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MULTIPLE-STEP PLASMA ETCHING PROCESS FOR SILICON NITRIDE 

BACKGROUND OF TIU": INVENTION 

1. Field of the Invention 

The invention relates to the fi~d of manufacrure of microelectronics fabrications. 

More panicularly, the invention relates to the field of etchi~ of microelectronics layers employed 

within microelectronics fabrications. 

2. DeScription of the Related Art 

Microelectronics fabrications are manufactured employing layer8 of 

microelectronics materials fonned sequentially on substrates. Microelectronics conductor layers, 

often patterned into lines and shapes, are insulated from each other and other conductor regions 

·by microelectronics dielectric layers. In the fabrication of particular geometries of 

microeleetronics materials, it is necessary to fonn patterns from layers of such materials. This is 

commonly done employing subtractive etching of the microelectronics material layer through 
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patterned etch mask resist 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 microelectronics 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 spacing and maintain control over the profiles of 

high aspect ratio pattern features, the etching processes often employ multiple process steps and· 

· materials for optimum performance. The selectivity of the etching of silicon nitride layers 

compared to other materials is important, smee silicon nitride layers are often formed over other 

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

··completely while keeping the underlying layer essentially unaffected and intact .. 

There is a need for selectively etching of a patterned silicon nitride layer 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 whi.1e the r*on away from the foot may sti11 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 etch 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 

2 



.. 

. .• 

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 of a molybdenum silicide layer through a resist mask. The method employs sulfur 

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

Still further, Huang et al., in U.S. Pat. No. 5,854,136, disclose a 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 environment ofCHF3, SF& and He gases to etch the bulk of the silicon 

nitride layer, followed by a second step in which HBr replaces CHF3 to etch the remainder of the 

silicon nitride and provide a small amount of over-etching. A third step employs 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 

a silicon nitride dielectric layer over a silioon oxide dielectric layer. A plasma sustaining gas that · · 

includes nitrogen is employed with hydrogen bromide and. one or both of nitrogen trifluoride and 

sulfur hexafluoride. 

-Desirable in the art of microelectronics fabrication are additional methods for 

etching patterns with high aspect ratios in silioon nitride dielectric layers employing dry plasma 

etch methods with varying selectivity of etching rates. 

It is towards these go~s that the present invention is generally difected. 
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SUMMARY OF THE .INVENTION 

A first object of the present invention is to provide a method for dry plasma 

selective etching of a pattern in a silicon nitride dielectric layer formed over a Substrate employed 

within a microelectronics fabrication. 

A second object ()f the present inverition is to provide a method in accord with the 

first object of the present inVention, where there is selectively etched a pattern in a silicon nitride 

layer employing diy plasma environments with critical dimensional control and attenuated 

microloading .and etching of underlying layers. 

A third object of the present invention is to provide a method in accord with the 

first object of the present invention and the second object of the present invention, where the 

invention is readily commercially implemented. 

In accord with the objects of the present iilvention, 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 thereupon a silicon oxide pad oxide 

layer over which is formed a silicon nitcide dielectric layer. There is formed over the substrate a 

patterned photoresist etch mask layer. There is then selectively etched the pattern of the 

photoresist etch mask into the silicon nitride layer employing a four-step dry plasma etchi~g 

proce.ss 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 c0mplete removal ~f silicon nitride 

without excessive etching of underlying layer. these steps comprise the selective etching of 

silicon nitride pattern with critical dimensional contro1 whereby there is attenuated. microloading 

effects 8J)d the excessive etching of WJderlying material. 
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The method of the present invention may be practiced on silicon nitride dielectric 

layers formed over silicon substrates employed within microelectronics fabrications including but 

not limited to integrated circuit microelectronics filbrications, charge coupled display 

microelectronics fabrications, solar cell microelectronics fabrications and optoelectronics display 

microelectronics fabrications. 

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

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

present invention is readily commercially implemented. 

BRIEF DESCRIPTION OF THE DRAWINGS 

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 pre&ent invention which constitutes a preferred embodiment of the present 

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 diy plasma subtractive selective etching process with critical dimensional control 

whereby there is attenuated microloading effects and excessive etching of underlying 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 microelectronics fabrication. 

Referring now to Fig. l to Fig. 6, there is shown a series of schematic cross­

sectional diagrams illustrating the results of etching, within a silicon nitride dielectric layer upon a 

silicon semiconductor substrate employed within a microelectronics fabrication, a, pattern 

employing a multi-step selective dry plasma etching, in accord with a general method of the 

present invention which is a preferred. embodiment of the present invention. 

Shown in Fig. 1 is a silicon semiconductor substrate I 0 upon which is formed a 

silicon oxide dielectric pad oxide layer 12> Fanned over the pad oxide layer is a silicon nitride 

dielectric layer 14. Formed over the substrate is a patterned photoresist layer 18 and optional 

congruent antiretlection coating layer 16. Pattern openings 19a and 19b represent narrow and 

wide patterned regions respectively. 

With respect to the silicon semiconductor substrate IO shown in Fig. 1, the silicon 

semiconductor substrate 1 O may be the substrate itself employed within the microelectronics 

fabrication, or alternatively the substrate 10 may be any of sCV-eral layers of silicon formed upon 

the substrate. Preferably the silicon semiconductor substrate is a siiigle 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. l, the silicon 

oxide pad oxide layer 12 is formed by thennal oxidp.tion of the silicon substrate 1 O. Preferably the 

pad oxide layer 12 is formed to a t.hickness of from about lOQ lP ~~ut 3()0 an~sq-o~s. 
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With respect to the silicon nitride dielectric layer 14 shown in Fig. I, the silicon 

nitride dielectric layer 14 is fonned by chemical vapor deposition employing the following 

process: (I) silane (SiH.i) silicon source gas at a flow rate of from about 150 to about 250 

standard cubic centimeters per minute (seem); (2) ammonia (NH3) nitrogen source gas at a flow 

rate of from about 500 to about2000 standard cubic centimeters per minute (seem); (3) nitrogen ( 

N2) carrier gas at a flow fate of about 500 to about 1000 standard cubic centimeters per rriinute 

(seem); (4) temperature from about 700 to about 800 degrees centigrade; and (5) pressure form 

about 0.2 to about 0.8 torr. Preferably the silicon nitride layer is formed to a thickness of about 

1000 to about 3000 angstroms. 

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 fonned 

employing methods and materials as are known in the field of microelectronics fabrication. The 

optional patterned congruent antireflection coating (ARC) 16 is formed employing organic 

polymer spin-on-polymer material. Preferably the anti-reflection coating (ARC) 16 is formed to a 

thickness of about 500 to. about 800 angstroms. 

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. I. Fig. 2 is a microelectronics fabrication otherwise 

equivalent' to the microelectronics fabrication shown in Fig. 1, but where there has been exposed 

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 ( Ch) gas and the following process conditions: . 

(1) pressure from about I 00 to about 1000 mTorr; · (2) power from about 100 to about 500 watts; 

(3) electrode.~p from.about 0.8 to about 1.8 centimeters; (4) chlorine (Cl2) w,s f)ow ratp ~f P"om 



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

from Oto about 500 standard cubic centimeters per minute-(sccm); (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 silieon nitride layer, and the step is referred to as the "break-through" step~ 

Another aspect of the first plasma etching enVironment of Ch for. beginning the 

etching of silicon nitride layer 14' is the formation ofa polym~r reaction product which tends 

preferentially to deposit"on the sidewall 21 of the photoresist etch mask layer and etched silicon 

nitride layer 14' as shown in Fig. 2. This sidewall deposit 21 serves to reduce la~er81 etching of 

patterned silicon nitride and is beneficial in maintaining linewidth control of critical dimensions in 

the etched patterned silicon nitride layer. 

The present invention may be practiced in conventional plasma reactor equipment 

· as are known in the art of reactive ioil 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, 465~ 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 :funher processing of the microelectronics fabrication 

whose schematic cross-sectional diagram is shown in Fig. 2. Shown in Fig. 3 is a microelectronics 

fabrieation otherwise equivalent to the microelectronics fabricatio~ 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' openings 19a and 19b into the silicon nitride layer 14'. employing a 

"buJk'' etching step to etch the major portion of the silicon nitride layer. 

With respect to the second plasma etching environment 22a shown in Fig. 3, the 

second plasma etching .environment 22a employs the following process conditions: (1) pressure 

&Om abOut 100 to about 1000 mTorr; (2) power from about JOO to about 500 Wfft~; (3) 

8 



electrode gap from about 0.8 to about 1.8 centimeter (cm); (4) sulfur hexafluoride (SF6) gas flow 

rate of from about 20 to about 200 standard cubic centimeters per minute (seem)~ (5) helium gas 

flow rate from 0 to about 500 standard cubic centimeters per minute (seem); (6) helium gas clamp 

pressure from about 2 to about 10 Torr; (7) time from about 10 to about 60 seconds to remove 

about 800/o of the silicon nitride layer; In the second etching environment, the "bulk" etching 

process for the removal of the silicon nitride layer 14' preferably removes about 80% of the 

silicon nitride layer 14' . 

. ·Referring now more partiCularly to Fig. 4, there is shown a schematic cross­

sectional diagram illustrating the results of fuqher processing of the microelectronics fabrication 

whose schematic cross-sectional diagram is shown in Fig. 3. Shown m Fig. 4 is a ~croelectronics 

fabrication otherwise equivalent 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 layer 12 by a "buffer" step whiCh assures removal of the 

silicon nitride layer 14' in the openings 19a and 19b. 

With respect to the third plasma etching environment 22b shown m Fig. 4, the 

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

in Fig. 3 but employing the following conditions:(!) pressure offtom about 300 to about 1000 

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

1.8 .centimeter (cm); ( 4) sulfur hexafluoride (SF6) gas .flow rate of from about 20. to about 200 

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

about 20 to about 100 standard cubic centimeters per minute (seem); (7) oxygen gas flow rate of 

from zero to about 100 standard cubic centimeters per minute (seem); (8) helium gas flow rate of 

from zero to abo~ 500 standard cubic centimeters per.minute (seem); (9) helium thermal clamp 

gas pressure from about 2 to about 10 Torr; and (10) time :from about l 0 to about 60 seconds 

(sec). The third .. buffer'' step serves to remove the remaining amount of silicon nitride, prefeiably 

about 2o0/0, and essentially f<>mpletes tJ:ie ~p.r#Yy '1chin$ of the patterned silicon nitride layer . 
. . ; . .•· 



Referring now more particularly to Fig. 5, there is· shown a schematic cross­

sectional diagram illustrating the results obtained by further 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 

microeiectronics fabrication shown in Fig. 4, but where there has been exposed the substrate to a 

third plasma etching environment 24 to provide an fourth "over-etch" step to assure complete 

removal of all silicon nitride in the openings 19a and 19b without CX:cessive etching of the · 

underlying 11iateri81 layer, and removal of all sidewall residues 21. 

With-respect to·the third plasma etching.environment 24 shown~ Fig. 5, the third 

plasma environment 24 employs the following process conditions: (1) pressure :from about 100 to 

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 (SF6) gas flow rate of from about 20 to 

about 200 standard cubic centimeters per minute (seem); (5) hydrogen bromide (HBr) gas flow 

rate of from about 5 to about 50 standard cubic centimeters per minute (seem). 

Referring now to Fig; 6, there is shown a Schematic cross-sectional 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 

antireflection coating (ARC) layer 16' from the substrate. The pattern openings 19a 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 microelectronics fabrication 

wherein there is attenuated microloading and etching of underlayer material while maintaining 

control of critical dimerisions. 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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polymeric layer· on the sidewalls of the photoresist pattern. 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 800!0 of the 

silicon nitride, and the completion of the silicon nitride etching by means of the "buffer" step 

removes the remaining 200/o 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 alt silicon nitride Without 

excessive etching of underlayer material. 

Example 

The present invention provides a selectivity. of etch rate and etch rate ratios for 

silicon nitrid~ and silicon oxide which may be beneficially employed in etching patterns in silicon 

· nitride layers formed over silicon oxide layers with control of critical dimensions and attenuated 

etching damage to underlying silicon oxide layers. Samples were prepared employing silicon 

subStrates upon which were formed silicon nitride layers in accord with the following process 

conditions: (1) silicon substrates with p-type doping; (2) silicon oxide layers formed employing 

thermal oxidation of silicon substrates in ox}rgen at a pressure of from about 500 to about 760 

torr at~ temperature of from about 800 to about 1000 degrees centigrade; and (3) silicon nitride 

fonned employing chemical vapor deposition (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 (seem) respectively; (b) nitrogen carrier gas at a flow rate of from about 

500 to about 1000 standard cubic centimeters per minute (seem); (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 

silicon nitride layers were etched employing the three plasma etching environments as descnl>ed 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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Table I 

Etch Rate and Etch Rate Ratio for silicon nitride and Silicon Oxide 

Break-Through Main (800/o) Buffer (200/o) Over-Etch 

Step Step · Step Step 

Nitride Etch rate, 500 4000 1200 500 

angstroms/minute 

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 ·iast 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 laF. 

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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.CLAIM 

I. A method for etching a pattern within a silicon ni~de layer funned upon a semiconductor 

substrate employed within a microelectronics fabrication comprising: 

providing a semiconductor substrate having fonned thereupon a silicon oxide pad oxide 

layer and a silicon nitride layei; 

funning over the semiconductor substrate an optional antiretleCtion coating layer and a 

patterned photoresist etch mask layer; 

treating the semiconductor substrate to a first plasma etching environment to begin 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 patterned silioon nitride layer; 

treating the semiconductor substrate to a third plasma etching environment to assure 

complete etching of the patterned silicon nitride layer without excessive overetching. of the 

underlying pad oxide layer. 

2. The method of Claim I wherelli the semiconductor substrate is a single crystal silicon substrate 

of (100) crystalline orientation. 

3 .. The method of Oaim I wherein the semiconducto~ 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; 

optoetectronics display microelectronics fabrications. 

4. The m~9d of Claim I wherein the silicon oxide pad oxide-is formed by thermal oxidation of 

silicon to a silicon oxide thickness of about 100 to about 300 angstroms. 

5. The method of Claim I wherein the silicon Itjµi.~ layer is form.~ by chemic~ vapor deposition 

(CVD) to ~thickness of about 1000 to about 3000 angstrp~. 
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6. The method of Claim 1 wherein the optional antireflection coating layer is formed employing 

organic polymer spin-on-polymer (SOP) material. 

7. The method of Claim 1 wherein the first plasma etching environment comprises: 

chlorine (Ch) gas; 

helium gas; 

power from about I 00 to about 500 watts; 

electrode gap from about 0.8 to about 1.8 centimeters; and 

etching time from about 1 O to about 60 seconds. 

8. The method of Claim 7 wherein the fir~ 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 plasma etching environment comprises: 

sulfur hexafluoride (SF6) gas; 

helium gas; 

power from about I 00 to about 500 watts; and 

electrode gap from about 0.8 to about 1.8 centimeter. 

IO. 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 "buffer" etching step which removes about the remaining 20% of the silieon nitride layer. 

.-, 
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11. The method of Claim 1 wherein the third plasma etching environment comprises: 

sulfur hexafluoride (SF6) gas; 

hydrogen bromide (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 centimeter; 

12. The method of Claim 11 wherein the third plasma etching environment serves as ait "over-
. . . . 

etch" step to complete the etching of the patterned silicon nitride layer without excessive etching 

of the underlying silicon oxide layer. 
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