IN-SITU REMOVAL OF SEMICONDUCTOR PROCESS RESIDUES FROM DRY PUMP SURFACES
Cross Reference to Related Applications [0001]This application claims the benefit of U.S. Provisional
Patent Application Serial No. 60/926,164 entitled "In-Situ Removal of Semiconductor Process
Residues from DWOP&#BStfaces” filed on April 25, 2007, the contents of WRAKRSAHSAEYhy
incorporated by reference in its entirety. Field of the Invention [0002]The present invention relates
generally to the field of vacuum deposition processing using process gases, and more particularly, to
removing a buil&%%?@eﬁggﬁgw %E’%}%@Q 9@%‘%‘?@9%&%@@& FodetiM pumps used
in a vacuum processing system. Brief D pﬁH f%ﬁg{ﬁw?ﬁgs [0003]FIG. 1 is a graphical
representation of a vacuum semiconductor manufacturing process. [0004]FIG. 2 is a schematic
representation of a system according to one

Cross Reference to Related Applications

[0001] This application claims the benefit of U.S. Provisional Patent Application
Serial No. 60/926,164 entitled “In-Situ Removal of Semiconductor Process Residues
from Dry Pump Surfaces” filed on April 25, 2007, the contents of which are hereby

incorporated by reference in its entirety.

Field of the Invention

[0002] The present invention relates generally to the field of vacuum deposition
processing using process gases, and more particularly, to removing a buildup of deposits -
from the process gases on inner surfaces of dry vacuum pumps used in a vacuum

processing system.

Brief Description of the Drawings

[06003] FIG. 1 is a graphical representation of a vacuum semiconductor
manufacturing process.
[0004] FIG. 2 is a schematic representation of a system according to one

embodiment of the invention.
[0005] FIG. 3 is a schematic representation of a system according to another

embodiment of the invention.




embodiment of the invention. [0005]FIG. 3 is a schematic representation of a system according to
another embodiment of the invention. WO 2008/133895PCT/US2008/005217 [00061FIG. 4 is a front
elevation view of an apparatus used in practicing one embodiment of the invention. [0007]FIG. 5 is
schematic diagramo eéw/ceeling according to one embodiment of the inven#OR USROG 6 is a flow
chart depicting a method according to one embodiment of the invention. 100091FIG. 7 is an electron
micrograph showing deposits on a dry pump working

{0006} FIG. 4 is a front elevation view of an apparatus used in practicing one

embodiment of the invention.

[0007] FIG. 5 is schematic diagram of a coupling according to one embodiment

of the invention.

[0008] FIG. 6 is a flow chart depicting a method according to one embodiment of

the invention.

[06009] FIG. 7 is an electron micrograph showing deposits on a dry pump working

surface.

Detailed Description of the Invention

[0010] The present invention addresses the problem of removing process residue
coatings adhering to a dry pump mechanism in a semiconductor manufacturing process.
The method and apparatus of the invention are especially applicable to processes where
TDMA metal precursors or TEMA metal precursors are used in the process chamber,
resulting in adherent coatings with significant organic content being formed in the dry
pump mechanism. The invention, however, is not limited to use with those processes,
and may be used in processes where other metal organic precursors result in similar
adherent coatings with significant organic content. The inventor has developed an
apparatus and process whereby those coatings are removed by injecting a dilute
hydrofluoric acid into the inlet of the dry pump when the semiconductor process chamber
is idle.

[0011) A system 200 according to the invention is shown in FIG. 2. Process

gases 210 are introduced into a process chamber 212 under vacuum. Semiconductor




surface. Detailed Description of the Invention [00101The present invention addresses the problem of
removing process residue coatings adhering to a dry pump mechanism in a semiconductor
manufacturing process. The method and apparatus of the invention are especially applicable to
processes whergybRMésagial precursors or TEMA metal precursors are used st prsmaess
chamber, resulting in adherent coatings with significant organic content being formed in the dry pump
mechanism. The invention, however, is not limited to use with those processes, and may be used in
processes wheatewdiaenimead crganic ppecursorsaesulicinasimial aghergntaoatingsdyith significant
organic content. The inventor has developed an apparatus and process whereby those coatings are
removed by injedirmgsacdilesteshyasaflupdesanid vt thie inletcofutiepdryepaspowian dieygemiconductor
process chamber is idle. [DOWA system 200 according to the invention is shown in FIG. 2. Process
gases 210 arddppsoiducetlliRioradproeiss] vaashBEP PP uAdEPYadan it SeihittHB &Y dfanufacturing
processes usgti{?ecursor gases such as metal orggnic precursors and oxidizers to degosit metal

oxides on a sObdrElesrirsiepRTiptoaaLdas B g bR IS JERIRYBYHS PRI S) ditMhEinical vapor
deposition (CVD). For example, hafpjum oxide ALD. films are d ited on wafers using Tetrakis
ety iaminB R (TS SR SUONEE by GG TP VG ARG hatniom (TEMAH)

and ozone Mﬁ{ lorganic AlF rocesses shuch as thos create., by gh%ir nature organig waste products
s 4 t S el , ast
from partially dga%c%rﬁﬁ%nslgé}‘ |gBa%§§et Yat form the metallic pﬁécurég)l@suﬂsgcrig in t Easrogré)sgess. The ALD

deposition progass, isGANSIAAIWE SIERIPIRAESSmHISHRIR NS SR daRigRRgCUrsor is first flowed

through the chamber in an initial gas pulse, depositing a thin metal layer, followed by purging and then

flowing ozoneptiarauah threchambepdsid speanrespyiaacfanmning theppiakexideeGasphase reactions
occur downstream of the chamber, and the secondary reaction products condense in the dry pump.

Those organienatasteganidpeisicpoickiidouilogd depogitheontthebardrkingnitinfgeesubfethe vacuum pump.
[0012]In the case of ALD processes used in the deposition of hafnium oxide, it is believed that those
waste productspesitide ahiamstpHeyss. dedanisd inamixstentaihthepHiiogrexiddupedhshehe hafnium
oxide grains are relatively hard, resulting in a very abrasive composite. 100131An exemplary vacuum
deposition pré¥8EL a6 fsSerii R YendrrBtRa Be iR fIE 4% HaPBRsEERSIABIARSHY oxide films are

deposited on a substrate in s)? ALD proces ebs){3 introducing the process gﬁses 11tgégetrakls

dimethylamind RETTATY P DRTALS AN BU0 M SO oS EHER R SRS te BrBREES chamber 120,

the ALD procggs Brofuces, & Sel-Uniiing, RAUGRIRL sfacs GossmRts thal.daros i fogformal
of the vacuum pump.
[0012] In the case of ALD processes used in the deposition of hafnium oxide, it is
believed that those waste products include an amorphous organic matrix containing
hafnium oxide grains. The hafnium oxide grains are relatively hard, resulting in a very
abrasive composite.
[0013] An exemplary vacuum deposition process 100 is shown schematically in
FIG. 1. In that process, hafnium oxide films are deposited on a substrate in an ALD
process by introducing the process gases 110, Tetrakis dimethylamino hafnium
(TDMAH) and ozone, into the process chamber. In the process chamber 120, the ALD

process produces a self-limiting, sequential surface chemistry that deposits conformal




thin-films of materials onto substrates that may have varying compositions. Because the hafnium metal
is provided as a metalorgan c precursor, exhaust gases 130 from the process contain various organic
and metallic byproducts in vapor and solid form. Those byproducts may be deposited on functional
surfaces of the dwgmeospassthey pass through that mechanism. [00141The piwtsmisragsaph shown in
FIG. 7 depicts an enlarged portion of a deposit on a functional surface of a dry pump. The figure
clearly shows that the deposit has a nodular nature, with the largest nodules exceeding 5 microns in
diameter. Thetinodifas afmpierofsivatdeposinisadye sisthareiver tiegoomtysdivss oBewestbelei either in
the gas phase or on the pump surface or both. Additional testing has also suggested that the deposits
are largely ordafisiin matirs. PrOGISh Po\weRpfEr e BB EAS trgese o oeiaccumulate on
surfaces of the dry pump. Gas phase nucleation results from reactions among gas phase components
of the exhausPHSEsTEQURIAY HH AL BIRHSABIRSAOG PRI HSTH e v I8P ARFAL F%Hﬁcfrﬁ?éﬁ accumulate
on surfaces with which it comes in contact,. As used herein, the term "deposit" shall mean solids
accumulating BREHPREBRY PRI RHELSP 63%‘8’6}%‘ o rg?ﬁ?i)%@l chph?gg}?a??i Y ﬁ?&fﬁfﬁ&gﬁlm
deposition, ga}ﬁﬁhn%sc%amljs%eation or other phenomena. 10016]However they are formed, the deposits
adversely affec fie peﬁormance of the dry vacuum pump and other devices in the vacuum processing

system exhaglopggh. For exRpRle. HRAISISIANIG B BRSNS LI ARUHTYRUMPS change

the effective shape of the pumping elements, degrading the efficiency and effectiveness of the pump.

The deposits ggghalsoh GafdserRiRMatie weal 3nudaiute MR2A08413339RETHAISRAR8/0052 | 7

10017]Returning to FIG. 2, a vacuum exhaust path of the system includes a foreline 215 connecting
the process chaymbriddh? withea ity stedatgesiompc? 3RcEEAYE Faricuinsphidipa geedtiyereduce or
eliminate oil contamination and the need for fluids, traps and filters, all of which are characteristics of
oil-sealed rotaryduicunatnrpofiths dResitnt ggesrotenibntsinsicimpres sionatdascipipibdifey initial cost,
and noise have made dry pumps more attractive in many applications. Dry pumps now offer a lower
cost of owneré}l*ﬁrgﬁééﬁiﬁééftﬁéFéei§‘l6WéPfrﬁﬁi’rﬂéh%ﬁceA:%%t@§é’d‘i§ﬂi@é kasplsssusEasdithats or oil to

change, and no oil residue to clean up. .
the deposits are largely organic in nature.

[0015] Powders formed by gas phase nucleation may accumulate on surfaces of
the dry pump. Gas phase nucleation results from reactions among gas phase components
of the exhaust gas, resulting in a solid reaction product in powder form. That product
may accurnulate on surfaces with which it comes in contact. As used herein, the term
“deposit” shall mean solids accumulating on surfaces in the exhaust path due to any
physical mechanism, including film deposition, gas phase nucleation or other
phenomena.

[0016] However they are formed, the deposits adversely affect the performance of
the dry vacuum pump and other devices in the vacuum processing system exhaust path.
For example, deposits on the pumping elements of dry vacuum pumps change the
effective shape of the pumping elements, degrading the efficiency and effectiveness of

the pump. The deposits can also cause premature wear and failure.




100181In addition to vacuum deposition processes, dry pumps are also well suited for loadlock
chambers, transfer chambers, metrology tools (e.g., wafer inspection tools, mass spectrometers,
electron microscopes), and as forepumps for high-vacuum process chambers, Dry vacuum pumps

typically operate wghdmigtasgssures of 102 Ton to 100 Ton- and exhaust te@iospisic;or nearly
atmospheric pressure. [00191Reliable dry vacuum pumps with low cost of ownership and maintenance
requirements are frequently used in chemical vapor deposition (CVD) and atomic layer deposition

(ALD) procesggi7vhere couiaminatiopimust Rahield donaumtipimemnE oyexamplgsdry vacuum pumps
are used in the deposition of hafnium oxide ALD films using Tetrakis dimethylamino hafnium (TDMAH)

and ozone, amglargv3edinihe sepesitinrethaivumioxide AuR filmswsinamg esaki®eathylmethylamino
hafnium (TEMAH) and ozone. 100201Several dry vacuum pump configurations are available for

producing andsnainiainipg & digh reacein eiRootsevacormmpinajps and thookearior ¢lavsyacuum pumps
include two precisely machined rotors that rotate with equal speed in opposite directions, trapping gas
in an exhausttpostiond 6Gitthe dasinghasidefordimgdtetistes ekbidngstl pbrotRp otsam ivook.and claw vacuum
pumps are used as primary vacuum pumps and as backing pumps. Other classes of dry vacuum
pumps includ B eserslimpenayssantsiniepryuesira 19EReAIYIRRNIE. #0AISY HHFORIH IHe UM by an
orbiting rotor, and screw pumps, wherein one or. more helical rotors are rotated to advance gas
through the pARiB IO TIR/Aitke Bl e SaIB P ARRHS AP o LS BHP RS ARMRIE LS With SiFL 8l is not
available to seal the chamber of a dry vacuum pump. Instead, dry pump designs, rely on.maintaining
relatively smafl C18SPMREEHSHNESS %Wﬁbn%lgr%lf)%ﬁ%ﬁ}%,uﬁa(f%%aaggtéﬁé%’scr%f ( tri}l%%rrﬂb{z makes

them more SUSCE aﬂbée Jgdtpgoqlely%gﬁ‘wg:éc)[}a?ll‘ﬁ%gggrent process waste products, which can cause rapid

wear and even prentature catastro 0221A dry pump inlet may communicate directly with

the process chgjjgier or may LaMAURICAE WM R A RIREESS Char ey ghdphirugh afaraling 215 as
shown in FIG. 2. The foreline may, for example, be a pipe from 1.5 inches to 6 inches in diameter, and
for loadlock chambers, transfer chambers, metrology tools (e.g., wafer inspection tools,
mass spectrometers, electron microscopes), and as forepumps for high-vacuum process
chambers. Dry vacuum pumps typically operate with inlet pressures of 102 Torr to 100
Torr and exhaust to atmosphéric or nearly atmospheric pressure.
[0019] Reliable dry vacuum pumps with low cost of ownership and maintenance
requirements are frequently used in chemical vapor deposition (CVD) and atomic layer
deposition (ALD) processes, where contamination must be held to 2 minimum. For
example, dry vacuum pumps are used in the deposition of hafnium oxide ALD films
using Tetrakis dimethylamino hafnium (TDMAH) and ozone, and are used in the
deposition of hafnium oxide ALD films using Tetrakis ethylmethylamino hafnium
(TEMAH) and ozone.
[00620] Several dry vacuum pump configurations are available for producing and

maintaining a high vacuum. Roots vacuum pumps and hook and claw vacuum pumps

include two precisely machined rotors that rotate with equal speed in opposite directions,




up to about 60 feet long. A vacuum processing.system exhaust path normally includes an abatement
system for reclaiming, removing or neutralizing various components of the exhaust. [0023]In the
furnace applications used in ALD processing, the foreline is about 6 inches in diameter, and may be
from 5 to 60 feetvamenodiifzeetine shutoff valve 229 is capable of sealing the ReTwamOpPOEB3S chamber
212 from the foreline 215 during the pump cleaning process described below. [0024]A source 213 of
hydrofluoric acid provides liquid acid through a hydrofluoric acid supply line 220 to the foreline 215. A

valve 214 or lighigh flow contiligneaptielsitbeHeovah Hyssabiarici aeidiric ihet faneliR@otVO
2008/133895PCT/US2008/005217 100251In the preferred embodiment shown, the supply line 220
terminates in an0zzleadd 6lokientadnnpamiect onepasghéhaigh slomninptivgpfonedine @EBnEhe nozzle
includes an orifice having a diameter in the range of about 100 microns to 1000 microns. In a currently
preferred embodipse@iitrelaowzlef drificacis225misrionkida siwheterpS e whide 296 liyaid flow controller
214 may be external from the nozzle 216, as shown in FIG. 2, or the valve and nozzle may be integral.
100261Dilute iiejisr] pathirefidvaiceicibreral fanrpme Pyt BB 1016 AAPITGRY B8Rty on the hot
surfaces of the dry vacuum pump 230 and vaporizes. The vaporized hydrofluoric acid dissolves or

otherwise inteVAET&IBbPPE AR WhtAHRINCEESHRP USRS #R AR DSPYEYY of the dry vacuum

pump to remove those deposits. The removed deposits are gxhausted through gbatement equipment
250 to atmosph&E (00271 %‘ieiﬂ%sﬁi‘&ﬂﬁé%nfgdﬂ] R S B RS ) r%%hqgrllscnggi"d is particularly

effective In remyia. ie.aeduandepasiis VAL BEALY RUTIR AHUBEANLBPraGRSS. It S
f the deposit, s

believed that the ¢onsidérable surtace area sit, shown In the electron micrograph of FIG. 7,
makes it SuScﬁ%mk’nmgct%ﬂ%%@%@méearances between moving components. That characteristic

of dry pumps makes them more susceptible to the deposition of adherent process waste
products, which can cause rapid wear and even premature catastrophic failure.

{0022} A dry pump inlet may communicate directly with the process chamber or
may communicate with a process chamber 212 through a foreline 215 as shown in FIG.
2. The foreline may, for example, be a pipe from 1.5 inches to 6 inches in diameter, and
up to about 60 feet long. A vacuum processing system exhaust path normally includes an
abatement system for reclaiming, removing or neutralizing various components of the
exhaust.

[0023] In the furnace applications used in ALD processing, the foreline is about 6
inches in diameter, and may be from 5 to 60 feet long. A foreline shutoff valve 229 is
capable of sealing the vacuum process chamber 212 from the foreline 215 during the
pump cleaning process described below.

[0024] A source 213 of hydrofluoric acid provides liquid acid through a
hydrofluoric acid supply line 220 to the foreline 215. A valve 214 or liquid flow

controller controls the flow of hydrofluoric acid into the foreline.




[00281The aqueous hydrofluoric acid used in the present invention is considerably lower in cost than
other sources of ionic fluorine. Further, the cost of the equipment used in the present invention to
deliver the hydrofluoric acid to the dry pump is considerably less than the cost of equipment used in
delivering alterative figgiu3goion sources, such as equipment used in creatingazssasi00291To
direct the nozzle 216 in a direction parallel with the foreline 215, and thereby entrain the liquid on hot
surfaces of the dry pump, the line 220 may have a 90 bend 222 as shown in FIG. 2. A removable
flange or spog(igice 221 btaldlinestire limbo22withorespbettpithd foréliheaiBaantprovides a
vacuum seal such as an 0-ring seal. In a preferred embodiment, the flange is removable from a port in
the foreline. Tivezixott Gandnécdeated fotiopersaith withboi theliyidrefino it adidestggpl§ line and nozzle.
100301The use of the pump inlet for introducing the aqueous hydrofluoric acid eliminates the need for
a specially congirdeted pifiep HaVASE PBRSTH tREBIRRECIIEARMG 187 BAFRRERIHY B9 RIfFAOFhe inventor
has discovered that the internal components of the pump are thgoroughly cleaned by injecting
hydrofluoric alSd fHEEPAIY RSPERTFE ﬁb‘ﬁﬂ@&?ﬁ“&ftﬁ‘?@ﬁﬂﬁﬁ LGRS e Pl r?lfsnfﬁtee purip inlet.
[00311To prevent ice crystals from for I{Ig Iin tI‘Le ra é%}g%dpg diggzgfgez%n OfJf]%l\JJQ hydrofluoric acid

from the noz2/8"51% IS FSATTR Sitrdgdn Eodree 4y be Infacted in the foreline 215 upstream

or downstreaﬂgf}hg r’hoﬁz%;1 vé%?a? Oi%%%?ﬁbgrﬁ% Je. For example, in a foreline having a process

: t . - : :
operating pressuré 6t approximately arr, nitrogen may be injected, increasing the pressure to

between 0.1 gfeh 80 Ton, aidRreigrabatorRbArLAR Lt lniessianeiihebydefiurigeacid may

additionally raise the pressure to, for example, about 44 Tort. [0032]The dry vacuum pump may have

an overload pggtealjen sysiemiiifat decraases puimspea opandsensingarincregseddoad or
increased pressure. The overload protection system may sense the increased pressure resulting from

the injection dfyditsigencand Hydodfksoriotherd;sndierrys substemtially decrsasd teepump speed, further
increasing pressure in the pump and foreline to 100 Ton, and possibly up to 400 Torr. In that case, the
cleaning takedqpiate en BiéonnpLawiaspeeicheriveceascRrpiR isteraove those deposits. The

removed deposits are exhausted through abatement equipment 250 to atmosphere.
[0027] The inventor has found that dilute aqueous hydrochloric acid is
particularly effective in removing the nodular deposits formed in the dry pump during an
ALD process. It is believed that the considerable surface area of the deposit, shown in
the electron micrograph of FIG. 7, makes it susceptible to certain etchants.

[0028] The aqueous hydrofluoric acid used in the present invention is
considerably lower in cost than other sources of ionic fluorine. Further, the cost of the
equipment used in the present invention to deliver the hydrofluoric acid to the dry pump
is considerably less than the cost of equipment used in delivering alterative fluorine ion
sources, such as equipment used in creating a plasma.

[6029] To direct the nozzle 216 in a direction parallel with the foreline 215, and
thereby entrain the liquid on hot surfaces of the dry pump, the line 220 may have a 90°

bend 222 as shown in FIG. 2. A removable flange or spool piece 221 stabilizes the line




WO 2008/133895PCT/US2008/005217 [00331In an alternative embodiment, the mass flow rate of
vaporized hydrofluoric acid is adjusted so that the inlet pressure to the dry vacuum pump is in the
range from 0.1 Torr to 50 Torr during operation. 10034]In another embodiment of the invention, ice
formation in the aicketsgasseis minimized by vaporizing the liquid before it epgarstivesoiale. FIG. 3
shows a system according to that embodiment, with corresponding elements from FIG. 2 having
element numbers incremented by 100. A vaporizer 323 is placed in the supply line 320 to vaporize the
hydrofluoric axid frafnrtepesuipphe 3d3lhefdrs, dreniers dbeadforeline 8bbsichehydibfingrieascid is
preferably vaporized using a heating element (not shown) in the vaporizer 323. The vaporized
hydrofluoric alcid mefgivelintrbeliivedtinte fhedoretmaantdadiva nogzle sresiprplacorifier@ibt shown) or
other means. [0035]Alternatively, the liquid hydrofluoric acid may be atomized by the nozzle itself
when it is intrédiubeciied fhicolsraling WObBE Rehytind caie 201, SRBWATR I1E1%2hay be used to
manually or automatically implement the methods of the invention. The cart is %ref,erab.l a

smarlcartTM Wi IPurity CHHCAThaRsmp s{riEmineduang thsririhbd: ¢ Management

Division of Chanhassen, MN. The cart 4(?0, incltédets conteHns:.r 43(()) ofi h¥droflxuor;‘% acid. The acid may
be at the conEBRWMHIBHIES Besdi U F RPERETB LI ToHiRITR ABGUE 816 10 SAU I JaT e '

plternatively, JheBEL I NERNIRIARE 43D AN ARG LR HAhRL eARSRAIATN AN AR YA Bl commercialy.
In that case, water Is AdGed to the hydroﬁuorlc acid to llute the acid to the proper concentration for
use in the preﬁgﬂ{) are thoroughly cleaned by injecting hydrofluoric acid into the foreline upstream of

the pump or injected directly into the pump inlet.

[0031] To prevent ice crystals from forming in the rapidly expanding stream of

liquid hydrofluoric acid from the nozzle 216, nitrogen from a nitrogen source 219 may be

injected in the foreline 215 upstream or downstream of the nozzle 216 to increase

pressure. For example, in a foreline having a process operating pressure of

approximately 0.005 Torr, nitrogen may be injected, increasing the pressure to between

0.1 and 50 Torr, and preferably to about 40 Torr. Injection of the hydrofluoric acid may

additionally raise the pressure to, for example, about 44 Torr.

[060632] The dry vacuum pump may have an overload protection system that

decreases pump speed upon sensing an increased load or increased pressure. The

overload protection system may sense the increased pressure resulting from the injection

of nitrogen and hydrofluoric acid, and may substantially decrease the pump speed, further

increasing pressure in the pump and foreline to 100 Torr, and possibly up to 400 Torr. In

that case, the cleaning takes place at a low pump speed and increased pressure.




from ATMI Packaging, Inc. of Minneapolis, MN. WO 20081133895PCT/US2008/005217 100371The
cart 400 also includes a valve box 420 for controlling the flow of hydrofluoric acid. Connected to the
valve box is a coupling 500, shown in detail in FIG. 5. A valve 510 in the valve box is connected to a
double containmgiptitisngsze20, double containment tubing 525, a sealing flaoga§6sinahiding an
0-ring (not shown) for connecting to and sealing with the foreline, and a nozzle 540. A 90 bend (not
shown) in the tubing at point 535 may direct the nozzle 540 in a direction perpendicular to the flange to

orient the nozglgsgp shownyinFiGeratpar alsbuitiethedorsinaidV0a8 bT hepeardde containment tubing
525 may be flexible and may be stored on a spool 430 when not in use. The cart 400 may be moved

from tool to tagldibrnughoitidimanisfectoring facilitytorpsarfionm thelmethothop thepimiention on a
plurality of dry pumps. 100391A controller 225 (FIG, 2) may be incorporated in the present invention to
properly sequengefenerits fothepbtessiufing comttoder 225 communicates with the process chamber
212 or with a separate process chamber controller (not shown). The controller may also communicate
with the valvel®¥land withnteotierorgelpdupsstyod 1o muentomties By RotoRds Becsssteram
computer-readable media containing instructions that, when executed IPerform a series of steps as

shown in the fﬁ&tﬁé@iégbbdf‘ﬁ@%?? His _ESH&‘?&F@?Y%EE‘P{S}%@THQH& 5 God SRS BBr is idle or
e e SIS e (R S0 bl maiag Uy pump g,
e AT s s g e 020 o
US2008/ 0052\Jaz)orize the hydrofluoric acid from the supply 313 before it enters the foreline 315. The

hydrofluoric acid is preferably vaporized using a heating element (not shown) in the

vaporizer 323. The vaporized hydrofluoric acid may be introduced into the foreline

through a nozzle or simple orifice (not shown) or other means.

{6035} Alternatively, the liquid hydrofluoric acid may be atomized by the nozzle

itself when it is introduced into the foreline.

[06036] A mobile cart 400, shown in FIG. 4, may be used to manually or

automatically implement the methods of the invention. The cart is preferably a

Smartcart™ High Purity Chemical Transfer System available from Edwards Chemical

Management Division of Chanhassen, MN. The cart 400 includes a container 430 of

hydrofluoric acid. The acid may be at the concentration to be used in the process, which

is about 0.1% to 20% by volume. Alternatively, the acid in the container 430 may be at a

higher concentration as available commercially. In that case, water is added to the

hydrofluoric acid to dilute the acid to the proper concentration for use in the present

method. The container 430 may be a NowPAK® chemical supply container available

from ATMI Packaging, Inc. of Minneapolis, MN.




(step 630) before it enters the nozzle. The flow of hydrofluoric acid is then introduced (step 640) into
the inlet of the dry pump by opening the valve 214 (FIG. 2). [0040]The hydrofluoric acid source 213,
the valve 214, the supply line 220 and other associated equipment shown in FIG. 2 may be used in a
facility having mwtipleogiteasess chambers, forelines and dry vacuum pumpstaxfespsagrdfiuacric acid
source may be a central, permanently mounted device in the facility, having supply lines running to
each of a number of forelines. That configuration permits the relatively low-cost supply of hydrofluoric
acid to a plurgliég if tools UBingaa diipesouicdesfacids Acsettbabcomtrallengiilfp todhe controller 225
may control the cleaning cycles for each of the dry pumps, operating valves similar to the valve 214 for
each supply lInerdfloodd adithe Foregaing Dbtavddees dsiptiorr ing BecompanygifiedigurBkiare to be
understood as being in every respect illustrative and exemplary, but not restrictive, and - the scope of
the invention dHistbsae W BRI YbabPe TRapasife & R Mo ORasyRS Al bt e fhderdisn, but rather
from the Claims as interpreted according to the full breadth permitted by the patent laws. For example,

while the systHHILHEEEMBEE it ohiebRsnEs rafhBotHE MepbSHans: @t SYEMiEAnd metalorganic

byproducts of ALD and CVD processes from vacuum dry pu the syste ay similarly be used to
remove similar Brf/eﬁt?{)‘%ﬁ%f‘é’%%%t’é‘% \l‘ﬁtotﬁgg]%rre(?’é]&%ré%? ?’é(%z%] %%)Uﬁx‘dgzﬁjgé% @%‘){S Oé"%ih’godiments

shown and dgsetlaehiesinas ol i alive shing pinelples el RigRenL Ry gaton and that

various modifications'm e Implemented by those skilled in the a hout departing from the scope

and spirit of t'ﬂ%ﬂ@éf LRt MWz W@l ClRIEIEd S & M ¥sta QL &R Ving process residues from
a dry vacuum pump having an inlet connected to a processing chamber through a foreline, the

system compyirisg: 5an injedignupezsieRestiones{ostredusingaluishintaihe ndeéoéthe dry

vacuum pump;
a spool 430 when not in use. The cart 400 may be moved from tool to tool throughout a
manufacturing facility to perform the method of the invention on a plurality of dry
pumps.
[0039] A controller 225 (FIG. 2) may be incorporated in the present invention to
properly sequence events in the process. The controller 225 communicates with the
process chamber 212 or with a separate process chamber controller (not shown). The
controller may also communicate with the valve 214 and with the nitrogen supply 219.
The controller 225 has access to computer-readable media containing instructions that,
when executed, perform a series of steps as shown in the method 600 of FIG. 6. The
controller ascertains that the processing chamber is idle or that processing in the chamber
has terminated (step 610) before initiating the dry pump cleaning steps. The foreline
shutoff valve 229 may then be closed (step 615) to prevent the hydrofluoric acid from

contaminating the process chamber. A flow of nitrogen may then be introduced (step

620) into the foreline. In one embodiment, the flow of hydrofluoric acid is vaporized
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a source of aqueous hydrofluoric acid connected to the injection nozzle to supply aqueous hydrofluoric
acid directly to the foreline via the injection nozzle, without passing through an intervening vaporizer
disposed between the source of 10aqueous hydrofluoric acid and the foreline; and a valve
positioned betweggp th&/ssygsee of agueous hydrofluoric acid and the injectiarfiozziesfssiegulating a
tlow of the aqueous hydrofluoric acid through the injection nozzle. 152.The system of claim 1, further
comprising: a controller for controlling at least the valve and the processing chamber, the controller

opening the V?!X}?(ﬁ'@%%%]i@@ﬁt&@%@%%phﬁmﬁ istidlgrofuodc 108 Systamebalain 1, wherein the
injection nozzle is oriented to direct a spray 20 toward the dry vacuum pump. 4. The system of claim

1, wherein thesigjegfignnoadenisrienied toudipast spspraridangedongitadmal axis of the forcible.
255.The system of claim I, wherein the source of aqueous hydrofluoric acid supplies acid that is dilute
in the range qbudpo to 20%h by xatifme:clivai systea? Of, elainulle RirtherecopphyiBird 28 asltral gas
source connected for introducing a neutral gas into the foreline. 30

other associated equipment shown in FIG. 2 may be used in a facility having multiple

process chambers, forelines and dry vacuum pumps. The hydrofluoric acid source may

be a central, permanently mounted device in the facility, having supply lines running to

each of a number of forelines. That configuration permits the relatively low-cost supply

of hydrofluoric acid to a plurality of tools using a single source of acid. A central

controller similar to the controller 225 may control the cleaning cycles for each of the dry

pumps, operating valves similar to the valve 214 for each supply line.

[0041] The foregoing Detailed Description and accompanying figures are to be

understood as being in every respect illustrative and exemplary, but not restrictive, and

the scope of the invention disclosed herein is not to be determined from the Description

of the Invention, but rather from the Claims as interpreted according to the full breadth

permitted by the patent laws. For example, while the system is described in connection

with removing deposits of the organic and metalorganic byproducts of ALD and CVD

processes from vacuum dry pumps, the system may similarly be used to remove similar

by products created in other processes. It is to be understood that the embodiments

shown and described herein are only illustrative of the principles of the present invention

and that various modifications may be implemented by those skilled in the art without

departing from the scope and spirit of the invention.
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7.The system of claim 6, wherein the neutral gas source is a nitrogen source. 12 8.The system of
claim 6, wherein the dry pump further comprises an overload control system, and wherein introduction
of the neutral gas and the aqueous hydrofluoric acid causes the overload control system tgﬂ frﬁeﬁducﬁe a
speed of the dry pump. 59.The system of claim 1, wherein the injection nozzle is positioned"ifn the
foreline at a point upstream of the inlet of the dry vacuum pump. 10. The system of claim 1, wherein
the injection nozzle is positioned at the inlet of the dry vacuum pump. 10 11. The system of claim 1,
wherein the soWiice ofdgjuesius:hydrofluoric acid is connected to a plurality of injection nozzles for
introducing fluid into a plurality of dry vacuum pumps. 1512.The system of claim 1, further comprising:

a port in the foreline; and
1. A system for removing process residues from a dry vacuum pump having an

inlet connected to a processing chamber through a foreline, the system comprising:
5 an injection nozzle positioned for introducing a fluid into the inlet of the dry
vacuum pump;

a source of aqueous hydrofluoric acid connected to the injection nozzle to
supply aqueous hydrofluoric acid directly to the foreline via the injection nozzle,
without passing through an intervening vaporizer disposed between the source of

10 aqueous hydrofluoric acid and the foreline; and

a valve positioned between the source of aqueous hydrofluoric acid and the

injection nozzle for regulating a flow of the aqueous hydrofluoric acid through the

injection nozzle.

15 2. The system of claim 1, further comprising:
a controller for controlling at least the valve and the processing chamber, the

controller opening the valve only when the processing chamber is idle.

3. The system of claim 1, wherein the injection nozzle is oriented to direct a spray

20 toward the dry vacuum pump.

4. The system of claim 1, wherein the injection nozzle is oriented to direct a spray

along a longitudinal axis of the foreline.

25 5. The system of claim 1, wherein the source of aqueous hydrofluoric acid supplies

acid that is dilute in the range of 0.1% to 20% by volume.

6. The system of claim 1, further comprising:
a neutral gas source connected for introducing a neutral gas into the foreline.

30

7. The system of claim 6, wherein the neutral gas source is a nitrogen source.
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a flange supporting the nozzle, the flange being removeably connected to the port. 2013.A method for
removing process residues from surfaces of a dry pump operating to evacuate a vacuum process
chamber in which deposition processes are conducted, the vacuum process chamber be;ng i I’e
between deposition processes, the dry pump being connected to the vacuum process chamber
through a foreline, the method comprising the step of when the vacuum process chamber is idle,
introducing a flow of aqueous hydrofluoric acid into an inlet of the dry pump, whereby process residues
are removed ffom suffacesshited dajmpdmphevbiordie dhepagqueduthbydrofiutike acidéslsupplied directly

to the foreline g a1 {DIRGHORARIE WIROULRARSING MUY a?ggpa%a'ﬁr% Agugpgrizer isposed

between a source of the aqueous hydrofluoric acid and the torelihe, 14 ethod of claim 13, further
comprising théxtepfleprintead aeigsatiton statidregeirolrusthia forsiines 2510ed plctlctyofwtaim 14,
wherein the flow of nitrogen increases a pressure at the inlet of the dry pump to between 0.1 and 50

Torr, and wherein the method further comprises the step of:
The system of claim 1, wherein the injection nozzle is positioned in the foreline

at a point upstream of the inlet of the dry vacuum pump.

10.  The system of claim 1, wherein the injection nozzle is positioned at the inlet of
the dry vacuum pump.

10
11.  The system of claim 1, wherein the source of aqueous hydrofluoric acid is
connected to a plurality of injection nozzles for introducing fluid into a plurality of dry

vacuum pumps.

15 12 The system of claim 1, further comprising:
a port in the foreline; and
a flange supporting the nozzle, the flange being removeably connected to the

port.

20 13. A method for removing process residues from surfaces of a dry pump operating
to evacuate a vacuum process chamber in which deposition processes are conducted, the
vacuum process chamber being idle between deposition processes, the dry pump being
connected to the vacuum process chamber through a foreline, the method comprising
the step of:

25 when the vacuum process chamber is idle, introducing a flow of aqueous
hydrofluoric acid into an inlet of the dry pump, whereby process residues are removed
from surfaces of the dry pump, wherein the aqueous hydrofluoric acid is supplied
directly to the foreline via an injection nozzle, without passing through an intervening
vaporizer disposed between a source of the aqueous hydrofluoric acid and the foreline.

30
14. The method of claim 13, further comprising the step of:
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reducing an operating speed oldie dry pump to further increase the pressure at the inlet of the dry
pump to between 100 and 400 Torr. 16,The method of claim 13, wherein the step of introducing the
flow of aqueous 10hydrofluoric acid into an inlet of the dry pump further comprises: introducing liquid
hydrofluoric acid into the foreline upstream of the pump inlet. 17. The method of clairr};'ﬁ%% vgvgerein
the liquid hydrofluoric acid is introduced into the foreline through the injection nozzle, the injéction
nozzle being directed to entrain 15the liquid hydrofluoric acid on internal components of the dry pump.
18. The method of claifrrdd;inderdmvthensteyzof inteatledingliadlow of aqueous hydrofluoric acid into an
inlet of the dry pump further comprises: controlling a valve to meter the flow of the aqueous
hydrofluoric acid. 20 19. ['he method of claim 13, wherein the step of introducing a flow of aqueous

hydrofluoric adié into’ds inkshed tHeelippdmpltienthethedimprides ingodising agueuusstrpdrofhaoric acid
that is dilute i dne spaSf Qi 10 2AYY el 2pal. Ihe Meihnd Al ligiid 3 aeremn the step of

introducing a flow of aquedus hydrofluoric acid into an inlet of the dry pump further comprises
introduciny the@epiessssydenfidoric acid into the foreline upstream of the inlet of the dry vacuum

pump. 3021.The methad @{£la] %@%tﬂ@%{)@%t@@tﬁé?ﬂ%&%ﬁ%%%ﬁe@iﬂ?%a% HERYSure at
the inlet of the dry pump to between 100 and 400 Torr.

16. The method of claim 13, wherein the step of introducing the flow of aqueous
10 hydrofluoric acid into an inlet of the dry pump further comprises:

introducing liquid hydrofluoric acid into the foreline upstream of the pump inlet.

17. The method of claim 16, wherein the liquid hydrofluoric acid is introduced into
the foreline through the injection nozzle, the injection nozzle being directed to entrain

15 the liquid hydrofluoric acid on internal components of the dry pump.

18. The method of claim 13, wherein the step of introducing a flow of aqueous
hydrofluoric acid into an inlet of the dry pump further comprises:
controlling a valve to meter the flow of the aqueous hydrofluoric acid.
20
19. The method of claim 13, wherein the step of introducing a flow of aqueous
hydrofluoric acid into an inlet of the dry pump further comprises introducing aqueous

hydrofluoric acid that is dilute in the range of 0.1% to 20% by volume.

25 20.  The method of claim 13, wherein the step of introducing a flow of aqueous
hydrofluoric acid into an inlet of the dry pump further comprises introducing the

aqueous hydrofluoric acid into the foreline upstream of the inlet of the dry vacuum

pump.

30 21.  The method of claim 13, wherein the step of introducing a flow of aqueous

hydrofluoric acid into an inlet of the dry pump further comprises introducing the
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hydrofluoric acid into an inlet of the dry pump further comprises introducing the aqueous hydrofluoric
acid at the inlet of the dry vacuum pump. 22. The method of claim 13, wherein the step of introducing
a flow of aqueous hydrofluoric acid into an inlet of the dry pump further comprises introducing the flow
Sinto inlets of a plurality of dry vacuum pumps. 23. The method of claim 13, wherein the depesition
process comprises the deposition of hafnium oxide ALD films using Tetrakis dimethylamino hafnium
(TDMAH) and ozone. 24. The method of claim 13, wherein the deposition process comprises the
deposition of lahsRiH BxdadIneD figidaisheg et edkhs diyytrratiylanino hafnium (TEMAH) and ozone.

22. The method of claim 13, wherein the step of introducing a flow of aqueous
hydrofluoric acid into an inlet of the dry pump further comprises introducing the flow

5 into inlets of a plurality of dry vacuum pumps.

23. The method of claim 13, wherein the deposition process comprises the
deposition of hafnium oxide ALD films using Tetrakis dimethylamino hafnium
(TDMAH) and ozone.

10
24, The method of claim 13, wherein the deposition process comprises the
deposition of hafnium oxide ALD films using Tetrakis ethylmethylamino hafnium

(TEMAH) and ozone.
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