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The present invention relates to a system and a
method for analyzing particles in compressed gases, a
5  method for controlling the particle growth in the system
and a method for determining the optimum temperaturé for
individual gases under various conditions.

Description of Related Art

Continuous monitoring of particles in bulk

10 distribution systeﬁs is common practice and extremely
low particle levels are réquired. Similarly, there is a
need to quantify and verify particle concentration in

‘cylinder gases. However, the true particle content of
compressed cylinder gases is more difficult to determine

15 for several reasons. Full cylinder pressure is
typically about 20 timeé greater than that of a
pipeline. The increased pressure makes pressure
reduction for particle saﬁpiing more difficult.
Additionally, the pressure in a gas cylinder decreases

20 with usage, which affects the detected particles. Thus,
sampling techniques used for pipeline gases are not
directly applicable to eylinder gases. Moreover, there

- are sampling artifacts associated with cylinder gas
" pressure reduction.

25 Particle detection and analysis in chemical gases
is important in the microelectronics industry. The
requirements of such particle counters were discussed by
Wang and Udischas (Microcontamination 93 Conference
Proceedings, pp. 465-472), which is incorporated herein

30 by reference in its entirety. The three specific
requirements for such particle counters are material
compatibility, purgability;'and operating pressure. One
of the key requirements is to measure particles at full
cylinder pressure which may be the saturated wvapor

35 pressure for gases packaged in the liquid phase, such as
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essure reductloq} Particle detection and anal ysis
é%?égﬂ%; rP?H%En1croelectron|cs i ndustry. The

of smcbn@yéunﬁ4baxnﬂ&fﬁ§ vetkniiifae usagddayeloped by
Wang and Udischas (U.S. Patent No. 5,209,102, issued May
1993, which is incorporated herein by reference in its
entirety) to prevent the negative effects of particle
bursts associated with the opening of the cylinder
valves. This particle sampling and analysis technique
was implemented in Air Liquide filling centers and was

used to optimize cylinder filling processes (Air Liquide-

Electronics Journal, December 1993, which is
incorporated herein by reference in its entirety).

However, molecular clusters and nanometer particles
undergo extremely frequent collisions with other )
molecules, clusters, or particles. The sticking
probability after collision determines if and how the
clusters and particles grow. The predictive equations
for the sticking probability between nanometer particles
and wire screens were given by Wang (Eqn. 6-8, Aerosol
Sci. Tech., 18, 180-186, 1993, which is incorporated
herein by reference in its entirety).

Field tests show high particle concentrations for
many gases at a saturated vapor pressuré or
supercritical state. The particle counts remain roughly
the same even when a high efficiency particle filter is
placed upstream of the-particle counter (See Figure 1).%
This indicates that the registered particles are
artifacts associated with particle formation from _
molecular clustering and/or condensation of vapor-phase
species. Because of the high concentration of these
artifact particles, the true particle contaminants in
the chemical gases are masked and cannot be easily

determined.
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conpatdi bility, purgability, and operating pressure. One of

requirenents is to nmeasure particles at full cylinder pressur
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" these particle contaminants in gases, including gases at
a saturated vapor pressure or supercritical state. The
art also lacks a method for reducing the artifacts
5 associated with particle formation from molecular
clustering and/or condensation of vapor-phase species.

8 YO NV ON e
In accordance with one aspect of the present
invention, there is provided a system for analyzing
10 particles in compressed gas. The system includes a
source of compressed gas, a sensor for measuring
particle.impurity'withiﬁ the gas; a temperature
controller for controlling the temperature of the gas to
_ eliminate particle formation from molecular clustering
15 and condensation, and a pressure balancer.
More specifically, the system includes a first
valve located between the compressed gas source and the
| sensor, a second valve for introducing the gas to the
system, a filter located downstream from the second
20 valve for substantially removing particle impurities in
the source gas and/or introduced by the upstream
components, a third valve located downstream from the
filter for controlling the initial exhaust of the gas
from the'system after pressure b;lancing, an orifice
25 located between the filter and sensor for back-fillind'
the gas to the sensor until there is a pressure
equilibrium across the first valve and also for
contrélling the exhaust flow rate, and a temperature
zone regulated by a temperature controller and located
30 between the orifice and the sensor for controlling the
temperature of the gas to eliminate particle formation
from molecular clustering and condensation.
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including introducing a compressed gas into a particle
sensor, regulating the pressure of the gas, and
maintaining the temperature of the gas at a
predetermined value while monitoring the particle count.
In accordance with a further aspect of the present
invention, there is provided a method for'determining
the optimum temperature for analyzing the particle
content of a compressed gas at a given pressure which
includes introducing a compressed gas at a first

| pressure and a first temperature through a filter to a

particle sensor, monitoring the particle count of the
gas, and incrementally increasing the temperature while
monitoring the particle count until the particle count
approaches a minimum. '

BRIEF DESCRIPTION OF THE DRAWINGS

Other objects, features and advantages of the
present invention will become apparent from the
following detailed description and accompanying drawings
wherein:

Figure 1 is a graph exhibiting the relationship
between the CF, particle concentration at full cylinder
pressure over time with and without a particle filter *
placed upstream of the particle counter;

" Figure 2 is a schematic illustration of the systen
of the"present invention;

Figure 3 is a graph exhibiting the relationship
between the CF, particle concentration at full cylinder
pressure over time with and without temperature control;
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180- 186, 1993, which is incorporated herein by reference i ed
Field tests show high particle concentrations for many gas ﬁi ed —;
vapor pressure or supercritical state. The particle counts

25 the sane even when a high efficiency particle filter'is placed upstream

of the particle counter (See Figure 1). This indicates that the registered
particles are artifacts associated with particle formation from nol ecul ar

clustering and/or (¢ ] Q@ﬁqthQnaoPrHQHOEXPH%FQl%@iﬁﬁﬁ“%éfﬁtl?ﬁgﬁﬁﬁse of the
articles e true_par

hi gh concentr Lon o e arti
cont ani nant s Vﬁ& cﬁb‘ﬁm %gP %%%’s‘:]aﬁ ec‘?%%réﬁréﬁﬁW’éa A5t £ BE”e&
det er m ned. at ambient temperature and at 45°C;
Figure 5 is a graph exhibiting the relationship
5 between the HCl particle concentration at full cylinder

pressure over time with and without temperature control;

and
Figure 6 is a schematic illustration of the system
of the present invention for determining the optimum
10 temperature for an individual gas.

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS

The present invention provides a system and a
method for analyzing particles in compressed gases.
The particles are detected in a wide variety of cylinder
15 gases. The present invention includes a method for
controlling the particle growth in the system and a
method for determining the optimum temperature'for an
individual gas under various conditions.
. The system and method of the present invention can
20 detect particle concentrations for a wide variety of
cylinder gases, including those at saturated vapor
pressure or supercritical state. The method effectively
reduces the artifacts associated with particle formation
from molecular clustering or condensation of vapor-phase
25 species. The true particle contaminants in the chemic#l
gases would otherwise be masked by the high
concentration of these artifact particles, making
detection difficult. -
" Particle formation from molecular clustering or
30 condensation is eliminated by the lowering of the
sticking pxobability. This effect is achieved by the
present invention by modifying the operating conditions
during analysis of the gas. By controlling the
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Wi th one aspect of the present invention, there is provided a systemfor
anal yzing 10 particles in conpressed gas. The systemincludes a source

of conpressed-epReratyurasther stigkingr prgbability is reduced thereby
reducing the particle growth process.
A wide variety of compressed gases are suitable for
use in the present invention. Suitable gases include
5 electronic specialty gases ("ESG"), which are typically
contained in gas cylinders at a wide range of pressures
up to 3000 pounds per square inch ("psi") (200 bar).
Metallic impurities in ESG’s are of critical concern in
micro-electronics manufacturing procésses. Suitable

10 gases include inert gases, such as N,, Ar,~He, and the
like; etchant gases, such as Cl,, HCl, BCl,, HBr, SF,,
CF4, C,Fs, and the like; and reactive gases, such as SiH,,
SiH,Cl,, NH,;, other gases compatible with system '
materials, and the like.

15 The preferred temperature setting depends on the
type of gas, the cylinder pressure, and the withdrawn
flow rate. The temperature setting is directly related
to the withdrawn flow rate. The higher the flow rate,
the higher the temperature.setting that is required to

20 evaporate the artifact particles. The preferfed
temperature setting can be determined individually as
described below for each application, and preferably
does not exceed 250°C. The temperature is set at a
predetermined preferred temperature and the systenm is

25 allowed to reach equilibrium at the intended sampling
flow rate prior to actual sampling. .

A temperature control device is provided in
combination with the pressure-balancing device described
in U.S. Patent No. 5,209,102, which is incorporated

30 herein by reference in its entirety, as shown in Figure
2. Referring to Figure 2, two operational modes are
contemplated in employing such a system, i.e., the purge
mode and sample mode. In the purge mode, two flow paths'
are available for a complete purge of the system. The
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gauge 4, a valve 5 and a flow meter 6. The flow of the
first path is controlled by the orifice 7 and the volume
of flow indicated by the flow meter 6.

The second flow path of Figure 2 includes the valve
12, a valve 2, a filter 3, the pressure gauge 4, the
valve 5 and the flow meter 6. The flow of the second

.path is controlled by a valve 6, which typically is

greater than the flow of the first path because the
large surface area of a filter 3 requires high purge
flow. '

- It is contemplated that each flow path be first
purged either sequentially or simultaneously by a purge
gas 11. Purge gases should be purified and filtered and
comprise such inert gases as nitrogen, argon and helium.

It is contemplated that before gas sampling begins,
pressure balance is established. 1In doing so, the valve
1 which controls gas flow to the sensor is first closed.
A source gas 10 at cylinder pressure is introduced to
the back-filling leg. It is noted that because of the
closure of the valve 1, the sensor is isolated from
pressure surges introduced by the cylinder source gas 10
as well as contaminants introduced by the valve 2 as the
filter 3 is employed downstream of the valve 2. &

After the pressure balance stage, the majority of
flow of the source gas is exhausted from the system at a
flow rate which is controlled by the valve 5. This flow
rate is indicated by the flow meter 6 which can be, for
example, a mass flowmeter or rotameter. The pressure
gauge 4, upstream of the valve 5, provides the user with
the pressure of the source gas 10.

d
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source gas 10 is caused to pass through the orifice 7 to
back-fill the sampling leg. Back-filling continues
until the pressures on both sides of the control valve 1
5 are balanced. The time required to reach pressure
balance can be determined either by direct measurement
or by calculation. Direct measurement is accomplished
by employing a differential pressure gauge (not shown)
located across the control valve 1. However, the
10 installation of a differential pressure gauge introduces
dead spaces just before the sensor which require a
dedicated procedure to purge. Alternatively, one can
estimate the time'required to reach pressure balance by
a semi-empirical equation (See U.S. Patent No. )
15 5,2b9,102, issued May 1993, which is incorporated herein
by reference in its entirety). |
After pressure balance is reached by back-filling,
sampling can be started by opening the control valve 1
for the sampling leg and closing the control valve 2 for
20 the back-fill leg. Flow of the source gas 10 is now
directed through the sensor 8 and the temperature zone 9
of the temperature controller 13 at the same'pressure as
the source gas and flow is controlled'by the orifice 7.
The temperature of the gas is maintained at the
25 preferred temperature setting for the actual sampling
pressure and flow rate used. The preferred temperaturé
is the temperature which eliminates the artifact
particles. As a preferred embodiment, the orifice can
be used to control sampling flow through the sensor.
30 The diameter of the orifice is determined by the
specific residence time of the sensor.
The actual flow rate of the source gas 10 passing
through the sensor 8 will obviously decrease with '
decreasing pressure. The flow rate at any particular
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5 The system of the present invention can determine
the preferred temperature setting for a given gas at
various pressures. The microstructure of gases at
supercritical state is poorly understood and therefore

. no equations are available to calculate the preferred

10 temperature. However, the preferred temperature can be
experimentally determined as follows. The method can be
generally applied for all gases compatible with a
-particle.counter. Referring to Figure 6, one embodiment
of the system is shown wherein a sample gas cylinder 21

15 is connected to a pressure regulating device 22. The
pressure of the exit gas is regulated and the gas is
passed through a filter 23 prior to entering a pressure-
balance temperature-control sampling system 24. The
particle filter downstream of the pressure regulator

20 removes all particles from‘the éylinder gas and from the
flow handling components, such as the cylinder valve and
the pressure regulator. After proper purging, the
sample gas is regulated and introduced through the
filter into the pressure-balancing, temperature-

25 controlled system during particle counting. Suitable
purge gases include nitrogen, argon, helium, and the
like.

Starting from near ambient pressure, a minimum of
particle counts is established. The pressure is then

30 increased incrementally until the onset of additional
particle counts occurs. At the onset pressure, the
temperature is then increased incrementally. The
increase of the temperéture should be slow to allow
equilibrium of the whole system. At each temperature,
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is a graph exhibiting the relationship between the CF4 par
concentration at full cylinder 25 pressure over tine with ﬂ"ﬂ"ﬂl[
particle filter placed upstreamof the particle counter; Fi
schematic illustration of the systemof the present invention; Figure 3 is
a graph exhibiting the relationship 30 between the CF4 particle
concentration at full cylinder pressure over tine with and w thout
tenperature CBQ&EQEie coﬁnts are recorded and should follow a
decaying trend with increasing temperature. The
preferred temperature setting for this pressure is the
temperature at which the particle counts reach a
5 minimum. A further increase of pressure requires a
further increase of the temperature setting to obtain
minimum counts. By repeating this process, the
preferred temperature setting at each pressure is

established.

10 EXAMPLE 1
A cylinder of CF, at full cylinder pressure was
measured -for particle concentration. The gas at the
sﬁpercritical state was released from the cylinder and.
measured in a pressure balance sampling system for
15 particle concentration for 30 minutes. The results are
shown in Figure 1 and the data is indicated by the "no
filter" notation and show high particle concentrations
for the gas at the supercritical state.
The particle counts remain roughly the same even
20 when a high efficiency particle filter is placed
upstream of the particle counter (See Figure 1 data
"with filter"). | |
A comparison of these results indicates that the
registered particles are artifacts associated with
25 particle formation from molecular clustering or
- condensation of vapor-phase species. Because of the
high concentration of these artifact particles, the true
particie contaminants in the chemical gas are masked and
cannot be easily determined. '

a

30 EXAMPLE 2
The particle analysis system of the present
invention, which includes a temperature control device

- 10 -
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concentration in CF, cylinder gas at full pressure was
measured with and without temperature control of the

5 outflow gas for 30 minutes. The temperature setting was
set at a predetermined temperature and the system was
allowed to reach equilibrium at the intended sampling
flow rate before actual sampling started. The results
are shown in Figure 3.

10 At ambient temperature, a particle level on the
order of 5,000 particles/standard cubic foot ("scf") was
registered in the outflow gas. These comparative
results are indicated by the "no heating" data points
shown in Figure 3.

15 The particle level decreased to less than 10
partieles/scf when the temperature of the outflow gas
was maintained at 45°C in accordance with the present
invention. These results are indicated by the "heating"

data points shown in Figure 3.

20 EXAMPLE 3
The procedure of Example 2 was followed to sample

CF, cylinder gas to verify the reproducibility of the
method of the present invention. The results of four
comparative samples at room temperature and four samp%ss

25 which were temperature controlled at 45°C in accordance
with the present invention are shown in Figure 4. 1In
each of the four samples, the particle counts were
decreased by about four orders of magnitude when the
temperature was controlled at 45°C in accordance with .

30 the present invention.

- 11 -
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the opti mam tenperature for an individual gas under various
system and net hod of the present invention can 20 detect p
concentrations for a wide variety of cylinder gases, includi

saturated vapor pressure or supercritical state. The met hod effectlvely
reduces the artifacts associated with particle formation from nol ecul ar
clustering or condensati on of vapor-phase 25 species. The true particle
contam nants in the chem cal gases WO gkgﬁﬂgwymse be masked by the high
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el i m nated by Hdle dydvimideny gds tive accordance with the method of the

present invention. The temperature was controlled at

5 100°C. HCl was delivered in a cylinder as a liquid
while the gaseous HCl in the head space was withdrawn
for various applications. The particle concentration in
HCl cylinder gas at full pressure was measured with and
without temperature control of the outflow gas for 30

10 minutes. . The temperature setting was set at a
predetermined temperature and the system was allowed to
reach equilibrium at the intended sampling flow rate
before actual sampling started. The results are shown

in Figure S.

15 At ambient temperature, a particle level on the
order of 200,000 particles/minute was registered in the
outflow gas. These comparative results are indicated by
the "room temperature" data points shown in Figure 5.

The particle level decreased to less than 1,000

20 particles/minqte'when the temperature of the outflow gas
was maintained at 100°C in accordance with the present
invention. These results are indicated by the "heat to
100°C" data points shown in Figure 5.

~ .EXAMPLE 5

25 The method of the present invention was used for ¢
determining the optimum temperature setting for a given
gas at various pressures. The optimum temperature
setting is experimentally determined in the following
manner. This method is general and can be applied for

30 all gases compatible with the particle counter. An
apparatus suitable in the method of the present
invention is shown in Figure 6.

- 12 -
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t hereby reducing the particle growh process. A wide varlety

gases are suitable for use in the present invention. Suitable gases |nclude
5 el ectronic specialty gases ("ESG'),
gas cylinders at a wide range of pressures up to 3000 pounds per square
") (200 lpﬁl{‘__)pl\/letal i C H?urltles in ESGs are of critical

article filter downstream of the pressure
regulator removes all particles from the cylinder gas
and from the flow handling components such as the
cylinder valve and the pressure regulator. After proper
purging, the sample gas is regulated and introduced
through the filter into the Pressure Balance Temperature
Control System while particles are counted. Starting
from near ambient pressure, minimum counts are
established. The pressure is then increased
incrementally until the onset of additional particle
counts occurs. At the onset pressure, the temperature
is then increased incrementally. The increase of
temperature is slow to allow equilibrium of the whole
system. At each temperature, particle counts are
recorded and follow a decaying trend with increasing
temperature. The temperature setting for this pressure
is the temperature at which particle counts reach a
minimum. A further increase of pressure would require a
further increase of the temperature setting to obtain
minimum counts. By repeating this process, the
temperature setting at each pressure can be established
for a given gas.

The temperature setting depends on the type of gas,
the cylinder pressure, and the withdrawn flow rate. The
higher the flow rate, the higher the temperature settiag
that is required to evaporate the artifact particles. It
should be determined individually as described above for
each application, and preferably should not exceed

250°C.
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tenperature igasftchplising a sensor for measuring said impurity

within said gas, a temperature controller for
controlling the temperature of said gas prior to said

5 gas entering said sensor, a pressure balancer comprising
a first valve located between a source of said
compressed gas and said sensor, a second valve for

- introducing said gas to said system, a filter located
downstream of said second valve for substantially

10 removing impurities'in the source gas and/or introduced
by the upstream components, a third valve located
downstream from said filter for controlling the exhaust
of the gas from the system, and an orifice located '
between said filter and sensor for back-filling said gas

15 to said sensor until there is a pressure equilibrium

across said first valve.

2. The system of claim 1, further comprising a
differential pressure gauge located across said first
valve for determining when gas pressure has been
equalized across said first valve, which indicates that

20
. the back filling of said gas to said sensor has been
completed.
3. The system of claim 1, further comprising a a
flow meter located downstream of said third valve.
25 4. The system of claim 1, further comprising a

source of purge gas located upstream of said first and

second valves.

5. The system of claim 4, wherein said purge gas
is N,, Ar or He. '

- 14 -



.predeterm ned preferred tenperature and the systemis 25 tql wnﬁe i
equilibriemat the intended sanpling flow rate prior to act ' !
tenperature control device is provided in conbination with t J
pressur e- bal anci ng devi ce described in U S. Patent No. 5,209,

I ncor porated 30 herein by reference inits entirety, as—shomn |n Flgure
2. Referring to Figure 2, two operational nodes are conte

enpl oyi ng such a system i.e., the purge node and sanple- «B “"ﬂ“ﬂ"ﬂkﬂuﬂ
node, two flow paths are available for a conplete purge of €cSys e
7

6. The method of claim 1, wherein said compressed
SiH‘, Sil‘IQCJ.zl or NH;.

7. A method for analyzing particles in compressed
5 gas at elevated pressure, comprising:

(a) introduéing a source of compressed gas into a
system in accordance with claim 1, while said first
valve is closed, causing said compressed gas to pass
through said second valve, filter and orifice for a

10 length of time sufficient to equalize pressure across
said first valve to a predetermined value while said
third valve is closed,

(b) opening said flrst valve and third valve once
pressure across said first valve has been equalized to

15 the predetermined value enabling said compressed gas to
pass through said orifice and said temperature zone; '

(c) maintaining the temperature of said gas passing
through said temperature zone at a predetermined value;

and

20 (d) passing said gas through said sensor prior to
being expelled from said system through said third
valve.

. . 'Y
. 8. The method of claim 7, wherein a purge gas is
introduced to said system prior to the initial
.25 introduction of said compressed gas.

9. The method of claim 8, wherein said purge gas
is N,, Ar or He.

10. The method of claim 7, wherein said
predetermined temperature value is a temperature which

- 15 -



first flow path includes a valve 12, a vaL¥e_1-an-inpﬁ%ity 3
tenperature zone 9 connected to a tenperature c ntroﬁle

a pressure gauge 4, a valve 5 and a fl
path is controlled by the orifice 7 and mt flom1|nd|cated by the
flow nmeter 6. The second flow path of Fi S thﬁmﬂlmnummmll
valve 2, a filter 3, the pressure gauge 4, the valve 5 and

6. The flow of the second 10 path is controlled by a valvé 6 vhid
typically is gndmaaﬂelsarpalﬁmdﬂeowmatﬂmrf ifremn paﬂ.hdnﬂams:ﬂumﬁamge

surface area a purge flow. It is contenplated
Shac tﬁhggﬁﬁ lf&ﬁ%kr purgg ‘ei i

that each fl ow pa ei ther sequentially or
si mul t aneously by a purge

11. A method for analy21ng impurities in
compressed gas, comprising:

5 - (a) introducing a compressed gas into a system
comprising a sensor for measuring particle concentration
within the gas, _

(b) equalizing the pressure of said introduced gas
to a desired value,
10 (c) maintaining the temperature of said gas at a
preferred value, and
(d) sampling the gas for particle impurity content.

)

12. The method of claim 11, wherein a purge gas is
introduced to said system prior to the initial
15 introduction of said compressed gas.

13. The method of claim 12, wherein said purge gas
is N,, Ar or He.

14. The method of claim 11, wherein said preferred
temperature value is a temperature which eliminates
20 particie formation from molecular clustering and
condensation of the gas.

15. The method of claim 11, wherein said
compressed gas is N,, Ar, He, Cl,, HCl, BCl;, HBr, SF;
CF,, CF,, SiH,, sin,c1,, or NH,.

25 16. A method for determining the optimum

temperature for analyzing the impurity content of a
compressed gas at a given pressure whigh comprises:

- 16 =



et s}

1 which control s gas flow to the se Iosed A source gas 10 at

cylinder pressure is introduced to g I egumuuuﬁ nﬁ lﬂm
because of the closure of the valve 1 t he sensor IS 1S ure
surges introduced by the cylinder source gas 10 25 as %welf & " 3

contani nants i nt rodyRgbdieiide & Holirce & dipdddia 3d$ LETAOyesst

of "flow of ¢ hETesRIES Gued .%%er Seotperaiiron et £ S FPBaEPaBe. whi ch
is control | edpaytikde dansdr; This flom130 rate is indicated by the flow
meter 6 which can %%hf%gflng the particle count of the gas; and
5 increasing the temperature while monitoring the
particle count until the particle count approaches a
minimum, wherein the optimum temperature at said first
pressure is the temperature at which the particle count

reaches a minimum.

gas 11. Purge gases shoul d be purified-and fi1tered and co rwﬁ@;§w@§y @%EN
gases as mitrogen, argon and heliu @ted t ha befohépﬂﬂésg
sanpl i ng begi ns, pressure bal ance | ﬁ n doi ng so5

10 17. The method of claim 16, wherein a purge gas is
introduced prior to the initial introduction of said
compressed gas.

18. The method of claim 16, further comprising:
introducing a source of compressed gas at a second
15 pressure; '
monitoring the particle count of the gas; and
incrementally increasing the temperature while
monitoring the particle count until the particle count
approaches a minimum, wherein the optimum temperature at
20 said second pressure is the temperature at which the
particle count reaches a minimum.

19. The method of claim 18, wherein said first
pressure is lower than said second pressure.

20. The method of claim 16, wherein said
25 compressed gas is N,, Ar, He, Cl,, HCl, BCl,, HBr, SF;,
CF,, CFs, SiH,, SiH,Cl,, or NH;.

- 17 =



the valve-5, provides the user wwth the pressure of the source

During the pressure bal anci ng process, flow of the source gas wmmll,rm
to pass through the orlflce7to backf|II t he sarrpllngleg Back- In
conti nues - =ssur S..on both S _0f 15

det erm ned ei-%-ﬁi’s by d| rect rreasurerrent or by caI cuI atlon Direct
measurenent i s acconplished ABSTRACT,IOF E (LA, RE pressure gauge (not

shown) A system and a method for analyzing impurities in
compressed gas, a method for controlling the particle

growth in the monitored gas and a method for determining

5 the optimum monitoring temperature for an individual gas

exanple, a mass floweter or rotaneter. The pressure gauge 4, mWEBANBBénRe laced

are disclosed.

- 18 =



| ocated across the control valve 1. However, the 10 installation of a
di fferenti-al pressure gauge introduces dead spaces just before the sensor
whi ch require a dedicated procedure to purge. Alternatively, one can
estimate the tinme required to reach pressure bal ance by a sem -enpirica
equation (See U S. Patent No. 15 5,209,102, issued May 1993, which is
i ncorporated herein by reference inits entirety). After pressure bal ance

is reached by back-filling, sanpling can be started by opening the control
valve 1 for the sanmpling Il eg and closing the control valve 2 for 20 the
back-fill leg. Flow of the source gas 10 is now directed through the

sensor 8 and the tenperature zone 9 of the tenperature controller 13 at the
sanme pressure as the source gas and flowis controlled by the orifice 7. '
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The tenperature of the gas is nmaintained at the 25 preferred tenperature
setting for the actual sanpling pressure and flow rate used. The preferred
tenperature is the tenperature which elimnates the artifact particles. As
a preférred enbodi nent, the orifice can be used to control sanpling flow

t hrough the sensor. 30 The dirameter of the orifice is.determ ned by the

specific residence tinme of the sensor. The actual flow rate of the source
gas 10 passing thrag } ; giy decrease with decreasing

pressure. The flow]|rate at any particul ar w
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time can be determned sinply by referencing the flow meter 6. The total

sanpl e vokune can be easily obtained by integrating the indicated flow rate

over the sanpling period. 5 The system of the present invention can
deternine the preferred tenperature setting for a given gas at various
pressures. The microstructure of gases at supercritical state is poorly
understood and therefore no equations are available to calculate the
preferred 10 tenperature. However, the preferred tenperature can be
experinmentally determ ned as follows. The method can be generally applied
for all gases conpatible with a particle counter. Referring to Figure 6,

one enbodi nent of the systemis shown wherein a sanple gas cylinder 21 15
is connected to a pressure regulating device 22. The
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pressure of the exit gas is regulated and the gas is passed through a
filter 23=prior to entering a pressure- bal ance tenperature-control
sanpl i ng system 24. The particle filter downstream of the pressure

regul ator 20 renoves all particles fromthe cylinder gas and fromthe

fl ow handl i ng conponents, such as the cylinder valve and the pressure

regul ator. After propRBPRO@UU]BHQW@&GF4 @AMEQIM@I nt roduced
through the filter into the pressure-bal anci ng, tenperature-

controlled systemduring particle counting. Suitable purge gases i ncl ude
ni trogen, argon, helium and the like. Starting from near anbient pressure,

a mninmumof pagticle counts is established. The pressure is then 30
i ncreased increfental l )anTemweramret of additi onal Heating to 45C

105 - azis
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mrrrrrn
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PARTICLE CONCENTRATION #/SCF (>0.2 um)
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1
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Sample Number |

"FIGURE 4
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particle counts occurs.

tenperature at which the particle c
i ncrease of pressure requires a fur

At the onset pressure,

the tenperature is then

I ncreased=increnentally. The increase of the tenperature should be slowto
al low equilibriumof the whole system At each tenperature, 10 particle
counts”are recorded and should follow a decaying trend with increasing
tenperature. The preferred tenperature setting for this pressure is the

BARTECLES N Hhper atr e set ti ng

to obtain minimm counts._ By rﬁatﬂmhiemﬁfet BRESSURE

'PARTICLE COUNTS (#/MIN) >0.2um

10° -
: | Heat to 100°C
|  Room Temp.
' VY YVy ¥V
. v ./v M ™\
b, 2 v.v- i ‘V
10° |-  aad \/
| ~
10* L
- v
10° F "
F \’\'
2 1 1 { 1
10 0 10 20 30 | 40
FIGURE 5
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.preferred tenperature setting at each pressure is established. 10

EXAMPLE 1 A cylinder of CF4 at full cylinder pressure was neasured for
particle concentration. The gas at the supercritical state was rel eased
fromthe cylinder and neasured in a pressure bal ance sanpling systemfor 15
particle concentration for 30 ninutes. The results are shown in Figure 1
and the data is indicated by the "no filter" notation and show hi gh
particle concentrations for the gas at the supercritical state. The

parti cl e—court-s—ena-r—roughly the same even 20  when a high efficiency
particle filter is placed upstream of the particle counter (See Figure 1
data "wW{th filter"). Eﬂ
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A-conparison of these results indicates that the registered eamﬁn@ogmgﬂmswﬂfr
artifacts associrated with 25 particle formation from nol ecyl ar cl aé r \;]?996 !
or condensati on of vapor-phase species. Because of the high B¢ ._W:ﬂ .ﬁﬂln. ).
of these artifact particles, the true paitlcle cont am nant "’ni*é@;v Fea——
gas are masked and cannot be easily determ ned. 30 o
EXAMPLE 2 The particle analysis system of the present i,vrnt mhlchd

i ncludes a tenperature control device 11 and a pressuge ng&HCIng ﬂevlce

as shown in Figure 2, éu
METHOD TO ANALYZE PARTICLE CONTAMINANT “IN COMPRESSED

GASES

BACKGROUND OF THE INVENTIOﬁ‘
Field of the Invention

The present invention relates to a system and a
method for analyzing particles in compressed gases, a
5 method for controlling the particle growth in the system
and a method for determining the optimum temperature for
individual gases under various conditions.

escription o elated
continuous monjtoring of particles in bulk

10 distribution system% is common practice and extremely
low particle levels are required. Similarly, there is a
need to quantify and verify particle concentration in
cylinder gases. However, the true particle content of
compressed cylinder gases is more difficult to determine

15 for several reasons. Full cylinder pressure is
typically about 20 times greater than that of a
pipeline. The increased pressure makes pressure
reduction for particle sampling more difficult.
Additionally, the pressure in a gas cylinder decreases

20 with usage, which affects the detected particles. Thus,
sampling techniques used for pipeline gases are not
directly applicable to cylinder gases. Moreover, there
are sampling artifacts associated with cylinder gas
pressure reduction.

25 ' Particle detection and analysis in chemical gases’
is important in the microelectronics industry. The
requirements of such particle counters were discussed by
Wang and Udischas (Microcontamination 93 Conference
Proceedihgs, PP. 465-472), which is incorporated herein

30 by reference in its entirety. The three specific
requirements for such particle counters are material
compatibility, purgability, and operating pressure. One
of the key requirements is to measure particles at full
cylinder pressure which may be the saturated vapor

35 pressure for gases packaged in the liqﬁid phase, such as



was used to sanpl e CF4 cylinder gas. The particle concentr afigiT +Hi-Crx

cylinder gas at full pressure was nmeasured with and without|| tFepECEMENT SHEET
control of the 5 outflow gas for 30 m nutes. The tenperatur settl VISSS
set at a predeterm ned tenperature and the systemwas allo ere~c#@ ------ .

equilibriumat the intended sanpling f1dw rate before act ual Sanpllng
started. The results are shown in Figure 3. 10 At anbi ent
tenperature, -a particle level on the order of 5,000 particles/standard

cubic foot (" " t u e
results are(l ndi c'étdéﬁs"bé e&hé ﬁn‘ggﬂeg%ébgagd%{:éewogg?sggﬁg\%nplg% gure . 15
The partlcleIﬁhﬂﬂgéﬁﬂnhﬁﬁﬁMiQQFhe%§ @ﬁan 10 partlcles/scf when the

tenperature of the yidWB@Shalancing technique was developed by
Wang and Udischas (U.S. Patent No. 5,209,102, issued May
5 1993, which is incorporated herein by reference in its
entirety) to prevent the negative effects of particle
bursts associated with the opening of the cylinder
valves. This particle sampling and analysis technique
was implemented in Air Liquide filling centers and was
10 used to optimize cylinder filling processes (Air Liquide
Electronics Journal, December 1993, which is
incorporated herein by reference in its entirety).

However, molecular clusters and nanometer particles
undergo extremely frequent collisions with other

15 molecules, clusters, or particles. The sticking
probability after collision determines if and how the
clusters and particles grow. The predictive equations
for the sticking probability between nanometer particles
and wire screens were given by Wang (Eqn. 6-8, Aerosol

20 Sci. Tech., 18, 180-186, 1993, which is incorporated
herein by reference in its entirety).

Field tests show high particle concentrations for
many gases at a saturated vépor pressure or
supercritical state. The particle counts remain roughly

25 the same even when a high efficiency particle filter is
placed upstream of the particle counter (See Figure 1).
This indicates that the registered particles are
artifacts associated with particle formation from
molecular clustering and/or condensation of vapor—phase

30 species. Because of the high concentration of these
artifact particles, the true particle contaminants in
the chemical gases are masked and cannot be easily
determined. |



was maintained at [err] in accordance wi th the present |nve
results are indicated by the "heating" data points shown inj Fgﬁ%@ %QE§SSHEET
EXAMPLE 3 The procedure of Exanple 2 was followed to sanplelpﬁéeyﬂ
gas to verify the reproducibility of the nethod of the presak
The results of four conparative sanpl es3at roomtenperature and four
sanpl es 25 whi ch were tenperature controlled at [err] in accordance with
the present invention are shown in Figure 4. In each of the four sanples,
the particle counts e d t u

Phé afiF géﬁﬁ y?'ﬂ?id ah@Uh REUREE ?for”%%%%ﬁpq‘gsen )

the tenperature was contro n accordance w
i nventi on. these particle contamlnants in gases, including gases at

a saturated vapor pressure or supercritical state. The
art also lacks a method for reducing the artifacts

5 associated with particle formation from molecular
clustering and/or condensation of vapor-phase species.

§
8

SUMMARY OF THE INVENTION

In accordance with one aspect of the present
invention, there is provided a system for analyzing
10 particles in compressed gas. The system includes a
source of compressed gas, a sensor for measuring
particle impurity within the gas, a temperature
controller for controlling the temperature of the gas to
eliminate particle formation from molecular clustering
15 and condensation, and a pressure balancer.

More specifically, the system includes a first
valve located between the compressed gas source and the
sensor, a second valve for introducing the gas to the
system, a filter located downstream from the second '

20 valve for substantially removing particle impurities in
the source gas and/or introduced by the upstream
components, a third valve located downstream from the
filter for controlling the initial exhaust of the gas
from the system after pressure balancing, an orifice

25 located between the filter and sensor for back-filling
the gas to the sensor until there is a pressure
equilibrium across the first valve and also for
dontrolling the exhaust flow rate, and a temperature
zone regulated by a temperature controller and located

30 between the orifice and the sensor for controlling the
temperature of the gas to eliminate particle formation
from molecular clustering and condensation.



Iilhe te er a
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12 EXAMPLE 4 The procedure of Exanple 2 was followed to sanﬂ
gas in accordance with the nethod of the present_invention.}
was controlled at 5 [err]. HC1L was delivered in a cylinder
whil e the gaseous HCl in the head space was withdrawn for v
applications. The particle concentrationfin HC1 cylinder gas at ful
pressure was nmeasured with and without tenperature control of the outflow
gas for 30 10 mnutes. The tenperature setting was set at a predeterm ned

tenperature and thelﬁyggggfﬁgidgIﬁg%ﬁiéﬁ5€ﬁgyﬂaéggggiggiéﬁgegréggnéntended

sanpling flow rate
1nventlon, there is provided a method for analyzing

particles in compressed gas at elevated pressure,
including introducing a compressed gas into a particle
5 sensor, regulating the pressure of the gas, and
maintaining the temperature of the gas at a
predetermined value while monitoring the particle count.
In accordance with a further aspect of the present
invention, there is provided a method for determining
10 2 the optimum temperature for analyzing the particle
content of a compressed gas at a given pressure which
includes introducing a compressed gas at a first
pressure and a first temperature through a filter to a
particle sensor, monitoring the particle count of the
15 gas, and incrementally increasing the temperature while
monitoring the particle count until the particle count

approaches a minimum.

BRIEF DESCRIPTION OF THE DRAWINGS
Other objects, features and advantages of the
20 present invention will become apparent from the
following detailed description and accompanying drawings
wherein:
Figure 1 is a graph exhibiting the relationship
between the CF, particle concentration at full cylinder
25 pressure over time with and without a particle filter
placed upstream of the particle counter;
Figure 2 is a schematic illustration of the system
of the present invention; |
Figure 3 is a graph exhibiting the relationship
30 between the CF, particle concentration at full cylinder
pressure over time with and without temperature control;



bef ore act ual sanpling started. The results are shown in Fidfr . -
At anmbient tenperature, a particle |level on the order of 20 5@3EACE&ENTSHEET

particles/mnute was registered in the outflow gas. These c TB% tﬂv@ N[}Vm
results are indicated by the "roomtenperature"” data points Notalty N EL g e

5. The particle | evel decreased to |ess Rhan 1,000 20 partlcles/n1nute
when the tenperature of the outflow gas was nalntalned at [err] in
accordance with the present invention. These results are indicated by the

‘heat to [er]’ dal :ipp 4 SO dragh Wikt MPNUE PefRtionshiphe
met hod of the gﬁgﬁpnt L.nventj o mg i ed for grn1n|ng t he optlnum
tenperature se the &F\feﬁa‘g' iCaf GSPFEh rﬁ 0B, £OL TANF SABRLER
tenperature at ambient temperature and at 45°C;
Figure 5 is a graph exhibiting the relationship
5 Dbetween the HCl particle concentration at full cylinder
pressure over time with and without temperature control;
and
Figure 6 is a schematic illustration of the system
of the present invention for determining the optimum
10 temperature for an individual gas.

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS
The present invention provides a system and a
method for analyzing particles in compressed gases.
The particles are detected in a wide variety of cylinder
15 gases. The present invention includes a method for
controlling the particle growth in the system and a
method for determining the optimum temperature for an
individual gas under various conditions.
The system and method of the present invention can
20 detect particle concentrations for a wide variety of
cylinder gases, including those at saturated vapor
pressure or supercritical state. The method effectively
reduces the artifacts associated with particle formation.
from molecular clustering or condensation of vapor-phase
25 species. The true particle contaminants in the chemical’
gases would otherwise be masked by the high
concentration of these artifact particles, making
detection difficult. |
Particle formation from molecular clustering or
30 condensation is eliminated by the lowering of the
‘sticking pxpbability. This effect is achieved by the
present invention by modifying the operating conditions
during analysis of the gas. By controlling the



setfing I's experinental ly defernined in the foll ow ng manner [t s netiod
is general and can be applied for 30 all gases conpatibl e i BEPYAEMENT SHEET

particle counter. An apparatus suitable in the nmethod of thg reseftg N ;
invention is shown in Figure 6. 13 The particle filter do @Péawrofjpggmﬁ'f
pressure regul ator renoves all particle§ fromthe cylinder gas and from the

fl ow handl i ng conponents such as the cylinder valve and the pressure

regul ator. After proper 5 purgi ng, the sanple gas is regul ated and

i ntroduced t hrempexatutel the stiickihg BrebabidiBy dsceetugest dtheweby

reducing the particle growth process.
A wide variety of compressed gases are suitable for

use in the present invention. Suitable gases include

5 electronic specialty gases ("ESG"), which aré typically
contained in gas cylinders at a wide range of pressures
up to 3000 pounds per square inch ("psi") (200 bar).
Metallic impurities in ESG’s are of critical concern in
micro-electronics manufacturing processes. Suitable

10 gases include inert gases, such as N,, Ar, He, and the
like; etchant gases, such as Cl,, HC1l, BCl,;, HBr, SFg,
CF,, CJF,, and the like; and reactive gases, such as SiH,,
SiH,Cl,, NH,, other gases compatible with system
.materials,'and the like.

15 The preferred temperature setting depends on the
type of gas, the cylinder pressure, and the withdrawn
flow rate. The temperature setting is directly related
to the withdrawn flow rate. The higher the flow rate,
the higher the temperature'setting that is required to

20 evaporate the artifact particles. The preferred
temperature setting can be determined individually as
described beiow for each application, and preferably
does not exceed 250°C. The temperature is set at a
predeterminéd préferred temperature and the system is

25 allowed to reach equilibrium at the intended sampling
flow rate prior to actual sampling.

A temperature control device is provided in
combination with the pressure-balancing device described
in U.s. Patent No. 5,209,102, which is incorporated

30 herein by reference in its entirety, as shown in Figure
2. Referring to Figure 2, two operational modes are
contemplated in employing such a system, i.e., the purge
‘'mode and sample mode. In the purge mode, two flow paths
are available for a complete purge of the system. The



Control Systemwhile particles are counted. Starting fron1nﬁar* N \ |
pressure, mninmumcounts are established. The pressure is :15ﬁ§E3@EQ§§&§HEET

10 - increnentally until the onset of additional particle cduﬂ%gTogcqgﬁgyﬁggsu

the onset pressure, the tenperature is &ren i ncreased i ncremi | AV

I ncrease of tenperature is slowto allow equi.libriumof the whole system
At each tenperature, particle counts are 15 recorded and follow a
decaying trend with increasing tenperature. The tenperature setting for
this pressure firsbeflewppathuincatideBi ahvaavei ¢k¢ aowallve @gchar m ni mum

Cenperature ScHEPRELES SE0APR S0 3 REMPRARCESRnCOne By GrBRERGar Yhit
process, the teemperxatureseontngliereciddh pneorifdéceal,ba extemddurshed
gauge 4, a valve 5 and a flow meter 6. The flow of the
S first path is controlled by the orifice 7 and the volume
of flow indicated by the flow meter 6. _
The second flow path of Figure 2 includes the valve
12, a valve 2, a filter 3, the pressure gauge 4, the
valve 5 and the flow meter 6. The flow of the second
‘10 path is controlled by a valve 6, which typically is
greater than the flow of the first path because the
large surface area of a filter 3 requires high purge
flow.
| It is contemplated that each flow path be first
15 purged eithér sequentially or simultanecusly by a purge
gas 11. Purge gases should be purified and filtered and
comprise such inert gases as nitrogen, argon and helium.
It is contemplated that before gas sampling begins,
pressure balance is established. In doing so, the valve
20 1 which controls gas flow to the sensor is first closed.
A source gas 10 at cylinder pressure is introduced to
the back-filling leg. It is noted that because of the
closure of the valve 1, the sensor is isolated from
pressure surges introduced by the cylinder source gas 10
25 as well as contaminants introduced by the valve 2 as the
filter 3 is employed downstream of the valve 2.
After the pressure balance stage, the majority of
flow of the source gas is exhausted from the system at a
flow rate which is controlled by the valve 5. This flow
30 rate is indicated by the flow meter 6 which can be, for
example, a mass flowmeter or rotameter. The pressure
gauge 4, upstream of the valve 5, provides the user with
the pressure of the source gas 10.



for a given gas. The tenperature setting debends on t he typeregos—the
cylinder pressure, and the withdrawn flow rate. The 25  hi ghdREPLAGEMENY SHEET
rate, the higher the tenperature setting that is required tdjevapomaie
artifact particles. It should be determ _ned individually as j@@tﬂrt@gﬂbgevm
for each application, and preferably sh&ul d not exceed [err] AT T3
CLAIMED | S: 1.

£

A system for analyzing inpurity in conpressed gas,

conprising a sensor for measuring said inmpurity

10

15

20

25

30

During the pressure balancing process, flow of the
source gas 10 is caused to pass through the orifice 7 to
back-£fill the sampling leg. Back-filling continues
until the pressures on both sides of the control valve 1
are balanced. The time required to reach pressure
balance can be determined either by direct measurement
or by calculation. Direct measurement is accomplished
by employing a differential pressure gauge (not shown)
located across the control valve 1. However, the
installation of a differential pressure gauge introduces
dead spaces just'before the sensor which require a
dedicated procedure to purge. Alternatively, one can
estimate the time required to reach pressure balance by
a semi-empirical equation (See U.S. Patent No.
5,209,102, issued May 1993, which is incorporated herein
by reference in its entirety).

After pfessure balance is reached by back-filling,
sampling can be started by opening the control valve 1
for the sampling leg and closing the control valve 2 for
the back-fill leg. Flow of the source gas 10 is now
directed through the sensor 8 and the temperature zone 9
of the temperature controller 13 at the same pressure as
the source gas and flow is controlled by the orifice 7.
The temperature of the gas is maintained at the
preferred temperature setting for the actual sampling
pressure and flow rate used. The preferred temperature
is the temperature which eliminates the artifact
particles. As a preferred embodiment, the orifice can
be used to control sampling flow through the sensor.

The diameter of the orifice is determined by the
specific residence time of the sensor.

The actual flow rate of the source gas 10 passing
through the sensor 8 will obviously decrease with
decreasing pressure. The flow rate at any particular
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of said gas prior to said 5 gas entering said sensor, a pi#essure_bal eE
conprising a first valve | ocated between a source of sai d I QIRL €5 Sﬁi

and said sensor, a second valve for |ntgdeC|ng said gas t
filter located domnstrean1of said second val ve for substantially 10
renmoving inpurities in the source gas and/or introduced by the upstream
conponents, a third valve |ocated downstreamfromsaid filter for

controtling theimehassr v déﬁbﬁﬁ@néd0@1ﬁ$f¥ §tﬁ@Te§@ﬁc§ﬂ OEhE'Qiohocated

between said filter and s f back-f1 | said gas 1 e} sensor
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system of cl ai byl iftegdetimpmhe simdicated flow rate over the sampling
period.

5 The system of the present invention can determine
the preferred temperature setting for a given gas at
various pressures. The microstructure of gases at
supercritical state is poorly understood and therefore
no equations are available to calculate the preferred

10 temperature. However, the preferred temperature can be
experimentally determined as follows. The method can be
generally applied for all gases compatible with a
particle counter. Referring to Figure 6, one embodiment
of the system is shown wherein a sample gas cylinder 21

15 is connected to a pressure regulating device 22. The
pressure of the exit gas is regulated and the gas is
passed through a filter 23 prior to entering a pressure-
balance temperature-cohtrol sampling system 24. The
particle filter downstream of the pressure regulator

20 removes all particles from the cylinder gas and from the
flow handling components, such as the cylinder valve and
the pressure regulator. After proper purging, the
sample gas is regulated and introduced through the
filter into the pressure-balancing, temperature-

25 controlled system during particle counting. Suitable
purge gases include nitrogen, argon, helium, and the
like.

Starting from near ambient pressure, a minimum of
particle counts is established. The pressure is then

30 increased incrementally until the onset of additional
particle counts occurs. At the onset pressure, the
temperature is then increased incrementally. The
increase of the temperature should be slow to allow
equilibrium of the whole system. At each temperature,
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| ocat ed downstream of said third val ve.

pressure gauge |l ocated across said first val ve{'f;@fp._g}eieesamn{smg‘r
when gas pressure has been 20 equalized across said first vhlve Wﬁ ng
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The system of claim1, Qgrther conprls%ﬂg a : f I
e systemof claim

1, further conprising a source of purge gas |ocated upstreamof said first
and second val ves. 5. The system of claim4, wherein said purge gas is

N2, Ar or He.
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particle counts are recorded and should follow a
decaying trend with increasing temperature. The
preferred temperature setting for this pressure is the
temperature at which the particle counts reach a
minimum. A further increase of pressure requires a
further increase of the temperature setting to obtain
minimum counts. By repeating this process, the
preferred temperature setting at each pressure is
established.

EXAMPLE 1

A cylinder of CF, at full cylinder pressure was
measured for particle concentration. The gas at the
supercritical state was released from the cylinder and
measured in a pressure balance sampling system for
particle concentration for 30 minutes. The results are
shown in Figure 1 and the data is indicated by the "no
filter" notation and show high particle concentrations
for the gas at the supercritical state.

The particle counts remain roughly the same even
when a high efficiency particle filter is placed
upstream of the particle counter (See Figure 1 data
"with filter"). |

A comparison of these results indicates that the
registered particles are artifacts associated with
particle formation from molecular clustering or
condensation of vapor-phase species. ‘Because of the
high concentration of these artifact particles, the true
particle contaminants in the chemical gas are masked and
cannot be easily determined.

EXAMPLE 2
The particle analysis system of the present
invention, which includes a temperature control device
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et hod for analyzing particles in conpressed 5 gas at eIev ed prqﬁirxﬁ}
conprising: (a) introducing a source of conpressed gas |nto Ostest. et g N

accordance with claim1, while said first valve is closed, Sard

conpressed gas to pass through said secddd valve, filter and orifice for a
10 length of tinme sufficient to equalize pressure across said first valve
to a predeterm ned value while said third valve is closed (b) opening said
first valve and third val ve oni pressure across said flrst val ve has been

equal i zed to 152P¢h® BFegsiEem nﬁﬁqﬁbqﬁﬂﬁﬁq AF SHAVR i BtEWE= g2s to

was used to sample CF, cylinder gas. The particle
concentration in CF, cylinder gas at full pressure was
measured with and without temperature control of the

5 outflow gas for 30 minutes. The temperature setting was
set at a predetermined temperature and the system was
allowed to reach equilibrium at the intended sampling
flow rate before actual sampling started. The results
are shown in Figure 3.

10 At ambient temperature, a particle level on the
order of 5,000 particles/standard cubic foot ("scf") was
registered in the outflow gas. These comparative
results are indicated by the "no heating" data points’
shown in Figqure 3.

15 The particle level decreased to less than 10
particles/scf when the temperature of the outflow gas
was maintained at 45°C in accordance with the present
invention. These results are indicated by the "heating"
data points shown in Figure 3.

20 - EXAMPLE 3
The procedure of Example 2 was followed to sample
CF, cylinder gas to verify the reproducibility of the
method of the present invention. The results of four
comparative samples at room temperature and four samples
25 which were temperature controlled at 45°C in accordance
 with the present invention are shown in Figure 4. 1In
each of the four samples, the particle counts were
decreased by about four orders of magnitude when the
temperature was controlled at 45°C in accordance with

30 the present invention.



pass through said orifice and said tenperature zone; (c) maihtrairmippeEMuNT SHEST
tenperature of said gas passing through said tenmperature zong at a
pr edet ermi ned val ue; and 20 (d) passing said gas throu{gh)aw,g,.&_dlﬁlbm...
prior to being expelled fromsaid systemthrough said third \alwe=—=8= Fre '
met hod of claim7, wherein a purge gas i 44 ntroduced to said system prior

to the initial 25 introduction of said conpressed gas. 9. The met hod of
claim8, wherein said purge gas is N2, Ar or He. 10. The nethod of claim?7,
wherein said predeterm ned terrperaturegxgiéggi § & tenperature which
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The procedure of Example 2 was followed to sample
HCl cylinder gas in accordance with the method of the
present invention. The temperature was controlled at

5§ 100°C. HCl was delivered in a cylinder as a liquid

while the gaseous HCl in the head space was withdrawn
for various applications. The particle concentration in
HCl cylinder gas at full pressure was measured with and
without temperature control of the outflow gas for 30

10 minutes. The temperature setting was set at a
predetermined temperature and the system was allowed to
reach equilibrium at the intended sampling flow rate
before actual sampling started. The results are shown
in Figure 5.

15 At ambient temperature, a particle level on the
order of 200,000 particles/minute was registered in the
outflow gas. These comparative results are indicated by
the "room temperature" data points shown in Figure 5.

The particle level decreased to less than 1,000

20 particles/minute'when the temperature of the outflow gas
was maintained at 100°C in accordance with the present
invention. These results are indicated by the "heat to
100°C" data points shown in Figure 5.

: EXAMPLE S5

25 The method of the present invention was used for
determining the optimum temperature setting for a given
gas at various pressures. The optimum temperature
setting is exﬁerimentally determined in the following
manner. This method is general and can be applied for

30 all gases compatible with the particle counter. An
apparatus suitable in the method of the present
invention is shown in Figure 6.
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and condensation of the gas. 11. A nethod for analyzing inpuritie anN
conpressed gas, conprising: 5 (a) introducing a conpjd¥sedrges pKtlggs

a system conprising a sensor for neasurifg particle concentratrtom W thrn

t he gas, (b) equalizing the pressure of Said introduced gas to a desired
val ue, 10 (c) maintaining the tenperature of said gas at a preferred
val ue, and (d) sanpling the gas for particle inpurity content.

The particle filter downstream of the pressure
regulator removes all particles from the cylinder gas
and from the flow handling components such as the
cylinder valve and the pressure regulator. After proper

5 purging, the sample gas is regulated and introduced
through the filter into the Pressure Balance Temperature
Control System while particles are counted. Starting
from near ambient pressure, minimum counts are
established. The pressure is then increased

10 incrementally until the onset of additional particle
counts occurs. At the onset pressure, the temperature-
is then increased incrementally. The increase of
temperature is slow to allow equilibrium of the whole
system. At each temperature, particle counts are

15 recorded and follow a decaying trend with increasing
temperature. The temperature setting for this pressure
is the temperature at which particle counts reach a
minimum. A further increase of pressure would require a
further increase of the temperature setting to obtain

20 minimum counts. By repeating this process, the
temperature setting at each pressure can be established
for a given gas. .

The temperature setting depends on the type of gas,

the cylinder pressure, and the withdrawn flow rate. The

25 higher the fiow rate, the higher the temperature setting
that is required to evaporate the artifact particles. It
should be determined individually as described above for
each application, and preferably should not exceed
250°C.
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systemprior to the initial 15 i ntroduction of said conpressed %as. 13.
The method of claim12, wherein said purge gas is N2, Ar or Hee:18.8TNEV 1996
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said conpressed gas is N2, Ar, He, [err] [err] or [er

met hod for dehgz@rfsybyélﬂéﬁnigyn1tenperature for analy
content of a conpressed gas at a given pfessure, which conprises:

1. A system for analyzing impurity in compressed

gas, comprising a sensor for measuring said impurity
within said gas, a temperature controller for
controlling the temperature of said gas prior to said

5 gas entering said sensor, a pressure balancer comprising
a first valve located between a source of said
compressed gas and said sensor, a second valve for
introducing said gas to said system, a filter located
downstream of said second valve for substantially

10 removing impurities in the source gas and/of introduced
by the upstream components, a third valve located
downstream from said filter for controlling the exhaust
of the gas from the system, and an orifice located

- between said filter and sensor for back-filling said gas

15 +to said sensor until there is a pressure equilibrium

across said first valve.

2. The'system of claim 1, further comprising a
differential pressure gauge located across said first
valve for determining when gas pressure has been

20 ©€qualized across said first valve, which indicates that
the back filling of said gas to said sensor has been
completed.

3. The system of claim 1, further comprising a
flow meter located downstream of said third valve.

25 4. The system of claim 1, further comprising a
source of purge gas located upstream of said first and

second valves.

5. The system of claim 4, wherein said purge gas
is N,, Ar or He.
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tenperature through a filter to a particle sensor; nonitor éhé?%ﬁéquﬁEET

count of the gas; and 5 i ncreasing the terrperature |Ie n@;{%i vm
eral

the particle count until the particle c& nt approaches a
the optimumtenperature at said first préssure |s t he tfﬁ&ﬁﬁf&tﬁfrfw—VWWth

the particle count reaches a mnimum 10 The
wherein a purge gas is introduced prior to the |n|t|al ‘ﬁm H HHIEM |d

6. The method of claim 1, wherein said compressed

7. A method for analyzing pafticles in compressed
5 gas at elevated pressure, comprising: _

(a) introducing a source of compressed gas into a
system in accordance with claim 1, while said first
valve is closed, causing said compressed gas to pass
through said second valve, filter and orifice for a

10 length of time sufficient to equalize pressure across
said first valve to a predetermined value while said
third valve is closed;

(b) opening said first valve and third valve once
pressure across said first valve has been equalized to

15 the predetermined value enabling said compressed gas to
pass through said orifice and said temperature zone;

(c) maintaining the temperature of said gas passing
through said temperature zone at a predetermined wvalue;
and

20 (d) passing said gas through said sensor prior to
| being expelled from said system through said third
valve.

8. The method of claim 7, wherein a purge gas is
introduced to said system prior to the initial
25 introduction of said compressed gas.

9. The method of claim 8, wherein said purge gas
is N,, Ar or He.

10. The method of claim 7, wherein said
predetermined temperature value is a temperature which



conpressed gas. 18. The method of claim16, further conpri 'PE#LA é&@ﬂ?%ﬁ@@T
-a source of conpressed gas at a second 15 pressure; nonitgring the

particle count of the gas; and increnentally increasing th enne B NG 19%
while nonitoring the particle count until the particle count approaches a _
m ni rum wherein the optinmum terrperatur]e6 at 20 said second Hmmmuﬂmf"ﬂuﬂm
tenperature at which the particle count reaches a m ni num

of claim 18, wherein said first pressure is lower than said Second * s *
pressure. 20.eXiminetesdpaitdikcdiemfoimatiieneifrom mbldvuleMunistest eg | S

[err] Ar, He, ah8" Ebna&hELtiBh 6% the gas.

11. A method for analyzing impurities in

compressed gas, comprising:
5 (a) introducing a compressed gas into a system

comprising a sensor for measuring particle concentration
within the gas,

(b) equalizing the pressure of said introduced gas
to a desired value,

- 10 (c) maintaining the temperature of said gas at a

preferred value, and

(d) sampling the gas for particle impurity content.

12. The method of claim 11, wherein a purge gas is
introduced to said system prior to the initial
15 introduction of said compressed gas.

13. The method of claim 12, wherein said purge gas
is N,, Ar or He.

14. The method of claim 11, wherein said preferred
temperature value is a temperature which eliminates
20 particle formation from molecular clustering and
condensation of the gas.

15. The method of claim 11, wherein said
compressed gas is N,, Ar, He, Cl,, HCl, BCl;, HBr, SFs,

25 16. A method for determining the optimum
temperature for analyzing the impurity content of a
compressed gas at a given pressure which comprises:



I—RTEPLACEMENT suém* |
oese. 08 NUVIS%J

T

10

15

20

25

introducing a source of compressed gas at a first
pressure and a first temperature through a filter to a
particle sensor;

monitoring the particle count of the gas; and

increasing the temperature while monitoring the
particle count until the particle count approaches a
minimum, wherein the optimum temperature at said first
pressure is the temperature at which the particle count
reaches a minimum.

17. The method of claim 16, wherein a purge gas is
introduced prior to the initial introduction of said
compressed gas.

18. The method of claim 16, further comprising:

introducing a source of compressed gas at a second
pressure;

monitoring the particle count of the gas; and

incrementally increasing the temperature while
monitoring the particle count until the particle count
approaches a minimum, wherein the optimum temperature at
said second pressure is the temperature at which the
particle count reaches a minimum.

19. The method of claim 18, wherein said first
pressure is lower than said second pressure.

20. The method of claim 16, wherein said
compressed gas is Nz, Ar, He, Cl,, HC1, Bc13, HBr, SF,,
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METHOD TO ANALYZE PARTICLE CONTAMINANTS IN COMPRESSED
GASES :

ABSTRACT OF THE DISCLOSURE

A system and a method for analyzing impurities in
compressed gas, a method for controlling the particle
growth in the monitored gas and a method for determining
the optimum monitoring temperéture for an individual gas
are disclosed.



