
;OPe3eJGL4|62T19 -1 ~~. fi,~f~ 2Q03 METHOD FOR REDUCING TOPOGRAPHY
DEPENDENT CHARGING EFFECTS IN A PLASMA ENHANCED SEMICONDUCTOR WAFER
PROCESSING SYSTEM 5 CROSS REFERENCE TO A RELATED APPLICATION This
application contains subject matter that is related to United States
Provisional Patent Application Serial Number ' filed simultaneously
herewith, entitled "METHODS FOR ENHANCING PLASMA PROCESSING PERFORMANCE" ,
Attorney Docket 3408L and hereby incorporated herein by reference.
BACKGROUND OF DISCLOSURE  1. Field oz the Invention The invention relates
to semiconductor wafer processing systems and, more roar particularly, the
invention relates to a method of reducing topography dependent charging
effects in a plasma enhanced semiconductor wafer processing system.-n. 2.
Description of the Background Art As structures fabricated upon
semiconductor wafers are reduced in size, charging damage has become a
serious problem Charging damage generally occurs when structures being
formed on a semiconductor wafer using a plasma enhanced process cause
non-uniform charging of the structures such that a differential voltage is
formed on the structures. Such a differential voltage Can produce high
cu-rrents or arcing in the structure that damages the ' structure. For
exmple, a plasma etch process Can damage ,.he gate oxice of a traps is to.
structure due to a Fowler-Nordreim current produced by structure charging.
Electron shading is one of the main contributors to structure charging
Electron. shading is caused by the formation of structures having a dense
line pattern having a high aspect ratio. Electron. shading results from the
isotropic movement of electrons in a process chamber during plasma    ~:~
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processing versus the anisotropic movement of ions contained in the plasma.
The electrons impact the s>'_deTrlalls and other vertical surfaces oz the
structures and charge the structures. However, a high aspect ratio of these
structures causes portions near the plasma to be impacted by more electrans
than the "deep" portions of the structure. As such, the "shading" o the
deep port:~.ons results in ca vOltaQe differential al over the stxucturE.
Such structure Chaxging may result from the use of any plasma process to
process a wa~er. As a result) many plasma processes are capable o causing
topography dependent charging damags of structures on a ser;~ico:~ductor
wafer . Topography depenaent c:~.arging impacts mny aspects of
senicond::ctor wa~ex processing including: electron shadir_g damage,
r_otching) loss or profile car:trol, asbect ratio dependent etching, etch
stop, microloading, decreased photoresist selectivity, photoresist
striatior_s, ~n~. decxe2.sed etch rate. T:~lex`e~ore, ~ rieed exists in the
arL Ton a method of red~.:cirg ~.opogxap:7y deper_dent chargir_g. SLT~~aY
O. 't'r = ~T~'ENTT~LJ The di scdvdllt~.ge5 aa`soC.ated ~.rith the prior drt
ure overcome by t:~e present ir_vention of a metaod fox reducing topography
dependent charg~.ng damage.. The method ccmprises the steps of e;cposing a
semiconductor iaafer comprrsina a Structure tc a plasma that causes the
structure to expe;ier:ce electric C~'lc".1'g~?1g, then eYpOSirig the seer?
COalduCtbr Wa=er t0 a p~rtiC~e source that removes t:~p electri,: C!'1?rC~A
~xo:n the structure. By discharging the structure in this manner, Lhe
structurE will no t exper i once charging datr~age . One embodiment of the
ir_vention exposes the Vaafer to ultraviole;. light as a source of partic''
es (photons ) , w:~.ile e.nother e~;vbodiment of the inventi o:~ e~CDOS2S
t?~:e wafer to a p 1 asma of io=a . The exposure to particles ~;ay occur
con.t-n~.~ousl.y daring the plasma processing   ~ l, ApR 20b3 of the wafer
Or dL?ri:lg periods :~;i:en the plasma processing is expected to cause
charaina damace. BKIEF DE~S~R ~ ~TZO?v or r~ ~~,~L~a~~s ThG teachings ofi
the present inven~ion can be readily understood by considering the
following detailed ciesCript~.Or in conjunctio:~ vri th the accompanying
drawings, in which: FIG. 1 depicts a sche:r~tic vietu Of an illustrativE
semiconductor wafer processir_g chamber ti~at is used to pracCice the
preser_t invention; ar~c~ EIG- 2 depi.cLs a flow dis.grG.m represer_tirg a
first ewbodiment of the present i:wention; arid FiG. 3 depicts a flow
diagram of an altexr~ative embo^i~nent of the invention. To facilitate
understanaing, identical xererence numerals have been usecz, v,r'nere possi
bie, to designate identical el ements that are commor_ to tY:~e f ? gores .
~~TATL~7 D~sC:c 1 PTIO'_~I FzG. 1 depicts a sche_~na~ic diagram Of a plasma
enhanced semiconductor wrer processing sys~em 1G0. The depicted system is
illustratively ~-~ induc~.ively coupled plasma etch system. The invention,
however, is appl=cable: to ariy plasma enhanced semiconductor wafer
processing system such as systems that perform plasma, er~~:e~-~ced
cherrica 1 vapor deposition, p'nysical vapor deposition, plasma annea?ing,
and the like. In short., the invention would benefit any system that may
cause topographically dependent charg`_ng of structures upon a
semiconductor wa;er, The s~rsven ? OG CGI(1~7~'? ses a process chamber 102
( a source pcwer supply i06, a bias po~~~er supply 108, and a co:~t.rcller
10~. The process cna.riber 102 comprises' a pedEStal 120, a:: anten_.~a ? ?
0, a 1 igr<i.. source 112, G gas supply 13~ and a process voiuzne 116
c~erirea by a top 128) a cylindrical s~.devr.i 1 230,  



7 1. A~'I~ 20b3 a bottc:r. 132. The source power supply 10E couples an RF
signal ( a , g , , 2 NLri z ) r.o t'.^.e antenna 7.10 , The ar_terLn~. 110
havzng a plurality of turns located proximate the top 1z8, produces an RF
magr_ct;~.c field that excites a process 'gas (or gases) (e.g., chlorine)
locGted fir. the volume 110' ~o form a plasma 136. A semiconductor ~rafer
I18 containing int~gra=ed circuit structures 138 treat are susceptible to
ChG.rging damage is supported upon the pedestal 120. T?~e wafe'=' J.18 is
exaosed to the plasma to racilitate processing of the wafer 118. T'e
pedestal and uhus the wafer is biased by an RF signal (e.~g., 13.56 I~Iz)
supp'_ied to the pedestal 120 by the bias power supp?y 108. .in the ,:first
ernbod;zne~at of tY:= in~;e:~tion, a light source 1 ;2 forms G SOU;Ce Of
pa~'taCleS t~7.a~' are e..mitted into the . vo1-tl..me 116 to imps.ct the
~f.afer 1? 8 _ The light source 112 is on.e or more J. amps that emi t
uJ.tra-vi oJ.et light. One such l~np is a Mercvx-y capillary 1 a;-np .
Other la.-nps are also avail able thGt produce photons oz suticient energy.
The photons may b^e in the infrared, visib'! e, vl.traviol et, vacuum u?
trav~.elet bands of t:~e  1 ec tromagnetic spectnzrn. addi r.i onally, the
ere=ay or rurioer of phatons may be tuned (adj~.sted) ze optimize charge
removal durzng p~.rticular processes . ~::so, the SOl7.'!'CC O~ particles
can lee rr,odulated to, temporally vary the T.7LEaity, energy, or number of
particles. Additionally, specific chem?stxies nay be added to the plasma
region. or presentlx used gases can be increased to enhance the emission of
~.he plas~r~a at a desired wave'_engths. In the il J.ustrative embodimen~,
a si:lgle lamp Z1.2 posit~.~onen at the ton 7.28 of the chamber 102
proximate a wir_dow 114 that is trar_sparent ~o ultra-violet light. The
photons (represented by arrows 1 ~0) from the 1 amp 1J.2 pass th.oug'~ the
winaow 1?4 and into the volume 116. The photons impact c:~2 strucLUres 138
and remoe electric charge teat has accur:mlatea. upon the struc~ures The
lamp 112 raay i111:minate the 4:a_r I.18 C~.~.L lllg en t.l.Y2 pex'.~.OC~
Of p~.wSITW 3~YOCeS S 11.1C' Or th 2 1 ~ ZLIICtlila t10:'1   v f~. ~pl~
20D3 _5.. nay be used only during periods of processing that are expected
to resu~.t it charging e`tects. ControJ.?er 104 provides automated control
of the syste_n 100. ^s he controller 104 comprises a cer_tral, oxocess~ing
u..~it (CDR) 122 that is connected to a mamory 129 and support circ~:its
12o', The control'-er 1G4 is a General purpose computer that, vanen
executing certain programs stored in. the met:~cr-,~r i.24 , becomes a
specific purpose computer. M.mory '124 rr~.s~r be random access zne--nory,
read only memory, disk drive storage, or ary ocher form of storage that is
used to store a digital program or ary combination th2?"2o~. The support
circuits 12o are well down elements of a computer including cacre,~power
supplies, clock circuits, buses, and zhe like. The method of the present
invention may be embodied iwhole or in part it a program 142 that is stored
in t%~e memory 10~. ~lLhough shown as em:~odied as a software program, the
T~ethod of tre present inve_nt;or. :nay comprise steps that are performed
by software, hardware or a combination ;hereof. rTG. 2 c9.2picts a. flo:a
diGgram of a ro~.~tine 20C of a =i-st embodiment of the present irventicn.
The roLtine begins at s top 2 02 cnCt pZ'OCeedS LC Step 2 ~ 3 ~,inerei'_"'.
c3. ivc.~ e?" 1S pZ'OC2SSed by a plasma that has been excited in the
process chanter. Tzose ski lied in the art will. rea7.ize that a
pJ.uraJ.ity of steps are necessary to excite a plasma in a process chamber,
i.e., supply a prGCESS gas , apply sowrce power to the ante:~na, e.ppl y
bias power to tr:2 pedestal and. so or_ . Thos a s reps r4 wel.~1 within
the sk~.ll in the art to ~aerform withoLt further exp? a.~aticr.. Once a
plasma is excited, the wafer begins to be processed in a marzner that may
'~eac t4 topographically depende nt charging, e.g., m,etal is etched from
the 7arer to form a lire pattern that can experience charging, The roLtire
o= the iirsc e.~rbod~ent activates a particle generator trlroughout tre
~^ra.fe= processing p .-rwod, a , g. , ~: ultraviolet lamp is acti~re s~~ch
t?~ac tr:e =h~a-er i s i llumir_~ated ~;ith higr energy photo~.s . The
rax'ticles) -or Axam~le, ~ho~ons, remove any c_nar~e on the   



a ~ ~,~f~i 2~~3 _E_ struct~.:res bei;~g formed such chat topographicGlly
deper_de.-~t charring is reduced. ~.nothar source of photons r:~ay be the
process plasma itselz or an electron beam that is injected into the
souwce~region cf the cha~-nber to exci to s;,eciFi c tra~T~sitions in the
process gases to esr~it certain wavelengths of J.ight. '~o enhance the
photons emitted by the plasma, che.~n.ica.ls (gaseous or otherwise) can be
added to the plasma sucr that additione.l photons and/or protons havinr~
higher energy are emitted from the plasma. Other partic~,es that are
effective in removing the sLrUCturf: charge include fans that are produced
in the plasma that is formed to process t:~e wafer. To p=oduce ~.ons with
suff i cier_t enery to remove ci~ar~re fr om tine structures , the ions are
generally acceleYa.ted by increasing the bias poweabove the pov~er i a J:.l
that is generally used to etch or Oi.hc?"~.T''_Se process C1'i2 ~n~2.~er ,
hddi t10=1a7 ly, c. Special gaS Oz' gases can be added cc the process
plasma to fac~.litate generation o ions that remove structure charge during
'r7a'Fer processing- also) t::e charge ~:ernoval partic'! es may be cz-sed
in a remote plasma source arr~d c:~annEl ed into the process chamber. The
particles rnay be accelerated toward the structure on the wa=er through
vrafer biasing or other ion acce?era=ion tec'r~r:icues. General_~y spaking,
the scope of the invention is cons~.dered to encompass anx source of
particle or energy that removes charge from a struct~.zr~ on a
semiconductor wafer. ~t step 208, the process stops a.~,d the routine
awal=is the r_ext wafer that is to be p=ocessed. FIG. 3 depzcts a flow
dzagrGm of a routine 300 0 the, sECOnd embodiment of the invention. The
rout:.ne 300 begins at step 302 and proceeds tc step 304 wherein the wafer
is processed. P.s the ~~:a=er is prccsssed, Lhe process progressicn is
monitored at step 305 using optical er:zissicn spectroscopy or another
process rnor_itori7g technique. u~Jhen t~ process raon=torinc techraiaue
determines that a period in the process is approac:n~.ng .hat :nay cause
char g:~ng da:,; ge, a . a . , the trans~ CiozZ ~ro:r. ma~~ each to o:;e~
etch z.= ar_ met~.1 et~'z system.   2 ~. ApR 2003 tze routine 300 act-vates
:.t step 30& t he pa=title source to remove the charGe on. the
structt:~res. As Sucr, the ~carticle gene=ator, e.g., an ultra-violet
lal~r~p, is activated only wrnen charging dazr~age is expec;.ed to occur.
The routine ends at step 31Q. This second emboc~.lr,ent of the ir~~enLion
selects certain tuns pEriods to apply the charge removing particles (s.
temporal selection); however, the particles c2.n also be applied
geometrically selective maa-~ner such that particles are fccuspd upon
certain portions o. the structures to selectively discharge the structure.
~t is wlso within the scope or this inver.cio:~ to rer.~ove charge from the
wafer in a post-plas:;va processing treatment where applicable. As such,
the waxen would be exposed to part:.'cles :hat remove the charge after the
plasma processing o:: the ~,raer rags been completed. Such a prOCe55 is
represented by the das~.ed ar=o~T 208 i:~ Fig. 2. I:~ one specific apnl
i.cation of the ir_vention, a 3kW me=curt' lamp ~~las coupled to a winnow
located in 4he center of the dome of a DpS etch reactor manuiactu.red by
Appl.:,ed ~Ia.teri als , Inc . 1h.2 process recipe usd to etch an altnaim:m
stack ay ~.er 8 Q percent of main e:c:~x was Chamber pressure : 4G mT bias
p04)2r : ~~JO TrJatts Souxce Pourer : 6 G 0 .L~Jatts Process gases :
C12/BCla/Ar G'herl the UV lamp t~.as active during the enrire etch process,
the use of UV iZlurvination resul ted in a significant numi~er o~:~ d=es on
a wafex be~.r,~g undam~aed as compared to the process without illumination.
Other possible improvements include decreased ~~' efieC:tS, improved etch
Selectilrlty Clue ~O phOtOreSISL hardening that occurs upor_ exposure of
the photoresist mask to iTJ light as the photores:.st is etched, decreased
oxide striation due to hardenea p2otoresist, irlc=eased etch rate and a
decrease of malformed structures. Although a~n etch procESS ~~~as described
as Gn il iustrative example oT usi:~g ca vnve ntioa to '_'ECIUCe
topographically a.~pend~nt c :aging ef f cc:t~ , z.2~e i:m;_nLicn finds use
a.n any   2 p~ API 20D3 _g_ process that produces topographically
C.ependent. cbargirg effects. roe example, such charging e:.=ects are
k~nov-n to occur in gap fillinc p_ocesses. 



Altho~:gh various e.,~' odi~:~ents which i.nCO`porate'the teachings of the
present invention have been shove: anc described in detail herein, t_nose
skilled in the art c ~.n readily devisE many other varied embodiments that
sti3.l incorporate these teachings.   l:. APR 2003 _g_ CLAIMS 1. A method
of processing a semiconductor wafer comprising the steps of: providing a
semiconductor wafer to a process chamber, wherein the semiconductor wafer
has a topographic structure thereon; exposing the semiconductor wafer to a
plasma in the process chamber; monitoring the plasma to determine when a
period in approaching that may cause charge damage to the semiconductor
wafer; and illuminating the semiconductor wafer with light in response to a
determination that the period is approaching that may cause charge damage
to the semiconductor wafer to remove the electrical charge therefrom. 2.
The method of claim 1 wherein the light is produced by a light source,
other than the plasma to which the semiconductor wafer is exposed. 3. The
method of claim 2 wherein the light source is a lamp. 4. The method of
claim 1 wherein the light is produced by adding at least one chemical to
the plasma. 5. The method of claim I wherein the semiconductor wafer is
illuminated with the light only during a time period when the plasma may
cause charge damage to the semiconductor wafer. 6. The method of claim 5
wherein the time period is a transition period between a main etch period
and an over etch period. 7. The method of claim 5 wherein the time period
Is an over etch period. 8. The method of claim 5 wherein the time period is
a post etch period.  



(l ~~~ -10 9. The method of claim I wherein the light is selected from at
least one band of the electromagnetic spectrum comprising infrared,
ultraviolet, visible, and vacuum ultraviolet bands. 10. The method of claim
2 wherein the energy of the light varies as a function of a power applied
to the light source. 11. The method of claim 2 wherein the intensity of the
light varies as a function of a power applied to the light source. 12. A
method of processing a semiconductor wafer comprising the steps of:
providing a semiconductor wafer to a process chamber, wherein the
semiconductor wafer has a topographic structure thereon; exposing the
semiconductor wafer to a plasma in the process chamber; monitoring the
plasma to determine when a period is approaching that may cause charge
damage to the semiconductor wafer; and illuminating the semiconductor wafer
with light in response to a determination that the period is approaching
that may cause charge damage to the semiconductor wafer to remove
electrical charge therefrom, wherein the semiconductor wafer is illuminated
while being exposed to the plasma. 13. The method of claim 12 wherein the
light is produced by a light source, other than the plasma to which the
semiconductor wafer is exposed. 14. The method of claim 13 wherein the
light source is a lamp.   f APR 2003 - 11  



15. The method of claim 13 wherein the light is produced by adding at least
one chemical to the plasma. 16. The method of claim 13 wherein the
semiconductor wafer is illuminated only during a time period when the
plasma may cause charge damage to the semiconductor wafer. 17. The method
of claim 16 wherein the time period is a transition period between a main
etch period and an over etch period. 18. The method of claim 1 B wherein
the time period is an over etch period. 19. The method of claim 13 wherein
the light Is selected from at least one band of the electromagnetic
spectrum comprising infrared) ultraviolet, visible, and vacuum ultraviolet
bands. 20. The method of claim 13 wherein the intensity of the light varies
as a function of a power applied to the light source 21. The method of
claim 13 wherein the energy of the light varies as a function of a power
applied to the light source. .A!.A.A l.A%.A@3.A.AfYl.Af,/.A`
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