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LOW DIELECTRIC CONSTA1'1T DIELECTRIC LA YER FABRICATION 

MEmOD EMPLOYING BARD MASK LA YER DELAMINA TION 

BACKGROUND OF THE INVENTION 

· 1. Field of the Invention 

.. 11 JAN zooo 

The invention relates to the field of microelectronics fabrications. More 

specifically, the invention retates to methods for fonning patterned dielectric and conductor layers 

employed within microelectronics fabrications. 

2. Description of the Related Art 

Microelectronics fabrications· employ various layers of microelectronics conductor, 

semiconductor and dielectric materials fonned into patterns on substrates in order to build up the 

constituent portions of the fabrication. When multiple layers of patterned conductors are insulated· · 

from each other employing dielectric layers, it is desirable to reduce capacitance between 

condut.1:or layers and between lines within a patterned ·condut."tor layer to. optimize circuit speed .. 

· and perfonnance. Hence the employment of low dielectric constant (Jow-k) dielectric materials to 

fonn the insulator layers ha.oi; become increa.~ingly common. 
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Among the low dielectric constant dielectric materials available to form dielectric 

layers between conductors, especially desirable are the fluorine doped silicon containing glass 

(FSG) dielectric layers formed employing chemical vapor deposition (CVD), and organic polymer 

materials such as, for example; fluorinated poly (arylene ether) spin-on .. polymer (SOP) dielectric 

materials. It is often necessary to form via conta<..'ts through such low-k layers and to form 

conductor patterns inlaid within trenches formed ·within such low-k layers by subtractive etching. 

Such patterned conductor layers afford a maximum amount of low dielectric constant dielectric 

~aterial ar_ound the conductor lines. The etching methods employed are oxidizing and related 

plasmas which are often destructive of organic polymer photoresist etch mask layer materials 

co.nventionally employed, and require a non-reactive hard mask cap layer formed over the low-k 

layer as an etch mask.layer. Typically such hard mask; l~yers are formed of silicon cont:aining 

dielectric materials such as silicon nitride employing methods such as plasma enhanced· chemical 

vapor deposition (PECVD), high density plasma chemical vapor deposition (HDP-CVD) and · 

atmospheric pressure chemical vapor deposition (APC'VD). 

While generally satisfactory as etching mask layers, such silicon containing hard 

mask layers are not without problems. In particular, the adhesion oflayers of silicon containing. 

dielectric materials to underlying layers of low-k dielectric materials may be marginal with respect 

to withstanding subsequent processing procedures employed· after subtractive etching without 

delamination. 

It is often of practical use to be able to form patterns in layers fonned upon 

substrates which can then be subsequently delaminated by simple processing. The patterned 

removal. ofa second layer overlying the patterned layer can then be effected when the patterned 

layer is detached from the substrate by the process, leaving behind the reverse of pattern of the 

second layer on the substrate. This principle may be employed to form patterns in 

microelectronics fabrications of material layers which are difficult to etch subtractively employing 

conventional methods. 
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It is thus towards the goal of employing low dielectric constant dielectric material 

in methods to form patterned conductor layers haVing maximized the amount oflow dielectric 

constant dielectric layer around the conductor layers within microelectronics fabrications that the 

present invention is directed. 

Various methods have been disclosed for forming patterned_low dielectric constant 

dielectric layers and conductor layers employing hard mask cap layers within microelectronics 

fabrications. 

For example, Havemann, in U.S. Patent 5,482,894,-discloses a method for forming 

a narrow aperture width high aspect ratio self-aligned contact via hole to access contact layer in 

an organic dielectric layer betWeen p~ttemed conductor layers employing a silicon oxide cap layer 

as an etching mask. The completed inter-level metal dielectric (IMD) layer is comprised of the· 

organic diele<.1ric layer and the intact remaining hard mask silicon oxide diele"1ric layer. 

Further, Havemann et al., in U.S. Patent 5,488,015, disclose a method for forming 

a low dielectric constant dielectric layer with reduced capacitance between adjacent conductors 

employing a porous dielectric material overlaid with a second non-porous dielectric cap layer . 

The porosity of the low dielectric constant dielectric underlayer is a function of its preparation 

from a precursor gel layer, and is protected by the cap layer formed of a non-porous material such· 

as silicon oxide. --

Still further, Lou et al., in (J.S. Patent 5,759,906, disclose a method for fonninga 

an inter-level metal dielectric (IMD) layer employing PECVD silicon oxid~ layer and a low 

dielectric constant dielectric layer to provide reduced capacitance ~d RC time delay. The low 

· dielectric constant dielectric layer is fonned of multiple layers of spin-on-glass (SOG) or spin-on­

poiymer (SOP) dielectric materials. A cap layer of silicon oxide dielectric materi~ undoped or 

fluoi:ine-doped, is fonned over the low dielectric constant layer which permits planarization by . 

chemical mechanical polish (CMP) planarization. 

3 



F:inally, Chen et al., in U. S. Pat. 5,858,869, disclose a method for forming an 

inter-level metal dielectric (IMD) layer with low dielectric constant. The method employs an 
' anisotropic silicon oxide layer formed over and along conductor lines, followed by a low dielectric 

constant polymer dielectric layer. After planarization polishing back to the top of the conductor 

lines, a fluorine doped silicon containing glass (FSG) layer is formed over the surface and via 

holes etched to complete the IMD layer. 

Desirable in the field of microelectronics fabrication are additional methods 

employing hard mask cap layers for forming patterned low dielectric constant dielectric layers and 

conductor layers. 

It is towards this goal that the present invention is generally and mor.e specifically 

directed. 

SUMMARY OF THE INVENTION 

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

patterned conductor layer within a low dielectric constant dielectric layer upon a substrate 

employed within a microelectronics fabrication wherein the amount of low dielectric constant 

dielectric material is maximized around the patterned conductor layer. 

A second object of the present invention is to provide a method in accord with the 
first method of the present mvention, where the patterned low dielectric constant dielectric layer 
fonns an inter-level metal dielectric (IMD) layer. 
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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 

method is readily commercially implemented. 

In accord with the objects of the present invention, there is provided a method for 

fanning, within a Jow dielectric constant dielectric layer fonned upon a substrate employed within 

a microelectronics fabrication, a patterned conductor layer employing a patterned hard mask cap 

layer To practice the invention, there is first provided a substrate having within it patterned 

conductor regions over which is formed a low diele<..1ric constant diele<..1:ric layer etchable in a 

plasma. Formed over the low dielectric constant dielectric layer is a blanket silicon containing 

hard mask cap ]ayer. There _i!? then fonned over the hard mask cap layer a patterned photoresist 

etch mask layer. There is then subtractively etched employing the patterned photoresist etch mask 

layer and a first etching environment the pattern thr~ugh the hard mask layer, and then employing 

the hard mask layer as an etch mask and a second etching environment the pattern into the low 

dielectric constant dielectric layer. If the latter etching environment is an oxygen containing or 

oxidizing plasma, it may be simultaneously employed to strip the photoresist etch mask layer. 

Employing a suitable chemical treatment, the hard mask layer is then delaminated from the low 

dielectric constant dielectric layer, leaving an etched trench pattern within the dielectric layer. The · 

pattern in the low dielectric constant dielectric layer is then filled with a microelectroriics material 

to form an inlaid pattern. The order of filling With microe1ectronics material and de1amination of 

the hard mask layer may be reversed if it is desired to minimize the amount of excess 

microelectronics material remaining on the substrate after filling the trench pattern in the dielectric 

material. The excess microelectronics layer material may then be removed and the surface 

planarized by chemical mechanical _polish (C:M.P) planarization to provide a co-planar surface. 

Subsequently, an upper patterned conductor layer may be formed over the substrate to complete 

an.inter-level metal dielectric (IMD)Jayer with maximized amount oflow dielectric constant 

dielectric material ar~und the microelectronics patterned layer. 

The present invention provides a .method for fanning within a low dielectric 

constant dielectric layer fonned over a substrate employing a patterned hard mask layer a 
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.patterned microelectronics layer which may be employed as a via contact stud layer or part of an 

inlaid conductor interconnection layer ·within an inter-level metal dielectric (IMD) layer. The 

present invention provides a method to maximize the amount oflow dielectric const~t dielectric 

material around the patterned microelectronics·tayer employed with an inter-metal dielectric 

(IMD) layer. 

The prese~t invention employs methods and materials which are knovvli in the art 

of microelectronics fabrications, but in a novel order and sequence. The method of the present 

invention is therefore 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 Embodiments, as set forth below. The 

Description of the Preferred Embodiments is understood within the context of the accompanying 

drawings, which fomi a material part of this disclosure, wherein: 

Fig. 1, Fig. 2, Fig. 3, Fig. 4, Fig. 5 and Fig. 6 show a series of schematic cross­

sectional diagrams illustrating the results of forming in accord with a general embodiment of the 

present invention within a low dielectric co~stailt dielectric layer formed upon a substrate 

employed within a microelectronics fabrication, a patterned· microelectronics layer employing a 

. maximized amount oflow diela.'tric constant dielectric material around the patterned 

microelectronics layer. 

Fig. 7, Fig. 8, Fig. 9, ·Fig. 10, Fig. 11, and Fig.12 show a series of schematic 

cross-sectional diagrams illustrating the results of fonning in accord with a more specific 

embodiment of the present invention within a low dielectric constant dielectric layer fonned over 
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a substrate employed within an integrated circuit microelectronics fabrication a patterned 

conductor layer, employing a hard mask cap layer which is subsequently delaminated in a lift off 

process, where the ]ow constant dielectric layer and patterned conductor layer form a inter-level 

metal dielectric (IMO) layer employing a maximized amount of low dielectric constant dielectric 

material around the patterned conductor layer. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

The preset invention provides a method for forming, vvithin a low dielectric 

constant dielectric layer upon ·a substrate employed within a microelectronics fabrication, a 

patterned conductor layer formed employing a hard mask cap layer. The method allows a 

maximized amount oflow dielectric constant die1ectric material to be emp]oyed around the 

patterned conduc..1or layer. The method employs subtractive etching of the low dielec..1ric constant 

dielectric layer and delamination of the hard mask cap layer to form the patterned conductor layer. 

First Preferred Embodiment 

Referring now more particularly to Fig. 1 to Fig. 6, there is shown a series of 

schematic cross-sectional diagrams illustrating the results of forming, in accord with a general 

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

invention, within a dielectric layer formed over a substrate employed within a microelectronics 

·fabrication a patterned mfcroelectronics layer employing a process of delamination of a hard mask 

cap layer. Fig. I is a sehem.atic cross-sectional diagram of a microelectronics fabrication at an 

early.stage in its fabrication in accord with the flrst preferred embodiment of the present · 

invention. 
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. Shown in Fig. 1 is a substrate 1 O having formed therein patterned conductor 

regions 12a and 12b over which is formed a low dielectric constant dielectric layer 14. 

With respect to the substrate 10 shown in Fig. 1, the substrate 10 may be the 

· substrate itself employed within a microelectronics fabrication. Alternatively, the substrate I 0 may 

be any of several layers themselves fonned over the substrate. The substrate 10 is employed 

·within a microelectronics fabrication chosen from the group including but not limited to integrated 

circuit microelet.1ronics fabrications, charge coupled device microelet-ironics fabrications, solar 

cell microelectronics fabrications, radiation emitting microelectronics fabrications, optoelectronics 

display microelectronics fabrication~ ceramics ~ubstrate microelectronics fabncations and flat 

panel display microelectronics fabrications. The substrate 10 may be formed of materials including 

but not limited to microelectronics conductor materials, microelectronics semiconductor materials 

and microelectronics dielectric materials. Preferably the substrate I 0 is a microelectronics 

dielectric substrate within which is formed patterned microelectronics conductor regions 12a and 

12b employing materials including but not limited to metals, alloys, conductive compounds and 

semiconducton. Preferably the patterned microelectronics conductor regions 12a and 12b are 

formed employing a patterned metal conductor material. 

With respect to the dielectric layer 14 shown in Fig. 1, the dielectric layer 14 is 

formed of low dielectric co11stant dielectric material employing chemical vapor deposition (CVD) 

or, alternatively, organic polymer spin-on-polymer (SOP) dielectric material, preferably formed to 

a thickness of from about 3000 to about 12000 angstroms. Preferab~y the low dielectric constant 

dielectric layer is fomed employing fluorlDated poly (arylene ether) spin-on-polymer (SOP) low 

dielectric constant dielectric material commercially available as FLARE supplied by Allied Signal 

Corporation, Sunnyvale, CA, U.S.A. 

Referring now to Fig. 2, there is shown a scheniatic cross-section~ diagram 

. illustrating the results of further processing of the microelectronics fabrication whose schematic 

cross-sectional diagram is shown in Fig. I in accord with the first preferred embodiment of the 

8 



present invention. Shown in Fig. 2 is a microelectronics fabrication otherwise equivalent to the 

microelectronics fabrication shown in Fig. 1, but where there has been formed over the substrate a 

hard mask cap Jayer 16 employing silicon containing dielectric materiaJ. Formed over the hard 

mask layer 16 is a patterned photoresist etch mask layer 17. 

With respect to the hard mask layer 16 shown in Fig. 2, the hard mask layer 16 is a 

silicon containing dielectric material formed employing methods known in the art of 

microelectronics fabrication including but not limited to plasma enhanced chemical vapor 

deposition (PECVD) methods, high density plasma chemicaJ vapor deposition (HDP-CVD) 

methods, sub-atmospheric pressure thermal chemical vapor deposition (SACVD) methods, near 

atmospheric pressure chemical vapor deposition (APCVD) methods and physical vapor deposition 

(PVD) sputtering methods. Preferably the hard· mask layer 16 is formed of silicon nitride material 

employing plasma enhanced c~emical vapor deposition (PECVD in accord with the following 

process: (1) source gases: silane (S~) at a flow rate of form about SO ~o about 200 standard 

cubic centimeters per minute (seem) and nitrous oxide (N20) at a flow rate of from about 1500 to 

about 3000 standard cubic centimeters per minute (seem); (2) temperature of from about 350 to 

about 400 degrees centigrade; (3) pressure of from about 1 to about 10 torr; and (4) power from 

about SO to about 200 watts. Preferably the hard mask layer 14 is fonned to a thickness of about 

200 to about 500 angstroms. 

With respect to the patterned photoresist etch mask layer 17 shown in Fig. 2, the 

patterned photoresist etch mask layer 17 is formed employing photolithographic methods and 

materials as are known in the 8rt of microelectronics fabrication. 

Referring now more particularly to Fig. 3, there is shown-a schematic cross­

s~onal diagram illustrating the results of further processing of the microelectronics fabrication 

whose schematic cross-sectional dia8ram is shown in Fig. 2 in accorii with the first preferred 

embodiment of the present invention. Shown in Fig. 3 is a microelectronics fabrication otherwise 

equivalent to the microelectronics fabrication shown in Fig. 2, but where there has been 

subtractively etched a pattern employing a first s\ibtractive etching environment 18 and the 
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patterned photoresist etch mask layer .17 to etch a pattern into and through the hard mask layer 

16', and employing a .second etching· environment 19 and the patterned hard mask layer 16' to 

etch the pattern into and through the low dielectric constant dielectric layer 14', followed by 

stripping of any residues of the photoresisi etch mask layer 17 ·not already removed by the second 

etching environment 19 .. 

With respect to the first subtractive etching environment 18 shown in Fig. 3, the 

first subtractive etching environment 18 employs an oxidizing fluorinat.lng plasma in accord with 

the following process: (1) gases: difluoromethane (CHiF2) from about 10 to about SO standard 

cubic centimeters per minute (seem), oxygen (02) from about 10 to about 30 standard cubic 

centimeters per min~te (sct."111), and argon from about 50 to about 2_00 stap.~d cuQic Ce!_ltiz.n~~ . . : . . . .· . . .•. . . . . . . . . ·. .. . . 

per minute(sccm); (2) pressure from about 300 to about 800 mTorr; and (3) radiofrequency 

power fonn about 800. to about 1 500 watts. 

With respect to the second subtractive etching environment 19 shown in Fig. 3, the 

second subtractive etching environment 19 employs an oxidizing plasma in accord with the 

following process: (I) gases: nitrogen from about 100 to about 300 standard cubic centimeters 

per minute (sec~); hydrogen from about 100 to about 300 standard cubic centimeters ·per minute 

(seem); perfluorobutene (C~s) from about 1 to about 10 standard cubic centimeters per minute 

(seem); (2) pressure form about 300 to about 800 mTorr; and (3) radiofrequency power from. 

about 800 to about 1500 watts. 

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

sectional diagram illustrating the results of further processing of a microelectronics fabrication 

whose schematic cross-sectional diagram is shown in Fig. 3 in accord with the first preferred 

embodiment of the present invention. Shown in Fig. 4 is a microelectronics fabrication otherwise 

equivalent to the microelectronics fabrication shown in Fig. 3, but where there has been 

delaminated the etched hard mask layer 16' employing a chemical cleaning method 20. 
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With respect to the chemical cleaning method 20 shown in Fig. 4, the chemical 

cleaning method 20 employs methods and materials as are known in the art of microelectronics 

fabrication. Preferably the cleaning method employs a wet chemical treatment with the 

commercial cleaning agent EKC 265. 

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

sectional diagram illustra~ng the results of further processing of the microelectronics fabrication 

whose schematic cross-sectional diagram is shown in Fig. 4 in accord with the first preferred 

embodiment of the present invention. Shown in Fig. S is a microelectronics fabrication otherwise 

equivalent to the microelectronics fabrication shown in Fig. 4, but where there has been formed 

. over the etched dielectric layer 14' a microelectronics conductor layer 22. 

With respect to. the microelectroDics conductor layer 22 shown in Fig. 5, the 

microelectronics conductor layer 22 is fonned employing methods as are known in th~ art of 

microelectronics fabrication of materials including but not limited to microelectronics conductor 

materials, microelectronics semiconductor materials and microelectronics insulator materials. 

Preferably the microelectronics layer 22 is fonned of a microelet-1:ronics ·conductor material to a 

thickness equal or greater than the thickness of the dielectric layer.14'. 

Referring now more particulariy to Fig. 6, there is shown a schematic cross-. 

sectional diagram illustrating the final results of processing the microelectronics fabrication whose 

schematic cross-sectional diagram is shown in Fig. 5 in accord with the first preferred 

embodiment of the present invention. Shown in" Fig. 6 is a microelectronics fabneation otherwise 

equivalent to the microelectronic$ fabrication shown in Fig. 5, but where there has been planarized 

the surface of the substrate to form a coplanar surface of the microelectronics conductor layer 22' 

22'·and the dielectric layer 14". 

With re8p~ to the planarized surfaces 22" and 14'' of the microelectronics layer 

22' and the dielectric layer 14' respectively shown in Fig. 6, the planarized surfaces are fonned 
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emplo~g chemical mechanical polish (CMP) planarization methods as are known in the art of 

microelectronics fabrication. 

The first preferred embodiment of th~ present invention provides a method for 

forming a patterned microelectronics conductor layer within a low dielectric constant dielectric 

· layer upon a substrate employed within a microelectronics fabrication suitable for further 

processing steps if desired employed in accord with methods and materials known in the art of 

mi<..Toele<..-tronics fabrication. The patterned microelectronics conductor layer has formed around it 

a maximized amount of low dielectric constant dielectric inaterial. 

Second Preferred Embodiment 

Referring now to Fig. 7 to Fig. 12, there is shown a series of schematic cross­

sectional diagrams illustrating the results offonning patterned microelectronics conductor and 

low dielectric constant dielectric layers upon a semiconductor substrate employed within an 

integrated circuit microelectronics fabrication in accord with a more specific embodiment of the 

present invention which constitutes a second preferred embodiment of the present invention. Fig. 

7 is a schematic cross-sectional diagram of an integrated circuit microelectronics fabrication at an 

early stage in its fabrication in accord with a second preferred embodiment of the pre.~t 

invention. 

Shown in Fig. 7 is a semiconductor substrate 30 having formed over it a dielectric 

layer 32 within which are formed conductor regions 3 la and 31 b to form a patterned 

rilicroelectronics conductor layer. Formed over the substrate is a low dielectric constant dielectric 

layer33. 

Wrth respect to the semiconductor substrate 30 shown in Fig. 7, the semiconductor 

substrate 30 is analogous to the substrate 10 shown in Fig. 1 of the first preferred embodiment of 
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the present invention. The substrate 30 is chosen from the group of microelectronics · 

semiconductor materials including single crystalline silicon and germanium, III-V compound 

semiconductor materials such as gallium arsenide~· gallium phosphide, and Il-VI compound 

semiconductor material.s such as lead sulfide, lead telluride and lead selenide. Preferably the 

substrate 30 is a silicon semiconductor substrate. 

With respect to the dielectric layer 32 shown in Fig. 7, the dielectric layer 32 may 

be formed of dielectric material~ known in the art of microelectronics fabrications including but 

not limited to silicon containing dielectric materials and organic polymer dielectric materials, 

employing methods known in the art of microelectronics fabrications including but not limited to 

chemical vapor deposition (CVD), spin-on-glass (SOG) and spin-on-polymer (SOP) methods. 

Preferably the dielectric layer 32 is formed of low dielectric constant dielectric material employing 

spin-on-polymer (SOP) methods. 

With respect to the conductor regions 31 a and 31 b shown in Fig. 7~ the conductor 

regions 31 a and 31 b may be formed of microelectronics conductor materials including but not 

limited to metals, alloys, conductive compounds, semiconductors and mixtures of same formed 

employing methods as are known in the art of microelectronics fabrications~ 

With respect to the low diel~c constant dielectric layer 34 shown in Fig; 7, the. 

low dielectric constant dielectric layer 34 is analogous to the dielectric layer 14 shown ·in Fig. I of· 

the first preferred embodiment of the present invention. Preferably, the low dielectric constant 

dielectric layer 32 is funned of materials and methods equivalent or analogous to the preferred 

materials and methods employed to form the dielectric layer 14 of the first preferred embodiment 

of the present invention. 

~eferring now more particularly to Fig. 8, there is shown a schematic cross­

sectiona1 diagram of an integrated circuit microelectronics fabrication illustrating ~e results of 

further processing of the integrated circuit microelectronics fabrication whose schematic cross­

sectional diagram is shown in Fig. 7 in accord with the second preferred embodimeiit of the 
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present invention. Shown in Fig. 8 is an integrated circuit microelectronics fabrication otherwise 

equivalent to the· iniegrated circuit microelectronics fabrication shown in Fig. 7, but where there 

has been fonned over the substrate a hard mask cap layer 36. Formed over the hard mask layer 34 

is a first patterned photoresist etch mask layer 37. 

With respect to the hard mask cap layer 36 shown in Fig. 8, the hard mask cap 

layer 36 is analogous or equivalent to the hard mask layer 16 shown in Fig. 2 of the first preferred 

embodiment of the present invention. 

With respect to the first patterned photoresist etch mask layer 37 shown in Fig. 8, 
. . . 

the first patterned photoresist etch mask layer 3 7 is analogous or equivalent to the patterned 

photo~esist etch mask layer 17 shown in Fig. 2 of the first preferred embodiment of the present 

invention. 

Referring now more particularly to Fig. 9, there is shown a schematic cross­

sectional diagram i11ustrating the results of further processing of the integra~ed circuit 

microelectronics fabrication whose schematic cross-sectional diagram is shown in Fig. 8 in accord 

with the second preferred embodiment of the present invention. Shown in Fig. 9 i~ an· integrated 

circuit mit.Toelectronics fabrication otherwise equivalent to the integrated circuit microelectroipcs 

fabrication shown in Fig. 8, but where there has been subtractively etched a pattern employing a 

first etching environment 38 ~d the first patterned photoresist etch mask layer 37 into and 
·through the bard mask layer 36', followed by subtractive etching employing a second etching 

environment 39 and the patterned hard mask layer 36' the pattern into the low dielectric constant 

dielectric layer 34' to the conductor regions 31 a and 31 b, simultaneously stripping of the first 

patterned photoresist etch mask layer 37 by the second etching environment 39. 

With respect to the first etching environment 38 and second etching environment 

39 shown in Fig. 9, the first etching environment 38 is analogous or equivalent to the first etching 

environment 18 shown in Fig. 3 of the first preferred embodiment of the present invention. The 
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second etching environment 39 is analogous or equivalent to the second etching environment 19 

shown in Fig. 3 of the first preferred embodiment of the present invention. 

Referring now more particularly to Fig. 10, there is shown a schematic cross­

sectional diagram illustrating the results of further processing of the integrated circuit 

microelectronics fabrication whose schematic cross-sectional diagram is shown in Fig. 9 in accord 

with the second preferred embodiment of the present invention. Shown in Fig. 10 is an integrated 

circuit microelectronics fabrication otherwise equivalent to the microelet.1:ronics fabrication shown 

in Fig. 9, but where there has been formed over the substrate a second conductor layer 40. 

With respect to the sero.n~ conductor layer 40 shown in Fig. 10, tl)e second 

conductor layer 40 is fonned of a microelectronics conductor material employing a method which 

such as is known in the art of microelectronics fabtjcation to provide a semi-planar layer formed 

· over the substrate. Preferably the second conductor layer 40 is aluminum or a mixture of 

aluminum and copper fonned employing thennal vacuum evaporation, physical vapor deposition 

(PVD) sputtering or electrochemical deposition ( ECD) plating methods; 

Referring now more particularly to Fig. 11, there is shown a schematic cross­

seciional diagram illustrating the results of further processing of the integrated circuit 

microelectronics fabrication whose schematic cros5~sectional diagram is shown in Fig. 10 in 

accord with the second preferred embodiment of the present invention. Shown in Fig. 11 !s an 

integrated circuit microelectronics fabrication otherwise equivalent to the integrated circuit 

microelectronics fabrication shown in Fig. I 0, but where there has been delaminated and lifted off 

the hard mask layer 36' employing the chemical treatment 42 to leave the raiSed portions of the 

in1aid conductor layer pattern 40'. 

With. respect to the chemical treatment 42 shown in Fig. 11, the chemical treatment 

42 is analogous to the wet chemical treatment 20 shown in Fig. 4 of the first preferred 

embodiment of the present invention. 
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Referring now more particularly to Fig. 12, there is shown a schematic cross­

sectional diagram ~llustrating the results of further processing of the integrated circuit 

microelectronics fabrication whose schematic cross-sectional diagram is shown in Fig. 11 in 

accord with the second preferred embodiment of the present invention. Shown in Fig. 12 is an 

integrated circuit mi(..Toele<..1ronics fabrication otherwise equivalent to the integrated .circuit 

microelectronics fabrication shown in Fig. 11, but where there has been planarized the surface of 

the substrate to form a co.planar surface of the second conductor layer 40'' and the low dielectric 

constant dielectric layer 34'. 

With respect to the co-planar surfaces 40" and 34' of the second conductor layer 

40 and the low dielectric constant dielectric layer 34respectively shown in Fig. 12, the co-planar 

surfaces 40" and 34' are fonned by chemical mechanical polish (CMP} planariza.tion employing 

methods analogous or equivalent to the CMP methods shown in ~ig. 6 of the first preferred 

embodiment of the present invention. 

An optional feature of the present invention not shown in the second preferred 

embodiment may be the fonnation of an upper patterned microelectronics conductor layer over 

the substrate to complete the formation of an inter-level metal dielectric (.IMD} layer· 

As is understood by a person skilled in the art. the preferred embodiments of the 

present invention are illustrative of the present invention rather than restrictive of the present 

invention. Revisions a~d modifications may be made to materials, structures and dimensions 

through which is provided the preferred embodiments 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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* C L M S * 

CLAIMS 

1. A method· for fomrlng within a dielectric layer fonned ·over a substrate a patterned 

microelectronics layer comprising: 

providing a substrate having formed therein patterned conductor regions; 

forming over the substrate a plasma etchable dielectric layer; · 

forming upon the dielectric layer a hard mask cap layer; 

forming upon the hard mask cap layer a patterned photoresist etch mask layer; 

etching .subtractively e_mploying a first etching environment and the patterned photo~i~ 

etch mask layer a pattern into the hard mask layer; 

etching subtractively employing the etched hard mask layer and a second etching 

environment the pattern into the dielectric layer and stripping the patterned photoresist etch mask 

layer; and 

delaminating the hard mask layer by chemical treatment. 

2. The method ofGlaim 1 further comprising: 

fil1ing the etched pattern with a microelectronics conductor material to form ·a patterned 

microelectronics conductor layer; and 

planarizing the substrate surface by chemical mechanical polish (CMP) planarll.ation: 

3. The method of Claim 1 wherein the substrate is employed within a microelectronics fabrication 

selected from the group consisting of: 

integrated circuit microelectronics fabrications; 

charge coupled device microelectronics fabrications; 

solar cell microelectronics fabrications; · 

radiation emitting microelectronics fabrications; 

optoelectroni~s display microelectronics fabrications;· 

ceramic subStrate microelectronics fabrications; and 
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flat panel display microelectronics fabrications. 

4. The method of Claim I wherein the patterned conductor regions are formed of . . 

·microelectronics metal or alloy materials to fonn a patterned microelectronics metal or alloy layer. 

5. The method of Claim.I wherein the dielectric layer is formed employing a low dielectric 

constant dielectric material selected from the group consisting of: 

fluorine doped silicon containing glass dielectric material; 

low dielectric constant organic polymer spin-on-polymer (SOP) dielectric material'. 

6. The method of Claim 5 wherein the low dielectric constant organic polymer spin-on-polymer 

(SOP) dielectric material is a fluorinated poly (a.rylene ether) spin-on-polymer (SOP) . 

7. The method of Claim 1 wherein the hard mask cap layer is fonned employing a silicon 

containing dielectric material deposited employing a chemical vapor deposition (CVD) method. 

8. The method of Claim 1 wherein the first subtractive etching environment is a fluorine 

containing plasma. 

9. The method of Claim 1 wherein the second etching environment is an oxidizing plasma. 

10. The method of Claim 1 wherein the hard mask delamination method employs a wet chemical 

treatment with the cleaning agent EKC 265 .. 

11. The method of Claim 1 wherein the patterned microelectronics conductor layer is formed of 

~terials ~lected from the group oonsisting of: 

aluminum; 

aluminum/copper alloy; and 

copper. 
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12. A method for forming within a low dielectric constant dielectric layer upon a semiconductor 

substrate employed within an integrated circuit microelectronics fabrication a patterned 

microelectronics conductor layer employing lift off of a hard mask layer comprising: 

providing a semiconductor substrate; 

forming over the semicondm.1or substrate a dielec..1ric layer having conductor regions 

formed therein to form a patterned microelectronics conductor layer; 

forming over the substrate a low dielectric constant dielectric layer; 

forming over the low dielectric constant dielectric layer a hard mask layer; 

forming over the hard mask layer a patterned photoresist etch mask layer; 

·etching, while employing a fust subtractive etching environment and the patterned 

photoresist etch mask layer, a pattern into and through the hard mask layer~ 

~9biJJ& while.employing.a_ second etching.environ.'llent .and the patterned hMd ma~k-~ayer · - - ~ -· · ·­

the pattern into and through the low dielectric constant dielectric layer to the underlying 

conductor regions and strippin~ the photoresist etch mask layer; 

fanning over the sl:abstrate a first microelectronics conductor layer; and 

de1aminating and lifting off the hard mask layer employing wet chemical treatment. 

13. The method of Claim 12 further comprising: 

planarizing the substrate surface; 

. . 

forming a second microelectronics conductor layer over the substrate; 

forming over the second ~nductor layer a second patterned photoresist etch mask layer; 

etching, employing a subtra<.1ive etching agent and the patterned photoresist etch mask 

layer, a patterned second microelectronics conductor layer; and 

stripping the second photore.i;ist etch mask layer to complete an inter-level. meta] dielectric 

(IMO) layer. 

14. The method of Claim 12 wherein the semicrinductor substrate is chosen from the group 

comprising: 

silicon; 

germanium; 
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III-V semiconductor compounds; 

II-VI semiconductor compounds; and 

II-IV-VI semiconductor compounds. 
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1 S. The method of Claim 12 wherein the dielectric layer is formed of dielectric material selected 

. · from the group consisting of: 

silicon containing dielectric material; 

silicon containing spin-on-glass (SOG) dielectric material; and 

organic polymer spin-on:..polymer (SOP)dielet.1ric material 

6. The method of Claim 12 ·wherein the low dielectric constant dielectric layer is formed from 

. material selected from the gmup consisting of: · . · • ·· · ., ; 

fluorinated poly(arylene ether) spin-on-pol~er (SOP) dielectric material; 

fluorine doped silicon containing glass dielectric material .. 

. -· ... -·:. -· 

17. The method of Claim 12 wherein the hard mask layer is formed from a Silicon containing 

dielectric material employing chemical vapor deposition (CVD). 

18. The ·method of Claim 12 wherein the first subtractive etching environment ·is a fluorine 

containing plasma. 

19. The method of Claim.12 wherein the second etching enviromnent is an oxidizing plasma. 

20. The method of Claim 12 wherein the first microelectronics conductor layer is formed 

employing metals selected from tJie group consisting of; 

aluminum; 

aluminum copper alloy; and 

copper. 
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