.i - 0. 29 = W-T'ﬂCu 127 A4 T -0 2YB8A27RU.0. 4 |A 128 A
- 19%.i - 0. 592D YPu2A2ACy L YA -PYAUAD. 4]A 130 A
. 4 2% LI-1%5C U < A
- 294 - 0. SURR YRt rre; =g oot o4 A 132 4% - 0. 5%- 2960
0.4 A 133 [A%% 4pg-01=%00B6Rd- 29AL ﬂ 4 A 834 AN -1%1-01]298i -0.5%N\d-2%Cu 0.2 A
135 A 1%.i +oinoki ity A—FRF A+ 1oE029Bi - 0. 59%0\d- 1%Cu- 1%Au 0. 2
A 137 A -] 010 = BP0 L*w ‘S%XId-_ZOZQ1 o2 A5 13 Agl.AU:_( 296~0. 5%N\d- 2%Au 0.2 A
L = Oa =T H
139 A -2%Ji65; W (A = 0252433 laﬁ)rc 4 Sanpl e Change in
aver age Cohe® segtEhance  Filmlconp®sitijon sarfade roughness (cohesion
N 103 0.5%Lind.5%AY 1A a0 1o 007 A
mused W B0 5% 1 A M o W s vy (0 R = A
105 [Ag-0.5%LE2%Au -0.7 A
1068 JAg-0.5%Li-3%Au -0.7 A
107 )JAg-1%LI-0.1%Au -0.7 A
108 JAg-1%Li-0.2%Au 0.7 A
108 |Ag-1%Li-0.5%Au -0.7 A
110 1Ag-1%Li-1%Au -0.7 A
111 |Ag-1%LE2%AU -0.7 A
112 JAg-1%LE3%AL -0.7 A
113 |Ag-2%Li-0.1%A0 -0.6 A
114 1Ag-2%Li-0.2%Au -0.6 A
115 |Ag2%Li-0.5%Au 05 A
116 1Ag-2%LE1%Au -0.6 A
17 [Ag-2%Li-2%Au -0.6 A
118__|Ag2%U3%Au 0.6 A
119 |Ag-1%Li-0.2%Bi-0.5%Nd -0.3 A
120 1Ag-2%Li-0.2%Bi-0.8%Nd -0.2 A
121__|Ag4%Li-0.0%Bi0.5%Nd %] A
122 1Ag1%LI-0.2%BI2%CY 0.3 A
123 JAg-2%Li-0.2%Bi-2%Cu -0.2 A
124 JAg-4%Li-0.2%BI-2%Cu -0.1 A
125 |Ag-1%Li-0.2%Bi-2%Au -0.3 A
126 |Ag-2%0Li-0.2%Bi-2%Au -0.2 A
127 |Ag-4%Li-0.2%Bi-2%Au -0.1 A
125 |Ag-1%Li-0. SRNA-2%CU_ -0.7 A
129 1Ag-1%Li0.5%Nd-2%Au -0.7 A
130 |Ag-2%Li-0.5%Nd-2%Cu 1.8 A
131 {Ag-2%LI-0.5%Nd-2%Au -0.6 A
132 |Ag-4%Li-0.5%Nd-2%Cu -0.5 A
133 {Ag-4%Li-0.5%Nd-2%Au -0.5 A
134 |Ag-1%Li-0.2%Bi-0.5%Nd-2%Cu 0.3 A
135 JAg-1%Li-0.2%Bi-0.5%Nd-2%Au -0.3 A
136 [Ag-1%Li-0.2%Bi-0.5%Nd-1%Cu-1%Au -0.3 A
137 JAg-2%Li-0.2%BI-0.5%Nd-2%Cu -02 A
138 |Ag-2%1i-0.2%BI-0.5%Nd-2%Au 0.2 A
139 jAg-2%Li-0,2%Bi0.5%Nd-1%Cu-1%Au -0.2 A
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2 Ag-3%\u 0.4 A 3 Ag-3%d 0.5 A 4 A-3%t 0.6 A 5 -0.01%i 0.6 A 6
Ag-4%J 0.7 A 7 A-10%i 0.5 A 8 A-16%i 0.5 A 9 A-4%F0.198i 0.4 A 10
A-0%.i-0.49%d 0.7 A 11 A -0%.i-0.4% 0.7 A 12 A -4%)-0.5%u 0.5 A 13
%J)0.5%\u 0.5 A 14 A -4%i-0.19Bi-0.4%\d 0.4 A 15 A -4%J)0.19%Bi -0.4% 0.4
A 16 A -4%4.50.19%8Bi -0.5%u 0.3 A 17 A -4%.i-0.198i-0.5%u 0.3 A 18 A

® | Col isgan
- 49%J- 0. 4%NIsGoBPU 0. 5y Ak A - A% L0 BN [OcaZBLD |5 A 20 A
- 4%.i - 0. 49-L%: . %‘5 A 22 A
-4%. - 0. 19Br=0- - : = . —44MNd-0.5%\u 0,3 A 24 A
%.i - 0. 19Bi {049 BFE00, 0. 3 A 25 JA ~ 4% Q. 1068 -0.4%-0.5%\U 0.3 A 26 A
-0. 05%J 0. ST . o824 . 29 1%.i 0.7 A 30
An-298) 0. 7/ AS 34k 0 T047-0 0050E 098 -Al 32 Mg-0/1%i-0.01%8 0.6 A 33
A-0. 1% 0. b54BHEBats A—S4 0190019803 A—35A1-0. 1%, -0 298t 0.5 A 36
- 0 0, -4%0-0. BABIA 27 A - 0, .4 0/R1

A -0.5%)-0 10 JAg-4%Li-0.4%Nd 04 A

11 |Ag-4%Li-0.4%Y 0.4 A

12 Ag-4%Li-0.5%Cu 0.5 A

13 Ag-ﬂa Li0.5%Au 0.5 A

14 Ag-4%Li-0.1%Bi-0.4%Nd 0.3 A

15 Ag-4%11-0.1%Bi-0.4%Y 03 A

16 Ag-4%Li-0.1%Bi-0.5%Cu - 0.4 A

17 Ag-4%11-0.1%Bi-0.5%Au 04 A

18 Ag-4%Li-0.4%Nd-0.5%Cu 0.4 A

19 Ag-4%Li-0.4%Nd-0.5%Au 0.4 A

20 Ag-4%Li-0.4%Y-0.5%Cu 0.4 A

21 -4% L0, 4% Y-0.5%A0 0.4 A

22 Ag-4%%ti-0.1%8t-0.4%Nd-0.5%Cu 03 A

23 Ag-4%Li-0.1%Bi-0.4%Nd-0,.5%Au 2.3 A

24 Ag-4%Li-0.1%Bi-0.4%Y-0.5%Cu 0.3 A

25 Ag-4%LI1=0.1%Bi-0.4%Y-0.5%Au 0.3 A

26 Ag-0.05%Li 0.7 A

27 Ag-0.1%Li 0.7 A

28 Ag-0.5%Li 0.7 A

29 Ag-1%LI 0.6 A

30 Ag-2%Li 0.6 A

31 Ag-0.1%Li-0.005%Bi 08 A

32 Ag-0.1%Li-0.01%Bi . 0.6 A

33 Ag-0.1%L-0.05%Bi 16 A

34 Ag-0.1%11-0.1%8i 0.5 A

35__|AgDI%IE0.2%8] 0.5 A

a5 Ag-0.5%Li-0.005%Bi 0.6 A

a7 Ag-0.5%Li-0.01%Bi 0.6 A

36 |Ag-0.5%Li-0.05%Bi 05 A

39 Ag-0.5%Li-0.1%Bi 0.5 A

40 Ag-0.5% M.Z%Bi 0.5 A

41 Ag-1%Li-0.005%8i 0.5 A

42 Ag-1%Li-0.01%Bi 0.5 A

43 Ag-1%Li-.05%Br 0.5 A

44 (Ag-1%L-C.1%B0 04 A

45 Ag-1%L0.2%Bi 0.4 A

46 Ag-2%Li-0.005%Bi - 0.5 A

47 [Ag-2%Li-0.01%8 0.5 A

438 Ag-2%1_i-0.05%Bi ) 05 A

49 Ag-2%Li-0.1%B 0.4 A

50 Ag-2%LI-0.2%Bi 0.4 A

51 A_gL—0.1%Li-0.1 2% Nd 0.6 A

52 Aq1-0.1%Li-0. 2%MNd 0.5 A

53 Ag-0.1%Li-0.5%Nd 0.5 A

54 Ag-0.1%L0)-1%Nd 0.3 A

55 Ag-0.1%Li-2%Nd 0.3 A

56 Ag-0.5%L1i-0.1%Nd 0.6 A

57 Ag-0.5%Li-0.2%Nd 0.5 A

58 Ag-0.5%Li-0.5%Nd 0.5 A

59 Ag-0.5%L1-1%Nd 0.3 A

50 AQ-D.S‘&@_UQ%NCI 0.3 A

B Ag-1%Li-0.1%Nd 0.5 A

652 Ag-1%L-0.2%Nd 0.4 A

63 Ag-1%Li-0.5%Nd 0.4 A

654 Ag-1%LI-1%Nd 0.2 A

55 Ag-1%Li-2%Nd 0.2 A

66 Ag-2%Li-0.1%Nd 0.5 A

67 Ag-2%Li-0,2%Nd 0.4 A

[+ Ag-2%Li-0.5%Nd 0.4 A

53] Ag-2%Li-1%Nd 0.2 A

70 At]-2%L i-2%Nd 0.2 A

71 Ag-0.1%0Li-0.1%Cu Q.7 A

72 Ag-0,1%LI-0.2%Cu 0.7 A

73 Ag-0.1%Li-0.5%Cu 0.7 A

74 Ag-0.1%Li-1%Cu 0.7 A

75 Ag-0.1%Li-2%Cu a7 A

76 Ag-0,1%Li-3%Cu 0.7 A

77 Ag-0.5%Li-0.1%Cu 0.7 A

78 Ag-0.5%Li-0.2%Cu 07 A

79 Ag-0.5%Li-0.5%Cu 0.7 A

80 Ag-0.5%Li-1%Cu 0.7 A

81 Ag-0.5%Li-2%Cu 0.7 A

82 Ag-0.5%Li-3%Cu 0.7 A

B3 Ag-1%Li-0.1%Cu 0.6 A

84 Ag-1%LE0.2%Cu 0.6 A 3 1

85 Ag-1%Li-0.5%Cu 08 A




38 Aa-0.5%.i-0.05%B 0.6 A 39 A -0.5%J}0.1%Bi 0.5 A 40 A -0.5%.i-0. 298|

0.5 A 41 Ag-1%+0.005%Bi 0.5 A 42 A -19%+0.01%8i 0.5 A 43 A 1%.i - 0. 05%8i
0.5 A 44 A-1%)0. 198 0.4 A 45 A -1%.i-029Bi 0.4 A 46 -2%.i-0. 00598 0.5
A 47 A -29%)0.0198i 0.5 A 48 A-2%.i-0.05%Bi 0.5 A 49 A -29,0.198i 0.4 A
50 A -204-0.29Bl 0.4 A 51 A -0.19%.i-0.19%\d 0.8 A 52 A -0.19%J}0.29%d 0.8 A
53 A - 0. 1%si—0-—5%0e - _ 6—8:A—55 Aa-0.1%.i-29N\d 0.8 A
56 A . 5% ( THE%A 57 A -0 5000 _PONT 0B A A -0.5%.i-0.5%\d 0.8 A
59 A -0. 59 L ANe—0-8—AL—61IA -194)0. 19 0.7 A 62

A-1%-0.29d 0.7 A 63 A -1%50.5%d 0.7 A 64 A -198+19d 0.7 A 65 A
-1%J-29%d 0.7 A 66 A -2%J)0.19%\d 0.7 A 67 A 2%J)0.2%\d - 0.7 A 68 A
-2%J)0.5%\d 0.7 A 69 Ag-2%.i-19%d 0.7 A 70 A -2%L2%\d 0.7 A 71 A
-0.1%.i-0.1%u 0.7 A 72 A-0.1%.i-0.2%u 0.7 A 73 A -0.1%.i-0.5%CU 0.6 A
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74 A-0.1%i-1%u 0.5 A 75 A-0.1%i-2%u 0.5 A 76 A -0.1%i-3%u 0.4
77 A -0.5%J)0.1%u 0.7 A 78 A-0.5%)0.2%u 0.7 A 79 A 0.5%J0.5%u O.
80 A--0.5%.i-1%u'0.5 A 81 Ag-0.5%.i-2%u 0.5 A 82 A -0.5%.i-3%u 0.4
83 A-1%.i-0.1%u 0.6 A 84 A -1%.i-0.2%u 0.6 A 85 A -1%i-0.5%u 0.5 A 34

A
6 A
A

86 A -1%J1%u 0.4 A 87 A -1%i-2%u 0.4 A 88 A -1%1L3%u 0.3 A 35 89 A
-2%0-0.1%u 0.6 A 90 A -2%.i-0. 2%y 6 A 91 A -2%i-0.59Cu 0.5 A 92 A
-204i-10 0884 14g-2%gi%AY __ 204 1 20/ 4 0k Qd_An 004 i 0
-0. 1%.i - 0. LTAU [Rh-2%Lrd%%cd0 ADP- 0. 1% |- 0. 2%AU 7 A _971A g-0.1 %i-0.5%\wu 0,6 A
98 AQ 0. 1% g§ -%;_,; . 7 . 0 A-0.1%i-3%\wu 0.4 A
101 Ag-0. 5fi¢:=Qz W, 7 A 102 AQ-O0- o9 -0 290 0. A 103 A 0.5%.i-0. 5%Au
0.6 A 104 ,Agg fjgﬁd%l:—f:-; . 95—,%—9—‘ 0.5 A 106 A
- 0. 5%.i - 3Y%AUs7O - [Rh-0A%L u .l YAG70. 0 |A 108 AJ1%.i-0.2%\u 0.6 A

08 Ag-0.1%Li-1%AY 0.7 A

99 Ag-0.1%LI-2%Au 0.7 A

100 |Ag-0.1% J-S?_y\u 0.7 A

101 JAg-0.5%Li-0.1%Au 0.7 A

102 |Ag-0.5%Li-0.2%Au 0.7 A

103 JAg-0.5%Li0.5%Au 0.7 A

104 |Ag-0.5%Li-1%Au - 0.7 A

105  JAg-0.5%1i-2%Au 0.7 A

106  |Ag-0.5%Li-3%Au 0.7 A

107 JAg-1%Li-0.1%Au 06 A

108  |Ag-1%Li-0.2%Au 06 A

109  JAg-1%LI-0.5%Au 0.6 A

110  |Ag-1%Li-1%Au 0.6 A

111 |Ag-1%L-2%Au 06 A

112 JAg-1%Li-3%Au 0.6 A

113  1Ag-2%Li-0,.1%Au 0.6 A

114 IAg-2%Li-0.2%Au 0.6 A

115  |Ag-2%Li-0.5%Au 0.5 A

116 {Ag-2%Li-1%Au 0.6 A

117 JAg-2%Li-2%Au 0.6 A

118 JAg-2%Li-3%Au 08 A

119 |Ag-1%Li-0.2%Bi-0.5%Nd 0.2 A

120 1Ag-2%L-0_2%B1-0.5%Nd 0.2 A

121 Ag-4%Li-0.2%81-0.5%Nd 0.2 A

122 Ag-1%Li-0.2%Bi2%Cu 0.4 A

123 AgQ-2%LI-0.2%BI-2%Cu . 0.4 A

124 - AgH%U—O.Zi_@_E—Z%Cu 0.4 A

125 |Ag-1%Li-0.2%Bi-2%Au 0.4 A

126 |Ag-2%Li-0.2%Bi-2%Au 0.4 A

127 -4% L0 .2%B-2%Au 0.4 A

128 |Ag-1%Li-0.5%Nd-2%Cu 0.4 A

129  |Ag-1%Li-0.5%Nd-2%Au 0.4 A

130 |Ag-2%Li-0.5%Nd-2%Cuy 0.4 A

131 [Ag-2%Li-0.5%Nd-2%Au 0.4 A

- 132 Ag-1%Li-0.5%Nd-2%Cu 0.4 A

133 |Ag-4%Li-0.5%Nd-2%Au 04 A

134 Ag-1%11-0.2%81-0.5%Nd-2%Cu 0.2 A

135 {Ag-1%Li-0.2%Bi-0.5%Nd-2%Au 0.2 A

136 1Ag-1%LE0.2%Bi0.5%Nd-1%Cu-1%Au i 0.2 A

137 |Ag-2%Li-0.2%Bi-0.5%Nd-2%Cu 0.2 A

138 |Ag-2%li-0.2%8+0.5%Nd-2%Au 0.2 A

139 {Ag-2%Li-0.2%Bi-0.5%Nd-1%Cu-1%Au 0.7 A
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109 A -1%1-0.5%u 0.5 A 110 A -1%.i-1%wu 0.4 A 111 A 1%i-2%wu 0.4 A 112
A-1%i-3%U 0.3 A 113 A -2%.i-0.1%\wu 0.6 A 114 A -2%.i-0.2%U 0.6 A 115
A -2%i-0.5%u 0.5 A 116 A -2%J}1%\u 0.4 A 117 Ag-2%.i-2%wu 0.4 A 118 A
-2%)- 3%\ 0.3 A 119 A -1%J0.29BI-0.5%\d 0.4 A 120 A -2%.i-0.2%8i - 0. 5%\d
0.4 A 121 Bbes40 %8Bl - 0 _5%N\d-Q A__122 =101 -0 298i -2%u 0.1 A 123

. Change in ayérage oheslun ‘a5ist, m
Z-2 %A.i-O0. %O)m"'f UCU 0.l chhoosib 4 A%AH GuisdHghness2 P d-a 125 A -1%J 0. 29842%Au
0.1 A 126 : = ; — oA i-2%\u 0.1 A 128 A
- 19 0. 590N]-224 ke @erd A 120 fig-104i-0%59 ngAAg_o_AA 130 A
- 2%J- 0. S5YNG=20C8q bhr = =05 PR O 4 1A 132 A
-4%.i - 0. 59 60 0.13% =441 - B8 SUN - 29%Au 04 A 134 A
-1%J- 0. 29Bi[= % . A A 29Br—05%\d- 2%\u 0.1 A 136 A
-1%.i - 0. 294pi -0 UI10KI-19A0 O 1 A 187 A L2 A-0 A9Bi -0. 59%\d-2%u 0.1 A
T 4
138 A - 2% |2t i i —29%A0—6—H _ 29404 9Bi - 0. 590\d- 1%3U- 1%Au 0. 1
A 36 Tabl ¢ _5i LU@sghange 1 n avehge 3\510 [ m eonpgsWon surface roughness
i ~ A% o |Ag-4%LI e . A
Heat resi stanbepinAG - ‘ = 2
14 Ag-4%Li-0. 1%Br-0.4%Nd 0.4 A
15 Ag-4%Li-0.1%Bi-D.4%Y 0.4 A
16 Ag-4%L10.1%Bi-0.5%Cu 03 A
17 Ag-4%L-0.1%Bi-0.5%Au 0.3 A
18 |Ag-4%Li-0.4%Nd-0.5%Cu 0.5 A
19 Ag-4%Li-0.4%Nd-0.5%Au 0.5 A
20 Ag-4%Li-0.4%Y-0.5%Cu 0.5 A
21 Ag-4%Li-0.4%Y-0.5%AU 0.5 A
22 |Ag-4%Li-0.1%Bi-0.4%Nd-0.5%Cu 0.3 A
23 Ag-4%Li-0.1%81-0.4%Nd-0.5%Au 0.3 A
24 Ag-4%Li-0.1%Bi-0.4%Y-0.5%Cu 0.3 A
25 Ag-4%Li-0.1%E810.4%Y-0.5%Au 0.3 A
26 Ag-0. 05%Li 0.8 A
27 Ag-0.1%Li 0.8 A
28 Ag-0.5%Li 0.8 A
29  |Ag-1%LUi 0.7 A
30 |Aga%Li 0.7 A
31 Ag-0.1%Li-0.005%8Bi 0.6 -A
32 Ag-0.1%0Li-0.01%8Bi ) 0.6 A
33 Ag-0.1%Li-0.05%81 0.6 A
34 Ag-0.1%Li-0.1%Bi 0.5 A
35 Ag-0.1%Li-0.2%8i 0.5 A
36 |Ag-0.5%Li-0.005%Bi 0.6 A
37 Ag-0.5%Li-D.01%Bi 0.6 A
38 |Ag-0.5%LIH0.05%Bi 0.6 A
39 |Ag-0.5%Li-0.1%Bi 0.5 A
40 Ag-0.5%Li-0.2%B 0.5 A
41 Ag-1%LI-0.005%Bi 0.5 A
42 [Ag-1%Li-0.01%Bi 0.5 A
43 Ag-1%Li-0.05%8i 0.5 A
44 Ag-1%Li-0.1%Bi 0.4 A
45 Ag-1%Li-0.2%Bi 0.4 A
45 Ag-2%Li-0.005%Bi . 0.5 A
47 Ag-2%Li-0.01%8i 0.5 A
48 Ag-2%LH0.05%Bi 0.5 A
49 Ag-2%Li-0.1%Bi 0.4 A
50 |Ag-2%Li-0.2%BI 0.4 A
51 Ag-0.1%Li-0.1%Nd 0.8 A
52 Ag-0.19%Li-0.2%Nd 0.8 A
53 Ag-0.1%LiH0.5%Nd 0.8 A
54 Ag-0.1%Li-1%Nd 0.8 A
55 |Ag-0.1%1-2%Nd Y A
56 Ag-0.5%Li-0.1%Nd 0.8 A
57 Ag-0.5%LiH0.2%Nd 0.8 A
58 Ag-0.5%1-0.5%Nd 08 A
59 Ag-0.5%Li-1%Nd 0.8 A
&0 Ag-0.5%Li-2%Nd 0.8 A
61 Ag-1%Li-0.1%Nd 0.7 A
652 Ag-1%Li-0.2%Nd 0.7 A
63 Ag-1%Li-0.5%Nd 0.7 A
64 Ag-1%Li-1%Nd 0.7 A
65 Ag-1%Li-2%Nd 0.7 A
66 Ag-2%Li-0.1%Nd 0.7 A
67 Ag-2%LIH0.2%Nd ~ 0.7 A
68 Ag-2%Li-0.5%Nd 0.7 A
69 Ag-2%Li-1%Nd 0.7 A
70 Ag-2%Li-2%Nd 0.7 A
71 Ag-0.1%Li0.1%Cu 07 A
72 Ag-0.1%1L1-0.2%Cu 0.7 A
73 Ag-0.1%Li-0.5%Cu 0.6 A
_ 74 Ag-0.1%Li-1%Cu 0.5 A
75 Ag-0.1%Li-2%Cu 0.5 A
76 Ag-0.1%Li-3%Cu 0.4 A
77 Ag-0.5%Li-0.1%Cu 0.7 A
78 Ag-0.5%Li-0.2%Cu 0.7 A
79 [Ag-0.5%L-0.5%Cu 0.6 A
BO Ag-0.5%Li-1%Cu 05 A
L1 Ag-0.5%Li-2%Cu 0.5 A
82 Ag-0.5%Li-3%Cu 0.4 A
83 Ag-1%Li-0.1%Cu 0.6 A
84 Ag-1%Li-0.2%Cu 9.6 A
85 |Ag1%Li0.5%Cu .8 A 34




2 Ag-3%\u 5.2 C 3 Ag-3%d 51 C 4 A-3%t 5.3 C 5 Ag-0.01%J 2.6 B 6 Ag-4%J
2.1 B 7 Ag-10%.i 1.8 B 8 Ag-16%J 1.7 8 9 A -4%)0.198l 1.7 B 10
Ag-4%.i-0.49%Nd 0.4 A 11 -4%.i-0.4% 0.4 A 12 Ag-4%J)0.5%u 2.1 B 13 A
4%)0.5%u 2.1 B 14 -4%J0.1%8i -0.4%\d 0.3 A 15 Ag-4%.i-0.1%8i -0.4% 0.3 A
16 A -4%.i-0.1%81-0.5%u 1.6 B 17 A -4%)0.1%Bi-0.5%wu 1.6 B 18 A

-49%.i - 0. 4940z -0 0.4 A 20 A
-49%.i - 0. 494¢- & 5E ¢~10-59 14 A 22 A
-49%J- 0. 1981=02%Nd=C 03 : T- —=0.4%\d11. 5%\u 0.3 A 24
4%.1 - 0. 198i - 0. 4%v- 0. 5°/Gu 0. 3 A 25 A - 4%_|-0 l%BFO 4%(—0.5%’\u 0.3 A 26 A

-0.05%J 2.6 B 27 A-0.1%i 2.6 B 28 Ag-0.5%J 2.5 B 29 A -1%i 2.4 B 30 A
-2 2.3 B 31 A-0.1%)0.005%8I 2.3 B 32 A-0.1%)50.019Bi 2.3 B 33 A
0.1%.i-0.05%Bi 2.3 B 34 A-0.1%.i-0.198I 2.2 B 35 A0.1%1-0.29%8i 2.2 B
36 A -0.5%i-0.0059Bi 2.2 B 37 A-0.5%J0.019%8i 2.2 B
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38 A-0.5%J)0.0598I 2.2 8 39 Ag-0.5%.i-0.19%Bi 2.1 B 40 A-0.5%J)0.29Bi 2.1
8 41 A 1%.i-0.00598i 2.1 B 42 A-1%i-0.0198i 2.1 B 43 A-1%J)0.05%3i 2.1
B 44 Ag-1%.i-0.19Bi 2.0 8 45 Act-MJ;0.2%Bi 2.0 B 46 A -2%.i-0.005%Bi 2.0
8 47 Ag-2%.i-0.019Bi 2.0 8 48 A -2%J)0.05%Bi 2.0 8 49 A -2%.i-0.19%8i 1-9
B 50 All-2%J0.298l 1.9 B 51 -0.1%J)0.1%\d 1.4 A 52 A -0.1%J)02%\d 1.1 A

53 A - 01%m—-ge-ﬁmmrﬁ—54—ﬁr—me;mgmro_c - ﬁ—ﬁA—ﬁA -0.1%)-2%\d 0.6 A 56
A -0.5%.i - 90 A - Q2UNd [T 0 M 58 A -0.S%.i-0.5%\d 0.7 A
59 A -0.5%t v : L.SA 6H A -1%i-0J%d 1.2 A 62
A 1%.i - 0298d20 Ag:zaug;ﬁq A- 104 T-0 SONd 046 AT BA M -T%i-1%\d 0.5 A 65 A
| %i - 200Nd P~ AREs6% P —— Nt AT Ak -0290\d 0.8 A 68 A
- 2%.i - 0. 5%Nd%0 . |Fg-0A4LIEBAN - D04 | - 10 o4 A J70 A -20@)F2%\d 0,3 A 71 A
- 0. 1940 0. 1A b A —0—194—{02%05—2§—B—273—A] - 0. 194+ 0. 5%Cu 2.6 8
99 Ag-0.1%Li-2%Au 0.5 A
100 jAg-0.1%Li-3%Au 0.4 A
101 |Ag-0.5%L0.1 %A 0.7 A
102 |Ag-0.5%Li-0.2%Au 0.7 A
103 [Ag-0.5%Li-0.5%Au 0.6 A
104 JAg-0.5%Li-1%Au 0.5 A
105 JAg-0.5%Li-2%Au 0.5 A
106 |Ag-0.5%Li-3%Au 0.4 A
107 JAg-1%LI1-0.1%AL 0.6 A
108 [Ag-1%LI-0.2%Au 0.6 A
109 |Ag-1%L1-0.5%Au 3.5 A
110  JAg-1%Li-1%Au 0.4 A
111 Ag-1%L-2%AU 0.4 A
112__|Ag-1%Li-3%Au 4.2 A
113 |Ag-2%1i-0.1%Au 0.6 A
114 |Ag-2%Li-0.2%Au 0.6 A
115 1Ag-29%Li-0.5%Au 0.5 A
116 JAg-2%Li-1%Au 0.4 A
117 JAg-2%Li-2%Au 0.4 A
118 Ag-2% J-S%_A_lj 0.3 A
119 [Ag-1%Li-0.2%Bi-0.5%Nd 0.4 A
120 lAg-2%Li-0.2%81-0.5%Nd 0.4 A
121 Ag—4%U-0.2%Bi—E;§%Nd 0.4 A
122 |Ag-1%Li-0.2%Bi-2%Cu 0.1 A
123 [Ag-2%i1.i-0.2%Bi-2%Cu . 0.1 A
124 _|Ag-4%01-0.2%Bi-2%Cu 01 A
125 {Ag-1%Li-0.2%B-2%Au 0.1 A
126 Ag-2%1i-0.2%Bi-2%Au 0.1 A
27 Ag-4%Li-0.2%Bi-2%Au 0.1 A
128 Ag-1%Li-0.5%Nd-2%Cu 0.4 A
128  |Ag-1%Li-0.5%Nd-2%Au 0.4 A
130 Ag-2%LUi-0.5%Nd-2%Cu 0.4 A
13 Ag-2%Li-0.5%Nd-2%Au 0.4 A
132 |Ag-4%Li-0.5%Nd-2%Cu 0.4 A
133 {Ag-4%Li-0 .5%Na-2%Au 0.4 A
134 Ag-1%LI-0.. Z%BHJ 5%Nd-2%Cu 0.1 A
135 Ag-1%L0.2%Bi-0.5%Nd-2%Au 0.1 A
136 Ag-1%Li-O.Z%Eli-U.S%Nd-1%Cu—1%Au 0.1 A
137 Ag-2%L1-0.2%Bi-0,5%Nd-2%Cu 0.1 A
138 |Ag-2%L10.2%Bi-0.5%Nd-2%Au .1 A
139 Ag-2%Li-0.2%8i-0.5%Nd-1 %Cu—1@_u 0.1 A
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74 Ap-0.1%F7%u 2.6 B 75 A -0.1%J)2%u 2.6 B 76 A -0-1%.i-3%u 2.6 8 77
A-0.5%)0.1%u 2.5 B 78 A-0.5%i-02%u 2.5 9 79 A-0.5%.i-0.5%u 2.5 B
80 A-0.5%i-Cu 2.5 B 81 A-0.5%)2%u 2.5 B 985~ A -0.5%.i-3%u 2,5 B 2,4
B A-1%F0.2%u 2.4 B 37 A -1%i-0.5%0 2.4 g 86 A-1%i-1%u 2.4 B 87 A

- 1940 - 2%Cu 124 88 A -i%i-3%u 2. 4B 38 80 A -2%i-0.1%u 2.3 B 90
. ' . n avgrags .
Ag- 2940 - 0. 26€EF P. 3 B r@lorfeitor2%4i - Of SWEAZETY BacrB20A |- 2040 -1 %CU 2.3 B 93 A
- 2% - 29U P23 SA A2 3YEr 2T S HE-951A——E+%H- 0. 1%Au 2.6 B 96
A-0. 1% -0. AP3YAu 6 - 0. 5%ALL. 2 6 . A -100R 98 A}-0.1%.i-1%wu 2.6 B 99
AOC 2%AU 2. 6B A0 1% —3%AH—2 56— H0+-AS-—0-5%.i - 0. 1%\u 2.5 B 102 A
-0. 5%.i - 0. P9 STELY O SO ST [Z58.104 A -0.5%.i-1%\u 2.5 B
-6 Li : _104 i1 - 0
105 A - 0. 58420k 5945 —39u—2-5-—B—107 A -1%.i-0. 1%\ 2.4 B
8 Ag-16%Li 1,7 B
9 Ag-4%Li-0.1%Bi 1.7 =]
10 Ag-4%Li-0.4%Nd 0.4 A
11 -4%0i-0.4%Y 0.4 A
12 Ag-4%0-0.5%Cu 21 B
13 Ag-4%LI-0.5%Au 2.1 B
14 Ag-4%Li-0.1%Bi-0.4%Nd 0.3 A
15 Ag-4% L0, 1%Bi-0.4%Y 0.3 A
" 16 Ag-4%Li-0,1%B0.5%Cu 1.6 B
17 Ag-4%0U-0.1%8i-0.5%Au 1.6 B
18 Ag-4%Li-0.4%Nd-0.5%Cu 0.4 A
19 Ag-4%Li-0.4%Nd-0.5% A 0.4 A
20 Ag-4%Li-0.4%Y-0,5%Cu 0.4 A
21 Ag-4%1LI-0.4%Y-0.5%Au D.4 A
22 Ag-4%Li-0.1%Bi-0.4%Nd-0.5%Cu 0.3 A
23 Ag-4%Li-0.1%8i-0.4%Nd-0.5%Au 0.3 A
24 Ag-4%Li-0.1%8i-0.4%Y-0.5%Cu 0.3 A
25 Ao-4%LI-0.1%B1-0.4%Y-0.5% A0 0.3 A
25 Ag-0.05%Li 2.6 B
27 Ag-0.1%Li 2.6 B
28 Ag-0.5%Li 2.5 B
29 Ag-1%Li 24 B
30 Acr-2%LI 2.3 8
31 Ag-0.1%Li-0,005%Bi 2.3 8
32 Ag-0.1%Li-0.01%8i ) 2.3 8
33 Ag-0.1%1i-0.05%Bi ) 2.3 B
34 Ag=0.1%Ei-0,1%Bi 22 8
35 Ag-0.1%LED. 2%8i 2.2 B
36 Ag-0.5%Li-0.005%8Bi 2.2 8
37 Ag-0.5%Li-0.01%B} 2.2 B
33 Ag-0.5%Li-0.05%Bi 2.2 B
39 1Ag-0.5%Li-0.1%Bi 2.1 B
40 Ac-0.5%LE0. 2% Bi 2.1 8
41 Ag-1%Li-0.005%Bi 2.1 =]
42 Ag-1%1i-0.01%Bi 2.1 B
43 |Ag-1%Li-0.05%Bi 24 B
44 Ag-1%LIH0. 1%Bi 20 B
45 Ag-1%LI-0.2%Bi 2.0 B
46 Ag-2%Li-0.005%8i . 2.0 g8
47 Ag-2%Li-0.01%Bi 2.0 B
48 Ag-2%Li-0.05%Bi 2.0 B
49 Ag-2%Li-0.1%Bi 1.9 B
50 Ag-2%Li-0.2%Bi 149 B
51 Ag-0.1%L-0.1%Nd 1.4 A
52 Ag-0,1%Li-0.2%Nd 11 A
53 Ag-0.1%Li-0.5%Nd 0.8 A
54 1Ag-0.1%Li-1%Nd 0.7 A
55 Ag-0.1%Li-2%Nd 0.6 A
56 Ag-0.5%i1.1-0.1%Nd i 1.3 A
57 Ag-0.5%Li-0.2%Nd 1.0 A
58 Ag-0.5%1Li-0.5%Nd 0.7 A
59 Ag-0.5%Li-1%Nd 0.6 A
60 [Ag0 5%Li-2%Nd 0.5 A
51 Ag-1%Li-0.1%Nd 1.2 A
62 Ag-1%Li-0.2%Nd 0.9 A
63 Ag-1%LI-0.5%Nd 0.6 A
64 Ag-1%Li-1%Nd 0.5 A
65 Ag-1%Li-2%Nd 0.4 A
55 Ag-2%Li-0.1%Nd 1.1 A
67 Ag-2%Li-0.2%Nd 0.8 A
E8 Ag-2%L1-0.5%Nd 0.5 A
59 Ag-2%L-1%Nd 0.4 A
70 Ag-2%Li-2%Nd 0.3 A
71 |Ag-0.1%Li-0 1%Cu 2.6 8
72 Ag-0.1%Li-0.2%Cu 2.6 B
73 Ag-0.1%L-0.5%Cu 2.6 2
74 Ag-0.1%Li-1%Cu 2.6 B
75 Ag-0.1%Li-2%Cu 2.6 B
76 Ag-0.1%Li-3%Cu 2.6 B
77 Ag-0.5%Li-0.1%Cu 2.5 8
78 Ag-0.5%Li-0.2%Cu 2.5 a2
79 Ag-0.5%LI-0.5%Cu 2.5 8
80 [Ag-0.5%L-1%Cu 25 B
81 Ag-0.5%Li-2%Cu 2.5 g
82 Ag-0.5%L1-3%Cu 2.5 B
83 Ag-1%1-0.1%Cu 2.4 B
84 |Ag-1%LI-0.2%Cu 24 B 37
85 Ag-1%Li-0.5% Cu 2.4 B




106 -1%)- 0. 2%\ 2.4 B 109 A-i%i-0.5%\u 2.4 B 110 A -1%Lt%\wu 2.4 B 111
A-1%i-2%\u 2.4 B 112 Aa-1%.i-3%\wu 2.4 6 113 Ag-2%J0.1%\u 2.3 B 114 A
-2%.i-0.2%wu 2.3 B 115 H-2%J-0.5%\u 2.3 B 116 A -2%1-1%\wu 2.3 B 117
-2%.i-2%\wu 2.3 B 118 A 2%)3%\w 2.3 B 119 A -1%.i-0.2%8i-0.5%\d 0.2 A 120
A -2%.i-0.298L0.5%Nd 0.1 A 121 A -4%.i-0.29%Bi-0.5%\d 0.0 A 122

A- 1941 - 0. 29/Bi= 20402 -20AL 0 _20Bi -2%u 2 0 B 124 A
4% - 0. 29B RVt —HoA—=- B RYBH2%AE-2 B 126 A
2% 0. 298l AP IRE 107 A - A0AEN DOm - 200 80 B 128 A -i %.i - 0. 59%0Nd- 2%Cu

0.6 A 129 A -1%.1L0.5%Nd-2%\u 0.6 A 130 -2%.i-0.5%\d-2%u 0.5 A 131 A
-2%J-0. 5%Nd- 2%\ 0.5 A 132 A -4%. .0.5%\d-2%u 0.3 A 133 A

-4%. - 0. 59%N\d-2%Au 0.3 A 134 A -1%.i-0.2%Bi -0.5%\d-2%u 0.2 A 135

Ag- 1%J- 0. 29Bi - 0. 5%N\d- 2%Au 0.2 A 136 A -1%.-0.2%Bi - 0. 59%N\d- 1%Cu- 1%Au 0.2 A
137 A -2%.i-0.2%3i -0.5%\d-2%Cu 0.1 A 138 A -2%.i-0.2%3ii-0.5%\d-2%u 0.1 A

139 -2%J0.298i -0.5%N\d- 1 %Cu-1%u 0.1 A 39 Table 6 Sanple Film conposition
Reflectivity (99 Transmissivity (% Absorptivity (% No.
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1 Ag 18.0 A 68.0 A 14.0 A 2 A -3%wu 17.0 A 662 A 16.8 A 3 Ag-3%d 16.7 A
65.5 A 17.8 A 4 Ag-3%t 16.5 A 64.8 A 18.7 A 5 A-0.01%J 17.5 A 67.5 A 15.0
A 6A-4%J)17.3 A66.0 A16.7 A 7 A -10%J 16.0 A 62.3 A21.7 A 8 A -16%
14.2 B 58.7 8 27.1 B 9 A-4%.i0.198i 16.9 A 64.2 A 16.9 A 10 Ag-4%. - 0. 4%\d
17.0 A65.5 A 17.5 A 11 A -4%J)0.4%/ 16.9 A 65.4 A 17.7 A 12 A -4%J 0. 5%u
17.0 A 65. & fif s = SYBETTTEAD56]A 17.3 A 14 A
- 4%.i - 0. 198200 ] 0. tuﬁ A 63.7 Al10 23A 15 ARA%IO0. 198l - 0. 4% 16.5 A 63. 6
A 19.9 A [boAliiaic: - 66 A 63 7T ALIT A 17 A
-4%.i - 0. 19 B0 |SELEAEE 7 A 53 8 A110 33A 18 AB 4041-0. 49%\d-0. 5%Cu 16.7 A
65.0 A 18. s RO O AN 05 RG 68— A5+ A 18.1 A 20 A
- 49%J- 0. 4%/E s TARAA G4 O A 19 5 As DT{A - 204 -0f 4%/- 0. 5%AU 16.7 A 65.0 A
18.3 A 221-AL-ASe ks —HoE 263 A 65 3A[20.4 A 23 A
- 49%.i - 0. 19Brse BBV 16 4 Al 4sA D0 7 A 74| A
- 4% - 0. 1YBHE ORISR A+ 46— —A—G 322201 6—A 25
- 49%.i - 0. 19Bre %2 16,3 A §3. 328 20J4 As 76 R -0.05%J 17.5 A 67.5 A
15.0 A 27-An—diohidoy o A 67 5 A152DA28A—0-FH%W 17.5 A 67.3 A 15.2 A
29 A - 1%J [THoeZ otz 15. 5 A 3 2990 17 48A 667 A 15.9 A 31 A
- 0. 1% 0. APt 67 A A B3 A—SR—A—-0—38-—0) 019Bi 17.5 A 67.3 A 15.2
A 33 A - IsE0jAg. st s 17, 3" A 66. & A 1b. 1T A 34 AJ-P.1%.i-0.1%8i 17.1 A 65.7
A 17.2 A (388 haflategity g oopi 16 F-A-88-0-N-1924 A1 36 Ag-0.5%.i - 0. 005%Bi
17.5 A 67.[25A A 2 5
. 112 1Ag-1%Li-3%AY 2.4 8

113 JAg-2%L1-0.1%Au 2.3 B

114 |Ag-2%Li-0.2%Au 2.3 B

115 JAg-2%Li-0.5%Au 2.3 B

116 JAg-2%Li-1%Au 2.3 8

117 JAg-2%H-2%Au 23 B

118 |Ag-2%Li-3%Au 2.3 B

119 1Ag-1%Li-0.2%Bi-0.5%Nd 0.2 A

120 |Ag-2%Li-0.2%8i-0.5%Nd 0.1 A

121 |Ag-4%LI-0.2%Bi-0.5%Nd 0.0 A

122 |Ag-1%Li-0.2%Bi-2%Cu 2.0 8

123 JAg-2%Li-0.2%Bi-2%Cu . 2.0 B

124 _|Ag-4%Li-0.2%Bi-2%Cu 2.0 8

125 _ [Ag-1%Li-0.2%Bi-2%Au 2.0 B

126 |Ag-2%Li-0.2%Bi-2%Au 2.0 B

127 |Ag-4%Li-0.2%Bi-2%Au 2.0 B

128 |Ag-1%Li-0.5%Nd-2%Cu 0.6 A

120 [Ag-1%Li-0.5%Nd-2%Au 06 A

130 |Ag-2%Li-0.5%Nd-2%Cu 0.5 A

131 |Ag-2%Li-0.5%Nd-2%Au 035 A

132 |Ag-4%Li-0.5%Nd-2%Cu 0.3 A

133 |Ag-4%Li-0.5%Nd-2%Au Q.3 A

134 1Ag-1%Li-0.2%Bi-0.5%MNd-2%Cu 02 A

135 |Ag-1%0U1-0.2%8H0.5%Nd-2%Au 0.2 A

136 |Ag-1%Li-0.2%Bi-0.5%Nd-1%Cu-1%Au 0.2 A

137 __JAg-2%Li-0.2%Bi-0.5%Nd-2%Cu 0.1 A

138 |Ag-2%Li-0.2%Bi-0.5%Nd-2%Au Al A

139 {Ag-2%Li-0.2%Bi-0.5%Nd-1%Cu-1%Ay 0.1 A
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37 A -0.5%.-0.01%Bi
16.3 A 39 A -0.5%J- 0. 198i

63.7'A 19.6 A 41 'Ag-1%. - 0. 005%i

17.4 A 66.9 A 15.7 A 43 A -1%J 0. 05%8i

17.4 A67.1 A 15.5 A 38 A -0.5%FO0. 05%®Bi
17.1 A65.5 A17.4 A 40 A -0.5%. -0. 298i

17.3 A 66.4 A
16.7 A

17.4 A 67.0 A 15.6 A 42 A -1%.-0.01%Bi
17.2 A66.2 A 16.6 A 44 A

-19%.i-0. 19%Bit.47. 0 A 65.3 A 17.7 A 45 A -1%)0. 298 16.6 A 63 5 A 19.9 A 46
A -2%i-0.DO5%i 17. 4ribeciBid A 15.[9 rbocolh B A +2%sivi & D 18BIsicld. # A 66.6 A 16.0
A 48 A 29§ 32 —A— 65 B AT T AT T2 P AE—3H 0 A 64.9 A
18.1 A 50{Az-ZB&%AQ. 29BiI_16.6 A q317%F A 20.13%6A Sk -DEEAF O 1YNd 17.4 A 67.3
A 15.3 A B2iALIEE 6 200Na—173—A{6 2 ALt B AB3AdE- 1D, 590 17.1 A
66.8 A 16. ljﬁ.OﬁU- U T80 - T7ND_ 1617 A 8612678 17 AT A58 7 -D. 1% 290Nd 16. 0
A . A 5.7
A 65.0 A1l b . LRSS A 6 2 A TS A
Ag-0.5%.i - 0 FUNE-&s 3 A G7. 1 A 15(GeA (58 A sad HUAF O 50ANG B/l A 66.7 A 16.2
A" 59 A - O-584-{fBAAS 7 A 661 A7 2 A{eBZAL & E0AERANSL 15. 0 A 64.8 A
19.2 A 61 AT IEkEOMIONI T7- 4 A G718 5 15.[6ssh |64 A 91T =0 PuNd 17.3 A
9 1A hip).5%E0A | 0 CoAd 17 HOAl g8 #5165 A 17841 A DA | - 10
66.9 A 15. 8 A /BEkN%G04 | o T HIA 665 8516 A N B4 IAA1DG|-1%Nd 16.7 A
65.9 A 17. RO T8 15§ BeOf- & A Eé—?%_ SBT3t 0. 190d 17.3 A
66. 6 Nd— ADE8. A -PoA| - 0. 590\
17.0 LON%BI0 56l ] _ THs9 A 70 A -2%.i - 290\
2 1A JAg4%I-ON%NIOB%OY ) 104 H Q16040 A 1A BB0Al QF FrENIL
15.9 A. 64. 7% NA-0.5%Ay | 188 A 651 A 181 A 2 A
-0.1%.i -0 L0 ARY-BBHC 3 [A&s A 64.9 A 185 A
: 21 JAg-4%EE0.4%Y-0 5%Au 8.7 A 85.0 A 183 A
22 |Ag-4%Li-0.1%Bi-0.4%Nd-0.5%Cu 16.3 A 63.3 A 204 A
23 Ag-4%Li-0.1%Bi-0.4%Nd-0.5% Au 16.4 A 63.4 A 20.2 A
24 |Ag-4%Li-0.1%Bi-0.4%Y-0.5%Cu 16.2 A §63.2 A 208 A
25 JAg-4%Li-D.1%Bi-0.4%Y-0.5%Au 16.3 A 633 A 204 A
26 1Ag-0.05%Li 17.5 A 67.5 A 15.0 A
27 Ag-0.1%L1 17.5 A 67.5 A 15.0 A
28 Ag-0.5%Li 17.5 A 67.3 A 152 A
28 |Ag-1%L 7.4 A B7 1 A 55 A
30 |Ag-2%Li 17.4 A 66.7 A 5.9 A
31 1Ag-0.1%Li-0.005%Bi 17.5 A 67.4 A 15.1 A
32 |Ag-0.1%Li-0.01%8Bi 175 A 67.3 A 152 A
33 {Ag-0.1%Li-0.05%Bi 17.3 A 56.6 A 18.1 A
34 Ag-0.1%Li-0.1%8Bi 17.1 A 85.7 A 17.2 A
35 |Ag-0.1%Li-0.2%Bi 16.7 A 63.9 A 19.4 A
36 Ag-0.5%Li-0.005%Bi 17.5 A §7.2 A 15.3 A
37 _|Ag-0.5%Li-0.01%8Bi 17.4 A 67.1 A 15.5 A
38 Ag-0.5%L.1-0.05%Bi 17.3 A 66.4 A 16. A
39 |Ag-0.5%Li-0.1%Bi 17.1 A 65.5 A 17.4 A
40 Ag-0.5%Li-0.2%Bi 16.7 A 63.7 A 18.6 A
41 Ag-1%Li-0.005%Bi 174 A 67.0 A 13,6 A
42 Ag-1%Li-0.01%Bi 17.4 A 66.9 A 15.7 A
43 Ag-1%Li-0.05%Bi 17.2 A 66.2 A 16.6 A
44 Ag-1%Li-0.1%Bi 17.0 A _ 653 A 17.7 A
45 |Ag-1%Li-0.2%8Bt 166 A 83.5 A 9.9 A
46 |Ag-2%Li-0.005%Bi 174 A 66.7 A 15.9 A
47  |Ag-2%Li-0.01%Bi 174 A 66.6 A 16.0 A
48 Ag-2%1i-0.05%Bi 17.2 A 65.8 A 17.0 A
48 [Ag-2%Li-0.1%Bi 17.0 A 654.9 A 18.1 A
50 Ag-2%Li-0.2%8i 16.6 A 63.1 A 20.3 A
91 Ag-0.1%LI-0. 1%Nd 174 A 67.3 A 13.3 A
52 |Ag-0.1%Li-0.2%Nd 17.3 A 67.2 A 15.5 A
53 |Ag-0.1%Li-0.5%Nd 17.1 A 66.8 A 16.1 A
54 |Ag-0.1%Li-1%Nd 16.7 A 66.2 A 174 A
55 _ |Ag-01%Li-2%Nd 160 A 65.0 A 19.0 A
56 Ag-0.5%Li-0.1%Nd 17.4 A 67.2 A 154 A
57  {Ag-D.5%Li-0.2%Nd 17.3 A 67.1 A 15.6 A
58 AQ-0.5%Li-0.5%Nd 17.1 A 66.7 A 16.2 A
59  |Ag-0.5%Li-1%Nd 16.7 A 66.1 A 17.2 A
50 Ag-0.5%Li-2%Nd 160 A 64.8 A 192 A
61 Ag-1%Li-0. 1%Nd 17.4 A 67.0 A 15.8 A
62 Ag-1%Li-0.2%Nd 37.3 A 66.9 A 15.3 A
63  jAg-1%Li-0.5%Nd 171 A 66.5 A 16.4 A
64 Ag-1%Li-1%Nd 18.7 A 659 A 74 A
65 Ag-1%Li-2%Nd 15.9 A 64.6 A 19.5 A
66 Ag-2%LI-0.1%Nd 17.3 A 66.6 A 16.1 A
67  JAg-2%Li-0.2%Nd 17.2 A 66.5 A 16.3 A
68 Ag-2%L1-0.5%Nd 1740 A 66.1 A 16.9 A
69 Ag-2%Li-1%Nd 16.6 A 65.5 A 179 A
70 {Ag-2%LI-2%Nd 15.9 A 64.2 A 19.9 A
71 Ag-0.1%Li-0.1%Cu 174 A 674 A 15.2 A
72 [Ag-0.1%Li-0.2%Cu 174 A 67.3 A 153 A
73 Ag-0.1%Li-0.5%Cuy 17.2 A 67.0 A 158 A
74 1Ag-0.1%Li-1%Cu 16.9 A 66.5 A 16.6 A
75 |Ag-0.1%Li-2%Cu 6.3 A 65.5 A 18.2 A
76 Ag-0.1%Li-3%Cu 15.7 A 64.5 A 19.8 A
77 Ag-0.5%Li-0.1%Cu 7.4 A 67.2 A 154 A
78 A»-0.5%LI-0.2%Cu 17.4 A 67.1 A 15.5 A
79 1Ag-0,5%Li-0.5%Cu 17.2 A 66.8 A 16.0 A
80  JAg-0.5%Li-1%Cu 16.9 A 66.3 A 16.8 A
81 Ag-0.5%Li-2%Cu 16.3 A 65.3 A 18.4 A
B2 Ag-0.5%Li-3%Cu 15.7 A 4.3 A 20.0 A
83 |Ag-1%Li-0.1%Cu i7.4 A 67.0 A 156 A
84  jAg-1%LH0.2%Cu 17.3 A 66.9 A 15.8 A
85 Ag-1%Li-0.5%Cu 17.1 A 66.6 A 16.3 A 40




73 A -0.1%.i-0.5%u 17.2 A 67.0 A 15.8 A 74 A -0.1%J)} 1%u 16.9 A 66.5 A
16.6 A 75 A -0.1%.i-2%u 16.3 A 65.5 A 18.2 A 76 A -0.1%.i-3%u 15.7 A
64.5A 19.8 A 77'A -0.5%.i-0.1%u 17.4 A 67.2 A 15.4 A 78 A -0.5%.i - 0. 2%u
17.4 A 67.1 A15.5 A 79 A -0.5%.i-0.5%u 17.2 A 66.8 A 16.0 A 80 A
-0.5%.i-1%u 16.9 A 66.3 A 16.6 A 81 A -0.5%.i-2%U 16.3 A 65.3 A 18.4 A
82 A - 0. SU.i—3HCH—AG7A 643 A 20 P 83 A NP FHBH 74 A 67.0 A 15.6
A 84 A - 1% FUSZYEumilzsd A 66.9 A 15 B2A 20 Bhs @ - WA -B7 5% m 17.1 A 66.6 A
Jﬁii%iﬁiﬁﬁ%g 6 - 6.2 A 1 A

66.
65.

16.3 A r 86! )| 16—8—A—66— 1K 17N nEigy A

18.7 A 88 A -1%.i-3%U 15.6 A 64.1 A 20.3 A 41 89 A -2%.i-0.1%u 17.3 A
66.6 A 16.1 A 90 A -2%.i-0.2%u 17.3 A 66.5 A 16.2 A 91 2%.i-0.5%u 17.1 A
66.2 A 16.7 A 92 A -2%.i-1%u 16.8 A 65.7 A 17.5 A 93 Ag-2%.i-2%u 16.2 A
64.7 A 19.1 A 94 -2%.i3%u 15.6 A 63.7 A20.7 A 95 A -0.1%.i-0.1%\u 17.5 A
67.4 A 15.1 A 96 A -0.1%1L0.2%u 17.4 A 67.3 A 15.3 A 97 A-0.1%.140. 5%Au
17.3 A 67.1 A15.6 A 98 -0.1%0%\u 17.1 A 66.7 A 16.2 A 99 A -0.1%.i - 2%\u
16.7 A 65,9 A 17.4 A 100 A -0.1%.i-3%U 16.3 A 65.1 A 18.6 A 101 A

-0.5%.i-0.1%\u 17.4 A 672 A 15.4 A 102 A -0.5%.i-0.2%\u 17.4 A 67,2 A 15. 4
A 103 A -0.5%)0.5%\u 17.3 A66.9 A 15.8 A 104 A -0.5%1-1%wu 17.1 A 665 A
16.4 A 105 A -0.5%J) 2%\ 16.7 A 65.7 A17.6 A 106 A-0.5%.i-3%\u 16.3 A
64.9 A 18.8 A 107 A -1%.i-0.1%\wu 17.4 A67.0 A 15.6 A
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108 A -1%J-0.2%\u 17.4 A 67.0 A 15.6 A 109 A -1%.i-0.5%u 17.2 A66.7 A
16,1 A 110 A -1%J)1%\wu 17.0 A 663 A 16.7 A 111 A -1%J 2%\ 16.6 A 65.5 A
17.9-A 112 Ac-1%J) 3%\ 16.2 A 64.7 A 19.1 A 113 A -2%i-0.1%\u 17.4 A 66.7
A 15.9 A 114 Ag-2%.i-0.2%\U 17.3 A 66.6 A 16.1 A 115 A -2%J)0.5%\u 17.2 A
66.3 A 16.5 A 116 A -2%J 1%\u 17.0 A65 9 A17.1 A 117 A -2%.i-2%\u 16.6 A

65.1 A 18. EWWU Ho—2—ATE4H At s A EAe—t+—%H- 0. 2981- 0. 59%0N\d
16. 3 A 62. 9 A Z0g-8eA2%A 70 _Ag- Z94F O] 2%81 |- 0a s1R. 2 A 162 AZ1.3 A 121 A
. 0y 9
- 4%J 0. 29Bi [0~ SUPRIEANA 618 A 221 TTA+ 102 AR 4R Q- P9B12ded 15.4 A 61.5 A
23.1 A 12 e/l - 27600 15. 4 18 LA % A T4 A 249} 0. 298 - 2%Cu
4 -2%LIR%CU, A A 104 1 ; QA a7l pAAo
15. 3 A 60. .4 g_%l[--o-.'omﬁ.\l I\ - 7 W .1 5 l.B?#.v. UAT\ U%\J T\}LL. 3 A 126 A
-29%.L0. 29Bi1- 2R dmL82w 01, b A 22 ¥ A4 124 - | F Oa 52 2Ad_115. 7 A 60.6 A
23.5 A 128 'g.; 1%@%9@44(4—2-@@—%5— : 3 4.{3 A g',,. % 4’5@‘ \- ‘:1 i -0.5%N\d- 2%Au
16.3 A 64. T A1 -&51%&2%Akdu A 27 L0 5eANd- 20 a85. 8 A Bdi7d W 20.11 A 131 A
_204 i - 0 .Yl 3%0Au 64 L5 A _1Q} 383 | 1091 651 4 £
ZA_I 0- 5 A—_ 1. ﬁvﬁ'-.\l I\ - NS q74\ .I.kll— I67: ﬂ'l\l—h \%% 15- 7 A 63-4
A 20.9 A 1337AA %zl DYNA- ZVAU [[e7al A b3 7.8 P0a L [A5a 1344
-104 i - 03 OJA . L 1 SA A 1 24 ) 6A% 1 3E 58 A
A 14" 0.2 .10 . g NI 5T AN A T b 6.4 A
-1%. - 0. 29 J6.70\ |23 2| 857 LISOA | 176 A
-1%J 0. 29%%i [ ._%E_%_ 1 A ':;. qui; A
A - oA 67.0 4 A 135 .
Ag- 29%.40. 2Y8Te o, O A A28 5T A0 130, 3YkE - .7‘% i - 0. 5%N\d- 29AU
& o - TLi0, 5% _204i-D1 K 10 [0 u 15 2
15.4 A 60. 110 1%Lyt AU . 170 .1, . A |6 & 6.7, | . A . A 60.7 A 24.1
A 42 Tabl ¢ 3 D%, NO. Fr T T CoEas o ke e, —goastuctivifty (W (m K))
_ T12__|Ag1%L-3%Au 162 A 64.7 A 19,1 A
113 |Ag-2%LI-0.1%AU 174 A 66.7 A 158 A
114 |Ag-2%L-0.2%A0 173 A 66.8 A 6.1 A
115 |Ag-2%Li0.5%Au 17.2 A 66.3 A 16.5 A
116 |Ag-2%L-1%Au 17.0 A 650 A 7.1 A
117__|Ag-2%Li-d%Au 166 A 5.1 A 183 A
118 |Ag-2%Li-3%Au 16.2 A 64.3 A 19.5 A
119 JAg-1%L1-0.2%Bi-0.5%Nd 16,3 A 62.9 A 20.8 A
120 1Ag-2%Li-0.2%B1-0 5%MNd 16.2 A 62.5 A 213 A
121 |Ag-4%Li0.2%BR0.5%Nd 16.1 A 51.8 A 22 A
122 |Ag-19hL-0 2% 8- 2%CU 15.4 A 61.5 A 23 A
123 |Ag-2%LI02%BI-0%Cy 15.4 A 61.1 A 735 A
124 |Ag-4%F0.2%BL2%CU 153 A 504 A 243 A
125 |AQ-1%L1-0,2%Bi-2%AU 158 A 1.9 A 223 A
196 |Ag-2%Li-0 2%Bi2%Ay 15.8 A 615 A 22.7 A
127 __Ag-d%LI0.2%B-2%Ay 157 A 0.8 A 235 A
128 JAg-1%Li-0.5%Nd-2%Cu 159 A 64.5 A 19.6 A
120 |Ag-1%Li-0.5%Nd-2%Au 16.3 A 64.9 A 18.8 P
130__|Ag-2%Li-0.5%Nd-2%Cu 15.8 A 841 A 20.1 A
131 |Ag-2%Li-0 5%Nd-2%AU 16.2 A 845 A 153 A
132 |Ag-4%LE0.5%Nd-2%Cu 157 A B34 A 200 A
133 IAGA%LI-0.5%Nd-2%Au 18,1 A 638 A 20.1 A
T34 |Ag-1%Li0.2%51-0.5%MNd-2%CU 5.1 A 50.0 A 240 A
135 |Ag-1%LI0.2%Bi-0 5%Nd-2%AY 155 A 61.2 A 232 A
136 [Ag-1%LI-0.2%Bi-0.6%Nd-1%Cu-1%AU 153 A 61.1 A 236 A
137__|Ag-2%Li-0.2%Br0.5%Nd-2%Cu 15.0 A 60.5 A 245 A
138__|AQ-2%Li0.2%B:-0.5%Nd-2%AU 75.4 A 60.9 A 23.7 A
139 |Ag 200, 2%BI-0.5%Nd~-1%Cu-1%AU 7522 A 60.7 A 241 A
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1 Ag 320 A 2 Ag-3%u 210 A 3 A-3%d 165 A 4 A -3%t 188 A 5 A -0.01 %.i
319 A 6 A-4%J) 258 A 7 A-10%.i 165 A 8 A-16%J 72 8 9 A %J)0i %8B 242 A
10 A'-4%50.49%\d 237 A 11 A %J)0.4%r 233 A 12 A 4%.i-0.5%u 244 A 13 A
-4%. -0.5%\u 247 A 14 A 49 FO0. 198i -0.49%\d 221 A 15 A -4%J-0.198i - 0. 4%r 217
A 16 A -4%J.0. 198i - 0. 5% u_228 A 17 A 4%J) 0. 1981 -0.5%wu 231 A 18 A
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comprises 0.005 to 0.8 atomic percent of Bi.

2. The semi-reflective film or reflective film according to
claim 1, wherein the Ag based alloy further comprises 0.1 to 2
atomic percent in total of at least one rare earth metal element
selected from the group consisting of Se¢, ¥, La, Ce, Pr, Nd, Pm,

Sm, Eu, Gd, Tb, Dy, Ho, Er, Tm, Yb and Lu.

3. The semi-reflective film or reflective film according to
claim 2, wherein the rare earth metal element is at least one of

Nd and Y.

4, The semi-reflective film or reflective film according to
any one of claims 1 to 3, wherein the Ag based alloy further
comprises 0.1 to 3 atomic percent in total of at least one
element selected from the group consisting of Cu, Au, Rh, Pd and

PL.

5. An optical information recording medium having the semi-

reflective film of any one of claims 1 to 4.

6. An optical information recording medium having the

reflective film of any one of claims 1 to 4.

7. A Ag based alloy sputtering target, comprising Ag and 0.01

to 10 atomic percent of Li and 0.02 to 8 atomic percent of Bi.

8. The Ag based alloy sputtering target accerding to claim 7,
further comprising 0.1 to 2 atomic percent in total of at least

one rare earth metal element selected from the group consisting
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wherein the Ag based all oy conprises 0.01 to 10 atom c percent of Li and
which is characterized in that the Ag-based alloy further conprises 0.005
to 0.8 atomic percent of Bi. 2. The sem -reflective filmor reflective film
according to claim1l, wherein the Ag based alloy further conprises 0.1 to 2
atom c percent in total of at |east one rare earth netal elenment selected
fromthe gfo&ilq:), chngiast Cag ®f, Sod, ¥m,L&m, CBy, FBd, N, Py, HSmM Efu,TrGd YbTb, Dy,
Ho, Er, n% %? and Lu. 3. The semi-reflective filmor reflective film
accordlng 0 “tlaim2, wherein the rare earth netal element is at |east one
of Nd and Y. 4. The senl-reflectlve filmor reflective filmaccording to
any one ob,clarpe Agtwashd WA Bpuiee AhPasadeal heyotdiddeto €umprisses 0.1
to 3 atomic percent in total of at_|least one elenment selected fromthe
group con¥Pet§ify the ERTe MArRhMeRRl ST PTeBE. 18 2t &GSt eaF Phittt Radi on
recordi ng nmedi um having the sem - reflective filmof any one of clains 1 to
4. 6. An ?9t'C@Be'ﬂ&oﬁﬂﬁéaOQlI@§0£§UﬂElr”ﬁ?'HHk&@N'&Ek&JHingr%El%%&'%%ef"”‘Of
any one of clains based | oy Sputtering target, “conprising
Ag and 0.0f ciaimD htenhi% pfé’frc?@ﬁﬁf 6PmRFiimg @ @2t90383§96h€cp?ﬂ’e?%ntlnof Bi .
8. The Agbased,@l]0 «3RY! Lkl @germ{tg%tel@eegadfﬁgn ttqleclg%ﬁb%onéwm%r
conprising 0.1 to 2 atom c percent in total of at |east” one rare earth
met al el epénfusdivecRed P oand W& -group consisting 46 of Sc, Y, La, Ce, Pr,
Nd, Pm Sm Eu, Gd, Th, Dy, Ho, Er, Tm Yb and Lu. 9. The Ag based all oy
sputtering target according to claim8, wherein the rare earth netal
elenent is at |least one of Nd and Y. 10. The Ag based all oy sputtering
target according to any one of clainms 7 to 9, further conprising 0.1 to 3
atom c percent in total of at |east one elenment selected fromthe group
consisting of Cu, Au, Rh, Pd and Pt. 47
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