r NULTIPLE—STEP PLASMA ETCHI NG PROCESS FOR SI LI CON NI TRI DE BACKGROUNDgngAN Fifh
JHE ILNVENTION 1. Field of the Invention The invention relates to the fie

of manufacture of mcroelectronics fabrications. Mre particularly, the
invention relates to the field of etching of mcroelectronics |ayers
enployed w thin mcroelectronics fabrications. 2. Description of the

Rel ated Art Mcroel ectronics fabrications are manufactured enpl oying | ayers
of mcroelectronics materials forned sequentially on substrates.

M cr oel ect r MUICEPE FnBTER BEASMAETCHINIG BROGHSSHOR STLIQON NIMREEND shapes,
are insulated fromeach other and other conductor regions by

m croel ectronics dielectric layers. In the fabrication of particul ar
geonetries of mcroelectronics materials, it is necessary to form
patterns fromlayers of such materials. This is commonly done enpl oyi ng
subtractive etching of the mcroelectronics material |ayer through 20 MAY |
;2 0 MAY 2004 patterned etch mask resist |ayers formed upon the

m croel ectronics layer. In other cases, the patterned nask |layer acts as a
barrier layer to avoid a particular reaction of a |layer. Anong the

m croel ectronics materials enployed in mcroelectronics fabrication,
silicon nitride is widely used both for its dielectric properties and for
its etch resistant properties. |In order to etch patterns in silicon
nitride |layers conveniently, it is common practice to enploy dry etch

met hods i nvol ving plasma activation of reactive ions. In order to obtain
h}gh resolution patterned layers of silicon nitride with variable spacing
and mai ntain control over the groflles of high aspect ratio pattern

features, the etching ProBEERQGUNB@EAEEBYGENFION| pl e process steps and

i. Field of the Invention

The invention relates to the field of manufacture of microelectronics fabrications.
More particularly, the invention relates to the field of etching of microelectronics layers employed

within microelectronics fabrications.

s 2. Description of the Related Art

Microelectronics fabrications are manufactured employing layers of
microelectronics materials formed sequentially on substrates. Microelectronics conductor layers,
- often patterned into lines and shapes, are insuiated from each other and other conductor regions
- by microelectronics dielectric layers. In the fabrication of particular geometries of
microelectronics materials, it is necessary to form pattérns from layers of such materials. This is

commonly done employing subtractive etching of the microelectronics material layer through



materials for optimum performance. The selectivity of the etching of ,
silicon nitride layers conpared to other materials is inportant, si21l?:émY 2004
silicon nitride layers are often forned over other materials, in which

case it is often necessary to assure the etching of the silicon nitride

| ayer conpletely while keeping the tinderlying |ayer essentially unaffected

and intact, .. real L . i I silicon
i de | EgisPRRcR sifrRAe o digh e BhkoBb RO, B PR ERECTHE O
ni tride | asgterngdandsie lameraodes a bamiek layeo savofd a pagtichlabteectivhof olagardi ng of t he
substrate being etched while avoiding significant damage to underlying
material |ayers. Wiile satisfactory nethods for plasma etching of silicon

nitride layers in Qe6eItaémakcicM dhitARiterialseplbyfEh MeSeiad Ak tabkkhibRUt
difficulties. For exanple, the etching of a high aspect ratio feature

within a sfisarcrdnistrideieused e ford didesigicrronarties enldhr kortehaesigent PRDSTGH t he
silicon nig Ll i e} i : [Waa¥ t he
oot mmy. T HT PR Rerh R b L ety & SR AN R Y TP e
sel ect i vi ttgh ofetholisingsling plasnmi detivafion ef whctivaioas. dmbider tormieimingh feeolytémy hi gh

conpared tQ, ot her adjacent .or underlying materials. Vari.ous t hods have
been. d scPBEirFye el SRty Rls VR Srlle e af oiinfinpofo Qe BF bl pi o
| ayers f ohigkdspepraniopduer femines, itiad Schind poitssel KENRADIoYImANIE HrobRBRES aMit h
various rate  selectivity. For exanple, ,Longl,F in US. Pat, No. 5,013, 398,
di scl oses M@t REAPFBY™ BEEHTHE a kIt 197 OF Fistipa PESiEn SiTde s
oXi de/ si | c&GRRk&d thioBRPmMPEHALs GhidrBhl tnte HIRYE hifrideTay@rsbd R foRARCL othe 2 2
0 ‘MAY 2004 met hod enpl oys sul fur hexafluoride and trifluoronethane to etch
si licon oxpgdals,amghicy gise §anofidsmeerssiey toaswtathe eichingofithe Siqonagridalayeri de may
be used iy iLic %l de Eur 1 in US. Pat. No.
5, 354, 417?"@@%‘?8‘2’2‘3 Réepint L (S §e‘?eb%$§’%‘“’“ﬁ3§%‘%ﬁe§e‘%? ﬂ’!éac%ol ybdenum
silicide |ayer through a resist mask. The nethod enpl oys sul fur
P ﬁéagggom )C(ite u?gd hqul[aipeqse 3 nebegi ar sglgctgrg@%?cﬁnémo} s? pa fetrad gi]igornergit%ﬁg Bllyé{' t5 dded to

maintain critical dimensional control of the silicon nitride layer pattern under conditions of

variable microloading of the substrate being etched while avoiding significant damage to

underlying material layers. While satisfactory methods for plasma etching of silicon nitride layers

in general are available, such methods are not without difficulties. For example, the etching of a

" high aspect ratio feature within a silicon nitride layer may result in trench formation through the
silicon nitride at the foot of the feature while the region away from the foot may still contain

unetched silicon nitride material. In addition, the selectivity of the silicon nitride etch rate ratio

may not be very high compared to other adjacent or underlying materials.

Various methods have been disclosed for etching patterns within silicon nitride
dielectric layers formed upon other materials in dry plasma eich environments with various rate

selectivity.

For example, Long , in U.S. Pat. No. 5,013,398, discloses a method for etching a

sandwich structure of silicon oxide/silicon/silicon oxide dielectric layers in a single chamber. The
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Sti-l'l further, Huang et al., in US. Pat. No. 5,854,136, disclose a2{ MAY 2004
multi-step method for etching a layer of silicon nitride over a |ayer of
silicon oxide. The three-step nethod enploys a first anisotropic etching
envi ronment of CHF3, SF6 and He gases to etch the bulk of the silicon
nitride |layer, followed by a second step in which HBr replaces CHF3 to etch
t he remi ipld r OVi t of

over - et ch?ﬁlgfyd %B%lh%%alﬁgthg%ﬁgérhp aha hﬂﬁaﬁrﬁ%})}%n% eg(% 3%89(“ %fﬂé ﬁgﬁa’g?gﬁ t he

et chi ng nbmmtdeeoemhsiﬁwr&hmnnmd& mef baeed dptRe oFsamah byide. Padmapani et al .,

in U S Pat. No. 5,877,090, disclose a nethod for etching a silicon
nitride dielectric |layer over a silicon oxide dielectric |ayer. A plasm

sust ai ni ng gas t hakurthie) Chetéhg %t A, i UEECPatl Ko. 65@4%?%%10%@& HMfﬁB@EﬁEel@&iQ@‘ de
and. one or,  both of nitrogen trifluoride and sulfur hexafl uori

Desi r abl eSfHing ¢fe@ mglvhdenus slicide laer thenvich 8 rsigbrpdal honethoderaplelistsiinal et hods
(O o ot SPAENBRNL SIS0l b0 G20 Sl Bk SRertthiPhddel QPRI RS & 0t T ©

| ayers enpl oyi ng dry”pl asma var yi ng sel 8t Vi
etching rates. IS towards these goal s that the present inventi on IS

of 'the L¥eS;L?Cf ﬁSéﬁ‘f’iﬁ%%eﬁ g <Eilo U B Srfs P PP auiteeepedel | ve

et chi ng dbr ac}pmgamw of silicon Silthidecor Mialér off SilieinIxRe! THeGhled¥RH nfeoiBApRYEL A
substrate, e o \fypt hin a mcroel ectronics fabrication. A second obj ect

of the pris¥ ngervisonmsniet S oS and His gases tp teltibe bollvof the sifieon 1 1 st
obj ect Ofmﬁxhgla?éreﬁ)ﬂMed H}\ées@édng RBsep WShiEh f—[ﬁ? Feﬁlab% (:cfﬁ* QS’ b e YerfidifiddE Gt e

'pattern|na3|l|con nitride [ayer enployi l'asma. environments with
critical SHicpntidsaad rovide ﬁ@halbﬂﬁ@uat @fewaiatteldngmcthmd sialdcn@o)amddlabmbﬁ ang of

under | yi ngid; St @\nh}g ik resent invention is to provide a
et hod i ac@%’fég Q h Qm?li’érg ¢ asQJre trel?x?ovgl otP& dtues
Finally, Padmapani et al., in U.S. Pat. No. 5,877,090, disclose a method for etching
a silicon nitride dielectric layer over a silicon oxide dielectric layer. A plasma sustaining gas that -

includes nitrogen is employed with hydrogen brormde and one or both of mtrogen trifluoride and
sulfor hexafluoride.

Desirable in the art of microelectronics fabrication ére additional methods for
etching patterns with high aspect ratios in silicon nitride dielectric layers employing dry plasma

) etch methods with varying selectivity of etching rates.
H ]

It is towards these goals that the present invention is generally directed.




first object of the present invention and the second object of the prggm “oa
i nvention, where the invention is readily commercially inplenented. Y
‘accord with the objects of the present invention, there is provided a
method for selective dry plasma etching of patterns in silicon nitride
dielectric layers. To practice the invention, there is provided a silicon
substrate having formed t si.licon oxi pad oxi de |ayer over
which is forrredga sili congﬁwggsgﬁFéi WT r. There is formed over
the substrate a patterned photoresist etch mask | ayer. There is then
selectively etched the pattern of the photoresist etch nmask into the
silicon nitride layer enploying a four-step dry plasma etching process in
through® otching . S5s s RR NG RiGIE LG ] dheod bk Sh RS, ) o

et chi ng $eleqaivefatch.hgoﬁapa:oterrporatsﬂmm aifride delectsic layerdhrnmdtaviedesubsigaer engpioled t hird
"buffer" chin s}e Lete the patterned silicon nitride layer; and
(3) a fomﬂ” a.rBngéc}e_egtt? fcbr"ggﬁlcﬁ‘g step to assure conplete renoval of silicon
nitride wthout excessive etchi ng of underlying layer. These steps
conprise the selective etchin silicon nitride pattern wth critical

di mensi onal cont r of* S¢A%8¢ wgcto Q‘Fé’“ﬁ%n*&IVF@WEa%t@d’TOWecﬂB?‘b%Fﬁ@COT%W@&FS and
the  excesgid Yioflof Hefestlh MRS, Whitd ulkRI € bl livelfercndd et B4R nlfRENOT OF
the present invention nmay be pfacticed on silicon nit e dle ectric

| ayers f daymeeinpears &y Piamem’ub@tmmm @itipd! dlineeolsivha hmmromrcirmmawdr oni cs

fabrl cati ogrgloa(ﬂcl uca tf n@ol : m ted to integrated circuit

ni croel eCPFORICE FABTT €& oS ynﬁ 5 coupl ed di splay mcroel ectronics
fabrications, solar cell mcroelect ronl cs fabri catl ons and opt oel ect ronics

di splay m croel ectani fabrjcations. The, rese i nvention enpl o
material s and met h‘ég@‘d\/ﬂi’i é"%prﬁWBm"an("f ‘ﬁgo By er“em gl‘rb@c%r Sepithd %s

fabri cat ife obibét of thedrddont BlveRiditind ARdes&R0 UERG @ thkhedef ohenddrewh®t hrd of the
present invention is readily comercially i npl enent ed.
invention is readily commercially implemented.

(0

In accord wifh the objects of the present invention, there is provided a method for
selective dry plasma etching of patterns in silicon nitride dielectric layers. To practicé the
invention, there is provided a silicon substrate having formed thereupon a silicon oxide pad oxide

* layer over which is formed a silicon nitride dielectric layer. There is formed over the substrate a
patterned photoresist etch mask layer. There is then selectively etched the pattern of the

) photorestst etch mask into the silicon nitride layer employing a four-step dry plasma etching

process in three plasma etching environments which include: (1) a first “break-through” etching
step to initiate pattern formation; (2) a second “bulk” etching step of the major portion of the
silicon nitride layer and a third “buffer” etching step to complete the patterned silicon nitride
layer; and (3) a fourth “over-etch” etching step to assure complete removal of silicon nitride
‘without excessive etching of underlying layer. These steps comprise the selective etching of
silicon nitride péttem with critical dimensional control whereby there is attenuated microloading

effects and the excessive etching of underlying material.




BRI-EF DESCRI PTI ON OF THE DRAW NGS The obj ects, features and advant ages of

the present invention are understood within the context of the Descr idfd MaX 2004
of the Preferred Enbodinent as set forth bel ow. The Descri ption of the
Preferred Enbodi ment is understood within the context of the acconpanying
drawi ngs, which forma material part of this disclosure, wherein: Fig. 1,

Fig. 2, Fig. 3, Fi 5an Fig..6 are direc ovvard ener al
enbodi nent of the gl;hgénee‘ﬁ}ic’d%ft 83{*’?‘%{1&"\)@?‘?}% ﬁgﬁaftﬂﬁeégnﬁ'??Pé‘ftgg?‘gﬁlgctm

ermbodi meniayers forined pvee sitita subsninenémsloyed Figin rictodlebttdhics Gabhbaltﬂdﬁg ihethdnd Mg
formation, gﬁ]cl)n a silicaon sem conductor substrate enp %/ed wthin a
m cr oel ecPtdnited 19 nsETated cireyi migtoelgctppios dabrgaioss, ICP?EW%‘PIF HigRlaxdi el ectric

layer  enplcdidfomcbdricRtids %lé&ﬂ?ltrﬁ;@x%l'e&ﬁm&@ bBALANEs HUG g{é,@gctpc{n%@ Ella%‘f:‘ét h

critical dimensional control whereby there is attenuat mcro .
ef fects amyrelesbemesiebrisaiidtibng of underlying material layers. 2 0 MAY 2004
DESCRI PTI ON OF THE PREFERRED EVMBODI MENT The present invention provides a
nmet hod for dry plasma subtractive etching of a pattern in a silicon
nitride dielectric Thaypesent avesdn apploysamaedadlson n&ﬂﬁﬂ@@lﬁdﬂ&‘%@ﬁmﬁzﬂh&ﬁd’ at e

enpl oyed w t.hi amcr eectLonicsf brication. Referrin owto Fig to

Fig. 6, tHIMEOPIETLRRoGealign piidn g povel prdnsand sequenses Thesglore; gthof %fgﬂleans

i 11 ustr atpro@nt iReenti6sid rdaBilPdonMeERAIRGmpint i) @ silicon nitride dielectric
| ayer upon a silicon sem conduct or substrate enpl oyed within a

m croel ectronics fabrication, a pattern enploying a nultl-step sel ective
dry plasma etching, in accord with a general nethod of the present

i nvention which is a preferred enbodi nent of the present invention. Shown
in Fig. | is a siliconBsdEFPRERIPTIONDE THR BRAWINGS which is forned a
silicon oxide dielectric pad oxide layer 12. Fornmed over the pad oxide

| ayer is a siticon nitride dielectric |ayer 14. Forned over the substrate
is a patterned photoresist |ayer 18 and optional

The objects, features and advantages of the present invention are understood
within the context of the Description of the Preferred Embodiment as set forth below. The
Description of the Preferred Embodiment is understood within the context of the accompanying

drawings, which form a material part of this disclosure, wherein;

, Fig. 1, Fig. 2, Fig. 3, Fig. 4, Fig. 5 and Fig. 6 are directed towards a general
embodiment of the present invention which constitutes a preferred embodiment of the present |
3 invention. Fig. 1 to Fig. 6 illustrate the formation, upon a silicon semiconductor substrate
employed within a microelectronics fabrication, of a patterned silicon nitride dielectric layer
employing a dry plasma subtractive selective etching process with critical dimensional control
whereby there is attenyated microloading effects and excessive etching of underlying material

layers.



congruent antireflection coating layer 16. Pattern openings 19a and Bp Ay 2004
represent narrow and w de patterned regions respectively. Wth respect to
the silicon sem conductor substrate 10 shown in Fig. 1, the silicon

sem conductor substrate 10 nay be the substrate itself enployed within the

m croel ectronics fabrication, or alternatively the substrate 10 may be any

of several |ayers of_sLli r ypon . _the substrate. Preferably the
silicon sem conduct &ESEM@%EQMWQM‘Pp%@ﬁ i con waf er of
(100) orientation with p-type doping to a resistivity of fromabout 0.5 to

about 100 ohm centinmeter. Wth respect to the silicon oxide pad oxide
| ayer 12 shown in Fig. 1, the silicon oxide pad oxide layer 12 is forned

by thernmal oxidati B:L i P ahl £ d oxi de
Chyer 1215 1 o medt e epliol GRS A G 4D phELSLEAN shBfe BEE Mo,
6 2 0 MAYa2e4n Wilidon mgsqreditledinic e fainkd opm andlicon skenicindh@atsubgrateayer 14
shown in Fig. 3. .1.he silicgn . nitride dielectric layer 14 is formed by
cheni cal g’é’? 83%8&“1’?8‘?43“ rr?ﬂ’lc%t?l%’f’@n%e following process: (1) silane
(SH4) silicon source gas at a flowrate of from about 150 to about 250
standard cubic centieters per mnute (sccm; (2) ammonia (NH3) nitrogen
source gas at a f|Bseripgnew i Figr bin B Guthesopshopm atseres of sthematicaanerar d cubi ¢

centi nmet iR i : : i Lol - N2 L4480 . flqw rate
of about 08 ¢t s 5RE Bl el o0 hin Mo BRI iR BhePurphdr
(4) t enpeiligengemidondieicalyohstrat? @Gplogedabithit 2 8Qfodiegraiestaoantiog e pdiesm and ( 5)
‘pressure form about 0.2.to about 0.8 tort. Preferably the sili.con nitride
| ayer is“F 8?’:’?{%’% at‘%MéStF%fe(I: ﬁ‘éescEWB#as%%ﬂfmg’ Wrﬁ(‘j"‘%ﬁcﬁ? er%‘(f%ﬁ%&er oms. Wth
respect tpeestrhénvesticnevhivhds pirefepice sinbddiént bf thesleschBinvartized on t he opti onal
congruent patterned antireflection coating (ARC) 16, the photoresist etch
mask | ayer 18 is formed enploying nethods and materials as are known in

the field of m crosioeatis PRI C& afs@iobd fedfidoBictolRBbstrate 10 upon which is formed a
silicon oxide dielectric pad oxide layer 12. Formed over the pad bxide layer is a silicon nitride
dielectric fayer 14. Formed over the substrate is a patterned phbtoresist layer 18 and optional
.congruent antireflection coating layer 16. Pattern openings 19a and 19b represent narrow and

wide patterned regions respectively.

With respect to the silicon semiconductor substrate 10 shown in Fig. 1, the silicon
semiconductor substrate 10 may be the substrate itself employed within the microelectronics |
v fabrication, or alternatively the substrate 10 may be any of several layers of silicon formed upon
the substrate. Preferably the silicon semiconductor substrate is a single crystalline silicon wafer of
(100} orientation with p-type doping to a resistivity of from about 0.5 to about 100 ohm-

- centimeter.

‘ With respect to the silicon oxide pad oxide layer 12 shown in Fig. 1, the silicon
oxide pad oxide layer 12 is formed by thermal oxidation of the silicon substrate 10, Preferably the
pad oxide layer 12 is formed to a thickness of from about 100 tp gbout 300 angstroms.



optional patterned congruent antireflection coating (ARC) 16 is formegp MAY 2004
enpl oyi ng organi c - pol yner spin-on-polynmer material. Preferably the ~
anti-reflection coating (ARC) 16 is fornmed to a thickness of about 500 to
about 800 angstrons. Referring nowto Fig. 2, there is shown a schematic
cross-sectional diagram illustrating the results of further processing of

the m croel ectroni fabri i.on _who chematic ,.cross-sectignal. di agram
is showmn in Fig. 1%E‘| rgé.%e@(%?sheasmﬁ? nc?lf)n? glcep3 e itlaggr %ﬁ%?%lgflﬁ 'r%’@f: ﬁ'!lel? i se
equi val entitride dieleetrivilayeoe! iefkmeabycchehzhirvapatdepositioh @mploving Hedollolvingout wher e
there has_ been ﬁ)éﬂosegﬁtsge m croel ectronics fgbrication to a first plasma
et chi ng eMOF5HAHeHEPeAeH L) Scqn 6QURE 928 2t idew Fate ptdfom e SRdo 8tout % sil i con

nitride |@at@hrdkdbic Loiii@R fehmitat c&nl); @PERhEES NI nRd en]s%grcéggs dtBlow

si mul taneous formation of polyner |ayers 21 on thé sides of fhe pattern
def i ni ng Tekpypé fromiadoutgig to awut 208p standasd pehia cenidmethre per miskte (icam g3 antedtien §
envi ron & j i , i t chi- i I. nt 20
i oy SED B SB0 b o fopuspl WPt o PSR Gl SR RO
pressur e (secor) @prutpeitde from atwat FOULGCBMBOD Hegrédd cemipwele; dnd @5 padsautt fakM0 t o

about 500 . watts; 3 | ectrad f.romahout 0.8 to about 1.8

cent i met P8yt (%'%O aé’%]‘o(}ﬁ?ér' %@%g’%@g S‘L tFQ‘T F‘Y‘Kf’s sl 9 A BuglReEs S P uhhout 30
to about 00 1SiR0E000 aGstbmscenti meters per mnute (sccm; (5) heliumgas
flowrate of fromO to about 500 standard cubic centineters per mnute

(sccm; (6) heliumthermal clanp gas pressure fromabout 2 to about 12

Torr; and (7) ti rT?\ﬁi{h@@@ﬁ?&9&{hekg%éggi§ﬂ?ﬁ)&esgpﬁéft?ﬁ9&q%-f?i:m}ﬁ on ir ;o%g‘ﬁ%é of the

fi'rst etching environne ist roug e surface o gin
et chi ng ofongmere peitériesiontingfleationl eodting EARChitd thetpbototesist dtch mask dayverck$ it Gormed t he

"break-through" s . ot.her aspect of the first plasm chin

envi r onme T e s Bl R ioe® . b fel o Blo B RPER s TR R oy er 1
i s the fapoaial paitediedzofphanmmitiréfiRadin BRI (ARD) 16 Wibeledlerplsing preahier ential | y
to deposit on the sidewall 21 qof th hot Qresi st etch sk .l ayer and etched
silicon MYPE aﬁﬂ-Pa-yalwmifzfﬂat%‘-gﬂﬁ%fmﬁw epgnyy-reflpctiop fogting @f&éﬂﬁm&%ﬁ&giﬂe 221
Serves t QhibRiduCst dbdhiesodlto BduhBiban@btroms. |

Referring now to Fig. 2, there is shown a schematic cross-sectional diagram
illustrating the results of further processing of the microelectronics fabrication whose schematic
cross-sectional diagram is shown in Fig. 1. Fig. 2 is a microelectronics fabrication otherwise
equivalent to the microelectronics fabrication shown in Fig. 1, but where there has been exposed

N the microelectronics fabrication to a first plasma etching environment 20, resulting in the initial
etching of the silicon nitride layer 14” through the pattern openings 19a and 19b and the
simultaneous formation of polymer layers 21 on the sides of the pattern defining layers 18’ and
16’

 With respect to the first plasma etching environment 20 shown in Fig. 2, the first
plasma etching environment 20 employs chlorine { Cly) gas and the following process conditions:
(1) pressure from about 100 to about 1000 mTorr; (2) power from about 100 to about 500 watts;
(3) electrode gap from about 0.8 to about 1.8 centimeters; {(4) chlorine (CL) gas flow rate qf from
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patterned silicon nitride and is beneficial in maintaining |inewdth 20 MAY 2004
control of critical dinmensions in the etched patterned silicon nitride

| ayer. The present invention may be practiced in conventional plasna
reactor equipnment as are known in the art of reactive ion etching in
m croel ectronics fabrication. Preferably the plasnma reactor equi pnent

enpl oyed j t t _j.avention. he L 428 XL | as

react or néabg,ﬁif j<';1E¥:)t!t0(laflre 389g a(% eglelacr? ch Cof %"rnﬁlﬁﬁ%{f?cnﬁeég/héﬁﬂﬁaﬁ&ogﬁtﬁ\%gy,
Fremont, fr@A094 58 6307GandiBAubiReéeifeienOpen Miutalken) A6} helihahdritallchnip s 3,
there is shomtf% S he‘g@ti crg(s;f- _a]gdc tonal diagramillustrating the

resul ts of over 8}&8}’ AP 2okorg ) B7p EpBaPew P ¢e aliohpq sesendsnlhenhose
schemat i Cpugpsrs ot 68 Gist O0Rhg slivtoRadh: isto SRAMrduh TeSurifee o Mglnrétdﬁfr%'ofs s a
m croel ectronics, fabrication otherw se equivalent to the m'croe tronics
f abri cat i ‘& SIEsRBETIHHlapggand she staptis gafesied to asibe Srevkighioughi stepposed t he
substrate to a second plasnma etching environnent 22a, resulting in further
etching of the pattern openings 19a and 19b into the silicon nitride |ayer
14' enpl oying a "Babtkér spechofithe Stseplasma cathing ehvimnmentaif Chdsitteginniag thehe
silicon nitride layver.. Wth respect to the second plasma_etchin

envi ronneért]{mr?fi S@ﬁgmﬁﬁd%\fa g4 §l,?hetilﬂ'gnan%Bgﬁwﬁmﬁé‘??ﬁt‘@cﬂfﬂﬁh}?bw@ﬁb?‘?“%rrent 22a
enpl oys tprefelentidllo W dgofii ALME SidSRild 1tdf SRShofolesist @SRtk Sayed £idBABPMEcoh00 toO
about 100Q niforr; (2) power from about 100 to. about 500 watts; (3) 8 2 0
MAY 2004 Brdelygdé Hapovr Brfigfolibis gdgvallsienmss i sarves te spupmatesal eiching of ( 4)

sul fur hexatlupdt Of v £ 200
st'andar dq]?éu%i %:H)%ﬁec%? |nﬁn§:ega)rﬂg %goglrlédrﬁ%#& trﬁeﬁﬂttgrgg%%&?{g% @ﬁgﬂ %%Qié‘%fg dﬂ%%%é\? %t e
from 0 t dhagdehsd padanest silisdmpitiideldyec centineters per ninute (sccm); (6)

hel ium gas clanp pressure fromabout 2 to about 10 Torr; (7) tinme from
-about 10 to about 60 seconds to renove about 80% of the silicon nitride
|l ayer; In the secofits pesehiimgnémmaoirpradiced il eonveitidnal phistila iréigtor BhEHRES f Or

t he renoval %1;1 the silicon nitride |ayer 14' preferably renpves about 80%
of the 2 areknowninthe art ofreactive ion etching in microelectronics fabrication. Preferably the

plasma reactor equipment employed to implement the present invention is the LAM 4428XL
plasma reactor manufactured by Lam Research Corporation, 4650 Cushing Parkway, Fremont,

CA 94538-6470, USA.

Referring now more particularly to Fig. 3, there is shown a schematic cross-
sectional diagram illustrating the results of further processing of the microelectronics fabrication
) whose schematic cross-sectional diagram is shown in Fig. 2. Shown in Fig. 3 is a microelectronics
fabrication otherwise equivalent to the microelectronics fabrication shown in Fig. 2, but where
there has been exposed the substrate to a second plasma etching environment 22a, resulting in
further etching of the pattern opf_:nings 19a and 19b into the silicon nitride layer 14 employing 2

“bulk” etching step to etch the major portion of the silicon nitride iayer.

With respect to the second plasma etching environment 22a shown in Fig. 3, the
second plasma etching environment 22a employs the foliowing process conditions: (1) pressure
from about 100 to about 1000 mTorr; (2) power from about 100 to about 500 waits; (3)
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siltcon nitride layer 14'. Referring now nore particularly to Fig. é ﬁi.gfrﬂ]#
i.s shown a schematic cross- sectional diagramillustrating the resu tus
further processing of the mcroelectronics fabrication whose schematic
cross-sectional diagramis shown in Fig. 3. Shown in Fig. 4 is a

m croel ectronics fabrication otherw se equivalent to Fig. 3, but where

there has_been exposed the _substrate to th pl as tchi ng environment 22b
to insur eel?:(%rr?%F 5?‘1:}0 %?‘F’ g‘f(’“{ ﬁg t?)?t&‘égé cHpmT ?%(1%@§%¥@vw%ﬁﬁsﬁsh§a_s 91 i con
nitride | myest i aboot 200 apafl 200 biekRiatPUBI cdinkNerdper Btk fscondl & nididls
assures renoval of the silicon nitride layer 14 in the openings 19a and
19b. W t hi9W% EgtetpmOdo abput S} siandprdcubia centionstenpes minutelieramt (62 Mlurigenclap Fi g.
4, the t} j ot t ' or nal ogous to the

o asi enb e g pirARuEd Ellelk 0L TR RlP1d R QIR iy

condi t i on&optl§0%p pEie silienaitrifie loyaro ot se30@ etohingovitonhGROthe Tilk”; dfdingpower

from abou t o _abaout O.watts: (3 .ectrode gap fromahout 0.8 to
about 1. O%%%ﬁr%ngtrgpov E:??,ré%ge s(ﬂlf)o"é'ﬁﬁl'?q.}? eﬁiéﬁ?%&&?éeg“‘g’wu‘g@s% PiB%v rate of
f r om aboudilicaf nittdeciert4°200 standard cubic centinmeters per m nute (scam;
(5) hydrogen bromde (HBr) gas flowrate of from about 20 to about 100
standard cubic centineters per mnute (stem; (7) oxygen gas flow rate of
fromzero to about S tARNda: ' ' [y (stem; (8)
hel i um gas f| ow_ra%%@g}nétn?r om gg%ga{kglyggg{% H@%ﬁggtsgn a%&gﬁﬁlccc‘%sgnti met ers
per, m nutetiongleisgram illgytrating tha nestleeofiferither prangssing afthp missalecaroficofbritatert 2 t o
about 10 : - ( Lme from abqut 10t o out . seconds .(sec).
third "buffer fv‘“?’?%ﬁ ct8beBFe LB OR b ot R gﬁ%%rﬁis BMEPeTEgRCS
nitride, fpyrehdmmakbhywisabpinaled0fOFinBlbhasaderithat his enPlpetashd NBstSe! 8Ghd Ve

et chi ng ofI t he cﬁatter.ned Si H’)co,n nitride layer. 2 0 MAY 2004 Referring now
mor e par tHE0R &IPS £AYIeRgent 220 {oaize sUnrliisnAT he sravemwef Fishipg the patierainthenal

di agr am istcushitrafeilfyer 141 e il &-8dOBJeRT N B§la YA SN a@ﬁﬁésr%ﬂﬂtgva%f hdre.

m croel ectronics fabrication whose schematic cross-sectional diagramis
shown i n S miide favgcéo g hoprarngntdaandd@nt i nvention. Shown in Fig. 5is a
m croel ectronics fabrication otherw se equivalent to the _
With respect to the third plasma étching environment 22b shown in Fig, 4, the

third plasma etching environment 22b is formed analogous to the plasma environment 22a shown

in Fig. 3 but employing the following conditions:(1) pressure of from about 300 to about 1000

Torr,(2) power from about 100 to about 3000 watts; (3) electrode gap from about 0.8 to about

1.8 centimeter (cm); (4) sulfur hexafluoride (SFs) gas flow rate of from about 20 to about 200

standard cubic centimeters per minute (scem); (5) hydrogen bromide (HBr) gas flow rate of from

S

about 20 to about 100 standard cubic centimeters per minute {scem); (7) oxygen gas flow rate of
from zero to about 100 standard cubic centimeters per minute (sccm); (8) helium gas flow rate of
from zero to about 500 standard cubic centimeters per minute (sccrm); (9) helium thermal clamp
gas pressure from about 2 to about 10 Torr; and (10) time from about 10 to about 60 seconds
(sec), The third “buffer” step serves to remove the remaining amount of silicon nitride, preferably

about 20%, and essentially pompletes the sg}ﬁ'gvg gtching of the patterned silicon nitride layer.




m croelectronics fabrication showmn in Fig. 4, but where there has b
exposed the substrate to a third plasma etching environment 24 to 2&8@%(—?00%
an fourth "over-etch" step to assure conplete renoval of all silicon
nitride in the openings 19a and 19b wi t hout excessive etching of the
underlying material |ayer, and renoval of all sidewall residues 21. Wth
respect to the thi ﬁ‘g pl asnma et chin PV” onpent 24 shown _in Fig. 5, the
third plasma envi FF?E’&“WP@WP‘B?@M SHE Figo b1 1B IR ehemetisieRssi ons: (1)
pressure decqunapdisiim 108 rdife tRb&Mls JRAR AR it ihek d00 to
about 500 watts; (3) el ec?gr ode gap from[gﬁgbte %‘%GQQM%BEE%@E&%%S&éen“ nmet er
(cm; (4) fabripatio whesg a%fﬁﬁﬁﬂmoissﬁwnﬁd@gf&hnwhomen Big. 4 menvat vith tiR(present about
200 stan brom de

(HBr) ga‘gﬂgﬁg%gﬁlﬁ?ﬁ%‘é ?q%ﬁnrna o tr o a ou (g%er‘g{s%l)ﬁ‘ﬂ'ér C?HC%EFC centineters
per mi nutreiC(ogbethnicsmatmn rsgowmang) 4Hisuy where thehelia bed expeyetd thi sHBHEAs hC

Cr0ss- seg | _diagram. i al resylts of further

processi nﬁdlrcgr??'a%'?la SR &epg%{t(?spr?"g‘i?rai“? rfhgﬁ" I FrFHSe SICB EhEHE Fomplete

Cr 0SS- Se0kinonbf 4l suonride i51heWperings FofandT0b FRANA ekdbsdiebtchfhol oF 1R

m croel ectronics fabrication otherw se equivalent to the m croel ectronics

fabri cat | ‘BAeSiRaPetete! loygy, ang remepal ol sidewellyeriduends been stripped the
patterned photoresist etch nask |ayer 18 and optional congruent
antireflection coating (ARC) layer 16' fromthe substrate. The pattern
openi ngs 19a and 1%ha¢seecttt¢1ﬂvs tlﬁm}mwsmaetcyirgbmﬁredmémee sodwrsin Figs b | the third

Bt Conara e BReRaA sHlhE s RBhinkopodte inffion, (i rensAlran sote L Bacnt

i nvent i orbprtdedeiesr; ea)rpetvhctbbxﬁ @Eouph@ﬁtﬁ&b&lt@bﬂ) Rgits (wécﬁadb gﬂﬁtﬂ?ahfhb%ut ®glicon

nitride | ayer rmed u [ ubstrate enployed within a
mi cr oel ed? Wig?’gﬁ?ﬁt‘gz Ffﬁs ?‘ ugricis (aFe) gas ﬁtﬁ’aﬁfé’f&“’rﬂbe‘l"(ﬂodadl ng and

et chi ng aboud 20 stk cuﬂﬁ&:@xﬁtinc’f’éter‘i‘@ér'ﬂ‘ﬁmﬁ@t*”%‘ﬁ})L B & mg&mﬂgﬁlde @,{2% C ng step

di rensions. The provision of a first br'éak-1t hrough”
with chl &#F ﬂEﬁ"@B@%’éN‘é@oﬁlbs%ﬁmdﬂfdt%C§Qﬁ¥ﬂ“@€iwwm%{t@mm process while
simul taneously formng a 10 2 0 MAY 2004

Referring now to Fig. 6, there is shown a schematic cross-sectiona! diagram
illustrating the final results of further processing of the microelectronics fabrication whose
schematic cross-sectional diagram is shown in Fig. 5. Shown in Fig. 6 is a microelectronics
fabrication otherwise equivalent to the microelectronics fabrication shown in Fig. 5, but where

there has been stripped the patterned photoresist etch mask layer 18” and optional congruent

3 antireflection coating (ARC) layer 167 from the substrate. The pattern openings 192 and 19b are

thus completely etched free of any silicon nitride down to the pad oxide layer 12, with critical

dimensional control and attenuated microloading and etching of underlying layers.

The present invention provides a method for plasma etching a pattern within a
| silicon nitride layer formed upon a silicon substrate employed within a microelebtronics fabrication
wherein there is ﬁttenuated microloading and etching of underlayer material while maintaining
control of critical dimensions. The provision of a first or “break-through” plasma etching step

with chlorine gas serves to begin the subtractive etching process while simultaneously forming a
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pol yneric |ayer on the sidewal ks of the photoresist pattern. The pQ§mavi g0s
coating is beneficial as it serves to mnimze critical dinensional
variations. The continuation of silicon nitride etching in the second

pl asma etching environment by nmeans of the "bul k" step renoves about 80% of
the silicon nitride, and the conpletion of the silicon nitride etching by
means of { ffer" enpves the, remai nj ng 20% of the "buffer" st ep.
el |y, BOTBER S P Pl i PRt 3e R hir POFHEH e ibruiseras

serves asit3ervésay afinifize Niritisdl AindnioRdd $Maﬁoﬁse1i‘.‘ﬁ’é/&:|mlﬂfau§ﬂ of sﬁi'c!)ﬂ ﬁﬁﬂe @ichﬁlg@[e
wi t hout e)ﬁcesswe etching of underlayer material. Exanple The pres

i nvent i ont5eRPPE) algsma @@P%?W?Wnbb}’ weash of the Shull dteptreovessout &1% ofthfor
silicon nklﬁdbhdlﬁn@@‘éncﬂht: SRR FeheWHeS 0l ?ren?nfeilmglo {ple Y TP 8 ed in

etching patterns in silico nitride layers over srlfeon I de
| ayers wi femorenthe tmamingd0P4 ¢fdbd “toiferd nep d‘rimlig,rwfoat}t echidi @€ in @tidhi prgndamage

Subst r ot ek SRR RS bV Sh e RIS At BTl EH s Bbptort b 1 ne

f ol | ow ngexpessie shing ofdidetlfBSmatedgl. silicon substrates with p- type dopi ng;
(2) silicon oxide layers fornmed enploying thermal oxidation of silicon
substrates in oxygen at a pressure of from about 500 to about 760 torr at
a tenperature of from about 800 to about 1000 degrees centigrade; and (3)
silicon nitride fornmed enploying chem cal vapor deposition (CVD) from _

(a) silane and anmmoni a reactive désmgle at flow rates of from about 150 to
about 350 and from about 500 to about 2000 standard cubic centineters per
m'nute (sccnm) respectively; (b) nitrogen carrier gas at a flowrate of from
about 500 to about 1000 standard cubl C centl neters per m nute (sccn); (c)
pressure of froma ta about Qrr; andea& tenperature of from

ut 0.2
about 700 to about Qg e%?é‘g?%%%‘méB‘r%’”idﬁfraaﬁeem"mé’*@l} e pnd sgobriais satigg Sormeasur ed
enpl oyi ngsilidps hipidehad &:M®i@&@i%$vhﬁmaﬁﬁfb'e BEneR BT Myed m@c b GRNiniiksd de

| ayers were etched eglo ing the ree plasra etchln ironments as
descr i beditfide laysrefosmed eyt Sl!*wqeéwersm@ copigellof sntmaled:mmms and aTtedplated| |

whi ch gi @sirdsHamehse ru\ﬂ@&lyg@tsﬁic&%nﬁéﬁyerss Eggﬁeso&eré Breeszren? amp oynllgns\{l(lacrc])}l Fon:
substrates upon which were formed silicon nitride layers in accord with the foliowing process
conditions: (1) silicon substrates with p-tjpe doping; (2) silicon oxide layers formed employing
thermal oxidation of silicon substrates in oxygen at a pressure of from about 500 to about 760
torr at a temperature of from about 800 to about 1000 degrees centigrade; and (3) silicon nitride
formed employing chemical vapor depesition (CVD) from : (a) silane and ammonia reactive gases
at flow rates of from about 150 to about 350 and from about 500 to about 2000 standard cubic
centimeters per minute (sccm) respectively; (b) nitrogen carrier gas at a flow rate of from about
500 to about 1000 standard cubic centimeters per minute (scem); (c) pressure of from about 0.2
to about 0.8 torr; and (d) temperature of from about 700 to about 800 degrees centigrade.
The layer thickness was measured employing Opriprobe thickness measuring equipment. The
rsiﬁcon nitride layers were etched employing the three plastma etching environments as described in
the present invention. The results are shown in Table I, which gives the observed data for the

steps of the present invention:
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11 2 0 VAY 2004 Table | Etch Rate and Etch Rate Ratio for silicon nitride
and Silicon Oxide Break-Through Main (80% Buffer (20% Over-Etch gtoeMAY 2004
Step Step Step Nitride Etch rate, 500 4000 1200 500 angstrons/ m nute Etch
rate ratio, -- 2:1 4:1 10:1 Nitride:Oxide It can be seen that the present
invention provides the desired high rate of silicon nitride etching rate
for renmoval of the bulk of the Si’iéfzﬁn nitride, with the equally desired
high discrimnation of a high rat®®or renoval of the last residues of
silicon nitride without significant renoval of underlying silicon oxide

| ayer at conpletion of the process. Thus there is afforded the attenuation
of over-etching oﬁt"@r’l@éﬁrfﬂﬁiifg@fl%?‘iﬁBém]f%ﬁm@mlﬁgdmd Sibeon€ixidsl et e renoval of
silicon nitride residues at the end of the pattern etching process while
mai ntai ning control of critical dinensions of the patterned silicon
nitride layer. As is unBeek{Tbodghy Mge(8006) skiffer€x®on GReERhKt, the
preferred enbodi nent of t?e present jnvention |s illustrative of the
present invention rather ¥Bn limiti 6ePof t he p?t%psent iHeRenti on. Revi si ons
and nodifications may be nade to materials, structures and di nensi ons

t hrough whi Chﬁ@ provi ded the preferred enbodi nent of the present invention

whi | e st NiopEGREieng  enB®Yi ments wA9®h are wil28Pn the &8¢ rit and scope of
the presepdsbopVaion, as defined by the appended clainms. 12 2 0 MAY 2004
3 Etch rate ratio, - 2:1 4:1 10:1

Nitride:Oxide |

It can be seen that the present invention provides the desired high rate of silicon
nitride etching rate for removal of the bulk of the silicon nitride, with the equally desired high
discrimination of a high rate for removal of the last residues of silicon nitride without significant
removal of underlying silicon oxide layer at completion of the process. Thus there is afforded the
attenuation of over-etching of underlying silicon oxide as well as complete removal of silicon
nitride residues at the end of the pattern etching process while maintaining control of critical

dimensions of the patterned silicon nitride iayef.

As is understood by a person skilled in the art, the preferred embodiment of the
present invention is illustrative of the present invention rather than limiting of the present
invention. Revisions and modifications may be made to materials, structures and dimensions
through which is provided the preferred embodiment of the present invention while still providing
embodiments which are within the spirit and scope of the present invention, as defined by the

appended claims.
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A nethod for etching a pattern within a silicon nitride |ayer fornmed upon a
sem conduct or substrate enployed within a microelectronics fabri ?gti n
conpri sing: providing a sem conductor substrate having forned the Jﬂ@ﬂz@"
silicon oxide pad oxide layer and a silicon nitride layer; forning over

t he sem conductor substrate an optional antireflection coating |ayer and a

pat t erinetimpfhed for ediinga patiers Wvithina kilibayittide lhyePRihdAGIPETEsRRIABABMEHRE employed

subst r at@hinG Miclobitonb g@gl. tching environment to performa first or
"br eakt hrou h"c stepmo%fae C °?‘r?ng’hS g]oattern into the silicon nitride |ayer;

t r eat i n§TYINELSpicONdueionsubstrata batingforered thermua @ Sifichnlokids Bl oRide Riy@anENMiidognTENt
to perf @faedaggcond or "bul k" step of etching the pattern into the silicon
nitride_|ayer; continuing to treat the sem conductor substrate to the
second [ verthersemigoRaEpT sybstratn en optioms arftisflevtian tdutingliaye and dpdfidoed pheibregst of

et chi ngefchfagkdijegrn into the silicon nitride layer; and treating the

sem con u%o%substrate toa third plasma etching environnent to performa
fourth SIS seTtquuctarsehstrest toatfiet plagna dtnding suvirenment fatperfdrine fisst loi ‘beaakthuobigh*i de
| ayer t stegofirhidg ehe@htdih MG B silidb@niBRAL lggned silicon nitride layer w thout

et ching.Lhe wnder.lyving pad oxide |ayer; wherein the first, second and
third pf’%ag‘n%H'S?%“H?%S““g‘ﬁ\?‘?qﬁs‘amﬁtsgmadrléaswaeﬁhm ¢rVisprapsnt th peyforma  sdvormln Srulk"2

The net stemiofefchigl dieprtlervineried silicom@rReRy&¢onduct or substrate is a single
crystal ,Skil.k: trate of 0 crystalline orientation. 3. The nethod
of d ai fn"?‘:“i“\lkﬁgg‘? L Qfeﬁgmlg%n,%u%g%ﬁﬁg—%tgp t@%ﬁ%ﬂ@m@h@wwywnmpmfw third or

mi cr oel ét&*sfPf('i Aicl of efcliivg itteakitaomintosisd ﬂtcbx;eﬂgfdé Dper] 4@ ety e géﬁﬂ&;nlsl}cw SubBifate to 2

| Nt egr aihed pRidiLdidiine'ThG LCSs ri,cati qns; ol ar ce , »

i cr oel ect f oni cs fnag%??%)gﬁrg%é&g 5% %U?J‘Te%ﬁahis@b?%ffhﬁ‘ﬁgpﬁéﬁe&?@é}?ﬁsé?ﬂn

f abri cablFiiR&yer taprmnyi Sdfingof the mitmed sikiph aitriddlaeoeitpotetchin 68 ub@&RYing Bid @ -
4. layer;

wherein the first, second and third plasma etching environments are each different from each other.

. The method of Claim 1 wherein the semiconductor substrate is a single crystal silicon substrate of (100)
crystalline orientation.

3. The method of Claim | wherein the semiconductor substrate is ‘employed within a microelectronics fabrication
selected from the group consisting of:

integrated circuit microelectronics fabrications;
solar cell microelectronics fabrications;
charge coupled display microelectronics fabrications;

_ and optoelectronics display microelectronics fabrications,

4. The method of Claim 1 wherein the silicon oxide pad oxide is formed by thermal oxidation of siliconto a
%:silicon oxide thickness of about 100 to about 300 angstroms

5. ETh@ method of Claim 1 wherein the silicon nitride layer is formed by chemical vapor deposition (CVD) to a
‘thickness of about 1000 to about 3000 angstroms

13



The, nethod of Claiml wherein the silicon oxide pad oxide is fornmed by
thermal oxidation of silicon to a silicon oxide thickness of about 100 to
about 300 angstronms S The nethod of C aim 1 wherein the silicon nig{ WA 2004
| ayer is formed by chem cal vapor deposition (CVD) to a :thickness of

about 1000 to about 3000 angstrons 13 . 2 0 MAY 2004 6. The met hod of O aim
1 wherein the optional antireflection coating |layer is fornmed enpl oyi ng
organi ¢ polyner spin-on-polymer (SOP) naterial. 7. The nethod of Claim1l

wh he f I hi c
gas. ol i ug orte MedBBT ) SHeRS B0t PR TRisaE e o0 ke e Smbowag

from about ofgaﬁcpolyﬂbtmpm-dn @oiﬁﬁaﬂ(Sm)mgtaml,and etching time fromabout 10 to
about 60 seconds. 8. The nethod of Caim7 wherein the first plasm etching
envi ronnment acconplishes the "break- thr ough" etching reaction of the

licon nigr I on the
Sili | Y1 e et lof i @%&ﬁﬁ@ Ris Cpg fﬁgape@ rg%“mﬁ'ﬁm &Z’B’g‘ﬁ&

pattern sidewalls. 9. The nethod rein e s pl asma
et chi ng envi romﬁqmé@mpgames sul fur hexafluoride (SF6) gas; helium gas;
power from abouﬁ lo about 500 watts; and electrode gap from about 0.8
to about 1.8 cen{ %r. 10. The nethod of Claim9 wherein the second

pl asma et chi ng paiwer romnB&lt 108 teiRuDY®OvitR; St eps  consisting of. a "bul k"
etching step which renoves about 80% of t he silicon nitri de | ayer; and
electrode gap from about 0.8 to about 1.8 centimeters; and

etching time from about 10 to about 60 seconds.

8. The method of Claim 7 wherein the first plasma etching environment accomplishes the “break-
through” etching reaction of the silicon nitride layer surface and forms a polymer which deposits

on the pattern sidewalls.

9. The method of Claim 1 Wheréin the second plasma etching environment comprises:
sulfur hexafluoride (SF; ) gas;
helium gas;
power from about 100 to about 500 watts; and
electrode gap from about 0.8 to about 1.8 centimeter.

10. The method of Claim 9 wherein the second plasma etching environment is employed in steps

consisting of:
a “bulk” etching step which removes about 80% of the silicon nitride layer; and

a “builer” etching step which removes about the remaining 20% of the silicon nitride layer.
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‘a "buffer" etching step which renoves about the remaining 20% of the
silicon nitri-de layer. 14 20MAY2004 11. The nethod of Caim1l V\he@ 2@“]
third plasnma etching environnent conprises: sul fur hexafluoride (3 ;ﬂ‘% )
hydrogen brom de (HBr) gas; oxygen (02) gas; hel#ium gas; power from about
100 t o labolke mtipd piEleis I uheepin the Gicd plesthe elgking doviommen oerpriges8 t o about 1.8
centineter; 12, The nethod of claim1, wherein: the first plasma etching
envi ronnment_ | n&ﬁl5 uges_ c@l ?ri ne (Cl2) gas; the second plasma etching

envi r onment> P EFAteKde (3FY 885 hexaf | uori de (SF6) gas; and the third pl asma
et chi ng enhydrogerbromideiaB)das sul fur hexafl uori de (SF6) gas, hydrogen

brom de (H and,.oxygen (02) gas. 13. The nethod of claim1, wherein
the first gﬁ%gsegngigaé’rqllelﬁud“%%\/i ronment includes chlorine (C2) gas. 14. A
met hod f or Pewertitomgbent 3@t tb elyont SH) witisnand si | i con nitride |ayer formed upon a
sem conducteREircib Bt ot BoR ORlOWSH 1.8WedidleRR;@ M croel ectronics fabrication
conprising: providing a sem conductor substrate having formed thereupon a
silicon oxide pad oxide layer and a silicon nitride |layer; form ng over

't he seafi contlenttbsd fdhaid 1, aheei@n optional antireflection coating |ayer and a
patterned resist.. etch mask er. .treating the sem conductor ’
substrate g?lgsg)?ilsrﬁlgte&lﬁ’fi es“r‘f‘é%e%tﬁﬁ‘gé@éﬁ’(?f‘?°6§@eﬁ% to performa first or

" br eakt hr othgkecondplasma esfhingt cotitongent melugea sulfor exaflubridet($16) gk;landon nitri de | ayer,
“treating theg WetalgleltT : : | ng. | £ onment
to perform athgg?lond orﬁk%ﬁvﬁ'éﬁ&téﬁ%% ef%ﬁ?%gg{%g%%géﬁ%%ﬁﬁgg@#é@s
silicon ni fEo8EEen fpaees.

4

13. The method of claim 1, wherein the first plasma etching environment includes chlorine (Cl,) gas.

14. A method for etching a pattern within a silicon nitride layer formed upon a semiconductor substrate employed
within a microelectronics fabrication comprising:
providing a semiconductor substrate having formed thereupon a silicon oxide pad oxide layer and a silicon
nitride layer; |
forming over the semiconductor substrate an optional antireflection coating layer and a patterned photoresist
etch mask layer;
treating the semiconductor substrate to a first plasma etching environment to perform a first or "breakthrough"
step of etching the patiern into the silicon nitride layer;
treating the semiconductor substrate to a second plasia etching environment to perform a second or "bulk"
step of etching the pattem into the silicon nitride layer;
continuing to treat the semiconductor substrate to the second plasma etching environment to perform a third
or "buffer” step of etching the pattern into the silicon nitride layer;and
treating the semiconductor substrate to a third plasma etching environment to perform a fourth or "over etch”
step of etching the pattern into the silicon nitride layer to complete efching of the patierned silicon nitride
layer without excessive efching of the underlying pad oxide layer;

wherein the first, second and third plasma etching environments are each different from each other.

15.  The method of claim 14 wherein the semiconductor substrate is a single crystal silicon substrate of (100)
crystalline orientation,
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.continuing to treat the sem conductor substrate to the second plasna
etching environnent to performa third or "buffer" step of etching the
‘patitern into the silicon nitride layer;and treating the seni conduc@®mMAy- 2004
substrate to a third plasma etching environnent to performa fourth or
"over etch" step of etching the pattern into the silicon nitride |layer to
conplete etching of the patterned silicon nitride |ayer w thout excessive
etching of the underlying pad oxide | ayer; wherein the first, second and
third plasma etching environnents are each different fromeach other. 15.
The net hoq o[% cltgqigm 14 wherein the sem conductor substrate is a single
crystal si FI on° BEH4m 4 wisrein hptymicordagsersubistateiemployesitithiniaricrockBraica. MAY

- 2004 16. TaREcatensplerdeddfomgiegiaup dotsiiher®i n t he semi conduct or substrate is

- enpl oyed wntedrated dreuil mitroddcaatics Gbii@tonsf abri cati on sel ected from the group
consi st i ngsolf cell mtkRBEEhROMGIE G, T M croel ectronics fabrications; solar

cell m cr%@@&gﬂai&ﬁla;ﬂf%glg%&&% Gharge coupled display mcroelectronics
fabricatio el e display mcroelectronics fabrications.

- .and 0 tronic
. 17. The ne 0813(%3 e sgl W’flzfgl\?ﬁ’irg?l%“if%"fﬁé”ssi | i con oxide pad oxide:is forned by
‘thermal oxidation of silicon to a silicon oxide thickness of from about
100 to 30&Theigethotietclsintlhpberai the biiiompside palh exideiis folnl3@ by thrinGIGRidiHoh b sd8od @Y €T
i s for medsiliopn etidenhidaéss vidpmbEE 0% 300AN to a thickness of from about 1000
“to 3000A. 19. The nethod of claim 14 wherein the optional antireflection

coating | gyefe | i | “spi n- on- pol terial.
50 Tha o e npodriRh ST B9 B3GR bl e gtion drrionene
conprises: ¢ (?fﬂf’g ?"h%bobtg]go, % &0%0%m gas; -

19. The method of claim 14 wherein the optional antireflection coating layer is formed employing organic
polymer spin-on-poly material. ' '

20. The method of claim 14 wherein the first plasma etching environment comprises;
chlorine gas;
helium gas;
power from about 100 to 500 watts; _
electrode gap from about 0.8 to 1.8 centimeters; and
etching time from about 10 to 60 seconds.

21. The method of claim 14 wherein the first plasma etching environment accomplishes the "break-through"

etching reaction of the silicon nitride layer surface and forms a polymer which deposits on the patterned
sidewalls. ‘

22. The method of claim 14 wherein the second plasma etching environment comprises:
sulfor hexafluoride (SF,) gas;
helium gas;
power from about 100 to 500 watts; and
electrode gap from about 0.8 to 1.8 centimeters.

23. The method of claim 14 wherein the second plasma etching environment is employed in steps consisting of’
a "bulk” etching step which removes about 80% of the silicon ritride layer; and
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pomef from about 100 to 500 watts; electrode gap fromabout 0.8 to 1.8
centineters; and etching time fromabout 10 to 60 seconds. 21. The nethod
of claim 14 wherein the first plasna etching environnent acconplishes the
"break-through” etching reaction of the silicon nitride |layer syrface and
forns a pol ynmer which deposits on the patterned sidewalls. 22. MAE

of claim 14 wherein the second plasnma etching environnent conprises:

sul fur hexafl uoride (SF6) gas; helium gas; power from about 100 to 500
watts; ;aBghereh@als R %vhﬁﬁ?enﬁJv@s?b@@%trelgmﬁn S92 oftnE §itloh %&c@rleﬁrcr 23. The met hod
of claim 14 mhereln t he secon asma I ng environnen enpl oyed in
steps consisting of: a "bul k" etchlng step mhlch renoves about 80% of the
si hiscomnp hfeﬁlb&j&c]lﬁﬂi‘?ﬁ whésid t&%%lme@,ﬁqgerﬂlm 1 &)rm i§ksching step which
rennvelggpout t he renalnlng 20%of the srlicon nitride layer. 24. The

met hodS"r keraflueride(SEnérei n the third pl asma etching environnment conprises:

sul f ur hjdeogad brumide¢EBA) 29) 0as; hydrogen bromide (HBr) gas; helium gas;

power rom about %:0 %o ?00 watts; and electrode gap fromabout 0.8 to 1.8
cent i neiimgas; pewer from about 100 to 500 watts; and _

electrode gap from about 0.8 to 1.8 centimeters.

17



