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Synopsis

The “Sparkle SP 4000” CMP system for interlayer film planarization has been developed and introduced to
mass production fabrication. The “SP 4000” CMP sysytem has the following performance and functions.

— High throughput of 40 wafers/hour

—Dwy-in/Dry-out configuration by integrating cleaner

— Process check function by including film thickness monitor

—Clean room use

Recently, we began to develop a new CMP system for planarization of W (Tungsten) plugs.

We describe our CMP technology and equipment in this paper.

1. Introduction

While increasing levels of ULSI integration
results in interconnection lines becoming ever thin-
ner, multilayer structures of interconnections are
also being developed. In such multilayer intercon-
nection structures, at present, the planarization
process for each insulating layer has become an
absolutely essential technology due to the problem
of depth of focus in the optical lithography process.
Table 1 shows typical multilayer interconnection
The CMP
(Chemical-Mechanical Polishing) technology has

surface planarization technologies®.

become the leading technology because of its supe-
rior planarization characteristics and simplicity of
the process and is becoming an established replace-
ment for the conventional techniques of etching®®*?,
reflowd*2, SOGH*3) etc.

At present, our CMP equipment has passed the
development stage for application to device fabrica-
tions and is in the stage of mass production in which
the process performance is being stabilized. This
equipment is still considered to be in the develop-
ment stage among the current semiconductor manu-
facturing processes, since there are many additional
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technical modifications and improvements that can
be made by each manufacturer. Furthermore, the
market is large and the market has still not become
mature even when we consider the future prospects,
so we can expect this field to be one in which
considerable progress can be achieved in the future®
(Fig. 1).

Under these conditions, SMI's CMP equipment
has completed the process development stage and is
currently being carried over to mass production

(+1) Etch-back: Forming a coated film of photoresist,
etc., on the insulation film covering the interconnection
line steps, and planarizing the surface by etching under
the conditions in which the etching speeds of the two are
almost equal.

(*2) Reflow: Lowering the softening point by adding
Phosphorus (P) or Boron (B) to the SiO? film which is the
insulating film between interconnection layers, and
planarizing the surface undulations by causing reflow
during heat treatment.

(*3) SOG: Coating a solvent whose base is silanol, and
planarizing the steps in the base material by heat treat-

ment.
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Technical Explanation

Table 1 Planarization technology of stack layered film
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2. Equipment Configuration
1000

2.1 Outline of Equipment Configuration

The external appearance of this equipment is
shown in Photo 1 and the equipment configuration
is shown in Fig. 1.

The interior of the CMP equipment consists of
five wafer stages so that five wafers can be polished
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Fig. 1 Market forecast of CMP

plants, etc., and we are now making efforts to
achieve stable mass production operation and im-
proved performance.

In this paper we describe mainly the equipment
configuration and its technical details, together with
the fundamental technologies for application to

mass production. In addition, some description is
also given of 'the development of the metal CMP

Photo 1 Photograph of CMP system

equipment.
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Fig. 2 Configulation of CMP system

simultaneously. There are both two cassettes for
products and one cassette for dummy wafers in the
autoloader at the front of the equipment. Dummy
wafers are loaded onto the wafer stages when there
are fewer than five product wafers. The wafers are
loaded sequentially by the robots from the left side
of the equipment, then polished after the wafers are
placed on the five wafer stages. When polishing is
completed, the wafers are unloaded from the right
side of the equipment. The polished wafers are first
stored in the unload cassette, and then led to the
cleaning unit one wafer at a time as required. The
cleaning unit consists of three modules, the double
side cleaning module that uses a roll brush, the
surface cleaning module that uses a disk brush, and
the chemical cleaning module that uses HF (hydro-
fluoric acid). The wafers are cleaned, rinsed, and
dried by these modules, then stored back in the
original cassette on the autoloader at the front of
the equipment.

Figure 3 shows a schematic view of the polishing
unit of the CMP equipment. The lower part of the
equipment has the main table consisting of five
wafer stages each designed to be in planetary
motion. The top part of the equipment has the
polishing plate with a polishing pad facing the
wafers, and polishing is done by supplying slurry
from the center of this polishing plate. This slurry is
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Polishing plate

olishing pad

lurry plate

Fig. 3 Schematic view of polishing unit

based on SiO, particles with the particle diameter
being in the range of 0.03 to 0.05 m, and the solvent
is made alkaline (pH of 10 to 11) so as to have
chemical action. The polishing pad consists of a two
~layer structure. The surface layer is made of
polyurethene type of resin which is hard and has
high slurry retention. The inner layer is made of
relatively soft rubber material. Because of this pad
structure, while local planarization polishing is car-
ried out on the one hand, the inner layer soft rubber
becomes effective against the long range waviness
on the wafer, and it is possible to remove the wafer
surface uniformly because the pad confrorms to the
wafer surface at all times.
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2.2 Conformation with Clean Rooms
Compared with other general semiconductor

manufacturing equipment, it is most important fac-
tor that CMP equipment conforms to clean environ-
ment on designing CMP equipment. Since the polish-
ing equipment uses slurry, it can easily become the
source of particles and contamination. In particular,
since the potassium K* ion component to maintain
alkaline nature of the slurry has detrimental effects
on semiconductor devices, all the device manufac-
turers are very reluctant to place the CMP equip-
ment in the clean room of the semiconductor fac-
tory.

In our company’s CMP equipment, in order to
make the equipment conform to clean room condi-
tions, we have long before proposed the concept of
dry in and dry out*® wherein the environments
inside and outside the equipment are completely
isolated and the CMP unit and the cleaning unit are
integrated together.

Figure 4 shows the environmental configuration
of our CMP equipment. The maintenance side and
the operation side of the equipment are completely
isolated from each other by a partition, and the
modules using the slurry are all placed on the

Local exhaust

Maintenance area

maintenance side. The cleanliness inside the equip-
ment is divided into several classes, with the
cleanest being the autoloader, then the cleaning unit,
and the least clean being the CMP equipment. Air
flow adjustment between these classes is used to
prevent reverse diffusion of contamination, thereby
maintaining the cleanliness of each section.

Figure 5 shows the results of evaluating the
environment over a long period in a mass produc-
tion factory. By adjusting the direction of air flow,
the contamination rate of the environment at each
position is reduced to less than 0.ing/L thereby
proving that the equipment conforms to clean room
environments®.

(*4) Dry In Dry Out: In general, in CMP equipment, the
wafers are loaded in the dry condition, and are returned
in the wet condition, but in this method, the wafers are
unloaded in the dry condition by cleaning and drying the

wafer.

Air flow direction

Clean level 1
(Clean level)

Clean level 2
(Semiclean level)

Clean level 3

(Maintenance level)

Clean level 4

(CMP level)
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Cleaner
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monitor g
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—1 = Cassette transfer

A,B,C Environment evaluation

Operate area
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(Fig.5)

Fig. 4 Air flow control in CMP room and environment keeping
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1 —o— A 2.3 Film Thickness Measurement Unit
B ] Ref.to Fig. 4 The film thickness measurement unit plays a very
—o—C important role in increasing the product wafer yield

by checking uniformity within wafer.
Figure 6 shows the polishing control flow dia-
gram when the film thickness measurement unit is

being used. The monitor wafer built into the unit is
polished at regular intervals between product wafer

Potassium concentration (ng/1)

lot processing, the film thickness after polishing at

0 1 2 38 4 5 6 7 8 9 10 11 12 various locations of the wafer is measured by the

Operation period (Month) film thickness measurement unit using optical inter-

Fig. 5 Environment evaluation at each location (Fig. 4) ference measurement and the polishing rate and
in CMP room

uniformity are evaluated. The processing conditions

Recipe install
(Polishing condition)

A

Product wafer polishing

(N lot)
v

Monitor wafer polishing
(Polishing time : Tmin)

Film thickness measurement

Waf h
(Left thickness,Lot NO) ater exchanee ‘

END

No
ALARM,PAUSE

Nonuniformity within wafer
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Nonuniformity within batch
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Level 1 ALARM,PAUSE
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| Overwrite optimized time |

(*5) Changing polish time

Polishing rate target R Level 1 A<KR<B not change
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Fig. 6 Flow diagram of polishing control using film thickness monitor
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of the next product wafer lot are determined based
on this evaluation. In SMI's CMP equipment, since
the function of automatic compensation of polishing
time is available, it is possible to obtain a stable
amount of removal by polishing if there is some
change in the polishing rate.

By using the film thickness measurement unit, it
is possible to prevent in advance the generation of a
large number of product defects due to excessive
polishing or defects in uniformity, and hence it is
possible to achieve stable operation during mass
production.

3. Planarization Using CMP

Photo 2 shows examples of wafers before and
after planarization by CMP. CMP makes it possible
to achieve complete planarization that was not
achieved by the other methods such as etch-back,
and it is possible to obtain a flat and smooth surface
with very little undulation. In addition, it is possible
to return the surface condition to the original level
of cleanliness by post-CMP cleaning.

3.1 In-Situ Dressing Technology

One of the fundamental technologies that is a key
to achieve mass production is the In-situ Dressing
technology™®,

Figure 7 shows examples of dressing performance
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Technical Explanation
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Fig. 7 The difference of dressing performance with in-situ
dress and without in-situ dress

in case that in-situ dressing is performed and not
performed”. When in-situ dressing is not performed,
since the polishing pad reduces abrasive ability
during polishing, thereby reducing the polishing
rate, it is difficult to estimate the time required for
obtaining the required polishing amounts. In con-
trast with this, when in-situ dressing is performed
since the dressing of the pad (removal of blockage)
is done while the polishing is being done, the polish-
ing rate will not depend on polishing time but will be
constant, thereby improving the controllability of

(*6): In-Situ Dressing Technology: Technology of dress-

ing the pad simultaneously with polishing.

(a) Before CMP

(b) After CMP 3 um
:

Photo 2 Cross sectional view of planarization by CMP
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polishing.

In SMI's CMP equipment, we have developed a
dressing retainer with which the dressing of the pad
is done simultaneously with polishing in addition to
the original function of preventing over polish at the
wafer edges (Fig. 8), With the dressing retainer, it is
also possible to improve the controllability of the
amount of polishing of the wafer edge by varying
the height of the retainer relative to the surface of
the wafer.

Figure 9 shows the stability of the polishing rate
when continuous polishing is being done. It was
possible to obtain a stable polishing rate : 2 0004/
min or more for more than 2 000 batches (10 000
wafers) with an inter-batch rate stability : less than
5% (within 50 batches) and a surface uniformity (1)
: less than 5%. From this, it is possible to stabilize
the polishing rate and uniformity of the polishing
amount over a long duration, ahd hence it is possible

to obtain stable performance suitable for mass

production.
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Fig. 9 Stability of removal rate and nonuniformity with dress-
ing retainer

In-situ dressing
retainer

Wafer

Wafer chuck table

3.2 Cleaning Characteristics

The cleaning after CMP is a process that is
essential for removing the slurry and contamination
after polishing. The outline of the cleaning process
is shown in Fig. 10. The cleaning process consists of
the three processes the double side scrub cleaning
process, the surface scrub cleaning process, and the
HF cleaning process.

In the double side scrub cleaning process, the
wafer is held between a pair of roll brushes and the
slurry on both sides of the wafer is removed in this
rough cleaning process by the rotation of the top
and bottom rolls.

Next, in the surface scrub cleaning process, the
small quantities of particles, that could not be com-
pletely removed in the double side scrub cleaning
process, are removed by spraying a jet of DI water
with ultrasonic waves and by scanning the disk
brush.

The final HF cleaning process is intended for
removing the layer of the surface by HF (hydro-
fluoric acid) etching so as to remove the contamina-
tion components (mainly potassium components)
that have adhered to the surface of the wafer during
the polishing process and the subsequent scrub
cleaning process. Figure 11 shows the result of
particle count evaluation after post-CMP cleaning.
The particle number after post-CMP cleaning has
almost become stabilized at less than 50. Figure 12
shows the result of comparing the surface contami-
nation of a wafer after post-CMP cleaning and a
reference wafer for which CMP has not been carried
out. This result shows that heavy metals and the
potassium components contained in the slurry (K¥)
have almost completely been removed, and that
there is no defect of wafer contamination by CMP.

In-situ dressing
retainer

Wafer

Wafer chuck

Fig. 8 Dressing retainer structure around wafer chuck table
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Fig. 10 Post-CMP cleaning process

200 l L 4. Development of Metal CMP Equipment
for Planarizing Tungsten Plugs
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While we carried out the development of CMP
equipment in our company for the conventional

insulating films, there has been an increasing

Number of particles
—
<
(=)

demand for the application of CMP for the planar-

O
o OBQ) UQD CBO OO\SD e} ization of tungsten plugs, and we have developed the
O o) . ..
@] o0 Q o © metal CMP equipment SP5000 for planarizing tung-
0(|> o DO o ©

0 10 20 30 40 50 sten plugs. The equipment configuration for the
Operating period (days) metal CMP is equivalent to the one for the conven-

Fig. 11 Particle evaluation after post CMP cleaning tional CMP except for slurry system. Acidic slurry
is used for the metal CMP instead of alkaline slurry

which is used for conventional CMP. Therefore

15 corrosion resistance of the materials is provided for

O Reference slurry line in the metal CMP. For the pad, we are
&1 Test sample

using the same polyurethene foam as the one used

—
<

for polishing silicon dioxide films.
Photo 3 shows examples of planarizing tungsten
plugs. The surface of tungsten and oxide films are

(10°atoms/cm?)

(423

almost uniformly planarized for hole diameters

Contamination level

from 1 up to 5, and it is possible to obtain a flat and

% smooth surface without any dishing*".
C LT LT

e

Na Al K Ca Ti Cr Fe Ni

Cu

Fig. 12 Contamination evaluation after post CMP cleaning
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Technical Explanation

0.5#1‘11

Hole diameter : 1 gm

Hole diameter : 5 gm

Photo 3 Cross sectional view of W plug planarization

5. Conclusins

It has been possible to introduce CMP equipment
for mass production in the market, and to get them
introduced in mass production factories after devel-
oping the processes. In the future, customer require-
ments are likely to become far more severe due to
the increasing levels of integration in LSls, and we
are planning to make additional modifications and
improvements in the equipment and processes. In
addition, at present, we have received orders for
CMP system(#8”) not only within Japan but also
from abroad. On the other hand we are developing
newly metal CMP equipment and CMP equipment
for 12" diameter wafers.

{*7) Dishing: The phenomenon of dish shaped recession
appearing near the interconnection parts due to a differ-

ence in the polishing speeds of materials.

Takashi Fujita

CMP Prosess Engineering Sec.,
CMP Dept.,
Semiconductor Equipment Div.

Phone: 06{466) 6249
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