;e3eF F]t: F$ 6THQV Y i~~~o~~aw | WL191A~1~ METHOD TO REMOVE COPPER
CONTAM NATI ON BY USI NG DOANSTREAM OXYGEN AND CHELATI NG AGENT PLASMA FI ELD
OF THE | NVENTI ON The present invention relates generally to fabrication of
sem conductor devices used in integrated circuits) and speC|f|callm to a

met hod of renoving copper contamninatjon during fabrics Hlmmmmmlm\“ um)
v sem conduct or devi ces. 2 BACKGROUND OF THE | NVENTI ON bl ens
in integrating copper (Cu) into the wafer fabrication process;sihiso+t he threat
of Cu contam nation. As, Cu diffuses very fast wthin silicon dioxide
(Si02) based dielectric layers and Si substrates, remvammmmmnmm‘m
contam nati on becones very inportant. U S. Patent No. 5 se et
al . describes a nethod of processing foreign nmaterial on the.sppi+ace of a
substrate. In one aspect, a directed flow of reactant fluid is provided to
the vicinity of the foreign material. An aerosol of at |east partially
frozen particles is continuously or intermttently delivered to the foreign
material to aid the reactant in reacting with the foreign material to form
the reaction product. In another aspect, a directed flow of reactant fluid
is provided to the foreign material in a limted area reaction region and
the foreign material is agitated to aid the reactant in reacting with the
foreign material to formthe reaction product. Infrared or ultraviolet
radi ati on may al so be delivered to the foreign material. U S. Patent No.
5,914,278 to Gaited T8 REMOAES €0 PPER T ORAA MIINATIORNBY SINYRT er

processing systemconprising a chanber Wth a wafer support and gas

mani fol d st ugiiN STREE AVPBXYRPERERRID mmmm@m@w&hsmmead
delivery systemto one Sidé of a waier, and exhausts e reactive
gasses and a non-reactive gas flow. The other side of the wafer is
protected fromthe 3 reactive gasses by evenly delivering the
non-reactive gasses froma | ?ﬁ;% er. U S. Patent No.
5,851,303 to Hwang et al. Qﬁéiﬁﬁo@*ﬂﬁ%l REes enoving netal surface
contam nants froma SI|ICOﬂ metal loid. The silicon is sequentially
contacted with gaseous hydrogen fluoride and then with an aqueous sol ution

compr i si ng at 'ea%h@nﬁr@ér&per g g egpted ggég o) S}Pewxsczgor&gtgsapet hod

is useful for recoverifig cop sur em con
I i t b { et
the 223&%@15?n@%§§§?%8§%€§}# o 18& R GPE T Aok GG fof efBucS™ "
Pat ent No. 5,567,244 to Lee r|b s a process,.faor cl eaning
cer condeRYRELHPEes BRI HRT Birits TbH T oy geRoRe s de E o orm

cupric oxide, which forns a cupric fluoride, which is then renoved fromthe
solution. U S. Patent No. 5,328,555 to Gupta describes a nethod of renoving
particles fromthe surface of a substrate. A plasna is forned froman inert
pl asma precursor gas in a vacuum chanber which lifts | oosely adhered
particles fromthe surface of the substrate. The flow of the inert gas is

i ncreased without increasing the pressure in the vacuum chanber, thereby
sweepi ng the particles beyond the surface of the substrate where they can
be renoved by the vacuum chanber exhaust system



4 U S. Patent No. 5,930,58G to Jain et al. describes a nethod and appar at us
for detecting copper contam nation on the backside of a wafer. A rotating
wafer is raster scanned with an X-ray beam across the wafer's surface.
Pluralities of arrayed X-ray detectors detect X-ray fl uorescence

em ssion.fromthe surface of the wafgr whereby copper contam nation of the
waf er can be determ ned. 5 SUM\/ARY G: THE I NVENTI ON Accordingly, it is an
obj ect of the present iR&eAY%E8RYL Lk cHBNENEMING i nation froma waf er
by dry cleaning. , Another object of the present invention is to renove
copper contanination fromthe backside of a wafer by dry cleaning to reduce
the risk of cross-contam nation. A further object of the present invention
is to renove copp@necohtthsi pealilemsbin dniegrhtiagi nopper i(GY) coppether ewadek.

Q her objects will appear hereinafter. It has now been discovered that the
above afrbrisabion ptsjaess $s dlfe theeayrafs€nt cameeminavonmbyp, Ge diébseplveshedst n t he
foll ow ng manner. Specifically, a sem conductor wafer having copper

cont am mathinsilidoardiorides SED g\bhaded didlactoixi laly eris agdr fidiubatra wentemovaigpf Cu
downstream plasma is provided froma first source (alternatively hal ogen
(F2, Cl2ontamiBa9n bagyorhes ussdingsor@antoxi di zi ng agent). A vaporized chel ating
agent is provided froma second source. The oxidizing radical containing
downst ream pl asma and vapori zed chel ating agent are m xed to form an

oxi di zing radi cal containing dowmstream plasnma / vaporized chel ati ng agent
m xture. The mi xt UrB. iPatehtr &bd.ef,968,156etc dhper ec @t desardbén svethbdt of he

m xture 6 reacts with the copper contamnation to forma volatile

product prddessing| fatreige meatgtindton ther ambaedoff 4 subdtheteplroshaiatyecf atdigected er .

flow of reactant fluid is provided to the vicinity of the foreign material. An aerosol
of at least partially frozen particles is continuously or intermittently delivered to the
foreign material to aid the reactant in reacting with the foreign material to form the
reaction product. In another aspect, a directed flow of reactant fluid is provided to
the foreign material in a limited area reaction region and the foreign material is
agitated to aid the reactant in reacting with the foreign material to form the reaction
product. Infrared or ultraviolet radiation may also be delivered to the foreign

material.

U.S. Patent No. 5,914,278 to Boitnott et al. describes a modular
semiconductor wafer processing system comprising a chamber with a wafer
support and gas manifold structure that supplies reactive gases through a
showerhead delivery system to one side of a wafer, and exhausts both the reactive

gasses and a non-reactive gas flow. The other side of the wafer is protected from the



BRI EF DESCRI PTI ON OF THE DRAW NGS The features and advant ages of the
met hod, of the present invention wll be nore clearly understood fromthe
foll owi ng description taken in conjunction with the acconpanyi ng draw ngs
i'n which |ike reference nunerals designate simlar or corresponding.
el ements, regions and portions and ign which: Fig. 1 schematically
illustrates, in block diagram the systemof the present invention. Fig. 2
- 4 schemative ghbsesiby esenlztdeliveringothe-secteatiak gawpeefont atpleteraclpseter red
enbodi ment of the present invention. _, 8 DETAI LED DESCRI PTI ON OF THE
PREFERRER EMBODI MENT Unl ess ot herwi se specified, all structures, |ayers,
etc. may be fornmed or acconplished by conventional nethods known in the
prior art. Accordingly, Fig. 1 shows a schematic bl ock diagramthe system
10 of the present invention. Formation of Oxidizing Radical Containing

Downst r eam Pl asmaUAp. Bxtedit 2W0g 5/85dj303! toc Biw @ @ien thld desstib@am pleetsod® fé2 i s
created by either a RF or m crowave source 14 at a power from about 50 to

1000 watdrfiogiith mRE@] RiefReakditahiifihabeldm 10Qi i@ D RetaBbi$. ThESiRE0SqyT ce
usual |y operates at 13.56 MHz. The m crowave source usually operates at

2. 45 GizaqdiRiatl ActeRSK AR e@ﬁ@ﬁzﬁf@%&ﬁflﬁfﬁﬁ%ra@@ Yhdd QAERRULUEoAd Torr

to 100 Torr, and nore preferably fromabout 0.1 Torr to 10 Torr.

Oxi di zi ggL RS €BInprising at least one-half-weight percent hydrogen peroxide. The
method is useful for recovering copper from the surface of semiconductor grade

silicon in an aqueous solution which can be analyzed directly to determine the

amount of copper contamination of the surface of the silicon.

U.S. Patent No. 5,567,244 to Lee et al. describes a process for cleaning
semiconductor devices contaminated by copper. Oxygen is used to form a cupric

oxide, which forms a cupric fluoride, which is then removed from the solution.

U.S. Patent No. 5,328,555 to Gupta describes a method of removing
particles from the surface of a substrate. A plasma is formed from an inert plasma
precursor gas in a vacuum chamber whlcb lifts loosely adhered particles from the
surface of the substrate. The flow of the inert gas is increased without increasing the
pressure in the vacuum chamber, thereby sweeping the particles beyond the surface
of the substrate where they can be removed by the vacuum chamber exhaust

system.



The source 16 of oxidizing radical can be, but is not limted to, oxygen
(©Z2) and ozone (03) gas. Another oxidizing radical sources 16 may be, for
exanpl e, nitrous oxide (N20). Alternatively, a hal ogen such as F2, Cl2, or
Br2, may be used as an oxidi zi ng agent. 9 "the flow rate of the oxidizing
radi cal source 16 is fromabout 10 tp 1000 seem and nore preferably from
about 50 to 500 seem The tenperature of the oxidizing radical source 16 is
from about 15 to LDBCPaserd Nar. &,03@&586 abl jaifir emabhbdedcrifest a m@ehodChaldt i ng
A, _gent or Li~and A chelating agent, or ligand, is provided at 22 by its
own vapapppraess foreldteaing ¢qepad coatamiraltianhi orgthadsesidgideagfar wasdri Anrotatamper

20. The chelating or ligand includes, but is not limted to, a B-diketone,
nmost corvaiet i rbsmaﬁtm@ﬁwemydmxahymaﬁ%&ﬁoaga@ wafdiesiafadee Pharalidles of
selecting a chelating agent or ligand requires that the resulting reaction

Wi th coppelyedreat gsletedid 8ttt Xaty ifRiores@icé @missieh.fasmGheldiatre)of thaen
H(hfacac) 1s the ligand. For exanple, the chelating or ligand may al so be,

for exanpdfer w’h@:@é @@ntdrhirfalier FaRe Yy AbAEAt BOBete®mifed.”. 7. 8, 8, 8 -
hept af t uoro - imethyl - 3, 5-octanedione, or 2, 2, 6, 6,
tetramet hyl - 3 5 - hept anedi one. 10 Li ~a~ nd Vapori zation Chanber 20
The ligand is introduced at 22 by its own vapor pressure fromthe |igand
vapori zation chanber 20 at a Flow rate of Fromabout 0.1 to 50 sccm and
nore preferably fromabout 1 to 10 sccm A precision netering valve 18 is
used for



the accurate control of the feed rate of the ligand. The tenperature of the
| i-gand- vapori zati on chanber 20 and the feedline is preferably maintai ned at
fromabout 50 to 100C, and nore preferably from about 60 to 85C. Formation
of Vaporized Li~and / Oxidizing Radi cal Containi n~~ Downstream Pl asma

M xture 25 The vaporized ligand 22 ig m xed with the oxidizing radical

cont ai ni ng downstream plasna 12 proximate 24. M xture 25 Enters Reaction
Chanmber 26 The vapori zed %W&Ncont ai ni ng downst ream
plasma m xture 25 enters reaction chanber 26. Wafer 30 is held by wafer
chuck 28 within reaction chanber 26. Reaction chanber 26 is preferably
operated at a pressure of fromabout 0.01 Torr to 100 Torr, and nore
preferably From abbeordingliot is am ob@ctrof the presentisfwenti®n tosreprasfececgiper
heated to a tenperature from about 50 to 300C, and nore preferably from
about 150ntamIBGOCN fromra wagdes, byf dry dramiplge, Ar or He, .flows at the back or
front side of wafer 30 as necessary to stop any undesirable reaction. Wafer
Copper Contam nant Process \Were Copper Backside Clean is Perforned As
shown i'n Fig. 2, wafer 30 may be conprised of silicon and has a front side
32 and a backsi de R#otheronbjsitdef 3Reoprawirar irBeeritort he & dentdvavadopped0
upon whi ch sem conduct or devices will be forned, e.g. source, drain, FETs,
et c. Copgeertamdmdtion fnh @he Backsidaldfyn wesedeg din deakagde B4ueé thairzk SO.
Wafer 30 is placed on wafer chuck 28 backside 34 up. Front side 32 of wafer
30 i s probvsctetahminadon.edge seal (not shown) that is simlar to those used
in Cu ECP and chem cal nechanical polishing (CW), for exanple; or by an
inert gas flow such as He. The coating on back side 34 of wafer 30

A further object of the present invention is to remove copper

contamination by dry cleaning during copper rework.

Other objects will appear hereinafter.

It has now been discovered that the above and other objects of the
present invention may be accomplished in the following manner. Specifically, a
semiconductor wafer having copper contamination thereon is provided. An
oxidizing radical containing downstream plasma is provided from a first source
(alternatively halogen (F,, Cl,, or Brz)' r;ay be used as on oxidizing agent). A
vaporized chelating agent is provided from a second source. The oxidizing radical
containing downstream plasma and vaporized chelating agent are mixed to form

an oxidizing radical containing downstream plasma / vaporized chelating agent

mixture. The mixture is directed to the copper contamination so that the mixture



may be SiOz or SIN, and is preferably SiN. This copper contam nant cl ean
st.ep according to the present invention is performed: 1) before copper
anneal ; 2) before processing in a tool which also processes other non-Cu
wafers, e.g. netrology tool, dielectric deposition tool, etc.; and 3) after
Cu ECP and Cu CWP to reduce the posséble hi gh contam nation at the
backside. ., 12 Formation of Volatile Product 38 Ligand / oxidizin?

r adi cal Teaskt HiH the FORPSE r @R plinaien toxfarre wgoladilgipresisl The volatile

sem conductor structure / wafer 30 and reacts with copper contam nant 36 to
creat e Brogsicids remeyestfrom g proxgnity@itioawader: -02 / 03 f lasnma ur hal o~; cn
~ Cu~~ _ H(hfacac) ~ [~ull(hfacac)Zl (gas) The resulting volatile product
38 (gaseous [Cu"(hfacac)Z] in this exanple) includes copper contam nant 36
and separates from backside 34 of wafer 30 and m xes with the atnosphere

Wi thin reaction chanber 26 and exits reaction chanber 26 in the exhaust
fromreaction chanber 26 at 40. Specifically, the QZ | O plasma (or

hal ogen) portion of m xture 25 reacts with copper contam nant 36, whet her
Cu, Cu*, or CQu", to convert it Cu and Cu’ to Cu". Then the chel ati ng agent
/ ligand portion of mxture 25 reacts with Cu" to forma volatile resulting
product 38. The volatile resulting product 38 separates fromthe surface of
wafer 30 so it nmay exi t fromreaction chanber 26 with the reaction chanber
26 exhaust at 40. Figure 4 illustrates details of processing wafer 30 on
chuck 28. 13 It is noted that the nethod of the present invention may be
used to clean either the back side 34 or the front side 32 of wafer 30.
Dependi ng upon the front side 32 of wafer 30, dry cleaning in accordance
with the present invention nmay be applied on either or both sides 32, 34 of
the wafer 30.. If Cu netal lines are exposed, dry cleaning should apply
only on the back side 34 of wafer 30. If Cu netal lines are protected by a
dielectric but there are concerns of crosscontam nation in subsequent
processi ng steps, then the dry cleaning nethod of the present invention may
apply to both sides 32, 34 of the wafer 30. Copier Rework The process of
the present invention is also admrably suited for



copper rework. Copper rework is required when a wafer has been subjected to
a «copper deposition step that forns copper structures not within acceptable
tolerances. In many instances, it is possible to renove the copper
structures by wet etching or dry etching, and rework the wafer to redeposit
copper. However, selectivity of wet-gtching may not be so good and dry
etching using a hal oge eQ Er- % h1 Q : ?_- i.hg tenperature. In any
event, such.a rewor kedMatey =WV, e ey e

: Ve &2 nati on renoved
fromboth the front side and back side of the reworked wafer. Wile
particul ar enbodi nents of the present invention have been illustrated and
described, it is not intended to limt the invention, except as defined by
the followi ng claiThe featumps@na pvamtageapmtha methadidfdbeqiresentoinivegtiospper
contam nation froma sem conductor wafer, conprising the steps of:

provi di ngilh lsermemhddeady waflersthadi fprsoprefobBomtingi dasdroptiphetadem in
providing froma first source an oxidi zing radi cal containing downstream5
pl asna; qenpvidtiang Witlothe aseempanying deawingspor iwhidhdied agfersncegenmeraisxi ng
sai d oxidizing radical containing downstream plasnma and said vaporized

chel at i ridgsigenie skmildrpisaaresponding algmends, ¢apions andi pArtignaendsnrvehishpl asma /
vapori zed chel ating agent m xture; 10 directing said mxture to said copper
contam nation so that said m xture reacts with said copper contam nation to
forma volatile product; and renoving said volatile product fromproximty
of said wafer. 2. Fige lnsshieorhtishallyl dliustrateswiertdoek sdagraoxi diezsystemael dw
cont ai ni ng downstream plasma is forned from an oxygen containi ng gas
exposed presemt iRFentiond cr owave source; said oxygen containing gas being
selected fromthe group conprising oxygen, ozone, and N20, having a fl ow
rate of fromabout 50 to 500 sccmand at a tenperature from about 15 to
100C.

Ci A e v

Fig. 2 - 4 schematically illustrate in cross-sectional representation a

preferred embodiment of the present invention.



15 3. The nmethod of claim 1, wherein said oxidizing radical containing
downstream plasma is fornmed froman oxygen contai ning gas exposed to an RF
or microwave source at a power of from about 100 to 50U watts. 4. The

met hod of claim 1, wherein said vaporized chelating agent is selected from
the group conprising hexafl uoroacetyjacetone, acetyl acetone,
trifluoroace)belacetone 6 7, 7, 8 8 8 - hetafluoro - 2, 2 -
di met hyl - 3, TAILED ES d REFER EMBOQDIMENT
hept anedi one. 5. The net hod of cI ai m 1 wher ein sal d vapori zed chel at | ng
agent is conprised of hexafl uoroacetyl acetone (H(hfacac)) alld haS a flow
rate of fromabout 1 to 10 seem 6. The nethod of claim1, wherein said
vapori zed chel at i Riplesgertherwiseapecifisld adfstaudtarasi kastasheetanthalyase foritady r at e
of fromabout 0.1 to 50 seem 7. The nethod of claim1, wherein said

vapor i zedacdoehplisheg geonveandionat nethdédoknawatielthe poigragent vaporized in a
vapori zation chanber. 8. The nethod of claim 1, wherein sa id copper
contam nation conprises Cu, Cu', and Cu"; said oxidizing radical containing
downstream pl asma reacts with said Cu and Cu' copper contami nation to form
Cu"; and 16 sai dhocaplingheFigeslaiwng salyemttic dldwxdizpromadhe ayyleac 20 ofie
(H(hfacac)) and reacts with said Cu" to formsaid volatile product; wherein
sai d volla ptesept ooeations [ Cu” (hfacac)2] (gas). 9. The nethod of claiml,
wherein said sem conductor wafer is a copper rework.

Formation of Oxidizing Radical Containing Downstream Plasma

An oxidizing radical containing downstream plasma 12 is created by
either a RF or microwave source 14 at a power from about 50 to 1000 watts and
more preferably from about 100 to 500 watts. The RF source usually operates at
13.56 MHz. The microwave source usually operates at 2.45 GHz. The chamber
operation pressure is preferably from about 0.01 Torr to 100 Torr, and more

preferably from about 0.1 Torr to 10 Torr.

Oxidizing Radical

The source 16 of oxidizing radical can be, but is not limited to, oxygen
(O,) and ozone (O,;) gas. Another oxidizing radical sources 16 may be, for example,
nitrous oxide (N,0). Alternatively, a halogen such as F,, Cl,, or Br,, may be used as

an oxidizing agent.



10. The nmethod of claim 1, wherein said sem conductor wafer has a front
si‘de, and a backsi de havi ng sai d copper contam nation; said sem conduct or
waf er being oriented backside up on a wafer chuck. 11. The nethod of claim
1, wherein said sem conductor wafer has a front side having said copper
contam nation, and a backside; said gem conductor wafer being oriented
backsi de up on a fer chuck; .apd sai d. oxidizipng radical contajnin
downst ream pl as mavﬁﬁ’vﬁﬂﬂ tpte Iocgvf/[]‘?é%"édwng FBMCabeRersolG 5 é@ﬁ‘ agent ggdoat a
terrperaturg from about 15 %o %OOC. 12. The method of claim1l, wherein said
sem cond{E? sFciiafRd LS RreferaRly Speealrit Hytosaibisceappie worperatyrataihe and
a backsi de_havi ng_sai d copper contam nation; said sem conductor wafer being
ori ent epdizkag dedigp! senrgewk BrireruaRoutah? te 408°Gxiad 2npre prefersdly from
cont ai ni ng downstream pl asma having a flow rate of fromabout 50 to 500
seem andbgut d0t@AP&r-at ure from about 15 to 100C. 17 13. The nethod of
claim1, wherein said sem conductor wafer is placed within a reaction
chanber having a pressure fromabout 0.01 to 100 Torr, said sem conductor
waf er having a tenperature from about 50 to 300C. 14. A nethod of renoving
copper dohelabingAgent anlaigandseni conduct or wafer, conprising the steps of:
provi ding a sem conductor wafer having copper contam nation thereon;
providing froma first source an oxidizing radi cal containing downstream5
pl asma; said oxidizing radi cal containing downstream pl asma bei ng forned
from an oxygen confathslatgngagentposdigand, da RPvodediatr2ivbyeits mwoevapsai d
oxygen contai ning gas being selected fromthe group conprising oxygen,
ozone, apuksNRE, froravligenda(dir|chwelatiangeagentf vaporidscisn StiiperSD Theanekatthgaor a
tenperature fromabout 15 to 100C, 10 providing froma second source a
vapor i zeldgenhd! an¢luglesgebut isi xiaig lsnitddoxtiodi 2i Agdikadoneal moat atormyonly
downstream pl asma and sai d vapori zed chel ati ng agent to form an oxidi zi ng
radi cal bewfhiorpagetyloaetone éblihfoka®iva / vapori zed chel ati ng agent i xt ure;
directing said" mxture to said copper contam nation so that said mxture
15 reacts with said copper contamnation to forma vol atile product; and
renmoving said volatile product fromproximty of said wafer. 15. The net hod
of claim14) wher eThe saiteriRFooseledtorgaaieladivigr ageritan lggralwerquifesf thamtladout
100 to 500 watts.

resulting reaction with copper creates a product that is volatile, such as Cu(hfacac),

when H(hfacac) is the ligand. For example, the chelating or ligand may also be, for
example, acetylacetone, trifluoroaceytelacetone, 6, 6,7, 7, 8, 8, 8 ~ heptafluoro - 2, 2

— dimethyl - 3, 5-octanedione, or 2, 2, 6, 6, - tetramethyl — 3, 5 ~ heptanedione.



18 16. The nethod of claim 14, wherein sa id vaporized chelating agent is
sel ected fromthe group conprising hexafl uoroacetyl acetone, acetyl acetone,
trifluoroaceytel acetone, 6, 6, 7, 7, 8 8, 8 - heptafluoro - 2, 2 -
di rethyl - 3, 5octanedione, and 2, 2, 6, 6, - tetramethyl - 3, 5 -
hept anedi one. 17. The nethod of clai,m 14, wherein said vaporized chel ating
agent is conprised of hexafl uoroacetyl acetone (H(hfacac)) and has a fl ow
rate of lfigand Maporizatiom Chaméem2018. The net hod of claim 14, wherein said
vapori zed chel ating agent is conprised of a f~-diketone and has a flow rate
of fromabout 0.1 to 50 seem 19. The nethod of claim 14, wherein said
vapori zed chelating agent is forned froma chel ati ng agent vaporized in a
vapori zation chanbBte liglnd ibéntediedd aft 22 By msl4wnhepet preésiude ¢agREhe
contam nation conprises Cu, Cu, and Cu"; said oxidizing radical containing
downst r dgfand asparize@ech Shakiber 98I 4 Oflcandauof fepPaboGeltiiar Batscerm, hadf or m
Cu"; and said vaporized chel ati ng agent is hexafl uoroacetyl acet one
(H(hf acaepje prafefaay foHrviabbus ditd 10Wccio Af prdtisian thatetiakivadvd1®eiased rdrer ei n
said volatile product is [Cu"(hfacac)z] (gas). 19 21. The nethod of claim
14, wher@erncgardtes@mteindubedeethatar of thaligandeThe ev@iperatdde oftRe NRtAd Of
claim 14, wherein said sem conductor wafer has a front side, and a backside
havi ng sédpbronpioer creeib@mioneid ai fesdlifle wﬁiéf&m@lllﬁi'ﬁinm:ﬁ@i abfoRy absies0 ed
backsi de up on a wafer chuck. 23. The nethod of claim 14, wherein said
sem conducloorCy\eh& mdreprafdrasiptiromddotavong 8satd copper contami nation, and
a backsi de; said sem conductor wafer being oriented backside up on a wafer
chuck; and said oxidizing radi cal containing downstream plasnma havi ng a
flowrate of fromabout 50 to 500 seem and at a tenperature from about 15
]E 0 1?00_- I;@Anafﬁbﬁ OB Wgbréted agand 4, OxiHz A Rediidals€OheARdng Mowietheanhas a
ront side

Plasma Mixture 25

The vaporized ligand 22 is mixed with the oxidizing radical

containing downstream plasma 12 proximate 24.

Mixture 25 Enters Reaction Chamber 26

The vaporized ligand / oxidizing radical containing downstream

plasma mixture 25 enters reaction chamber 26.

Wafer 30 is held by wafer chuck 28 within reaction chamber 26.

Reaction chamber 26 is preferably operated at a pressure of from

about 0.01 Torr to 100 Torr, and more preferably from about 0.1 Torr to 10 Torr.



havi ng sai d copper contam nation, and a backsi de having said copper
contantnation; said sem conductor wafer being oriented backside up on a
waf er chuck; and said oxidi zing radical containing downstream pl asna havi ng
a flowrate of fromabout 50 to 500 seem and at a tenperature from about 15
to 100C. 25. The nethod of claim 1411wherei n said sem conductor wafer is
pl aced within a reactiqQn_chanper having pressure fraom about 0.01 to 100
Torr, s?é‘i’%fe"sé%l%ﬁﬁ%fﬁé% Y heat t%é\i?%‘@’eé“t“é%’é?rf’at%’roétﬁpdﬁﬁ%o& an@ mere00C.
20 26. A nethod of renovi n per contam nation froma sem conduct or
waf er , emfsfqbéy AEPT b 08t 458 tef2 f;wdr Bas-dos epedieidt oF Narfflawhabithg
copper contam nation thereon; prow ding froma first source an oxidizing r
adi cal baelt af fronysidewdavafenad ps aseRISAyAobIoR ROy 2indgsirabliecgactimt ai ni ng
downstream pl asma bei ng fornmed from an oxygen contai ni ng gas exposed to an
RF or mcrowave source; said oxygen containing gas being selected fromthe
group corrprl si ng oxygen ,ozone, and NZO provi d| ng froma second source
vapor i z&¥ales =0fi€8) A ess W 3958 i1 med ai ni ng
downst ream pI asrra and sai d vaporl zed hexafl uor oacetyl acet one to form an
oxi di zing radi cal containing dowmstream plasma / vapori zed
hexaf | uor oacetyl acetone m xture; directing said mxture to said copper
contam nation so tAmtheeandnrifigt 2y wafeadl say bé ceaipdisedppfesilicomtaad nat aon t o
forma volatile product; and renoving said volatile product fromproximty
of sai d fyafteside 32.ankhe buekbicld 3f. Frbat 8id2632 whevalen 36ds dheside ohavutepBOWaf er
is placed within a reaction chanber having a pressure fromabout 0.01 to
100 Tor mposaivhigesemicshiubicor dal &es haitl b farrhedpegatourscef deairaRETs, 20c.t 0
300C.

Copper contamination 36 usually resides on backside 34 of wafer 30. Wafer 30 is

placed on wafer chuck 28 backside 34 up.

Front side 32 of wafer 30 is protected by: an edge seal (not shown) that
is similar to those used in Cu ECP and chemical mechanical polishing (CMP), for
example; or by an inert gas flow such as He. The coating on back side 34 of wafer 30

may be SiO, or SiN, and is preferably SiN.

This copper contaminant clean step according to the present invention
is performed: -
1) before copper anneal;
2) before processing in a tool which also processes other non-Cu wafers, e.g.
metrology tool, dielectric deposition tool, etc.; and

3) after Cu ECP and Cu CMP to reduce the possible high contamination at
the backside.



28. The nmethod of claim 26, wherein said oxidizing radical containing
downstream pl asma has a flow rate of fromabout 50 to 500 sccmand at a
tenperature fromabout 15 to 100C 21 29. A nethod of renoving copper
contam nation froma sem conductor wafer, conprising the steps of: .

provi ding a sem conduct or wafer havi {39 copper cont am nation thereon;
providing froma first source a hal ogen oxi di zi ng agent; providing from a
second source a vaporized chel ating agent; m xing said hal ogen oxidizing
agent and said vaorl zed chel atl ng agent to form an oxidizing radical

cont ai Nty al Veaiatile et 3% apori zed chel ating agent mixture; directing
said m xture to sai d copper contam nation so that said mxture reacts with
sai d copper contam nation to forma volatile product; and renoving said

vol atil e product Fromproximty of said wafer. 30. The nethod of claim 29,
wher ei n sai d vapokigaed £hgidatinggadgmhtonsisielgetiwdstreamptlaengmoixpure 25
conpri si ng hexafl uoroacetyl acet one, acetyl acetone, trifluoroaceytel acetone,
6, 6, 7is djre8tedd to8semhmptdafdtanrsoruct@re 2/ -wdfareBlyand BacBoovidhedipper, and
2, 2, 6, 5 - tetranmethyl - 3, 5 - hept~nedione. 31. The nmethod 'of claim
29, whecaitamgmant 3fadpareated oiletikt proguagdhite.g.s conpri sed of

hexaf | uor oacetyl acetone (H(hfacac)) and has a flowrate of fromabout 1 to
10 sccm 32. The method of claim?29, wherein said vaporized chel ati ng agent
is conprised of a f3-di ketone and has a flow rate of fromabout 0.1 to 50
sccm 22 33. Th€uy&uip@ubttIArm 29 *itheai'n- S Sdaur'{lrfadaq)idkas)i ng
agent is forned

The resulting volatile product 38 (gaseous [Cu"(hfacac),] in this example) includes
copper contaminant 36 and separates from backside 34 of wafer 30 and mixes with
the atmosphere within reaction chamber 26 and exits reaction chamber 26 in the

exhaust from reaction chamber 26 at 40.

Specifically, the O, / O, plasma (or halogen) portion of mixture 25
reacts with copper contaminant 36, whether Cu, Cu', or Cu', to convert it éu and
Cu' to Cu". Then the chelating agent / ligand portion of mixture 25 reacts with Cu"
to form a volatile resulting product 38. The volatile resulting product 38 separates
from the surface of wafer 30 so it may exit from reaction chamber 26 with the
reaction chamber 26 exhaust at 40.

Figure 4 illustrates detajls of processing wafer 30 on chuck 28.
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34. The net hod
and Cu";
cont ai ni ng dwnstream pl asna reacts with said Cu and
and sai d vaporized chel ati ng agent

is

r is placed within a
reacti on chanber having a pressure fromabout 0.01 to 100 Torr, said

sem conduct or wafer having a tenperature from about 50 to 300C. 40. The
met hod of claim?29, wherein said hal ogen oxidizing agent is forned from

omthe group conprising Fz, Cl2, and Br2. .A yy.A@

A Ahl. A A Af.9. Ay

The process of the present invention is also admirably suited for
copper rework. Copper rework is required when a wafer has been subjected to a
copper deposition step that forms copper structures not within acceptable
tolerances. In many instances, it is possible to remove the copper structures by wet
etching or dry etching, and rework the wafer to redeposit copper. However,
selectivity of wet-etching may not be so good and dry etching using a halogen
requires a high processing temperature. In any event, such.a reworked wafer must

have the copper contamination removed from both the front side and back side of

the reworked walfer.

While particular embodiments of the present invention have been
illustrated and described, it is not intended to limit the invention, except as defined

by the following claims.
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vaporized chelating agent to form an oxidizing radical containing downstream

plasma / vaporized chelating agent mixture;
10 directing said mixture to said copper contamination so that said mixture
reacts with said copper contamination to form a volatile product; and

removing said volatile product from proximity of said wafer.

2. The method of claim 1, wherein said oxidizing radical containing
downstream plasma is formed from an oxygen containing gas exposed to an RF or
microwave source; said oxygen containing gas being selected from the group
comprising oxygen, ozone, and N,0O, having a flow rate of from about 50 to 500

sccm and at a temperature from about 15 to 100C.
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3. The method of claim 1, wherein said oxidizing radical containing

downstream plasma is formed from an oxygen containing gas exposed to an RF or

microwave source at a power of from about 100 to 500 watts.

4. The method of claim 1, wherein said vaporized chelating agent is selected
from the group comprising hexafluoroacetylacetone, acetylacetone,
trifluoroaceytelacetone, 6, 6, 7, 7, 8, 8, 8 - heptafluoro - 2, 2 — dimethyl - 3, 5-

octanedione, and 2, 2, 6, 6, - tetramethyl - 3, 5 - heptanedione.

5. The method of claim 1, wherein said vaporized chelating agent is comprised

of hexafluoroacetylacetone (H(hfacac)) and has a flow rate of from about 1 to 10

sccm.

6. The method of claim 1, wherein said vaporized chelating agent is comprised

of a B-diketone and has a flow rate of from about 0.1 to 50 scem.

7. The method of claim 1, wherein said vaporized chelating agent is formed

from a chelating agent vaporized in a vaporization chamber.

8. The method of claim 1, wherein said copper contamination comprises Cu,

Cu!, and Cu";

said oxidizing radical containing downstream plasma reacts with said Cu

and Cu' copper contamination to form Cu"; and

-1
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said vaporized chelating agent is hexafluoroacetylacetone (H(hfacac)) and

reacts with said Cu" to form said volatile product;

wherein said volatile product is [Cu(hfacac),] (gas).

9. The method of claim 1, wherein said semiconductor wafer is a copper

rework.

10. The method of claim 1, wherein said semiconductor wafer has a front side,
and a backside having said copper contamination; said semiconductor wafer being

oriented backside up on a wafer chuck.

11.  The method of claim 1, wherein said semiconductor wafer has a front side
having said copper contamination, and a backside; said semiconductor wafer being
oriented backside up on a wafer chuck; and said oxidizing radical containing

downstream plasma having a flow rate of from about 50 to 500 sccm and at a

temperature from about 15 to 100C.

12. The method of claim 1, wherein said semiconductor wafer has a front side

having said copper contamination, and a backside having said copper
contamination; said semiconductor wafer being oriented backside up on a wafer
chuck; and said oxidizing radical containing downstream plasma having a flow rate

of from about 50 to 500 sccm and at a temperature from about 15 to 100C.
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reaction chamber having a pressure from about 0.01 to 100 Torr, said

semiconductor wafer having a temperature from about 50 to 300°C.

14. A method of removing copper contamination from a semiconductor wafer,
comprising the steps of:
providing a semiconductor wafer having copper contamination thereon;
providing from a first source an oxidizing radical containing downstream
5 plasma; said oxidizing radical containing downstream plasma being formed from
an oxygen containing gas exposed to an RF or microwave source; said oxygen
containing gas being selected from the group comprising oxygen, ozone, and N,O,

having a flow rate of from about 50 to 500 sccm and at a temperature from about 15

to 100C;
10 providing from a second source a vaporized chelating agent;
mixing said oxidizing radical containing downstream plasma and said
vaporized chelating.agent to form an oxidizing radical containing downstream
plasma / vaporized chelating agent mixture;
directing said mixture to said copper contamination so that said mixture
15 reacts with said copper contamination to f;rm a volatile product; and

removing said volatile product from proximity of said wafer.

15.  The method of claim 14, wherein said RF or microwave source has a power

of from about 100 to 500 watts.
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trifluoroaceytelacetone, 6, 6, 7, 7, 8, 8, 8 - heptafluoro ~ 2, 2 - dimethyl - 3, 5-

octanedione, and 2, 2, 6, 6, - tetramethyl — 3, 5 - heptanedione.

17.  The method of claim 14, wherein said vaporized chelating agent is

comprised of hexafluoroacetylacetone (H(hfacac)) and has a flow rate of from about

1 to 10 scem.

18.  The method of claim 14, wherein said vaporized chelating agent is

comprised of a 8-diketone and has a flow rate of from about 0.1 to 50 sccm.

19.  The method of claim 14, wherein said vaporized chelating agent is formed

from a chelating agent vaporized in a vaporization chamber.

20.  The method of claim 14, wherein said copper contamination comprises Cu,

Cu', and Cu";

said oxidizing radical containing downstream plasma reacts with said Cu

and Cu' copper contamination to form Cu"; and

said vaporized chelating agent is hexafluoroacetylacetone (H(hfacac)) and

reacts with said Cu" to form said volatile product;

wherein said volatile product is [Cu"(hfacac),] (gas).
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22.  The method of claim 14, wherein said semiconductor wafer has a front side,

and a backside having said copper contamination; said semiconductor wafer being

oriented backside up on a wafer chuck.

23.  The method of claim 14, wherein said semiconductor wafer has a front side
having said copper contamination, and a backside; said semiconductor wafer being
oriented backside up on a wafer chuck; and said oxidizing radical containing

downstream plasma having a flow rate of from about 50 to 500 sccm and at a

temperature from about 15 to 100C.

24.  The method of claim 14, wherein said semiconductor wafer has a front side
having said copper contamination, and a backside having said copper
contamination; said semiconductor wafer being oriented backside up on a wafer
chuck; and said oxidizing radical containing downstream plasma having a flow rate

of from about 50 to 500 sccm and at a temperature from about 15 to 100C.

25.  The method of claim 14, wherein said semiconductor wafer is placed within

a reaction chamber having a pressure from about 0.01 to 100 Torr, said

semiconductor wafer having a temperature from about 50 to 300°C.

-
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providing a semiconductor wafer having copper contamination thereon;

providing from a first source an oxidizing radical containing downstream
plasma; said oxidizing radical containing downstream plasma being formed from
an oxygen containing gas exposed to an RF or microwave source; said oxygen
containing gas being selected from the group comprising oxygen, ozone, and N,O;

providing ffom a second source vaporized hexafluoroacetylacetone;

mixing said oxidizing radical containing downstream plasma and said
vaporized hexafluoroacetylacetone to form an oxidizing radical containing
downstream plasma / vaporized hexafluoroacetylacetone mixture;

directing said mixture to said copper contamiﬁation so that said mixture
reacts with said copper contamination to form a volatile product; and

removing said volatile product from proximity of said wafer.

27. The method of claim 26, wherein said semiconductor wafer is placed within
a reaction chamber having a pressure from about 0.01 to 100 Torr, said

semiconductor wafer having a temperature from about 50 to 300°C.

28. The method of claim 26, wherein said oxidizing radical containing
downstream plasma has a flow rate of from about 50 to 500 scem and at a

temperature from about 15 to 100C. |
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comprising the steps of:

providing a semiconductor wafer having copper contamination thereon;

providing from a first source a halogen oxidizing agent;

providing from a second source a vaporized chelating agent;

mixing said halogen oxidizing agent and said vaporized chelating agent to
form an oxidizing radical containing downstream plasma / vaporized chelating

agent mixture;
directing said mixture to said copper contamination so that said mixture
reacts with said copper contamination to form a volatile product; and

removing said volatile product from proximity of said wafer.

30.  The method of claim 29, wherein said vaporized chelating agent is selected
from the group comprising hexafluoroacetylacetone, acetylacetone,
trifluoroaceytelacetone, 6, 6, 7, 7, 8, 8, 8 —~ heptafluoro - 2, 2 - dimethyl - 3, 5-

octanedione, and 2, 2, 6, 6, - tetramethyl - 3, 5 — heptanedione.

31.  The method ‘of claim 29, wherein said vaporized chelating agent is

comprised of hexafluoroacetylacetone (H(hfacac)) and has a flow rate of from about

1 to 10 sccm.

32.  The method of claim 29, whercin said vaporized chelating agent is

comprised of a 8-diketone and has a flow rate of from about 0.1 to 50 scem.
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34.  The method of claim 29, wherein said copper contamination comprises Cu,

Cu!, and Cu™:

said oxidizing radical containing downstream plasma reacts with said Cu
and Cu' copper contamination to form Cu'; and

said vaporized chelating agent is hexafluoroacetylacetone (H(hfacac)) and
reacts with said Cu" to form said volatile product;

wherein said volatile product is [Cu"(hfacac),] (gas).

35. The method of claim 29, wherein said semiconductor wafer is a copper

rework.

36. The method of claim 29, wherein said semiconductor wafer has a front side,

and a backside having said copper contamination; said semiconductor wafer being

oriented backside up on a wafer chuck.

37.  The method of claim 29, wherein said semiconductor wafer has a front side
having said copper contamination, and a backside; said semiconductor wafer being
oriented backside up on a wafer chuck; and said oxidizing radical containing
downstream plasma having a flow rate of from about 50 to 500 sccm and at a

temperature from about 15 to 100C.
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contamination; said semiconductor wafer being oriented backside up on a wafer

chuck; and said oxidizing radical containing downstream plasma having a flow rate

of from about 50 to 500 sccm and at a temperature from about 15 to 100C.

39.  The method of claim 29, wherein said semiconductor wafer is placed within
a reaction chamber having a pressure from about 0.01 to 100 Torr, said

semiconductor wafer having a temperaturc from about 50 to 300°C.

40.  The method of claim 29, wherein said halogen oxidizing agent is formed

from halogens selected from the group comprising F,, Cl,, and Br,.



