. Copper Wiring With High Temperature Superconductor (HTS) Layer TECHNICAL FIELD The present
invention relates generally to the use of diffusion barrier layers and capping -layers with conductors
formed by a damascene etch scheme, and more particularly to the use of an HIS (High Temperature
Superconductor) layer in trenches, vias or other apertures having a width of less than 300 A. One

suitable HTS is§dpper BaliERCPPRANIRIE TRAHS! @Pc'c? ell GEW@J 10se skilled in the

art, a continuing goal in manufacturing and prod ctlon o Icon H)cr O size of
components and circuits with the concurrent result of an increase in the number of circuits and/or
circuit elemERGEBUCABFIEBNSIStOrS, capacitors, etc., on a single semiconductor device. This
relentless and successful reduction in size of the circuit elements has also required reduction in the
size of the conductlverhlzl?e connectln i, ices and circuits. However, as the conducting lines are

designed to be smaller and Smaller tedales grResay idlin tsecoh fiffesiombbrodsdaydrs tne past,

sma er

aluminum waspiedyas BRaGalpgreannget ines and silicon oxide as the dielectric. However,
newer manufacturln)g@téechnlques now ?avo?%((:i) gzrl%%s?ﬁ'ecﬁé b5 aad Biofepttisalsthing terious

low-k maten@d%f@ﬁgm%mﬁ [@}@éﬁ&g%gﬁg S e d.lelectr ¢ material. Not surprisingly, these
material changes have required c?r?flahges in the prggge L G MG h S’I?ﬁ‘?fa‘?ﬁ%%rafﬁé‘@%se of the

difficulty. of teingg ecidpe i igist WO R C@\dglagm@m‘%rg age 1o | to the dlelgctnc material, the

technique of forming the metal

BACKGROUND

As is well known by those skilled in the art, a continging goal 1;1 manufacturing and
production of semiconductors is a reduction in size of components and circuits with the
concurrent result of an increase in the number of circuits and/or circuit elements such as

. transistors, capacitors, ¢tc., on a single semiconductor device. This relentless and successful
G reduction in size of the circuit elements. has also required reduction in the size of the conductive
- lines connecting devices and circuits. However, as the conducting lines are designed to be

smalier and smaller, the resistance of the interconnects increases.

In the past, aluminom was used as the metal interconnect lines and silicon oxide as
-the dielectric. However, newer manufacturing techniques now favor copper as the metal for
.. interconnect lines and various low-k materials (organic and morgamc) are favored as the
s :_‘dxeiectnc matcrxai Not surpnsmgly, these material changes have reqmred changes in the
i _prooessmg mcthods In pam<:ular becausc of the dlfﬁculty of etching coppcr w;thout also
ey : _:causmg unacceptablc damagc to thc dzelcctuc matcnal the tec‘nmquc of formmg the metal
| .%f'-mtcrconnect imcs has cxpcncnced szgmﬁcant cha.ngcs Namely. whercas alummum

.-mterconnccts could be fomlcd by deposmng a laycr of alummum and thcn using photoresist,
B .“1’
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. Interconnect lines has experienced significant changes. Namely, whereas aluminum interconnects

could be formed by depositing a layer of aluminum and then using photoresist, -l lithography, and
etching to leave a desired pattern of aluminum lines, the formation of copper interconnect lines are
typically formed by a process now commonly referred to as a damascene or dual damascene
process. The damascene process is almost the reverse of etching, and simply stated, an aperture
such as!&heermphy cadatehitedadeatie adesien prcrephabaanmdings the furIERYRFaeRiCtric and is
then filled with metal (i.e., copper). Unfortunately, although copper has the advantages discussed

above, iIVEEERPEhISA AR Rl ictamRethbYer RICGES PR HRMMEPlY i 6 S iRBASBfor devices.

Diffusior&o& %o er into the dielectric materials ofa'serglicogtdﬁctor deic San caus seri?us reliability
cludin

problemSiNGUANG Slecthoal Shorts. é“‘r‘;é:%‘?e? ﬁ?clgsfy[f)icgﬁo FORAS T"ac FHUSISh B%Ir?flerﬁ%n))éy between
the coppef Lised %E@;QQH%E‘%%% %@Qg}??%ﬁ??gg Jaedislesiic mpienal Al asarigRuctor device.
rs may be of r J d

Typical _ba_rrier la orme efractory metals and nitrides of these metals. Some
exampleg,ak ';gg gfgip@}ff&eﬂrﬂjﬁgqﬁ%@ﬁ{g@g,{[@&%t@l_g% 'E@H (tantalum nitride), Ti (titanium), TiN
(titanium nitride) and various combinations of these metal% as well as other metal. The diffusion

barrier layer is typically formed on the bottom and sidewalls of the trenches and vias of the copper
interconnects to pr \9(%1}%%‘3 6&?%@%3‘?&%&%&9\%@%& ﬁﬁ"éﬁ?% a?ﬁ’l%%htf%éd e as other

dielectricypaterigl Iniaddiion. asepding o he preL A Farping ayer 1RSI MRlg el such as
silicon ni?rl e f(’]l e de at Re )

, COU posited as a cover layer overt

copper into the dielectric materials of a semiconductor deice can cause serious reliability -
.- problems including electrical shorts. Therefore, it is typical to form a diffusion barrier layer
“between the copper used for conductors and leads and the dielectric matcﬁal éf a semiconductor
' 'dCW.IiCG. Typical barrier layers m'ay be formed of refractory metals and nitrides of these metals.
‘Some exaraples of prior art barrier layers include Ta (tantalum), TaN (‘_taﬁtalum nitride), Ti.
(titanium), TiN (titaniuui nitride) and various combinations of these metals as Well as other
metal. The diffusion barrier layer is typicaliy formed on the bottom and sidewalls of the trenches
| and vias of the copper interconnects to preveat the copper from diffusing into ﬂxé surrounding
| silicon dioxide as other diclectric material, In addition, according to the prior arf a éapping layer
df a suitable material, such as silicon nitride, could be ‘deposited as a cover layer over the
complete stm%:turc including the conductor areas and the dielectric layer before another layer ot
N -lévcl of diclmﬁc Struct{;re was deposited.
.Unfortunately, tﬁe- tradiiiongl diffusion barrier fng_tc_:rials have poor adhesion to
- copper _and may peel away thereby creating poor interface properties including a path for..copper.
+todiffuse into the subsequent or cover laycf_qf dielectric material. The same path may also :

allow moisture and contaminants to diffuse from outside into the copper so as to form porous

: b



. complete structure including the conductor areas and the dielectric layer before another layer or level
of dielectric structure was deposited. Unfortunately, the traditional diffusion barrier materials have poor
adhesion to copper and may peel away thereby creating poor interface properties including a path for
copper to diffuse into the subsequent or cover layer of dielectric material. The same path may also
allow moisture and contaminants to diffuse from outside into the copper so as to form porous 2 copper
oxide. InapgditiaidihEsedddivietimstbamiy alsodrisaleotvighte kighdettrasigsirtanet dreriillgeometries
such as below 300 A. U.S. Patent 6,541,136 issued to Kwan, et al. and entitled "Superconducting
Structureeomskigssashsdlesn3ibhing structures that include "rare earth-barium-copper oxide, and
especially yttrium-barrier-copper oxide." U.S. Patent 5,629,268 issued to Tanaka, et al., and entitled
"Process for Prepasisgratdndici41]156 psiicod oK singebilLaid iaitisisb  figeusselsdtieg preparation of a
layered superconducting structure based on material that includes barium copper oxide combined
with rareSeacthrelalisontss inglexdingydtinginiduBeRhae htcBidd 8:64 Sah et um-coprstivxdel entitled
Superconductor Barrier Layer for Integrated Circuit Interconnects provides an integrated circuit that
includesaadégproiethydttnmdariercoppiicidenaterial such as yttrium barium copper oxide as a barrier
layer. 3 ' ' '

U.S. Patent 5,629,268 issued to Tanaka, ef al., and entitled “Process for Preparing a
‘Layered Supcrconduc_ting Structure” also discusses the preparation of a layered supercondlicting
structure based on material that includes-ba:ium copper oxide combined with rare earth elements
including yttriurm.
| - U.S. Patent 6,518,648 issued to Lopatin and entitled Superconductor Barrier Layer
for Integrated Circuit Interconnects provides an iniegratﬁd circuit that iucludcé a high

temperature semiconductor matecial such as yttrium barium copper oxide as a barrier layer,



. SUMMARY OF THE INVENTION These and other problems are generally solved or circumvented,
and technical advantages are generally achieved, by the present invention which discloses methods
and apparatus for forming a semiconductor structure comprising a first dielectric layer that defines
apertures such as trenches, vias and the like, filled with copper using the dual damascene process to
form metal interconnect. lines separated by non-conductive regions of the dielectric. Prior to forming

the coppeyyiRARYIAe PREMNEIRLHBREhes, and according to one embodiment, a barrier layer of one
or more of a refractory metal such as titanium, tantalum or tungsten and nitrides of these metals, is

used to form a conf%mal filén(ﬁlver the sidewalls and bottom of the aperture and/or trenches. A layer
of an HTS that may THETGARS RSPE R InEs A FpencsaltlupAar cpyar surdeand iepbaicgkirium barium

copper oxide.is.then deposited or formed qver the barrier. layer, A conductive metal such as one or
more of é%%%g?%cgﬁﬁcegga (r:)z}yﬁjyg% Eél‘lf:‘s'l \ieebry P ESHbBY ﬁ?f%OBf‘Yﬁﬁ:ge‘?ﬁfé‘fé‘Fé fecthess Adbosited over the

FITS layergainlhi RN A I WA PLINISLEOUIEIL § sETiEgnduciar dauog Accordng to

another embodiment, the wiring may be covere capping aye? olfowed cy“élﬁrgiother

dielectric iyained S ERIRRS IR O R SAVINGD &5l DG RMRIEIE detstanding of

the present invention, and the advantages thereof, reference is now made t Ing
descriptionrsftakenctal GaBfUAGIRAINE sHMBrated by non-conductive regions of the dielectric,

Prior to forming the copper wiring in the aperture or trenches; and according to one
embodiment, a barrier layer of one or more of a refractory rﬁetal such as titanium, tantalum or
tungsten and nitrides of these mcta_ls, is used to form a conformal film over the sidewalls and
bottom of the aperture and/or trenches. A layer of an HTS that may includé, for example, a rare
carth barrier copper oxide, such as yttrium barium copper oxide is then deposited or formed over
the bgrrier layer. A conductive metal such as one or more of copper, copper alloy, gold, silver

- and compounds of these metals is then deposited over the HTS layer and will fanction as the

wiring or interconnects in a semiconductor device.

According to another embodiment, the wiring may be covered by an HTS capping

layer followed by another dielectric layer.



. accompanying drawing, in which: FIGs. 1-6 illustrate the method steps and resulting apparatus of the
semiconductor device of the present invention. -5 DETAILED DESCRIPTION OF ILLUSTRATIVE
EMBODIMENTS Referring now to FIG. 1, there is shown a typical semiconductor structure including a
substrate 10 formed of one or more layers such as layers 10a and 10b. Substrate 10 is covered by a
first layer 12 of dielectric materials, which has been patterned to define one or more . apertures,
trenches 1as. AsA ' mgl& FIG. 1, there are three trenches 14a, 14b and 14c
that havé%%ﬁ@p%%%m%@vﬁ%per (E))“'Isother conductive metal according to the damascene
process. It should be noted that trench 14b also includes a via 16 that extends through substrate layer
10b in a manner weFRReFeSHPideaientrnding afthg RIS BEEYh ARG e A4FAIARE term substrate
10 as used herein may simply be a single silicon wafer layer or alternately may represent one or more
layers of VATStis eleHrcGAtittoMas e g faliowing dtirEPtints feb B cony THEPAINSAELER layers. Thus, the
term substrate is intended fo be br,{galg_ly interpreted. For example, typically the substrate 10 may be
compriseacg?%‘ﬁ]agylﬂﬁ é%‘fﬁ%%i?e‘?s imilar to the dielectric layer 12. Dielectric layer 12 may be any -
suitable dielectric material including a low-k dielectric material. As is well known by those skilled in the
art, the use of the dEistnitiusisie the methahsispsanst wopbas appasaunibespmianigueiers has solved
many problems while at the same time : _ S
device of the present invention. ‘ '



. creating other problems. For example, when the conducting or interconnecting lines are made of

copper, the copper may diffuse into the surrounding dielectric areas if steps are not taken to prevent
such diffusion. Thus, as shown in FIG. 2 there is also included a conformal barrier layer 18, which is
intended to stop or hinder the diffusion of the copper ions from the copper interconnecting wiring into
the surrounding non-conductive portions or regions 12 and the substrate 10. The thin conformal

barrier layer 18 may be selected from various ones of the prior_art barrier layer materials well known
in the arfggﬁ"tgtﬁ ﬁ%@&%ﬁﬁm W E’ﬁ]ﬂ m), TaN (tantalum nitride), Ti
(titanium), TiN (titanium nitride) W (tungsten), WN (tungsten nitride) and various combinations of
these and other matdfeiaisg BawriorHEGcl, fi@oniayHoe nokeypBitd debycanguotee sfugtwioinskudingle
techniques well known by those skilled in the art. A conformal HTS (High Temperature
Supercorduetony| ) &rradofioen fomesdluers sisbsitderorclsandctOby SHbwrae KhiswAviradiG. 3. The

11Th layer 20 will typlcalg have a thickness of between about 10 A and 500 A. As shown in FIG. 3A,
the HTS Wahidaees k8 ‘*A‘e‘@ﬁ%ﬁﬁi‘i}%wé%hﬁmg%ﬁcﬁ‘i%ﬂlée{B’ﬁ}B%‘?de“&ﬁd alloys, such as

for example only, su erconductl rates" (copper ox transition to the supercqnducting state
at high % PEYATCAY %Fé‘rﬂbigéﬁ’ﬁ Lﬂ% R B U ApRdhrg resenes 1

02Ba2C u3 h aTc or cri e erat e of 138K. Use of r nt yttrium
combined wi %a%r?u%rln%%pper ox?&eé’fé%fw FPB O%rh ‘H\?&%O flf&%ya rS%iﬁségg%leﬁc%‘g Ity effective,

although R)tﬁﬁ daihSe&R B}o&lﬁmﬁ'gﬁ%ﬁm noted that trench 14b also includes a via 16 that extends

through substrate layer 10b in a maaner well known to those skilled in the axt. It should be
appreciated that the term substrate 10 as used herein may simply be a single silicon wafer layer-
or alternately may represent one or more layers of various semiconductor devices including other
interconnecting metaliization layers. Thus, the term substrate is intended to be broadly
‘interpreted. For example, typically the substrate 10 may be comprised of other dielectric layers
similar to the dielectric layer 12. Dielectric layer 12 may be any suitable dielectric material

including a low-k dielectric material.

As is well known by those skilled in the art, the use of the damascene process and
the use of coépcr_as the interconnecting layers has solved many problems while at the same time
creating other problems. For example, when the conducting or interconnecting lines are made of
copper, the copper may diffuse into the surrounding dielectric areas if steps are not taken to
preveat such diffusion. Thus, as shown in FIG. 2 there is also included a conformal barrier layer

- 18, which is intended to stop or hinder the diffusion of the copper ions from the copper
intérconnecting wiring iato the surrounding noa-conductive portions or regions 12 and the
substrate 1{}; The thin conformal barrier layer 18 may be selected from various ones of the prior

art barrier layer materials well known in the art. Suitable materials include, for example only, Ta

6- .



. may-be combined with barium copper oxide to form superconductors include samarium, neodymium,
erbium, gadolinium, ytterbium, dysprosium, holmium and lutetium. Still other alloy formulas combined
with rare earth elements are also believed to be suitable. Another alloy, for example only, is "rare
earth” ruthenium oxocuprate such as RuSrx (a rare earth element) Cuy.O,, where x is between about
1.55 and 2.45, y is between about 1.55 and 2.45 and z is between about 7.55 and 8.45. The layer 20
of high téﬁ”rb@f‘é‘%ﬂrg Y, Fantbra aisinenaeivaninmh ity Heammos vidadViduaasenlayar 22 of tantalum.
Thus, it izseen that tthsion barrier layer further comprises an HTS layer, such as for example

only, a "rAPREERNHLR M BER Smbirationnatiicts Budwten mateutisnParrsr BreadSmants: a

tantalum-gich nitride 18 and a top layer. 22 of tantalum. -7 A con u%ive al,.such as copper, is then
deposite ?Boﬁrﬁct %ytraélﬁgﬁgg, vlas?,uaﬁ%'}ég}r% %‘&%‘ﬂg&s%"'as 3 3rgn¥ Oescsgeﬁlr%(e:%ﬁ#ﬁgtao%'wiring and/or
interconnects 28a, 28b and 28c as shown in FIG. 4. As was mentioned above, the prior art diffusion

barrier layer of metd} FfHefeah &R AHich Frmperspro uparresibiss)dappefdntarermekoited in high

electrical resistance when used with small geometric apertures. The ZITS layer 20 of this invention

has betteASRINELISHERAEHBHE RRAFHISMER ElctricARrdElstdmtss 0rvufldrairaly Batsches or vias

having a widih less. than 300 A. In many applications, it is desirab rovide a covey or capping

layer 30 c\f‘\Y}écrL} é%fo%r?%c Ve ﬁ%&%&%ﬁf}é;@@gzé{ﬁsg%ﬁ%ﬂmé ﬁ‘stgﬁgﬁg F%yﬂéq.) 5 %ﬁ?ﬁ%gh cover

aver 30w SFfEk I35l 8RUISALANR: 0% KNGS ESIRRH L EPRTAN BRI, o another
superconducting “cuprates”™ (coppcr oxides) transition fo the superconducting state at high

critical temperatures “Tc” even at ambient pressures. For example HgosTly2R2;Ca;CuyOg a3 bias

a Te or critical temperature of 138K.

Use of the rare earth clemmt‘ yttrium combined with barium copper oxide (such.as
YB2,Cu;0y, or YaBayCuyOys) is especially effective, although other “rare earth” elemeats that
may be combined with barium copper oxide to form superconductors include sarnarium,
ncodymium, erbium, gadolinium, ytterbium, dysprosium, holmium and luletium. Still other
alloy formulas comﬁiﬁed with rare earth elements are also believed to be suitable. Another alloy,
for example only, is “rare carth” ruthenium oxocuprate such as RuSry (a rare earth element)

Cuy0O,, where x is between about 1.55 and 2.45, y is between about 1.55 and 2.45 and z is

between about 7.55 and 8.45.

The layer 20 of high temperature superconductive material is then typically covered
by a top layer 22 of tantalum. Thus, it is seen that the diffusion barrier layer further comprises
an HTS layer, such as for example only, a “rare earth” barium copper oxide sandwiched between

abottom layer of tantalum or a tantalum-rich nitride {8 and a top layer 22 of tantalum.



. of semiconductor devices is to be formed over the conductive wiring 28a, 28b and 28c. Unfortunately,
as was discussed above, the typical prior art metal nitride layers do not adhere well to the copper
interconnect lines which may have been subjected to CMP. Further, the conductive layer such as a
layer of copper may include rough areas. Thus, because of the poor adhesion qualities between the
copper and the prior art protective cover layer of a metal nitride, it was not uncommon for serious

reliability problem<MEPBEEVerBEtak svap RS dpRprayis i feratitrhiv Bl ibuterutten péeI3aday leaving no

barrier between the copper and a secaond dielectric layer. Of course.as will be recjated by those
skilled iARHE" %?,S%ﬁseﬁ%ﬁremb FASPEPRNEERPT HiFo8 04 rs‘é’ﬂf%%@p%%f %#S%?Q &t sllillogi?fuse into the

readi

second iiaECh 2 AISECHEE O T TR 'RY SREIER NN R, HOR RS atsleHAgagaln to FIC,

5, the cover layer 30, according to thepresent invention, does not use the typical metal nitride cover

layer but insifadl ISRAALR FRRRIASIANE LAl DR ik SRRRNGILRYRLARISAINGHINIDS same manner

as the HTS layer 20 discussed above and will typically be deposited to a-thickness of between about

10 A andmiifkebheditlpaditAPIRIHAYRRA HRically FRYAISORY the:iingid8andSinang 28¢ by the

use of a patterned hard mask 32 such as an Anti-Reflecting Coating (ARC) as also shown in FIG. 5.

Althoughritish hawer enasicaldREGn2 100 udnes rmaraesibr oty iradidrniwitiie fps deesitng).it may not be
necessary to do so. After the patterned HTS capping layer 30 is formed over the conductive wiring

28a, In many applications, it is also desirable to provide a cover or capping layer 30 over
the conductive material regions 28a, 28b and 28¢ as shown in FIG. 5. Although cover layer 30
may be added for all applications, the cover layer 30 is especially important if still another layer
of semiconductor devices is to be fbrmed over the conductive wiring 28a, 28b and 28c.

. Unfortunately, as was discussed above, the typical prior art metal nitride layers do not adhere
well to the copper _intcrconnect lines which may have been subjected to CMP. Further, the
conductive layer such as a layer of copper may include rough areas. Thus, because of the poor
adhesion qualities between the copper and the prior art protective cover layer of a metal nitride,
it was not uncommon for serious reliability problems to occur. For example, the layer of metal
nitride would often peel away leaving no barrier betweea the copper and a secoﬁd dielectric
layer. Of course as will be appreciated by those skilled in the art, when the barrier of metal

nitride is absent, the copper ions will readily diffuse into the second layer of a dielectric thereby

often causing electrical shorts.

- Therefore, referring again to FIG, 5, the cover layer 30, according to the present
invention, does not use the typical metal nitride cover layer but instead is an HTS capping layer.
‘The HTS capping layer 30 is formed in the same manner as the HTS layer 20 discussed above

and will typically be deposited to a thickness of between about 10 A and 500 A. The HTS

8-



. 28b and 28c, a second layer 34 of dielectric is deposited as shown in FIG. 6 such that other levels of
the semiconductor device may be fabricated. The second layer 34 of dielectric material may be any
suitable dielectric including low-k dielectric materials. Although the present invention and its
advantages have been described in detail, it should be understood that various changes, substitutions
and alterations can be made herein without departing from the spirit and scope of the invention as

defined kypihiegdppesdesdRigincovbeoakamdiasi withbesraadihsy i aisinedypthesekillad in the art
that dimensions and layer thickness may be varied while remaining within the scope of the present
inventiormagioB2eveh athm 2oupRalfcthm peacng 4pR{ataBdsatiitdarided. it bioliphithe Haréhe particular
embodiments of the process, methods and steps described in the specification. As one of ordinary
skill in thendk evif Réathigoaishbe stane vied af ivuridid dto Sunbeo ptheepriog et miay apttisrnegsssevsises, methods,
or steps, presently existing or later to be developed, that perform substantially the same function or
achieve $358tantially the same result as the corresponding embodiments described herein may be
utilized according to the present invention. Accordingly, the appended claims are intended to include
within their scope smifitr giopasaasd HEhagsim is{ep30 i TVE Gk AdMIEivE wirifpc2Banecting
metallization for use in a semiconductor device comprising: a dielectric layer defining at least one
trench th@seisnd2Ban-shighddayperhnfrdidepscdotchostod TSP bain &llh porutbr te dthtobeyete bottom
and side walls of said o :

- “of the semiconductor device may be fabricated. The second layer 34 of diclectric material may

be any suitable dielectric including low-k dielectric materjals.

Although the present invention and-its advantages ha;vc been descr_ibed in detai-l-, ét
shouid be understood that various changes, substitutions and alterations can be made herein
without departing from the spirit and scope of the invention as defined by the appended claims.
For example, it will be readily understood by those skilled in the art that dimensions and layer

thickness may be varied while remaining within the scope of the present invention.

Moreover, the scope of the present application is not intended to be limited to the
particular embodiments of the process, methods and steps described in the specification. As one
-of ordinary skill in the art will readily appreciate from the disclosure of the present invention,
processes, methods, or steps, presently existing or fater to be developed, that perférm
substantially the same function or achieve substantially the same result as the corresponding
embodiments described herein maf be utilizéd according to the [irescnt invention. Accordingly,

- the appended claims are intended to include within their scope such processes, methods, or steps.



at least one trench, wherein the non-HTS barrier layer is a material selected from a group consisting of
titanium, titanium nitride, tantalum, tantulum nitride, tungsten, tungsten nitride, and alloys and
combinations of these materials; a high temperature superconductor (FITS) layer formed over the

non-FITS barrier Iamg '! §glg g} JE% ast one trench; and a copper or a copper alloy filling said trench
in said dielectric layer ol\}/erlylng sai Il%igh temperature superconductor (FITS) layer. 2. The connecting

metallization for use in a semiconductor device of claim | wherein the 15 dielectric layer is a low-k
dielectric material. 3. The connecting metallization for use in a semiconductor device of claim 2 further
comprising a tantalum layer dvemthéngiESiliayter 204 i hercpnnictindevivetalligadian for use in a
semiconductor device of claim 1 wherein the non- HTS barrier layer comprises a layer of a

tantalum-rich AitfRET SR tFERch IR ey S tantulum. 5. The connecting metallization for
use in a ng'ci%%%h%g&lé device. of %@éﬂ&da%%ﬁﬁ%ﬁé@%r@@fa%a gjalis g rare sarth cuprate (qopper
al- 56, The ization for us i

oxide) materi connecting meta on for use in a'senficonductor device of claim |

wherein the Flkaialeriakls @ntrig Banh-etemani-camping dndth Baln RAPPeLAXIdR:kR: 6r The

connecting metallization for use in a semiconductor device of claim 6 wherein said rare earth element
is selected fromratiieng réepigoméiskin guofiyeriemiybarmeriden megdymivgseensitdn, and alloys and

combinations of these materials;
a high temperature superconductor (HTS) layer formed over the non-HTS barrier layer in said at
10 ieast one trench; and
a copper or a copper alloy filling said trench in said dielectric layer overlying said high temperature

superconductor (HT'S) layer.

2. The connecting metallization for use in a semiconductor device of claim 1 wherein the

15 dielectric fayer is a low-k dielectric material,

3. The connecting metallization for use in a semiconductor device of claim 2 finther

comprising a tantalum layer over the HTS layer.

20 4, The connecting metallization for use in a semiconductor device of claim 1 wherein the non-
HTS barrier layer comprises a layer of a tantalom-rich nitride, and further comprising a laver of tantulum.
5. The connecting metallization for use in a semiconductor device of claim i wherein the HI'S

material is a rare earth cuprate (copper oxide) material.

25 6. The connecting metallization for use in a semiconductor device of claim 1 wherein the HT'S

material 1s a rare earth element combined with barium copper oxide,

10



gadolinium, ytterbium, dysprosium, holmium and lutetium. 5 8. The connecting metallization for use in
a semiconductor device of claim 6 wherein the FITS material is yttrium barium copper oxide. 9. The
connecting metallization for use in a semiconductor device of claim 1 wherein said HTS layer is a rare

earth Ruthenium Oxoguprate, 10 10, Ihe cannecting metallgag}gg&.for use in a se |condtgctor device of

. . - CCHIY TTUCO Cl Vi Y amnn O wWhereip, saigl rare
claim 9 wherein said rare earﬁ1 %‘fﬁenlum xocuprate 1s defin y“fhe(f]ormula RUSHr&Te earth

element) CuOgdin, \bigduixis ReyaeRabaut dhoap andiidSel Je-REIVESRBROUL LR ANtRide, and Z is

between about 7.55 and 8.45. 15 if. The connecting metallization for use in a semiconductor device of
claim 10 whergidolgaioh rdtebearttygiemenhiénsetestétitttom. the group consisting of yttrium, samarium,
neodymium, erbium, gadolinium, ytterbium, dysprosium, holmium and lutetium. 20 12. The connecting
metallization for use in a semiconductor device of claim | wherein the HTS layer has a thickness of

between go.4 to SQOﬁI chn'gg% nne: 'rg ;nqg;nllizgtign.f ruse icri\ asegni onductor .devi f claim |
wherein the trench 'defienednin S§C|§1 %ﬁe%étrglc%ﬂaseamwiétﬁ]fgggdt Oéneg c%ﬁt 881A\5 elflf%}e‘iﬁg
material is yttrium barium copper oxide.

9. The comnecting metallization for use in a semiconductor device of clamm 1 wherein said HTS
layer is a rare earth Ruthenium Oxocuprate.
10
10. The connecting metallization for use in a semiconductor device of claim 9 wherein
said rare earth Ruthenium Oxocuprate is defined by the formula RuSt, (rare earth element) Cu,0, in
which x 1s between about 1.55 and 2.45, v is between about 1.55 and 2.45, and z is between about 7.55
and 8.45.
15
il The connecting metallization for use in a semiconductor device of claim 10 wherein
said rare earth element is selected from the group consisting of yitrium, samarium, neodymium, erbium,

gadolinium, ytterbium, dysprosium, holmium and hutetivm.

20 12. 'The connecting metallization for use in a semiconductor device of claim 1 wherein the
HTS layer has a thickness of between 10A to S00A.
13. The comnecting metallization for use in 2 semiconductor device of claim | wherein the

trench defined i said dielectric has a width less than about 300A.,

25



14. The connecting metallization for use in a semiconductor device of claim | wherein the trench
defined in said dielectric has a width less than about 300A. 15. The connecting metallization for use in
a semiconductor device of claim | wherein 5 said at least one trench includes at least two trenches.

16. The connectin inetaIIiZQ ion for Hsei .S migonductor devicde Of %Iaim Wh?rekiln one of said at
. . C CONNCeC n[%ni%aql? Iﬁl{h O 1S€ 1 & Semicol UtC? CVICE OO CI&HTI wherem me
least two trenches further includes a v . The connecting metallization for use 'in a

semiconducto.geyiceRf ¢laim dididdhne G Ising:a Sappingklayer over said copper or a copper alloy
filling said at least one trench. 18. The connecting metallization for use in a semiconductor device of

claim 17 wherein said capping layer is an | -ITS capping layer. 15 19. The connecting metallization for
use in a semiconductor device of claim 17 Rather comprising another dielectric layer over said first

dielectric layer and'Said I-T S ¢ SPBHaysRIFBtieopHar dsh et iy RIStsinSarss foraEs iheren
semicondgctogagﬂ{ilg%g%%%m %1?:}&55@%3%%%%‘%@9 a hard mask over said HTS capping layer. 21.

The connecting metallization for use In a semiconductor device of claim 20 wherein said hard mask is
a layer of ARC. 25 22. The connecting metallization for use in a semiconductor device of claim 19
wherein said HTS capping layer has a thickness between about | OA and 500.x. 12

16. The connecting metallization for use in a semiconducior device of claim 15 wherein

one of said at least two trenches finther inciudes a via.

10 17. The connecting metallization for vse in a semiconductor device of claim 1 further

comprising a capping layer over said copper or a copper alloy filling said at least one trench.

18. The connecting metallization for use in a semiconductor device of claim 17 wherein
said capping layer is an HT'S capping laver.
15
19, The connecting metallization for use in a semiconductor device of claim 17 further

comprising another dielectric layer over said first dielectric layer and said HTS capping layer.

20, The connecting metaliization for use in & semiconductor device of claim 17 further

20  including a hard mask over said HTS capping layer.

21 The connecting metallization for use in a semiconductor device of claim 20 wherein

said hard mask is a layer of ARC.

25 22. The connecting metallization for use in a semiconductor device of claim 19 wherein

said HTS capping layer has a thickness between about ] 0A and 500A.



23. A connecting metallization for use in a semiconductor device comprising: a first dielectric layer
defining at least one trench therein; a copper or a copper alloy filling said at least one trench in said
first dielectric layer; an HTS capping layer over said copper or copper alloy filling said at least one
trench; and 5 another dielegtric layer qv. id f} ielectric layer and.said HTS capping layer. 10 15
20 25 12a24. Th%gbonnecﬁncgn%%gtaﬂ%ea%%n g‘? %ﬁ%s(%r?] ai? %tégrﬁ!?glﬁcgoﬁ(%glrcgi%wggsgjigblaim 23 wherein
said HTS capping laygiikre:a thiskRess ok beiwearabeidtdhOA and 500.x. 25. The connecting
metallization for use in a semiconductor device of claim 23 wherein 5 said trench in said first dielectric
layer has a width lessptisaer atpatr380 Al sdihe loohmestind: metdifivedidecoriase in a semiconductor
device of claim 23 wherein the HTS mategrial is a rare earth cuprate (copper oxide) material. 10 27.

The connecting m&HTIZAHBATS PSR B SHREH GURS A B GRAEH > PHFErEiI the HTS material

is a rare garth elemegggg&mgggépmep%m%g%g ggggg%d%gld]}]@ g@gﬂg%@g}g metallization for use in

a semiconductor device of claim 27 wherein said rare éarth element is selected from die group
consisting of yttrium, samarium, neodymium, erbium,

10
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gadolinium, ytterbium, dysprosium, holmium and lutetium. 15 29. The connecting metallization for use
in a semiconductor device of claim 27 wherein the HTS material is yttrium barium copper oxide. 30. A
method of making connecting metallization for use in a semiconductor device comprising the steps of

forming adlelectrmZL@yer oV gcgynpeg rate. ]ggldg at least one.trench in, said di Iec%c Ig er; 20

. . . 1 a.seruconductor dévice <ianm WIIGECH
forming a non- high temperature superconductor cfrél)sebarrler ayer on t%e ottom and Sidewalls of

said at least oggdtraRGChRerRIMibemant TE-HarkiehiRy efis:@ faterial selected from a group
consisting of titanium, titanium nitride, tantalum, tantulum nitride, tungsten, tungsten nitride, and alloys

and combinations of these materials; forming a high temperature superconductor (HIS) layer over said
non-HTS barrier Iager; and 25 depositing a copper or copper alloy in said at least one trench defined in

said dielectric layerafter forifg e RORSI R0 e PTalet sawideie dnih e Brtidind edwherein
the dielectjic '@éﬁ@&éﬁcﬁ‘il?éﬁéal‘fﬂ%@%@% E@ﬁ&%‘w@dﬁi Il-sgﬁ]ﬂl‘ hlggdaflgglaim 31 wherein the non-HTS

barrier layer comprises a layer of tantalum-rich nitride, and further comprising a layer of tantalum. 5
33. The method of claim 30 wherein the FITS material is a rare earth cuprate (copper oxide) material.

26. The connecting metallization for use in a semiconductor device of claim 23 wheremn

the HTS material is a rare earth cuprate (copper oxide) material.

10 27. The connecting metaliization for use in a semiconductor device of claim 23 wherein
the HTS material is a rare earth element combined with barium copper oxide.

28. The connecting metaliization for use in a semiconductor device of claim 27 wherein
said rare earth element is selected from the group consisting of yitrfum, samarium, neodymium, erbium,
gadolinium, ytterbium, dysprosium, holmium and lutetium,

15 29, The connecting metallization for use in a semiconductor device of claim 27 wherein
the HT'S material is yttrium baritum copper oxide.

30. A method of making connecting metallization for use in a semiconductor device
comprising the steps of!

forming a dielectric layer over a substrate; defining at least one trench in said dielectric layer;

20 forming a non- high temperature superconductor{HTS) barrier laver on the bottom and sidewalls of
said at least one trench, wherein the non-HTS barrier layer is a material selected from a group consisting
of titanium, titanium nitride, tantalum, tantolum nittide, tungsten, tungsten nitride, and alloys and
combinations of these materials;

forming a high temperature superconductor (HTS) layer over said non-HT'S barrier fayer; and

25 depositing a copper or copper alloy in said at least one trench defined in said dielectric layer after

forming the non-HT'S barrier layer.

13



34. The method of claim 30 wherein the FITS layer is a rare earth element combined with 10 barium
copper oxide. 35. The method of claim 34 wherein said rare earth element is selected from the group
consisting of yttrium, samarium, neodymium, erbium, gadolinium, ytterbium, dysprosium, holmium and
lutetium. 1 36. The method of Al 4 WASERINLER bl TRJIEREHM AU, sopRgr 0xide. 37.
The method of claim 30 wherein said FITS layer is a rare earth Ruthenium Oxocuprate. 20 38. The
method of claim 37 wherein said rare earth Ruthenium Oxocuprate is defined by the formula RuSrx
(rare earth element) CuO, in which x is between about 1.55 and 2.45, y is between about 1.55 and
2.45 and z is betwéén about'r. 35:hed @ 43l M’@?ﬂ'ﬂhfermétﬁ“édﬂmieﬂdmwwﬁmmlwwfare earth
element is selected fro group consistin ttrlu marium, neodymium, erbium, gadolinium,
ytterbium, dys%?giuﬁ’rﬂc%ﬁﬁ?uﬂ)i é‘%ﬁ‘%‘ﬁ?&tﬂ?ﬁ? éq%ﬁ@{a%d of claim 30 wherein the HTS layer has
a thickness of from | OA to 500A. 541. The method of claim 30 wherein said at least one trench has a
width less than 300A. 42. The method of claim 30 further comprising the step of forming a capping
layer over said copper or cOppethboytiaposiedingailttEnc maeaiin achirsaighliligatriCopper

oxide) material,
34. The method of claim 30 wherein the HTS layer is a rare earth element combined with
10 barium copper oxide.
35 The method of claim 34 wherein said rare carth element is selected from the group

consisting of yttrium, samariuim, neodymium, erbium, gadolinium, ytterbium, dysprosium, holmium and

Jutetium.
15
36. The method of claim 34 wherein the HT'S layer is ytirium barium copper oxide.
37 The method of claim 30 wherein said HT'S layer is a rare earth Ruthenium Oxocuprate.
20 38. The method of claim 37 wherein said rare earth Ruthenium Oxocuprate is defined by

the formula RuSr, (rare earth element} Cu,O, in which X is between about 1.55 and 2.45, v is between

about 1.35 and 2.45 and z 1s between about 7.55 and 8.45.

25
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10' 43. The method of claim 42 wherein said step of forming said capping layer comprises forming a
patterned hard mask over a layer of HTS material. 44. The method of claim 42 wherein said step of
forming a capping layer comprises forming a layer of HTS. 15 45. The method of claim 44 wherein

o ey e e Adan S ALREUPER. 19 BRARD0 Ry HiE Methag o oo

44 comprising the further step of depositing another dielectric ayer over said

said HTS cappingsdayeryidud @ethed albmaking sennestipmmeializationiordise Roarsemiconductor
device comprising the steps of forming a dielectric layer over a substrate; defining at least one trench
in said dielectrictiayer; 25 depositing a copper or a copper alloy in said at least one trench defined in

said dielectric layer; and forming an HTS, c%@ping layer on said co?r:ﬁf,er or copper (a}lgoy deposited in
said trench. 15 48.he methBHbHLIRTA7 dhahahir 4 i Sy S rbifgshotam e rises the

step of foyming saig HTS laygrioga.{hickiess ohbehueen BRONLLOAAN S0RKA% ThggRethod o

claim 47 wherein the HTS material is a rare earth cuprate (copper oxide) material.

42. The method of clatm 30 further comprising the step of forming a capping layer over

said copper or copper alloy deposited in said trench defined in said dielectric.

10 43, The method of claim 42 wherein said step of forming said capping layer comprises

forming a patterned hard mask over a layer of HT'S material.

44, The method of claim 42 wherein said step of forming a capping layer comprises

forming a layer of HTS.

15
45. The method of claim 44 wherein said HE'S capping layer is formed to a thickness of
between 10A and 500A.
46. The method of claim 44 comprising the further step of depositing another dielectric

20 layer over said dielectric layer and said HT'S capping layer.

47. A method of making connecting metallization for use in a semiconductor device
comprising the steps of: forming a dielectric layer over a substrate; defining at least one trench in said
dielectric layer;

25 depositing a copper or a copper alloy 1 said at least one trench defined in said dielectric layer; and

forming an HT'S capping layer on said copper or copper alfoy deposited in said trench.

15



50. The method of claim 47 wherein the HTS material is a rare earth element combined with barium
copper oxide. 51. The method of claim 50 wherein said rare earth element is selected from the group
10 consisting of yttrium, samarium, neodymium, erbium, gadolinium, ytterbium, dysprosium, holmium

and lutetium. 52. The metheql of GlaiTr AQNRAIRINN Gl R, DAIRHRAL S Y IFURPAIWRGRRGY, Oxide. 16
of forming said HTS layer to a thickness of between about 10A and S00A.
49, The method of claim 47 wherein the HT'S material is a rare earth cuprate (copper

oxide) material.

5
50. The method of claim 47 wherein the HT'S material is a rare earth element combined
with barium copper oxide.
51 The method of claim 50 wherein said rare earth element is selected from the group

10 consisting of yttrium, samariwum, neodymium, erbium, gadolinium, ytterbium, dysprosium, holmium and

futetium,

52. The method of claim 50 wherein the HTS material is vttrium barium copper oxide.

16



