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METHOD OF ETCHING A HIGJH ASPECT RATIO CONTACT

TECHNICAL FIELD

[0001] Embodiments of the invention relate to gas chemistries and methods of plasma

etching high aspect ratio contacts (HARCs) in oxide layers.

n semiconductor devices, insulating layers such as silicon dioxide (SiO ), doped

oxide such as BPSG, and silicon nitride, are used to electrically separate conductive layers,

such as doped polysilieon, metals, refractory metal suicides, etc. High aspect ratio contact

(HARC) etching is a key process for forming contact hole interconnections through insulating

layers to an active device area or conductive layer in high density integrated devices. HARCs

require etching processes that produce a vertical profile and a defined critical dimension (CD)

Another application for HARC features in dielectrics is the formation of capacitor or container

structures in stacked capacitor DRAM

In a typical plasma etching, a substrate is positioned on a chuck in a gas chamber,

an etehant gas is introduced into the chamber, and the chamber pressure is reduced. An

energy source/power supply creates a charged electric or electromagnetic field through

electrodes positioned within the chamber to energize the etehant gas into a plasma state. The

etehant gas is transformed into a disassociated mixture of uncharged neutrals as well as

electrons and positive ions. Typically, the positive ions are accelerated to the substrate by a

radio frequency (RF) biased electrode sheath providing directionality for forming vertical

contact hole profiles and the chuck supporting the substrate acts as a bottom electrode and can

be biased by a second IiF power source. The ions react with the substrate thereby removing

the exposed material from the semiconductor device.

I] Generally, standard processes for etching through silicon dioxide (SiO2) to

underlying silicon and/or silicon nitride use fluorocarbon gas plasmas. The dissociation of

the fluorocarbon molecules by the action of plasma generates active radicals and/or ions that

act on the SiO substrate. For example, in some high density plasmas, CF f , CF2
' and CF-/

ions generated from CF3 and other CxFy radicals (where x is up to 11 and >' is up to 15) are
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dominant etching ions for SiO with Ar ions sputtering CFx films on oxide and less

fliϊorinatεd radicals (e.g., CF2 and CF) are adsorbed on the sidewalls and bottom surfaces in

the contact hole of the SiO during the etching process and polymerize to form a nonvolatile

fluoropolymer layer that inhibits etching by the ions. Precise control of the balance between

adsorbing radicals and etching ions during SiO contact plasma etching is important to

simultaneously passivate the sidewalls of the opening and extend the etch front at the bottom

of the opening. However, such control is difficult when using conventional ffuorocarbon

chemistries.

[Θ005] Problems including bowing and/or twisting of the openings often occur during

HARC etches. FIGS. 1 2 illustrates a substrate fragment (e.g.. wafer) designated generally

as 10, showing formation of a contact hole 12 in a dielectric layer J4 to an underlying

substrate layer 16 by prior art etching methods Bowing, illustrated in FIG. L is generally

formed by the reaction of free fluorine which accumulates on the sidewalls S of the contact

opening 12 during etching (arrows j j ) and laterally attacks and etches the exposed

sidewalls producing a characteristic bowing 20 During typical HARC etches, charge

buildup along the sidewalls 18 of a narrow and deep opening can deflect incoming ions

causing changes in the trajectory of those ions. Twisting, illustrated in FIG. 2, can be caused

by asymmetric polymer deposition 22 along the sidewalls 18 during etching in conjunction

with feature charging, which can cause a deflection of incoming etching ions and a changed

trajectory (arrow) of the ions, resulting in the twisting or bending of the contact hole 12 from

a perfectly vertical profile with the hole tending toward one side or the other. Twisting of the

contact hole can lead to misalignment and an imperfect contact between a subsequently

deposited conductive metal and an active area landing region 24, for example, in the

underlying substrate 16. Deviations such as bowing and twisting can also result in a non-

vertical contact hole and shorting of the contact to an adjacent contact or other structure

It would be useful to provide a method and etchant gas for etching high aspect

ratio openings in silicon oxide layers that overcomes these or other problems
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Embodiments of the invention are described below with reference to the following

accompanying drawings, which are for illustrative purposes only. Throughout the following

views, the reference numerals will be used in the drawings, and the same reference numerals

will be used throughout the several views and in the description to indicate same or like

parts.

)8] FIG. 1 illustrates a prior art processing that results in bowing of a contact hole

during etching.

[0ΘΘ9] FIG. 2 illustrates a prior art processing that results in twisting of a contact hole

during etching

[OGlOj FIG. 3 illustrates an elevationai, cross-sectional view of a portion of a substrate at

a preliminary processing stage according to an embodiment of the present disclosure.

1] FIG. 4 is a cross-sectional view of the substrate depicted in FIG 3 at a subsequent

processing stage

Hie following description with reference to the drawings provides illustrative

examples of devices and methods according to embodiments of the invention. Such

description is for illustrative purposes only and not for purposes of limiting the same

ΘΘ 13] In the context of the current application, the terra "semiconductor substrate" or

"semiconductive substrate" or "serniconductive wafer fragment" or "wafer fragment" or

"wafer" will be understood to mean any construction comprising semiconductor material

including but not limited to bulk semiconductive materials such as a semiconductor wafer

(either alone or in assemblies comprising other materials thereon), and semiconductive

material layers (either alone or in assemblies comprising other materials). The term

"substrate" refers to any supporting structure including, but not limited to, the

serniconductive substrates, wafer fragments or wafers described above.



[0014] As used herein, the term "high-aspect ratio" refers to depth-to-width (or diameter)

ratio of about 15:1 or more.

[0015] Embodiments of the invention relate to methods of piasma etching doped and

undoped dielectric materials used in semiconductive microelectronic device processing to

producing openings to fabricate high aspect ratio contacts or containers (HARCs) The

invention provides processing parameters for the etching of a high aspect ratio contact hole

that reduce bowing and twisting of the contact opening during etching, maintain a critical

dimension (CD) for the entire depth profile of the contact hole, and produce a contact hole

with a vertical profile that is substantially cylindrical with minimal taper. For example, a

contact with a depth of about 2 µm, a top CD of 60 nm, and a bottom CD of about 45-60 nm

would be considered as having the required CD profile control.

An embodiment of a method according to the invention is illustrated with

reference to FIGS, 3-4. FlG. 3 illustrates a substrate fragment indicated generally with

reference to numeral 10* at a preliminary processing stage. The substrate fragment 10'

comprises an insulating or dielectric layer 14' formed on a substrate layer 16', and an active

area or element 24 ! (e.g., a diffusion area, contact, conductive line, etc.;. The substrate

fragment 10' in progress can comprise a semiconductor wafer substrate or the wafer along

with various process layers formed thereon, including one or more semiconductor layers or

other formations, and active or operable portions of semiconductor devices.

[0017] The dielectric layer 14' is formed to a selected thickness to be etched to define

high aspect ratio contact hole, for example, a thickness of about 2-3 µm. The dielectric layer

14' can be formed of undoped silicon dioxide (SiO ) or doped SiO , for example, silicon

oxide deposited from tetraeihylorthosilicate (TEOS), borophosphosilicate glass (BPSG)

borosiHcate glass (BSG), and phosphosilicate glass (PSG) or other materials such as nitrides

(e.g., silicon nitrides (SixN ) such as Si3 or silicon oxynitridcs (SiQ Ny), in a single layer

or multiple layers. The underlying substrate layer 16' compositionally dissimilar to the

dielectric layer 14', and can be composed of a nitride etch stop layer (e.g., S13N4), a

refractory metal nitride such as titanium nitride, tungsten nitride, etc.), a silicon dioxide layer

with different doping than a silicon dioxide dielectric layer 14', a silicon layer such as



monocrystallin ε silicon or polysilieon, a doped silicon region, a metal silicidc such as

titanium suicide, a metal interconnect, or other material layer. In the illustrated example,

substrate 16' is SiO? with a contact area 24 ! (e.g., polysilicon).

An etch resistant mask layer 28 !. for example, photoresist or hard mask material,

is formed over the dielectric layer 14' and, as depicted, is patterned and etched to define

openings 30' that expose portions of the dielectric layer.

Referring to FIG, 4 the dielectric layer 14' is etched to form a high aspect ratio

contact opening 12' (i.e., contact hole and via, or other opening such as a trench) extending to

the underlying substrate layer 16' for forming, for example, a contact hole for an interconnect

level, a gate electrode, a capacitor electrode, a via, etc., in the fabrication of various devices

or circuits, such as SRAMs 5 DRAMs 5 etc, Typically, the contact opening 12' is etched to a

high aspect ratio of about 1:15 to about 1:40, or about 1:20 to about 1:30, with a critical

dimension (CD) (width) of less than about 100 nm or about 25-70 rim, and depth (d) of about

1-3 µm5 for example.

)] In embodiments of the invention, the dielectric layer 14' is etched to form a

contact hole 12 using a HARC gas plasma (arrows J.J.J) generated according to the invention

utilizing C F (octafluorocyclobutane), F (hexafluorobutadi εne) or a mixture thereof, an

oxygen source, and an inert gas in combination with C i (tetrafkioroethane). The C Fg,

C F and C F4 gases generate CF radicals as a gas precursor for polymer deposition and

CF + ions to etch the silicon oxide layer. In some embodiments, the etchant gas consists

essentially of or consists OfC F and/or C F , an oxygen source(s), inert gas(cs), and C2F4.

The oxygen source can be, for example, oxygen (Q ) carbon monoxide (CO), or

mixtures thereof, in amounts that do not diminish the performance of the etchant gases. The

oxygen source will react with the carbon and fluorine-containing ions (CF ) within the

plasma to adjust the amount of carbon and fluorine that attaches to the sidewalk 18', and to

suppress "etch stop" that can result from carbon deposits on the bottom surface 26' of the

contact 12' hole.



Optionally, the εtehant gas includes an inert carrier gas, which is known in the art,

such as argon (Ar), xenon (Xe) 5 neon (Ne), krypton ([Cr) and helium (He). Carrier gases are

present in the etchant to dilute the etcha πt gases so that excessive etching or deposition does

not occur, to stabilize the plasma being generated, and to enhance the uniformity of the

etching process. In some embodiments, xenon (Xe), neon (Ne) 5 and/or krypton (Kr) are used

as a carrier gas in lieu of or in combination with argon (Ar),

[0023] In embodiments of the invention, the fSuorocarbon feed gas is composed

C4FsZO2ZArZC2F C4F6 O 2ZAaVC2F4 or C4F8ZC 4F6ZG 2ZArZC2F4. n other embodiments, O2 is

combined with or replaced by CO, andZor Ar is replaced by or combined with Xe, Ne. Kr

and/or He. In various embodiments, the feed gas can comprise, consist essentially of or

consist of the foregoing gases.

[0024] The etch gas can optionally include one or more additional iluorocarbon gases

having the general formula C Fj, where x = 1-6 anάy = 2-8, for example, CF4 (carbon

tetrafluoride), C2Ff (hexafluoroethan ε), C F (hexalluoropropylcne), C F g

(octarluoropropane), C Fs (octafluorocyclopent εne) and C F (perlluor obenzcne) among

others, and combinations thereof.

I It was found that adding C2 F during a HARC etch utilizing a etch chemistry of

C F g or C F with an oxygen source and inert gas, provides the deposition of a thin and

conformal polymer layer 22' to passivate the sidewails 18' of the contact opening 12' during

etching to protect against lateral etching and minimize twisting and bowing of the contact-

hole, particularly during an overetch to remove remaining residual oxide over the substrate

16', without having to compensate for the added polymerizing gas (i.e., C F4) .

The CFx~based polymer deposition that results from the addition of C F4 to a C F g

and/or C4F etch gas provides an improved passivation layer that is conformal and

symmetrica], and deposits over the sidewails as the contact hole is etched. The conformal

polymer layer prevents ion-driven lateral etching or "bow" in localized areas of the sidεwall

to maintain critical dimension (CD) throughout the depth profile of the contact hole and



reduce container deformation. The deposition of the conformal polymer layer on the

sidewalls of the contact hole can also serve as a weak conduction path to dissipate charge at

the bottom of the contact hole and reduce twisting. Also, symmetric polymer deposition

reduces the probability of forming a lateral electric fi eld which reduces twisting.

Irregularities in intrafeature plasma-deposited polymer materials are known to transfer into

the substrate to be etched. The very regular and conformal layer of polymer material that is

generated by the present HARC chemistry reduces deformations and

defects i the contact hole, while the simultaneous ion bombardment suppresses absorption

or deposit of polymer on the etch front at the bottom of the contact hole, thus facilitating

etching without impacting taper.

Investigators have described patterning SiO using a gas mixture of

trifluoroiodomethatie (CF 3I) and tεtrafluoroethane (C F ). However, CF I is not a preferred

etch chemistry because it is a highly corrosive gas and does not perform as well in achieving

the desired contact hole profile. The present etch chemistries overcome those drawbacks and

achieve a dynamic equilibrium such that polymer is deposited and removed at about the same

rate, which prevents etch stop and provides continual passivation whereby the sidewalls are

not exposed, this preventing a bow effect. The etching gases can also be controlled to avoid

deposition of excess polymer residue thai can cause twisting of the contact hole (e.g., as in

FIG, 2) and to limit the accumulation of plasma-deposited polymer residues on the bottom

surface 24' of the opening 12',

In embodiments of the invention, the etch gas plasma can be a mixture of gases

for high aspect ratio etching of silicon oxide at a significantly higher rate than a nitride and/or

silicon substrate layer 16', that is, the etch gas plasma is highly selective to nitrides and

silicon. Such an etch gas plasma allows the etching of an oxide layer 14' down to a substrate

layer 16' without substantially damaging nitride or silicon layers.

)] In other embodiments, the etch gas can include a hydrocarbon such as CH4

(methane) and/or one or more hydrofluorocarbon feed gases having the general formula

Q H F - where x 1-6, v ::: 1~6, and z 1-6, such as CHF (trill uoromethane),

CI-I2F2 (difluoromethane), CH F4 (tetratluoroethane), CH3F (methyl fluoride),



C2HF5 (pentafluoroethane), C H 2F (tetrafluoroethane), C2H5F (ethyl fluoride)

C3HF5 (pentafluoTopropene), C HF7 (heptafluoropropane), C3H2F6 (hexafluoropropane).

C3H3F3 (trifruoropropene), C H3F5 (pentafluoropropane), C3PI4F4 (tetrafluoropropane),

C4HF7 (heptafiuorobutene), C4HF9 (nonafluorobutan ε). C H F , (hexalluorobutene),

4H F (octafluorobutane), C5HF9 (nonafluoropentene), CsHFn (imdecafluorop εntane), or

any hydro fluorobenzenc (eg, C H F ) among others. Embodiments of an etch gas

incorporating a hydrofluorocarbon gas include, for example, 4F CHF O ZAr, among

others. The inclusion of a hydrocarbon (e.g., CH ) andZor a hydrofluorocarbon feed gas is

useful in etching dielectrics other than SiO2, including, for example, silicon nitride (e.g.,

Si , such as S 3 4)

[0030] The benefit of using C F4 is that the deposited polymer is a CF-based polymer that

is easily stripped/cleaned compared to Si-containing polymers formed by processes using an

etch gas such as SiH 5 SiF4 or SiCU. The CF-based polymer generated from C2F4 is very

coiiformal, which allows the C F gas to be added without having to alter the amount of O 2 in

the CdVCjFe etch gas to compensate for the added polymerizing gas (G2F4). In addition, the

use OfC F4 does not result in over-deposit that can "choke off the contact opening (i.e.

breadloafing).

[0031] Although embodiments of the etch plasma gas formed with C F gas provides the

desired conformal polymer deposition during etching, C2F4 gas is highly flammable and

unstable when purified and can spontaneously polymerize in gas lines and during storage if

exposed to trace amounts of O . C F4 can be stabilized but the stabilizing agents such as

d-limonen ε (C] oH] ), carbon dioxide (CO 2) or hydrochloric acid (HCl), can adversely effect

the etch process. In addition, the expense of using C2F4 can be prohibitive

[0032] In other embodiments of the invention, a contact opening is etched in a dielectric

layer using an etch gas thai is composed OfC F g andZor C4F an oxygen source (e.g., O

andZor CO) inert gas(es), and a haloiluorocarbon that will generate CoF4 to provide the same

or similar polymer deposition during a dry etch of oxide as pure C F4 fed into the C4F -C4F g

etch plasma.



The halofluorocarbon utilized in the etch gas is at least one of

1.2-dibromo tetrafluoroethan ε (BrCF CF Br, or C F Br ) 1,2-diiodo tetrafluoro εthane

(ICF CF I or C2F4Ϊ2) and diiodo difluoromethane (CF2Ii). The foregoing halofluorocarbons

are stable liquid sources that will dissociate into CF radicals in a plasma. C F Br and

C2F4I2 will dissociate under exposure to UV light (e.g., 266-193 nm) to form C F which, in a

plasma, forms two units of CF2 radicals.

t ] The use of C F4 or the foregoing halofluorocarbons in a C F and/or C F g etch gas

plasma enabling more precise control of the CF2 radical generation in the plasma gas,

resulting in the formation of a regular and conforraa! polymer layer on the sidεwalls of the

contact opening during etching to minimize bowing and twisting and improve profile control

of the contact hole. The foregoing halofluorocarbons function as analogues OfC F and

provide a process impact and polymer deposition during a dry etch similar to pure C2F4 that

is fed into a C F and/or C F etch plasma, but with greater stability and without the problems

posed by pure C F which is flammable and can explosively polymerize upon exposure to

oxygen.

The plasma may be generated utilizing any known suitable etching device, such as

an etcher available, for example, the Applied Centura Enablεr® Etch system from Applied

Materials, Inc., the 2300 Exelan system from Lam Research Corporation, a TEL Unity

SCCM Dielectric Etch Chamber from Tokyo Electron Limited, or any other high density

plasma etcher. Examples of equipment and techniques for plasma etching are described in

U.S. Pat. N o 6,123,862 to Donohoe et al, which is commonly assigned. It should be readily

apparent to one skilled in the art that depending upon the particular etching apparatus utilized

to generate the plasma various etch parameters such as the gas mixture, temperature, RF'

power, pressure, and gas flow rate, among others, can be varied to achieve the desired etch

rate and etch characteristics of the plasma system.

A substrate 10' (e.g., wafer) having a dielectric layer 14' to be etched is placed

into a plasma reaction chamber of an appropriate apparatus for conducting the etching

process, and the etenant gases are generally flowed into a plasma reaction chamber, and

power is applied to induce a plasma from the etchant gases. In general, a plasma is formed



over the surface of the wafer and a bias power is supplied to the substrate containing the

wafer or to a support or chuck supporting the substrate, to accelerate ions from the reactant

gases toward the surface. Species formed from the etchant gases (e.g., fluorine ions) impinge

upon and react with the areas of the dielectric layer 14 f exposed through the patterned mask

18* to etch away and advance the etch front. By-products, which may be volatile, can be

exhausted from the reaction chamber through an exit port.

[0037] The etch process is conducted under conditions that simultaneously balance the

etch process, i.e., plasma generating reactive neutral and ionic species, which etch dielectrics

if the ions (CF +) possess sufficient energy supplied by the bias power at the wafer and

deposit polymer material (via CF radicals) on the sidewalls 18' of the contact opening or

hole 12'. The bottom surface 26* is bombarded by ions during an overctch in order to

remove any remaining residual oxide over the substrate 16'.

?8] The gas flows of C4F8, C4F6 and C2F4 are controlled to optimize the CF2 radical

and CF + IOn densities. In embodiments of the invention of a 04FgZC F or C FgZC F4 etch

gas, the gas flow rates into the plasma chamber are about 10-100 sccrn for C F g or C F (or

about 50-70 seem), about 50-150 seem for C2F4 (Or about 80400 seem), about 10-60 seem

for O2 (or about 20-40 seem), and about 500-1500 seem for inert gas(es) (or about

900-1 300 seem). Generally, the ratio OfC 4F8 C 2F4 is about 0.25-1.5:1 (or about 0.5-1 :1), and

the ratio OfC 4F6 C 2F4 Is about 0.25-1.5:1 (or about 0.54:1).

[0039] In embodiments of a C F ZC F OZC 2 F4 etch gas, the gas flow rates are typically about

04 00 seem for F8 (or about 20-70 seem), about 04 00 seem for C F
13

(or about 20-70 seem),

about 50450 seem for C2 (or about 804 00 seem), about 10-60 seem for O2 (or about 20-40

seem), and about 500-1500 seem for inert gas( εs) (or about 9004300 seem), the combined total

flow rate for C F and C4F being a range of about 30400 seem (or about 50-70 seem).

Generally, the ratio of C4F gand C4F6 (combined): C2F4 is about 0.25-1.5:1 (or about 0.5-1:1).

[0040] In embodiments of the invention utilizing a halofluorocarbon to replace C F the

etch gas flow rates into the plasma chamber are about 10-100 seem for C4F or C4F (or

about 50-70 scorn), about 50-150 sccrn for C2F4Br2 or C2F4I (or about 80400 seem), about

100-300 seem for CF2I2 (or about 160-180 seem), about 10-60 seem for O2 (or about



20-40 seem) and about 500-1500 seem for Inert gas(es) (or about 900-1 300 seem). The ratio

OfC4F or PVC2F Br2 or C2F4I2 is about 0 25-1.5:1 (or about .0.5-1 :1), and the ratio of

C4F8 or C4F6=CF2I2 is about 0.25-1.5:1 (or about 0.5-1 :1).

[0041] In other embodiments, the etch gas flow rates into the plasma chamber are about

0-100 seem for O.Fs (or about 20-70 seem) and about 0-100 seem for C4F6 (or about

20-70 seem) with the combined total flow for C F6 and C Fs at about 30-100 seem (or about

50-70 seem), about 50-1 50 seem for C2F4Br or C F4I?. (or about 80-100 seem), about

50-150 seem for CF2I2 (or about 80-100 seem), about 10-60 seem for O2 (or about 20-40 seem),

and about 500-1 500 seem for inert gas(es) (or about 900-1300 seem). The ratio of C4Fs and

C5F6 C2F4Br or C F4I?. is about 0 25-1.5:1 (or about 0.5-1 :1), and the ratio of C 5F8 and

C4F6=CF2I2 is about 0.254.5:1 (or about 0.5-1.0).

[0042] The etch gas can optionally include additional Huorocarbon gas(cs) (e.g., CF ,

C F6. etc.) with gas flow rates up to about 50 seem (or about 10-50 seem).

[0043] Optionally, the etch gas can also include about a hydrocarbon such as CH4.

Typical flow rates for CH4 are up to about 5 seem (or up to about 20 seem), and for

hydrofluorocarbons up to about 5 seem (or up to about 20 seem).

The flow rates of the various constituent gases of the etch gases can be adjusted as

needed to provide suitable etching according to the methods of the invention, and to

accommodate the size of the etching chamber and the wafer being etched. The power level

of the plasma associated with the etch chamber and the pressure in the etch chamber should

be sufficient to maintain the etching process. The source power level typically ranges from

about 1000-3000 watts, the bias power level ranges from about 2000-7000 watts and the

pressure generally ranges from about 10-30 mTorr.

15] The present invention forms contact holes having a high aspect ratio without

causing bowing or twisting of the hole, with the hole having a diameter (CD) that is

substantially the same throughout the depth of the hole.



After the etch of the contact hole 12' is completed, the mask layer 28' and

polymer layer 22' can then be removed (stripped), for examp e by dry etching with an

oxygen plasma ashing step, or by a wet etch with a Piranha clean (H2SO4/H2O2).

[0047] The substrate 10 ! can undergo post-etch processing steps that arc known in the art

to fabricate desired components. For example, the resulting contact holes I 2! can be further

processed, for example, by filling with a metal or conductive material such as copper

aluminum, silicon, "!13N 5
among others, to form contacts or conductive lines, for example, to

an underlying active area, contact, or conductive line, or with a metal-insulator-metal -stack

to form capacitors with a dielectric material such as AI2O3, HfO , ZrO2, SrTiOs, and the like,

in the fabrication of integrated circuit devices such as memory devices. Finished

semiconductor wafers can be cut into dies, which may then be further processed into

integrated circuit chips and incorporated in electronic devices.

] Although specific embodiments have been illustrated and described herein it will

be appreciated by those of ordinary skill in the art that any arrangement which is calculated

to achieve the same purpose may be substituted for the specific embodiments shown. This

application is intended to cover any adaptations or variations that operate according to the

principles of the invention as described. Therefore, it is intended that this invention be

limited only by the claims and the equivalents thereof. The disclosures of patents, references

and publications cited in the application are incorporated by reference herein.
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WHAT IS CLAIMED IS:

1. A method of etching an opening in a dielectric layer, comprising:

forming a plasraa etching gas from C F6, C F g or a mixture OfC4F and C Fg, an oxygen

source gas, an inert gas, and C F ; and

etching the opening through the dielectric layer to an underlying substrate with said

plasma etching gas, wherein a conformal polymer layer is maintained along sidcwalls of the

opening during said etching.

2 . The method of Claim 1, wherein the plasma etching gas comprises C F C F

C4F : C2F4 or C4F8 and C4F6 C 2F4 l a ratio of about 0.25-1.5:1 .

3 . The method of Claim 1, wherein the dielectric layer comprises a oxide.

4 . The method of Claim 1, wherein the dielectric layer comprises silicon nitride and

the plasma etching gas further comprises a hydrofluorocarbon having the general formula C H F

where x 1-6, y = 1-6 and ∑= 1-6, or a combination thereof.

5. The method of Claim I , wherein the opening is a contact hole or a trench having

an aspect ratio of about 20-30: 1.

6 . The method of Claim 1, wherein the conformal polymer layer on the sidcwalis of

the opening has a thickness of about 5-20 A for the depth profile of the opening.

7 . The method of Claim 1 wherein the dielectric is etched at rate of about

3000-6000 A/minute.

8. The method of Claim 1, wherein the etch gas consists essentially of said gases

9 . The method of Claim 1, wherein forming the plasma etching gas comprises

flowing the gases at a flow rate of about 10-100 seem for C F or C F and at about 50-150 seem

for C2F,,.

10. The method of Claim 1, wherein forming the plasma etch gas comprises flowing

C F and C F at a combined flow rate of about 30-100 seem, and C F at a flow rate of about

50-150 seem.



I L A method of etching an opening in a dielectric layer, comprising:

forming plasma etching gas from C4F.5, C Fg or a mixture thereof at a flow rale of about

50-70 sccrn, an oxygen source gas at a flow rate of about 20-40 seem, an inert diluent gas at a

flow rate of about 900-1300 sccrn, and CaF at a flow rate of about 80-100 seem; and

etching the opening through the dielectric layer to an underlying substrate with said

plasma etching gas, wherein a conformal polymer layer is maintained along sidewalls of the

opening during said etching.

12 . Λ method of etching an opening in a dielectric layer comprising:

applying a plasma etching gas to etch the dielectric layer to an underlying substrate, the

plasma etching gas formed from C F C F g or mixture thereof, an oxygen source gas, an inert

diluent gas and a haiofJuorocarbon selected from the group consisting OfC F Br C2F4I2 and

CF2 2;

wherein a conformal polymer layer is maintained along sidewalls of the opening during

etching.

13. The method of Claim 12, wherein the plasma etching gas is formed by flowing in

C4F C Fg or a mixture thereof at a flow rate of about 10-100 seem and the halofluorocarbon at a

rate of about 50-300 seem

14. The method of Claim 13, wherein the plasma etching gas is formed by flowing in

C2F Br2 or C F4I2 at a rate of about 50-150 seem, or CF2I2 at a rate of about 100-300 seem

15. The method Claim 12, wherein the plasma etching gas comprises

or C4F g and CJ'Vhalocarhon a a ratio of about

0.25-1 5:1.

16 . The method of Claim 12, wherein the plasma etching gas further comprises an

additional iluorocarbon gas having the general formula C ¥y where x zzz 1-6 and y = 2-8.

17. The method of Claim 12, wherein the dielectric layer comprises silicon nitride,

and the plasma etching gas further comprises a hydrofluoroearbon gas having the general

formula C H F where x = 1-6, y = i~6, and z ~ 1-6, or a mixture thereof.

18. An etch gas for etching a dielectric material comprising at least one of C4F6 and

C Fg, and an oxygen source gas, an inert diluent gas, and C F in amounts effective to form a



plasma etching gas to etch an opening through the dielectric layer while maintain ing a conformal

polymer layer on siciewalls of the opening during said etching.

19. The etch gas of Claim 18, further comprising a additional fluorocarbon gas

having the general formula CxFy where x ::: 1-6 and_y ::: 2-8

20. The etch gas of Claim 18, further comprising a hydrofluorocarbon gas having the

general formula C H
;
.F where x = ϊ -6, y = 1-6 and z ::: 1-6, or a mixture thereof.

2 1. An etch gas for plasma etching a dielectric layer, comprising at least one of C4F

arid C4FS, an oxygen source gas, an inert carrier gas, and a halofluorocarbon selected from the

group consisting of 0--.F Br , C F4I and CF2I2 i amounts effective to form a plasma etching gas

to etch an opening through a dielectric layer while maintaining a conformal polymer layer on

sidewalls of the opening during said etching.

22. The etch gas of Claim 21, consisting essentially of said gases.

23. The etch gas Claim of 21, further comprising of at least one of an additional

fluorocarbon gas having the general formula C F where x = 1-6 and y 2-8, and a

hydrofluorocarbon gas having the general formula C HyF where x : 1-6, y = 1-6 and z ~ 1-6.
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