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MVETHOD OF FABRI CATI NG A CONDUCTI VE PLUG BACKGROUND OF THE | NVENTI ON gzop

Field of the Invention This invention relates in general to a sem conduCtor

manuf act uri ng process, and nore particularly to a nethod of forming a

conductive plug to avoid voi ds.

of the integrated circuits increases, the surface of a chip mght not 10
provi de enough area for interconnects to lay thereon. For the need of

i nterconnects with reduced size of netal_-oxi de-sem conductor transistors,
note than two netal |ayers becone the nécessar way for many integrated

circuits. For sone conpl MEERQDOBIABRICAIINR &§QNQU6W\5@@MS

netal |ayers are needed to conplete the interconnection between individual
devices within the mcroprocessor. Different netal 15 | ayers are

connected by conductive pl ugs.
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BACKGROUND OF THE INVENTION

Field of the Invention

This invention relates in general to a semiconductor manufacturing process, and
more particularly to a method of forming a conductive plug to avoid voids.
Description of Related Art

When the density of the integrated circuits increases, the surface of a chip might not
provide enough area for interconnects to lay thereon. For the need of interconnects with
reduced size of metal-oxide-semiconductor transistors, more than two metal layers
become the necessary way for many integrated circuits. For some complicated products,
such as microprocessors, even more metal layers are needed to complete the
interconnection between individual devices within the microprocessor. Different metal
layers are connected by conductive plugs.

Usually, a conductive plug is formed by etching an insulating layer to form a
contact hole, then filling a conductive material such as tungsten into the contact hole.
Because the adhension between the conductive material and the insulating layer is
defficient, a glue/barrier material must be formed between the conductive material and the
insulating layer. Commonly used glue/barrier materials include Ti, TiN, or TiW formed by
physical vapor deposition (PVD) or chemical vapor deposition (CVD).

However, the conductive plug of an integrated circuit formed by a conventional

process is apt to generate voids. For more clearly understanding the reason, an example is

used to explain the conventional process of fabricating the conductive plug of an integrated
circuit.

Figure 1 shows a cross-sectional diagram of a conductive plug of an integrated
circuit formed by a conventional manufacturing method. An insulating layer 12, such as

borophosphosilicate glass (BPSG) or oxide, is formed on the silicon substrate 10 or on a
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Usual‘ly; a.conductive plug is forned by etching an insulating layer to form
a contact hole, then filling a conductive material such as tHEREENHASBEEN

t he contact hole. Because the adhensi on between the conducti ve RePLaceEnl and
the insulating layer is defficient, a glue/barrier material nust., Gz ©of 2 d
bet ween the conductive material and the 20 i nsul ating lii@fﬁ% i g‘{géi
uséd glue/barrier materials include Ti, TiNerr] or TiWfo g al
vapor deposition (PVD) or chem cal vapor deposition (CVD). However, the
conductive plug of an integrated circuit 4ormed by a conventional process
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conductive plu gcoglftac?alir{dg&/qgrvﬂﬁ&ncgéﬁtgstes a regﬁnrlgk' gé the EdridEfve %a?é?ﬁﬂﬁ/_, for example,

cross-sectional “diragram of "a con tTve~plu an integrated circuit
formed by a conyepiidoplc dTBmY € Hiffkios bBRieP Rfer PN foamEdadd 1he regyiel0aléf theuch
as borophosphosilicate glass (BPSG or oxide, is formed on the silicon
substrate 10 orcenduétive material and the periphery of the contact window 13, and extended to the upper

5 surface of the insulating layer 12. The diffusion barrier layer 14 can be, for example, a
TiNx layer which prevents diffusion and improves adhension. Then, a conductive material
16, for example, a tungsten, copper or aluminum, is filled into the contact window 13, by

PVD or CVD. Since the step coverage is bad, a void 18 is formed therein.
In the above mentioned manufacturing method of the conductive plug of the
10 integrated circuit, a diffusion barrier layer is deposited before the conductive material is
filled into the contact window of the insulating layer as a glue/barrier layer. Therefore, the
contact window becomes narrower, and deposition sites on the diffusion barrier layer
become recessed, which results in voids generating when the conductive ‘material is
deposited. As a result, the large voids seriously affect the characteristics of the device such

15 as resistance raising and short circuit.

SUMMARY OF THE INVENTION

20 It is therefore an object of the present invention to provide a method to form a
conductive plug of an integrated circuit by plasma treatment on diffusion barrier layer
before the conductive layer is deposited. Therefore, the problem of void can be avoided as
the conductive material is later filled |

According to a preferred embodiment of the invention, an insulating layer is formed

25 on the semiconductor substrate or on a metal line. The insulating layer is etched to form a

contact window which exposes the conductive region of the device. A diffusion barrier

layer is formed on the exposed conductive region and the periphery of the contact window.
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After, a portion of the insulating layer 12 is renoved by
et chi ng to forma cont act wi ndow 13 which exposes a regi
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14 is forned on the region 10a of the conductlve mat eri al

the periphery of the contact wi ndow 13, and extended tolaﬁqémgm(m ;15
surface of the insulating |layer 12. The diffusion barri
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BRIEF DESCRIPTION OF THE DRAWINGS

Other objects, features, and advantages of the present invention will become
apparent by way of the following detailed description of the preferred but non-limiting
embodiments. The description is made with reference to the accompanying drawings in
which:

Figure 1 shows the cross-sectional structure of the conductive plug of an integfated
circuit fabricated by a conventional manufacturing method; and

Figuré 2 shows the cross-sectional structure of the conductive plug of an integrated

circuit in accordance with a preferred embodiment of the invention.
DESCRIPTION OF THE PREFERRED EMBODIMENT

Referring to Figure 2, an insulating layer 22, for example, a borophosphosilicate
glass or oxide, is formed on a silicon substrate or on a metal line semiconductor 20. Then,
a contact window 23 is formed by etching the insulating layer 22 to expose a region 20a of
a conductive material, which can bé, for example, a source/drain region, a gate or a metal
line. A portion of the insulating layer 22 is removed using, for example, a photolithograpy
and anisotropic etching. A diffusion barrier layer 24 is fon.ned. on the region 20a of a
conductive material, the periphery of the conta;ct window 23 and further onto the upper
surface of the insulating layer 22. The diffusion barrier layer 24 can be a composed layer
whit_:ﬁ is f@ﬁned by physical v'apqg-‘depoéiﬁng or chemical vapor. deﬁositing’ a Ti layer and

then a TiN, layer. Alternatively, the diffusion barrier layer 24 can be a tungsten nitride

- on to the diffusion barrier layer 24. The hydrogen plasma treatment is performed under the
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10 - i.ntegrated circuit, a diffusion barrier layer is deposited before the
conductive material is filled into the contact wi ndow of the insul ating

| ayer as a glue/barrier |ayer. Therefore, the contact w ndow becones
narrower, and deposition sites on the diffusion barrier |ayer becone
recessed, which results in voids generating when the conductive material is
deposited. As a result, the large voids seriously affect the
characteristics of the device such 15 as resistance raising and short
circuit. SUMVARY OF THE | NVENTI ON 20 It is therefore an object of
the present invention to provide a nethod to forma conductive plug of an
Integrated circuit by plasma treatnment on diffusion barrier |ayer before

t he conductive | ayer is deposited. Therefoje, the problem of void can be
avoi ded as the conductive material is later filled Accordingly the present

i nvention provigeswg ®BhdiechsOh pbREMSMEss3hOIN0GA VEhrdtEn dngut flow rate of less
conprising the steps of providing a sem conductor substrate; formng a
devi ce havi ng athan 3000sccm, a reaction temperature of less than 1000°C, and a reaction interval of
between 10sec and 10min. Then, a conductive material 26 such as tungsten, copper, or
aluminum is filled into the contact window 23 by, for example, PVD or CVD to form a
5 conductive plug with a tiny void 28.

In the above mentioned embodiment during a hydrogen plasma treatment, the high
energy particles increase the dénsity of the diffusion barrier layer, enlarge the contact
window and form a humber of small caves on the surface of the diffusion barrer layer,
which therefore becomes rough. Consequently, the number of the deposition sites increase

10 and a smoother conductive layer can be obtained. Therefore, improving the problem of
voids tremendously. Additionally, another merit is that the value of x of TiNx of the
diﬁﬂsion barrier layer (Ti/TiNx) will be reduced so that the contact resistance lowers.

While the invention has been described by way of example and in terms of preferred
embodiment, it is to be understood that the invention need not be limited to the disclosed

15 embodiments. On the contrary, it is intended to cover various modifications and similar
arrangements included within the spirit and scope of the appended claims, the scope of
which ‘should be accorded the broadest interpretation so as to encompass all such

modifications and similar structures.



conduct I ve, reg| on on the sem conduct m ng an insul ating

| ayer over the seniconductor substrarullmm“n mujl?lmnsm ating layer to
forma contact w ndow which 2a expoéses the rcondueti ve reds SHEET HASBEEN
device; formng a diffusion barrier layer on the exposed conddﬁﬂ%@EDegl on
and the periphery of the contact w ndow, perform ng a hydr .gen

treatment on at |east a portion of the diffusion barrier Il ]g Lgﬁﬂg“ﬁg(jt he
exposed conductive region, whereby the tY¥eated surface is

filling ab conductive material in the contact wi ndow on sald
roughened surf ac HATHS GhAIMERIRduct i ve pl ug.

1. A method of forming a conductive plug, comprising the steps of:
providing a semiconductor substrate;
5 forming a device having a conductive region on the semiconductor

substrate;
forming an insulating layer over the semiconductor substrate;
etching the.insulating layer to form a contact window which exposes the
conductive region of the device;

10 forming a diffusion barrier lajer on the exposed conductive region and
the periphery of the contact window;
performing a hydrogen plasma treatment on the diffusion barrier layer,
and
filling a conductive material in the contact window to form the

15 conductive plug.

2. A method according to claim 1, wherein
the conductive region is a source/drain region; and

the contact window is formed to expose a portion of the source/drain region.

20 3. A method according to claim 1, wherein
the conductive region is a metal line; and

the contact window is a via which exposes a portion of the metal line.

4. A method according to claim 1, wherein the diffusion bamier layér

25 includes a titanium layer and a titanium nitride layer.
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3 A hydrogen plasma treatnent is perfornmed in a reaction cha ' :
conduci ve BRI EF DESCRI PTI ON OF THE DRAWNGS 5 O her obj ects, mﬁmm“mﬂ“umu"l
advant ages of the present invention will becone apparent by way of thet s =
foll owi ng detail ed description of the preferred but non-limting

enbodi nents. The description is nmade with reference to the acconpanyi ng
drawings in which: 10 Figure 1 shgws the cross-sectional
structure ofthe conductive plug of an integrated circuit fabricated by a
conventi onal nanuf actSuA methodatrertingtectiann gy mbergind e diffusipr barpigrslayes andlydsha|

structure ofthe conductive plug of an integrated
tungsten nitride layer.

6. A method according to claim 1, wherein the diffusion barrier layer includes a

5 titanium-tungsten layer.

7. A method according to claim 1, wherein the hydrogen plasma
treatment is performed in a reaction chamber and the operation
condition includes:

10 a power of less than 3000 watt;
a hydrogen input flow rate of less than 3000 scem,
a reaction temperature of less than 1000°C; and

a reaction interval of between 10 sec and_ 10 min.

8. A method according to claim 1, wherein the conductive material

15 includes tungsten.

9. A method according to claim 1, wherein the conductive material

includes gold.

10. A method according to claim 1, wherein the conductive material

includes aluminum.

20 11. A method according to claim 1, wherein the conductive material is

formed by chemical vapor deposition.

12. A method according to claim 1, wherein the conductive material is

formed by physical vapor deposition.



Ci rcwt in ‘accor dance with a pref erred enbodl ment of the invention.
DESCRI PTI ON OF THE PREFERRED EMBODI MENT: Referri ng to Figur

insul ating |ayer 22, for exanple, a borophosphosilicate gl iggssé%_&g%a
en,

formed on a silicon substrate or on a netal |ine sen conductor

contact window 23 is fornmed by etching the insulating | ay mgﬁ)lmﬁmml
regi on 20a of 20 a conductive material, which can be, floggs

source/drain region, a gate or a nmetal line. A portion of the insulating
| ayer 22 i§ renoved using, for exanple, a photolithograpy and ani sotropic
etching. A diffusion barrier layer 24 is fornmed on the region 20a of a
conductive material, the pMEPHOD/OBFORMINGCONDUCHMUWPRYGnd furt her
onto the upper surface of the insulating |ayer 22. The diffusion barrier
| ayer 24 can be a conposed Iayer 25 ° which is forned by physical vapor

depositing or chem cal vapor, 05| tin b then a TiNerr]
layer. Alternatively, the di ff &?é}I‘HEd g%’&rzggﬂgﬁ be a tungsten
nitride layer or a titani umtungsten | ayer. After that, a hydrogen pl asma
treatnment is carried out

10 _ A method of forming a conductive plug is disclosed. A device with a conductive
region is formed on a semiconductor substrate. An insulating layer is formed on the
semiconductor substrate. The insulating layer is etched to form a contact window which
exposes the conductive region of the device. A diffusion barrier layer is formed on the
exposed conductive region and the periphery of the contact window. A hydrogen plasma

15 treatment is performed in a reaction chamber; and a conductive material is filled in the

contact window, to form the conductive plug.

FIGURE 2
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on t.0 the‘diffusion barrier layer 24. The hydrogen plasma treatnent is

performed under the S WHAT IS CLALMED I S: 1. A nethod of formng a
conductive plug, conprising the steps of providing a sem conductor
substrate; 5 form ng a device having a conductive region on the

sem conductor substrate; formng an insulating | ayer over the sem conductor
substrate; etching the insulating layer to forma contact w ndow whi ch
exposes the conductive region of the device; formng a diffusion barrier

| ayer on the exposed conductive region and the

FIG. 1 (PRIOR ART) |



10 - . . peri phery of the contact w ndow, - perform ng a hydrogen

pl asma treatnment on at |east a portion of the diffusion barrier |ayer
covering the exposed conductive region, whereby the treated surface is
roughened; and filling a conductive material in the contact w ndow on said
roughened surface to 15 formthe conductive plug. 2. A nethod
according to claiml1l, wherein the conductive region is a source/dr.ain
region; and the contact windowis fornmed to expose a portion of the

source/drain region. 20 3. A nmethod according to claiml1
wherein the conductive region is a netal line; and the contact windowis a
via which exposes a portion of the netal line. 4. A nmethod according to

claim1l1, wherein the diffusion barrier |ayer.
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25 ' includes a titanium |l ayer and a titaniumnitride | ayer. 5
WHAT I'S CLAIMED IS: 1. A nethod of [forming a:.conductive plug, conprising
the steps of: providing a sem conductor substrate; 5 formng a
devi ce having a conductive region on the sem conductor substrate; form ng
an insulating | ayer over the sem conductor substrate; etching the

I nsulating layer to forma contact w ndow whi ch exposes the conductive
‘regi on of the device;

5

METHOD OF FABRICATING A CONDUCTIVE PLUG

ABSTRACT OF THE DISCLOSURE

10 . A method of forming a conductive plug is disclosed. A device with a conductive
region is formed. on a semiconductor substrate. ‘An insulating layer is formed on the
semiconductor substrate. The insulating layer is etched to form a contact window which
exposes the conductive region of the device. A diffusion barrier layer is formed on the
exposed conductive region and the periphery of the contact window A hydrogen plasma

15 treatment is performed in a reaction chamber; and a conductive matenal is filled in the

contact window, to form the conductive plug.
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10 .-~ - formng a diffusion barrier Iayer on the exposed conductive

region and the periphery of the contact window. perforrr_n.g_a_h.y.d.r_ggen——@
pl asma treatnent on the diffusion barrier |ayer, and fi REP]Q\@EMEN@LSHEE/

material in the contact windowto formthe 15

2. A nethod according to claim1, wherein the conductiv

e | eg) QN 4, Sand
source/drain region; and the contact wwndowis forned t¢ ax%'o@g"éf???ti
of the source/drain region. 20 3. A nethod a¢chrding to clait
wherein the conductive region is a netal line; and the g¢ontact w ndow is

via whi ch exposes a portion of the mefal line. 4. A net ked—aecordimg—to

claim1l, meee'ia?'lirr]\e.t Rﬁel—qlgf [];ounsl(')r(\) 8( &%ri';\éu%tinlgalx)?err 12 is removed by etching to form a

contact window 13 which exposes a region 10a of the conductive material by, for example,
an anisotropic etching. A diffusion barrier layer 14 is formed on the region 10a of the
conductive material and the periphery of the contact window 13, and extended to the upper
5 surface of the insulating layer 12. The diffusion barrier layer 14 can be, for example, a
TiNx layer which prevents diffusion and improves adhension. Then, a conductive material
16, for example, a tungsten, coppér or aluminum, is filled into the contact window 13, by

PVD or CVD. Since the step coverage is bad, a void 18 is formed therein.
In the above mentioned manufacturing method of the conductive plug of the
10 integrated circuit, a diffusion barrier layer is deposited before the condt.mtive matenal is
filled into the contact window of the insulating layer as a glue/barrier layer. Therefore, the
contact window becomes narrower, and deposition sites on the diffusion barrier layer
become recessed, which results in voids generating when the conductive material is

deposited. As a result, the large voids seriously affect the characteristics of the device such

15 as resistance raising and short circuit.

SUMMARY OF THE INVENTION

20 It is therefore an object of the present invention to provide a method to form a
‘conductive plug of an integrated circuit by plasma treatment on diffusion barrier layer
before the conductive layer is deposited. Therefore, the problem of void can be avoided as

the conductive material is later filled

Accordingly the present invention provides a method of forming a conductive plug
25 comprising the steps of. providing a semiconductor substrate; forming a device having a
conductive region on the semiconductor substrate; forming an insulating layer over the

semiconductor substrate; etching the insulating layer to form a contact window which



25 I ncludes a titanium| ayer andatltanlumnltrldelayer

5. A method accordikng to claim1, wherein the diffugen B

i ncludes a tungsten nitride layer. 6. A nethod acco Bbﬁ@BMENE
wherein the: diffusion barrier layer includes a 5
titaniumtungsten layer. 7. A method according to cllaiimdqg ydengson {h
hydr ogen plasma treatnent is perfornmed in a reactior] qdhanber and t he
operation condition includes: 10 a power |oft4ess—ttram 3000

U

2a
exposes the conductive region of the device; forming a diffusion barrier layer on the
exposed conductive region and the periphery of the contact window; performing a
hydrogen plasma treatment on at least a portion of the diffusion barrier {ayer covering the
exposed conductive region, whereby the treated surface is roughened, and filling a
5 conductive material in the contact window on said roughened surface to form the

conductive plug.
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a hydr,&ge_n' input flow rate of |ess than 3000 sccm

mat eri al
conductive material includes alum num 20
according to claim1l, wherein the conductive nateria

of ess than 1000[err]C, and a reaction interval of _? %ﬁmw 5 -En(
mn. 8 A method according to claim1, wherein the ¢ uctive naterilal
i ncl udes tungsten. 9. A nethod according to claimI1, e dANABIZ orldu

i ncl udes gold. 10. A nethod according to clpiin1l, wherein_ tie
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vapor deposition. 12. A nethod according to claim11, wherein the conductive
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I's formed by physical vapor deposition.

A—hydsegc-&-plasma-{reaunent—is—pexformed_in_a_reaction_chamber;_and_a_condutti-ve-—

material is-filled-in-the-contact-window;-to-form-the-condustive-plug—
BRIEF DESCRIPTION OF THE DRAWINGS

Other objects, features, and advantages of the present invention will become
apparent by way of the following detailed description of the preferred but non-limiting
embodiments. The description is made with reference to the accompanying drawings in
which:

Figure 1 shows the cross-sectional structure of the conductive plug of an integrated
circuit fabricated by a conventional manufacturing method; and

Figure 2 shows the cross-sectional structure of the conductive plug of an integrated

circuit in accordance with a preferred embodiment of the invention.
DESCRIPTION OF THE PREFERRED EMBODIMENT

Referring to Figure 2, an insulating layer 22, for example, a borophosphosilicate
glass or oxide, is formed on a silicon substrate or on a metal line semiconductor 20. Then,
a contact window 23 is formed by etching the insulating layer 22 to expose a region 20a of
a conductive material, which can bé, for example, a source/dtjgin region, a gate or a metal
fine. A portion of the insulating layer 22 is removed using, for example, a photolithograpy
and anisotropic etching. A diffusion barrier layer 24 is formed on the region 20a of a
conductive material, the periphery of the contact window 23 and further onto the upper
surface of the insulating layer 22. The diffusion barrier layer 24 can be a composed layer
which is formed by physical vapor: depoéiting or chemical vapor, d_ebosiifng‘ a Tilayer and
then a TiN, layer. Alternatively, the diffusion barrier layer 24_ can be a tungsten nitride

layer or a titanium-tungsten layer. Afiter that, a hydrogen plasma treatment is carried out

- on to the diffusion barrier layer 24. The hydrogen' plasma treatment is performed under the
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WHAT IS CLAIMED IS:

A A method of forming a conductive plug, comprising the steps of:
providing a semiconductor substrate;

forming a device having a conductive region on the semiconductor substrate;
forming an insulating layer over the semiconductor substrate;

etching the insulating layer to form a contact window which exposes the
conductive region of the device;

forming a diffusion barrier layer on the exposed conductive region and the
periphery of the contact window;

performing a hydrogen plasma treatment on at least a portion -of the diffusion
barrier layer covering the exposed conductive region, whereby the treatéd surface
is roughened; and

filling a conductive material in the contact window on said roughened surface to

form the conductive plug.

" 2. A method according to claim 1, wherein
the conductive region is a source/drain region; and

the contact window is formed to expose a portion of the source/drain region.

3. A method according to claim 1, wherein
the conductive region is a metal line; and

the contact window is a via which exposes a portion of the metal line.

4. A method according to claim 1, wherein the diffusion barrier layer

includes a titanium layer and a titanium nitride layer.



