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| .BA_CKGROUND OF THE INVENTION |
5 The present inﬁention relates to a semiconductor
dévicé 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)
10 = 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
15 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
20 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.
25 : the source-drain region:13. On the ‘insulating layer 15,
a firstélevel_wiring 1ayér having a plurality of wiring
————;__~___~___Efszs 15 is formed} .Each'of'the pluiality'of wiring“
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FEGS. 4 and 2 show a sem conduct or deVice.prepared by a conventional wring
process. FIG -2 is a cross sectional view taken along the line IIl-11
indicated in FIG 1. As can be seen in the figure, a field oxide |layer 12
is formed on a sem conductor substrate 11. In an el enment region surrounded
by the field oxide layer 12, a MOS transistoryhaving a source-drain region
13 and a gate electrode 14, is fornmed. On the sem conductor substrate 11,
an insulating layer 15 is formed so as to conpletely cover the MOS
transi stor. Contact holes 16 are nmade in the insulating layer 15 fromits
: layers 17 is connected to the source-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 formed by a photo engraving process (PEP),

in which, a resist pattern is formed, and using

“iili?iﬁ i fin




s@irfacé through to the source-drain region 13. On the insulating'layer 15,
wiring layer having a plurality of wires 17 is forned. Each

afirst-Ileve

of the plurality of wires 17 is connected to the source-drain region 13 of
the - 2 MOS transistor via the contact holes 16. On the insulating |ayer
15, an insulating layer (interlayer dlelecirlgﬁ.JB IS forned S§o as to

conpletely

10

15

20

25

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.

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

created between the wirings. This is because of a poox

step coverage of the insulating layer. Such cavities

" adversely affect the multilayer wiring technique.

 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 having a source-drain

region 13 and a gate electrode 14, is formed.

On the semiconductor substrate 11, insulating
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caver tshe plurality of wires 17. Contact holes 19 are nade in the
insulating layer 18 fromits surface through to the plurality of wires 17.
On the insulating layer (interlayer dielectric) 18, a second-level wring

| ayer having a plurality of wires 20 is formed. Each of the plurality of
wires 20 is connected to the wires 17 of the first-level wiring | ayer via
the contact holes 19. On the insulating |ayer (interlayer dielectric) 18, a
bondi ng pad 21 is formed. Further, on the insulating |ayer (interlayer
dielectric) 18, an insulating |layer (passivation dielectric) 22 is forned
so as to conpl et elyyexwer5tdwd 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.

5 | 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.

10 _ 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

15 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
20 surface is made flat. Each of the plurality of wirings
: _which give riseItO'the fi;st-level.wiring:layer, is
'connécted to the sourée-drain region 13 of the MOS
transistor. | |
On the insulatiﬁg layer 25 and the firsﬁ level
25 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
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pkural tty of wires 20 and the bonding pad 21. An opening 23 i's made in fhe
insulating film (passivation dielectric) 22 so as to expose the bondi ng pad
21.. In a sem conductor device manufactured by the conventional wring
process, a plurality of wires 17 of the_first-level wiring layer, a
plurality of wires 20 of the second-|evel %?g_layer and the bondi ng pad
21 are formed by a photo engraving process ( I n which, a resist
pattern is formed, and using the resist pattern as a mask, netal |ayers are
etched by an anisotropic etching (such as R E). _
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-grooves 19b used for forming
5 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.
10 Further, on each of the barrier metals 20a, a metal
(oxr metal alloy).portion 205 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
15 metals 20a and the metal portions 20b.
The surface of the insulating layer 27 meets
with that of the sécond-ievél wiring layer, and the
surface is made flat. Each of the pluraiity of wirings
which give rise to the second-level wiring layer, is
20 connected to the first-level wiring'iayer.
In the case where the second-level wiring layér
is located as.the uppermost layer, a part of the
second-level wirino layer constitutes a bonding pad 21.
| The bonding pad 21 is made of a metal (or metal alloy),
25 as in the case of the second-level wifing layer.

An insulating layer (passivation dielectrio) 22

: is formed on the insulation layer 27, the Second—level
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3 *However, in an ULSI, the distance between wires of the sanme level is
becomi ng very narrow. Therefore, the follow ng drawbacks begin to arise.
First, it is very difficult to accurately pattern the wires 17 and 20. This
| S because the anistropic etching of netal |ayers becones very difficult as
the patterns becone finer. Y -

.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
5 - the dual damascening process as described above, it is
able to solve the dréwbacks of the'confentional wiring -
process, thaﬁ is, the wiring pétte:n becoming out of
focus when exposing, and the cavities resulting between
wirings. |
10 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,
15 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.
20 .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
25 layer 21 in the grodve_lgb is excesSiVely etched mainly

by chemical etching. .

Such dishing easily causes a bonding error, that
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Sécondr it is very difficult to fill grooves resulting between wirings of
the sane level, wth insulating |ayer, and therefore cavities are
inevitably created between the wirings. This is due to the poor step
coverage of the insulating layer. Such cavities adversely affect the
reliability of the nultilayer wiring. FIGS 3;and 4 show a sem conduct or
devi ce manufactured by a dual danascene process. FIG 4 is a cross
sectional view taken along the line IV-1V indicated in FIG 3. As can be
seen in the figure, a field oxide layer 12 is formed on a sem conduct or
substrate 11. |In b8, chewbpé €88h068 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
5 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
10 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
15 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
20 insﬁlating léyer 24. 1In the inéulating 1ayer 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.
25 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

(T
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surrounded by the field oxide layer 12, a MOS transistor having a
source-drain region 13 and a gate electrode 14, is fornmed. On the
substrate 11, insulating |layers 15 and 24 are forned so as to
conpletely cover the MOS transistor. Contact holes 16a are made in the
insulating layers 15 and 24 fromits surface 5hr9ugh_to t he source-drain

sen conduct or

4

15

20

25

(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 e
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region<13. The insulating layer 25 is fornmed on the insulating |ayer 24. In
the insulating layer 25, a plurality of grooves 16b used for formng a
first-l'evel wiring layer, is fornmed. Bottom sections of the plurality of
grooves 16b are nade. through to the contact hole 16a. A barrier netal 17a
Is formed on an inner surface of each of the fontact hole 16a and the
grooves 16b. Further, on each of the barrier nmetals 17a, a netal (or netal
all oy) portion 17b is forned so as to conpletely fill each of the contact
hol e 16a and the grooves 16b. The plurality of wires.

the second level wiring layer, consist of the barrier

_'metels 20a and the'meral portiens 20b.

The surface of the insulating layer 27 meets

with that of the second—levei wiring layer, and the

5 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 w1rrng layer
is lecated as the uppermost ‘layer, a part of the

- 10 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
15 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 insulatihg layer (passivation dielectric) 22 is

formed on the insulation layer 27 and the secondelevel
20 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

25 ‘case where the bonding pad 21 is formed by use of the
CMP technique, the neceseary portioh is not exeessively

~ etched, thereby effectively preventing the dishing.
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whi ch make t-he first w ring |ayer, consi st of the barrier netals 17a

and the ﬁm&mkaﬂmyg&, b. The surface of the insulating |ayer 25 neets

W th that evel wiring |ayer,” and the surface is nade flat.
Each of t ﬁm wires which give rise to the first-level wring
| ayer, is co he source-drain regipp 13 of the MOS transistor. On

the insulating layer 25 and the first level Wring |layer, the insulating
| ayer (interlayer dielectric) 18 and the insulating |ayer 26 are forned.
Contact holes 19a are forned in the insulating layers 18 and 26 fromits
surface to Next, the method of 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
5  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

10 | (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.

15 Next, as can be.seen in FIG. 9, an etchiné 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.l In the case where the.

20 ' 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.

25 | The thicknesé of the etchinj stopper layer 24 is
set to about Sd nm, and the thickness of the insulating

film 25 is set to the same as that of the wirings which



be fhrﬁugh to the first-|evel mﬁrihg | ayer. An insulating |ayer 27 is
formed on the insulating film26. A plurality of grooves 19b used for
f or m ngThih8heetdpBetn ]ili;&l | evel wiring layer, are fornmed in the insul ating

| ayer 27. ns of the plurality of grooves 19b are made through
to the c

A barrier metal 20a,i;s formed on an inner surface
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.

5 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

10 . 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

15 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

. 20 grooves 16b. More specificélly, the contadt hole 16a
ié made by applying a resist on'the'insulating layer 25
~and in the grooves 16b, patterning the resist, etching

the insulating iaYers 15 and 24 by the RIE.using'the

resist as a mask, and removing the resist. o

25  'Then, as can be éeén 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



eachrgiﬂibgﬂggnLagL_heke 19a and the grooves 19b. Further, on each of the
bar r1 metal s 20a, a netal (or netal alloy) portion 20b is forned so as to
ﬁ%&wﬁtham ﬁ&g t he contact hole 19a and the grooves 19b. The
i ch make the second | evel wiring | ayer, consist of the

plurali

barrler“‘gm g the nmetal portions 20b.5 The surface of the

I nsul at 7/ meets with that of the second level wiring |ayer, and
the surface is nade flat. Each of the plurality of wires which give rise to

the second-level wiring layer, is connected to the first-level wring
| ayer. _ of the grooves 16b, by the CVD method or 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. |

5 ' _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

10 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

15 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_16a and
the grooves 16b, are etched by the CMP method, so that
20 the barrier metal 17a and the metal poftion 17b remain
only in the eontact-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

25 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



In-the_case where the second-level wiring |layer is the uppernost |ayer, a
part of the second-level wiring |ayer constitutes a bonding pad 21. The
bondi ng Tpia8hegtHas B gplaced o nmetal (or netal alloy), as in the case of the
second-1l e uer. An insulating |ayer (passivation dielectric) 22
s formed tion |ayer 27, the_seggnd-level wiring |ayer and the
bondi ng pa 1. An opening 23 is nmade in the i nsulating |ayer 22 so as to
expose the bonding pad 21. Regardi ng the sem conductor devi ce manufactured
by the S '
layer (for example, silicon oxide) 18 having a

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.



6. dual —gdanascene process as descri bed above, it is able to solve the
drambacks o _the coqu_e&onal W ring process, that is, the formation of
d the prevention of cavities betmeen Wi res.

fine w rif
However, nascene process or damascene process, the chenica
nechanlca ) technique is egpl gyed. In the case where a

bondi ng pad 21 |s forned by the CWP technique, the central portion of the
bondi ng pad 21 ' :

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

5 19b’ is the same as that of the bonding pad (lattice-
liké 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 19a is

10 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,

15 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, a
barrier metal 20a is formed on the lnsulatlng layer 27,
on an inner surface of the contact hole 19a and the

20  inner surfaces of the grooves 19b and iSb', by the CVD

| method or PVb method. The barrier metal 20a is made
6f, for example, a lamination of titanium and titanium -
,nitride, or silicon titanium nitride, or the like.

Further, ﬁetal (or metal élloy) éortions 20b

25 and 21 which completély 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



i s excessively etched, resulting in dishing, that is, the bonding pad 21 is

made i nto ﬁlS@hget]HAslﬂé@ R@d. FIG 5 illustrates how d| shing occurs. More
speC|f|caII nechanlcally et'ches the netal l|ayer 21', but
al so chem c Therefore in the case where the netal Iayer 21

(bondi ng pa |n a groove 19b which qis a wdth sufficiently |arge
as conpared. to |ts depth (note that the sTzeldf 2 bondi ng pad is usually
about 100 [err]mx 100 [err]m, the central portion of the netal |ayer 21
in the groove 19b is excessively etched nainly by chem cal etching.

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
poxrtions zob and 21, the high temperature PVD method

5 . 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

10 outside the contact hole 19a and the grooves'19b and
19b','are etched 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’.

15 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 eecond-level-Qiring’layer toeeach bther, is formed.

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

25 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



Such disshing easily causes a bonding error, that is, a wire cannot be
bonded to the bonding pad 21 accurately during a wring bondi ng operation,
which results in the deterioration of the production yield. FIGS. 6 and 7
show a sem conductor. device formed by the dual damascene process, which has
been proposed to solve the 7 problem of dﬁghing. FIG 7 is a cross
sectional view taken - T

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

5 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

10 material (for exaﬁplé, 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

15 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

20 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-g£00ves of an

25 insuléting layer with copper. Thus, the wirings made
of copper are realized. |

Further, in the dual damascening process, wirings
[ — . .

i



akong the line VII-VIl indicated in FIG 6. As can be seen in the figure, a
field oxide layer 12 is forned on a sem conductor substrate 11. In an

el enent regi on surrounded by the field oxide |ayer 12, a MOS transi stor
having a source-drai.n region 13 and a gate electrode 14, is formed. On the
sem conductor substrate 11, insulating layerg.15 and 24 are forned so as to
conpl etely cover the MOS tranS|stor_ Cont act "Hol és 16 are nmade in the
insulating layers 15 .and 24 fromits surface to be through to the
source-drain region 13.

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
5 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. |
10 | 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
15 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-
20 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 :
25 bonding pad is prevented so as to suppress bonding
.error, thereby improving the reliability and yield

of the product. _ | .
) ' This Sheet Has Been

(A Iill



The insulating layer 25 is formed on the insulating |layer 24. In the

i nsulating |ayer 25, a plurality of grooves 16b used for formng a
first-level wiring |ayer, are fornmed. Bottom sections of the plurality of
grooves 16b are made through to the contact. hole 16a. A barrier netal 17a
is formed on an inner surface of each of the contact hole 16a and the
grooves 16. Further, on each of the barri et et als 17a, a netal (or netal
alloy) portion 17b is forned so as to conpletely fill each of the contact
hol e 16a and the grooves 16b. The plurality of w res which make the first

level wiring layer, COQﬁiﬁﬁr&grtQ@Hachieve the above-described object,
there is brovided, aecording to the present invention,
a semiconductor deﬁice_including: a bonding pad consti-
‘tuted by a conductive member filled in grooves made in

5 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
-én opening to expose the bonding pad.

-10 ‘The grooves of the insulating'layer are arranged
in a lattice-like shape and the bonding pad has a
lattice~like shape The insuleting layer and the
passivation layer are made of silicon ox1de, and the
etching stopper layer is made of silicon nitride.

15 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,

20 the method including the stops of: forming an etching

. stopper layer on the insulating 1ayer.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

25 layer; forming a passivation layer en the etching
stopper layer, the pasSivafion layer being made of a

material which can be etched selectively with respect

__‘_M_______‘_~__“_“
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barrier nmetals 17a and the netal portions 17b. The surface he
insulating layer 25 nmeets with that 8 of the first- IeveI ! 1aced
and the surface is nmade flat. Each of the plurality of mnre l

rise to the first-level wiring layer, is connected to the s

region 13 of the MOS transistor. On the |nsu53t|ng | ayer 25 and the flrst
| evel wiring _

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
_5. 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 pdlishing the
- conductive material layer by the CMP. The passivation
10 layer is eﬁched by the RIE and thé 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
15 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
20 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-
25 trate'presently preferred émbodiments'of the invention,
and together with the general description-giVen

above and the detailed description of the preferred



| ayer, -the insulating layer (interlayer dielectric) 18 and the ih§UTaf+ﬂg~N\_
| ayer 26 are fornmed. Contact holes 19a are fornmed in the |ﬁbus Ia ers

18 and 26 fromits surface to be through to the flrst-level kmw
An'insulating layer 27 is formed on the insulating filn126.

grooves 19b used for form ng the second- |eve # W ring Iayer

the insulating | ayer 27. Bottom sections of t 13 pfurality of grooves 19b

are made through to the contact hole 19a. A barrier netal 20a is formed on

an inner surface of each of the contact hole 19a and the grooves 19b.

Further, embodiments given below, servo to explain the princi-
ples of -the invention.

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

5 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

10 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;

15 FIG. 7 is a . cross sectional 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; | -

20 FPIG. 9 is a cross sectional view of a device,
" which illustrate'anoﬁher step of thg conventional'
manufacturing method;

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

25 manufacturing methdd;. | |
FIG; ll.is a cross sectional view of a device,

which illustrate still another step of the'conventional



orr eachr of the barrier netals 20a, a netal (or netal aIon)_BBFtiOH‘ZUb‘%S——-—
formed so as to conpletely fill each of the contact hole 19a Hﬁﬁ?thé?ﬁasBeenR

grooves 19b. The plurality of wires which nmake the second | eve ' cplaced
| ayer, consist of the barrier nmetals 20a and the nmetal portion Hlmmm "I
surface of the insulating layer 27 neets with.that of the secont®
wiring layer, and the surface is nade flat. dch of the plurality of
W rings which give rise to the second-level wiring layer, is connected to
the first- : o

manufacturing method;

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

5 FIG. 13 is a cross sectional view of a device,
which_illustrate sﬁill another step of the conventional
‘manufacturing method;

FIG. 14 is a cross sectionél view of_a device,

which illustrate S£ill another step of the conventional
-10.  manufacturing methﬁd;

FIG. 15 is a cross sectional view of a device,
‘which illustrate still anothei step of the conventional
ﬁanufacturing method;

FIG. 16 is a plan view of a device, which

15 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

20 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,

25 . which illustratés.a step of the conventional manufac-
| turing method;

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



9+:levek wiring layer. In the case where the second-level wri a

r J.s
.the uppernost |ayer, a part of the second-level wiring |ayer 2n Reptaced
bondi ng pad 21. The bonding pad 21 is nade of a nmetal (or neta ‘ ﬁ I'

in the case of the second-level wiring | ayer. However, in orde
t he di shing which may occur during the CWVP, 596 bonding pad 21 is forned to
‘have a lattice-like shape. Mre specifically7“in"the bondi ng pad :

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;

5 :  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;
10 ~ 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
'15 - 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 thé embodiment of the present
20 . 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; |
25 '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



2*, a plurality of dot-like hol es whi ch are arranged in a matrix manner are
(passivation dielectric) 22
wiring |ayer

made.’

An insul ating | ayer

i nsul ation | ayer 27 and the second-| evel

e sShape.

amascene process,
Ther ef or e,

the case where the bonding pad 21 is formed by use of the CWP technlque

t he necessary portion is not excessively etched,

0

15

20

25

invention;
'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 eross
which illustrates stil}
method according to the
invention;

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

invention;

thereby

sectlonal 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 the

a device,
manufacturing

present

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 lndlcated 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;

even I n

is for nﬁliSSthtHhﬂBeen Replaced

: : e . An openi
made in the insulating layer 22 so as to expose the bonding pa

sem conduct or device manufactured by the dual
bonding pad 21 is fornmed to have a lattice-|



\

effectively preventing t he di shi ng. Next , the method of nemagct riné‘gx\‘“‘
sem conductor device shown in FIGS. 6 and 7 will be descri bmﬁlamﬁ _
can be seen in FIG 8, with the LOCOS nethod, a field oxidef 1N 185 [0H]
formed on a silicon substrate 11. 10 After that, in an €™ A”'
surrounded by the field oxide layer 12, a M35 jransistor havi ng a
source-drain region - : .

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-

5 ‘trates a step of a maﬁufacturing'method according to
the embodiment.of-the'preSent invéntion;

FIG. 41 is é cross sectional vieh-takén along the
line XLI-XLI indicated in FIG. 40;

FIG. 42 is a plan view of a device, which illus-

10 trates a step of a manufactﬁring method according to an
embodiment of the-ﬁreéent in&entiqn; |

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

FIG. 44 is a plah view which illustrates a state

.15 in which wire bohding is carried out on the device |
shown in FIG. 25; and

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

_DETAILED DESCRIPTION OF THE IN?ENTION
20 Semiconductox deviceé of'the.p:esent invention and
.methods of_manufacturing the same kill now be described
in detail with reference to embodiments thereof shown
in accbmpanying.drawings.

FIGS. 25 and 26 show a semiconductor_devicé-formed

25 by the dual damascening proéess according to ah embodi-
ment of the present'invention. FIGf 25 is a cross

sectional view taken along the line XXVI-XXVI indicated



13 and a gate electrode 14 is forned. Further, an |nsulat|ng

(bor ophospho silicate glass (BPSG or the Ilke) 15 havi ng a th e"Rﬁlmwd
about 1 [err]m which conpletely covers the MOS transistor, ’”
the silicon substrate 11. The surface of the insulating: Iayer

flat by the CMP. Next, as can be seen in FIG,9, an et chi ng’ stopper | ayer

. 24 and an insul ating Iayer 25 are forned contThuously on the insulating

" film15 with the CVD nethod, for exanple. The insulating layer 25 is nmade

- of, for exanple, silicon oxide. In the case where the insulating |ayer 25

is made of siliconin FIG. 25.

As can be seen in the figure, a field oxide 1ayer
12 is formed on a sémiconductor substrate 11. 1In an
" element region'surrounded by.the field oxide layer 12,
5 - a MOS transistor having a source-dréin region 13 and a
gate electrode 14, is formed. |

On the semiconductor substrate 11, insulating

layers 15 and 24 are fqrﬁed so as to cdmpletely cover
 the MOS transistor. 'A'cbntact hole 16a is made in the
10 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

15 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.
Fu:ther, on each.of the barrier ﬁetalé 17&, a metal

20 .(or metal ailoy) portion 17b is formed so as t§
| complétely fill each of the.contact hole 16& and the
 gr6oves 16b. Thé plurality of wirings which make the
first_lével wiring layer, consist of the barrier metals
17a and the metal pértionS'l?b, | o
25 A contact plug used for connectihg the first level
wiring layer and thé.source-drain region 13 of'the.MOS

transistor to each other, also consists of the barrier



oxide, the etching stopper layer 24 is made of a naterial {havhRona ged laced

etching selectivity against silicon oxide in reactive ion ef|
for exanple, silicon nitride. The thickness of the.etching,h Bﬂ 24
is set to about 50 nm and the thickness of the insulating" !

to the sane as that of the w rings which comgét;ge the first-level wring

| ayer, that is, for exanple, about 0.6 [err]m  Next, as can be seen in FI.G
10, a plurality of grooves 16b are forned in the insulating |ayer 25. The
plurality of grooves 16b are forned by a photo engraving process, nore
specifically, themagphi qFbl @hdofthe Rt pordivn i1/ atPhy 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
5 | wiring layer, the inSulating'layer (interlayer dielec-
tric) 18 and the insulating layer 26 are formed. A
'cohtact hole 19a is formed in the insulating layexrs 18
and 26 from its surface tp-be'through-to thenfirst—
level wiring layer. | |
10 Ah'insulating laYer'27 is formed on the'insulating
£ilm 26. A plurality of grooves 19b used for forming
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.
15 . A barrier metal 20a ié formed on an inner surface
of .each of the contact hole 19a and the grooves 19b. |
Further, on eéch of the'barrier metals 20&, a.metal
- (or metal alloy) portion 20b is formed solas to
completely f£ill each of the contact hole 19a and the
20 grooves 19b. -The plurality of wirings which make the
:secpnd level wiring layer, consist of the barrier
metals 20a and the metal pbrﬁioné-ZOb.
A qdntact_plug used for connecting the first-level
Qiring layef aﬁd the-Second-ievel wiring layer to each
25 other, also consists of the barrier metal 20a and the
_'ﬁetal portion 20b. The surface of the insulating

layer 27 meets with that of the second-level wiring



11 | ayer 25,

shoul d be noted that the pattern of the plurality of groove
match with the pattern of the wires mhlch coagtltute t he flrst

| ayer.

10

15

20

25

the patterning of the resist, the etching of the insulating
| ayer 25 by RIE using the resist as a nask and t he renovalhisgheet Hes BegrRepla

The etching stopper |ayer 24 serves as an etchl ng stopper fﬂllmg

I

eve

WII’I

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 w1r1ng 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 orxder 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



Next, as can be seen in FIG 11, contact holes 16a are nadE—Tﬁ_fﬁE__—_————————

i nsul ating Iayers 15 and 24. The contact holes 16a are al soTpEsiRetHas Béea Replaced

~photo engraving process as in the formation of the pIurallty
16b. More specifically, the contact holes 16a are made by app| wmﬂ[
- on the insulating layer 25 and in the groagves,g6b, patterning

~etching the insulating layers 15 and 24 by the RIE using the.resist as a
mask, and renoving the resist. Then, as can be seen in FIG 12, a barrier

netal 17a is fornmed on the insulating-layer 25, on the inner surfaces of
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. | |
5 Further, the-bonding pad 21 having a lattice
'shape is completeiy filled with the insulaﬁing 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
10 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,

15 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; Wifh'this étructﬁre, the portions of the
insulating layer 27, which are sipuated in the lattice-

20 .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

25 method, a field éxide iayef 12 is formed_onJé silicon.

'subsirate 11; After that, in an element region

surrounded by the field oxide layer 12, a MOS



t he contact holes 16a and the inner surfaces of the grooves 16b, by the CVD
nmet hod or PVD nmethod. The barrier nmetal 17a is made of, for This& qusBaenReﬁlaced

l'ami nation of titaniumand titaniumnitride, or silicon tltan
or the like. Next, as can be seen in FIG 13, a netal (or ﬂ
portion 17' which conpl etely covers the cont 9t hol es 16a and the gr

16b, is fornmed on the barrier netal 17a

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
5 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. | | |
Nekt, as can be seén in FIG. 28,'an etching
10 stopper léyer 24 and'én insulating layer 25 are.formed :
continuously on the;inéulating film 15 with the C?D
- method, for example. The insulating layer 25 is made
- of, for example, siiiqon oxide. In the case where
the insulating layer 25 is made of silicon oxide, the
15 etching stopper layer 24 is made of a material having
a high etching selectivity against silicon oxide ih
-reactive ion etching (RIE), that is, for example}
silicon nitride.: _
 The thickness of'theletéhing stopper layer 24 is
Zd 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
25 grooves 1l1l6b afe formed_in thé'insulating layer 25.
The pluraiiﬁy of gfobves 16b are formed by'a'photo

~ engraving process, more specifiéally; the application



by~the CVvD or PVD nethod. The metal portion 17' is made of,for—exanple,
al um num copper or an alloy of these netals. If the PVD nethod |s used to
formthe metal portion 17', the high tenmperature PVD nethod o mmd
i ncl udi ng such a tenperature process that can conpletely fil

hol es- 16a and the grooves 16b, is used. Next, _as can be seen

the sections of the barrier nmetal 17a and the tal portion 17' whi ch are

situated outside the contact holes 16a and the grooves 16b, are etched by
the CMP nethod, so that the barrier metal 17a and the netal portion 17b

remain-only in the,£ogta64i 801 §8 the insulating layer 25, the patterning

of the reéist; 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 én
5 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. -
10'. - 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'photo engrav-
ing process as in the_formatioh of the plurality of
grooves 16b. More specifically, the contact hole 16a
15 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
20 metal 17a is formed on the_ineulating layer 25, on an
inne: surface of the contact-hole 16a and the inner.
surfaces of the groovee 16b, by the CVD method or PVD -
method. The barrier metal 17a is made of, for example,
a lamination of titanium and titanium nitride, or |
25 silicon titanium nitride, or the like.
Next, as can be seen in FIG. 32, a.metal (or metal

alloy) portion 17’ which completely covers the contact



lea and the grooves 16b. In this manner, the first-level wring |ayer

s
formed, and at the sane tine, a contact plug which serves ThigS d
connect the first-level wiring layer and the diffusion Iay n
‘region) of the substrate to each other, is forned .Next , as n
FIG 15, an insulating layer (for exanple HICOH OX|de) 18 having a
~thickness of about 1 [err]m is fornmed on"thé~inSulating | ayer 25 and the
first-level wiring layer by the CVD nethod. Further, an etching stopper

| ayer 26 and an insulating |ayer 27 are formed continuously
hole 1l6a and the grooves 16b, is formed on the barrier

-metal 17a'by the CVD or PVD method. The ﬁetal portion
17’ is made of,'for example, aluminum, copper or an
alloy of these metals. |
5 ' 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 pfocess that can
completely fill the contact holes 1l6a and the grooves
16b, is used.
10 | . 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
15 in the contact holes l6a 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

20 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
25 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.



onm t insulating film18 with the CVD nethod, for exanple. The insulating

| ayer 4 sheit R dﬁm&ﬁ 1mkér exanpl e, silicon oxide. In the case where the

|nsulat made of 13 silticon oxide, the etching stopper
| ayer 2 uﬁm naterlal having a high etching selectivity against
silicon reactlve i on etching (RIE) shor _exanple, silicon nitride.

' 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 etching stopper
layer 26 is made of a material having.a high étching
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).



The thhggﬂggi_Q;_Lﬁg,gLQthg stopper- layer 26 is set to about 50 nm and
the thic S of the insulating film27 is set to the sane as that of the
Wi rings iggw&Qﬁ§B&hnmiMﬂhe second-l evel wiring layer, that is, for

“1 Next, as can be seen i'n FIGS. 16 and 17, a
a

exanpl e, a

plurality mm&% nd 19b' are forr_red35n the insulating |ayer 25.
The plurali es 19b and 19b' are fofimed by a photo engraving
process, nore specifically, the application of a resist on the insulating

| ayer 27, the patterning of the resist, the etching of the insulating | ayer

- 27 by RIE using 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
5 © 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
10  resist. | | _
After that, a barrier metal 20a is formed on the
insulating layer 27, oh én inner surface oﬁ-thé contact
hole 19a and the inner surfaces of the grooves 19b and
19b’, by the CVD method 6r PVD method. The barrier
15 | metal 20a is made of, for example, a laminationlof
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
_20 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
25 - 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



t he resi-st—as—a nusk, and“he renoval of the resist. The etching stopper
I ayer 26 es 4 ng stopper for the RIE. It shoul d be noted that
the patte ity of grooves 19b is nade to match with the
pattern of mﬁl [ |ch constitute the second-level wiring |ayer. The
pattern of I's the sane as tgg of the bondlng pad

co

(lattice-like shape) (in the case where the nd-level wiring layer is
the uppernost layer). Further, contact holes 19a are nade in the insulating

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
5 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
10 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
15 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,
20  silicon oxide. In the case where the passivation
layer 22 is madé 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.
25 The thickness of the etching stopper layer 29 is set
to about 50 nm.

Next, as can be seeh in FIGS. 40 and 41,



14 layers 18 and 26. The contact hol es 19a are al so made by the photo
engravi ng ¢ formation of t he plurality of grooves 19b and
19b' . More | l the contact hole 19a is nmade by applying a resist
on the ins 7 and in the grooves 19b and 19b', patterning the
resist, etchlng the insulating layers 18 and 6 by the R E using the resi st

as a mask, and renoving the resist. After "t ha as can be seen in FIGS. 18
and 19, a barrier : : ' ' .

an opening 23 is.formed in the passivation layer 22.
The.openihg 23 is situatéd_So as to the laﬁtice—sﬁaped
bonding pad 21, and is formed by a photo.engraving
process, more specifically,_fhe applicatioh of a resist

5 : '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 remoﬁel of the
resist. _

In the RIE operation for making the opening 23,

lQ 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

15 removed. The removal of the etching stopper layer 29
can be achieved by anisotropic etching such as RIE,tor
isotropic etching such as chemical dry etching (CDE).

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

20 '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
25  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



metal 20a 4% ¢h Q) ﬁg% pe i nsul at i ng |layer 27, on the inner surface of the

cont act hoI *Inner surfaces of the grooves 19b and 19b', by
t he CVD net hod The barrier fretal 20a is made of, for
exanpl e, a-- titaniumand titaniumnitride, or silicon titanium

nitride, or the I|ke Further metal (or metalg alloy) portions 20b and 21
whi ch conpl etely cover the contact hol e 19a and t he grooves 19b and 19b’
are formed on the barrier netal 20a by the CVD or PVD nethod. The netal
portions 20b and 21 are nmade of, for exanple, alum num copper or an alloy
of these netals. 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 effor 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 layef 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,



/
| f« the PVD _ne

Oﬂak sefl to formthe nmetal portions 20b and 21, the high
t enper at i or a PVD nethod including such a tenperature process
t hat can Eﬂ‘ﬁ. | the contact hole 19a and the grooves 19b and 19b',
I's used. ! e sections of the barrier metal 20a and the neta

portions 20b and 21, which are situated outsigge the 15 contact holes 19a
and the grooves. 19b and 19b', are etched by the CW
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-genétal inventivé concept as

defined by the appeﬁded claims and their'equivalents.



nethod aQﬁt he barrier netal 20a and the netal portions 20b.and 21
remain o ct holes 19a and the grooves 19b and 19b'. In this
manner , ]l meﬂ"ﬁ wiring layer, and the bonding pad having 5 a
Iattice forned and at the sane tine, a contact plug which
serves to electrically connect the first-Il-evel8 witing | ayer and the

second-level wring layer to each other, is forned. Next, as can be seen in .

FIG 20, a passivation layer 22 is formed on the insulating | ayer 27, the
second-level wiring layer and the bondi ng RﬁﬂFaﬁy for 10 exanple, the CVD
nmet hod.. The passivation layer 22 is made o exanpl e, silicon oxide. -

Next, as can be seen if FI G5, gk lith %o R WAPES Wahd % 8588fhg pad

constituted by a conductive member filled in grooves
made in an insulating layer_having a flat surface, said
5 '_semiconductor device comprLSing.
an etching stopper layer formed on said insulating
layer and having an opening to expose said bonding
pad; and | |
a passivation.layer formed on said etching stopper .
10 : layer and having an opening_to expose eaid bonding pad.
2. A semiconductor device according to claim 1,
wherein said grooves in said insulating layer are
arranged in a lattice manner, and said bonding pad has
a lattice-like shape.-

15 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 layer is made_of silicon nitride.

4. A semiconductbr device according to elaim.l,

20 _furrher comprising wirings filled in said grooves of

| said insulating layer.'. | |
5. A semiconductor device according to claim 1,
wherein said bonding pad'and said wirings'are consti-
tuted by a first metal layer and a second metal layer

25 - made of a metal different from that:of the first metal
layer, respectively.

6. A semiconductor device'according to claim 1,

*+ ¢ L M § *



in th g%%' BeirdoB¥@r 22. The opening 23 is to the lattice-shaped

bondi n fornmed by a photo engraving process, nore

speci fi &Bﬁﬁﬁﬁw’m Eppl ication of a resist on the insulating |ayer 22,

t he pat resist, the etching of the insulating layer 22 by RIE
using the resist as a mask, and the renoval 88 the resist. In the R E
operation for making the opening 23, usually the insulating |ayer 27 is
etched as well since the insulating |ayers 22 and 27 are nmade of the 20

sane material (for. exapple, silicon oxifel. . ' ) .
' wherein the first metal layer is made of titanium and

titanium nitride, or silicon titanium nitride, and the
sécond metal layer is made of aiuminum;-copper or an
alloy thereof. | |

5 S f. A semicondudtor deﬁice according to claim 1,
further compriéing a wire connecteduto 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

.10 ~ 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-

15 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 lajer;'

forming a passivation layer on said etéhing |

20 ; stoppér layer, said passivation layer being made of
a material which can be etched"seledtively with respeét
.fo_at least the matérial gsed to form said etching
stopper layer; | |

reméving bniy.a portion of said passivation léyer,
25  which is situated_ébo#e the.bonding pad;.and
removing only.a portibn of said etcﬁing stopper

-layer, which is situated above the bonding pad.

* c L n H] *




16- The feature of the sem conductor -device manufactured by the

above- ﬂﬁﬁmaihads hdﬂnascene process or damascene process is that the
net al |ch gives rise towires is not patterned, but the
|nsulat terned Since there is no necessity for filling the
sect i ons meen mnres with the insulating.|ayger,-no cavities are forned

bet ween mﬁrlngs Further, in sonme cases, copper, which has a | ow
resi stance, is used to forn1mﬁres; however it is known to be very difficult

to perfornletchlng of copper. In the dual
9. A method of manufacturlng 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,

AR O



damascene process or damascene process, the patterning of copper is not
carried out, but the wires are forned by:.£i111ng grooves of an insulating

| ayer with copper. Thus, the wires “made” of copper are realized. Further, in
t he -dual damascene process, wres and contact plugs can be forned at the
sane tinme, and therefore the production costdaran-be reduced. However, in

t he dual damascene process, the RIE used to nake the opening 23 to expose

t he bondi ng pad 21, inevitably al so etches the insulating |ayer 27 at the

sane tinme. This is because the insulating | ayers 22 and 27 are made of the
ABSTRACT OF THE DISCLOSURE (FIG. 4%)

"SEMICONDUCTOR DEVICE AND METHOD OF
MANUFACTURING THE SAME"

. In the present invention, the bonding pad is

5 formed in é lattice-like shépe. Directly underneath
the passivation layer, the etching étopper layer is
provided. An opening'is made through the passivation
layer and the etching étopper layer so as to expose the '
-bonding pad. The cavity sections of the 1attice—like

10 shape of the bonding pad are filled with the insuléting

layer. The bonding wire is connected to the lattice-
shaped bonding pad. With this strﬁctﬁre, the bonding
error of the device manufactured by the damascening

process can be avoided.



same material (for exanple, silicon oxide) as described above. In the
above-descri bed case, as shown in FIGS. 23 and 24, a wire bonding operation

can easily result in the wire 28 17 squashing the lattice-shaped bondi ng
pad 21, which may cause a bonding error. This is because portions of the
lattice- Iike bondi ng pad 21 are cavities, which may easily cause the
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def ormati on of the bonding pad 21. BRI EF SUMMARY OF THE | NVENTI ON The
present invention has been proposed as a solution to the above-described
drawback of the conventional technique, and the object thereof. is as
follows. That is, regarding the sem conductor device manufactured by the .
dual damascene process or damascene process, the bonding pad is forned to
have a | attice shape, and the deformation of the lattice- shaped bondi ng

pad is prevented so as to suppress boqngg error, thereby inproving the
reliability and yleld of the product. _
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I order to achi eve the above-described object, there is provided,
according to the present invention, a sem conductor device including: a
bondi ng pad constituted by a conductive nenber filled in grooves made in an
insulating | ayer having a flat surface; an etching stopper |ayer forned on
the insulating | ayer and having an opening to expose the bondi ng pad; -and a
passi vation | ayer formed on the etching stopper |ayer and havi ng an openi ng
to expose the bonding pad. The grooves of the insulating |ayer are arranged
inalattice-1ike shape and the bondi ng3/%% has a | attice-1ike shape. The

i nsul ating |ayer and the passivation |ayer are
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18 made of silicon oxide, and the et ching stopper layer is made of silicon

nitride.

nmet hod of manufacturing a sem conductor devi ce,

Furt her,

according to the present invention,

there is provided a-
in which a bonding pad is

- formed by nmeking grooves in an insulating | ayer having-a flat surface and

filling the grooves with a conductive material,

4/22
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steps ef: formng an etching stopper layer on the insulating |layer and the
bondi ng pad, the etching stopper |ayer being nmade of a material which can
be etched selectively with respect to at least a naterial which is used to
formthe insulating layer; form ng a passivation |layer on the etching
stopper | ayer, the passivation |ayer being made of a material which can be
etched selectively with respect to at |least the material used to formthe
etching stopper |ayer; renoving only a pgyk2on of the passivation |ayer,
which is situated above the bonding pad; and renoving only a portion of the
etching stopper layer, which is situated above the bonding
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pad. The bonding pad is forned by form ng a conductive material |ayer which
conpl etely covers the grooves on the insulating layer, followed by
polishing the conductive material |ayer by the CMP. The passivation |ayer
is etched by the RIE and the etching stopper |ayer i-s etched by the RIE or
CDE. 19 :
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As- t he .grooves are filled with the conductive material, the bonding pad and

t he uppernost wiring |ayer are fornmed at the same tine. Additional objects

and advantages of the invention will be set forth in the description which -

follows, -and in part will be obvious fromthe descri-ption, or .may be

| earned by practice of the invention. The objects-and advantages of the

- invention may be realized and obtai ned by nmeans of the instrunentalities

- and conbi nations particularly pointed omg22n the appended clai ns. BRI EF
DESCRI PTI ON OF THE SEVERAL VI EW6 OF THE DRAW NG
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The acconpanyi ng drawi ngs, which are incorporated in and constitute a part
of the specification, illustrate presently preferred enbodi nents of the
i nvention, and together with the general description given above and the
detail ed description of the preferred enbodi ments gi-ven bel ow, serve to
explain the principles of the invention. FIG 1 is a plan view showing a

. conventional sem conductor device; FIG 2 is a cross sectional viewtaken

along the line Il-11 indicated in FIG8122FIG 3 is a plan view showi ng a
. conventional ‘
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seni conductor device; FIG 4 is a cross sectional view taken al ong the line
V-1V indicated in FIG 3; 20 FIG 5 is a diagram show ng a dishing:
phenonmenon whi ch may occur in conventional damascening process; FIG 6 is a
pl an view showi ng a conventi onal sem conductor device; - :
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FI-G 7+« s a cross sectional view taken along the line VII-VIl indicated in

FIG 6; FIG 8 is a cross sectional view of a device, which illustrates a
step of a conventional manufacturing nethod; FIG 9 is a cross sectional
view of a device, which illustrates another step of -the conventi onal
manuf acturing nethod; FIG 10 is a cross sectional view of a device, which
illustrates still another step of the conventional nmanufacturing method;
FIG 11 is a cross sectional view of a device, which
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i ldustrates still another step of the conventional manufacturing nethod;

FIG 12 is a cross sectional view of a device, which illustrates still
anot her step of the conventi.onal. manufacturing nethod; FIG 13 is a cross
sectional view of a device, which illustrates still -another step of the
conventional manufacturing nethod; FIG 14 is a cross sectional view of a
device, which illustrates still another step of the conventional
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21 manufacturing nmethod; FIG 15 is a cross sectional view of a device,
which illustrates still another step of the conventional manufacturing
nmethod; FIG 16 is a plan view of a device, which illustrates a step of the
conventional manufacturing nmethod; FIG 17 is a cross sectional viewtaken
along the line XVII-XVIl indicated in FIG 16;

12/22




FIG 18 is a plan view of a device, which illustrates a step of the

conventi onal

manuf acturing nethod; FIG 19 is a cross sectional view taken

along the line XIX-XIX indicated in - FIG 18, FIG 20 is a cross sectional
view of a device, which illustrates a step of the conventi onal
manuf acturing nethod;, FIG 21 is a plan view of a device, which illustrates

a step of the conventi onal
sectional view taken along the |

i ne XXl |1-3

is a plan view which illustrates a state in

manuf acturing nmethod; FIG 22 is a cross
slol

indicated in FIG 21; FIG 23
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which wire bonding is carried out on the device shown in FIG 6; FIG 24 is
a cross sectional view taken along the line XXIV-XXIV indicated in FIG 23;
FIG 25 is a plan view of a sem conductor device according to an enbodi nent
of the present invention; 22 FIG 26 is a cross sectional view taken
along the line '
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XXVl - XXVl indicated in FIG 25; FIG 27 is a cross sectional view of a
device, which illustrates a step of a manufacturing nmethod according to an
enbodi ment of the present invention; FIG 28 is a cross sectional view of a
device, which illustrates another step of a manufacturing nethod according
to the enbodi nent of the present invention; FIG 29 is a cross sectional
view of a device, which illustrates stijg,gpother step of a nanufacturing
met hod according to the enbodi ment of the present invention, FIG 30 is a
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ildustrates still

enbodi nent of the present invention;
which illustrates still

devi ce,

anot her step of a manufacturing nethod according to the

FIG 31 is a cross sectional
anot her step of a manufacturing nethod:

view of a

according to the enbodi nent of the present invention; FIG 32 is a cross
anot her step of a
manuf acturing nmet hod according to the enbodi nent of the present invention;
FIG 33 is a cross sectional view of &6dé¢ice, which illustrates stil

anot her step of a manufacturing nethod according to the enbodi nent of the.

secti onal

present invention;
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FI.G - 34 is a cross sectional view of a device, which illustrates still
anot her step of a manufacturing nethod 23 according to the enbodi nent of
the present invention; FIG 35 is a plan view of a device, which
illustrates a step of a manufacturing nmethod accordi-ng to an enbodi nent of
the present invention; FIG 36 is a cross sectional view taken along the
l'ine :

17722

(i

T 19b

19 19p’
s ARRAAAC R [Z1 [Z=

? 444b oA [l

23 -16b1—25

24 ,/’/// ///’/,’////,1ea<f:—~ A =T
5 - - | Rl 45
A AL 4

12—\ IR\ 74 Sjw“ﬁidz
| 14
J\ : J\




XXXV - XXXVI indicated in FIG 35; FIG 37 is a plan view of a device, which
Il1lustrates a step of a manufacturing nmethod according to an enbodi nent of
the present invention; FIG 38 is a cross sectional view taken along the
line XXXVIT1-XXXVIII indicated in FIG 37; FIG 39 i-'s a cross sectional
view of a device, which illustrates a step of a manufacturing nethod
according to an enbodi nent of the present invention; FIG 40 is a plan view
of a device, which illustrates a step df8/22%manufacturing nmethod according
to the enbodi nent of '
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the present invention; 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 illustrates a step of a manufacturing nethod according to an -
enbodi ment of the present invention; FIG 43 is a cross sectional view

- taken along the line XLITI-XLIII indicated in FIG 42; FIG 44 is a plan
~view which illustrates a state in '
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24, whj ch wirebonding is carried out on the device shown in FIG 25; and
FIG 45 is a cross sectional view taken along the line XLV-XLV indicated in
FI G 44. DETAI LED DESCRI PTI ON OF THE | NVENTI ON Semi conductor devices of the
. present invention and nethods of nmanufacturing the same will now be
described in detail. wwth reference to enbodl rrents t her eof shown I n
accorrpanyl ng draw ngs.
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FIGSS,; 26 and 26 show a sem conductor- device forned by the dual danascene.
process according to an enbodi nent of the present invention. FIG 26 is a
cross sectional view taken along the line XXVI-XXVI indicated in FIG 25.

* As can be seen in the figure, a field oxide layer 12 is forned on a

- sem conductor substrate 11. In an elenment region surrounded by the field

- oxide layer 12, a MOS transistor havi g% a source-drain region 13 and a gate
i electrode 14, is forned. On the senic WrR2or substrate 11, insul ati ng

- layers 15 and 24 are forned so as to conpletely cover the MOS
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tr‘hn@is,__ltor. ~-Contact holes 16a are made in the insulating |ayers 15 and 24 -
fromits surface to be through to the source-drain region 13. The
_insulating layer 25 is ' fornmed on the insulating layer 24. In the insulating
- layer .25, a plurality of grooves 25 16b used for formng a first-1evel
~wiring |layer, are fornmed. Bottom sections of the plurality of grooves 16b

. 22722

are made
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throUgh to.the contact hole 16a. A barrier netal 17a is formed on an inner

sur face of each of the contact hole 16a and the grooves 16. Further, on

each of the barrier nmetals 17a, a netal (or netal aIon)Om@ Dﬁh 4 S
a

formed so as to conpletely fill each of the contact hole aprl&the
grooves 16b. .The plurality of wires which nmake the first | evdl ring
| ayer, consist of the barrier nmetals 17a and the netal portions 17b. A

contact plug used for connecting the first level wiring | ayer and the
source-drain region 13 of the NMXLE OB INVENREON ot her, al so consi sts
of the barrier netal

SEMICONDUCTOR DEVICE AND METHOD OF MANUFACTURING THE SAME
BACKGROUND OF THE INVENTION
The present invention relates to a semiconductor device
having a multi-layer wiring structure made by a damascene
process or a dual damascene process, and a method of
manufacturing such a device.
An ultra-large scale integrated circuit (ULSI) employs a

multilayer wiring structure in which wiring layers of three

~levels or more are formed.

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

As can be seen in the figure, a field oxide layer 12 is
formed on a semiconductor substrate 11. 1In 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, an insulating layer
15 is formed so as to completely cover the MOS transistor.
Contact holes 16 are made in the insulating layer 15 from its
surface through to the source-drain_region 13. Omn the
insulating layexr 15, a first-level wiring layer having a
plurality of wires 17 is formed. Each of the plurality of

wires 17 is connected to the source-drain region 13 of the
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17a and the netal portion 17b. The surface of the insulating | ayer 25 neets
with that of the first-level wiring layer, and the surface is nmade flat. On
the insulating layer 25 and the first level wiring layer, the insulating

| ayer (interlayer dielectric) 18 and the insulating |ayer 26 are forned.
Contact holes 19a are forned in the insulating |ayers 18 and 26 fromits
surface through to the first-level wring2layer. An insulating |layer 27 is
formed on the insulating film26. A plurality of grooves 19b used for
formi ng t hdQkdoransistier Viaitwke |egriact sheleselbin the insul ating |ayer

27.
On the insulating layer 15, an insulating layer

(interlayer dielectric) 18 is formed so as'to completely
cover the plurality of wires 17. Contact holes 19 are made_.
in the insulating layer 18 from its surface through to the
plurality of wires 17. On the insulating layer (interlayer
dielectric) 18, a second-level wiring layer having a
plurality of wires 20 is formed. Each of the plurality of
wires 20 is connected to the wires 17 of the first-level
wiring layer via the contact holes 19.

On the insulating layer (interlayer dielectric) 18, a
bonding pad 21 is formed. Further, on the insulating layer
(interlayer dielectfic) 18, an insulating layer (passivation
dielectric) 22 is formed so as to completely cover the
plurality of wires 20 and the bonding pad 21. An opening 23
is made in the insulating film (passivation dielectric) 22 so
as to expose the bonding pad 21.

In a semiconductor device manufactured by the
conventional wiring process, a plurality of wires 17.of the
first-level wiring layer, a plurality of wires 20 of the
second-level wiring layer and the bonding pad 21 are formed
by a photo engraving process (PEP), in which, a resist
pattern is formed, and using the resist patterh as a mask,
metal layers are etched by an anisotropic etching (such as

RIE) .
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Battom sections of the plurality of grooves 19b are nade 26 through to

t e contact hole 19a. A barrier netal 20a is formed on an inner surface of
each of the contact holes 19a and the grooves 19b. Further, on each of the
barrier netals 20a, a netal (or netal alloy) portion 20b is fornmed so as to
conpletely fill each of the contact holes 19a and the grooves 19b. The
plurality of 3

However, in an ULSI, the distance between wires of the
same level is becoming very narrow.

Therefore, the following drawbacks begin to arise.

First, it is very difficult to accurately pattern the
wires 17 and 20. This is because the anistropic etching of
metal layers becomes very difficult as the patterns become
finer.

Second, it is very difficult to f£ill grooves resulting
between wirings of the same level, with insulating layer, and
therefore cavities are inevitably created between the
wirings. This is due to the poor step coverage of the
insulating layer. Such cavities adversely affect the
reliability of the multilayer wiring.

FIGS. 3 and 4 show a semiconductor device manufactured
by a dual damascene process. FIG. 4 is a cross sectional
view taken along the line IV-IV indicated in FIG.-3.

As can be seen in the figure, a field oxide layer 12 is
formed on a semiconductor 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 completely cover the MOS
transistor. Contact holes 1l6a are made in the insﬁlating

layers 15 and 24 from its surface through to the source-drain

25 FEB 1998
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wi.res which make the second | evel wiring |ayer, consists of the barrier
métal s 20a and the nmetal portions 20b. A contact plug used for connecting
the first-level wiring layer and the second-level wiring |layer to each
ot her, also consists of the barrier netal 20a and the netal portion 20b.
The surface of the insulating |ayer 27 neets with that of the second-|Ievel
wiring layer, and the surface is nade flag. In the case where the
second-level wiring |layer is the uppernost |ayer, a part of the
second- | evedegiian rig3 | ayer constitutes a bonding pad 21. The bonding pad 21
'S mede of The insulating layer 25 is formed on the insulating
layer 24. In 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 1lé6a.
A barrier metal 17a is formed on an inner surface of
each of the contact hole 16a and the grooves 16b. Further,
on each of the barrier 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 wires
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 the plurality of wires which give rise to the
first-level wiring layer, is connected to the source-drain
region 13 of the MOS transistor.
On the insulating layer 25 and the first level wiring
layer, the insulating layer (interlayer dielectric) 18 and
the insulating layer 26 are formed. Contact holes 19%a are
formed in the insulating 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 grooves 19b used for forming the second-
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a.nmetal (or netal alloy), as in the case of the second-level wring |ayer.
However, in order to prevent the dishing which may occur during the CWP,
the bonding pad 21 is formed to have, for exanple, a lattice-I|ike shape.
Further, an etching stopper layer 29 is fornmed on the insulating |ayer 27
and the second-level wiring |ayer, and a passivation |ayer (passivation
dielectric) 22 is forned on the etching ssopper |ayer 29.

level wiring layer, are formed in the insulating layer 27.

Bottom seCtipns 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 wires
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 second-level wiring layer, and the surface is made
flat. Each of the plurality of wires which give rise to the.
second-level wiring layer, is connected to the first-level
wiring layer.

In the case where the second-level wiring layer is
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
wiring layer.

An insulating layer (passivation dielectric) 22
is formed on the insulation layer 27, the second-level wiring
layer and the bonding pad 21. An opening 23 is made in the

insulating layer 22 so as to expose the bonding pad 21.

Regarding the semiconductor device manufactured by the
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27 The etching stopper layer 29 is nmade of a material which can be etched
selectively with respect to the material used for the insulating |ayer 27
and the passivation |ayer 22. For exanple, in the case where the insul ating
| ayer 27 and the passivation |ayer 22 are made of silicon oxide, the
etching stopper layer 29 is made of silicon nitride. The etching stopper
| ayer 29 is fornmed to have a thickness of éabout 50 nm An opening 23 is
made in the passivation |ayer 22 and the etching stopper |ayer 29 so as to
expose t he doalli dgmpadene process as described above, it is able to
solve the drawbacks of the conventional wiring process, that
is, the formation of fine wiring patterns, and the prevention
of cavities between wires.

However, in the dual damascene process or damascene
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 of the bonding pad 21
is excessively etched, resulting in dishing, that is, the
bonding pad 21 is made into a dish-like shape.

FIG. 5 illustrates how dishing occurs.

More specifically, CMP not only mechanically etches the
metal layer 21’, but aléo chemically etches 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 um x 100 pum), the central portion of the metal
layer 21 in the groove 19b is excessively etched mainly by
chemical etching.

Such dishing easily causes a bonding error, that is, a
wire cannot be bonded to the bonding pad 21 accurately during
a-wiring bonding operation, which results in the
deterioration of the production vyield.

FIGS. 6 and 7 show a semiconductor device formed by the

dual damascene process, which has been proposed to solve the
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21. In the sem conductor device manufactured by the dual danmascene process,
t he bonding pad 21 is forned to have a lattice-like shape. Therefore, even
in the case where the bonding pad 21 is formed by use of the CWP technique,
t he necessary portion thereof is not excessively etched, thereby
effectively preventing the dishing. Further, the spaces between the grooves
of the bonding pad are conpletely filled with the insulating |ayer 27. Wth
this structure, the bonding pad 21 is not squashed or deforned when the
wire i s bondedblémrefodbghingpr eBIGon7 is a cross sectional view taken
along the line VII-VII indicated in FIG. 6. '

As can be seen in the figure, a field oxide layer 12 is
formed on a semiconductor substrate 11. 1In 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 completely cover the MOS
transistor. Contact holes 16 are 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 insulating
layer 24. In the insulating layer 25, a plﬁrality of grooves
16b used for forming a first-level wiring layer, are formed.
Bottom sections of the plurality of grooves 16b are made
through to the contact hole 1lé6a.

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 barrier metals 17a, a metal (or metal alloy)
portion 17b is formed so as to completely £ill each of the
contact hole 16a and the grooves 16b. The plurality of wires
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
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during wire bonding. Therefore, the occurrence of bonding errors is
suppressed, thus contributing the inprovement of the reliability and the
yield of the product. This structure is realized because directly

under neat h 28 the passivation |ayer 22, the etching stopper |ayer: 29,
which is made of a material which can be etched selectively wth respect to
the material used for form ng the passiva8ion

of the first-level wiring layer, and the surface is made
flat. Each of the plurality of wires which give rise to the
first-level wiring layer, is connected to the source-drain
region 13 of the MOS transistor.

On the insulating layer 25 and the first level wiring
layer, the insulating layer (interlayer dielectric) 18 and
the insulating layer 26 are formed. Contact holes 19a are
formed in the insulating 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 grooves 19b used for forming the second-
level wiring layer, are formed in the insuiating layer 27.
Bottom sections of the plurality of grooves 19b are made
through to thé contact hole 19a.

A barrier metal 20a is formed on an inner surface of
each of the contact hole 1%9a and the grooves in. Further,
on each of the barrier metals 20a, a metal (or metal alloy)
portion 20b is formed so as to completely £ill each of the
contact hole 19a and the grooves 19b. The plurality of wires
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 second-level wiring layer, and the surface is made
flat. Each of the plurality of wirings which give rise to

the second-level wiring layer, is connected to the first-
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| ayer 22 and the insulating |ayer 27, is located. Wth this structure, the
portions of the insulating layer 27, which are situated in the lattice-like
formati ons- of the bonding pad 21, are not etched when the opening 23 is
made in the passivation |ayer 22. Next, the nethod of manufacturing a

sem conduct or device shown in FIGS. 25 and 26 will be described. First, as
can be seen in FIG 27, with the LOCCS nef2hod, a field oxide layer 12 is
formed on a silicon substrate 11. After that, in an el enent region
surrounded 187 he'¥ T Wy | ayer 12, a MOS transistor having a

source-drain region
9[ the case where the second-level wiring layer is 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
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 insulating layer (passivation dielectric) 22 is
formed on the insulation layer 27 and the second-level wiring
layer. An opening 23 is made in the insulating layer 22 so
as to expose the bonding pad 21.

In the semiconductor device manufactured by the dual
damascene 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 excessively etched, thereby
effectively preventing the dishing. |

Next, the method of 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.
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13 and a gate electrode 14 is forned. Further, an insulating film
(borophospho silicate glass (BPSG or the like) 15 having a thickness of
about 1 [err]m which conpletely covers the MOS transistor, is formed on
the silicon substrate 11. The surface of the insulating |layer 15 is nade
flat by the CMP. Next, as can be seen in FIG 28, an etching stopper |ayer
24 and an insulating |layer 25 are formed ®ontinuously on the insulating
film15 with the CVD nethod, for exanple. The insulating |layer 25 is nade
of, for exdffier Hhatcon @ delement eegier swereundrd by uthe | Hiteldyer 25

i's made of

oxide layer 12, a MOS transistor having a source-drain region
13 and a gate electrode 14 is formed.

Further, an insulating film (borophospho silicate glass
(BPSG) or the like) 15 having a thickness of about
1 pum, 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 continuously on the
insulating 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
oxide, the etching stopper layer 24 is made of a material
having a high etching selectivity against silicon oxide in
reactive ion etching (RIE), for example, silicon nitride.

The thickness of the etching stopper layer 24 is set to
about 50 nm, and the thickness of the insulating film 25 is
get to the same as that of the wirings which constitute the

first-level wiring layer, that is, for example, about 0.6 pum.

Next, as can be seen in FIG. 10, a plurality of grooves
16b are formed in the insulating layer 25. The plurality of
grooves 16b are formed by a photo engraving process, more

specifically, the application of a resist on the insulating
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29 silicon oxide, the etching stopper layer 24 is made of a material having
a“high etching selectivity against silicon oxide in reactive ion etching
(RIE), for exanple, silicon nitride. The thickness of the etching stopper
| ayer 24 is set to about 50 nm and the thickness of the insulating film 25
Is set to the sane as that of the mﬁringilmhich constitute the

layer 25, the patterning of the resist, the etching of the

insulating layer 25 by RIE using the resist as a mask, and

the removal of the resist. The etching stopper layer 24

serves as an etching stopper for the RIE.

It should be noted that the pattern of.the plurality of
groovesg 16b is made to match with the patterﬁ of the wires
which constitute the first-level wiring layer.

Next, as can be seen in FIG. 11, contact holés 1l6a are
made in the insulating layers 15 and 24. The contact holes
16a are also made by the photo engraving process as in the
formation of the plurality of grooves 16b.. More
gpecifically, the contact holes 1l6a are made by applying a
resist on the insulating layer 25 and in the grooves 16D,
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. 12, a barrier metal 17a is
formed on the insulating layer 25, on the inner surfaces of
the contact holes 16a and the inner surfaces of the grooves
16b, by the CVD method or PVD 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. 13, a metal (or metal

alloy) portion 17’ which completely covers the contact holes

16a and the grooves 16b, is formed on the barrier metal 17a

REPLACEMENT SHEET
25 FEB 19%8

e T —

e T e——ry




first-level wiring layer, that is, for exanple, about 0.6 [err]m Next, as
can be seen in FIG 29, a plurality of grooves 16b are forned in the
insulating |ayer 25. The plurality of grooves 16b are forned by a photo
engravi ng process, nore specifically, the application of a resist on the
I nsul ating | ayer 25, the patterning of the resist, the etching of the
i nsulating |ayer 25 by RIE using the resig®t as a mask, and the renoval of
the resist. The etching stopper |ayer 24 serves as an etching stopper for
the RIE. |tbghhe dcCHe ovtBWDthathotie pEhecnatal portpdur ¥t ysohageoofes
16b is made_to match with the pattern of the wires

for example, aluminum, copper or an alloy of these metals.

If the PVD method 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 16a and the grooves 16b, is used.

Next, as can be seen in FIG. 14, the sections of the
barrier metal 17a and the metal portion 17’, which are
situated outside the contact holes 16a and the grooves 16b,
are etched by the CMP method, so that the barrier metal 17a
and the metal portion 17b remain only in the contact holes
l6a 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 layer (source-drain region) of the substrate to
each other, is formed.

Next, as can be seen in FIG. 15, an insulating layer
(for example, silicon oxide) 18 having a thickness of about 1
pm, is formed on the insulating layer 25 and the first-level
wiring layer by the CVD method. Further, an etching stopper
layer 26 and an insulating layer 27 are formed continuously
on the insulating film 18 with the CVD method, for example.

The insulating layer 27 is made of, for example, silicon

oxide. In the case where the insulating layer 27 is made of
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whi ch constitute the first-level wiring layer. Next, as can be seen in FIG
30, contact holes 16a are nmade in the insulating |ayers 15 and 24. The
contact holes 16a are al so nade by the photo engraving process as in the
formation of the plurality of grooves 16b. Mre specifically, the contact
hol es 16a are made by applying a 30 resist on the insulating |ayer 25
and in the grooves 16b, 13 '
silicon oxide, the etching stopper iayer 26 is made of a
material having a high etching selectivity against silicon
oxide in reactive ion etching (RIE), for example, silicon
nitride.

The thickness of the etching stopper layer 26 is set to
about 50 nm, and the thickness of the insulating film 27 is
set to the same as that of the wirings which constitute the
second-level wiring layer, that is, for example, abouﬁ 0.6
pm.

Next, as can be seen in FIGS. 16 and 17, a plurality of
grooves 19b and 19b’ are formed in the insulating layer 25.
The plurality of grooves 19b and 19b’ are formed by a photo
engraving process, 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 stopper for the
RIE. |

It should be noted that the pattern of the plurality of
grooves 19b is made to mafch with the pattern of the wirings
which constitute the second-level wiring layer. The pattern
of the grooves 19b’ is the same as that of ;he bonding pad
(lattice-like shape) (in the case where the second-levei

wiring layer is the uppermost layer).

Further, contact holes 19a are made in the insulating
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patterning the resist, etching the insulating |ayers 15 and 24 by the R E
using the resist as a nmask, and renoving the resist. Then, as can be seen
in FIG 31, a barrier netal 17a is fornmed on the insulating |ayer 25, on
the inner surfaces of the contact holes 16a and the inner surfaces of the
grooves 16b, by the CVD nethod or PVD nethod. The barrier netal 17a is nade
of, for exanple, a lam nation of titaniumand titaniumnitride, or silicon
titaniumnitride, or the like. Next, as can be seen in FIG 32, a netal (or
netal al | oylapersi 88 and 2Ri.chThenpgpatary belepslPreargnpder Wodesby the

photo engraving process as in the formation of the plurality
of grooves 19b and 19b’. More specifically, the contact hole
1§a 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
regist as a mask, and removing the resist.

After that, as can be seen in FIGS. 18 and 19,.a barrier
metal 20a is formed on the insulating layer 27, on the inﬁer
surface of the contact holes 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 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 20b and 21 are made of,
for example, aluminum, copper or an alloy of these metals.

If the PVD method is used to form the metal portions 20b
and 21, the high temperature PVD method or a PVD method
including such a temperature process that can completely fill
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
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16a and the grooves 16b, is formed on the barrier netal 17a by the CVD or
PVD nmet hod. The netal portion 17" is made of, for exanple, alum num copper
or an alloy of these netals. If the PVD nethod is used to formthe netal
portion 17', the high tenperature PVD nethod or a PVD nethod including such
a tenperature process that can conpletely fill the contact holes 16a and
the grooves 16b, is used. Next, as can belgeen in FIG 33, the sections of
the barrier metal 17a and the netal portion 17b, which are situated outside
t he contact hol ethé6feandrehefgtbevesmigpnductost davicpymapnutavburedhdd, so
that the barrier netal 17a

the above-described dual damascene process or damascene

process is that the metal portion itself which gives rise to

wires is not patterned, but the insulating layer is

patterned. Since there is no necessity for filling the

gections between wires with the insulating layer, no cavities

are formed between wirings.

Further, in some cases, copper, which has a low
resistance, is used to form wires; however it is known to be
very difficult to perform etching of copper. In the dual
damascene process or damascene process, the patterning of
copper is not carried out, but the wires are formed by
filling grooves of an insulating layer with copper. Thus,
the wires made of copper are realized.

Further, in the dual damascene process, wires and
contact plugs can be formed at the same time, and therefore
the production cost can be reduced.

- However, in the dual damaséene process, the RIE used to
make the opening 23 to expose the bonding pad 21, inevitably
also etches 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 the wire 28
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and the netal portion 17b remain only in the contact holes 16a and the
grrooves 16b. 31 In this manner, the first-level wiring layer is forned,
and at the sanme tinme, a contact plug which serves to electrically connect
the first-level wiring |layer and the diffusion |ayer (source-drain region)
of the substrate to each other, is forned.

- 17

squashing the lattice-shaped bonding pad 21, which may cause
a bonding error. This is because portions 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 solution to
the above-described drawback of the conventional technigue,
and the object thereof is as follows. That is, regarding the
semiconductor device manufactured by the dual damascene
process or damascene process, the bonding pad is formed to
have a lattice shape, and the deformation of the lattice-
shaped bonding pad is prevented so as to suppress bonding
error, thereby improving the reliability and yield of the
product.

In order to achieve thelabove-described object, there is
provided, according to the present invention, a semicoﬁductor
device including: a bonding pad constituted by a conductive
member filled in grooves made in an insulating layer having a
flat surface; an etching stopper layer formed on the
insulating layer and having 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 insulating layer and the passivation layer are

REPLACEMENT SHEET
25 FEB 1998




>

Next, as can be seen in FIG 34, an insulating |layer (for exanple, silicon
oXi de) 18 having a thickness of about 1 [err]m is fornmed on the insulating
| ayer 25 and the first-level wiring |layer by the CVD nethod. Further, an
etching stopper layer 26 and an insulating |ayer 27 are formed to be
continuous on the insulating film18 with the CVD nethod, for exanple. The
I nsulating |layer 27 is made of, for exandBe, silicon oxide. In the case
where the insulating layer 27 is made of silicon oxide, the etching stopper
| ayer 26 i snadaiobhifshlirereronidaaand theigickind i skprpreectaver yiggaadet
silicon oxide in reactive jon etching (RIE), that is, for

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

insulating layer having a flat surface and filling the

grooves with a conductive material, the method including the

steps 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 to at least the

material used to form the etching stopper layer; removing

only a portion of the passivation 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 grooves on the

insulating layer, followed by polishing the conductive

material layer by the CMP. The passivation layer is etched

by the RIE and the etching stopper layer is etched by the RIE

or CDE.
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exanpl e, silicon nitride. The thickness of the etching stopper layer 26 is
set to about 50 nm and the thickness of the insulating film27 is set to
the sane as that of the wirings which constitute the second-level wring

| ayer. Next, as can be seen in FIGS. 35 and 36, a plurality of grooves 19b
and 19b' are formed in the insulating |ayer 25. The plurality of grooves
19b and 19b' are fornmed by a photo engravithg process, nore specifically,
the application of a :

As the grooves are filled with the conductive material,
the bonding pad and the uppermost wiring layer are formed at
the same time.

Additional objects and advantages of the invention will
be set forth in the description which follows, and in part
will be obvious from the description, or may be learned by
practice of the invention. The objects and advantages of the
invention may be realized and obtained by means of the
instrumentalities and combinations particularly pointed out
in the appended claims.

BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWING

The accompanying drawings, which are incorporated in and
constitute a part of the specification, illustrate presently
preferred embodiments of the invention, and together with the
general description given above and the detailed description
of the preferred embodiments given below, serve to explain
the principles of the invention.

FIG. 1 is a plan view showing a conventional -
semiconductor device;

FIG. 2 is a cross sectional view taken along the line
II-II indicated in FIG. 1; |

FIG. 3 is a plan view showing a conventional
semiconductor device;

FIG. 4 is a cross sectional view taken along the line

IV-IV indicated in FIG. 3;
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32 resist on the insulating |layer 27, the patterning of the resist, the
etching of the insulating |ayer 27 by R E using the resist as a nmask, and
the renoval of the resist. The etching stopper |ayer 26 serves as an
etching stopper for the RIE. It should be noted that the pattern of the
plurality of grooves 19b and 19b' is nmade to match with the pattern of the
wi res which constitute the second-level Wxing | ayer. The pattern of the

grooves 19b' is the sanme as that of the
FIG. 5 is a diagram showing a dishing phenomenon which

may occur in conventional damascening process;

FIG. 6 is a plan view showing a conventional
semiconductor device;

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

FIG. 8 is a cross sectional view of a device, which
illustrates a step of a conventional manufécturing method;

FIG. 9 is a cross sectional view of a device, which
illustrates another step of the conventional manufacturing
method;

FIG. 10 is a cross sectional view of a device, which
illustrates still another step of the conveﬁtional
manufacturing method;

FIG. 11 is a cross sectional view of a device, which
illustrates still another step of the conventional
manufacturing method;

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

FIG. 13 is a cross sectional view of a device, which
illustrates still another step of the conventional
manufacturing method;

FIG. 14 is a cross sectional view of a device, which

illustrates still another step of the conventional

et
T e et ceer-
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bondi ng pad (lattice-like shape) (in the case where the second-|evel wiring
[ ayer is the uppernost |ayer). Next, as can be seen in FIGS. 37 and 38,
contact holes 19a are made in the insulating |ayers 18 and 26. The contact
hol es 19a are al so made by the photo engraving process as in the formation
of the plurality of grooves 19b and 19b'. More specifically, the contact

hol es 19a are nmade by applying a resist o#lthe insulating layer 27 and in

t he grooves 19b and 19b', patterning the resist, etching the insul ating

| ayers 18 amanaBaghurhagRmethefing the resist as a mask, and renoving the

resi st. :
FIG. 15 is a cross sectional view of a device, which

illustrates still another step of the conventional
manufacturing method;

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

FIG. 17 is a cross sectional 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 manufacturing method;

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

FIG. 20 is a cross sectional view of a device, which
illustrates a step of the conventional manufacturing method;

FIG. 21 is a plan view of a device, which illustrates a
step of the conventional manufacturing method;

FIG. 22 is a cross sectional view taken along the line
XXII-XXII indicated in FIG. 21;

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

FIG. 24 is a cross sectional view taken along the line
XXIV-XXIV indicated in FIG. 23;

FIG. 25 is a plan view of a semiconductor device

according to an embodiment of the present invention;




After that, a barrier netal 20a is forned on the insulating Iayer 27, on an
i mmer surface of the contact hole 19a and the inner surfaces of the grooves
19b and 19b', by the CVD nmethod or PVD nethod. The barrier netal 20a is
made of, for exanple, a lamnation of titaniumand titanium 33 nitride,
or silicon titaniumnitride, or the |ike. Next, netal (or netal alloy)
portions 20b and 21 which 22

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

FIG. 28 is a cross sectional view of a device, which
illustrates another step of a manufacturing method according
to the embodiment of the present invention; -

FIG. 29.is a cross sectional view of a device, which
illustrates still another step of a manufacturing method
according to the embodiment of the present invention;

FIG. 30 is a cross sectional view of a device, which
illustrates still another step of a manufacturing method
according to the embodiment of the present invention;

FIG. 31 is a cross sectional view of a device, which
illustrates still another step of a manufacturing method
according to the embodiment of the present invention;

FIG. 32 is a cross sectional view of a device, which
illustrates still another step of a manufacturing method
according to the embodiment of the present invention;

FIG. 33 is a cross sectional view of a device, which
illustrates still another step of a manufacturing method
according to the embodiment of the present invention;

FIG. 34 is a cross sectional view of a device, which

illustrates still another step of a manufacturing method
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conpl etely cover the contact holes 19a and the grooves 19b and 19b', are
formed on the barrier nmetal 20a by the CVD or PVD nethod. The netal
portions 20b and 21 are made of, for exanple, alum num copper or an alloy
of these netals. If the PVD nmethod which is used to formthe netal portions
20b and 21, the high tenperature PVD nethod or a PVD nethod including such
a tenperature process that can conpletel g3fill the contact hole 16a and the
grooves 19b and 19b', is used. Next, the sections of the barrier netal 20a
and the neescopdingofs Xile avpogiment ¢f &he Hinagemdd iavesitdenihe

FIG. 35 is a plan view of a device, which illustrates a
step of a manufacturing method according to an embodiment of
the present invention;

- 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 illustrates 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;

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

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

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

FIG. 44 is a plan view which illustrates a state in
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contact holes 19a and the grooves 19b and 19b', are etched by the CWP
mét hod, so that the barrier netal 20a and the netal portions 20b and 21
remain only in the contact hole 19a and the grooves 19b and 19b'. In this
manner, the second-level wiring | ayer and the bondi ng pad having a
| attice-1ike shape are forned, and at the sane tine, a contact plug which
serves to electrically connect the first-24evel wiring |l ayer and the
second-level wiring |ayer to each other, is formed. Next, as can be seen in
FIG 39, arvhsGhiwires RppEing alercaoried et amithe | 8Vies Fhowm st Fiened
conti nuousIQ/
5; and
FIG. 45 is a cross sectional view taken along the line
XLV-XLV indicated in FIG. 44.
DETAILED DESCRIPTION OF THE INVENTION

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
accompanying drawings.

FIGS. 25 and 26 show a semiconductor device formed by
the dual damascene process 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.

As can be seen in the figure, a field oxide layer 12 is
formed on a semiconductor 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 completely cover the MOS
transistor. Contact holes 16a are 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 insulating

layer 24. 1In the insulating layer 25, a plurality of grooves
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on the i nsul ating |layer 27, the second-level wiring | ayer and 34 the
bondi ng pad, by, for exanple, the CVD nethod. The passivation |layer 22 is
made of, for exanple, silicon oxide. In the case where the passivation
| ayer 22 is made of silicon oxide, the etching stopper |ayer 29 is nmade of
a material having a high etching selectivity against silicon oxide in
reactive ion etching (RIE), that is, for 25
16b used for forming a first-level wiring layer, are formed.
Bottom sections of the plurality of grooves 16b afe made
through to the contact hole 1lé6a.

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 (or metal alloy)
portion 17b is formed so as to completely £ill each of the
contact hole 1l6a and the grooves 16b. The plurality of wires
which make the first level wiring layer, consist of the
barrier metals 17a and the metal poftions 17b.

A contact plug used for connecting the first level
wiring layer and the source-drain region 13 of the MOS
transistor to each other, also consists of the barrier metal
17a and the metal portion 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 level wiring
layer, the insulating layer (interlayer dielectric) 18 and
the insulating layer 26 are formed. Contact holes 19a are
formed in the insulating layers 18 and 26 from its surface-
through to the first-level wiring layer.

An insulating layer 27 is formed on the insulating film
26. A plurality of grooves 19b used for forming the second-

level wiring layer, is formed in the insulating layer 27.

Bottom sections of the plurality of grooves 19b are made
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exanple, silicon nitride. The thickness of the etching stopper layer 29 is
set to about 50 nm Next, as can be seen in FIGS. 40 and 41, an opening 23
is formed in the passivation |ayer 22. The opening 23 is situated so as to
the lattice-shaped bonding pad 21, and is forned by a photo engraving
process, nore specifically, the application of a resist on the insulating

| ayer 22, the patterning of the resist, t¥e etching of the insulating |ayer
22 by RIE using the resist as a mask, and the renoval of the resist. In the
RI E oper at i thardaghnbki bget hendbpehi hgle3loahe

A barrier metal 20a is formed on an inner surface of
each of the contact holes 19a and the grooves 1%b. 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 holes 19a and the grooves 19b. The plurality of
wires which make the second level wiring layer, consists of
the barrier metals 20a and the metal portions 20b.

A contact plug used for connecting 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 layer, and the surface is made
flat.

In the case where the second-level wiring layer is 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
wiring layer. However, in oxrder to prevent the dishing which
may occur during the CMP, the bonding pad 21 is formed to
have, for example, a lattice-like shape.

Further, an etching stopper layer 29 is formed on the
insulating layer 27 and the second-level wiring layer, and a

passivation layer (passivation dielectric) 22 is formed on

the etching stopper layer 29.
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i nsulating |ayer 27 is not etched in the presence of the insulating |ayer
27. Then, as can be seen in FIGS. 42 and 43, only the etching stopper |ayer
29 remaining in the bottom of the opening 23 of the passivation |ayer 22 is
renoved. The renoval of the etching stopper |ayer 29 can be achi eved by

ani sotropic etching such as RIE, or isotropic etching such as chem cal dry
et ching (CDE). 27

The etching stopper layer 29 is made of a material which
can be etched selectively with respect to the material used
for the insulating layer 27 and the passivation layer 22.
For example, in the case where the insulating layer 27 and
the passivation layer 22 are made of silicon oxide, the
etching stopper layer 29 is made of silicon nitride. The
etching stopper layer 29 is formed to have a thickness of
about 50 nm.

An opening 23 is made in the passivation layer 22 and
the etching stopper layer 29 so as to expose the bonding pad
21.

In the semiconductor device manufactured by the dual
damascene process, the bonding pad 21 is formed to have a
lattice-like shape. Therefore, even in the case where the
bonding pad 21 is forméd by use of the CMP technique, the
necessary portion thereof is not excessively etched, thereby
effectively preventing the dishing.

Further, the spaces between the grooves of the bonding
pad are completely filled with the insulating layer 27. With
this structure, the bonding pad 21 is not squashed or
deformed when the wire is bonded thereto by compression
during wire bonding. Therefore, the occurrence of bonding
errors is suppressed, thus contributing the improvement of
the reliability and the yield of the product.

This structure is realized because directly underneath




35 As described above, the sem conductor device shown in FIGS. 25 and 26 is
conpl eted. The feature of the above-described nethod is that the etching
stopper layer 29 is provided directly underneath the passivation | ayer 22.
Wth this structure, in the RIE operation carried out to make the opening
23 in the bonding pad 21, the sections of the insulating |layer 27 fornmed in
the lattice-like pattern of the bonding p28l 21 are not etched. Mre
specifically, as can be seen in FIGS. 44 and 45, the recessed pattern of
the | atticeth@apadsbvatiag pader12gs the etching stopper layer 29, which

is made of a material which can be etched selectively with
respect to the material used for forming the passivation
layer 22 and the insulating layer 27, is located. With this
structﬁre, the portions of the insulating layer 27, which are
gituated in the lattice-like formations of the bondiﬁg pad
21, are not etched when the opening 23 is made in the
passivation layer 22.

Next, the method of manufacturing 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 transistor having a source-drain region
13 and a gate electrode 14 is formed.

Further, an insulating film (borophospho silicate glass
(BPSG) or fhe like) 15 having a thickness of about
1 pm, 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. 28, an etching stopper
layer 24 and an insulating layer 25 are formed continuously
on the insulating film 15 with the CVD method, for example.
The insulating.layer 25 is made of, for example, silicon

oxide. 1In the case where the insulating layer 25 is made of

Soernames ©
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filléd with the insulating |layer 27. Wth this structure, even if the wre
bonding is carried out, the wire 28 does not squash or deformthe
| atti-ce- shaped bondi ng pad 21. Therefore, the bonding error can be avoi ded,
thereby nmaking it possible to inprove the reliability and yield of the
product. As described above, with the sem conductor device and the nethod
of manufacturing such a device, accordinggto the present invention, the
foll owi ng effect can be obtained. That is, directly underneath the
passi vat i omilldyem caidst,chihe eftdipipey dtoppern slayayvided s Tieedeefaffega in the
RE material having a high etching selectivity against silicon
oxide in reactive ion etching (RIE), for example, silicon
nitride.
The thickness of the etching 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 constitute the
first-level wiring layer, that is, for example, about 0.6 um.
Next, as can be seen in FIG. 29, a plurality of grooves
16b are formed in the insulating layer 25. The plurality of
grooves 16b are formed by a photo engraving process, more
specifically, the application of a resist on the insulating
layer 25, the patterning of the resist, the etching of the
insulating layer 25 by RIE using the resist as a mask, and
the removal of the resist. The etching stopper layer 24
serves as an etching stopper for the RIE.
It should be noted that the pattern éf the plurality of
.grooves 16b is made to match with the pattern of the wires.
which constiﬁute the first-level wiring layer.
Next, as can be seen in FIG. 30, contact holes 16a are
made in the insulating layers 15 and 24. The contact holes
16a are also made by the photo engraving process as in the

formation of the plurality of grooves 16b. More

gpecifically, the contact holes 1l6a are made by applying a
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operation for making an opening to expose the bonding pad, the portions of
the insulating layer, which are situated at the recessed portions of the
| atti ce shape, are not etched. Consequently, each section between adjacent
recessed portions 36 is filled with the insulation layer. Wth this
structure, if a wire bonding is carried out, the wire cannot squash or
def orm t he bondi ng pad having a | attice-l3ke shape. Thus,
resist on the'insulating layer 25 and in the grooves 16D,
patterning the resist, etching the insulating layers 15 and
24 by the RIE using the resist as a mask, and rembving the
resist..

Then, as can be seen in FIG. 31, a barrier metal 17a is
formed on the insulating layer 25, on the inner surfaces of
the contact holes 16a and the inner surfaces of the grooves
16b, by the CVD method or PVD 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) portion 17’ which completely covers the contact holes
1l6a 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.

If the PVD method 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 £ill the
contact holes 1l6a and the grooves 16b, is used.

Next, as can be seen in FIG. 33, the sections of the
barrier metal 17a and the metal portion 17b, which are
situated outside the coﬁtact holes 16a and the grooves 16b,
are etched by the CMP method, so that the barrier metal 17a

and the metal portion 17b remain only in the contact holes

1l6a and the grooves 16b.
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t he bbnding error can be prevented, thereby making it possible to inprove
the reliability and yield of the product. Additional advantages and
nodi fications will readily occur to those skilled in the-art. Therefore,
the invention in its broader aspects is not limted to the specific details
and representative enbodi nents shown and descri bed herein. Accordingly,
various nodifications may be nmade wi t hout3ideparting fromthe spirit or
scope of the general inventive concept as defined by the appended cl ai nms
and their equivalmrtlkis 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 layer (source-drain region) of the substrate to
each other, is formed.
Next, as can be seen in FIG. 34, an insulating layer
(for example, silicon oxide) 18 having a thickness of about 1
pm, is formed on the insulating layer 25 and the first-level
wiring layer by the CVD method. Further, an etching stopper
layer 26 and an insulating layer 27 are formed to be
continuous on the insulating film 18 with the CVD method, for
example. 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 etching stopper layer 26 is made
of a material having a high etching selectivity against
gilicon 6xide in reactive ion etching (RIE), that is, for
example, silicon nitride. |
The thickness of the etching stopper layer 26 is set to
about 50 nm, and the thickness of the insulating film 27 is
set to the same as that of the wirings which constitute the
second-level wiring layer.
Next, as can be seen in FIGS. 35 and 36, a plurality of
grooves 19b and 19b’ are formed in the‘insﬁlating layer 25.

The plurality of grooves 19b and 19b’ are formed by a photo

engraving process, more specifically, the application of a
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37 CLAIM5S 1. A sem conductor device having a bonding pad constituted by a

conductive nenber filled in grooves made in an insulating |ayer having a

flat surface, said sen conductor device conprising: an etching stopper

| ayer fornmed on said insulating |ayer and havi ng an opening to expose said

bondi ng pad; and a passivation layer forned on said etching stopper |ayer
32

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 stopper for the
RIE.

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

Next, as can be seen in FIGS. 37 and 38, contact holes
19a are made in the insulating layers 18 and 26. The contact
holes 19a are also made by the photo engraving process as in
the formation of the plurality of grooves 19b and 19b’. More
specifically, the contact holes 19a are made by applying a
resist on the insulating layer 27 and in the grooves 19b and
19b’, ﬁatterning the resist, etching the insulating layers 18
and 26 by the RIE using the resist as a mask, and removing
the resist.

After that, a barrier metal 20a is formed on.the
insulating layer 27, on an inner surface of the 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 lamination of titanium and titanium
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and havi ng an opening to expose said bonding pad. 2. A sem conductor device
according to claiml1l, wherein said grooves in said insulating |ayer are
arranged in a lattice manner, and said bonding pad has a lattice-like
shape. 3. A sem conductor device according to claiml1, wherein said
‘insulating |layer and said passivation |ayer are nmade of silicon oxide, and
said etching stopper |ayer is made of sil3xon nitride. 4. A sem conductor
devi ce according to claim1, further conprising wires filled in said
grooves of satdidesubatsmnyicon titanium nitride, or the like.

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

If 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 that can
completely fill the contact hole 1l6a and the grooves 19b and
19b’, is used.

Next, the sections of the barrier metal 20a and the
metal portions 20b and 21, which are situated outside the
contact holes 19a and the grooves 19b and 19b’, are etched
by the CMP method, so that the barrier metal 20a and the
metal portions_20b and 21 remain only in the contact hole 19%9a
and the grooves 19b and 19b’.

In this manner, the second-level wiring layer and the
bonding pad having 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 etching stopper

layer 29 and a passivation layer 22 are formed continuously,

on the insulating layer 27, the second-level wiring layer and
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| ayer. 5. A sem conductor device according to claim1l, wherein said bonding
pad and said wires are constituted by a first netal |ayer and a second
nmetal |ayer made of a netal different fromthat of the first netal |ayer.
6. A sem conduct or device according to claim1l1, wherein 38 the first
nmetal layer is made of titaniumand titanium

34

the bonding pad, by, for example, the CVD method.

The passivation layer 22 is made of, for example,
silicon oxide. 1In 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 against
silicon oxide in reactive ion etching (RIE), that is, for
example, silicon nitride. The thickness of the etching
stopper layer 29 is set to about 50 nm.

Next, as can be seen in FIGS. 40 and 41, an opening 23
is formed in the passivation layer 22. The opening 23 is
situated so as to the latticé—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 removal 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 1ayéf 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, or isotropic etching such as

chemical dry etching (CDE).
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nitriae, or silicon titaniumnitride, and the second netal |ayer is nmade of
al~um num copper or an alloy thereof. 7. A sem conductor device according
to claim1, further conprising a wire connected to said bonding pad. 8. A
met hod of manufacturing a sem conductor device, in which a bonding pad is
formed by making grooves in an insulating |layer having a flat surface and
filling the grooves with a conductive nmatggial, the nethod including the
steps of: formng said bonding pad by filling said greoves of said
i nsul ati ng | ayerAni 8aseaibedoabovei veheasemigbpductor device shown in
FIGS. 25 and 26 is completed.

The feature of the above-described method is that the
etching stopper layer 29 is provided directly underneath the
passivation layer 22. With this structure, in the RIE
operation carried out to make 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, as can be seen in FIGS. 44 and 45,
the recessed pattern of the lattice-shaped bonding pad 21 is
filled with the insulating layer 27. With this structure,
even if the wire bonding is carried out, the wire 28 does nét
squash or deform the lattice-shaped bonding pad 21.

Therefore, the bonding error can be avoided, thereby
making it possible to improve the reliability and yield of
the product.

As described above, with the semiconductor device and
the method of manufacturing such a device, according to the
present invention, the following effect can be obtained.

That is, directly underneath the passivation layer, an
etching stopper layer is provided. Therefore, in the RIE
operation for making an opening to expose the bonding pad,
the portions of the insulating layer, which are situated at

the recessed portions of the lattice shape, are not etched.

Consequently, each section between adjacent recessed portions
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~foriring an etching stopper layer on said insulating |ayer and the bondi ng
pad, said etching stopper |ayer being made of a material which can be
etched selectively with respect to at |east a material which is used to
formsaid insulating |ayer; form ng a passivation |ayer on said etching
stopper | ayer, said passivation | ayer being made of a material which can be
etched selectively with respect to at |leagt the material used to formsaid
et ching stopper layer; renoving only a portion of said passivation |ayer,
whi ch i s siigiatiedl edbowitlt hehdoimsulbatpiboh kawer. With this structure, if

a wire bonding is carried out, the wire cannot squash or

deform the bonding pad having a lattice-like shape. Thus,

the bonding error can be prevented, thereby making it

possible to improve the reliability and yield of the product.

Additional advantages and modifications will readily

occur to those skilled in the art. Therefore, the invention

in its broader aspects is not limited to the specific details

and representative embodiments shown and described herein.

Accordingly, various modifications may be made without

departing from the spirit or scope of the general inventive

concept as defined by the appended claims and their

.equivalents.
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remdvin Ly a portion of said etching stopper |ayer, which is situated
above t%gagaﬁarﬁﬁ‘pad—-~_39 9. A nethod of manufacturing a sem conductor
devi ce, g’m,g’ @a im8, wherein said bonding pad is fornmed by a step
of fornin cﬂ f terial on said insulating |ayer so as to
conpl etel y" f|‘1| Lsam es therewith, and a step of polishing said
conductive material by a CW 37

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 insulating layer
and having an opening to expose said bonding pad; and

a passivation layer formed on said etching stopper layer
and having an opening to expose said bonding pad.

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

3. A semiconductor device according Eo claim 1, wherein
said insulating layer and said passivation layer are made.of
silicon oxide, and said etching stopper layer is made. of
gilicon nitride.

4. A semiconductor device according to claim 1, further
comprising wires filled in said grooves of said insulating
layer.

5. A semiconductor device according to claim 1, wherein
said bonding pad and said wires are constituted by a first
metal layer and a second metal layer made of a metal
different from that of the first metal layer.

6. A semiconductor device according to claim 1, wherein




technl que—+6—A net hod of manufacturing a sem conductor device, according
to clalguﬁ wherein said passivation |ayer is etched by an RIE technique

and sai lﬁ | ayer is etched by an RIE or CDE technique. 11. A
met hod m,'wﬂ,L sem conduct or device, according to claim 8,

wherei n saird bondf ng’ pad and said wires are fornmed at the sanme tinme by

filling said grooves with the conductive 3@terial. 12. A nethod of

manuf acturing a sem conductor devi ce, accordlng to.claim8, wherein said

bondi ng padthﬁdfsasu metad layer is made of titanium and titanium
nitride, or silicon titanium nitride, and the second metal
layer is made of aluminum, copper or an alloy thereof.

7. A semiconductor device according to claim 1, further
comprising a wire connected to said bonding pad.

8. A method of manufacturing a semiconductor device, in
which a bonding pad is formed by making grooves in an
insulating layer having a flat surface and filling the
grooves with a conductive material, the method including the
steps of:

forming said bonding pad by filling said grooves of said
insulating layer with said conductive material;

forming an etching étopper layer on gaid insulating
layer and the bonding pad, said 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 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 respect to at least the
material used to form said etching stopper layer;

removing only a portion of said passivation layer, which
is situated above the bonding pad; and

removing only a portion of said etching stopper layer,

which is situated above the bonding pad.




are«f orrreMF-dmscene process or damascene process. 13. A nethod
off manuf a conduct or device, according to claim8, wherein a
wireis cgm"umﬂi'ﬂmrﬂm,f)ondl ng pad in a wire bonding process.
39
9. A method of manufacturing a semiconductor device,
according to claim 8, wherein said bonding pad is formed by a
step of forming a conductive material on said insuiating
layer so as to completely fill said grooves therewith, 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 passivation layer is
etched by an RIE technique and said etching stopper layer is
etched by an RIE or CDE technique.

11. A method of manufacturing a semiconductof device,
according to claim 8, wherein said bonding pad and said wires
are formed at the same time by filling said grooves with the
conductive material.

12. A method of manufacturing a semiconductor device,
according to claim 8, wherein said bonding pad and said wires
are formed by a dual damascene process or damascene process.

13. A method of manufacturing a semiconductor device,
according to claim 8, wherein a wire is connected to said

bonding pad in a wire bonding process.
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contact holes 19a and the groovés 19b and 19b’, are etched by the CMP
method, so that the bérrier mefal 20a and the metal portions 20b and 21 remain
only in the contact holes 19a and the grooves 19b and 19b’.

In this manner, the second-level wiring layer, and the bonding pad having
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. 20, a passivation layer 22 is formed on the
insulating layer 27, the second-level wiring layer and the bonding pad, by, for
example, the CVD method. The passivation 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 layer 22. The opening 23 is to the lattice-shaped bonding pad
21,and is fdrmed 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
removal of the resist.

In the RIE operation for making the opening 23, usually the inéulating
layer 27 is etched as well since the insulating layers 22 and 27 are made of the

same material (for example, silicon oxide).
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