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lGiTHQD FOR FORMING A PORQUS DIELECTRIC·MA,TERIAL·LAYER IN .A 

sMCQNDucToa DEVICE ANP n1nt1 roRMEQ 

Field of the Invention 

The pres~nt invention generally relates to a method· for 

forming a. dielectric material layer in an electronic structure 

and the structure formed and more particularly, relates to a 

method .. for forming a porous dielectric mate·rial layer in an 

electronic structure .by first forming a non-porous dielectric ., ' 

.m?terial layer ~hen partial curing, patterning, and fin~l curing 

the layer at a higher temperature than that used in the partial 

curing to transform the non-po.ro{is di~lectric material into a 

porous dielectric · material, and electronic structure formed by 

such material: .. 

Backaround of the :Cnvention· 

In the recent dev~~opment of semiconductor devices, the 
.. 

continuing miniaturization of. the devices demands.· the use of 

·electro"nic materials of more superior properties. For instance, 

·.the · dielectric material . used as_. an · insulating layer · · -in a 

semiconductor . device, muht have a lower dielectric constant in 

· order to :P.rovide. a . smaller signal propagation delay. It is 
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. therefore important to p:i;ovide electron.ic materials that have 

superior insulating ·properties, such as a reduced dielectric 

constant for current and future semiconductor device 

applications. 

One· of the solutions in providing a dieiectric material 

layer that has improved insulating property, i.e.· a lower 

dielectric constant, is to use a dielectric material . that 

contains voids. A void-f~lled, or porous dielectric material has 

a lower dielectric constant than the fully dense void-free 

version of the s.ame material . However, problems· arise in 

. utilizing porous dielectric materials, ·i.e. when these materials 

are .first formed in an electronic device and then are subjected . 

_ .·to -a patte;rning process by reactive ion etching (.RIE). The very 

nature of the desirable porous structure of these· materials 

subject them. to excessive et_ching when exposed to.· etch gasses 

utilized in the reactive ion -etching process. One solution 

proposed to solve t_his problem is t6 select low-k .dielectric 

. ·materials· that have closed porosity. How.ever, . any att¢mpt to 

slice. a closed. pore material exposes open ·pores on a new cut 

surface. Thus,- the pores · exposed in such a new cut surface would · 

still be subjected t9 attack by the etch gas useq in. the, reactive 

ion etching process for patterning"the dielectric ma~erial layer. 
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It is therefore an object of the present invention to 

provide a method for forming a porous dielectric·material layer 

. in an electronic structure that does not have tbe drawbacks or 

shortcomings of the conventional methods. 

It is another object of the present invention to 

provide a method for. forming. a porous dielectric material layer, 

in ari electronic structure that i~ not subjected to attack by 

.reactive ion etching gases during a patterning process. 

It is ·a further object of the present invention to 

provide a ··method for forming a porous . dielectric material layer 

in. ·an electronic· structure . by first forming a non-porous 

·. ·dielectric mate.rial .layer, patterning \he layer in a reactive ion 

etching process and then forming pores in the.dielectric material 

layer; 

It is ano.ther further object of .t.he present invention 

to provide a meth_od for forming ~ porous· dielectric .material 

layer in an electron"ic structur.e by f:i,.rs:t patterning a non-porous 

dielectric material layer and then forming pore_s after th·e 

patterning process. 
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It is still ·another obj.ect of the present invention to 

provide a ·method for forming a porous dielectric material layer 

in an electronic structure by first depositing a non-porous 

dietecti:ic materiai layer, partially _curing the laye_r at a first 

low temperature, patterning the non-porous die·lec.tric material 

layer, and then f~rming pores and transforming the material 1ayer 

into ~ porous structure at a second high curing temperature. 

It is yet another object of th~ present invention to. 

provide a method for forming a porous dielectric ·material ·layer . . . . 

in an electronic str~cture by transf.orming a dual-phase material 

into a single-phase, void-fiiled material at a high c~ring 

. temperature. 

It is still another further objeqt o.f the present 

invention to provide· an electronic structure .that has a · 1ayer of 

porous diel.ectric ·material formed therein. wherein the layer of 

porous material has ·a porosity betweerl: ·about 0 .• _1 vol~ % and about 

50 vol %. 

It .. is yet another further object of the present. 

in.vention to provide ~n electronic structure that has a layer of 

porous dielectric material . formed therein · for electrical 
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insulation wherein the porous dielectric material has a 

dielectric. constant between about 1 and about 3. 
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Summary of ~e Invention 

In accordance with the present invention, a method for 

forming a po~ous dielectric material layer · in an electronic 

structure and the structure formed are disclosed. 

In a pref erred embodiment, a method for forming a 

porous dielectric·· rnat-erial layer in an electronic structure can 

be· carried out by· the steps of providing a pre-processed 

electronic. substrate, depositing a laye;r of non-porous dielectric 

material '·on .. top of. the pre'.""'process ·electronic . substrate, "cur;ing 

tJ:ie electronic .substi;-ate at a first temperature typically about 

250°C, defining and patterning the layer of non-pqrous dielectric 

material, and curing the electronic substrate at a sec"ond 

.temperature higher· than the ·first temperature (typically about··. ; 

350°C . to about. 450°C) ··. transforming th~ non;..porou~. dielectric· 

material into a porous dielectric material.· 

In the method for forming .a porous dielectric material 

layer in an electronic struct~re, the non-porous Jdielectric 

. materiel;l i_s substantially a dual-phase materiai while. the porous 

·· . dielectric material is substantially a ~ingle-phase material. 

The non-p_orous dielectric. material may be a phy~ical mixt.ure of 

a. thermally labile material and a the~ally stable mat_erial. The 

thermally stable·· mate.rial ·sets into a solid at the first curing·· 
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temperature; and. the· thermally labile mater"ial decomposes and 

vol.atilizes at the sec_ond curing temperature•. The method may 

further include the step of forming a mask layer on top of the 

layer of non-porous dielectric material, .or the step of forming 

the. mask layer .of at least one. material selected from the group 

Sic and SiCOH. The method may 

further include t~e s~ep of forming the mask layer to a thickness 

·of.· not greater than 100 nm. The method may further include the 

step of providing a pre-processed sil-icon wafer. 

The first temperature used may .be between ·about 100°C 

·and about 350°C, · the seco~d temperature used may be greater than 

2.56°C and higher than ·the ·.first temperature. The method may 

f):irth~r include the step· of photolithograJ:?hicaily. defining and 

patterning the layer of non-porous dielectric material, or the 

step of depositing the non-porous d~electric material by a spin 
. . . 

_coating ·metl)od. The porous ~atei;-ial formed may have a porosity 

of between about O ~ 1 vol. % and about 50 _vol. ~, ·or preferably ·a 

p·orosity between about 5 vol. % and about 30 vol. % • The method 

may further incl~de the ~tep of depositing the l~yer of 

~on~porous dielectric material to a thickness between about 100 

nm and about 1000 nm. .. The non-porous dieiectric material 

deposited may· include ·methyl 
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silsesquioxane (MSSQ), hydrogen silsesquioxane (HSQ),··siliQa and 

aromatic thermoset polymers such as the SiLK_0 Semiconductor 

. Dielectric or Flare® and at least one · pore generating labile 

material or porogen of polymeric nature. 

In another pr~ferred embodiment,· a method for forming a 

void-fil_led dielectric material layer in an electronic structure 

may be · carried out by the operating steps of providing an 

ele·ctroni.c structure that has devices built on top, depositing a 

laye~ of a dual-phase dielectric material c.onsisting of a 
. . . . . 

thermally stable material and a thermally· labile materi~l on top. 

of ·the electronic structure, annealing the electronic structure 

at a first temperature between the·. setting' temperature of the 

thermally stable . material . and the de.compo$i ti on t,emp~rature of 

the. thermally labile material, photolithographically defining and. 

· patterning tne duai"."" phase d~electric material, and -annealing the 

electronic stru~tux.:e ·at a. second temperature not . less than the 

_de.composition . and volatilization temperature ·of the thermaliy. 

labile ·material forming a single--phase, void--filled dielectric 

mater1al. 

·In the method for· forming a void-filled material. layer 

·in an electronic structure~ the first temperature· .may be a 

temperature· between about 100°C and about 35o"c, the sec:;ond 
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temperature may be greater than about 250°C and higher than the 

first temperature. The therm<;illy stable material sets into a 

solid at the first annealing temperatu_re, while the thermally 

labile.material volatilizes at the second annealing temperature. 

The method may further include the step of forming a mask layer· 

o"n top of the layer. - of dual-phase die~~ctric ma_terial. The 

method may further include the step _of f orriting the mask layer of 

at least one material selected from -the group consisting of Si02, 

SiC and SiCOH. · The method may further include 

.. the step of forming the mask layer to a thickness of·· not greater· 

than 100 nm. The first temperature utilized may be between ·ab.out 

l00°C and .about 350°C, _the second temperature. utiliz,ed may be 

greater than· 250°C and higher than the first temperature. The 
. . . ·. 

-_method may further include . the ·step ot depositing the layer of : ,• . 

. dual-phas¢ dielectric ·material by a spin. coating techniqu~ to a. 

thickness -between about· 100 nm and about 1000 nm. The 

single-phase, - :Voiq-filled dielectric material may. contain voids 

o;f .. between about 0.1 vol. % and ·about· 50 vol. %, ~nd ·preferably 

.between about 5 vol. % and apout 30 vol. %. 

The present invention is. ·further O.irected to an 

elect:ronic structure that ·has a layer of porous- dielectric 

material formed therein for electrical . insulation which i'ncludes 

a pre- processed electroniG substrate, a layer of porous 
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dielectric material.that has a porosity between about 0.1 vol. % 

and about 50 
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vol .. % formed and patterned on the pre-processed electronic 

substrate, and.a conductive metal filling the pattern formed in 

the layer of porous dielectric material. 

In the electronic structure that has a layer of· porous 

dielectric material formed therein for electrical insulation, the 

porous dielectric material has a ·dielectric const.ant of between 

about 1 and about 3, or preferably between about 1. 3 a·nd about 

2. 6. The conductive metal forms an · interconnect· between two 

conductive region:;; in the electronic structure, the conductive 

metal II\ay also form an · interconnect in a single damascene 

str.ucture in . a semico'nducto.i device, or · a dua.l damascene 

structure in a semiconductor device·. The · con,ducti ve metal may be · 

copper; aluminum,. or .other metals. such as s.il ver, gold and alloys 

·thereof.· 

Brief·Descript.i.on·of' the Draw~nqs 

These and other.objects, features and advantages of the 

present invention will become apparent from the following 

detailed description and·the appended drawing~ ~n which: 

Figure 1 is a process. flow chart for the present 

invention no.vel method for forming a porous dielect:r::ic material 

layer in a single damascene interconnect structure.· 
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F~gure 2 is an enlarged, cross-sectional view of a 

present in.vent ion semiconductor structure with an ILD layer and a 

hard mask layer formed on top. 

Figure 3 is an enlarged, cros$-sectional view of the 

present invention structure-of Figure 2 with a photoresist layer 

formed and patterned on top. 

Figure 4. is an enlarged, q:oss-se.ctional view of the 

present invention structure of Figure 3 with the· hard mask lay~r 

patterned. 

Figure 5 is an enlarged,_ ·cross-sectional view of the 

present invention semiconductor structure of E'igure '. 4 with .th.e 

ILD layer patterned and the photoresist layer removed. 

Figure· 6 is an en~arged, cro~s...,sectional· view of the 

present ·inv~ntion. semiconductor structure of Figure ·5 with a 

liner layer deposited .and copper plated to fill the via opening: 

Figure 7 is an enlarged, cross-sectional view of the 

present invention- semiconductor structure of Figure 6 with the 

copper layer planarized and a cap.lq.yer deposited on top. 
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Figure 8. is an enlarged, cross-sectional view of the 

·present invention semiconductor structure <?f Figure 7 after a 

high temperature anneal to convert the ILD to a porous material. 

~etailed Description of the Pref erred Embodiment 

The present invention discloses a method for forming a 

dielectric. material layer in ah electronic structure, and more 

. . 
particularly, discloses a method for forming a porous dielectric 

material· layer in an electronic structure by first forming a·non­

porous ·dielectric material layer and· then partially 9uri.ng, 

p~tterning, and finally curing the layer at.a higher temperature 

. than the partia;t. curing tempeJ;ature to .transfonn the non-porous 

dielectric material into a· porous dieleQtric·m.aterial . 

. The method can be carried out by first. providing a. pre-

... pr~cessed semiconductor wafer, depositing a layer o"f non-_porous 
. . 

· dielectric material o.n top of the pre_-proce·ssed · semicondu·ctor 

·wafer, curing t~e s.emicondu.ctor wafer at a first temperature of 

not higher than 350°C, . defining and patterning the layer of 

non-porous dielectric. ·material, and curing · the · semiconductor · · 

wafer at a second t~mpe·ratu·r;e 11igher than the first temperature 
. . 

. to transform the non- porous dielectric material into a porous 

·dielectric material. In tha preferred embodiment ·method shown 
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below, the non-porous dielectric material is substantially a 

dual-:phased material, while the porous dielectric material is 

substantially a single-phased material. The non-porous 

.qielectric material . may further .be a physical mixture of a 

thermally labile materia.l and a .thermally. stable material. 

The present invention · method may further be used to 

form a :void-filled dielectric material layer in an electronic 

structure by first providing an electronic structure that has 

devices built on . top, depositing . a layer. -of a- dual-phase 

dielectric mate-rial consisting of· a thermally stable material and 

a thermally labile material on to~ of the e~ectronic structure, 

. ·annealing . the electronic structure at· a first tempe:rature high 

. ·.enough to set and solidify the· the~ally s_table material, but 

below the volatilization · tempera:ture · of the theiutally labile 

material, photolithographically defining · and pa~terning' the 
I . 

du_al:..phase dielectric material; and annealing the electronic 

~tructure at a second temperature not -less than · the 

volatilization temperature of the. thermally labile material 

forming a single phase, void-filled dielectric material. A 

~uitable range for the first annealing temperature may be between 

about l_00°C and about 350°C, · a suitabie temperature for the second· 

. annealing . .step may be greater than· the first temperature. 
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-The invention further discloses an electronic structure 

that has a layer of porous di~lectric material formed therein for 

electrical insulation which includes ~ pre-processed electronic 

substrate·, a layer of porous dielec.tric material that has a 

porosity between about 0.1 vol. % and about 50 vol. % formed and 

patterned on the pre-processed electronic substrate, and a 

conductive metal filling the pattern formed in the layer of 

porous dielectric material. The porous dielectric iµaterial may 

have a. dielectric constant between about 1 and about ~, and 

preferably bet:ween about ·1. 3 an.d about 2. 6. · The ·conductive metal 

filling the pattern may be copper, aluminum, silver or gold 

forming a single damascene or a dual damascene interconnect 

structu.re. 

The present i.nvehtion method therefore provides a 

process which eliminates the prob~em of the porous structure 

.being etched by reactive ion . etching gases · during a dielectric 

material patterning pr.oce.ss. The .present invention · rri.ethod 

patterns the porous material prior to driving out the second 

phase polymeric material such that · ·the· problem of uncontrolled· 

etch rates can be avoided. . By· utilizing ~he present invention 

novel method, structu.res c.an be .built with porous· 1ow ·k materials. 

such a~· Dendriglass or porous SiL~-type material's. Th·e problem 
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occurred in the conventional method is solved by taking. advantage 

·of the properties of the po.rous material prior to driving out 

the second phase material, i.e. the pore-forming agent, (also 

known as poro.gen) since the film is homogeneous and does not etch 

·away in an uncontrolled manner. 

Dendriglass is a chemical composition containing MSSQ 

(met:t:iyl-sil~esquioxane) and ·various amounts of a second phase 

polymeric materia~, i.e. a pore-forming agent. Dendriglass can 

be made into a porous. film ·with a dielectric constant in a range 

between about 1. 3 and about 2. 6 depending on the amount of _the · 

second :phase material. added to ·the film. . The word "about" used 

in this "writin_g indicates a r;;inge of values. of ± 10%. irom the 
. . 

average value given. The second ph_ase pqlymer.ic· material·, or the· 

pore- forming ·agent, is a.material that is .usually·a ·r6ng chained 

polymer which· can be decomposed. and volatilized and driven from 

the matrix material, i.e. MSSQ, after the film. has been cured in 

a first curing process.· 

The pre·sent invention method can be carried out ·by 

first spin--coating ·a -film ·onto the surface of" a silicon wafer and 

then ·hot plate curing ·the film at 200°C, or at ·a curing 

temperature of less than 350°C. The film ·formed is a·mixture of 

MSSQ with an embedded pore-forming _agent ~hrqughout the fil.m • 

. 16 



., 

The film is. usually deposited to a thickness· between· about 100 nm 

and about 1000 nm, or preferably between about 300nm and about 

600 run. A hard mask material is then deposited on top of the 

silicon waf.er. The hard ma·sk material may be formed of Si02, 

_Al203,_ Si3N4 , SiC and SiCOH. The hard mask layer is used as an 

etch stop and pattern replication d~ring photolithography and as 

a polish stop during chemical mechanical polishing (_CMP). The 

hard mask can be composed of more than one layer of· material; 

· however, the total thickness is usually less than 250 nm. 

A photoresist layer is then applied on top of the wafer 

and exposed and cure~· -~t a temp~rature of about 200°C. Next, the· 
. . . . 

· .ha·rd mask layer is etched in a plasma etching process to· remove .. 

the hard mas~·in·regions- defined by the niaS!k in regions. on top of 
. . . . 

~he DenO.riglass. material. Since the· Dendriglass.film· has only 
. . 

been partially cured a.t the lower temperature, . there is no pore 

. tormat_ion for attack })Y the reactive ion gases. Finally, the 

completely .etched structure is heated to. a .. temperature higher 

than the first temperature, or preferab~y higher than ·400°c to 

450°C, . for a time period .long enough to drive out the second 

phase polymeric material from the _Dendriglass resulting in a · 

-porous -low-k dielectric· film. The usual -metal deposition process · 

then proceeds with layers of barrier. metal/seed Cu/plated cu. 
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The void content in the final porous di.electric film is between 

·about 0;1 vol. % and 

'· 
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about 50 vol. % 1. or preferably between about 5 vol. % and about 

30 vol. % The final curing temperature should be higher than 

250°C, and preferably about 400°C to 450°C. 

Th,e present invention novel method can be carried out 

without the _application of the hard mask, i.e. the non-porous 

D.endriglass material can be ·covered with a photoresist layer 

.directly, which is.then exposed and cured as in the previously 

.tje·scribed preferred embodiment. ·In this alternate embodiment, 

the Dendriglass. film. is< patte:r.:ned in a suitable plasma gas -and 

then ·the photomask lay~r is removed. Tl.le patte~ned Dendriglass 

film is then he~ted to· a temperature higher tban 400°C to. 450°C ·to 

' drive out ~he. second· phase PS>lymeric ~aterial forming a . porO.U$ 

.film. Fina;Lly, a hard mask film .is deposited conformally onto 

the . Den~riglass layer by a technique · such as · chemfcal vapor 

deposition -(CVD) wh.ich coats both the top surface and the trench 

and.via sidewalls. The hard. mask layer can be formed by any of 

·.the ·previously de~cribed materials and· serves to coat both· the 

top Dendriglass surface required ·for CMP etch stop-, and the· via 

and trench side_walls requ.ired to prevent diffl,lsion· pathways into 

the Dend~iglass. · A preclean step to preferentially sputter etch . . . 

any hard mask rnateriai at the bottom of ·the trench can be 

. optionally· used prior ·to 

19' 



-;. • '<i 

·depositing the metal layers. The usual metal deposition 

the deposition of processes can then proceed which inc"lude 

barrier metal/seed Cu/plated Cu. 

The second phase polym~ric material, or the porogen 

material, can be a polystyrene, polymethyl methacrylate or a 

·poly- caprolactone based material.· The weight average molecular 

weight of such polymeric materials ranges·between about 2,000 and 

.abo~t 140,000. The decomposition temperat~re of such polymeric 

materials is about ~ 250°C. 

util~zing 

single_.. 

Referring now to. Figure 1, whe~ein a. process flow chart 

the present inveption novel method· for fqrming a 

damascene inte.rc::onnect structu·re · is· shown. · The 

proc:essing steps 10-60 can be referenced to Figures 2-8, 

respe~tively. In the first step of th~·process, as shown ·in step 

10 of Figure 2, a s.emi-conductor · wafer 70 that has a .metal 

: copductive laye·r 12 deposited Qn top is first spin-coated with _an 

ILD layer 14 of a silicon oxide material. . On top· of .the ILD 

layer 14, is then deposited.a hard mask layer 16 by a ~hemical 

vapor depos_ition; (CVD) technique. The hard· mask can be formed 

of a suitable material chosen from Si02, Al203, Si3N,, SiC, SiCOH 

or other suitable hard.mask material. The purpose· of the hard 

mask layer 16. is to act both as an etch' stop. and as a pattern 
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replication layer, during CMP and during. photolithography, 

respectively. The hard mask layer 16 may further be formed by 

more than one layer of material, even though the total thickness 
. . 

should ·be less- .than 250 nm. The metal conductive layer 12 may be 
. . 

suitably formed of a high electrical conductivity material such 

as copper, or aluminum or alloys thereof. 

In . the next step of the process, shown in step 2 9 of 

Figure 1 and Figure 3, a photoresist layer 18 is applied to the 

top of the hard· mas·k layer 16, exposed and t.hen cured at a 

temperature in the order of 200°C. Hard mask layer 16 is the? 

etched in a plasma etching process to remove the·· mask. in those 

regions d~fined by the ma$k on t.op· of U1:e. ILD layer 14. In the 

··conventional me·th_od, this.· is the st.ep where· the porosity of the 
. . 

· Oendriglass causes its demise, since .the reactive gase.s used in 

. et.ching the hard mask also attack the. Dendriglass• a.nd thus · 

. ·leaving behind a glass mate.rial with ·a high dieiectric constant, 

k ~ 4. O. The .etch:i,.ng step ;for the hard mask is shown as St_ep ·30 

in Figure 1 and in Figure 4. 

The noh.".'"poroti.s . ILD layer 1~ is then removed in regions 

defined in the mask by usipg a suitable plasma etching method~ 

Th.is _is· shown in Step 40 of ~igl'.lre 1 and in Figure .5. · The r~sist 

. layer 18 is further removed after the etching of the ILD. layer 14 
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for the.opening 42. As shown in step 35 of Figures 1 and 8, the 

completely etched structure 70 is then heated to a temper_ature 

higher than 250°C, and preferably in the 400° to 450°C range for a 

· time period long enough to drive out the secon_d phase polymeric 

material, i.e. the porogen material from the Dendriglass 

result~ng in a porous low-k dielectric film. The conversion of 

the ILD layer from non-porous to porous is therefore accomplished 

in step 40, or in Figure 5 • 

. In the next. step of the proce.ss, i.e. step 50 shown in 

Figure 1 and in Figure 6, a liner material deposition is first 

conducted to f o~ a liner layer 52 on top of the hard mask. layer 

16. The liner layer 52 may be deposited· of a material such as 

TaN, TiN, Ti, Ta, or various combinations for achieving adhesion 

arid diffusion barrier -properties. ·on t-op of the liner layer 52,­

is normally deposited a .copper seed layer, (not shown} by 

sputtering to· ·facilitate. the $UbseqU;ent electroplating <?f copper 

in filling. the via opening 72 •. After. the via opening 5.2 is 

filled with copper 54, the elect~onic structure io is pla"narized 

by a chemical mechanica1 polishin_g method to achieve a planar 

surface 56 on top of the c.opper via 54. The porogen may be. driven 

out at this point 

22 



f 

if desired, as shown in step 65 of Figure 1. A cap layer 58 of 

a.n insulating material such. a'.3 silicon carbide or silicon nitride 

is then deposited on top to prevent diffusion and to protect the 

electronic device 70 from mechanical abras.ion or other damages. 

~he present invention novel method for forming a porous 

dielectric material layer can further be· used to form a dual 

damascene interconnect in a semiconductor structure. The process 

for forming the dual damascene interconnect i.n a semiconductor 

structure can be carried out by ·incorporating a hard mask layer 
- ( 

·on top of a nqn-porous dielectric layer. ~nd then, either removing 

the hard mask layer p_rior to ~olatilizing a pore-forming. agent or 

,leaving· the hard .mask layer in the semicond~ctor. structure when 

the' hard mask utilized is permeable to the pore-forming .. agent. 

For. instance, in the first method of formirig a dual 

damascene interconnect. with a- non-permeable hard mask· layer, 
. -· 

a~ter a layer of a non-porous dielectric m.at~rial t_hat contains a 

pore- .forming agent is deposited on top of a pre~processed 

serniconduc~or structure, a hard mask layer is · f9rmed · o_n top of 
the non-porous dielectric material. A cavity f9r a. dual 

damascene interconnect in the non-porous di·electric material is 

then formed, and filled with an electrically conductive metal _to 
' . 

-form the via- and line for th~ ·dual damascene interconnect. The 
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hard mask layer is then removed by an etching '.process, of either 

dry or wet etching, prior to a curing process conducted at a 

temperature . sufficiently high, i.e. higher than 250°C, as to 

volat1lize the pore-forming agent from the noh-:-porous dielectric 

·material, thus forming a :porous dielectrfc material for the.dual 

dam.ascene interconnect. 

Alternatively, when a hard mask layer is. fo~ed which 

is permeable ·to the pore-forming agent ·contained in the 

non-porous dielectric material, the ·hard mask layer may be left 

in~ide the semiconductor structure during the. curing process 

conducted at high temperature since the pore-forming agent 

vol?itilizes and es·capes through tne perm~able ·hard mask layer . 

. After the· formation . of ·the porous dielectric material· ·1ayer·,· ·the 
. . . 

sernicond11ctor .structure may be planarized and an insulating 

material -layer, i.e. ~ cap layer, may ·be deposited on top. as a 

diffusion barrier and protection from abrasion or other·physical 

- damages. 

A suitable hard mask layer that is permeable to the 

··-pore- forming agent may . be selected from SiCOH, methyl 

· s1lsesquio.xane. (MSSQ) ,· hydrogen silsesquioxane (HSQ) and 

diamond-like carbon ·(DLC). A suitable thickness for· the 

permeabl"e.hard mask layer should be. l~ss than 2so· nm. 
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The present invention method may further be carried out 

by incorporating the porosity as preformed particulates on the 
. . 

molecular size scale,· i.e. to spin-on a SC?lution with insoluble, 

cross-linked, thermally liable particulates. In this case, ·the 

process could be started with a "dense two phase ;material in.stead 

of a single phase homogeneous material. The patterning and 

burnout would be the same as previously stated. 

The present invention novel method for forming a porous 

dielect:r;ic layer in a semiconductor s·tructure and the structure 
. . 

.formed by the metl)od have been· amply . described in the ··above. 

·description and in the appended .ct.rawings qf Figures 1-8. 

While the present invention has b~en described in an 

illuf!trative mariner, it should be understood that the terminology 

used is intended to be in a nature of. words"of.description· rather 
.. 

than oi limitation. 

Fµrthermore, while the present invention· has bee.n 

described in terrris of a preferred ·and· alt.ernate embodiment, it is 

to . oe appreci.ated that those skilled in the art wiil. readily 
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apply these teachings to other. possible variations of the 

inventions. 
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In addition, the fabrication scheme exemplified for the 

Dendriglass (porous MSSQ) can be practiced using any other porous 

dielectric films wherein the remnant material is a higher thermal 

stability organic material, silica, hydrogen silsesquioxane 

benzocyclobutene or coinbinations thereof. 

The embodiment of the .invention in which an e1tclusi ve 

.p~operty or privilege is claimed are defined as follows • 

. \ 
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Claims 

1. A method for forming a porous dielectric material 

layer in an electronic structure comprising the steps· of: 

providing a pre-proc.essed electronic substrate, 
. . ~ . . 

depositing a layer of non-porous- dielectric material on 

top of said. pre-processed electronic substrate, 

curin.g said electronic substrate at a first temperature 

not higher thqn 2so0c, 

defining and patterning said laye~. of non-porous 

dielectric material, and 

Ct?-ring said e·lectroriic. substrate at a second 

temperature· hi.gher than sai<;I first temperature transforrn.ing said 

~on-porous dielectric material into-a porous dielectric material. 

· 2. A : II).ethod for forming a porous dielectric material 

layer in an electronic structu~e according to C.laim 1, wherein 

said non-porous dielectric · material ·being substantially a 

·ctual-phase material while said porous d;i.electric material being 

-substantially a single-phase _material. 
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3 .. A method for forming a ·porous dielectric material 
• 

layer in an electronic structure according to. Claim 1, wherein 

said non-porous dielectric material being a physical mixture ~f a 

·low boiling temperature material and ·a high boiling temperature 

material. 

4. A method for .forming a porous dielectric material 

layer in . ari electronic structure according to Claim 3, wherein 

s.aid high boiling temperature material so+idifies into a s9lid at 

:said first· curing t~mperature, said low boiling temperature 

m·ate11ial :volatilizes at said aecond curing temperature . 

. · 5. A method for forming a porous· diel~ctri~ material 

~ayer .iri an·· electr~nic stru9ture a<;::cording ·.to :Claim 1· further 

compri.sing the step of forming a mas~ layer. on top of .. said la.yer 

ot ~on-porpus dielectric material. 

·6. JA. method. •for forming a porous .dielectric material 

layer in an · electronic structure· according to Claim 5 further 

comprising tpe step of forming·sa~d mask layer of at least one 

material selected from the group consisting of Si0.2,· Al203, Si3N4, 

··sic arid SiCOH.. 
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7. A method for. forming a porous dielectric material 

layer in an electronic structure according to Claim 5, further 

comprising the step of forming said mask layer to a thickness of 

· not greater than 100 nm. 

8. A method for forming a porou13 dielectric material· 

layer in an electronic structure according to Claim. 1, further 

comprising the step of providing a pre-processed silicon wafer. 

9. A method . for forming a porous dielectric material 

layer in .an e·1ectronic structure according to Claim 1, wherein 

said first temperature is between· about l00°C and about 250°C, · 

·said ·secontj.. temperatur~ is greater than 250°C. 

10·. A method for forming a: porous dielectri.c material 

layer in ·an electronic structure according to ·Claim 1 further 

. compr'ising the step of photoli thographically defining and 

patterning said ·layer---of .. non~pereus .. die~ectric--material·. -· ... 

11. A method for forming a porous dielectric materi~l 

layer in · an electronic structure according to Claim 1 further 

comprising. the step · of depositing. said layer of non-porous 

dielectric material by·a spin coating method.· 

30. 
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12. A method for forming a porous dielectric material 

layer in an electronic structure according to· Claim 1, wherein 

said porous material formed having a porosity of between about 

0 .1 :vol. % and about 50 vol. % • 

13. A method for forming a porous dielectri"c material 

. layer .in an electronic structure according to Claim 1, wherein· 

said porous dielectric material formed preferably having a 

porosity of between about .5 vol. % and about 30 vol. %. 

·14. A method for forming a porous dielectric material 

iayer in an electronic structure according to Claim 1 ·. further 

comprising the step . ·of ·depositing said layer of non-porous 

·dielectric· material to· a thickness between about 100 rim a~d about· 

.1000 nm~ 

15. A method for forming a porous dielectric mateiial 

. laye·r · in . ·an. ·electronic structure according to Claim. 1, wherein 

said non~porous dielectric material is a material selected from 

the group consisting. of methyl sils.esquio:xane, hydrogen 

silsesquioxane, benzocyc.lobutene, silica and aromatic therrnoset 

polymers· such as SiLK® and ·Flare• and at least one porogen .of 

polymeric· nature. 
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16. A method for forming a void-filled dielectric 

material layer in an electronic structure comprising the steps 

of: 

providing an electronic structure having devices built 

on top, 

depositing a-layer of a dual-phase dielectric material 

consisting of a high boiling temperature material and a low 

boiling temperature material on top of said electronic structure, 

annealing said electronic structure at a .first 

temperature between a ·solidification temperature of said high 

boiling temperature · material arid a ·boiling temperature of said 

.low boiling temperature mat.e:r;ial, 

photolitho.graphically de£ining and patterning said 

dual- phase ·dielectric material, and .· 

· anne·aling said · ·electronic· structure . · at a second 

teinper<?.tilre not less. · than the boiling temperature of said low 

boil~ng temperature mater:i,al forming_ a single-phase, yoid-fj,.lled 

dielectiic m~terial. 

1 7. A method for forming a vo_id-filled dieiect,ric 

inaterl:al layer. in .an electronic structure according to_ Claim· 1.6, 

.·.wherein sa~d first temperature being .a temperature betw.een' 100°C 

·and 250°C, said second temp~rature bei_ng greater than 250°C.. · 
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18. A method for forming a porous dielectric material 

layer in an electronic structure according to Claim·16, wherein 

said high boiling temperature mate·rial solidifie·s into a solid at 

said. first annealing temperature, said low boiling temperature 

·material volatilizes at said second annealing temperature. 

19. A method for forming a porous dielectric material 

layer in an electronic structure according to Claim 16 further · 

comprising the step of forming a mask layer on top of aiq layer 

of non-porous dielectric material. 

20. A method for ·forming a porous dielectric material 

) .. aye,r. in. an electronic structure· according to Cla.im 16 further 

comprising the step of forming· said mask layer of at least .one 

material se;tected from the gi;-oup consisti,ng of Si02, Al203, Si3N4,_ 

Sic and sicoH. 

21. A method for forming a porous dielectric material 

· layer . in an electronic struc~ur~ ·according to Claim 16 further 

.comprising the step of forming _said mask layer to a thickness of 

not .greater than 100 nm. 
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i2. A method for forining a porous dielectric material 

layer in an electronic structure. according to Claim 16,. wherein 

said first temperature is between . about l00°C and about 250°C, . 

said second temperature is .greater than 250°C. 

23. A method for forming a porou$ dieiectric ·material 

layer in an electronic s.tructure according to Claim 16 further 

comprising the step of depositing said layer of dual-phase 

dielectric material by a spin coating technique to a thickness 

betwe~n about 100 nm and·about 1000 nm .. 

24. A method for forming a porous dielectric mat~rial 

· layer in art e·1ectronic structure according ·to Claim 16, wherein 

said single-phase, void-filled dielectri·~ material containing 

void.of between about 0.1 vol. % and about 50 vol. %. 

25. ·A method for.forming a porous qielectric material 

layer· -in an electronic structure according to Claim 16. wherein 

said single phase, void-filled dielectric material containing 

void of between. ·about 5 vol. % and about 30 vol. % • 
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26. An electronic structure having a layer ·Of porous 

dielectric material formed therein for electrical insulation 

comprising: 

a pre-processed electronic substrate, 

a layer of porous dielectriG·material having a porosity 

between about 0.1 vol. % and about 50 vol. % formed and patterned 

on said. pre·-processed electronic substrate, and 

a conductive metal fill"ing said pattern formed in said 

layer ·of porous dielectric material. 

27. An electronic str~ctu~e having a layer of porous 

dielectric material formed therein for e~ectrical insulation 

according to Claim 26, wherein said porous dielectric material 

navirig a dielectric.constant bet~een about 1· and about 3. 

28. An electronic structure having a layer of porous 

dielectric .material formed therein for electrical insulation 

·according to clain1: 26,. wherein .said porous dielectric materi~l 

. preferably having a dielectric constant between about 1. 3 and 

about 2.6. 
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. 29~ An electrpnic structure having a layer of porous 

dielectric material . fo"rmed therein for electrical insulation 

according to claim 26, wherein said conductive metal forms an 

interconnect between two conductive regions in said electronic 

structure. 

30. An electronic structure having a layer of porous 

. dielectric material formed therein for electrical -insulation 

according to Claim 26, wherein said conductive metal forms an 

i"nterconnect ·in a· single damascene structure" in said electronic .. 

· str.ucture. 

31.. ·An e1ectron:ic structure having a layer of porous. 

dielectric material formed therein for electrical insulation 

. according· to claim 2 6, . wherein ·said con.ducti ve ·metal .forms an 

interconnect in a dual damascene structure in said electronic 

structure. 

32. An electronic structure having a layer of porous 

dielectric material formed therein for electrical insulation 

according to cla1m 26, wherein said con~uctive metal is Cu·or.Al. 
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33. A method for forming a dual damascene interconnect 

in a semiconductor structure comprising the steps of: 

~roviding a pre-proces~ed semiconductor structure; 

¢epositing a· layer of a non-porous dielectiic material 

that contains a pore-forming agent on· top of said pre-processed 

semiconductor structure; 

depositing a mask layer· on said non-porous dielectric 

material; 

forming a cavity for a dual damascene interconnect in 

said non-po;rous d~electric material; 

f illip.g . said· cavity for dual damascene . interconnect 

with an electrically co_nductive metal; 

r~moving said mask layer by an etch .process; 

curing ·saiq. ·se~icond1;1ct6r structur~ at a.··. ~emp~rature. 
. . 

sufficiently high so ?S -to· volatilize said pore-forming age11t 

frol!l said non-porous dielectric material and forming a po~ous 

d·ielectric material; 

·planarizing said semiconductor structure; and 

depositing a dielectric material layer on top o.f the 

semiconductor structure. 
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34. A method for f9rming a dual damascene interconnect 

in a semiconductor structure according to claim 33, wherein said 

non-porous . dielectric material is· selected from the group 

consisting of methyl-silsesquioxane (MSSQ), benzocyclobutene, 

hydrogen silsesquioxane (HSQ), siiica and aromatic. thermoset 

polymers ~uch as S:l.LK® or Flare•. 

35. A method for _forming a dual damascene interconnect 

in a semiconductor. structur~ according to claim 33, wherein said 

pore-:f orming agent· is a- polymeric material .. 

36. A method for forming a dual damascene interconnect 

.. in a semiconductor .structure ·according to. claim 33, wherein said 
. •. 

mask layer is selecteO. from the gr~up. consisting of Si02, Al203, 

·sbN~, SiC and SiCOH. 

31. A.method .for forming a dual damascene interconnect 

·.fn a semiconductor structure according ·to claim 33, wherein sa£d 

mask layer is deposited to a thickness of not greater than 100 

pm.· 

38. A method for-forming a dual damascene interconnect 

in a semiconductor structure according to claim 33 further 
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comprising t;he step of removing said mask layer by a dry etching 

or a wet etching technique. 

39.· A method for forming a dual damascene interconnect. 

ih a semiconductor structure according to claim 33 further 

comprising the step of curing said semiconductor structure· at a 

temperature greater than 250°C. · 

·40. A method for forming a dual damascene interconnect 

in a semiconduct.or structure according to claim 33 further 

comprising the step of depositing said layer of. non-porous 

dielectric material that contains a pore-forming agent by. a spin 

coating technique to a.thickness between about· 100 nm and about 

1,000 nm. 

41. ·A method for.forming a dual damascene interconnect 

i.n a semiconductor ~truc~ure a9cording to claim 33, wherein said 

· p9rou~ die1ectric material formed has a porosity between about 

O..J. vol. % and about 50 vol •. %. 
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42. A method for forming a dual damascene interconnect 

in a semiconductor structure ·comprising the ·steps o.f: 

providing a pre-processed s.emiconductor structure; 

depositing a layer of a non-porous dielectric material 

that contains a pore-forming agent on top of said pre-processed 

semiconductor structure; 

depositing a· mas"k layer on said non-p.orous ~ielectric 

material, said ·mask layer being permeable.to said pore-forming 
.. 

agent; 

. ·forming a cavity for a d~al damascene interconnect in 

said non-porous dielectric.material; 

filling said cavity for dual da~ascene interc9nrrect 

.· .with an electrically conduct ii. ve metal; 

planarizing said.semiconductor.structure;' 

curi.n:g said .semiconductor · ·structure at a temperature 
. . . . 

sufficiently high such· that said pore-forming agent from said 

non- pqrous dielectric material· escapes through said mask l~yer 
. . . 

forr.ning_a porous dielectric material; and 

. depositing a dielectric material layer on· top of the 

semiconductor structure. 
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43. A method for forming a dual damascene interconnect 

, in a semiconductor structure according to claim 42 further 

comprising the step of depositing. a. non-porous dielectric 

material that contains. a pore-forming. agent by a spin coating 

technique. 

44~ A method for forming .a dual damascene interconnect 

in a semiconductor structure acqording to claim 42 further 

comprising the step of depositing . a non-porous dielectric 

mat.e.rial that contains · a pore-forming agE?nt to a thickness 

between about 100 nm and about 1,000 nm. 

4~ .. ·:A method for forming. a dual .. d,arnascene interconne.ct 

in a semiconductor· structure .accordin9. t9 ·claim 42,:_ where._in· said. 

non-porous dielectric material· is selected from the group 

consisting of methyl..;.silsesquioxane· (MSSQ), . ·benzocyclobutene; 

hydrogen $ilsesquioxane {HSQ), silipa and aromatic thennoset 

polymers such as SiLK® and Flare® .• 

·4 6. A method for forming a dual damascene interconnect 
. . 

in a· sem~conductor structure a_ccording to claim 42, wherein· said 

.pore-forming ~gent is· a material of polymeric nature· that 

vol_atilizes at :a temperature higher than 25-0°C •. 
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47. A method for forming a dual damascene interconnect 

in a semiconductor structure according to claim 42, wherein said 

mask layer being permeable to said pore-!orming agent is selected 

from the group consisti~g of SiCOH, methyl silsesquioxane (MSSQ}, 

hydrogen silsesquioxane (HSQ) and diamond-like carbon (DLC). 

4 8. · · A method for forming a· dual damascene interconnect 

in a semiconductor st"ructure according to claim 42 further 

comprising thE7 step _of depositing said mask layer to a tl;lickness 

of less than 100 nm. 

49. A method for forming .a dual ctamascene interconnect 

.·in a sem.iconductor structure acco.rding to. claim 42 further 

comprising the step of ·curing said semiconductor structure at a 

temper~ture greater than 250°C. 

. . 
50. A method for forming a d~al damascene interconnect 

in a semiconductor· structure according to claim 42 further 

comprising the · st;.ep of · formi~g said porous dielectric::: material 

' that. contains between about 0~1 vol. . % a.nd . about 50 vol. % 

porosity. 
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