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-1- . {DUAL- WALLED EXHAUST TUBI NG FOR VACUUM PUMP ¥R

Field of the Invention The present invention rel ates
generally to the field of ion inplanters, and nore specifically
to an inproved exhaust tube for use with a vacuum punp in an ion
i mpl anter. 5 Background of the Invention

lon i npl antati on has becone the technol ogy preferred by industry to

dope sem cond ors W ' Lt | t of
ntegrated " BURC-WACLEBEXHADS T 0BG HoR MACTIINA Huh8: - c.
sections or subsystens: (i) a 10 term nal including an ion source

regi on whi ch produces the i on beam of desired current and energy,
(ii) a target chamber which contains the sem conductor wafer to
be inplanted by the ion beam argield 6f thellnkBafibhne assenbly, |ocated

bet ween t he termnal and the target chanber, which conditions the
i on beam out put by t Tibe peasent invention relatesgenerrilydptiae fisld ofdop implantersed

o ant a1 0 e 3B4EHEHEL € an, Ribroves| sinaus ues frrge Wik VRELLR A

consi st ent ghligh wplanterd prevent particle contam nation. H gh vacuum punps
are provided for this purpose. Typically, individual high vacuum punps are
pr d¥i ded for the source region, the beanline assenbly, and the

target chanber. At the regio t et chanber,, .load.locks . ..
are’uséd-to insert ‘wafers i n%a%'ﬁﬂmd%%fﬁ\ﬁ '&g?@‘?é'qzo- fromthe target

chanber to avoi d repjonimplantationhasbécome thaltedhnology préfatreddy iptlustry to
t he target chanber. L . The vacuum systens_which are
used to eveeRasemicRNdusters with/impurities in the |asge srale snamyfactuss, of I%?Qfﬁ‘t%& to

whi ch t hey o] e W g ' ' = ed
fromt hesec?élgiit%nsw %@éﬁ%g?ﬁl S y"ﬁ‘?’i%ﬁa{?? ?/é((av%tée r]tsoo'i ﬁ%bsgr?\t/élrﬁ%n nt 25
out®i de of tarminaldncludivigoan én source segiont whieh poodust thelion hesaf of desirat
contam nation con

. . . he t 1 nal i i
operated aPUEeRf ﬂgf?éﬁé‘pﬂg@‘)@éﬂ%ﬁfiqhm whigh contains tfie @8&\?905@@ e%‘feqsf%ﬁ: It hg

source andyd gdj 'thé for! 184, Grid i in€ ; ted betwedty e al | Y,
this vol tagdesélgﬁ@ﬁﬁ?ﬁewrtgngme of So,ﬁggo')th?e%g%,nooo e Y’slo?%g - e108 kilovolts
30 ~ (ktgrminatrendothedarget chembee, witich iconditions the iontkaam butpst by the son
electrical lsgur%reoaunrajc%geétg the conditioned beam toward the target wafer.

15 The entire ion implantation process takes place within a vacuum to

insure consistent implants and prevent particle contamination. High vacuum pumps
are provided for this purpose. Typically, individual high vacuum pumps are provided
for the source region, the beamline assembly, and the target chamber. At the region
of the target chamber, lcad locks are used to insert wafers into and withdraw wafers

20 from the target chamber to avoid repeated pressurization and depressurization of
the target chamber.

The vacuum systems which are used to evacuate the respective
regions of the fon implanter to which they are connected must exhaust the air which
is removed from these regions. The exhaust is typically vented to the environment

25 outside of the ion implanter enclosure to accommodate both safety and
contamination concerns.

The terminal is necessarily operated at a high voltage to facilitate ion
exiraction from the source and ion acceleration toward the target chamber.
Typically, this voltage is in the range of 80,000 to 100,000 volts (80 - 100 kilovolts

30 (kV)). The outer enclosure of the ion implanter, however, is electrically grounded for



-2- safety reasons. Accordingly, air which has been evacuated

f'romthe source region by the source vacuum punp nust be vented

fromthe high voltage term nal, through t he grounded encl osure,

and out to the external environnent. Typically, an
exhaust tube connects the source vacuum2purrp to vent air

evacuat ed fa’%&t he soutrce reai exh ust tube e(i fromthe.source
vacuum pur’rﬁ (eSS ERS-t ACCHHgHY, BF oM pVARALe @’ SOWCR RPIPR

grounded pythe sov.gcQ %&Jurﬁ BEMPIHOSR HeQIe‘htéﬁ frorh S RighSRase tefiihal iﬂi@u@ﬁ’ rtion

of the exhalst ext ends betweén the hi gh vol tage
t er mi nal hthegroynded enek:sgmmmbmmttbe external enviropmenbsur e nust be

oot rical contact  biVReay. chepl Wef bR soliod, Salit Blive Brvert

grognded owfradvacuated from tR8 bR |%g|on The exhaust tube extends froR¥ e $diffce
extended course of operation of the ion inplanter, the interior

wal I's of tN&ceusapumpy through therhigh voltagsdemainakhusing: and throwah thetgronadedual s

cvacuat ed Ui peBaiF R GEBT B b HREESh TG e MaublhbR wiien "Cr "

these cont eRterist betvasdre theHi volta?e tenmriavdfdmemgaana theagrauneetueltey
conprom se the insulative qua t he non- conductive tube,
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t he term nal an rev sucHr occurrences,
the tube mestidsereither 20 cl eaned or repI aced to restore system
integrity. Because clgani ng th be is consym .and,

i ncreases the risk ofOVekigexen W%thrﬂpg@tmféhew E’% interior
typically Gains@f i source vacuum exhaust tube becomé% tifated wi treé‘.lauél% dfithect of
the invention to provide an | nproved aust tu for use in an

| on i npl ansourcenprasiess sanshothey mtbamaumenabwpmhsbaabeensemuated during -

obiBct of  ENECHRICERt B AHRed teion, prewmUiation of thess.conteminants, SSpdeially "'

assenbly f hydmrbéh@mnw NeveitlialY ebmiphdite! thaHikISRRNATEREG! b tHE rdn-
practicabl e a construction which provides a permanent,

reusabl e o@oeduthgwl@m&ﬂmh could result in lsalsage cursents framthe teaminal 4 ground,

cont am nanft Wb, MGn ey Bofkicel Facharits FasufiRCfron argng i e

el ongat ed mtdhé!@ndeheehaocme I‘Easrent SucH besimsrees, theaubeynustberaliheg t he
tine et ween mmi nt enance (repl acenent) interval s as conpared to

anzq, ncorr ug[gaggd or replaced todgstore, systemoiptegrity. Because cleaning the tube is time
consuming and increases the risk of exposure to the contaminants, the tube is

typically replaced.

Accordingly, it is an object of the invention to provide an improved

exhaust tube for use in an ion implanter, which is easily maintained to preserve its
25 electrically insulative qualities. '

It is a further object of the present invention to provide an exhaust tube
assembly for use in an ion implanter which is made economicaily more practicable
by a construction which provides a permanent, reusable outer tube and an
inexpensive replaceable and disposable inner tube. The inner tube provides means

30 to contain contaminants and is of a corrugated configuration so as to provide an
elongated path for electrical leakage, or flashover, thereby extending the time
between maintenance (replacement) intervals as compared to an uncorrugated
configuration,



-3- It is still a further object of the present
I'nvention to provide an exhaust t ube assenbly having a dual
wal | ed construction which facilitates maintenance of the N
integrity of its electrical non-conductivity, and which mnimzes

cont am nant collection thererB= 5 It is
still a further object of the present invention to provide a dual

wal | ed exhaust tube H#d4%8%HA furthgnebiectpfihe prasegtinkentionierPrevideAn exhaush
cont ai nnen ' | | ; t

per manent iumeh&"%ﬁ%@éé %3‘%%' m’é&%& es effec Ii:f‘%gé @'\ﬁﬂ%ﬁé\%@lﬂﬂ% t he
event of aintegrtyuot itsf eldotrical non-conductivity, aadewhidh minimizes contaminant
Summary of the .Jnvention A dual wal |l ed exhaust
assenbly i @&@lﬂrﬁg&@'ﬁf an ion inplantation system f or

congecting systemco LS b f | E??.gﬁ, B,q,;,fag
Thegassenbl y conpri Seﬁg@;&gﬂfﬁﬁgﬁﬂ%ﬁgﬁ%ﬁﬂs Jg@%?r?g?\‘/%}lg connect edé?ﬂn
i nner 15 wallegoexhaust tube i assenibly, Wwheseinead cotrugatedn dnrers eontamination

comect=t Lo bt g RN S S FEH
mounti ng pPeiitdroribeiwhibs providés BfiectiVeltntaiRfhent FeeéVentef a puncture of the

connected to an outer nobunting portion of the second end nount.

I n certai ninnasddbeent s of the invention, the inner and outer tubes are 20
prﬁerabl y constructed from pol ytetrafl uoro-ethyl ene. The inner corrugated
surface of the tube may al so be provided with a plurality of

surfaces which are pitched Summary éPtHeavehtiohovard an axis of the
i nner tube to prevent contam nant accunul ati on. ' corrugat ed

The
surface al so reducesA #éalwalledgxhaust agserablyds pravided fortamion implantation

the | engt n SwEsYoP Safihedina Sstat ciRieiRgfis KRla B ig Valtgd BhithtER:. T
traverse f Mpe assersbly\@niprises an inner tube having @ fiktienfl dohaetteleotam imner
grounded end. The outer tube provides a contai nnent mechani sm

f o5 cont ai MAKNING BRRtAB ofa &rstandmount aRg apeesand-end gonnegtad 1o ARiNnelibe
f ntai | ympe Ay 3 o f f
ot o e odtitFR P6ioR 5 4 §e86d RAdIAGGR. Bhdftn Blter s HaliftPadrsCatd" <

cont ani nan he I’ nher surrace o ner tube. The
out er t ube cahaectedrtotaroogter maiMting portiornef thiecfinst ehe nedung amdra secahdoesdt i on

al i gnnent | COMMAEEAIAAN QST MOUREG RastondH thesasancend kBl  nual 1y
Cesorrage O™ L7 ViR Byl B o BIBRIGN IR ¥ CCEREL o0

ages. preferably constructed from polytetrafluoro-ethylene. The inner corrugated surface

of the tube may also be provided with a plurality of surfaces which are pitched

downwardiy toward an axis of the inner tube to prevent contaminant accumulation.

The corrugated surface also reduces the risk of arcing between the system

components residing at differing voitage levels by effectively increasing the length

25 of the ground path that a leakage current would need to traverse from a high voltage

source end of the tube to a grounded end. The outer tube provides a containment

mechanism for containing airborne material which may be released if the inner tube

integrity is breached due io arcing which might still occur as a result of contaminant

build-up on the inner surface of the inner tube. The outer tube also functions to

30 | maintain the alignment and position of the inner tube contained therein. Proper

positioning and alignment is important to insure that contaminants are continually

discharged from the inner tube, and to prevent unnecessary movement and resultant

distortion or deterioration of the inner tube as it ages.



-4- Bri ef Description of the Draw ngs
Figure 1 is a side sectional view of an ion inplantation systeminto

whi ch is incorporated one enbodi nrent of the inproved vacuum exhaust tube
assenbly constructed according to the principles of the present invention;

5 Figure 2 is an e#dlarged, partial breakaway vi ew of
the portion of Figure 1 show n ed nproved vacuum exhaust tube
assenbl y; Brief Desw%qlé%gttﬁg d({ar@fr&s sectional view of the

i nner corrugated tubgigdfe 4h§ a side sectional\aéw GNapBa ihplantdtorrsysteml iitas hown
in Figure 2; igure 4 is a side sectional view of

F
the | ower Whighnisuincomoratad oae ambadiment of dhe dmprovaghkacie mxhaushiuke i n

Figure 2; : Fi ; ' : i.onal view of

t he upper %%WR)IYI g n(s)qucftﬁ% & crt?ﬂlnrﬂ tothe dr%queggtg‘gggé%%eﬁgé@e ly shown in
Figire 2. Figure 2 is an enlarged, prtial bregkdwyoviewof the drtion 6F Figare ed
Enbodi nent 15 . Referring now to the drawings, Figure 1
di scl oses hghpwing thelimpreved vacuum exhaus e assembl¥si gnat ed 10, whi ch

conprises a terninal %i#%\rl-\?“éciﬁ%aﬁﬁé QSW%WOMP inner rruqatea'iﬁ?e;‘om{éget or

end station 16, all are contal ned w n an electrica
grounded ovacuuneexihausi tebe 8ssemily shownrialFigurel2)des a hi gh vol t age housi ng

20 whi ch cont ai ns a ,gas box, 22, i on source 24, and a mass
‘anal'yzimg ‘magnet 26, Fighre 4 is a sigd sgctipnal viewafhe, wer gnd moyint bt vasuiia
acqprdi ng gghduset ééﬁ%ﬁgsﬁéw?m%&é%hnd i nvention, connects

the high voltage housing 21 ) ter enclosure 18, as further
expl ai ned bel ow. Figure § is a side sectional viewrofitheupperengdneuntof thew@auuom t he

ion source 22 foll.o ntrolled.. travel path that exits the
term nal 1?%'1?“58&&?\,\%%"@¥§E§ml'?ff%et?agnet, t hen 25 passes
t hrough the beam ine assenbly 14 to the end station 16 where it is

i mpl ant ed i nto seniconductor wafers residi ngut herein. Al ong the
controll ed travel patBetailed Bescription of a Preferred Embodimenti, eval uated, and

acgel erated to a desiyred .l npl.a e . . . . I on
soﬁce 24 conpri ses Bef?gﬂégﬁ‘ wglé tﬁgidé%x@@ﬁi ﬁ&"%1pq’§<§ﬂ§es anion 'mp‘gn%ﬁanber
32, and angémsrallydssiginated 405@fildhicobdprisedr ftmirtal d2pabeativiine adsefribly 3430

obtained erther directly as a conpressed _gas from gas box 22 or indirectly
by and a{a5get o aad station #6.qalh ghw are spntained within aa elestscalhe

Dhosmor oo SEBad be bfdbeup 18, Tng oFRNEH R o U6 R0
arseni ¢ ( Awhich/doataing atgasteoxs22)rahcion|sourss 24 adared # nwagscatalyzing maghet 26 m
20 An exhaust tube assembly 28, constructed according to the principles of the present

invention, connects the high voltage housing 20 to the outer enclosure 18, as further
explained below.
An ion beam 29 emanating from the ion source 22 follows a controlled
travel path that exits the terminal 12 through the mass analyzing magnet, then
25 passes through the beamline assembly 14 to the end station 16 where it is implanted
into semiconductor wafers residing therein. Along the controlled travel path the ion
beam 29 is shaped, evaluated, and accelerated to a desired implant energy.
The ion source 24 comprises a housing 30 which defines a plasma
chamber 32, and an ion extractor assembly 34. lonizable dopant gas, which is
30 obtained either directly as a compressed gas from gas box 22 or indirectly by
vaporizing a solid dopant material, is injected into the plasma chamber 32. Typical
source elements are boron (B), phosphorous (P), gallium (Ga), indium (In), antimony
(Sb), and arsenic (As). Most of these source elements are provided in solid form,
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except boron, which is typically provided in the form of

gaseous boron trifluoride or di borane from gas box 22.
Energy is inparted to the ionizable dopant gas to generate ions wthin
the plasma chanber 32. Generally, positive ions are generated, althoug

5

present invention is appli cabl_ﬁ_to systens wherein negative i
are generated by the source. Th

e positive ions are extracted

t hrough a ekeept boran) whidhas twmdﬂwmwndéd in the form of gayedireboron teifltords or

assenbly 3
negative pHitosaNG

t he

whi ch cggg pI urality of electrodes, charged W th
fropuges) @S increasing in magnitude as the distance f

I h
assenbl y fuﬁc?isgﬁsclg% l§£moﬁa&dta&g?$é?ﬁezalemg%%m#é}%(;és\ﬁ’sf)@éw“@ns

h the
ons

rom

from

t he pl asnatheh phdsma chdmbec d2er Gemerally, positivetibns axe rgmeeaiedp alihomgh) théhe

ITB.S$
u

anal ysi s

cti oRESset Bugaicn i peplicablefo systems wherein "%'nggﬁi?%”ﬁ%a@ W ones

rati o to t e KRkE.| TRe peSEVE oS bfe exthitddihfo ¥itii§ the plasma chariBér 82

is required because the ion source 24, in addition to generatlng I ons

appr opr i at by éeiogextractonsssanbly 34 whichocaaprisestapluralite o
char ge-to-
~charyge- t'g-
wafer .-

elegirodes; charged:

26
of 15
sser

Wit £eggtive,eORDa fitsbes. breality Wikpb8tids & e drtatgRBo Ing o

which is def| ned by an al um num beam gui 8, evacuation of

toexteret theyion beamy28:-0f pasitive mm:fcmmtramnﬁa p@ chameberand,acaaleratehi ch

whi@h is p
PHRPBRAAS Bt ioBdl s giigdeDy the monetic field

20

gener at ed

After |eaving the ma@hetmass ahlalyzir@nrrdagne\ 26 functiomsutocpady only ions of an
guadrupol e |1 ens 40 which deflects t ons.in the a i nmut ual | )
e b ariabysis

or t hogonal @Ppropriate chargg-igymass rajiedoyt
def |l ect ed

gamiea Assemely masgy

0 nkPss Eﬁ'@qﬁi}‘e& Bgc&?se the ion EBH&@W% 8d4itiBA té%eﬁéiétmbrxeﬁé B
eam and never reac e end station
be#sn are aappctopnateechange-themass ratiog disb\generatésions nbg;bdtere:lrhsaer omarge-to-

e et 8 S BB a

tube 44

i s provi deguﬁﬁbi&%ﬂhﬁ%ﬂtahon into a wéfe#ll Wﬁemﬁhﬂzl B rd ri&gnet®6 includes a

The end station

rises a target chanber 48 S nount ed

IhepkRrata enahber it iNpesies? @\wﬁamgge tHd ion extractor aSE6NBAY Rptidomsat h

tly
elon

at ed
be 44

to a novab wewpdcb@anapatboumoh iedefineciby gnaluminum béam guide38,cenacbationof h t he

i on

waf ers sup

st Broviasl o) 8 %ol et Vet BEes S, Mo T8 BeBed

rop@t i on apripagatesadiony fhis Path i®@afEcté® by the magnetic field generated by the mass

25

30

analysis magnet 26.

After leaving the magnet 26, the ion beam 29 is focused by a
guadrupole lens 40 which deflects the ions in the beam in mutually orthogonal
planes. fons in the beam which are not sufficiently deflected and focused by the
guadrupole lens 40 exit from the ion beam and never reach the end station 16. lons
remaining in the beam are accelerated or decelerated by acceleration/deceleration
electrodes 42 to a desired final implantation energy, through an evacuated tube 44
and toward the end station 16. Evacuation of the tube 44 is provided by beamline
region vacuum pump 46.

The end station 16 comprises a target chamber 48 which is mounted
to a movable pedestal 50 to permit alignment of the target chamber with the ion
beam. The ion beam impinges upon one or more semiconductor wafers supported
on a wafer support 52 which is mounted for rotation about an axis 54 by motor 56.

tor



-6- A linear drive nechanism 58 causes the wafer support 52 to be
I-ndexed back and forth in the chanber 48.

Sem conductor wafers are inserted into the target chanber 48 by a

robotic arm 60 through a vacuum port 62. The chanber 48 is evacuated by
target 5 chanmber vacuum punp 646to a | ow pressure generally equal

46, and 64 AjhariichS Hachanis o8 sayecs e Wakr Suobt 234 ne EEHT R RR ™"
robotic ar fpRR s tHe ¢nsBbéreg waf ers between a cassette 66 and the

target chanber 48. Mechani sns for acconplishing this transfer are well
known in the art. 10 Semiconductor wafers are insgpieddntothedearget chamber 48 Bnaat i on

t 10 ' | t | 1o] i
e e a0 TooBHER0 Bl MBS e e g1 ohaBE BB iRlP o
kV. 8A fi r stchamper vatuung pump\@aito Sowressureigdeeraligvatiual tu tHssressare witisihi on/
decel eration el ectrodes 42, which operate at up to 100 kV with respect to

t he the eyaguated iwbedk. (MacuyrmRumRs 86, A, ﬁg‘d@ reAlep cgmMmEnly knawns
100 k : A I Serhhb : ' ! NwbBh ' Lgh
\S/glmtaage ho:Jéss? ﬁ%‘ﬁ!’ﬁfﬁ%’f‘@% ?)o 32?5? %%hc;%ﬁﬁ ﬁg)gﬁﬁme%%sqvas?%rr?e vol ts gg@ eé%g eﬁﬁg

accel er at i @6 aldihedarget cirambarci8; dMMechanistas far aocorpitsshing thi$ Gransfer are well
provi de el ectrical, isolation between the system enclosure (earth ground)
and the nowninthg @k nal hi gh vol tage housing 20 (100 kV). Isol ation

buski ng 70, which is i tﬁJYlaéiB i l]g,og I ne
as?gnbl y fromthe ac?ﬁ@%qgﬁ?ezfgégpéarné?l on Z?ﬁ%_w’s@g e‘(l:tréf‘:)ége 4?61
serves a sihigh voltagerpayeas supplies (not shown), each of which/is capable afioytputting 8Ge

i o a1 so 5B BEURE AR Flom el Poieh st Bhvides aper orth8dccBiFion)
accel er at | Qfecénsretion Blectroddse42, WHrRh dﬁera%gp[kx 1t89100 kVhgitlaespevt t82hand

i on source 24 operate at up t with respect to earth

ground. | sdientishobthesysigm enciossire 18 (ear%pgmuma- dhis-same 400 \bpetential is

andStne gacBE eRpencHfti, HE SRR RGH s dling 4, which eperaBRAThEF 1,
i sol at es t lsanee vbltage as tied actslerktionfdbdeleratidi eleptrodesx 1salatievbustings 68ves a
simlar p urce regi on vacuum

punp 36 is WQMiﬂ’@c?'@g{rl%gls iesﬁ@tiéﬁlhﬁﬁ‘yﬁefﬂ U_E%smef_“ e"‘c'%l?gm@h 98°%ﬂ)@$dé§3?ends
o 1 PGB P SR Ot 970, st
for the beavacueted-lybe4 nctherbeamiineléssembly from thegatcaldrativnl decalematiopunp
6438 _ ﬁqupoecfeasujf’se?\lletshgggrrllilatr%%régsve?m I ve exhaust tube assenbly may be
us wth
A second high voltage power source provides power for the extraction
electrodes 34, which also operate at up to 100 kV with respect to the
acceleration/deceleration electrodes 42. Accordingly, the gas box 22 and ion source
24 operate at up to 200 kV with respect to earth ground. Isolation bushings 72
25 provide electrical isolation between the terminal high voitage housing 20 (100 kV
potential) and the gas box/ion source (200 kV potential). Isolation bushing 74, which
isolates the extraction electrodes 34 from the gas box/ion source, serves a similar
purpose.
Source region vacuum pump 36 is connected to the exhaust tube
30 assembly 28 which extends from the pump 36 through both the terminal high voltage
housing 20 and the grounded system enclosure 18. Exhaust tubes are not shown
for the beamline region vacuum pump 46 and the target chamber vacuum pump 64,
because, although the inventive exhaust tube assembly may be used with such



-7- punps, it has particular applications in high voltage

envi ronnments, such as that in whi ch the source regi on vacuum punp
oper at es. The exhaust tube assenbly 28 is shown
nore clearly in Figure 2, as connected bet ween the grounded

encl osure 18 and the hlgh vol t age housi n§ The exhaust tube
assenbly 2

A Thner PR EERA a4 SinidoREi ok *@?@ﬁﬁ%ﬁg@“@@?ﬁ%h@%ﬁs tgive o).
The which tﬁm%ur@érrégﬁ@ﬁt\%@ubﬁmxrﬁﬁoPéfateﬁeS a passageway 85 which
extends the entire length he exhaust tube assenbly 28 al ong

an axis 87. In the pﬂé\eew'austetnbemsmbiv 28)is shown more cleggly & FtQ}W RdBBcal

t ube 82

pgl 3e/t etr Zn% tﬂg“ragte ene 6'3’%"?@% e?d“%% CHL wﬁ‘gméﬁs@'@é? i‘?gﬁnﬁr ademar k
of ®he The exhauEt tube BeSembly@s ¢emprises &voutBn eydrical tubd &sum&hdmg

neat od condi MERECOTAGER WPS B4 (Rapwr fapuphbESaavayipotions of Piourd 25aThe ¢ he
constructiq {F afodtabe 84 &ﬁdéé’é‘gaé’s%gb%y fg%?&?énéh&?. ih%rerﬁirér‘rl]%ﬁééﬁa'

and el ect r| cal conducti vi ty ar acterirstrcs xhaust
t ube assentdfthee@diausbiubeiassemblyt28 alomg an aris 87p ge thecpréferred embodiment,thes 86

~ereel) as s cyinnical W0 2L Bnd Barhher huitrkeh o Bhuatecrinsinkne S
congect s t hgpy etra-ﬂuoroethyﬁﬁ%ﬂ?ﬂ'FE‘) Lﬁh‘»‘l’éﬂiﬁ@mﬂcﬁ% 3 RadifteredPiradémakdfie

vacuum punp y nmeans of ditional vénting structure (e.g

t ubi ng) notE. bIQsl&ﬁOﬁt de iNemques CondThedRiFtE me!gctncally non—m\dumndmamamust

a1 onal ek serliiitel Roal Lok, WBRTIal Bher manPIFEFE/ES ©

t aper ed coruseatm tHe Slhstractionsrtiubes 8284 Nds Rhgids tﬁéppbsgéhs/\smhaasﬁd:@tnm 92
for hese connect.i ons Fi gures 3, and

5, respectiand @lecfmamﬂd@irwéx ghargetesistics.ne i nner 25 cor r ugat ed tube
84,45t he |ower end moug, %au&quéggeé’@BW&Pegﬂxﬁgggﬁ withr lower an upperend ..

respectively. The inner c¢orrug €S 'a corruga

94, a mounts 86\amd 88) cespeciively) u&ﬁdm@ prefaraiplg madelofmetal ¢6.g) Staikless

i ndi vi dual undul ati ons 99 whi ch formthe corrugated i nner surface

of the cor rSgRl astheymeed nokbe elgctrically msulatmg LOWGE)@(M/HPQHJ“} 8 spangctsthe g7
so that no (f)d’(;! §5tble SNV 128D %e?&}?{:é"? ib Jg%ﬁuhnﬁ&hnﬂféa%t (by me?l’l.%‘ca?c‘a

whi ch woul erW| se serve to pronote con accu
addi ti on, aaddmﬂldumitvem[ngowuohmp (maeg; mamng))nat shann)t and hxppeerelndrmoemr 88ture
m nant s ch f

bel th t
P oM the. peoonestRihesaxiautt W8S absémbly’28 to 'S 'exiqrpal Aovr A etiala0Rs, Phea by
the corrugghéshd BNaaditiBhaPERMirY nét'shown). Lower end mount 86 is provided with a

tapered connection 90 and upper end mount 88 is provided with a flange 92 for
these connections.
Figures 3, 4 and 5, respectively, show in greater detail the inner
25 corrugated tube 84, the lower end mount 86, and the upper end mount 88,
respectively. The inner corrugated tube 84 includes a corrugated midsection 94, a
lower end section 86 and an upper end section 98. The individual undulations 99
which form the corrugated inner surface of the corrugated tube 84 are pitched
downwardly toward axis 87 so that no ledges or depressions are formed in the inner
30 surface, which would otherwise serve to promote contaminant accumulation. In
addition, a collection bowl may be incorporated into the venting structure below the
tube assembly 28 to collect contaminants which fall from the passageway 85.
The undulations provided by the corrugated inner surface of the



corrugated tube also function to increase the length of the ground path

that a | eakage current would need to traverse to | eak fromthe
hi gh voltage (lower) end of the tube 84 to the grounded (upper)
end. Increasing the ground path length is | mport ant because

current | eakage which effectively travet®&es the entire Iength of

20 and - corugsted % alba HyBeior to Ficirash e IEnh af fre oo é"%@ﬂﬁzﬁ"“s'”g

typically fdiiag éwﬁeﬁmmleﬂeed to traverse té Tgﬂkaffﬁrﬁ‘théﬁlg‘ﬁm&@e](fbweﬁ‘éﬁd ofhe

corrugat ed |nner tube 84 effectively decreases
arci ng bet the: tube 84ntotbiergroanded {uppar) endl deaieasing. the ground path length IS

por i ons. ol tacBUfe SHRIEAT P%%ﬁ%\%ﬁb?*%%@%@éﬁ@#%% SRR ot

cyl gndri cakhg gbbﬁn&%atmtypi@ﬁw Mﬁ@b&ﬂv@éﬂﬂm@hlgh%ﬁagé $olbing 2Pand\s

shown, reference to Figures 2 - the | ower end section 96
of the inn#he @@wm eaclpﬁwe 18, a condltlorematswwlqi @@@Ib«/eautadpwmmlae ien epped

portion 10 d rtion
100 is pr O\E/}P@EH%SP %ﬁ@l‘ ?Qu erienei a"ugjag%e T&&t%l%bﬁgﬁﬁveﬁ 8?am Fggat es
a snug fit thmtusleeﬂatdimg betw@encthe housing20 ahe tiilendidsurdet 8.oner end nount

86. In this manner, stene ess co nection is ngde bet ween t he i nner

corr ugat ed LFP)’ée"EﬂD efﬁﬁ manEts €5,and, 88 are prvidsdwith:gtepped pTre
maygrial f EBHB?‘%GBH Wii€nh are mounted tb%% iﬁﬂef %oﬁﬂﬁéfeﬁ%b%dsﬁ %@ﬁsthgooﬁtgf' nk

upon heati fit obtal ned betwe
end nount &ﬂlndrlcaI”MIbe\BaiocmmpigtedbeNat:umm Maubbtuberassembly 28.i Aglshowat i on
system 10.

the i nner Mhrefrencs o higures 25, the B mrle?‘al%ﬁit h@%g‘ﬁ@g’ ’%}%Pﬁﬁéé e@'{ 98 Of
portion 10@4% stip V\fed'@ﬂ@éf aﬁ%éf@i@épé’@r)oﬁi&ﬂ 101)“@F the lower end m&urR BB AT Ii%’rt ion

106 is provid a circunferential ridge 108 which facilitates a
snug f ast eurmerewpped mntmeewa g provided odth agerwfetmétaimdgndwaewmgper

?rg\r,rggr; i%qllggtﬁaa Siug, M}ep:vesen'{ﬂe tirler Bé{} t{;}@‘?%%ﬁ Lalﬁ%athsq@b&pgn& U
The out er @8 il eis ﬁehnéﬂleefa&anéﬂésrs%mﬁécﬁdi«ﬁs AitidetRivedH trfel”lﬁnérfk&ﬁfugated

corrugat ed tube 84 and has ends which slip over outer steﬂg portions 112
and tube 84 anddhedewen eng maund 86p ;B@caéaa thenBREE raatesialifrom, Fwhich the
respective u 8 of
t he outer g"?beepgg por%&@ éﬁi%oﬁ%rh pré 'QP]&M"% fﬂeeftecs&bﬁre tig Bgégﬂé

bet ween thwmjt&ar andIthedowealenuulneuﬂﬂsend itipeove\vduriag coperatidn 96 the ion
Simlarly, aq 120 resides in circunferential channel 122 of the outer
st ®ped Jmplant o35t 10114 to maintain an airtight seal between the

outer cylindrical tulgnBenAf (dHer end section 98 of the inner corrugated tube 84 is
slipped over an inner stepped portion 106 of the upper end mount 88. The inner

stepped portion 106 is provided with a circumferential ridge 108 which facilitates a

snug fastenerless fit between the inner corrugated tube 84 and the upper end mount

25 88. In this manner, the inner corrugated tube is made removably detachabie from
both end mounts.

The outer cylindrical tube 82 surrounds the entirety of the inner

corrugated tube 84 and has ends which slip over outer stepped portions 112 and

114 of the lower and upper end mounts 86 and 88, respectively. O-Ring 116 resides

30 in circumferential channel 118 of the outer stepped portion 112 to maintain an

airtight seal between the outer cylindrical tube 82 and the lower end mount 86.

Similarly, O-Ring 120 resides in circumferential channel 122 of the outer stepped

portion 114 to maintain an airtight seal between the outer cylindrical tube 82 and the



-9- - upper end nmount 88. Screws 124 and 126 fixedly secure the

position of the outer cylindrical tube 82 over the outer stepped
portions of the | ower and upper end nounts, respectively. Tapped
hol es 128 and 130 are provided for the screws 124 and 126,

respectively. 5 APt hough t he di scl osed enbodinent of

1 s eont Uit MBE: 84 SEHREL 124 ancl 28 B AR 18 BodBO BPESRRE . o
with or W gfifidriddheuibs 820dve? 2RE 'ditér Stappsd wportfons! thélidweradridedpper end

construction of an inner tube surrounded by an outer tube may be preserved

wi t hout ~ Mmounts, respsrtivphen dappeshelesi A8 andid are provides fal |t|'r’@ seiemss12%r the
i nner and 8ﬁéq26 ?L?%g’%f:f'fe'% be attached directly to each other. One

such means ‘onfiguration in whi ch one portion of

ones of the inner or Altheughthéaisciosed embodimertiohtte invaritiopineiddsitie upper
ot her of the |nner or outer tubes,. wthout usin segarate f ast eners.

Al t er nat | vang lowes end mounts 86 2rd 88pib is SRMemplates tae peesant Inentinp A% ar e
not used, E)g?es ﬁoge%r . ithout Ltlsh bt Segsdtd gnqyﬁﬁ{’éy THRSHES Whffed NNET

and outer suc term en unts™ as used
her ei n shatbnsir@tiomofars imactubeewiounded:byn aaouterlttabeemaybe preservéd avithout
assenbly c

onpri si.n nner out er,, t ubes
e outar UhG ear et foeb g, 31%9@@9@@:&5@ the ‘ryer and guterfybes to
| th of t
PR of bataERed diBthy gbdch biteh. Bhe aiciitbandss BsfupdeEomngatiah iss * ©
cor r ugat edwhigheone pomlna of one of the fnner er outerdulbesifitsdnto, anatherportion of the

i ndri | h | | h hi ck h f h
o2 el BB Rns Y tas Rieds, Rl Usiss Sepalafh.fastenersy, AefTeR, i "

out er t ubegRr&wbediment 49 WHICH §BPArate endhbiihfsCdreChutt wded, TasteRers mayq:e
effluent if the t hi nner inner tube should be punctured Fer haps

due to el ettiizeddo dusettyrfas@e the inner and outer tubesitegether cAs saghetheéemm

& T ngs " 11moule” B58e Rets st e b Bt Faie Vi cHEici€ o either drdhbtar "

After ext eadsﬁnblgeromprwhg)fhetnhnermbﬂtﬁramﬁwr%ystem 10, the inner
corrugat ed tube }/\P econe contam nated with contam nants exhausted by

t he sourc é{,}-lt%c)@ﬁ'&ﬁ@ﬁ{ beBZprotests and, synnarts @',@lﬁl?ﬂe anthe
nbl 2
?fmﬁgr cgr r uggm(?ft dnaer @ sur r It@%gaeagléﬂbl he ou ergsﬂgg ??éﬂ "% ube

82, permt aswnblgrﬂazwhld'\asmsaclnlet/ame using bﬁlydlse amdncorrugated tube. tlnthe
mai ntain the int

[P ent |  cProferted embodipRat,she puls: cxlading! Jubsshas walls whidhs 4ch BUCker GhAn |
ot on bt S, o s, ASHGGa s
outer tube provides a contalnment mechanism for containing the toxic effluent if the
thinner inner tube should be punctured, perhaps due to electrical discharge which
might occur as a result of contaminant build-up on the inner surface of the inner
25 tube. The O-rings 116 and 120 support this containment mechanism.

After extended operation of the ion implantation system 10, the inner
corrugated tube 84 may become contaminated with contaminants exhausted by the
source region vacuum pump 36. The inventive exhaust tube assembly 28, by
providing the dual walled construction of the inner corrugated tube 84 surrounded

30 by the outer cylindrical tube 82, permits economical reconstruction of the assembly
to maintain the integrity of its electrical non-conductivity. Specifically, the entire
exhaust tube assembly 28 is first removed from its position between the high voltage
housing 20 and the grounded enclosure 18. The outer cylindrical tube 82 is



-10- renoved fromend nounts 86 and 88 be | ooseni ng set screws
124 and 126. The I nner corrugated tube 84 is renoved fromthe
end nmounts 86 and 88 by nerely forci bly detaching the tube.from
the end nounts. A new replacenent inner corrugat ed tube 84 may
then be installed onto the end nmounts. e outer tube 82 5 - may the
be reattached to the end nounts, and the entire refurbished assenbly 28
may be rei ﬁgwpédrqmnﬁadtmwmymm& be loosening set screws 124 and #28.0fHengl vy,

asSenbl y 1 AP EONelR Ribd Ba TRy XS iR, B nounts 6 anc By Herely ' *°

a met hod fdormymtacmhgytmemw&bumhm@nahmoaﬁfserﬂrl het«préiﬂaeérﬂbﬁt iritfer
integrity of 10 el ectrical non-conductivity. h the foregolng

descri pti oﬁoﬂHlmeﬂd”b% thentbg igstalled onto tham:bmuots@i Thexoutenitsbe 82
< e . .
ot o1 | i  acraEHEFreaRiakngl 10 fhe ed, B, Snd A8 bfisTorhbfEedhsemply 28 ' °

vari ous may be reinstalledinterthesystenptid.f i cati ons, and substitutions may be
i mpl enented with respec t f or egoi ng descri pti on w thout
departing fromthe s&?ﬁ@rddﬂQ'Y»rﬁpqu@ﬁgﬁﬂﬁ gt of an impEeYerd vasyumpuUmp
fol |l ow ng

foll o @xﬁéﬁ@ tﬂBé' a&gﬁhbly%l"bg%fr?ﬁﬁ }?)n implanter has been described, Sayel psg,

corrpr i singa mathod for economlcallyarebonstrucﬂm the tassemals')tp mﬁntam the integrity ofa
§nd end; ving a_ first

end céﬁ%@%‘ﬁ%f"&ﬂ"ﬁ’%@ﬁy n‘éﬂﬂ'ﬁ‘t%&fsﬂmﬂg d%scrlrﬂlon IS’! mind, SBWP ¥ it(i800)

of said fi iptemstsbdPetihisdsscAptict inventi
to an inner rrguntl ng OII‘tIOI’l (105) of Sgl qu,)\gg,ﬁgp Jﬁﬂouﬂ'[atthegwentwn
an outer t i&ot dpites for thenpantigulesiembodimentsudescribeyl herdinh anchthat verioss end

rearrangements, modifications, and substitutions may be implemented with respect
to the foregoing description without departing from the scope of the invention as
15 defined by the following claims and their equivalents.



10 connected to an outer nounting portion (112) of said

first end nount and a second end connected to an outer
nounting portion (114) of said second end nount,
wherein said inner tube has an inner corrugated surface extending over a
substantial portion of its length. 15 -11- 2.d The dual wall et ](caxhaust
assenbl f cla.m.l, wherein said corrugate surface
havi ng Zl é%gu %/c%F"‘s'aFfaces (94) which are pitched downwardly

toward an axis (87) of said inner tube. 20 3. The dual wall ed

exhaust assenbly (28) of claim2, wherein each of said inner ThisSheetHas Been Replaced
and outer tubes 1.8A dugwalledexhpustsasientbly(28)lcentprisirgd: | Y non- cdiif

i

mat eri al . 4. Th 1l wal | ed exhaust assenbly (28)

wher ei n each of %Q(Séepgr{gpu&gggﬁ . and out er tgbes gl'ﬁdﬁd I | o
constructed fro it yl ene. . e dual walle
exhaust assenbl ;’é?%ﬁ&;?ﬁ@ﬁal m @)Mherei n said inner

corrugat ed t ube gmBifner tulbe (B4 Harihg a first shd '(s?tcomécmqe?r%w Rivér fﬁ%ﬁﬁéﬁlgbyTh
m

' hani 102, 108). )
Guad vl | ocPOHARALOOKE Satdh 3t oo oyt endie:seRond aridh98) senpected foyan maors:
[ A ' ' LSt d of id outer tube an
251 d out or Teunfrd BerfanABEFth S $EESI B ' o ount - (86) . and &
second an outes dabbe (82)rsumvrinding?8aiddhierasbe (841 46¢ Rabingth ikt end end

f 'said outer tube, 35 _and said outer nmounting portion (114) of
2 aid Iseconocqm@cmar( egter mounting portion (112) of said first end mount and a second

compr i si ng %4 FRnsetes i g puteh FELHRNG B (i S SRR el PRt

exhaust tube (82), said inner and outer exhaust tubes fixedly
| ed to each other, said conbination having first and second ends

atlBchabl e to vt i ngihe durlwalled @sbaust@ssembly (28) of claim 1, wherein said inner
tube (84) has an inner corrugated surface éxtending over a substantial portion of
its length, said corrugated surface having a plurality of surfaces (94) which are
pitched downwardly toward an axis (87) of said inner tube.

e

3. The dual walled exhaust assembly (28) of claim 2, wherein each of

15 said inner and outer tubes (‘84, 82) is comprised of an electrically non—conductiyg
et TRy
4 The dual walled exhaust assembly (28) of claim 3, wherein each of

said inner and outer tubes (84, 82) is constructed from polytetrafiuoroethylene.

5. The dual walled exhaust assembly (28) of claim 3, wherein said inner
20 corrugated tube (84) is connected to said first and second end mounts by means of
a fastenerless connection mechanism (102, 108).

6. The dual walled exhaust assembly (28) of claim 3, further comprising

a first sealing member (116) disposed between said first end of said outer tube and

said outer mounting portion (112) of said first end mount (86), and a second sealing

25 member (120) disposed between said second end of said outer tube and said outer
mounting portion (114) of said second end mount (88).

THIS SHEET HAS BEEN
REPLACED




5 ) 8. The conbi nation of claim?7, wherein said inner tube

(84) has an inner corrugated surface for a substantial portion
of its length, said corrugated surface having a plurality of
surfaces (94) which are pitched downwardly toward an axis (87)

of said inner tube. —12} The conbi nation of claim 8,

wherei n each of ald nne d outer tubes (84, 82) is conprlsed
of an electri caI y né’h%’&h@@g?r‘ VAR ?’QlaUSt device com[gnsmg an‘inner gghausty, o

conmbi nati o e
ubes. (54, W3} Y 3RolnddaBy AT olRr Sxfiayst e (¢ Sailindh rid outer exhaust
C L Mibes fikedly coupled to each otheﬁ,lsaud éombmatmmma‘angﬂrstcamdsaecbamehﬂe)
conpri si ng (12), including a high voltage
housi ng (2@“%?@9tStveFBBQtStrHW?Zéénﬁ%%lS houses (i) an ion source
(24) for producing an ion beam (29), (ii) a beanguide (14) for
transporting the ion beam and (iii) a vacuum punp (36) for evacuating the

begmgui de; 8. The combinatioredfastain Eakﬂere@rsaimmérmwwﬂ)lhes aaihner
surroundi ng sai d high voltage housi %%20) and 20

an el ect r i G@rugatashSidara.tor A subsiantial portincotitslensthy sgithFomugAted suFface

o ng: . eiry s PRl &1 fHeRTRACR 2K Sichediaptiharal oot s A1,

(86); (i) of saRTipner tubé. nount (88); (iii) an inner tube (84)
having a first end (96) connected to an inner nounting portion

(100) of said first end nount and a second end (98) connected to an inner

iﬁt er tube (82) &0 " THe Emeiaion B vl §Fetiin B3 IR Bl T Al b,

g) connectigBed BB @émﬁﬂﬂm bfhén electrically nonPstriduetive tblaridlf said first
mount and a second end connected to an outer nount i ng

portion (114) of said second end nount.
10. The combination of claim 9, wherein each of said inner and outer

tubes (84, 82) is constructed from polytetrafluoroethylene

R

a terminal (12), including a high voltage housing (20) which at ieast partially

11.  Anion implantation system (10) comprising:

15 houses (i) an ion source (24) for producing an ion beam (29), (ii) a beamguide (14)
for transporting the ion beam, and (jii) a vacuum pump (386) for evacuating the
beamguide; '

an electrically grounded enclosure (18) surrounding said high voitage
housing (20); and

20 an electrically non-conductive exhaust tube assembly (28) connected
between the electrically grounded enclosure (18) and said high voltage housing
(20), said assembly comprising (i) a first end mount (86); (ii) a second end mount
(88); (iii) an inner tube (84) having a first end (96) connected to an inner mounting
portion (100) of said first end mount and a second end (98) connected to an inner

25 mounting portion (106) of said second end mount; and (iv) an outer tube (82)
surrounding said inner tube (84) having a first end connected to an outer mounting
portion (112) of said first end mount and a second end connected to an outer
mounting portion (114) of said second end mount.



-13-° 12. The ion inplantation system{i8y—ef—elai-mi1,

wherein said inner tube (84) has an inne ace
extendi ng over a substantial portion of its ﬂmwﬁmﬂﬁ 3’ ”
corrugated surface having a plurality of surfaces (94 hed

downwardly toward an axis (87) of said-i3mer tube.

The i I mpl t t f h

nner and but or (ubed AN aNsSh sieBrUEEHf FRER T LovGSah SHrIRIELRg1 cne.
14. The i e84y &4 aﬂt|ﬁﬁéPEor$N§ét681sﬁJ¥ﬁbe xéér#dihé”o%r Ws%rgua'fggﬂudmaﬂts

corrugated tube (84) is connected to sal I r'St an secon nount s
means of  length, sald corsugated sudatechaviog arpleralityrof serfaces (94) whith, aré(itched 10
15. The ion i ntation syste f cl |n112 further conprising a
first W"w) &yéawvﬁ 'Pré??@e(g]?f? %ﬁg Qké%} between said first end of
said outer tube and said outer mounting portion (112) of said

first end nount (86), and a second sealing menber (120)
di sppsed bet weeri3sai d'heelonrlluptamthtm‘n systemdd0pof tlalme 12ndheseid eacheasf said

nounting portion (114 econd end 16.
A met hod ofMM&E %E‘ﬁﬁﬁ (§ is \ganstaucted %PS‘XE%@@HPWQ‘M?”G
conprising (i) a dlsposable I nner tube (84) having a first end (96)
connected to an i nner mounting portion (100) of a first end
nmount (86) and d4secTime mnoin(;ﬂ@)tauon system (10)cchole¢rnet2 twhereir saier inmennt i ng
portion (106) of a second end nount (88); an outer
tube (82) KAUHggted tube é@)éﬁ&omt%%ﬁ'#8’35@“9@@69"%09(’?@\{5‘%6)/’ megpsci12)
20 end connected to an outer
nount i ng pxnﬁﬁﬂéﬁéhb§§Eos&gnﬂy“ﬁ%%%QH?ﬁéﬁ ond end nmount, said method
conprising the steps of: dlsconnecting said outer tube
(82) fromsaid outer nDuntl portions ( 114) of said first
an8 second end Jheden lrgg;intatlon system (10) of claim 2, fudherccamnpriginga first

052 g 0, BT B0 f osr  dirl120

repl aci ng ioiferdndOaEAdP bortioh@r2) WP &aid firdt anteRbGRBBY Larid 18 FecbHA Seafing

connecting said replacement Inner tube to said inner nounting portions
(100, 106) member (120) dispesembetweensaid:setondanddfeaitl orntentube(@pd saikdputesnd

re-connecti n&mst%'gdpoorF r(1‘}45bo‘?sta?d ggéo%doendemounfj(gﬁ’).ng portions (112, 114) of

15 16. A method of }econstructing a dual-walled exhaust assembly (28)
comprising (i) a disposable inner tube (84) having a first end (96) connected to an
inner mounting portion (100) of a first end mount (86) and a second end (98)
connected to an inner mounting portion (106) of a second end mount (88); and (i)
an outer tube (82) having a first end connected to an outer mounting portion (112)
20 of said first end mount and a second end connected to an outer mounting portion
(114) of said second end mount, said method comprising the steps of:
disconnecting said outer tube (82) from said outer mounting portions (112,
114) of said first and second end mounts (86, 88);
disconnecting said disposable inner tube (84) from said inner mounting
25 portions (100, 106) of said first and second end mounts (86, 88);
replacing the disposable inner tube with a replacement inner tube, and
connecting said replacement inner tube to said inner mounting portions (100, 106)
of said first and second end mounts (86, 88); and
re-connecting said outer tube to said outer mounting portions (112, 114) of



-14- - said first and second end nmounts (86, 88).
17.  The nethod of claim 16, wherein said replacement inner tube (84) has

an inner corrugated surface extendi ng over a substantiat——portien—ofits _

| ength, said corrugated surface having a plyugadity0f surfaces
(94) which are pitched downwardly 5  -14- toward anm " l@ Md
repl acenen N C ' '

wherein sagﬁwﬁgfiﬁiﬁgﬁ?"q ﬂﬂ%ﬁ%hse(%gﬁ)'i 318' The e constructed from

pol yt etraf | uor oet hyl ene. 19. The nethod of claim17,
wherein said replacenent inner corrugated tube (84) is connected

to said first aid. sedbadnethed abelaims1Gywhareinsaid replacement innei'mhae(ﬁé?jha?s
[ hani 0 08) . . ., 20, T t
o m 17, Alipna Sttiaatod pirdate xtendine gvec a spsfgntial Sortion oF i JRas seikhs
formed by gairdgateliSlrtatd Radthg aiirdiify drslrasss gsaitheéré 84 Hohfiardly
I ns S I 116) Dbet

88’; by (i) alling a fir seal 1 ng nenber en sai I rst” end
ofdsai d outaward an axis (87) ofisaid replacamentdnnertubeunt i ng portion (112) of said
first end nount (86), and (ii) 15 installing a second sealing nmenber
(120) between said second end of said outer tube and said outer

mounting porti oRg( 1ldheGhethl of ERFANT, AMErdiR'$8id fePBcement inner tube (84) is
constructed from polytetrafluorosthylene.

19. The method of claim 17, wherein said replacement inner corrugated
tube (84) is connected to said first and second end mounts by means of a
10 fasteneriess connection mechanism (102, 108).

20. The method of claim 17, further comprising the step of sealing

connections formed by said outer tube and said first and second end mounts (86,

88) by (i) installing a first sealing member (116) between said first end of said outer

tube and said outer mounting portion (112) of said first end mount (88), and (ii)

15 installing a second sealing member (120) between said second end of said outer
tube and said outer mounting portion (114) of said second end mount (88).

dededddededdok



