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SYSTEM FOR AND METHOD OF FAST PULSE GAS DELIVERY

RELATED APPLICATIONS

[0001] This application claims the benefit of U.S. Patent Application No.
12/893,554, filed September 29, 2010, the entire teachings of these
applications are incorporated herein by reference.

BACKGROUND

FIELD

[0002] This disclosure relates generally to gas delivery devices, and more
particularly to a method of and system for fast pulse gas delivery. As used
herein the term “gas” includes the term “vapors” should the two terms be

consider different.
OVERVIEW

[0003] The manufacture or fabrication of semiconductor devices often
requires the careful synchronization and precisely measured delivery of as
many as a dozen gases to a process tool such as a vacuum processing
chamber. Various recipes are used in the manufacturing process, and many
discrete processing steps, where a semiconductor device is cleaned,
polished, oxidized, masked, etched, doped, metalized, etc., can be required.
The steps used, their particular sequence, and the materials involved all
contribute to the making of particular devices.

[0004] As more device sizes have shrunk below 90 nm, atomic layer
deposition, or ALD processes continues to be required for a variety of
applications, such as the deposition of barriers for copper interconnects, the
creation of tungsten nucleation layers, and the production of highly conducting
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deposition, or ALD processes continues to be required for a variety of
applications, such as the deposition of barriers for copper interconnects,
t he creatwonrofo4gasBgst en nucl eation | ayers, and the prodagtuisert1o836nd ghl y
conducting dielectrics. In the ALD process, two or nore precursor gases

are deli ver:afﬂ Ii n, pul Ee?n a’%ﬂ fl ow over a wafer surface in a %rolcess chanber

mai nt ai ned HEFrGae ime P RQGEF O TRPTERIPEUrSOh qa8es AT W@'W‘?r‘a‘ﬁ n-

al ternati ng [Qlseeame Nbvaveranigier sarfhé@in 4 Pro@asehagdeririaintaiMéd Onlibe sites
or functional groups on the wafer surface. Wen all of the available sites
are sat ur at e@ClueIm bine ted of RWrp MEeTUTSor gasasciow é) gn altgemating ortseguestialt i on

The’ pr ocese THATTLS ek e S8t Corf R gl SRES o Rt AP Gl AR EG s

(i.e., gas Byaftlewsacy ewrdrealnef e HuilhblessiteEQre SaRirakeSRornM ofithg t wo
precursor gases, a cycle can be defined as one pul se of precursor A, purge,

one pul se ofPrBEYEAr §aseB(e-andapugine 1ragiien stapgrAnthe PYERE 9% ISugek!® of

addi ti onal K r s, with the
Gse of a puliosLie bxeErecRa Miolediel FRAFIE MorBePLATHESE  THEC. "rii's
sequence i s propest Bdepadted, bb¢hd heast prebuicongas (i.s., gaa@)ddwsoves ¢the

sequenti al , s%pf-l imti Eg surface reactions result in one nonol a%/gr of
deposi ted fiW&Eperriage .r?@G@Eﬂs’ﬁHBV‘SM'I”QéWOcHr%‘H@@D9§%$S,gaa%\é%e FAl &€t he
processi ng ar I I us} f fre abwgs which
are sinply ?{%‘ﬁgg %Sgér?eaﬁglr%e étp}é?(ﬁnﬂﬁér:ﬁ’pﬂé@lﬁgdé’ﬁ% !%Ir%/e&t%e%l%ﬁlgig\rlgf bggdesi red
anmount (masPurgé. pr emle san inphigdeniehpdaehopadditonal trwecursopgassss sisngelt hamber .
Al ternati velagl, a n%i‘if flow controll e&), hWhi ch.s a sel f-.c%n ai ned devi ce
conprising £ PRASHURER PrAURY 3% 4PN 438 ASRYER 9a3d" GHHEP pr ocessi ng
el ectroni cs,siiceessifs pliRedRIfiprEEuradr GaBUsNt TS s@é}@evﬁé@%&bgébte@rtﬁﬂﬂr@ m ned
and repeatable flowrates, in short tine intervals. In both cases, the
amount of ndinat fricknesads yedahedh nihasetsequestiph seédmitnawéace wastionact ual |y

[0006] Syt oreskRlTRE s FERRnbPR AR TBEEFocy  cos have been devel oped

that can neasure and deliver pul sed mass flow of precursor gases into
sem conduct q00P5PceFhe nulsdzeofipresuraor gasdeinte tecp@eessing @bbmbeBed devi ces
are designed to provide repeatabl e and precise quantities (mss) of gases

for use in JEHMEINGOEBICHHBNG KYRI-IYRS HIVRBWHKS) are RIMPYSORANGH or Payer
deposition ( ﬂféﬁs 54

usual ly inclu é)étaepr@e I V;Zf@d@iﬁﬁp%%%%@@\?&%ﬁé% co%‘éf ﬁﬁ%%ﬁ@%%@ﬁe
del i ver ed dugdasngittt bacihpDlseriotethe prpséssagrchambbe  Altecadiselyga chassobow or
tool. By neasuri the pressure and t erature of th as in the delivery
chanber . andURIRLINTIFD S f8oH PORCEHB P GRIPREIG [PORg-tHtarEias o
function of i, RingsIMtRI dhERIdHal pRsceddthg dlebiéniedaghReddy dengerd | very,
the mass of a pulse of gas dellvered during the ALD can be precisely
control | ed. armeunt ai\gasf(mass) pupessetgrnjasd Bndirepeatableaitde rates, inaitorol | ed

with an on/Qff-t u val v et n I hanber .of e PGD
and the proggég wﬁ%&a?s&r&@%)m ﬁ%se[eshgweg%?)uﬁg@@%g%ﬁ\( ?rfg%sﬁ Tﬁjew'ﬁééﬁ\?atbee is
required to gfrecefechdrabdeisinggactualyiniéasifredasutafifefredi s mdgsuring a furt her
function of the starting pressures of the gas in the chanber and the
downst r eam RasaR\gterse they et gaedWng chamber or tool. For exanple, for a
gi ven anmount of gas that needs to be delivered, the starting pressure in

t he deliver e i i [ i er time
for the val 336@@1*36%3%435@% ﬁ’é‘%p’zt% S?@%e\t/\géggglé\fet??Kgég)g)%ghcieg%sa?ﬁ?g e nmass
fl ow occur s developad thiat garmtddseardagd elelieerapulsedy nassSowr ef prékoarsohgages per i od

and the deli.ver eriqd of PGs should be tight contraolled for, fast pul se
Giaps dtbe Tenly sk

gas delivery" CQnAYFer PIPSsSRIBe EMRRE AR BHOSERRING JeRl5- GuC
prescribed ayEytsSare!ddstf{eRbtb prvide repestable AME pHiSdd Gﬁﬁhtﬁfe%ﬁws%gef the
PEs as well as the charged pressure in the PGs shoul'd be tightl

control | ed igasesder useimssnicohduetep srralfadtuting arateshes auchrascytonequi r enent
of the ALD ICL%uf/)ecre&esp'osition (ALD) processes.
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[ 0008] Further, the inlet and outlet valves in the PG have a finite
response tinme to transition fromone state (on/off) to another state
(of f/ on) wbeniZiiesssal ves are commanded for either chargiPag/ush@1obsmdber or
delivering the gas pul se. For exanple, a typical response time of pneumatic

hut - of  val { i s bet bout 5 and 35 mi | ds.
The. 1 esponedOopEL " PeBEBEAIGALCRER 4 Griian! Eoentic by ariber saehine st he
val ve commanghss@iie B¥iviehed BGEhg & neD &bce%bﬁ&réﬂ?ﬁ&@%@b?é&%sﬂ

overchargi ng of the PGD chanber or overdeliveri n? e gas pupse to the
processi ng cihamearordeol diy measuring tha prassdre andg eg;ﬂperatm@rofébtegpsen in the

charging no f P lL.ve val ve i s open
for gas to ce{ﬁ?gjte“ (12 Chggﬂ? g@%ﬁﬁﬁ@@g&?e {Ih\gogg%tsf %%ge@@fycontrol | er
noni t or s t heshaingissrWsta Alrtion . ofTHT@gFé@Quf@dtdde)ﬂ tAE gaeaashé enaebedr dushgt - of f
command to the inlet valve earl efore the deli ver%/@chanber reaches the

pressure setdsdivaky, Bie 6@$§|Qi@rFPLH§e Pﬁ§a$ gspyaise auring e ALBraly Pesreeinelyi ni et

I h hg I
e e A

processes hardoff-egmndljethadte bkav&@lemilad diehadryrahaunlyer diitigd Pﬁﬁeddphe sed or
i the sem ctor i nd

devel opi ng. AIVGHRAED BTG it G| SR AGIRUTY Of NESR GNP Brregursaisber o
provide intey %%Iuvé@&?}&'lééé és%féﬂgﬁqehqngédse.saé%rmfr%@&.gmﬁf%estack' ng.

Manufacturer are curren con Idering a wde vari et D integration
schenes t hatst@rrtlegmesmeeqxﬁme gab inothe c’rmmmerca‘nmv ck:tvvzﬂstvreaqrmpreasem of

Pl asma etch echnol o uch as the B e whi ch has been use

ext onsi vely PEPTEST FIEBRSEOCRPhg Tk XIS, 1860 B0 SAURERESRS Bbct i on,
is well suitpebdsap blé%ém/eeed Itﬁ@staTh@%Bﬁ&,@hr@rrpme&fenvéhﬁawéfﬁ@mtaé a high
speed pul sed or time-nultiplexed etching, alternates repeatedly between two

modes to acHligher stedingyoressuredanuises acsmrtegtlmfﬁgtwlmép ba®pgagbant i on of

For commer c ki Shiee SEEAY Brestirs SRR S K peg st bl i Oyen”

reliability.higRIh@ngreassvre. trhercﬁaageepér\:w and aie aeliverpperdagioePdDs hi gh
speed pul se gas delivery in a Bosch process. The first prior art approach
is to use f U%@%GEB@Y reRisoadolar fastuine @ﬁ%%'%?ppbﬁ&t@ﬂﬁ inAreaidoof f gas

flows of t h‘%ng.ﬁje'é’c%b qﬁ@e@%ﬁgesg e %Bﬂﬁlﬁ o?g isfes). fA(soé“rééLH’t‘f’" el 1very

speed, and poor repea abl accuracy. prior approach
i nvol ves usmmtﬂb!ﬁ@spmsepreadf Nmt?G@ewWeléaMh@chedpresémesn tHen P QFCs

mai ntai n con flow and t downstream t hr ee- wa ves switch between
The brocess SO B Conafed Guaet frBert b sherAbTY Sdane PeCuat ver
pul se gases rbﬂufr&%eﬁf@%%%l@?@@é Clearly, a lot of gases are wasted,

whi ch i ncreases the process c The second nethod al so suffers from
repeat abil i t[)(/)ﬂand accuracy of delivery. Thus, it is desirable to provide a

sol ution for[0A08h spegher, g sdetrnd orltgt vabmsﬂaéhe&@;) hawveia fiitet he Bosch
process “Sede‘éBénseStYm% S?rtan%'hontfpo% on%dstfgt% (% /o%%%%gﬁwetr%?astg (Bﬁ%lal)ens.

when the valves are commanded for either charging the chamber or delivering
the gas pulse. For example, a typical response time of pneumatic shut-off
valves in ALD applications is between about 5 and 35 milliseconds. The
response time of the valves can introduce a delay to a response to the valve
command sent by the PGD controller, which causes either an overcharging of
the PGD chamber or overdelivering of the gas pulse to the processing
chambers or tools as illustrated in Fig. 2. For example, in the charging mode
of the PGD, the outlet valve is shut, the inlet valve is open for gas to enter the
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DESCRI PTI ON OF RELATED ART [0011] Exanpl es of pulse mass flow delivery
systens can be found in U S. Patent Nos. 7615120; 7628860, 7662233 and
7735452; wO@R011/08465Pat ent Publicati on Nos. 2006/ 00601139 PCans$2@006360430755.
Summary [0012] As di scussed above, the starting chanber pressure of the

delivery cha critic f api| | se delive

ronce. by t TRy Shatbbe o e R, ST ML b Frlel i Tions T Bisssireh: essur o
before the R&Ha%@eg%éjPGW(%MroII@Pﬁeéé@td g@rﬁ&é%hhh@ﬁrmbﬁmé iHeyin®dt t he gas
pul se delivery. [0013] Accordingly, in accordance with one aspect of the

t eachi Pgs desive eaily hefose the delivesy ehamber tradhesrthe gressuse setioint kyesi r ed
Chanber : a qonsielbBIAE e AT (o v AR MR, R olBRVEEL4 Y o ¢ he

gas deliverwem@ aml@eﬁ@?ﬂb@ioVéﬂc%@r%éd@mwﬁcbémeqscwa)ﬁbé@ﬂ)retsb@rélbow of gas
| eaving the gas delivery chanmber so that the gas can | eave the gas delivery

chanber in [ARwedhesgPitti a sel ected mass as a function of the initial
pressure of the gas in the gas delivery chanber and the duration of the

respective F[Bbéﬂ) A r?éﬁ@???g&ﬂﬁrb@ésﬁsr%%eﬁ%B Béh gEv&E @ﬁ%n%t

arranged so as contro gas 1nto the g ellvery C er so
as to prechaegeiré highgsseedpulbed gasimgemuitplgxechpanobessing. &or eratnipsd, tipe essur e

t t t o, del th | f h that th f
The Starti noopeatdndonauREY dSidibnig dgkentel SN g arctS Bl £ of e
prior to deldjwmn nds (T@\/ﬁ’}'ﬂo ovigk ||9@Fcorﬁfféét EBsatipn a8t &l@tbldlé ARl Wavermass

delivery is inproved as a functlon of the duration of each of the pul ses.
I n accordande-wwfehs@@bmgerMa@tpfecturerrs arecurendicogsidedng e Wisle ‘asiety of a

met hod of d ul ses of ,a.desired mass of gas to a l,, .conprises:
cCont rol 11 ng T Reniaebad Sgnth i el endaimyd S8 aritsrof B 4Rt Tol 1 ng
the flow of rﬁqﬁlréméhtsngz’lbbﬁlagét&h fﬂéﬁhﬁtﬁcﬁ% %@T@@fheSBoéérﬂbrdcbgs ORBichdasl eave
the gas delivery chamber in pul ses, eac sel ected mass as a function

of the initikAenpisassextengivelytier @%%p SWC@%ét@WQQ temerary deniges @andMEM$e
duration of dH8ERPIENEN Sy 5 TSUSIRA) M BBLIBRSs Gshhfoh?s

delivery ch an Phict ressuré set poin ivering the

pul ses of gass 5m§m $peid ;bdﬂeed@r tlm’ecmuﬁfplém @tt:anhgg a@emewwpeatédly he gas in
t he gas delivery chanber is controlled prior to delivering the ulses of

gas, and thévqi\ys@aﬂ\é(e.m@(i%ﬁ @fthﬁ%V%%%”Xj\é‘P"t'G@'r%WCéurieﬁ}ﬂsﬁ'igea asn rf"imcti on
of the d”ratdéﬂbsﬂ?‘one@fq'cr?émfcg %rtsﬁa% @%I \z Ring FX‘BJ’F!aéJ%?S?Hr Sow

conponents, steps, features, ] ect’s, advint a
become cl earrequmed forreorimeeral mjmees{;s)areov\ad@ume mncénndkﬂyclo\/\pwsimrwf
illustrative enbOdiW%ﬂﬁf’ t he acconpanyi ng draw ngs, and the cl ai ns.

proven relia
[0010] Currently, there are two prior art approaches for high speed pulse
gas delivery in a Bosch process. The first prior art approach is to use fast
response mass flow controllers (MFCs) to turn on and off gas flows of the
delivery pulse gases. This method suffers from slow delivery speed, and poor
repeatability and accuracy. The second prior art approach involves using
MFCs coupled with downstream three-way valves. The MFCs maintain
constant flow and the downstream three-way valves switch between the
process line and the divert dump line frequently in order to deliver pulse gases
to the process chamber. Clearly, a lot of gases are wasted, which increases
the process cost. The second method also suffers from repeatability and

accuracy of delivery. Thus, it is desirable to provide a solution for high speed
-4 -



BRI EF DESCRI PTI ON OF DRAW NGS [ 0015] The draw ngs disclose illustrative
enbodi nents. They do not set forth all enbodi nents. O her enbodi nents nmay
be used iwoadt/wiehd or instead. Details which nmay be appamrarstoians3ci4
unnecessary may be onmtted to save space or for nore effective

illustration. Conversel .sqQnme _enbqdi nent be practi,ce i thout all of
Lhe et ai | o BHSRASEEEY aPoiceRs, Sumtas T BoStloigeds ateuSSersl delartt o, ont
drawi ngs, i tihh€fRiLSe iof ovBRcoREBhele drbb%nﬁé?”ponents or steps. [0016]Fig. 1
is a bl ock diagram of one enbodi ment of a gas delivery systemfor providing

hi gh speed pul se delivery; [0017]Fig. 2 is a graphical illustration of the
pressure wi tAESGRIPTEON RANEFATED ARG PGD shown in Fig. 1 vs tine during the
delivery of a pulse of gas fromthe delivery chanber; WO

2012/ 044658P 2011/ 053614 018] Fi 3. a bl ock diagram of,t se of

Che svat oo dBAATEC EXRGPIEE o1 e dsshowtabfuety U8RI CLATBERHA G ¢!
Patent Nos. 7615120; 7628860, 7662233 and 7735452; and U.S. Patent
Publication Nos. 2006/00601139; and 2006/0130755.

Summary

[0012] As discussed above, the starting chamber pressure of the delivery
chamber is critical for repeatability of pulse gas delivery. Hence, by tightly
controlling the variance of the starting chamber pressure before the pulse gas
delivery, one can improve the repeatability of the gas pulse delivery.

[0013] Accordingly, in accordance with one aspect of the teachings
described herein, a system for delivering pulses of a desired mass of gas to a
process chamber or tool, comprising: a gas delivery chamber; a first valve
arranged so as to control the flow of gas into the gas delivery chamber; a
second valve arranged so as control the flow of gas leaving the gas delivery
chamber so that the gas can leave the gas delivery chamber in pulses, each
of a selected mass as a function of the initial pressure of the gas in the gas
delivery chamber and the duration of the respective pulse; and a pressure
control arrangement configured and arranged so as to control the flow of gas
into the gas delivery chamber so as to precharge the gas in the gas delivery
chamber to an initial pressure set point prior to delivering the pulses of gas
such that the variance of the starting pressure of the gas in the gas delivery
chamber is controlled prior to delivering the pulses of gas, and the
repeatability of the mass delivery is improved as a function of the duration of
each of the pulses. In accordance with another aspect of the teachings
described herein, a method of delivering pulses of a desired mass of gas to a

tool, comprises:



[0019]Fig. 4 is a partial block partial schematic diagram of an ALD system
i ncorporating the gas delivery systemof the type shown in Fig. 1. DETAILED
DESCRI PTIVON 20R/04#d58ISTRATI VE EMBODI MENTS [ 0020] | | | ust r at iP¢@/USediodsIsent s ar e

now di scussed. O her enbodi nents nay be used in addition or instead.

Detai |l s which b ; b ' d
o for a more off ect WOPLCGHNGIENO! G i L8 §os CeRE LEBOUPREA S mmy be
practiced widdiellingl the dfow SEg#tealing tHBig%][é ddlifed) GlriE& %o (P4 fag- 1

shows a bl ock di agram of one” enbodi ment "of a system constructed To provide
hi gh speed mandeadethe gag defiveiy ghembendn pyiseencadh afrisekectasuness eséd out by

i th ly | d i i - ,
rectsely minp guaRinlipCeesbo dIRE YA lte 685 Lefier eBRARA ANhE™ such
as a sem corgitgtion oPthecespetdechas®ednd Prechal]ing e §aS I the dercdeinery The gas
delivery system 10 reli ab measures the amount of material (mass) flow ng
into the serfiN@sRRIde@N 'ﬂﬁlérpreéﬁblr%$@\ﬂ%@sorf%rt0Q@BV@%@MU'%@ of @S t he mass

¢ . . . . . ol

Cepeatabl e 1inat i JeFnos o il Mg Sldsshicdr 8 il h&nS cellfery

oper at i O'nE:I Whlialneoqrrifmbdilrolgacdpﬂiq)r;/terQetlioiéﬂmglmedwlisesdf gasTtEBT,t d thie nol ers]_ of g?rs]
over a wide range of val ues, without the nee o diver as to achi eve e
accur at e, réﬁpﬁgﬁaé?ﬂ%)he?‘ih@dﬁﬁﬁ%gﬁ V‘%é%WQTPVFg@Qﬂ %ﬁ‘cﬁ%.o?ﬁ‘e éW@%QS} em 10

shown i ncl U%%haofgiﬁé pggeis\_/ery chanmber or reservoir 12, inlet valve 14

controlling mass flow i1 nto the gas delivery chanber 12, and outl et valve 16
controlling mass flow out of the chanber 12. In the illustrated enbodi nent,
the inlet arl@0d4} | effhese vaswel asaier-egmpangniesstaps.ifagtures,aldjeeisy fast shut

of f responses, i..e.., transition froman open state to a.shut , off state on
the or der  orbeiets gnei 4l enadeRoul bRok BeBLeIB Y imd eIt y Vary.
following detailed description of illustrative embodiments, the accompanying

drawings, and the claims.
BRIEF DESCRIPTION OF DRAWINGS

[0015] The drawings disclose illustrative embodiments. They do not set
forth all embodiments. Other embodiments may be used in addition or
instead. Details which may be apparent or unnecessary may be omitted to
save space or for more effective illustration. Conversely, some embodiments
may be practiced without all of the details which are disclosed. When the
same numeral appears in different drawings, it refers to the same or like

components or steps.

[0016] Fig. 1 is a block diagram of one embodiment of a gas delivery

system for providing high speed pulse delivery;

[0017] Fig. 2 is a graphical illustration of the pressure with in the chamber
of the PGD shown in Fig. 1 vs time during the delivery of a pulse of gas from

the delivery chamber;



WO 2012/ 044658PCT/ US2011/ 053614 [ 0023] The mass flow delivery system 10 al so
has a pressure sensor or transducer 18 for providing signals representative
of neasurwgent2g4ed58pr essure within the chanber 12 and aPC@iSesialsdods sensor
20 for providing signals representative of rreasurerrents of tenperature on

or withint nmber r e exe I enbodl ment of the
oresent  di sAPBLEF o, Fithe b &Rl Hladterochials 186 g RUERY SRUP (8 anc
provi des nemr,f&ggf}@ag)gna%eprbggwf@q Wy of a vvaII of t he chanber 12.

[ 0024] A signal representing the desired mass flow is provided at the input

22 of the pul se delivery controller 24. Controller 24 also receives inputs

represent at i[0819F t hig. grie Sspardéabllack eafial é@fﬂ@@ahﬁﬁﬁgf@ﬁ afyant AeD siystesiur e
t ransducer %ﬁ?&ggrét gqﬂ%taqta%oe%?/ %rstgr% Ofrtﬁééfpl ruc |o'§pl1lt 22 can al so

receive signals‘repr processi h $ ‘and vari ous
conditions. The system al so |ncludes one or nore outputs 26 and 28 for

providing control sDETISED DESCRIFETIONaSF ILOUSORATIVE EfigoomeErRtson of the
inlet and outlet valves 14 and 16, respectively. As will be nore apparent

herei nafter, the duration of the control signal used to open the inlet
valve 14 is [9 20hct lllystrative ﬁ@bloéifﬁﬁntéfarﬁrr@g‘éﬁ'%u%% Qtﬁeﬁé@bpétﬂant he

del i very chagheneld oh dadlirdl! hYBEHB R IBYIREN Afa080 aptibidhy be durati on

of the control” sigha use 0 open unction of the
durati on of urmecpstag by beonfittbd ¢d save space osfor@r meratfdctive mass of gas

del i vered) deliver t hrough the outlet yalve. [0Q25]1n order to |de a
Tor e conp! e ERSENToI GRTGSTlyr SoReeordiens: siatars betyCed pibadil o
delivery cyghe d%MBQH@IQH%F@dwC)éefdaSt pul se node delivery operation,

i nprove the range and the accuracy of the pul se node delivery doses, and

reduce the operation conplexity for users of the system the systemfurther
i ncl udes addPP2bhal Fighripgheyya 8 blankfdiggriesd of eng eowiagémenhef 2 sygiae ol | ed

starting press d e gas
t hough val veoll ry8%@g tPODEPV'Eg Wﬁg%g&%%pwggr%n%&?f%\b% ﬁ;ﬁg%gh% t]éfnids nor e
accur at e andnggpeadarhé® outbyl usiag the sypRItbRsipatticaRelytietengel 36 demers. WO
2012/ 044658PCT/ US2011/ 053614

contaminant-free, precisely metered quantities of process gases to a

semiconductor tool, such as a semiconductor processing chamber, or a

plasma etching machine. The gas delivery system 10 reliably measures the

amount of material (mass) flowing into the semiconductor tool, and provides

for accurate delivery of the mass of a gas in pulses of relatively short duration

in a reliable and repeatable fashion. Further, the system employs a more

simplified operation, while providing delivery of the desired number of moles

of gas over a wide range of values, without the need to divert gas to achieve

the accurate, reliable and repeatable results.

[0022] In Fig. 1, the system 10 shown includes a gas delivery chamber or
reservoir 12, inlet valve 14 controlling mass flow into the gas delivery chamber
12, and outlet valve 16 controlling mass flow out of the chamber 12. In the
illustrated embodiment, the inlet and outlet valves are shut-off valves having
relatively fast shut off responses, i.e., transition from an open state to a shut
off state on the order of one to five milliseconds, although this can clearly
vary.
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[0026] As shown in the enbodinent illustrated in Fig. 1, the system 10
further conprises a buffer chanber or reservoir 40 for holding the gas to
be del i vewoaotddeasgh the inlet valve 14 so that the pre®Shus201n/053s¢4 chanber
12 can be precharged to a predeterm ned |level prior to delivering a dose or

i f d f h h th tl et 16. In ord t t |
The oos troD2abs THE ESChON Ve sl B A EhaS pathssieeRopie oo
chamber 40, (farf@beeh s Yot prevﬂaqgf SigREIR e eAlathBrmBaturinehiieopuf | er

chanber 40 for control | ow of gas froma source of the gas into
t he chanber messurﬁlvuthlptfm coamber 2 angd a:wmm%’awrprsepeetZQrmrlpr@wdmgol val ve

chanber 40 s heaegalhe B iestlemEnt TRl PREMRH TR ¢ ormin
open during drraentrererczharmcrwdpﬁet@ mmarwembouin@ed of tiesTpedsember 40

t hrough inlet valve 14 into the chanber 12, or closed as gas flows fromthe
chanber 40 tHs@AgHe; Hiestempgrotaira 5ensRI2Q IsdRisentact with, ppgdroyidesan be

controlled i nt ai ned regardl ess
of whet her gggé%lgr%g{eéﬁﬁgpgﬁrv gh{rgo? Were nto trllhye process chanber.
A pressure sensor or transducer 44 provides a signal representative of the
pressgrg t[M't[b0241:hantttrign?10epri®sehgm@thedelem:tamassiﬂmw |efprt[)hdepraeﬂmm@uts ol
provi ded to pressure controller cqQnnec SQ as ta provide a contro
Signal to A %LR}%SQ@G%QECP%%‘ %r&%té @E'Etﬁ%' ﬁé s Eerriuey Vet

inally, a r b

control li ng@ﬁ?%ﬁt%ﬁﬁgggggt gnéééﬁédgﬁ]e‘?h@%coér??rr ol Iegl?u%dows conf ?glurreed to
provi de dat dransducesid aoditemperajuenserisas@le sespestivellie Inputtd2otarealso24 and
"nitertace soStaNCSLTN SHrraNTE GBS bR SRS RS e TR g &
keyboard anccomeitionar Wéy@eth%‘ls§ hddtRis @i OGP BUtpRAS 28 SdtdBfornt er f ace
to operate the gas delivery system 10. It should be apparent, that while

t hr ee proced¥eyidinmcontwl giginalsthat ares Heggh to G@I@r@%@ @ﬁﬁtadwndﬁéh%tréewrtdt any
e O COUPVhF6S 4RI reSb gl " R BB ki Rclarup " at e

controll ers, vmth a srn e déevic nore e ‘chanber

40 has a voltherluvtidroot therdoatrbl ngngla$sefce©€tbpadthfer|nmtt/blae8101w8@fu512tloﬁ' he gas
provi ded in the chanber 40 is used to control the upstream ressure P1 of

the gas prowifdeglevs! Pﬁ@re@ﬁafﬁ)@at isxdesiied igithe defenyredesiies TP Phe vol ume
V2 of gas orya(3emk b%&%@oﬁ@%fhﬂ‘%&ﬂﬁtréﬁ ﬁ'fé’écﬁwt{?ﬁm@@gu%é ‘f"éjo dius, the

vari ation of ther It rdi ng pressure rior oth
del i very of thaohtlpuvaee dé&rs beunctmmoizibe. du‘Fbtnorpo‘éMLmdseset ga@(\mlmcbfrnt he gas

in buff | V1 of huff mher 40 th
pul 56 gas daMTU GPiae o SHtss e abard) FuneRy bR eE Gl iGivet ne

user interface 50, Specifically, Pl SP = functionl (gas type pul se_gas

del i very setpoRsf ) : I ddder @ pFiide Blno@pcdrﬁprelhenet/e%wrtpnsrerryytpusef the
buf fer chanber, gas %ﬁe is the properties of delivered gas

such as nol eraglreatelwengﬁpeeﬂu@tth@ ¥emyycyctenandranaklermivenyi fast gulsenwpde
viscosity etoCeINe%ﬁ(Speratron, improve the range and the accuracy of the pulse mode

delivery doses, and reduce the operation complexity for users of the system,
the system further includes additional components configured to provide a
more controlled starting pressure within the delivery chamber 12 prior to
delivery of gas though valve 16 to a tool so that the measured flow from
chamber 12 is more accurate and repeatable, and can be operated at shorter

pulse rates.



pul se gas delivery setpoint is the setpoint of the pul se gas deliveryanount
for each dose. [0028] Referring to Fig. 2, the graphical illustration shows
t he changwe 20re/(@se8sure within delivery chanber 12 as tRETAlS20MBE36l1$
charged to a predeternined pressure IeveI prior to delivering one or nnre

pul ses of g hen gas. i | ge fromt el j er cha

during deli @P?é’ﬂf é‘srﬁh‘log’é‘ PHE% ﬁp Bg lpﬁtﬂﬁat\?gl'(}e:d n‘g ifi cal ly,
prior to tinBthes cér’ﬂSrréé‘sl Souvret ¥8arhBet &r RSt X0 %}ﬂ{dl@ih Qlﬁ'eé%fﬂob@at t he
pressure in the buffer chanmber 40, Pl, is regulated to the predeterm ned

| evel such aeligeracidsougn ewatetualvem sqrthatitne pressuré i hetchambeni? 16 is

cl osed and i th er 12 to

t he predeter"%n %Eﬁgercé&glﬁde %Bgepéet%%@megtl%\%qig rgch%%' t?g'n Eaedé% 2k gas
delivery conferigkldidod8s baarsigapaotdte thaduetiiaid 18d Ihlbresadld donerol Ry

I nterface 50. Specifically, P2, SP = function2(gas t pul se gasb%el i very

set poi nt); (s rom a gamapiice Gabintaapd ot ph@epa*régeh@r@g@re@rp@rffﬁr
deli very chyger, %rﬂr%? vhXB&d éﬁr@?ﬁ@&%‘?‘?ﬁ t8f trréeéu e"rrc‘Fr as

nmol ecul ar wei ght, heat capacit V1 ScOSI [Jy etc.,
andpul se gaa:omlﬁioilmgrtpresﬂet/\p@ﬁgns ﬁrsmtdweorsreepmtlme ge$ mtbeheuhambgaao Inlet

del i ver yanount f eac
y contro valve 45

can be a proportional control valve which is adapted to be
controlled so as to maintain the pressure within the chamber 40 substantially
at a constant predetermined level. It can remain open during the precharging
step when gas is provided from chamber 40 through inlet valve 14 into the
chamber 12, or closed as gas flows from the chamber 40 through inlet valve
14 into chamber 12. Further it can be controlled so that the pressure within
the chamber is maintained regardless of whether gas is being delivered to the
delivered to the process chamber. A pressure sensor or transducer 44
provides a signal representative of the pressure within chamber 40. A signal
representative of the pressure is provided to pressure controller 46 and
connected so as to provide a control signal to inlet valve 42 as a function of
the pressure measurement. Finally, a main pulse gas delivery controller 48 is

provided for controlling the entire system.

[0027] The controller 48 is configured to provide data and instructions to
and from each of the controllers 24 and 46, as well as data and instructions to
and from a user interface 50. User interface 50 can be any suitable device
such as a computer including a keyboard and monitor configured so that an
operator can use the interface to operate the gas delivery system 10. It
should be apparent, that while three processors 24, 46 and 48 are shown, the
system can operate with any number of controllers to carry out the functions
of the three illustrated controllers, with a single device being more efficient.
The buffer chamber 40 has a volume V; for containing gas received from the
source 52. The gas provided in the chamber 40 is used to control the
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[ 0030] When the predeterm ned pressure P2, sp is reached, the inlet valve 14
Is closed at tine tl1. As can be seen in Fig. 2, an overcharge (or overshoot
in pressuwoeRiiawrs8 during the tine interval Ati (the tipGE/USROAR®S4 f Or

inlet valve to conpletely close), during which time the pressure will rise

and then fall ui escent The re is all to settle. The
et em s tinsi@att HASIRSP; oL iF s QavidRer o Shamibe i the Sardio hrpum
of gas, del 'p/rééﬁﬂe%é\‘tﬁé'v@%rﬁ@'\/‘)%ﬂ@a&fb‘?v@%r‘ ﬂth\é%h‘é%tﬁe%?’%rﬂhe@@f@@ at
time t2 for a predeternm ned anount of time, and closing at tinme t3, when

t he pr ogr antRaiconsraliedquimsi the vmet@@e@f thelinitiarab@rging m@%evrerlf’szg/oltgneu t

whon i is crtabde BeualBrsab sy o e Mhihed bR A CosiBFBet i o wi 1

be sone overpsgigasf th@g@é-@@hfféewm@‘vg@ﬁbuﬁafcwamttérm()g@% functibabbgas settl es
at the final pressure Pf as shown. The cgcle can then be repeated using the

gas i n buf f dyPeHBERPNS@as delivaly ganauné sebPpipk etablishaskhy the werdhrqqg
delivery of tﬁgﬁseﬁgﬁerﬁ\%ég @Q&ﬂdane anount of pulse gas delivered between
i'g. 2, An, ca

t2 and t2 in e analyzed by the follow ng equation: An =it
4 Qdt = C, (P- Pd)dt t2t2(3) Cvo ft3(Pt2 - Pd)dt + (.1:4 Cv(t)dt) (Pf
-1) P+, sp = function1(gas_type, pulse_gas_delivery setpoint);

(1)

wherein P4 gp is the pressure setpoint of the buffer chamber,
gas_type is the properties of delivered gas such as molecular
weight, heat capacity, thermal conductivity, and viscosity etc.,
and
pulse_gas_delivery setpoint is the setpoint of the pulse gas
delivery amount for each dose.

[0028] Referring to Fig. 2, the graphical illustration shows the changes in
pressure within delivery chamber 12 as the chamber is charged to a
predetermined pressure level prior to delivering one or more pulses of gas,
and then gas is discharged from the delivery chamber 12 during delivery of a
pulse through the outlet valve 16.

[0029] Specifically, prior to time to, the inlet valve 42 is actively controlled
such that the pressure in the buffer chamber 40, P4, is regulated to the
predetermined level such as defined in equation (1). At time to, the outlet
valve 16 is closed and inlet valve 14 is open so that gas flow into the chamber
12 to the predetermined pressure P2 sp that is established by the pulse gas
delivery controller 48 based upon the input provided through the user
interface 50. Specifically,

P2 sp = function2(gas_type, pulse_gas_delivery setpoint);

(2)
-10 -



3 =0 it3 (P- Pd)dt +1Cv (Pf -) t2 time as it closing wherein Qis
the flow rate through the outlet valve 16, C, or C(t) the conductance of

t he val vewahton4iessa functi on of opens or closes, Cy() trhe/usedi/osgsen val ve
conduct ance,

wherein P2 sp is the pressure setpoint of the delivery chamber,
gas_type is the properties of delivered gas such as molecular

weight, heat capacity, thermal conductivity, and viscosity etc.,
and pulse_gas_delivery setpoint is the setpoint of the pulse
gas delivery amount for each dose.

[0030] When the predetermined pressure P2 sp is reached, the inlet valve
14 is closed at time t4. As can be seen in Fig. 2, an overcharge (or overshoot
in pressure) occurs during the time interval Atq (the time it takes for inlet valve
to completely close), during which time the pressure will rise and then fall to a
quiescent level. The pressure is allowed to settle. The system is thus
charged and ready to deliver to predetermined molar amount of gas, delivered
as a pulse through the outlet valve 16, which opens at time t, for a
predetermined amount of time, and closing at time t3, when the programmed
molar quantity has been delivered. As seen in Fig. 2, it takes a finite amount
of time, Aty, for the outlet valve to complete close when it is commanded to
close at time t;. As a consequence there again will be some overshoot (over-
delivery) of gas, before the gas in chamber settles at the final pressure Ps as
shown. The cycle can then be repeated using the gas in buffer chamber 40 to
charge the delivery chamber 12 prior to delivery of the next pulse.

[0031] The amount of pulse gas delivered between t; and to in Fig. 2, An,

can be analyzed by the following equation:

An = j“Q-dt :f“CV(P—Pd)dt

=C,of, (P=P)dt+(['C(0dr)- (P, ~ )

=C,, [ (P=P)di+1C,-(P, ~P,)
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IC, the integral value of valve conductance during the valve period fromt3
to t4, P the pressure in delivery chanber 12, Pf the final delivery chanber
pr essur e, wandi2Rd4¢she downstream pressure of delivery ch&ebars2@i2/053610032] As
shown, the termIC'(Pf - Pd) defines the amount of over-delivery in noles.

Note that 1C, is indeed .a tandomvariable, |.e. the closing tinme of the
outlet valve is a r}ﬁ’ﬁﬁm\é\ﬁ ﬁﬁbw fqte?fp]rQUngt@%&uﬂgbvq%?@r ovi de for .
prechargi ng the chanber, d2cwhitthe ¢8RdliERALE oPtHd @dive MIdERs 4 RitehoA®f40) with
a predeterm ned constant pressure Pl,SP, the starting delivery chanber

pressure P2 ttoeleditvary, so Qiems arosasount this error would vary since the
final chanber pressure.v I a omcycle to cycle. The

hi gher the starting pf%‘@?&%ilflp%%%Y%égsnﬁHét%Q%’ect of the error. By using
the buffer volune of quathehtddral VaaewdvhneasonuesmiceRIPIingthee@ivey chanber
40 to the delivery chanber 12 is such that the variation of the charging

pressure in @PRABer 12 is nini niRABWAIAMN ta thlich controll ed constant
upstream pressure. Th'l§tr?es F%s@ﬁretirﬁadelﬁlgﬁ/@rﬁérﬂﬁerj (Pf - Pd) would be
I'T"er” Tange o

constrained to within a sn‘éa errors. By constraining the error
to be wthin a smal | erPytaadinalodelierpcisambér piespossiablde t o provide better

conpensation for the rors in a repeatable ner so that delivery of the
preci se anount of gaseémt%W%@gpgpge_ssgpe Bﬁgivﬁrﬁﬁh%’ﬁ‘ Gb%gr eam vol une

within a relatively constant pressure as a function of gas type and pul se

gas deli ver yopsspol A.srbih, HSIAH IcS. (Pablpdefiibstihghihout et ioietdbliferghar ged

pressure in chanber 12. Therefore, the variation on charged pressure’is
m ni m zed wiheholassdloie atilZes inteed gpeaderbiVvariaplei.eothef dosipgltisee ghthe

2012 oasccorerPLEdb s a5 andam et Rt Aot Vi op BT o v er y
systemis tahdehahtter AR \Gith €88 freed ¥ biffer eRamBBPucHeRe4@ With at 10A in Fig.
3, to control the pul ses provided to a sem conductor tool shown at 100.

predetermined constant pressure P; sp, the starting delivery chamber

pressure P, could vary, so that the amount this error would vary since the final

chamber pressure value of P; would vary from cycle to cycle. The higher the

starting pressure, the larger the affect of the error. By using the buffer volume

of chamber 40, the upstream pressure provided by chamber 40 to the delivery

chamber 12 is such that the variation of the charging pressure in chamber 12

is minimized with a much controlled constant upstream pressure. This

assures that the error IC,+(Ps - P4) would be constrained to within a smaller

range of errors. By constraining the error to be within a smaller range of

errors, it is possible to provide better compensation for the errors in a

repeatable manner so that delivery of the precise amount of gas in more

accurate. By providing an upstream volume within a relatively constant

pressure as a function of gas type and pulse gas delivery setpoint, the system

is enabled to tightly control the charged pressure in chamber 12. Therefore,

the variation on charged pressure is minimized which also minimized the

repeatability error for pulse gas delivery caused by the valve time uncertainty.
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[ 0034] Anot her application is to use two or nore pul se delivery systens (two
bei ng shown at 10B and 100 in Fig. 4) of an atom c |ayer deposition system
110 such vi© 20te4868pe described in US Patent No. 7615120pCudmsdotitfosishen cal
vapor deposition (CVD) processes. For exanple, in such as system each

Tt t o TBHa3Re oope et o BT 1B pulsH o ey Siteul 15 558 B BiRRS Al 1 4.

gas is provigigdefy §stért Qﬁéwﬁ)géhémni/%@mvx ihdg! 9, tbhdnkroxinagourged fol d 112.
The latter has two inlets for the |ntroduct|on of gases from systens 10B

and 100. A dquevided tg@ssernlcondu@antﬁ@asa@wntahéOf)l ow split at the mxing
mani fol d. The carrier gas is typically an inert gas, such as nitrogen. In

the exarpl e aba) CARELRE hofioAh AsRAISUIGBIo G HBY: LEARDL sustem 100

and chem str pr pr ovi by sy ier” and

precursor ggses belng shovedatnoB phavio:h Fig. a)pfansq&)rﬁmrlaymgdezwsauohm for
form ng plasma of the m xed gases. [0035]The plasna is_provided to a gas

di stri but or SYsEEMHIOFUENAS thElYRR d?ﬁ%” ingy/p IPaﬁe*ﬂtrMOAZ_ 51@&%96@ no. A
f 118 h
wal er 'chq-)'e gglﬁcag)oﬁigliﬁg%@f)g 6 ées%%g Ié‘%@%@ﬁ %ten Neat er

122. A thrott are use toc nt’rol cuumin
t he react or edob, syastemevdcarad eOBhe ugad&sconiml tae@umerswfdndcmrsongam systens

199, 21,190 St e 1 SRS YRR SRS 105 S eb e o
sem conduct g pralied ABth B sYaforh ADBAGATIC keSS nefifolde1 zrasménf a gas

I n pul ses of reI atively short "duration in a reliabl e and repeatabl e
f ashi on. Furlatierhas tyeo MSmtéﬁpmm@cilomf@%eﬁﬁnqm sysfenisetCRB aod,106hi | e

b “val ucs, b EHE ndt HEGHERBEaNVRE oS b g AR ER ToE. Tl bl e
and repeat aldegrigéregad fsypicaby an V@r?@ég/%@rﬂ%géﬁmiﬁé)é@ﬁﬁie given
chemistry A is a precursor provided from by system 10C and chemistry B is a
precursor provided by system 10B. The carrier and precursor gases are
mixed and provided to a plasma forming zone 114 for forming plasma of the

mixed gases.

[0035] The plasma is provided to a gas distributor 116 which distributes
the gas within the ALD reactor 110. A wafer 118 is disposed on a wafer
support 120, both being heated by a heater 122. A throttle valve 124 and
pump 126 are used to control the vacuum in the reactor 110, and evacuate
the gases that are provided from the systems 10B and 10C during the

process.

[0036] As described, the gas delivery system 10 reliably measures the
amount of material (mass) flowing into the semiconductor tool, and provides
for accurate delivery of the mass of a gas in pulses of relatively short duration
in a reliable and repeatable fashion. Further, the system employs a more
simplified operation, while providing delivery of the desired number of moles
of gas over a wide range of values, without the need to divert gas to achieve
the accurate, reliable and repeatable results.
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[ 0037] The conponents, steps, features, objects, benefits and advant ages
whi ch have been discussed are nerely illustrative. None of them nor the
di scussi onN® 202/a658g to them are intended to limt thePE€TaPSR010/05310t ection
in any way. Nunerous other enbodi ments are al so contenpl ated. These include

enbodi nent s j have fewer dditi onal, and/or  differ 0 ents,
o Mo UBEs  DTHE comiieals. cisns doatiin hiiees. Peng i e SOPAREGeS
enbodi ment s \RicMihaGl @ GBS n@é]@(ﬂﬂuﬁéil% Noﬁe%frtﬁé}ﬁeﬁoﬁﬂ%/ or
ordered differently. [0038] Unl ess otherwi se stated, all neasurenents,

val ues, r at idig@ussigmsi reiaiing, toriaefmi aralintendsdtedimiathe srdner ofspretsdtiondn i ons

o A el i N PR BBk e ST PR
range whi ch drib6@infings ahichmadve fe%rfawmtuorwSamroWdlf@ﬁerﬁtfm'n @etite, and with
what is customary in the art to whi ch t hey pertain. [0039]AII articles,

patents, pat$eRs, é@@‘luf%%tqbdﬁﬁs kanefisy ard aﬁMW@GQ@iUﬂ\%SWﬁ@WQ{W% been cited
inthis di S%ﬁ?bﬁlﬁ&&&l%ﬁ%ﬁ%hé %Pr{a%(nreﬂ Seg’]% gfe e?@ a‘?tfa dI/(%.O04O] The

phrase "means armis |n o] an sho
i nt erpret ed drdemtbdifferertlige correspondi ng str uct ur es and materials which
have been descri bed and thei r equivalents. Simlarly, the phrase "step for"

when used |& ﬁ gig ended ag @ld shoul d be |ntel\ reted to enbrace
the correspdff? ﬁ”’H%@é B Al REEPHIRI L YRV A HeS rald5 val ents. The
absence of td’b%‘?tﬁ)riéhl”r?éb‘?ﬁudés & £S P IMATBRASY éd@ﬂdaﬁ‘u@n@vﬁhéﬂ hfe S&tfottAtENded to
and should not be intérpreted to be [imted to any of the corresponding

structures, thistspeciicationyinatidingon the ctaiemisrwhygifalwve @re appopdbpistiet ng whi ch

nae Deen st o SRR 1S5RS Blc 00 Uy, L UAERIEH Gl

adV?Et agfa Qhe fGHGtIGRE @O IwHiIEh tHRS riele ighd WigDahet %%s%m}éﬁﬁlhhﬁé arftol s recited
in the clains.
which they pertain.

[0039] All articles, patents, patent applications, and other publications
which have been cited in this disclosure are hereby incorporated herein by

reference.

[0040] The phrase “means for” when used in a claim is intended to and
should be interpreted to embrace the corresponding structures and materials
which have been described and their equivalents. Similarly, the phrase “step
for” when used in a claim is intended to and should be interpreted to embrace
the corresponding acts which have been described and their equivalents. The
absence of these phrases in a claim mean that the claim is not intended to
and should not be interpreted to be limited to any of the corresponding

structures, materials, or acts or to their equivalents.

[0041] Nothing which has been stated or illustrated is intended or should
be interpreted to cause a dedication of any component, step, feature, object,
benefit, advantage, or equivalent to the public, regardless of whether it is
recited in the claims.
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WO 2012/ 044658PCT/ US2011/ 053614 [ 0042] The scope of protection is |[imted
solely by the clains which now foll ow That scope is intended and shoul d be
i nt er pretwo 202/d3¢658s broad as is consistent with the or ®CRASOIOAIsIHg Of

t he | anguage which is used in the clains when interpreted in light of this

speci ficati t prosecutiqn histqry. which follows and 1o, enconpass
2T st r vt udpB2ha' #OREEPBRE! PEERIED Erdted R WA whEnTEL | &

1. A systembgw drhatRbbBAs RHESESH Bhd 8hEERI BEfhtdMpste@fto 8BS roadRIsIsess
chanber or tool, conprising: a gas delivery chanber; . a first
val ve arr angasistenisvithotheoprdingry meaning af thie lgaguage whidveisgiweddetheer y

caving t he SAsne s EREAInSBLLS: Bl SRE e B REEeRyls el var y

chanber in pusteLsWhRACHIIGNS andeb eptehpaBs 3illasrudturangid fumcabnalhe initi al
pressure of the qas in the gas delivery chanber and the duration of the

respective pRfualentgd a pressure control arrangenent
configured and arranged so as to control the flow of gas into the gas
delivery chanber so as to precharge the gas in the gas delivery chanber to
an initial pressure set point prior to delivering the pul ses of gas such
that the variance of the starting pressure of the gas in the gas delivery
chanber is controlled prior to delivering the pul ses of gas, and the
repeatability of the mass delivery is inproved as a function of the
duration of each of the pulses.
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CLAIMS:

1. A system for delivering pulses of a desired mass of gas to a process chamber or tool,
comprising:

a gas delivery chamber;

a first valve arranged so as to control the flow of gas into the gas delivery chamber;

a second valve arranged so as control the flow of gas leaving the gas delivery chamber so
that the gas can leave the gas delivery chamber in pulses, each of a selected mass as a function of
the initial pressure of the gas in the gas delivery chamber; and

a pressure control arrangement configured and arranged so as to control the pressure of the
gas flowing into the gas delivery chamber so as to precharge the gas in the gas delivery chamber to a
substantially-constant initial starting pressure set point prior to delivering each of the pulses of gas,
such that variance in the starting pressure of the gas in the gas delivery chamber is controlled prior to
delivering each of the pulses of gas, thus improving the repeatability of the mass delivery as a
function of the duration of each of the pulses,

wherein the pressure control arrangement includes an antechamber constructed and
arranged so as to receive the gas and selectively coupled to provide the substantially-constant
pressure gas supply through the first valve into the gas delivery chamber so as to control the variance
of the initial pressure of the gas in the gas delivery chamber before delivery of each of the pulses of

gas.

2. A system according to claim 1, further including a pressure transducer arranged so as to
provide a pressure signal as a function of the pressure within the gas delivery chamber, wherein the
pressure control arrangement includes a controller for controlling the flow of gas into the gas delivery

system as a function of the pressure signal.

3 A system according to claim 1, further including a temperature sensor arranged so as to
provide a temperature signal as a function of the gas temperature within the gas delivery chamber,
wherein the pressure control arrangement includes a controller for controlling the flow of gas into the

gas delivery system as a function of the temperature signal.

4, A system according to claim 1, wherein the pressure control arrangement includes a first
controller configured and arranged so as to control the flow of gas into and out of the gas delivery
chamber as a function of the pressure within the gas delivery chamber.

5. A system according to claim 1, wherein the pressure control arrangement is further configured
and arranged so as to control the first valve so as to control the flow of gas from the antechamber into
the gas delivery chamber so as to control the variance of the initial pressure of the gas in the gas

delivery chamber before delivery of pulses of gas.
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6. A system according to claim 1, further including a first pressure transducer arranged so as to
provide a first pressure signal as a function of the pressure within the gas delivery chamber, and a
second pressure transducer arranged so as to provide a second pressure signal as a function of the
pressure within the antechamber, wherein the pressure control arrangement includes a controller for
controlling the flow of gas into the gas delivery system as a function of the first and second pressure

signals.

7. A system according to claim 6, further including a third valve arranged so as to control the
flow into the antechamber, and wherein the pressure control arrangement is configure and arranged
so as to control the third valve so as to control the flow of gas into the antechamber as a function of
the second pressure signal, control the first valve so as to control the flow of fluid from the
antechamber into the gas delivery chamber as a function of the first and second pressure signals, and

control the flow of gas leaving the gas delivery chamber as a function of the first pressure signal.

8. A system according to claim 7, wherein the controller arrangement includes a first controller
configured and arranged so as to control the first and second valves, and a second controller
configured and arranged so a to control the third valve, and a third controller configured and arranged

s0 as to control the first and second controllers.

9. A system according to claim 1, wherein the antechamber is selectively coupled to the gas

delivery chamber so as to charge the gas delivery chamber with the gas through the first valve.

10. A system according to claim 1, wherein the controller arrangement is configured and arranged

so as to control the third valve so as to maintain the pressure in the antechamber at a select pressure.

11. A system according to claim 10, wherein the initial pressure set point in the gas delivery

chamber is a function of gas type and the selected mass of the pulse of gas to be delivered.

12. A system according to claim 1, wherein the system is for delivering pulses of a desired mass

of gas to a wafer in a process chamber or tool.

13. A system according to claim 1, wherein the system is for delivering pulses of a desired mass

of gas to a substrate in a process chamber or tool.

14. A system according to claim 1, wherein the system is for delivering pulses of a desired mass

of gas to a semiconductor tool.

15. A system according to claim 1, wherein the system is for delivering pulses of a desired mass

of gas to a semiconductor processing chamber.

-17 -



16. A system according to claim 1, wherein the system is for delivering pulses of a desired mass

of gas to a plasma etching machine.

17. A system according to claim 1, wherein the pressure control arrangement causes the first

valve to close when the initial starting pressure set point is reached.
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