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Liquid dispensers.

A liquid dispenser (10) with bubble removal
capability includes a dispensing gun (12) sup-
plied with pressurized liquid from a sealed ves-
sel (16). The dispensing gun includes
connected body sections (26,28,30 and 32)
which form a central passageway (34) that ter-
minates at a nozzle (32). An axially movable
plunger valve (42) extends through the passage-
way, along the gun, and seats adjacent the
nozzle. A solenocid (40) mounted at an opposite
end of the passageway connects to and con-
trols the plunger valve to open and close the
passageway near the nozzle, thereby to initiate
and terminate, respectively, liquid dispensing
from the gun. Adjacent the solenoid, the central
passageway includes an increased diameter
portion (46), i.e. a gas collection chamber, and
the plunger valve also has an increased diame-
ter. These increased diameter elements provide
additional surface area which promotes remov-
al of gas and/or bubbles from the liquid prior to
dispensing. An exhaust valve (50) is provided to
vent the gas collection chamber, and preferably
this is done automatically when liquid in the
passageway reaches a predetermined lower
level, prior to refilling the passageway with
liquid until a predetermined upper level is
reached.
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This invention relates to a liquid dispenser for in-
termittently dispensing minute amounts of liquid.

Many commercial liquid coating operations re-
quire dispensing of precise and minute amounts of lig-
uid. These amounts may be as low as 1.0 mg, with an
approved error range of + 0.05 mg. For instance, ap-
plication of insulation material to an integrated circuit
substrate requires precision of this magnitude. Some
adhesive applications also require this order of preci-
sion.

Typically, the liquids used for such applications
have a relatively high viscosity, and therefore a dis-
penser for delivering a precise amount of this type of
liquid is operated intermittently.

While a liquid dispenser of this type can provide
a high degree of accuracy and control over intermit-
tent dispensing of minute amounts of liquid, such dis-
pensers are susceptible to the formation of gas bub-
bles in the liquid as it is supplied under pressure to the
delivery apparatus, i.e. the gun.

Since these bubbles have no way of escaping
from the gun, they are eventually dispensed with the
liquid, thereby adversely affecting the accuracy and
control of the coating operation, particularly where
very minute amounts of material are dispensed.

A liquid dispenser in accordance with the inven-
tion comprises a gun body having a central passage-
way which extends therethrough and terminates at a
nozzle opening at a first end of the body, means for
supplying pressurized liquid to the central passage-
way, a plunger valve extending through the central
passageway from a second end of the body, the
plunger valve adapted to move axially along the pas-
sageway to open and close the passageway adjacent
the nozzle opening, thereby to permit and to prevent,
respectively, dispensing of liquid from the nozzle
opening and means for moving the plunger located at
the second end of the body wherein means are pro-
vided, located between the first and second ends of
the body, for promoting removal of bubbles from the
pressurized liquid while in the central passageway.

Such an arrangement substantially eliminates
accuracy and control problems caused by the forma-
tion of air bubbles in an intermittently operated, liquid
dispensing apparatus. This may be achieved via use
of a gas collection chamber located in the gun which
promotes removal of air bubbles from the pressurized
liquid while in the gun, in combination with periodic
operation of a venting valve to vent the gas collection
chamber to remove the collected gas from the gun.

The central liquid passageway of a plunger valve
dispensing gun may have an enlarged diameter por-
tion, i.e. a gas collection chamber, opposite a nozzle
end of the gun. The plunger valve may also have an
increased diameter within this portion. The increased
surface area of the sides of the collection chamber
and the valve promote passive removal of bubbles
from the pressurized liquid while in the passageway.
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The gun may also have an outlet in fluid commu-
nication with the gas collection chamber. A venting
valve may control fluid flow through the outlet. By
opening the valve when the liquid in the passageway
reaches a predetermined low level, collected gas can
be removed from the chamber inside the gun. The
valve is then closed, and the passageway is refilled
until the liquid level reaches a predetermined upper
level.

With two liquid level sensors mounted to the gun
and an electrical controller connected to the sensors,
the venting valve and the components which supply
liquid to the gun, these venting and refilling proce-
dures can be automated.

If this procedure is not automated, it is preferable
to have a transparent gun body, or in the alternative,
a transparent liquid gauge mounted to a non-trans-
parent gun body and in fluid communication with the
collection chamber, thereby to allow visual detection
of the liquid level.

Dispensers in accordance with the invention pas-
sively promote removal of air bubbles from pressu-
rized liquid in an intermittently operated dispenser,
and also actively remove the collected gas from the
gun, thereby eliminating accuracy and control prob-
lems that may result from the dispensing of liquid with
gas bubbles entrapped therein. The gas bubbles may
be removed without interrupting normal dispensing
operations.

The invention will now be described by way of ex-
ample and with reference to the accompanying draw-
ing, which is a cross sectional schematic which illus-
trates a liquid dispenser, with bubble removal capa-
bility, in accordance with the invention.

The Figure shows a liquid dispenser 10 with bub-
ble free capability, in accordance with the invention.
The dispenser 10 includes a dispensing gun 12 sup-
plied with liquid under pressure via a tube 14 which
terminates in a pressure vessel 16, sealed by alid 17.
Avalve 18 and a regulator 20 control pressurized air
which is supplied to the vessel 16 by a pressure
source 22. The pressurized air forces the liquid out of
vessel 16 through conduit 14 to gun 12, preferably
through an in-line valve 24.

The dispensing gun 12 includes threadably con-
nected body sections 26, 28, 30 and 32, and the sec-
tions 28 and 30 include a central passageway 34
through which the liquid under pressure moves to-
ward section 32, which acts as an outlet nozzle for in-
termittent liquid dispensing. The conduit 14 connects
with central passageway 34 via an externally thread-
ed connector section 36 which threads within body
section 30.

The top of the dispensing gun 12 includes a sol-
enoid 40, and the solenoid 40 connects to a plunger
valve 42 which extends through the gun 12 along the
passageway 34. The plunger valve 42 controls liquid
dispensing from the nozzle 32. When plunger value
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42 is in a down position, as viewed in the Figure, a
bottom end 44 thereof seats against a valve seat in
the top of nozzle 32, thereby closing off the end of the
passageway 34 and preventing discharge of liquid.
When solenoid 40 raises plunger valve 42, the bottom
end 44 unseats from nozzle 32, thereby causing lig-
uid under pressure to discharge through nozzle 32.

The structure of this dispensing gun 12 promotes
removal of bubbles from the liquid within the central
passageway 34. This results from a combination of
features, including an increased diameter upper por-
tion 46 of central passageway 34, also referred to as
a gas collection chamber. This increased diameter
portion 46 provides increased surface area in the
body 12, which facilitates the escape of entrapped
gas or air bubbles from the liquid. Additionally, within
chamber 46, the plunger valve 42 also has an in-
creased diameter. This additional surface area also
promotes bubble or gas removal from the dispensing
liquid.

In addition to this internal structure which pas-
sively promotes the removal of gas from the liquid, the
invention also contemplates active removal of gas
from the gun 12 during dispensing. Preferably, the
dispensing gun 12 includes a lower liquid level sensor
48 and an upper liquid level sensor 49 mounted to gun
12 in fluid communication with central passageway
34. When the liquid level in passageway 34 reaches
a lower threshold level, i.e. the level of sensor 48, a
normally closed exhaust valve 50 is opened by an
electrical controller 58 to vent upper portion 46 via a
fluid outlet 52. Simultaneously therewith, central pas-
sageway 34 refills with liquid due to the pressure in
vessel 16 until a desirable level is reached, i.e. the
level of sensor 49. Controller 58, electrically connect-
ed to both sensors 48 and 49, in response closes
venting valve 50 and further flow into chamber 46
stops as the pressure in chamber 46 reaches approx-
imately the pressure in vessel 16.

If refilling and venting are not performed auto-
matically, by a controller 58, it is preferable that body
section 28 be transparent, so that the liquid level may
be visually detected. Alternatively, a liquid level
gauge 59 may be mounted alongside body section 28,
with body section 28 having upper and lower ports
(not shown) to place the inside of the gauge 59 in fluid
communication with the central passageway 34. In
this case, when air is to be manually removed from
chamber 46, valve 50 is opened manually when the
level of liquid in chamber 46 is low, and once the liquid
level in chamber 46 rises to the desired level in cham-
ber 46, due to the pressure vessel 16, valve 50 is then
manually closed.

Thus, the invention provides an open volume be-
tween solenoid 40 and nozzle outlet 32 to allow col-
lection and eventual venting of gas from the gun 12,
thereby eliminating the dispensing of bubbles from
the nozzle section 32 and assuring that only liquid is
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dispensed. Also because of the manner of intermit-
tent liquid dispensing via operation of the plunger
valve 42, the dispensing gun 12 can be vented without
stopping normal liquid dispensing operations.

Claims

1. Aliquid dispenser for dispensing small amounts
of liquid comprising a gun body having a central
passageway which extends therethrough and
terminates at a nozzle opening at a first end of
the body, means for supplying pressurized liquid
to the central passageway, a plunger valve ex-
tending through the central passageway from a
second end of the body, the plunger valve adapt-
ed to move axially along the passageway to open
and close the passageway adjacent the nozzle
opening, thereby to permit and to prevent, re-
spectively, dispensing of liquid from the nozzle
opening and means for moving the plunger locat-
ed at the second end of the body wherein means
are provided, located between the first and sec-
ond ends of the body, for promoting removal of
bubbles from the pressurized liquid while in the
central passageway.

2. Adispenser according to claim 1 wherein the pro-
moting means comprises an enlarged diameter
portion of the central passageway, the enlarged
diameter portion located adjacent the second
end of the body.

3. Adispenser according to claim 2 wherein the pro-
moting means comprises an enlarged diameter
portion of the plunger valve within the enlarged
diameter portion of the central passageway.

4. Adispenser according to Claim 2 or 3 comprising
means for venting the enlarged diameter portion
of the central passageway when the liquid therein
reaches a predetermined lower level, and then
refilling liquid into the central passageway until
an upper predetermined level is reached.

5. A dispenser according to claim 4 comprising
means for automatically controlling the means for
venting and refilling.

6. A dispenser according to any preceding claim
wherein the gun body is transparent to allow vis-
ual detection of the liquid level therein.

7. A dispenser according to any preceding claim
comprising a liquid gauge mounted to the side of
the body and in fluid communication with the cen-
tral passageway.
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A liquid dispenser for dispensing small amounts
of liquid comprising a gun body having a central
passageway which extends therethough and ter-
minates at a nozzle opening at a first end of the
body, means for supplying pressurized liquid to
the central passageway, a plunger valve extend-
ed through the central passageway from a sec-
ond end of the body, the plunger valve adapted
to move axially along the passageway to open
and close the passageway adjacent the nozzle
opening, thereby to permit and to prevent, re-
spectively, dispensing of liquid from the nozzle
opening and means for moving the plunger locat-
ed at the second end of the body, the central pas-
sageway having an enlarged diameter portion
adjacent the second end of the body, the en-
larged diameter portion serving as a gas collec-
tion chamber, the plunger valve also having an in-
creased diameter within the collection chamber,
the surface area of the plunger valve and the sur-
face area of the gun body within collection cham-
ber promoting removal of bubbles from the liquid
during intermittent dispensing out of the nozzle
opening.

Adispenser according to claim 8 wherein the gas
collection chamber has an external opening to at-
mosphere, means being provided for venting the
collection chamber to atmosphere to remove gas
therefrom.

A dispenser according to claim 9 comprising a
lower level liquid sensor mounted to the body in
fluid communication with the central passage-
way, an upper level liquid sensor mounted to the
body in fluid communication with the central pas-
sageway, and means for automatically control-
ling the level of liquid in the central passageway
by adding liquid to the passageway upon actua-
tion of the lower level liquid sensor and until ac-
tuation of the upper level liquid sensor, the auto-
matic controlling means being adapted to oper-
ate the venting means to vent the collection
chamber to atmosphere before adding liquid to
the central passageway.
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