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"1 SYSTEM FOR PRODUCI NG PRI MARY STANDARD GAS M XTURES BACKGROUND OF THE

| NVENTION Field of the Invention [0001] The present invention relates to a
system and apparatus for the preparation of |ow concentration prinary
standard m xes. The standard m xes of the present invention are utilized
for calibrating analytical detectors, such as mass spectroneters, and for
anal ysis of em ssions from conbustion chanbers. and process tools.
Description of Related Art [0002] The dgmand for |ow concentration primary
standard gas m xtures in the range of (100-1000 parts per billion (ppb)),
is increasing in a nunber of industries. O particular interest for

envi ronmental  emni ssions testi BFSEEMaF itric oxide in nitrogen,
as environnental regul ati oRBIHEERY RTANDARDe SASHYIFTHREEct. [ 0003] The need
for supplying gas with UHP purity Ilevels has led the industry to devel op
anal ytical techniques for 598 é‘ﬁétﬂﬂ) gﬁs.ﬂﬁp k%ﬁfONAdvances in gas

anal ysi s instrunentation in—Q%é—saﬁe-faﬁge—oi——rﬁprrties as woul d be found
in typical gagiandl ysi shei natentis ati on has led to i ncrease demand for | ow

concentration primary standard m xes enpl.oyed as. calibration gases. [0004]
Currently, JBQBﬂ?entrg??oﬂr%ﬁ?W%P§WﬁF§é§ 4Pe2pPRpEr el BYSEHD Ft hods as

described by GoParadeksesr RS Plegdt-RS JBr 8panali e8nass £aptsw! . Lewi s

primary standard mixes. The standard mixes of the

Present invention are utilized for calibrating
analytical detectors, such as mass spectrometers, and

for analysis of emissions from combustion chambers and

process tools.

Description of Related Art

[0002] * The demand for low concentration primary
standard gas mixtures in the range of (100-1000 parts
per billion (ppb)), is increasing in a number of
industries. Of particular interest for environmental
emissiong testing is a mixture of nitric oxide in
nitrogen, as environmental regulations become
increasingly strict.
’ [0003] The need for supplying gas with UHP purity
i&ﬁ# levels has led the industry to develop analytical
techniques for measuring gas impurities. Advances in
gas analysis instrumentation in the same range of
impurities as would be found in typical gas analysis
instrumentation has led to increase demand for low
concentration primary standard mixes employed as
calibration gases.
[0004] Currently, low concentration primary mixes
are prepared by two methods as described by G.O.

Nelson, Gas Mixtures Preparation and Control, Lewis



2 Publishers, Ann Arbor, Mchigan (1992). One is a static mxture, where a
vol unme of the desired mxture 1is generated and then contained in a cylinder

at either |ow or

hi gh

pressures. The m xture is subsequently utilized for

the particul ar application. Another is the dynam c m xture where the
conponent s of interest
at essentially atnospheric pressure, and the desired concentration is

generated. The mixture is thereafter <consuned as a calibration gas for an
anal ytical instrunent.

devised to CO’Eub‘illsliaQ% gyﬂggi &rgglg %]gcgﬁg Q;ngg%gr.r}&?@snt% oi interest to

the diluent gas

are introduced into a streamof purified diluent gas

[ 0005] Over the years a nunber of nethods have been

regar Patent No. 5,214,952
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concentration anal yte containihg gas for

cal i brating aﬁwlytzedarfoaet:b@tpagtlqutﬂean:@mpﬂrl@taat@@nsysﬁéﬂ’éheﬁes@;r| bed in
Leggett et al d
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I nunber of n il ns n r
gug%%osp rkgﬁg}eééurese u% Ehe nglgééo S necessary

concentration is generated. The mixture is thereafter

[0605]

consumed as a calibration gas for an analytical

instrument.

Over the years a number of methods have been

devised to control the dynamic addition of the

componentg of interest to the diluent gas. In this

regard, Leggett et al in U.S. Patent No. 5,214,952

discloses a calibration device utilizing a series of

highly accurate massg flow controllers to provide rapid

delivery of ultra high calibration gas mixtures, and

sample gas, to a gas analyzer at elevated temperatures.
[0006]

Ridgeway et al in U.S. Patent No 5,661,225

discloses a system for the dynamic dilution of a high

;i} concentration analyte containing gas for calibrating

analytical detectors. The calibration systems

described in Leggett et al and Ridgeway et al include

permeation tubes and mass flow controllers for the

dynamic addition of the components of interest to the

diluent gas.
[0007]

Some of the drawbacks agssociated with the

static mixture related art includes the number of

sequential dilutions necessary for each component added

to arrive at the standard gas mixture. For example,

the uncertainty in the final concentration increases



to arrive at the standard gas mi xture. For exanple, the uncertainty in the
final concentration increases 3 wth the nunber of dilutions. As such, in
the related art it is necessary to have a mininmnumof three dilutions to
generate a primary standard at concentrations bel ow one part .per mllion.
Multiple dilutions can also deleteriously contribute to the contam nation
of the process as exposure to the anbient atnosphere is increased. In
addition, the multiple dilution methoedarequires considerable capital
expenditure, as a skilled operator is required to nonitor and intervene in
t he process. gggBtho éfqﬁ?<§f¥% o%advaﬂ%ageghoflﬁhghée%égéﬁ;d art, it is
an object of thi's |nven Ion to provi sy§t 8m ahd appar atus tor producing
static m xturestofit hemne@aﬂﬁﬂﬁf&ki@@v@laem;niﬁumpbftbhﬁéﬁo ppb) primry

st andard nixtﬁéis.,EOOOQ i s anot her, °3k§Ct of this invention, to
utilize a perfeatFoR™dey c%?n%ﬁ?ﬁf B SELEBTHeFERRAGTCdRYi ce to di spense mi nor

conmponent s di kegkkitiat foe BlddRle RktapRi-efel eishnedupedind of tine,
thereby allowing to weight traceabl e back_to a National Institute of
St andar ds TecRadRbEPnENFET)a kit eripogiy] conheibebs ek sShehd aspects of
t he present I UTE, ARRALe kil l art on a
revi ew of thecg%g§%?ﬁ§%¥¢%ﬁign clalmsg QE Eggggﬁgée%% 9%bﬁwKE$&%F THE
| NVENTI ON [ 00&tinoFhbefer egoimgredyeaict i Ias addetman byhé heulsisteem and
apparatus fordEE% Egs%géhogv§g%df¥ég Yonsiderable capital

expenditure, as a skilled operator is regquired to

monitor and intervene in the process.

[0008] To overccocme the disadvantages of the related
art, it is an object of this invention to provide a
gsystem and apparatus for producing static mixtures of
low concentration (i.e., 10 ppb to 1000 ppb) primary
standard mixtures.

[0009] It is another object of this invention, to
utilize a permeation device, as a precise metering
device to dispense minor components directly into a
cylinder for a predetermined period of time, thereby
allowing to weight traceable back to a National
Institute of Standards Technology (NIST) standard.
[0010] Other objects and aspects of the present

\::.‘,‘
E

N

invention will become apparent to one skilled in the
art on a review of the specification and claims

appended hereto.

SUMMARY OF THE INVENTION

[o011] The foregoing objectives are met by the
system and apparatus for the present invention for

producing primary standard mixtures.



producing primary standard m xtures. 4 [0012] According to a first aspect

of the invention, a systemfor producing primary standard gas m xtures is
provi ded. [0013] The systemincludes providing a gas perneation device
havi ng constant diffusion rate into a tenperature controlled encl osure;
connecting a supply source of a conponent to the perneation device; routing
the conponent fromthe gas perneation device to a product container until a
desired amount of said conponent in the4aproduct container is reached; and
supplying a balance of purified gas to the product container to obtain a

known concentr ap} of QRBQB? i.n_the ] Xta .0014]
According to a?égg%%d aggect 0 tﬁg ai235%%?%%§g€52$%&?%%HH%%ggﬁgghg

standard gas naxsyseen sfopmmadiedngTbeiaysy estdmdd il egapmowitticeg as ultra
high purity source.for a gaseous conponent; comunicating the gaseous
conponent vi a B*2BhUtit to a permeation device disposed in a tenperature

control l ed encliosusp; didd usidt@nt hecyagesusr&RAIPDREN ddy ough the
perneation device and renoving diffused conponent therefrom delivering

for a predet er REFEERPEIR REWICT ee inge corpEauE ¥ B ARt 18tpr 8duct

cylinder via a.g i rseaghi e S&lndd M. & Ralance of
purified gas Fsﬁgg#%%%ﬁ% fﬁ%ﬁ?geﬁi%ﬁg%gg%%%?é§séﬁgggﬂ%% thebgp oduct
cont ai ner i n osderce cobld atomrembwio thaceatmedt b olewciorgponentihg t he

standard gas m.xture. 001 According to_another aspect .of the invention
an appar at us P%%ep?% %ﬁ?ﬁ}:%%?Whr%esgﬁgdg?ﬁmﬁ%glon dePiEe 2 &

product container until a desired amount of said

. component in the product container is reached; and

i

- supplying a balance of purified gas to the product
container to obtain a known concentration of component
in the standard gas mixture.

[0014] Accordihg to a second aspect of the
invention, system for producing standard gas mixture is
provided. The system includes providing an ultra high
- purity source for a gaseous component; communicating
the gaseous component via a conduit to a permeation
device disposed in a temperature controlled enclosure;
diffusing the gaseous component through the permeation
device and removing diffused component therefrom;

delivering for a predetermined périod of time the

S

diffused component to a product cylinder via a conduit;
and upon reaching the set point a balance of purified
gas is delivered from a high pressure source to the
product container in order to obtain a known
concentration of component in the standard gas mixture.
[0015] According to another aspect of the invention
an apparatus for producing primary standard gas
mixtures is provided. The apparatus includes a gas
permeation device having constant diffusion rate

disposed in a temperature controlled enclosure; a



m xtures is provided. The apparatus includes a gas perneation device having
constant diffusion rate disposed in a tenperature controlled enclosure; a
s- supply source in comunication with the gas perneation device to provide
a conponent; a product container to receive the liquid or gaseous conponent
fromthe gas perneation device; and a supply source of purified gas in
communi cation to the product container to supply the balance of the as and
obtain a known concentration of conponent in the standard gas. BRI EF
DESCRI PTI ON OF THE FI GURES [0016] The tnwention will be better understood by
reference to the followng figures, wherein: [0017] Fig. 1 which illustrates
a perspective %i@Wy FodxRerpRabh@indeyt toh it [R13h FiBrmdatibhustrates
schematic view of a systemfor calibrating standard gas m xtures. DETAILED
DESCRI PTI ON OFeHE Y NYENTIOOUNAR0e 1 9pmThremibj e iy asfuctheonpeaneiokcar e

acconpl i shed  sifg 2 SXSLem.and apRaLatys Mihdiovdss .sagle step
preparation of a static prinmary sStandard gas mxture wth mniml operator

i ntervention. fddmmesysitemdestiployand gasuperymesatimre dedvipeerifidedngaa di f f usi on
rate which can be conLro%Led %o ﬁgay Wi t hin a range, %round a constant set
poi nt. [0020] The YT EMT S FesPghl PEPéHQ)LEQ?Qﬁ} r &9 PHPREY ng"St andar d
in the form ofpandri GaeR! kakl @Ad Bt DY & i@bwgaTdHodntratabnt 8 desired
carrier gas or diluent, generally in_ultra high purity form and a doped

quantity of theeERspreatr il EhemstrRegrerdadal yt e,

BRIEF DESCRIPTION OF THE FIGURES

[0016] The invention will be better understood by

reference to the following figures, wherein:

[0017] Fig. 1 which illustrates a perspective view
of a permeation device; and

[0018] Fig. 2, illustrates schematic view of a

system for calibrating standard gas mixtures.

DETAILED DESCRIPTION OF THE INVENTION

[00191] The objects of the invention are accomplished
using a system and apparatus which provides a single
step preparation of a static primary standard gas
mixture with minimal operator intervention. The system
“o employs a gas permeation device having a diffusion rate
which can be controlled to stay within a range, around
a constant set point.
[0020] The system is designed to produce such
calibrating standard in the form of a low concentration
calibration gag mixture of the desired carrier gas oxr
diluent, generally in ultra high purity form, and a
doped quantity of the appropriate impurity or analyte,
generally provided as a liguid or gaseous component,
for purposes of calibrating analytical instruments. Aas

herein utilized, the terms “carrier gas”, “diluent”,



generally provided as a liquid or gaseous conmponent, for purposes of
calibrating analytical instrunents. As herein utilized, the terns "carrier
gas", "diluent", "purified gas" and "purified carrier gas" are utilized
i nterchangeably to refer to the bal ance gas enployed in generating the
primary standard gas m xture. Likewise, the terns "analyte" and "inpurity"
are enpl oyed interchangeably to refer to the liquid or gaseous conponent
added to generate the calibrated standarg gas mxture. Calibration
equi pnment is used to certify the purity of chemcals used to neet the

n

requi rements qf _the electfonig¢s.industry, or .to nmonjtor _the.emssions from
sem conduct or PrEc §§gnaa§qu?ﬁ rﬁ?riﬁhﬁﬁaﬂﬁﬁﬁéEF I en$€glu%hgﬁﬁ?%cess
i ndustries. Thewleownheageaplyatsdorefed tdaHd gaildnee gaseeuplepemanent in the

carrier gas 1is typiqall¥ in the range of about 10 gpb to 1000 ppb, and
preferably abSRSretppe tBe4DOIHpHY § rdrGasy BeraETEhe HEERESEGy | evel of

precision angiORsh$LERgYal Prines By ePaiRlJiaR0h8UeRpPHLBIY Standard gas
m xtures, the apparatus is_designed to "provide static m xing of one or nore
li qui d or gas indemebasgesbiyt hotrefemrtd dhegddguadacsi agbecdsep. [0022] In
t he enbodi nent_ || | a Ln,_Fi g, er N V] [ rovi ded
that delivers @ ﬁgl\%%Enga}%ﬂanﬁe%%rrﬁp%ngﬁie F:%%L%?D%\g}:ggdls?ﬁ%r%?%gﬁe

per neati on dewiicturent acaibraeiomadquoipmeed ds?212edf oo cexanpy eshea pol yneric

pol yt etraf |l uoroet,hyl ene tube having. a known perneation rate at_the
operating teﬁﬁﬁ?ﬁtupg S%GWﬁEaQ%V?%éb ﬁ%«ﬂﬁﬁ?aF%elF&ﬁPar8WeﬁB§é%Es conmponent
introduced andHd fhesedohEgughatdiery Peirmert dhidey eBel B8Rk YgEokar bon

nonoxi de, carbon
e from semiconductor processing equipment, automobiles,
chemical and process industries. The low concentration
of the liquid or gaseous component in the carrier gas
is typically in the range of about 10 ppb to 1000 ppb,
and preferably about 10 ppb to 400 ppb.
[0021] To provide the necessary level of precision
and consistency in the preparation of such primary
standard gas mixtures, the apparatus is designed to
provide static mixing of one or more liguid or gas
componénts with the carrier gas in a single step.
[0022] In the embodiment illustrated in Fig. 1, a
permeation device 210 is provided that delivers a known
{‘) amount of component is provided therein. The
B permeation device contains a permeation media 212, for
example, a polymeric polytetrafluoroethylene tube
having a known permeation rate at the operating
temperature of the device. Exemplary liquid or gaseous
component introduced and diffused through the
permeation device include carbon monoxide, carbon
dioxide, nitric oxide, dinitrogen oxide, methane, etc.
The permeation devices are typically available as the

Trace Source™ from Kin-Tek Laboratories, Inc. The

gaseous component contacts a membrane and the gas



dioxide, nitric oxide, dinitrogen oxide, nethane, etc. The perneation
devices are typically available as the Trace Source TM from Ki n- Tek
Laboratories, Inc. The gaseous conponent contacts a nenbrane and the gas 7
slowW y perneates through a nenbrane at given conditions. [0023] Typi cal
hi gh purity carrier gases, which may be utilized in the apparatus of the
present invention include nitrogen, helium argon, air, oxygen, carbon

di oxi de, etc. On the other hand, the lLow concentration |iquid or gaseous
conponent (i.e., the analyte) can be chosen from anong carbon nonoxi de,

car bon di oxid ni trous oxid met hane drogen fl,uoride, hydrogen

chl ori de, andS‘E%Wjéfi er,meﬁlgfﬁf I%HBPB% h%ﬁger%xg%laf F1VExaf | uori de, etc.

[ 0024] Dependésgpodiddie particular |iquid or gaseous conponent utilized,
the perneation device is heated to a predeterm ned tenperature to obtain a
constant diffE&9BH rat SYPERES, PLHB BRSHOhGHE ISP PR pBi¥reat i on
device is knoyg and {0 %a%er@ﬁ;t%a Leddeor cPoneendl hhyegdibfom the
perneation device can be calculated. If the analyte is in liquid phase, the
pr edet er m nedinehpts atiimedes . ubelived argest &l slexyigen.vapsPopr essure of

t he conponentéggg< e henc h [ e . dj ffer . L he

per neati on nedi a (%£ o%ggingg gg%s?%%grgii?dSﬁ%%EPg?ﬁggﬁﬁggg?§§%§€he ot her
hand, if the ht@abld er gaseouwapevmpphase, (B supplhe eylalyde) caotbshown) is
provi ded upstream of the pernea%%on devi ce, and &Pe pressure of the

conponent del FV&FEY O RECHE! RREPPBAYEFFde £arbon dioxd

nitrous oxide, methane, hydrogen fluoride, hydrogen

chloride, and chlorine, hexafluoroethane and sulfur

hexafluoride, etc.

[0024] Depending on the particular liquid or gaseous
component utilized, the permeation device is heated to
a predetermined temperature to obtain a constant
diffusion rate. Thus, the dispensing time from the
permeation device is known and the exact mass of the
component diffused from the permeation device can be
calculated. If the analyte is in liquid phase, the
predetermined temperature is utilized to establish the
vapor pressure of the component/analyte and hence the
pressure difference across the permeation media to

PN obtain a constant diffusion rate.

[0025] On the other hand, if the analyte is in vapor
phase, a supply cylinder (not shown) iz provided
upstream of the permeation device, and the pressure of
the component delivered to the permeation device is
held at a predetermined level to establish a constant
pressure difference across the permeation on media so
as to obtain a constant diffusion rate. The analyte
concentration at the end of permeation media 212 is

maintained at a low and constant level, preferably near



held at a predeterm ned |evel to establish a constant pressure difference
across the perneation on nedia so as to obtain a constant diffusion rate.
The anal yte concentration at the end of perneation nedia 212 is maintained
at a low and constant |level, preferably near _ g _ zero, by sweeping the
per neat ed conponent/analyte with the carrier gas to the product container.
[ 00261 More specifically, and with reference to Fig. 2, a systemfor
producing a primary standard gas m xturé&, -in accordance to anot her

enbodi mrent of the invention is illustrated. The | ow concentration prinmary
standard gas I el S ‘,g@%g g SN @D rrier gas
and t he anal y'[ngékéys]toién’? 200 %\i%ﬁfﬁg?agggsgoﬁﬁe pe?neatl%tné)gﬂés?ice 210
that deli versthekn@ml@mﬂ{ﬁﬁ bef thige pxRdlgteconb@iret |y, the. pernmeation
devi ce nmust be r at A1 ct r onstant
known di ffusi org% i) EQ plur pogf(%9 hgﬁﬁaﬁ%?ggf%];éer I%l/éeeﬁd:% %WI%

the device with thespsﬂ@@m,pm@inlgt a hednatry st@n@ajcd)r@atsant terrperature
and maintain it for a kpown nove it _and wei The wei ght

en rﬁ
difference di PidEH By mea%&égrﬁenéogﬁveg EheSBPPATRTYN ¢ ttél t hat
t enperature. [@ﬁ%htfbﬂ i iBfduddher exphai ned wbhbekEsSPerdnto producing a

m xture where the analyte is nitrous oxide. However, it wll be understood
by those skill 8gimaryhetangard tIag “thﬁt§r§yéFeﬁ?ﬂ9¥/a1b%d &Ylblﬁﬂil\ﬂgt h any of
the aforenentigped 1 &5, and .cars 5 9358S+néd SO { G& Lful tra high
purity nitric oxi ge ?@&éﬂspose}d‘a upstr aF’no per rreat#on deV| e 210 and in
fluid 200 includes at least one permeation device 210 that

2 delivers a known amount of the analyte. Naturally, the

3 F
ks

permeation device must be calibrated by the
manufacturer/vendor to yield a constant known diffusion
rate. For this purpose the manufacturer/vendor will
fillrthe device with the component, weigh it, heat it
to a constant temperature and maintain it’for a known
time,  then remove it and weigh. The weight difference
divided by the known time gives the diffusion rate at
that temperature.

[0027] Fig. 2 is further explained with respect to
producing a mixture where the analyte is nitrous oxide.
However, it will be understood by those skilled in the

art, that this system may be utilized with any of the

V-._//

aforementioned analytes and carrier gases. A source
230 of ultra high purity nitric oxide is disposed
upstream of permeation device 210 and inlfluid
communication therewith. A regulator 232 on the supply
line maintains the supply pressure at about 50 psig and
fixes the pressure of the nitric oxide supplied to
permeation device 210. Permeation device is enveloped
in enclosure 220, where permeation device is maintained
within a closely monitored enclosure at a temperature

of about 100°C. Separately, through a small orifice,



communi cation therewmith. A regulator 232 on the supply I|ine maintains the
supply pressure at about 50 psig and fixes the pressure of the nitric oxide
supplied to perneation device 210. Perneation device is enveloped in

encl osure 220, where perneation device is maintained wthin a closely
nmonitored enclosure at a tenperature of about 100C. Separately, through a
small orifice, - 9 nitrogen gas at sufficient flowate to sweep the
conmponent is continuously provided to pe¥reation device 210 through a
getter 240 disposed on a line. The getter renoves inpurities in the carrier
gases, which _of S 1 ght o IR, t lyat e.fpLtrogen gas
added has a negtgg%%%%%g fggtsgggg %&%%P?ﬁ%ﬁgﬁﬂfg¥%%w§§9pggheation devi ce
210, as there ¢gnmmrlenta isl cght ininusbaspravidsal Kgr @sgmestwhiicfievEsrl ts in

product cylinde 90.. Furthe this portion of nitrqogen g provi ded to
per neat i on decg%%‘éﬁﬁngoﬁtﬁﬁ E?Esbg% +ﬁ?0%%féﬁ%€ %g%ﬁrtrgﬁﬁigh purity
nitrogen gas udddwt elehoveel ivptedtios tie giioodimntriey oades, FROAB] As the
anal yte diffuses through perneation  device 21%&_and i s conveyed to product
cyl i nder 290 WFhGpERengigatyvEe28D Hhel i WaiSves TR50RAhHC2%0.

Optional ly, whalk RRIJRRHAAN208¥LEE5E 51 AAUFAdbUS: thal WerrddPohSretosed and
valve 250 is opened to vent the  analyte. This procedure naintains the
stability of t%fe pgymemsarnodedevfceloamp dihes forndyxeupésdhb be provi ded
on demand (i. e t. the_appr ] if ' e): ' intaining the
| oss of analyf%p%é%?gkﬁqﬁegﬁfgﬁﬁkgggﬁ%d%%fgﬂf%%%d¥ﬂ$ %ﬁeﬁggégcg? nitric oxide
0. 5g/ day or | esg)indErege0val Festhay, behselmettadf mdhmitrogen gas

provided to permeation device 210, contributes to the

balance of ultra high purity nitrogen gas ultimately
delivered to the product cylinder.
[0028] As the analyte diffuses through permeation
device 210, and is conveyed to product cylinder 290 by
opening valve 230 and closing valves 250 and 260.
Optionally, when pérmeation device is not in use, valve
230 is closed and valve 250 is opened to vent the
analyté. This procedure maintains the stability of the
permeation device, and allows for mixtures to be
provided on demand (i.e., at the appropriate diffusion
rate), while maintaining the loss of analyte to a

(‘) negligible amount (i.e., in the case of nitric oxide
0.5g/day or less). These valves may be selected from
among any high pressure valves, which would not
contaminate the gas passing therethrough.
[0029] = The mass of analyte delivered to the product
cylinder is known gravimetrically, from the known
emission rate of the permeation device and the delivery
time (the time valve 230 is open). Upon reaching the
desired weight in product cylinder 290, valve 230 is
closed. Valve 260 is opened and the balance of ultra

high purity carrier gas is supplied to product cylinder



anong any hi gh” pressure val ves, which would not contaminate the gas passing
t heret hrough. [0029] The mass of anal yte delivered to the product cylinder
is known gravinetrically, fromthe known em ssion rate of the perneation
device and the delivery tine (the time valve 230 is open). Upon reaching
the desired weight in product cylinder 290, valve 230 is closed. Valve 260
is opened and the balance of ultra high purity carrier gas is supplied to
product cylinder 10 290 fromthe carrig _gas supply source 270. The mass

of added carrier gas is determ ned accurately on scale 280. Based on the
diffusion rate of the perneation device, the tinme necessary to deliver the
requi site weRBhtfwdm g yeaniert FasppeeblY FWUIIRIE7%and Thee™agSs  of the
added bal ance,pf &@éé'cearrﬁ%% ?%@e'goagﬁgérﬁfﬂé&%cﬁraﬁ;@f ik, gy xt ure can be
calculated. IR this regard, the fnal “concent ration s deterined as
follows: ¢ = psd*i (Bpadrerom twec difcontent rate onf hhevgeghteatpplw t = tine

during which yalve 2 is.open, mnutes, d.= co ent_diffusion rate,
g/mnute w = éﬁ?bﬁ?'3%“%3??@@?355§?aﬁy[B%S%Tlﬁﬁgp cemIaer6fR | evel can be
tailored by awefgqit G5f amalivile a® ene pusdhed byl alder g the hhEB

perneation device 210 is_allowed to discharge the_ analyte to product
cyl i nder 290. °f nthqcaddashioad aficgePt earEtdt réas ofheargeiceadtgasiped, the

operating tegpefgl Ui £, Af PSLTERL AR PEVELELL&RN e ¢hanged.

regard, the final concentration is determined as

follows:
X
c = txd *10“% where
w
¢ = concentration by weight, ppbw .
t = time during which valve 230 is open, minutes
d = component diffusion rate, g/minute
w = weight of carrier gas, g
[0030] The concentration level can be tailored by a

factor as high as one hundred by altering the time
permeation device 210 is allowed to discharge the
analyte to product cylinder 290. In the event a wider
concentration range ig desired, the operating
temperature of permeation device 210 can be changed.
This would require a permeation device calibrated at

£ two different temperatures. Alternatively, the

i

permeation device can be modified so as to either
increase or decrease the surface area thereof, which
would in turn change the permeation characteristics
(i.e., diffusion rate) of the device. If the device is
in use at one temperature, then it will be
heated/cocled to yield a different but known diffusion
rate at the second temperature. During this transition
period valve 230 will remain closed and valve 250 will

be open.



This would require éwberneation device calibrated at two different

t enper at ur es.

to yield a different but known diffusion

Alternatively, the perneation device can be nodified so as to
either increase or decrease the surface area thereof, which would in turn
change the perneation characteristics (i.e., diffusion rate) of the device.
If the device is in use at one tenperature, then it wll be heated/cooled

During this transition period valve 230 will remain closed and val
will be open. - 11 [0031] Overall, éy%%eﬁ1200 may be controlled through

the enpl oynment of a progranmable |logic controller (PLC), or a computer. The
val ve control ,[0pB2] cyl | Oderalscadyes re@adiong magy bbeconpubdl ted tdterdigB, and t he

addi tion oft g%Léte into the producta%%%%ggfﬁattned accurately.

Ther eafter,

BPWYP e he? ¥ it LTI PioncoRbrett et i ons.

rate at the second tenperature.

ve 250

In

addi tion, syst@mc200o08y bSnpleif | edhe LQ1VBCLEEEra1 PUERE dNivdasher e
moi sture and oxygen are nonitored. In this instance, for exanple,
woul d purge sySEém 7683188 d"dY -Brasisiite tonthedBEE) oAndf thayrrdditdsn nto t he

q Ci : : | ; Lo |
product cyl i nder aﬂ%&%%y)&?t%\cﬁ%%?d@f& c@i%ée&%ﬁ@@&%&%@& .

(i.e., less than

pressur source O

the PLC

evel s

ni trogen arrier gas,

such as tank ZherdaspesedtiuoviPist rearhdperthenpehaeatnoentietiize provi des the
bal ance of gas_to oduct cylinder .290. [0032] e_syst em described above,
can e modi 11 681 CrARREREF bR pYPERET 2 HoBaY e T S o,
the cali brat edostianliadd gasurgXtlires G@ere moisture and oxygen are

N/

monitored. In this instance, for example, the PLC
would burge system 200, and by-pass the introduction of
analytes into the product cylinder until the
contaminant levels reached acceptable levels (i.e.,
less than 10 ppb). A high pressure source of nitrogen
carrier gas, such as tank 270 disposed downstream of
the permeation device, provides the balance of gas to
productrcylinder 290.

{0032] The system described above, can be modified
in numerous ways. In a further ewmbodiment, for
example, the calibrated standard gas mixtures can
comprise multi-components or analytes. In order to
implement, this system, a number of permeation devices
210 may be provided in parallel. Each device diffuses
a particular analyte which is routed to the product
cylinder. The operator will monitor the system and
ensure that the various analytes do not backflow out of
the product cylinder 290 to which they are delivered,
either sequentially or simultaneously.

[0033] In accordance with another embodiment, system
200 may be configured to dispense the analytes to a
number of product cylinders 290 in a sequential manner.
Therefore, a number of product cylinders containing the

same calibrated standard gas mixture can be generated



conprise multi-conponents or analytes. In order to inplenent, this system
a nunber of perneation devices 210 may be provided in parallel. Each device
diffuses a particular analyte which is routed to the product cylinder. The
operator will nonitor the systemand ensure that the various anal ytes do
not backfl ow out of the product cylinder 290 to which they are delivered,
either sequentially or simultaneously. [0033] In accordance w th anot her
enbodi nent, system 200 may be configured to dispense the analytes to a
nunber of product cylinders 290 in a §é&&eﬁtial manner. Therefore, a nunber
of product cylinders containing the sane calibrated standard gas m xture
can be gener at &l &? adgendrl vadserbbyotiuaeiq atirotdon manresuréotkasure t he

accuracy, of the calibrated gas mxture_can be achieved _bhy aci ng each
product cyl i nd®FYiSh FﬁgF@%H éﬂaégéﬁf%,9?$lTﬁ%ﬁﬁrQ(fﬁﬁeF@rﬁghéeYﬁ bal ance

of carrier gaspyNSCRSSA YeadH pMokicbecyecaant zad dhathdiRasseal e which  may
be enpl oyed include acoustic wave scale and | oad cell balances, which may
be utilized i nSed¥furidt iBidemitoh deherpLee tithe dithegicay &fi sa¥raspegds of the
process. [0034].17 st riphed_ i j —mshVentLon wll be
further descri Gléc %L%%)ét aﬁe \?\‘nﬂfi% b?e?%?%%@e%%%% 15:?)% gv?jar]i% g’ﬂ%ﬁ%l e, which
is, however, may bo deplecorst imeduds htonsiihg vwahee isvedrt aod. 1BXAVPLE [ 0035]

Ntric oxide (RO TP ARG SIS RBY P weuE Sothe hitPieroRite o
conponent / anal yith Wate SURPIHEL @@ ra 1 PeaREahd HEEHLOE the process.
 [0034] The system described in Fig. 2 of the
f?? invention will be further described in detail with
- refefence to the following example, which is, however,

not to be construed as limiting the invention.

EXAMPLE
{0035] The primary standard gas mixture desire was
set to 100 ppb by weight of nitric oxide (NO) in a
nitrogen (N;) mixture. The nitric oxide
component /analyte wag supplied to a permeation device
210 having a diffusion rate of 367 microgram/minute at
100°C. The time necessary to provide 100 ppb of NO
analyte into product cylinder 290 was calculated as
; follows: \

[0036] The product cylinder holds 300 cuft at NTP.
The density of nitrogen is known to be 32.86 g/cuft at
NTP.

Therefore, 300 cuft of N; = 9858 g at NTP

ppb wt = gNO/9858 gN, * 1E9

g NO 100ppbw * 9858 g N, / 1E9

g NO

it

0.0009858 g or 0.9868 mg or 985.8
micrograms
The permeation device was a 57 HA model having the

above stated diffusion rate.



210 having a diffusion rate of 367 microgram m nute at 100C. The tine
necessary to provide 100 ppb of NO analyte into product cylinder 290 was
calculated as follows: [0036] The product cylinder holds 300 cuft at NTP.
The density of nitrogen is known to be 32.86 g/cuft at NTP. Therefore, 300
cuft of N2 = 9858 g at NTP ppb wt = gNO' 9858 gN2 * 1E9 g NO = 100ppbw *
9858 g N2 / 1E9 g NO 0.0009858 g or 0.9868 ng or 985.8 mcrograns The
perneation device was a 57 HA nodel hagggg_the above stated diffusion rate.
- 13 [0037] Thus, 985.8 micrograns / mcrograns / mnute = 2.687

m nutes or 161.22 seconds to provide 100 ppb, of analyte to product

cylinder. [0088§3Tpon CHIEUl &8¢ rReTPERRTACCESAMLIRPIGHBYI/de the 100 ppb

of analyte infeo, 19{ duct o4 “n%g%?&f%%slwezg %%i%tﬂcﬁ%ﬂv1ﬁgelﬁal i brated

gas m xture was ternlned aresu entration of the
final n1xturppbasfc&ﬁal¥ﬁ&&ﬂ>a&cﬁmbtomylﬂnden t d*109, where wc =

concentratlon |ght bm/t =.tine d whi ch val ve 0 is open,
nm nut es é@%%e &s"’il&ﬁ‘lra&tlélg g*/:‘?n e Jree %%ﬁtzc “%f carrier gas, g

provide the 100 ppb of analyte into product cylinder
290, the concentration of the calibrated gas mixture
was determined.

{0039] As a result, the concentration of the final

mixture was calculated as follow:

*
c = t*d * 107%, where
w
¢ = concentration by weight, ppbw
t = time during which valve 230 is open, minutes
d = component diffusion rate, g/minute
w = welght of carrier gas, g
[0040] Thereafter, the balance of N, carrier gas was

provided, and the calibrating standard gas mixture was
formed via a static mix and without diluents.
[0041] Clearly, a primary standard gas mixture is

provided through a static mix, and without multiple

}

dilutions.

[0042] While the invention has been described in
detail with reference to specific embodiments thereof,
it will become apparent to one skilled in the art that
various changes and modifications can be made, and
equivalents employed, without departing from the scope

of the appended claims.



[ 0040] Thereafter, the balance of N2 carrier gas was provided, and the
calibrating standard gas m xture was forned via a static mx and w t hout
diluents. [0041] Cearly, a primary standard gas m xture is provided
through a static mx, and without nultiple dilutions. [0042] Wile the

i nvention has been described in detail with reference to specific

enbodi nents thereof, it will becone a%&)arent to one skilled in the art that
vari ous changes and nodifications can be nade, and equival ents enpl oyed,

wi t hout departing fromthe scope of the appended clains. 14 Wat is

cl ai med i sywhdtisRidimkded for nmaking primary standard gas m xtures, conprising
the steps Oof .  providing an ultra high purity source for a gaseous
conmponent; comuni cating the gaseous conponent via a conduit to a perneation
device disposed | . I . o) i ing. the
gaseous coﬁponeﬂ?ﬂep}?géﬁgﬂ%@r%%tgﬁ %’%@1 gég\?}}')@é%g’n%m g'?r'tr)'g :tﬁnefgéfgbsncgi ffused
conponent prhédied ronitradedh maity sayracHfer alpéfagsedomponsntient either to a product
cylinder via a it for r . per | ; i -t o,a.yent

syst em wher e itC%may 'éeat'ra%tﬂi’egﬁa%rogggéﬁ@%%gsnaognéc?%\g\ﬂg&%%n‘g%rggét@e?%@eéry of

t he di f f usdisbosedrimontentpetaiurelvenioliedeotlosyé;i nder a bal ance of purified gas is
delivered from i r J | rder to
obt ai 1 & known BRSSP SFRENS SpRBYIGEE bl e BELiLn SONEFRPemy B 2 °FY, | P
product coditfesied epmp@nenAtteyaftoam f or produci ng primary standard gas m xtures,
conprising: a ] i i I t ef |l ed
encl osar ot he SHetRGIREUACEEERCR GRASRE bitalr SRR dd St %0
functi on ofredelemdneat pered o timepwlty as\ant systerh wWese i isaycunpriivealty $anubbed;

comuni cation with the gas

wherein upon delivery of the diffused component to the product cylinder a
balance of purified gas is delivered from a high pressure source to the product container
in order to obtain a known concentration of component in the standard gas mixture in the

product container.

2, A system for producing primary standard gas mixtures, comprising:

a gas permeation device disposed in a temperature controlled enclosure, the gas
permeation device having a constant diffusion rate as a function of temperature;

a supply source of gaseous component in communication with the gas
permeation device;

a regulator interposed between the supply source and the gas permeation device
to control the pressure of the supply source of the gaseous component;

a product container to receive the gaseous component diffused through the gas
permeation device; and ‘

a supply source of purified gas in communication to the product container to
supply the balance of the gas and obtain a known concentration component in the
primary standard gas mixture.

3. The system according to claim 2, wherein the temperature controlled enclosure is
an oven,
4. The system according to claim 2, further comprising a program logic controller or

computer to monitor and control the supply of component, as well as the supply of the



perneation device; a regulator interposed between the supply source and the
gas perneation device to control the pressure of the supply source of the
gaseous conponent; a product container to receive the gaseous component

di ffused through the gas perneation device; and a supply source of purified
gas in communi cation to the product cggtainer to supply the bal ance of the
gas and obtain a known concentration nponent in the primry standard gas
m xture. 3. The system according to claim?2, wherein the tenperature
control | egygnel osure is an o¥pn. 4. The sysb&ﬂkgccording to C'ﬁd@:L
further conprising a programlogic controller or conputer to nonitor and
control the supply of conponent, as well as the supply of the 15 bal ance of
purified gas. Jhe s oL gi..n - Al rel am | ogi c
controlle?’or T@%S %?gr¥§%ﬁﬂh ﬁgf%%htg’ggfg%fﬁ@% r?%gﬁsﬁpgﬁkaﬁgﬁéggﬁ a flow
of the di ¢dropider ie empionechto effestuatecthp swiieichetwernt aflow of thedliffused compdnepuri f i ed
gas to thg Wﬁé’ﬂ&@uc‘?%ﬁwi’dir{&?ran 6 qbhe o?{ﬁiriﬁé‘a 2%1%0'&9%99 ‘Bt‘adﬁétabmténerfurther
conprising, a balance disposed under the product contalner to neasure the
wei ght of the diffused conponent routed to the product cylinder. 7. A
method fop, Makyfios REdITBEYordhg R 8fh 8ORALUIMERINGOH IRk dishBaSIRBS Of
supplying a regul ate ow of a conponent froma“supply source via a

r egul at or thet groducy gontgimenrtcameasre dhe weight shiteediffuded ompenertrrpeted ta the
controllegmﬁgalosure; adj usting the tenperature of the tenperagygig.
controlled enclosure to a prescribed tenperature wherein the gas perneation
devi ce mai ntains an approxi mately constant diffusion rate; routing the

di ffused gonpo i i ; fggma% .cont ai ner
until a dZSireg%gﬁg%ﬂ?p@%n@%?@ﬁggﬁ%%ﬁgﬁﬁgﬁﬁﬂﬁﬁgggfg@ﬂgpggontaiﬁgr IS
reached; and s4ppPIngi mpcalated Baveef aroppenent Bemgasunply sdwecepyia@uegulaiont ai ner
to obtai N, gh RSMELRATRAGRRbEH it QtentfifatcRIBRARGG diicklie; standard gas

m xt ure.
adjusting the temperature of the temperature controlled enclosure to a prescribed

temperature wherein the gas permeation device maintains an approximately constant
diffusion rate;

routing the diffused component from the gas permeation device to a product
container until a desired amount of said component in the product container is reached;
and

supplying a balance of purified gas to the product container to obtain a
prescribed concentration of the component in the standard gas mixture. |

8. The method of claim 7, wherein the step of adjusting the temperature in the

temperature controlled enclosure further comprises maintaining a constant temperature

in the temperature controlled enclosure.
9. The method of claim 7, wherein the component is nitric oxide, and the balance of
purified gas is nitrogen.

10. The method of claim 7, wherein the component is selected from the group
consisting of carbon monoxide, carbon dioxide, nitrous oxide, methane, hydrogen
fluoride, hydrogen chloride, and chlorine, hexafluoroethane and sulfur hexafluoride and
mixtures thereof.



8. The method of claim?7, wherein the step of adjusting the tenperature in
the tenperature controlled enclosure further conprises nmaintaining a
constant tenperature in the tenperature controlled enclosure. 9. The

met hod of claim 7, wherein the conponent is nitric oxide, and the bal ance of
purified gas is nitrogen. 10. The nmethod of claim7, wherein the conponent
is selected fromthe group consistinglef carbon nonoxide, carbon dioxide,
nitrous oxi de, nethane, hydrogen fluoride, hydrogen chloride, and chlorine,

hexaf | uor oet hane and sul fur hexafluoride and mxtures thereof. 16 11. The
met hod of Tl ai mife, meified ef elairhe whareindlee balapner ¢ffiuetieqaes isselpsleddtastther om t he

group consgst i Bhdd0 d CAK LA ) nd argon
and m xt uféers ;5 eSfr%e"?)é]GH ég["% ?1' b o ﬁﬁ(r}j)%?é cfgﬁﬁﬂxgm{?ﬁerg%ndqnﬁég ﬁlggcegl bed
concentratm@ﬁobf the conponent in the primary standard m xture containi ng
purified gas is in the range of about 10 parts per billion to about 1000
parts per billion. 13. The nmethod of claim7 further conprising the step of
suppl yi ng B.f | dwednetbed oficaim gwerein the eregadbasesonesntialian aktve cempenaati i n t he
di ffusion gt phrﬁﬁg‘é@éﬂ&%ﬂfﬁkﬂr@(ﬁﬂghmbgﬁnﬁe@ SRRt @o?ig%Lﬁ‘%Oggﬁs pguting
onent to

the diffused co romthe gas perneation eV| e
cont ai ner . billion to about 1000 parts per bllllon

13.  The method of claim 7 further comprising the step of supplying a flow of carrier
gas to the gas permeation device to aid in the diffusion of the component through the
gas permeation device and routing the diffused component from the gas permeation

device to the product container.



