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METHOD FOR ENEANCING FPLASMA PROCESSING PERFORMANCE

_This application claims benefit of TUnited States
Provisional Application No. 60/126,837, £iled March 30,

1999, end is hereby incorporated by vreference in its

entirety.

This application additionally is related to United
States Patent Application Serial No. 09/280,462, filed on
March 30, 1989, contemporaneocusly with the above referenced
Provisional Application No. 60/126,837, entitled °"METHOD FOR
REDUCING TOPOGRAPHY DEPENDENT CHARGING EFFECTS IN A PLASMA
ENHANCED SEMICONDUCTOR WAFER PROCESSING SYSTEM", - and ig
hereby inc:orpo?ated.by reference in its entirety.

BACRGROUND OF THE DISCLOSURE

Field of the Invention ,

The invention relates to semiconductor wafer processing
systems and, more particularly, the invention relates to a
method of improving plasm_a processing performance.

Background of the Invention

As structures fabricated upon semiconductor wafers
become smaller and the wafers become larger, there are many
factors that contribute to non-optimal processing of the
wafers. To improve processing‘ throughput of wafers (e.g.,
increase the mumber of wafers processed within a umit of
tiine) » it is desirable to, for example, further incresse the
etch rate, decrease the chamber cleaning frequency, decrease
chambex cleaning duration. Furthermore, any improvements to
the process results, such as improvements in electron
shading, improved  photoresist geléctivity,  decreased
photoresist striations, residue control, . chanber
cleanliness, aspect ratio dependent etching, substantially
reduced charging damage, mitigating notching, improved
profile control, improved etch stop, decreased mieroloading.
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mitigation of gap £ill difficulties and the like, are
desirable. o

As an example of a desired improvement, as structures
fabricated upon semiconductor wafers are reduced in feature
size, residue control during aluminum etching has become. a
serious issue. Scme aluminum €£ilms generally contain a
small amount of copper, i.e., 0.5 to 2 peréent, which can
result in residue formation that can interfere with further
processing that is - regquired to complete an integrated
circuit. During an aluminum etch process, the aluminum etch
rate and by-product removal rate is much faster than those
of copper. Therefore, copper residues are easily formed
especially in an aluminum alloy where copper segregation
typically occurs. The residues form in the copper xich
areas of the alumimum alloy. The mechanism for producing
copper-induced’ res:idne is the £following: copper in the
aluminum~copper alloy is harder to etch and is not
necessarily evenly distributed throughout the alloy. Local-
concentrations of copper are harder to etch and sacrifice
etch rate, regist selectivity, and profile control. Such
non-uniform etching results in some regions of the final

.etched produg¢t becoming raised regiong with respect to

surrounding regions. Such raised regions arxe referxed to as
'residue*. The residue may not have any copper im it at all .
but was the result of the copper in the aluminum.

 The wafer can be heated to higher temperatures to

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

removal of wmore volatile by-products. . However, for

temperatures above approximately 130°C, the photoresist will

reticulate, and even for small temperature rises above the
optimal for process control, process factoxs are difficult
to control, for example, the alumimm stack profile.
Another conventional method of addressing this issue is to
increase the ion bombaxdment of the wafer. However,
additional ion bombardment occurs at the expense of resist
selectivity and profile microloading.

Therefore, a need exists in the art for a method of
generally improving processing of semiconductor wafers, an



10

15

20

25

30

35

-3~

example of which is reducing copper—mduced residue produced

during aluminum etching.

SUMMARY OF THE INVENTION

The disadvantages associated with the prior art are
overcome by the present invention of a method for reducing

_plasma process related effects that impact both wafer

processing and the structures produced by the process. The
method comprises the steps of plasma proceéssing a
semiconductor wafer and exposing the semiconductoxr wafer or

the plasma to photons to £acilitate improvement of the
process. '

SCRIPTION O ) s

The teachings of the present invention can be readi ly
understood by considering the following detailed description
in conjunction with the accompanying drawings, in which:

Fig. 1 depicts a schematic view of an illustrative
semiconductoxr wafer processing chamber that 1is used to

practice the present invention;

Fig. 2 depicts a flow diagram representing the method

. of the present invention;

Fig. 3 depicts a scanning electron microscope (SEM) of
an open area on a wafer that is not exposed to UV light
durinhg an aluminum etch process; and

Fig. 4 depicts a SEM image of an open area on & wafer
that was exposed to a 3000 Watt mercury capillary lamp
dur:.ng an aluminum etch process.

To facilitate understanding, identical reference
numerals have been used, where possible, to designate
identical elements that are common to the figures.

T ED_DESCRI N

FLG. 1 dupicts a schematic diagram of = plasma enhanced
semiconductor wafer processing system 100. The dJ&epicted
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system is _illustratively an inductively coupled plasma etch
system. The invention, howevez, is equally applicable
plasma deposition chambers, capacitively coupled chainbers,
magonatron, helicons and othex pié;éﬁ\a processing systems that
can be improved by exposing the wafer to photons.

The system 100 comprises ‘a process chamber 102, a
‘source power supply 106, a bi'aé' power supply 10-8, and a
controllex 104. The process chéamber 102 comprises a

pedestal 120, an antemma 110, a light source 112, a gas

supply 134 and a process volume 116 defined by a top 128, a
cylindrical sidewall 130, and a bottom 132. The source

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

antenna 110. The antenna 110, bhaving a plurality of tumms
located proximate the top 128, produces an RF magnetic field
that excites a process gas (e.g., chlorine), or multiple
gases, Jlocated in the volﬁme 116 to form a plasma 136. A
semiconductor wafer 118 containing a layexr 138 (e.g.,
aluminum, oxide, pelysilicon and the like) to be processed
is supported upon the pedestal 120. The wafer 118 is
exposed to the plasma to facilitate processing of material
on the wafer 118, e.g., aluminum. The pedestal and thus the
wafer is biased by an RF signal (e.g., 13.56 Miz) supplied
to the pedestal 120 by the bias power supply 108.

A light source 112 forms' 2 source of photons that are
emitted into the volume 116 to impact the wafer 118. The

‘1light source 112 is one or more lamps that emit-ultra-violet

or infrared light. A lamp that is a source of ultxa-violet
light is' a Mercuxy capillary lamp. Other sources (e.g..
lamps) are also available that produce photons oxr particles
of sufficient energy. Examples of such lamps include xenon
lamps and tungsten filament lamps. The photons may be in
the infrared, visible, ultraviolet, wvacuum ultraviolet bands
of the electromagnetic spectrum. Additionally, the enexgy
or number of photons may be tuned to 6ptimize process
enbancements during particular processes. Also, the source
of photons can be modulated to temporally vary the
intensity, energy, or number of photons or particles. The
source can also be induced from the plasma itself, resultant
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from adding specific chemicals to the plasma that emit

- specific required wavelengths.

In an illustrative embod:lment, a ultra-violet lamp 112

producing, for example, 150 or more watts, is positioned at-

the top 128 of the chamber 102 proximate a window 114 that
is transpa.j:ent to ultrxa-vioclet light. With the use of other
light souxces in other onbodiments, the window should be
gselected to be transparent ¢to that source. In this
embodiment, the wafer contains an aluminum layver and the
process to be completed is a metal etch process. The amount
of light may vary depending on the materials being processed
and the wafer size. Altermately, the wafer may contain in
place of- the aluminum layers other sgemiconductoxr device
materials such as tungsten, tungsten silicide, silicon,
silicon dioxide, silicen nitride, silicon ‘oxynitride,
photoresist, titanium, titanium nitride, tantalum, ‘tantalum
nitride, copper and other thin £ilm materials used in

manufacturing integrated c¢ircuits. either deposited or

etched The photons {represented by arrows 140) from the jamp
112 pass though the window 114 and into the volume 116. The
photons impact the wafer surface or chamber wall and
photodesoxb any copper chloride that is on the chamber walls
128, 130, and 132 or on the wafex 118. As is discussed
below, the illumination of the wafer by the photons also
facilitates other Iimprovements in the . processing of the
wafexr. <The lamp 112 generally i1lluminates the wafer 118
during entire period of plasma processing; however, this is
specific to this embodiment and is not necessarily reguired
for the invention (i.e., the wafer may be exposed during
only specific periods of the processing, or even as a post-
etch or post-deposition treatment).

Controller 104 provides automated control of the system
100. The controllexr 104 comprises a central process_ing unit
{CPU) 122 that is connected to a memory 124 and support
circuits 126. The controller 104 is =a general purpose
computer that, when executing certain proé;rams stored in the

. mamoxy 124, becomes a specific purpose computer. Memory 124

may be rxrandom access memory, read only memory, disk drive
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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, powex supplies, clock c:.;‘cuits, buses, and the 1like.
The method of the present invention may be embodied in whole
or in part in a program 142 tha.t is stored in the memoxy
104. Although shown as embodied as a software program, the
method of the present invention may comprise steps that are

- performed by software, hardware or a combination thereof.

FIG. 2 depicts a flow diagram of a routine 200 of an
illustrative embodiment of 'the present invemtion. In this
exbodiment, the wafer is exposed to photons to cause
photochemical desoxrption of copper chloride. However, the
invention may be used to cause the photochemical desorption
of many materials that may :‘.mpede plasma processing of a
semiconductor wafer. As si:.ch, copper desorption in an etch
reactox should be considered illustrative of the many uses

of the present invention. Furthermoxe, this application of

the invention is merely illustrative of the benefits that
the method brings to semiconductor wafer processing: in
general, as shall be discussed below.

The routine begins at step 202 and proceeds to step
204 wherein a wafer contain.in.g_ a layer of aluminum is etched
by a chlorine-based plasma that has been excited in the
process chamber. Those skilled in the art will realize that

a plurality of steps are typical in exciting a plasma in a

process chamber, i.e., supply & process gas (e.g., chlorine)
or gases, apply source powér +to the antenna, apply bias
power to the pedestal end so on. These steps are well
within the skill in the art to perform without further
explanation.

Once a plasma iz excited, the wafer begins to be etched
in a mammex that forms copper chlorlde from impurities in

the aluminum. At step 206, the routine 200 activates a .

photon source throughout the wafer processing period, e.¢.,
an ultraviolet or infrared lamp illuminates the wafer with

high energy photons. The photons desorb the copper in the
chamber and on the surface of the wafer in the form of a gas
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phase product. The dJesorption, as proposed in Lawing et
al., "The Mechanism of Copper Rmoval from a Bare Silicon
Surface with Ultra-violet Exc_xted Chlor;.ne" Electrochemical
Society Proceedings, Vol. 97«35, 'pp. 299-306, can be
represented by the following: ' '

. |
Cu+1/2Ch £ CuCl+1/20) é cucl,

Lo

CuCl,,

accordingly, the CuCl that is produced by the desorption is
a gas that is easily exhausted from the c:hamber by a vacuum
pump. At step 208, the pxocess stops and the routine awaits
the next wafer-that is to be processed. _
In one sgpecific application of the invention, a lamp

was coupléd to a window located in the center of the Jdome of .
a DPS etch reactor manufactured by Applied Materials, Inc.
The process recipe used to etch an aluminum stack was:

Chamber pressure: 10 mT

Bias power: 140 Watts

Source Power: 1400 Watts

Process gases: C1,/BCl,/Ar
When the lamp was active during the entire etch process, the
use of illumination resulted in a substantial .reduction in
the amount of c¢opper-induced- residue on the wafer. Fig. 3
depicts a scanning electron micrxoscope (SEM) image of an
open area on a wafer that is not exposed to light Quring 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 during ap aluminum etch process. The water
receives about 150 Watts of radiant energy. In Fig. 4, it is
clearly shown that 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 bv
ramoving copper chloride from the chamber.



10

i5

20

25

30

35

—8~

In addition to reducing the copper-induced residue, the
use of a photon source also:.causes the etch rate to

- increase. This increased etcfh':‘_:é.te is thought to be a

result of the removal of copper-induced residue that may
impede the aluminum etch process. Furthermore, the copper-
induced residue that otherwise form upon the interior walls
of the process chamber is alsgo photodesorbed resu'lt:ing in
less conteminant accumulation on the walls. Also, the

introduction of photons may have a direct influence on the
- amount and characteristics of chamber d&eposition. Because

there is a reduction in the amount of accumulation of
residue on the chamber walls, the chember operates for a
longer period of time between cleaning procedures and the
throughput of the chamber is increased. TPhotons can assist
the photochemical xeaction occurring between etch by-
products depokited om the chamber surfaces and cleaning
reactants. As suéh, the chamber cleanliness and

- productivity 'is improved.

Additionally, it has been found that exposing the wafer
to photons duxing processing improves. aspect ‘ratio dependent
etching, and reduces charging dJdamage. It may also reduce
notching, improve profile control, improve photoresist
selectivity as well as microloading, photoresist striationms,

and gap £ill d&ifficulties. As such, many aspects of
semiconductor wafex processing are improved by exposing the
wafer to photons @uring processing. The intensity, energy

and number of the photons may be optimized to cause
improvements to these various process aspects.

Furthermore, when etching am oxide f£ilm, the invention
provides improved selectivity over silicon and silicon
nitride. Generally speaking, when simultaneously etching
polysilicon and oxide, the silicon and silicon nitride etch
more easily than oxide due to the lower 8§i-8i and Si-N bond
energies compared with $i-0 bond energy. Consequently, "the
selectivity of oxide over sgilicon and silicon nitride is
typically poor and requires a substantial amount of polymer
to protect the silicon from etching. This results in a
narrow process window and chamber dirtiness. However, by
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illuminating the wafer with photons during etch:'.ng, the
photons selectively enhance the: ox:.de ‘etch process over that

of the silicon and sil:.con ni.tride etch process. As such,

the selectivity of oxide over silicon and silicon nitride is
improved

another improvement in vrafér processing that results
from using the invention when etching a wafer containing a
phoéoresist material is thart the photoresist material is
further hardened (cured) by photon illumination as the etch
process progresses. In essence, the invention provides an
‘vin situ photoresist baking" process as etching progresses.
Using such an in situ hardening technicue improves the etch
gelectivity and, when étching oxide films, improves
photoxesist striation. '

aAnother :uuprovement :.n wafer processing that results
from using thé 1nvent10n occurs when certain gases, e.g.,
organic ligands, axe added to the chamber atmosphere and
exposed to photons, e.g., ultra-violet, Such gases, when
exposed to light, improve wafer process performancé as well
as the chamber cleaning process. .

Also, a phenomenon known as notching is decreased when

the invention is used during a plasma process. Notching
occurs as a result of topographically dependent charging of
a wafer and the structures on a wafer. One cause of

topograpbically dependent charging is electron shading.
Electron shading is one of the main contributors to
structure charging. Electron shading is associated with the
formation of structures having a dense line pattern and
having a high aspect ratio. Electron shading results from
the isottropic movement of electrons in a process chamber
during plasma processing, in contrast to the anisotropic
movement of ions contained in the plasma. The electrons
impact the sidewalls and other vertical surfaces of the
structures and charge the stru_ctu.ies. The high aspect ratio
of these structures causes the upper portions near the
plasma to be impacted by more electrons than the "deep"
portions of the structure. As such, the "shading"” of the
deep portions results in a voltage differential over the
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structure. Such structure charging may result £rom the use
of any plasma process to process a wafer. As a result, many

. plasma processes are capable o'f_-""ci'_msipg topography dependent

charging damage of structures on a semiconductor wafer.-
This non-uniform charging causes notching as a structure is
etched. As described in U.S. patent application serial

. nunber 09/280,462, filed March 30, 1999, and incorporated

herein by reference, the exposure of a wafer to photons (or

other particles) decreases wafer charging and will reduce
notching.

Although various embodiments which incorporate th
teachings of the present invention have been shown and
described in detail herein, those skilled in the art can

readily devise many other variéd embodiments that still
incorporate these teachings.
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. ‘What is'claimed is:

.
v

1 A method of improving wafer processing compr:.s:.ng the

steps of:

plasma processing a semiconductor wafer; and _
exposing the sem:lconductor. wafer or the Dplasma to
photons to facilitate improvement of the process.

2. The method of claim 1, wherein the photons have a
wavelength in a frequency band selected from the group of
infrared, ultraviolet, vacuum ultravielet, and. visible or a

combination thereof.

3. The method of claim 1, wherein the photons are produced
by a lamp. '

4. The method of claim 1, wherein the photons are produced
by adding chemicals to the plasma. '

5. The method of claim 1, wherein the plasma is formed fro.m
a gas comprising organic ligands.

6. The method of claim S, wherein the photons reacted with
the organic ligands improves the plasma process performance.

7. The method of c<¢laim 1, wherein the semiconductor wafer

furtber comprises a layer selected fxrom the group of

materials consisting of  aluminum, tungsten, tungsten
silicide, silicon, silicon dioxide, silicon nitride, silicon
oxynitride, photoresist, titanivm, titanium nitride,

tantalum, tantalum nitride.

8. The method ¢f claim 1, wherein the exposing step promotes
photochemical desorption of a material .that would otherwise

interfere with processing of a layer disposed oan said
semiconductor wafer. '

= This Sheet Has Been Rep

e
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9. The method of claim 1 wherein the improvement of the
process further comprises the inprwement selected from the
group consisting of: ' R '

increasing xesist selectivity,l decreasing striation
Guring . etching, impreving aspect ratio etching,
substantially' eliminating chaxging damage, ‘decreasing
profile notching induced by charging damage, improving
profile control, dJecreasing mircoloading, mitigating gap
£i11 difficulties, improving etch rxates, irmproving
selectivity of oxides over silicon and silicon nitride, in-
situ hardening of photoresist, increasing thé_ mean time
between cleanings, and decreasing copper-induced residue.

10. The method of claim 1 further comprising one- or more
steps selected from a group of steps comsisting of adjusting

the intensity of photons, energy of photons or total number
of photons.

~11. The method. of claim 1, wherein the exposing step occurs

during a plasma process.

12. The method of claim 1, wherein the exposing step
promotes photodesorption of copper-induced residue as a gas.

13. A method of reducing copper-induced residue produced
during an aluminum etch process comprising the steps of:
plasme etching a semiconductor wafer having a
predaominantly aluminum layer thereon; and
exposing the semiconductor wafer to .photons that
facilitate the reduction of copper-induced residue.

14. The method of claim 13, wherein the photons have 2
wavelength in a fregquency band selected from the group of
infrared, ultraviolet, wvacuum ultraviolet, and wvisible ox a
combination thereof.

15. The method of claim 13, wherein the photons are produced
by a lamp.

This Sheet Has Been Replaced.
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.16 The method of claim 13, wherein the photons are produced

by adding chemicals to the plasma

17. The method of claim 13, wh'erein the exposing step is

performed during the plasma etching.

18. The method of claim 13, wherein the plasma etching is
performed by a chlorine based chemistry.

19. The method of claim 18, wherein the exposing step
promotes photodesorption of copper chloride.

20. The method of claim 19, wherein the coppex chloride is
desporbed as a gas. ‘ C

21, The method of claim 13 further comprising one Qf more
steps selected from a group of steps consisting of adjusting

the intensity of photons, enexqgy of photons, or total number
of photons.

22. The method of claim 13 wherein'the improvement of the
process further comprises the.improvement selected from the
group consisting of: '

increasing resist selectivity, decreasing striation
during etching, improving aspect ratio  etching,
substantially elimivating chaxging damage, decreasing
profile notching induced by charging damage, improving
pfofile control, decreasing microloading, mitigating gap
£ill  difficulties, Jimproving etch rates, improving
selectivity of oxides over silicon and silicon nitride, in-
situ hardening of photoresist, increasing the mean time
between cleanings, and decreasing copper-induced residue.

23. A method of reducing copper-induced xesidue erl g an
etching process comprising the steps of:

stching a layer on a semiconductor wafer using a

chlorine-based chemistry that forms copper chloride;
—’/

Thls Sheet Has Bee;ﬂ{eplaced
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exposing the se.mlconductor wafer to photons that
photodesorb the copper chloride..:-".’ C

24. The method of claim 23, wh’e?éih the copper chloride is
desorbed as a gas. o .

25. The method of claim 23, wherein the photons have a
wavelength in a freqguency band selected from the group of

infrared, ultraviolet, wvacuum ultraviolet, snd visible or a-

combination therecof.

26. The method of claim 23, wherein the photons are produced
by a lanp.

27. The method of claim 23, wherein the exposing step is
performed during plasma etching.

28. The method of c¢laim 23, wherein the etch step comprises
etching a predominantly aluminum layex.

29. The method of claim 23, wherein the etch step comprises
etching a predominantly copper layer.

30. The method of c¢laim 23 wherxein the exposing step further
comprises an improvement selected from the group consisting
of:

increasing resist selectivity, decreasing striation
during etching, inproving aspect ratio etching,
substantially eliminating charging damage, decreasing
profile mnotching induced by charging damage, improving
profile control, decreasing micrcoloading., mitigating gap
£ill difficulties, improving etch rates, improving
selectivity of oxides over silicon and silicon nitride, in-
situ hardening of photoresist, increasing the mean time
between cleanings, and decreasing copper-induced residue.
31. A computer-readable medium having stored. thereon a
plurality of instructions, the plurality of instructions

Thls Sheet Has Been. R laced




10

s

20

25

30

35

* [ L M (3 *

~15-

including instructions which, when executed by a comput:er,
cause the computer to control'-'_ a semiconductor ;wafex

plasma processing a semiconductor wafer; and
exposing the semiconductor wafer to photons.

32. The nedium of cla'im, 31, vherein the pizotons have a

. wavelength in a freQuency band selected from the group of

infrared, ultraviolet, wvacuum ultraviolet. and -vis‘ible or a
conbination thereof. K

33. The medium of claim 31, wherein the photons are produced
by a lamp.

34. The medium of claim 31, wherein the exposing step of the
method comprises the step of introducing orgam.c ligands to

the plasma.

35. The mediym of claim 34, wherein the photons reacted with
the organic ligands improves the process plasma performance.

36. The medium of <laim 31, wherein the semiconductor wafer
further comprises - a layer selected from the group of
materials c¢onsisting of aluminum, tungsten, tungsten
silicide, silicon, silicon dioxide, silicon nitride, silicon
oxynitxide, photoresist, titanium, titanium nitride,
tantalum, tantalum nitride. '

37. The medium’ of claim 31, wherein the exposing step
promotes photochemical desorption ¢f a material that would

‘otherwise intexfere with processing of a layer disposed on

said semiconductoxr wafer.

38. The medium -~ of claim 37, wherein the material is
desporbed as a gas.

ThlS Sheet:Has Been Replaced -.
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39. The medium . of claim 31, wherein the exposing step
results in an improvement of t.he b_roeess selected f£rom the
group consisting of: o

increasing res:.st selectlvity, decreasing striation
during etching, improving aspect  ratio etching,
substantially eliminating charging damage, decreasing
profile notching induced by charging damage, improving
profile control, decreasing microleading, mnitigating gap
£i11l Qifficulties, improving etch rates, improving
selectivity of oxides over silicon and silicon nitride,. in-
situ hardening of photoresist, increasing the ‘mean time

between cleanings, and decreasing copper-induced residue.

40. The medium of claim 31, wherein the exposing step occurs
during the plasma processing.

O 0

—_—
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