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(57)  The present invention is the pin drive type dou-
ble sided processing machine which drives to rotate a
carrier (4) by pins (7,9), wherein the pin (7,9) is com-
posed by a pin shaft (10) and a collar (12) which can
rotate freely surrounding said pin shaft (10), and said
collar (12) is made of specialty ceramics or specialty
ceramic film coated metal. Further the surface rough-
ness of the collar (12) is desirably smaller than 2.0 um
Ra, and the materials of said specialty ceramics is
desirably at least one selected from the group com-
posed by aluminum oxide, chrome oxide, zirconium
oxide, aluminum nitrate, boron nitrate silicon nitrate,
tungsten carbide, titanium carbide and titanium boride.
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Description

BACKGROUND OF THE INVENTION
FIELD OF THE INVENTION

[0001] The present invention relates to the mechanism of a processing machine which processes both surfaces of a
plate shape work-piece to have precise flatness and parallelism at one time, more in detail, relates to an improvement
of the parts to drive a carrier which holds and rotates a work-piece.

DESCRIPTION OF THE PRIOR ART

[0002] In general, the surface processing of a plate shape work-piece made of glass, metal, semi-conductor, ceramics
or carbon which is required to have precise flatness and parallelism is carried out by a processing machine having a
platen or a platen on which polishing pad is stuck both at upper and lower position. The work-piece is held and pressed
between said upper and lower platens, the platens and the work-piece are rotated under the constant supply of aque-
ous slurry containing fine abrasive grains. By the rotating and pressing action, the work-piece is flattened and improved
precise flatness and parallelism can be obtained. As the concrete processing method, lapping, polishing or grinding can
be mentioned. In a case of grinding method, a grinding stone lapping which uses platens to which synthetic grinding
stones are mounted can be mentioned.

[0003] The mechanism of these mentioned processing machine is simply illustrated by FIG.1. The machines have an
upper and a lower platen which are placed as to be faced, and between two platens a plate shape work-piece is held
and pressed, while said work-piece and platens are rotated under the constant supply of aqueous slurry containing fine
abrasive grains. By the action of abrasive grains, the both surfaces of the work-piece are removed gradually and a sur-
face with flat and precise surface roughness is generated.

[0004] The work-piece is not only held and pressed between upper and lower platen which rotates by different
motions, but also is rotated by planetary motion, that is, by rotating and revolving motion. The polishing is progressed
by a friction force caused by said rotating action and mechanical force of abrasive grains. To drive a work-piece by plan-
etary motion, the work-piece is fitted into a holding hole formed in a carrier, and the carrier is rotated. At the outermost
periphery of the carrier, gears are formed and the gears can gear into pins arranged on a sun wheel placed at the center
of the platen and pins arranged on an internal wheel placed along with the outermost periphery of the platen. By rotat-
ing said sun wheel and internal wheel voluntarily, the carrier and the work-piece can be driven by planetary motion.
[0005] As above mentioned, the role of a carrier is to drive a work-piece as to process the work-piece by friction and
mechanical power which are generated between work-piece and platen by driving the work-piece by different motion
from the motion of upper and lower platen. Therefore, the carrier is required to be strong and tough as to bear the
mechanical motion, further the gears formed at the outermost periphery of the carrier must not be damaged and worn
out by the driving motion. Furthermore, to achieve the role of the carrier, the thickness of the carrier must be thinner
than that of work-piece. In a case that the work-piece is a silicon wafer, since the surface area is relativery wide and the
thickness is very thin, the materials of the carrier is very limited. Concretely, for the lapping use, metal materials such
as SK steel or blue steel which is superior in a mechanical intensity are used, and for the polishing use which uses
chemical agents, materials such as epoxy resin, glass fiber reinforced epoxy resin, polycarbonate or teflon coated SUS
can be used. As the materials of a pin which is arranged on a sun wheel and an internal wheel, to prevent the problem
of damage and worn out, cast iron is commonly used. As the materials of a pin which are arranged on a internal wheel
and a sun wheel as to gear with the gear formed at the outermost periphery of the carrier, cast iron is generally used.
[0006] Recently, so called pin drive type double sided processing machine mentioned above is becoming popular,
because it is superior to the conventional type double sided processing machine which uses a sun gear and an internal
gear of monolithic structure made of conventional hardened steel. That is, when one pin which is arranged on a sun
wheel or on an internal wheel is damaged, said wheels can be repaired only by changing the damaged pin. Further, by
making a pitch of the gear formed at the outermost periphery of carrier wider, mechanical intensity of the carrier can be
relatively improved. At the actual processing action of the double sided processing machine, gears formed at the out-
ermost periphery of carrier are driven and rotated by the motion of pins arranged on a sun wheel or an internal wheel,
and high load is loaded to the gears. During the actual run of machine, the surface of pins and gears are contacted
dynamically, and high stress is loaded to the contacted portion, however, since this motion is only a mechanical gearing
motion and does not cause friction between pin and gears unless there is not a big idler between pin and gears. There-
fore, it is common to use the hardened steel which is strong to the mechanical stress and has a good friction resistance.
[0007] Astheimproved type of said conventional type double sided processing machine, the use of a rotatable colum-
nar shape pin roller instead of a fixed pin is proposed in Japanese Patent laid open publication 1-252356, in which the
technique to reduce the resistance by allowing the freely contact of gears to pins is disclosed. Further, in Japanese Pat-
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ent laid open publication 9-207063, the technique is disclosed which reduces the friction resistance and prevents from
the metallic contamination caused by fine particles of metal generated by the contact of pin and carrier, by an use of a
resin roller or a resin coated roller.

[0008] However, even if the machine is an improved pin drive type double sided processing machine, there is a prob-
lem that fine particles of abrasive grain enter into a narrow gap between carrier and pin and partially damage the sur-
face. Furthermore, in a case of mechano-chemical polishing which uses the corroding ability of chemicals contained in
it, the following problem is pointed out, that is, by the corroding effect of chemicals, a striped thin grave is formed on the
surface of pin along with the contact line to the carrier at the long term use. In this case, the rotation of a carrier
becomes to lack of smoothness, the machine gets out of order and the motion of a work-piece becomes uneven, there-
fore the normal action of machine can not be expected. Furthermore, small amount of fine particles of metal which are
generated according to the wear of carrier and pin are dispersed over the surface of work-piece, and especially in a
case of silicon wafer processing, the dispersed metal fine particles causes serious metal contamination problem. To
prevent above mentioned problems, it is necessary to change the pins and carrier to new one frequently, therefore these
are not sufficient from the economical view point and from productivity. The use of a roller whose surface is coated with
special resin can prevent a problem of metal contamination, however, since the durability of the coated roller is inferior
to that of steel, other problems can not be solved.

SUMMARY OF THE INVENTION

[0009] The inventors of this invention have carried out an intensive study to overcome the above mentioned problems
and found that the worn-out and the damage of a carrier and a pin is mainly caused not by the friction but by the strong
mechanical stress. To against said strong mechanical stress, it is effective to use a material which has higher hardness
and smaller friction coefficient and to devise the structure of a pin which prevents the formation of partial striped thin
groove on the surface of pin and prevents the defacement of carrier. Thus, the inventors have found that the substantial
durability of double sided processing machine can be obtained by carrying out above mentioned items, and accom-
plished the present invention. Namely, the object of this invention is to provide a pin and a structure of the pin which has
a good friction resistance to carrier, makes the life time of a pin and a carrier longer and reduces the metal contamina-
tion.

[0010] Above mentioned object can be accomplished by a double sided processing machine which processes both
surfaces of a plate shape work-piece at one time holding said plate shape work-piece which is fitted into a holding hole
of a carrier between an upper and a lower platen placed as to be faced, said carrier has gears at the outermost periph-
ery which are geared into pins arranged on a sun wheel placed at the center of the platen and pins arranged on an inter-
nal wheel placed along with the outermost periphery of the platen and is driven to rotate by the rotating motion of said
sun wheel and said internal wheel, wherein said pin is composed by a pin shaft and a collar which can rotate freely sur-
rounding said pin shaft, and said collar is made of specialty ceramics or specialty ceramic film coated metal. At the
actual carrying out of the invention, the surface roughness of said collar made of specialty ceramics or specialty ceramic
film coated metal is desirably finer than 2.0 um Ra, and more desirably finer than 1.2 um Ra. Further, said specialty
ceramics is desirably at least one selected from the group composed by aluminum oxide, chrome oxide, zirconium
oxide, aluminum nitrate, boron nitrate, silicon nitrate, tungsten carbide, titanium carbide and titanium boride.

BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWINGS
[0011]

FIG.1 is the partially sectional view of the machine of this invention
FIG.2 is the partially plan view of the machine of this invention
FIG.3 is the sectional view of the pin of this invention

[0012] In the drawings, each numerical number indicates,

: upper platen

: lower platen

: work-piece

: carrier

: gear

: internal wheel

: pin (on internal wheel)
: sun wheel
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9 : pin (on sun wheel)
10 : pin shaft

11 :cap

12 : collar

DETAIL DESCRIPTION OF THE INVENTION

[0013] The double sided processing machine used in this invention is illustrated by FIG.1 and FIG.2. The machine
has a rotatable upper platen 1 and a rotatable lower platen 2 as to be faced, a carrier 4 which can be driven by planetary
motion and an internal wheel 6 and a sun wheel 8 which drive said carrier 4. The work-piece 3 for example silicon wafer
is fitted into a holding hole formed in a carrier and is processed by the removing force of abrasive grain generated by
the pressure and the rotating motion of the platen. The object of the processing is to correct the uneven thickness of
work-piece such as silicon wafer, remove the heights and to obtain an excellent flatness and parallelism. At the outer-
most periphery of the carrier 4, gears 5 are formed and the gears can be geared into pins 7 and pins 9 arranged at same
intervals on the internal wheel 6 placed at the outer side and on the sun wheel placed at the inner side. By driving said
internal gear 6 and sun gear 8 voluntarily, the work-piece 3 and carrier 4 can be rotated by planetary motion.

[0014] As mentioned above, pins 7 and pins 9 arranged on the internal wheel 6 and the sun wheel 8 are composed
to gear exactly into the gears formed at the outermost periphery of carrier, and is illustrated in FIG.2. As obviously
understood by the drawing, gears 5 are tightly contacted to pins 7 and 9 at the actual run, and the carrier is driven to
rotate by driving these pins. Each pin is composed by a pin shaft 10 which is placed at the center, a cylindrical collar 12
which cover said pin shaft and a cap 11 which prevent the collar 12 from falling off. The material of the pin shaft 10 is
not restricted, however, it is desirable to use hardened steel which has strong mechanical intensity and good shock
resistance, for example SK4 steel or SK5 steel is preferably used. And when the collar is a specialty ceramic coated
metal, the base metal is also desirable to be the hardened steel which has strong mechanical intensity and good shock
resistance. The outer diameter of pin shaft 10 and inner diameter of collar 12 must be nearly same in the limit to allow
the rotation of collar 12, and is required not to remain the vacant space. At the actual use, when abnormally high stress
is loaded to the carrier 4 and pins 7 and 9, said collar of mentioned shape rotates and disperses the abnormal stress,
further by the rotation the position of collar which contacts to the gears of carrier is changed and can avoid the partial
defacement of pins. Furthermore, the friction coefficient between said collar 12 and the pin shaft 10 can be reduced by
engraving small grooves on the surface of pin shaft or by using the pin shaft of uneven surface, and can make the rota-
tion of collar more smooth.

[0015] At the actual run, the collar 12 always contacts dynamically with gears 5 of carrier 4, and the important point
of this invention is to restrict the materials of collar 12 to the specialty ceramics. The specialty ceramics of this invention
is quite different from a conventional ceramics (general pottery) produced by a conventional pottery industry. The start-
ing materials of said specialty ceramics is a high pure compound of metal oxide, metal nitrate, metal carbide, metal
boride or a mixture of these compounds. Fine particles of these compounds are kneaded and molded, and the molded
substance is sintered by high temperature and thus the specialty ceramics can be obtained. The obtained specialty
ceramics have unique physical features, for example, a mechanical feature, an electrical feature, an optical feature, an
electronic feature and a chemical feature. In the present invention, a specialty ceramics which has high hardness and
high mechanical intensity, toughness, friction resistance and chemical resistance is preferably used. Concretely, spe-
cialty ceramics which are produced using at least one selected from the group composed by aluminum oxide, chrome
oxide, zirconium oxide, aluminum nitrate, silicon nitrate, silicon carbide, tungsten carbide, titanium carbide and titanium
borate can be mentioned. These ceramics have high hardness and strong mechanical intensity, and can bear to the
strong stress generated between carrier and pin.

[0016] Mhos hardness of the specialty ceramics or the composite which are made of chrome oxide, silicon carbide,
tungsten carbide, titanium nitrate, titanium borate, aluminum oxide (Alumina, sapphire and ruby) are bigger than 9 and
are harder than that of abrasive grains which are used at the ordinary lapping or polishing. Therefore, if the fine particles
of abrasive grains enter into a narrow gap between carrier and pin, since the pin has harder hardness than abrasive
grain, the pin can not be easily worn or damaged. The generation of fine particles of metal caused by wearing or dam-
aging is remarkably reduced, and the metal contamination of the surface of work-piece is also improved. Further, the
conventional ceramics whose starting materials is silicate have a serious problem of alkaline resistance, on the con-
trary, these specialty ceramics has a good alkaline resistance and in a case of mechano-chemical polishing which uses
abrasive slurry dispersed in alkaline solution the pin can be used without a problem of corrosion.

[0017] The shape of above mentioned collar 12 made of specialty ceramics is perfect cylindrical shape without eccen-
tricity and distortion so as to promise the smooth contact with the gears 5 of carrier 4, further desirably the surface of it
is to be finished to very precise level. It is not restricted, but desirably the surface roughness Ra (numerical average
roughness) is to be smaller than 2.0 pm. This surface corresponds to the super finishing surface. An use of the pin com-
posed by the collar having super finishing surface make the gearing of collar and gears of carrier very smooth, and not



10

15

20

25

30

35

40

45

50

55

EP 0 945 219 A1

only the damage of collar is reduced but also the bad effect to carrier is lightened and wear of it is remarkably improved.
Therefore, if a metal carrier is used, the generation of fine particles from the carrier is reduced. If the surface roughness
is bigger than 2.0 um Ra, the protection against a metal contamination and a wear of the carrier are not sufficient, and
a problem of lack of shock resistance raises.

[0018] The pin shafts 10 are arranged and fixed at same intervals on the circumference line of the sun wheel 8 and
the internal wheel 6 as to be geared into gears 5 of carrier 4, and the method to fix the pin shafts is not restricted. How-
ever, from the view point of the maintenance of machine, it is desirable to make the freely installing and removing to the
machine possible, for example, fixing method by a screw can be mentioned. As indicated by FIG.3, a collar 12 made of
specialty ceramics or specialty ceramic film coated metal is placed as to cover a pin shaft 10 and the top of the collar is
fastened by a cap 10 to prevent the collar from falling off or jumping out from the pin shaft. By using a pin of above men-
tioned structure, when one collar is damaged, only damaged collar must be changed, and the changing method of pin
is very easy. And in a case of regular maintenance, only the collars must be changed. Therefore, the pin of this structure
is useful from the productivity and from the economical view point.

[0019] Inthe present invention, as above mentioned, the contact of the carrier 4 to the collar 12 whose surface is spe-
cialty ceramics is very smooth and can reduce the stress to the carrier caused by rotation, and additionally the function
to convey the motion of sun wheel and internal wheel to the carrier trough pins becomes very smooth. With respect to
the shape of gear 5 of carrier 4, the height of gear is sufficient to be same to the diameter of pin or smaller. And by mak-
ing the shape of gear as mentioned above, idle clearance between carrier and pin is reduced and the wear and damage
of carrier can be further reduced. The positional relationship between carrier 4 and pin is clearly indicated in FIG.2.

DETAIL DESCRIPTION OF THE EXAMPLE

[0020] The present invention will be understood more readily with reference to the Example, however the Example is
intended to illustrate the invention and not be construed to limit the scope of the invention.

Example and Comparative Example

[0021] A cylindrical specialty ceramic collar specimen of 14mm outer diameter, 2mm thickness and 40mm height
made of silicon carbide is prepared. The mechanical properties of the collar are as follows,

apparent density : 3.1 g/om?®
Vickers hardness : 3100 kgf/mm?®
fracture toughness : 5.6 MPa+m'2
flexural strength : 86.7 kgf/mm?

surface roughness Ra: 0.4 um

[0022] Friction coefficient and wear of this specimen are measured by Thrust type friction tester. Measuring of friction
coefficient is carried out by the condition of 30m/min sliding speed and 50kPa load. Water is used as a lubricating film
and SK steel which is used as a material of carrier is used as a friction material. Referring to the measurement of wear
is carried out using #1200 Alumina (Al>,QO3) abrasive grain prescript in JIS R 6001 by 10m/min processing speed and
50kPa load.

[0023] As the comparative specimen, a collar made of SKD-3 steel which are used as a material of conventional pin
having same dimension and surface roughness to the collar of this invention is prepared. And same measurement is
carried out.

[0024] The obtained results are summarized in Table 1.

Table 1
friction coefficient (n d) wear (um/min)
Example 0.2~0.45 0 (not worn out)
Comparative Example 0.3~0.6 0.3 (remarkably worn out)

[0025] Pins with said collar made of specialty ceramics are arranged to a pin drive type double sided lapping machine,
and the machine is used for the lapping of silicon wafer for long term. The consumption of carriers made of blue steel
is reduced to 50 ~70% and it is confirmed that the damage of collar is very little.

[0026] As mentioned above, by the double sided processing machine of this invention, the motion of driving part to
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rotate the carrier by planetary motion becomes very smooth and the frequency for changing of pins and a carrier is
improved. Further, since the generation of fine particles of metal from pin and carrier is reduced, the problem of metal
contamination of silicon wafer by metal impurity can be solved. Concretely, the life time of carrier becomes 1.5t0 2 times
and the changing interval of pins is prolonged from one year to two years. That is, the effect of this invention is obvious.
Further, the effect of this invention can be maintained for long term. For instance, the effect of the resin coated collar is
effective for very short term, while the effect of this invention is effective for very long term.

Claims

1. Adouble sided processing machine which processes both surfaces of a plate shape work-piece at one time holding
said plate shape work-piece which is fitted into a holding hole of a carrier between an upper platen and a lower
platen placed as to be faced, said carrier has gears at the outermost periphery which are geared into pins arranged
on a sun wheel placed at the center of the platen and pins arranged on an internal wheel placed along with the out-
ermost periphery of the platen and is driven to rotate by the rotating motion of said sun wheel and said internal
wheel, wherein said pin is composed by a pin shaft and a collar which can rotate freely surrounding said pin shaft,
and said collar is made of specialty ceramics or specialty ceramic film coated metal.

2. The double sided processing machine of claim 1, wherein the surface roughness of the collar made of specialty
ceramics or specialty ceramic film coated metal is smaller than 2.0 pm Ra.

3. The double sided processing machine of claim 1, wherein the materials of said specialty ceramics is at least one
selected from the group composed by aluminum oxide, chrome oxide, zirconium oxide, aluminum nitrate, boron
nitrate silicon nitrate, tungsten carbide, titanium carbide and titanium boride.

4. The double sided processing machine of claim 1, wherein the pin shaft is engraved small grooves on the surface,
or of an uneven surface.
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