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~=~< poisoning and/or corrosion of the plasma treated Cu or Cu alloy surface prior to

20 depositing the capping layer. This corrosion and/or poisoning problem at the interface
between the Cu or Cu alloy interconnect and the capping layer, e.g., silicon nitride
capping layer, adversely affects adhesion therebetween. | o

As design rules extend deeper into the submicron range, such as about 0.18
micron and under, e.g., about 0.15 micron and under, the reliability of the

25 interconnect pattern becomes particularly eritical. Therefore, the adhesion of capping
or barrier layers to Cu interconnects and the accuracy. of interconnects for vertical
metallization levels require even greater reliability. Aécbrdingly, there exists a need
for methodology enabling the formation of encapsulated Cu and Cu alloy interconnect

~members for vertical metallization levels with greater accuracy and reliability. There

30 exists a particular need for methodology enablihg the formation of a capping layer on

a Cu or Cu alloy interconnect with strong adhesion therebetween.
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period of .about 10 seconds .an %tgﬁ(?ﬁetﬁégﬁéjg%&gﬁqaﬁggmfoﬁgﬁgﬁﬁ Hy ciien

cappi ng | ay&illibet s fortbdini the dollineing edastiigtiont hdibereratceatof {HehckakBasyhd ab! e
for depositj . exanple, it was, foynd that when depositing a si'liton
nitri 22 capgﬁ%%n_ sg&lé?mlgr%)’aw%o SPPRIEP YUYt er. treatnent with a

anmmoni a- cont ai ni Bigspl1as MHustsid ga?_‘ehﬁali‘ dseduged i @eacgoergacﬁcieon. hanber :
via a mass flow.controller set at about 150 sccm wever, an initrat® surge
‘or spike is®p g&ﬂ@ﬁf?méﬁﬁﬁﬁt%mpﬂuvmgeby the silane actually enters the
reaction chanber at a higher flowrate, e.g., about 200 to about 300 scan.

It is believed 25 that the Cu surface immedately after plasma treatnent to

reduce cop s feteCa OatreleInvengen | Ve, and, hence, suseptihble to
degraggtion. | t further belie that the initial surge of silane into

the ré&action chalrl;ﬁeepr%?f&rl?‘fe?u% essER anhsalvesprabloms atierdanttyori cappitigx t he

sensitive Gans¥ida S aglid 0 si.on. and/ or .pai soni.ng of the interface
bet weeh the Cu i ntgﬁgl oﬁﬁ%@gﬁaﬁﬁg&%wg%ﬁqﬁ?# Eglc{?ﬁﬁﬁflﬂ% I‘\’éesfg?‘!"bgy

Addi ti onal 18xpeaordamee awith neralmdlimente sifi gt besertethvbid @ndbléd hekihflchgf t hat
resi dual gaﬁg&?v' n, tthe re%ﬁltgi.on fhanber bet ween waf er processing 30

-oper ati ons cont riput &1 the adhesion g A CHRANG Ky PloTICh @ SBifon guitoide.t ther G or €wr f ace
af ter pl asnaloyr RéroBitect TheniRe i nvent.i.an es and solves the
probl g&n of cgtryr osi on and/ or H&gﬁ g%%br‘{gp%?m 1"% @q’gﬁﬁﬁéﬁ ngjﬂ%%a PIeEEh SNt

wi t h 2V hy driogee- Gifusiemeni snbancing ehéotynyifration resisiaioe A ssingflbfddoBRiuekout

i mprovi ng ttgga'bgﬁgaq{oi tﬁeofg}}\ﬁ?hﬁ i nter fngc bet ween the Cu interconnect and
cappi ng | ayer, PRIGHon theisymbol Cp 1 igte %gﬁ%omﬁ?@rmgM@W@iq@W@lmh&r
present invention enables a significant increase in device reliability,
particularly in the subm cron regine. 35 In accordance with enbodi nents of
the present invention, the period of tine between plasna treatnent and-
cappi ng | ayer. deposition is extended vis-a-vis conventional practices for

t he purpose oOf El(/‘@_y\l! ,’;_-Hgsﬁhlf: icient tirAfor the plasma-treated Cu surface
to desensitize to TeducCe its susceptibility to degradation before

i ntroducing the reaction gas for depositing the capping |layer, e.g., silane
when depositing a silicon nitride capping |layer. Accordingly, enbodi nents
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0 '1%°=%%5004 . WD 02309173 PCT/ US(11/ 18228 pressure of about 5 Torr. tbB5011822¢
about 8 Toir. After plasma treatnent, the pressure can be r dyggﬁ-tgya
press of about 50m Ton to about 100m Ton. over an extended pe ig Tof

about seconds to about 60 seconds to provide sufficient tinme for
desensitization of the plasma treated Cu surface. Further enbodi ments of

the present invention conprise introducing the capping |ayer reaction gas,

e.g., S5sila I d | v. ~Ahcreasi ng .the reaction gas flow unti
t he amount r%gmege_ \Q%%?ég&ejs_g& t ?‘gér}ll ﬁ%éﬂ?&%‘?ﬂ?@&%@%&hﬁ%@gﬂ%&i fBfit s of
t he present nmganxmmhmﬁmﬁnmmgemﬁb@mkMFhﬂkhﬁﬁMClng silane until reaching a

flow rate of about |50 seem A suitable ranp up conprises introducing
silane in a pluraf'sd§sign rdesgescalad dpwy intecthe deepribaticrbh earfgepsuchatsabost

i ncreased by, t,_ of seem qyer second interval ., = |ln accordance
with anotheraggbggﬁﬁgﬁ?ﬂbpﬁ@ﬁé‘L'Eé‘ﬂ?t?h_eﬁ?Wﬁw;?P §Fﬂﬁélﬂ§a§§@§ﬁﬁﬁ 9fhe
reacti oh 10 alapdutatedir€ur e Cwralley Ifterchidcef Unbmibert becWBks rmt:férasingl

pr ocessi ng. Acqordlﬂﬁly, enbodi nents of the present I nvention conpri g
purging t he SEHEFINA Wasfoend that cenyentional guastings ini formipgra Gaand/iohiCuealloy

mai nt ai ni ng .} t] chanber at a tenperatur.e suitabl.e for processin
e.g., at ago%%?% tﬂég[g}%r[}? é .Scef‘ﬁé’Pﬁg’Bg(S@sé‘rf 155@" apen Pg@ F@B&@Bﬁ?fat ga
relatively |oxdpsweiee fitm, oligved | €ss than up to about 1 Torr. Tt was found
particularly suitable to.introduce nitrogen gas in a plurality of stages to
ef fect proper conditioning of the chanber before introducing the 15 wafer.
For exgymple, it was found suitable to introduce nitrogen gas in three
stages for purging, each stage conprising introducing nitrogen gas,

di scontinuing introducing nitrogen gas and then punpi ng the nitrogen gas
out of the reaction chanber. The nitrogen gas pre-conditioning aspect of
the present invention coupled with slowy ranping up the introduction of

t he siLane gas provide optinumresults, although any of the disclosed
renedi al approaches 20 contributes significantly toward inproving the
integrity of the interface between the Cu surface and silicon nitride
capping layer. Thus, the present invention ensures greater .reliability by
condi tioning the reaction chanber prior to introducing the wafer in order
to reduce discoloration and/or poisoning of the surface of the Cu

i nterconnect after plasma treatnment. The present invention also achieves
that objective by providing tinme after plasma treatnent of the Cu surface
before introduction of the silane for reducing the sensitivity of the Cu
surface 25 thereby avoi di ng di scoloration and/ or poisoning of the
interface. The present invention also involves slowy ranping up the

i ntroduction of silane after plasnma treatnent to an appropriate flow rate
before initiating deposition, thereby further reduces discoloration andl or
poi soning of the interface between Cu interconnect and silicon nitride .
capping layer. Cu and/or Cu alloy interconnect menbers fornmed in accordance
‘wi-th enbodi nents of the present 30 invention can be, but are not limted
‘to, interconnects formed by damascene technol ogy. Thus, enbodi nents of the
present inventien include formng an interlayer dielectric overlying a
substrate, form ng an opening, e.g., a damascene opening, in the interlayer
dielectric, depositing a diffusion barrier |ayer, such as TaN, and filling
the opening with Cu or a Cu alloy |ayer. Advantageously, the opening in the
interlayer dielectric can be filled by initially depositing a seed | ayer
and then electroplating or electrolessly plating the Cu or Cu alloy |ayer.
CWP is 35 then performed such that the upper surface of the Cu or Gt~ alloy-
| ayer is substantially coplanar with the upper surface of the interlayer
dielectric. As a result of CGW, a thin filmof copper oxide is typically
formed. The exposed oxidi zed surface of the Cu or Cu alloy is then
processed in accordance with one or nore disclosed enbodi nents, thereby
substantially elimnating or significantly reducing corrosion and/or

poi soning of the Cu/silicon nitride interface. 6 0 1 ~~T 200a WO

1>2/ 09173 PCT/ USOL/ 18228 G ven the gui dance of the present disclosure and

t he di scl osed objectives, the conditions during ammoni a pl asma treat nent
and deposition of the capping |ayer, such as silicon nitride, can be

optim zed in a particular situation. For exanple, it was found suitable to
treat the ex&osed surface of the Cu or Cu alloy layer with an

anmoni a- cont&f ni, .af-.an ammoni a 4l ow rate of about 100 to about

6, 000 sccm a pf§g§§$giggﬁgkabout 2 Torr. to about 10 Toix., a tenperature
of about 300C to about 420C, a high frequency power of about 100 to about
1,000 watts, and a |ow frequency of about 50 to about SO0 watts for a
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reference nunerals denote simlar features. Adverting to Fi g |, damascene
opening 11, such as a contact or via hole, is forned in di eég' ﬁﬂdbayer
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advant ageousl y reduces capping | ayer peeling, reduces copper diffusion,
enhances el ectromi gration resistance, jnproves device reliability,

i ncreases production throughput and reduces manufacturing costs. The
present invention enjoys industrial applicability in the formation of
various types of inlaid Cu and 30 Ca alloy netal lization interconnection
patterns. The present invention is particularly applicable to nanufacturing
sem conduct or devi ces having submi cron features and high aspect ratio
openings In the preV|ous descrlptlon ~nunerous speC|f|c detalls are set
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CLAIMS: iv~0 i 1 ~.-"_~ 0 1 ACT 200# 1. A method of nenufacturing a

semi conduct or device, the method conprising '~ sequentially; ing-a
surface of a copper (Cu) or Cu alloy {13A) with a plasm c iﬁ? fﬁ?@ﬁ nmoni a

in a reacWbDo/oetvanber at a first pressure; introducing si I}qﬂ%é(m]g 2%
I'ayer 2( 0) on

[ i con nitride capping
i D8 L R R RN P A
10 _ ch a‘PO&E-‘LOG? Tosidelatioyt 10pm Tor. ot ai extended peridd@f bbe 3G icba@Beo idtiB0td6nds RARIVEEN

hanbe t econd pressure of about 50m Ton
tcoaaboquﬂi@%é%h@rgrréebﬁmgiraﬁgOfglr%?og c?% E‘ﬁC& ik g seconds to about 60 seconds.

2. A method ACTSFEIGmYs ?flﬂ%flpfﬁsﬁlt infgpéeieiomprish dtrpduping thpragmeniner festipmgat, k.,

range ofilafiS silsditndSgrdduelly increaiag lle I%aacmn gas&%orﬁmfl%ﬁ%m?rg ﬁ%ﬁ‘? dgglr tg%ogﬂlw%ln m 1,

1 n e Sl ,
Chanbey AR SRS o} PG ! Bl oo enmiorire
i nitiatfHYY SépSebast bW seffm. t/Aenitalilé jawmp pp crintpribed BB cic AP PTG blawoy of 4}s, dingl

~ f
deposi t Eaoft il dobQile Hlbiokdeo CARRNATo!BUEE ol ) sl el | AN Tl OW rate of
atpl east l21(1)30 0 n ° % a%cor ﬁloe? ST A ™ " wherein the

silane is i n 8% OIQ%’ﬁe Wﬁ‘ SnctﬂP?é e?‘BOdr‘”ée‘a‘E of &a Péﬁﬁealhﬁ’é?nﬂpm fﬁldp?ﬂ wgesits inythofeagivmges
unt}o r@a@pﬁrﬁg prheved briowta iat@lughg m wktaas]t prfda@mg A80:d86K) r@mén@cﬁnﬁ}ts@%@feas‘%ﬁs
?2”&22?5“*‘%?“8‘?@?‘5‘%?? Bl lon b 30 S0 S et P oesere Sy he
30 net ho\ @"6 ‘F‘é@éﬂ“ﬁ%ﬁltf?bﬁfgf% B Ghrbe 36 to dbont 42006 nﬂ&maioaﬂfne;abahwen
about . 300@ueddt abbtitel R0 Gressartfle f- 00w @han T up bo\AbE PTorr Sttvias found ;;]artilcularM shiitabf? t()] J~
5 introduce nitrogen gas in a plurality of stages to effect proper conditioning of the chamber before introducing the
15 wafer. For example_, it was found suitable to introduce nifrogen gas in three stages for purging, each stage
comprising introducing nitrogen gas, discontinuing introducing nitrogen gas and then pumping the nitrogen gas
out of the reaction chamber.
The nitrogen gas pre-conditioning aspect of the present invention coupled with slowly ramping up the
introduction of the silane gas provide optimum results, although any of the disclosed remedial approaches
20 contributés significantly toward improving the integrity of the interface between the Cu surface and silicon
| nitride capping layer. Thus, the present invention ensures greater reliability by conditioning the reaction
- chamber prior to introducing the wafer in order o reduce discoloration and/or poisoning of the surface of the Cu
interconnect after plasma treatment. The present invention also achieves that objective by providing time after
plasma treatment of the Cu surface before introduction of the silane for reducing the sensitivity of the Cu surface
25  thereby avoiding discoloration and/or poisoning of the interface. The present invention also involves slowly
ramping up the introduction of silane after plasma treatment to an appropriate flow rate before initiating
deposition, thereby further reduces discoloration and/or poisoning of the interface between Cu interconnect and
silicon nitride capping layer.
Cu and/or Cu alloy interconnect members formed in accordance with embodiments of the present
30  invention can be, but are not limited to, interconnects formed by damascene technology. Thus, embodiments of
the present invention include forming an mterlayer dielectric overlying a substrate, forming an opening, e.g., a
damascene opening, in the interlayer dielectric, depositing a diffusion barrier layer, such as TaN, and filling the
opening with Cu or a Cu alloy layer. Advantageously, the opening in the interlayer dielectric can be filled by
initially depositing a seed layer and then electroplating or electrolessly plating the Cu or Cu alioy layer. CMP is
35 then performed such that the upper surface of the Cu or Cu alloy layer is substantially coplanar with the upper
surface of the interlayer dielectric. As a result of CMP, a thin film of copper oxide is typically formed. The
exposed oxidized surface of the Cu or Cu alloy is then processed in accordance with one or more disclosed
embodiments, thereby substantially eliminating or significantly reducing corrosion and/or poisoning of the
Cu/silicon nitride interface.



10 use ~ ~ s2?~ 0 1 OCT 2D04 purging the reaction chanber with nitrogen at
.a tenperature of about 300C to about420C. 6. , A nethod acc rdbg Zﬁléd aim
5, wherein the reaction chanber is purged with nitrogen at S

greater tﬂ@q) @g@?t 1 Torr. 7. . A method according to claim or claim®6,

wherein t ¢ i on chanber is purged with nitrogen in aPEITﬂJrsﬁl/Pizﬁﬂ of
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“employed in the manufacture of semiconductor devices. For example, dieleciric materials such as silicon

: d10x1de, phosphorous—doped silicate-glass (PSQG), boron—and phosphorus doped silicate glass (BPSG), and silicon
" dioxide derived from tetracthylorthosilicate (TEOS) or silane by PECVD can be employed. The openings
" formed in dielectric layers are effected by conventional photolithographic and etching techniques. Interlayer
dielectrics in accordance with the present invention can also comprise low dielectric contact materials, inclnding
25  polymers, such as polyamides.

An embodiment of the present invention is schematically illustrated in Figs. 1-4, wherein similar
reference numerals denote similar features. Adverting to Fig. 1, damascene opening 11, such as a contact or via
hole, is formed in dielectric layer 10, e.g., silicon dioxide. It should be understood that opening 11 can also be
formed as a dual damascene opening comprising a contact or via hole section in communication with a trench

30 section. A barrier layer 12 is deposited, such as TaN, Cu or a Cu alloy layer 13 is then deposited. Upbn
electroplating or electroless plating layer 13, a seed layer (not shown) is deposited on barrier layer 12.

Adverting to Fig. 2, the portions of the Cu or Cu alloy layer 13 extending beyond opening 11 are
removed, as by CMP. As aresult, a tin film of copper oxide 20 is formed on the exposed surface of the Cu or Cu
alloy interconnect member 13A. The wafer containing the Cu metallization is then introduced into a reaction

35 chamber in accordance with the embodiments of the present invention. The reaction chamber is initizﬂly purged
with nitrogen at a temperature of about 300°C to about 420°C to remove residual gasses fiom previous
processing and condition the reaction chamber for plasma treatment and capping layer deposition. It was found
particularly suitable to purged the reaction chamber in a plorality of stages each time introducing nitrogen,

discontinuing the introduction of nitrogen, and pumping out the nitrogen, for optimum conditioning.
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a plurality of stages, until a flow rate of at least about 150 sccm is achieved. At this point, deposition of the

silicon nitride capping layer is initiated
As shown in Fig. 4, a silicon nitride capping layer 40 is then deposited on the cleaned exposed surface
10 30 of Cu or Cu alloy interconnect 13, completely encapsulating the Cu or Cu alloy intercomnect 13. Another
interlayer dielectric 41 is then deposited, such as silicon dioxide derived from TEOS or silane. In this way, a
plurality of interlayer dielectrics and metallization patterns are buit up on a semiconductor substrate and various
interconnects are formed. Advantageously, the interface between the Cu interconnect and silicon nitride capping
layer is substantially free of discoloration and/or poisoning which would otberwise adversely effect the adhesion
15 therebetween, thereby improving the accuracy and reliability of interconnects for subsequent metallization
levels.

The present invention enables the formation of extremely reliable Cu and/or Cu alloy interconnect
members by significantly reducing the corrosion and/or poisoning of the interface between a plasma treated
copper surface and silicon nitride capping layer deposited thereon, thereby enhancing the adhesion of the

20 capping layer. Preconditioning the reaction chamber with nitrogen purges and/or providing sufficient time after
plasma treatment to render the plasma treated Cu surface less vulnerable to degradation upon introducing silane
and/or slowly ramping up the introduction of silane to an appropriate flow rate for deposition address what is
believed to be the sources of the corrosion and/or poisoning problem of the interface between the Cu
interconnect and capping layer. Thus, the present invention significantly improves the reliability of the Cu

25 and/or Cu alloy interconnect member by enhancing adhesion of the high density plasma capping layer with an
attendant reduction in copper diffusion and increase in electromigration resistance. Consequently, the present
Jinvention advantageously reduces capping layer peeling, reduces copper diffusion, enhances electromigration
resistance, improves device reliability, increases production throughput and reduces manufacturing costs.

The present invention enjoys industrial applicability in the formation of various types of inlaid Cu and

30 Cu alloy metallization interconnection patterns. The present invention is particularly applicable to
manufacturing semiconductor devices having submicron features and high aspect ratio openings.

In the previous description, numerous specific details are set forth, such as specific materials, structures,
chemicals, processes, etc., to provide a better understanding of the present invention. However, the present
invention can be practiced without resorting to the details specifically set forth. In other instances, well known

35 processing and materials have not been described in detail in order not to unnecessarily obscure the present
invention,

Only the preferred embodiment of the present invention and but a few examples of its versatility are
shown and described in the present invention. It is to be understood that the present invention is capable of use
in various other combinations and environments and is capable of changes or modifications within the scope of

40 the inventive concept as expressed herein.
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charactensed by, prior to mtroducmg the silane into the reaction chamber,
reducmg the first pressure to a second pressure of about 50m Torr to about IOOm Torr

over a penod of about 30 seconds to about 60 seconds.

2. A method according to claim 1, wherem the first pressure is in the range of
15 about 5 Torr to about 8 Torr ‘

3. ©  Amethod accordjng to claim 1, further comprising:
_gradually mtroducmg the silane into the reaction chamber until reachmg the
ﬂow rate of at least about 150 scem before initiating deposmon of the SthOll nitride
20 cappmg layer (40); and
depositing the silicon nitride capping layer (40)at a sﬂane flow rate of at least

about 150 scem.

4, A method according to claim 3, wherein the silane is introduced into the

25 reaction chamber in a plurality of stages until reaching the flow rate of at least about
150 scem.

5. A method of ménufactuﬁng a semiconductor device according to any one of

the claims 1-4 wherein prior to treating the surface of the copper or copper alloy the

30 method comprises heating the reaction chamber to a temperature between about
300°C and about 420°C; and
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- 7. A method according to claim 5 or claim 6, wherein the reaction chamber is
purged with nitrogen in a plurality of stages, each stage comprising:
introducing nitrogen into the reaction chamber;
10 | ceasing introducing nitrogén into the reactioﬁ chamber; and

pumping nitrogen out of the reaction chamber.
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