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Method for controlling the delivery of va-
por from a bubbler (12) containing a supply of li-
quid through which a carrier gas is bubbled and

from which bubbler vapor is delivered in a vapor
stream entrained with the carrier gas. The me- 2z
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thod comprises the steps of sensing the ratio of (1
vapor to carrier gas in the vapor stream and ap-
plying heat to the liquid within the bubbler at ra-
tes relative to the sensed ratios of vapor to carrier
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gas being delivered from the bubbler in the va-
por stream to hold the ratio constant. A vapor de-
livery control system is also disclosed which
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comprises a vaporizer (10), a heater (14) thermal-
ly coupled with the vaporizer, a reservoir (40) {
and a pressure regulator (45) for maintaining a ~
supply of liquid in the-vaporizer. The system fur- le

cing a carrier gas into the vaporizer, a vapor
stream conduit (30) for conducting the carrier
gas and vapors of the liquid entrained with the !4
carrier gas from the vaporizer, a bridge circuit
(74) for sensing the ratio of vapor to carrier gas g
being conducted from the vaporizer, a heater /8~

ther includes an intake conduit (16) for introdu- |, (f N S
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controller (34) for controlling the heater respon- FrE7ET =T

sive to the ratio of vapor to carrier gas sensed by
the bridge circuit to hold the ratio constant.

=L = =l T I =TT =l =
== = T T ==l = ==




FOR THE PURPOSES OF INFORMATION ONLY

cations under the PCT.

AT
AU
BR
CF
CG
CH
CcM
DE
DK
F1
FR
GA
GB
HU
JP

Austria

Australia

Brazil

Central African Republic
Congo

Switzerland

‘Cameroon

Germany, Federal Republic of
Denmark

Finland

France

Gabon

United Kingdom
Hungary

Japan

LU
MC
MG

NO
RO
SE
SN
SU

TG
us

Codesused to identify States party to the PCT on the front pages of pamphlets publlshmg international appli-

Democratic People’s Republic of Korea
Liechtenstein
Luxembourg

Monaco

Madagascar

Malawi

Netherlands

Norway

Romania

Sweden

Senegal

Soviet Union

Chad

Togo

United States of America

L)



10

15

20

25

30

35

WO 81/02848 PCT/US81/00351

-1 -

—VAPOR DELIVERY CONTROL SYSTEM AND METHOD

Technical Field

This invention relates to methods and systems for
controlling the delivery of vapors.

Background of the Invention

With the advent of optical wavequides for use in
the communications industry much emphasis has recently been
placed on vapdr deposition as a materials forming
technique. 1In constructing preforms from which optical
fibers may be drawn, vapors of materials such as SiCl,.,
GeCl, and POCl3 must be precisely delivered at controlled
mass flow rates to the preform construction site where they
are reacted and deposited on or in a support. This can be
done by passing carrier gases such as Hy, He, N2, 02, or Ar
through a supply of the material in liquid form and to the
deposition site as a mixture with the vaporsbentrained with
the carrier gas. 1In perférming this operation a vaporizer
is ordinarily used of the type known as a bubbler which has
a carrier gas intake conduit that terminates with an outlet
orifice located below the surface of the liquid materials
and an outlet conduit extending from the space above the sur-
face of the liquid within the bubbler to the deposition site.

To construct an optical waveguide prefornm
properly the mass flow rate of the vapor must be carefully
programmed and accurately controlled. EHeretofore control
has been achieved with vaporizer controllers which employ a
carrier gas mass flow rate sensor and a vapor to carrier
gas ratio sensor,

The carrier gas flow rate sensor operates on the
theory that the heat added to a known mass of gas is
proportional to its temperature rise at relatively constant
pressure. It employs two resistance heating elements which
are part of a bridge circuit, positioned in series with
each other on the outside of a sensor tube. Gas is passed
through the tube which creates a bridge imbalance, the

signal from which is proportional to the mass flow rate.
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The vapor to carrier gas ratio sensor also operates as a
function of heat transfer. This sensor employs one
electrical resistance element located in the carrier gas
intake stream and another in the vapor and carrier gas
stream, hereinafter termed "vapor stream". Again the
sensors are elements of a bridge circuit thch indicates an
imbalance as soon as the properties of the gas and vapor
stream differ. This difference is proportional to the
ratio of source to carrier gas.

With these controllers the electrical signals
from the carrier gas flow rate and vapor to carrier gas ‘
ratio bridge circuits are electronically multiplied and the
product compared with a preselected set point for vapor
mass flow rate. An error signal is then fed through an
amplifier to an electrically controlled valve located in
line with the carrier gas intadke conduit. When an
insufficient mass flow is detected the valve in the catrier
gas intake conduit is opened further to increase the flow '
of carrier gas into the vaporizer which, in theory, serves
to pick up more vapor and increase the mass flow rate.
Conversely, if too great a mass flow rate is detected the
valve is closed somewhat.

Though the just described system and method for
controlling vapor delivery has been found to be the best
available, it nevertheless is quite inaccurate with
deviations from optimum set points ranging as great as 30%
over both long and short terms. This is attributable at
least in part to the fact that this method assumes a steady -
state condition of vapor pressure. In actuality however 4

the system is not in a steady state since vapor pressure ~§

depends on numerous criteria such as carrier gas retention i
time within the liquid, the depth at which the bubbles are ;
released within the liquid, total pressure, carrier gas .

temperature, localized temperature inhomogentities
surrounding the bubbles as they travel toward the liquid
surface, and heat flow into the bubbler from its

environment. These effects all become more important as
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flow rates increase and the liquid levels in the bubbler
decrease, since retention by carrier gases also decreases
as localized cooling takes place.

It is thus seen that control of the flow rate of
carrier gas into a vaporizer is only a relatively crude
method of controlling mass flow rate of vapor from the
vaporizer because of the dynamics of such systems. Some
investigators have sought to overcome this problem by
placing an array of temperature sensors in the liquid
housed within the bubbler and controlling heat into the
bubbler responsive to sensed temperatures. This approach
however has also failed to produce a high a degree of
gccuracy which again is believed to be attributable at
least in part to the dynamics of the system.

Summary of the Invention

In one form of the present invention a method is
provided for controlling the delivery of vapor from a
bubbler containing a supply of liquid through which a
carrier gas is bubbled and from which bubbler vapors are
delivered in a vapor stream entrained with the carrier gas.
The method comprises the steps of sensing the ratio of
vapor to carrier gas in the vapor stream and applying heat
to the liquid within the bubbler at rates relative to the
sensed ratios of vapor to carrier gas being delivered from
the bubbler in the vapor stream to hold the ratio constant.

In another form of the invention a vapor delivery
control system is provided which comprises a vaporizer, a
heater thermally coupled- with the vaporizer, and means for
maintaining a supply of liquid in the vaporizer. The
system also comprises means for introducing a carrier gas
into the vaporizer, means for conducting the carrier gas
and vapors of the liquid entrained with the carrier gas
from the vaporizer, means for sensing the ratio of vapor to
carrier gas being conducted from the vaporizer, and means
for controlling the heater responsive to ratios of vapor to

carrier gas sensed by the sensing means,
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Brief Description of the Drawing

Figure 1 is a schematic diagram of a vapor
control delivery system embodying principles of the
invention in one preferred form which may be used in
practicing a method of the invention in a preferred form.

Figure 2 is a schematic diagram of the flow
controller and sensors unit of the system shown in
Figure 1.

Description of the Preferred Embodiment

_ Referring now in more detail to the drawing,
there is shown in Figure 1 a vapor delivery control system
comprising a vaporizer 10 in the form of a bubbler 12
having a resistance heater 14 jacketed about the exterior
surface of the bubbler. A carrier gas intake conduit 15
extends from an unshown source of pressurized gas laterally
into the upper space.22_of a temperéture controlled
enclosure 20 and through.a flow controller and sensors
unit 28. After passing from the unit 28 the conduit 16 is
directed downwardly through a partition 26 and through a
lower space 24 within the enclosure 20. The conduit then
exits the enclosure and extends further downwardly into the
bubbler 12 terminating with a lower outlet 18 located
adjacent the bottom of the bubbler.

A vapor stream conduit 30 extends upwardly from

an intake orifice located within and adjacent the top of
the bubbler 12 into the heat-controlled enclosure 20
through the flow controller and sensors unit 28 and into
enclosure 24 where it junctures with other, unknown vapor
stream conduits from other bubblers of the type shown and
then out of the enclosure 20 to a vapor deposition station -
(not shown). The flow controller and sensors unit 28 is .
electrically coupled to a heater control 34 by control
signal line 36. A load line 38 extends from the heater
control 34 to the resistance heater 14 jacketed about the
bubbler 12. A reservoir 40 is also provided together with
conduit 42 in fluid communication between lower portions of

the reservoir 40 and bubbler 12. A gas intake line 44
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extends upwardly from the top of the reservoir 40 through a
pressure regulator to a source of compressed gas (not
shown). The pressure of the gas is adjusted to maintain
constant reservoir head pressure.

With reference next to Figure 2 the flow
controller and sensors unit 28 is schematically seen to
include both a flow rate sensor and a vapor to carrier gas
ratio sensor. The flow rate sensor includes a pair of
electric resistance elements 50 wound in series around a
sensor tube in fluid communication with the carrier gas
intake conduit 16. In conjunction with other elements
78, the resistance elements form a bridge circuit 72.

The flow rate sensor utilizes the principle that the
temperature rise of a gas at a relatively constant
pressure is a function of the amount of heat added, the
mass flow rate and other properties of the gas. Constant
power is éuppliéd to tﬁe sensor unit which in turn
changes the relative resistances of the unit resistors
when gas is flowed through the sensor tube. The upstream
sensor is cooled at a higher rate than the downstream
sensor producing a bridge unbalance. The bridge output
can then be calibrated with actual gas flow that is
monitored with a standard such as a Brooks volumeter.

" The vapor to carrier gas ratio sensor unit also
employs the just described principle by utilizing sensor
elements 52 which are exposed to the flow of both the input
carrier gas and to the vapor stream and whose resistance
changes are functions of thermal properties of the two
streams. Similarly, these elements 52 together with other
elements 76 form a bridge circuit 74. Bridge output versus
ratio curves are producable by mixing known mixtures and
plotting calibration curves. The bridge output voltages
curves, which are not completely linear and stable, thus
provide representations of the vapor to carrier gas ratios.

The output signal from the vapor to carrier gas
ratio sensor bridge circuit 74 is transmitted over line 36
to the signal input terminal of the heater control 34. The

heater control 34 is a conventional power controller. It
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compares the input signal with a preselected vapor to
carrier gas ratio set point 68 and, in response thereto
controls the current flow to the bubbler heater 14 over
power line 38 which is connected to the power output
terminal of the heater control 34.

The signal from bridge circuit 74 is fed by 1
57 to a voltage multiplier 58. The signal from the car
gas flow rate sensor bridge circuit 72 is also fed to t
multiplier 58. The output signal from the multiplier 5
in turn conducted to a voltage comparator 60, where the
signal is compared with a pre-established voltage via a
point terminal 62. The output signal of the comparator
directed through an amplifier 64 to a valve V positione
within the carrier gas input conduit 16. Alternatively
the signal from circuit 74 may not be transmitted to th
multiplier 58 and the signal from the circuit 72 merely
transmitted directly to the comparator 60, thereby
eliminating the multiplier from the circuitry and
controlling carrier and ratio separately.

In operation, the reservoir 40 is partially
filled with liquid chemicals which are to be deposited
vapor deposition at an unshown vapor deposition station
where a fiber optics preform or rod is to be constructe
As shown in the drawing the reservoir 40 may be mounted
the same height as the bubbler 12. As a result the lig
chemicals flow from the reservoir (40) through conduit
into the bubbler 12 until the surface level 70 of the
liquid in the bubbler 12 ‘equals that of the surface level
the liquid within the reservoir 40. A gas is then
introduced under pressure into the reservoir 40 through
conduit 44, and the pressure set with the pressure
fegulator to establish a preselected level for the
surface 70 of the liquid within the bubbler 12. The
pressure is then maintained constant within the
reservoir 40 by the pressure regulator. As the reservo
contains a substantially larger supply of liquid than t
bubbler 12, the rate at which the level of liquid 70 in
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bubbler 12 changes remains quite low. Periodically,
however, significant lowering of level 70 occurs, whereupon
the level is adjusted by increasing the pressure head of
reservolr 40. In deriving the selected level the
effervescent condition of the liquid with carrier gas being
bubbled up therethrough is taken into account. It is
important to insure that the level 70 of the vaporizable
liquid in the bubbler 12 is maintained constant as this
system provides.

With a constant level of liquid in the bubbler
12, the carrier gas, which may be oxygen for example, is
introduced through the flow controller 28 and through the
vaporizer 10 and bubbled up through.the liquid. Since the
liquid within the bubbler 12 is maintained substantially
constant the rise time and size of the bubbles is pre-
established by the size of the outlet 18 of.the conduit 16.
In tufn; both the surface area and time of exposure of the
bubbles of carrier gas to the liquid as the gas rises to
the surface 70 is also preselected. -Vapors thus diffuse
into the bubbles themselves as well as occupying the space
above the surface 70 within the bubbler 12. Vaporization
also occurs at the surface of the liquid. As a result it
is not mandatory that the vaporizer 10 here be of the
bubbler type. Finally, the carrier gas carries the vapors
out of the bubbler 12 thréugh the inlet orifice conduit 30
and then upwardly through the conduit to the ratio sensor
and an unshown manifold where it is mixed with gases and
other vapors entering the enclosure from other unshown
bubblers of the same type.

It should be noted that the orientation of the
conduit 30 is vertical as it leaves the bubbler 12. This
is done so that any condensation or aerosol which might
occur within this portion of the conduit 30 gravitates back
into the bubbler 12. The conduit 30 passes through the
lower space 24 of the enclosure 20 and into the upper space
22 where it turns laterally and passes through the flow
controller and sensors unit 28 to space 24 and then out of
TIREAT
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the enclosure. The temperature of the lower air space 24
is preferably maintained approximately 5° to lOOE above
that of the upper space 22. Due to this elevation in
temperature over the ambient room temperature environment
of the bubbler there is little tendency for condensation to
form within the vapor stream as it approaches and after it
has departed from the flow controller and sensors unit 28,
since it is constantly being heated.

The vapor stream now passes ove€r a vapor to
carrier gas ratio sensor 52 and then out of the delivery
system through conduit 30 to the vapor deposition station.
If the vapor deposition station is located at any
significant distance from enclosure 20, that portion of
conduit 16 between the station and enclosure 20 should also
be heated. As the stream passes over sensor 52, the sensor
and associated circu;try detect the ratio of vapor to
carrier gas being delivered to the vapor deposition
station. A corresponding signal is transmitted from the
sensor circuit 74 over line 36 to the heater control 34 to
hold it constant. At the heater control 34, this input
signal is compared with a set point established at terminal
68. If the sensed ratio is found to be too low, the heater
control 34 increases the current delivered over line 38 to
the reéistance heater 14 mounted about the bubbler 12,
thereby causing a higher rate of heat to be applied to the
liquid chemicals housed within the bubbler 12. Conversely,
if the ratio of the vapor to carrier gas is found to be too
low, the heater control 34 decreases the flow of current to
the heater 14. The quantitative relationship here may be
expressed as:

ti

P=Kp . error + Ki g- error dt +‘Kr derror

t
é d

where P is power, K. the proportionality constant, Ky the

p
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integration constant, K, the rate constant, and t is time.
As the sensor circuit 74 and heater control 34
operate in controlling heater 14, the carrier gas flow rate
sensor circuit 72 simultaneously controls the flow rate of
the carrier gas to the bubbler. The signals from the ratio
sensor circuit 74 are comtiined with those of the flow rate
sensor circuit 72 at the voltage multiplier 58. This
signal is compared to a voltage at a control set point 62
for vapor mass flow rate and small deviations are trimmed
by automatically making slight adjustments to the carrier
gas flow as a means for controlling mass flow rate. It is
however emphasized that it is the heater circuit 34 which
holds the ratio constant. The expression which relates the
vapor flow rate to ratio and carrier flow rate is as
follows:
KX R X é
= mass flow rate of vapor

‘where;
molecular weight of vapor

= mole ratio of vapor to carrier

O W R e <
I

= carrier flow rate to moles.

One example here is provided by 800 cc/min
carrier gas intake, a 60% ratio, and 4 gms/min of chemical
vapor.

. We thus see that whereas before accurate control
of wvapor delivefy over a range of values has not Been
achievable by solely controlling the flow rate of carrier
gas, the present invention does provide a highly accurate
control system and method of effecting such by sensing and
controlling the ratio of vapor to carrier gas in
conjunction with control of carrier gas flow. Indeed,
vapor mass flow rate accuracy of +2% of full scale has now
been achieved over the flow range (5% to 100% of full
scale). Thus, by directly controlling source to carrier
gas ratios, vapor mass delivery rates may be maintained in
a highly accurate manner and changed from time;to time by
changing carrier gas flow rates with predictably

accompanying delivery rate changes.
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Claims

1. A method of linearly controlling mass flow
rates of delivery of vapor from a bubbler (12) containing a
supply of liquid thrdugh which a carrier gas is bubbled at
preselected mutually-diverse_flow rates in which vapor
pressure is not in steady state and from which bubbler
vapor is delivered in a vapor stream entrained with the
carrier gas, the method comprising the step of sensing the
ratio of vapor to carrier gas in the vapor stream and
characterized by the step of applying heat to the liquid
within the bubbler at rates in direct relationship to the
sensed ratios of vapor to carrier gas being delivered from
the bubbler in the vapor stream to hold the ratio constant.

2. A vapor delivery control method in accordance
with claim 1

CHARACTERIZED IN THAT
. the ratio df vapor to carrier gas 1is detected
by sensing the heat transfer characteristic of the vapor
Stream. 7 ‘

3. A vapor delivery control method in accordance

with claim 1 or 2

CHARACTERIZED IN THAT

heat is applied to the liquid by thermal
conduction into the bubbler (12).

4. A vapor delivery control system comprising a
vaporizer (10); a heater (14) thermally coupled with the
vaporizer; means (40, 45) for maintaining a supply of
liquid in the vaporizer; means (16) for introducing a
carrier gas into the vaporizer; means (30) for conducting
the carrier gas and vapors of the liquid entrained with the
carrier gas from the vaporizer; and means (74) for sensing
the ratio of vapor to carrier gas being conducted from the
vaporizer; characterized by means (34) for controlling the
heater in direct response to ratios of vapor to carrier gas -
sensed by the sensing means, the controlling means
including means (38) for applying heat to the liquid in the

vaporizer at rates in direct relationship to the sensed
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-ratios to hold the ratios constant.
5. A vapor delivery control system in accordance
with claim 4
CHARACTERIZED IN THAT
the means (40, 45) for maintaining a
supply of liquid in the vaporizer (10) includes means
(45) for maintaining the surface of the liquid at a
generally constant level within said vaporizer.
6. A vapor delivery control system in accordance
with claim 5
CHARACTERIZED IN THAT
means (16) for introducing a carrier gas
into the vaporizer (10) includes a conduit having an
outlet (18) positioned within the vaporizer below the
liquid surface level.
7. A vapof delivery control system in accordance
with claim 4 '
CHARACTERIZED IN THAT
the means (74) for sensing the ratio of
vapor to carrier gas includes means (52, 76) for seusiné
the heat transfer characteristic of the combined carrier

gas and vapors being conducted from the vaporizer (10).
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S AMENDED CLAIMS
(received by the International Bureau on 28 July 1981 (28.07.81))

1. (Amended) A method of controlling the. .
delivery of vapor from liquid into which a carrier gas
1s introduced, the vapor being entrained with the carrier
5 gas to form a vapor stream, the method comprising the
step of sensing the ratio of vapor to carrier gas in the
vapor stream and characterized by the step of controlling
the application of heat to the liquid in accordance with
the sensed ratio.
10 2. (Amended) A method according to claim 1
CHARACTERIZED IN THAT
the ratio of vapor to carrier gas 1s
detected by sensing the heat transfer characteristic of
the vapor stream. 7

15 3. (Amended) A method according to claim 1

or 2

CHARACTERIZED IN THAT

the carrier gas flow rate is also sensed
and controlled in accordance with the sensed ratio.

20 4, (Amended) Vapor delivery control apparatus
comprising a vaporizer (10), a heater (14) for the
vaporizer, means (40, 45) for maintaining a supply of
liquid in the vaporizer, means (16) for introducing a
carrier gas into the vaporizer, means (30) for conducting

25 from the vaporizer the vapor stream resulting from vapor
of the liqulid becoming entrained with the carrier gas,
and means (74) for sensing the ratio of vapor to carrier
gas in the vapor stream,

CHARACTERIZED IN THAT
30 means (34) control the heater in accordance
with the sensed ratio. :
5. (Amended) Apparatus according to claim 14,
CHARACTERIZED IN THAT
the heater (14) is an electrical resistance

35 heater thermelly coupled to the vaporizer (10), and the

controlling means (34) controls the flow of cdrrent to

the heater.
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6. (Amended) Apparatus accord®ag to claim 4

or 5

CHARACTERIZED IN THAT

the maintaining means (40, 45) comprises
means (U45) for maintaining the surface of the liquid at

a substantially constant 1e€e1 within the vaporiier.
7. (Amended) Apparatus according to claim U,
5 o0r 6
CHARACTERIZED IN THAT
. the introducing means (16) has an outlet
(18) positioned within the &aporizer (10) below the
surface level (70) of the liquid.
8. (New) Apparatus according to claim 4, 5,
6 or 7
CHARACTERIZED IN THAT
means (58, 60, 64) for adjusting the flow
rate of the carrier gas are coupled to the sensing
means (74). '
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