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METHOD FOR REDUCING TOPOGRAPHY DEPENDENT CHARGING 
EFFKCai'S J:N A PLASMA ENHANCED SEMICONDUCTOR WAFER 

PliOCESSXNG SYS'!EM 

CRQSS MF~E TO A RELATED APPLicA~IOri 

This application contains subj~t ~.atter that is 
related to United States Provisional Patent Application 
Serial Numoer filed simultaneously 
herewith, enti~led "METHOD,S FOR ENHANCING J?LASMA PROCESS!.NG 
PERFORMANCE", Attorney Docket 3408~ and hereby incoxporated 

berein by reference. 

B.\CKGROOND OF THE DISCLQS'QRB 

1. Field of the Inve.~tion 
The invention relates to semiconductor wafer processing 

systeros and, more particularly, the invention =elates to a 
method of reducing topography dependent charging effects in 
a plasma enhanced semiconductor wafer p=ocessing syste.:."'tl. .. 

2. Description of the Background Art 
As structures fabr~cated 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 ~s formed on the 
st:ructures. Such a differential vpltage can produce ·high 

currents or arcing in the structure that damages the 
structure. For exa:rr~le, a plasma etch process can damage 
the gate oxide of a transisto= structure due to a 
Fowler-Nordheim current produced by structure charging. 

Electron shading is one of the main co~tributors to 
structure charging. Electron shading is caused by the 
formation of structures having a dense li~e patter=i 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 sidewalls and other 
vertical surfaces of the structures ~and cnarge the struc~ures. 
However, a high aspect ratio of these structures causes 
portions near the plasma to be impacted by more electrons than 
the •·deep" portions of the struccure. ;i_s such, the "shading" 
of the deep portions results in a voltage differential over the 
structure. Such st:r:u~ture charging may result from the use 0£ 

any plasma process to process a wafe~. As a result, many 
plasma processes are capable of causing topography dependent 
charging damage of structures on a semiconductor wafer. 
Topography dependent charging impacts many aspects of 
semiconductor wafer processing including: electron shading 
da.~age, notching, loss of profi+e control, aspect ratio 
dependent etching,. etch stop, microloading, decreased 
photoresist selectivity, photoresist striations, a.~~ decreased 
etch rate. 

Therefo=e, a need exists in the art for a method of 
reducing topography dependent charging. 

SUMM,?>._RY OF T'rl:E INVENTIC4\l 

The disadvantages associated with the prior art are 
overcome by the.present invention of a method for reducing 
topography depender..t charging dai'nage.. The method comp~ises the 
steps of exposing a semiconduc~or wafer comprising a structure 
to a plasma that causes the structure to experience electric 

charging, then exposing the semiconductor wafer to a particle 
source that removes the electric charge from the structure. By 

discharging the structure in this manner, the structure will 
not experience charging darriage. One embodiment of the 

invention exposes. the wafer to ultraviolet light as a source of 
particles (photons), while anothe= embodiment of the invention 
exposes the wafer to a plasma of ions. The exposure to 
particles may occur co~ti~uously during the plasma processing 
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of the wafer or during periods when the plasrr~ processing is 
expected to cause charging damage. 

BRIE£ pESGRIPTIO.~ OF T.rlE DRAWDqGS 

The teachings ot ~he present invention can be readily 
understood by considering the following detailed description in 
conjunction with the ~cCOlt\Panying drawings, in which: 

PIG. l depicts a schematic view of an illustrative 
semiconductor wafer processing chamber that is used to practice 
the present invention; and 

FIG. 2 depicts a flow diagrair. representing a first 

embodiment of the present i~vention; and 
FIG. 3 depicts a flow diagram of an alterna~ive embodiment 

of the invention .. .. 
To facilitate understanaing, identical refere...,ce nu.~erals 

have been used, where possible, to designate identical elements 
that are common to the figures. 

DETAILED DESCRIPTION 

FIG. 1 depicts a schematic diagram of a plasma enhanced 
semiconductor wafer processing system 100. The depicted system 
is illustratively an inductive~y· coupled plasma etch system. 
The invention, however, is applicable to any pl~sma enhanced 
semiconductor wafer processing system· such as syste.""nS that . 
perform plasma en..~a..~ced cheil'ical vapor deposition, physical 
vapor deposition, plasma an..~ealing, and the like. In short, 
the invention would benefit any system that may cause 
topographically depende.~t charging of structures upon a 
semiconductor wa!er. 

The system 100 comprises a ~rocess chamber 102, a source 
pcwer supply 106, a bias power supply 108, and a cqntroller 
104. The p~ocess chamber 102 comprises a pedestal 120, an 
anten..~a 110, a light source 112, a gas supply 134 and a process 
vol\.:.Itle 116 defined by a top 128, a cylindrical. sidewall 130, 
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and a bot:tc:::n 132. The source power supply 106 couples an RF 
signal (e.g., 2 M:~z) to the antenna 110. The antenna 110, 
having a plurality of turns located proximate the top 128, 
produces an "RF magnetic field that excites a process gas (or 
gases) (e.g., chlorine) located in ~he volume 116 to form a 
plasma 136. A semiconductor wafer 118 containing integrated 
circuit structures 138 that are susceDtible to charging damage . -
is supported upon the.pedestal 120. The wafer 118 is exposed 
to the plasma to facilitate processing of the wafer 118. T'ne 
pedestal and thus the wafer is biased by ~ RF signal (e.·g., 
13.56 MHz) supplied to the pedestal 120 by the bias power 
supply 108. 

In the first embodiment of the invention, a light source 
112 forms a source of particles. that are emitted into the 
volu_~e 116 to imp~ct the wafer 118. The light source 112 is 
one or more iamps that em.it ultra-violet light. One such larr~ 
is a Mercury capilla~ lamp. Other la.~ps are also available 
the.t produce photons of sufficient energy. The photons may be. 

. . 
in the infrared, visib!e, ultraviolet, vacuurr1 ultraviolet ba.i.,ds 
of the eleccrom.agnetic spectrum. Additionally, the ene~gy or 
number of photons may be tuned (adjusted) to optimize charge 
removal during particular processes. Also, the source of . . 
particles can be modulated to. ta~porally vary the i...~tensity, 

·energy, or nu.'l\ber of particles. ·Additionally, specific 
chemistries may be added to the plasma region or presently used 
gases can be increased to enhance the emission of the plasma at 
a desired wavelengths. 

In the illustrative embodiment, a single lamp 112 
positioned at the top 128 of the chairiber 102 proximate a window 
114 that is transparent to ultra-violet light. The photons 
(represented by arrows 140) from the lamp 112 pass though the 

window 114 and into the volume 116. The photons impact the 
structures 138 and remove electric charge that has accumulated 
upon the structu~es. The lamp 112 may illuminate the wafer 118 
du.~ing entire period of plasrr~ processing or the illuminatio~ 
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may be used only during periods of processing that are expected 
to result in charging e=fects. 

Controller 104 provides automat_ed control of the syste.-rr. 
100. The controller 104 comprises a central processing u..~it 
(C~u) 122 that is connected to a memory 124 and support 
circuits 126. The cont~oller 104 is .. a general purpose cornpu~er 
that, when executing certain prograxt\s stored in the memory 124, 
becomes a specific pu:;pose computer.· Me..rnory ·124 may be random 
access xne..-nory, read only memory, disk drive storage, or any 
other form of storage that is used to store a digital program 
or any combination thereof. The support circuits 126 are well 
known elements of a computer including cache,· power supplies, 
clock circuits, buses, and the like. The method of the present 
invention may be embodied in whple or in part in a program 142 
that is stored in .~he memory 104. Although shown as embod~ed 
as a software program, the ~ethod of the present invention may 
comprise steps that are performed by software, hard:Nare or a 
combination thereof. 

FIG. 2 depicts a flow diagram of a routine 200 of a first 
embodiment of the present invention. The routine begins at 
step 202 and proceeds tc ste? 204 wherein a wafer is processed 
by a plasma that has been excited in the proce~s chamber. 
rr:~ose skilled in the art will. reali~e that a plurality o: steps 
are necessary to excite a plasma in a process chamber, i.e., 

supply a process gas, apply source p.ower to the antenna, apply 
bias power to tbe pedestal and so on. These steps are well 
within tne skill in the art .to perform without further 
explanation. 

Once a plasma is excited, the wafer begins to bs processed 
in a manner that may lead to topographically depende~t 
charging,·e.g., metal is etched from the wafer to form a line 
pattern that can experience charging. The routiµe of the first 
e.~hodiment activates a particle generator througho~t the wafe= . . 
processing period, e.g., a..~ ultraviolet· lamp is active such 
that the wafer is illl.l.i.~inated with ~igh e~~rgy photons. The 
particles. for e~arr.ple, photons. re..~ove a.ny charge on the 
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structures being formed such that topographically depende.~t 

charging is reduced. 
Another source of photons may be the process plasma itself 

or a.~ electron beam that is injected into the sou:ce region cf 
the ch.amber to excite specific transitions in the process gases 

to emit certain wavelengths of light. To enhance the photons 
emitted by the plasma., ·che..'11.icals {gaseous or otherwise) can be 

added to the plasma S?ch that additional photons and/or photons 

having higher energy are emitted from the plasma. 
Other particles that are effective in removing the 

structure charge include ions that are produced in the plasma 
that is formed to process the wafer. To produce.ions with 

sufficient energy to remove charge f=om the structures, the 
ions are generally accele~ated ~ increasing the bias powe~ 
above the power le:vel that is generally used to etch or 
o~herwise process the wafer. Additionally,· a special gas or 
gases can be added to the process plasma to =acilitate 
generation of ions that remove structure charge during wafer 
processing - ;.._lso·, the charge rernoval ·particles n-ay be formed 

in a remote plasma source a_~d channeled in~o the process 

chamber. The particles may be accelerated toward the structure 
on the wa.fer th.rough wafer biasing or other ion acceleration 

tecbniques. Generally speaking, the scope of the invention is 
considered to encompass any source of pa~ticle or e...~ergy that 
removes charge from a structure on a. semiconductor wafer. At 

step 208, the process stops and the routine awaits the ne~t 
wafer that is to be processed. 

FIG. 3 depicts a flow diagram of a routine 300 of the. 
second embodiment of the invention. The :routine 300 begin·s at 
step 302 and'proceeds to step 304 wherein the wafer is 
processed. As the wafer is precessed, the process prog~essicn 
is monitored at step 306 using optical el':lissicn spectroscopy or 

another process monitoring technique. When tb.e process 
. . 

monitoring technique dete=mines that a period in the process is 

approaching that ~ay cause charging damage, e.g., the 
transition from mai~ e~ch ~o ove~ etch i~ an metal etcb system. 
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the routine 300 activates at step 308 the particle sour~e to 

remove the charge on the structures .. As such, the particle 
generator, e.g., an ultra-violet lamp, is activated only when 

charging damage is expected to occur. The routine ends at step 
310. This seco~d embodiment of the invention selects certain 

time periods to apply the charge removing particles (a temporal 
s~lection); however, the particles can also be applied 

geometrically selectiye manner such that particles are focused 

upon certain portions of the structures to selectively 

discharge the structure. It is also within the scope of this 
invention to remove c~arge from the wafer in a post-plasma 
processing treatment where applicable. As such, the wafer 
would b~ exposed to part!cles that remove the charge after the 

plasma processing of the wafer has been completed. Such a 

process ~s represented by the dashed ar=ow 208 in Fig. 2 . .. · 
In one specific application of the invention, a 3kW 

mercury lamp was coupled to a window located in the center of 

the dome of a DPS etch reacto~ manufactured by Ap~lied 

Materials, Inc. The process recipe used to etch an alu:r,inum 
stack after 80 percent of main e~ch was: 

Chamber pressure: 40 rnT 

Bias power: 400 Wat.ts 

Source Power: 600 .watts 

Process gases: Cl2 /BCl,/Ar 
w"'hen the TJV la-mp was active during the entire etch process, the 

use of UV illumination resulted in a significant number of dies 
on a wafer being undamaged as compared. to the process without 

illumination. Other possible improvements include decreased 
ARDE effects, i.JI\proved etch selectivity due to photoresist 

~rdening that occurs upon exposure of the photoresist mask to 

UV light as the photoresist is etched, decreased oxide 
striation due.to hardened photoresist, increased etch rate and 

a decrease of malformed structures. 

Althoug~ a...~ etch process was described as an ill~stra~ive 
exa..'llple of usi:ig · the invet;.tio:i t.o !:"educe topographically 

dependen~ ch~:gins e:f~ct~, ~he ~nvention £~nd5 us: in ony 
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process that produces topographically dependent charging 
effects. For example, such charging effects are k..~o~n to occu 

in gap filling processes. 
Although various embodiments which inco~orate the 

5 teachings of the present invention have been shown and 
descri~ed in detail herein, those skilled in the art ca.~ 

readily devise ma..~y other varied embodiments that still 
incorporate these tea~hings. 
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What is claimed is: I IJlllll llllll lllll l/111 /J Jiii 
C L M S * 

1. A method of eliminating chargi:c:g resulting from plasma 
processing-a semiconductor wafer conprising the steps of: 

piasma processing the semiconductor wafer i.~·a ma.nner that 

may result in topogra~hically dependent charging; and 
exposing the semiconductor wafer to particles that remove 

charge from the semiconductor wafer and reduce topographically 
dependent charging. 

2. The method of claim l wh~rein the exposing step is 
performed during at_ least a por~ion of a time in which the 
semiconductor waf~r is f'eing plasma processed.. 

3. The method of claim 1 wherein the particles are photons. 

4. The method of claim 1 wherein the photons are produced by a 
source, other than the plasma used to process the semiconductor 
wafer. 

5. ·The me'tbod of claim 5 wherein the source is a lamp 

6. The method of claim 3 wherein the photons are produced by 

adding at least one additional chemical to the plasina 

7. The method of claim 3 wherein the photons are produced by 

increasing the amount of a standard process chemical in the 
plasma. 
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8. The method of claL~ 1 wherein the exposing step is only 
per·formed during a period of the plasma. processing that ?nay 

result in charging. • 

9. The method of claim 1 wherein the exposing step is only 
performed during a period of the plasma processing that may 
result in charging effects. 

10. The met.bod of claim 9 wherein t;.he period is a transition 
period between main etch and over etch. 

11. The method of claim 9 wherein the period is an over eech 
period. 

12. The method of claim 9 wherein the period is a post etch 
period. 

13. The method of claim l wherein the particles are ions 
accelerated onto t~e wafer 

14. The method of claim 4 wherein the photons are selected from 
at least one band of the electromagnetic spact::i:uzn comprising an 
infrared, ultraviolet, visible, vacuum ultraviolet bands. 

15. The method of claim 1 wherein th.e energy of the particles 
is adjustable. 

· 16. The method of claini 1 wherein the number of particles is 
adjustable. 

17. The method of claim 1 further co~rising the step of 
modulating a source of the particles. 

18. A method of eliminating cha~ging resulting from plasma 
processing a semiconductor wafer comprising the steps of: 
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plasma processing the semiconductor wafer in a manner that 
roay result in topographically dependent charging; and 

exPosing, during at least a portion of a time in which t..~e 

semiconductor wafer is bei~..g plasma processed, the 
semiconductor wafer to photons that remove charge from the 
semicond~ctor wafer and reduce topographically dependent 
charging. 

19. The method of claim 19 wherein the photons a.re produced by 

a source, other than the plasma used to process the 
semiconductor wafer. 

20. The· method of claim 20 wherein the source is a. la1Tip. 

21. The method o~ cla:L~ 20 wherein the photons are produced by 

adding at least one additional chemical to the plasma. 

22. The method of claim 20w~erein the exp~sing step is only 
performed during a period of the plasma processing that may· 
result in charging. 

23. The method of claim 20 wherein the exposi~g step is only 
performed during a period of the plasma processing that may 
result in charging effects. 

·24. The method of claim 23 wherein the period is a trans l:tion 
period between main etch and over etch. 

25. The method of claim 23 wherein the period is an over etch 
period. 

26. The method of claim 2 0 wherein the photons a.re selected 
from at least one band of the electromagnetic spectrwr1 
comorising an infrared, ultraviolet, vi~ible, vacuum 
ultravio1et bands. 
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27. The method of claim 20 further comprising the step of 
controlling a number of photons. 

2.8. The nethod of claim 20 further comprising the step of 
modulating a source of photons_ 

29 . The method of claim 20 fu:rther comprising·· the step of 

controlling the energy of the photons. 

30. A data storage medium containing a program that, when 
executed on a general purpose computer, causes the general 
purpose computer to perform a method comprising the steps of: 

plasma processing the se.i.~iconductor wafer in a manner that 
~~Y result in charging effects;. and 

exposing, du~ing at least a portion of a time in which the 
semiconductor is being plasma processed, the semiconducto:?::' 
wafer to particles that remove charge from the semicor.ductor 
wafer and eliminate charging effects. 


