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METHODS OF PRE-CLEANING DllLECTRlC LAYERS OF SUBSTRATES 

field ·of tlW Invengioy 

The present invention generally relates to deposition of fibns onto a substi:ate. 

5 More particularly, the present invention relates to etching and cleaning of dielectric layers 

prior t.o metal deposition. 

;f!,aclgtround or {he Related Art 

Ju fearore sizes have become smaller and multilevel metallization commonplace in 

10 integrated circuits, low dielectric constant rtlms have become increasingly important Low 
dielectdc constant films are particularly desirable for intexmetal dielectric (IMD) layers to 

reduce the RC time delay of the interconnect metallization being covered, to prevent 

c:rosstalk between the different levels of metallization, and to reduce device power 

consumption. 

15 Sub-ha1f xnicrcn multilevel metalliu.tion is one of the key technologies for the next 

generation of very large scale integration ("VLSI"). The multilevel interconnects that lie 

at the hean of this technology require planatization of high aspect ratio features such as 

plugs and oth~ interconnects. Reliable founation of these interconn~ is very important 

to the success of VLSI and 10 the continued effon to increase circuit density and quality on 

20 ind.mdual. substrates and die. 

Conventional chemical vapor deposition (CVD) and physical vapor deposition 

(PVD) techniques are used to deposit electrically conductive material into the contact 

holes, vias, trenches, or other features formed on the substrate. One problem with 

conventional processes arises because the concacr holes or other patterns often .comprise 

25 high aspect ratios. i.e.t the ratio of the height of the holes to their width ot diameter is 

greater than 1. The aspect ratio of the holes increases as advances in technology yield 

more closely spaced feam.reS. 

The presence of native oxides -an~ other con1al:Oinants within a sm.all feature 

cypically res;ultS in voids in the metal deposited in the features as the native oxide$ and 

30 other contaminants promote uneven distribution of the depositing :metal The native oxide 

typically forms as a result of exposing the ex.posed film layer/substtat.e to oxygen. Oxygen 

exposure occurs when moving substrates in air between processing chambets at 

atmospheric conditions, or when a small amount of oxygen remaining in a vacuum 
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chamber contacts the wafer/film layer, or when a layer is contaminated by er.ching. Other 

contaminanu within the features can be sputtered mateml. from an oxide over-eteh, 

residual photoresist from a Stripping process~ leftover hydrocarboo or fluorinated 

hydtocarbon polymers from a previous oxide etch srep, or re~deposited material from a 

5 px-e-dean sputter et.ch process. The native oxide and other contaminants create regions on 

the substrate which interfere with film fonnation, by creating regions where film growth is 

stunted. Regions of increased gi:owth merge and seal the small features before regions of 

limited gi:owth can be filled with the depositing metal. 

The presence of native oxide-6 and other cont.anrlnants also can increase the 

10 via/contact resistance and can reduce the eleetromicration resistance of small feamres. 

The contaminants can diffuse into the dielectric layer. the sub-layer, or the deposited metal 

and alter the performance of devices which include the small features. Although 

contamination may be limited to a thin boundary region within the features at the inter.face 

of the deposited metal and an underlying eonductive or sellli-eonductive feature. the thin 

15 botmdary region is a substantial part of the small features. The acceptable level of 

contunil'lant.s in the features decreases as the feanu:es become smaller in width. 

Pre-cleaning of features using sputt~ etch processes is effective for reducing 

conramimmts in large features or in small feat\1Ie$ ha\l:ing aspect ratios smaller than about 

4:1. However, sputter etch processes can damage silicon layers by physical bombardment, 

20 sputter deposition of Si/Si02 onto sidewalls of the features, and sputter deposition of metal 

sub-layexs, such as aluminl1lllt onro sjdewalls of the feamres. For larger features, the 

sputter etch processes typically reduce the amount of contaminants witllln the features to 

acceptable levels. For small features having larger aspect ratios, sputter etch processes 

have not been as effec1ive in removing contaminan~ within the features, thereby 

25 compromising the pe:r.fonnance of the devices which are fonned. 

Refening to Figure 1. a $ubsrtate 10 including a. hole 11 fonned within an 

elecllically msulative or dielecnic layer 12 thereon, such as for example, a silicon dioxide 

or silicon nitride layer is shown. It is difficult to deposit a uniform metal-containing layer 

htto the high aspect ratio hole 11 because contaminants. on the sidewalls 14 of the holes 

30 prom.ow uneven deposition of the metal C-Onlaining layer. The metal containing layer 

eventually couverges across rhe width of the hole before it is completely filled. thus 

forming voids and disconti:anities within the hole. Thereafter. the high mobility of metal 

atoms surrounding the voids causes the atoms to diffuse and minimize the Slltfat::e area of 
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the. voids fomrlng circular shaped voids as shown in Figure 1. These voids and 

discontinuities ·result in poor .and untelfable electrical contacts. 

Pre--cleaning is primarily a sputter eteh type process, wherein contaminants are 

sputtered !tom che substrate. It is preferably conducted with a mixture of. au inert gas. 

5 typically argon, and a reactive gas, typically hydrogen. Mixtures of argon and hydrogen 

remove both reactive and non-reactive contaminants and can be used to modify the shape 

of conlaet holes, vias, ttettches and other patterns tO improve subsequent metal deposition 

processes. Jnctea.5lng the argon content in the pre-clean mixture provides a corresponding 

increase in the etch rate of the pre-clean process and a corresponding decrease in the etch 

10 uniformity of the pre-clean process. Hydrogen must be included in the mixture to 

effectively remove reactive compounds or contaminants such as hydrocaJbons. Pre­

cleaning patterned substrates with a lilixture of argon and any amount of hydrogen 

provides a lower etch rare and an increased etch non-1.mifOnnity than pre-cleaning with 

argon. 

15 A pre--clean process having both high concentrations of reactive gases and 

improved etch rates would substantially promote removal of contammantS by addition of 

the reactive gases.. 

U.S. Patent No. 5,660,6&2, by 'Zhao et al, illustrates an attempt to combine etching 

and reactive cleaning of patterned dielectric layers using a plasma comprising hydrogen 

20 and argon. The argon etches deposits from apertares and the hydrogen reacts with 

xemaining deposits to fomi gueous byproducts. The combination of etching and cleaning 

does improve subsequent deposition of meals, however, the combined plasma processing 

does not ptevent fonnation of V"oi& in subsequent metal layers. Therefore, there remains a 

need for a meth.od to improve depoSitioh of metal layers on a patterned dielectrie layer, 

25 especially apertures such :u vias and ttbnches having an aspect ratio greater than about 

1.0. 

30 

SUMMARY Q"f TBE INVENTION 

Tue present invention generally jrovides a method for imp:roVing fill and electrical 

petfonnance of metals deposited on patterned dielectric layers. Apertures such as vias and 

nnches in the parcemed dielecnfo lay~ are etched. to enhance filling and then cleaned to 

reduce metal oxides within the apenure. j 

The in'YflO.tion also provides a r for CleaDlng a paa.::med dieleeJrlc layer ;,, 8 
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processing chi:inber using a first plaSliia consisting essentially of argon, wherein the fixst 

plasm.a is generated by supplying RF plasma power to an inductive coil suuounding the 

proceSsing chamber and by supplying RF bias to a substrate support member supporting 

the substtate. The patterned dielectric layer is cleaned in the processing chamber with a 

S second plasma C011$iSting essentially of hydrogen and helium, wherein the second plasma 

is generated by inaeasing the supply of RF plasma power to the mduc.tive coil 

swrounding the processing chamber and reducing the supply of RF bias to the substrate 

Sllpport member supporting the substrate. 

A battier/liner layer may then be deposited on the patterned dielectric layer after 

10 exposing the dielectric layer to the rust plasma and the second plasm~ after which a metal 

layer may be deposited on the battier layer. Furthermore., the sequential plasma treatment.$ 

can be practiced in a variety of plasma processing chambers. of an integrated process 

sequence) including pre-clean chamber!, physi~al vapor deposition chambers, etch 

chambers,. and other plasma processing chambers. 

15 The invention includes a pre-cleaning process suitable for fabricating metal plugs 

in a Iow-K. carbon-containmg dielectric. More specifically, the invention is a process for 
cleaning a contact area of a metal conductor on a semiconductor worlcpiece so as to 

minimize damage to a carbon-containing dielecnic overlying the ntetal. After forming 

co.attet openings in the dielectric so as to expose contact area.~ on the underlying metal 

20 conduct0r. the contact areas are cleaned by exposing the workpi~ to a plasma for.med 

from a :mixture of bydrogen~containing and helium gases. 

Surprlsingly, the hydrogen-helium plasma process can repair damage t0 the 

dielectdc caused by preeeding process steps. Accordingly, another aspect of the invention 

is a method of using such plasma process to repair damage to a carbon-conraining 

25 dielectric on a semiconductor workpiece caused by an oxygen plasma process for stripping 
resistfrom. the sUtface of the dielectric. 

BRIEF DESCRJPTlON OF TllE DRAWINGS 

So that the manner in which the above recited features, advantag-es and objects of 

30 the pxesent invention are attained and can be undetStood in deWI. a. more particular 
descrlption of the invention, briefly $\lmm.arlzed above, may be had by reference to the 

em.bodiment.s thereof which are illustrated in the appended drawin~. 

_,. __ ......... _ ... 1-., 111 ,,,,..,""r-n1 1.rnei-ur.tnu1 



... ~-·,,,-~~... ·-.. --,,,It?-> 

_30 1 08 '00 17:3~ FAX 44 1534 87.U8_9 __ LYSAGH1. & CO. 
~ W P LAI 

. 60'd . 

5 

It is i:o be noted~ however, that the appended drawings illustrate only typical 

embodiments of this m:vention and are rherefore not to be considered limiting of im scope, 

for the invention may admit to othet equally effective embodhnenu. _ 

Figure 1 is a schematic partial sectional view of a patterned substrate showing a 

5 n.ndomly-oriented, fine-grained, granular deposition layer in a contact hole in the 

subSttate with voids, discontinuities and a non-plan3X' surface; 

F'x.gure 2 is a schematic view of a cluster tool system having multiple substrate 

processing eha.mbers; 

Figure 3 is a flowchart showing a sequen1ial argon plasma cleaning and hydrogen 

10 plasm.a cleaning steps of the pn:sent invention along with other process sequence steps rhat 

occur before and after the argon and hydrogen plasma steps; 

Pigure 4 is a c.ross sectional view of a typical PVD chamber ~eful for depositing a 

bamer layer; 

Figure 5 is a cross sectional view of a typical pre~ean chamber useful for rhe 

15 present invention; 

Figure 6 is a sectional view of a semiconductor workpiece on which the processes 

of the invention may be petfonned; 

Figure 7 is a flow chart of a photoresist ashing process and pre-clean process 

according to our invention; and 

20 Figure 8 is a partially schematic, secti.oual view of a pluma chamber suitable for 

pedonning the pre-clean process of che invention. 

DETAR.ED DESCRIPTION OF THE INVENTION 

The invention provides a suitable method for pre~eleani:ug vias, contacts, and other 

25 features etched into a dieleco:ic layer) such as a silicon dioxide layer that is etched in a dcy 

(1t wet etch chamber, tQ expose a conductive or semi~onductive sub-layex-, such as Ge, Si, 

Al. Cu. or TiN sub·layers. The etch exposes the sub~layer so that the feature can be filled 

with. a conductive or semi-conductive material which connects the sub-layer and a 

subsequent metal iutexconnect layer to be deposited on ·the dielectric layer. Etching of the 

30 features in the dielectric typically leave~ contaminants which should be removed to 

improve filling of the features and ultimately improve the integrity and reliability of the 

devices fcmned. 

Pre-clean by a sputter eteh process is unsuitable for features with exposed nte~ 

. --· ---....... '·'""""' . ..-..,1-.11,1 ,,,1-,"n1.1 1..1nc-u1.1nu1 

@008 



. 01 ·c:1 

-+ W P LAI 

%66 

6 

and is particularly un$uitable for features with exposed coppeT. Copper easily diffnses 

tbtoagb dielectri.es, including sidewalls of vias formed in dielectrics. destroying or 

con.tp.rOm.isin.; the integnty of the dielectric. Thi$ diffusion is especiially trUe for ':fBOS, 
thermal oxide and some low K. dielectric materials. 

5 Jn one aspect, the invention provides cleaning of the patteroed dielectric layer in a 

ptOCessing chamber with a firSt plasma comprising predoz:ninantly argon, and cleaning the 

patterned dielectric layer in the processing chamber with a secoo.d plasma consisting 

essentially of hydrogen and helium. After etching and eleaning, the apenures are .filled 

with a me~ which may be deposited on a barrier/liner Ja.yer. Preferably, both cleaning 

1 O processes are petformed in the same chamber. 

After etching of the dielectric layer, the features can have damaged silicon or metal 

residues Within the features from over-etching of the dielecttic layer. The features can 

alsq contain residual photoresist on the featute surfaces from the :phOtO:reSist stripping 

a.ru:Vor ashing process Qt residual hydrocarbon o:t fluorinated hydrocarbon polymers from 

15 the dielecttic eteh $tep. The feature sutfaces may also contain re-deposited material 

generated by a sputter etch pre-clean process. These contaminants can migrate into the 

dielectric layer or can interfere wirh the selectivity of metallization by promoting uneven 

distribution of the depositing metal. The presence of the contaminants also can increase 

the teaistance of the deposited metal by subst.antially natrowing the width of the feature, 

20 and thus creating a narrowed portion in the metal forming the via, coot-act line. or other 

conductive feature. 

The sub.micron feamres that are cleaned and filled in accordance with the p:cesent 

invention, are for.med by conventional techniques which deposit a dielecttic malerlal over 

a surface on a semiconductor substtat.e. Any dielectric material, whether presently known 

25 or yet to be discovere.d.. may be used and is within the scope of the presenr invention, 

inchlding low dielectric materlals such as otganic polymers and aerogels. The dielectric 

layer inay comprise one or inore distinct layers and may be deposited on any suitable 

deposition enhancing sub-layer. The preferred deposition enhancing sub-layers include 

condnctive metals suc:h & Al and Cu. and bani.er :sunaces such as TIN, Ta. and TaN. 

30 Once deposited, the dielectric I.ayer is er.ched by conventional techniques to fonn 

vias, contacts, tt'en<:he$ or other submicron features. The features will typically have a 

high aspect ta.ti.Q with steep sidewalls. Etching of the dieleettic layer may be 

accomplished with any dielectric etching process, including plasm etching. Specific 

Ill 009 
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techniques for etching silicon dioxide include such compounds as CzF~, SFo. and N&. 

However, pa.ttmdng may be accomplished on any layer using any method known in the 

art 

S DETAILED DESCRIPTION OF.A PREFERRED EMBODIMENT 

L Pre-Cleaning Using an Argon Plasma and Then a Hydt'ogen Plasma 

Figure 2 is a schematic view of a cluster tool system having multiple substrate 

processing chambers. The cluster tool system 100 includes vacuum load-lock chambers 

10 105. 110 attached to a first stage a:ans.fer chamber 115. The load-lock charnbexs 105, 110 

mainlain vacuwn conditi.on$ within the first stage trans.fer chamber 115 while substrates 

enter and exit system 100. A first robot 120 transfers substrates between the load-lock 

chambers 105, 110 and one or more substrate processing chambezs 125 and 130 attached 

to the first stage transfer chamber 115. Processing chambers 125, 130 can be outfitted to 

15 peiform a number of substrate processing operati011s such as chemical vapor deposition 

(CVD), physical -vapor deposition (PV'O), etch, pre-clean, degas, orientation and other 

substrate piocesses. The first robot 120 also tranSfers subStrate$ to/from. one or more 

transfer chambers 135 disposed between the first stage transfer chamber 115 and a second 

stage transfer chamber 140. '.Jhe transfer chambers 135 are used w maintain ultrahigh 

· 20 vacuum conditions in the second stage transfer chamber 140 while allowing substrates to 

be rransfeued between the first stage transfer chamber 115 and the second stage transfe:r 

chamber 140_ A second robot 145 transfers substrates between the transfer chambexs 135 

and a plurality of substrate processing chambers 150> 155, 160 and 165. 

Similar to the processing chaxnbers 125. 130 des.eribed above, the additional 

25 processing chambers 150. 165 can be outfitted to perform a variety of substrate processing 

ope.rations. For example~ the processing chamber 150 is a CVD chamber outfitted to 

deposit a silicon o!ride film; rhe proce..~sing chamber 155 is an etching chamber outfitted tO 

eteh apennres or opening for interc<mnect features; the processing chamber 160 is a PVD 

chamber ouditted to reactively sputter deposit a banier film such as tantalum and/or 

30 r.antalum. nitride~ and the proceBsing chamber 16S is a PVP chamber outfitted to sputter 
deposit a condllcrive film. such as copper. The above listed sequence man.gement of the 

processing ehambe.xs is useful for practicing the present invention. A plurality of cluster 

tool systems. xnay be re.quired to perform all of the processes required t0 compler.e the 

.., ____ .....,, C""°"' I 
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interconnect po.nion of the mmruf'acture of an integrated circuit or chip. 

During operation, substrates are brought to vacuum load-lock chambexs 105, 110 

by a ·ecnveyor belt o~ robot system (not shown) that operates under the control Or a 

computer program executed by a· microprocessor ot computer (not shown). Also. the 

5 robots 120 and 145 operate under control of the computer program to tnuisfer substrates 

between the various processmg chambers of the cluster tool sysr.em 100. 

The above-described cluster tool systero is xna.inly for illustrative purposes. Other 

plasma processing equipment, such as elec1r0n cyclotron resonance recR) plasma 

processing devices, induction·coupled RF bigh·density plwna processing devices or the 

10 like may be employed as pan. of the cluster tool Systent. Additi.onally, the method for 

fomdng a silicon oxide layet and bamer layer of the pr~ent invention is not limited to any 
I 

specific apparatus or to any specific plasma excitation method. 
I 

Figure 3 is a flowchart showing an argon pre-cleaning step and a hydrogen plasma 

pre-cleaning step of the present invention along with other proc~ sequence. steps that 
I 

15 occur before and after the hydrogen plasma pre..cleariing step. The steps shown in Figure 
I 

3 can be executed in response to insttuctions of a computer program exeeuted. by a 

microproee.s$or 0t computer contCQller for tbe cluster rool system 100. 

Pixst, a. dielecttic layer 1s deposited over a substrate (step 200). The deposition of 
I 

dielecttic layers such as silioo:n oxide films can be accomplished through a variety of 
' 

20 methods well known in the art. Preferably, ~he dielectric layer is. deposited us:ing a 
I 

chemical vapor deposieion process performed, for ekample, in the CVD chamber 150 as 

shown in Fi8':1I'e 2. Befote deposition of the dielectric layer. however) the subscrat.e is 

typically subjected co multiple processing steps to f~ active devices and other structures 

as understood by a person of ordinaty skill in the art.; 
I 
I 

25 Second. the dielectric layer may be p~ud (step 205) in preparation for 

30 

deposition of overlying layers. The planarizarlon. pr(#ess can. include chemic.al mechanical 
I 

poli$hi.ng (CMP), etching or other similar processes. Openings ot apertureS fot 

interconnect features, such as contacts and vi.as., ate etched m the dielectric layer (~tep 
I 

210). The etch pr<>cesses can be carried out iu a t}tpiCal etch chamber, such as the etch 
' ' 

chamber 155 as shown in the cluster tQol system 1op of Figure 2. Typically, the dielecaic 

layer is between about 0.5 mierons and about 3.0 microns thick, and me interconnect 

features bave sub-~r micron openings and ~ect xatios (ratio of width to height) 

greater than 1:1. Steps 205 and 210 produces a patterned substrate having interconnect 

- -- ,... __ . 
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Thitd, an argon plasma cleaning (step 212) according to the present inv:ention is 

pe.d'or.rned on the patterned ~ubstrate to remove deposits from prior process steps. l'n the 

argon plasma step. deposits axe sputtered by an argon plasma and removed from the 

5 aperwres. The argon sputter process can be peifonned in a variety of chambers. but is 

prefetably petfanned in a pre-clean chamber. Foutth, a hydrogen pl~xna pre-cleaning step 

acoording to the present invention is ped'ormed on the pattemed subs1Iate. The substrate 

is pre--cleaned using a hydrogen plasma (step 215) to reduce copper oxide to copper and t.o 

clean and stabilize the structure of the dielecttic layer. Although the pre-cleaning step can 

10 be caxri.ed out in any typical plasma processing chamber. the pre-cleaning srep is 

preferably caxrl.ed out in a prericlean chamber. The argon plasma etch and the hydrogen 

plasxna pre~cleaning steps according to the invention are discussed in more detail with 

re11erence to a pre..clean chamber shown in' Figure S. 

Ne'<.t. a diffusion barrier layer, preferably tantalum nitride, is deposited (step 220} 

15 to prevent diffusion of silicon into an overlaying mew layer. The diffusion barrier layer 

also improves fihn adhesion between difi'erent ·ri1ms. such as a me1al film and a silicon 

oxide film. The tantalum nitride layer is preferably deposited using a PVD chamber 

outfitted for reactive spotteting whith is well known in the an:. Preferably, the diffusion 

battier layer ha.s a film thickne.ss between about 50 A and about 200 A. 
20 Figuxe 4 is a cross sectional view of a typical PVD chamber nseful for depositing a 

barrier layer. The PVD chamber 310 generally -includes a chamber enclosure 312t a 

substtate snppott member 314, a target 316, a shield 318, a clamp ring 320, a gas inlet 

322, a gas exhaust 324, a magnet assembly 326, au RF pla$ma power source 328. and an 

RF bias source 334. Du.ring processing, a substrate 330 is placed on the substrate suppon 

25 member ~ 14 and a processing gas is introduced rhrough the gas inlet 322 disp0sed 

between the edge of the target and the rop portion of the shield into a processing region 

332 defined by the mrg~t 316, the substrate 330, and the shield 318. The RP plasma 

power somce 328 supplies an RF power to the tltget to strike and maintain. a plasma. of the 

procusmg ~ in the proeess.i.ng region 332 during processing while the RF bias source 

30 334 supplies an RF bias to The substrate support member 314. The shield 318 is typically 

grounded during processing. During deposinon, the ions in the plasma bombard the 12rget 

to sputter material from the target su:iface. The sputtered material reacts with ions in the 

plasma and fonns the desired film on the .surface of the substrate. For deposition of a 

........ -----· .. ""'""'' ..,....,1-.1111 11"~t"'-n1.t 1o,.rn.<!'\ •. u.1nu1 

@012 



30108 '00 1_7:4.0 FAX 44 1~34 874189 LYSAGHT & CO. 

%l6 

10 

-+ W P LAI 

PA.TENT 
Auy.Dl.-i.AMAT/3191~ 

S>eP\"="• MA.'l No. )?1$2lmJ9f'jQ$ 

banie.r film, such as tantalum/tantalum nitride, the proeessing gas typically comprises 

argon and llitrogen. wherein argon serves as the primary gas sowce for the plasm.a ions 

that bombard the t'!rget 316 and nitrogen primarily reacts with the sputtered atoms 

(mnttdum) from the target 316 to form a tantulum/tantalum nitride film which is deposited 

5 onto the substrate 330. After depositioo of the banier film. the substrate is typically 

annealed at a tempemure between about 3001>C and about soo~c to improve the material 

properties of the depomd film.. 
Lastly, a metal layer, such as copper. is deposited over the diffusion battier layer to 

complete the iormation of the interconnect feature (step 225). Preferably, the metal layer 

1 O is between about 6,000 A and about l 0,000 A thick. The copper deposition can be Calried 

out in a typical PVD chamber or a typical CVD chamber which are well known in the art. 

The above-described process may be repeated for multi~Ievel integrated circuit structures. 

According to the present invention, tb.e patterned dielectric layer is pre-cleaned . 

using an argon plasma and then a hydrogen plasma prior to the deposition of the tantalum 

15 nitride bmier layer. The pre--cleaning processes can be earned out in a variety of 

processing chambers, including a PVD chamber, a CVD chamber, an etch chamber and a 

pre-i;leau. chamber. Preferably, the pre~eleani.ng process is carried out using a pre-clean 

chamber prior to the deposition of the tantalum nitride barrier layer. Although the 

invention is described using a pre-clean chamber. it is llllderstood that the invention is 

20 applicable to a variety of processing chambers.. 

Figure S is a cross sectional view of a typical pre-dean chamber useful for tb.e 

p.zese:n.t invention. An example of a pre-clean chamber useful for the present invention is 

the Pte-Clean ll Chamber available from Applied Materials, Inc., Santa ~ Califomia. 

Generally, the pre-clean chamber 510 has a substrate suppon member 512 disposed in a 

25 chamber enclosure 514 under a quartz dome 516. The substrate suppott member 512 

typically includes a central pedesral plate 518 disposed within a i:ecess 520 on an insulator 

plate 522. typically constructed of quartz. ceramic er the like. During processing, the 

substrate 524 is placed on the central pedestal plate 518 and comained thereon by locating 

pin 532. Preferably, an RF coil 526 is disposed wt:Side oi the quarti dotne. 516 and 

30 connected to an RF power source 524 to strike and mainr.ain a plasma of the process gases 
within the chamber. Generally. a RF match network 530 is provided to match the Rf" 
power $O~e 524 and the RF coil 526. Typically~ the substJ:ate support mernbei: 512 is 

conuected to an RF bi~ source 528 mat provides a bias ro the substrate support member 
.·, 
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512. The RF powu source 524 preferably proVides up to about 500W of 2 MHz RP power 

co the coil 526 and the :RF bias·source 528 preferably provides up to about SOOW of 13.56 

MHz RFbw to the substtte suppon member 512. 

AecordiDg to the invention. the pattexned or etched substt'.tt-e is preferably pre-

5 cleaned using first an argon plasma .and then a hydrogen plasma in the pre-clean cltamber 

prior to the deposition of a bame:i: layer. Preferably, the substrate is transfeued into the 

pre-clean chamber after the dielectric layer has been planarized and the openings of the 

interconnect featu(es have been f0tmed. The pattern etching of the subStrate rnAY be 

pr~sed in another processing platfonn or system before the substrate is transferred to a 

10 processing platfomi or system having a pre-.clean chamber. Once the substrate is 

positioned for processing in the pre--clean chamber. a processing gas eomprlsing 

predominantly argon, i.e.1 greater than about 50% argon by number of ato.ITIS. is introduced 

into the processing region ar a pressure of preferably about 0.S mtorr. A plasma of the 

argon gas b struck in the processing region to subject the sub$1rate to an argon splltter 

lS cleaning environment. The argon plasma is prefeiably generated by applying between 

about 50 W and about 500 W of RF power from the RF power source S24 to the RF coil 

S26 and between about 50 W and about 500 W of RF bias from the RF bias source 528 to 

the subSttate suppon member 512. The argon plasma is maintained for between about 10 . . 

seconds and about 300 seconds to provide sufficient cleaning time for the deposits that are 

20 not readily removed by a reactive hydrogen plasnta. The argon plasma is preferably 

generated by about 300W RF power applied to the coil and about 300W RF bias applied to 

the substrate support member, and preferably is maintained for about 60 seconds. 

Following rhe argon plasma, the chamber press'U(e is increased to abont 80 mton. 

and a processing gas consi:;ting essentially of hydrogen and helium., comprising between 

25 about 5% and about 100% hydrogen by number of uoms, is introduced into the processing 

region. Preferably. the processing gas comprises about 5% hydrogen and about 95% 

helium. A plasma of the hydrogen/helium gas is struck :in the processing region to subject 

the substrate to a reactive hydrogen plasma en'lliromnent The hydrogen plasma is 

generated by applying between about 50 W and about SOO W power ftom the RP power 

30 aaurce S24 to the RF coll 526 and between about 5 \V and about 300 W of RF bias from 

the '.RF bias source 528 to the substrate support member S 12. The hydrogen plasma is 

maintained for between about 10 second$ and about 300 seconds to reduee. copper oxide to 

copper and to clean the S'tlbstrate. The hydrogen plasma is preferably generated by about 

~014 
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4SOW RF power applied to the coil and about !OW RP bias applied to the sub~e 

support member, and pi'e.ferably is maintained for about. 60 seconds. Once the pre .. 

cleaning process is completed, the pre~cl.ean chatnber is evacuated to exhaust the 

processing gas $1ld the reacted byproduc1S ftom the pre-cleaning process. The batrler 

S layer is then deposited over the cleaned substrat~ and the temaining processes outlined in 

Figare 3 are then carried out. 

10 

n. Pre-Cleaning an Area of Mew in a Low·K Dielectric on a Semieouductor 
Workpiece 

The pre--cleaning process is one segment of a. sequence of process steps for forming 

a :metal plug or via in a low .. K, carbon·containing dielectric: on a semiconducTDr 

workp.iece. A low-K dieleclric hu a dielectric constant "K" that is less than. 3.8. 

preferably less than or equal to 3.0. An example of a lQw·K, carbon..containing, silicon 

15 oxide di!lectric and a process for fomrlng it on a silicon wafer is described in commonly 

8$signed U.S. parent application SN 091247,381filed2110/99 by Cheung et al., the entire 

content of which is hereby incoxporated by referen~e intO this patent specification. This 

type of carbon-containing silicon oxide has a dielecnic consr.ant less than that of 

conventional, non-carbon-containing silicon dioxide because it incorporates carbon atoms 

20 in the silicon oxide material. · The carbon atoms typically are incOI})orated in the silicon 

oxide in the fonn of C·H bonds or C-F bonds. To achieve a low dielectric constant K. the 

dielecttie preferably has a carbon content of at least l % by weight, more preferably at 

least5%. 

Figure 6 shows a conventional semiconductor workpiece or substrate 10 on which . . 
25 the processes of the invention may be perlonned. The substrate typically is a silicon wafer 

on which integrated cireuirs are to be !onned or a glass substrate on which electronic video 

display device$ and circuits are. to be formed. The substra:re is depicted as a silicon wafer 

in all of lhe following examples. 

The workpiece or substme 10 includes one ot more ftgiom 12 composed <>fa 

30 metal conduct.or such as copper or tungsten. The: metal regions ean be fooned by any 

conventional metd deposition and pattemingprocesses (Figure 7. Step 101). 

A Iow-K, carbon·containing dielearlc layer 14 overlies the metal regions. The 

dielectrl.c 14 is pattemed with a n\UUher of openings 16 so that each opening exposes an 

uea 17 of one of the metal regions 12, this area 17 being termed the "contact area .. , 

- - ~ r"-. __ • 

.. - - ;;. 
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~~exposed area" or "exposed surface" of the metal region. (We define all portions or the 

m.e1al regions 121 that a.-e not covered by dielectric 141 as being «exposed" even though 

the ei:posed surface may be covered by thin layer of native oxide as a result of exposure of 

the metal to oxygen, such as oxygen in the ambient atmosphere.) 

5 Each opening 161 subsequently vvill be filled with a metal material to form a 

"plug" or'~a·1 that makes electtical contact ~1th the underlying metal region 121. 

The typical process for creating openings 161 in the dielectric is to deposit a 

blank.et layer of dielectric 141 (Step 102). then employ a photo-lithographic process to 

fom a pan.em of photoresist 191 over an area.~ of the dielectric other t.han the areas where 

10 openings are desired (Step 103). A plasma etch process then etches openings 161 in all 

portion& of the dielectric that are not covered by photoresist (Step 104). 

If the workpiece is ex.posed to oxygen after the openings 161 are fonned. the 

exposed surl'ace of each contact area generally will oxidize to fonn a thin layer of ')lative 

oxide'1 181. Such oxygen exposure may occur in an t•ashing .. process for removing 

15 photO.teSist 191 after etehing the openings in the dielectric (Step 105), or it may occur if 

the workpiece is exposed to ambient atmosphere while it is ~ported between two 

process cham.'bm. This native oxide must be removed or "cleaned'' before depo$iting the 

metal plug in order t() achieve good elecmcal contact between the plug and the contact 

area. The process of remo'1ing such native oxi.de (Step 106) is tenned '"pre-cleaning'' 

20 because it precedes deposition of the metal plug. 

Jn the invention, the pre~leaning of the 9ontact area 171 (Step 106) is performed 

by exposing the workpiece 101 10 an atmosphere fonned by plasma decompQSition of a 

gas mixture rhat includes heliurn. and at least one species of a hydrogen-containing gu. 

Although our ixive;ution is p.ot limited to a specific theoey of operation, we believe that the 

25 plasma dissociates the hydrogen .. con.tai.ning gas to prod11Ce hydrogen radicals and ions rhat 

llligrate from the plasma to the semiconductor workpiece. Upon conr.act With the native 

oxide 18 01l the workpiece. the hydrogen radicals and ions react with the oxygen 

component of the native oxide to f ozm YOlati.le hy~xyls and water vapor that are 

exhausted from the chamber by the ~au.st pump, thereby removing the native oxide 18 

30 from the smface -of the metal contact ar~ 121. 

To minimize damage to the low-K, carbon ... containing dielectric, it is preferable to 

fomi the plasma by a method that minimites elecnic fields at the WQrkpie<:e position. 

One suitable method of fonning the plasma is in a con-ventional remote pll:Jsma 

••" I 
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sou.re~ which means tbat the plasma either is fonned in a separate chamber from the 

vacuum chamber that holds the workpiece1 or else the plasma is fonned in a separate 

region of a cOJnll'lon chamber such that the plasma body is a substantial distance from the 

worlcpiece. Jn either case, an exhaust pump causes rctdicals and ions produced by 

5 decomposition of gases in the plasma to flow from the plasma body to the workpiece. 

Conventional process chambers having remote plwlma. sources are desenbed in 

commonly-assigned U.S. patents S.346,579 to Cook er al. and 5.543,688 to Morita. the 

entire content of each of which is hereby incorpmated by reference into this patent 

specification. 

10 Altematively, our cllirently preferred mechod of formmg the plasma so as to a'\l'Oid 

sputtering damage to the workpiece is in a plasma chamber having an inductively coupled 

plasma source, such as the commercially available pre-clean chamber 20 shown in Figure 

8. 

The upper portion of the chamber is bounded by an upper wall 22 composed of 

IS dielectric material. typically qumtt, and the lower portion of the chamber is bounded by a 

lower wan 23 composed of either dielecttic or condueting material. typically aluminum. 

lhe hydrogen-helium. gas nrixtu:ce described above flows &orn a gas supply tank 24 at a 

flow rare regulated by a flow contrnller 26t typically a mass flow controller, and then is 

injected into the upper portion· of the chamber through one or more gas inlet poru 28. An 

20 exhaust pump, not shown. exhausts ch.amber gases tbtcugh exhaust port 30 and regulates 

the chamber pressure. 

A primary RF power supply 32 supplies RF electrical power to an induction coil 

34 that encircles the dielectric upper ch.amber wall 22. The elecirlca.l powet is inductively 
. . 

coupled from the coil to the gases in the upper po.ttion of the Chamber so as to excite the 

25 gases to a plasma stare. 

The workpiece Qt substrate 101 is mounted in the lower portion of the chamber on 

a pedestal or suseeptor 36. typically composed of aluminum or titanium. All sw:faces of 

the susceptQl" that are not covered by the substrate are co'1ered by a dielectric 37 7 typically 

quartz.. 

30 A second RF powei: supply 38, also called a bias RF power supply, supplies RF 

power to the pedestal. The bias RF power supply can help ignite and sustain the plasma. 

aud it can produce a DC bias voltage on the pedestal that in most' cases is negative xelative 

to the plasroa body. The negative bias voltage acceletates ions from the plasnia toward the 

- - - - 4 - c-.. 
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susceptor. 

Since RF bias power increases the risk of damage to the dielectric by ion 

bomb'ardment. we prefer usiug the lowest possible RF bias power. We believ~ we can 

successfully remove native oxide from th~ metal 12 witb.011t any RF bias power applied to 

5 the pedes.taL However, in the illustrated inductively-coupled plasma chamber, some RF 

bia$ power usually is required to initiate or .. strike'• the plasma. Tn addition, a small 

amount of .RF bias power can ensure that changing process conditions do not extinguish 

the plasxna. Therefore, in our prefened implementation we ptogram the conrroller 44 to 

command the bias RF power supply 38 to initially apply to the pedestal 40 watts of RF 

10 power ax a frequency of 13.56 MHz in order to initiate or strike the plasma, and to tfum. 

:red.ace the bias RP power to 10 watts throughout the pre·-cleaning process. At low power 

levels such as the pxefened 10 watts, we f"md the DC bias voltage on the pedestal is close 

to zero, and even can be positive in the prefeo:ed chamber of Figure S. 

In a cbambet having a remote plasm.a source, we do not believe there would be any 

15 need to apply RF bias power to the pedesral 

Our preferred hydrogen-containing gas is :fb. Altemacive choices include Nii3 
(ammonia) and Sili4 (silane). 

A prefen:ed gas mixt1lre is, 5% & and 95% He by molecular molar concentration. 

which is approximately the same concentxation by gas volume. Since lh and He are 

2Q diatomic and roonato:mic ~es, respectivelyt tills is equivalent to 10% Hand 90% He by 

atonrle molar concentration. 

The pre--cleaning process is especially uset\ll for cleaning metal regions 121 

composed.of copper, because eopper w:ide is readily reduced by hydrogen a:r temperatures 

below 100° C. Most other metals would require greater heating of the 3Ubstrate in order to 

l5 perfonn the reduction reaction. The feasibility of subjecting the substrate to the required 

t.emper.uure depends on whether the dielectric 141 and other structures on the substrate 

would be damaged. 

The beli.um carrier gas advantageously enhances the dissociation of the hydrogen 

in the plasma. Because helium ions are very light, they will subject the dielectric 14 to 

30 little or no spuuenng damage. In contrast, c:mier gases composed of atomic species 

having a greater atomic m~. such as argon, would be more likely to damage the 

dielectric, as evideneed by the comparative test results described below. Therefore.. to 

minimize sputtering of the dielectric, we recommend that the gas mixtare does not include 

.. ~ • .. - - - - " ..... • """"' ·- • 1 1 r '• ' 1-,"""""" r L lr-.1'\l..JI Jt"'tt 11 
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BCh, at~ <1£ any compound of any element "having an atomic mass greater than the 

atomic mass of argon. 

The hydrogen-containing plasma is maintained as long as uecessmy to remove the 

native oxide 181. Jn tests processing 200 mm diamet.er silicon wafeis in the illustrated 

5 inductively coupled plasma chamber, with 300 watts RF power applied to the induction 

coil,. we found tbat 30 seconds was more than adequate to remove the thickest copper 

oxide :film 181 we encountexed. We found that either incre.asilq; the plasma cleming time 
to 00 seconds, or increasing the RF power to 450 watts, slightly increased the damage to 

the dielectric. as evidenced by an increase in its dieleetrlc constant The test .results are 

10 described below. 

Other process p~er.ers in our prefexred embodiment for pre--cleaning a 200 mm 

silicon wafer include a 100 seem flow rate for the lli·He ~ mixture and a chamber 

pressure of 80 millitotr. 

All process steps prefei-ably are controlled. by a programmable controller such as 

15 microcomputer 44 which controls the amouut of power supplied. by the RF power supplies 

32, 38 and controls the flow rate of the hydrogen-helium gas mixture provided by the .flow 

conttoller 26. 

Comparative Tests 

20 Tests were conducted on the effect of the metal pre-cleaning process on the 

dielectric constant of a carbo_n-containing low·K dielectric film. To simplify the test. a 

metal film was uot aeroally tested~ lnstead, a blanket layer of low-K dielectric was 

subjected tO the same hydrogen-helium plasma process that would be used t0 clean a 

copper ~Jm. This teSt indicates wherher the mecal pre-cleaning process would damage the 

25 low-K dielectric, as evidenced by the ine-asurement of the increase in rhe dielectti.c 

constant K after perfomting our pre-clean process. The pre-clean process was compared 

with an argon spun:e:r.ing pre-clean process. Also testtJd was the petfonnance of the 

process as a functi.on of RF power. hydrogen concenttati.on, and duration. 

In the te.Sf.8, the low-K dielectrie .film was deposited on 200 mm diameter silicon 

30 waters in accordance with the dielectric depo&itlon process described in the abovew 

referenced patent application SN 09/247 ,3&1. This process deposir.s a dielecttic having a 

dielectric constant I<; of about 2.70 to 2.75. The test data shown in Tables l and '2 shows 

the amount by which the tes.ted pre-clean processes increased the dielectric const.ant above 

. --- - ~ "'-·. 
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this value. The increase in dielectric constant indicates lhe degree of damage to the 

dieleeu:ic film. 

The pre-clean process w~ perl'O:oned in the previously described pre-dean 

cba.mber shown in Figure 8. In all cases the chamber pressure was 80 mTos:r. me .now rate 

5 of the hydrogen-helium gas mixture was 100 seem, the RF power applied to the induction 

coil was at a rrequency of 2 MHz and th.e power l&vel shown in Tables 1 and 2. Also, in 

all cases the pre.clean process was preced~d by a de-gas step in which the wafer was 

maintained at 400"' C for one minute to drive out m<isture and ~gen that the dielectric 

may have been abs0tbed during prior exposwe. ro atmosphere. 

10 We also tested whether thennal annealing would repair damage to the dielectric 

1.5 

:film 14. After performing the pre-clean process, we annealed the dielectric film by 

heating the substtate to 400" C for 30 mi.llutes in a vacuum environment (Step 107). 

Tables 1 and 2 show our measurement of the inctease in dielectric constant before and 

after the annealing seep. 

Table 1-Elfeet of Pre-deatt on Dielectric Constant; Withou.t Plasma Ashing 

Run Gas RF Power to Duration Increase in Increase in 
JnduC1ion Coil Dielectric Dielectric 

Constant: Constant: 
Before Anneal After Almeal 

1 Ar (Sputter) 300W 30sec. 0.16 0.21 
{&300Wbias) 

2 5%62!9S%He 300W 30 sec. 0.10 0.05 
3 S%Hz/95%He 300W 60sec. 0.17 0.12 
4 5%~/95%He 300W 120 sec. 0.23 0.19 
5 5%Hi/95%He 4SOW 60 sec. 0.19 0.14 
6 10% lh/90% H$ 300W so see. 0.22 0.19 
7 10% H2 I 90% He 300W 60sec. 0.26 0.20 
s 10% li2 / 90% He 4-SOW 60sec. 0.30 0.20 

Refening to Table l, Run l shows that a conventional argon sputter cleaning 

20 process increased me dieleetric constant by 0.16. Iu co~ast, Run 2 shows that our lb-He 

reactive cleaning process inflicted less damage to the dielectric, as it increased the 

dielectric constant by only 0.10. 

Table l also shows that a subsequent anneal step is smpxisingly synergi&tic with 

our JU-He process, in contrast with the detrimental effect of armealing after a conventional 

25 argon sputtering process.. Refening to Run l. annealing further exacerbated the increase 

141020 
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in dielectric constmt caused by argon sputtering. Jn comrast. Run 2 shows that the anneal 

step repaired the minor damage inflicted by our H:!-He pre--clean process by reducing the 

dieleCtric constant to a value only 0.05 greater than that before the pre~cleaning. Runs 3-S 

also show that the annealing step reduced the dielectric constant, which indicates that the 

5 annealing repaired s~me of the dam~oe to the dielectric f.tlm caused by the HrHe plasma 

pre-deaning process. 
Therefore~ after perfonning the H%-He plasma pre-cleaning process (Step 106), it is . . 

highly beneficial to anneal the substrate at a sufficient temperatute and duration to reduce 

the dielecttic constant of the dielectric film (Step 107). The anneal temperature should be 

IO greater than 100° C, preferably at least 30011 c. and most preferably in the range of 300Q C 

to 450° C. If the annealing is pexfoimed in a conventional thermal anneal chamber - i.e .• 

a chamber that heats the workpiece primarily by. thermal conduction and convection :rather 

than radiation - the workpiece typically should be annealed for at least five minutes, and 

more preferably 30 minutes. Alternatively, a .radiant besting chamber, commonly called a 

15 mpid th.et.ma! processing chamber, can radiantly heat the surface o.f the workpiece to a 

much higher temperatore for a much shorter duration.. 

Rnn5 3-8 show that increasing rhe hydrogen concentration, the RF powe.r to the 

induction coil. or the dUX'ation of 'the pre-clean process increases the damage to the 

dieleetrie .. Therefore, the process pacameters of Run 2 are preferred. 

20 Also tested were the effects of preceding the pre-clean process wim a conventional 

oxygen plasma ashing process. As described &arlier, plasma ashing is conventionally 

perfoxmed prior to inetal pre-cleaning in order to remove various organic material .from the 

surface of fJi.e dielectric. Such organic material may include photoresist on the top sutface 

of the dielectric:, a •'passivation layer'' deposited on the side walls of the via openings 

25 during the etching of the vias, and other organic byproducrs of the etch process. In oxygen 

plasma asbing, the organic materiat is removed or "stripped" by ex.posing the workpiece to 

an atmosphere formed by plasm.a decomposition of oxygen, :and optionally other gases.. 

Preferred pai:aroeters of a conventional oxygen plasma ashing process for stripping 

photoreSist after patterning of a silicon oxide dielc::etric are SOO to 1000 scc:m oxygen gas 

30 flow ra~ with no canier gas, 15 mT ch3lllbet pressure, and 3000 watts of R.F power at 2 

MHz applied to the induction coil of an indu.cuvely-cw.pled plasma chamber like that 

shown in Figure 8. No bias RF power is used d.ill:ing the ashing proce.ss so as to avoid 

sputterlng damage to the dielectric_ 

- ... -- -.... ~-. 
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Table 2-Effect of Pre-clean 011 Dielectric Constant: Preceded by Plasma Ashing 

Run ~ RFPow~to Du.ration Increase in lncteasein 
Induction Coil Dielectric Dielectti<: 

Constant: Constant: 
Before Anneal Aft.er Anneal 

0 None (uhin.2 oulY) 0 0 0.25 0.32 
l Ar (Sputter) 300W 30sec. 0.18 0.23 

l+ 300 w bias) 
2 5% g., I 9S% He 300W 30sec. 0.14 0.16 
3 S% H2 / 95% He 300W 60 sec. 0.16 0.19 
4 51Jf, Fh I 95% He 300W 120 sec. 0.16 0.18 
5 5% H1/9S% He 4SOW 60 sec. 0.17 0.21 
6 10% H2 / 90% He 300W 30 sec. 0.28 
7 10%&/90% He 300W 60sec. 0.28 
8 l0%&/90%He 450W ~o sec. 0.28 

S Table 2 shows the test results when wafers were subjected to the just described 

oxygen plasma ashing process prior to the previously described de~gas and pre-clean 

processes. F.xcept for the ashing process, the teSt conditions were identlcal to those of the 

tests repomd in Table 1. 

Run 0 represents the subsrxate following the oxygen plasma ashing process. prior 

10 to the de-gas process and the pre-cleaning procds. The inaease in dielectric wnstant 

shown in Table 2. Run O is greater than the increase shown in Table 1, :Run l. This result 

indicates that the oxygen plasma ashing process damaged rhe dielectric even mQte th.an the 

argon sputtering process. reported in Table l, Run 1. 

In Table 2 the dielectric constants for Runs 1-8 are lower than the dielectric 

15 · constants in the coxre.spondb:tg colmnn for R"\Ul. 0. This result indicates that both the argon 

sputter pre-cleaning (Run 1) and the hydrogen-helium reactive plasma cleaning of our 

invention (Runs 2-S) repair some of the damage to the dielectric caused by the ashing 

(Run 0). It is surprising that these px-e-cleaning processes, which by themselves cause 

damage to the di~lectrlc as shown in Table l. produce the opposite effect - repairing 

20 damage to the dielectric; - when pexfonned after plasma aahlng. 

The beSt results wer:e achieved with Run 2~ the embodiment of our hydrogen­

helium reactive cleaning process havin~ the lowest tested values for hydrogen 

concentration. RF power. and process duration. This is the same set of process conditions 

that minimized the dainage to the dielectric in the tests without ashing teponed in Table 1. 

25 Jn c®ttast to the tests vvithout ashing rep0rtecl in Table l, Table 2 shows that when 
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oxygen pl~ma ashing is pezfomed before pre-cleaning. thennal annealing does not help 

repair ths damage to the dielectric. In every rest reported in Table 2. thermal annealing 

wonened the dam.age t0 the dielectric. as evidenced by ·an increase in the measured 

dielectric constant afrer annealing. Therefore, after pre~cleaning wafers that have been 

5 subjected to oxygen plasma ashing, it is preferable 1Xl omit tbamal annealing. 

The resUlts (Runs 6-8) using 10% hydro:en by moleC'Ular molar concentration 

(20% by atomic molar concentration) are sign.ificantly worse than those for 5% hydrogen 

(Runs 2-5). We believe !he higher hydrogen eotlcentration resulted in positively charged 

hydrogen ions being hnplanted into the pJ&ma ashed .films, thereby sbiftl.ng the flat-band 

10 voltage. This shift in tlat-banci voltage did not appear to occur in the tests pextonned with 

59'0 Hz I 95% He (Runs 2-5). Therefore. a H2-He gas rnbcmre having a hydrogen content 

of 5% or less by molecular molar conce.ntration (10% or less by atomic molar 

concentration) is pref med when pez:forming the px-e--clea:a process on a dielectrlc film that 

has been subjected to oxygen plasma ashing. 

15 In summary, the r.est resulrs for processes that do not employ plasma ashing show 

that our pteferred Hi-He reactive cleaning process (Table I. Run 2) produces essentially 

no damage t0 the low-K, carbon-containing dielectric. Fox process that do employ oxygen 

plasma ashing, QUI'. ptefetted lh-He reactive cleaning process (Table 2, Run 2) 

s1Uprlsingly repairs much of the damage to the dielectric CallSed by the ashing process. 

20 While the foreg<ling is directed ro the prete:rred embodiment of the present 

inventi.ott, other and further ernbodimen~ of the invention may be devised vrlithout 

departing from. the basic scope thereof. The SCQpe of the invention is detennined by the 

claims which follow. 

This Sheet Has 

/lllfiif 

- - -- •. e-.. 

llJ 023 



cz· 

30t08 ·oo 17:45 FAX 44 1534 87~189 LYSAGHT & co. 
-+ W P LAI 

1 

2 

3 

4 

5 

0 

~l6 

This Sheet Bas Been Replaced 

· i1n11111 
21 PAtENT 

NJ;y. Ptt. AM/i.T/Jl~l~ 
~U..ilN'o. Jiltr21S,ZZI915U5 

1. A :method for improving metal deposition on a patterned dielectric layer, 

compri&ing: 

a) cleaning the patterned dielectric layer in a processing cbambet with a first 

plasma com.prising predomiuantly argon~ and 

b) elea.nlng the pattemed. dielectric layer in the ptocessing chamber with a 

second plasma consisting essentially of hydrogen and helium. 

1 2. The method of claim l, wherein the processing chamber is a pre~lean chamber. 

l 3. The method of claim l, wherein the first plasma consis~ essentially of argon. 
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4. The method of claim 1. wherein the second plasma consists es$t:nti.ally of from 

about 5% ro about 100% of hydrogen by number of atoms and from about 0% to about 

95% of helio.m by number of atoms. 

5. The method of clai.m 1, further comprising depositing a metal on the patterned 

dielectric layer after exposing the dielectric layer to the tint plasma and the second 

plasnia. 

6. A method for improving metal deposition on a patterned diele;:tric layer on a 

substrate, comprising: 

a) cleaning the pattemed dielectric layer .in a processing chamber with a. first 

pl9$xna consisting essentially of argon, wherein the firSt p~ is generated by supplying 

RF power to a con surrounding the processing chamber and supplying RF bias to a 

substrate suppon member supporting the substrat.e; 

b) cleaning the patterned dielectric layer in the processing chamber with a 

second plasma consisting essentially of hydrogen and helium~ wherein the second plasma 

is generated by increasing the supply of RF power to the coil surrounding the ptQCessing 

chamber and :reducing the supply of RF bias to the substrate support :member supporting 

the substtate; 

c) depositing a bau:ier Iayet on the panemed dielecnic layer after exposing the 
~~~~~~~~~-
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13 dielectric layer to the first plasma and rhe second plasma; and 

14 d) depositing a metal on the bauier layer. 

l 7. The method of claim 6, wherein the processing chamber is a pre-clean chamber. 

1 8. The method of claim ~ wherein the second plasma consists essentially of from 

2 about 5% to about 100% of hydrogen by number of atoms and from about 0% to about 

3 95% of helium by number of aioms. 

1 9. The method of clalm 6. wherein f.he second plasrna cousists essentially of about 

2 5% of hydrogen by number of awms and about 95% of helium by number of atoms. 

l 10. The method <>f claim 6, wherein the fu:st plasma is generated with about 300 W of 

2 RP power supplied to the coil and about 300 W of RF bias supplied to The substrate 

3 support member, a:rld the second plasma is generated with about 450 W of RF power 

4 supplied to the coil and about 10 W of RF bias supplied to the substrate suppon member. 

l 11. The method of claixn 6, whereto. each plasma is maintained in the processing 

2 chamber for about 60 seconds; 

1 12. The method of claim 6, wherein the first plasma is generated at a pressute in the 

2 processing cbarober of about 0.8 mton, and the second plasma is generated at a pressure 

3 in the processing chamber of about 80 mtotr. 

1 

1 13. A m.ethcd of cleaning an area of a metal conductor exposed in at least one opening 

2 in a low~R; diele~c on a semiconductor workpiece, comprising the steps of 

3 a) providing a semiconductor workpiece that includes a dielectric having at 

4 least one opening exposing an area of a metal conductor, wherein the dielectric has a 

5 dielecaic constant less than or equal t.o 3.0; and 

6 b) exposing the WQ.1'kpieee to an aanos.phere produced by plasma 

7 decomposition of a gas mixture, wherein the gas mixture includes helium and at le~t one 

8 hydrogea--containing gas species. 
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1 14~ A mediod of ol~g an ~ of a met.31 coo.duc:t« expo6ed in a:t leut on.e opeu.il'l~ 

Z in a carbon...containing dielectric on·a semiconduccor workpiece. comprising the steps of: 

3 a) providing a sem.foonductor workpiece that includes a carbon-containing 

4 dielecttic overlying a metal conductor. wherein the dielectric includes at least one opening 

S exp<lsing an area cf the metal conducro:r; and 

6 b) exposing the workpiece to an annosphere produced by plasma 

7 decompositiOJl of a gas mixnue. wherein the gas :mixture includes helium and at least one 

8 hydrogen-containing gas species. 

1 15. A method according to claim 14, wherem the dielectric has a dielecttic cons.tmit 

2 less than 3.8. 

i 16. A method according to claim 14, wherein the dielectric has a dielectric constant 

2 less 1ha:n or equal to 3.0. 

1 17. A method a.ccotding to claim 14, wherein the dielecttic is an oxide of silicon 

2 having a chemical stro.crore that illcorponues carbon. 

1 18. A method according to claim 14, wherein the dielectric contains at least five 

2 percent carbon by weight. 

l 19. A method according to claim 14 • .further comprising the step of: 

2 subsequent to the exposing step. annealing the workpiece at a temperature and for 

3 a duration sutficient to reduce the dielectric constant of the dielectric relative to the value 

4 of said dielectric constant after the providing step and prior to the annealing step. 

l 20. A method Qf repairing damage r.o a ca.tbon~oxitaining dielectric on a 

2 semiconductor workpie.ce caused by a plasma process for stripping resist from a surface. of 

3 the dielectric, comprising the steps of: 

4 a) providing a semiconductor workpiece -that includes a carbon-containing 

5 dieleettic and an organic r~bt material overlying portions of the dielectric~ 

6 b) removing the resist material by exposing the workpiece to a first 

7 atmosphere produced by plasma decomposition of at least one gas, wherein the at least one 

8 gas iu.cludes oxygen; and 
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9 c) subsequently exposing the workpiece to a second atmosphere produced by 

10 plasma decomposition of a gas mixture, wherein the gas :mixture includes helium and at 

11 least: one hydrogen-containing gas species. 

1 21. A method according to claim 20, wherein: 

2 a) the workpiece farther comprises a metal conductor underlying the 

3 

4. 

s 
6 

7 

8 

l 

2 

1 

2 

dielectric~ 

b) the dielectric includes at least one openmg exposing an area of the metal 

conductor; and 

c) the step of exposing the workpiece to the second atmosphere is perfunned 

for a time long enough to remove substantially all native oxide from the exposed area of 

the met.al conductor. 

22. A .method according to claim 20, wherein t&e dielecuic bas a dielectric constant 

less than 3.8. 

23. A method according to claim 20. wherein the dielectric i& an oxide of silicon 

having a chemical sttucture rhat incorporates c-cttbon. 

1 24. A method accordmg to claim 20, wherein the dielectric contains at least five 

2 pereeut carbon by weight. 

1 25. A method of cleaning an exposed surface of a metal conduetor on a semiconducror 

2 worlq>lece, comprising the steps of: 

3 a) positioning within a vacuum chamber a semiconducwr workpiece that 

4 includes a metal conductor having an exposed surface; and 

5 b) while the workpiece is within the vacuum chamber, providing within the 

6 vacuum cham:ber an atmosphere produced by plasma decomposition of a gas mixture. 

7 wherein the ,gas mixture includes helium and at least one hydrogen-containing gas species. 

1 26. A method of cleaning an area of a mer.al condnct0r exposed iu at least one opening 

2 in a dielectric. on a semiconductor workpiece, comprising the steps of: 

3 a) ~roviding a semiconductor workpiece rhat includes a dieleetr.ic baviug at 
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lea.st one opening exposing an area of a met.al conductor; 

b) exposing the workpiece to an atmosphere produced by pluma 

decomposition of a gas mixture, wherein the gas mixture includes helium and at least one 

hydrogen-cQ.lltaining ~ species; and 

' c) subsequent to the exposing step. annealing the workpiece at a temperamre 

and for a duration sufficient to reduce the dielectric consrant of the dielectric relative to the 

value of said dielectric constant after the providing step and prior to the annealing step. 

1 27. A method acc()l'ding to claim 26, wherein said tempexatme is at least 300° C. 

1iild~d. 
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