WD 2005/ 076348 PCT/ US2004/ 043910 1 SYSTEM AND METHOD FOR SURFACE
REDUCTI ON,  PASSI VATI ON, CORROSI ON PREVENTI ON AND ACTI VATI ON OF COPPER
SURFACEWR2005/0®a4%0r s: Andrew D. Bailey Il and Shri kanPCPUSEW#HEI3AHE
BACKGROUND OF THE INVENTION 1. Field of the Invention [1] The present
invention relates generally to damasgene sem conductor nanufacturing
processes, and nore particularly, to methods and systems for planarizing
features and layers in a sem conductor manufacturing process. 2.
Description of the Related Art [2] In general, the manufacturing of the
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2. Description of the Related Art

[2] In general, the manufacturing of the integrated circuit devices (in the form of
semiconductor substratesrand wafers) includes the use of plasma efching chambers. The
plasma etch chambers are capable of etching selected layers on the substrate as defined by a
mask or pattern. The plasma etch chambers are configured to receive processing gases (i.e.,
eich chemistries) while a radio frequency (RF) power is applied to one or more electrodes of
the plasma etch chamber. The pressure inside the plasma etch chamber is also controlled for
the particular process. Upon applying the desired RF power to the electrode(s), the process
gases in the chamber are activated such that a plasma is created. The plasma is thus

configured to perform the desired etching of the selected layers of the semiconductor wafer.

{31 Low volatility byproducts are produced in some prior art plasma stch processes. By
way of example, in a copper etch process using chlorine containing gases (e.g., Cl, HCl,
eic), the byproduct is CuClx. CuClx is non-volatile at room temperature. The low-volatility
byproducts typically condense on the chamber walls. During each plasma etch cycle, the
byproducts build-up on the chamber walls. Eventually the byproducts build-up to a certain
thickness. The byproduct build-up then begins to “flake” off of the chamber walls and is

therefore becomes a significant particle source. The particles can contaminate the substrates

being etched in the chamber.



being etched in the chanber. WO 2005/ 076348 PCT/ US2004/ 043910 2 [4] The
copper etchant chem stries are often corrosive to the surface of the
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[71 In view of the foregoing, what is needed is a system and method of removing the
residue layer while substantially eliminating the formation of the oxide layer or any other
undesirable terminating layer.

SUMMARY OF THE INVENTION

[8] Broadly speaking, the present invention fills these needs by providing an improved
method of passivating an exposed conductive material. It should be appreciated that the
present invention can be implemented in numerous ways, including as a process, an
apparatus, a system, computer readable media, or a device. Several inventive embodiments

of the present invention are described below.

9] A method of passivating an exposed conductive material includes placing a substrate
in a process chamber and injecting a hydrogen species into the process chamber. A hydrogen
species plasma is formed in the process chamber. A surface layer species is reduced from a
top surface of the substrate is reduced. The reduced surface layer species are purged from the
process chamber. The conductive material can include at least one of a group consisting of a
copper containing material, elemental copper, alloys such as NiFe, CoFe, elemental Ni, Co,

Ru, AlO, Ta, TaN, Pt and Ir.




process chanber. The conductive material can include at | east one of a
group consisting of a copper containing material, elenental copper, alloys
such aswWQ 503, elemental Ni, Co, Ru, AIQ Ta, TaRCTReS2@wa43°t0 WO
2005/ 076348 PCT/ US2004/ 043910 3 [10] The passivation process can be
perfornmed in situ. The passivation process can be perfornmed ex situ. The
passi vati on process can be performed™n situ in an etch process. The
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hydrogen species can also include injecting a carrier gas such as argon, nitrogen, helium,

uneon and xenon.

[13] Forming a plasma with the hydrogen species can include volatilizing a residue on at
least one of the substrate and an inner wall of the process chamber. Purging the reduced
surface layer species from the process chamber can also include purging the volatilized

residue.

[14]  Reducing the surface layer species from the top surface of the substrate can also
include activating the top surface of the subsirate and roughening the top surface of the
substrate. The exposed conductive material is passivated with a predetermined time. The
predetermined time being sufficient to reduce the surface layer species from the top surface
of the subsirate a desired amount. The predetermined time can be greater than about 15

seconds.

[15]1 Another embodiment provides a method of passivating an exposed copper
interconnect. The method includes placing a substrate in a process chamber and injecting a
hydrogen species into the process chamber. The method also includes forming a hydrogen
species plasma in the process chamber and reducing a copper oxide from a top surface of the
exposed copper interconnect. The reduced copper oxides are purged from the process

chamber. Each of several inner surfaces of the process chamber can have a temperature




[ 15] Anot her enbodi ment provides a nethod of passivating an exposed copper
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accordance BRIEF DESCRIPTION OF THE DRAWINGS

[18] The present invention will be readily understood by the following detailed description
in conjunction with the accompanying drawings, and like reference numerals designate like

structural elemenits.
[19] Figure 1 shows a typical cleaned substrate.

[20] Figure 2 A shows a copper matrix, in accordance with one embodiment of the present

invention.

[21] Figure 2B shows a passivated copper matrix, in accordance with one embodiment of

the present invention.

[22] Figure 3A is a flowchart of the method operations of a CMP process, in accordance

with one embodiment of the present invention.

[23] Figure 3B is a flowchart of the method operations of an etch process, in accordance

with one embodiment of the present invention.

[24] TFigure 4 is a flowchart of the method operations of a passivation process, in

accordance with one embodiment of the present invention.



wi th one enbodi nent of the present invention. [23] Figure 3Bis a flowhart
of the nmethod operations of an etch process, in accordance wth one
enbodi NBIQ 200806848 present invention. [24] Figure 4 is BCTUSHOWEIP1DLF t he
met hod operations of a passivation process, in accordance with one

enbodi nent of the present invention. 2005/ 076348 PCTI US2004/ 043910 5
DETAI LED DESCRI PTI ON OF THE EXEMPLARY-” EMBCDI MENTS [ 25] Several exenplary
enbodi ments for passivating and reducing the surface of an etched surface
wi |l now be described. It will be apparent to those skilled in the art that
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example is copper processing for damascene applications that use CMP that employs

corrosive alkaline slurries. Corrosion persists in spite of typical wet treatments. Further, the
typical wet treatments can infroduce additional process modules, additional chemical

requirements and thereby increase production costs and production time.

[27] Stable, activated surfaces are important in dual damascene processes for electrical as
well as next layer deposition requirements. Typically, the newly exposed copper surface has
surface characteristics that are different than that required for further processing. Additional
process steps and process modules are required to modify the newly exposed copper surface
to meet these needs. Modifications to the newly exposed copper surface include the reduction
of the surface copper oxide layer to elemental copper and activation of the copper surface
inside vacuum (e.g., less than about 100 mTorr) conditions. Other modifications can include
removal of CMP residues that contain many components of the CMP process chemistries
(e.g., brighteners, inhibitors, accelerators, efc.), therefore avoiding any wet cleaning

processes following the CMP process.

[28] One embodiment provides a system and method for passivating the newly etched

surface so as to prevent corrosion. The disclosed system and method can remove the etchant



to meet these needs. Modifications to the newy exposed copper surface
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(e.g., brighteners, inhibitors, accelerators, etc.), therefore avoiding any
wet cl eani ng processes follow ng the CVP process. [28] One enbodi nent
provides a system and nethod for passivating the newy etched surface so
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cl eani ng process. [29] The discl osed system and net hod can be perfornmed
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operation. The substrate can then be placed in a plasma chanber where the
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layer formed during the cleaning and rinsing operation(s). This embodiment is especially
useful if the operation to follow is a plasma etch or deposition operation that can occur

within the plasma chamber.

[31] An additional benefit of the present invention is that the newly exposed layer is
activated, The activated layer exposes the matrix of the conductive material so that
subsequent connections can be made to the conductive material. Figure 2A shows a copper
matrix 200, in accordance with one embodiment of the present invention. The matrix of the
copper molecules 202 is covered by an oxide layer 204. The oxide layer 204 can be several
hundreds to several thousands of angstroms in thickness. Figure 2B shows a passivated
copper matrix 200°, in accordance with one embodiment of the present invention. After the
passivation operation, oxide layer 204 is substantially reduced such that the matrix of the
copper molecules 202 is fully exposed. The matrix of the copper molecules 202 has a
slightly rougher surface. The rougher surface can increase adhesion to a subsequent layer

that may be formed on top of the exposed matrix of the copper molecules 202,



activated. The activated | ayer exposes the matrix of the conductive
material so that subsequent connections can be nade to the conductive
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operation. The wet clean operation renoves the residual CWP =
[34] In an operation 310, the substrate is cleaned in a “wet” operation such as a deionized

water rinse or similar clean operation. The wet clean operation removes the residual CMP
slurry and CMP byproducts from the substrate. The wet clean operation can often be

incorporated within the CMP process tool or in a separate process tool or module.

[35] Inan operation 315, the cleaned substrate is placed in a process chamber. The
process chamber can be any process chamber suitable for plasma operations. In one
embodiment, the processing chamber includes a processing chamber capable of having all
inner surfaces substantially uniformly heated above a temperature necessary volatilize any
residues that may be clinging to the inner surfaces of the process chamber (e.g., about 200 to
about 400 degrees C), The inner surfaces include those internal surfaces of the processing
chamber that the substrate is exposed to. In one embodiment, the process chamber is a small
volume process chamber such as described in co-owned and co-pending U.S. Patent
application 10/744,355, filed on December 22, 2003, and entitled “Small Volume Process
Chamber with Hot Inner Surfaces”, A small volume process chamber have a top electrode
and the bottom electrode that are separated by a distance of between about 0.5 cm to about 5

cim.



slurry and CWP byproducts fromthe substrate. The wet cl ean operation can
often be incorporated within the CVP process tool or in a separate process
t ool orwWen2#0$/€76348351 | n an operation 315, the cl eaned BUBYH244/8439 pl aced
in a process chanber. The process chanber can be any process chanber
suitable for plasma operations. In o enbodi nment, the processing chanber

I ncl udes a processi ng chanber capabl e of having all inner surfaces
substantially uniformy heated above a tenperature necessary volatilize any
residues that may be clinging to the inner surfaces of the process chanber
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Vol umEMP opestion BAGnber with Hot I nner Surfaces". A small vol une process

chanber have a top electrode and the bottom el ectrode that are separated
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PCT/ US2004/ 043910 8 [36] In an operation 340, the surface of the exposed
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of an etch process, in accordance with one enbodi nent of the present

i nventamwinclude oparasipns suchay a3dsmaetehing progess ar¢ depesiieipiosess (BBecessi ng
chanb sui\tabl e for.FInSsrra operations. The substrate can be placed wthin
the pFodlee] YAPORASHASIHOMr ot her operations. By way of exanple, the ot her
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"System, Method and Apparatus For Improved Global Dual-Damascene Planarization" and

U.S. Patent Application No. 10/390,520 filed on March 14, 2003 and entitled "System,

Method and Apparatus For Improved Local Dual-D amascene Planarization.” The plasma

etch process exposes a conductive interconnect or device structures,

[39] In an operation 340, the surface of the exposed conductive interconnect structures are
ﬁassivated. The surface passivation is described in more detail in Figure 4 below. As
described in Figure 3B, the surface passivation operation 340 is an in-situ operation capable
of being performed within the same process chamber as another previous or subsequent

operation.

[40] Figure 4 is a flowchart of the method operations 340 of a passivation process, in
accordance with one embodiment of the present invention. In an operation 405, a hydrogen
containing species is injected into the plasma chamber. The plasma chamber is heated to a
range of about 75 degrees C and about 300 degrees C. The pressure of the plasma chamber
is within a range of about 1 mTorr and about 100 mTorr. In one embodiment, hydrogen is

injected at a flow rate of between about 20 scem (standard cubic centimeters per minute) and




as described in U S. Patent Application No. 10/390, 117 filed on March 14,
2003 and entitled "System Method and Apparatus For | nproved d obal

Dual - Davss8HB876B¥%anari zati on" and U. S. Patent Appli caP¢biysSMy4/04331B390, 520
filed on March 14, 2003 and entitled "System Method and Apparatus For

| mproved Local Dual - Damascene Pl anarigzation." The plasma etch process
exposes a conductive interconnect or “device structures. [39] In an
operation 340, the surface of the exposed conductive interconnect
structures are passivated. The surface passivation is described in nore
det ai labout 260gaews. Thisdiydwgemsan breeasriedbenlan nerticguies saB(c-§ sgarat adlow
passivati oper.atipn IS an in-situ operation capable of being
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200 scC onh an itnert carrier gas (e.g., argon)

at a breassin@tlariberaboWecafle v6latileo Des2EHI0 taagstiufAbhed for die mpegsat i on 410, a
plasma is forned with the %drogen speci es. The high energﬁ of the plasna

and t lsbamberds abeuty20Ritg Rbaws HP0 degrapseC( dhg volatilizns resigug ma cag®§ degrees C
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esi agbeEedst ap ahefion 220 FReR) " pHopl G BTN LG HIER, T el e
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degrees C. Simlarly the etchant residues on the inner surfaces of the
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resid an operation 4 pl asma can

be f orsigeladPipd) ﬁaﬁaﬁﬁﬁe?ﬂasﬁia@ﬁﬁﬁb@ﬂ?@f@ﬁﬂ potver & the rade6F At 500 pRghdut Ve,
etc.). By way of 'exanple, in an exenplary inductive plasna
5000W can be applied to the bottom and/or top electrode(s). The RF power supply can be

affected with either a single or dual frequency.

[42] In an operation 415, the oxide layer is reduced. By way of example, the hydrogen
plasma causes the oxygen atoms in the oxide surface layer to disassociate with the
conductive material (e.g., copper) and to combine with the hydrogen to form Wé.ter
molecules. Any remaining hydrogen atoms, any oxygen atoms disassociated from the
conductive material and the formed water molecules can be purged in an operation 420
below. The oxide layer reduction and the volatilized residue materials are completed in
about 15 seconds to about 2 minutes. While no maximum time is indicated, the majority of
the oxide layer and volatilizing the residue materials can be accomplished in less than about
2 minutes. In an operation 420, the oxides, hydrogen, water vapor and volatilized residue

materials are purged from the processing chamber and the method operations end.

[43] By way of example in one embodiment, a substrate is loaded in a capacitively
coupled plasma etch chamber. The plasma etch chamber is heated to a temperature of about
250 degrees C, at a pressure of about 20 mTorr. The top electrode of the plasma etch
chamber has about 1000 watts applied and zero power is applied to the bottom electrode.

About 100 sccm of H; and about 100 scem of argon is injected into the plasma etch chamber



chanber, a power applied to top is between about 500 to about 3000 watts of
power. The bottom electrode can have a power applied of between about 0 to
about 1@ HRELH3EGF power. Similarly in a capacitive pPaSR2UWEAMIEY, system
power in the range of about 500 to about 5000Wcan be applied to the
bottom and/ or top el ectrode(s). The power supply can be affected with
either a single or dual frequency. [42] hi an operation 415, the oxide

| ayer is reduced. By way of exanple, the hydrogen plasna causes the oxygen
atons in the oxide surface |ayer to disassociate with the conductjve
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vol atilized residue materials are purged fromthe processing chanber and
t he niperemnasier milenerogendes. [ 43] By way of exanple in one enbodiment, a
substrate is |loaded in a capacitively coupled plasma etch chanber. The
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are to be considered as illustrative and not restrictive, and the invention is not to be limited to

the details given herein, but may be modified within the scope and equivalents of the

appended claims.




of the above figures are not required to be perforned in the order
illustrated, and that all the processing represented by the operations may
not be necessary to practice the invention. Further, the processes
described in any of the above figures can also be inplenmented in software
stored in any one of or conbinations of the RAM the ROM or the hard disk
drive. [46] Although the foregoing ihvention has been described in sone
detail for purposes of clarity of understanding, it will be apparent that
certain changes and nodifications nay be practiced within the scope of the
appended cl ai ns. Accordi ngly, the pngsgnt enbodi nents are to be consi dered
as illustrative and not restrictive, and the invention is not to be limted
to the details given herein, but may be nodified within the scope and

equi val ept s ogéﬁﬁgbdéyﬂggmgﬁggﬁﬁg%ﬂ§mi&ﬂxmégggkgg?gﬂcdgqgg od of passivating

an exposed con Ive nmateri nprising:. p ng a subsStrate in an etch
process chanbglagingaenltnatet ihaensidhgirpeese chianier dewran theonbsivtd ineludeses bur den

portion fornmed over, a.plurality of features,..th ver burden ortion having
a non-u n‘fqng}q%lvf: yov l?ué‘?*ueg.]r P‘?i%% fig]ﬁ%eds abdt ¥ ?lgaltlts &e%ﬁl@éesa U5 Pﬁerglflrd%e
over bur dgghipohdvirde @iduni®ubRi;anti al [y renove the non-uniformity without

inparting stress to the plurality of featyres jncluding: injecting a
hydr ogen cont BipRTHEEs e iRstratn g Fﬁ@vﬁﬁbgB@éogﬁgﬁﬁ@?iugﬁ%1’ 88en

cont ai Ni §PsEREFYESoRE Il foRtinirSaEy SNBoRfinPading UlesORS it plaglief oHCl,  HBr,
CH4 and NH3; foifm ng a hydrogen containing species plasma in the process
chanber ; featiirrg ipcdyng ng a surface | ayer species froma top surface of the

substrate, the sugrface. | i N t o) oxi de, a
fnje%gﬁ afa%gﬁgogg%ﬁ%h ﬁnﬁgn%e\ﬂ%gqmﬁ th ?g&:}éss Bk, aRe

halide or a nitride] ing the renmoved surfa ayer species from
t he process chgign. coftaifigespreichodhuole a llenshere, ofivherosp wondsing sidifcl i ve

mat eri al incl ge t | t one of a group consisting of a copper
cont ai ni ng naﬁ Pﬁgﬁfmgﬁgﬁéntal copper, N Fe, CoFe,
forming a hydrogen containing species plasma in the process chamber;

and
removing a surface layer species from a top surface of the substrate, the
surface layer species includes at least one of an oxide, a halide or a nitride; and

purging the removed surface layer species from the process chamber.
2. The method of claim 1, wherein the conductive material includes at least one of a
group consisting of a copper containing material, elemental copper, NiFe, CoFe,
elemental Ni, Co, Ru, AlO, Ta, TaN, Pt and Ir.

3. The method of claim 1, wherein the passivation process is performed in situ.

4. The method of claim 1, wherein the process chamber has a temperature of

between about 30 and about 200 degrees C.

5. The method of claim 1, wherein the process chamber is a small volume plasma
chamber.
6. The method of claim 1, wherein the process chamber includes at least one of an

inductively coupled system, an ECR and a microwave powered system.




elemental Ni, Co, Ru, AIQ, Ta, TaN, Pt and Ir. 3. The nethod of claim1,
wherein the passivation process is perfornmed in situ. 4. The nethod of
claim1l1, wherein the process chanber has a tenperature of between about 30
and about 200 degrees C. 5. The nethod of claim 11, wherein the process
chanber is a small volune plasma chanber. 6. The nethod of claim1,
wherein the process chanber includeslzat | east one of an inductively
coupl ed system an ECR and a m crowave powered system 12 7. The method of
claim1l1, wherein the process chanber has a pressure of between about 1

mrorr angd abome 20BodbpEkim 8; widieinThé pRdeRichehBdrad a prliaireonbéheepr ocess
chanber is a c%pacitivelépéou |l ed system 9. The nethod of claiml,
A

wher ei n bRk mIRY and abay Acont ai ni ng species includes injecting a
carrier gas. 10. The nethod of claim9, wherein the carrier gas includes at
| east one of a group consisting of argon, nitrogen, helium neon and
xenon. 18. ThBheveethod oblaghdi mhereinythe repasss diambayyisar paragitreciicowplede
hydroge% SR cies includes volatilizing a residue on at |east one of the
substraté and an inner wall of the process chanber and wherein purging the
reduced surface | ayer species fromthe process chanber includes purging

the volatilized residue 2. .The nethod of claim1, wherein renmoving the
Sort noe T ayer TSRS 15 oRfE o Yamein it Bie Tt iyae AP FROFLGos.
acti vat i jpgdudfi@ncamesiiat@geadf the substrate; and roughening the top surface

i ncluding exposing a matrix of the top surface material, wherein the
exposed matri x provides an increased adhesion to a subsequent forned |ayer

formed ofy t hergxRESEd ofBlainh ¥, whdeintHE cABENSM iRfluddsdk Mad onWhETEIBu he
exposed conductive material 1s passivated wth a predetermned tine, the

pr edet eravingisitng ¢fmrgopenitrggeyhelivel, apen anst ¥eepbve t he

11. The method of claim 1, wherein forming a plasma with the hydrogen species
includes volatilizing a residue on at least one of the substrate and an inner wall of the
process chamber and wherein purging the reduced surface layer species from the process

chamber includes purging the volatilized residue.

12. The method of claim 1, wherein removing the surface layer species from the top
surface of the substrate includes:

activating the top surface of the substrate; and

roughening the top surface including exposing a matrix of the top surface
material, wherein the exposed matrix provides an increased adhesion to a subsequent

formed layer formed on the exposed matrix.
13. The method of claim 1, wherein the exposed conductive material is passivated
with a predetermined time, the predetermined time being sufficient to remove the

surface layer species from the top surface of the substrate a desired amount.

14. The method of claim 13, wherein the predeternlined time is greater than about 15

seconds.

15. A method of passivating an exposed copper interconnect comprising:




surface | ayer species fromthe top surface of the substrate a desired
anmount. 14. The nethod of claim 13, wherein the predeternlined tine is
greater than about 15 seconds. 15. A nethod of passivating an exposed
copper interconnect conprising: 13 placing a substrate in a process
chanber wherein the processed chanber has a tenperature of between about 30
and about 200 degrees C, wherein thelprocess chanber has a pressure of

bet ween about 51 mTorr and about 500 miTorr; injecting a hydrogen containing
species into the process chanber, the hydrogen containing species includes
at | east one ghcidg ArAYRragORSA Pfoicélsﬁ Bhmbéd wherBh  thhkbcassel Sddiber hay 4 ng a
hydr ogen cont ai ni ng speci es gkasna in the process chanber; reducing a

copper oM@erafyreaf Betwesn abgrf Hradaboutld0segrett, Whppathg preesst shigdet

I ncl udi nghs 3fEdaN@0 BweBEatcdPs SHTEAGR] Mok BE0 B4BRL rat e; roughening the top
surface 1 ncluding exposing a matrix of the top surface material, wherein

the exposed niacting prhydiogers centrining spessesdntadhe piogesstebambers g dedwgen  f or med
| ayer f Oéorﬁ?:gnjﬁg gﬁe@%g %@%@?Q 198BSl 3Fa 20G RUGHADARY, fBH¢GEdaGRRRET OXi de

fromthe proce

forming a hydrogen containing species plasma in the process chamber;
reducing a copper oxide from a top surface of the exposed copper mterconnect
including;

activating the top surface of the substrate;

roughening the top surface including exposing a matrix of the top surface
material, wherein the exposed matrix provides an increased adhesion to a
subsequent formed layer formed on the exposed materix; and

purging the reduced copper oxide from the process chamber.




