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Description

Eleld of the Invention

This invention relates to methods of and apparatus
for slurry polishing of workpieces and, more particulariy,
to methods of and apparatus for planarizing deposited
layers on semiconductor wafers by slurry polishing.

Background of the Invention

Slurry polishers are well known in the art and are
aiso well known for use in planarizing deposited layers
on semiconductor wafers. For example, U.S. Patent No.
5,055,158 discloses a use of slurry polishing in the man-
ufacture of Josephson integrated circuits where a depos-
ited dielectric material is planarized so that additional
layers can be deposited.

Typically, a slurry polisher comprises a rotating hor-
izontal pad covered by a layer of polishing slurry. The
workpiece, typically & semiconductor wafer, is pressed
against the rotating pad and polishing results. The wafer
itself is usually rotated at a slower rate than the pad and
may also be moved radially back and forth across the
rotating pad to equalize material removal from the wafer
surface.

The material of the polishing pad is chosen for its
ability to act as a carrier of the slurry and to wipe away
the grit and debris resulting from the polishing action.
One particular pad material is described in U.S. Patent
No. 4,927,432,

A typical application of slurry polishing on semicon-
ductor wafers is t0 planarize a deposited layer on a wafer.
For example, after a number of processing steps, such
as masking, doping, etching and the like, have been per-
formed on the wafer, the surface of the wafer canbecome
uneven. |t may be necessary to smooth out the surface
for subsequent processing steps. For this purpose, a
layer of insulating or dielectric material, e.g. silicon diox-
ide, can be deposited on the uneven surface and then
polished to obtain the desired smooth surface. It is clear
that such polishing cperations must be carried out in
such a way that scratches or other defects do not appear
on the polished surface and that the material removal
should preferably be extremely uniform across the sur-
face. Unfortunately, after a period of use, a slurry polish-
ing pad deteriorates and must be replaced. Polishing
with a deteriorated or worn pad causes more scratches
and other defects as well as surface non-uniformities.

Cne drawback to the use of slurry polishing is that
the polishing pads may have to be replaced more than
once in a factory shift, which causes production bottle-
necks when the polishing machine has to be taken out
of use for such replacement. It is therefore desirable to
find a way to prolong the life of such polishing pads to at
least a full shift.

It is known to apply ultrasonic energy to a polishing
pad to remove clogged material fromthe pad. For exam-
ple, see Japanese Kokai Patent Application No. Sho
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59{1984]-134650. In this example, a contact unit is
applied to the polishing pad and ultrasonic vibrations are
applied to the contact unit to break down clogged mate-
rial on the pad. The contact unit is also connected to a
vacuum source which removes loosened material from
the pad.

According to the present invention there is provided
a method as defined in ¢laim 1 or apparatus as defined
in claim 5.

The slurry in a slurry polisher is ultransonically agi-
tated during polishing to dislodge embedded debris and
grit from the polishing pad and thereby lengthen the life
of the pad and avoid scratches, defects and non-uniform
removal on the surface being polished. The mathod is
particularly useful for applications in which slurry poligh-
ing is used for planarizing semiconductor wafers since
surface non-uniformities can affect process yiekls. Appa-
ratus is disclosed for applying ulirasonic energy to the
sturry so that such energy is focussed on the pad.

Bri iption win

Fig. 1 is a schematic plan view of a slurry polisher
constructed in accordance with the invention.

Fig. 2 is a partially cutaway side view of a slurry pol-
isher showing the position of the ultrasonic apparatus
used to agitate the slurry.

Fig. 1 is a schematic plan view showing the arrange-
ment of platen 10 of a typical commaercially-available
slurry polisher used for polishing semiconductor wafers
and showing the position of wafer 12 being polished and
ultrasonic agitator 20 positioned in accordance with the
invention. An example of such a slurry polisher without
agitator 20 is the Mode! 372 made by Westech Systems
inc., 3502 E. Atlanta Avenue, Phoenix, Arizona,85040.

Fig. 2 is a partially cutaway side view of the same
apparatus.

Refering to both Figs. 1 and 2, platen 1@ is mounted
so that it can be rotated by a drive motor {not shown).
Polishing pad 11 is mounted on the surface of platen 10
and rotates with it. These pads are typically 1.25 to
2.5mm (50 to 100 mils} thick, spongy in nature and pro-
vided with a self-adhesive backing. Such pads are avail-
able from Rodel Inc., 451 Belleview Road, Diamond
State Industrial Park, Newark, Delaware 19713 U.S.A.
Semiconductor wafer 12 is held from above by holder 13,
which presses wafer 12 against pad 11 with a pressure
typically on the order of 200 to 700 grams per cm?2 (3 to
10 Ibs per square inch). Holder 13 and wafer 12 are
rotated by motor 14. In practice, motor 14 is usually
mounted to apparatus that can move holder 13 to various
locations to pick up wafers, clean waters and drop off pol-
ished wafers at a point where they can proceed to the
next process step.

Alayer or "lake" of polishing slurry 15 covers pad 11,
typically to a depth of about 1.25 to 2.54 cms (one half
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to one inch). One example of slurry 15 usable for polish-
ing deposited layers on semiconductor wafers is a col-
loidal suspension of silica particles in a pH 8.3 to 8.7
solution of water ard KOH. Such polishing slurries are
available from Nalco Chemical Company, 6216 West
66th Place, Chicago, IL 60638 USA. Slurry 15 is keptin
place by raised rim 16 on platen 10. if desired, slurry 15
can be continually replenished or recirculated from a
separate reservoir (not shown).

Ultrasonic agitator 20 has its active surface
immersed in slurry 15. Agitator 20 is typically attached
to an ultrasonic transducer 21, which is fixed to the frame
of the polisher. Transducer 21 can be a piezoelectric
material such as Lead Zirconate Titanate (PZT), and is
driven by an ultrasonic generator 22, typically operating
at about 40 kHz. When ultrasonic energy is applied to
the transducer, acoustic power is coupled into the liquid
slurry solution throughout its volume in the vicinity of agi-
tator 20. This energy extends, through the whole liquid
layer undler the agitator down to the polishing pad itself,
where it tends to release accumulations of trapped grit
on the pad and therefore render the pad interface more
uniform. Furthermore, if the thickness of the liquid layer
{between the bottom of agitator 20 and the surface of
polishing pad 11} is intentionally arranged to be an inte-
gral number of quarter wavelengths thick, then the pad
surface improvement action can be maximized. For a
40kHz acoustic agitator this corresponds to a liquid layer
that is approximately 1.25 cms (one half an inch) thick.

In a typical application for planarizing, a layer of sil-
icon dioxide is deposited on a semiconductor wafer,
platen 10 and pad 11 are rotated at about 15 rpm and
wafer 12 is rotated at about 40 rpm. Slurry 15is typically
heated to about 60 degrees C. Such planarizing opera-
tion usually takes from 5 to 8 minutes, and typically
results in removal of about one um of material from the
surface of wafer 12.

The main beneficial effect of the ultrasonic agitation
of slurry 15 is fo dislodge grit and debris that becomes
embedded in pad 11, thereby maintaining the uniformity
of the pad and the polishing operation over a longer
period of time. An additional beneficial effect is a corre-
sponding improvement in the effective operating lifetime
of the pad.

ltis understood that other embodiments are possible
that incorporate the principles of the invention as defined
in the appended claims and that the above disclosure is
meraely illustrative of such principles.

Claims

1. A method of polishing a planar workpiece (12) by
applying the worlgiece to a rotating horizontal pad
(11) at afirst location whereby the motion of the pad
with respect to the workpiece defines a circular path
on the pad and applying ultrasonic energy to the pad
ata second location on said circular path to dislodge
embedded grit from said pad, said pad being cov-
ered by a layer of polishing slurry (15),
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CHARACTERIZED IN THAT

said ultrasonic energy is applied to said slurry
at said second location with an ultrasonic agitator
(20) connected to an ultrasonic transducer (21), said
ultrasonic agitator being spaced away from said pad.

2. The method of claim 1,

FURTHER CHARACTERIZED IN THAT

said ultrasonic agitator is positioned so that
the thickness of the slurry between said ultrasonic
transducer and said pad is substantially an integral
number of quarter wavelengths of the frequency at
which said ultrasonic transducer operates, whereby
the effect of said ultrasonic energy on said pad is
enhanced.

3. The method of claim 2,
FURTHER CHARACTERIZED IN THAT
said ultrasonic transducer operates at a fre-
quency of about 40 kHZ and said ultrasonic agitator
is spaced approximately 1.25 ¢cm (0.5inch) from said

pad.

4. The method of claim 1 whersin said planar work-
piece (12) is a semiconductor wafer having a depos-
ited layer thereon,

FURTHER CHARACTERIZED IN THAT
said method of polishing is used to planarize
said deposited layer.

5. Apparatus for polishing a planar workpiece (12)
including a rotating horizontal pad (11) to which a
workpiece (12) is applied at a first location whereby
the motion of the pad with respect to the workpiece
defines in use a circular path on said pad, means
{20, 21) for applying ultrasonic energy to said pad at
a second location on said path to dislodge in use
embedded grit from said pad and a layer of polishing
slurry (15) on said pad,

CHARACTERIZED iN THAT

said means for applying ultrasonic energy
comprises an ultrasonic agitator (20) coupled to an
ultrasonic transducer (21) said ultrasonic agitator
being immersed in said slurry at said second loca-
tion and spaced away from said pad.

6. The apparatus of claim 5
FURTHER CHARACTERIZED IN THAT
said ulirasonic agitator is positioned so that
the thickness of the slurry between said ultrasonic
transducer and said pad is substantially an integral
number of quarter wavelengths of the ultrasonic fre-
quency at which said ulirasonic transducer operates
in use to thereby enhance the effect of said ultra-
sonic energy on said pad.

7. The apparatus of claim 6
FURTHER CHARACTERIZED IN THAT
saki ultrasonic fransducer is operated in use
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at a frequency of about 40 kHZ and said ultrasonic
agitator is positioned approximately 1.25 cm (0.5
inch) from said pad.

Patentanspriiche

1.

Verlahren zum Polieren eines ebenen Werksticks
(12) durch Anlegen des Werkstiicks an eine rotie-
rende horizontale Druckunterlage (11) an einer
ersten Stelle, wodurch die Bewegung der Druckun-
terlage in bezug auf das Waerkstiick einen kreisfor-
migen Weg auf der Druclunterlage definiert, und
Anlegen von Ultraschallenergie an die Druckunter-
lage an einer zweiten Stelle auf dem besagten kreis-
formigen Weg zum Verdrangen eingebetteter
Schleifkérner aus der besagten Druckunterlage, die
von einer Schicht von Polieremulsion (15) bedeckt
ist, dadurch gekennzeichnet, daB die besagte Ultra-
schallenergie an die besagte Emulsion an der
besagten zweiten Stelle mit einem, mit einem Ultra-
schallwandler (21) verbundenen Ultraschallriihr-
werk (20) angelegt wird, das von der besagten
Druckunterlage beabstandet ist.

Verfahren nach Anspruch 1, weiterhin dadurch
gekennzeichnet, daB das besagte Ultraschallrihr-
werk so positioniert ist, daB die Dicke der Emulsion
zwischen dem besagten Ultraschallwandler und der
besagten Druckunterlage imwesentlichen ein ganz-
zahliges Vielfaches von Viertelweilenlangen der
Frequenz ist, mit der der besagte Ultraschallwandler
betrieben wird, wodurch die Einwirkung der besag-
ten Ultraschallenergie auf die besagte Druckunter-
lage verstarkt wird.

Verfahren nach Anspruch 2, weiterhin dadurch
gekennzeichnet, dai der besagte Ultraschallwand-
ler mit einer Frequenz von ca. 40 kHz betrieben wird
und das besagte Ultraschallriihrwerk ca. 1,25 ¢m
von der besagten Druckunterlage beabstandet ist.

Verfahren nach Anspruch 1, wobei das besagte
ebone Werkstiick {12) ein Halbleiterwafer mit darauf
abgeschiedener Schicht ist, weiterhin dadurch
gekennzsichnet, daf3 das besagte Polierverfahren
zum Planarisieren der besagten abgeschiedener
Schicht benutzt wird.

Vorrichtung zum Polieren eines ebenen Werksticks
{12) mit einer rotierenden horizomalen Druckunter-
lage (11), an die ein Werkstick (12) an einer ersten
Stelle angelegt wird, wodurch die Bewegung der
Druckunterlage in bezug aul das Werkstick im
Gebrauch einen kreisférmigen Weg auf der besag-
ten Druckunterlage definiert, Mitteln (20, 21) zum
Anlegen von Uliraschallenergie an die besagte
Druckunterlage an einer zweiten Stelle auf dem.
besagten Weg zum Verdrangen eingebetteter
Schleifkdrner aus der besagten Druckunterlage im
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Gebrauch, und einer Schicht von Polieremulsion
(15) auf der besagten Druckunterlage, dadurch
gekennzeichnet, daf3 die besagten Mittel zum Anle-
gen von Ultraschallenergie ein mit sinem Ultra-
schallwandler (21) verbundenes
UltraschallrGhrwerk (20) umfassen, das in die
besagte Emulsion an der besagten zweiten Stelle
eingetaucht und von der besagten Druckunterlage
beabstandet ist.

Vorrichtung nach Anspruch 5, weiterhin dadurch
gekennzeichnet, daB das besagte Uliraschallrihr-
werk s0 positioniert ist, daB die Dicke der Emulsion
2wischen dem besagten Ultraschaliwandler und der
besagten Druckunterlage im wesentlichen ein ganz-
zahliges Vielfaches von Viertelwellenlngen der
Frequenz belragt, mit der der besagte Uliraschall-
wandler im Gebrauch betrieben wird, um dadurch
die Einwirkung der besagten Ultraschallenergie aut
die besagte Druckunterlage zu verstéirken,

Vorrichtung nach Anspruch 6, weiterhin dadurch
gekennzeichnet, daB der besagte Ultraschallwand-
ler im Gebrauch mit einer Frequenz von ca. 40 kHz
betrieben wird und das besagte Ultraschallriihrwerk
ca. 1,25 cm von der besagten Druckunterlage ent-
fernt positioniert ist.

Revendications

1.

Procédé de polissage d'une pigce plate (12) en
appliquant ladite piéce sur un patin horizontal rotatif
(11) & un premier emplacement de telle sorte que le
mouvement du patin par rapport A Ia piéce définisse
une trajectoire circulaire sur le patin et en appliquant
une énergie ultrasonore au patin & un deuxidme
emplacement sur ladite trajectoire circulaire pour
déloger la saleté incrustée dans ledit patin, ledit
patin étant recouvert d'une couche de boue de polis-
sage (15),

CARACTERISE EN CE QUE

ladite énergie ultrasoncre est appliquée &
ladite boue audit deuxiéme emplacement avec un
agitateur d'ultra-sons (20) connecté & un transduc-
teur & ultra-sons (21), ledit agitateur d'ultra-sons
étant espacé dudit patin.

Procédé de la revendication 1,

CARACTERISE EN OUTRE EN CE QUE

ledit agitateur d'ultra-sons est positionné de
telle sorte que I'épaisseur de la boue entre ledit
transducteur & ultra-sons et ledit patin est substan-
tieement un nombre entier de quarts de longueur
d'onde de la fréquence & laquelle le transducteur a
ultrasons fonctionne, si bien que l'effet de ladite
énergie ultrasonore sur ledit patin est rehaussée,

3. Procédé de la revendication 2,

CARACTERISE EN OUTRE EN CE QUE
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ledit transducteur & ultrasons fonctionne &
une fréquence d'environ 40 kHz et ledit agitateur
dultrasons est espacé d'approximativement 1,25
cm (0,5 pouce) dudit patin.

Procédé de la revendication 1, dans laquelle ladite
piéce plate (12) est une plaquette de semiconduc-
teur sur laquelle est déposée une couche,
CARACTERISE EN QUTRE EN CE QUE
ledit procédé de polissage est utilisé pour 70
rendre plane ladite couche déposée.

Appareil de polissage d'une piéce plate (12) com-
portant un patin horizontal rotatif (11) sur lequel une
piéce (12) est appliquée & un premier emplacement 15
de telle sorte que le mouvement du patin par rapport
& la pidce définisse lars de I'emplol une trajectoire
circulaire sur ledit patin, un moyen (20,21) pour
appliquer une énergie ultrasonore audit patin & un
deuxisme emplacement sur ladite trajectoire pour 20
déloger lors de l'emploi |a saleté incrustée dans ledit
patin et une couche de boue de polissage (15) sur
ledit patin,

CARACTERISE EN CE QUE

ledit moysn d'application d'énergie ultraso- 25
nore comprend un agitateur d'ultra-sons (20) couplé
& un transducteur & ultra-sons (21), ledit agitateur
d'ultra-sons étant immergé dans ladite boue audit
deuxiéme emplacement et espacé dudit patin.

30

Appareil de la revendication 5,

CARACTERISE EN QUTRE EN CE QUE

ledit agitateur d'ultra-sons est positionné de
telle sorte que I'épaisseur de la boue entre ledit
transducteur & ultra-sons et ledit patin est substan- 35
tiellement un nombre entier de quarts de longueur
d'onde de la fréquence ultrasonore & laquelle le
transducteur & ultrasons fonctionne lors de l'emploi
pour ainsi rehausser I'effet de ladite énergie ultraso-
nore sur ledit patin. 40

Appareil de la revendication 6,

CARACTERISE EN OUTRE EN CE QUE

ledit transducteur & ultrasons fonctionne lors
de 'emploi & une fréquence d'environ 40 kHz et ledit 45
agitateur d'ultrasons est espacé d'approximative-
ment 1,25 cm (0,5 pouce) dudit patin.

50
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