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'DESCRI-PTI ON - Technical Field The prgsent
“invention is directed to using copper or copper alloys in sem comduesresrs _ s
devices, and is especially directed to inproving the adhesi on of anol QEQ
“layer to the copper or copper alloy. Backgr ounc: é”‘

I nvention Interest in using copper as interconnects in sem conduttor

devi ces continues to ingﬁgﬁﬁﬁ)%kﬂg%ﬂﬁﬁdy%§%e§§%§8§0ko¥6rCéﬁgé%tivity and a

reduced susceptibility to electromgration failure as conpared to the nore
traditional alum num or alum num alloy interconnects. However, since
copper has a tendency when used in intgigerpeghymetal lurgy to diffuse into
surrounding dielectric materials such as silicon dioxide, capping of the
copper is essential. The capping inhibits this diffusion. One wdely
suggest ed net hod of capping incl udeseimliepingiald :

The present invention is directed to using copper or
copper alloys in semiconductor devices, and is especially
directed to improving the adhesion of another layer to the

copper or copper alloy.
Background of Invention

Interest in using copper as interconnects in
semiconductor devices continues to increase since it
possesses a lower resistivity and a reduced susceptibility
to electromigration failure as compared to the more

traditional aluminum or zluminum alloy interconnects.

However, since copper has a tendency when used in
interconnect metaliurgy to diffuse into surrounding '
dielectric materiais such as silicon dioxide, capping of the
copper is essential. The capping inhibits this diffusion.
Cne wicdely suggested method of capping includes employing a
conductive barrier layer along the sidewalls and bottom
surface of a copper interconnect. Typical of such barrier
layers is tantalum or titanium. Capping of the upper
surface of a copper interconnect usually employs silicon

nitrid=.

However, silicon nitride does not exhibit strong
adhesion to copper surfaces. Accordingly, the silicon

nitride-to-ccpper Interface is extremely susceptible to




conductive barrier layer along the sidewalls and bottom surface of a copper
i nterconnect. Typical of such barrier layers is tantalumor titanium
Cappi ng of the upper surface of a copper interconnect usually enploys

silicon nitride. However, silicon nitride does not exhibit strong
adhesion to copper surfaces. Accordingly, the silicon nitride-to-copper
interface is extrenely susceptible to 2 2 del am nati on, especially
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SRR Tt 16 00T A ATGn LRGN BB 2naki CaT FABERAN cal

mechani cal | GadiT ng can
pol i shi ng st epadiiurd ng Evedrepl gy oresisiatgnoelsi phpukl meagbhnasalisédading can

substrate rewdy @@ddéfémlrfétgn Qmoo%o%f tc%]%ml?i%'i‘ hechéﬂﬂ: nﬁgﬁ?%ﬁ&}ﬁ
attach substrate. am nation o icon nitrl a copper
surface creatS$RF FHIHLIDrYalgparracssfiimbusehdot Ritd andhaapavhefoin

moi sture or QUi £Nd A S 41 Hdnlavse b'iW%h@psTBE'éeﬁ?rSéI:HS hekiahi Lity
probl ens for the sem conduct.or devi ce. Mor eover, various ot her

material s sudiPROATY AT HRSIG ot adhere wel | to copper surfaces.

Delamination of silicon nitride from a copper surface
creates a path for copper to diffuse outward and a path for
moisture or other contaminants to diffuse inward. This

creates reliability problems for the semiconductor device.

Moreover, various other materials such as silicon

dioxide do not adhere well to copper surfaces.

It has been suggested to use a copper silicide film on
copper interconnects to eliminate the silicon nitride-to-
copper interface adhesion problems. Along these lines, see
U.S. Patent 5,447,887 to Filipiak et al. However, copper
silicides exhibit a relatively high electrical resistivity
and may cause an unacceptably large increase in resistance
of copper interconnects. Moreover, copper silicides have
been reported to be reactive with atmospheric oxygen and
tend to suffer resistivity increases upon exposure to oxygen
at room temperature. In addition, problems exist in forming
the copper silicide which, in turn, leads to non-uniformity

and non-repeatability of the procedure.

Accordingly, z need exists for improving adhesion of
layers such as silicon nitride and silicon dioxide to copper
surfaces without tne concomitant disadvantages associated

with using copper silicice.




I't “has been suggested to use a copper silicide filmon copper interconnects
to elimnate the silicon nitride-to- copper interface adhesi on probl ens.

Al ong these lines, see U S. Patent 5,447,887 to Filipiak et al. However,
copper silicides exhibit a relatively high electrical resistivity and may
cause an unacceptably large increase in resistance of copper interconnects.
Mor eover, copper silicides have been reposted to be reactive with
atnDspherlc oxygen and tend to sugfer re5|§tLV|t i ncreases upon exposure
to oxygen at room tenperature. FtY ot BTEH exist in formng the
copper silicide which, in turn, Ieads to non- unlfornlty and
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copper silicig®.the copper surfaces In particular, the presen
Summary of invention present invention relates to |nprOV|ng t he
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SeniCondUCtorl§§éPCéHrgo§8e réé%ﬁ ?de, germanium oxide, germanium
nitride or combinations thereof is located on at least one
surface of the copper member. .A.layer of a material that
does not tenaciously adhere to copper is located on the
layer of copper germanide, germanium oxide or germanium
nitride. The germanium-containing layer improves the
adhesion of the poorly adhering material to the copper

member.

In addition, the present invention is concerned with a
process for fabricating a semiconductor structure which
comprises the steps of providing a layer of at least one
germahium—containing material selected from the group
consisting of copper germanide, germanium oxide, germanium
nitride and combinations thereof onto at least one surface
of a copper member; and then providing a layer of a material
that does not adhere well to copper on the layer of the
germanium-containing material. The present invention also
relates to a semiconductor structure obtained by the above

process.

_ Still other objects and advantages of the present
invention will become readily apparent by those skilled in
the art from the following detailed description, wherein it
is shown and described only the preferred embodiments of the

invention, simply by way of illustration of the best mode



copper menber | ocated within a seniconductor device. A |ayer of copper

ger mani de, gernmani um oxi de, germaniumnitride or conbinations thereof is

| ocated on at | east one surface of the copper nenber. A layer of a material
that does not tenaciously adhere to copper is |located on the | ayer of
copper gernmani de, gernmani um oxi de or gerganiun1nitride. The

ger mani um cont ai ni ng Iayer i nproves the adhesi on of the poorly adhering
material to the co n addition, the present. invention is
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conpri ses t hershépgedf theovindengianl agecaofbht dBasthemneand different
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obj ects and advantages of the present invention will becone readily
apparent by those skilled in the 3%t fron1t g follomnng detail ed

description, wherein it is shown dng gescribed®SAry®t he preferred
enbodi ments of the invention, sinply by way of illustration of the best
node

Fig. 1 is a schematic diagram of an example of a
semiconductor structure in accordance with the present

invention.

Fig. 2 is a schematic disgram of an example of another
semiconductor structure in accordance with the present

invention.

Fig. 3 is a schematic diagram of &n example of a still
further semiconductor structure in accordance with the

present invention.
Best and Various Modes for Carrying Out Invention

In order to facilitate a= understanding of the present
invention, reference will be m—ade to the figures which are
schematic diagrams of examples of semiconductor structures

in accordance with the presen: invention.

According to the present invention, the adhesion of
poorly adherent materials to z copper surface is improved by
including. an intervening germznium-containing layer. The

germanium-containing layer ca» be copper germanide,



4 contenplated of carrying out the invention. As will be realized the
invention is capable of other and different enbodinents, and its several
details are capable of nodifications in various obvious respects, wthout
departing fromthe invention. Accordingly, the description is to be

regarded as illustrative in nature and not as restrictive.

Summary of Draw ngs Fig. 1is a schemati ¢ di agram of an exanple of a
seni conduct or ¢ SLEUGE HheokRGACCOE dang e, Wi ﬁhutﬂfe,proeﬁ%ﬂi@bé%qfo'n Nof these
Fig. 2 is a schematic diagram of an exanpl e of ‘anot her sem conductor
structure in ag¥®f8ance with the present invention. Fig. 3is a
schemati c di agram of an exanple of a still further sem conductor structure
in accordance with thelEresent i.nyent i on. Best .and Variqus Modes for

Carrying Qut |nvenffohliustrated 1R {19t ob ¢ RIRRYGME TRIuAd s Lasdiveg Sof
the present ioveatsenicosfieceocewstetr beotmadewr) theH aguisag iwinch are
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wiring is electrically isolated by including an interlevel
dielectric 2 such as silicon dioxide (Si0,), phospho-
silicate-glass (PSG), boron doped PSG (BPSG), or
tetraethylorthosilicate (TEOS). In addition, the dielectric
can include low dielectric constant materials such as
fluorinated SiO,, organic polymers and porcus dielectrics
and the capping structures sometimes employed for
integration purposes. The copper wiring includes copper and
copper alloys. 1In addition, the copper wiring can be capped
along its bottom and sidewall surfaces with a conductive

barrier (not shown) such as tantalum or titanium. The

copper is typically about 1000 to about 20000 A thick.

According to the present invention, a layer of a
germanium-containing material is provided on the copper.
The germanium-containing material includes copper germanide,
germanium oxide, germanium nitride or combinations of these
materials. According to preferred aspects of the present
invention, a layer 3 of copper germanide is formed on the
exposed copper surfaces by flowing germane (GeH,) over the
structure at elevated temperatures of about 200 to about
430°C and opreferably about 350 to about 400°C. The flow
rate of the germane is typically about 15 to about 80 sccm
and more typically about 2 tc about 5 sccm. In addition,
tvpically a mixture of germane and a non-active gas such as
halium, argon or nitrogen is employed wherein the

concantration of the germane is about 0.05 to about 5% and



According to the present invention, the adhesion of poorly adherent
materials to a copper surface is inproved by includingan intervening
gerrmani um cont ai ni ng | ayer. The gernmani um contai ning | ayer can be copper
ger mani de, ger mani um oxi de, germaniumnitride, or conbinations of
t hese | ayers. As illustrated in Fig. 1, copper wiring 1 is included
on a sem conductor wafer (not shown) such6as silicon, silicon-gernmnium
al lL.oys or gal |l iumarseni dﬁ. The copper wiring is electrically isolated by
i ncl udi ng an PhE&FIFEQel dPeiectrilcts &BCHtal-sFti corf i UL FSiTtPyture
phospho- silieat ehgl agsmGRSGE = kapon-daped ES&e{BRSQimid the amount of
tetraethylorthosilicate (TEOS).. addi tion, the di ctri.c can. incl ude
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copper all oys. I'tion, the co rrng can be capped along 1
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methods of providing a copper germanide layer on the copper
can be used such as chemical vapor deposition of copper
germanide. However, such a process is not preferred since
it would then require a masking and etching step in order to
provide the copper germanide layer only on the exposed
surfaces of the copper. On the other hand, employing the
reaction with the germane gas, the germanide is selectively

formed only on those surfaces where exposed copper exists.

The germanide forms in a relatively uniform and
reproducible manner, especially when compared to forming
copper silicide. Furthermdre, the resistivity of copper
germanide is relatively low as compared to that of the
copper silicide. 1In particular, the resistivity of copper
germanide is about 5.5 p ohm cm at room temperature whereas
that for copper silicide is about 55 u ohm cm. Copper, on
the other hand, has a resistivity of about 2.2 g ohm cm or

lower.

Next, if desired, a layer of a poorly adherent materizl
5 such as silicen nitride or silicon dioxide can be
deposited on the coppér germanide layer 3. 1In the case of
silicon nitride, it can be deposited by a well known plasma
enhanced chemical vapor deposition process (PECVD). Such

process involves introducing a silicon-bearing gas species



The germani um containing material includes copper germani de, gernmani um

oxi dé, germaniumnitride or conbinations of these materials. According to
preferred aspects of the present invention, a |layer 3 of copper germanide
is formed on the exposed copper surfaces by flow ng germane (CGeH err]) over
the structure at el evated tenperatures of about 200 to about 450[err]C and
preferably about 350 to about 400[err]C/ The flow rate of the germane is
typically abogLC%SRLo about 80.sccm.and nore typically about 2 to, about 5
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reaction is about 100 to about 1000 A and preferably about 150 to about 400
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| ayer only on the exposed s rfaces oOf fhe copper. t he ot her hand,

enpl oyi ng t heeven more typically about 350 to about 700 A thick for

silicon.

If desired, as illustrated in Figs. 2 and 3, prior to
depositing the layer 5, all or a portion of the copper
germanide layer can be converted to germanium oxide and/or
germanium nitride 4 to provide further oxidation barrier
protecting the uncerlying copper. Fig. 2 illustrates
concerning a portion of the copper germanide layer; whereas;
Fig. 3 illustrates converting all of the copper germanide
layer. The copper germanide can be oxidized by employing an
oxygen-containing gas at temperatures of about 20 to about
2400°C. Typically, the flow rate of the oxygen-containing
cas would be about % to zbout 15 slm and the duration of the
vrocess would be about 5 sec to several days. During the

oxidation process, the copper from the copper germanide will

b

be expelled back intec the underlying copper member. The
copper germanide czan be converted to germanium nitride by
reaction with & nizrogen-containing gas or plasma such as
zmmonia or nitrogen at e>svated temperatures of about 300 to
zbout 750°C.



reaction with the germane gas, the germanide is selectively fornmed only on
t hose surfaces where exposed copper exists. The germanide forns in a
relatively uniform and reproduci bl e manner, especially when conpared to
form ng copper silicide. Furthernore, the resistivity of copper gernanide
iS relatively low as conpared to that of the copper silicide. In
particular, the resistivity of copper germanide is about 5.5 [err] ohmcm

at_.room t enper at ur,awhpheas tihatod il Geppec i kel derbseakouto6f [err] ohm
cm Copper, %%the ot her hand, has a resi tIVItX of about 2.2 ohm cm
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wel | known plasiha en anced chem ca vapor depositron process Such
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nltrogen in the présence of a plasma. _ Qh i con-bearing gas species
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ni trogen- contailni NG as SRR{ Qe lidinids hexaset Ayl disikaganseg The
deposi tion OEHQP%er et al, Edge Delamination Testing: A Method for
Measuring the Adhesion of Thin-Film Coatings in
Microelectronic Applications, Part 1: Numerical Analysis and
Preliminary Results, in Thin Films: Stresses and Mechanical
Properties IV, Materials Research Sociéty Symposium
Proceedings, Vol. 308, 1993, published by Materials Research
Society, Pittsburgh, PA, USA, pp. 535-539. Reference to the
materials considered poorly adherent to copper or do not
adhere well to copper refers to those materials that
delaminate in the Edge delamination test at temperatures

above the temperature at which silicon fails in this test.

Procedures for forming germanium nitride can be found
in the Gmelins Handbuch der anorganishen Chemie. 8th
Edition, Vol. 45, p. 34 (Verlag Chernie, Stuttgart, 1961).
For example, exposure of germanium oxide to NH, at '
temperatures from 700 to 750°C results in the formation of

Ge;N, .

The foregoing description of the invention illustrates
and describes the present invention. Additionally, the
disclosure shows and describes only the preferred
embodiments of the invention but, as mentioned above, it is
to be understood that the invention is capable of use in

various other combinations, modifications, and environments



silicon nitride is usually carried out at tenperatures of about 300 to
about 450[err]C and nore typically at tenperatures of about 350 to about
400[err] C. The layer 5 is typically about 100 to about 20000 A thick, nore
typically for silicon nitride the layer is about 100 to about 1000 A thi ck,
and even nore typically about 350 to about 700 A thick for silicon.

If desired, as illustrated in Figs. 2 afd 3, prior to depositing the |ayer
5 all or a portign-of the copprE.gesnanide;d ayer-ican ke« @lqnv%r,tce%ctoa
ger mani um oxi de and/of germaniumnitride 4 to provide further oxidatfon
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reaction with a ni trogen cont al ni ng tas or | ashm such as ammoni a or
f
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description is not intended tc limit the invention to the
form disclosed herein. Also, it is intended that the
appended claims be construed tc include alternative

embodiments.



"The gernanlun1OX|de formed by an airbreak (roomtenperature exposure to air
bet ween copper gernmani de formation and nitride deposition has been found to
lead to a substantial decrease in nitride to copper del an nation and using
stud pull tests. An in situ nitride cap deposition after gernanide
formati on wi thout an airbreak | eads to inprovenent in an edge del am nation
test but not in the stud pull test. Edgeﬁdelanination testing is described
in Shaffer et al, Edge Del am nation Test., F A Met hod for Measuring the
Adhesi on of Thin-Film Coatings in M croé ecgronlc Applications, Part 1:
Nunmerical Analysis and Prelimnary Results, in Thin Filnms: Stresses and
Mechani cal Pgeper tises 1LV melMbtigr.i al s Research Soci ety Synposium Proceedi ngs,
Vol . 308, 1993, published by Materials Research Society, Pittsburgh, PA,
USA, pp. 535-539. Reference to the materials considered poorly adherent to

copper or do not adhere wekhlicbadoepper stehetsré ocdhests Id &f | spdhat
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conmbi nati ons, nodifications, and environments

2. The semiconductor structure of claim 1 wherein the

copper member is copper or a copper alloy.

3. The semiconductor structure of claim 1 wherein the

. germanium-containing layer comprises copper germanide.

4., The semiconductor structure of claim 1 wherein the

germanium-containing layer comprises germanium oxide.

5. The semiconductor structure of claim 1 wherein the

germanium-containing layer comprises germanium nitride.

6. The semiconductor structure of claim 1 wherein the
germanium-containing layer comprises a layer of copper

germanide and a layer of germanium oxide.
7. The semiconductor structure of claim 1 wherein the

germanium-containing layer contains a layer of copper

germanide and a layer of germanium nitride.
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‘and is capable of changes or nodifications within the scope O the

I nventive concept as expresses herein, commensurate with the above

t eachi ngs and/or the skill or knomﬁedge of the relevant art. The

enbodi ments descri bed herei nabove are further intended to explain best
nodes known of practicing the invention and to enable others skilled in the
art to utilize the invention in such, or other, enbodinents and with the
vari ous nDd|f|cat ons ﬁ%qU|red by.t he parti cul Lcations or uses of

Uhe' [ nvention. actor i Hafys T ROt e b e o T hugatied FHCFPRPL thAe
I nvention tcgeﬂmamrmwncbﬁténnemghbay&rlcdﬁ&ax"g t ilsyemnt efidedpbbat t he

ded cl ai : '
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germanium nictriagae

9. The semiconductor structure of claim 1 wherein the
germanium-containing layer has a thickness of about 100 to
about 1000 A.

10. The semiconductor structure of claim 1 wherein the
germanium-containing layer has a thickness of about 150 to
about 400 A.

11. The semiconductor structure of claim 9 wherein the

copper has thickness of about 1000 to about 20,000 A.

12. The semiconductor structure of claim 9 wherein the
layer of material poorly adherent to copper has a thickness
of about 100 to about 20000 A.

13. The semiconductor structure of claim 1 wherein the

material poorly adherent to copper is silicon nitride.

14. The semiconductor structure of claim 1 wherein the

material poorly adherent to copper is silicon dioxide.

15. A process for fabricating a semiconductor
structure which comprises the steps of providing a
germanium-containing layer of at least one member selected
from the group consisting of copper germanide, germanium
oxide, germanium nitride and combinations thereof onto at

least one surface of a copper member; and providing a layer
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"1, A sem conductor structure conprising a copper nmenber |ocated within a
sem conduct or device; a germanium containing |ayer of at |east one nenber
selected fromthe group consisting of copper germani de, germani um oxi de,
germaniumnitride and conbi nations thereof, |ocated on at |east one surface
of the copper nenber; and a | ayer of a material poorly adherent to copper

| ocated on the gernmani um containing I%&er. The sem conduct or

2.
structure of claim1 wherein the copper nenber is. copper or a copper alloy.
3. ‘The sem 86nduEEEF SErukt e O6F S PRENPEIGREr BT T t Ho G RRfI U ot ai ni ng
| ayer conpri gesmaapper- copertaemicde. layer. 4. The sem conductor structure
of claim1 wherein the germani umcontaining | ayer conprises gernmani um
oxi de. 5. The sem conductor structure of claim1l wherein the
ger mani um cont ai nitkg | &per pcogesisses gérarniLBnvhichicemprises pr@vidimhe
semi conduct o, glehGhUk G -@bnthantny WAGLe Byt Be1 ger PR ¢ SRt nigig,d ayer
conprises a | ayer of copper gernmanide and a | ayer of dgermani um oxi de.
7.  The senPBESAGAOSr O ChEt GREPEE BREPAT 1PYheteYHNY HEermane over the

ger mani um cogtaurichgel.ayer contains a | ayer of copper germanide and a
| ayer of germanium nitride.

17. The process of claim 16 wherein the germane is at
a temperature of about 200 to about 450°C.

18. The process of claim 16 which comprises providing
a gaseous composition containing about 0.05 to about 5% of
germane and a second gas selected from the group consisting

of nitrogen, helium, argon, and mixtures thereof.

19. The process of claim 15 wherein the germanium-
containing layer is provided by: providing a layer of copper
germanide on the copper and then oxidizing all or a portion
of the copper germanide to provide a layer of germanium

oxide.

20. The process of claim 15 wherein the thickness of

the germanium-containing layer is about 100 to about 1000 A.

21. The process of claim 15 wherein the thickness of

the germanium-containing layer is about 150 to about 400 A.

. 22. The process of claim 19 wherein the layer of
copper germanics is about 100 to about 1000 A and the layer

of germar.ium oxide is about 1G3 to about 1000 A.



- 8 The semi conductor structure of claiml wherein the
germani um contai ning | ayer contains a |layer of copper germanide, a |ayer of

germani um oxi de and a | ayer of germaniumnitride. 9. The
sem conductor structure of claim 1l wherein the germani um containing |ayer
has a thickness of about 100 to about,]1000 A. 10. The sem conduct or

structure of claim1l wherein the gernﬁ-iun}containing | ayer has a thickness

of about 150 to ghout 1400 £ thaifthesseRLeOPFUChOT gSERLCI e Of
claim9 wherein the coppepéﬁggsﬁhfcknegé of about 1000 tdga out 20,000 A

12. The sencOt@IELHY EYESt GORPGTE SeSaPr Y ifhBFef nletier | alefopPerat eri al

poor |y adheg@inalng RORRRY thas A ilthiiekRess10f oabgubolP0oh 0o abONE 20000 A
13. The sem conductor _structure of.&la|n1l wherein thgenaterlal poor |y

adher ent t 0 9E3PREr- s 1SS &9 mroriige. germanium nitri

24. The process of claim 23 wherein the copper
germanide layer is about 100 to about 1000 A thick and the
germanium nitride layer is about 100 to about 1000 A thick.

25. The procesé of claim 15 wherein the gexrmanium-
containing layer is provided by providing a layer of copper
germanide on the copper, then oxidizing all or a portion of
the copper germanide to provide a layer of germanium oxide,
and then nitriding a portion of the copper oxide layer to

provide germanium nitride.

26. The process of claim 15 wherein the copper member

is copper or a copper alloy.

27. The process of claim 15 wherein the copper member
"is about 1000 to about 20,000 A thick.

28. The process of claim 15 wherein the layer of
silicon nitride is about 100 to about 20000 A thick.

29. The process of claim 15 wherein the material that

does not adhere well to copper is silicon nitride.

30. The process of claim 15 wherein the material that

does not adhere well to copper is silicon dioxide.

31. A semiconductor structure obtained by the process
of claim 15.
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'14. The sem conductor structure of claim1l wherein the material poorly
adherent to copper is silicon dioxide. 15. A process for fabricating
a sem conductor structure which conprises the steps of providing a

ger mani um contai ning | ayer of at |east one nenber selected fromthe group
consi sting of copper gernanide, germani um oxi de, gernmaniumnitride and
conbi nations thereof onto at | east onelsurface of a copper nenber; and
providing a | ayer 12 of a material that
does not adhere well to copper on the germani um -containing |ayer.

16. The process OoMETHIOP FORAMPIRCYINNGiASBSERHON T AP ER

germani um contai ning | ayer by selectively form ng copper gernmani de on the

copper nenber by flow ng germane over the structure. 17. The process
of claim 16amh@rei n the germane is at a tenperature of about 200 to about
450[ err] C 18. The process of claim 16 which conprises providing a

gaseous corrposi ti on containing about 0.05 to about 5[err] of gernmane and a
second gas I§oor§/ grefltrlg}@rgfﬁsgclozyspsx ?C%H?llitrsl ean% silicon dioxide exhibit

improved adhesion to copper member (1) by providing an intervening germanium-
containing layer (3). The germanium-containing layer (3) is copper germénide_._
germanium oxide, germanium nitride or combinations thereof. Tlae germanium-
containing layer (3) enhances the adhesion such that the poorly adherenf layer (5) is

less susceptible to delamination from the copper member (1).

Fig 1



of nitrogen, helium argon, and m xtures thereof. 19. The process of
claim15 wherein the germanium containing layer is provided by providing a
| ayer of copper germani de on the copper and then oxidizing all or a portion
of ..t he copper germanide to provide a | ayer of germani um oxi de. 20.
The process of claim15 wherein the thickness of the gernaniuqicontaining

| ayer is about 100 to about 1000 A 1/1 21. The process @ | ai m 15
wherein the thickness of 'Zm'*"'t*rvn. - nmuw‘:ruuu’l nnlur“'.,ALm.u 150 to
about 400 A 22. 350 al MRESSNR e | ayer of

“
copper gernmanide is abou ot 1 2008 ). 97170 o% ger mani um
SN
i A5 wWher &i[ 1He

oxide is about 100 to ab X

- 13 - 23. The proces i} &l geY MeH-Ym cont ai ni ng

| ayer conprises providing QOPREX  gervan ux énh il nitriding
i ) AN \La er t pr de\ermanl um

nitride. 24, The prpgess Al . Whe eMn

all or a portion of the
;.. ger mani um
| ayer is about 100 to abQud\ IV \ k\ d\\ @mr« nhpride |ayer is




25.  The process of claim15 wherein the germani umcontaining |ayer is
provi ded by providing a | ayer of copper germani umon the copper, then
oxidizing all or a portion of the coper gﬁipaniun1to provi de a | ayer of
germani um oxi de, and then nitriding a portion of the copper oxide |ayer to
provi de germani um nitride. 26. The process of claim15 wherein the
copper menmbep3is CURPPFoceEs 8f CRARENS whbRh the ge?manimnTmtaaﬁi@%g& i'chon%Jri%gn 15
wherein the copper nmenber is about 1000 to about, 20,000 A thick. 8.

The process B8foviding mlaysr wheoraen sermaniugy and Ben sitridiggrplingt 3 perdon $f AlsoeAPren0
to about 20, - Lhi Gk, : ss of claim15 wherein the

mat eri al thaggggéghﬂgﬁégg é%@@%&ﬁﬁﬁg?gm@ggggr Is silicon nitride. 30.

The process of claim 15 wherein the nmaterial that does not adhere well to
copper is silicon djoxide. 1. A sem.conductor_ structure. obtaj by
Che’or ocess O ol affif RiSvess of Saim 23R HEHHPHG: Grmetiic AFesciPog] Mirior
wherein the gesnaodAMERRbAd theRErrhAVEh nithdd RIStiesha 100R Bbut TBOZOBRA!
menber and the | ayer of the material poorly adherent to copper is |ocated
on top of the germani um containing |ayer.

25. The process of claim 15 wherein the germanium-containing layer is provided by
providing a layer of copper germanium on the copper, then oxidizing all or a portion of
the coper germanium to provide a layer of germanium oxide, and then nitriding a portion

of the copper oxide layer to provide germanium nitride.

26. The process of claim 15 wherein the copper member is copper or a copper alloy.
27. The process of claim 15 wherein the copper member is about 1000 to about
20,000 A thick.

28. The process of claim 15 wherein the layer of silicon nitride is about 100 to about
20,000 A thick.

29. The process of claim 15 wherein the material that does not adhere well to copper

is silicon nitride.

30. The process of claim 15 wherein the material that does not adhere well to copper

is silicon dioxide.

31. A semiconductor structure obtained by the process of claim 15.

32. The semiconductor structure of claim 1, wherein the gernamium-containing layer

is located on top of the copper member and the layer of the material poorly adherent to

copper is located on top of the germanium-containing layer. -
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