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(57) Abrége/Abstract:

To control the flow of air into and/or out of a process chamber, such as a clean room, a two-stage system Is disposed in conduits
leading into and/or out of the process-chamber. One stage includes a regulator, having a plenum (7, 79) disposed between the
environment and the air source or the vacuum source. The regulator maintains in the plenum a pressure that is between the
pressures of the environment and the source and that is a constant amount different from the environment's pressure. The
regulator includes a piston (5) having a frontal face (52) exposed to air in the plenum flowing between the environment and the
source; and a distal face (51) exposed to the environment's pressure. The piston is mounted so as to variably impede the flow of
alr through the regulator and so that the weight of the piston tends to move the piston in a direction so as to lessen the piston's

Impedance on the air flow. The other stage includes an adjustable valve (21, 25, 95), located between the regulator and the
environment, for further impeding the flow of air.
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(57) Abstract

To control the flow of air into and/or out of a process chamber, such as a clean room, a two-stage system is disposed in
conduits leading into and/or out of the process-chamber. One stage includes a regulator, having a plenum (7, 79) disposed be-
tween the environment and the air source or the vacuum source. The regulator maintains in the plenum a pressure that is between
the pressures of the environment and the source and that is a constant amount different from the environment’s pressure. The re-
gulator includes a piston (5) having a frontal face (52) exposed to air in the plenum flowing between the environment and the
source, and a distal face (51) exposed to the environment's pressure. The piston is mounted so as to variably impede the flow of
air through the regulator and so that the weight of the piston tends to move the piston in a direction so as to lessen the piston's
impedance on the air flow. The other stage includes an adjustable valve (21, 25, 95), located between the regulator and the envir-
onment, for further impeding the flow of air.
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PROCESS-CHAMBER FLOW CONTROL SYSTEM

DESCRIPTION

Technical Field
This invention generally relates to a system for
regulating the flow of a fluid, 1in particular a gas, into
and out of a process chamber. o '

Background Art
In a heating, ventilating, and air conditioning (HVAC)

system, air flow 1s typically controlled using resistors to

~slow down the flow of air at different points to obtain the

proper air balance throughout a building. These resistors
may be comprised of gate valves, butterfly valves or
dampers, and may be fixed, adjustable or motorized. When |
one resistor is adjusted, the pressure level throughout the
HVAC system will change; any change in the HVAC system
pressure will affect the flow of air past every other
reslstor.. Thus, adjusting a resistor at the output causes
"cross-talk.“ Previous-attempts to solve the problem of air
£1ow control have automated the resistors using micro-
processors and serVo-motors

Mun1c1pal gas companies in the Unlted States dlstrlbute

gas through a network that is termlnated w1th pressure

regulators. In these gas distribution systems the pressure

at the p01nt of use is fairly 1ndependent of pressure
changes throughout the distribution network. This can be

-accompllshed because the d;strlbutron network is designed to
.withstand'large pressures, and a large pressure drop can be
‘caused at the point of use. |

The approach"taken by gas companies, of providing a
pressure regulator at the poxnt of use has not been
practical for the HVAC industry, because the HVAC industry

moves very large quantities of air at very low pressure, and
because the HVAC industry is usually more interested in
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controlling mass flow, not pressure. The comfort of the
environment is determined by the thermal mass of hot and
cold air that is moved.

Safety valves used in the gas industry, and in other
fields involving the handling of fluids under high pressure,
open or close only in extreme situations where a large rise
or drop in pressure poses a danger (Gas companies have
safety valves that shut off the flow of gas when there is a
large decrease in pressure, since such a decrease may be due
to.a leak downstream of the valve. Many safety valves vent
fluid from a conduit when there is a large 1ncrease in
pressure in order to prevent the pressure in the conduit
from increasing beyond the bursting point of the conduit, or
beyond the capability of machlnery connected to the

.condult ) Other valves such as those used in gasoline

pumps, also shut off flow automatically when the back- |
pressure increases to a certain polnt 1nd1cating that the
tank belng filled is full.' These safety'valves and

1:';gasollne-pumpvalves are designed to be either fully opened

or fully closed and are not de51gned to precxsely regulate
,the fluid flow.' '

One of the most complex problems confronted by the HVAC

o 1ndustry is controlllng process chambers, such as the clean
. :;rooms used 1n.sem1conductor 1ntegrated-c1rcu1t chip

', ...,,' . . ) . . . .

;manufacturlng, or the medical and blotechnology laboratorles,

."lept at below atmospheric pressure to prevent potentzally
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yypg7f7n.f.'jdangerous mlcrobes from blowlng out of the laboratorles.

CIean room requlrements dlctate that the environment be

ckept at a constant temperature and humldlty (typlcally
:wzthln a few degrees and a few percent), that the mass flow
f;1nto the enV1ronment be kept constant and that the flow be
'dlstrlbuted evenly across a celllng. Clean room ceilings
are constructed Wlth spec1al filters des1gned to remove very
'small partlcles from the air entering the room. In addition

to belng clean, the air leaving the filter should be at an

~ exact veloc1ty The ceilings are designed to disperse the
B a1r 1nto the clean room at the same veloc1ty over the entire
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surface of the ceiling. The ceilings and filters are

constructed to add as little resistance to the air flbw as

possible, and so that there is only little variation from
one filter to the next.

In order to deliver the same mass flow to each filter,

the HVAC industry uses a network of resistors deployed

throughout the air delivery system. The air flow through

each filter is controlled by adding or removing resistance.

In a single clean room the ceiling may contain as many as

150 filters. A process called balancing is used to adjust

the filter flow rates. The resistors are repeatedly

adjusted in sequence, until the flow rate is within the
specified range, or until the amount of time the clean room
1s down, during the balancing process, gets too expensive.

After the balancing is completed, the whole network is still

subject to changes in the supply pressure and the demand
requirements of the clean room.

Air 1s drawn out of a clean room in two ways: some of

the air exits the room through process equipment and other

work stations with fume hoods, and some air exits directly

through vents. It is frequently important that a constant

flow rate or a constant oartial vacuum be maintained in the
process equipment in order to minimize defects in the

integrated circuit chips being manufactured and in order to
ensure that noxious fumes do not leak from the process

equipment or fume hoods and thereby endanger personnel

working nearby. Air flowing from the process equipment can

be treated at a central location and then can be exhausted
to the outside. Air that flows through the clean room, but

does not flow through the process equipment may be recycled

through the clean room. Clean rooms are typically kept at a

pressure slightly above atmospheric pressure, so that dust

does not enter the clean room when the doors to the clean
room are opened.

With regard to safety, medical and biotechnology
laboratories have similar problems similar to those of

integrated chip manufacturing areas. Improper vacuums oOr
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flow rates in fume hoods can éXxpose personnel to dangerous
microbes. Likewise, air flowing from fume hoods can be

pressure sllghtly below atmospherlc pressure, so that

microbes do not acc1dentally blow out of the laboratorles
when the laboratory doors are opened.

Disclosure of Invention
The system that is the subject of the present

invention, controls air flow from a source through an
‘enV1ronment such as a process chamber, to an exhaust Of
course, in order to create this flow, the source must have a
higher pressure than the environment and the exhaust must
have a lower pressure than the enV1ronment Typlcally, the

pressures of the source of air to the process chamber and of

- the exhaust from the process chamber'vary more rapldly and

20

25

by greater amounts than the pressure of air in the process
Cchamber. 1In the system, conduits leading to and from the

,_enV1ronment have two stages of regulation: (i) a regulation

stage that malntalns in a plenum a pressure that is a
constant amount. above or below the pressure of. the

'enV1ronment and (11) an adjustable valve stage that creates

a s1gn1f1cant pressure drop between the plenum and the

 'env1ronment The regulatlon stage has a plenum dlsposed
'"between the env1ronment and the pressure source, which may

"fbe either a source of air at a pressure higher than that of

35

,the envxronment _or an exhaust which prov1des a partlal
M_vacuum to the enV1ronment The pressure of the plenum is
abetween the pressures of the environment and the pressure
"source. The regulation stage includes a piston having a

~frontal face exposed to fluid 1n the plenum flowing between

‘the envmronment and ‘the pressure source and haV1ng a distal

faoe,exposed to the environment's pressure. The piston is
mounted so as to variably impede the flow of air through the
regulator and so that the weight of the piston tends to move

the piston in a direction so as to lessen the piston's
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impedance on the air flow. These two stages are placed in
conduits flowing to and from the environment. It is
preferable that these two stages are placed in several
parallel conduits that all flow into the environment from a

5 source, or that all flow from the environment to an exhaust.

In a device that regulates flow from an environment to

an exhaust, the piston has an aperture disposed therein,
through which fluid flows. A deflector, fixedly mounted
adjacent to the aperture, may be used for directing the

10 fluid flowing through the aperture radially across the

- frontal face of the piston. This device may regulate the
flow of fluid from an environment to a vacuum source. In
such a device, an increase in préssure on the distal face of
the piston tends to increase the piston's impedance on the

15 fluid flow, and an increase in pressure on the frontal face
of the piston tends to lessen the piston's impedance on the
fluid flow. The restoring force is exerted on the piston so
as to tend to lessen the impedance on the fluid flow.

20

-
- -

ref Descripti

of the Drawinags

Fig. 1 shows how the flow into and out of a process
Chamber may be controlled.

Figs. 2 and 3 show deV1ces for regulatlng the flow of
air from a source to an envzronment.

25 Figs. 4 and 5 show devices for regulatlng the flow of
air from an enV1ronment to an exhaust systemn.

description o vecific 1 vodiments
Fig; 1 shows how the two-stage control'system may be
30 employed in order to control air flow into and out of a
process. The air input is at a significantly higher
pPressure than the pressure in the process chamber and is
prone to wide and rapid pressure variations. The flow from
the air input branches out into several parallel conduits
35 (two. such condu:.ts are shown 1in this figure) before reaching
the process chamber. In each of these conduits is located a
pressure regulator, which maintains in a Plenum a pressure
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that 1is a constant amount greater than the pressure in the
process chamber and that is, of courSe, less than the
pressure at the air input. (As is discussed below with
regard to Figs. 2 and 3, these pressure regulators maintain
a constant pressure in the plenum--with respect to the
process chamber--by. connecting to a piston a gate that
variably impedes the flow between the air input and the
Plenum as the piston moves up and down. One side of the
piston is exposed to the plenum, and its other side is
exXposed, through the reference pressure tube, to the
pressure in the process chamber; thus, the piston can move
in.response to pressure fluctuations in the plenum and the
environment. The piston may be mounted so that the pressure

differential across the Piston is counteracted by the welght
of the piston, so as to establish a constant pressure |
d1fferent1a1 aAcross the piston.) Downstream from each of

‘these regulators is located an adjustable valve, which |
~ impedes the flow between the plenum and the‘process chamber.

These valves may be adjusted by a controller. As long as
the pressure regulators maintain a constant pressure
differential between the.plenum and the process chamber, a
constant flow rate is maintained for each setting of the

‘adjustable valve.

Each condult'wlth a regulation stage and a valve stage
operates 1ndependently of other conduits, in that if the

flow through one conduit is 1nterrupted or otherwise .
| changes, the pressure in the plenum remains at a fairly

constant amount above the process chamber's pressure (as
long as the pressure at the air input remains hlgh enough
with respect to the process chamber), and thus the flow rate
through a parallel conduit remains fairly constant. 1In
other words, there is no cross-talk between regulators{

B Air may exit the process chamber through a fume hood or
directly through a vent. It is frequently desired to keep
the pressure in the fume hoods at a constant pressure below
that of the process chamber. To accomplish this, a vacuum
regulator, which maintains in its plenum a partial vacuum
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with respect to the process chamber, is connected to each
fume hood so as to apply a relatively small amount of
impedance to the flow between the fume hood and the plenum.
This low-impedance connection establishes a partial vacuum
5 in the fume hood that is nearly equal to the partial vacuum
maintained in the plenum and therefore is fairly constant
with respect to the process chamber. When the door to the
fume hood is opened, the regulator allows the flow rate
through the fume hood to increase so as to maintain the
10 partial‘vacuum. (The vacuum regulators are simlar to the
pressure regulators, in that, as is discussed below with
‘regard to Figs. 4 and 5, each vacuum. regulator has a piston,
the frontal face of which is exposed to air flowing through
' the plenum, and the distal face of which is exposed through
15 a reference pressure tube, to the pressure in the process
‘ chamber. The plston can move in response to pressure
- fluctuations in the plenum.and the environment. The piston,
as it moves up and down,'varxably'lmpedes flow from the r“
'uplenum to the vacuum source, i.e., the exhaust. The pxston
20 may be mounted so that the pressure differential across the
piston 1is counteracted by the weight of the piston, so as to
establish a“constant pressure differential across the

/I

plston ) , |
To'malntaln a constant flow rate, as opposed to a

. 25 constant partlal vacuum, a valve is placed between the
- plenum and the process chamber to further 1mpede flow, as 1is
ﬁ'.shown in the conduit leading from the vent in Fig. 1.
"Likewise, if it is desired to establish a constant flow rate
,,','through a fume hood, a valve is placed between the fume hood
30 and the vacuum regulator. An adjustable valve is used 1n
~ order to vary the desired flow rate. The adjustable valve
may be controlled by the controller.
- Like the condults leading into the process ‘chamber,
there is no cross-talk between the vacuum regulators in the
35 conduits leadlng from the process chamber. Each conduit
| leadlng from the process chamber that has a regulation stage
and a valve stage operates independently of other conduits,
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in that, if the flow through one conduit is interrupted or
otherwise changes, the flow rate through a parallel conduit
remains fairly constant (as long as the exhaust vacuum
remains strong enough). Each conduit leading from the
5 process chamber that has only a regulation stage (to
maintain a constant partial vacuum in a fume hood) also
operates independently of other conduits, in that, if the
flow through one conduit is interrupted or otherwise
changes, the vacuum in a fume hood connected to a parallel
10 conduit remains fairly constant (as long as the exhaust
vacuum remains strong enough) . ﬁ
- A venturi meter may be disposed in each of the conduits
leading to or from the process chamber, so as to provide'
flow rate information to the controller, which in turn may
15 adjust the valves in the conduits. The controller may also
recieve information from pressure tranducers regarding the .
pressure in the process chamber and the pressure outside the
-prooeSS-chamber. By adjusting flow into'and out of the
' process chamber, and monitoring the information from the
20 'pfessure transducers inside and outside of the process
chamber, the controller can ensure that the pressure in the
process chamber remalns above or below the outside pressure.
' 'Fig. 2 shows a device contalnlng a pressure.regulator
. and an adJustable valve, whereln air flowlng from a source,
B 25 Wthh provzl.des air at a relatlvely high pressure, through an
|  1hput 1 and a pleated filter 2 into a process chamber 3
 (e g., a Clean room env1ronment) The hous1ng 4 is dlv1ded
.-1nto two chambers, a chamber 6 and a plenum 7. The chamber
6 is at a reference pressure, and may be vented (by means of
30 a tube 61 for example) to the clean room 3, so that the
reference.pressure in the chamber 6 is the same as the
-pressure of the clean room'3, The plenum 7 and the chamber
G'arewseparated by a movably mounted piston S. One faoe of
 the piston 5, the frontal face 52, is exposed to the air in
35 the 'plenuin 7. The other face, the distal face 51 is exposed
~to the reference pressure in the chamber 6. The piston §
may move in the directions indicated by the arrows 50. The
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piston 5 has a aperture 56 in its center. Ailir flowing from
the input 1 passes through this aperture 56. The inner edge
of the piston 5 is connected to the valve seat 11 by a
membrane 53. The outer edge of the piston 5 may be
connected to the housing 4 by a membrane 54. A deflector 13
may be connected to the valve seat 11 by struts 12. The
deflector 13 redirects the flow of air from a direction that
is parallel to the direction that the pistbn 5 may move,
into axial directions that are transverse to the direction
of movement of the piston 5. Connected to the piston 5 by
struts 55 is an annular gate 8, which is located around the

deflector 13 and which moves with the piston 5. 1In the

preferred embodiment, the deflector 13 does not move.

Rolling springs 81 may connect the gate 5 to struts 14
mounted on the bottom of the deflector 13. Although they
are not not necessary, the rolling springs 81 may provide
lateral stability to the piston 5 and help smooth the -
vertical motion of the piston 5. As the gate 8 moves with
the piston §, it variably restricts the flow of air through
the device. | |

- Air flowing through this device passes from the input
1, then is redirected by the deflector 13 past the gate 8,
through the plenum 7, and then passes through the filter 2
into the clean room 3. How much the gate 8 impedes the air
flow depends on the piston's § position, which in turn
depends on the pressure difference between the plenum 7 and
the chamber 6, and the restoring force working on the piston
5. In the device shown in Fig. 2, the restoring force is
the combined weight of the piston 5, the gate 8 and the

~struts 55 connecting the two. This weight tends to’open up

the gate 8 and thereby lower the.impedance to the flow that
the gate causes. (By using the weight of the piston-strut-
gate struture as the only restoring force, a constant
restoring force is obtained. A constant restoring force 1is
desirable for maintaining a constant pressure differential
across the piston.) When the pressure‘in the plenum 7
becomes sufficiently greater than the pressure in the
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Chamber €6, the piston 5 and the gate 8 rise and cause an
increase in impedance on the flow by the gate 8. The

- increase in impedance by the gate 8 lowers the flow rate of

the air. The piston 5 and gate 8 will come to a position of
equilibrium, so as to cause a constant pressure differential
between the plenum 7 and the chamber 6. |

Thus, when the venting tube 61 is vented to the
environment 3, the pressure in the plenum 7 is constant -
relative to the pressure in the environment 3. By
maintaining a constant pressure drop across the filter 2 the
device can maintain a fairly constant mass flow rate.

Without this device a drop in the clean room pressure
would tend to cause the mass flow rate to increase, because
there 1s a larger pressure drop between the source and the
clean room 3. With the device, a drop in the‘cleah room
pressure causes the pressure in the chamber 6 to drop,

because the chamber 6 is vented by tube 61 to the clean

‘room. The drop in chamber pressure in turn causesjthe'
piston 5 and gate 8 to rise and increase the impedance on
the air flow by the gate 8. This increase in impedance

counteracts the larger pressure drop between the source and
the clean room, so the mass flow rate remains . fairly

constant. Conversely, an increase in clean room pressure
would tend to open up the gate 8 and lower the impedance.

B -Similarly,withbut this device an increase in pressure
at the source would tend to cause an 1ncrease in the mass
flow rate. With the device, an 1ncrease in pressure at the

~ input 1 causes a momentary increase of pressure in the

30

35

plenum 7, which in turn causes the piston $ and gate 8 to

move up. The rise in the gate 8 increases the 1mpedance on
the flow, thereby counteracting the larger pressure drop
between the source and the clean room 3. Conversely, a drop
in the input pressure would tend to open up the gate 8 and

 1ower the impedance.

When there is little or no flow through the device, the

- gate 8 and piston 5 drop to their lowest position and

provide the smallest impedance to the flow that the gate 8
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can provide. Thus, when there is little or no flow, the

device 1s fully open. The device does not have to be re-set
after the flow has stopped. When the flow restarts and
increases to a certain amount, the gate 8 and piston 5 rise

t0 increase the impedance to the flow.

The device shown 1n Fig. 2 shows a preferred
embodiment, wherein the gate is.rigidly attached to the
piston 5, so that the gate 8 and piston 5 move in unison.
The piston and gate may also be attached by other means,
such as levers or other types of mechanisms, so that, as the
piston 5 rises, the gate 8 increases its impedance on the

flow, and, as the piston drops, the gate lessens 1its
impedance on the flow.

The filter 2 provides a constant resistance to the air
flowing from the plenum 7 to the environment 3. Additlonal

resistance can be provided by means of grids 21 and 22,
- which form orifices 23. Grid 21 is movable, so that the

size of the orifices 23, and thus the resistance to flow
from the plenum 7 to the environment 3,'may.be varlied. The
pressure in the plenum 7 relative to the environment 3 can
be controlled by moving grid 21. The sliding of the movable
grid 21 can be done by a stepper motor controlled by the
controller. The orifices 23 may be of different sizes
depending on their position within the device in order to
disperse the air evenly through the filter.

Fig. 3 shows an alternative to the Fig. 2 device,
wherein the piston 5 1s hingedly mounted. The piston 5 1is
connected to the gate 8 by means of struts 55. The piston 5
rotates up and down, so that it and the gate 8 move in a
direction that is transverse to the direction of flow. The
frontal face 52 of the piston 5 is exposed to air flowing
through the conduit, and the piston's distal face 6 is
exposed to a reference pressure chamber 6, which 1s
preferably in fluid communication through a port 61 with an
environment (e.g., a process chamber) downstream of the
device. The input 1 of the device is connected to a source
of air. Air flows past the struts 55 and the gate 8, and
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then past the piston 5. Downstream of the piston § is a
gate valve 25, which may be moved up and down to alter the
flow rate. The gate valve 25 in the Fig. 3 device performs
the same function as the adjustable grid structure 21 and 22
of the Fig. 2 device. The piston 5 and the gate 8 in the
Fig. 3 device are in their lowest position, which is
consistent with a low flow rate. When the flow rate
increases beyond a certain point (i.e., when the pressure
differential between the piston's frontal and distal faces,
52 and 51, overcomes the weight of the piston-strut-gate
structure, 5, $5 and 8--or other restoring force), the
piston 5 pivots‘upward in the direction indicated by the
arrows extending from the piston's distal face 51. The
upward movement of the piston 5 causes the gate 8 to move
upward to impede the flow. The gate 8 increases the
impedance on the flow to counter any further increase in-
pressure at the input 1. Thus, the device is able to

maintain a constant pressure differential between the plenum
7 and the chamber 6, the differential being related to the

restorlng force exerted on the piston, which in this case is

.the weight of the piston-strut-gate structure. By setting

the pressure in the chamber 6 equal to the pressure
downstream of the gate valve 25, a constant pressure drop

across the gate valve 25 can be maintained. The posifion of
the gate valve 25 can be adjusted to accurately control the

flow rate. The restoring force created by the weight of the
- piston 5 can be modified by moving a slidable weight 90

~along . a rod 91, which may be accompllshed by a stepper motor

controlled by the controller.

Flg 4 shows a mass flow regulator for controlllng flow

from the process chamber to an exhaust. Air flows from the
input 81, past a variable resistor, which in this case is a

gate valve 95, into a plenum 79. Air moves over the frontal
face 52 of the piston 5. The air flow is then modulated by

constriction point 80, which is formed by the upturned

section 96 at the end of piston 5. The piston 5 rotates
about hinge 84, so that member 96 moves in a direction
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transverse to the air flow. Preferably, the output 82 1is

“connected to a vacuum source, but in any case the pressure

at the output 82 must be lower than the pressure at the
input 81.

The pressure in the plenum 79 is related to.the fluid
forces on the frontal and distal faces, 52 and 51, of the
piston 5, and the restoring force on the piston 5. 1In the
device shown in Fig. 4, the downward restoring force is the
weight of the piston 5. Restoring force may also be
supplied or modified by a spring, or, as shown 1in Fig. 4, by
slidable weight 90, which may be moved along rod 91 by a
stepper motor controlled by the controller. Thus, the
restoring force acting on the pistons in the regulators

‘shown in Figs. 3 and 4 may be adjusted by the controller

shown in Fig. 1. The restoring force tends to open the
constriction point 80. The restoring force balances the
force caused by the pressure differential between the plenum
79, which the air flows through, and the reference-pressure
chamber 17 (which should have a highér pressure than the
plenum 79 does), so that the piston 5 floats. One may alter
the pressure differential between the plenum 79 and the
chamber 17 by altering the restoring force on the piston 5,
such as by using the slidable weight system shown. It 1is
important that the vacuum at the output 82 be strong enough
to cause the piston 5 to float; without a sufficiently
strong vacuum.the regulator will not be able to maintain a
constant préésure in the plenum 79. With a sufficiently
strong vacuum, the pressure in the plenum 79 will remain
cohstant if the restoring force remains constant and the
pressure in the chamber 17 remains constant. The chamber 17
is in fluid communication with the reference port 85, which
is connected to the process chamber, from which air flows to
the input 81. _ |

If the pressure at the output 82 decreases, more air
would tend to flow from the plenum 79 past the constriction
point 80 to the output, which in turn would cause the
pressure in the plenum 79 to drop, except a drop in the
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plenum pressure causes the piston 5 to rotate up and
throttle the flow of air through the constriction point 80.
Likewise, an increase in pressure at the output 82 causes
the constriction point to widen. In this way, as long as
there is a sufficient vacuum at the output 82 to compensate
for the downward restoring force on the piston 5, the
pressure in the plenum 79 remains a constant amount less
than the reference pressure and independent of the pressure
at the output.

Thus, the plenum 79 acts as a constant vacuum sink
drawing in air flowing from input 81 past the gate valve 23,
which acts as a resistor. If the differential pressure
between input 81 and plenum 79 remains constant, and the
resistance to flow between input 81 and plenum 79 remains
constant, the air's mass flow rate will remain constant.

The mass flow rate\may be changed by changing the resistance
to fluid flow caused by the gate valve 95. A constant
pressure differential between the input 81 and the plenum 79

can be maintained by venting the reference chamber 17 to the
input 81, which is accomplished by connecting reference port
85 to the input 81. Adjusting the gate valve 95 causes more
or less fluid to flow into plenum 79, and the piston 5 and
impeding member 96 will move down or up to modulate the
pressure in the plenum 79. By connecting the reference port
85 to the input 81, a change in the input pressure will
cause a corresponding change in the pressure of chamber 17,
which in turn will cause the piston 5 to move and either
widen or narrow the constriction point 80 to maintain a

constant pressure differential between the plehum 79 and the

input 81. By combining variable resistor 95 with a
regulator that maintains a constant pressure differential
across the variable resistor 95, the device shown in'Fig. 4
performs very well as a mass flow controller.

The strength of the partial vacuum in the plenum 79 can
be varied by adjusting the slidable weight 90. The
regulator shown in Fig. 4 may be used to maintain a constant
partial vacuum in a fume hood, if the gate valve 95 1is
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eliminated or is set so as to impart very little impedance
to the flow, if the input 81 is attached to the fume hoood,

and if the reference tube 85 is connected to the environment
outside of the fume hood.

5 The devices shown in Figs. 1 and 2 of U.S. Patent No.

5,000,221 may also be used as a fume-hood vacuum regulator
in Fig. 1 of the present application.

Fig. 5 shows a device that is somewhat similar in
structure to the device shown in Fig. 2 above. However, it
10 is connected to a vacuum source and is more similar 1in
function to the device shown in Fig. 4 herein (or the
devices shown in Figs. 1 and 2 of U.S. Patent No.
5,000,221). In this device air passes from an environment
3, through a filter 2, then through the plenum 7 and an
15 outlet 41 to a vacuum source. '

The piston 5 has two faces, a frontal face 52 on the
top of the piston 5, and a distal face 51 on the bottom of
the piston 5. The piston 5 divides the interior of the
hduéing into the plenum'7 and the reference chamber 6, which

20 may be vented by means of tube 61 to the pressure in the
environment 3. The outer edge of the piston 5 may be
attached to the hbusing 4 by a membrane 54. The piston §
has an aperture, through which the fluid may flow from the
plenum 7 to the output 41. Membrane 53 may connect the edge

25 of the piston's apertﬁre to the valve seat 42. A barrier 13
is mounted over the output 41 by struts 12. The space
between the barrier 13 and the valve seat 42 forms an

evacuation port 46, that may be partially occluded as the
piston 5 moves up and down. To prevent the piston 5 from
30 settling on the bottom surface of the housing 4 the outer
perimeter of the valve seat 42 may be wider than the
piston's aperture, or alternatively stops 48 may be used.

The pressure in the'plenum 7 1is lower than the pressure

'in the environment 3; a pressure drop is caused by the flow
35 through the filter 2. When the pressure in the plenum 1is
sufficiently .less than the pressure in the reference chamber
6, so as to overcome the weight of the piston 5, the piston
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will tend to float and occlude the evacuation port 46. The

device is able to maintain a constant pressure differential
between the plenum 7 and the reference chamber 6. For

instance, if the pressure at the output 41 drops (i.e., the

5 strength of the vacuum source increases), the pressure in
the plenum 7 tends to drop as well; however, such a drop in
the'plenum pressure tends to lift up the piston 5§, and
thereby increase the impedance of the flow through the
evacuation port 46. | '

10 - This device can maintain'a‘constant mass flew rate. By
maintaining a constant pressure differential across the

plston 5 and connecting the reference chamber 6 to the
environment 3, one can maintain a constant.pressure

dlfferentlal across the filter 2 and the grids, 51 and 22.
.15 1If the resistance to the flow caused by the fllter 2 and the
- grxds, 21 and 22, is kept constant, then a constant mass
flow rate through the filter 2 1s malntalned. The flow rate
"'may be ad)usted by adjustxng the resistance caused by the

grzds, 21 and 22, as dlscussed above in relatlon to the Fig.
20 -2 device. |
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What 1is claimed is:

1. A system for controlling air flow between an
environment and a pressure source having a pressure that
5 differs from the environment's pressure and that varies more
quickly than the environment's pressure, the system
comprising: |
‘a regulator, having a plenum disposed between the
environment and the pressure source, for malntalnlng in the
10 plenum a pressure that is between the pressures of the
~ environment and the pressure source and that is a constant |
amount different from the envzronment's pressure, the
‘regulator including a piston having a frontal face exposed
to fluid in the plenum flowing between the environment and
';1j5 the pressure source, the piston further,having a distal face
' 'exposed to the environment's pressure, the piStongbeing |
-mounted so as to variably impede the flow of air through the
requlator and so that the weight of the plston tends to move
the piston in a direction so as to lessen the piston's
_ 20 impedance on the air flow: and '

an adjustable valve, located between the regulator and
the environment, for further impeding the flow of air.

2. A sYStem,aCcording.tofCIaim 1, wherein the pressure
- .2.5_1source is a source of air at a higher pressure than the air
~ in the env1ronment, and ‘ '
o whereln the plston 1nc1udes a gate for zmpedlng the
.flow of air ‘upstream of the plenum, and
'whereln the regulator'malntalns a pressure in the

30 plenum that is a constant amount above the environment's
pressure.

3. A system according to claim 2, wherein the pressure
- source is at a lower pressure than the air in the
35 env:.ronment and is an exhaust for the environment air,

wherein the piston impedes the flow downstream of the
plenum,~and
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wherein the regulator maintains a pressure in the

plenum that is a constant amount above the environment's
pressure.

4. A system for contrelling air flow from a source through
an environment to an exhaust, the source having a higher
pressure than the environment and the exhaust having a lower
pressure than the environment, the system comprising: |
a first regulator, having a plenum disposed between the
environment and the source, for maintaining in the first
pienum a pressure that i1s between the pressures of the

environment and the source and that is a constant amount

different from the environment's pressure;

a first adjustable valve, located between the first

regulator and the environment, for impeding the flow of air
to the environment;

a second regulator, having a second plenum disposed
between the environment and the exhaust, for maintaining in
the second plenum a pressure that is between the pressures
of the environment and the pressure source and that is a
constant amount different from the environment's pressure;
and

a second adjustable valve, located between the second

regulator and the environment, for impeding the flow of air
from the environment.®

5. A system according to claim 4, wherein the first
regulator includes a first piston having a gate and a
frontal face exposed to fluid in the first plenum flowing
from the source to the environment, the first piston further
having a distal face exposed to the environment's pressure,
the first piston being mounted so that the gate wvariably
impedes the flow of air through the first regulator and so
that the weight of the first piston tends to move the first

piston in a direction so as to lessen the first gate's
impedance on the air flow, and
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wherein the second regulator includes a second piston

having a frontal face exposed to fluid in the second plenum

flowing from the environment to the exhaust, the second

piston further having a distal face exposed to the

environment's pressure, the second piston being mounted so
as to variably impede the flow of air through the second
regulator and so that the weight of the second piston tends
to move the second piston in a direction so as to lessen the
second piston's impedance on the air flow

6. A system according to claim 5, further including A
controller for adjusting the amounts that the flrst and
second adjustable valves 1mpede flow.

7. A system according to claim 4, further including a
controller for adjusting the amounts that the first and
second adjustable valves impede flow.

8. A device for regulating the flow of fluid from an
environment to an evacuation means, the device comprising:
an output in communlcatlon with the evacuatlon means:;
a plston having an aperture disposed therein and being

H movably mounted proximate to the output such that fluid
’flowlng into the output passes through the aperture and so

as to variably 1mpede fluid flowing to the evacuation means,
the plston haV1ng a distal face, exposed to a reference

| pressure, and a frontal face, exposed to fluid upstream from

~ the aperture, SO that an increase in pressure on the distal

‘ face,of the plston tends to increase the piston's. 1mpedauce

30 on the fluid flow, and an increase in pressure on the

frontal'face of the piston tends .£o lessen the piston's
lmpedance on the fluid flow; and

restorlng means for exertlng a force on the plston SO
as to tend to lessen the piston's impedance on the fluid

35 flow.
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9. A device according to claim 8, wherein the restoring
means includes the weight of the piston.

10. A device according to claim 8, wherein the areas of the
frontal and distal faces are approximately equal.

1l. A system for controlling flow through two parallel
condults from a source to an environment, coﬁprising:

a first regulator disposed in the first conduit, the
first regulator including a first piston having a first gate
and a frontal face exposed to fluid in a first plenum

flowing from the source to the environment, the first piston

further having a distal face exposed to the environment's
pressure, the first piston being mounted so that the first
gate variably impedes the flow of air through the first
regulator and so that the weight of the first piston tends -

to move the first piston in a direction so as to lessen the

first gate's impedance on the air flow;

a first adjustable valve, located between the first

regulator and the envxronment for 1mped1ng the flow of air
to the environment;

a second regulator dlsposed in the second conduit, the

second requlator including a second piston having a second

gate and a frontal face exposed to fluid in a second plenun

flowing from the source to the environment, the second
fplston further 1nc1ud1ng a distal face exposed to the

_-fenvlronment's pressure, the second piston being mounted so
'rthat the second gate variably'impedes the flow of air

3'0 second piston tends to move the second piston in a direction

- 35

through the second regulator and so that the*welght of the

SO as to lessen the second gate's impedance on the air flow:
and ' ' |

a second adjustable valve, located between the second

regulator and the environment, for impeding the flow of air
to the environment. | '
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12. A system for controlling flow through two parallel
conduits from an environment to an exhaust, comprising:

a first regulator disposed in the first conduit, the
first regulator inciuding a first piston having a frontal
5 face exposed to fluid in a first plenum flowing from the
environment to the exhaust, the first piston further
including a distal face exposed to the environment's
pressure, the first piston being mounted so as to variably
impede the flow of air through the first regulator and so
10 that the weight of the first piston tends to move the first
piston in a direction so as to lessen the first piston S
1mpedance on the air flow; and |
| ~a second regulator disposed in the second condult the
second regulator 1nclud1ng a second plston having a frontal
15 face exposed to fluid in a second plenum flowing from the
- environment to the exhaust, the second piston further
'4includ1ng a dzstai face exposed to the envxronment's
pressure, the second plston being mounted so as to variably
impede the flow of air through the second regulator and so
20 that the welght of the second piston tends to move the
second piston in a dlrectlon so as to lessen the second
plston s impedance on the air flow.

e
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