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Specification

Polishing Pad
Technical Field

The present invention relates to a polishing péd and to a
method of polishing semiconductor substrates where this is
employed and, furthermore, it relates to a polishing pad for
mechanically planarizing the surface of the insulating layers
and metallic interéonnects formed on silicon or other such

semiconductor substrates.

' Background Art

Year by vyear, the mounting densitiés_ of 1large scale
integrated circuits (LSIs) fypified by semiconductor memories
have increased .and, along with this. the widths. of the
interconnects on the large lscale. integrated circuits have
narrowed and the number of superimposed layers has increased.
Due'fo this incréase in the number of superimposed layers,
while not an 1issue in the past, unevenness of the
semiconductor wafer main féce, producéd'as a result of the
layering, has become n problem. As.a reSult, as described in,
fbr ekample, Nikkeil 'Microdevice, July 1994, pp 50-57,
semiconductor wafer planarizatiqn using chemical mechanical
polishing (CMP) techniques has been investigated with the
object of déaling with ihe inadequate depth of focus at the
time of 1light exposure brought about by the unevenneSé
produced by layering, or with the object of improving

interconnect densities by planarizing through-hole regions.

Generally speaking, CMP equipment comprises a polishing head

which holds the ,semiconductor wafer, which is the material
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being treated, a pdlishing pad fqr carrying out the polishing
treatment of the material being treated- and a polishing
platen which holds this polishing pad. In the semicondudtor
wafer polishing treatment, the wafer surface 1ayéfs are made
smooth by effecting relative motion between the semiconductor
wafer and the polishing pad, and removing the projecting
portions on the'semicondugtor wafer surface layers, using a
slurry consisting of pdlishing ageﬂt -and chemical liquid.

The'pdlishing rate of a semiconductor wafer, for example in

the case of a silicon 6xide (Si0;) f£ilm formed on the main

face of a semiconductor wafer, is roughly proportional to the
relative speed between.semiconductbr wafer and poiishing pad,
and. to the  load. Thué, in order to carry out .uniform :
polishing of each part of a semiconductor wafer, it is
necessary to make, the load applied to the semiconductor wafer

uniform.

When insulating layers and the like formed on the main face
of a semiconductor wafer are subjected to polishing, if the

polishing pad' is too soft then the local planarity is -

”adversely affected.' For such reasons, at present -a foamed

polyurethane sheet of Shore A-type hardness not less than 90°
is employed. However, with fqémed'pblyurethaﬁe pads of high-
hardnéss, problems have arisen .1in that the degree of
Planarity varies between areas of different densities of
unevenness of the insulating layers and the like, ahd 'a
global Step height is produced. There is also the problem
that dishing (where tﬁe height of the central region of a.
metallic interconnect is lower than the edges) occurs when_
the width of-Damasdene-based metallic interconnects is large.
Furthermore, there have ‘also  been problems in that the
polishing agént is readily adsorbed and clogging tends to

occur, or permanent set of the pad surface layer region is

-~ This Sheet Has Been Replaced:
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produced during the polishing, and so the polishing rate

decreases.

Objective of the Invention

The objective of the present invention'lies in offering a
polishing pad where, in the case of a polishing pad for
mechanically flattening the surfaces of the insulating layers

or metallic interconnects formed on a silicon substrate, the

- polishing fate is high, the globai step height is low,

dishing does nbt readily'occur at the metallic interconnects,
elogging and permanent set of the surface layer region do not

tend to occur, and the polishing rate is stable.
Disclosure of the Invention-

The present invention has the following conétitution.

"A polishing pad of micro rubber A-type hardness at least 80°,
which contains polyurethane and polymer produced from a vinyl

compound, and has closed cells of average cell diameter no.
more then 1ood um and, furthermore,' has a density in the
range 0.4 to 1.1."

Best Mode for Carrying Out the Invention
Below, the form for practising the invention is explained.
Firstly, the micro rubber A-type hardness referred to in the

present invent'i_on denotes the value evaluated using a micro

rubber durometer MD-1 produced by the Kobunshi Keiki Co. Ltd.'

' The micro rubber durometer MD-1 enables hardness measurements

to be carried out on thin/small items where measurement has
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been difficult_with conventional durometers, and because it

has been designed and manufactured as a spring-system rubber

.durometer A-type model scaled down to approximately 1/5,

measured values which are in agreement with the spring-system

‘rubber durometer A-type hardness are obtained. :Since_the

polishing layer or hard layer thickneSs in- the case of

\ ordinary polishing pads extends less than 5 mm, evaluation is

| not possible with a spring-system rubber A-type durometer and

so evaluation is carried out with this micro rubber durometer,

MD-l .

For the polishing pad of the present invention, a micro

rubber A-type hardness of  at least 80°, and preferably at

least 90°, is necessary. If the micro rubber A%type hardness

is not at least 80°, the planarity.of the local unevenness on

the semiconductor substrate is unsétisfadtory, so this is

undesirable.

‘Since the polishing pad of the present invention has closed

cells, it possesses elasticity in the thickness direction and.

even when - slufry aggregates and - polishing debris. are .

sandwiched between the surfacé undergoing'polishing and the

polishing pad, scfatching can be prevented. It is necessary

that the closed cell diameter be no more than 1000 p, as an _

average diameter, so that local unevenness is not ‘brought

about. No more than Soo_um is preferred, with no more than

30 pm still further preferred.

- It 1is preferred that the polishing pad of the present

invention has a density lying in the range 0.4 to 1.1. If

the density is not at least 0.4, the local plénarity is poor

and there is a considerable global step Iheight.

If the
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density exceeds 1.1, scratching readily  occurs.

It

is

further pfeferred-that the density lies in the range 0.6 to

0.9, with a density in the range 0.65 to 0.85 still more

preferred.

The polyurethane in the 'pdlishing pad of the present'

invention is a polymer obtained from a polyisocyanate and a

compound containing active hydrogen, specifically '

polyhydroxy or amino group-coﬁfaining compound with two or

more active hydrogens. = As examples of the polyisocyanate;

a .

there are tblylene diisocyanate, diphenylmethane diisocyanate,

naphthalene diisocyanate, _ tolidine

diisocyanate,

hexamethylene diisocyanéte and 1sdphor0ne'diisocyanate, but

there is no restriction thereto. Polyols are typical of the

polyhydroxy compounds, examples of which are

polyols, polypropylene glycol,' polytetramethylene

polyether-

ether

glycol, epoxy resin-modified polyols, polyester polyols,

acryl polyols, polybutadiene polyols, silicone polyols and

the 1like. - Of these, the polyurethanes obtained from .a

or polytetramethylene ether glycol, as the polyol,

combination of ' tolylene diisocyanate or diphenylmethane

ﬂdiisocyanate, as the polyisocyanate, and polypropylene glycol

are

outstanding in their mouldability'and are widely used, so are

. preferred.
25

The preseht invention  is a polishing pad

containing

polyurethane and polymer produced from a vinyl compound, and

which has closed cells. With a polyurethéne,'as the hardness

is raised it becomes more brittle. Fﬂrthermore, while it is

posSiblé-to raise the toughness and hardness merely using

polymer from a vinyl compound, it has been ‘difficult to

"obtain a homogenous polishing pad with closed cells.

However,

by 1ncorporating' polyurethane ‘aﬁd. polymer produced from a

- This Sheet Has Been Replaced
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vinyl compound, it has been possible to produce a polishing
pad of high toughness and;'hardness which contains closed

cells.

In the present invention,.a vinyl compound means a compound
with a polymerizable carbon-carbon double bond. Specific
examples are methyl methacrylate, ethyl mefhacrylate, propyl
methacrylate, n-butyl methacrylate, isobutyl methacrylate,
methyl (d—ethyl)acrylate; . ethyl (a-ethyl)acrylate; propy;
(a-ethyl)acrylate,. butyl (q-ethy;)acrylate, 2-ethylhexyl
methacrylate, isodecyl methacrjlate, n-lauryi methacrylate,

- 2-hydroxyethyl methacrylate, 2-hydroxypfopyl methacrylate, 2-

hydroxyethyl - acrylate, 2-hydroxypropyl acrylate, 2-

hydroxybutyl methacrylate, dimethylaminoethyl.-methacrylate,
diethylaminoethyl methacrylate, methacrylic acid, glycidyl
methacrylate, ethylene glycol dimethacrylate, fumaric acid,
dimethyl fumarate, diethyl fumarate, dipropyl fumarate,
maleic' acid, dimethyl maleate, diethyl maleate, dipropyl
maleate, acrylonitrile, acrylamide, vinyl_chloride; styrene,
a-methylstyrene and the like. Amongst these, the preferred
vinyl compounds - are methyl methacrylate, ethyl methacrylate,

propyl methacrylate, n-butyl ‘methacrylate, isobutyl

methacrylate,'- ~methyl (o-ethyl)acrylate, ethyl | (o~
ethyi)acrylate, propyl (a-ethyl)acrylate and butyi (a-
ethyl)acrylate. Polyurethanes are easily impregnated with
the aforésaid preferred vinyl compoundﬁ; and when the wvinyl
éompound is polymerizéd within the pOiYurethane- there is
obtained a polishing péd of high hardness énd'high toughness.
Spedific examples of the polymers produced from the vinyl
compounds in the present invention (below referred to as the
vinyl polymers) are polymethyl methacrylate,, polyethyl
methacrylate, polypropyl methacrylate, poly(n-butyl
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methacrylate), polyisobutyl methaérYlafe, polymethyl (oa-
- ethyl)acrylate, polyethyl (a-ethyl)acrylate, polypropyl (a-

ethyl)acrylate, -~ polybutyl (a-ethyl)écrylate, ‘poly(2-
ethylhexyl methacrylate), polyisodecyl methacrylate, poly(n-
laurjl methacrylate), poly(z-hydroxyethyl methacrylate),
poly(Zrhydroxypropyl ' -méfhacrylate),' pbly(z-hydroxyethyl

acrylate), pbly(z—hydroxypropyl' acrylate), . poly(2-
hydroxybutyl methacrylate), polydimethylaminoethyl
.methacrylate, polydiethylaminoéthyl methacrylate,
polyméthacrylic acid, _ polyglycidyl methacryiate,

polyethyleheglycol. dimethacrylate, polyfumaric acid,
polydimethyl fumarate, polydiethyl 'fumarate, polydipropyl

fumarate, polymaleic acid, polydimethyl maleate, polydiethyl

maleate, - polydipropyl maleate, polyacrylonitrile,
polyacrylamide, polyvinyl chloride, pblystyrene, poly(ca-
methylstyrene) and the like. Of these, as preferred polymers,
polymethyl methacrylate, polyethyl methacrylate, pdlypropyl
methacrylate,  poly(n-butyl methacrylate), polyisobutyl
methacrylate, polymethyl (a-ethyl)acfylate, polyethyl (o- -

.ethyl)acrylate, polypropyl (a-ethyl)acrylate and polybutyl

(q-ethyl)acrylate can raise the polishing pad hardness, and
are tough ahd can enhance the planarization propérties. In
the . present _invention, the vinyl polymer content 1is.
preferably at least 50 wt% and no more than 90 wtg%. If it is
léss'than 50 wt%, then the hardness of the polishing pad is

-lowered, which is undesirable. If it exceeds 90 wt%, the pad

elasticity is impaired, so this is undesirable. The
polyurethane or*vinyl_polymer content of the polishing pad
can be measured by subjecting the pdlishing pad to pyrolysis

gas chromatography/mass spectroscopy. With regard to the

- equipment employed in this procedure, as an example of the

pyrolyzer, there is -the Double Shot Pyrolyzer ' PY-2010D
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(produced by Frontier Lab Inc.) and as an example of the gas

(produced by the VG Co.).

',chromatograph/mass spectrometer, there 1is the TRIO-1

What is meant in the present invention by fhe polyurethane

and the vinyl polymer being integrally incorporated is

they are not_ incorporated in a state in which

that
the

polyurethane phase and the polymer phase derived from the

vinyl compound are separate from one-another. Expressed

quahtitatively, the infrared spectrum of the polishing pad

observed with an infrared. microspectroscope of ' spot

size

50 ym has the infrared absprption bands of the polyurethane

and the infrared absofption bands of the polymer derived from

the vinyl compound, and the infrared spectrum is essentially

the same in every location. As an example of the infrared

microspectroscope here, there 1is  the IRus prdduced by the

Spectra-Tech Co.

_With regard to the method of produqin§ the polishing pad’ of

the present invention, a preferred method is the method

whereby a 'previously-produéed foamed polyurethane

having closed cells of average cell diameter no more

sheet -
than

1000 pm and having a density in the range 0.1 to 1.0 -is

swollen with the vinyl compound,' after which the wvinyl

compound is made to poiymerize within the foamed polyurethane.

In th;s way, 1t is poSsible to produce a polishing pad with a

closed cell structure in which the polyurethane and vihyl

'polymer'_aré integrally. coupled, and so it- is possible to

enhance local planarity and reduce the global step height.

In a further preferred method, there is used a foamed

polyurethane sheet material of average cell diameter no

fhan 5oo_mm and of density in the range 0.4 to 0.9.

more

Of.
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course, the combination and optimum amounts

of

the

polyisocyanate, polyol, catalyst, foam stabilizer and foaming

agent need to be determined in accordan_ce 'with the target .

polishing pad hardness, cell diameter and foaming expansion '

factor.

As examples of methods for bringing about polymerisation of

the vinyl compound within the foamed polyurethane, there are

the method of polymerisation by light exposure using a pheto'

radical initiator, the method of polymerisation by applying

heat using a thermal ~radical initiator,

‘and the method of

polymerisation by means of an electron beam or by radiation.

In the polishing pad'ofzthe present invention, there can also

be included abrasive particles. Examples of the abrasive

particles are silica-based polishing agents, aluminium oxideé

incorporated into the foamed polyurethahe beforehand.

The polishing pad obtained in the present invention can be

sheet having cushioning properties.

substrate, besides local unevenness,

On a semiconductor

there are also present

somewhat larger uhdulations, and the polishing is most often

carried out with a cushioning sheet placed beneath the hard

layer foreabsorbing these undulations.

'polishing pad (on the polishing machine platen side) as a

Explanation is now given of the method of pollshlng a

‘based polishing agents, cerium oxide-based polishing agents
and the like. It is desirable that the abrasive particles be.

‘used in the form of a composite.polishing pad laminated to a

semiconductor substrate using the pollshlng pad of the

present invention.

This Sheet Has Been Replaced
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When carrying out polishing ‘with the polishing pad of the

presen’t invention, if there is used a silica-based polishing

agent, aluminium oxide-based polishing agent, cerium oxide-
based polishing agent or the’ like as the polishing agent, it

is pos_sible to locally planérize insulating film or metal

interconnect surface unevenness on the wafer and it is

possible to reduce the global step height_ and suppress

dishing. - The polishing pad of the present invention is fixed -

" to the rotating platen of the polishing machine and the wafer

is held on the wafer carrier by means of a vacuum chuck
system. The pléten is made to rotate, an& the wafer carrier
is made to rotate in the same direction and pressed against
the polishing pad. At this time; po'lishing agént is supplied
between the polishing pad and wafer. The pressing pressure
is adjusted by control 6f_ the force applied to the wafer
carrier. Local planarity is obtained with a pressing

pressure of 0.01 to 0.1 MPa, so this is preferred.

The polishing pad of the present invention makes it possible,

when. planarizing local unevenness on a semiconductor

substrate, to reduce the global step height, suppress dishi'n_g'

and raise the polishing rate, and cl_oggihg or permanent set
at the pad surface do not readily occur and there is no

tendency for the polishing rate to deterio_rate with elapse of

' time, so stable polishing is possible.

Examples

Below, the details of the invention are further explained

along with examples.. In these examples, the various

properties were measured by the followihg methods.

1. Micro rubber-A-_-type hardness:

10



10

15

20

25

30

This was measured 'with a Kobunshi Keiki Co. (addréss:

Shimotachiuri Murémachi Nishiiru, Kamigyo-ku, Kyoto) Micro

Rubber Durometer MD-1.

The structure of the Micro Rubber Durometer MD-1. was

follows.

1.1 Sensor region
(1) loading system:'cahtilever plate spring
(2) spring lOading: 0 boint 2.24 gf
| | 100 point 33.85 gf
(3) spring loading error: = 0.32 gf
(4) indenter dimensions: cylindrical shape of diameter
" 0.16 mm, height 0.5 mm o
(5) displacement detection system: strain gauge
(6) pressure bush foot dimensions: outer diameter 4 mm,

inner diameter 1.5 mm

1.2 Sensor drive region _
(1) drive system: vertical drive based on a stepping
motor; descending rate dontrol based on an air damper
(2) vertical stroke: 12 mm '
(3) rate of descent: 10-30 mm/sec
(4) height adjustment range: 0 to 67 mm (distance

between samplé table and sensor pressure face)

1.3 Sample support
(1) Sample support dimensions: diameter 80 mm
(2) Fine adjustment mechanism: fine adjustmeht based on
XY table and-miorbmeter_head}_
stroke 15 mm for both X and Y axes

(3) Level regulator: main legs for level adjustment and

11
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round spirit level

2. Global step height
(1) Test wafer

A 20 mm square die was arranged on a 6 inch silicon wafer.

In this 20 mm square die, there were arranged in line and
space fashion, aluminium interconnects of width 40 pm ‘and
height 1.2 mﬁ at a Spacing of 40 pum on the left half and
aluminium interconnects of width 400 pm and height 1.2 uym at

‘a spacing of 40 pm on the right half. Furthermore, a

1nsulating film was formed on top at a thickness of 3 um by
CVD wusing tetraethoxysilane, and the global step height

evaluation test wafer was thus prepared.

(2) Evaluation method

The test'wafer used for global step height evaluation was
fitted to the polishing head of the polishing machine and
made to rotate at 37'rpm.' The composite poliehing pad was
fitted to the polishing machine platen and rotated at 36 rpm
in the saﬁe_direCtion as the direction of rotation of the
polishing'head. While supplying silica-based polishing agent
at 200 ml/min, polishing was carried out for a specified time

at a polishing pressure of 0.05 MPa. The'global step height
between the 40 um width and 400 pym width 1nterconnect regions

on the global step height evaluation test wafer was measured.

3. Copper interconnect dishing

(1) Test Wafer

12
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On a 6 inch sil:i.cén wafer, grooves of width 100 pm and
depth 0,7 um were formed at a 100 um spacing. On top, copper
was formed at a thickness of 2 ym by a plating method and the

test wafer for eiraluation of the Copper interconnect dishing

 thus produced.

{(2) Evaluation method

The test wafer f_or' evaluation of the copper interconnect

- dishing was fitted to the polishing head of the polishing

machine and_ rotated at 37 rpm. The composite polishing pad
was fixed to the. poiishing xﬁach_ine platen and rotated at
36 rpm.in the same direction as the direction of rotation'of-
the polishing head. While supplying alumina-based polishing

agent at 180 ml/min, . polishing was carried out for a

'spedified. time at a polishing pressure of 0.04 MPa. -The

difference in the thickness of the central region of the
copper interconnects and the thickness of the. edge regions of
.the copper interconnegts on the test '_wafer used for
evalu_ation of the copper interconnect dishing was. taken as

the amount of dishing'.

4. Oxide film removal rate

(1) Test wafer

By forming a 1.2 pm _thérmally oxidized film on ‘a 6 inch

silicon wafer, the test wafer fqr evaluation of the oxide

£ilm removal rate was produced.

(2) Evaluation method _

- 13
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A composite polishing pad was produced by sticking é non-
rigid foamed polyurethane Sheet of thickness 1.2 mm to the
polishing pad. .The test wafer for evaluation of the oxide
film removal rate was fitted to the polishing head of the
polishing machine and rotated at 37 rpm. The composite.
polishihg pad was fixed to the platen of the polishing
machine and rotated'at 36 rpm in the same direction as the.
rotation direction of the polishing head. The polishing wés'
carried out for a specified fime at a polishing.pressure'of.
0.05 MPa while supplying specified polishing agent at

225 ml/min, and the oxide f£film removal rate measured.

Next, ten ‘such test wafers fbr evaluation of the oxide f£ilm

‘removal rate were subjected to the polishing treatment and

the oxide removal rate measured for the 10" wafer.

Furthermore, the polishing of 1000 wafers was carried out

with the surface of the composite poliShing pad being given
an approximately 0.5 um dressing with a diamond dresser every
10" time, after which the polishing rate for the 1000 wafer

was measured.

Example 1

30 pérts by weight of polypropylene glycol, 40 parts by
weight of diphenylmethane diisocyanate, 0.8 parts bj'weight
of water, 0.3 parts by weight of triethylamine, 1.7 parts by
weight of silicone foam stabilizer aﬁd 0.09 parts by weight

of 'tin octylate were mixed together in an RIM moulding

machine, then discharged into a mould and pressure moulding

carried out to produce a foamed polyurethane sheet of
thickness 1.5 mm (micro rubber A-type hardness - = 50°,

density: 0.51, average diameter of closed cells: 40 pm).

‘Said polyurethane sheet was then soaked for 15 hours in

14
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methyl methacrylate to which 0.1 parts by weight of
azobisisobutyronitrile had Dbeen added. The foamed
polyurethane sheet which héd been swollen with _'methyl
methacrylate was sandwiched between glass plates and h.é'ate,d

for 24 hours at '70°C. After h_eating, the sheet was removed

from the glass plates and di‘ied under -vacuum at 50°C. Both
faces of the rigid foamed sheet obtained were subjected to

grinding to prodﬁce a polishing pad of thickness 1.2 mm. The

. micro rubber A-type hardness of the polishing pad obtained

was 98°, the density: 0.75, average closed cell diameter:

60 pm, and the content' of the polymethyl methacrylate in the
polishing pad was 82 wt%. |

Using a silica-based polishing agent, with a._ polishing time
of 10 minutes the oxide film removal rate was 1020 A/min.
The oxide film removal rate for the 10th wafer was 950 A/min.
After 1000 wafers, the removal rate was 940 A/min, _.sb there

was little fall.

When the global step height _'w'as- evaluat_:e'd for a polishing
time of 7 minutes, the global step height between the 40 um
width and 400 ym width interconnect -regions of the global

step height evaluation tést wafei: was low at 0.02 pm.

When the copper. interconnect - d_ishing' was evaluated at a
polishing time of 10 minutes, the thickness of the copper

interconnect central region of the test wafer used for copper
interconnect _diéhing evaluation was 0.65 um and that of the
copper interconnect edge- regions was .0.70 um, so the amount

of dishing was low at 0.05 pm.

15
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Example 2

30 parts by weight of polypropylene' glycol, 40 parts by
weight of diphenylmethane diisocyanate, 1 part by weight of
water, 0.2 parts by weight 6f triethylamine, 1.8 parts by
wéight of silicone foam'stabilizer and 0.08 parts by weight
of tin octylate were mixed together in an RIM moulding_
machine, then discharged into a mould and pressure moﬁlding
carried outf to pfoduce a foamed polyurethane sheet of
thickness 2 mm (micro rubbef A-tyﬁe hardness = 50°, density:.
0.4, average diameter of closed cells: 60 um) . Said
polyurethane sheet Was_soaked'for 24 hours in monomer liguid
comprising 80 parts by weight of méthyl methacrylate and 20
parts by weight of diﬁinyi benzene to which 0.1 part by
weight of azobisisobutyronitrile had been added. The foamed
polyurethane sheet swollen with  mohomer was sandwiched

between glass plates and heated for 24 hours at 70°C. After

the heating, the sheet was removed from the glass piates and

dried under vacuum at 50°C. Both faces of the rigid foamed
sheet obtained were subjected to grinding to.produce'a 1.5 mm

polishing pad. The micro rubber A-type hardness of the

polishing pad obtained was 98°, the density = 0.81, the

average closed cell diametef: 80 pm, and the content of the
methyl methacrylate/divinyl benzene copolymer in _the-
polishing pad was 85 wtg%. .

Using a silica-based polishing agent, with'a polishing time

of 10 minutes the oxide film removal rate was 1500‘A/min.

'The oxide film removal rate for the 10th wafer was 1400 A/min.

After 1000 wafers, the removal rate was 1380 A/min, so there
was little fall. '

16
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When the global step heighf was evaluated for a polishing
time of 4.5 minutes, the global step height was low at

- 0.01 pm..

When the copper interconnect dishing was evaluated at a

-_polishing time of 6.5 minutes, the thickness of the copper

interconnect central region of the test wafer used for copper
interconnect dishing evaluation was 0.66 um and the thickness.
of the edge regions was 0.68 pm, so the amount of dishing was

low at 0.02 pm.

Example -3

"30 parts by weight of polytetramethylene ether. glycbl, 40

parts by weight of tolylene diisocyanate, 0.5 parts by weight
of water, 0.2 parts by 'weight of tripropylamine, 1.8 parts by
weighi: of _silicone foam stabilizer ahd 0.08 parts by weight
of tin octylate were mixed together' in an RIM moulding
machine, then discharged into a mould ar_ui pre'ssure ‘moulding

carried out to produce a foamed bolyurethane sheet of
thickness 3 mm (micro rubber A-type hardness = 50°, denSity_:

0.7, average diameter of closed cells: 40 um). Said foamed
polyurethane sheet was soaked for 24 hours in monomer liquid

comprising 80 parts bj weight of methyl methacrylate and 20

parts by weight of diethylene glycol dimethacrylat.e to which

0.1 part by weight of azobisisobutyronitrile had been added.
The fqained. po_lyurethane sheet swollen with. monomer was
sandwiched ._ between glass plates axid heated for 24 hours at
70°C. After’ the heating, .the sheet was rémoved' from the
glass pla_tes and dried under vacuum at 50°C.' Both faces of
the rigid foamed sheet obtained were subjected to grinding to

produce a 1.0 mm polishing pad. The micro rubber A-type

17
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hardness of the polishingfpad obtained was 99°, the density =

. 0.85, average closed céll diameter: 60 um, and the content of

methyl methacrylate/diethylene lecol dimethacrylate
copolymer was 72 wt%. A composite polishing pad'wés produced
by sticking together said polishing_'pad and a non-rigid
foaméd'polyurethane sheet of thickness 1.2 mm. |

Using a silica-based polishing agent, with a polishing time

.0of 10 minutés the oxide film removal rate was 900 A/min. The

oxide film removal rate for the 10th wafer was 850 A/min.

After 1000 wafers, the removal rate was 800 A/min, and so

there was little fall.

Whén +the global step height-waS'evaluatéd for a polishing

time of 8 minutes, it was low at 0{04 pm.

When the copper .interconnect— dishing was evaluated at a
polishing time of 11 minutes, the thickness of the copper

interconnect central region of the test wafer used for copper
interconnect dishing evaluation was 0.66 pm.and the thickness
of the copper interconnect edge regions was 0.69 pm, so the

amount of dishing was low at 0.03 pum.

Example 4

30 parts by weight of 'polypropylene Qlycol, 40 parts by |

" welght of diphenylmethane diisocyanate, 0.8 parts by weight
- of water, 0.3 pafts'by weight of triethylamine, 1.7 parts by

weight of silicone foam stabilizer, 0.09 parts by weight of

~tin octylaté and 10 parts by.weight of colloidal silica of

average particlé size 0.2 were mixed together in an RIM

* - moulding machine,_then discharged into a mould and presSure

- This Sheet Has Been Rep
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moulding carried out to produce a foamed polyurethane sheet

of thickness 1.5 mm (micro rubber A-type hardness = 70°,

density: 0.91, average diameter of closed cells: 50 um).
Said foamed polyurethane sheet was soaked for 15 hours in
methyl methacrylate. to which 0.1 part by weight of
azob.isisobutyronitrile ‘'had been added. The foamed
polyui:'ethane sheet 'swollen_ with methyl methacrylate was
sandwiched between glass plates'. and he'ated for 24 hours at

70°C. After the heating, the sheet was removed from the

glass plates. and dried under vacuum at 50°C. Both faces of
the r:i_.gid'foamed' sheet obta_ined were subjected to grinding to
produce a polishing pad of thickness 1.2 mm. - The micro
rubber A-type hardness of the polishing_pad obtained was 99°,
the density: 1.0, the_average closed cell diameter: ;70 pum,

and the content of polymethyl methacrylate.was 82 wtg.

When. pelishing. was carried out for 10 minutes at a polishing
pressure of 0.05' MPa while supplying potassium hyd:;oxide of
pH 10 as the polishing agent at 225 ml/minute, the oxide film
removal rate was 1300 A/min. The oxide film removal rate for
the 10th wafer was 1200 A/min._ After ‘100'0 wafers, - the.

removal rate was 1150 A/min, eo there was little fall.

When polishing was carried out for 5 minutes at a po'lishing'
pressure of 0.05 MPa while supplying the potassium hydroxide
of pH 10 at 200 ml/minute, the 'global step height was low at

0.03 pm.

Example 5 .

- 30 parts by weight of polypropylene glycol, 40 parts by

weight of dipheriylmethane diisocyanate, 1.2 parts by weight
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of water, 0.3 parts' by weight of triethylamine, 1.7 parts by
weight of silicone foam stabilizer and 0.09 parts by weight
of tin octylate were mixed tbgether _in an RIM moulding

machine, then discharged into a mould and préssure moulding

-carried out to produce a foamed polyurethane sheet of

.-thickness_ 1.5 mm (micro rubber A-type hardness = 50°,

density: 0.51, average diameter of closed cells: 40 um) .
Said polyurethane sheet was ' soaked for 10 hours in methyl
methacrylate to which 0.1 parts by weight of
azobisisobutyronitrile had been added. The foamed
polyurethane sheet swollen with methyl methacrylate. Was.

sandwiched between glass plates -and heated for 24 hours at

© 70°C. After the heating, the sheet was removed from the

glass plates and dried under vacuum at 50°C. Both faces of
the rigid foamed sheet obtalned were subjected to 'gfinding to
produce a polishing pad of thickness 1.2 mm. The micro

rubber A-type hardness of the polishing pad obtained was 85°,

density: 0.75, average closed cell diameter: 60 pm, and _the
content of the polymethyl methacrylate in the polishing pad

was 75 wt%.

Using a silica-based polishing agent, with a polishing time
of 10 minutes the oxide film removal rate was 980 A/min. The
oxide film removal rate for the 10th wafer was 930 A/min.
After 1000 wafers, the remdval rate was 900 A/min, so there

was little fall.

When the global stép height was evaluated for a polishing
time of 7 minutes, the global step height between the 40 pum '

width and 400 pm width intefconnedt regions of the global

step height evaluation test wafer was low at 0.05 pm.
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When the copper interconnect dishing was evaluated at a

. 'polishing time of 10 minutes, the thickness of the copper

interconnect central regioh'of;the test wafei used for copper

" interconnect dishing evaluation was 0.65 pym and that of the

copper interconnect edge regions was 0.70 pym, so the amount

of dishing was low atlo.lo pm.

Example 6

30 parts by weight of polypropylene ‘glycol, 40 parts by 
weight of diphenylméthane diisocyanafe,'l.s parts by weight
of water, 0.4 parts by weight of triethylamine, 1.6 parts by

welight of silicone foam stabilizer'ahd 0.10 part by weight of

tin octylate were'mixed together in an RIM moulding machine,
then discharged into a mould and pressure moulding carried
out to produce a foamed polyurethane sheet. of thickness
1.5'mm (micro rubber A-type hardness = 50°, density: 0.40,
average diameter of closed cells: 150 uﬁ). _Said.polfurethane
sheet was éoaked for 8 hoﬁrs-in methyl methacrylate to which
0.1 part by'weight of azobisisobutyronitrile had.beeh added.
The foamed polyurethane - sheet swollen - with methyl
methacrylate was sandwiched between glass plates and heated

for 24 hours at 70°C. After the heating, the sheet was

'removed from the glass plates-and dried under vacuum at 50°C.

Both faces of the rigid foamed sheet obtained were-subjécted
to grinding to produce a polishing pad of thickness 1.2 mm.
The micro rubber A-typg' hardness 6f the polishing pad
obtained.*was 98°,.the density: 0.70, average' closed cell
diameter: 200 um, and the content of the ‘polymethyl
methacrylate in the polishing pad was 82 wts. |

I
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-Using a silica-based polishing agent, with a polishing time

of 10 minutes the oxide film removal rate was 1050 A/min.
The oxide film’ removal rate for the 10th wafer was 980 A/min.
After 1000 wafers, the removal rate was 950 A/min, so there

was little fall.

When the global step height was evaluated for a polishing
time of 7 minutes, the global step height .between the 40 pm
width and 400 pm width interconnect regions' of the global

step height evaluation test wafer was low at 0.02 pm.

When the copper: interconnect dishing was evaluated for a

polishing time of 10 minutes, " the “thickness of the copper

~interconnect central region on the test wafer used for copper

interconnect dishing evaluation was 0.65 um and that of the
copper interconnect edge regions was 0.70 um, so the amount

of dishing was low at 0.04 pm.

Example 7

30 parts by weight of polypropylene glycol, 40 parts by
weight of diphenylmethane diisocyanate, 1.8 parts by weight
of water, 0.5 parts by weight of triethylamine, 1.7 parts _'by

' weight of silicone foam stabilizer and 0.09 parts by weight

of tin octylate were mixed together' in an RIM mdulding
machine, then’ giischarged into a mould and pressure moulding
carried out to produce a foamed polyurethane sheet of

thickness 1.5 mm (degree of micro rubber hardness = 50°,'

dens:l.ty. 0.51, average dJ.ameter of closed cells: . 240 pm).
Said foamed ‘polyurethane sheet was .soaked for 7. hours in
methyl methacrylate to which 0.1 part by weight of

azobisisobutYronitrile had been 'ad_d'ed. The foamed
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polyurethane sheet swollen with methyl methacrylate ‘was
sandwiched between glass'plates and heated for 24 hours at
70°C. After the heating, the sheet was removed from the
glass plates and.dried under vacuum at SO%L Both faces of
the rigid foamed sheef_ohtained were subjected to grinding to
produce a pelishing pad of thickness 1.2 mm. The micro
rubber A-type hardness of the polishing pad obtained was 98°,
density: 0.70, average closed_eell'diameter:-300 um, and.the
content of the polymethyl methacrylate in the polishing_pad
was 85 wts. - | '

Using a silica-based polishing agent, with a polishing time |,

of 10 minutes the oxide film removal rate was 1080 A/min,
The‘oxide film removal rate for the 10th wafer was 990 A/min.
After 1000 wafers, the removal rate was 960 A/min, so there

was little fall.

When the global step height was .evaluated for a bolis_hing

time of 7 minutes, the glohal step height between the 40 um
'width and 400 pm width interconnect regions of the global

step height:evaluation test wafer was low at 0.02 pm.

When the copper interconnect dishing 'was evaluated at a

polishing time of 10 minutes, the thickness of the copper

interconnect central region on the test wafer used for copper

interconnect dishing evaluation was,0.65 um and that of the

copper interconnect edge regions was 0.70 pum, so the amount'

of dishing was low at 0.04 pm.

Ekample 8
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30 parfs by weight of polyproi)ylene glycol, 40 parts by
weight of diﬁhenylmethané diisocyanate, 2.0 parts by weight
of water', 0.5 pérts by weight of triethylamine, 1.7 parts by -
weight of silicone foam stabilizer and 0.09 parfs by 'weight
of tin octylate. were mixed togethér in an RIM moulding
machine, then discharged into a mould and pressure moulding

carried out to produce a foamed polyurethane sheet of

. thickness 1.5 mm (degree of micro rubber hardness = 50°,

density: 0.45, average diameter of closed cells: 350 pm).
Said pblyurethane sheet was soaked. for 12 hours in methyi
methacrylate to  which 0.1 part - by welight of
azobisisobutyronitrile had been added. - The foamed
polyurethane sheet . 'swc'Jllen' with. methyl methacrylate was

sandwiched between giass plates and heated for 24 houl_rs- at

70°C, ~ After the heating_, the sheet ‘was removed from the

glass plates and dried under vacuum at 50°C. Both faces of
the rigid foamed sheet -obtaj.ned were subjected to grinding to
produce a polishing pad of thickness 1._2' mm. The micro
rubber. A-type hardness of the po_lishing pad obtained was 98°,
density: 0.77, 'averag'e closed céll diameter: 480 um, and th_e,
content of the polymei_:hyl 'methacrylate in the polishing pad

was 81 wt%.

Using a silica-based polishing agent, with a polishing time

-of 10 minute_s the oxide film removal rate was 1030 A/min.

The oxide £ilm removal i:‘ai:e for the 10th wafer was 960 A/min.
After 1000 wafers, the removal rate was 940 A/min, so there

was little fall.

When the global ” step height was evaluated for a polishing |
time of 7 minutes, the global step height between t_he' 40 um
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width and 400 pm width interconnect regions of the global

step height evaluation test wafer was low at 0.03 um.

When the copper interconnect dishing was evaluated at a
polishing time of 10 minutes;-the thickness of the copper

interconnect central region on the test wafer used for copper
interconnect dishing evaluation was 0.65 pm and that of the

copper interconnect edge regions was 0.70 um, so the amount

‘of dishing was low at 0.04 pm.

Comparative Example 1

78 parts- byn weight of pélyether-based urethane -polymer
(Adiprené L-325, produced by'Uniroyal) and 20 parts by weight
of 4,4'-mefhylene-bisz-chloroaniline were mixed together in
an RIM mixing machine, then 1.8 parts by weight of hollow
polymer microspheres (Expancel 551 DE) mixed-in, and a rigid

- foamed polyurethane sheet of thickness 12 mm produced (micro

rubber A-type hardness = 92°, density = 0.78, average
diameter of closed cells: 30 um). This rigid foamed
polyurethane sheet was sliced to produce polishing pads of

thickness 1.2 mm.

When polishing was carried out for 10 minutes while suppliing
silica-based polishing agent at 225 ml/minute, the oxide film

removal rate was 1100 A/minute. The oxide film removal rate

for the 10th wafer was 500 A/minute. After 1000 wafers, the
removal rate was 500 A/minute, and so the fall was

considerable.

When the'global step height waslevéluated for a polishing
time of 7 minutes,”the global step height was large ét 0.1 pm.
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When the copper interconnect dishing was 'evaluated, the

thickness of the'copper interconnect central region on the

teét wafer used for ¢opper interconnect dishing evaluation

was 0.40 um and that of thé copper interconnect edge regions

was 0.68 um, so the amount of dishing was high at 0.28 pm.

Comparative Example 2

78 parts by wéight of a polyether-based urethane polymer

(Adiprene L-325, produced by Uniroyal) and 4.64 parts by

weight of ethylene glycol were mixed together in an RIM

mixing machine, then 1.5 parts by weight of hollow polymer

microspheres (Expancel 551 DE) mixed-in, and a rigid foamed

polyufethane of thickneés 12 mm produced (micro rubber A-type

hardness = 50°, density

0.75,

average diameter of closed.

cells: 30 pm). " This foamed polyurethane sheet was sliced to

produce polishing pads of thickness 1.2 mm.

When polishing was cérried'out for 10 minutes while supplying
siliga-based polishing agent at 225 ml/minute, the oxide film

removal rate was 400 A/minute.

The oxide film removal rate

for the'loth wafer was 300 A/minute. After 1000 waférs, the

polishing rate was 200 A/minute, so the fall was considerable.

The gldbal step height was eﬁaluated for a polishing time of

19 minutes, buf the protrusions on the 40 um and 400 pm lines

were not lowered below about 0.2 u, so planarity was not

obtained.

Comparative Example 3
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78 pafts by weight of polyether-based 'urethane polymer
(Adiprene L-325, produced by Uniroyal), 10 parts by Weight of
4,4'-methylene-bisz-chloroahiline and 2.32 parts by weight of
ethylene glycol were mixed together in an RIM mixing machine,
then 1.6 parts by“}weight ©0of hollow polymer microspheres
(Expancel 551 DE) mixed-in, and a rigid foamed polyurethane

of thickness 12 mm produced_(micro rubber A-type hardness
70°, density = 0.78, average diameter of clqsed cells{'30 pm) .
This foamed polyurethane sheet was sliced to produce

polishing pads of thickness 1.2 mm.

When polishing was_cafried out for 10 minutes while supplying
silica-based polishing agent at 225 ml/minute,_the oxide f£ilm
removal rate was 800 A/minute, The oxide film_removal rate
for thé 10th wafer was 600 A/miﬁute. After 1000 wafers, the

polishing rate was 400 A/minute, so the fall was considerable.'

-The global step height was evaluated for a polishing time of -

9 minutés, but the. protrusions on the 40 um'and 400 pym lines
were not lowered below about 0.1 pn, so planarity was not

obtained.
Industrial Applicability

By means of the present invention, there is provided a
polishing pad WhiCh; in the mechanicallplanarization process
whereby the surface of the insulating layers or metal '
interconnects formed on the silicon substrate are smoothed by
polishing, the polishing rate is high, the global step height
is low, dishing does not readily occur at the metal

interconnects, clogging or permanent set at the surface

27



regions ‘do not ténd ‘to occur, and the ‘polishing rate is
stable.
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‘Table 1

Pol urethane/Vinyl_ Polymer Polishing Pad Structure , Polishing Performance
Micro Rubber Average Closed Vinyl Polymel" . Polishing Rate (A/minute) | _
A-type Density Cell Iie ameter Monomer Content After Polishing Global Step Amount of
Hardness (g/cm’) Components | Imitial Height (um) Dishing (um)
© (pm) (weight ratioy | (eight %) 10th | 1000th -
) : Wafer Wafer ' '
Example 1 %8 0.75 60 o K 1020 | 950 | 940 0.02 005
Comparative 92 0.78 30 ; 0 1100 | 500 500 0.10 0.28
Example 1 -
Comparative . . planarity not )
Erate? 50 0.75 30 ] 0 400 | 300 200 e
Comparative ' planarity not }
Eraoles 70 0.75 30 — 0 800 | 600 400 e
Example 2 98 0.81 80 Ml(\gg/%;m 85 1500 | 1400 | 1380 " 001 0.02
| Bxample 3 99 0.85 60 M%Zg)DMA 7 900 | 850 800 0.04 0.03
Example 4 59 10 70 MMA 82 1300 | 1200 | 1150 0.03 -
Example 5 " 85 0.75 " 60 1}'{%"6;‘ 75 980 | 930 900 0.05 0.10
Example 6 9% 10.70 200 ooy 82 1050 | 980 | 950 0.02 0.04
Example 7 98 070 300 0 85 1080 | 9% | 960 0.02 0.04
Example 8 98 0.77 480 o 81 1030 | 90 | 940 0.03 0.04
" MMA: methyl methacrylate -
DBV: divinylbenzene '
DEGDMA: diethylene glycol dimethacrylate —
I
_ ——
—
—
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Scope of Claims

1. A pelish-:i_.rig pad of micro rubber -A-type ‘hardness at

least 80°, which contains polyurethane and polymer produced

from a vinyl compound, and which possesses closed cells.

2. A polishing pad eccording to Claim 1 which is

characterized in  that

polymerized from a vinyl compound are integrally incorporated.

the polyurethane = and polymer

3. A polishing pad according to Claim 1 which

is

characterized in that the percentage,content of the polymer

polymerized-from a vinYl-compound is at least 50 wt% but no

" more than 90 wt%.

4. A poiishing pad accerding to Claim 1 where the vinyl

compound is represented by CH2=CRlcOQRz (Ry = methyl group or

ethyl group, Rz = methyl group, ethyl group, propyl group or

butyl group).

5. A polishing pad according to Claim 1 which is:

characterized in that the micro rubber hardness is at least

90°.

6. A polishing pad

characterized in that the

7. A polishing pad
characterized in that the

8. - A polishing pad

characterized in that the

accoxrding

density is

according

density is

according

density is

30

to Claim 1 which
from 0.4 to 1.1.

to Claim 1 which
frem 0.6 to 0.9.

to Claim 1 which
from 0.65 to 0.85.
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is
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9. A polishing pod AGCording to Claim 1 which is
characterized in that the average cell diameter of the closed
cells is no more than 1000 upm. |

10. A polishing ‘pad according to Claim 1 which is

cells is no more than 500 pm.

11. A polishing pad according to Claim 1 which is

characterized in that'the average cell diameter of the closed

'cells is no more than 300 pm.

12. A composite polishing pad -formed by laminating a

poiishing pad according to Claim 1 and a cushioning sheet.

13. A method of producing a polishing pad which 1is

characterized in that a foamed polyurethane sheet having

5““——————________;

O

_characterized in that'the average cell diameter of the closed

closed cells of average cell diameter no more than 1000 pm

and of density in the range 0.1 to 1.0 is impregnated with

vinyl compound, after whioh.the vinyl compound-is polymerized.

14. A method of produci'ng a polishing pad according to
Claim 13 which is characterized in that the vinyl compound is
represented by CHTJHQCOORz (R1 = methyl group ‘or ethyl group,

_Rz = methyl group, ethyl group, propyl group or butyl group).

15. A composite polishing 'pad ‘formed by laminating a
polishing pad according to Claim 1 and a cushioning sheet.

16. A method of polishlng a semiconductor substrate which:

is characterized in that a polishing pad according to Claim 1

or a composite pad with this as a structural. element is fixed

This Sheet Has Been Replaced
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to a polishing platén', and the semiconductor substrate
pdlished' while ‘interposing polishing agent between said
polishing pad and the semiconductor substrate fixed to the-

polishing head.
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