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on the substrate: pure chem cal etch, pure physica

etch, and reactive ion etch. [0002JPure chem ca

etching general ly invol ves no physical bonbardnent,

but rather a chem cal interaction of neutral nolecules

(neutrals) with materials on the substrate (e.g., A

etc.). Subsequently, the chem cal reaction rate could

be very high or very |ow, depending on the process.

For exanple, fluorine-based nolecules tend to

chemcally interact with dielectric materials {
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conponents is shown. Generally, an appropriate set of
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be transported to etch front 214, or deflected away if




conposed of ions 208. In conbination with substrate

tenperature control 216 and bias creation 218, these

factors may subsequently affect profile 210 and

surface quality 212. As previously described, ions are

often used in etch reaction 220 to physically
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etc.), while neutrals and radicals may be u ig a. 1
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di agram conparing selectivity to RF power in a plasm

etch process is shown. Al other plasma process

characteristics held constant, in general, increasing

RF power reduces etch selectivity since the etch

process tends to be nore physical (i.e., sputtering)

and | ess chem cal. As previously described,



[0018] Referring nowto FIG 8, a sinplified diagram

conparing selectivity to pressure in a plasma etch

process is shown. In contrast to FIG 7, all other

pl asma process characteristics held constant, in

general , increasing pressure tends to increase

sel ectivity, since the plasma, saturated with ions,
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a method for optimzing etching of a substrate. The
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plasma etch process; [0030] FIG 4 shows a sinplified

di agram conparing etch rate to pressure in a plasna

etch process; [0031]FIG 5 shows a sinplified diagram

conparing uniformty to R F power in a plasm etch

process; [0032]FIG 6 shows a sinplified diagram

comparing uniformty to pressure in a plasna etch

process; 100331FIG 7 shows a sinplified di
subsimpeatchohprairstt. | Hiempthod fumieriaclades P‘Pﬁlté?nﬁlgééﬁ%f"ét{" g2 chuck in

;@as?n%%%ocess{ng Q{f’ tok: Gnd SriSEOYSlasnaSitHR thé pl@ﬁndj;bra@lés”ﬂ@ chamber
ect I’'vi ty to pressure In a
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cess 0036 ? 10 shows a
thssemm sﬁbs@atemchghamﬁt@é%? ﬁllﬁga%h’ PRIBIZess of etch

[oﬁiﬁ file 9 invention relates, in another embodiment, in a plasma processing system, to
an apparatus for optimizing etching of a substrate. The apparatus includes means for selecting
a first plasma process recipe including a first process variable, wherein changing the first
process variable by a first amount optimizes a first substrate etch characteristic and aggravates
a second substrate etch characteristic. The apparatus also includes means for selecting second
plasma process recipe including a second process variable, wherein changing the second
process variable by a second amount aggravates the first substrate etch characteristic and
optimizes the second substrate etch characteristic. The apparatus further includes means for
positioning a substrate on a chuck in a plasma processing chamber; and striking a plasma
within the plasma processing chamber. The apparatus also includes means for alternating
between the first plasma recipe and the second plasma recipe, wherein upon completion of the
alternating, the first substrate etch characteristic and the second substrate etch characteristic are
substantially optimized.

[0025] These and other features of the present irivention will be described in more
detail below in the detailed description of the invention and in conjunction with the following

figures.

BRIEF DESCRIPTION OF THE DRAWINGS
[0026] The present invention is illustrated by way of example, and not by way of
limitation, in the figures of the accompanying drawings and in which like reference numerals

refer to similar elements and in which:

[0027] FIG. 1 shows a simplified diagram of plasma processing system components;
[0028] FIG. 2 shows a simplified view of a plasmé. etch process;

[0029] FIG. 3 shows a simplified diagram comparing etch rate to RF power ina
plasma etch process;

[0030] FIG. 4 shows a simplified diagram comparing etch rate to pressure in a plasma
etch process;



pressure in a plasna etch process; [0037]FIG 11 shows
a substantially optimumetch rate that may be achi eved
by alternating anong a set of conplenentary etch
process recipes, according to one enbodi ment of the
invention; [0038] FIG 12 shows a substantially optimm
uniformty that may be achi eved by alternating anong a
set of conplenmentary etch process recipes, accordin
[OUS#] one ewo}g distwsvsta sodplifibddipgrom gompming W&@ﬁ?"éf Bagver M
sho a_substanti all [ i Vi
plésg}#’gc\l}&r]oc%sg, al t er nat iyngpfalrmwngrgn Zels:ft Io;” E:g tr::reﬁgr e
[06321h pr OBISs § shavesi apeeplifiad diggram fgmpasing HRi © B‘fy&‘
plt heaétclﬂvg&%gson; [0040] FIG 14 shows a substantially
BPtiTim etch profile may be achi eved hy alternating
[0adaing a B 7s Ow@ﬁé%ﬁﬁgf?m&@ﬂmﬁ‘ﬁé‘gé%lw fé’o‘#ﬁ%"&eg‘“a
p%%%c%l F%egso one enbodi ment of the invention; and
P 15 shows a_di agram showi ng .a_si
[0934lhod f BIC- Sebererh smaplifigd 81%?‘&8{“!’?{5‘83?‘}6%‘5 ‘“EF
e‘g‘%ﬁ?ﬁ?igsa' gugs?l atsrm processing systemin order to
[@0BS i nv eﬁ{(ﬁ.@ﬁ_howsr f sitgﬁliﬁaeg (c:lg.rgr%{nnc%mtpgrin%rw]/grti%eﬂgl%gl orfrgﬁfx pt%f'ﬂc to RF

power in a plasma etch process;

lified.
0 épger?g\ggm a plasma

[0036] FIG. 10 shows a simplified diagram comparing vertical-ness of eich profile to
pressure in a plasma etch process;

[0037] FIG. 11 shows a substantially optimum etch rate that may be achieved by
alternating among a set of complementary etch process recipes, according to one embodiment
of the invention;

[0038] FIG. 12 shows a substantially optimum uniformity that may be achieved by
alternating among a set of complementary etch process recipes, according to one embodiment
of the invention;

[0039] FIG. 13 shows a substantially optimum selectivity that may be achieved by
alternating among a set of complementary etch process recipes, according to one embodiment
of the invention;

[0040] FIG. 14 shows a substantially optimum etch profile may be achieved by
alternating among a set of complementary etch process recipes, according to one embodiment
of the invention; and

[0041] FIG. 15 shows a diagram showing a simplified method for sequentially
alternating among plasma processes in a plasma processing system in order to optimize a

substrate, according to one embodiment of the invention.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
[0042] The present invention will now be described in detail with reference to a few
preferred embodiments thereof as illustrated in the accompanying drawings. In the following

description, numerous specific details are set forth in order to provide a thorough



DETAI LED DESCRI PTI ON OF THE PREFERRED EMBODI MENTS

[ 0042] The present invention will now be described in

detail with reference to a few preferred enbodi nents

thereof as illustrated in the acconpanyi ng draw ngs.

In the foll ow ng description, numerous specific

details are set forth in order to provide a thorough

under st andi ng of the present invention. It wl I.1 ge art,
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[0047] Referring now to FIG 12, a substantially

optimumuniformty nmay be achi eved by alternating

anong a set of conplenentary etch process recipes,

according to one enbodi nent of the invention. All

ot her plasma process characteristics held constant in

a first process 1204, at | ow RF power, fewer ions may
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Referring now to FIG. 14,2 substantially optimum ¢tch profile may be achieved
according to one

[0051]

by alternating among a set of complementary gich process recipes,

embodiment of the invention. All other plasma process characteristics held constant, in a first
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process 1404, in general, increasing RF power tends to

i ncrease the nunber of ions and hence the vertica

etch rate and subsequent vertical profile. [0052]1n a
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etc.). It should also be noted that there are many

alternative ways of inplenenting the nmethods of the
present invention. [0056] Advtantages of the invention
i ncl ude net hods and apparatus for sequentially
alternating anong plasnma processes in order to
opti m ze a substrate. Additional advantages may

i ncl ude conpensating for non-uniformetch rate by
using two processes with conplenentary etch profiles,

i mprovi ng substrate yield and throughput, and the
mai nt enance

Iseécogg) subStrate etch

O




of substrate-to-substrate repeatability. [0057] Havi ng
di scl osed exenpl ary enbodi nents and the best node,
nodi fications and variations nay be nmade to the
di scl osed enbodi nents while remaining within the
subject and spirit of the invention as defined by the
followng clains. CLAMS |.In a plasm processing
system a nethod for optinizinq etchin%,of a subsﬁgat%
Excbn®¥ HET,2300™, VersysTh fiag eicppthsr Plasnea Profe %éysﬁ?%sc@%ys © usec:
Tﬂifﬁ'v%oﬁ 91941 Mel BM0hs8d fvith Sulbstiied 6L GSioNSdiaradire(e\i., 200 aint, 300 mm,
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y a firsSt anmount optimzes a first substrate etch
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LPFPRIMg a p?asna Wi thin said plasma processing
spifitenfitterinvention as deféried by ﬁ&tf@llﬁ)g"flﬁé’?%%n said first plasma
reci pe and said second plasna reci pe, wherein upon
conpletion of said alternating, said first substrate
etch characteristic and said second substrate etch
characteristic are substantially optimzed. 2. The

met hod of claim1, wherein said first substrate etch
characteristic conprises etch rate, said second
substrate etch characteristic is etch uniformty, said
first process variable is RF power, and said second
process variable is chanber pressure. 3. The nethod

of claim1, wherein said second substrate etch
characteristic conprises
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one of etch rate, uniformty, selectivity, and etch
profile. 4. The nmethod of claim1l, wherein said first
process variabl e i ncludes one of process tinme, RF
power, chanber pressure, gas conposition, gas flow,
substrate bias, and RF frequency. 13 0 5. The net hod
of claiml, wherein said second process variable

i ncl udes one of process tine, RF power, chamber
pressure, gas -conposition, gas flow substrate bias,
and RF frequency. 6. The nmethod of claiml, wherein
said first substrate etch characteristic is etch
selectivity, said first process variable is RE power,
and sai d second process variable is chanber pressure.
7. The nethod of claim1, wherein substrate second
subst¢dMSet ch characteristic is etch profile, said
flrst pro varlab .e |s RF r % [ e

process vé & PSS B § B%gﬁdp%aﬂ z@ge@mﬁfggggg?mw
clalwmmwwmhereln said alternatlng occurs once every
predet er mefa&id b ii68 plR&Mal fa6bess Jeclpd iluflihs ARt ro@sesddblgrith all
?O/ﬁ,:)rep grfnan%focess cgaractensucs 8% saEH ﬁrsp glas%ta %Mp@ g)thgxf théh SHORL ﬁ'&}@ss
- variable held constant, wherein changing said first process variable by a first amount
optimizes a first substrate etch characteristic and aggravates a second substrate etch

characteristic;
selecting a second plasma process recipe incliding a second process variable with

all plasma process characteristics of said second plasma recipe other than said second
process variable held constant, wherein changing said second process variable by a second

amount aggravates said first substrate etch characteristic and optimizes said second substrate

etch characteristic;
positioning a substrate on a chuck in a plasma processing chamber;

striking a plasma within said plasma processing chamber;
alternating between said first plasma recipe and said second plasma recipe, wherein

upon completion of said alternating, said first substrate etch characteristic and said second

substrate etch characteristic are substantially optimized.

2. The method of claim 1, wherein said first substrate etch characteristic comprises
etch rate, said second substrate etch characteristic is etch uniformity, said first process

variable is RF power, and said second process variable is chamber pressure.

3. The method of claim 1, wherein said second substrate etch characteristic comprises

one of etch rate, uniformity, selectivity, and etch profile.

4, The method of claim 1, wherein said first process variable includes one of process
time, RF power, chamber pressure, gas composition, gas flow, substrate bias, and RF

frequency.
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selecting a first set of plasma process recipes
including a first process variable with all plasnma
process characteristics of said first plasma recipe
other than said first process variable held constant,
wherei n changing said first process variable by a

first anmount optim zes a first substrate etch
characteristic and aggravates a second substrate etch
characteristic; sel ecting a second set of

pl asma process recipes including a second process
variable with all plasma process characteristics of
said second plasnma reci pe other than said second
process variable held constant, wherein changing said
second process variable by a second anountzggq §dg}g%of
sai d 5f i r sThegueied phelaimel, ‘hhe’é?l?aﬁa’éc*@?q BPgeR ptim

sai d pRegoinsk, RE BSiek, ahanbert maisued) grsaatesitiap! gag flop @shswechﬁ&r?gd
a su%iﬁrate on a chuck in a plasma processing chamber;
stri a ﬁlasna within said plasma processing

chanber ; al ternating between a plasma recipe of
saidefir sthe S&fhod) bf hiRSHEwbe@Ri fid Sird Rubsiaatepdthseharagtasisiopie ofch

f ssl e is
rom ez évétryr ? Ip%ce: t arlaﬁé ?&Sl@a Jv@tc 'angieévd ohed Et’o& L4 b1

conpfet ernating, $aid first substrate
etchd@hhra@$@?|st|c and sai d second substrate etch
characteristic are substantially optimzed. 10. The

met hod OfThg | %’.JJ‘ 019 dlalm %vhgxleﬂ sﬁtgir?e suoﬁ Bbsﬁéﬂpééhrcﬁérﬁteﬁgtﬁ R etch

char 4ct eri 815 ¢ conp rate un|b mﬁ%a
sel eprpfilg Fil*i/ﬁlﬂtawwsﬁa‘taﬁwledﬁ BF Pyt a@lsa‘d TR PRPHL AT R

9, wheked.n said second substrate etch characteristic
conprises one of etch rate, uniformty, selectivity,

and etch profile. 12. The nethod of cla|n1Q; n%aammm
sai &8 i r he pethod eEdaipds Whgstie sHdAFTRIRE OGIROWF YSPIEEE

t i meimefpEridaower , chamber pressure, gas conposition, gas
fl ow substrate bias, and RF

9. In a plasma processing system, a method for optimizing etching of a substrate
comprising:
selecting a first set of plasma process recipes including a first process variable with
all plasma pracess characteristics of said first plasma recipe other than said first process
variable held constant, wherein changing said first process variable by a first amount
optimizes a first substrate etch characteristic and aggravates a second substrate eich
characteristic;
selecting a second set of plasma process recipes including a second process variable
with all plasma process characteristics of said second plasma recipe other than said second
process variable held constant, wherein changing said second process variable by a second
amount aggravates said first substrate efch characteristic and optimizes said second substrate
etch characteristic;
positioning a substrate on a chuck in a plasma processing chamber;
striking a plasma within said plasma processing chamber;
alternating between a plasma recipe of said first set of plasma recipes and a plasma

recipe from said second set of plasma recipes, wherein upon completion of said alternating,

o
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frequency. 13. The nmethod of claim9, wherein said
second process variable includes one of process tine,
RF power, chanber pressure, gas conposition, gas flow,
substrate bias, and RF frequency. 14. The nethod of
claim9, wherein said substrate is sem conduct or

wafer. 15. The nethod of claim9, wherein substrate is
a glass panel. 16. The nmethod of claim9, wherein
said alternating occurs once every predeternm ned tine
period. 17. In a plasma processing system an
apparatus for optim zing etching of a substrate

conpri si ng: neans for selecting a first set of
pl asma process recipes including a first process
variable with all plasma process characteristics of. ..
sai d sfid fisst sybsteats rich reBarpcpreistist R said FRgPRd SHESERY P PrBT B EESS
vari ghk@nti®logimeast ant, wherei n changing said first
process variable by a first anount optim zes a first
substrate etch characteristic_and aggravgtes a¥§ec%pgws
subsl.at eThe method-ofzehaire Peyhetsin; said first substrate pich harapigristic comp
sel egldpBchdats 8RRALySRkctity, RldaRhProfilt.ocess reci pes

i ncludi ng a second process variable with all plasm
process characteristics of said second plasma n%c%pe.“s
ot heil.t hafhe methed of deimfewhareeidseoong sphstatee &P RoRETHE tARES
wher gle3r G LliBmSR) Sledieoad oo pofiiss vari abl e by a
second anount aggravates said first substrate etch
characteristic and optimzes said secon sugﬁtrat% 0CESS
et chiZ harTaemehdd of tlgim Ireharedn Pigrig gorees BRI RIS IBST Far e
ON Ak Wkoolvll, ShaibedproBsuR] @B aBRPABTOG Rantley, subvedmbiasf gpd RF
striking a plasma within said plasma processing
chanB8p=:

13. The method of claim 9, wherein said second process variable includes one of

process time, RF power, chamber pressure, gas composition, gas flow, substrate bias, and

RF frequency.

14. The method of claim 9, wherein said substrate is semiconductor wafer.

15. The method of claim 9, wherein substrate is a glass panel.

16. The method of claim 9, wherein said alternating occurs once every predetermined

time pertod.

17. In a plasma processing system, an apparatus for optimizing etching of a substrate

comprising:

means for selecting a first set of plasma process recipes including a first process
variable with all plasma process characteristics of said first plasma recipe other than said
first process variable held constant, wherein changing said first process variable by a first

amount optimizes a first substrate etch characteristic and aggravates a second substrate etch

characteristic;
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means for alternating between a plasma recipe of said
first set of plasma recipes and a plasma' recipe from
said second set of plasna recipes, wherein upon
conpletion of said alternating, said first substrate
etch characteristic and said second substrate etch
characteristic are substantially optim zed. 18. The
apparatus of claim 17, wherein said first substrate
etch characteristic conprises one of etch rate,
uniformty, selectivity, and etch profile. 19. The
apparatus of claim 17, wherein said second substrate
etch characteristic conprises one of etch rate,
uniformty, selectivity, and etch profile. 20. The
apparatus of claim17, wherein said first,procg;s d
vari abl e inreo$ fodeelectingea sspong sefof lasmeg pracesspieinst {fgipdime a secon
ChambgesDBaa @ allpRSmLR6RAShdrdc@iistiosgasaid deomd plsmb sripaoteer

bi as,, and, RE frequenc T L claiy
17" WrBre gl G e 178 oS, SRR, aihacd Lo

of pvaible by 4 jermad arREntearevates seifl Srhwhstpe gefsdreeterifg &
]?onpgﬁél&izog@szub&@t_?_ﬁt@ﬂ&%ctﬁmt ra]tc e Ibi as, andéégF _ y
requency. e apparatus o . SF Ghllbes
substratém?§5§éﬁ?%ﬁﬁgg%%%?wﬁ%?%?%lgg. +%g°app%ratus of
cl ai m 17, meaindprairiving eipjeste witkin said plpsrod picessBEFIRIL 24, The
appar at USydafs 6 aRirBtidelbetwbial phisime Sdietf alid fit navfiphgnaoeipay ad

once a epl\:{ls?n{a-yre 1pre %%rentsgiﬁ rsgcgn%dsettdf 'JEsnB%c'prQ wWierein upon completion of said

alternating, said first substrate etch characteristic and said second substrate etch

characteristic are substantially optimized.

18. The apparatus of claim 17, wherein said first substrate etch characteristic comprises

one of etch rate, uniformity, selectivity, and etch profile.

19. The apparatus of claim 17, wherein said second substrate etch characteristic

comprises one of etch rate, uniformity, selectivity, and etch profile.

20. The apparatus of claim 17, wherein said first process variable includes one of

process time, RF power, chamber pressure, gas composition, gas flow, substrate bias, and

RF frequency.

21. The apparatus of claim 17, wherein said second process variable includes one of

process time, RF power, chamber pressure, gas composition, gas flow, substrate bias, and

RF frequency.

22. The apparatus of claim 17, wherein said substrate is semiconductor wafer.
23. The apparatus of claim 17, wherein substrate is a glass panel.

24, The apparatus of claim 17, wherein said alternating occurs once every

predetermined time period. o
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