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SEﬁICONDUCTOR DEVICE AND METHOD OF MANUFACTURING THE
SAME .
| .BACKGROUND QF THE INVENTION.
The present inﬁention relates to a semiconductor
device having a ﬁulti-layer wiring structure made by a
damascening process or a dual damascening process, and
a method of manufacturing such a deﬁiﬁe; |

An ultra-large scale iﬁtegrated circuit (ULSI)
employs a multilayer wiring struCtu;e'in which wiring
layers of three levels or more are formed. |

FIGS. 1 and 2 show a semiconductor device prepared
by a_conventional wifing process. FIG. 2 is a cross
sectional view taken'along the line II-II indicated in
FIG. 1. |

As canlbe seen in the figure, a field oxide
layer 12 is formed on a semiéonductor substrate 11.
In an eleﬁent region surrounded by the field oiide
layer 12, a MOS transistor having a source-drain
region 13 and a gate.electfode.l4, is formed.

On the Séﬁiconduétor substrate 11, an insulating
1ayer 15 is forﬁed so.as.to conmpletely cover the
MOS transistor. A contact hole 16 is made in the
iﬁsulatingjlayer 15.frqm its surface to be through to.
the source-~drain region:13. On the ‘insulating layer 15,
a firstélevel_wiring 1ayér having a plurality of wiring

layers 17 is formed} Each of the plufality'of wiring“

-
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layers 17 is connected td the sourcé-drain'region 13
of the MOS transistor via the contact hole 16.

On the insulating'layer 15, an insuléting

layer (interlayer dielectric) 18 is formed so as to
5 completely cover the plurality of wiring layers i?.

: A.contact hole 19 ié'made iﬁ the insulating layer 18
from its surface to be through to the plurality of
wirings 17. On the insulating layer (interlafer
dielectric) 18, a sécond-level wiring layer having a

e 0 pluraiity of wiring lafers 20 is formed. Fach of the

.-plurality of wiring layers 20 is connected to thel
wiring layers 17'of-the first-level wiring layers via
the-cbntact hole 189.

| On the insulating layer (interlayer dielectric)
15 18, a bonding pad illis formed. Further, on the insu-
lating layer (interlayer dielectric) 18, an insulating

.layer (passivation dielectric) 22 is-formed so as to
completely cover the plurality of wiring layers 26 and
the bonding péd 21. An,openihg 23 is made in the_

20 insulating film (passivation-diélectric) 22 so as to
expose the bonding pad 21.

In a semlconductor devxce manufactured by the
conventional w1r1ng pchess,:a plurallty of-w1rlngs 17
of_the first-level'wiring.layer, a.pluraiity of Qiringé

25 20 of the second-level wiring layer and the bonding
pad 21 are foimed'by a photo engraving process (PEP),

in which, a resist pattern is formed, and using

“iili?iﬁ il fin
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the resist pattern_as:a mask, metal layers are etched
by an anisotropic etching (such as RIE).

However, in an ULSI, the distance between Wirings

of the same level is becoming very narrow.

10

Therefore, the following drawbacks begin to arise.
First, it is very difficult to accurately pattern
the wirings 17 and 20 of the wiring layers. This is

because the resolution of the exposing device for

forming resist patterns, cannot follow up wiring

patterns which are becoming finer as the technology
develops.

Second, it is very difficult to fill grooves

resulting between wirings of the same level, with

‘insulating layer, and therefore cavities are ineVitably

15

created between the wirings. This is because of a poox

step coverage of the insulating layer. Such cavities

" adversely affect the multilayer wiring technique.

20

25

 FIGS. 3 and 4 show a semiconductor device manufac-
tured by a dual damascening'process. FIG. 4 is a cross
sectional view taken along.the line IV-IV indicated
in FIG. 3. |

As can be_seén in the figure, a field oxide

layer 12 is formed on a sémiconductor sﬁbstrate 11.
In an element'région surrdﬁnded.by the field oxide
layer 12, a MOS tranéistqr haviﬁg a source-drain
region 13 and a gate electrode 14, is formed.

On the semiconductor substrate 11, insulating
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1ayérs 15 and 24 are formed so as to completely cover
the MOS transistor. A contact hole 16 is made in the

insulating layers 15 and 24 from its surface to be

through to the source-drain region 13.

The insulating layer 25 is formed on the.insulat-
ing layer 24. 1In the insulating layer 25, a plurality
of grooves 16b used.for forming a first-level wiring
layer, is formed. Bottom sections of the plurality of
grooves 16b are made through to the contact hole 1l6a.

A barrier metal 17a is formed on an inner surface
of each of the contact hole 1l6a and the grooves 16.
Further, on each of the bqrrier metals 17a, a metal
(or metal alloy) portion 17b is formed so as to
completely fill each of the contact hole 16a and the
grooves 16b. The plurality of wirings whiéh make the
first level wiring layer, consist of the barrier metals
17a and the metal portions 17b.

The surface of the insulating layer 25 meets
with that of the first-level wiring layer, ahd the

surface is made flat. Each of the plurality of wirings

which give rise to the first-level wiring layer, is

connected to the source-drain region 13 of the MOS

transistor.

On the insulatiﬁg layer 25 and the firsﬁ level
wiiing layer, the insulating layer (interlayer dielec-
tric) 18 and the insulating layer 26 are formed.

A contact hole 19a is formed in the insulating

"This Sheet Has Been RT

1

[




10

15

20

25

layers 18 and 26 from its surface to be through to the

first-level wiring layer.

An insulating layer 27 is formed on the insulating
film 26. A plurality of-grooveé 19b used for forming
the second-level wi;ing layer, ére_formed in the insu-
lating layer 27. Bottom sections of the plurality of
grooves 19b are made through to the contacﬁ hole 1%a.

A barrier metal 20a is formed on an inner surface

of each of the contact hole 19a and the grooves 19b.

Further, on each of the barrier metals 20a, a metal
(or metal alloy).portion 20b is formed so as to

completely fill each of the contact hole 19a and the

‘grooves 19b. The plurality of wirings which make

the second level wiring layer, consist of the barrier
metals 20a and the metal portions 20b.

The surface of the insulating layer 27 meets
with that of'the sécond-ievel wiring layer, and the
surface is made flat. Each of the pluraiity of wirings
which give rise to the second-level wiring layer, is
connected to the fifst—level wiring'iayer.

In the case where the second-level wiring layér
is located as.the uppermost layer, a part of the

second-level wiring layer constitutes a bonding pad 21.

The bonding pad 21 is made of a metal (or metal alloy),

as in the case of the second-level wifing layer.
An insulating layer (passivation dielectrié) 22

is formed on the insulation layer 27, the éecond—level
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wiring layer and the bonding pad 21. An opening 23 is

made in tﬁe_insulating layer 22 so as to expose the
bonding pad 21.

Regaiding the semiconductor device manufactured by
the dual damascening process as described above, it is

able to solve the drawbacks of the conventional wiring -

process, that is, the wiring pattern becoming out of

focus when exposing, and the cavities resulting between
wirings. .

However, in the dual damascening process or damas-
cening process, the chemical mechanical polishing (CMP)
technique is employed. 1In the case where a bonding
pad 21 is formed by the CMP technique, the central |
portion oflthe bonding pad 21 is excessivelj etched,
resulting ‘in dishing, that is, the bonding pad 21 is
made into a dish-like shape.

FIG. 5 illustraﬁes how dishing occurs.

More specifically, the CMP not oniy mechanically

etch the metal layer 21’, but also chemically etch it.

Therefore, in the case where the metal layer 21

(bonding pad) remains in a groove 19b which has a

‘width sufficiently large as compared to its depth

(note that the size of a bonding pad is usually about
100 pm X 100 um), the central portion of the metal
layer 21 in the grodve_lgb is excessively etched mainly

by chemical etching. .
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is, a wire cannot be bonded to the bonding pad 21
accurately during a wiring bonding operation, which
resulfs in the deterioration of the production yield.

FIGS. 6 and 7 show a semiconductor device,formed
by thé dual damascening process, which has been |
proposed to solve the problem of dishing. FIG. 7 is
a cross sectionalIView taken along the_line VIiI-VII
indicated in FIG. 6. |

As can be seen in the figure; a field oxide 1ayer
12 is formed on a semiconductor substrate 11. In an
element region surroﬁnded by the field oxide layer 12,
a MOS transistoxr having a source-drain region 13 and a
gate electrode 14, is formed.

On the semiconductor substrate 11, insulating
layers 15 and 24 are formed so as to compietely cover
the MOS transistor. A.coﬁtact hole 16 is made in the

inéulating'laYers 15 and 24 from its surface to be

. through to the source-drain region 13.

The insulating layer 25 is formed on the
insﬁlating léyer 24. 1In the inéulating layer 25, a
plﬁrality of grooves.iSb used for férming a first-level
wiring layer, are formed. Bottom sections of the
plurality of grooves.16b.are made through to the
contact hole 16a.

A.barrierlmetal 17a is formed on an iﬁner surface
of each of the contact hole 16a and the grooves 16.

Further, on each of the barrier metals 17a, a metal
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(or metal alloy) portion 17b is formed so as to
completely fill each of the contact hole 16a and the

grooves 16b. The plurality of wirings which make the

first level wiring layer; consist of the barrier metals

17a and the metal portions 17b. |

The surface of the insulating_layer:25.meets with
that-of the first-level wiring layer, and the surface
is made flat. Each of thé plurality of wirings which
give rise to the firstLlevel wiring layer, is-connected
to the source-drain_région 13 of the.MOS transistor.

On the insulating layer 25 and the first_level
wiring layer, the insulating layer (interlayer dielec-
tric) 18 and the iﬁsulating layer 26 are formed.

A contact hole 19a is formed in the insulating layers
18 and 26 from its surface to be through to thé first—'
level wiriné layer. .

An insulating layer 27 is formed on the insulating

film 25. A'plurality of grooves 19b used fdr forming

the second-level wiring layer, are formed in the

‘insulating layer 27. Bottom sections of the plurality

of grooves 19b are made through to the contact hole 19a.
| A barrier metal_20a'is formed on an inner surface -
of each of the contact hole 1%9a and the grooves 19b.
Further; on-eaéh of thé bérrier metals 20a, a metal

(or metal alloy) portion 20b is formed so as to
compleﬁely fill each of the contact ‘hole 19a and the

grooves 19b. The plurality of wirings which make

This Sheet Has Been Replaced
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the second level wiring layer, consist of the barrier

_metals 20a and the metal portiens 20b.

The surface of the insulating layer 27 meets
With that of the second—levei wiring layer, and'the
sﬁrface is made flat. Each of the plurality of wirings
which give rise to the second-level wiring layer, is
connected to the firsr level wiring layer.

In the case where the second-level w1r1ng layer
is located as the uppermost ‘layer, a part of the
second-level wiring layer constitutes a bondlng pad 21.

The bonding pad 21 is made of a metal (or metal alloy),

‘as in the case of the second-level wiring layer.

However, in order to prevent'the dishing which may
occur during the.CMP,'the bonding pad 21 is formed to
have a lattice-like shape. More specifically, in the
bonding pad 21, a plurality of dot-like holes which are
arranged in a matrix manner are made.

- An insulatiﬁg layer (passivation dielectric) 22 is
formed on the insulation layer 27 and the secondelevel

wiring layer. An opening 23 is made in the insulating

layer 22 so as to expose the bonding pad 21.

In the semlconductor device manufactured by the
dual damascening process, the bonding pad 21 is formed

to have a lattice-like shape. Therefore, even in the

‘case where the bonding pad 21 is formed by use of the

CMP technique, the necessary portion is not exeessively

~ etched, thereby effectively preventing the dishing.

This Sheet Has Been Reilaced
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Next, the method'df_manufacturing-a semiconductor
device shown in FIGS. 6 and 7 will be described.

First, as can be seen in FIG. 8, with the

' LOCOS method, a field oxide layer 12 is formed on

a silicon substrate 11. After that, in an element
fegion surrounded by the field oxidé 1ayer 12, a MOS
transistor haﬁing a source-drain region 13 and a gate
electrode 14 is formed.

Further, as an alternatlve, an insulating film
(borophospho 5111cate glass ({BPSG) or- the llke) 15
hav1ng a thickness of about 1 um, which completely
covers the MOS transistor, is formed on the silicon
substrate 11. The surface of the insulating layer 15
is made flat by the CMP.

Next, as can be seen in FIG. 9, an etching stopper

layer 24 and an insulating layer 25 are formed continu-~

ously on the 1nsu1at1ng film 15 with the CVD method,

for example. The insulating layer 25 is made of,

for example, silicon oxide. In the case where the

insﬁlating layer 25 is made of silicon oxide, the
etching stopper layer 24 is made of a material having
a high etching selectivity against silicon oxide in’
reactive ion etchinQ.(RIE), that is, for example,
silicon nitride. |

| The thicknesé of the etchinj stopper layer 24 is

set to about 50 nm, and the thickness of the insulating

film 25 is set to the same as that of the wirings which
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constitute the first-level wiring layer, that.is,
for example, about 0.6 um.

Next, as can be seen in FIG. 10, a plurality of
grooves 1l6b are formed in the insulating layexr 25.

The plurality of grooves 1l6b are formed by a photo
ehgraving process, more specificalIy, the application
of a resist on the insulating layer 25, the patterning
of the resist, the etching'of the insulating layer 25
bj RIE using the resiét as a mask,'and the removal of
the resist. The etéhing stopper layer 24 serves as an
etching stopper for the RIE.

It should be noted that the pattern of the plural-
ity of grooves 16b is made to match.with the pattern of
the wirings which constitute the first;level wiring
layer.

Next; as can be seen in FIG. 11, a contact
hole l1l6a is made in the insulating layers 15 and 24.
The cohtact hole 16a is made also by tﬁe photo engrav-
ing process as in the formationlof the plurality of

grooves 16b. More specifically, the contact hole 16a

is made by applying a resist on'the'insulating layer 25

~and in the grooves 16b, patterning the resist, etching

the 1nsulat1ng layers 15 and 24 by the RIE using the
reSlSt as a mask, and removing the resist.

._'Then, as can be Seen in FIG. 12, a barrier metal
l7a is formed on the insulating layer-25,.bn_an inner

surface of the contact hole 16a and the inner surfaces
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of the grooves 16b, by the CVD method_of PVD method.
The barrier metal 17a is made of, fot example, a
lemination of titanium and titanium nitride, or silicomn
titanium nitride, or'the_like. |

_Next, as can be seen in FIG. 13,Ia metal (or metal
alloy) portion Ij' which completely covers the contact
hole 16a and the.grooves 16b,'is fermed on the barrier
metal 17a by the CVb_or PVD method. The metai'portion
17’ is made of, for example, aluminum; copper or an
alloy_of these metals. .

As the PVD method which is used to form the metal
portion 17’, the high temperature PVD method or a PVD
method including such a temperature procees that can
completely fill the contact holes 1l6a and fhe grooves
16b, is used.

.Next, as can be seen in FIG. 14, the sections.

of the barrier metal 17a and the metal portion 17b,

'which are situated outside the contact holes l6a and

the grooves 16b, are etched by the CMP method, so that
the barrier metal 17a and the metal poftion 17b remain
only in the Contact-holee 16a and the grooves .16b.

In this mahner, the'first—level wiring-layer is
formed, and at the same time, a contect'plug_which
serves to electrically connect ﬁhe first-level wiring
layer and the diffusion layer (source-drain reglon) of
the substrate to each other, is formed.

Next, as can be seen in FIG. 15, an insulating
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layer (for_example,.silicon.oxide) 18 having a

- 13 -

thicknessfof about 1 um, is formed on the insulating
iayer 25 and the first-level wiring layer by the CVD
method. Further, an etching stopﬁer layer 26 and an
5 insulating layer 27 are formed to be contihuous on the
insulating film 18 with the CVD method, for example.
The insulating layer 27 is made of, for example,
silicon oxide. In ﬁhe case where the insulating"
iayer 27 is made of silicon oxide, the etching stopper
.1Q' layer 26 is made of a material having a high etching
selecﬁivity against silicon oxide in reactive ion
etching (RIE), that is, for example, silicon nitride.
The thicknesé-of.the etching stopper layer 26 is
set to about 50 nm, and the thickness of the insulating
15 film 27 is set to the same as that of the wirings ﬁhich_
constitute the second-level wiring layer, that is, o
for example, about 0.6 um.
Next, as can be seen in FIGS. 16 and 17, a
plurality of grooves 195'and 19b’ are formed in the
20 'insulating layer 25. The plurality of grooves 19b
and 19b’ are'formed_by a photo engraving_process,
mofe specifically, the application of a resist on the
insulating Iéyer 27, the patterning of the resist,
the etching of the inéulaping layer 27 by RIE using
25 the resist as a mask, and the removal of the resist.
The etchiﬁg stopéer'layer 26 sexrves as an etching

stopper for the RIE.
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It should be noted that the pattern of the
plurality'of grooves 19b and 19b’ is made to match
with the pattern of the wirings which constitute the
second-level-wirihg layer. The péttern of the grooves
19b’ is the same as that of the bonding pad (lattice-
like shape) (in the case where the second-level wiring
1ayér is the uppermost layer).

Further, a contéct hole 19a is made in the insu-
lating layers 18 and 26. The_contact’hoie 19%a is |
made also by the photo engravihg process és in the
formation of the plurality of grooves 19b and.in'.
More specifically, the contact hole 19a is made by
applying a resist on the insulating layer 27 and in
the grooves 19b and 19b’, patterning the resist,
etching the insulating layers 18 and 25 by the RIE
using the resist as a mask, and removing the resist.

. After that, as can be seen in FIGS. 18 and 19, é
barrier metal 20a is formed on the lnsulatlng layer 27,
on an inner surface of the contact hole 19a and the
inner surfaces of the grooves 19b and iSb', by the CVD
method or PVb method. The barrier metal 20a is made

of, for example, a lamination of titanium and titanium. -

nitride, or silicon titanium nitride, or the like.

Further, metal (or metal alloy) portions 20b
and 21 which completely cover the contact hole 19a and
the grooves 19b and 19b’, are formed on the barrier.

metal 20a by the CVD or PVD method. The metal portions
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20b and 21 are made of, for example, aluminum, copper
or an alloy of these metals.

As the PVD method which is used to form the metal

portions 20b and 21, the high temperature PVD method

or 'a PVD method including such a temperature process
thatican'completely £i1ll the contact hole 19a and the
grooves 19b and 19b', is used.

After that, the sections of. the barrier metal 20a
and the metal portions 20b and 21, which are situated
outside the contact hole 19a and the grooves'19b and
19b','are étched by”the CMP method, so that the
barrier metal 20a and the metal portions 20b and 21
remain only in the contact hole 19a ahd fhe grooves
19b and 19b’.

In this manner, the second—level'wiring layer and
the bonding pad having a lattice-like sha?e are formed,
and at the same time, a éontact plug which serves to
electricaily connect the first-level wiring layer and
the éecond-level-Qiring’layér to each bther, is formed.

Next, as can be seen in FIG. 20, a passivation
layér 22 is formed on the insulating layer 27, the
second-level wiring layer and the bonding pad, by,
for exémple[_the CVD method. The passivétion layer 22
is made of, for example, silicon oxide.

Next, as can_be seen in FIGS. 21 and 22, an
opening 23 is formed in the passivation layef 22,

The opening 23 is situated so as to the lattice-shaped
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bonding pad 21, and is formed by a photo engraving
process, more speéifiéally, the'épplication of a
resist on the insulating layer 22, the patterning of
the resist, the-etchihg of the insulating layer 22 by
RIE using the resist as a mask,.and the removal of the
resist.

In the RIE operation for making.the opening 23,
usually the insulating layer 27 is etched as well since

the insulating layers 22 and 27 are made of the same

material (for example, silicon oxide).

The feature of the semiconductor device mahufac-
tured by the above-described dual damascening process
or damascening ?rocess is that the metal portion itself
which gives rise to wirings is not patterned, but the
insulating layer is patterned. Since there is no
process for filling the sections between wirings with
the inSulating layer, no cavities are formed between
wirings. | .

| Further, in some cases, copper, which has a low
resistance, is used to form wirings; however it is
known to be very difficult to perform a patterning on
copper. in the dual damascéning process or damascening -
process, the patterning of copper is not carried out,
but the wirings are formed by filling gfdoves of an
insuléting layer with copper. Thus, the wirings made
of copper are realized. |

Further, in the dual damascening process, wirings

i
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and contact plugs can be formed at the same time, and

therefore the production cost can be reduced.
-However, in the dual damascening process, the RIE

operated to make the opening.23 to expose the bonding

pad 21, inevitably serves to etch the insulating

layer 27 at the same time. This is because the

insulating layers 22 and 27 are made of the same

material (for example, silicon oxide) as described

above.

In the above-described case, as shown in FIGS. 23
and 24, a wire bonding'operation can easily.result
in that a wire 28 squash the lattice-shaped bonding
pad 21, which may cause a bonding error. This is
because portiohs of the lattice-like bonding pad 21
are cavities, which may easily cause the deformation
of the bonding pad 21.

BRIEF SUMMARY OF THE INVENTION

The present invention has been proposed'as a.
soluﬁion to the above-described drawback of the conven-
tional technique, and the object thereof is as follows.
That is, regarding.the_semiconductor deVice manufac-
tured by the dual‘damaSéening proceés or damascening
process, the bonding pad is formed to have a lattice
shape} and the deformation of the laﬁtice—shaped :

bonding pad is prevented so as to suppress bonding

.error, thereby improving the reliability and yield

of the product. _ -
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In order to achieve the above-described object,
there is brovided, aecording to the present invention,

a semiconductor device including: a bonding pad consti-

‘tuted by a conductive member filled in grooves made in

an 1nsulat1ng layer hav1ng a flat surface; an etchlng
stopper layer formed on the 1nsulat1ng layer and hav1ng
an opening to expose the bonding pad; and a passivation

layer formed on the etching.stopper layer and having

-an opening to expose the bonding pad.

‘The grooves of the insulating'layer are arranged
in a lattice-like shape and the bonding pad has a
lattice~like shape The lnsulatlng layer and the
passivation layer are made of silicon ox1de, and the

etching stopper layer is made of silicon nitride.

Further, according to the present invention, there -

is provided a method of manufacturing a semiconductor
device, in which a bonding pad is formed by making
grooves in an insulaﬁing layer having e-flat surface
and filling the grooves with a conductive material,

the method including the stops of: forming an etching

- stopper layer on the insulating layer and the bonding

pad, the etching_stopper_layer being made of a material:

which can be etched selectively with respect to at

least a material which is used to form the insulating
layer; forming a passivation layer on the etching
stopper layer, the pasSivation layer being made of a

material which can be etched selectively with respect

—_— ™
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to at least the material used to form the etching

stopper léyer; removing only a portion of the passiva-
tion layer, which is situated above the bonding pad;
‘and removing only a portion.of the etching stopper
layer, which is situated above the bonding pad.

The bonding pad is formed by forming.a conductive
material layer which completely covers the grobves

on fhe insﬁlating layer, followed by polishing the

- conductive material layer by the CMP. The passivation

layer is eﬁched by the RIE and the etching stopper
layer is etched by the RIE or CDE. |

As thé grooves are filled with the cdnductive
material, the bondihg pad and the uppermost_wiring
layer are formed at the same tlme N

Additional objects and advantages of the invention
will be set forth in the description which follows, and
in part will be obvious from the deséription, or may
be learned by practite of the invention. The objects
and advantages of the invention may be realized and
obtained by means of the instrumentalities and combina-
tions particularly bointed 6ut-in the appended claims.

BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWING

The accompanying drawings, which are incorpotated

in and constitute a part of the specification, illus-

trate'presently preferred embodiments of the invention,
and together with the general description given

above and the detailed description of the preferred
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embodiments given below, servo to explain the princi-

20

ples of -the invention.

FIG. 1 is a plan view showing a conventional
semiconductor deviée; |

FIG. 2 is a'cross seétional view téken along the
line TI-II indicated in FIG. 1; |

'FIG. 3 is a plan view.showing a conventional
semiéonductor;device;

FI1G. 4_is.a cross sectional view takén along the
line IV-1IV indicated in FIG. 3;

FIG. 5 is a diagram showing a dishing phenoménon
which may occur.in_conventionai damascening.prbéess;

FIG. 6 is a plan view showing a cohventional
semiconductor devicé;

FIG. 7 is a .cross sectlonal view taken along the
line VII-VII indicated in FIG. 6;

FIG. 8 is a cross sectional view of a device,
which illustrate a step of a conventionél'manufacturing
method; | -

FIG. 9 is a cross sectional view of a device,

“which illustrate another step of the conventional

manufacturing method;

FIG. 10 is a crbss sectional view of a device,
which illustrate stiil anqther'step.of the cbnventional
manufacturing methdd;. | |

FIG; ll.is a cross sectional view of a device,

which illustrate still another step of the'conventional
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manufacturing method;

FIG. 12 ié a cross sectional view.of a device,
which illustrate still another step of the conventional
manufacturing method; |

FIG. 13 is a cross sectional view of a device,

which_illustrate still another step of the conventional

‘manufacturing method;

FIG. 14 is a cross sectional view of a device,
which illustrate still another step of the conventional
manufacturing method;

FIG. 15 is a cross sectional view of a device,

‘which illustrate still another step of the conventional

ﬁanufacturing method;

FIG. 16 is a plan view of a device, which
illustrates a stgp.of_the conventional manufacturing
method;

FIG. 17 is a éross sectionél view taken along
the line XVII-XVII indicated in FIG. 16;

FIG. 18 is a plan view of a device,.which
illustrates a step of the conventional ﬁanufacturing
method; | |

FIG. 19 is a cross sectional.view taken albng
the line XIX-~XIX indicated in FIG. 18; |

FIG. 20 is a cross sectional view of a device,
which illustratés.a step of the conventional manufac-
turing method;

FIG. 21 is a plan view of a device, which



10

15

20

25

This Sheet Has Been R laced

(A

illustrates a step of the conventional manufacturing

method;

FIG. 22 is é cross sectional view taken élong the

line XXII-XXII indicated in FIG. 21;

~ FIG. 23 is a plan view which illustrates a state
in which wire bonding is carried out on the device
shown in FIG. 6; |

FIG. 24 is é cross sectional view taken along the
iine XXIV&XXIV indicated in FIG. 23;

FIG. 25 is a plan view of a semiconductor device
according to an embodiment of the present invention;

.FIG. 26 is a cross Sectional view taken along the
line XXVI-XXVI indicated in FIG. 25;

FIG. 27 is a cross sectional view of a devicei
which illustrates a step of é manufacturing method
according to an embodiment of the presenﬁ invention;

FIG. 28 is a cross sectional view of a device,
which illustrates anothér ste? of a manufaCturing

method .according to the embodiment of the present

invention;

_FIG. 29 is a cross sectional view of a device,
which illustrates stili_ahothei Step of a manufacturing -
method according to the enbodiment of the present
invention; |

'FIG. 30 is a cross seétional view of a device,'

which illustrates still another step of a manufacturing

method according to the embodiment of the present
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'FIG. 31 is a cross
which illustrates still

method according to the

" invention;

FIG. 32 is a cross

which illustrates still

method according to the

~invention;

FIG. 33 is a dross
which illustrates stil}
method according to the
invention;

FIG. 34 is a.cross
which iliustrates still
method according tb the

invention;

sectional view of
another step of a

embodiment of the

sectional view of
another step of a

embodiment of the

sectional view of
another step of a

embodiment of the

sectional view of
another step of a

embodiment of thé
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a device,
manufacturing

present

a device,
manufacturing

present.

a device,
manufacturing

present

FIG. 35 is a plan view of a device, which illus-

trates a step of a manufacturing method according to an

embodiment of the present inventionj-

FIG. 36 is a cross sectional view taken along the

line XXXVI-XXXVI indicated in FIG. 35;

FIG. 37 is a plan view of a device, which illus-

trates a step of a manufacturing method'according'to an

embodiment of the present invention;

FIG. 38 is a cross sectional view taken along the

 line XXXVIII-XXXVIII indicated in FIG. 37;

IR
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FIG. 39 is a cross sectional view of a device,

which illustrates a step of a manufacturing method
according to an embodiment of the present invention;

FIG. 40 is a plan view of a device, which illus-

‘trates a step of a manufacturing'method according to

the embodiment of the present lnventlon,

FIG. 41 is a cross sectional view taken along the
line XLI-XLI indicated in FIG. 40;

FIG. 42 is a plan view of a device, which illus-
trates a step of a manufacturlng method according to an
embodiment of the present 1nventlon, |

FIG. 43 is a cross sectional view taken.along the
line XLIII-XLIII indicated in FIG. 42;

FIG. 44 is a plan view which illustrates a state
in which wire bonding is carried out on the device |
shown in FIG. 25; and

FIG. 45 is a cross sectional view.taken.aleng the
line XLV-XLV indicated in FIG. 44. |

_DETAILED DESCRIPTION OF THE IN?ENTION

Semiconductor devices of the present invention and

methods of_manufacturing the same will now be described

in detail with reference to embodiments thereof shown
in accempanying.drawings.

FIGS. 25 and 26 show a semiconductor_device-formed
by the dual damascening proeess according to an embodi-
ment of the present'invention. FIGf 25 is a cross

sectional view taken along the line XXVI-XXVI indicated
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in FIG. 25.

As can be seen in the figure, a field oxide layer

12 is formed on a sémiconductor substrate 11. In an

" element region surrounded by the field oxide layer 12,

a MOS transistor having a source-drain region 13 and a

gate electrode 14, is formed.

On the semiconductor substrate 11, insulating

layers 15 and 24 are formed so as to cdmpletely cover

the MOS transistor. A contact hole 16a is made in the
insulating layers 15 and 24 from its surface to be
through to the source-drain region 13.

The insulating layer 25 is formed on the insulat-

ing layer 24. 1In the insulating layer 25, a plurality

of grooves 16b used for forming a first-level wiring

layer, are formed. Bottom sections of the plurality

of grooves 16b are made th;ough to the contact hole 16a.
A barrier metal 17a is formed on an inner surface

of each of the contact hole 16a and the grooves 16.

Further, on each of the barrier metals 17a, a metal

(ox metal alloy) portion 17b is formed so as to

| completely fill each of the contact hole 16a and the

~grooves 16b. The plurality of wirings which make the

first_lével wiring layer, consist of the barrier metals
17a and the metal portions 17b.
A contact plug used for connectihg the first level

wiring layer and the source-drain region 13 of the MOS

transistor to each other, also consists of the barrier
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metal.17a and the metal pbrtion 17b. The surface of
the insulating layer 25 meets with that of the first-
level wiring layer, and the surface is made flat.

On the insulating layer 25 and the first ievel
wiring layer, the inSulating.layer (interlayer dielec-

tric) 18 and the insulating layer 26 are formed. A

‘contact hole 19a is formed in the insulating layers 18

and 26 from its surface tp-be'through-to thenfirst—
level wiring layer. | |

Aﬁ'insulating laYer'27 is formed on the'insulating
film 26. A pluralityidf'grooves iSb used for formihg
the second-level wiring layer, are formed in the insu-
lating layer 27. Eottom sections of the plurality of
grooves 19b are made through to the contact hole 19a.

A barrier metal 20a is formed on an inner surface
of .each of the contact hole 19a and the grooves 19b. |

Further, on each of the barrier metals 20a, a metal

- (or metal alloy) portion 20b is formed so as to

completely fill each of the contact hole 19a and the

grooves 19b. The plurality of wirings which make the

‘second level wiring layer, consist of the barrier

metals 20a and the metal pbrtioné-ZOb.
A contact plug used for connectlng the first-level
wiring layer and the second- level wiring layer to each

other, also consists of the barrier metal 20a and the

“metal portion 20b. The surface of the insulating

layer 27 meets with that of the second-level wiring
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layer, and the surface is made flat.

In the case whefthhe second-level wiring layer
is located as the uppermost layer, a part of the |
second-level wiring layer constitutes a_bonding pad 2;.
The bonding pad.21 is ﬁade of a metal (or ﬁetal alloy),
as in the case of the second-level wiring layer.
However, in order to.prevent the dishing which may
occur during the CMP, the.bOnding.péd 21 is formed to
have, for examplé, a.lattice—liké shape.

Further, an etching_stopper 1ayér 29 is formed on
the insulating layer 2? and the second-level wiring
layer, and a passivatibn iayer (passivation.dielectric)
22 is.formed on the etching stopper layer 29.

The etching stdpper layer.29 is made of a material
which can be etched selectively with.réspect to the
maferiél used for the insulating layer 27 and the
passivation layer 22. For examplé, in the case where
the insulqting layer 27 and the.passivation layer 22
are made of silicon_oxidé; the etching stopper layer 29
is made of silicon nitride.; The etching stobper layer
29 is formed to have a thickness of about 50 nm.

An opening 23 is méde in the paésivation layexr 22
and the etching stopper layer 29 so as to expose the
bonding pad 21. |
| In the semiconductor device manufactuted by thé
dual damascening process, the bonding pad 21 is formed

to have a lattice-like shape. Therefore, even in
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the case where the bonding pad 21 is formed by use of
the CMP téchnique, the necessary portion thereof is not

excessively etched, thereby effectiveiy prevénting the

~ dishing.

Further, the bonding pad 21 having a lattice

‘shape is completeiy filled with the insulating layer 27.

With this structure, the bonding pad 21 is not squashed

" or deformed when the w1re is bonded thereto by compres-

sion by wire bonding. ‘Therefore, the occurrence of
bonding errors is suppressed, thus contributing the
improvement of the reliability and the yield of the
prodﬁct.

Furthermore, directly underneath the passivation
layer 22, the etching stopper layer 29 is located,
which is made of a material which can be etched
selectively witﬁ respect to the material used for

forming the passivation layer 22 and the insuléting

layer 27. With this structﬁre, the portions of the

insulating layer 27, which are sipuated in the lattice-
like formations pf the bonding pad 21; are not etched
when the opening 23 is made in thé passivation layer 22.
| Next, the method of manufactufing a semiconductor
device shown in FIGS. 25 and 26 will be described.
First, as can be seen in FIG. 27, with the LOCOS

method, a field oxide layer 12 is formed_on”a silicon.

substrate 11. After that, in an element region

surrounded by the field oxide layer 12, a MOS
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transistor having a source-drain region 13 and a gaté
électrode'14 is formed. | |

Further, as an alternative, an insulating £ilm
(borophospho silicate-giass (BPSG) or the like) 15
having a thickhess of about 1 um, which completely
covers the'MOS transistor, is formed on the silicon
substrate 11. Thé_surface of thé insulating layer 15
is made flat by the CMP. | |

Next, as can be seen in FIG. 28,'an etching

~stopper layer 24 and an insulating layer 25 are formed .

continuously on the;inéulating film 15 with the CVD

- method, for example. The insulating layer 25 is made

- of, for example, silicon oxide. In the case where

the insulating layer 25 is made of silicon pxide, the
etching stopper layer 24 is made of a material having

a high etching selectivity against silicon oxide in

-reactive ion etching (RIE), that is, for example}

silicon nitride.: _
 The thickness of'theletéhing stopper layer 24 is

set to about 50 nm, and the ﬁhickness of the insulafing
film 25 is set to the same as that of the wirings which
constitute the first—levél wiriﬁg layer, that is,
for example, about 0.6 um.

| Next, as can'bé_seen in FIG. 29, a Plurality of
grooves 1l1l6b afe formed_in thé'insulating layer 25.

The pluraiity of grobves 16b are formed by'a'photo

~ engraving process, more specifiéally; the application
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of a resist on the insulating layexr 25, the patterning

of the resist; the etching of the insulating layer 25
by RIE using the resist as.a mask, end the removal of
the resist. The etching stopper layer 24 serves as en
etchlng stopper for the RIE.

It should be noted that the pattern of the plural—

- ity of grooves 16b is made to match with the pattern of

the wirings which constitute the first-level wiring
layer. |

Next, as cah be seen in FIG. 30, a contact
hole 1l6a is made in the insulating-layers 15 and 24.
The contact hole 1l6a is made also by.the'bhoto engrav-
ing process as in the_formatioh of the plurality of
grooves 16b. More specifically, the contact hole 16a
is made bj applying a resist on the insulating layer 25
and in the grooves 16b, patterning the resist, etching
the insulating layers 15 and 24 by the RIE using the
resist as a mask, and-removing the resist.

Then, as can be seen in FIG. 31, a barrier

- metal 17a is formed'on the insulating layer 25, on an

inne: surface of the contact-hole 16a and the inner
surfaces of the grooves 16b, by the CVD method or BVD . -
method. The barrier metal 17a is made of, for example,
a lamination of titanium and titanium nitride, or |
silicon titanium nitride, or the like.

Next, as can be seen in FIG. 32, a metal (or metal

alloy) portlon 17’ which completely covers the contact
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hole 16a and the grooves 16b,'is formed on the barrier

-metal 17a'by the CVD or PVD method. The metal portion

17’ is made of,'for example, aluminum, copper or an
alloy of these metals.

As the PVD method which is used to form the metal
portion 17', the high.temperature PVD method or a PVD

method including such a temperature process that can

completely fill the contact holes 1l6a and the grooves

16b, is used.

Next, as can be seen in FIG. 33, the sections of

 the barrier métal 17a and the metal portion 17b, which

are situated outside the contact holes 16a and the
grooves 16b, are etched by the CMP method, so that fhe
barriexr metal 17a and the metal portlon 17b remain only
in the contact holes 16a and the grooves 16b.

In this manner, the first-level wiring layer is
formed, and at'the_same time, a contact plug which
serves to electrically connect the first-level wiring
layer and the diffusion lajer (source-drain region) of
the substrate to each other, is formed.

' Next, as can be seen in FIG.'34; an insulating
layer (for example, silicoh oxide) i8 having a
thickness of about 1 um, is_formed on the insulating
layer 25 and the'iifst-level wiring iayer 5y the CVD
method. Further, an etching stopper layer 26 and an
insﬁlating layer 27 aie formed to be continuous on the

insulating film 18 with the CVD method, for example.
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' The insulating layer 27 is made of, for example,
silicon oxide. In the case where the insulating
layer 27 is made of silicon oxide, the etchlng stopper
layer 26 is made of a material hav1ng a high etchlng
5 selectivity against silicon oxide in reactive ion
etching (RIE), that is, for example, silicon nitride.

The thickness of the etching stopper layer 26 is
set to abouf 50 nm, énd the thickness of the insulating
film 27 is set to the same as that of the wirings which

16 constitute the second—lével wiring layer.

Next, as can be seen in FIGS..35 and'36,
plurality of grboves 19b and.19b' are formed in the
insulating layer 25. The plurality of grooves 19b
and 19b‘ are formed by a photo engraving process,

15 more specifically,_the-application of a resist on
.the insulating layer 27, the patterning of the resist,
the etching of the insulating layer 27 by RIE using
the resist as a mask,.and the.removal of the resist.
The etching stopper layer 26 serves as an etching

20 'stopper for the RIE.

it sﬁould be_noted that the pattern of the
pl@rality of grooves 19b énd 19b’ is made to match
with the pattern of the wirings which constitute the
_éecqnd—leveliwiring layer. The pattern of the'gréo&es

25 19b’ is the same as that of the;bonding pad (latticé-
like shape) (in the case where the secondéleQel wiring

layer is the uppermost layer).
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Next, as can be seen in FIGS. 37 and 38, a contact
hole 19a is made in the insulating layers 18 and 26.
The contact hole 16a is made also by the photo engrav-

ing process as in the formation of the plurality of

© grooves 19b and 19b’. More specifically, the contact

hdle 19a is made by applying a resist on the insulating
layer 27 and in the grooves 19b and 19b’, patterning_
the resist, etching the insulating layers 18 and 26 by
the RIE using the résist as a mask, and removing the
resist. | | _

After that, a barrier metal 20a is formed on the
insulating layer 27, oh én inner surface of-thé contact
hole 19a and the inner surfaces of the grooves 19b and
19b’, by the CVD method or PVD method. The barrier
metal 20a is made of, for example, a 1aminationlof
titanium-and titanium nitride, or silicon titanium
nitride, or the like;

Next, metal (or metal alloy) portions 20b and 21
which completely cover the contact hole 19a and the
grooves 19b and 19b’, are formed on the barrier metal
20a by the CVD or PVD method. The metal portions 20b
and 21 are ﬁade of, for example, dluﬁinum, copper or
an alloy of these metals. | |

As the PVD method which is used to form the metal
portions 20b and 21, the high femperature PVD method
or a PVD method including such a temperature process

that can completely fill the contact hole 16a and
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the grooves 19bland 19b’, is used. |

Next; the.sectidns of the barrier metal 20a and -
the metal portiéhé.2ob.and 21, which are situated
outside the contact hole 19a and the grooves 19b and
19b’, are etched. by the CMf_method, so that the
barrier metal 20a and the metal portions 20b and 21
remain only in the contact hole 19a and the grooves 19b
and 19b’. | o

In this manner, the second-level wirihg layer and
the bonding'pad'héving a lattice-like shape are formed,

and at the same time, a contact plug which serves to

| electrically connect the first-level wiring layer and

the second-level wiring layer to each other, is formed.
Next, as can be seen in FIG. 39, an_etchihg

stopper layer 29 and a passivation layer 22 are formed
to be continuoué; on thé insulating layer 27, the
second-level wiring layer and the bonding pad, By,
for éxample, the CVD method.

~ The passivation layér 22 is made of, for example,
silicon oxide. In the case where the passivation

layer 22 is made of_Silicon oxide, the etching stopper

‘layer 29 is made of a material having a'high etching

selectivity againét silicon oxide in reactive ion
etching (RIE),'that is, for example, silicon nifride.
The thickness of the etching stopper layer 29 is set
to about 50 nm.

Next, as can be seeh in FIGS. 40 and 41,
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an opening 23 is formed in the passivation layer 22.
The.openihg 23 is situated so as to the laﬁtice—shaped
bonding pad 21, and is formed by a photo.engraving

process, more specifically, the application of a resist

on the insulating layer 22, the patterning of the

~resist, the etching of the insulating layer 22 by RIE

using the resist as a mask, and the remo#al of the
resist.

In the RIE operation for making the opening 23,
the insulating layer:27 is not etched in the presence :
of the insulating layer 27.

Then, as can be seen in FIGS. 42 and 43, only
the etching stopper layer 29 remaining in the bottom
of the opening 23 of the passivation layer 22 is
removed. The removal of the etching stopper layer 29
can be achieved by anisotropic etching such as RIE,xor
isotropic etching such as chemical dry etching (CDE).

As described'above, the semiconductor device
shown in FIGS. 25 and.26 is completed.

'The feature of the above-described method is
thaﬁ the'etching stopper layer 29.is prdvided directly

underneath the-péSsivation layer 22. With this struc-

‘ture, in the RIE operation carried out to made the

opening 23 in the bonding pad 21, the sections of the

insulating layer 27 formed in the lattice-like pattern

of the bonding pad 21 are not etched.

More specifically, aslcan be seen in FIGS. 44
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and 45, the recessed pattern of the lattice-shaped
bonding pad 21 is filléd with the insulating layer 27.
With this structure, even if the wire bonding is
carfied out, the wire 28 does not sguash or deform
5  the lattice-shaped bonding pad 21.
| Therefore, the bonding eftor can be évoided,
thereby making it possible to'improve'the'reliability
-ahd yield of the product. |
As described above, with the semiéohductor
10 - device and the method of manufacturing such a device,
according to the present invention, the follbwing
effect can be obtained. |
That is, directly'underheath the passivation layer,
an etching stopper layer is provided. Therefore, in
15 thé RIE operation for making an opening to expose the
bonding pad, the po:tions of the insulating layer,
which are situated at the recessed portions.of the
lattice shape, are not etched. .Consequentlj; each
section between adjacent recessed portibns is filled
20 with the insulation layer. With this structure, if
.a.wire bonding is carried out,_the wire cannoﬁ squash
of déform_the bonding pad having a-lattice—like shape.
Thus, the bonding error éah be preVented,'thereby
making it possible.to improve the reliability and
25 yield of the product. |
Additional advantages and modifications will

readily occur to those skilled in the art. Therefore,
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the invention in its broader aspects is not limited to
thé specific details'and'represéntativé embodiments
shown and deécribed herein. Accordingly, various
.modificationS'may bé'made without departing from the

5 spirit or scope of.the-genetal inventivé concept as

defined by the appeﬁded claims and their'equivalents.
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CLAIMS
1. A semiconductor device having a bonding pad
constituted by a conductive member filled in grooves

made in an insulating layer having a flat surface, said

~ semiconductor device comprising:

an etching stopper.layer formed on said insﬁléting
layer and having an opening to expose said bonding
pad; and | |

a passivatioﬁ.layer formed on said etching stopper .
layer and having an opening_to expose éaid boﬁding pad.

2. A semiconductor device according to claim 1,
wherein said Qrooves in said insulating layer are
arranged in a lattice manner, and said bonding pad has
a lattice-like shape.-

3. A semiconductor device according fo claim 1,
wherein said insulating layer and said passivafion
layer are made of silicon oxide, and said etching
stopper 1ayér is madé_of silicon nitride.

4. A semiconductor device according to claim 1,

further comprising wirings filled in said grooves of

said insulating 1ayef.

5. A semiconductor device according to claim 1,
wherein said bonding pad'ahd said wifings'aie consti-
tuted by a first metal layer and a second metal layer

made of a metal different from that:of the first metal

layer, respectively.

6. A semiconductor device'according to claim 1,

*+ ¢ L M § *
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wherein the first metal layer is made 6f titanium and
titanium nitride, or silicon titanium nitride, and the
sécond metal layer is made of aiuminum;-copper or an
alloy thereof. | |

f. A semiconduétor deﬁice according to élaim 1,
further compriéing a wire connected.to said bonding pad.

8. A method of manufacturing a semicoﬁductor |
device, in which a bonding pad is formed by making-
grooves in an insulating layér having a flat surface
and filling the grooves with a éondﬁctive,material,
the method 'including the stops of:.

| forming said.bonding'pad by filling said grooves

of said insulating layer with said conductive material;

forming.an etching stopper layer on said insu-
lating layer and the bonding pad, said etching stopper
layer being made of a material whiéh can be etched

selectively with respect to at least a material which

is used to form said insulating layer;

forming a passivation layer on said etching
stopper layer, said passivation layer being made of

a material which can be etched selectively with respeét

to at least the material used to form said etching

stopper layer;
remov1ng only a portlon of said passivation layer,
which is situated above the bonding pad; and

remov1ng only.a portlon of said etchlng stopper

-layer, which is situated above the bonding pad.

* c L n H] *
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9. A method of manufacturing a semiconductor

device, according to claim 8, wherein said bonding pad
is formed by a step of forming a coﬁductive material
on said insulating layér SO as to-completely.fill
5 said.grooves tﬂerewith,-and a step of polishing said
conductive material by a CMP technique.
10. A method of.manufacturing a semiconductor
‘device, according to claim 8, wherein said passivatibn
layer is etched by an RIE technidue and said etchin§ 
10 | stopper layer is etched by an RIE or CDE technique.
11. A method'of manufacturing a semiconductor
device, according to claim 8, wherein said bonding pad
and said wirings are formed.at the same time by filiing
said grooves with the conductive material. |
15 12. A method of manufacturing a semiconductor
device, according to claim 8, wherein said bonding pad
énd said wirings'are:formed'by a dual daﬁéscening
proéess or damaséening'process;
13. A method of'ménufacturing a semiconductor
20 device, accordih§ to claim 8, wherein a wife is
connected to said.bbnding pad'in'a wiré bondihg process.
14. A semicondﬁétor device ahdrmethod of
manufacturing the same, substantially as'he:einbefore_
described with referéhce to'fIGs. 25 to.45 of the

25 accompanying drawihgs.

E .



