1* 8-JAN 2005 METHOD TO CREATE COPPER TRAPS BY MODI FYI NG TREATMENT ON THE
" <Dl ELECTRI CS SURFACE FI ELD OF THE | NVENTI ON The present |nvent|g aﬁhﬁtﬁ
generally to fabrication of seniconductor devices used in int Sﬁ 2005
“Circuits, and specifically to a nmethod of creating copper traps during
fabrication of sem conductor devices. 1 1 0 JAN 2005 BACKGROUND: OF THE

| NVENTI ON Wthout treatment, the dielectric-surface is susceptible to
copper (Gu) penetration and diffusion. Thus there is potential damage to
the device since Cu has a long diffusion length, especially with.the
number of thermal cycles present in the normal process flow. U. S. Patent
No. 5,451,542 to Ashby describes a nethod for passivating conpound

sem conduct or surfaces by photol ytically disturbing nolecular sulfur vapor
with ultraviolet radiation to formreactive sul fur which then reacts with,
and passivates, the conpound sem conduct or surfaces.

METHOD TO CREATE COPPER TRAPS BY MODIFYING TREATMENT ON

THE DIELECTRICS SURFACE =~~~

FIELD OF THE INVENTION

The present invention relates generally to fabrication of
semiconductor devices used in integrated circuits, and specifically to a method of

creating copper traps during fabrication of semiconductor devices.



U S. Patent No. 5,953,628 to Kawaguchi describes a nethod for formng
~copper wiring for a sem conductor device within Si02 insulatinq %a ﬁi

Si02 insulating |ayer and an internediate Si 02 insulating | ayer tﬁm&ed
successively. An opening is formed within the intermediate Si 02 insulating
| ayer and a copper wiring is formed within the opening. The copper wring
is covered with an anti-oxidation |layer that is_not a transition netal as
in conventional sem conductor devices, but is copper sulfide (Cu.,S where
0 <x <2). US Patent No. 5,990,008 to Koyana et al. describes a nethod
of formng high aspect copper structures that permts a heightened degree
of copper 2 1 0 JAN 2005 bur . _For pl e, a fine connecting hole may
be formed in a |ayer inSRAGKIAIOUNDQE EMRhIQiYpst rate. A CVD-Ti N
barrier filmis forned on the etched |nsulat|ng filmas an adhesive film
and a copper film having thickness of fpmis then forned over the Ti N
adhesive film The copper filmhas a high level of purity wth an oxygen

concentration of Wibhppmreatrh@viLthe dRtecdris YhifHee f‘soé?fé@%ﬁtrl@l@tgrko er ?CQ)G ppm
~or lower. A heat treatnent is applied and a copper fi contac hol e-1s

formed Wehbwaion @hd%iffusion. Thus there is potential damage to the device since Cu has

a long diffusion length, especially with the number of thermal cycles present in the

normal process flow.

U.S. Patent No. 5,451,542 to Ashby describes a method for passivating
compound semiconductor surfaces by photolytically disturbing molecular sulfur
+ vapor with ultraviolet radiation to form reactive sulfur which then reacts with, and

passivates, the compound semiconductor surfaces.

U.5. Patent No. '5,953,628 to Kawaguchi describes a method for
forming copper wiring for a semiconductor device within SiO, insulating layers. An
Si02 insulating layer and an intermediate SiO, insulating layer ére stacked

~ successively. An opening is formed within the intermediate 5iO, insulating layer
and a copper wiring is formed within the opening. The copper wiring is covered
with an anti-oxidation layer that is not a transition metal as in conventional

semiconductor devices, but is copper sulfide (Cu,S where 0 < x < 2).

U.S. Patent No. 5,990,008 to Koyama et al. describes a method of

forming high aspect copp.er structures that permits a heightened degree of copper



U.S. Patent No. 5,431,774 to Dougl as describes a nmet hod of dry etching
nmetal s, such as copper, using -acids in an energetic environme tﬂsﬁf@ zﬁs a
pl asma, laser, or afterglow reactor, or by using Iigands formng’v t200%s
at low tenperatures within a pulsed energetic environment. U S. Patent No.
5,821,168 to Jain describes a process for formng a semn conductor device
in which an insulating layer is nitrided and then covered by a thin
adhesi on | ayer before depositing a conposite copper |ayer. The process does
not require a separate diffusion barrier as a portion of the insulating
| ayer (SiO) is converted to forma diffusion barrlersfan1(Slcmé by
erformng a plasma nitriding step. 3 1 8 JAN 2005 U.S. Patent No.
E, 831, 2@?‘9’ 6“%&‘?05yexf§fn%lﬁc 3 dEsciarpesting Ihgyemasobe fprmed vati layet oppdating
aIqunn? or other refractory nmetal filns using ammonia-free silicon
ni tride ™M @ FANLZOD5 BGMMNRYACE VT INWWENTORIm is formed on the etched

insulating film as an adhesive film, and a copper film having thickness of 1um is

then formed over the TiN adhesive film. The copper film has a high level of purity

with an oxygen concentration of 0.5 ppm or lower, and a sqlfur'concentration of

0.06 ppm or lower. A heat treatment is applied and a copper fine contact hole ds

formed without voids.

+ U.S. Patent No. 5,431,774 to Douglas describes a method of dry
etching metals, such as copper, using -acids in an energetic environment such as a
plasma, laser, or afterglow reactor, or by using ligands forming volatiles at low

temperatures within a pulsed energetic environment.

U.S. Patent No. 5,821,168 to Jain describes a process for forming a
semiconductor device in which an insulating layer is nitrided and then covered by a
thin adhesion layer before depositing a composite copper layer. The process does
not requi're a separate diffusion barrier as a portion of the insulating layer (SiO) is

converted to form a diffusion barrier film (SiON) by performing a plasma nitriding

step.



Accordingly, it is an object of the present invention to prevent copper
penetration and diffusion into the dielectric surface. Another ,o LE@{I ﬁf
the present invention is to create a copper barrier by strong1a i IK]
with ligand sites binding copper. A further object of the present invention
is to create a polyner ‘'virtual' copper barrier that is highly resistant
to thermal cycles due to the stability of the polynmers. OQther objects wll
appear hereinafter. It has now been discovered that the above and ot her
objects of the present invention nay be acconplished in the foll ow ng
manner. Specifically, a sem conductor structure including a patterned
dielectric layer is provided. The patterned dielectric |ayer includes an
openi ng and an uppel.SuPhtare. NEhe5, 888268t 1o Batépy@r akUséagdss at hgRer for
"passivated to forma passivation |layer. A netal plug is formed wthin the
dielect!| pasayaingp@spergalubiifubass: Skt P AYEF nfth EMERASuBRRCIHAdr2R 2R

di ffusion of netal out fromthe netal plug into the sem conductor structure
and the pgaktbennededi electric layer. 5 1 8 JAN 2005



BRI EF DESCRI PTI ON OF THE DRAW NGS The features and advantages of the nethod
of the present invention wll be nore clearly understood from,the
foll owi ng description taken in conjunction with the acconpanyiﬂd?duﬁhﬂﬂﬂi
in which |ike reference nunerals designate simlar or correspondi ng

el ements, regions and portions and in which: Fig. 1 and 4 schematically
illustrate in cross-sectional representation structures common to the four

enbodi nents of the present invention. Fig. 2 schematically illustrates in
cross-sectional representation a structure common to the first three
enbodi nents of the present invention. Fig. 3 schematically illustrates in

cross-sectional representation a structure of the fourth enbodi nent of the

present invention. Fig. 5 YORETHBINMENTION: of pyridine. Fig. 5B

is the chemical structure of (2-pyridyl) -- ethene. Fig. 5C is the chenical
structure of (2-pyridyl) - triofluoroethane. 6 1 0 JAN 2005 DETAI LED
DESCRI PTI ON OF THE PREFERRED EMBODI MENT Unl ess ot herw se specified, all

structures, |ayer AcckdinglBt 0 G58BDS the present invention to prevent copper

penetration and diffusion into the dielectric surface.

Another object of the present invention is to create a copper barrier by

strong adhesion with ligand sites binding copper.

A further object of the present invention is to create a polymer

‘virtual’ copper barrier that is highly resistant to thermal cycles due to the stability

of the polymers.
Other objects will appear hereinafter.

It has now been discovered that the above and other objects of the
present invention may be accomplished in the following manner. Specifically, a
semiconducfor structure including a patterned dielectric layer is provided. The
patterned dielectric layer includes an opening and an upper surface. The dielectric
layer surface is then passivated to form a passivation layer. A metal plug is formed
within the dielectric layer opening. The passivation layer prevents penetration and

diffusion of metal out from the meta] plug into the semiconductor structure and the

patterned dielectric layer.



or acconplished by conventional nethods known in the prior art. Process

- Common to Each of the Enbodi nents Accordingly as shown in Fig.:% j&ﬁﬂhﬁ{@
sem conductor structure 10 is wunderstood to possibly include & /i

sem conductor wafer or substrate, active and passive devices formed within
the wafer, conductive layers and dielectric layers (e.g., inter-poly oxide
(IPO, internetal dielectric (IMJ), etc.) formed over the wafer surface.
The term "sem conductor structure" is neant to include devices forned

wi thin a sem conductor wafer and the | ayers overlying the wafer. The upper
surface of sem conductor structure 10 can be conprised of a dielectric

| ayer, e.g. ILD layer, an ILD |ayer with conductive plugs exposed, an
intermetal |ayer (IMD), or an IMD layer with nmetal plugs or |ines exposed
(not shown). Dielectric layer 12 is fornmed over sem conductor structure
10. Dielectric | ayer BRIERB3ESCRIPTHONSOFI THRBRAWINGSO to 16, 000A, and
more preferably 7 1 0 JAN 2005 from about 4000 to 8000A. Dielectric |ayer
12 includes upper, outer exposed surface 15.

The features and advantages of the method of the present invention
will be more clearly understood from the following description taken in conjunction
with the accompanying drawings in which like reference numerals designate

similar or corresponding elements, regions and portions and in which:

Fig. 1 and 4 schematically illustrate in cross-sectional representation

structures common to the four embodiments of the present invention.

Fig. 2 schematically illustrates in cross-sectional representation a

structure common to the first three embodiments of the present invention.

Fig. 3 schematically illustrates in cross-sectional representation a

structure of the fourth embodiment of the present invention.
Fig. 5A is the chemical structure of pyridine.
Fig. 5B is the chemical structure of (2-pyridyl) - ethene.

Fig. 5C is the chemical structure of (2-pyridyl) ~ triofluoroethane.



-~ Dielectric layer 12 may be a CVD | owk dielectric naterlal,"a Spi n-on

- -dielectric (SOD) material, silicon dioxide (Si02 or "oxide );p@;&ﬁm@
oxi de, fluorine- doped oxide, carbon-doped oxide, or boron-phosp |
glass (PSG. Dielectric layer 12 is preferably porous oxide for the first
enbodi nent, and carbon doped oxide (for exanple Black Di anondTM avai | abl e
fromApplied Materials) for the second, third and fourth enbodi nents. As
shown in Fig. 2, dielectric layer 12 is patterned and etched to form
opening 14 that extends to, and contacts the exposed netal plugs or lines
on the upper surface of sem conductor structure 10. Dielectric layer 12
may be patterped of photoreS|st (not shown), for
exanpl e. Upp b 2 iE PR ARER BDIMEN®@peni ng 14.
Openi ng 14 may be a dual danascene openlng as shown in Flg 2, or another
shape such as a single damascene openi ng. Opening 14 has a m ni mum openi ng
- from about 1000 to 50, 000A wi de, nore preferably from about 1000 to

10, 000A wi de, and Uimists pfr@rmﬁoémciﬁmaaﬂoay&ctw&o 1 7ers0QRA WS, (G rted JAN
2005. Formation of Ceneric Passivation Layer

or accomplished by conventional methods known in the prior art.

Process Common to Each of the Embodiments

Accordingly as shown in Fig. 1, starting semiconductor structure 10 is
understood to possibly include a semiconductor wafer or substrate, active and
passive devices formed within the wafer, conductive layers and dielectric layers

(e.g., inter-poly oxide (IPO), intermetal dielectric (IMD), etc.) formed over the wafer
surface. Th.e term “semiconductor structure” is meant to include devices formed

within a semiconductor wafer and the layers overlying the wafer.

The upper surface of semiconductor structure 10 can be comprised of
a dielectric layer, e.g. ILD 1a‘yer, an ILD layer with conductive plugs exposed, an

intermetal layer (IMD), or an IMD layer with metal plugs or lines exposed (not

| shown).

Dielectric layer 12 is formed over semiconductor structure 10.

Dielectric layer 12 has a thickness from about 7000 to 16,000A, and more preferably



Exposed surface 15 of etched dielectric layer 12 is then passivated to
" form passivation |ayer 18 over dielectric layer 12. Passi vat i oc|1 ig@ 2&&
may be forned by one of four nmethods as detailed belowin thelr t

four enbodi ments of the invention. Passivation |layer 18 is preferably from

about 5 to 1000A thick, and nore preferably fromabout 5 to 100A thick. As
shown in Fig. 4, regardless of which nmethod is used to form passivation

| ayer 18, 18', 18", 18"', passivation |ayer 18, 18, 18", 18"" becones a
virtual barrier to netal plug 20. Metal plug 20 may be conprised of copper
(Cu), alum num copper alloy (A (Cu)), gold (Au), silver (Ag) or alum num
(Al'), and is preferably copper (Cu). First Embodiment - Pure Sul fur

Tr eat ment frpm aleutf4008ttodi904 Piriectripdsmirviatinoludeaygipet Souter brpomd hitface
treating exposed surface 15 of etched dielectric layer 12 with pure sul fur
in a therb®ml process having the paraneters: 9 1 0 JAN 2Q05 fl ow rate of
sul f.ur gas: from about 10 to 1000 an/nlnute and nore preferably from
about 100 to 300 cnB/m nute;

Dielectric layer 12 may be a CVD low-k dielectric material, a spin-on
—dielectric (SOD) material, silicon dioxide (SiO, or “oxide"), pqrbus oxide, fluorine-
doped oxide, carbon-doped oxide, or boron-phosphosilica glass (PSG). Dielectric
layer 12 is preferably porous oxide for the first embodiment, and carbon doped

oxide (for example Black Diamond™ available from Applied Materials) for the

second, third and fourth embodiments.

As shown in Fig. 2, dielectric layer 12 is patterned and etched to form
opening 14 that extends to, and contacts the exposed metal plugs or lines on the
upper surface of semiconductor structure 10. Dielectric layer 12 may be patterned

by an overlying layer of photoresist (not shown), for éxample. Upper surface 15 of

. dielectric layer 12 extends into opening 14.

Opening 14 may be a dual damascene opening as shown in Fig. 2, or
another shape such as a single damascene opening. Opening 14 has a minimum
opening from about 1000to 50,000A wide, more preferably from about 1000 to

10,000A wide, and most preferably from about 1000 to 5000A wide.



- tenperature: fromabout 25 to 500C, and nore preferably fromabout 25 to
200C, and tine: fromabout 10 to 100 seconds, and nore preferaﬁlwﬁ)%
about 10 to 30 seconds. Pure sulfur passivation |layer 18 is for B
. separate standard passivation chem cal vapor deposition (CVD) chanber with
pl asma enhanced RP source or renote plasma application. The pure sul fur
gas nmay be obtained from Aldrich Chem cals or Merck. Pure sulfur
passivation layer 18 is conprised of SO3, SO2 bonds and is fromabout 5 to
100A thick, and nore preferably fromabout 5 to 25A thick. Second
Enbodi ment - Sul fur-Containing Conpound Treatnent In the second enbodi nent,
passivation layer 18 is forned by treating exposed surface 15 of etched
di el ect Formatigrof CRneritPaasisatibnlagentsi ni ng gaseous conpound at the
followi ng parameters: 10 1 8 JAN 2005 concentration of sul fur-containing
conpound: from about 0.5 10 100 at. % and nore preferably from about 10
to 50 at. % ' o

Exposed surface 15 of etched dielectric layer 12 is then passivated to
form passivation layer 18 over dielectric layer 12. Passivation layer 18 may be
. formed by one of four methods as detailed below in the respective four

embodiments of the invention. Passivation layer 18 is preferably from about 5 to

1000A thick, and more preferably from about 5 to 100A thick.

As shown in Fig. 4, regardless of which method is used to form
passivation layer 18, 18', 18", 18", passivation layer 18, 18’, 18", 18'" becomes a
virtual barrier to metal plug 20. Metal plug 20 may be comprised of copper (Cu),

aluminum copper alloy (Al(Cu)), gold (Au), silver (Ag) or aluminum (Al), and is

preferably copper (Cu).

First Embodiment — Pure Sulfur Treatment

In the first embodiment, passivation layer 18 is formed by treating
exposed surface 15 of etched dielectric layer 12 with pure sulfur in a thermal

process having the parameters:



tenperature: from about 25 to 250C, and nore preferably from about 50 to
100C;, and tine: fromabout 10 to 300 seconds, and nore preferaqg%JAN)

about 10 to 60 seconds. The structure is noved to a separate, r ghgina
chanmber with renpte RF source or downstream plasma to form pure sul fur
passivation layer 18 . This plasma chanber nmay be a standard pl asnma usher
avail able in manufacturing |I|ine. The sul fur-containing conpound nay
conprise a mxture of NHA and H2S, and is nost preferably H2S. Third
Enbodiment - (NH ,IS Solution Treatnent In the third enbodi nent,
passivation |layer 18" is formed by treating exposed surface 15 of etched
dielectric layer 12 with a (NH4)2S (aq) solution at the follow ng

parameters: oW GtdAN 2006r gascérdmatbont ab (NHDTSKBGHBAUS) 263t ﬁ'{%‘i‘%‘rd
aqueous solution) fromabout 0.01 to 1 noles/liter, and nore preferably

0. 05 t o pfAeferatllyesdrhidbens 100 to 300 cm® /minute;
temperature: from about 25 to _500°'C, and more preferably frdm about 25 to

200°C; and

time: from about 10 to 100 seconds, and more preferably from about 10 to 30

seconds.

>

Pure sulfur passivation layer 18 is formed in a separate standard
passivation chemical vapor deposition (CVD) chamber with plasma enhanced RF

source or remote plasma application. The pure sulfur gas may be obtained from

Aldrich Chemicals or Merck.

Pure sulfur passivation layer 18 is comprised of SO,, SO, bonds and is

from about 5 to 100A thick, and more preferably from about 5 to 25A thick.

Second Embodiment - Sulfur-Containi‘ng Compound Treatment

In the second embodiment, passivation layer 18’ is formed by treating
exposed surface 15 of etched dielectric layer 12 with a sulfur-containing gaseous

compound at the following parameters:

10



tefperature: from about 25 to 150C, and nore. preferably from about 25 to
~ 50C, and tinme: fromabout 10 to 200 seconds, and nore preferabHy fﬁﬂ$]ﬁ@fUt
30 to 60 seconds. The structure is noved to a separate chanber f%r z
formati on of (NH4)2S treated passivation |layer 18". The separate chanber
may be a sinple and standard chemical bath with a heater bl ock for
tenperature control. --(NH4) ZS sol ution treatnent passivation |ayer 18" is
conprised of sulfur term nated bonds and is fromabout 5 to 50A, and nore
preferably from about 5 to 20A. Fourth Enbodi nent - Surface Mdification
Through Sel f- Assenbly Technique In the fourth enbodi nent, the nore
preferred enbodi nent because the surface termnation with ligand sites 16

has a broadercoappitiatinni ofsulpassintainingncompyehd 180m itsodi@) 3R fyamedi f yi ng
exposed surface 15 of etched dielectric Igyer 12 12 1, 0 JAN nggqfhrough a

sel f - assedhhyrd petiaiabliefromSabdurassepla o mpl i es the spontaneous formation
of passivation layer 18"' without any additional processing or deposition.

temperature: from about 25 to 250°C, and more preferably from about 50 to

100°C; and

- time: from about 10 to 300 seconds, and more preferably from about 10 to 60

seconds.

The structure is moved to a separate, remote plasma chamber with
remote RF source or downstream plasma to form pure sulfur passivation layer 18'.

This plasma chamber may be a standard plasma asher available in manufacturing

line.

The sulfur-containing compound may comprise a mixture of NH, and

H,S, and is most preferably H,S.

Third Embodiment — (NH,),S Solution Treatment

In the third embodiment, passivation layer 18" is formed by treating

exposed surface 15 of etched dielectric layer 12 with a (NH,),S (ag) solution at the

following parameters:

11



Ligand sites 16 are forned on the exposed surface of etched dielectric

| ayer 12 and within opening 14 at the foll ow ng paraneters: Iiggdj
pyridine (see Fig. 5A); criteria for selecting |ligands: additi : ArN/czg%en
and fluorine; polymers: (2-pyridyl) - ethene (see Fig. 5B) and (2-pyridyl)
- triofluoroethane (see Fig. 5C); tenperature: from about 25 to0 500C, and
nore preferably fromabout 200 to 400C, and tinme: from about-10 to 500
seconds, and nore preferably fromabout 30 to 60 seconds. Ligand sites 16
in conjunction with the additives with polynmers form passivation |ayer

18"' that has a strong bonding affinity with copper (Cu) to create a
virtual barrier. For exanple, the followi ng structures illustrate polyners

with additivesnaatratigand (SHES (36uedid) lsBnd AN 200%us sBiftion) from about
0.01 to 1 moles/liter, and more preferably 0.05 to 0.5 moles/liters;
temperature: .from about 25 to 150°C, and more. preferably from about 25 to
50°C; and |

time: from about 10 to 200 seconds, and more preferably from about 30 to 60

seconds.

-

The structure is moved to a separate chamber for formation of (NH,),S
treated passivation layer 18". The separate chamber may be a simple and standard

chemical bath with a heater block for temperature control.

(NH,),S solution treatment passivation layer 18" is comprised of

sulfur terminated bonds and is from about 5 to 504, and more preferably from

about 5 to 20A.

Fourth Embodiment ~ Surface Modification Through Self-Assembly Technique

In the fourth embodiment, the more preferred embodiment because
the surface termination with ligand sites 16 has a broader application, passivation

layer 18" is formed by modifying exposed surface 15 of etched dielectric layer 12

12



-\ [\ /] CCor CC / /| \ HL F L Were "L" is the ligand (i.e., e.qg.

" pyridine as shown in Fig. 5A) attached to ligand site 16. Al sq gee,[Fi

5B ((2-pyridyl) - ethene) and 5C ((2-pyridyl) - triofluoroetha eg. %e@&ﬁ
conpounds, for exanple, serve to form passivation |ayer 18"' as they
represent the self-assenbly of the polyners on the hydrophilic surface to
whi eh the nol ecul es (ligands) bond. These conpounds may be formed by: a CVD
met hod with direct plasma, i.e. plasma enhanced cheni cal vapor deposition
(PECVD); renote plasma, i.e. downstream CVD;, or by a reactor with a high-
pressure environnent to formthe self-assenbly of the nolecules. 14 1 0 JAN
2005 Process Common to Each of the Enbodi nents As shown in Fig. 4,

regar dl ehsouggh abélebseasig tBBMigLS. 'S8lf i lvation |ayer 18,
18", 18", 18"', a layer gf metal s dgag%)%ﬂ? dloyg{e@tﬁgﬁ%mamous

formation of passivation layer 18" without any additional processing or deposition.

Ligand sites 16 are formed on the exposed surface of etched dielectric

layer 12 and within opening 14 at the following parameters:
ligand: pyridine (see Fig. 5A);

criteria for selecting ligands:

additives: hydrogen and fluorine;
polymers: (2-pyridyl) — ethene (see Fig. 5B) and (2-pyridyl) — triofluoroethane
(see Fig. 5C);
temperature: from about 25 to 500°C, and more preferably from about 200 to
400°C; and
- time: from about 10 to 500 seconds, and more preferably from about 30 to 60

seconds.

'Ligand sites 16 in conj.unction with the additives with polymers form
_passivation layer 18" that has a strong bonding affinity with copper (Cu) to create

a virtual barrier. For example, the following structures illustrate polymers with

additives and ligand sites 16:

13



passi vation |ayer 18,18',18", 18 and planarized to renove the excess of the
nmetal |ayer and the portion of passivation |ayer 18, 18', 18",1@"' ﬁrﬁﬂ%
t he upper horizontal surface of etched dielectric |ayer 12 tolf rJA 2
pl anarized netal plug 20 wthin opening 14. Metal plug 20 nmay be forned
from copper, alum num gold, alum numcopper alloy (AL(Cu)), or silver
(Ag), and is preferably copper. For purposes of illustration, netal plug
20 will be considered to be forned of copper hereafter. Passivation |ayer
18,18 ,18",18"" serves as a virtual barrier |ayer against the mgration of
copper from copper plug 20 into. etched dielectric layer 12 and
sem conduct or structure 10 by, in effect, creating copper traps. Advantages
of the Present Invention The present invention: 15 1 8 JAN 2005 strongly
passi vates the exposes etch dielectric layer 12 with sulfur or sulfur
contai ni ng conpgunds in e first, second an%;third en%odinents to form
passi vation | ayer 18, 18',18"; o :

\ / \ /

Where "L" is the ligand (i.e., e.g. pyridine as shown in Fig. 5A) attéched to ligand

. site 16. Also see Figs. 5B ((2-pyridyl) — ethene) and 5C ((2-pyridyl) -

triofluoroethane).

These compounds, for example, serve to form passivation layer 18" as
they represent the self-assembly of the polymers on the hydrophilic surface to
which the molecules (ligands) bond. These compou_nds.may be formed by: a CVD
method with direct plasma, i.e. plasma enhanced chemical vapor deposition
(PECVD); remote plasma, i.e. downstream CVD; or by a reactor with a high-

- pressure environment to form the self-assembly of the molecules.

14



in"the fourth enbodi nent, allows for strong adhesion with ligand sites 16
* binding copper so as to create a virtual Cu barrier (passivati(?nﬁl r
18""); and in the fourth enbodi nment, the resulting structure i's hﬁ%ﬁlzﬂ%
resistant to thermal cycles due to stable polyner. Wile particular
enbodi nents' of the present invention have been illustrated and descri bed,
it is not intended to limt the invention, except as defined by the
following clains. 16 1 8 JAN 2005 CLAIMS W claim 1. A nethod of
preventing nmetal penetration and diffusion fromnmetal structures forned
over a sem conductor structure, conprising the steps of: providing a
sem conduct or structure including a patterned dielectric |ayer having an
openi ng Hrbeess lnmaairdicoBidhes i@ EiaBbaohehes | ayer having an upper surface;
passivating said dielectric layer surface to forma passivation |ayer; and
formng a netal plug within said dielectric |ayer opening; whereby said
" passivation | ayef prevents penetration and diffusion of netal out

As shown in Fig. 4, regardless of which embodiment is selected to
form passivaﬁon layer 18, 18’, 18", 18", a layer of metal is deposited 6ver
passivation laYer 18,187, 18", 18" and planarized to remove the excess of the metal
layer and the portion of passivation layer 18, 18, 18, 18" from the upper | -

horizontal surface of etched dielectric layer 12 to form planarized metal plug 20

within opening 14.
Metal plug 20 may be formed from copper, aluminum, gold,

aluminum copper alloy (Al(Cu)), or silver (Ag), and is preferably copper. For

purposes of illustration, metal plug 20 will be considered to be formed of copper

hereafter.

Passivation layer 18, 18', 18", 18" serves as a virtual barrier layer
against the migration of copper from copper plug 20 into etched dielectric layer 12

and semiconductor structure 10 by, in effect, creating copper traps.

Advantages of the Present Invention

The present invention:

15



fromsaid netal plug into said sem conductor structure and said patterned
dielectric layer. 2. The nethod of claim1l1, wherein said diele Zgiﬁ¥¢%%§i
is comprised of a material selected fromthe group consisting : I n
oxide, a C/D lowk dielectric material, a spin-on-dielectric (SQOD)
material, silicon oxide, porous oxide, fluorine-doped oxide, carbon-doped
oxi de, and boron-phosphosilica glass (PSG. 3. The nethod of claiml1,

. wherein said opening has a width fromabout 1000 to 10,000A. 4. The nethod
of claim1, wherein said dielectric |ayer is conprised of carbon doped
oxi de, and said opening has a width from about 1000 to 5000A. 17 1 0 JAN
2005 5. The nmethod of claiml, wherein said dielectric |ayer surface
passivation step is selected fromthe group consisting of: a thermal pure
sul fur treatnent passivation; a sulfur-containing conpound treatnent

passi vati on; : ' ni. passi,vation: .and sel f-assenbl y
~‘techni que sur ?3 ace._g(‘iln%ﬁ ??ﬁl?:&a*{e?g%&&éaisg%%ﬁ%ﬁl.eg%%c Iﬂ{%r %Wﬁ@‘o‘w& AT, -
~wherein ! aiﬂz%?gsclovrgfabgnndé 91¥ ‘ﬁ‘[&) firsst,fsregonﬁ gr?él EEIII:II'- e%nobodiments to form

passivation lajfgr 18,18, 18"";
in the fourth embodiment, allows for strong adhesion with ligand sites 16
binding copper so as to create a virtual Cu barrier (passivation layer 18"); and

in the fourth embodiment, the resulting structure is highly resistant to

thermal cycles due to stable polymer.

While particular embodiments of the present invention have been
llustrated and described, it is not intended to limit the invention, except as defined

~ by the follroWing claims.

16
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1000A thick. 7. The nmethod of claim1, wherein said passivation |layer is
fromabout 10 to 100A thick. 8. A nethod of preventing netal geém‘mlﬁt b&?
and diffusion fromnmetal structures formed over a sem conductor®s & e,
conprising the steps of: providing 'a sem conductor structure including a
patterned dielectric layer having an opening thereon; said patterned
dielectric |layer having an upper surface; thermally treating said -
patterned dielectric |layer upper surface with sulfur to passivate said
dielectric layer surface and form a @2A8EWgation | ayer; and formng a netal
plug within said dielectric |ayer opening; whereby said passivation |ayer
prevent s YWerddimati on and di ffusion of netal out fromsaid nmetal plug into
sai d sem conductor structure and said patterned dielectric layer. 18 1 8
JAN 2005 f. The f&hbeds Pfev%kﬁh?‘nﬁet V@Q{e alioRnd BERLRAIT oG ha¥er 1S,
conprised of a material selecte friomthe group consisting of: silicon

oxi de, carbon derd o(i(i de, CUWD lowk naterial, SCD lowk material, and
por ous oxjtHstures tormed over a semiconductor structure, comprising the steps of:

providing a semiconductor structure including a patterned dielectric layer
having an opening thereon; said patterned dielectric layer having an upper surface;
passivating said dielectric layer surface to form a passivation layer; and
forming a metal plug within said dielectric layer opening;
whereby said passivation layer prevents penetration and diffusion of metal out

from said metal plug into said semiconductor structure and said patterned

dielectric layer.

2, The method of claim 1, wherein said dielectric layer is comprised of a
material selected from the group consisting of: silicon oxide, a CVD low-k
dielectric material, a spin-on-dielectric (SOD) material, silicon oxide, porous oxide,

fluorine-doped oxide, carbon-doped oxide, and boron-phosphosilica glass (PSG).

3. The method of claim 1, wherein said opening has a width from about 1000 to
10,000A.
4, The method of claim 1, wherein said dielectric layer is comprised of carbon

doped oxide, and said opening has a width from about 1000 to 5000A.
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10. The method of claim8, wherein said opening has a width from about 1000
to 10,000A. 11. The nethod of claim8, wherein said diel ectrij %axmdj(ag
conprised of porous oxide, and said opening has a width from abbdu Jto
5000A. 12. The nethod of claim8, wherein said passivation layer is from
about 10 to a 1000A thick. 13. The nethod of claim8, wherein said thernal
sul fur passivation step is conducted at the foll ow ng paraneters: flowbI
rate of sul fur_gas: fr bout 10 to 1000 cn8/ m nute, and nore preferably
f r om about: 100@%%6&?6@5?8%%&{ whereinsaiddiglestriqlapen spéase prssivatisneep and
nore preferably fromabout 25 to 200C, and tinme: fromabout 10 to 100
seconds, @&ndeladrd froef ehabgrnpupr orvakisting 16¥: too tB@rm@Ie?mﬂaSsulﬂ,ﬁ fre8toddi¥ 2005
14. A method of preventing netal penetration and. diffusion from netal -
passivation; a sulfur-containing compound treatment passivation; a (NHai):S
solution treatment passivation; and a self-assembly technique surface modification

passivation.

6. The method of claim 1, wherein said passivation layer is from about 10 to

1000A thick.

7. The method of claim 1, wherein said passivation layer is from about 10 to

100A thick.

8. A method of preventing metal penetration and diffusion from metal
structures formed over a semiconductor structure, comprising the steps of:
providi:I;g' a semiconductor structure including a patterned dielectric layer
having an opening thereon; said patterned dielectric layer having an upper surface;
thermally treating said patterned dielectric layer upper surface with sulfur to
passivate said dielectric layer surface and form a passivation layer; and
forming a metal plug within said dielectric layer opening;
whereby said passivation layer prevents penetration and diffusion of metal out

from said metal plug into said semiconductor structure and said patterned

dielectric layer.
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structures fornmed over a sem conductor structure, conprising the steps of:
provi ding a sem conductor structure including a patterned di el ?c rml r
havi ng an opening thereon; said patterned dielectric |ayer havi né_; ngﬁr
surface; treating said patterned dielectric |ayer upper surface with a
sul fur-contai ni ng conmpound to passivate said dielectric |ayer surface and
forma passivation layer ; and formng a netal plug-within said dielectric

| ayer openi ng;__wher epy sa}i d passivation | ayer prevents penetration and

di ffusi on”-of nmetameshied af gana B awhetein ssidigliclgemicshyer despewitsedt of a
structure and said patterned dielectric layer. 15. The nethod of claim 14,
wher ei n smitbrialisélacted dndrai the ggowp nquasisting ofi jilinse oxidie, NboartbpddDxid4§. The
met hod of claim 14, wherein said dielectric layer is conprised of a

material Sehepihed HffieAal BOTIRHR rﬁ&@rﬁai,aﬁd,p%%e&) bliggon oxide, a CVD | ow k

dielectric material, a spin-on-dielectric material, silicon oxide,
porous oxide, fluorine- doped oxide, carbon-doped oxide, and
bor on- phosphosilica glass (PSG. 20 1 0 JAN 2005

10. The method of claim 8, wherein said opening has a width from about 1000 to .

10,000A.

11.  The method of claim 8, wherein said dielectric layer is comprised of porous

oxide, and said opening has a width from about 1000 to 5000A.

12.  The method of claim 8, wherein said passivation layer is from about 10 to

1000A thick.

13, The method of claim 8, wherein said thermal sulfur passivation step is
conducted at the following parameters:

flow rate of sulfur gas: from about 10 to 1000 cm3/minute, and more
preferably from about 100 to 300 cm?/ minute;

temperature: from about 25 to 500°C, and more preferably from about 25 to
200°C; and

time: from about 10 to 100 seconds, and more preferably from about 10 to 30

seconds.
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17. The method of claim 14, wherein said opening has a wdth f rom about
1000 a to 10, 000A. 18. The met hod of claim 14, wherein said dléeédeml\[j 2&85

| ayer is conprised of carbon doped oxide, and said opening ha Wt
‘from about 1000 to 5000:x,. 19. The nethod of claim 14, wherein said _
‘passivation layer is fromabout 10 to 1000A thi ck. 20. The nethod of claim
14, wherein said sulfur-containing treatment passivation step is conducted
. at the follow ng paraneters: concentration of sulfur-containing conpound:
fromabout 0.5 to 100 at. And nore preferably fromabout 10 to 50 at. %
tenperature: from about 25 to 250C, and nore preferably from about 50 to
100C;, and time: fromabout 10 to 300 seconds, and nore preferably from
about 10 to 60 seconds. 21. . The nmethod of claim 14, wherein said

sul fur-containing -conpound is H2S. 22. A nethod of preventing netal

penetratipon angd gidhygi 9 éﬂeg%ﬂﬁ%aﬁehglt LGt grr ﬁ?mf hd® gxf? s1onafrom metal

sem COﬂdUCt or structure, onpri1 si

- structures formed over a semiconductor structure, comprising the steps of:
providing a semiconductor structure including a patterned dielectric layer
- having an opening thereon; said patterned dielectric layer having an upper surface;
| treating s'aid patterned dielectric layer upper surface with a sulfur-containing
compound to passivate said dielectric layer surface and form a passivation layer ;
and |
forming a metal plug within said dielectric layer opening;
whereby said passivation layer prevents penetration and diffusion of metal out

from said metal plug into said semiconductor structure and said patterned

dielectric layer.

15, The method of claim 14, wherein said sulfur-coz{taining compound a mixture

of NH, and H,S.

16.  The method of claim 14, wherein said dielectric layer is comprised of a
material selected from the group comprised of: silicon oxide, a CVD low-k dielectric
material, a spin-on-dielectric’(S0OD) matefial, silicon oxide, porous oxide, fluorine-

doped oxide, carbon-doped oxide, and boron-phosphosilica glasé (PSG).
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21 1 0 JAN 2005 providing a sem conductor structure including a patterned
dielectric layer having an opening thereon; said patterned di§|€C '@

| ayer having an upper surface; treating said patterned diel ectri é&'ﬂuﬁ
upper surface with an (NH4)2S solution to passivate said dielectric |ayer
surface and forma passivation layer; and formng a netal plug within said
dielectric | ayer opening; whereby-said passivation |ayer prevents
penetration and diffusion of netal out fromsaid nmetal plug into said

sem conductor structure and said patterned dielectric layer. 23. The

met hod of claim 22, wherein said dielectric layer is conprised of a
materi al selected fromthe group conprised of: silicon oxide a CVD | owk

di el ectiyc MALGRb@od @fcaope QN4 ?élﬁ%ta{cgfsgélﬁog) e e&'g S' 'a'b%8?18dﬁ de,

por ous oxide, fluorine oxXi car oXi

bor on- ph ﬁi@h@@A"Ca glass (PSG. 24. The nethod of cIa|n122 wherein said
openi ng- has" a wi dth fromabout 1000 to 10, 000A. 25. The nethod of claim
22, wherein said dielectric layer is conprised of carbon doped oxide, and
said opening has a width fromabout 1000 to 5000A.

'18.  The method of claim 14, wherein said dielectric layer is comprised of carbon

doped oxide, and said opening has a width from about 1000 to 50004.

19. The method of claim 14, wherein said passivation layer is from about 10 to

10004 thick.

20.  The method of claim 14, wherein said sulfur-containing treatment
passivation step is cdnducted at the following parameters:

concentration of sulfur-containing compound: from about 0.5 to 100 at. %,
and more preferably from about 10 to 50 at. %

temperature: from about 25 to 250°C, and more preferably from about 50 to
100°C; and

time: from about 10 to 300 seconds, and more preferably from about 10 to 60

seconds.

2]1. . The method of claim 14, wherein said sulfur-containing compound is H,S.

22. A method of preventing metal penetration and diffusion from metal

structures formed over a semiconductor structure, comprising the steps of:
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~2.6. The nmethod of claim22, wherein said passivation layer is from about
EOGto 1000A thick. 22 1 0 JAN 2005 27. The nethod of claim 22,1 g\hfmliﬂﬂﬁ
sai d (NH4)2S solution treatnent passivation step is conducted'a

fol |l oM ng parameters: fromabout 0.01 to 1 noles /liter, and rmrg |
preferably 0.05 to 0.5 noles /liters of (NH4)2S (aqueous) (standar f o
aqueous solution); tenperature: fromabout 25 to 150C, and nore preferably
from about 25 to 50C, and time: fromabout 10 to 200 seconds, and nore I
preferably fromabout 30 to 60 seconds. 28. A nethod of preventing neta
penetration and diffusion fromnetal structures formed over a 4

sem conduct or structure, conprising the steps of: providing a sem conductor

_structure i ngprosidigigaa peicitRAtSH Slr8Et b %&Iﬁ)ﬁ?x‘l r}?a\ﬂé}gegnd@%gg— Mhyer

d
t hereon; said patterned dielectric |ayer having n upper sur
hni assivate

modi fyi A PRBIng ek 66 S OB SRLE  Wavjing -
said él glmg?:?gl cw)?’gyer surface anlg&?&rnm a passi c\s;l Vpgg@pu : Sur ace;

treating said patterned dielectric layer upper surface with an (NH,),S

solution to passivate said dielectric layer surface and form a passivation layer; and
- forming a metal plug within said dielectric layer opening;

whereby said passivation layer prevents penetration and diffusion of metal out

from said metal plug into said semiconductor structure and said patterned

dielectric layer.

23.  The method of claim 22, wherein said dielectric layer is comprised of a
material selected from the group comprised of: silicon oxide, a CVD low-k dielectric
‘material, a spin-on-dielectric (SOD) material, silicon oxide, porous oxide, fluorine-

doped oxide, carbon-doped oxide, and boron-phosphosilica glass (PSG).

24.  The method of claim 22, wherein said opening has a width from about 1000

to 10,000A.

25. The method of claim 22, wherein said dielectric layer is comprised of carbon

- doped oxide, and said opening has a width from about 1000 to 5000A.

26.  The method of claim 22, wherein said passivation layer is from about 10 to

1000A thick.

22



formng a netal plug within said dielectric |ayer opening; whereby said
passi vation | ayer prevents penetration and diffusion of netal ué ééﬂ?ﬂh
said netal plug into said sem conductor structure and said pattle¥n ]
dielectric layer. 23 1 8 JAN 2005 29. The nmethod of claim28, wherein said
dielectric layer is conprised, of a material selected fromthe group
conprised of: sikicon oxide, a CV/D lowk dielectric material, a
spin-on-dielectric (SOD) nmaterial, silicon oxide, porous oxide, fluorine-
doped oxi de, carbon-doped oxi de, and boron-phosphosilica glass (PSG. 30.
- The nmethod of claim 28, wherein said opening has a width from about 1000
to 10, 000A. 31. The nethod of claim 28, wherein said dielectric layer is
conprised of carbon doped oxide, and said opening has a width from about
1000 to 5000A. 32. The nethod of claim 28, wherein said passivation |ayer

i's frompabou | 33. T thod .of claim28 wherein said
sel f - assenbl ;rht%g%%tgﬁog lljégoc %’jfg{s ??/%P%Iﬁm E?lgfﬂ\ﬁﬁé %s&]g{@ﬂ &reatrppat gpssivation ”
step is conducted at the following parameters: "

from about 0.01 to 1 moles/liter, and more preferably 0.05 to 0.5 moles/liters
of (NH,),S (aqueous) (standard aqueous solution);

temperature: from about 25 to 150°C, and more preferably from about 25 to

50°C; and

time: from about 10 to 200 seconds, and more preferably from about 30 to 60

seconds.

28. A method of preventing metal penetration and diffusion from metal

structures formed over a semiconductor structure, comprising the steps of:
providing a semiconductor structure including a patterned dielectric layer

having an opening thereon; said patterned dielectric Iajrer having an upper surface;

modifying said upper surface through a self-assembly technique to passivate

said dielectric layer surface and form a passivation layer; and
forming a metal plug within said dielectric layer opening;
whereby said passivation layer prevents penetration and diffusion of metal out

from said metal plug into said semiconductor structure and said patterned

dielectric layer.
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form ng ligand sites, including polyners, on said dielectric |ayer upper
surface; said ligand sites including pyridine |igands; wherein,s Ilhﬂ 2005
sel f-assenbly techni que passivation step is further conducted at™t

- followi ng paraneters: additives: hydrogen and fluorine;

pol ymers: (2-pyridyl) - ethene and (2-pyridyl) - triofluoroethane; 24 1 8
JAN 2905 tenperature: fromabout 25 to 500C, and tine: fromabout 10 to 500
seconds. 34. The nmethod of claim28, wherein said self-assenbly technique
passivation step includes the steps of: fornming ligand sites, including
polymers, on said dielectric layer upper surface; said ligand sites

i ncluding pyridine |igands; wherein said self-assenbly technique

passi vat i 2h st Ehe ifiefHod bellAaNdycHatrah tha dfe@éétgﬂéﬁ l)agelp?sf %HH—Pep%Es%EL of a

addi tives: hydrogen and fluorine; polyners:(2-pyridyl)”- ethene an

(2-pyri dyinhterial sble-Qfd HQ&%E@BG@ comprised of: silicon oxide, a CVD low-k dielectric
material, a spin-on-dielectric (SOD) material, silicon oxide, porous oxide, fluorine-

doped oxide, carbon-doped oxide, and boron«phosphosilica glass (PSG).

30.  The method of claim 28, wherein said opening has a width from about 1080

to 10,000A.

31.  The method of claim 28, wherein said dielectric layer is comprised of carbon

doped oxide, and said opening has a width from about 1000 to 5000A.

32. Th_e method of claim 28, wherein said paésivation layer is from about 10 to

1000A thick.

33.  The method of claim 28, wherein said self-assembly technique passivation

step includes the steps of:
forming ligand sites, including polymers, on said dielectric layer upper
surface; said ligand sites including pyridine ligands;

wherein said self-assembly technique passivation step is further conducted at the

following parameters:
additives: hydrogen and fluorine;

polymers:(2-pyridyl) — ethene and (2-pyridyl) - triofluoroethane;
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‘tenperature: fromabout 200 to 400C, and tine: fromabout 30 to 60 seconds.

25 18 JAN 2005

temperature: from about 25 to 500°C; and

time: from about 10 to 500 seconds.

34.  The method of claim 28, wherein said self-assembly technique passivation

step includes the steps of: .
forming ligand sites, including polymers, on said dielectric layer upper
surface; said ligand sites including pyridine ligands;

wherein said self-assembly technique passivation step is further conducted at the

following parameters:
additives: hydrogen and fluorine;
polymers:(2-pyridyl) — ethene and (2-pyridyl) - tridfiuoroethane;
temperature: from about 200 to 400°C; and

time: from about 30 to 60 seconds.
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