; €3e0j ] kXt ' 06XoTo  nG0 Sept enber 2004 USE OF Ai N AS COPPER PASSI VATI ON
LAYER AND THERVAL CONDUCTOR Fi el d of the Invention The present invention
relates to the field of interconnect structures for int&§regriamber 0P¢
packages, and in particular, to the use of alum numnitride (Al as a
passi vati on I@$ErOFAIN & EOPRER PSS ATION LAYER NI %&ﬂ‘y 10
connecting two or nore el ectroni c CONERITEORBackground of the Invention
The integration of a | arge nunmber of conponents on a single ICchip |l S
requi res conplex interconnects. ldeally, the interconnect structures should
be fahricated with mnimal signal del gy.1ant @RiInWBAtiBACKI Ng density.
Because of their increasing inportance, the qualities of the interconnect
structures drastically affect the reliability and perfornmance of fabricated
integrated circuits. Currently, the interconnect structures are

i ncreasingly defini the limts in rfor man . Q&P.ﬁg Fn
very-large scale i n?gl@;‘? af"éﬁm(WKg?t)'oré?ﬁéﬁfﬁ@%ﬁ%ﬁ&r‘é%&t y,&gtlrg%%u%%@and
its alloys have been wi dely used ag.conductive teri I i cal
i Nt er connect iINSASrakFeLEIRBE BACkagss, 3B i1 @AFHAYr ER U ﬁ%ogésﬁ‘f%%ue ergﬁcl{ccal
resistivity and strong adhesion to silicon dioxide (S 02%/f 2% whi IS
typical |y us6ANsasanpassivatiom{paer FreQpPeF HECICORPETLSINETERY PR IHEVEF-Y as VLS|
di mensi ons reach into the deep-subm cron reginme, alumnumand its alloys
becon¥) | i m t compecHoga™® dMmachEleeiragicsiMBPPRANther f or mance. For exanpl e,
Wi th decreasing dinensions, the design rules becone restricted by al um num
reliability concerns such as electromgration, which in turn increases the
potential for open 20 Septenber 2004 circuits or voids, stress-induced
void formation, hillocks at rel ati Backgtound efshe dnvertdonor
hum dity-il zdoted corrosion. For the above reasons, and in an attenpt to
i nprove the performance, 5 reliability and density of the interconnects,
the mcroel ectronics industry has recently mgrated towards alternative
metals to al uni num apge idiegratibayst.a Asgsneibesbficirapohave obeesinglsl& dhip
copper and copper oxide, nmainly because copper has becone a prom sing
I nt ergpnnect ré%lriféE icéingﬁ&r inkdleoRsEdts JBACI] tHrinedrcomicey sartenhres showild be
because of high conductivity, extrenely [ow resistivity and good resistance
10 to el ect rﬁ’iS}rﬂSéﬁK@"ﬂh nRiRLt el Aelay fGSEmal pdckizgsddrafry dBecaiweafgh Si 42
or other interlayer dll el ectrics, such as polyi mdes and paryl enes. Copper
diffusi on | nd el e eARREantE e (iR aDf BRsitaYonbid saudaitsdmstistish as
r's,

transi stors or capacil ormed 1n"the IC substrate. In addition, the

adhesi on of C&P%ﬁ.éc %éiag)p&rgéhggﬁ'ifoq}xﬁlrﬁégo?E&b?icafé@ﬁhf@éﬁ@ﬂ'chchﬁs.SKIﬁ&rézitl‘.i,

generally pod Ionto e underlying substrate materials
must be excellent to formreliable . . . M€ S pEHBEASRGe GRPper
oxi di zes easF}}eymé"trc?ﬁﬂfﬁtgmg{‘ﬁ%?%smg%egglﬁgg pooﬁ%%si on t6 substrates.

Copper  has al,so. .l ow regction tenperature w i.ci des and requires a
hi gh 4@nper afiﬁlﬂ%tyf%t_rmﬁa‘?’t“eYW%ﬂ%ch$gé‘&ﬁcﬂ(/aé&?(g{nip‘_(gapc | r%& 20 I'n an attenpt

to avercone these di sadvant ages posed by copper interconnects, efforts have
been nade mainly at refining the understanding of the oxidation nechani sns

in copper enployed in the interconnect structures. For exa A
Lanford studi ed i on Vst &reatly oHugunum i ﬁ%?#‘?/yés}\%?%f:%nbhégés] \?/lg?aé\éscopper
films. Lanford, Vf.A et al., Low--tenperature. passivati of ¢co y 25
dopi ng with A@ndncqvpgpaﬁcnlamfpwlswq; mtem{m%kff% Cﬁa‘i%égn “‘)“?‘“éilverarg% §/ézjsi ng
the growt h mechani smfor copper, Lanford observed that. th?ﬁ oxi dfgbosm rate
could be 26udeptlombeleczigglaesistivity and strong adhesion to silicon dioxide (510;),

25 which is typically used as an interlayer dielectric. Unfortunately, however, as
VLSI dimensions reach into the deep-submicron regime, aluminum and its alloys
become limiting factors in achieving superior performance. For example, with
decreasing dimensions, the design rules become restricted by aluminum reliability

concerns such as electromigration, which in turn increases the potential for open



reduced by adding only a very small concentration of dopant, such as Al or
My, to the copper. Simlarly, the corrosion resistance of boron ( B b‘i

i npl anted copper, 5 particularly its mechanism has beelzosﬁQRiPE@eB?O +J.
Ding et al. in Investigation of the mechani smresponsible for the corrosion

resi stance of _.B ipl anted_c er, 85 NULL. .| NSTRUM METHODS PHYS. nss. ,
260- 63 ( |9943‘E“E§Bf§§é§§?f .S%%S?%uﬁ%evoamfmmv ath?Fbﬁefé’n’tlgéﬁ copper
and copper oxi.de CuzO D.ng found that the oxidation rate of Cu20

i mpl ant ed Wi t“ﬁgr Sg%ﬁqusoééu%%gydén Y& <BFTO8Bper metal 10 (Cu) inpl ant ed
wi th boron. O her nethods for overcom ng the copper interconnect

di sadvant ages have yet involved scraping the copper |ayer to renove the
copper oxide innediaEer before the interconnect is formed, or using a
barrier layer to passPf @quQW?éCéi%ﬁée%nC%m%@é@ﬂPle%letb? pesformage, No.
4,987, 750 descri bes the use of titaniumnitride (TiN), tungsten (W,
tungsten ni t relipdilitymnd dansisy of dre iitercodreqt it micidetactnomicsandustey ki C)
tungsten carbide (W), tantalum (Ta), tantalumnitride (TaN), or titanium
tungst en (Ti Wceatly imargrited tbagetsslfeanativeppenls td@hGhinunaahy its dliSys. PAS sudNg.
5,447,599 to Li et. al. discloses the use of TIiN( O as a barrier |ayer
material for swoisdrave Been doppen ¢oppenand abpyercnad€dnaiblyhbétalise/@ppef has
titanium and a copper-titaniumalloy is fornmed by heating. Unreacted

titaniumis bhesme emeuadsiagthichoniletOmatesial forthé detBgerdc@atdoMNoOntbyratedpi d
thermal anneal in anmmonia and oxygen. 25 Many of theSe materials, however,

al so form nocieanigUstchv® fhigRTonducthi¥E cR@&heR/ l@W{cgi%Li\r?giqcf %&5@%5& ce
conductivity, or a high thermal expansion. 3 20 Septertber 2004 Further,

many 1@ t hesg daftb@horla@bar QJEHHL{H&CI%,;%EEE{; %@ﬁgg{gﬁy@o tg%lg?éa - gher

than 500C. Since a siTicon substrate |ecte sabsequent

Steps. dur i NGota® idderibARdiCRL:RY, ueHED pBRARNE I M Alnd o' ORI PEERSPE:

whi ch require tenperatures gher tha re’1s armeed for a
barrier lay t: i i gh ratures required for
subsequent %S@%%%&bcr%gg%g%ggc g%%ggﬁxgﬁ '%5“’& ?gﬁ%%s’é‘éf}bﬁsr “F’gs‘ﬁtﬂ’&sr%rasi ngly
used in the ;pri.cal interco ction technaloqgy,,it ,is.desirable to
further i npr% gaﬁfjé’ %rr r&?gslgetgc ?Qeﬂﬁt?f%ﬁtcc%ﬁg&%%d‘gfﬁ csQn 8? FRRASIIRI y
prevent ed, ile its. al lization resi.stance i s, kept |ow even after the
substrate h\g{é&tf%&%ri %’8%2@??!03%8%{1}'&9?6@3’5‘? gﬁngqagbggoien%qtg aég‘ﬁﬁi@i‘ to
di ffusion and oxidation remain highly significant, high density integration
in the mecer Félé‘fiFaﬁ’in@smibﬁHﬁ@t‘P?mg‘Iagd“‘F%{ schﬁ@C%r{BEP’é%r%‘FabIk‘awéfca%ﬁﬁﬁt of
heat generated as a ée?tgl t of controlling a |arge quantity of current.
Thus, it is SFEHEBIET | VRIS, coapst exidies easlyat ipw kempgragirenand haepeent ed t o
15 prevent aapunaccept able rise in tenperature in the sem conductor
substrate. BOACHAR L0 subEEHCS. heapPeLbsalsiawsIsastomtamperanye adnmesed in t he
sem conductor industry with relative success. Neverthel ess, a najor
dr awback of Stkédesiadngquirssip igingeraptreturaferspartarting by mavtive ionretthipgwer
sem conduct or devices is their extrenely conplicated construction.
Recently, alumnumnitride (AIN) has
20 In an atrempt to overcome these disadvantages posed by copper
interconnects, efforts have been made mainly at refining the understanding of the
oxidation mechanisms in copper employed in the interconnect structures. For
cxgmplc, W. A. Lanford studied ion implantation as an effective way to passivate
copper films. Lanford, W.A. et al., Low-temperature passivation of copper by
25 doping with Al or Mg, in THIN SOLID FILMS, 234-41 (1995). By analyzing the

growth mechanism for copper, Lanford observed that the oxidation rate could be



20 attracted attention, mainly because it has superior dielectric strength
( 140 to 170 kV/cm ) and good thernmal conductivity (90 C ),

efforts have been nmade at trying to join AN substrate %r%eﬁztsm%ﬂ Zﬂggber,
as disclosed, for exanple, in U S Pat. No. 4,611,745 to Nakahashi et. al.
25 Accordingl yedu&@cggg abiflic &9?‘1 S s AR ESRIAYS oS QPRBPah ) bEE 0OAREE Mg,
structure of an rntegrated circuit’ that woul d not oxidize to forma
nonconducti ve teri alc. A copper interconnect structure with a suppressed
oxi de growt h foar?’ecrwpp 20 Septenber 2004 having good el ectri cal

conductivity, good thermal conductivity, and |low thermal expansion is also
needed; as well as a sinple process for formng such copper interconnect
structure. 5 Summary of the Lnvention The presgnt i nt i ' a
copper i nterconnect sstlmdégbr‘é’ccfé’ﬁi?ﬂoé‘i‘i‘?éfs ccA?ﬁP%‘&Pmégrlﬁpg%’et??Q\%? éC\r?l

provi des enhanced thernmal conductivity. The present_inventi.on.also provi-des
for thé passipaticelarlpitssaghanisay s besn Eﬁ}‘gfﬁl 1&}?5‘?& Cér?ﬁ'AE' ﬂfe%z r ?;f)g‘réf
l-ayer on the copper that further enhances the bonding.yield y i nc si ng

t he contact aa&ne&dcwzb@tﬂmnﬂ@héﬁrn@?aq’”'Pf&’y?e”rm&ﬁG“toﬁg?g %%F{Gf"?f&b §ﬂ?eﬁ'&:$ e.
These and ot her advantages and features of the inventiqon will_ be nore 15
clearly underSumnd IR TR N hBETRIOREWIHYS. RS a2PBH TERH) pthYoiR Vet gaRasitAGent i on
which is provided in connection with the acconpanying draw ngs. Brief

Descri ption ofxithsoDofibbrasinflafFieguropptr ad coppenerite (Cefds Hisgdonph aiatyi ew
of a portion of a conventional nmenory DRAM device illustrating the

formation of @ecpdeion Ait€bEOu@dinmintad withebaronds dé logv aothat ebpperagetal
enbodi ment and nmethod of the present invention. 25 s 20 Sept enber 2004

Figurqg is a&@&ﬂ%&&ﬁ&d%iﬂ‘i@oﬁ&ﬁti onal view of the copper interconnect
structure of Figure | at a stage of processing subsequent to that shown in

Fi gure
Other methods for overcoming the copper interconnect disadvantages
have yet involved scraping the copper layer to remove the copper oxide
immediately before the interconnect is formed, or using a barrier layer to passify
15 the copper surfaces. For example, U.S. Pat. No. 4,987,750 describes the use of
titanium nitride (TiN), tungsten (W), tungsten nitride (WN), zirconium nitride .
(ZtN), titanium carbide (TiC), tungsten carbide (WC), tantalum (Ta), tantalum

nitride (TaN), or titanium tungsten (TiW) as barrier layers for copper.

20 Similarly, U.S. Pat. No. 5,447,599 to Li et. al. discloses the use of
TiN(O) as a barrier layer material for copper. The copper is initially coated with
a layer of titanium and a copper-titanium alloy is formed by heating. Unreacted
titanium is then removed and the alloy is transformed to TiN(O) by rapid

thermal anneal in ammonia and oxygen.

Many of these materials, however, also form nonconductive oxides, or

have poor electrical or thermal conductivity, or a high thermal expansion.




I. 5 Figure 3 is a schematic cross sectional view of the copper

I nterconnect structure of Figure 1 at a stage of processi n§ SUb%\eﬁgﬁﬁﬁ% to
that shown in Figure 2. Figure 4 is a schematic cross sEBrFepiam f the

copper interconnect 10 structure of Figure 1 at a stage of processing

subsequent tq . that shown_.in Figure 3. Figure 5 is _a schematic cross
sectional Vi 3:\}\}" T+ Rany.ghgsse }’ﬁ’{%‘é‘ﬁ’ﬁﬁ%‘é it inpsabiliy Yrtempgratares hghes st age

of processi ngésugéecg&em to that shown in Figure 15 4. Figure 6 is a
schematic cr &3 3BEtGonuice\d wligast subkiraweop gencially srbjsairecto sebseaient ateps

Figure 1 at a stage of processing subsequent to that shown in Figure 5. 20
Figure 7 is éuélégéhﬁﬂ(:ocg@ﬂ@%@nsémh atineglirgrootrefidie pcoggssas Witk repnreect
structure of Figure | at a stage of processing subsequent to that shown in
Figure 6. 25tempemerss highar dwine@ 1€, theosis aseetifonalbaviiemlapdr thiweis sapper
I nterconnect structure of Figure | at a stage of processing subsequent to

that shown i at Hhechigh mp&atur2 répnteeifoe suRdef gibserate procasseshepat ABoLr 0ss
sectional view of the copper interconnect structure of Figure | at a stage

of processi ngnesibsgstYincteasihBBt usequihé Blebirfdl BirrcoBnEédbH BechBolosydit is
schematic cross sectional view of the copper interconnect structure of

Figure 1 at @estaBReoXiniblePGRERIVRGhE PPSRIST WicH BabptOMfaidh Flcéch 10
Figure 11 is an illustration of a cOnputer system having a nenory cell
prevented, while its metallization resistance is kept low even after the substrate
has undergone subsequent processing steps.
10
While copper diffusion and oxidation remain highly significant, high
density integration in the microelectronics industry also faces the problem of
large amount of heat generated as a result of controlling a large quantity of
current. Thus, it is imperative to radiate the large quantity of heat generated to
15 prevent an unacceptable rise in temperature in tﬁc semiconductor substrate. For
this reason, heat radiation substrates Havc been used in the semiconductor
industry with relative success. Nevertheless, a major drawback of the thermal
radiating substrates used in conventional power semiconductor devices is their
extremely complicated construction. Recently, aluminum nitride (AIN) has
20 attracted attention, mainly because it has superior dielectric strength (140 to 170
kV/cm) and good thermal conductivity (90 W,/m.°C.), and efforts have been

made at trying to join AIN substrate to a copper member, as disclosed, for

example, in U.S. Pat. No. 4,611,745 to Nakahashi et. al.

25 Accordingly, there is a need for an improved copper interconnect
structure of an integrated circuit that would not oxidize to form a nonconductive

material. A copper interconnect structure with a suppressed oxide growth layer




Wi th a copper interconnect structure according to the present invention.
Det ai | ed Description of the Preferred Enbodi nents 15 In _the foll ow

detai |l ed description, reference is nmade to various speciZPi%e@ﬁer@@ﬁfls in
whi ch the invention may be practiced. These enbodi nents are described with
suf fici ent detiaihg booeridatricat basducsikid/) gabd thdrim! eotduaiviy aatd bev theemal
invention, and it is to be understood that other enbodi nents nay 20 be
enpl oyed, andexdpaasioftis Med ueaded, 84 aell b 6 Almplaghroedsh Gsofoemyng hashgesppeny be
made and equi val ents substituted w thout departing fromthe invention.
Accordi ngly, hhecdhdowinengdetail ed description is not to be taken in a
limting sense and the scope of the present invention is defused by the
appended clainms. 25 The term "substrate" used in the follow ng description
i-ncl udes any sem conductor-based structure having an exposed silicon

surface in which to formthe struct [6SeH p:an. The term
substrgte is to be understood as ;%ﬁgg%ggg%ereg%%gthgluding
silicon-on-insulator, doped and undoped silicon, epitaxial |ayers of
silicon supported by a base sem conductor foundation, and ot her

sem conductor structyres. Furthernore, en reference is

substrate in the fol WMMGSCBEQVFPBW(E’H?V F%%FSB%“F}PEF&%%%“CEF g%g&?%rﬁél have
been utilized to formregi.gns.or, 5 junctions.in of over.the base ..

sem conduct arcOSRAIRIE AN HatiFrdarare HhicRrVidancabapgsd) thefigal CHRdngEYY, o

i ncl ude not |y el emental . copper, but copper with otaﬁé trace.netals or in
various al I‘o&g& RIGHBIt ARY T8RS QWQYi‘#érfo CAPASSHATIQa, BhFCRRTT SHEFacES by

sem conductor art, as long as such alloy is conductive. 10 The term," AhNY"
used 1A the femm@mgnd‘éls@bwrmcr palthaesppen thahfurthesenhaacas thFﬁaoeéw;sound
for which "x" equals "y" equals 50 atom c percentage (or 0.5), but also
~~3taNy for wialdRytinercisng srgconpactagdhgsion desweer the metal lapgpand she popqupe

i ncl udes any other AIN conpound for which "x" is smaller than 0.5 and 15
"y" is greateruthae 0.5, or for which "x" is greater than 0.5 and "y" is
smaller than 0.5 (for exanple, x=0.25 and y=0:7S; or x=0.66 and y=0.33).
Further, the term AIxNY is intended to include not only elenental AIN, but
also AN with other trace netals or trace el enents, such as; for exanple,
oxygen or carbon; asThestmisothBeadvepasdsiaad fedtubdsNdfrtmanventiennwii be more
unaf fected.

15 clearly understood from the following detailed description of the invention which

is provided in connection with the accompanying drawings.

Brief Description of the Drawings

20
Figure 1 is a schematic cross-sectional view of a portion of a
conventional memory DRAM device illustrating the formation of a copper
interconnect structure according to a preferred embodiment and method of the
present invention.
25



20 Referring now to the drawi ngs, where |ike el ements are desi gnat ed by
|ike reference numerals, Figures 1-10 illustrate one enbadj rrent of

i nproved copper interconnect structure of the present i *PePRRtEMb ehz@af"e 1
depicts a conventional nenory cell construction for a DRAM at an

internedi ate stage ofg t f r|ct|on n. ir of menor ceIIs
havi ng respect i vg acceéérct?gsnas%g CSFESf ﬁnr?é‘&l gﬁwaf’fgtﬁﬁﬁi’%‘fré“iczcg

Figure 1 strugt udes, the substrate 12 having a we WhIChIS
typically doped&{t&c &}'E‘EHE%FH Nege tf?f%sséé%ﬁ 81““26@457% Figpre e. g.
p-type or n-tg<~pe dependi ng on whether ~114Z0S or P1VI4S transistors wll
be formed thet'ein. The structure further includes field oxide regions 14,
conventional doped active areas |16, and a pair of gate stacks 30, all
formed according to well-known sem conductor processing techni ques. The
gate 5_stacks 30 include an oxide layer 18, a conductive |layer 20, such as
pol ysiPicon, nitride Figye Sris a3chematiacnaisy smdenda«pevﬁbft%m@eﬂmacgaﬁmeml de
region, the pol ysvicon gates, and the protective nitride regions, a first

i nsul ating | ayeeruzd of Higiued 4r 4 stage df proaesihg Jubsedwenic ng thaystiowhlinZgereul d
be, for exanple, borophosphosilicate glass (BPSG, borosilicate glass
(BSG, or phdsph05| |icate glass (PSG . Reference is now made to Figure 2,
which for sinplicity illustrates only a mddle portion of Figure I. To
create a contact opening 40 (Figure 3) into |5 sem conductor substrate 12
through the first insulating |ayer 24, a photoresist material 26 (Figure 2)

i s deposited and patFiguaed Lufslsaﬁ:nm&vc%&slQE@&naW&tube&ﬁ%rgfsQﬂMxté&SﬁﬁcctAftef

patterning, an initial opening 27 (Figure 2) 1s present ot oresi st

| ayerl®6 f or stsudtaPaEEPigudX A 2.1 en
etched, the photoresi s{gu?a;llce&?a%%ye \fggggg%éwgésdﬁs %\%dﬁlﬁgg%&&i gg?%}rg, a
contact opengng 40 is forned through the first insulating layer 24. The
contact opening 40 of Figure 3 is etched so that contact opening 40
contacts a source or drain region 16 of substrate [2. Next, contact opening
40 is filled with a conductive material, such as 25 doped pol ysilicon,

cobalt, titaniumnit t ungst en S nitride, copper,
al umi num or plati nl}:rnéurv(\:hl cc’ﬁil\gc efﬂa& &F‘?S‘Eéé‘%ﬁhwﬁg QfetgﬁéaPPT’rféteﬁF%Ft

surface of t st nsul t|n toformap or, filler, 50, as
i |lustrated Sllgﬁl gu of Figh gtagﬁé’ipﬁ?ﬁé?’%g&“ S&AH ahshowh i Eiguee
mate& al may, be used to f||| the plug 5Q for sinplicity, the plug 50 wll
be rée erred4Eo as to a polysilicon plug 50. The poiysilicon plug 50 is then
anisotropically etched until its top surface is .recessed at the sane Level
with the planar surface of the first insulating |ayer 24. 5 A second
insulating layer 25 (Figure 5), which could be, for exanple, a silicon
oxide (Si02), tet ragthF&rlﬁ Héchﬂlnﬂt;at@% SEE@G)laJ vow o hivs pbprsirlineateingtas s
(BPSG, borosilicate glass (BSG, phosphosilicate glass (PSG, or a

| ow di el ect SfrECcHE Ofi |Fg Ireglyata stsngEp(;ocEtsmEsutth&mab tﬁ)masimvm in Bignaxt
deposited over the I O f| rst insulating |ayer 24 and the upper surface of
t he pol ysil Peon pl ug 50. Again, using the sanme fabrication technique as
that used for the formation of contact opening 40 (Figure 3) through the
firsd0insul ating Layer 24, a window 41 (Figure 5) is formed through the
second insulating |ayer 25. |5 Subsequent to the formation of w ndow 4l

(Figure 5 ), a thinFigare Vs a betehatheroby @efienf)vide ofﬁfd%ﬁé\/ﬁ{te?d&%ncct
pol ysilicon~plug 50 and the second |nsul atl ng | ayer 25, by CvD, PVD

sputtering swuevepof Bigudl drQ stagdb &gfcn@Qo Td?at%ﬁ@% iaG4
bar ri er %%r y

Angstrons. Preferred materials for t yer 52 are refrac
met al compo@nds such as re&actory net aI nitrides (for exanple

25 Figure 8 is a schematic cross sectional view of the copper interconnect

structure of Figure 1 at a stage of processing subsequent to that shown in Figure

7.



20 TiN or HST), refractory netal car bi des (for exanple TiC or W), or
refractory netal borides (for exanple TiB or MdB). It-nyst_be note
however, that while the preferred materials for the baﬂi@§em§V§Pr%904
conprise a wde variety of netal conpounds, titaniumsilicide (TiSi~) is
not preferred because the silicon of the titaniumsilicide reacts with the
copper (Figure 7) subsequently formed on top of 25 the barrier |ayer 52.

Thus, the metal conp -Q@rc@j ist N hRALFE @Fods Y& TonaPviBWsdf the cbsésSinadtoftect
copper diffusion, and,“while non-refractory netals nmay al so be used for the

barrier layer_ 52, ref tor I LN f AR ISE WA LS Figdge | O
20 Sept enber Wﬁuﬁ?n%ﬁg%c ¥ﬁg§t§f}ﬁ,§ Jb@?&lcgsrl}‘g%%eaggﬁ nmust al so supprg:ahzs t he
diffusion of the silicon or netal atonms of the plug 50, while offering a
| ow resistivity and | ow contact resistance between the netal of the plug 50
and thg barrier layer 52, and between the subsequently deposited copper
(Figure 7) and the barrier layer 52. 5 Referring nowto Figure ?, an
| ayer 8515 used to Mebwertl i SchABSOE 6rOohEECOREEY T APF SABPYGFEEVISE e
ayer is used to or me
on substrate 12. Bar rfiege;r ;@gi/er 52 plrﬁ%vents .the gsiffgIIUSi ontggtf: é@)@gﬁéﬂéﬁn
copper | ayer ssBicaung, ofgggaspt af i SWBE 190 PECCCEDRH &Y eRfer ier
| ayer 52. Adhesion of interconnect copper |ayer 55 is extrenely inportant
for the manuf@cture of reliable integrated circuits. Next, copper |ayer 55
is etched hack to forma copper plug or conductor 56 (Figure 8). Fn the
preferred enbodi nent of the present invention, the netal |ayer 55 (Figure
7) is etched back by neans of chem cal mechanical polishing (CNiP) or a
wel ' 16 known RIE dr FighehiIng aprilaession of acahpuiec aystemmdhamgamepadyskilng,
an abrasive polish is used to remove the top surface of copper layer 55 and
a: so the h?r i@ﬁﬂ}a&{o{g@@f Mt@ﬁgnﬁécttdlﬁﬁ}[c_b@rcra:cedrdhﬁgz/? d‘i{@ﬁ:rdmm im\attntrllnon?ear t he
pl anar surface o e second insul ating | ayer : is way, e top
surfaces of barrier layer 52 and the copper plug 56 are uniform across the
entire surface of the substrate, as 20 illustrated in Figure 8. Such
chem cal nechani cal polishing process produces an extrenely planar surface,
which is highly inportant in the manufacture of high density nultilevel
pass vat fon | ayer 25 60 (FEsoranhPeiipton Jral et ay B e
diffegent) is formed over the copper plug 56 and the upper surface of the
second®i nsul ating | ayer 25, so that the formation of a copper i nterconnect
structure 100 (Figureg 9 be 11 _ . [ i Rk &bh&Arioh®r
sinplicity, refer encgnt%c?%lgo‘ﬂlnﬁ ctﬁ%ﬁéﬁ?@éﬁé%ﬁ%ﬁﬁ%ﬁ%&dgeﬁl be m(a)de in
this application_.as t,o AIN passiyvation.Layer 60. T er—.pterconnect
structure | OGPES‘%FFM”FHB?%%?‘& ‘Bﬁé‘“ﬁﬁﬁ%ﬁ‘ ?ycl())‘g8 faggpﬁhg‘g%condpct or)
Payer 60. 5 TabadiRRopE SeARrird Sydrnberivth AL bl App ey BRIT AT
Vapor deposi HPGHACEES TRy EBNEPADS triF SHOSTOARRES et ReP O R ey
vapor deposi ; r e
Seconddi msul 4 Applasyas b s spREAL RiGsHE3] v PP IGeRY SHUIERS Fa B o
seconaVi nsu ¥ : b ckness
in the range of about |00 Angstrons to about 1,000 ng;&rons, preferably of
about 300 Angsedoasd cqhivaleneosubastuicd U AR SCRRUNGFRARSTS IS ci ent
Conduct i vi {y Adosdmithe (ol AN uaie deschpsion e otoerben b SRERS onal
conductivity ¢ ona
advantage of radiating |large quantities of 15 Qﬁ%;’égwgégventgéggdraise in
t enperat ur e isenidiend eié scopdudithbe psasbst inateticm S £ appe AR
structure 100. Thus, while passifying the copper, the AIN Layer may be al so
used as a thermally conductive dielectric barrier layer for the copper
i nterconnect structure 100. 20 Furthernore, although the AIN passivation
| ayer ggas been descritiadieam Bubsaaich\ised imait follemired Hysceipridndnheludes ayer
with respect to copper, AIN nmay al so constitute a heat dissipating path

used with ot hemipGhdhdtbabagatsthlieuryy mar% ant ByRRkd 6ilichs sarficel innivhiet todotrhe
use of AIN layer as a thermal conductor ftor copper. Thus, the AN | ayer may

be used al S0 @3 RrRede SHhR R AdSh PTHB o seshate WRbDesurtleraoddtiasei r
correspondi ng all oys which are in contact therewith, such as al um num
gold, silver, tungsten, or galliumarsenide, to nane just a few, that are
used as electrical conductors in various netallization schenes. 12

7



20 Septenber 2004 To facilitate the formation of the Al N passivation Layer
and t he subsequent passivation of the copper, the surfa f the c r
plug 56 may be cl eaned and/or pretreated before the for%ﬁtéj?meﬂ'&’efﬁnglN
passivation Layer. 5 Thus, if an in-situ cleaning technique is used, a
nobl e gas sugh_.as. argon or neon may be used to clean off any copper oxide
or any ot herqrr‘%hslla%a 8y PR drRiton daped snd undopesh stidode epitaxizhylagdirsiof i es,
formed on the. coner su%%%ce of the copper Eolug prior to the formation of
the ALN passiV4PRSHPPRRFES bY Ak seamicordlycronfoundasiony and chhéreeniconiias a
wet chem cal etch, may be used for the pretreatnment of the 10 copper
surface prioftHeM He Fihtrmase, when trferahie Isapade 1o\ shbstgdte omklye followeopper
i nterconnect structure 100 is shown in Figure 9, it will be readily
apparent to HRESPUER Previbusprotess steps triagthaive beas Lrdinyd B eh réfiogdieh copper
interconnect structures are formed on the substrate 12. 15 Al'so, although
Fi gure® 9 il jmcHanes ar ovppbe bast @entosmbidkositbu@ttd 8r MhidHagalLY one copper
pl ug passivated by an AIN layer, it nust be understood that any nunber of
such copper plugs with their corresponding AIN | ayers nmay be forned
according to the specific requirenments of the device. For exanple, as

illustrated 20 in Fi € rrhO« y on the
T @rhOicopplr G BReAd &L %{ﬁﬁlc‘ﬁﬁde égfaoﬁ%écl%ggxf):g% :c"@;\pg:cr,

pol ysilicon (or other conductor) 50, with e copper p

adj acent to,bwnbpar WM Gther (A& £ | WGiong- cessing .steps for
the fabrication of the copgrer pl ug&gsgé:)r %n\?&g)}?%\%ea}l@ e(s:(g‘%i %‘Oélﬁg’\’}g’ “h

reference t an&iaBWs&Sowrdin deGell f fabricat,j on of the.copper
plug 56a. As such, the cglppercgﬁln&lyé{aﬁgg&iag{’ %?(gr%gi%wc ﬂk’é”fﬁ?% YHvE: second
i nsullgting | ayer 25a (Figure 10), which in turn is fornmed on top of the ALN
passivation |layer 60 (Figure 9). Next, an Al =Ny passivation | ayer 60a

(Figure 10) (where « he the sa or . different) is 13 20
Sept enber 2004 forngggggren)r{ @?Vcé’ﬁﬁgw %%UBW&‘%HGSCPWEO&;J\&&IW&@%@@!Yof t he
er _25a, s thatlb;‘)p;a formation of the copper

second i nsul@af j
i nter connecttﬁés{dr%uc tr é"'fﬁ’é’“(‘éi%wéu )X siHAh “nosgednblissemicpercoppgs pl ugs

passi vat ed ro, AIN | , _can be conpl eted. Additional steps may be
enpl oyed to?%rr %%) d%u%gé%%&g?r \‘,"g’rﬁ‘ £ ‘5" padwednvalies aro diffarenmt Ehadsnect
structure 1gg$nd ltge source or drain region 16 of the substrate 12. It
must be not A3t %%Wo%éﬁrﬁiuﬁtfpﬁﬂqgﬂ foy sxhigh &5” iswmeltqypban Pliigsd 56, 56a
bei ngs adj acgnf.to eacBNot her, the plurality of copper plugs passivated by

t hei 1° cor r esholid&FfCAHNN GyePs farerich S begrdiaaban 0. 5iand dw) iasnaller
operative electrical path could be achieved for a multilevel interconnect
system | O Ra&iQ-p dfen cxample,cedndcand py@i7S; and-As@onidiye0l 33) e Feethet ahkayer s
could be formed to produce an operative electrical path fromthe copper

pl ug 56a an@rmralNarrintandetagenclé@anot onlyhdemeppd AIN, bar Ao AIRBwWRAT i er

| ayer 52 and the polysilicon plug 50, and down to the source or drain
region | fi @her tracsutesals at erad@eleitents)stich b, if6r etrRsle! BRfgenabd APBEHN & um num
nitride is a thermal conductor, it is also a dielectric material.’

Ther ef or e, long ps dutupeopent ensft AN wenshesiihlycatafRtdy. for multilevel

i nterconnections, persons of ordinary skills in the art will realize that
smalP contact openings nust be created in the AIN layer to pernit further

el ectrical connection between the copper plugs 56, 56a and hi gher |evel of

20 metal lization pReRgrinEWoWIES thel dIgwirkpee EP@uicécfeg{cn'té m&t%@ig};&e%b

particular formof interconnect structure, but nmay be use any ycopper
i nt er connedike $éferkdice rRinS&IEH, p%lpéqug t:] Lres, ~3.B Qr .bunps,
conductive adhesives, or the [ ke. Zg %ﬁ?&\‘/\)ﬁilcﬁt{%{éﬂiﬁlﬁ%ﬁ? l?ﬁiﬂr;g‘r‘r‘tdl on has
been descr ichpserihtdicd it ayer 60 (Eigures,9-10) connected
to a copper g%knduct(c)r, thgﬂﬁfﬁwgg{e}% @J(Sbérrrlatyﬁ\'gfuon?glééﬁ?m&s 004 be

further cophgrt®d nd/ or an rnal heat path, for exanple,
an ext ernal%lheat é’ltagﬁén%}g)%cﬁ%gn tidn o7 a%i&\’/} atanmtcrr%cdxate stage of P

25

the fabrication, in which a pair of memory cells having respective access
transistors are formed on a substrate 12. The Figure 1 structure includes the

substrate 12 having a well 13, which is typically doped to a predetermined




Al so, although the invention has been described as a copper plug 5
connected to the active area of a nenory cell through a _copnductive g, it
is to be understood that the invention is not limted t@%%%@ﬁ‘b&r@@b? but
can al so be used with copper layer netallization for mutilevel interconnect
systens, as well as .with other conductive pl t hZ 8} ipRpokayers.
The AlN | ayerrOndEtiHg- 58 8 YRE Ml qggrégggn&ng% ARl UOs f or

Ctor®and a passivation | ayer
t he copper traces of t tilevel .1 O .nterconnect., co i.ted in a
nmanner simil &W’étqrﬁ&@ﬁ] Eﬁg&%"éﬁ&é‘?mt otk 5 %ﬁmgf u?%%‘gd‘%ﬁqu@§9§§yers 60,

60a and explained with reference tg the for ion,of the. c er,.

i nt er connect regiPpel iy eonvgpuprplginpsd afpﬁ)j“fcagﬁﬁsyiﬁ‘%élpaﬁrcgcgé‘g%gt? s 20,411 system
400 which includes a nmenory circuit 15 448, e.g. a DRAM containi copper
i nt er connect doxnedietcrdingae vorlikprve seHENGUEEHR RIOFFHFOS LHHIARSS | fg%g?tgt ed
in. Figure 11. A processor system such as a conputer system generally
conpri Ses a cewks 30 iprodess prigle dayer I(SCP@PﬂdMEWCSKGW%@S&CWEPBB’F@E%%’SM, a
di gital signal processor, or other programrabl e digital Logic devices,

whi ch communingiidespuderh32mndnmitrddrutapul2.(1/ O devi ce 446 over 20 a bus 452.
The menory 448 communi cates wth the system over bus 452. In the case of a
conputer system the processor system may include peripheral devices such
as a floppy disk drive 454 and a conpact disk ( CD) ROMdrive 456 which

al so communi cate wi t b&R t@bﬂdetrbgidnushéﬁ&ysiﬁbmgytcz,&nﬂlﬂxci propacaiver abl y
constructed as an integrated circuit, which includes copper interconnect

structures fqgnpd r@éoHE,eaVﬁRHﬁleaﬁﬁngebQ@ WHiglirer Bsipelispos@l. Firgutagimg layer 20
Sept enber 2004 10. The nmenory 448 rmay be conbined with the processor, e.g.

CPU 444, 1N 34510004 Bl f&&%ﬂ&ﬁ}:ﬁgbs'tcgggis@hos%éah@gubs tBES @xarbsiliate ghosi nent s

described above refer ' to one 5 cop I nt erconnect stnzcture, it is to be

under st ood t[(‘ﬁEG hgre@g&gﬁggm%ﬁggﬁtsg gls%@?ntenpl ates the use of a plurality
nn ructuré€s, an

of copper interc t isnot limted by the illustrated
enbodi ments. Accordingly, the above description and drawings are only to be
considered illustrative of exenplary enbodi nents which achieve the features

and advantages of thg present inventiong. hfj [ Q) aMQsdebd hlvons
to specific process gﬁﬁﬁ‘inﬁdﬁgogr{ﬂas troul(::‘lguwrpéejg’%:Van %Qr?ggghé\}m%%out depalryti ng
fromthe spirit. and scope of. the, present invention. i 18
i nvention is 3%@%?"09‘5@06’0?1@‘33‘?%& & Y& §9%%t§fc#§%2%¥%%g%g? ng
description and,  draw ngs,,K but i nly . limted. by, t.he sco f .l ended
claimbb 16 sicopgeb srbutsn 12 A0qan (R wRnagere 2R, dippbifeaee
i nterconnect structure providing electrical con&ec.ti on in N m conduct or
[' ~}device, seateriadldSpdiignist i dARRYIedANd RATATBCL YHPRi OGP Y L onduct i ve
pl ug; a copper conductor electrically cqupled to said. CO%"(JIG“ vezg)l ug,
wher ei n sai d photolithography steps. After patterning, an ininal opening igure 2) 1s

present in photoresist layer 26 for subsequent oxide etching. The structure of

Figure 2 is then etched, the photoresist layer 26 removed, and, as shown in

20 Figure 3, a contact oi:cning 40 is formed through the first insulating layer 24.

The contact opening 40 of Figure 3 is etched so that contact opening 40 contacts

a source or drain region 16 of substrate 12.

Next, contact opening 40 is filled with a conductive material, such as
25 doped polysilicon, cobalt, titanium nitride (TiN), rungsten (W), tungsten nitride,
copper, aluminum, or platinum, which is planarized down to or near the planar

surface of the first insulating layer 24, to form a plug or filler 50, as illustrated in



copper conductor is a copper plug fornmed over said conductive plug and

further conprising a barrier |ayer forned between said uct i and
sai d copper conductor; a heat-radiating Iayer forrred on%ﬁg B%%%pbgc

portion of said copper conductor[ a ~ t' ~ p o~~~ ~
and at | east one of a bond pad and an external heat d|55|pat|ng path

coupl ed to sdiigufe hedithoaghany sgniagere, macerialimay dopped to fillahe phwg 69, for
structure of claiml1l, wherein said alumnumnitride |ayer is connected to
sai d bond padirngﬁcifyhehccpp!rgeﬁso mill be cefiarredtro @it ralatpalwsilicbngiag 0L , Theher ei n
said alumnumnitride |layer is connected to said external heat dissipating
path. (. .| polysiizoaqipg50iintiacatineedpisillyuaticuntl ied @ipButfaceiereetspedsad d
conductive plug is connected to an active area of [~a }a substrate. 6. The

copper inter ¢ghORRsE vkl withithe plina€ bdifabelof the GireiiAsi ikt BoPPR4. conductor is
formed of el enental copper. 20 Sept enber 2004 18 7. Theé copper

intercgnnect structure of claim1, wherein said alumnumnitride |ayer acts
as a heat dissipation path for said copper conductor. 8. The copper

i nt er connect structhchjcfﬁthP$§1 £he akHﬂﬁx&ﬂ?@%Erkg%x%g¥

passi vat es sai d upper SUrtace™s cop ductor

ayer has a th Ay §¥5Q‘5r%¢ft5%thn>a{ﬂ?’g‘d%a¥¥”ﬁ‘ ﬁ?§> %@fge%%%grﬁﬁ%@ﬁi%%ﬁict |
Zel Efég(‘i&ef A Gl R ﬁr?s@s&@%%@ & Pamg‘tf[rp%&% e
The copper 1 St@%@a&%@iﬁﬁf&%o@?@% WO, AR ARG AT e | ayer

conpr,j ses a refractory ound. 13._The i.nt erconnect .
strucitire of TESF 45 ai@glmr cdupRaTSHERes 9f t%ﬂyséléﬁ%’cﬁl%%s Aging ed
fromthe group conS| sti ga%?é refractory metal nitrides, refractory netal

#

car bi des, anesiRgthesame dPn feahinggae asiat whrd fosshe formatiancefraqaract

structure of claim1, wherein said copper conductor is
opening 40 (Figure 3) through thc st insulating layer 24, a window 41 (Figure

5) is formed through the second insulating layer 25.

15 Subsequent to the formation of window 41 (Figure 5), a thin barrier
layer 52 (Figure 6) is forrrrcd over the polysilicon plug 50 and the second
insularing layer 25, by CVD, PVD, sputtering or evaporation, to a thickness of
about 60 to about 200 Angstroms. Preferred materials for the barrier laycr 52
are refractory metal compounds such as refractory metal nitrides (for example

20 TiN or HfN), refractory metal carbides (for example TiC or WC), or refractory
metal borides (for example TiB or MoB). It must be noted, however, that while
the preferred materials for the barrier layer 52 comprisc a wide variety of metal
compounds, titanium silicide (TiS1,) is not preferred because the silicon of the
titanium silicide reacts with the copper (Figure 7) subsequently formed on top of

25 the barrier layer 52. Thus, the metal compound of the barrier layer 52 must be
resistant to copper diffusion, and, while non-refractory metals may also be used

for the barrier layer 52, refractory metals remain the preferred materials. As

10



part of a netalization layer. 15. An interconnect structure providing

el ectrical connection on a sem conductor substrate, said interconn
structure conprising: a conductive plug; a conductor el 89t$¢9,t§m%;¢r§§bfo| ed
to said conductive plug; a barrier layer fornmed between said conductive

plug and sai dQRINCERTere Hibhier 12fkr JPLAIDRAL SHHtedInaiffsion OUtaKlicdrier

| ayer fornmed on an upper ‘surface portion of said conductor, said alum num

nitride |ayer,providlng Reia <! RRIOBHCAARALY fotund) theRMshaL: 16. The

I nt erconnect 'sStruc wherel i said con tive plug is

ﬁgﬂnﬁcb??; t 8 rgsqgiagéei_ é)/tietW%rgg%B\g EIB:E%;C& Lﬁ%?}i\%ﬁb Qndlthe bhiric? l;}fcr%sgf ag% bRRvdent |

reonnect struct ure
integrated cipcuit conprising. coppes..l a ;. &, conduct of. d over said
copper |ayer; SSE%%‘FSHE‘P@X/a%‘gﬁ“rcgéppggi/@ﬁg‘f%'refr?eﬂ’do&c\%aéﬂ&s% %fo%ior'gper | ayer
and said conductor; and a heat-radiating |ayer fornmed on an upper surface
portiof of said copper |ayer. 21. The copper interconnect structure of
claim[-1-9] 18, wherein said copper |ayer forms at |east ar%sof a
netal i zati on | ayer oRecfatinginemetyr Bigage ¢i #R tREICORICCXAPRCRFYCHP fr ming a
copper interconnect structure providing electrical connection [t~s=r ~lfor a
sem conduct ordegesitakover ahp bagiandayeh 8 2s teprpastlayes oFi ingsed g form doe
opening into a first insulating |ayer [ef s~hs~te]forned over a
seni conduct onrodpiestarateet variB desistefdrered2o0sulxtrateoldi Bgraerdayrild PIRCHPug
in said first contact opening; .
the diffusion of copper from copper layer 55 and, as explained above, copper
10 adheres well to barrier layer 52. Adhesion of interconnect copper layer 55 is
extremely important for the manufacture of reliable integrated circuits. Next,
copper layer 55 is etched back to form a copper plug or conductor 56 (Figure 8).
In the preferred embodiment of the present invention, the metal layer 55 (Figure
7) is etched back by means of chemical mechanical polishing (CMP) or a well-
15 known RIE dry etching process. In a chemical mechanical polishing, an abrasive
polish is used to remove the top surface of copper layer 55 and also the
horizontal portions of the barrier layer 52 down to or near the planar surface of
the second insulating layer 25. This way, the top surfaces of barrier layer 52 and
the copper plug 56 are uniform across the entire surface of the substrate, as
20 illustrated in Figure 8. Such chemical mechanical polishing process produces an

extremely planar surface, which is highly important in the manufacture of high

density multlevel integrated circuits.

At the completion of the polishing process, an AL N, passivation layer
25 60 (Figure 9) (where x and y may be the same or different) is formed over the
copper phig 56 and the upper surface of the second insulating layer 25, so that

the formation of a copper interconnect structure 100 (Figure 9) can be

11



form ng a second insulating | ayer over said conductive plug and said first
insul ating layer; formng a second contact opening in said second
insulating layer; formng a barrier layer in said secon@oc%?ﬁtﬁm%%agﬂftng;
form ng a copper conductor over said barrier layer; and formng [a~~

~' o~ A Ai~~i;}a ge§§-radiating ayer on an gfper,surface portion of said
copper conducPgiletsg; dqrsimphicity, Teferangg to ehaitthiN, passivapen lasme0; willhs

alum numnitride passifying said upper surface portion of said copper
conduct or, wie3dsi 17 84 appliexian afdica{\fh% Gassapapnilayer §Pnelhe ¢appes prresdonacd! v

| 00 A to approximtely 1000 A thick. 23. The nethod of claim 22 further
conpri si ng t kEustuep 160 comprises| tharsdorsn teapolpalidarhjorgthe chrabyopen) plugy®®, and
said barrier layer. 24. The nmethod of claim 22 further conprising the step
of cl eani ng sl¢ Hanigpdayes B2f drecqppret phuy 56 asdidde ADY pessivaaoduatess0pri or to
the formation of said alum numnitride |ayer. 25. The nethod of claim 22,
whereid said alumnumnitride |ayer is forned by deposition, to a thickness
of approximately 300 A. 26. The nethod of claim 22, wherein said step of
form ng said al um nuthaKINi ghesiVaKeT lalAcdMdEsuR TeRRsd be epptieeEss: 27. The
met hod of claim 22, wherein said step of tormng said alum numnitride

| ayer incl udegandple by hﬁh'grwas&{agqéﬁﬁvc $Butreritey, B NGy AriShA IR dio dvﬁﬂrei n

said barrier layer is fornmed of a refractory netal conpound, sal

refractory meéddsicHMBYBHn A& s%ﬁB%%ngthlemgy&ran&s chgﬁxéﬁ%cﬁf?é,gr 2004

21 consisting of refractory metal nitri refractory nmetal car and

e 2 TR BBIAS St I e gL LILDS BIbd DL SHATAMBEIPhidc L

providing electric em con evice €co

01 T 088 30 ORR0 UG 8o AL MV En 01, S0 SR 0B 007 1 10

i 11 0o on AR Ep7rac BBPA S s B bl BE SOl ARt A "

itride | i di heat dissipati h f (d copductor[-1,

wher oi n ol CHYDATT AP RSl Syeansiar Sest e 2o s hrovinAeBIgEI108 PR
imatel y | A thick. 30, Th t hod of im?29 furth i Si

The step of (RHOY: #ef avBrREBDFAYcORA S o RodamhorBANA. ber o

said step of depositjng said conductor. 31. The pethod of claim29 further
conpri si ng tAESNLOR ByercdQ has ¥y addidongd sdvantegs efcadissing; largestuagsivigs of
conductor prior to the formation of said alum numnitride [ayer. 32. The
met hé8 of clhgrhf@prevanethe rissan demparscansrinthe s¢risohdyesor sebstrateranid Hye
deposition, to a thickness of approximtely 300 A :
copper interconnect structure 100. Thus, while passifying the copper, the AIN
layer may be also used as a thermally conductive dielectric barrier layer for the

copper interconnect structure 100.

20 Furthermore, although the AIN passivation layer has been described as
a passifying and thermally conductive layer with respect to copper, AIN may also
constitute a heat dissipating path used with other metalurgy and the present
invention is not li.mitcd to the use of AIN layer as a thermal conductor for copper.
Thus, the AIN layer may be used also as a heat dissipating path for other metals

25 and their corresponding alloys which are in contact therewith, such as aluminum,
gold, silver, tungsten, or gallium arsenide, to name just a few, that are used as

electrical conductors in various metallization schemes.



33. The nethod of claim29, wherein said step of formng said al um num
nitride |ayer includes a deposition process. 34. The nethod of clai 9,
wherein said step of formng said alum numnitride Iaye?oﬁﬁﬁﬁﬁﬂﬁgrggbi
sputtering process. 35. The nethod of claim 29, wherein said conductor is
selected fromthe group consisting of alum num gold, silver, tungsten, and
copper. 36. An integrated circuit structure, conprising: 20 Sept enber

2004 22 a substrate; ransi st or. i ncl udi a Al trate and a
source/ drain region ifP é&ﬁﬁa dPHPEAQR ggggee‘%iﬂgé?%%g%??}tl%cggp g °8at e; a
copper interconnect structure providing e]ectrical. connectign_t ast
one of said sOURSEHIEFESIYIEINOP, aﬁoﬂ’Pg‘bﬁ!b%?urifar‘fFé)rfé‘gﬁ ARRRCIH ‘rlgcs'(t%ux?téy be
conprising a conductive plug connected tq said source ai n. regi on _of said
substrate; a @gmtéirartsi/mim:fﬁﬁﬁafﬁd&?f‘éfédh@)FPrﬁﬁﬁlo&fog;té‘Fﬂg{)ﬂ%‘é’?Psg?ﬁzfgg; and
[ a]a heat-radiating |ayer fornmed [en] over an upger surface portion of

sai d c@pper cBhdsdf ar if-situ cleanihgiischrique i Wads 2 BPDIcgAS SUFR 25 AHEARPHEReen
sai d conductive plug and said copper conductor. a , 7yva, , a, ~H N~~~
43. T he str ugfayibe wéd cb alean 36T amheoppien osaiecbranyrathemiesidual Brrclyefichas a
t hi ckness of approximately 300 A 20 Septenber 2004 23 44, The structure

of claim 36, shgfiim caieoedngdslatiiesefarmeg orstifeorappdr sdrfacernfttae icoppeatigt ed
fromthe group consisting of polysilicon, cobalt, titaniumnitride,

tungsten, tungséem thelfordetion @FpRe Al pandivation layed. Alerhanivaly,48. extHim
structure of claim[~]36, wherein said barrier |ayer conprises a refractory

net al COWDOUn(gch.{'h@ucTﬂﬁ:hsatsrauﬁktlé&rﬂfcalcdtdi,mlélﬁbc whel firnhe aretrearfeac vbrhe
metal conpound is selected fromthe group consisting of refractory netal

nitriges. reflagPby ARt HioldS tHedBsmadds of Bfd AN tiyyr.metal bori des.

Although only one copper interconnect structure 100 is shown in
Figure 9, it will be readily apparent to those skilled in the art that in fact any
number of such copper interconnect structures are formed on the substrate 12.
15 |
Also, although Figure 9 illustrates a copper interconnect structure with
only one copper plug passivated by an AIN layer, it must be undcrstébd that any
number of such copper plugs with their corresponding AIN layers may be formed
according to the specific requirements of the device. For example, as illustrated
20 in Figure 10, two copper plugs 56, 56a may be formed on the polysilicon (or
other conductor) 50, with the copper plug 56a being adjacent to, and on top of,
the copper plug 56. Same processing steps for the fabrication of the copper plug
56, which were described above with reference to Figures 5-9, are employed for
the fabrication of the copper plug 56a. As such, the copper plug 56a s first
25 formed through a second insulating layer 25a (Figure 10), which in turn is
formed on top of the AIN passivation layer 60 (Figure 9). Next, an ALN,

passivation layer 60a (Figure 10) (where x and y may be the same or different) 1s

13




47. An integrated circuit containing a copper interconnect structure, said

copper interconnect structure conprising: a copper |ayer: conduct.| pl ug

formed over said copper |ayer: a conductive barrier |ayéP Sa‘%ﬂtﬁ@g’ef)éb&gen

sai d copper |ayer and said conductive plug; and a heat-radiating | ayer. 50.

The integrated circuit of claim47, wherein said copper |ayer forns at

| east part of tarmed averzaeicopptrapleg Séh andi te iuppeq sartfac afi thesttondbihsuliting

integrated circuit of claim47, wherein said alumnumnitride | ayer acts as

a heat di ssi pddyeoaSpatochaothesfarmatoppéithd aysper inte2forGafet etrherur2 008 (Bdube.

The integrated circuit of claim47, wherein said alumnumnitride |ayer

passi vat es sail@}),cehighrndvayeritain IwoARppsi Silligs paskivitéd by twSOANI2PERJcbe
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barrier layer 52a, to the copper plug 56, the barrier layer 52 and the polysilicon

plug 50, and down to the source or drain region 16 of the substrate 12. Ir must

15 be noted that, although aluminum nitride is a thermal conductor, it is also a

dielectric material. Therefore, to produce an operatve electrical path for :

multdilevel interconnections, persons of ordinary skills in the art will realize that

small contact openings must be created in the AIN layer to permit further

clectrical connection between the copper plugs 56, 56a and higher level of

20 metallization paths.

Further, the invention is not limited to a particular form of
interconnect structure, but may be used with any copper interconnect structure
such as conductive wires, TAB, C4 or bumps, conductive adhesives, or the like.

25 Thus, while the present invention has been described with reference to the AIN

layer 60 (Figures 9-10) connected to a copper conductor, the ALN layer 60 may

14
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A typical processor based system 400 which includes a memory circuit
15 448, e.g. a DRAM, containing copper interconnects structures according to the
present invention is illustrated in Figure 11. A processor system, such as a
computcr system, generally comprises a central processing unit (CPU) 444, such
as a microprocessor, a digital signal processor, or other programmable digital

logic devices, which communicates with an input/output (1/O) device 446 over

20 a bus 452. The memory 448 communicates with the system over bus 452.

In the case of a computer system, the processor system may include
peripheral devices such as a floppy disk drive 454 and a compact disk (CD) ROM
drive 456 which also communicate with CPU 444 over the bus 452. Memory

25 448 is preferably constructed as an integrated circuit, which includes copper

interconnect structures formed as previously described with respect to Figures 1-

Ined
th
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contemplates the use of a plurality of copper interconnect structures, and it is not
limited by the illustrated embodiments. Accordingly, the above description and
drawings are only to be considered illustrative of exemplary embodiments which
achieve the features and advantages of the present invention. Modification and
10 substitutions to specific process conditions and structures can be made without
departing from the spirit and scope of the present invention. Accordingly, the
invention is not to be considered as being limited by the foregoing description

and drawings, but is only limited by the scope of the appended claims.
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a copper conductor electrically coupled to said conductive plug, wherein said

copper conductor is a copper plug formed over said conductive plug and further

comprising a barrier layer formed between said conductive plug and said copper

conductor;
[an-aluminum-nitride]a heat-radiating layer formed on an upper surface portion of

said copper conductor[-and-as-a-continues-layer-oversaid-substrate}; and

at least one of a bond pad and an external heat dissipating path coupled to said

[aluminum-nitridetheat-radiating layer.

2 The copper interconnect structure of claim 1, wherein said aluminum nitride

-

layer is connected to said bond pad.

3. The copper interconnect structure of claim 1, wherein said aluminum nitride

layer is connected to said external heat dissipating path.

5. The copper interconnect structure of claim 1, wherein said conductive plug is

connected to an active area of [said]a substrate.

6. The copper interconnect structure of claim 1, wherein said copper conductor is

formed of elemental copper.
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layer passivates said upper surface of said copper conductor.

10.  The copper interconnect structure of claim 1, wherein said aluminum nitride

layer has a thickness of approximately 300 A.
11.  The copper interconnect structure of claim 1, wherein said conductive plug is
formed of a material selected from the group consisting of polysilicon, cobalt, titanium
nitride, tungsten, tungsten nitride, copper, aluminum, and platinum.
12.  The copper interconnect structure of claim [4]1 wherein said barrier layer
comprises a refractory metal compound.
13.  The copper interconnect structure of claim 12, wherein said refractory metal
compound is selected from the group consisting of refractory metal nitrides, refractory
metal carbides, and refractory metal borides.
14.  The copper interconnect structure of claim 1, wherein said copper conductor is
part of a metalization layer.
15.  An interconnect structure providing electrical connection on a semiconductor
sub‘sérate, said interconnect structure comprising:

a conductive plug;

a conductor electrically coupled to said conductive plug;

a barrier layer formed between said conductive plug and said conductor; and
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to an active area of said substrate.

(17— The ¢ claim-15_wherein said-alumi ide ] ;
thickness-in-the range-of abeut-100-A-t01,000-A-]
18. A copper interconnect structure for an integrated circuit comprising:

a copper layer;

a conductor formed over said copper layer;

a conductive barrier layer formed between said copper layer and said conductor;,

and

a heat-radiating layer formed on an upper surface portion of said copper layer.

21.  The copper interconnect structure of claim [#9]18, wherein said copper layer

forms at least part of a metalization layer of said integrated circuit.
22. A method of forming a copper interconnect structure providing electrical

connection [to-asubstrate]for a semiconductor device, comprising the steps of :

forming a first contact opening into a first insulating layer [ef—said

substrate]formed over a semiconductor substrate;
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foriming a second contact opening in said second insulating layer;,
forming a barrier layer in said second contact opening;

forming a copper conductor over said barrier layer; and

forming [an—aluminum-nitride-layer]a heat-radiating layer on an upper surface

portion of said copper conductor, said [aluminum—nitridetayer]heat-radiating layer

comprising aluminum nitride passifying said upper surface portion of said copper

conductor, wherein said heat-radiating layer is formed from aproximately 100 A to

approximately 1000 A thick.

23.  The method of claim 22 further comprising the step of chemical mechanical
polishing said copper layer and said barrier layer.

24.  The method of claim 22 further comprising the step of cleaning said upper
surface portion of said copper conductor prior to the formation of said aluminum nitride
layer.

25.  The method of claim 22, wherein said aluminum nitride layer is formed by
deposition, to a thickness of approximately 300 A.

26. The method of claim 22, wherein said step of forming said aluminum nitride
layer includes a deposition process.

27.  The method of claim 22, wherein said step of forming said aluminum nitride

layer includes a sputtering process.
28.  The method of claim 22, wherein said barrier layer is formed of a refractory

metal compound, said refractory metal compound being selected from the group
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29. A method of forming an interconnect structure providing electrical connection
[ia]for a semiconductor device comprising:

forming a contact opening in an insulating layer of said device;

depositing a conductor within said contact opening;

forming a barrier layer; and

forming [an-aluminum-nitride-layer]a heat-radiating layer comprising aluminum

nitride on an upper surface portion of said conductor, said aluminum nitride layer

providing a heat dissipating path for said conductor[:], wherein said heat-radiating layer

is formed from approximately 100 A to approximately 1000 A thick.

30.  The method of claim 29 further comprising the step of depositing a barrier layer
in said comact opening and before said step of depositing said conductor.

31. The method of claim 29 further comprising the step of cleaning said upper
surface portion of said conductor prior to the formation of said aluminum nitride layer.
32.  The method of claim 29, wherein said aluminum nitride layer is formed by
deposition, to a thickness of approximately 300 A.

33.  The method of claim 29, wherein said step of forming said aluminum nitride
layer includes a deposition process.

34.  The method of claim 29, wherein said step of forming said aluminum nitride
layer includes a sputtering process.

35.  The method of claim 29, wherein said conductor is selected from the group
consisting of aluminum, gold, silver, tungsten, and copper.

36.  An integrated circuit structure, comprising:
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substrate disposed adjacent to said gate;

a copper interconnect structure providing electrical connection to at least one of

said source/drain region, said copper interconnect structure comprising a conductive

plug connected to said source/drain region of said substrate; a copper conductor

provided on top of said conductive plug; and [an-aluminum nitride]a heat-radiating layer

formed [er]over an upper surface portion of said copper conductor[-], and wherein a

barrier layer is formed between said conductive plug and said copper conductor.

{-he—ra&ge—ef—abe&t—l—@@—A—te—POOO—A—]

43.  The structure of claim 36, wherein said aluminum nitride layer has a thickness of

approximately 300 A
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selected from the group consisting of polysilicon, cobalt, titanium nitride, tungsten,
tungsten nitride, copper, aluminum, and platinum.
45.  The structure of claim [37]36, wherein said barrier layer comprises a refractory
metal compound.
46.  The structure of claim 45, wherein said refractory metal compound is selected
from the group consisting of refractory metal nitrides, refractory metal carbides, and
refractory metal borides.
47.  An integrated circuit containing a copper interconnect structure, said copper
interconnect structure comprising:

a copper layer;

a conductive plug formed over said copper layer;

a conductive barrier layer formed between said copper layer and said conductive

plug; and

a heat-radiating layer.

50.  The integrated circuit of claim 47, wherein said copper layer forms at least part

of a metalization layer of said integrated circuit.

51. The integrated circuit of claim 47, wherein said aluminum nitride layer acts as a

heat dissipation path for said copper layer.
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53.  An integrated circuit containing an interconnect structure, said interconnect
structure comprising:
a conductive layer;

a conductive barrier layer formed between said conductive layer and a conductive

plug; and

a heat-radiating layer comprised of aluminum nitride formed over said conductive

layer.
[andal c alumi cride ; id conductivetayer:]

54.  The integrated circuit of claim 53 further comprising a conductive plug in contact

with said conductive layer.

55.  The integrated circuit of claim 53, wherein said layer of aluminum nitride acts as

a heat dissipating path.

57.  The integrated circuit of claim 53, wherein said conductive layer forms at least

part of a metalization layer of said integrated circuit.



