He TREATMENT TO IMPROVE LOW-K ADHESION PROPERTY BACKGROUND OF THE INVENTION
(1) Field of the Invention The invention relates to the use of low dielectric constant materials in the
fabrication of integrated circuits, and more particularly, to a method of improving adhesion of low
dielectric constant materials to overlying materials in the manufacture of integrated circuits. (2)

Description of the PrigleArREQWr KigiRetTomsROVRBalevlK Aminesieielsetsiesronstant (k) of less than
about 3.1, are preferably used in the fabrication of integrated circuits to reduce capacitance. An

integration challenge facing processes incorporating low dielectric constant materials is the adhesion of
these low dielectric constant materials to overlying layers. Poor adhesion is a cause for reliability

concerns. A plasma treatment canipgugeR OVA D\Wik tigleptnecaraten|l layer to improve its adhesion
property. It is necessary to prevent or minimize damage to the low-k material caused by the plasma

treatment. U.S. Patent 6,346,489 to Cohen et al discloses a method to remove native oxide within a via
opening by treating the substrate with a hydrogen-helium plasma. Cohen et al reveal that this treatment
does notiadversshtiaieaiciipdielectric constant of a low-k layer through which the opening is made and
also that the treatment improves damage made to the low-k layer by oxygen

The invention relates to the use of low dielectric constant materials in the fabrication of
integrated circuits, and more particularly, to a method of improving adhesion of low dielectric

constant materials to overlying materials in the manufacture of integrated circuits.

(2) Description of the Prior Art

Low dielectric constant materials, having a dielectric constant (k) of less than about 3.1,
are preferably used in the fabrication of integrated circuits to reduce capacitance. An integration
challenge facing processes incorporating low dielectric constant materials is the adhesion of these
low dielectric constant materials to overlying layers. Poor adhesion is a cause for reliability
concerns. A plasma treatment can be used on a low-k dielectric material layer to improve its
adhesion property. It is necessary to prevent or minimize damage to the low-k material caused by

the plasma treatment.

U.S. Patent 6,346,489 to Cohen et al discloses a method to remove native oxide within a
via opening by treating the substrate with a hydrogen-helium plasma. Cohen et al reveal that this
treatment does not adversely effect the dielectric constant of a low-k layer through which the
opening is made and also that the treatment improves damage made to the low-k layer by oxygen

ashing. No mention is made of adhesion concerns of the low-k layer. U.S. Patent 5,998,229 to Lyu



ashing. No mention is made of adhesion concerns of the low-k layer. U.S. Patent 5,998,229 to Lyu 1 et al
describes repairing etching damage to an amorphous silicon layer by using a hydrogen or helium plasma
treatment. U.S. Patent 6,570,256 to Conti et al shows a method of forming a carbon-graded layer for
improving adhesion of low-k dielectrics to the underlying substrate. A helium and/or oxygen treatment is

disclosed gsiesAdelitiepakpioiennalivmite i antalshm o Rsia@ie 19 pyaMemadherirseh te substrate.

U.S. Patent 6,465,372 to Xia et al includes densification of a low-k film using a plasma treatment. This

has nothing:fe slaswitheahesionU BurhermersohiscRateshiraciesAdhe siRmheakansenmenh by treating the
film in a reducing environment of ammonia. SUMMARY OF THE INVENTION A principal object of the

present daxsytion dedaage\isla @preifectiverafdiverYomaniéagiable imethad bfilppievingeadhesion of
dielectric films to overlying layers in the fabrication of integrated circuit devices. Another object of the

inventioRelsuie RRAYHS2 peathestatinpraxngsadhssiondaidonatialertit.caestanthmatetaldielectric films

to overlyling layers. Yet another object of the invention is to provide a method of improving adhesion of

low dielg@lifatonsiaptdilnsdeatiestielecbiefitaIsiby treating teslom diciertecLongtanrk films using a
densification of a low-k film using a plasma treatment. This has nothing to do with adhesion.

Furthermore, this patent teaches adhesion enhancement by treating the film in a reducing

environment of ammonia.

SUMMARY OF THE INVENTION

A principal object of the present invention is to provide an effective and very
manufacturable method of improving adhesion of dielectric films to overlying layers in the

fabrication of integrated circuit devices.

Another object of the invention is to provide a method of improving adhesion of low

dielectric constant material dielectric films to overlyling layers.

Yet another object of the invention is to provide a method of improving adhesion of low
dielectric constant films to other dielectric films by treating the low dielectric constant films using a

helium plasma.



helium plasma. 2 In accordance with the objects of this invention a method of improving adhesion of low
dielectric constant films to other dielectric films is achieved. A low dielectric constant material layer is
deposited on a substrate. The low dielectric constant material layer is treated with helium plasma. An
overlying layer is deposited on the low dielectric constant material layer wherein there is good adhesion

between the low dielecifiG.eanatant Matetir! inyaitapdbieipvatiing taabdRR kb oERCRIRTIGN OF

THE DRAWINGS In the accompanying drawings forming a material part of this description, there is

shown: Jfigsv ditheektonseht MBS ad ) iHuisHialectn € FIsss 3¢ eHRRAk e AresefRlQIR Roaieired
embodiment of the present invention. DESCRIPTION OF THE PREFERRED EMBODIMENTS The

present ipeAEOR WiokeRes skdneihad fsimprowing 1adh@sien ot i sdiataatierconsiants filsagdoather
dielectric films. It will be understood by those skilled in the art that the present invention should not be

limited tRelnghapREaation:lksiraied iayhe daapisas buitsanhaipitendeshrnthepatiathioagsy application in
which improved adhesion of dielectric films to overlying layers is desired.
wherein there is good adhesion between the low dielectric constant material layer and the overlying

layer.

BRIEF DESCRIPTION OF THE DRAWINGS

In the accompanying drawings forming a material part of this description, there is shown:

Figs. 1 through 5 schematically illustrate in cross-sectional representation a preferred

embodiment of the present invention.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

The present invention proposes a method of improving adhesion of low dielectric constant
films to other dielectric films. It will be understood by those skilled in the art that the present
invention should not be limited to the application illustrated in the drawings, but can be extended
and applied to any application in which improved adhesion of dielectric films to overlying layers is

desired.



3 Referring now more particularly to Fig. 1, there is illustrated a portion of a partially completed integrated
circuit device. There is shown a substrate 10, preferably composed of monocrystalline silicon. Device
structures, such as gate electrodes, source and drain regions, and metal interconnects, not shown, are
formed in and on the substrate and covered with an insulating layer. A passivation or barrier layer 12

may be formedreyaritnerdavigerstpustie@s £ @ thickners:ofs hrtueasAbpukRALARGHAAIANgStroms. For

example, a silicon carbide layer may be used. A first low dielectric constant (k) material layer 18 is

depositedapriddenRasaivation layesvite toirtbickiesmal iewaen1abprirdBA03RHERRLANgstroms. The

first low dielectric constant material has a dielectric constant lower than 3.1 and preferably, about 2.9.

The matgpabipayanenOigRBaS IFAR Olass AR |SaRAsied dycehanicrlvapandenesitioniksy Bd Now, the
surface of the low-k material layer 18 is treated with a helium plasma 20. Helium is flowed about between

about SghandiARPELRAEEK A DIMPET aftiR Rl lEHVaRNAbaLkdblrarthiblfve Riaeasureitgiween
about 2 and 8 Torr. HFRF power is preferably 200 to 600 watts with a spacing of 200 to 600 mls. The

helium pigsmartigatmenbeonbares iayhetwasy sbaviideand cAthseeondsulibaiRslidm diaimansof the
invention improves the adhesion property of the low-k film 18. Now, another layer is deposited overlying

the treateehewrkiayer IBalDe@xam@lgomserondxaaipiel a silicon carbide layer may be used.

A first low dielectric constant (k) material layer 18 is deposited over the passivation layer
12 to a thickness of between about 12000 and 8000 Angstroms. The first low dielectric constant
material has a dielectric constant lower than 3.1 and preferably, about 2.9. The material may be

organosilicate glass and is deposited by chemical vapor deposition(CVD).

Now, the surface of the low-k material layer 18 is treated with a helium plasma 20. Helium
is flowed about between about 50 and 9000 sccm at a temperature of between about 250 and
450°C, at a pressure of between about 2 and 8 Torr. HFRF power is preferably 200 to 600 watts
with a spacing of 200 to 600 mls. The helium plasma treatment continues for between about 2 and

40 seconds.

The helium treatment of the invention improves the adhesion property of the low-k film 18.
Now, another layer is deposited overlying the treated low-k layer 18. For example, a second barrier
layer 22 may be deposited over the low-k film 18 to a thickness of between about 250 and 600
Angstroms, as shown in Fig. 2. This barrier layer 22 may be silicon carbide. A second low-k layer

24 may be deposited by CVD over the barrier layer to a thickness of between about 1000 and 8000



layer 22 may be deposited over the low-k film 18 to a thickness of between about 250 and 600
Angstroms, as shown in Fig. 2. This barrier layer 22 may be silicon carbide. A second low-k layer 24 may
be deposited by CVD over the barrier layer to a thickness of between about 1000 and 8000 4 Angstroms.
The second low-k layer 24 is treated with helium plasma 26 in the same way as was the first low-k layer

18 in ordgiste-prANatR-adbhariaowith AR overdyira Ry RiHRRIRIHNEI M 1 fitkhd sakeRRINAayar 28 is
deposited over the treated surface of the second low-k layer. For example, the capping layer may be

silicon caebifle: IBiCRN[EFAL iR Oralicepeiaxdaeadreibelvim Rpliasraa iieatayent promotes adhesion
between the low-k layer 24 and the capping layer 28. Processing continues as is conventional in the art
to pattern and etch the low-k layers as shown in Fig. 4. For example, dual damascene opening 30 is
etched through the first and second low-k layers 18 and 24, the capping layer 28, and the

passivation/barigelapensohtamie? 2, 4sigi R Riithe Malipdsicchanessuehtas siemeh-dirshevia-first, or
embedded via. Referring to Fig. 5, the dual damascene opening is then filled with a barrier metal layer 32

and a ceppsidayeiShyier BxampieplbyBaYpbiig Lesyantionadimennsrinal)dingdghysice, o chemical
vapor deposition and etchback or polishing or electroless plating, and so on. It will be understood by
those skilir@nniibei@s! thiad HeepfosrRsmetLErespRindve ditHedfon between the low-k layer 24 and

the capping layer 28.

Processing continues as is conventional in the art to pattern and etch the low-k layers as
shown in Fig. 4. For example, dual damascene opening 30 is etched through the first and second
low-k layers 18 and 24, the capping layer 28, and the passivation/barrier layers 12 and 22, using
one of the various schemes such as trench-first, via-first, or embedded via. Referring to Fig. 5, the
dual damascene opening is then filled with a barrier metal layer 32 and a copper layer 34, for
example, by any of the conventional means, including physical or chemical vapor deposition and

etchback or polishing or electroless plating, and so on.

It will be understood by those skilled in the art that the process of the present invention is
not limited to the dual damascene process illustrated in the drawings, but can be applied to any
process where it is desired to improve adhesion of a low-k layer to overlying layers. The helium
plasma treatment process of the present invention can be used in the presence of a barrier layer
between low-k layers, in the presence of a capping layer, or in the presence of both a barrier layer

and a capping layer.



not limited to the dual damascene process illustrated in the drawings, but can be applied to any process
where it is desired to improve adhesion of a low-k layer to overlying layers. The helium plasma treatment
process of the present invention can be used in the presence of a barrier layer between low-k layers, in
the presence of a capping layer, or in the presence of both a barrier layer and a capping layer. 5 The

process of the preseptdoyeNtiRpRasasteinplenenias anpitesia yaindi-aduances faumeeint bending
method to measure the low-k interface critical fracture energy: Gc, J/m2. It has been found that the

dielectriogppstanb&iding lawiodiel esdhsureaterislisunthang e @ite riheaie bas o plasmtieatmant.
Furthermore, the critical fracture energy Gc is improved by the helium plasma treatment. The following

Table 1ighawsuad hatuas dleanditasdasaieaencned awrkcmateriadandsansilisasdiggenayern(a and
between the low-k material and a silicon carbide layer (b) with and without the helium plasma treatment

of the inyariianrchablaid YWieHseWdid) tHe altanvrkiSiamiarace 3sGthpryddomy- iSkelintarfagehar 10.7
These results show that the physical interface interlocking property of the layers has been
treatment. The following Table 1 shows Gc values at an interface between the low-k material and a

silicon dioxide layer (a) and between the low-k material and a silicon carbide layer (b) with and

without the helium plasma treatment of the invention.

Table 1
W/o He | With He
a) Low-k/Si10; interface | 3.6 9.3
b) Low-k/SiC interface | 6.7 10.7

These results show that the physical interface interlocking property of the layers has been

improved significantly.

Table 2 shows the roughness and the Gc values at the interface of the low-k material and a

silicon carbide layer with and without the Helium plasma treatment of the present invention.



improved significantly. Table 2 shows the roughness and the Gc values at the interface of the low-k
material and a silicon carbide layer with and without the Helium plasma treatment of the present
invention. 6 Table 2 W/o HeWith He Roughness (nm)0.5330.605 Gc¢6.710.7 The table above shows a
60% improvement in adhesion with the process of the present invention. While the invention has been
particularly shown angggsoribed with reference to the preferred embodiments thereof, it will be
understood by those skilled in the art that various changes in form and details may be made without
departing from the spirit and, $eOp&VGiHpR: Invention. What is claimed is: 7 1. A method of forming a
dielectric material layer |comprising: depositing a low dielectric constant material layer on a substrate;
treating Raid laws dialastro. sonstany sogterial layer with helium plasma; and thereafter depositing an
overlying layer on said low dielegtric constant material layer

Gce 6.7 10.7

The table above shows a 60% improvement in adhesion with the process of the present invention.

While the invention has been particularly shown and described with reference to the

preferred embodiments thereof, it will be understood by those skilled in the art that various changes

in form and details may be made without departing from the spirit and scope of the invention.

What is claimed is:



wherein there is good adhesion between said low dielectric constant material layer and said overlying
layer. 2. The method according to Claim 1 wherein said low dielectric constant material has a dielectric
constant of less than 3.1. 3. The method according to Claim 1 wherein said low dielectric constant
material is an organosilicate glass. 4. The method according to Claim 1 wherein said low dielectric

constant materjaNsiheeNRsHicaie dRihrRvVing@idielsel o aprsiagt of 2.9. 5. The method according
to Claim 1 wherein said step of treating said low dielectric constant material layer with helium plasma

comprises flowing heligpbatihetmeenddettieQ oAb AR GeA M rotenp@katitee of between about 250
and 450 C, at a pressure of between about 2 and 8 Torr, at HFRF power of between about 100 and 600

watts for between abewdath 2Rgid b searRNds:8 &nthameibad agearding kelfalaiplatmdhesgin said overlying
layer comprises silicon dioxide or silicon carbide. 7. An interconnection method in the fabrication of an
integrated circuit devige earRrivpesitigResiing AlouadielesttisCRAs EBlRIAtesRls@YehRAUe A Bybstrate;

wherein there is good adhesion between said low dielectric constant material layer and said

overlying layer.

2. The method according to Claim 1 wherein said low dielectric constant material has a

dielectric constant of less than 3.1.

3. The method according to Claim 1 wherein said low dielectric constant material is an

organosilicate glass.

4. The method according to Claim 1 wherein said low dielectric constant material is an

organosilicate glass having a dielectric constant of 2.9.

5. The method according to Claim 1 wherein said step of treating said low dielectric

constant material layer with helium plasma comprises flowing helium at between about 50
and 9000 sccm at a temperature of between about 250 and 450 °C, at a pressure of between
about 2 and 8 Torr, at HFRF power of between about 100 and 600 watts for between about

2 and 40 seconds.



treating said low dielectric constant material layer with helium plasma; thereafter depositing a capping
layer overlying said low dielectric constant material 5 layer wherein there is good adhesion between said
low dielectric constant material layer and said capping layer; etching an opening through said capping
layer and said low dielectric constant material layer to said substrate; and filling said opening with a

conducting layer tacamplsiasaidinteicenaestionts e 40 &brigation i saspniegraled ccsitaevice. 8.
The method according to Claim 7 further comprising forming semiconductor device structures in and on
said substrate y¢h@iesn sagigpening is made to one of said semiconductor device structures. 9. The
method according to Claim 7 wherein said low dielectric constant material has a dielectric constant of less
than 3.1. 10. The method according to Claim 7 wherein said low dielectric constant material is an
organosilicate glass. 9 11. The method according to Claim 7 wherein said low dielectric constant material

is an organosilicate glassdmavnpa diglectis cRTEEMa804-9fF an integrated circuit device comprising:
depositing a low dielectric constant material layer over a substrate;
treating said low dielectric constant material layer with helium plasma;
thereafter depositing a capping layer overlying said low dielectric constant material
5 layer wherein there is good adhesion between said low dielectric constant material layer and
said capping layer;
etching an opening through said capping layer and said low dielectric constant
material layer to said substrate; and
filling said opening with a conducting layer to complete said interconnection in the

10 fabrication of said integrated circuit device.

8. The method according to Claim 7 further comprising forming semiconductor device
structures in and on said substrate wherein said opening is made to one of said

semiconductor device structures.

9. The method according to Claim 7 wherein said low dielectric constant material has a

dielectric constant of less than 3.1.

10. The method according to Claim 7 wherein said low dielectric constant material is an

organosilicate glass.



12. The method according to Claim 7 wherein said step of treating said low dielectric constant material
layer with helium plasma comprises flowing helium at between about 50 and 9000 sccm at a temperature
of between about 250 and 450 C, at a pressure of between about 2 and 8 Torr, at HFRF power of
between about 100 and 600 watts for between about 2 and 40 seconds. 13. The method according to
Claim 7 wherein said capping layer comprises silicon carbide, silicon nitride, or silicon dioxide. 14. An
interconnection method in the fabrication of an integrated circuit device comprising: depositing a

passivation layer ame fiiialessleResiitdandonwdieleritsi §opwtan soatedah et memerling said
passivation layer; treating said low dielectric constant material layer with helium plasma; 5 thereafter

depositing a cappingsayatcomatlyingisaid ivediglecticteanstant material layer wherein there is good
adhesion between said low dielectric constant material layer and said barrier layer; etching an opening

through said capping layer, said low dielectric constant layer and said passivation layer to said substrate;
and 10 filling said opening with a conducting layer to complete said interconnection in the fabrication of
said integrated|Qirguit ARWIRRL according to Claim 7 wherein said step of treating said low dielectric

constant material layer with helium plasma comprises flowing helium at between about 50

and 9000 sccm at a temperature of between about 250 and 450 °C, at a pressure of between

about 2 and 8 Torr, at HFRF power of between about 100 and 600 watts for between about

2 and 40 seconds.

13. The method according to Claim 7 wherein said capping layer comprises silicon carbide,

silicon nitride, or silicon dioxide.

14. An interconnection method in the fabrication of an integrated circuit device comprising:
depositing a passivation layer on a substrate;
depositing a low dielectric constant material layer overlying said passivation layer;
treating said low dielectric constant material layer with helium plasma;

5 thereafter depositing a capping layer overlying said low dielectric constant material
layer wherein there is good adhesion between said low dielectric constant material layer and
said barrier layer;

etching an opening through said capping layer, said low dielectric constant layer and
said passivation layer to said substrate; and

10 filling said opening with a conducting layer to complete said interconnection in the

fabrication of said integrated circuit device.

10



10 15. The method according to Claim 14 further comprising forming semiconductor device structures in
and on said substrate wherein said opening is made to one of said semiconductor device structures. 16.
The method according to Claim 14 wherein said low dielectric constant material has a dielectric constant
of less than 3.1. 17. The method according to Claim 14 wherein said low dielectric constant material is an
organosilicate glass. 18. The method according to Claim 14 wherein said low dielectric constant material
is an organosilicate glass having a dielectric constant of 2.9. 19. The method according to Claim 14

wherein said step phéreatingl sribiaw Lisleddiia CORSIAAL FBAIpHdhlaYGmMIE lealidondlesiPacsapprises
flowing helium at between about 50 and 9000 sccm at a temperature of between about 250 and 450 C, at

a pressure of hetweaes abawd 3randd JiNiaat WikRimpawesghheiwesaRowntQF and 600 watts for

between about 2 and 40 seconds. 20. The method according to Claim 14 wherein said capping layer
comprises silicegashietsiliconadridesugsssilicon dioxide. 11

16. The method according to Claim 14 wherein said low dielectric constant material has a

dielectric constant of less than 3.1.

17. The method according to Claim 14 wherein said low dielectric constant material is an

organosilicate glass.

18. The method according to Claim 14 wherein said low dielectric constant material is an

organosilicate glass having a dielectric constant of 2.9.

19. The method according to Claim 14 wherein said step of treating said low dielectric

constant material layer with helium plasma comprises flowing helium at between about 50
and 9000 sccm at a temperature of between about 250 and 450 °C, at a pressure of between
about 2 and 8 Torr, at HFRF power of between about 100 and 600 watts for between about

2 and 40 seconds.

20. The method according to Claim 14 wherein said capping layer comprises silicon

carbide, silicon nitride, or silicon dioxide.

11



21. The method according to Claim 14 wherein said low dielectric constant material is a first low dielectric
constant material and further comprising after said step of treating said first low dielectric constant
material with helium plasma: depositing a barrier layer overlying said first low dielectric constant material
layer 5 wherein there is good adhesion between said first low dielectric constant material layer and said

barrier layer; depopiingamRcRRENH S eIt LoORHARIMAle Gl et amedying.said haiterslayer;
treating said second low dielectric constant material layer with helium plasma; and 10 thereafter

depositing saidiganpindilayereveyins: sricaarand iawmeielaapisisonsi@namatepal ddatihemethod
according to Claim 21 wherein said second low dielectric constant material has a dielectric constant of

less than 3.1. 23stTibe anethad ceseydinaiaslaiMidlnahgieasaid: second low dielectric constant material
is an organosilicate glass. 24. The method according to Claim 21 wherein said step of treating said

second low dielectricdeppsiiant Madaialllaxenowiiyhelivmplasmacaepsisesipwinghatva riyeetween
about 50 and 9000 sccm at a temperature of between about 250 and 450 C, at a pressure of
5 wherein there is good adhesion between said first low dielectric constant material layer and
said barrier layer;
depositing a second low dielectric constant material layer overlying said barrier
layer;
treating said second low dielectric constant material layer with helium plasma; and

10 thereafter depositing said capping layer overlying said second low dielectric

constant material.

22. The method according to Claim 21 wherein said second low dielectric constant material

has a dielectric constant of less than 3.1.

23. The method according to Claim 21 wherein said second low dielectric constant material

is an organosilicate glass.

24. The method according to Claim 21 wherein said step of treating said second low
dielectric constant material layer with helium plasma comprises flowing helium at between
about 50 and 9000 sccm at a temperature of between about 250 and 450 °C, at a pressure of
between about 2 and 8 Torr, at HFRF power of between about 100 and 600 watts for

between about 2 and 40 seconds.

12



between about 2 and 8 Torr, at HFRF power of between about 100 and 600 watts for between about 2
and 40 seconds. 12 25. The method according to Claim 21 wherein said barrier layer comprises silicon
carbide or silicon dioxide. 13

25. The method according to Claim 21 wherein said barrier layer comprises silicon carbide

or silicon dioxide.

13



