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System for the pulsation-free delivery of liquids

The present invention relates to a system for
the pulsation-free delivery of liquids, which system may
be wused for high-purity, liquid chemicals in the
semiconductor industry.

In production processes of the semiconductor
industry, high-purity chemicals on which very stringent
requirements with regard to freedom from particles are
imposed are normally used. Since the chemicals used are
frequently highly corrosive or oxidizing substances,
correspondingly high demands are made on the purity or
resistance of the materials coming into contact with the
chemicals. Especially critical in this connection with
regard to the release of particles are locations at
which the chemicals come into contact with moving parts
in the system. The requirements imposed on the freedom
from particles are constantly increasing and hitherto
known arrangements cannot fulfill these new requirements
in a satisfactory manner.

The object of the present invention was
therefore to provide a system which has as few moving
parts as possible, such as, for example, pumps.

The object is achieved by a liquid-delivery
system for pulsation-free delivery, which liquid-
delivery system delivers 1liquids in a recirculation
circuit and has at least one intermediate tank.

At least two small pressure tanks connected in
parallel are incorporated in this system according to
the invention, and these pressure tanks deliver the
liquid chemicals to the storage tank by means of a
pressure difference and replace a pump.

Of these two small pressure tanks (D1, D2)
connected in parallel, one is filled by means of a pump,
whereas the other 1s pressurized with a positive
pressure compared with the storage tank (B1) and
delivers the liquid, starting from it, in the circuit,
the control of the 1liquid flow being effected by
electrically controllable valves.
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Characteristic of this delivery system is the
fact that the $mall tank (Dl or D2) which has the higher
pressure has a positive pressure of 2 to 6 bar, and that
the two small tanks of the plant are alternately
pressurized during operation, as a result of which a
continuous liquid flow is produced.

According to the invention, the object is
achieved in that one of the small tanks (D1 or D2}
connected in parallel, in the filled state, has a
pressure which results from a height difference of at
least 0.5 m between the storage tank {Bl) and the height
of the small tanks, which are located at a lower lewvel
than the storage tank. Accordingly, the object is
achieved in that in each case one of the small pressure
tanks is filled from the storage tank connected to it on
account of a pressure difference, which results from a
height difference of at least 0.5 m between the storage
tank and the pressure tanks, which are connected in
parallel and are located at a lower level than the
storage tank, whereas the other small pressure tank is
pressurized with a positive pressure and the liquid,
starting from it, is delivered in the circuit, the
control of the liquid flow being effected Dby
electronically controllable valves.

In a particular embodiment, one of the small
tanks connected in parallel 1is pressurized with a
pressure which results from a height difference of 1 m
between the storage tank and the two tanks connected in
parallel.

According to the invention, the pressure tanks
may be filled from the storage tank by the liquid being
delivered into the pressure tanks through communicating
pipelines by means of a slight positive pressure.

At the end of the recirculation circuit (RK) of
the delivery system, the pressure is reduced to the
internal pressure of the storage tank (Bl).

This pressure reduction may be effected by a
valve, an orifice or a pipe constriction.

The object of this invention may be achieved in
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particular by a delivery system whose storage tank has a
positive pressure greater than or equal to 0.05 bar, the
small pressure tanks being designed as tanks for high
pressure.

In the entire recirculation circuit, the
pressure drops as a function of the delivery flow. The
residual pressure, as mentioned above, may be reduced to
the internal pressure of the storage tank by a valve, an
orifice or a pipe constriction.

The liquid-delivery system according to the
invention permits the delivery of 1liquids in a
recirculation circuit, only one large storage tank (day
tank) being required.

A special advantage of this delivery system is
that a pump may be replaced by two small pressure tanks
connected in parallel. These pressure tanks may have in
particular a volume of 1-200 1. Whereas one pressure
tank is filled by the pressure difference which results
from the static height difference (> 0.5 m) between the
storage tank (Bl) and the pressure tanks (D1, D2) or by
means of a pump, the other pressure tank, by application
of a higher positive pressure (2-6 bar) relative to the
storage tank, delivers the liquid in the circuit. This
can be effected by corresponding operation of
electronically controllable valves. At the end of the
recirculation circuit, the pressure is reduced to the
internal pressure of the storage tank Bl by means of a
valve, an orifice or a pipe constriction. The filling of
the storage tank from outside may be effected by means
of pumps (semi-pumping system} or also by pressure
{pressure system).

The f£filling of the pressure tanks D1 and D2
respectively from the storage tank Bl can also be
effected by a slight positive pressure in Bl (> 0.05
bar) (see above). In this case, however, Bl must comply
with the pressure-tank ordinance.

The construction described here of the delivery
system according to the invention results in the

following advantages over conventional systems:
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The system combines the advantages of pumping
systems, by which a larger pressure tank may be
dispensed with, with those of the pressure systems. The
latter are distinguished by a continuous flow and by the
absence of movable wear parts. This system is
advantageous 1n use as a supply system for electronics
chemicals, since, in particular in the ©particle
reduction, marked improvements compared with pumping
systems have been found. Another substantial advantage
over known supply systems is the low-pulsation mode of
operation of the entire system.

Furthermore, this system 1is considerably less
expensive than other conventional pressure systems in
which, for example, work is carried out with two large
storage tanks (pressure tanks, > 3 bar), since here only
a pressureless storage tank and two small pressure tanks
{> 2 bar) are reguired.

The continuous, uniform liquid flow produced by
the system 1s associated with a particle reduction. As a
result, filters fitted in the c¢ircuit work more
effectively, since this system, in contrast to systems
constructed with diaphragm or bellows pumps, runs in a
pulsation-free manner. The pressure at the extraction
points (POU) is also not subjected to any pulsation and
can be kept very stable.

A very special advantage of the system according
to the invention <consists in the reduction of
mechanically movable parts:

- The delivery system, apart from the valves, has no
movable parts. Pumps may be dispensed with within
the recirculation circuit. In this way, the system
is markedly more reliable in operation with regard
to susceptibility to trouble. Less service is
required and fewer outages, during which wear
parts, such as, for example, pump parts have to be
exchanged, occur.

- Since the liquid is not delivered Dby the
mechanically movable parts of the pump, such as,
for example, in the bellows pump or in the



10

15

20

25

30

35

diaphragm or centrifugal pumps, fewer particles are
released into the 1liquid, a factor which is of
particular importance during the delivery of
electronics chemicals.

If the system according to the invention is
compared with  conventional  pumping systems, the
following advantages are accordingly obtained:

During the use of pumping systems having a
recirculation circuit, the pumps, in the semiconductor
industry, are in operation round the clock (typical
value: 99.9 % up-time per annum}. During this continuous
use, and in addition often in the presence of very
aggressive chemicals, the pumps ©require constant
maintenance. In order to avoid interruptions in the
chemical delivery, the pumps must always be of redundant
design, i.e., in the event of a malfunction, parallel
pumps which can be switched on automatically in
replacement must be available.

In comparison, the semi-pumping system according
to the invention has substantially fewer wear parts and
the maintenance cost is correspondingly lower.

Furthermore, virtually only compressed-air
pumps, i.e. diaphragm and bellows pumps, made of plastic
{usually PTFE) are still used by the semiconductor
industry. These pumps cause more or less pronounced
pulsations in the 1liquid to be delivered (pressure
fluctuations), which markedly reduces the filtration
performance of diaphragm filters. In addition, as
already mentioned above, mechanically movable parts of
the pumps {valves, diaphragm, bellows) release
undesirable particles into the medium to be delivered.

Compared with vacuum/pressure systems, the
system according to the invention has the following
advantages:

To £ill the pressure tanks in vacuum/pressure
systems, it is necessary to apply a vacuum, as a result
of which the 1liquid chemicals are delivered from a
storage tank into the pressure or vacuum tanks. This

principle is limited by the delivery capacity of the
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vacuum pump capacity [sic]. Also, only a very weak
vacuum can be applied when using saturated solutions of
gases {e.g. NH,OH 28%, HCI 36% etc.), since otherwise
emission of gases is caused, which would be associated
with a change in concentration.

For better understanding and for clarification,
a flow scheme of such a delivery system is given below
by way of example and is within the scope of protection
of the present invention, but is not suitable for
restricting the invention to this example.

Fig. 1 shows a sketch of a chemical-delivery or
chemical-supply system with a chemical-recirculation
unit, in which Bl represents a storage tank or mixing
tank, which can be filled by pumps or pressure. Bl and
the pressure tanks D1 and D2 are located at different
levels, so that a minimum static height difference,
which is sufficient in order to fill the pressure tank,
is obained between the filling level of Dlmax (D2)max and
the tank Bluin.

Fig. 2 shows a pump unit with which the delivery
system according to the invention can be provided. Fig.

2 is a detail of Fig. 1.

c1 Chemical-feed 1line (from mixing and

transport tank)

RK Recirculation circuit

Bl Storage tank (day tank)

D1, D2 Pressure tanks (5 to 200 1, up to 6 bar}

vi.1l, V1.2 Filling valves

v2.1l, V2.2 Valves on the pressure side

v3.1l, V3.2 Ny-inlet valves

V4.1, vi.2 No-vent valves

V5 Valve for controlling the rate of flow or
the throughflow

V6 Valve for the POU

POU Point of use

F Filtration elements

s Filling-level sensor (optional)
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ATENT CLATHS IO RO

1. Liquid-delivery system for pulsation-free

delivery, characterized in that it delivers liquids in a
5 recirculation circuit and has only one storage tank
(B1).
2. Delivery system according to Claim i,
characterized in that it has at least two small pressure
tanks which are connected in parallel and replace a pump
10 by the formation of pressure differences.
3. Delivery system according to Claim 1,
characterized in that it has at least two small pressure
tanks (D1, D2) connected in parallel, of which one is
filled by means of a pump, whereas the other is
15 pressurized with a positive pressure compared with the
storage tank (Bl) and delivers the liquid in the
circuit, the control of the liquid flow being effected
by electrically controllable valves.
4. Delivery system according to Claim 3,
20 characterized in that the small pressure tanks (Dl and
D2) are alternately pressurized, as a result of which a
continuous liquid flow is produced.
5. Delivery system according to Claims 1 to 4,
characterized in that the small tanks (D1 and D2) are
25 alternately pressurized with a positive pressure of 2 to
6 bar.
6. Delivery system according to Claims 1 to 4,
characterized in that one of the small tanks (Dl or D2)
connected in parallel has a pressure which results from
30 a height difference between the storage tank and the
height of the small tanks, which are located at a lower
level than the storage tank.
7. Delivery system according to Claim 6,
characterized in that one of the small tanks (Dl oxr D2)
35 connected in parallel has a pressure which results from
a height difference of at least 0.5 m.
8. Delivery system according to Claim 6,
characterized in that one of the small tanks (D1 or D2Z)
connected in parallel has a pressure which results from



a height difference of up to 1 m.

9. Delivery system according to Claims 1 to 8,
characterized in that the pressure tanks (D1, D2) are
filled from the storage tank {Bl}) by the ligquid being
5 delivered into the pressure tanks through communicating
pipelines by means of a slight positive pressure.
10. Delivery system according to Claims 1 to 9,
characterized in that, at the end of the recirculation
circuit (RK), the pressure is reduced to the internal
10 pressure of the storage tank (Bl).
11. Delivery system according to Claims 1 to 9,
characterized in that the pressure 1s reduced by a
valve, an orifice or a pipe constriction.
12. Delivery system according to Claim [lacunal,
15 characterized in that the storage tank (Bl} has a
positive pressure greater than or equal to 0.1 bar, and
the small pressure tanks (D1 and D2) are designed as
tanks for high pressure.
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