¥« 7200003009-8 31N

MULTIPLE-STEP PLASMA ETCHING PROCESS _FOR S]LICON' NITRIDE

BACKGROUND OF THE INVENTION

1. Field of -the Invention

The invention relates to the field of mamufacture of microelectronics fabrications.
More particularly, the invention relates to the field of etching of microelectronics layers empioyed

within n_licroelectronics fabrications.

2. Description of the Related Art

| Microelectronics fibrications are mamufactured mnbloying layers of
microelectronics materials formed sequentially on substrates. Microelectronics conduetor 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 f_'oim pattefns from layers of such mateﬁals. This is

commonly done employing subtractive etching of the microelectronics material layer through
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patterned etch mask res15t layers formed upon the microelectronics layer. In other cases, the _'

~ patterned mask layer acts as a barrier layer to avoid a particular reaction of a layer

Among the microelectronics materials employed in n'lieroelectrbnies 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 employ dry

~ etch methods involving plasma activation of reactive ions. In order to obtain high resolution

patterned layers of silicon nitride with variable specing and maintain control over the profiles of
high aspect ratio pattern features, the etching processes often employ multiple process steps and

- materials for optimum petf'onnance The selectivity of the etching of silicon nitride layers

- compared to other materials is important, since sxhcon nitride layers are often formed over other

materials, in which case it is often necessary to assure the etchmg of the silicon nitride layer

' completely while k_eeplng the underlying layer essentially unaffected and intact. .

There is a need for selecti\rely etching of a patter_hed silicon nitride layer to
maintain critical dimensional centrei of the silicon nitride layer pattern under conditions of
variable microloading of the substrate bemg etched while avoiding significant damage to .
underlying material layers. While satisfactory methods for plasma etchmg 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 tretlch formation through the
silicon nitride at the foot of the feature while the region aﬁray from the foot rnay still centain
unetched silicon mtnde material. In addition, the selectivity of the silicon mtnde etch rate ratio.
may not be very high compared to other adjacent or underlymg matenals

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

selectivity.

For example, Long inU. S Pat. No. 5,013,398, d:scloses a method for etching a
sandwxch structure of s1l1con o:nde/sﬁncon/sﬂ:con oxide dielectric layers in a single chamber. The
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method employs sulfur hexafluoride and trifluoromethane to etch silicon oxide, _and hydrogen

bromide to etch silicon. Silicon nitride may be used in place of silicon oxide.

Further, Cheung et al.,'in'U.S. Pat. No. 5,354,417, disclose a method for selective

~ etching ofa molybdenum silicide layer through _a'fésist mask. The method employs sulfur

hexafluoride and hydrogen bromide gases, with oxygen preferably added to the gas mixture.

Stillfarther, Hiuang et al, in U.S. Pat. No. 5,854,136, disclose & multi-step method
for etching a layer of silicon nitride over a layer of silicon oxide. The three-step method employs a
first anisotropic etching environ’mmt of CI-IF;,.SFa and He gases to etch thé bulk of the silicon
nitride layer, followed by a second step in wkﬁCh HBr replaces CHF; to etch the rgrriainder of the
silicon nitride and provide a small amount of 0vé_r-etchixig. A third step empléys addition of an _ |

oxidizing gas to the etching mixture to assure removal of residues. -

" Finally, Padmapani et al., in U.S. Pat. No. 5,877,090, disclose a method for etching
é, silicdn nitride dielectric layer over a silicon énd_(le dielectric layer. A plasrfna sustaining gas that -
includes nitrogen is employed with hydrogen bfoﬁ:ide and. one or both of nitrogen triﬂuoﬁde and
sulfur hexafluoride. ' - ' ' - -

Desirable in the art of microelectronics fabrication are additional methods for

| etchiﬂg patterns with high aspect ratios in silic_bn nitride dielectric layers employing dry plasma

etch methods with varymg selectivity of etéhing rates.

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



SUMMARY OF THE INVENTION

A first object of the present invention is to provide a method for dry plasma
selective etching of a patter in a silicon nitride dielectric layer formed over a substrate employed

" 'within a microelectronics fabrication.

A second object of the present inverition is to provide a method in accord with the
first object of the prese:it imiehﬁon, wh‘e_re there is selectively etched a pattém in a silicon nitride
layer employing dry plasma environments thh critical dimensional control and 'at_tenﬁated
micro]oadiﬁg_and etching of underlying layere. | | -

A third object of ‘the present invention isto provide a method in accord with the
first object of the present invention and the second object of the present mventlon, where the

invention is readily commercially nnplemented

In accord m&ﬁ the objects of the present ihvention, there is pfovided a method for
selective dry plasma etching of patterns in silicon nitride dielectric layers. To pracuoe the
. invention, there is provided a silicon substrete having formed thereﬁpon a silicon oxide bad oxide
layer over which is formed a silicon nitride dielectric layer. There is formed over the substrate 2
péttemed photoresist etch mask layer. There is then selectiirely etched the pattern of the |
photores:st etch mask into the silicon mtnde layer employmg a f‘our-step dry plasma etching
process in three plasma etching envnronments which mc]ude (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 pf silicon nitride
‘without excessive etching of tmderlying layer. These steps comprise the selective etcﬁing of
silicon mtnde pattem with critical dunensxonal control whereby there is attenuated microloading
effects and the excessive etchmg of underlymg material. '
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‘The method of the present invention may be praeﬁced on silicon nitride dielectric
layers formed over silicon substrates employed within microelectronics f#brications including but
not limited to integrated circuit mlcroelectromcs fabrications, charge coupled display
microelectronics fabrications, solar cell rmcroelectromcs fabncatrons and optoelectromcs drsplay

microelectronics fabrications.

The present invention employs materials and methods which are known in the art

of nucroelectromcs fabrication but in a novel order and sequence Therefore the method of the

present invention is readily commercmlly implemented. -
BRIEF DESCRIPTION OF THE DRAWINGS

The objects, features and advantages of the present mventlon are understood
wnhm the context of the Descrrptron of the Preferred Embodiment as set forth below. The
Description of the Preferred Embodiment is un_derstood within the context of the accompanying
dravrings, which form a material part of this disclosure, wherein: |

‘Fig. 1, Fig. 2, Fig. 3, Frg 4, Frg 5 and Fig. 6 are directed towardsageneral

embodrment of the present invention which constitutes a preferred embodiment of the present

mventron Frg l1to Flg 6 ﬂlustrate the formation, upon a silicon sermconductor substrate
employed within a microelectronics fabrication, ofa patterned silicon nitride dielectric layer
employing a dry plasma subtractive selective etching process with critical dimensional control

| whereby there is attenuated microloading effects and excessive etching of underlyiﬁg material

- layers.
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'DESCRIPTION OF THE PREFERRED EMBODIMENT

The present invention provides a method for dry plasma subtractive etching of a

pattern in a silicon nitride dielectric layer formed upon a silicon semiconductor substrate

: employed within a mlcroelectromcs fabncatlon

Referring now fo Fig. 1 to Fig. 6, there is shown a series of sc_:he‘matic crbss—
sectional diagrams illustrating the results of etching, within a silicon nitride dielectric layer upon a
silicon semzconductor substrate employed thhm a mxcroelectromcs fabrication, a patten
employmg a multx-step selective dry plasma etchmg in accord with a general method of the
present invention which is a_.preferred_mnbodunent of the present invention.

Shown in Flg 1i isa sxhcon semiconductor substrate 10 upon which is formed a

‘silicon oxide dielectric pad oxide layer 12 Formed over the pad oxide layer is a silicon mtnde '_
dielectric layer 14. Formed over the substrate is 2 pattemed photoresist layer 18 and optional

congruent antlreﬂectlon coating layer 16. Pattem 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 :

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 sihgle crystalline silicon wafer of

(100) orientation with p—type dopmg toa resxstmty of from about 0.5 to about 100 ohm-

' centlmeter

With respect to the silicon oxide pad oxide layer 12 shown in Fig. 1, the silicon
ox1de pad oxide layer 121is formed by thermal oxidation of the silicon substrate 10. Preferab!y the
pad oxide layer 12 is formed to a thickness of ﬁom about 100 to qbout 300 angstroms



With respect to the silicon nitride dieleétric layer 14 shown'in Fig. 1, the silicon
nitride dielectric layer 14 is formed by chemical vapor deposition employing the followirig -
process: (1) silane (SiH,) silicon source gas at a flow rate of from about 150 to about 250
standard cubic centimeters per minute (scﬁm); ) émxmonia (NH,) nitrogen source gas at a flow
rate of from about 500 to about'2000 stan_dérd cubic centimeters per minute (sccm); (3) nitrogen (
N,) carrier gas at a flow rate of about 500 to about 1000 standard cubic centimeters per minute
(scom); (4) temperature from about 700 to about 800 degfees centigrade; and (5) pressure form
about 0.2 to about 0.8 tor. Preferably the silicon nitride layer is formed to a thickness of about :
1000 to about 3000 angstroms. o

~ With respect to the patterned photoresist etch mask 18 formed on the optional
congruent patterned antireflection coating (ARC) 16, the photoresist etch mask layer 18 is forrh_ed -
employing methods and materials as are known in the field of microelectronics fabrication. The
optional patterned congruent antireflection coating (ARC) 16 is formed etnpkiying organic
polyr_nef spin-on—polyrher material. Preferably the anti-reflection coaﬁng (ARC) 16 is formed to a
thickness of about 500 to about 800 angstroms. | | ' a

Reféxﬁng now to Fig. 2, there is shown a schéma_tic cross-sectional diagram
iliustfaxing the fesixlts of further pfocessing- of the microelectronics fabrication whose schematic
cfoss-_séctional diagram is shown in Fig. 1. Fig. 2 is a microelectronics fabﬁéation otherwise |
equivalent to the microelectronics fabrication shoWn in Fig. 1, but where there has been exposed |
the microelectronics fabﬁcation to a first blasma etching environment 20, resulting in the initial
etching of the silicon nitride fayer 14 ihrough the pattern openings 19a and 19b and the |
siniultaneoﬁs_f‘omation of polympr layers 21 on the sides of the pattern defining Il'ayers 18’ and
16°. ' '

 With respect to the first plasma etching environment 20 showr in Fig, 2, the first
plasma etching environment 20 employs.chlorine ( Clz)' gas and the following process conditions: - -
(1) pressure from about 100 to about 1000 mTorr; (2) power from about 100 to about 500 watté;
(3) electrode gap from about 0.8 to about 1.8 centimeters; (4) chlorine (CLy) gas flow rate of from



“about 30 to about 300 standard cubic centimeters per minute (scom); (5) helium gas flow rate of

~ from 0 to about 500 standard cubic centimeters per minute-(scem); (6) helium thermal clamp gas -
- pressure from about 2 to about 12 Torr; and (7) time from about 10 to about 60 seconds. The

_ purpose of the first etching environment is to break through the surface of and begin etching of
the silicon nitride layer, and the step is referred to as the “break-through” step. -

 Another aspect of the first plasma etching environment of Clz for beginning the
etching of silicon nitride layef 14’ is the formation ofa polymer reaction-pr-oduct_ which tends
preferentially to deposit on the sidewall 21 of the photoresist etuh mask layer and etched silicon
nitride layer 14’ as shown in Fig. 2. This sidewall deposit 21 serves to reduce lateral etching of
patterned silicon nitride and is beneﬁcxal in maintaining lmew1dth control of cntxcal dxmensmns in
the etched patterned silicon nitride layer.

The present invenﬁon may be practiced. in conventional plasma .react.'or equipment
* as are known in the art of reactive 1on etchmg in microelectronics fabncauon Preferably the
plasma reactor equipment employed to implement the present mventxon is the LAM 4428XL
plasma reactor manufactured by Lam Research Corporauon, 4650 Cushmg Parkway Fremont, -
CA 94538-6470, USA. o '

Referring now more partlcularly 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 5hown in Fig. 2. Shown in Fig. 3 is a microelectronics
fabrication otherwise equivalent to the microelectronics fabncatlon shown in Flg 2, but where
there has been exposed the substrate to a second plasma etchmg emnronment 22a, resulting in

further etchmg of the pattem openings 19a and 19b into the silicon nitride Iayer 14’ employmg a.
“bulk” etching step to etch the major portlon of the s:hcon nitride laver ' i

With respect to the second ﬂasma etching environment 22a shown in Fig. 3, the -
second plasma etching environment 22a employs the following pfocess conditions: (1) pressure
from about 100 to about lDOO mTorr; @) power from about 100 to about 500 watts; (3)



 dlectrode 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 (sccm); (5) helium gas
flow rate from O to about 500 standard cubic centimeters per minute (sccm); (6) helium gas clamp
pressure from about 2 to about 10 Torr; (7) time from about 10 to about 60 seconds to remove
about 80% of the silicon nitride layer; In th'e'seco'n.d etching environment, the “bulk” etching
process for the removal of the silicon nitride Iaj(er 4 prefer_ably removes about 80% of the

silicon nitrid_e' layer 14°. -

| : Refemng now more particularly to Flg 4, th'ere is shown a schematic cross-
sectional diagram illustratirig‘ thé results of further processing of the microelectronics fabrication
whose schematic cross-sectlonal diagram is shown in Fxg 3. Shownin Fig. 4is a rmcroelectromcs |
fabrication otherwise equwalent to Fig. 3, but where there has been exposed the substrate to the
plasma etching environment 22b to insure completion of the process of etching the pattern in the
silicon nitride layer 14’ to the pad oxide Iéygir 12bya “buffer” step which assures removal of the

siicon nitride layer 14’ in the openings 19a and 1_9b.

With respect to the third pl_asma'etdﬂng environment 22b shown in Fig. 4, the
third plasma etching environment 22b is formed ztnalog’ﬁus to the plasma environment 22a shown
in Fig. 3 but employing the following conditions:(1) preésure of from about 300 to about 1000
_ Ttm;(Z) power from about 100 to about 3000 watts; (3) electrode gap from about 0.8 to about
18 centiméter (cm); (4) sulfur hexafluoride (SF;) gas flow rate of from about 20 to about 200
- standard cubic centimeters per minute (sccm); (5) hydrogen bromide (HBr) gas flow rate of from
about 20 to about 100 standard cubic centimeters per minute (sccm) (7) oxygen gas flow rate of

. from zero to about 100 standard cublc centuneters per minute (sccm); (8) helium gas flow rate of

from zero to about 500 standard cubic centimeters per_mmute (sccm); (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 completes tl_te Bﬁ}ffftt\(? étcmﬁg of the patterned silicon ni_tn'de layer.



Referring now more particularly to Fig. 5, there is shown a sehemaﬁc cTOSs-
sectional diagram illustrating the results obtained by ﬁn'thef processing of the microelectronics
fabrication whose schematic cross-sectional diagram is shown in Fig. 4 in accord with the present
invention. Shown in Fig. 5 is a microelectronics fabrication otherwise equivalent to the
microelectronics fabrication shown in Fig. 4, but where there has been exposed the substrate to a

g thll‘d plasma etching environment 24 to provide an fourth “over-etch” step t0 assure complete

~+. removal of all sificon nitride in the openmgs 19a and 19 without excessive etching of the

underlying material layer, and ;emoval of all s1dewa11 residues 21.

With- respect to the third plasma etchmg env1ronment 24 shown m F1g 5, the third
plasma envxronment 24 employs the following process conditions: (l) pressure from about 100to
about 1000 torr; (2) power from about 100 to about 500 watts; (3) electrode gap from about 0.8
to about 1.8 centimeter (cm); (4) sulfur hexafluoride (SF¢) gas flow rate of from about 20 to
about 200 standard cubic centimeters per minute (sccmy); (5) hydrogen broriﬂde (HBf) gas flow
rate of from about 5 to about 50 staﬁderd cubic centimeters per minute (scom).

Referring now to Fig. 6, there is shown a schematic cross-sectional diagram
illustrating the final results of ﬁmher processing of the microelectronics fabrication whose |
.~ schematic cross-sectional diagram is shown in Fig. 5. Shown in Fig. 6is a microelectronics
| fabrication otherwise equivalent to the microelectronics fabﬁcatieh shown in Fig. 5, but where
there has been stripped the paﬁemed pﬁotor_esist etch mask layer 18’ and optional congruent
antireflection coating (ARC) layer 16’ frem the substrate. The pattern openings 19a and 19b are
" thus comp_letely etched free of any silicon nitride down to the pad oxide layer.12, with critical
dimensional contrel and aﬁenuated microloading e.nd etching of underlying layers.

The present mventlon provides a method for plasma etching a pattern within a
silicon mtnde layer formed upon a smcon substrate employed within a microelectronics fabrication
wherem there is attenuated microloading and etching of underlayer material while mamtaxmng
control of critical dimensions. The. provision of a first or “break_-through plasma etchmg step
w1th chlorine gas serves to b'egin the subtract_ii'e etching. process whﬂe simultaneously fonnﬁxg a

10



pdlymeﬁc layer on the sidewalls of the photoresist pattem. .The polymeric coating is beneficial as
it serves to minimize critical dimensional variations. The continuation of silicon nitride etching in
the second plasma etching environment by means of the “bulk™ step removes about 80% of the
silicon nitride, and the completion of the silicon nitride etching by means of the “buffer” step
removes the remaining 20% of the “buffer” step. Finally, a fourth etching step in a third plasma
etching environment serves as an “over-etch” step to ensure removal of aﬂ silicon nitride without

excessive etching of underlayer material,
Example

. The present invention provides a selectivify_of etch rate and etch rate rsﬁbs for
 silicon nitride and silicon oxide which may be beneficially employed in etching patterns in siliqoﬂ
- nitride layers formed over silicon oxide layers with control of critical dime'nsions axid attenuated
etching damage to underlying silicon oxide layers Samplés were prepared _employirig silicon -
substrates upon which were formed silicon nitride layers in accord with the following process
conditions: (1) silicon substrates with p-type dopmg, (2) silicon oxide layers formed employmg
thermal oxidation of silicon substrates i 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 emiploying chemical vapor depssition (CVD) from : (a) silane and ammonia reactive gases
at flow rates of from :ab_out 150 to about 350 and ﬁoin about 500 to about 2000 standard subic
centimeters per minute (sccm) respecﬁvely; (b) nitrogen carrier gas at a flow rate of from about
. 500 to sbout 1000 standard cubic centimeters per minute (sccm); (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 fayer thickness was measured employing Opﬁprobe thickness measuring equipment. The
silicon nitride layers were etched employing the three plasma etching environments as desm’bed in
| .the present mventlon The results are shown in Table I, which gives the observed data for the

steps of the present invention:

11
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Table I
Etch Rate and Etch Rate Ratio for silicon nitride and Silicon Oxide

Break-Through Mait_l(SO%) Buffer (20%) Over-Eich

Step Step - Step . Step
NitideEtchrate, 500 - 4000 1200 500
angstroms/minute e ' '
'Etchrater_atio, - ' 2:1 . 4:1 L 10.:1.

N_itﬁde:Oxi_de '

_ 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'laét residués of silicon nitride without significant
removal of underlying silicon oxide layer at co'thplétiori of the p'roéess.- Thus there is aﬁ'érdéd the
attenuéxion of over-etching of underlying silicon oxide as well as complete removal of sxhcon
nitride residues at th_e end of the pattern etching process while maintaining control of critical

dimensions of the patterned silicon nitride layer.

Asis undersfood 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

embodirnents which are within the spirit and ..scop'e. of the present invention, as defined by the -
appended claims. :
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. CLAIM
1. A method for etchmg a pattern wrdnn a silicon nitride layer formed upona sennconductor

substrate employed within a microelectronics fabrication compnsmg.
| providing a semiconductor substraté having formed thereupon a silicon oxide pad oxide
layer and a silicon nitride layer;

fonmng over the semiconductor substrate an optlonal antireflection coating layer and a
pattemed photoresnst etch mask layer o
_ treatmg the semwonductor substrate to a first plasma etchmg environment to begm the

etching of the pattern into the silicon nitride layer;

treating the semiconductor substrate to a second plasma etching environment to
-accomplish the etching of the pattemed silicon nitride layer |

treating the semiconductor substrate to a third plasma etching env:ronment to assure
complete etching of the patterned silicon nitride layer without excessive overetchmg of the
underlying pad oxide layer. ' -

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

3. Thc method of Claim 1 wherein the serniconductor mbst_fate is employed within a
microelectronics fabrication selected from the grouji consisting of:
mtegrated circuit mxcroelectromcs fabncatlons
" solar cell mlcroelectromcs fabrications;
charge coupled display microelectronics fa'liri'caﬁons;:

optoelectronics display microelectronics fabrications.

4, The method of Claim 1 wherem the silicon omde pad oxide is formed by thermal oxldauon of
silicon to a silicon oxide thickness of about 100 to about 300 angstroms.

5. The method of Claim 1 wherein the silicon mtnde layer is formed by chem1ca1 vapor deposmon
(CVD)toa thxckness of about 1000 to about 3000 angstrorqs
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6. The method of Claim 1 wherein the optional antireflection coating layer is formed employing |
orgahic polymer spin-on-polymer (SOP) material. - '

1. The method of Claim 1 wherein the first plasma etching environment comprises:
chlorine (C) gas; | S
helium gas; _ .
power from about 100 to about 500 watts;
electrode gap ﬁom.éb:out 0.8 to about 1.8 centimeters; and
| ﬁcﬁng_tiﬁe from about 10 to about 60 seconds. |

8. The methbd 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 wherein the second ;Qlasma e_téhing environment comprises:
sulfur hexafluoride (SFs) gas; o '
helium gas; o |
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 e_nvironmént is employed in éteps
consisting of: - . _ -

a “bulk” etching step which removes about 80% of the silicon nitride léyer,_ and. -
a “buffer” etching 'step_ which removes ahbut the remaining 20% of the silicon nitride laji_er. |

gy
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11. The method of Claim 1 wherein the third plésma .etchihg environment comprises:
- sulfur hexafluoride (SFs) gas- |
hydrogen bromlde (HBr) gas;
- oxygen (02) gas;
helium gas;
power from about 100 to about 500 watts; and
electrode gap from about 0.8 to about 1.8 cen_tlmeter;

12. The method of Claim 11 Wherem the th1rd plasma etching envxronmem serves as an “over- |
etch” step to complete the etchmg of the patterned sﬂlcon nitride layer without excessive etchmg

of the underlying silicon oxide layer.
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