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-1- METHOD FOR RAPI DLY DETERM NI NG AN | MPURI TY LEVEL IN A GAS SOURCE OR A Ay
= GAS DI STRI BUTI ON SYSTEM BACKGROUND OF THE | NVENTI ON 1. Field of the
| nvention The present invention relates to a novel nethod for rapidly
determining an inpurity level in a gas source. The present invention also
relates to a nethod for rapidly determning an inpurity level in a gas
di stribution system 2. Description of the Related Art The manufacture of
integrated circuits (1C s) involves processes in which sem conductor wafers
are contacted with various gases. Such processes include, for exanple,
cheni cal vapor deposition MEIHOD IR mmmmmanmut tering, rapid
t hermal processing, etChlﬂﬂ fﬁg |£ P& OSGERE6R - The gases can

be stored in, for exanple, gas cyﬁlnders K storage systens or supplied
by an onsi ght separation pl &R A%%WWW S¥STEEi tivity of IC
devices to inpurities, the inpurity level in the manufacturing environnment

plays a crucial role in the yji R a hencEE ln.the Srofitability of a
waf er fabrication facility ( . s manufacturers
require extnenelgi_;ggiggnggyigggggggﬁpr exanpl e ultra-high purity (UHP)
gases, delivered g the A RfedtSfor lrdtatdd td'e AR Hdthod for
rapidly determining an impurity level in a gas source. The
present invention also relates to a method for rapidly

determining an impurity level in a gas distribution system.

2. Description of the Related Art

The manufacture of integrated circuits (IC’s) involves
processes in which semiconductor wafers are contacted with
various gases. Such processes include, for example,
chemical vapor deposition (CVD), diffusion, oxidation,
sputtering, rapid thermal processing, etching and ion
implantation processes. The gases can be stored in, for
example, gas cylinders, bulk storage systems or supplied by
an onsight separation plant.

Because of the high sensitivity of IC devices to
impurities, the impurity level in the manufacturing
environment plays a crucial role in the yield, and hence, in
the profitability of a wafer fabrication facility (wafer
fab). Microelectronics manufacturers require extremely high
purity gases, for example ultra-high purity (UHP) gases,
delivered to the point of use (i.e., to the processing
tool). Gas source suppliers and gas distribution'system
installers are therefore required to certify performance of
a gas source or a gas distribution system in terms of
impurity levels in the gas source or gas distribution
.8ystem.

For microelectronics applications, impurity
measurements in the parts per billion (ppb) to sub ppb range



tool). Gas source suppliers and gas distribution systen1ihstal|ers are
*therefore required to certify performance of a gas source or a gas
distribution systemin ternms of inpurity levels inthe gas source or gas

di stribution system For mcroelectronics applications, inmpurity
measurenents in the parts per billicon (ppb) to sub ppb range -2 - are
generally required. Thus, the use of sophisticated anal ytical

i nstrumentation, such as atnospheric presgure ionization nmass spectroneters
(API M5), is required. Moreover, in making the requested neasurenents, great
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d'Str'bUt'Oﬂmﬁﬁgﬁgy necessary to perform the certification measurements
represent a significant investment. G@Given the industrial
trend towards decreasing the construction time of wafer
fabs, reductions in time and resources necessary for

certification of a gas source or gas distribution system
have substantial value.

Moisture level measurement in industrial scale systems
is typically carried out with the use of a sampling line
connected between the gas source or gas distribution system
and a measurement tool. The sampling line takes a gas
sample from the gas source or from a given point in the gas
distribution system and delivers it to the measurement tool,
where the impurity level is measured.

The sampling line itself contributes to the measured
impurity level, and hence, the gas must be purged through
the sampling line until the impurity value measured by the
measurement tool represents the actual value of the gas
source or the gas distribution system. This is especially
true for impurities which have extremely slow response times
(e.g., moisture) due to the strong interaction of the
impurity with the inner surfaces of the gas distribution
system and sampling line.

The interaction of the impurity to be measured with the
surfaces of the gas distribution system can affect both the
length of time it takes to dry down a gas distribution
system as well as the sensitivity of the measurement tool
that samples the gas through the sampling line. This effect
has been recognized in a publication by McAndrew et al



and a neasurenent tool. The sanpling line takes a gas sanble fromthe gas
*source or froma given point in the gas distribution systemand delivers it
to the measurenment tool, where the inpurity level is nmeasured. The sanpling
line itself contributes to the neasured inpurity |level, and hence, the gas
nmust be purged through the sanpling line until the inpurity val ue neasured
by the neasurenent tool represents the actual value of the gas source or
the gas distribution system This is espgflally true for inpurities which
have extrenely slow response tines (e.g., noisture) due to the strong
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system and sanpling li1ne. The interaction o nE be neasur ed
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descrlbes hOM/the ti del.a or a nojsture
decrease %%e tlﬁé required to measure the value of an

impurity in a gas distribution system via a sampling line.
These procedures include, for example, use of a sampling
line constructed from a material that interacts less
strongly with the impurity of interest than the distribution
system itself (see, Venet et al, from fall 1991 AICHE
conference (1992), pp. 26-28), and baking of the system at
an elevated temperature to drive off adsorbed impurities
from the surfaces making up the sampling line (see, Jurcik
et al, The Effect of Baking on the Dry Down of UHP
Distribution Systems: From Laboratory to Industrial Scale
via Numerical Simulation, from’ proceedlngs of the 1995 IES
meeting (1995)).

However, the above procedures are ineffective to
minimize the time required to bring the concentration of the
impurity measured at the outlet of the sampling line to the:
same level as in the gas introduced through the sampling
line inlet. For example, while construction of the sampling
line out of a material that interacts less strongly with the
impurity of interest may decrease the time required to
measure the actual value of that impurity, currently
available tubing materials and surface finishes exhibit
strong interactions with moisture. Thus, measurement time
is substantial.

Furthermore, although baking of the sampling line can
be effective in decreasing measurement time,'artificially
low values may be observed for extended periods of time if

care is not taken in the selection of an appropriate baking
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upset to travel through a sanpling line affects the size and duration of
ypset that can be detected. Various procedures have been used in the past
to decrease the tinme required to nmeasure the value of an inpurity in a gas
~distribution system-via a sanpling |ine. These procedures include, for
exanmpl e, use of a sanpling line constructed froma material that interacts
| ess strongly with the inpurity of interest than the distribution system
itself (see, Venet et al, fromfall 1991 Al CHE conference (1992), pp.
26-28), and baking of the systemat an el’'evated tenperature to drive off
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Thus, neasu&ggeggukbgéor a gas distribution system. The inventive

method allows for accurate and rapid measurements of

impurity concentration. Thus, certification of a gas source

or a gas distribution system can be performed with a greater

degree of accuracy and more quickly than was previously

possible. Substantial cost savings in the set-up of wafer

fabs can be realized.

SUMMARY OF THE INVENTION

The foregoing objectives are met by the methods of the
present invention. According to a first aspect of the
invention, a novel wmethod for rapidly determining an
impurity level in a gas source is provided. The method
includes providing a gas source and a measurement tool for
measuring an impurity level in a gas flowing from the gas
source. The measurement tool is in communication with the
gas source through a sampling line. The sampling line has a
gas inlet disposed upstream from a gas outlet. The sampling
line is baked according to a baking strategy, such that when
baking is terminated, a concentration profile of the
impurity in the sampling line contains a first region and a
second region. 1In the first region, extending from the gas
inlet to a point downstream from the inlet, the vapor phase
concentration of the impurity is less than the vapor phase
concentration of the impurity in the gas entering the
sampling line. In the second region, located downstream



IS substantial. Furthernore, although baking of the sanpl?ng |l i ne can be
seffective in decreasing neasurenent tine, artificially | ow values may be
observed for extended periods of tinme if care is not taken in the selection
of an appropriate baking -4- strategy. In such a case, the true inmpurity
| evel in the gas source or gas distribution systemis not neasured, and the
gas source or gas distribution systemis certified at a | ower than actual
val ue. To neet the requirenents of the sem conductor processing industry,
and to overcone the di sadvantages of the rTelated art, it is an object of

the present FrgfeRheO ik@tPraYide AnA0%&k MBliRAGd tbotndeLaEM kRG], MRHE! tY
l evels in a %as soyrce or aegﬁs di,strihution System The inventive nethod
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possi bl e. Substanti"al” cost savings 1n the set-up of waf er fabs can be
real i zed. SUMVARRCGRITERG YENT(SEIGORse aspesdoiofy this) denviensd oy, e anpethpd he

nmet hods of tfd3 rapidly determining an impurity level in a gas
distribution system is provided. This second aspect is
similar to the above-déscribed method, except a gas
distribution system for delivering a gas to a point of use
is connected to the gas source. The measurement tool is in
communication with the gas distribution system through the
sampling line, such that gas flows from the gas source
throﬁgh the gas distribution system and the sampling line to
the measurement tool.

BRIEF DESCRIPTION OF THE DRAWINGS

The objects and advantages of the invention will become
apparent from the following detailed description of the
preferred embodiments thereof in connection with the
accompanying drawings, in which:

FIG. 1 is a graph of moisture concentration versus time
for a sampling line, showing the effect of sampling line |
baking on measured moisture concentration.

FIG. 2 is a graph of moisture concentration versus time
for a sampling line, showing the effect of sampling line
baking on measured moisture concentration.

FIG. 3 is a graph of moisture concentration versus time
for a sampling line, showing a comparison of model and
experimental results for various sampling line baking
strategies.

FIG. 4 is a graph of moisture concentration versus
distance along the length of a sampling line with no
sampling line baking.



present invention. According to a first aspect of the i nvention, a novel
‘nethod for rapidly determining an inpurity level in a gas source is

provi ded.. The net hod includes providing a gas source and a neasurenent tool
for nmeasuring an inpurity level in a gas flowing fromthe gas source. The
measurenent tool is in comunication with the gas source through a sanpling
line. The sanpling line has a gas inlet disposed upstreamfroma gas
outlet. The sanpling line is baked accord%ng to a baking strategy, such
that when baking is ternmnated, a concentration profile of the i mpurity in
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regi on, extending fromthe St ream T rom te I nlet,
the vapor pRdSEanGRakInd i quu’ﬁf ﬁa)mﬂlé-ﬂgeés}-rleheﬁmlt I’Y@ma?ptsr phase
concentrat|@mmﬁiﬂdgamﬂﬁuubakanglgdﬁaﬁﬁgiégnerlng the sanpling line. In the
second regi on, domnstrea fromthe first re%bon and _
extending to the%gii 0 éﬁ%ﬂm%ﬂﬁﬁﬂf oIS npurity
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entering the 3@ RlH A {dd Da i <tirt dfi s Second aspect of the invention,
a nmethod for rapi dldqy dleterm ni ng anf% rity level in a gas

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS OF THE INVENTION

The invention provides an effective method for rapidly
and accurately determining an impurity level in a gas source
or a gas distribution system. Applicants have surprisingly
and unexpectedly determined that baking of a sampling line
can be very effective in decreasing the time required to
measure the actual concentration of the gas source or gas
distribution system if the duration and intensity of the
baking are carefully controlled.

The invention has two substantial benefits over known
methods for detecting an impurity in a gas source or gas
distribution system. First, more rapid determination of the
impurity level in a gas source or a gas distribution system
is possible, and second, improper certification at
artificially low levels can be prevented.

As used herein, the term "gas source" refers to any gas
stored in a cylinder or in a bulk étorage system, either in
a gaseous or liquified state. That term also refers to gas
produced in a gas manufacturing plant.

Also as used herein, "gas distribution system" refers
to the gas piping connecting the gas source with a point of
use, such as a semiconductor processing tool. The gas
distribution system also encompasses the components between

the gas system and the point of use, such as regulators,
valves, flowmeters, etc.



di stribution systemis provided. This second aspect is simlar to the
*above-descri bed nethod, except a gas distribution systemfor delivering a
gas to a point of use is connected to the gas source. The neasurenent tool
IS in comunication with the gas distribution systemthrough the sanpling

| ine, such that gas flows fromthe gas source through the gas distribution
system and the sanpling line to the neasurenent tool. BRI EF DESCRI PTI ON OF
THE DRAW NGS The obj ects and advantages of_the invention will becone
apparent fromthe follow ng detail ed description of the preferred
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semlconductor devices. Thus, the gas distribution system
must be compatible with the purity of gas introduced
therein. Preferable gases used in connection with the
inventive method include nitrogen (N,), oxygen (0,), argon
(Ar) and helium (He). This'list,'however, is in no way
limitative.

The impurity to be measured can be,. for example, water

vapor, a hydrocarbon (e.g., CH,), a metal, NO,.CO or CO,.
The impurity to be measured is preferably water vapor.

In order to measure impurities in a gas obtained from
the gas source or gas distribution system, the gas source or
gas distribution system is placed in communication with a
measurement tool. Any fast response, trace level measuring
instrument sensitive to the impurity of interest can be
used. Suitable measurement tools are known in the art, and
include, for example, atmospheric pressure ionization mass
spectrometers (APIMS) and tunable diode laser absorption
spectrometers (TDLAS).

A gas sample from the gas source or gas distribution
system is delivered to the measurement tool through a gas
sampling line. The gas sampling line is preferably
constructed from 316L electropolished stainless steel (EP
S8), in a diameter which is selected dependent upon the
specific measurement tool being used. Flowrate and pressure
of the gas sample introduced into the sampiing line should
be selected based upon the specifications and requirements
of the measurement tool. For example, in the case of an



-6- FIG 5 is a graph of noisture concentration versus di §t ance al ong the
length of a sanpling line for various sanpling |line baking strategies. FIG
6 is a graph of noisture concentration versus di stance along the |ength of
a sanpling line for various sanpling |ine baking strategi es. DETAILED
DESCRI PTI ON OF THE PREFERRED EMBODI MENTS OF THE | NVENTI ON The invention
provi des an effective nethod for rapidly and accurately determ ning an
impurity level in a gas source or a gas @i stribution system Applicants
have surprisingly and unexpectedly determ ned that baking of a sanpling
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determinati 6n of © e’inmpurity level in a gas source or a gas distribution
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controller for controlling the temperature of the sampling
line according to a desired baking strategy are provided.
The heater should have the capability of baking the sampling
line up to a temperature of about 100°C with an accuracy of
about +2°C. Any type of heater which can control the
temperature of the sampling line according to the desired
baking strategy can be used. Examples of suitable heaters
include, for example, resistance-type heaters and heat
lamps. A resistance-type heater which surrounds the
sampling line (e.g., heating tape) is preferred.

In measuring an impurity level in a gas source, a gas
sample is taken from the gas sceurce through the sampling
line. When the gas source is in a gas cylinder or a bulk
storage device, the gas sample is typically withdrawn

- directly through the gas cylinder valve or bulk storage
device valve, or immediately downst:eam therefrom, for
example through a "T-type" fitting. In the case of a gas
manufacturing plant, the gas sampled can be withdrawn from a
final product storage tank or a final product outlet line.

In the case of a gas distribution system, sampling can
be performed at various points along the distribution system
between the gas source and the point of use.

FIG. 1 illustrates the results of a simulation example
in which an artificially low certification would be
expected. The simulated drydown of a 50 foot, 1/4 inch
(0.D.) 316L electropolished stainless steel (EP SS) sampling
line which is baked at 100°C is shown. The source gas in

this simulation contains 0.25 parts per billion (ppb) water
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As used herein, the term"gas source” refers to any gas stored in a
‘cylinder or in a bulk storage system either in a gaseous or liquified
state. That termalso refers to gas produced in a gas manufacturing plant.
Al so as used herein, "gas distribution system refers to the gas piping
connecting the gas source wth a point of use, such as a sem conductor
processing tool. The gas distribution system al so enconpasses the
conmponents between the gas system and thegyoint of use, such as regul ators,
val ves, flowreters, etc. -7- Also as used herein, the term "baking
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, argon (Ar)ggestée! than(6Be. wdbks | BEhaviSPe¥L this hdtdle s been
observed both in simulation and in actual measurements. As
a result of these drydown characteristics, certification of
a gas source and/or a gas distribution system at a level
lower than the actual level would be expected.

FIG. 2 illustrates an example in which the sampling
line baking is terminated after about 500 minutes, which
prompts a substantial decrease in the measured moisture
level. The actual source gas concentration is about
0.15 ppb. As can be seen from this figure, the measured
level is well below the actual impurity value for an
extended period of time. '

In FIG. 3, both experimental and simulation results are
shown for three sampling line baking strategies. The three
baking strategies include a continuous. 28°C pulse (no
baking), a continuous 100°C pulse and a variable 100°C/28°C
pulse. In the variable pulse baking strategy, the sampling
line temperature was switched from 100°C to 28°C after a
measured water vapor concentration of 11 ppb was attained.
For the simulations, it was assumed that the temperature of
the sampling line was uniform (although the temperature
varied with time).

The water vapor concentration of the source gas
entering the sampling line was 0.25 ppb. To obtain a proper
comparison of the experimental and simulation data, the
sampling line drydown was simulated as the response after
contamination of the sampling line with S0 ppb water wvapor,
followed by purging with the 0.25 ppb socurce gas. It can be
clearly seen that the variable pulse baking method achieved



limtative. The inpurity to be neasured can be, for exanp1e, wat er vapor, a
- hydrocarbon (e.g., CHerr]), a netal, NO COor CdJerr]. The inpurity to be
measured is preferably water vapor. In order to nmeasure inpurities in a gas
obtained fromthe gas source or gas distribution system the gas source or
gas distribution systemis placed in conmunication with a neasurenent tool.
Any fast response, trace | evel neasuring instrunent sensitive to the
inpurity of interest can be used. Suitablg_neasurement tools are known in
the art, and include, for exanple, atnospheric pressure ionization nass
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in the sampling line.

The baking strategy should be desighed to bring the
measured impurity level to that of the gas entering the
sampling line as quickly as possible without an artificially
low level being measured. Such a baking strategy is called
the "optimum baking strategy." The use of computer
simulation to predict the moisture response is useful in
determining the optimum baking strategy, thereby preventing
the measurement of artificially low values.

The physical phenomena that is being taken advantage of
in the invention is the variation of the impurity adsorption
isotherm on the inner surface of the sampllng line as a
function of temperature. At temperatures greater than room
temperature, the capacity of a metal surface to hold
moisture (e.g., in units of number of molecules/cm?) is
reduced compared to the capacity at room temperature. As a
result, when baking temperature is reduced, for example to
room temperature, the effective adsorption isotherm at the
lower temperature becomes effective. Because of the lower
temperature adsorption isotherm, the metal surface acts as a
moisture getterer. Consequently, the measured moisture
level in the vapor phase becomes decreased compared to the
measured level at the higher baking temperature.

According to the inventive method, after the sampling
line baking is concluded, the impurity concentration profile
of the line contains a first region in which the vapor phase
impurity concentration is less than the vapor phase impurity



preferably in the range of fromabout 1 to 12 Bar, and the sanple flowate
-is preferably in the range of fromabout 1 to 20 s[err]m In order to
thermally regulate the sanpling Iine, one or nore heaters for baking the
sanpling line and a controller for controlling the tenperature of the
sanpling line according to a desired baking strategy are provided. The
heat er shoul d have the capability of baking the sanpling line up to a
tenperature of about 100[err]C with an accuracy of about 2[err]C Any type
of heater which can control the tenperatdre of the sanpling |ine according
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source is i FORGERETARIGH&AE drhey IAR Ienhesidige td@ns@@,PltlHE dd&iesanpl e i s
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per formed atfr\g%nr Ir?ul{nse 1Oc|:an£ szmulagt;[.gr? adrllg txtéquzfrl'eolhse knowledge of the
adsorption isotherms for the impurity to be measured.
Methods for measuring the adsorption isotherm as well as
methods of simulating baking strategies to determine
corresponding concentration profiles in gas lines are known,
and are described and validated in the literature.

FIGS. 4-6 illustrate simulated concentration profiles
along the length of a .50 foot sampling line for various
baking strategies. The gas sample flow rate was assumed to
be 10 sfm at a pressure of 7 Bar. For the simulations, it
was assumed that the sampling line was initially
equilibrated at 50 ppb moisture, and that the purity of the-
gas entering the sampling line was 0.05 ppb.

FIG. 4 shows the evolution of moisture concentration
profiles along the length of the sampling line over a period
of 12 hours wherein the sampling line is purged with the gas
and is not baked. The sampling line inlet is located at the
origin of the x-axis, and the gas outlet is located at the
50 foot point on that axis. As the gas is purged through
the sampling line, the vapor phase impurity concentration in
the sampling line in the vicinity of the gas inlet first
approaches the actual vapor phase concentration of the
impurity in the gas being introduced into the sampling line.
With an increase in purging time, that region of the
sampling line at the same concentration as the gas entering
the sample line (i.e., the purging wave) extends downstream



bet ween the gas source and the point of -use. FIG 1 iIIus_frat es the results
-of a sinmulation exanple in which an artificially low certification would be
expected. The sinulated drydown of a 50 foot, 1/4 inch (O D.) 316L

el ectropol i shed stainless steel (EP SS) sanpling |ine which is baked at
100[err]Cis shown. The source gas in this sinulation contains 0.25 parts
per billion (ppb) water -9- vapor. For the conditions for which the
simul ation was perforned, the baking is turned off after about 45 hours. At
that time, the neasured water vapor concek®ration is substantially reduced.
The inmpurity Ievel remai ns well below 0.1 ppb for_ an extended period of

time, for e &he) 988 cinleln JHeESRcke MR IQF BHrging, rkhe mtginideen
‘Observed botwaven Isasnnat | pet arehdiedcthes| a@wmnt SFhef¥s s, audt of

t hese drydo t ertlflcatlo ce and/or a gas
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i's term nat eghpdst efn abielt @%m&ﬁﬁ‘é’tﬂ@'gﬁi £ Substantial decrease
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in the nmeasured npjisture , JTevel. The actual ﬁ S concentratlon S

about 0.15 ppb. ARar %‘é%‘l'ﬂr???ﬁn‘iil‘ﬁseﬁ%‘éﬁ% of Healping \stategy on

the evolution of water vapor concentration profiles in a
sampling line. The'saﬁpling line is baked at 50°C for 4
hours, and then the baking is terminated. The evolution of
the sampling line concentration profiles is qualitatively
similar to the profiles shown in FIG. 4 (purging without
baking) for the first 4 hours. However, when the
temperature of the line is decreased upon termination of
sampling tube baking, the concentration profile changes.
When the baking is terminated (see, profile after baking
turned off, 4 hr), there is a first region extending from
the gas inlet to a distance of about 34 feet along the
sampling line in which the measured vapor phase
concentration is below that of the source gas introduced
into the sampling line (i.e., 0.05 ppb). This first region
effectively acts as a moisture getterer. That is, there is
a net adsorption of water vapor on the inner surface of the
sampling line in the first region.

In a second region of the sampling line, located
downstream from the first region and extending to the gas
outlet, the water vapor concentration is elevated with
respect to the concentration of the source gas being
introduced into the sampling line. This second region is
considered to be in a purging state as a result of its
elevated concentration relative to the source gas
concentration. _

The first region of the line is effectively being
"contaminated" with gas having the same purity as the gas
source or gas distribution system, while the second region



| evel is well below the actual inmpurity value for an extended period of
-time. In FIG ‘3, both experinental and sinulation results are shown for
three sanpling |line baking strategies. The three baking strategies include
a continuous 28[err]C pulse (no baking), a continuous 100[err]C pul se and a
variable 100[err]C/ 28[err]C pulse. In the variable pul se baking strategy,
the sanpling line tenperature was switched from 100[err]C to 28[err]C after
a measured water vapor concentration of 11 ppb was attained. For the
sinmulations, it was assuned that the te rature of the sanpling Iine was

uni form (al I r | te o]
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the sampling |i mater vapor foll med b ing WMth the
0.25 ng so&e&.gq"ghfft eclseaé?ﬁ I¥ena(lc‘%' éé’p%r?%é p\gh’?edl}'é(kl ng
nmet hod achi @osoh timelGs téﬁﬁadtm;\&blyrtﬁerreﬁ:aeﬂ y:dmnmred ttlhee t hieh @ it aattiiaumous
28[err] C pulysg m%tp%g%gc%)n& Jddisg conti nuous 100[err] C pul se

appr oaches. . .
At 7 hours into the baking strategy, the measured vapor

phase impurity concentration at the gas outlet end of the
sampling line approaches that of the gas being introduced
into the sampling line. When compared with the
concentration profiles illustrated in FIG. 4, it is clear
that an improvement of about 5 hours is realized over the
situation in which baking is not used.

FIG. 6 illustrates the effect of overbaking the
sampling line. The baking strategy in this example includes
baking the gas sampling line to 100°C for a period of 6
hours, and then terminating the baking. Upon conclusion of
baking, the concentration profile along the entire length of
the sampling line decreases to less than the impurity
concentration in the gas introduced into the sampling line.
Because the capacity of the sampling line internal surfaces
to adsorb water vapor'(i;e., the gettering capacity) is very
high along the entire length of the sampling line, the rate
of propagation of the source gas concentration level (i.e.,
the contamination wave) through the sampling line is very
slow. Consequently, the moisture concentration measured at
the gas outlet of the sampling line is lower than the
impurity concentration of the gas introduced into the
sampling line for an extended period of time. If care is
not taken, the gas source or gas distribution system can
easily be certified at a lower than actual impurity level.

A comparison of the impurity concentration profiles
shown in FIGS. 4-6 makes clear that in order to decrease
measurement time for a gas source or a gas distribution



Furthernore, as can be seen fromFI G 3, the sinulation results track the
actual results extrenely closely. This indicates that the nodeling approach
can accurately predict the effects of a baking strategy on neasured
concentration in the sanpling Iine. The baking strategy shoul d be desi gned
to bring the neasured inpurity level to that of the gas entering the
sanpling line as quickly as possible without an artificially |ow | evel
bei ng neasured. Such a baking strategy isgalled the "opti num baking
strategy."” The use of conputer sinulation to predict the noisture response
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sampling line, the impurity cbncentration is greater than
the impurity concentration of the gas introduced into the
sampling line. _

Furthermore, the baking strategy should be designed
such that the time required-for the first region of the
sampling line to be brought to the impurity level of the gas
introduced into the sampling line is less than the purging
time required to lower the impurity concentration in the
second region to that impurity level. 1In other words, the
baking strategy should be designed such that the rate of
propagation of the source gas contamination wave is
sufficient;y fast that it reaches the purging wave before
the purging wave exits the gas sampling line. In order to
minimize the impurity measurement time, a baking strategy
should be selected such that the point at which the
contamination wave reaches the normal purging wave is
located as closely as possible to the gas outlet of the
sampling line.

The impurity measurement is performed until the
impurity level becomes stabilized. That is, the true
impurity level is reached when there is no further decrease
in the measured level. To ensure that the impurity level is
stabilized, the flowrate through the sampling line can be
measured at a plurality of gas flow rates. For example,
measurements can be made at the sampling flowrate, one half



measured | evel at the higher baking tenperature. Accordiﬁg to the inventive
-met hod, after the sanpling |line baking is concluded, the inpurity
concentration profile of the Iine contains a first region in which the
vapor phase inpurity concentration is |l ess than the vapor phase inpurity
concentration of the gas entering the sanple |line, and a second region in
whi ch the vapor phase inpurity concentration is greater than the vapor
phase inpurity concentration of the gas_ qﬂterlng the sanpling line. The

ef fectiveness of the baking strategy can e understood by a conparlson of
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of the I|n inpurity ‘concentration profiles can etern1ned
from nuner i e rgqm%e oHeYRH itdthe samr fonwihelddxse wsam}ea on
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| ine for var)ous strategl es e gas sa low rate mas assuned to

be 10 s[err‘]—liﬁ?a?a‘apfb%’égsﬁﬁ‘%eow?n%rre%?‘r? e g‘?ﬂﬂ"ﬁ?‘r’or& 1ikeral
estimate should be used to determine the baking strategy.
This estimate can be based on, for example, past experience
or the impurity level for which the plant and/or
distribution system is designed for. Alternatively,
information from other measurements taken in the '
distribution system can be used. The specifié conditions
governing the sampling (e.g., flowrate, pressure, length of
gas sampling tube, gas sampling line surface properties, gas
sampling line diameter, baking capabilities and ambient
temperature) can be used in the simulation program to devise
an effective or optimum baking strategy. As demonstrated by
the above examples, a time savings of greatef than 50%
compared to prior methods can be achieved by means of the
inventive method.

While the invention has been described in detail with
reference to specific embodiments thereof, it will be
apparent to one skilled in the art that wvarious changes and
modifications can be made, and equivalents employed, without
departing from the scope of the appended claims.



was assumed that the-saapting line was initially equilibrated at 50 ppb
»noi sture, and that tﬂaﬂﬂfrity of the- gas entering the sanpling |ine was

0. 05 ppﬁl“l“ﬁlﬂ“;“ mﬂ e evolution of noisture concentration profiles
along t Ao

anpling line over a period of 12 hours wherein the
sanpl i ng Tineis purged with the gas and is not baked. The sanmpling |ine
inlet is |located at the origin of the x-axis, and the gas outlet is |ocated
at the 50 foot point on that axis. As thgggas is purged through the
sanpling line, the vapor phase inpurity concentration in the sanpling line

in the vici gahy ek charyep irel.et first approaches the actual vapor phase
concentration of _the urtty in the bei ng i ntroduced  into the_sanpling
line.. Wth an in&reasévﬂﬁtbﬁ%bﬁﬁﬁ Fﬁﬁg%iyh t%é@?&ﬁ“ﬁfaPhé”?&ﬁbFaneVP e at

t he sane conoent gasi epuxse, heompsisingr:i ng the sanple line (i.e., the :

purgi ng wave) extigrds . -12-.fromthe gas inlet. After 12 hours
of purging, the é%?giﬁge&ggéﬁﬁgg]ﬁgf %é?r%géched the gas outlet. That is,

the concentratiorfPdf RXO¥Midimgoa Mmeasmresems togll for ceassringnanns
el evat ed religipur thyO 1le@1CARC aNigad ifldwihg Feorittle souckhewlasein
entering th%h%a gg&%&&éﬁ' é§3§ f%ifd'égﬂgaﬁiéa%qgn?w&%%F%h%fgggkgggrce
strategy on
through a sampling line, the sampling line having a gas
inlet disposed upstream from a gas outlet; and

(c) baking the sampling line according to a baking
strategy, such that when the baking is terminated, a
concentration profile of the impurity in the sampling line
contains a first region extending from the gas inlet to a
point downstream from the inlet, in which the vapor phase
concentration of the impurity is less than the vapor phase
concentration of the impurity in the gas entering the
sampling line, and a second region downstream from the first
region extending to the gas outlet in which the vapor phase
concentration of the impurity is greater than the vapor
phase concentration of the impurity in the gas entering the
sampling line. ' |

2. The method for rapidly determining an impurity
level according to claim 1, wherein a simulation program is
employed to determine the baking strategy.

3. The method for rapidly determining an impurity
level according to claim 1, wherein the measurement tool is
an atmospheric pressure ionization mass spectrometer.

4. The method for rapidly determining an impurity

level according to claim 1, wherein the impurity is water
vapor.



t he evolution of water vapor concentration profiles in a sanpling line. The
» sanpling line is baked at 50[err]C for 4 hours, and then the baking is
termn of the sanpling Iine concentration profiles is
qualltatl ar to the profiles showmn in FIG 4 (purging w thout
baki ng) m‘ug’mm’ JH' Eours However, when the tenperature of the line is
decreas n of sanpling tube baking, the concentration
profil e changes. v%en the baking is terminmated (see, profile after baking
turned off, 4 hr), there is a first region extending fromthe gas inlet to
a distance of absut Zhe eetthumidfprt rapdidly degelrimiaing ahi dlpulrétyeasur ed
vapor phase e at r ed into
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t he sanplln I ne I rst regi iveFy acts as a
noi sture ge iaym, BRFON.s OX BTSN 3 net adsorption of water vapor on the

i nner surface of the sanmpling line in the first region In a second region

of the sanpling Iin | ocat.ed strea the .fi.rst reqion_and

extending to the ‘gas t(}‘tﬁ I"é%teh(?‘ﬂ?lqmﬁatr&p% gnct(?ﬁg‘é‘ﬁ’tlpgt 28 H®UE S at ed with

respect to tlevedorsmpardingtafckaim soumhensda sdiendrpwicyudevelntis t he

sampling I|i Q&tasﬂ)ﬁl.é:d : E}?&Iﬁhé&é‘dﬁ)&%ﬂﬁf% R4 iHacdnidy Ji ng state as
Its evat e

a result of concentration relativée to the source gas
concentr at i dikabilelzed ¢ region of the line is effectively being

7. A method for rapidly determining an impurity level
in a gas distribution system, comprising:

(a) providing a gas distribution system for delivering
a gas to a point of use, the gas distribution éystem being
connected to a gas source;

" (b) providing a measurement tool for measuring an
impurity level in a gas flowing through the gas distribution
system, wherein the measurement tool ‘is in communication
with the gas distribution system through a sampling line,
the sampling line having a gas inlet disposed upstream from
a gas outlet; and

(c) baking the sampllng line according to a baking
strategy, such that when the baking is terminated, a
concentration profile of the impurity in the sampling line
contains a first region extending from the gas inlet to a
point downstream from the inlet, in which the wvapor phase
concentration of the impurity is less than the vapor phase
concentration of the impurity in the gas entering the
sampling line, and a second region downstream from the first
region extending to the gas outlet in which the vapor phase
concentration of the impurity is greater than the vapor
phase concentration of the impurity in the gas entering the
sampling line.



"contamnated™ wth gas having the sane purity as the gas'source or gas

~di sty '] whi |l e the second region -13- of the gas sanpling

i neL“ﬂm Illmwﬁmm“purged. Since the length of the second region

I rmedwat el yr afk ers term nati on of baking (i.e., 16 feet) is effectively
shorter than the length of the entire sanpling line (i.e., 50 feet), the
dry down tine is effectively decreased conpared to the situation in which
baking is not used. At 7 hours into the bgki ng strategy, the neasured vapor
phase inpurity concentration at the gas outlet end of the sanpling |ine
approaches that o, t fhg)asetdd EdNirasidind debdermiitimaag iigudity Wen
conpared w th %%g conece Irangon rofi%es Illustrated in . FlG 4, it is clear
that an i mprisvé rﬁc‘iﬁrd’}ﬂb%t 3 FRAT 1 PERT R PR KA REASIAT 1F

whi ch baki ngemplowsd usedieteiie i theidhaking tdwpexdtante of over baki ng t he
sanpling line. The baking strategy in this exanple includes baking the gas
sanpling line to 100[err]C for .a_period of 6 _hours, and then term nating

t he baking. Upon LoncThRimetRed pERY ePidey (RkStiing A risurdtyl ong t he
entire | engtiewd] tdecsrdind Ngo | ¢T&iMET) evlterein t16S médirdnisnt rAB81 tds

concentrati o, i [y NG 1985 & BLOIYEES 18024 00 AR "PddiEometer.

10. The method for rapidly determining an impurity
level according to claim 7, wherein the impurity is water
vapor.

11. The method for rapidly determining an impurity
level according to claim 7, wherein the point of use of the
gas is a semiconductor processing tool.

12, The method for rapidly determining an impurity
level according to claim 7, wherein the impurity level
measurement is performed at a plurality of points along the
gas distribution system.

13. The method for rapidly determining an impurity
level according to claim 7, wherein the gas is nitrogen,
helium, argon, or oxygen.

14. The method for rapidly determining an impurity
level according to claim 7, wherein the impurity level is
measured until the measured impurity level becomes
stabilized.



Because the capacity of the sanpling line internal surfaces to adsorb water
-vapor (i.e., the gettering capacity) is very high along the entire length
of the sanmpling line, the rate of propagation of the source gas
concentration level (i.e., the contam nation wave) through the sanpling
line is very slow Consequently, the nntﬁbqre concentration neasured at the
gas outlet of the sanpling line is |ower than the inpurity concentration of

}Pe gas !ntrOﬂm‘t tnﬁnimnta RRPIBEYPDEPERMINENE OAN aIMPURETY cLEVEL O nfcasm_el.
care is no aken, SQUrce,.,| t stem can easily
be certified at a Iomerhﬁqgﬁéﬁcgﬁaﬁ ?ﬁ%uﬂ?€§g*€g%*awA?g§%§§rison of the
impurity concentration profiles shownagarkhep. 4-6 makes clear that in
order to decrease neasurenent_tine foF‘ﬁ‘ggggégurce or ag&as di stri,buti on

-14- system a contro/Breyidediisg movely sEPLt EgPidfy, AgtpErmining
i mpl emrent ed.anl Henghaddityo 1svied agy oSlyad doueceesi gngdssesolrtkaandsabsequent

to the term_ nati f .19, .th ' N . N l'ine.
In a first f‘&ga}sép# %ﬂ%?g%ér}g %%eo%r%%n@h%gtnp | nglg%l %E%lggstalgﬁﬁgﬁ%bggpo: 2'?
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i mpurity concsyl rad i) cYmnidiBl Csidr Wit &é igals0 soie-ceafbiroughl ane. 1 n the
second reglgghmgf%égugiggfr(¥géié§g£§ing line has a gas inlet disposed
upstream from a gas outlet. The sampling line is baked
according to a baking strategy, such that when baking is
terminated, a concentration profile of the impurity in the
sampling line contains a first region and a second fegion.
In the first region, extending from the gas inlet to a point
downstream from the inlet, the vapor phase concentration of
the impurity is less than the vapor phase concentration of
the impurity in the gas entering the sampling line. 1In the
second region, located aownstream from the first region and
extending to the gas outlet,” the vapor phase concentration
of the impurity is greater than the vapor phase
concentration of the impurity in the gas entering the
sampling line. A method for rapidly determining an impurity
level in a gas distribution system which delivers gas to a
point of use is also provided. Particular applicability is
found in the semiconductor processing industry to measure
impurities in gases delivered to processing tools.

No suitable figure



downstream fromthe first region to. 'the igas outlet of the sanpling |ine,
.the inpurity concentration is greater-ithan the inpurity concentration of
the gas introduced into the sanpling line. Furthernore, the baking strategy
shoul d be designed such that the tinme required for the first region of the
sanpling line to be brought to the inpurity level of the gas introduced
into the sanpling line is less than the purging tinme required to | ower the
impurity concentration in the second region to that inpurity level. In

ot her words, the baking strategy should®be designed such that the rate of
propagation of the source gas contam nation wave is sufficiently fast that
it reaches the purging wave before the purgi ng wave exits the gas sanpling
line. In order to mnimze the inpurity neasurenent time, a baking strategy
shoul d be sel ected such that the point at which the contam nati on wave
reaches the nornmal purging wave is |located as closely as possible to the
gas outlet of the sanpling line. The inpurity neasurenent is perforned
until the inpurity level becones stabilized. That is, the true inpurity

| evel is reacr'ed-vihen ey : weasured | evel.
To ensure that] the inpjrit; | eV ate through the
sanpling linejlcan pe mpasurled af:- ates. For

exampl e, neasyremepts ¢an Qe nm

, one half

[=]
v

30
Time [hrs]

FIG. 1

Q 9 @« ©n 9 »n ¥ a 94 = <
- o S e © & o



-15- the sanpling flowate, and double the sanpling flowmdte. If the
neasured |l evel is the sane for the three neasurenents, the inpurity |eve
can be assunmed to be stabilized. The use of a sinulation programis very
effective in determning the optinmum baking strategy. A precise know edge
of the inpurity concentration in the gas entering the sanpling tube is not
requi red. However, a |iberal estinmate should be used to determ ne the
baki ng strategy. This estimate can be based on, for exanple, past
experience or the inmpurity |level for ich the plant and/or distribution
systemis designed for. Alternatively,/Pnfornation from ot her neasurenents
taken in the distribution systemcan be used. The specific conditions
governing the sanpling (e.g., flowate, pressure, length of gas sanpling
tube, gas sanpling |ine surface properties, gas sanpling |line dianeter,
baki ng capabilities and anbi ent tenperature) can be used in the sinulation
programto devise an effective or optinmum baking strategy. As denonstrated
by the above exanples, a tine savings of greater than 50% conpared to prior

met hods can be achi eved by neans of the inventive nethod. vwgge t he
i nvention HE§'B§Eﬁ'HESCr|bed In detarl wth ~2)
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reference to specific enbodiments thereof, it will be appatent to one
skilled in the art that various changes and nodifications can be nade, and
equi val ents enpl oyed, w thout departing fromthe scope of the appended

cl ai nms. -16- WHAT IS CLAIMED I S: 1. A method for rapidly determning
an inpurity level in a gas source, conprising: (a) providing a gas source;
(b) providing a neasurenent tool for neasuring an inpurity level in a gas
flowing fromthe gas source, wherein the neasurenment tool is in

conmmuni cation with the gas source thr@ysh a sanpling line, the sanpling

| ine having a gas inlet disposed upstreamfroma gas outlet; and (c) baking
the sanpling line according to a baking strategy, such that when the baking
is term nated, a concentration of the inpurity in the sanpling line
contains a figst region extend%gmﬁas inlet to a point downstream
fromthe inl &, Rwhl & thE va;@r pﬁase goncgltrag on of th i mpurity is
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concentration of the inmpurity is greater than the vapor phase concentration
-of the inpurity in the gas entering the sanpling line. 2. The nethod for
rapidly determining an inpurity |level according to claiml, wherein a
sinmul ation programis enployed to determ ne the baking strategy. 3. The
met hod for rapidly determning an inpurity |level according to claiml,
wherein the neasurenent tool is an atnospheric pressure ionization mass
spectroneter. 4. The nethod for rapidly determining an inpurity |evel
according to claim1, wherein the inpurity is water vapor. -17- 5. The
met hod for rapidly determining an inpurity |level according to claiml,
wherein the gas is nitrogen, helium argon, or oxygen.. 6. the nethod for
rapidly determining an inpurity |level according to claiml, wherein the
inmpurity level is neasured until the neasured inpurity |evel becones
stabilized. 7. A method for rapidly de#éPnining an inpurity level in a gas
di stribution system conprising: (a) providing a gas distribution system
for delivering '
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a gas to a point of use, the gas distribution system being’' connected to a
gas source; (b) providing a neasurenent tool for neasuring an inpurity
level in a gas flow ng through the gas distribution system wherein the
measurenent tool is in comunication with the gas distribution system
through a sanpling line, the sanpling Iline having a gas inlet disposed
upstream froma gas outlet; and (c) baking the sanpling line according to a
baki ng strategy, such that when the baking is term nated, a concentration
profile of the inpurity in the sanpling |line contains a first region
extending fromthe gas inlet to a poing gomnstrean1fron1the inlet, in which
t he vapor phase concentration of the |npur|ty is less than the vapor phase
concentration of the inpurity in the gas entering the sanpling line, and a
second region downstreamfromthe first region extending to the gas outl et
in which the vapor phase concentration of the inpurity is greater than the
vapor phase concentration of the inpurity in the gas entering the sanpling
i ne. -18- 8. The nethod for rapidly determning an inpurity |evel
according to claim7, wherein a sinulation programis
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enpl oyed to deternine the baking tenperature. 9. The nethod for rapidly
determining an inpurity level according to claim7, wherein the neasurenent
tool is an atnospheric pressure ionization nass spectronmeter. 10. The
met hod for rapidly determining an inpurity |level according to claim?7,
wherein the inmpurity is water vapor. 11. The nethod for rapidly determ ning
an inpurity level according to claim7, wherein the point of use of the gas
is a sem conductor processing tool. 12. The nethod for rapidly determning
an inpurity |level according to claim7, wherein the inpurity |eve
~nmeasurenent is perforned at a pIuraIityQﬁ5;xnnts al ong the gas
distribution system 13. The nethod for rapidly determning an inpurity
| evel according to claim7, wherein the gas is nitrogen, helium argon, or
oxygen. 14. The nmethod for rapidly determning an inpurity |evel according

to claim7, wherein the inpurity level is neasured until the neasured
inpurity | evel becones stabilized.
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