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APPARATUS FOR DISPENSING PRECISE VOLUMES OF A LIQUID .

Description

~ This invention relates to an apparatus for delivering
precise volumes of a'liquid repeatedly. More particularly,
this invention relates to an apparatus which utilizes a
pressurized hydraulic liquid to deliver precise volumes of a
sample liquid. |

A variety of industries require the deiivery of precise
volumes of a liquid to an area of use. For example, precise
volumes of a photoresist composition are delivered to a
silicon wafer substrate in order to form a photoresist layer
of uniform thickness onto the wafer. The requirement for
precise volume delivery must be effected by an apparatus
which is capable of delivering the same volumes of samples
repeatedly over long time periods.

A wide variety of apparatus presently are available for
delivering liquids. Apparatus which utilize a bellows are
undesirable since the walls of the bellows are compliant.
The volume of £luid displabed thus will vary depending on the
pressure of the £luid.

Apparatus which utilize a pressurized gas to move a
mgghanical element such as a diaphragm which, in turn,
d{Eplaces a fluid also are undesirable since gases are
compressible and the volume of the gas depends upon the
pressure to which the gas is subjected. Thus, volume of
fluid displaced will vary depending on the pressure of the
fluid. ’

Apparéﬁus which utilize a solenoid to move a piston or
the like also are undesirable since normal variations in
electrical power delivered to the solenoid result in a
variance of piston stroke length and thus, a variance in
volume éﬁ.fluid delivered. It is also difficult to control a
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position of a solenoid arm to other than its two extreme
positions.

Accordingly, it would be desirable to provide an
apparatus capable of delivering precise volumes of liquid
repeatedly. In addition, it would be desirable to provide
such an apparatus which is capable of delivering precise
volumes of liquid over extended time periods.

The present invention provides an apparatus for
delivering precise volumes of a liquid as defined in claim 1.
Preferred embodiments of the apparatus are defined in the
sub-claims.

In a preferred embodiment the apparatus includes a
linear actuator stepping motor which drives a piston into and
out of a reservoir containing an incompressible hydraulic
liquid. In one embodiment, the reservoir includes a wall
formed of a flexible diaphragm which expands and retracts in
response to movement of the hydraulic liquid within the
reservoir. During expansion of the diaphragm, a liquid
sample is dispensed from a sample reservoir to a point of use
of the ligquid sample.

During retraction of'the diaphragm, the dispensed liquid
sample is replaced with additional liquid sample inté the
sample reservoir. Two chambérs are separated by the
diaphragm. One chamber houses the 'hydraulic liquid and the

‘'second chamber houses the sample liquid. In a second

éabodiment, the diaphragm can be eliminated. In this
embodiment, the piston acts directly on the sample liquid
without the need for a separate hydraulic liquid.

The following is a description of preferred embodiments of
the presené invention. In the drawing

Fig. 1 is a side cross-sectional view of an embodiment
of the apparatus of this invention,

Fig. 2 is an exploded view, in partial cross-section of
the apparatus of Fig.l, and '
S This Sheet Has Been Rep
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-Fig. 3 is an exploded view in partial cross-section of a
linear actuator and piston structure utilized in the
embodiment of the present invention.

- The present invention provides an apparatus which
utilizes a moving piston to displace an incompressible
hydraulic liquid. The displaced hydraulic liquid, in turn
causes a fléxible diaphrégm to expand into a sample liquid
reservoir containing a sample liquid. Under the force
exerted by the expanding diaphragm, a precise volume of
sample liquid is dispensed from the reservoir to a point of
use. _
" The piston is mounted on a shaft which is moved linearly
without being rotated. The means for effecting linear
movement of the shaft while avoiding rotation of the shaft
include a linear or a rotary stepper motor or alternatively,
a servo motor, a threaded shaft positioned within a motor
driven rotatable nut including means for preventing shaft -
rotation or the like.

For convenience, this invention will be described below
specifically with reference to the preferred embodiment of
utilizing a threaded shaft positioned within a rotatable nut
to effect linear movement of the shaft while preventing
rotation of the shaft and with reference to the embodiment
whereln a chamber containing a hydraullc liquid is separated

T from a chamber containing a- sample liquid by a diaphragm.

The piston for displacing hydraulic liquid is attached to a
threaded shaft which is positioned within a motor driven
rotatable nut having threads which mate with the threads of
the threaded shaft. When the motor is rotationally actuated,
the piston 'is moved linearly either into or out of the
hydrauliq-iiquid positioned within the chamber having one
wall comprising the flexible diaphragm.

In a preferred embodiment, a sealing arrangement is
provided between the moving piston and a stationary housing
for the plston which includes a spring biased seal structure.
Preferably it is an energized spring seal, such as is
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avallable from Bal Seal Corporation of California. The seal
structure préferably has a U-shaped cross section. The inner
radiué of the seal which contacts the piston is spring biased
toward the piston so as to provide intimate contact with the
piston surface. The spring-loaded seal, together with the
remaining portion of the sealing arrangement prevents by-pass
and'léakage of hydraulic liquid around the piston and air
inclusion into the hydraulic f£luid. This sealing .
arrangement, in turn, permits the apparatus of this invention
to be used repeatedly over léng time periods to deliver the
same precise volume of a sample liquid to a point of use.
Optionally, more than one such seal may be used, such as two
or three of these seals mounted along various portions of the
length of the piston. While the sealing arrangement set
forth above is preferred, it should be obvious to one skilled
in the art that other sealing arrangements may also be used

such as, but not limited to one or more O-rings secured

-around the circumference of the piston or one or more various

metal glands or metal or polymeric packings, all of which
perform the function of sealing the piston and wall of the
chamber from leakage of fluid past the piston and prevent the
inclusion of air. If desired a combination of different seals
may also be used. _ .
'Referring to Figs. 1, 2 and 3, the apparatus 10 of this
invention includes a motor 12 which includes an internal,

"rotatable nut 14 mounted on bearings 11 and 13. The nut 14

h&s threads 16 which mate with the threads 18 of shaft 20.
Motor 12 is a stepper motor designed to effect rotation of
the nut 14 in both the clockwise and counterclockwise
directions. An electrical coil 15 and magnet 17 surround nut
14 and, when the coil 15 is energized, nut 14 is caused to
rotate eithér in the clockwise or counterclockwise direction.
Shaft 20 is secured to piston 22 by pin 24.

- Piston 22 includes. an open slot 26 into which pin 28
fits to prevent rotation of the piston 22. Rotation of the
piston 22 ‘also can be effected by means of a key way
pOSLtloned on an outside surface of the piston which mates
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witH a key positioned on an inner wall of the housing for the
piston or any other well known means for preventing the
rotation of a linearly moving object. - Piston 22 is sized to
fit tightly within housing 30. Sealing, to prevent by-pass
of liquid from chamber 32 to motor 12, is provided by spring-
biased shaped seal 38 with sealing back up 0-ring 36. Leg 40
of.seal 38 is spring biased so that it fits tightly about the
entire outer periphery 42 of piston 22. O-ring 34 provides a
preloaded bias of the seal 38 to the housing 46. Additional
seals such as seal 38 also can be utilized to seal about

5

“piston 22.

To effect use of the present invention, chamber 32 is
filled with an incompressible hydraulic liquid by removing

- plug 44 while ensuring that all compressible gas is removed.

One wall of chamber 32 is formed of a construction which
includes a flexible diaphragm 48 which is retained on housing
46 by O-ring 50 and plate 52. Plate 52 can be secured to
housing 46 by any conventional means including screws, bolts
or the like. '

Sensing means can be employed to sense the position of
the end 54 of the shaft 20 including a shaft position sensor,
such as a photo sensor 62 to sense the home position of the
end 64 of shaft 20, an additional shaft encoder 64 can be

- used to sense the position of the shaft 20. These sensors 62

and 64 can be mounted on bracket 66.

In operation, shaft position sensor 62 senses whether
end 54 of shaft 20 is in its home position. In response to
the determination of end 54 being in its home position, motor
12. is activated to rotate threaded nut 14 in order to move
threaded shaft 20 and piston 22 away from motor 12 to a
predetermlned position in chamber 32. Pin 28 is positioned
in slot 26 of piston 22 thereby to prevent piston 22 from

‘rotating and to allow the piston 22 to move linearly into

chamber 32. The piston 22 displaces llquld and causes
dlaphragm 48 to expand to position 48a (Fig. 1). The
expandgq:dlaphragm increases pressure within chamber 49 and

when valve 51 is open and valve 55 is closed, sample liquid
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within chamber 49 is dispensed through conduit 53 to a point
of use (not shown). After piston 22 has risen to a
predetermined height within chamber 32, motor 12 is reversed
to reverse the direction of rotation of nut 14. This
reversal of rotation causes the shaft 20 and piston 22 to
move toward motor 12 and away from chamber 32. Movement of
the piston from the chamber 32 reduces pressure within
chamber 32 so that the diaphragm 48 is positioned as shown at
48b (Fig. 1). When the diaphragm 48 is so positioned,
pressure within chamber 49 then is reduced. Valve 55 is
opened and valve 51 is closed so that sample liquid at the
volume previously dispensed from chamber 49 can be
reintroduced into chamber 49. This cycle then is repeated.
In a second embodiment of this invention, the diaphragm
48 of the apparatus of Figs 1 and 2 is eliminated when
contamination of the sample liquid or degradation of the

- apparatus of this invention are not a problem. In this

embodiment, only the sample liquid is required and the
hydraulic liquid is eliminated. Dispensing of the sample
liquid is effected by the increased pressure exerted on the
sample liquid by the piston moving into the sample liquid.
Refilling of the chamber for the sample liquid is effected by
a reduction in pressure effected by a movement of the piston
away from the sample liquid. ' '
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Claims

1. An apparatus for repeatedly dispensing a precise volume
of a dispensed liquid which comprises:

a chamber (32) filled with an incompressible liquid,

a piston (22) positioned within a housing (30,46},

- sealing means (34,36,38) between said piston (22) and
said housing (30,46) for preventing said incompressible
liquid in said chamber (32) from by-passing said piston (22)
or said housing (30,46),

means for effecting llnear movement of said plston (22)
within said chamber (32) in opposite directions while
preventing rotation of said piston (22),,and

~ a housing (49) for a dispensed liquid having an inlet
and an outlet, wherein a volume of said dispensed liquid is
dispensed from said housing (49) dependent upon a position of

‘said piston (22) within said chamber (32).

2. The apparatus of claim 1, wherein said chamber (32)
filled with an incompressible liquid and said housing (49)
for said dispensed liquid are separated and sealed from each
other by a flexible diaphragm (48), said diaphragm being

’ expanded to a degree which depends upon a position of sald

plston w1th1n said chamber.

3.. The apparatus of claim 1 or 2, wherein a wall of said
chamber (32) comprising said flexible diaphragm (49).

4. The apparatus of any one of claims 1 to 3, wherein a
surface of said diaphragm (49) is positioned in a second
chamber containing said dispensed liquid, said second chamber

having said inlet and said outlet.
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5. The apparatus of claim 1, wherein said chamber (32) and
said housing (49) for said dispensed liquid are in fluid
communication and said dispensed liquid is incompressible.

6. The apparatus of any one of claims 1 to 5, further
comprising a shaft (20) attached to said piston (22), said
means for effecting linear movement effecting linear movement
of said piston (22) via said shaft (20) while preventing
rotation of said shaft (20) and said piston (22).

7. The apparatus of any one of claims 1 to 5, wherein said
means for effecting linear movement comprises a threaded
shaft- (20) attached to said piston (22) and a motor driven
rotatable nut (14) having threads (16) which mate with said
threaded shaft (20). |

8. The apparatus of any one of claims 1 to 7, wherein said
means for preventing rotation of said piston. (22) is selected
from the group consisting of a fixed pin (28) positioned
within a slot (26) in said piston (22) and a keyway formed or
positioned on an outer surface of the piston (22) mating with

a key positioned on an inner wall of the housing for the
piston (22).

9. The apparatus of any one of claims 1 to 8, wherein said

- sealing means include a seal selected from the group

cSﬁsisting of one or more canted spring seals, 0-rings,
glands, packings and combinations thereof positioned about
the circumference (42) of said piston (22).

10. The apparatus of claim 9, wherein said sealing means
includes one or more spring biased seal(s) positioned about
the periphery (42) of said piston (22).
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