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goss BEFEREN'CE TO A RiLAnP APPLA<;:ATION 

This application claims benefit 
Provisional Application No. 60/126, 837-, 

l.999, and is . hereby inooJ:PQrated by 

entirety'. 

of 'Onited St.ates 

filed March 30, 

reference in its 

'!'his ,epplication additionally is related to United 
10 States Patent Application Serial No. 09/280,462, filed on 

~ch 30, 1999, contemporaneously with the ebove referenced 
Provisional Application No. 60/126,837, entitled •METHOD FOR 
REDUCING "TOPOGRAPHY DEPENOENT CHARGING BF.PECTS J:N A . PLASMA ... 
ENaANCED SEMICONDUCTOR WAFER PROCESSING SYSTEM" , · and is 

1s hereby inc:o:rporated.by reffl,renee in its entirety. 

aACXGRQUND OF THE DJ:SCLOSQRE 

Field of the rnvention 
20 'I'be in,,ention relates to semiconductor wafer processing 

systexns and, more pal:'t:.icularly, the invention relates to a 

method of improving plasma processing performance. 

BackgrounO. of the Invention 
25 As structures fabricated upon semiconductor wafers 

become smaller and the .wafers become larger, there are many 

factors that c~XLtribute to non-optimal processing of the 
wafers • To .in\prove processing throughput: ·of wafers Ce. g. , 

increase the n\UDber of wafers processed within a unit of 

3 o time) , it is desirable to, for example, ~urther increase the 

etch rate, decrease the ch.amber cleaning frequency, decrease 

chambex- cleaning duration. Furthe:r::xnore, any inv;>rovements to 
the process results, such as ixnpro~ements in electron 

shading, improved photoresist selectivity, decreased 

35 photoresist striations, residue control, chamber 

cleanliness, aspect ratio dependent etching, substantia~ly 

reduced charging dl!U'l'l8.ge, mitigating notching, imProved 
profil.e control, 1mproved etch stap, decreased znicroloading, 
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initigation of gap fill difficulties and the like, are 

desirable. 

As an example of a desired ·improvement, as structures 

fabricated upon semiconductor wafe;-s are reduced in feature 

s size, residue control during aluminum etching has become a 

se:rious issue. Some aluminUll\ films generally contain a 

small amount of copper, i.e. , · O . 5 to 2 percent, which can 

result in residue fonnation that eari. interfere with furt.her 

processing that is · required to complete an integrated 

10 circuit. During an a1umin\llt\ etch process, the aluminum etch 

rate and by-product removal rate is much faster than those 

of copper. 'lberef ~re, copper residues are easily formed 

especially in an aluminum alloy where copper segregation. 

typically occurs. The residues · fono. in the copper rich 

l S areas of the aluminum. all~y. 'l'be mechanism for producing: 

copper-ind1.leed· residue is the following: copper in the 

aluminum-copper alloy is hardar to etch and is not 

necessarily evenly distributed throughout the alloy. Local · 

concentrations of copper are harder to etch and sacrifice . . . . 
20 etch rate, resist sele~tivity, and profile control. Such 

non-uniform etcbillg results in some regions of the final 

-etched product becoming raised regions with respect to 

surrounding regions. such rai~ed regions are referhed to as 

"residue• - The residue may not have any copper in it at all 

25 but was the result of the copper in tbe aluminU!l'\. 

The wafer can be heated. to higher temperatures to 

. enhance copper etch by .. product removal as· well as the 

removal. of more volatile by-p;roducts . However, for 

temperatures above approximately i30°C, the photoresist will 

3 o reticulate, and even for small temperature rises above the 

optimal for process cont3:ol, process factors are difficult 

to control, for example, the aluminum stack profile~ 

Another conventional method of addressing this issue is t.c 

increase the ion bombardment of the wafer. However, 

3 5 additional ion bombardment occurs at the expense of resist 

selectivity and profile microloading. 
'l'herefo:re, a need exist.s in the a:rt for a :method of 

generally improving processing of semiconductor wafers, an 
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exa.Jli)l.e of which i$ reducing copper~induced residu~ produced 

during aluminum etching. . .. 

'1'he disadvzm.tages associated with the prior art. are 

overcome by the present invention of a metbod for reducing 

plasma process related e;fects that iirpaet both wafer 

processing and the st~tures produced. by the process. The 

10 method. comprises the steps of pluma. processing a 

semiconductor wafer and exposing the semiconductor wafer or 

t:he plasma to photons to faci;Litate ~rovement of the 

process. · 

15 BRIEt PEScg,TPTXON OF THE Dlµ\WINGS 

The teachings of the present invention can : be readily 

understood by considering the following detailed descrip~ion 

in conjunction with the acconpanying dra~ings, in which: 

20 ·Fig. l depicts a schematic:: view of an illustrative 

semiconductor wafer processing chamber that is used to 

practice the present invention; 

Fig. 2 depicts a flow diagram representing the method 

of the present invention; 

25 Fig. 3 depicts a scanning electron microscope (SEM) of 

an open area on a wafer that is not exposed . to UV light 

during an aluminum etch proc~ss; and 
Fig. 4 depicts a Sl!lM image of an open area on a wafer 

that was exposed to a 3000 Watt. mercu:r:y capil.J.a±y lamp 

30 during an e.1.umini.ua. etch process. 

To facilitate understanding, identical 

numerals have been used., where possible, to 

identical elements that are cODllnOn to the figures. 

3 5 DETAILED PESCRIPTXON 

refere.."'lce 

designate 

semiconductor wafer processing system lOO. The depicted. 
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~ystem is _illustratively an inductively coupled plasma etch 

system. The invention, how~y~:i;-, .. ·is equally applicable 

plasma deposition cbambers, caP8.citively coupled chambers, 
•··· _.. . . . 

:magnatron, helicons and other pl~ma processing systems that 

5 can be improved by egposing the wafer to photons. 

The system 100 colti>rises · ·a process chamber 102, a 
. . 

·source power supply 3.06, a bias power supply 108, and a 

controller 104. 'l'he process chamber 102 c~rises a 

pedestal. · 12 0, an an.tenna 110, a light source 112 , a gas 

1 O supply 134 and a process volume 116 defined by a top 128, a 

eylindrieal sidewall 13 O, and a bottom 132. The source 

power supply 106 couples an RF signal (e.g., 2 )Sz} to the 

antenna 110. The antenna 110, having a plUX"ality of tu:rns 

located proximate the top 128, prOduces a:n RF magnetic field 

15 that excites a. process gas (e.g .. , chlorine), or multiple . . 
gases, located in the vo1ume 116 to foxm a plasma 13 6. A 

sexnicond.ucto:r wafer 118 containing a la.ye:r 13 8 {e.g. , 

al.uminum. oxide, polysilicon and the like) to be processed 

is SUJ?POrted upon the pedestal 120. The wafer 118 is 

20 exposed to the plasma to facilitate processing of rnateria-1 

on the wafer 118, e.g. , aluminum. The pedestal and thus 1:.he 

wafer is biased by an RF signal (e.g., 13.56 MHz) supplied 

to the pedestal 120 by the bias power supply 108. . . 
A light source 11~ forms a source of photons that are 

25 emitted into the volume 116 to impact. the wafer 118. The 

·1ight source 112.is one or more lamps that emit· ultra-violet 

or infrared light. A lanp that is a source of ultra-violet 

l.ight is· a !4arou:ry c::apillafy lamp. other sources (e.g., 

lamps} are also available that produce photons or particles 

Jo of suff ic:ient energy. Examples of such lamps include xenon 

lamps and tungsten filament lamps. The photons xnay be in 

the infrared, visible, ultravio1et, vacuum ul1:.raviolet bands 

of the electromagnetic spect:rt.nn.. Additionally_, the energy 

or number of photons may be euned to optimize process 

3 5 enhancements during particular processes. Also, the source 

of photons can be roodulated to temporally vary the 

intensity' energy I or ni.unber of photons or particles. The 

source can also be induced from the plasma itself, resultant 

• 
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from adding specific chemicals to tbe plasma. that emit 
specific required wavelengths. ·· ::,· ': : · 

:In an illustrative embodim.~t°, ·a· ultra-vi~let lamp 112 

producing, for ~le, 150 or more watts, is positioned at· 

5 the top 128 of the cbanibei:- 102 .·proximate a window 114 that 

is transp~ent to ultra-violet light:. With the use of other 

l.ight sources in other etnbodiments, the window should be 

selected to be transparent to that source. In this 
embodiment, the wa:fer contains· an aluminum layer and the 

10 process to be C01t'P1eted is a metal: etch process. 'l'he amount 
of light ~ vary ~epending on the materials being processed 
and. the wafer size. Alternately, the wafer may contain in 
place of· the al'Ultlin'Ul\\ layers other semiconductor device 
materials such as tungsten, t\U'lgsten silicide, silicon, 

15 silicon dioxide, silicon ·nitride, silicon · oxynitride, 

photoresist, titanium, titanium nitride, tantalum, ·tantalum 

nitride, copper and other thin film materials used in 

manufactuxing integrated circuits - either deposited or 
etched 'I'he photons ·(represented by arrows 140} fro1t1. the iamp . 

20 112 pass though the window 114 and into the volume 116. The 

photons impact the wafer surface or chamber wall a.~d 

photodesorb any copper chloride that is on the chamber walls 
128, 130, and 132 or on the Wafer 118. As is discussed. 

below, the illumination of the wafer by the phot~ns also 
25 facilitates other i:aq:>rovements in the. processing of the 

-wa.fe:1;. The lanv;> 112 generally illuminates the wafer 118 

during entire perioCI of plasma processing; however, this is 
specific to this embodiment ·and is not nec::e~sari1y requ.ire.d 

for the invention (i.e., the wafer way be exposed d"W:"ing 

30 only specific periods of the processing, or even as a post­

eteh or post-deposition treatment). 

Controller 104 provides automated control of the system 

100. The controller 104 compris~s a central processing \.lilit 

{CPO) 12:2. that is connected to a memory 124 ~d support 

35 circuits 126. 'J.'he controller 104 is a general purpose 

computer that, when executing certain programs stored in the 
memo:ry 124, becomes a specific pm:pose computer. Memory 124 
may be random access memory, read only memory, disk drive 
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storage, or any otber foDn of stor~ge that is used to store 

a O.igital program or BilY combinat~on. thereof. The support 

circuits 126 are well known elemen~~._ of a computer including 

cache, power supplies, clock circuit5, buses, and the like. 

s The method of the present invention may be embodied in whole 

or in part in a program 142 . that is stored in the memoxy 
104. Although shown as embodied as a software program, t.he 

· · · mat.bod of 1:l1e pl:'esent invention may ·comprise steps that are 

perfo%med by softwax-e, hardware or a combination thereof. 

10. i'l:G. 2 depicts a flow diagram of a routine 200 of an 

illustrative embodiment of ·the present invention. In this 

embodiment, the wafer is exposed to photons to cause 

photochemical desorption of copper chloride. However, the 

invention may be used to cause the photochemical desorption 

15 of many materials that :may impede plasma processing of a 

semiconductor wafer. As such, copper desorption in an etch 

reactor should be considered illustrative of the many uses 

of the present invention. Furthennore, this application of· 

the invention is merely illustrative of the benefits that 

20 the method brings to semiconductor wafer processing· in 

general, as shall he discussed below. 

The routine begins ~t step 202 and proceeds to step 

204 wherein a wafer containing. a layer of aluminum is etched 

by a chlorine-based plasma that has been excited in the 

25 process chamber. '!'hose skilled in the art: will realize that 

·a p1urali ty of Eiteps are typica1 in exciting a: plasma in a 

process chamber, i.e., supply a process gas (e.g., chlorine) 

or gases, apply sou:i:-ce power ·to the antenna., apply bias 

power to the pedestal and so on. These steps are well 

30 within the skill in the art to perfo.rm without further 

explanation. 

Once a plasma is excited, the wafer begins to be etched 

in a manner that forms copper chloride frOl'l'L impurities in 

the alumin'l..lln. · At step 206, th~ routine 200 activates a 

3 S photon source throughout the wafer processing period, e.g. , 

an ultra.violet or infrared lamp illuminates the wafer with 

hic;rh energy · photons . The photons desorb the copper in the 

chamber and on the surface of ·the Wa.fer in the fon:n of a gas 
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phase product. The desorption, as proposed in Lawing et 

al. , nTbe Mechanism of Copper R.~oval fram ~ Bare Si.J,.ic:on 

Surface with Ultra-Violet Excitecii"- d:iiorine•, Electrochemical 

Society Proceedings, Vol. 97--35, ·pp. 299-306, can he 

5 representfld by the fo1lowtng: · 

Cu+l/2Cli ~ CuCl+ll2Cli ~ CuCii ,,_,., . ,..,_ 
J.u 
CuC1<,> 

10 Accordingly, the Cu.Cl that is produced by the desorption is 

a gas that is easily exhausted from the chamber by a vacuum 

P\lll\P· At step 208, the process stops and the routine awaits 

the next wa.fer·that'is to be processed. 
In one specific application of the invention, a lait'!P 

15 was coupled to a window. 'located in the center of the dome of . 

a DPS etch reactor manufactured by Applied Materials, Inc. 

The process recipe used to etch ~ al\lminutn. stack was: 

Chamber pressure: 10 rnT 

Bias pO"W"er: 140 Watts 

20 source Power: 1400 watts 

Process gases: C~/BC12/Ar 

When the lamp was active during the entire etch process, the 

use of illumi:na.ti<;:>n resulted in a substantial . reduction in 

the amount of copper-induced· residue on ~he wafer. Pig. 3 

25 ~iot:s a. scann.ing electrQn microscope (S~) image of an 

open area on a wafe:r that is not exposed to light during an 

aluminum etch process. Fig. 4 depicts a SEM image of an 

open area on a wafer that was exposed to a 3 kW mercury 

capillary lamp duri?ig an aluminum etch process. The water 

30 receives about 150 Watts of radiant energy. In 'Fig. 4, it is 

clearly shown tlUt.t the copper-induced. residue (the white 

patches) is substantially reduced as compared to the SEM of 

Fig. 3 . This technique would also improve copper etching by 

removing copper chloride from the chamber. 



-8-

In addition ~o reducing the copper-induced residue, the . . 
use of a photon source also,.'·:.· .. c~uses the etch· rate t.o 
increase. 'l'hiliil increased etch:: rate is thought to be a 

;result of the removal of copper-induced residue that may 

s impede the alundnilm etc:h process. !'U!rtheJ;mOre, the copper­

induced residue that otherwise form upon the interior walls 
of the process ob.amber· is also photodesorbed resulting in 
less contaminant accumulation on the walls. Also, the 
introduction of photons may have a direct influence on t~e 

10 ·amount and characteristics of eba1nl>er deposition. Because 

there is a reduction in the amount of accumulation of 

residue on the chamber walls, the chamber operates for a 

longer period of time between cleaning procedures and the 

throughput of the chamber is increased. Photons can assist 

is the photochemical reaction occurring between etch by-. 
products_ deposited on the 

-
reactants. A:s such, 
productivity is inQ;>ro~ed. 

chamber surfaces and cleaning 
the chamber cleanliness and 

Additionally, it has been found that e~osing the wafer 

2 o to photons during processing in\Proves aspect ratio dependent 

etching, and reduces charging damage. It ~Y also reduce 

notching, improve profile control, improve photcresist 

selectivity as well as mieroloading, pbotoresist striations, 

and gap fill difficulties. .As such, many aspects of 
25 semiconductor wafer processing are improved by exposing the 

wafer to photons during processing. The intensity, energy 

and nwnber of the photons may· be optimized to .cause 

improvemencs to these various process aspeots~ 
FUrthermore, w'h.en etching an oxide film, the invention· 

30 provides improved selectivity over silicon and silicon 

nitride. Generally speaking, when sixnulta.neously etching 

polysilicon and oxide, the silicon and silicon nitride etch 

more ea$iiy than oxide aue eo the lower Si-Si and si-N bond 
energies com:Pared with Si-0 bond energy~ Consequently, ·the 

35 selectivity of oxide over silicon and silicon nitride is 

typically poor and requires a substantial aroou.~t of polymer 

t:o protect the silicon frorn etching. Th.is results in a 

narrow process window and chamber dirtiness. However, by 
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illuminating the wafer with photons during etching, the 

'];>hotons se1ectively enhance the:~xide_etch process over. that 

-of the silicon and ~il:icon nitri~. etch process~ As such, 

the selectivity of oxide over siiicon and silicon nitride is 
s improVed. 

Another improvement in wafer processing that results 

from using the invention when etching a wafer containing a 

photoresist materie.1 is that: the photoresist material is 

further hardened (cured) by photon il·lwnination as the etch 
~ 

10 process progresses. ln essence, the invention provides an 
·"in situ photoresist bakingn process as eechi'Xl.g prog:i:-esses. 

Using such an in situ hardening technique ilnproves the etch 
selectivi.ty and, when etching' oxide films, 

photoresist striation. 

.ing;>roves 

l.5 Anot:her improvement in wafer processing that results . . 
from using the invention occurs when certain gases, a. g. , 

organic ligands, are added to the chamber atmosphere and 

exposed to photons, e.g., ultra-violet. Such gases, when 

exposed. to light, il'[\Prove wafer process performance as well 
.20 as the c::ha:mber cieaning process. 

Also, a phenomenon known as notching is decreased when 

the invention is used during a plasma process. Notching 

occurs as a result of topogra~hically dependent charging of 

a wafer c;tnd. the structu-res on a wafer. One ca.use of 

is topographically dependent charging ii;: ele~tron shading. 

E1eet~n shading is oue of the main contriJ:>utors to 

structure charging. Electron shading is associated with the 

fo:r:mation of structures haVing a densa lip.e. pattern and 

having a high aspect ratio. Electron shading results from 

3 o the isotropic movement of electrons in a process chamber 

during plasma processing, in contrast to the a.Disotropic 

movement of ions contained in the plasma. The electrons 

impact the sidewall~ and other vertical surfaces of the 

structures and charge the structures. The high aspect ratio 

35 of these structures causes the upper portions near the 

plasma to be impacted. 'by more electrons thaiJ. the "deep" 

portions of the structure. As such, the "shading" of the 

deep portions results in a voltage differential over t.he 
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structure. Such structure charging may result from the use 

of any plasma px-ocess to process ~ wafer. As a result:' many 

plasma processes are capable of··'~~usi~g topography· dependent 

charging damage of structures. on a semiconductor wafer .. 

5 'rhis non-unifo:r::m charging causes· notching as a structure is 

etched. As described in U.S.. patent application ·serial 

n\Ullber 09/280,462, filed March 30, 1999, and incorporated 

herein by reference, the ~S\1X"e of a wafer to photons (or 

other particles) decreases wafer charging and wi11 reduce 

1 o notching. 

Although various embodimen.t:s which inco:c];>orate the 

teachings of the present invention have been sh~ and 

described. in detail herein, those skilled in the art can 

readily devise many other varied embodiments that still 

15 inco:cporate these teachings. 
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. ·What is ·claimed is: 

1. A method of in\l;>roving waf·er·.: ·processing comprising the 

steps of: 
5 . plasma processing a semicon.ductor wafer; and 

exposing the semic:onductor. ·wafer or the i;>laszna to 
photons to facilitate ill\l;lrove.ment of the process. 

2 . '!*he method of claim 1, wherein the photons have a 

10 wavelength in a frequency band selected from the group of 

iDfrared, ultravio~et, vacuum ultraviolet, and.visible or a 
conibination thereof. 

3 . The method of claim 1, wherei.D the photons are proouced · 
15 b-:1" a lamp. 

4. The method of claim. l, wherein the photons are. produced 

by adding chemicals to the plasma. 

2 O 5 . The methoa of claim 1, wherein the plasma is formed fro:m 
a gas comprising organic ligands. 

25 

6 . The method of claim 5, wherein the photons :reacted with 

the organic ligands improves the plasma process performance. 

7 . The method of claim 1, wherein the semiconductor wa.f er 

further comprises a layer selected from the group of 
materials consisting of . a.lumi.nuxu, tung~ten, tungsten 

silicide, silicon, silicon dioxide, silicon nitride, silicon 
3·0 oxyni'tride, photoresist, titanium, tita"lium nitride, 

tantalum, tantalum nitride. 

8. The method of claim 1, wherein the e>e.posing ste:p pJ:"omo':.es 

photochemical deso:cption o'!! a material . that would otherwise 

35 interfere with processing of a layer disposed on said 

semiconductor wafer. 
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9. 'the method of claim 1 wherein the improvement of the 

process further conprises the ~ovement selected from the 
... 

group consisting of: 
inc:reasing resist selectivity, decrea.aiing striation 

s during etc:bing, iJiv?x-oving . aspect ratio etching, 

substantially eliininating charging da:ma.ge, ·decreasing 
profile notching induced by charging dalt1a.ge, i:ai>roving 
profile control, decreasing mircoloading, mitigating gap 

fili difficu1ties, i.ni;>roving etch rates, ~roving 

l.O selectivity of oxides over silicon and silicon nitride, in­

situ hardening of photoresist, increasing the mean time 

between cleanings, and decreasing copper-induced residue. 

10. crhe method of claim 1 further comprising one · or more 

15 steps selected from. a group of steps consisting of adjusting 

the intensity of photons, energy of photons or total number 

of photons. 

11. The method. of claim. 1, wherein the exposing step oc::curs 

2 o dw::-ing a plasma process . 

12. The method of claim 1, t.<1herein the exposing step 

promotes photodesorption of oopPer-induced residue as a gas. 

25 13. A method of reducing copper-induced residue. produced 
during an aluminum etch process comprising the steps of: 

plasma etching a semiconductor wafer having a 
predCJ:!!..ip.c;mtly al'l.ITiim.1n layer thereon: and 

exposing the semiconductor wafer to . photons that 

30 facilitate the reduction of copper-induced residue. 

14 . The method of claim 13, wherein the phot:.ons have a 
wavelength in . a frequency band selected from the group of 

infrared, ultraviolet, vacuum ultraviolet, and visible or a 

3 5 combination thereof. 

~5. The mQthod of claim 13, wherein the photons are produced 
by a lamp. 
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.,·, 

16 The method of claim 13, wherein ::the photons are produced 

by adding chemicals to the plasnia~ ·· · 

s 17. ~ method of claim 13, wherein. the exposing step is 

per~ormed. during the p~asma etching. . . 

10 

lS. The method of clam 13, 'Wherein the plasma etching is 

performed by a chlorine based chemistry. 

19 .. 'I'he method of claim 18, wherein the exposing step 

promotes photodesorption of copper chloride. 

20. 'l'he method of claim 19; wherein the cop~r chloride is 

l 5 desporbed as a gas • 

2 l. The method of claim 13 further comprising one or more 

steps selected from a group of steps consisting of adjusting 

the inte~ity of photons, energy of photons, or total nUl11ber 

2 o of photons. 

22. The method of claim 13 wherein the improvement of the 

process further COJt\Prises the_.improvement selected from the 

group consisting of; 
25 increasing resist selectivity, decreasing striation 

during etching, improving aspect ratio etching, 

substantia1ly eliminating charging damage, decreasing 

profile notching induced· by charging daip.age, :Unproving 

profile control, decreasing tnic~oload.ing, mitigating gap 

30 fill difficulties, . improving etch rates, improving 

selectivity of oxides over silicon and silicon nitride, in­

si tu hardening of photoresist, increasin9 the mean time 

between cleanings, and decreasing copper-induced residue. 

35 23. A method of reducing copper-induced residue during an 

etching process comprising the steps of: 

etching a layer on a semiconductor wafer using a 

chlorine-based chemistry that forms copper chloride; 

'iiilif 
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eJCposing the semiconducto~ wafer to photons that 

photodesorb the copper chloride~.::;<:::::,:·. 
·.· .... ·. 

24 • 'I'he method of claim 2 3 , wherein the copper ch1oride is 

s desorbed as a gas. 

25. 'l'he· method of claim. 23, wherein the photons have a 

wavelength in a frequency band selected from the group of 

·infrared, ultraviolet, vacuum ultraviolet, and visible or a· 
10 combination thereof. 

2 6 • .arhe method of claim 23, wherein the photons are produced 

by a lanp. 

15 27. The method of .claim 23, wherein the exposing step is 

performed duri.Og plasma et~b~. 

20 

28. '!'he method of claim. 23, wherein the etch step comprises 

etching a.predominantly aluminum layer. 

29 . The rnethod of claim 23, whe:rein the etch step comprises 

etching a predominantly copper layer. 

30. The method of claim 23 wherein the exposing step further 
25 comprises an in\provement selected from the group consisting 

of: 

increat;iing resist selectivity, decreasing striation 

duriug etching, in\proving aspect ratio etching, 

substantially eliinihating charging damage, decreasing 

30 profile notching induced by charging damage, improving 
profile control, decreasing· micrcoloading., mitigating gap 
fill difficulties, improving etch rates, improving 

selectivity of oxides over silicon and silicon nitride, in­

situ hardening. of photoresist, increasing the mean time 

35 between cleanings, and decreasing copper-induced residue. 

31. ]J... computer-readable medium having stored.: thereon a 

plurality of instructions, the plurality of instructions 
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i.Jlcluding instructions which, when executed by a conputer, 

cause the computer to eontlf P.i : a selllicon,ductor : wafer 

processing chamber to per~o:r:m th'.•<'.::~teps 0£: . . 

plasiaa. processing a semiconductor wafer, and 
. . 

s exposing the semiconductor wafer to photons. 

32. 'l'he medium of claim. 31, w.herein the photons have a 

wavel.ength in. a freQ:Uency band selected from the group o~ 
infrared., ultraviolet, vacuum ultraviolet, and ·visible or a 

lo eonibination thereof. 

33. The medium of 'claim 3~, wherein the photons are produced 

by~ lamp. 

15 34. The medimn of c;taim 31, wherein the exposing step of the 
method comprises the step of introducing organic 1igands to 

the pl.asma. 

35. The medium of claim. 34, wherein the photons reacted with .. .. ~-

20 the organic ligand$ ilt\proves the process plasma perfo:nnance. 

36. The medium · of claim 31, 

further COlt\Prises · a layer 
materials consisting of 

wherein the semiconductor wafer 
selected from the group of 

aluroinum, ti.ingsten, tungsten 

25 silicide, silicon, silicon 

oxynitride, photoresist, 

tantalum, tantalum nitride. 

dioxide, silicon nitride, silicon 
titani'UlU, titanium. nitride, 

37. The medium· of claim 31, wherein the exposing step 

3 o promotes photochemical desorption of a material that would 

· o.therwise interfere with l;>rocessing of a layer disposed on 

said semicondu~tor wafer. 

38. The medium -. of claim 37, wherein the material is 

35 desporbed as a gas. 
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39. The medium. of claim 31, ·wherein the exposing step 

results in .an· improvement of t¥:>P.rocess selected from the 
group consisting of: ·. -::·< ·. · 

increasing resist selectivity, dacreasing striation 
5 during etching, · in'Q;>roving aspect ratio et.ching, 

substantially e1iminating charging c3amage, decreasing 
profile notching induced by charging damage, improving 
profile ·control, decreasing Jnicrol"oading, mitigating gap 

fill aifficulties, :Ul\proving etch ra.tes, ~roving 

10 selectivity of oxides over s.ilicon and silicon nitride,. iii.­
situ hardening of phot.oresist, increasing the mean time 

between cleanings, and deerea.$ing copper-induced residue. 

40. The JD.edium of claim 31, where:fn the exposing step occurs 

15 during the plasma processing. 
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