1 8 MAR 2004 METHOD TO ENCAPSULATE COPPER PLUG FOR | NTERCONNECT

METALLI ZATI ON BACKGROUND OF THE I NVENTION 1. Field of the Invention 5 This
invention relates to interconnection structures for silicon sem conductor
devices and nore particularly to nethods and apparatus for form ng
conductive plugs serving as contacts or via connections. 2. Deﬁcriﬁ%iap of
.Related. Art 10 U. S. patent No. 5,674,787 of Zhao et al. for " Selt SR, 004
El ectrol ess Copper Deposited Interconnect Plugs for ULSI Applications”
shows sel ective CU el ectrol ess deposittrdn=-in a via hole using a seed
layer. An el ectrol ess copper (Cu) deposition nethod selectively forns
encapsul ated copper 15 plugs to connect conductive regions of a

sem conductor device. A contact displacenent technique forms a thin
activation copper layer on a barrier netal |layer, e.g. TiN which covers
the underlying netal |ayer. Copper is deposited in the via by an’

el ectrol ess auto-catalytic 20 process. Electrol ess copper deposition

continues until the 1 8 Nf1890%0" ENCAPSULATE COPPER PLUG
FOR INTERCONNECT METALLIZATION

BACKGROUND OF THE INVENTION

i,

1. Field of the Invention

—

5 This invention relates to interconnection structures
for silicon semiconductor devices and more particularly to
methods and apparatus for forming conductive plugs serving

as contacts or via connections.

2. Description of Related Art

( 10 U.S. patent No. 5,674,787 of Zhao et al. for "Selective

| Electroless Copper Deposited Interconnect Plugs for ULSI
Applications" shows selective CU electroless deposition in a
via hole using a seed layer. An electroless copper (Cu)
deposition method selectively forms encapsulated copper

15 plugs to connect conductive regions of a semiconductor

device. A contact displacement technique forms a thin
activation copper layer on a barrier metal layer, e.g. TiN,
which covers the underlying metal layer. Copper is
deposited in the via by an electroless auto-catalytic

20 process. Electroless copper deposition continues until the



via is alnost filled which | eaves sufficient roomat the top for an upper
encapsul ation to be forned there, but first the device is rinsed in D
water to renove the el ectrol ess deposition solution. Then after the rising
away of the 5 electrol ess copper solution, a cap barrier layer, from 500,

to about 1500A thick, is forned of a variety of netals or netaH 3%¥%¥®
such as Ni, Co, N-Co alloy, CoP, N CoP, or NiP from another g bs .
solution. Sidewalls of SiNor .SiON the bottombarrier |ayer and t he cap
‘barrier |ayer 10 conplete the full encapsul ation of the copper plug via.

U S. patent No. 5,470,789 of Msawa for "Process for Fabricating
Integrated Circuit Devices" produces a TiN Cu (titaniumnitride/copper)

i nterconnect having a capping layer forned of TiN unlike the Pt, Pd, or Ag
cap layer of 15 this invention. U S. patent No. 4,282,271 of Feldstein for
"Di spersions for Activating Non-Conductors for Electroless Pl ati ng" shows
an el ectrol ess deposition technique. 3 SUWARY OF THE | NVENTI ON 18 MAR 2004

Al ternative wigt disl aimbbonfikled viliath ileaverabherofiesle! towy iatg thet kep (1)
conductivity and (2) mnimzing
for an upper encapsulation to be formed there, but first the
device is rinsed in DI water to remove the electroless
deposition solution. Then after the rising away of the
5 electroless copper 501ution, a cap barrier layer, from 5004
to about 1500A thick, is formed of a variety of metals or
metal alloys such as Ni, Co, Ni-Co alloy, CoP, NiCoP, or NiP
from another electroless solution. Sidewalls of SiN or

S1iON, the bottom barrier layer and the cap barrier layer

10 complete the full encapsulation of the copper plug via.

U.S. patent No. 5,470,789 of Misawa for "Process for
Fabricating Inteérated Circuit Devices" produces a TiN/Cu
(titanium nitride/copper) interconnect having a capping
layer formed of TiN unlike the Pt, Pd, or Ag cap layer of

15 this invention.

U.S. patent No. 4,282,271 of Feldstein for "Dispersions
for Activating Non-Conductors for Electroless Plating" shows

an electroless deposition technique.



-electromgration is inplenented in a design in accordance 5 with this

I nvention. Copper is very much envisaged to be the future netal for

i nterconnect netals in vias and contacts since it nmeets the above two

i nportant criteria. Moreover, deposition of copper by the el ectrol ess

met hod seens to be an attractive approach based upon factors such 10 as
cost of ownership, sinplicity of the process and void- free filling
capability. However, copper is very prqong to oxidation and degr AdatAR a004
unl ess proper treatnent i.s carried out after deposition. Such oxidation
and degradation adversely affect the overall performance of devices. 15 In
accordance with this invention, a nethod is provided for formng a copper
pl ug on a doped silicon sem conductor substrate having a substrate surface
which is covered with an insulation |ayer which conprises the foll ow ng
steps. Forma plug hole in the insulation | ayer dowmn to the 20 substrate
surface, which plug hole has walls and a bottom conprising a portion of

t he substrate surface. Form sUMMARY L0F @HEDINVERTION the wal s and the
bottom of the hole. Partially fill the plug hole with a copper netal
deposit to 18 MAR 2004 - 4 - a predeterm ned depth which is | ess than the
depth "h" of

Alternative metallization metal that is capable of
delivering better (1) conductivity and (2) minimizing

electromigration is implemented in a design in accordance

i

5 with this invention. Copper is very much envisaged to be
the future metal for interconnect metals in vias and
contacts since it meets the above twé_important criteria.
Moreover, deposition of copper by the electroless method -
seems to be an attractive approach based upon factors such

10 as cost of ownership, simplicity of the process and void-
free filling capability. However, copper is very prone to
oxidation and degradation unless proper treatment is carried
out after deposition. Such oxidation and degradation

{ adversely affect the overall performance of devices.

15 In accordance with this invention, a method is provided
for forming a copper plug on a doped silicon semiconductor
substrate having a substrate surface which is covered with
an insulation layer which comprises the following steps.
Form a plug hole in the insulation layer down to the

20 substrate surface, which plug hole has walls and a bottom
comprising a portion of the substrate surface. Form a
diffusion barrier on the walls and the bottom of the hole.

Partially fill the plug hole with a copper metal deposit to




the hole | eaving a space in the plug hol e above the copper

metal deposit.

Deposit an encapsul-ating netal |ayer on the surface of the copper netal
deposit including an overgrowth 5 above the plug hole, and then polish the
surface of the insulator |layer renoving the overgrowh of the netal |ayer

to planarize the surface of the insulator |layer which is the

t 3B AR f2itte

of device to achieve coplanarity of netal |layer wth the topography of the
iFnsul ator layer. 10 Preferably, the copper nmetal deposit is plated in an
.encl osed envi ronment, such as a plating précess which preferably enploys
an electroless plating bath. After the predeterm ned depth been reached,
the plating continues, gradually switching the constituents in the bath
from copper 15 to codeposition of copper and the encapsul ating | ayer

foll owed by plating, preferably electrolessly, only the encapsulating
netal layer fromthe bath into the space at the top of the plug hole above
the copper netal deposit and then after filling the plug hole, the plating
continues 202uprédetemmnled depthrohithhes haan thammede feptd MAR 2004
Preferably, the encapsulating nmetal |ayer is conposed of a noble netal,
preferably stttk fieaviingeagspage in the plug hole above the copper

metal deposit. Deposit an encapsulating metal layer on the

surface of the copper metal deposit including an overgrowth

5 above the plug hole, and then pclish the surface of the

insulator layer removing the overgrowth of the metal laver

to planarize the surface of the insulator layer which is the

top surfacg of device to achieve coplanarity of metal layer

with the topography of the insulator layer.

10 Preferably, the copper metal deposit is rlated in an

enclosed environment, such as a plating process which

preferably employs an electroless plating bath.

After the

predetermined depth been reached, the plating continues,

P gradually switching the constituents in the bath from copper

15 to codeposition of copper and the encapsulating layer

followed by plating, preferably electrolessly, only the

encapsulating metal layer from the bath into the space at

the top of the plug hole above the copper metal deposit and

then after filling the plug hole, the plating continues

20 until a small overgrowth has been formed.



consisting of Pt, Pd, and Ag, and the encapsulating layer is then polished
by a CWP process after the overgrowh. 5 Preferably, the diffusion barrier

| ayer is conposed of a refractory netal nitride selected fromthe group
consisting of TiN, TaN and WN. In accordance with another aspect of this
invention, a device including a doped silicon sem conductor substrate has
10. a substrate surface which is covered with an insulation layer in which a
copper plug is formed in contact with thes substrate surface. There is a
plug hole in the insulation layer down to the substrate surface,g AR 20iug
hol e having walls and a bottom conprising a portion of the substrate 15
surface. A diffusion barrier is formed on the walls and the bottom of the
hol e. A copper netal deposit partially fills the plug hole to a _
predeterm ned depth which is less than the depth "h" of the hole leaving a
space in the plug hole above the copper netal deposit forned in situ 20
with an encapsul ating nmetal |ayer deposited on the surface of the copper
metal deposit. THRreferaddy,othehencapsikdioing nepal bhagebety dqupadeed to

pl anari ze the surface of the insulator |ayer which is the top surface of
device to 1 % faRoidgymetsl, preferably selected from the group

consisting of Pt, Pd, and Ag, and the encapsulating layer is

then polished by a CMP process after the overgrowth.

i,

5 Preferably, the diffusion barrier layer is composed of
@& refractory metal nitride selected from the group

-

consisting of TiN, TaN and WN.

In accordance with another aspect of this invention, a
device including a doped silicon semiconductor substrate has
10 a substraté surface which is covered with an insulation
layer in which a copper plug is formed in contact with the
substrate surface. There is a plug hole in the insulation

layer down to the substrate surface, the plug hole having

i

walls and a bottom comprising a portion of the substrate

15 surface. A diffusion barrier is formed on the walls and the
bottom of the hole. A copper metal deposit partially fills
the plug hole to a predetermined depth which is less than
the depth "h" of the hole leaving a space in the plug hole
above the copper metal deposit formed in situ

20 with an encapsulating metal layer deposited on the surface
of the copper metal deposit. The surface of the insulator
layer had been polished to planarize the surface of the

insulator layer which is the top surface of device to



achi éve coplanarity of netal layer with the topography of the insul ator

| ayer. Thus, the space at the top of the plug hole is covered with pure
encapsul ating netal at the top of the hole w thout any copper. Preferably,
t he copper netal plug was deposited in situ to the predeterm ned depth

| ess than the depth "h" was reached with a gradual transitiorl HMAR 2004
codeposit of the copper netal and the encapsulating netal |layer in the
space in the plug hole above the copper netal deposit until only 10 the
‘encapsul ating metal is present without an§ of the copper at the top of the
plug hole. Preferably the copper was deposited by plating, preferably in a
pl ati ng bath, in an enclosed environnment to the predeterm.ned depth |ess
than the depth "h" and 15 gradually switched to a codeposit with the
encapsulating netal |ayer into the space in the plug hol e above the copper
nmetal deposit until a small overgrowh of the metal |ayer has been forned
above the plug hole. The plating bath plates copper until the predeterm ned
20 depth | essitieae copldapibtyhds imstdeaches W r a5y igtion from
of the constituents in the ba¥h to plate the W%E?aggﬂlatlndﬁﬁgﬁgﬁflayer
from the batthe ingulpRopodayer. Thus, the space at the top of the plug

hole is covered with pure encapsulating metal at the top of

the hole without any copper.

e,

5 Preferably, the copper metal plug was deposited in situ
to the predetermined depth less than the depth "h" was
reached with a gradual transition of~ﬁ codeposit of the
copper metal and the encapsulating metal layer in the space
in the plug hole above the copper metal deposit until only

10 the encapsulating metal is present without any of the copper

at the top of the plug hole.

Preferably the copper was deposited by plating,

preferably in a plating bath, in an enclosed environment to

.

the predetermined depth less than the depth "h" and

15 gradually switched to a codeposit with the encapsulating
petal layer into the space in the plug hole above the copper
metal deposit until a small overgrowth of the metal layer

has been formed above the plug hole.

The plating bath plates copper until the predetermined
20 depth less than the depth "h" was reached with a gradual
transition from of the constituents in the bath to plate the

encapsulating metal layer from the bath.



- 7 'Preferably, the copper nmetal deposit was plated froma plating bath
In an el ectroless plating process. Preferably, a gradual transition of the
constituents in the bath to plate a codeposit of the copper and the 5
encapsul ating netal |ayer fromthe bath into the space in the plug hole to
pure encapsulating metal at the top of the hole without any coppeiar 2004
Preferably, the diffusion barrier layer is composed of a refractory metal
nitride preferably selected fromthe 10 group consisting of TiN, TaN and
WN. Preferably, the encapsul ating nmetal Fayer is conposed of a noble netal
-selected fromthe group consisting of Pt, Pd, and Ag. BRI EF DESCRI PTI ON OF
THE DRAW NGS 15 The foregoi ng and ot her aspects and advantages of this
invention are explained and described below with reference to the
acconpanyi ng draw ngs, in which: FIG 1 shows a device in an early stage of
manuf acture formed on a single crystal silicon senmiconductor substrate 1 $
MAR 2004 8 doped with N-type or P-type dopant which is covered with an

Preferably, the copper metal deposit was plated from a

plating bath in an electroless plating process.

Preferably, a gradual transition of the constituents in
the bath to plate a codeposit of the copper and the
5 encapsulating metal layer from the bath into the space in
the plug hole to pure encapsulating metal at the top of the

hole without any copper.

Preferably, the diffusion barrier layer is composed of
a refractory metal nitride preferably selected from the

10 group consisting of TiN, TaN and WN.

Preferably, the encapsulating metal layer is composed
p of a noble metal selected from the group ceonsisting of Pt,

Pd, and Ag.

BRIEF DESCRIPTION OF THE DRAWINGS

15 The foregoing and other aspects and advantages of this
invention are explained and described below with reference

to the accompanying drawings, in which:

FIG. 1 shows a device in an early stage of manufacture

formed on a single crystal silicon semiconductor substrate



i nsulation | ayer which has a plug (contact/via) hole formed therein down
to the substrate surface with the walls and bottom of the hole coated with
a diffusion barrier in 5 accordance with this invention. FIG 2 shows the
device of FIG 1 after the plug (contact/via) hole has been partially.
filled wth a copper netal deposit to the depth "h" which is | ess than the
depth of the contact/via hole. 10. Referring to FIG 3, the déu mar ginFl G
2 is shown after copper netal deposit has reached the depth "h" in the
plug hole. Then, the plating bath is gradfatly switched to deposit an
encapsul ating netal |ayer on thé surface of the copper netal deposit. 15
FIG 4 shows the device of FIG 3 after polishing the surface of the

i nsul ator |ayer renoving the overgrowth of the nmetal |ayer shown in FIG

3, and planarizing the surface of the insulator |ayer which is the top
surface of device to achieve coplanarity of netal |layer with the topography
of 20 the insulator layer. 1 8 MAR 2004 - 9 DESCRI PTI ON OF THE PREFERRED

EMBCODI MENT doped with N-type or P-type dopant which is covered with an
insulation layer which has a plug (contact/via) hole formed
therein down to the substrate surtéce with the walls and
bottom of the hole coated with a diffusion barrier in

5 accordance with this invention.

™

FIG. 2 shows the device of FIG. 1 after the plug

(contact/via) hole has been partially filled with a copper

metal deposit to the depth "h" which is less than the depth

of the contact/via hole.

1¢ Referring to FIG. 3, the device of FIG. 2 is shown
after copper metal deposit has reached the depth "h" in thé
plug hole. Then, the plating bath is gradually switched to

deposit an encapsulating metal layer on the surface of the

e

copper metal deposit.

15 FIG. 4 shows the device of FIG. 3 after polishing the
surface of the insulator layer removing the overgrowth of
the metal layer shown in FIG. 3, and planarizing the surface
of the insulator layer which is the top surface of device

to achieve coplanarity of metal layer with the topography of

20 the insulator layer.




As sem conductor device dinensions are constantly being scaled down to the
deep submi cron regine, the current netallization schene requires revision.
5 FIG 1 shows a device 8 in an early stage of manufacture. Device 8 is
formed on a single crystal silicon sem conductor substrate 10 doped with
an inmpurity selected froma P-type dopant or an N-type dopant.ﬂ&M R 2004
accordance with this invention. 10 Form I nsul ator Layer on Senicoﬁduggor
Substrate First coat the sem conductor substrate 10 with an insul ator
lTayer 11 conposed of a material selected from tetraorthosilicate (TEOS)
based silicon dioxide (SiQ2), or SiH4 based based silicon dioxide (SiQ2).
15 Form Contact/Via Hole in Insulator Layer A plug (contact/via) hole 9 has
been formed through the insulator |ayer 11 reaching down to the surface of
the substrate 10 leaving walls of the insulator layer 11 and the 1 8 MAR
2004 - 10 portion of the surface of substrate 10 exposed at the bottom of

contact/via hole 9. FormDiffusion Barrier on Surfaces of Contact/Via Hol e
Then form a di f f usi on2ERCRIRIION \OF THE BRERERBED EMBODIMENT

As semiconductor device dimensions are constantly being
scaled down to the deep submicron regime, the current

metallization scheme requires revision.

5 FIG. 1 shows a device 8 in an early stage of
manufacture. Device 8 is formed on a‘singlé crystal silicon
semiconductor substrate 10 doped with an impurity selected
from a P-type dopant or an N-type dopant in accordance with

this invention.

10 Form Insulator Laver on Semiconductor Substrate

First coat the semiconductor substrate 10 with an
insulator layer 11 composed of a material selected from
tetraorthosilicate (TEOS) based silicon dioxide (8i0.), or

SiH, based based silicon dioxide (S$i0.).

15 Form Contact/Via Hole in Insulator Layer

A plug {contact/via) hole 9 has been formed through the
insulator layer 11 reaching down to the surface of the

substrate 10 leaving walls of the insulator layer 11 and the




'5 exposed surfaces of the plug hole 9 including the walls thereof in the

i nsul ator layer 11 as well as the exposed surfaces of the substrate 10 at
the bottomof the plug hole 9. The diffusion barrier |ayer 12 is -conposed
of a refractory netal nitride preferably selected fromthe groyp 10
consisting of TiN, TaN and WN, i.e. nitrides of titanium tantgﬂhWﬂ&dﬂM
tungsten. The refractory netal nitride diffusion barrier layer 12 is
formed by the process of chem cal vapor deposition (CVD), physical vapor
deposition, or plasma enhanced chenicalr ¥apor deposition (PECVD). 1 8 MAR
2004 - 11 Deposit Copper in Contact/Via Hole to Below Top FIG 2 shows the
device of FIG 1 after the <contact/via hole 9 has been partially filled
with a copper netal deposit 13 to the depth "h" which is less than the
depth of the contact/via hole 9. A process of electroless deposition of
the copper in hole 9 on the exposed surfaces of the diffusion barrier 12
is performed whjle perfornin% preci se nonitoring of the growh rate of the
copper net dPrHEPbAE the suyTpepoaf (subrlnia 40 sgpheed| atayp: hptton

Cont act/ Vi aoJL_—io‘_LoentRef e/rvriiangoag EI G 3, the device of FIG 2 is shown

act

Form Diffusion Barrier on Surfaces of Contact/Via Hole

Then form a diffusion barrier layer 12 which coats the
5 exposed surfaces of the plug hole 9 including the walls
thereof in the insulator layer 11 ashwell as the exposed
surfaces of the substrate 10 at the bottom of the plug
hole 9. The diffusion barrier layer 12 is composed of a
refractory metal nitride_preferably selected from the group
10 consisting of TiN, TaN and WN, i.e. nitrides of titanium,
tantalum and tungsten. The refractory metal nitride
diffusion barrier layer 12 is formed by the process of
chemical vapor deposition (CVD), physical vapor deposition,

or plasma enhanced chemical vapor deposition (PECVD).




after copper netal deposit 13 has reached the depth "h". Then, the
electroless plating bath is gradually switched to deposit an encapsul ati ng
nmet al

| ayer

nobl e net al

Pd.

14 on the surface of 15 the copper netal deposit 13 by an
el ectrol ess process. The encapsulating nmetal |layer 14 is conposed of a

preferably selected fromthe group consisting of 1AuaRt2p04and

12 Deposit Encapsul ating Metal Above Top of Hol e Deposition of the

‘encapsul ating netal |ayer 14 on the surfacé of the insul ator | ayer 11
continues until a small overgrowth of netal |ayer 14 occurs extending

above the top 5 of contact/via hole 9 as shown in FIG 3. Planarize _
Encapsul ati ng Layer and I nsul ator Layer FIG 4 shows the device of FIG 3
after polishing the surface of the insulator |ayer 11 renoving the

overgrowth of netal |ayer 14, and planarizing the surface of insulator
11 which is the top surface of device 8 to achieve

| ayer
nmet al
conpleting the in situ encapsulation of the copper netal deposit 13. The
pol i shi ng

e,

10

15

| ayer

14 wi t pepbeitogegpephin afontdtifivaonchayes Bdidwersby

is perfornmed preferably by a CW (Chem cal Mechanica
FIG. 2 shows the device of FIG. 1 after the

contact/via hole 9 has been partially filled with a copper
metal deposit 13 to the depth "h" which is less than the
depth of the contact/via hole 9. A process of electroless
deposition of the copper in hole 9 on the exposed surfaces
of the diffusion barrier 12 is performed while performing
precise monitoring of the growth rate of the copper metal

deposit 13.

Deposit Encapsulating Metal Capping Contact/Via Hole

Referring to FIG. 3, the device of FIG. 2 is shown
after cbpper metal deposit 13 has reached the depth "h".
Then, the electroless plating bath is gradually switched to
deposit an encapsulating metal layer 14 on the surface of
the copper metal deposit 13 by an electroless process. The
encapsulating‘metal layer 14 is composed of a noble metal
preferably selected from the group consisting of Ag, Pt, and

Pd and mixtures and ‘alloys of metals in the aforesaid group.

coplanarity of

and m xtures and-alloys of netals in the aforesaid group. 1 8 MAR 2004

10



15 Pol i shing) step. The present invention has several advantages as
follows: 1. it allows immedi ate encapsul ati on of copper conpletely after
deposition. 20 2. It enables such encapsul ation to be done in situ thus

m ni m zing processing time. 1 8 MAR 2004 - 13 3. It allows selective
encapsul ati on of copper imediately after deposition. 4. |t atB3MARs208
sacrificial layer during a CMP process (i.e. mnimzes dishing effect.) 5
5. Stopping layer for dry etching (i.e. Via patterning) elimnate Cu
hal i de or Cu oxide formation on the bottdfm~ of the Via. Both Cu halide and
Cu oxide will cause high via resistance. Wiile this invention has been
described in terns of the 10 above specific enbodi nent(s), those skilled

in the art will recognize that the invention can be practiced with
nodifica- tions within the spirit and scope of the appended clains, 1i.e.
t hat changes can. be.made in formand detail, without departing fromthe

spirit and scope of the invention.
Deposit Encapsulating Metal Above Top of Hole

Deposition of the encapsulatihg metal layer 14 on the
surface of the insulator layer 11 continues until a small
overgrowth of metal layer 14 occurs extending above the top

5 of contact/via hole 9 as shown in FIG. 3.

Planarize Encapsulating Laver and Insulator Layer

FIG. 4 shows the device of FIG. 3 after polishing the
surface of the insulator layer 11 removing the overgrowth of
metal layer 14, and planarizing the surface of insulator

10 layer 11 which is the tob surface of device 8 to achieve
coplanarity of metal layer 14 with the topography of

insulator layer 11 thereby completing the in situ

e,

encapsulation of the copper metal deposit 13. The polishing
is performed preferably by a CMP {Chemical Mechanical

15 Polishing) step.

The present invention has several advantages as
follows:
1. It allows immediate encapsulation of copper completely
after deposition.
20 | 2. It enables such encapsulation to be done in situ thus

minimizing processing time.



15 Accordingly all such changes conme within the purview of the present

i nvention and the invention enconpasses the subject nmatter of the clains
which follow -14- 1 8 MAR 2004 CLAIMS 1. A nethod of formi ng a copper plug
on a doped silicon sem conductor substrate having a substrate surface
which is covered with an insulation |ayer conprising: form ng & pmag il e
in said insulation | ayer dowmm to said doped silicon substrate surface,
said plug hole having walls, a top and a bottom conprising a portion of
said substrate surface, said plug hole ~Having a hole depth, formng a
metal diffusion barrier on said walls and said bottomof said hol e,
partially filling said plug hole with a copper netal deposit to a
predeterm ned plug depth as a plug wherein the plug depth is | ess than the
hol d depth of said hole leaving a space in said plug hole above said
copper metal deposit, depositing an encapsul ating netal |ayer on the’
surface of the copper netal deposit including an overgrowh above said

pl ug hol e Ca:bpi ngﬂ'sa‘#]d-%qj@&&@@:tive encapsulation of copper immediately

after deposition.
4. It acts as a sacrificial layer during a CMP process
(i.e. minimizes dishing effect.)
5 5. Stopping layer for dry etching (i.e. Via patterning)
eliminate Cu halide or Cu oxide formation on the bottom
of the Via. Both Cu halide and Cu oxide will cause

2

high via resistance.

While this invention has been described in terms of the
10 above specific embodiment(s), those skilled in the art will
recognize that the invention can be practiced with modifica-
tions within the spirit and scope of the appended claims,
i.e. that changes can be made in form and detail, without
departing from the spirit and scope of the invention.
15 Accordingly all such changes come within the purview of the
present invention and the invention encompasses the subject

matter of the claims which follow.




thereby filing the space, and 1 8 MAR 2094 -15 then polishing the surface
of the insulator |layer renoving the overgrowh of said netal |ayer to
pl anari ze the surface of the insulator |layer which is the top surface of
device to achieve coplanarity of netal layer with the topography of said
insulator layer. 2. The nethod of cl-&4-m 1 wherein said coppeft SnetRalZ00%
deposit is deposited in situ wuntil said predeterm ned plug depth |ess than
the hole depth has been reached, gradually switching to depositing said
encapsul ating metal layer in said SBAEMS|n said plug hol e above said
copper metal deposit without any copper at the top of said plug hole
until a small overgrowth of encapsulating said netal |ayer has been forned
above sai¥ pl vy mdihed @f Thempnghadcoppet apn® wher elapeshaisd ldopper net al
deposit is plated in an enclosed environnent until said predeterm ned plug
dept h | ess t haentimendplogodepthshastbekavimachesbs tgreaduaiinfasei t ching to
pl ati ng said encapsul ating

which is covered with an insulation layer comprising:

forming a plug hole in said insulation layer down
to said doped silicon substrate surface, said plug
hole having walls, a top and a bottom compriging a
portion of said substrate surface, said plug hole

having a hole depth,

forming a metal diffusion barrier on said walls
and salid bottom of said hole,

partially filling said plug hole with a copper
metal deposit to a predetermined plug depth as a plug
wherein the plug depth is less than the hold depth of
said hole leaving a space in said plug hole above said
copper metal deposit,

depositing an encapsulating metal layer on the
surface of the copper metal deposit including an
overgrowth above said plug hole capping said plug and

thereby filing the space, and




1 8 MAR 2004 -16 netal layer into said space in said plug hole above said
copper netal deposit w thout any copper at the top of said plug hole until
a small overgrowth of said encapsulating netal |ayer has been fidr MRkl 28d30ve
said plug hole. 4. The nmethod of claim 1l wherein said copper netal deposit
is plated froma plating bath until -$&i d predeterm ned plug depth | ess
than the hol e depth has been reached, gradually swtching constituents in
said bath to plate said encapsulating netal |ayer fromsaid bath into said
space in said plug %W6ire PaBavRingi fheoppefapeted thiepesiulakiorhdayesny copper
at the top of said plug hole until a small overgrowth of said
encapsul at i ng ramstvind ayer ohasgbewhhf of neaidbotelsdiayep! dg hole. 5. The
nmet hod of claim 1l wherein said copper netal deposit is plated froma
pl ati ng bat h iplzraralzectthel essfpbat oigtie otess] andn |laysai dhpeddéter m ned
pl ug depth I ess than the hole depth has been reached gradually sw tching
t he constituenilse kdp MMRF20840f device to achieve coplanarity of

metal layer with the topography of said insulator

layer.

2. The method of claim 1 wherein

said copper metal deposit is deposited in situ
until said predetermined plug depth less than the hole
depth has been reached, gradually switching to
depositing said encapsulating metal laver in said
space in sald plug hole above said copper metal
deposit without any copper at the top of said plug
hole until a small overgrowth of encapsulating said

metal layer has been formed above said plug hole.

3. The method of claim 2 wherein

sald copper metal deposit is plated in an
enclosed envircnment until said predetermined plug
depth less than the hole depth has been reached,

gradually switching to plating said encapsulating



-17 in said bath to plate said encapsulating netal |ayer fromsaid bath
electrolessly into said space in said plug hole above said copper netal
deposit without any copper at the top of said plug hole until a{sgmiaR 2004
overgrowm h of said netal |ayer has been forned above said plug hole. 6.
The nethod of claim1 wherein said diigusion barrier |ayer conprises a
refractory netal nitride. 7. The nethod of claim 1 wherein said diffusion
barrier layer is conposed of a refractory nmetal nitride selected fromthe
group consi stigffloflamey in&R gRddwiPage Thesadd Holhihcdleaip®eTenher ei n sai d
copper nmetal deposit is plated in an enclosed environnent until said
predet er m ned iy capmsrthmesed drppsihevhoheutepth deppeyeat tb&ched,
gradually switching to plating said encapsulating netal |layer into said
space in sai d ggwugptheled dalpdug hsdedunbpper sedBl depgsidwthi tifiogtidny copper
at the 1 8 MAR 2004 -18 top of said plug hole until a small overgrowth of
sai d encapsulating metal layer has been formed above said

plug hole.

4, The method of c¢laim 1 wherein

said copper metal deposit is plated from a
plating bath until said predetermined plug depth less
than the hole depth has been reached, gradually
switching constituents in said bath to plate said
encapsulating metal layer from said bath into said
space in said plug hole above said copper metal
deposit without any copper at the top of said plug
hole until a small overgrowth of said encapsulating

metal layer has been formed above said plug hole.

5. The method of c¢laim 1 wherein

said copper metal deposit is plated from a
plating bath in an electroless plating process until
said predetermined plug depth less than the hole depth

has been reached gradually switching the constituents




netal |ayer has been forned above said plug hole, and said diffusion
barrier layer is conposed of a refractory netal nitride selected fromthe
group consisting of TiN, TaN and WN. 9. The nethod of claim1l y\lgﬂﬁi ﬂm?ai d
copper metal deposit is plated froma plating bath until said
predeterm ned plug depth less than tig hole depth has been reached
gradually switching the constituents in said bath to plate said
encapsul ating netal layer fromsaid bath into said space in said plug hole
above sai d copperaist dlathdépopilttai thodt earapooppematnethd flepesf said pl ug
hole until a small overgrowth of said netal |ayer has been fornmed above
sai d plug hol €&rcmaistidi bhusi ehebarviesslayento saxichpesed dh aaidefractory
nmetal nitride, and said encapsul ating nmetal conprises a noble netal which
i s polished andyd apdk apdvel Ehidatéppasuhat 01 ddpyaiie by tdoGhPapyocess. | 8
MAR 2004 -19 10. The nethod of claim 1l wherein said copper netal deposit is
plated from acopper at the top of said plug hole until a small

overgrowth of said metal layer has been formed above

said plug hole.

6. The method of claim 1 wherein said diffusion barrier

layer comprises a refractory metal nitride.
7. The method of claim 1 wherein

said diffusion barrier laver is composed of a
refractory metal nitride selected from the group

consisting of TiN, TaN and WN.
8. The method of claim 2 wherein

sald copper metal deposit is plated in an
enclosed environment until said predetermined plug
depth less than the hole depth has been reached,
gradually switching to plating said encapsulating
metal layer intc said space in said plug hole above

said copper metal deposit without any copper at the




plating bath in an electrol ess plating process until said predeterm ned
pl ug depth less than the hole depth has been reached gradually sw tching
the constituents in said bath to plate said encapsul ating netal |ayer
fromsaid bath electrolessly into said space in said plug hol € aiMare208ai d
copper netal deposit w thout any copjig+r at the top of said plug hole until
a small overgrowh of said netal |ayer has been formed above said plug
hole, said diffusion barrer layer is conposed of a refractory netal
nitride sel ect's?P f¥oriaite RIrSUpCLlEoNEESLi AgSBRLT QVermmewiy afNsadhd sai d
encapsul ating netal layer is conposed of a material selected fromthe
group consi stifRFaf @yerpdas prgnagorieéhabeveotd shearl ushdiqdleangridzed with
said insulator |ayer by a CW process. 1 8 MAR 2004 -20- 11. A nmethod of
form ng a copper plug on a doped silicon sem conductor substrate having a
substrate surface which is covered wwth an insulation |ayer conprising:
formng a plug hol edidd the fiusivhabeenikbaytaydowhs t copresatbped asi | | con
substrate surface, the plug hole having walls, a top and a bottom

conpri sing refractory metal nitride selected from the group

consisting of TiN, TaN and WN.

9. The method of claim 1 wherein

said copper metal deposit is plated from a
plating bath until said predetermined plug depth less
than the hole depth has been reached gradually
switching the constituents in said bath to plate said
encapsulating metal layér from said bath into said
space in said plug hole above said copper metal
deposit without any copper at the top of said plug
hele until a small overgrowth of said metal layer has

been formed above said plug hole,

said diffusion barrier layer is composed of a
refractory metal nitride, and

said encapsulating metal comprises a noble metal
which is polished and planarized with said insulator

layer by a CMP process.




a portion of the substrate surface, the plug hol e having a hole depth,
formng a refractory netal diffusion barrier on the walls and the bottom
of the hole, partially filling the plug hole with a copper eposit to
a predetermned plug depth as a plug wherein the plug depth |351M HHan
the hole depth of the hole | eaving al8pace in the plug hol e above the
copper netal deposit, depositing an encapsul ating netal |ayer on the
surface of the copper netal deposit including an overgrowh above the plug
hol e capping the plug and thereby filing the space, and then polishing the
surface of the insulator |ayer renoving the overgrowth of the netal |ayer
to planari2e tTee sugtfhake off allkdn dswhgreinl ayer which is the top surface
of device to achieve coplanarity of netal layer with the topography of the
i nsul ator layer. 12. The nethod of claim 11 wherein the copper netal

deposit is deposited in situ until the predeterm ned plug depth | ess than
the hol e depth has d¥eieh capgeecheetadr ddpabliy s$wipTaterd fonlepositing the
encapsul ating netal layer in the space in the plug hol e above the copper
met al deposit pldthiowf agh icoppeelattirBeebeppDicimg phdagedwhamdinti| a snal |
overgrowt h of encapsulating the netal |ayer has been formed above the plug
hol e. 13. The getdad-Qfetdraiifel2 \Ml%r akpthhee 58 PPedin MiaInddepeidey s pl at ed
in an enclosed environnent unt|F e predeterm ned plug depth [ess than

the hole deptiydasdeendershedacanadyaklyrsiighing dhdlatidhg st he
encapsul ati ng

in said bath to plate said encapsulating metal layer
from said bath electrolessly into said space in said
plug hole above said copper metal deposit without any
copper at the top of said plug hole until a small
overgrowth of said metal layer has been formed above
said plug hole,

said diffusion barrer layer is composed of a
refractory metal nitride selected from the group
consisting of TiN, TaN and WN, and

said encapsulating metal layer is composed of a
material selected from the group consisting of Pt, P4,
and Ag which is polished and planarized with said

insulator layer by a CMP process.



netal .l ayer into the space in the plug hole above the copper netal deposit
18- MAR 20U4 -21- without any copper at the top of the plug hol Soé;gﬁ\ll ﬁ
smal |l over growh of the encapsul ating net al has been forned a B _
plug hole. 14. The method of claim 1l wherein the copper netal deposit is
plated froma plating bath until the ppedeternined plug depth |ess than
the hole depth has been reached, gradually switching constituents in the
bath to blateAt Methedcahorraingng cenpsr pligeonf a cdogeie shizoh samicdriictdaCce

in the plu ve_ .the copper netal deposjt. w thout any copper at the
top of Ito hegprétjllg tgé}g 'ﬁ%‘f'i‘? a 5”8%!5?'?3 6'6'2?%‘? SHHIRN dF qoveresh vup @natnsuiptine al

| ayer has beqayépémr@n@(e the plug hole. 15. The nethod of claim1l -
wherein the copper netal deposit is plated froma plating bath in an

el ectrol ess plati r@rmm@s@ugrﬂulé irt biee prsdistioar layeedopinito tlﬁ@bbeﬂ%ﬂﬁ:dnha”

the hole depth has been reached, gradually sw tching the constituents in
the bath toppﬁ"é’Fg’aF%é”&ﬁE%zp |le~'9%@?%%\&09|"&§1@; aftpgrandha bpttom comprising

' ' ve_t.he c er, t al
Geposi £ vt 1o Prdor BE 186 S66etrite S8 1dnd o AR WG <ABR e Bra

overgrowt h of thdfomeimg d agkractong rheed) didfusith dapyer bRethd VghllROhRd tHe: The

met hod of claim1l rein the diffusion barrier layer conprises a .
refractory &@FO%%’*{]&M&W. The net hod of claim 11 wherein the diffusion

S?LLLGEOL?S{ i In; W?qu@hgaﬂaé ‘?:Ilﬁaclllgifaywqﬁ{[ 3| crclaiptpgir dG ety Sg;t)gsqt ftroorg the
predetermined plug depth as a plug wherein the plug depth is less than the
hole depth of the hole leaving a space in the plug hole above the copper
metal deposit,

depositing an encapsulating metal layer on the surface of the copper
metal deposit including an overgrowth above the plug hole capping the plug
and thereby filing the space, and

then polishing the surface of the insulator layer removing the
overgrowth of the metal layer to planarize the surface of the insulator layer
which is the top surface of device to achieve coplanarity of metal layer with

the topography of the insulator layer.

12. The method of claim 11 wherein the copper metal deposit is deposited in situ
until the predetermined plug depth less than the hole depth has been
reached, gradually switching to depositing the encapsulating metal layer in
the space in the plug hole above the copper metal deposit without any
copper at the top of the plug hole until a small overgrowth of encapsulating

the metal layer has been formed above the plug hole.

13. The method of claim 12 wherein the copper metal deposit is plated in an
enclosed environment until the predetermined plug depth less than the hole
depth has been reached, gradually switching to plating the encapsulating

metal layer into the space in the plug hole above the copper metal deposit




WN. 18. The nethod of claim 12 wherein: the copper netal deposit is plated

in an encl osed environment until the predeterm ned plug depth lefﬁ’ytAEa%U#

the hole depth has been reached, gradually switching to plating

encapsul ating netal layer into the space in the plug hole above the copper
nmetal deposit w thout any copper at thgti- 1 8 MAR 2004 -22- top of the plug
hole until a small overgrowth of the netal | ayer has_ been fornmed above the
pl ug hol e, an\ﬁ’ﬁrt?ﬁé‘td'ﬂb’f‘i&qﬂ% FBdheitep afdperplilg hoberpotibd sofalbovert gravitdr §f

metal nitrid rou onsisting of TiN, TaN and WN. 19.
The met hod o?thﬁsgrlll mi Ff%ﬁﬁﬁﬁ'ﬁeﬁgﬁ%ﬁ%ﬁbﬁ%’m@?éﬁ%Bﬁb%elvfg halep| ated from a
plating bath until the predeterm ned plug depth Iess than the hole depth
has been, reached, gr adual |y switching the constituents in the bath to

pl ate t hE*encHpemathpdf ofaimil 1 whereinrtbe ddppebandtal deposit s pm?@fﬁ&cﬂ?tehe f
| ug hole ab . et al - deposit w thout any copper a e top o

!to hegpl ug hol Cﬂﬁﬁ%&ﬁaﬁ?@ﬁﬁ{ fhe B'\‘?gﬁfﬁfﬁaﬁﬁ Bl‘uic ‘ﬁl@tﬁéf’%ﬁ ¥ha;y Ea@fdﬂﬁh Has ned
above the pl usedinkreacHee grabilithy Qwibdiin ttGéntsSin’ th 2 plat
refractor yprreu?aal ni tcri de,g}and If%e elnca{pgte}foatl ng St o Q@%%ﬂ SEs pga ﬁomee
nmetal whi ch iehqspsuleting raetal layer from the bath into the space in the plug hole above

the copper metal deposit without any copper at the top of the plug hole until

a small overgrowth of the encapsulating metal layer has been formed above

the plug hole.

15. The method of claim 11 Wherein the copper metal deposit is plated from a
plating bath in an electroless piating process until the predetermined plug
depth less than the hole depth has been reached, gradually switching the
constituents in the bath to plate the encapsulating metal layer from the bath
electrolessly into the space in the plug hole above the copper metal deposit
without any copper at the top of the plug hole until a smaii overgrowth of

the metal layer has been formed above the plug hole.

16. The method of claim 11 wherein the diffusion barrier layer comprises a

refractory metal nitride.

17. The method of claim 11 wherein the diffusion barrier layer is composed of

a refractory metal nitride selected from the group consisting of TiN, TaN and
WN.,

18. The method of claim 12 wherein:
the copper metal deposit is plated in an enclosed environment until the
predetermined plug depth less than the hole depth has been reached,
gradually switching to plating the encapsulating metal layer into the space

in the plug hole above the copper metal deposit without any copper at the



| anati zed with the insulator layer by a CVWP process. 20. The nethod of
(F:)I' :i mt"ll wherein: the copper netal deposit is plated froma plati ng bat ?{]ﬂl,l, n
an el ectroless plating process until the predetermn ned plug depth IN_é‘éRs
than the hole depth has been reached, gradually switching the constituents
in the bath to plate the encapsul ati rjgzmet al layer fromthe bathe
electrolessly into the space in the plug hole above the copper netal
deposit withd@p ahyhe phughole untibatspall ofetdrowrhust 11 et lale haBBlden

At T T TR e G
| yer 15 composed S bAfrer IRTR) BComliestlior < FeRcRRn et Miree pr
Pd, and Ag whieldcted fparhitheegtoap dopisitimig gETINY 14N ahBeniNisul ator 1 ayer by a
CMP process.
19. The method of claim 11 wherein:
the copper metal deposit is plated from a plating bath until the
predetermined plug depth less than the hole depth has been reached,
gradually switching the constituents in the bath to plate the encapsulating
metal layer from the bath into the space in the plug hole above the copper
metal deposit without any copper at the top of the plug hole until a smail
overgrowth of the metal layer has been formed above the plug hole,
the diffusion barrier layer is composed of a refractory metal nitride,
and
the encapsulating metal comprises a noble metal which is polished and

planarized with the insulator layer by a CMP process.

20. The method of claim 11 wherein:
the copper metal deposit is plated from a plating bath in an electroless
. plating process until the predetermined pIUg depth less than the hole depth
has been reached, gradually switching the constituents in the bath to plate
the encapsulating metal layer from the bathe electrolessly into the space in
the plug hole above the copper metal deposit without any copper at the top
of the plug hole until a small overgrowth of the metal Iayer has been formed
above the plug hole,
the diffusion barrier layer is composed of a refractory metal nitride
selected from the group consisting of TiN, TaN and WN, and
The encapsulating metal layer is composed of a material selected from
the group consisting of Pt, Pd, and Ag which is polished and planarized with

the insulator layer by a CMP process.




