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| N\VENTION WO 9932412The present invention relates to methods for

optircal fiber preformstarter tubes ("starter tubes"), and optlcal
fiber preforms. More particularly, it concerns a process for making
such tubes and preforns by depositing silica with Iom/hydroxyl cont ent

t hrough a 10 plasma rocess t t aches
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such as a_gas burner | asma source i sit1oned t he
rotating?rgeﬁ.asﬂ?eme ur ce wi Il provide the required energy for
the glass-form ng The rmeidy st ttedchas g&mfowraﬁp&m&pﬂmi ng upon the

nature of the gLyl for
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by depos1t1ng doped or undoped silica onto a target using
one of several techniques such as modified chemical vapor
deposition (MCVD), vapor axial deposition (VAD), outside
vapor deposition (OVD). Each of these methods starts

20 with providing a rotating target, typically shaped in the
form of a tube or a solid rod, and formed from glass,
ceramic or one of several other materials. In certain
cases, the rod or tube becomes an integral part of the
preform but, in other cases, the rod will be removed. A

25 heat source, such as a gas burner or a plasma source is
positioned beneath the rotating target. The heat source
will provide the required energy for the glass-forming
reactions to form glass particles. Depending upon the
nature of the process, these deposited glass particles

30 are ready for the next processing, drying and sintering
steps such as VAD or OVD processes. If it is an MCVD
process, these particles will be fused into vitreous
quartz by the same heat source.

When the target is mounted horizontally, the heat

35 source travels along the length of the target to ensure

uniform deposition. If the target is a tube, the glass

-




e

form ng particles and materials nay be deposited either _, on the inside

surface*of the tube, in which case the outer dianeter remains
canstant twoewszane outsi de of the tube, in which case RGEUSAS23PS1 -
di anet er grows. When the target is nounted vertically, it rotates
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the depOSItloayliharieamlpraauéeownbs&edzame&bésanarQéﬂgﬂhlinabeasdrhed and-
sintered to fgrn1a rgnggarent gl ass preform P 4,412,853 to

Partus di scl 088BORAtHPUr pRELRYES, | form an opti cal flber pref or m
starter tibe. The P8Bcés224,046t ot Szawahet hdLi teathésyammathed, foet ati ng
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t he tubul ar tS%QﬁF materials, sexygen, hYﬁEQU?PoﬁE@ praent Arehdettedl ar

target tr?venpwaraéom a bufﬁéﬂﬁéﬁﬁfdﬁ heﬂefh.écﬁn.f ﬁéﬁ?ﬁédreaﬁ l ﬁn
products of 3 reamto_be deposite a us t he

i nterior surfggg;€$ hgyiﬁﬁéfé?nia?5%¥t 8€pos§?€ﬁ 2Pkl f%??al has the
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effect by an 35 yapo ase oxl dation process or an ou St de
vapor - phase afFafe i%%é?%?ﬁ#?iﬁ%d%%%ar%%ttGoBélﬂB?ln a eepstant|y teach how
this can be dspacing between the its growing end and-the burner. Upon
completion of the deposition, the resulting soot-like
20 glass preform is then dried and sintered to form a
transparent glass preform.

USP 4,412,853 to Partus discloses an MCVD process to
form an optical fiber preform starter tube. The process
starts with a horizontally mounted, rotating tubular

25 target formed from glass and having a preselected
composition and optical characteristics. A vapor stream
is fed through the tubular target as a heat source
positioned beneath the tubular target, traverses along
the latter’s length. This causes reaction products of

30 the vapor stream to be deposited on, and fuse to, the
interior surface of the tubular target. The deposited
material has the same index of refraction as the tubular
target, but a different composition. This reference also
suggests that one may achieve the same effect by an

.35 outside vapor-phase oxidation process or an outside
vapor-phase axial deposition process, but does not
explicitly teach how this can be done.




UspP 4;923,497 to Leber-et al. is directed to the conti nuous manuf acture

of a verti %WBHE?M silica starter tube. This process userusIsiesin
di oxide, in particle form in a closed crucible. Next, the softened 5

silicon dioxide is_dra into a tub by means,of .a ..__shapin al,

t hrough an openi ng %% \t%:@zg’dt“t%mftﬁ erﬁﬁé/r egc?ﬁti bfe‘.nFﬁcfﬁ%st%r %’8‘355, t he
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. s .
the tube is forng ,. are 20 nmonitored and equalized to mnimze the dianeter

devi ati on of PEeviged with a highghydrogenrrontatping, at@pspheree,cfkBs t he
use of  10pl agaatdenpgsial predetdruiiribd e Xectpican| pobténtiplectdfference

havi ng hi gh hydroxyl .iQn _co ntration. lL.nthis 25 refere , de | ions
are del i berat Fymg 5%H§§'ﬁ%i¥eé% ﬁh%ﬂﬁﬂf%ﬁ%%fﬁ??%gaﬁ sg§§ Sgégﬁﬁégthe
gas through atmatreate amaeldestiioal ifield therebetweenotonvedndeof a

pl asma t ogghnB3ayiag.an i nduction coil. The plasma torch projects
nolten silica particles mxed with hydroxyl ions 30 onto a,rotatin

substrate preform UPRi & r028urds ﬁPa%eber[ﬁ?ﬁ%%ﬂﬁH%v?%§°aﬁi£9€Fﬁﬂe%ﬂydroxyI
i on concers r athenmanufaytage Bff ac veartged X1 yp Gddieh pghl ieaotubad OHight he

Lor et Pr oL By RS0 5000 QA flsorddhd, i, ASHABBILE BEAV S
1310 nm and 18sewnninto ar &ypectthrough an openingspin, €39, esBcibleldst nann
teaches the upgtebm2 The! pRdBurslisididle iy MBibd | OAh@ BREOHEe8SLES
ceramc to inside a chamber into which the tube is formed, are
20 monitored and equalized to minimize the diameter
deviation of the tube.

UsSP 5,522,007 to Drouart et al. teaches the use of
plasma deposition to build up an optical fiber prefcrm
having high hydroxyl ion concentration. In this

25 reference, hydroxyl ions are deliberately entrained in a
plasma generating gas by passing the gas through a water
tank before it is introduced into one end of a plasma
torch having an induction coil. The plasma torch.
projects molten silica particles mixed with hydroxyl ions

30 onto a rotating substrate preform. This results in a
preform having an average hydroxyl ion concentration
lying in the range to 50-100 ppm deposited onto the
target preform. According to Drouart et al., this
technique results in optical fibers having an attenuation

35 of 0.32 dB/km and 0.195 db/km at 1310 nm and 1550 nm,

' respectively.

UsP 5,609,666 to Heitmann teaches the use of a

tubular substrate formed from a porous oxide ceramic to
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forma quartz glass tube. A burner operated with a m xture of nethane,
silicon tetrachloride Sid4 and oxygen i s noved back and forth al ong
t he tub,u}agmz%{pte to deposit gl ass soot thereon. Sinmpctrasesymsy, -a
dryi ng gas m xture conprising chlorine or thionyl chloride, along ]

wi th ot her gases assed through the interior t ubul ar
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It is an obj etﬁl;mﬁa&h%um&tﬁd)%ﬂd)ﬂﬂéwlsifb FeoEdd ©FPpasther adey iy hod for

produci ng start es .and ref orns_having |l ess than 1
o hydr oxyl * and bR va, 2o o Yo %2* RRRPEHETRFHOR; TS Fode
fibers havi ngr&doattenuatlon of Iess than 0.40 dB/km at a wavel engt h of

1310 nm and 0.20 dBMeBlovko 5 ¥Bsdl a1a, nale & AVLEEAGH °Clrflel N°

i nvention to duce suc tarter tubes and a Iow cost by
reduci ng %I"Pg’eﬁu Fozmeg 1oy ép§°é‘|#t%°é’(§ |H¥Q‘?ﬁﬁ§ b AFawing have high 7 |¢
i s yet anp$herimpordty dlbvels,i riwmsﬁ.ms)a@r@,dmt ofteexs;aétlex H ube for a

822&"2{‘12?%“%*&%3%%%@% nU5P, SRBE’ B ot FhoPlas e AR A csont
i nventive net Reghpoicadr andg optdcad: @hmmms for the
- 4- manufacture of optical fibers. Second, processes which
call for soot deposition, followed by subsequent drying
20 and sintering are expensive, and take a longer time, as
they require two distinct steps which often cannot be
carried out simultaneously.

SUMMARY OF THE INVENTION
It is an object of the invention to provide an

25 apparatus and method for producing starter tubes and
optical fiber preforms having less than 1 ppm hydroxyl
content so that they may be used to form single mode
fibers having an attenuation of less than 0.40 dB/km at a
wavelength of 1310 nm and 0.20 dB/km at 1550 nm.

30 It is another object of the invention to produce
such starter tubes and preforms at a low cost by reducing
the number of steps entailed in their manufacture.

It is yet another object of the invention to produce
. a starter tube for a preform which may subsequently be

35 fabricated into optical fibers having good strength.

' These and other objects are achieved by the present
inventive method for forming a starter tube and an
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optical-fiber preform<-1In the present process, a plasm source is

pl aced in py@YbARdY 1O a target onto which the silica nmeoavisIBrR1081t O

be dep05| ted. A dry pl asma gas havi ng a | ow hydr oxyl concentration i's
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Fig. 1 shows ah_ apparatus 1n accordance wt resent | nventi on;
Fig. 2 shows aSpaFai éﬁ-"-?xhea‘ﬁeﬂﬁﬁ?shtﬁﬂaeﬁﬁ?r%he tarqeﬁdam fused phakat us

of the pragentvityeshsoguartz in onkl %n@l%h%‘&%pa t@bp\ihgvvtab golirgamat r on
simlar to 25 _that

fl
of the plasma e hVﬁéghgqu"rlBFag‘ﬁaPPgn °55 &4 pllﬁrgﬂ'é‘ %V\%P%Pﬁv%%vﬁﬁg%t .
DESCRI PTI ON OFiffHE srarteRrRFtubkBedthERT lower indek gf reshrantion &ppar at us

20 in accor danggrul 581368 #8r W BReForn WHILhORay LNBSRRRANELYSREORREUACS @

chanber 22 I s sealeqd sO as to prevent rrpurl |esh§ﬁgm bel ng
i ntroduced i nt%n'Fﬂef?‘Pﬁ’éF pr¥ang: greater strepgkhnapAegergnpRrisalis a
| at he 24, 1suchpesformance. avail able fromLitton Engi neering Lab. The | athe

24 has 35 a headstock 25 and a tailstock 26. The headstock 25 and t he
tail stock 26 are provided with a pair of opposing
-5- BRIEF DESCRIPTION OF THE DRAWINGS

These and other features, aspects, and advantages of
the present invention can be seen in the drawings in
which:

20 Fig. 1 shows an apparatus in accordance with the
present invention;

Fig. 2 shows a partial side view of a plasmatron
used in the apparatus of the present invention;

Fig. 3 shows a top view of a plasmatron similar to

25 that shown in Fig. 2;

Fig. 4 shows a flow pattern of the plasma within the

plasmatron used in the present invention.

DESCRIPTION OF THE PREFERRED EMBODIMENT
Fig. 1 shows an apparatus 20 in accordance with the
30 present invention. The apparatus comprises a chamber 22
which is sealed so as to prevent impurities from being
introduced into the final product.
Within the chamber 22 is a lathe 24, such as that
available from Litton Engineering Lab. The lathe 24 has
35 a headstock 25 and a tailstock 26. The headstock 25 and
the tailstock 26 are provided with a pair of opposing

s




rotating spindle chucks 28 which hold the ends of an ,elongated target

30 having a substantially cylindrical outer wall. The spindle chucks
28 rot at é twoges243p, -as i ndicated by arrow Al. A novabl BCTAIS9/23081 32
novably 5 nounted to the lathe 24 is arranged to-travel in either

direction al on he .t arget,, .as i ndi cat ed bﬁ_double headed arrow A2.

A pl asma sourc Ptéﬁ&ﬁﬁ §8ﬁ§P&PI?hH§k§O?8i¥ 46BpBPiddthe engg efr Anage 32.

ggrriﬁge 32 tPe&omgaeedptarqatseornaviﬂglﬁ Bhbsgahh&ahﬂygbb}@hﬁtﬁealargego
. This resu i PQsi i QN eL,a 0R.0 t ar get

to forma %&ﬁ& a?gﬁ%ﬁbeFH§4?§%ﬁ?§ﬁ %é?ggga5§t%ngthgﬁﬁ?e%rggn ad

optical fiber pnéica®edTh¥ aprawl Alchudkwoyablet garringe 32 mavagbiy30 to

ensure thats "en@uhdkd tolUthboLatHed8ROSE! 8PraRgely tbEral@s "enSQiEHEr 40
around the tarqget so.as t ubul ar nb 34 havi ng_ near

_ g. 9 forgha t . menber g g
perfectly cyliHiFPELOR algpgcFhgaFpEget, as indigated Pycrenble headed
enbodi nent, tharpbwska.source 40 positioned on the carriage 32 noves in
both directions 20 nt | oLt ] t ngth- of the target
30. This all ows theag*.’gggr%gs%ﬁ?%égnpgﬁé"ﬁré‘%@&%ﬁ%ggg 1‘81 ht® ’B%PP?B'F\e%f
the target 30 BNJCBEFd3ge 3Adterfarsiage 3Rcthusomgves plasma sowreeddof
movi ng the @l aa1Bn§OUREC1éAgeh 088 the LargbeNgbh Otniberbangel. ih ar get

30 nmay be nove ce 40 remal ns stationar IS can

8 mhng. % e ﬁlasnf soug g.
be real i zeH®BYSHEYPRCT MBAREEIRL 2R B8P A the target iR B8 form@a the
| at he nove t hetubujar member e34 prwhith ngafbs ha ostartesotubae) 6 lamel evant

he another al { SR earey robtr hPUBln 0 The SElnd1 8 Aifokd 0 £500¢ Hhed **
apart al ong thEargeft 0 okoemsure %%ﬁ@é@@temi%laisonait@rmlﬁdiamﬂshbmmnent
of either yshe by theaplastk Soubdd 461 AS6@RK e Ofatdét | 86 hss 2o £Ermh N 35
carriage 32 toﬁﬁg+gg the pl as ggurce%narelattac gd, q§§§gﬁ%£g on
whi ch of the t EIRTIRET et (RAVARGE Pearly Pextechly el re a
great nunber oftuperswalidurces are provided all along the length of the
target, no In the preferred embodimeﬁ@; the plasma source 40
positioned on the carriage 32 moves in both directions
20 along a substantial portion of the length of the target
30. This allows the plasma source 40 to travel along
this portion of the target 30 and deposit materials
therealong.
Instead of moving the plasma source 40 along the
25 length of the target, the target 30 may be moved while
the plasma source 40 remains stationary. This can be
realized by having the headstock 25 and the tailstock 26
of the lathe move the target in a reciprocating fashion
so that all relevant portions of the target are brought
30 directly above the plasma source 40.
As another alternmative, a plurality of plasma
sources may be spaced apart along the length of the
target. This allows for reduced movement of either the
headstock 25 and tailstock 26 of the lathe 24, or the
35 carriage 32 to which the plasma sources are attached,
depending on which of the two is configured to move. In
the extreme case where a great number of plasma sources
are provided all along the length of the target, no
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rmverrént of either the-~carriage 32 or the headstock 25 and tail stock 26

o'T' the [at f@o?gglshjzneeded In the preferred enbodi ngpgruddsRrésasna
source"40 i pl asmatron torch having a dry plasma gas introduced 5
into it through a first gas_|line 42 and a_ source gas i ntroduced into it

through a secomevementiak gither the carripgeppiskg fhe headffadnidal Iy
conpri sed of andnt&imﬁnﬂsoéfgﬁﬁei Da€ReaRpr dpr neledednr edet er m ned
proportion. Ar may_serve as h a rs
passes through a fiF8¢ Qﬁ ﬁgsggmenlt %H?' P]‘lg'gm%or%e en erer‘;lfdng
first gas |inea4pladhatron tmhlrbavihgt at Heyhpdasepl gasndarmcguasd of the
plasma gas g  ;hfe! P thFod Qrfﬂ'sﬁ'f g&s' %Eﬂ@ 4§ra asa source gas/Né

source gas Conpriees a souree cherl cal osdc Cl4, and at |east one
carrier gas, s%ﬁr‘a@“‘éﬁ‘}gbﬂt®21'5rthr°“ﬂht?oﬁ@ﬁ"ﬂﬂ g?ﬁeléé‘fer i#8r gases enter

t he second dryer 4ﬁ Thetplimvgagof_ﬁtﬂﬁBstifltiaQQQUbbﬁpﬁ:ﬁ&bdthﬁ hy]grgxyl
concentration Q SQ ver oW, ,.0n 0
ppm After the %‘é ?5%’? %é‘ge%’gié% e%ln %p Hgflaﬁ?écéngdf er%oq‘o%& er 50 to

pi ck up the sopreportiomherdimimayheeyue asrthe pdapgmasgag-cadn Sudkases

laden 1 thodde, SR CRIFOEDESSed h@ﬂr&ﬁeﬁeﬁdhi-ett B%yé%c%d tﬂ:ﬁ‘&'emové ine
44, Opti onal ly, peni ng val've 52, a dopant gas nay be i nt roduce
into the gas s??b%ﬁuo%f?ﬁ T¢ $RLAKLAg ZBhetﬁérﬁFagﬁ’ﬁt P-&ﬁet 82ch. Th I n

the preferred enbadéserhat ttige ShydeoxghesbieentfationSbeEl %heTbllasﬁaergasal

I's chosen for S act | v, pegt n_a Specifically, the
Sid 4 serves a‘}'s'é 1‘;‘?& és%u&e mf&éﬁo $£ #orn?gﬁnbzgghigg i's deposited on the
30 target 30. ThTRRRORTres Jasicompyises| aospurcdophamigad such as he

et raction ot the ey atF'“?f?’&”S”ﬁﬁfeﬁcﬁp 9, ﬁ‘*e“é%%rﬁsté $e8 % ot
refraction o uartz an |
optical fiber %’F% he ca,g*lrd.e%zm %P*rﬁﬁ dmE 88 WB? the

pl asmatron 35 té aretovid nmmsstumed Teisvehserésr grat3the Eydrpky&mat ron

Lorch 40 00! &sad SHURSATSE Ay JubiLe" A" S0 UM Py, 2080 bR T O™

quartz. The housin di anme
However, di ana?’éﬁ%r r%ﬁ]gq.r@ ppm. After the carrier gases are7dr:|.ed,

20 they proceed to a bubbler 50 to pick up the source
chemical. The gas stream comprising carrier gases laden
with the source chemical then proceeds to the second gas
line 44. Optiqgally, by opening valve 52, a dopant gas
may be introduced into the gas stream before it reaches

25 the plasmatron torch.

In the preferred embodiment, the source chemical is
sicl,. This chemical is chosen for its reactive
properties in a plasma. Specifically, the SiCl, serves as

. a source of Si to form Si0, which is deposited on the

30 target 30. The dopant is typically a fluorine dopant gas
in the form of SiF, or SiF,. Fluorine dopants modify the
index of refraction of the quartz and add a degree of
freedom to the design of optical fiber preforms.

Fig. 2 shows a cutaway side view of the plasmatron

35 torch 40 positioned below the target 30. The plasmatron
torch 40 comprises a substantially tubular torch housing
50 formed from quartz. The housing has a diameter of 60
mnm and a height of 220 mm. However, diameters ranging
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from 40-80 nm and hei ghts between 180-400 nm nay al so be * used.

A copper induction coil 52 is provided around the upper portion of the
housi ng 50wdéms2ar® |- 52 conprises a 5 plurality of w ndi nggcgﬁj %Rﬂ%’g a

di anet er of approxinately 72 mm and spaced apart from each other by 6-

mm A gap betyg %Bﬁsboﬂﬁ'QﬂdaﬂglbﬁésCBhaE@E B@o-4000em'aRY 20EY BA The
upper nost portlon of the coi as indicated by uppernost w nding

54', is separa¥8®83from 10 the outer surface of the tubular menber 34 by a
spacn ng desi gnapedoppet, intuckion coilhs2oigeproividadsaround the As

th t | t

the Spaci ng L VEPRE RPAFRED Br the BUbEipd 867 Che odiiTSL o IMGIE .
56 on whi cls t hpluBapitygmeft U#Bﬂingsl §4phaving sudiametera®f 56, in turn, is
mounted to Car%%ﬁﬂ@xi’ﬁatéﬁ! ﬁﬁvﬂi hﬂaeéﬁhl:&dt hpaew t1:'E~<>m eachNicdthdr ¥ tshe

support stand Is_set at ei ght d this height.
reduced as themBranétE?PoPeFWEen gbgﬁggﬁ ﬁEBe cFH@r 3’ Sduri ng
deposi tion. Thpetd€enevprAiei mm.a mhedappemostl portdone ofetthec catille 52,asma

torch 40 and t% gﬁ EEQ tg§ gb?kaé@ gghhigb ??é?tq@’ﬁgg use&ﬁ?rrgﬂynted

on the carriag conne con 0 gauge
the di st arkd® otheheuter suntaPEyogrthpngububaramenbﬁﬁea43byraoﬁpﬂq;ng

Coilm ?ﬁe ang 35? hatbat B 1§ Gﬁictaf iéhSnStﬁﬁBOBEdEEa&(i 30~5&C @@y di nlgl y.
either side o er nos i on, of e asma
stabilizer bar 58. %ﬁcﬁg qua Blgiiﬁ? bﬁrdFE°§&Fﬁ9d %HgﬁFi§¥%ﬂ%t
conprises a U increasepcd BowewergxthaedspgcliageLalisy maiatatimedr by of t he 30
housi ng 50. The [ 8.baye f =G0 ageext end
20 mm on dlane$ ? ??h& Eﬁés? %Eg?do? 3 SBPSbggekﬁéagiR% thrhgghhoueh
dlanetensl51th%a$ﬂﬂg 48038s PlaﬁﬂﬁandSPEEQFﬁs56#“@5550 ##l#ﬂfnalé§ be

used. Wen themountéhaﬁﬂﬁbéﬁﬂlhgéCb240ah§ mBvEEe 1atbeallgbitheeivikfl.s 58
are 35 allgnedBE % %ﬁ%y %g tge tar a % arrang nent hel @ﬁﬁ spread
the reactive stit Fs ngﬁﬁg E5BEF: 2§ 6ﬁt8 ﬁepﬁg ﬁﬁ“?@ﬁ@
menber 34. height, and thispheigbt maJeeduoadpasttheodaamnaer nﬁetbecond
95° The | 1.cor JpOBLHPALREr 1Y oFRghEbar st BhgHRARTRH. e L1 CT
hei ght al tm@lﬂéﬁgpﬁga5gregptgrm1ned distance between the plasma
torch 40 and the deposited material. An optical or other
sensor mounted on the carriage 32 and connected to a
controller may be used to gauge the distance of the
radially growing tubular member 34 from the carriage, and
25 adjust the height of the support stand 56, accordingly.
on either side of the uppermost portion of the
housing 50 is a plasma stabilizer bar 58. Each
stabilizer bar is formed from quartz and comprises a U-
shaped gutter extending laterally from the rim of the
30 housing 50. The stabilizer bars 58 have a diameter of 60
mn and extend 20 mm on diametrically opposite sides of
the housing rim, although diameters in the range of 40-80
mm and lengths of 15-40 mm may also be used. When the
plasmatron torch 40 is in use, the stabilizer bars 58 are
35 aligned parallely to the target. This arrangement helps
spread the reactive source chemicals being deposited onto
the growing tubular member 34.




5 poi:‘nt between the uppernmost w ndings 54' of the coil 52 and the

stabilizer bars 58 The injection ports conprise quart z tpahiuxgsbrgi Nng a
di anetér oY 9@?141 al t hough t ubi ng di aneters on the order of 3-10 mm rmay
be‘used with the pl.asmatron torch 40 of the present invention. In the

10 preferred embod P8AE, of ddiediion|RR¥ES 60 oFPRNEEt Fhe, Second gas
housi ng 50 at 1he aarr&a&@yg.hig ainb aécﬂxmléhmﬁdals tdi ehet pllasihhyrenr 0ss

from each ot her. ead Qf . t Wo o] v eg,or even
more ports.  EorepaCer | ahe ecin BoRtE o8 phien HHE) Bonsthbiker) ©TE
two injecti onspbstan&d.aérlar $hevsame Btexghboalqn@ehbat hous:.nghéosta§| &i zer
bars. Thi s gmw beltwed! %O%@ﬁtmﬁmfﬁa@sxr gedehBecbriesp! on

ports 60 nay nuIarI esta§)|ll in,a top

view of the } bare Jfbwn The FHg: egt:.gg P° s ?\°’BHF?‘56f
pl asma gas lnl;ﬁhi-tQZtWiﬁi@Chd\hﬁ)d id digester of i Hemd? aatn;augg thkipgasna

gases to the Ok 0. T as n t he

housi ng at Fg t F&ILt °§dse§: P gfé Wﬁgé tﬁztga{é’géof

t he housi ng. ii&asmatnbat S‘—mhcdrﬁprqfsém @mmt siméen12$°nt- ubIngthaving a
di ameter gf 5&&&&&@%&@&6 ¥ pair dé@”fﬁféétﬂéﬁ ﬁHH:bCGoféﬁtéP' S

pur pose. | asnat r on torch 40 is also provid

cool ant inl et the HF?HS& &0 && tlﬂ?rﬁ?d“%s*@’-%?‘*co%‘l‘ ngre P°S§'ﬁ€:ﬂnﬁg wat er ,
passes throughiahetrital 1§4 acricsslifricns éch other. t hEnstead ofl just t he

housi ng 50, ap_g?eéhE§ PortEhr e ulleeé °2’6h g@egaﬁ‘g?%ﬁgéﬁgl et ag%

outlet are ess 'stee er of 5
As with the psmtgagaﬂﬂweamgqﬁe mgyede erooided: hi En Figdi 2nctke my

al so var s 35tyo 1n'$ﬁ€i§ha 'dba%d A SsHtvm 168 Eéobﬁféctﬂirebenéét@nd
t he cool ant oufl et glire a 2’ ormed_i,n a _stainless, stee

The chanber 68RPsSEaPilizeLsbaLs.e| TRy howevey ocks oo Bnaﬁsgfb%e and
havi ng a hei ghtcessity, and the injection ports 60-Bay be angularly

appr oxi mat el y?égsgg: f-rrgﬁ E@l@”@%&bﬁﬁféﬂﬁ@sé’”tf&@%@ rr‘t’):\"/%yrregfra?ét and

56 which, in turn car i age ong
the target 30!’1351!13“"1'-'0n terehgh as shewre iy atdr (not shown) is

el ectricgdy connegtgdirooichpladma gas AWKt 63 "Connect the first gas
line 42 carrying the plasma gases to the plasmatron torch
40. The plasma gas inlets 62 enter the housing at
substantially the same height, proximate to the base of
the housing. These inlets 62 comprise stainless steel
25 tubing having a diameter of 5 mm, although a range of
diameters may suffice for this purpose.

The plasmatron torch 40 is also provided with a
coolant inlet 64 and outlet 66. Dufing use, a coolant,
such as water, passes through the inlet 64, circulates

30 within the outer wall of the housing 50, and exits
through the outlet 66. The coolant inlet and outlet are
formed from stainless steel and have a diameter of 5 mm.
As with the plasma gas inlet and the injection port, this
diameter may also vary.

35 The plasma gas inlets 62, the coolant inlet 64 and

' the coolant outlet 66 are all formed in a stainless steel
chamber 68. The chamber 68 is a stainless steel square
block 80 mm on a side, and having a height of
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Iﬂ_:étte“r with a variable power output up to 60 kWat a #frequency of 528

+/-.0.13 MHz. In the preferred enbodi nent, the generator is Nbdel No.
| G 60/ 5000,WO 99/3243% 3| abl e from Fritz Huttinger Electronic ChbHUST¥AO!
Germany. This generator is driven with a 50 Hz, 3-phase, 380 V power

supply to ener Gipprdudimaieaynato m.toru;:ih 4hamber 68 ﬁ‘.s4h_ﬂcﬂmt‘édti%ﬂﬁg &Hehl e

|l asma jet 70 forned w_ i . as on t.orc en e dry plasm

I(\;)as is fed sﬁ?lpé_%&n %*%ena %%:twguﬁp'a_ %’Rﬂe’r & qu%eglrﬂ% . The 15

plasma jet 70 icamuiagen®2 fiory momement; @alsngitthehdargett 30ch' s | ongi t udi nal

axis A The positign g Bequerldll Yeelhedl (oD didusiiclig hat the source
P

chem cals are i.nt,roduced i'nto asma j ust .above a point V where the
vertical veP ociqPFIER1d YpCommected, &, thecoldr §¢i-d POWeFingh&heeeded
structure of hycdittdynaiith ansrairiiablel powel Gutput Upe tOBIC &WC AdTacal | et

i nto the border, al,i,z Lf g, ent deposition onta the grow ng
!tubul ar nenber ﬁ%ﬁ%ﬁéﬁ@?%i{ﬁe%ﬁgf.ﬁ&%ﬁg egi%ggﬁ:i‘ge :n{ ection
ports entering il geperatomgs | doro : sol ute
requirenent . eRGigAGIC! BeokoWrae IRt iilkr m1ebREEATNCRHLE the center
Congi tudi nid - afezmany -y Yyis, gehoraths: ien dFGven ¥ath a 50 Hz, Jrphese

| ongi t udi a *A t S 4 ’ ’
preferred enbodBoeNt power dappiyt tonehergdize3@hel p_lasﬁaltg_aﬁ gb2&h @qt{grtz)
tube having an outeg.di a s 2 n n,i,nper _di.aneter. o mm
Thus, the tgube E%g'ahp?i%?%FgF \%glﬁ ét’%??%ngsg ZP g%ﬁfnsgi'ﬁ%glﬂ ﬁm As
material is depd3Fmagren thrcbukdlr wbenf tbe dryt pdasmBegas ist ffedt ube' s

thi ckness gr owghréugtl #heN2Alets wht Anad 2envedkeEB! $htdSal ?Egeﬁgﬁhg%hgwdand

I t han hydr ox .content can be formed usin

a;e);:tr at us ]t]tﬁ ppg]la¥ﬂé ngsgﬂt -1Fn§BRFFBﬁ'.tiB}1HSFW&tF&EkgPPHE; £hBe having
an outer di aneterchfs8longitndinali arés Aranerhe pbsifiion of ulie ¢ 105
-10- : et Lt ol ogsi ble p C n . Q _
ferrim  qi ndeETioh pbEeBORh! TehshlnP LRIV EnEPLEuERE AR ENG adey |,
target conpri s?ﬁ&rﬁdBFﬁﬂcéntO thg| piasmabdustt abpveapgpeintny wheneethe For

instance, a 5Svertpbaleveddcity be Haed plabhe §8P28+bl ONThREIBtovifbes
such case,zc; hetHSpREL&SQ s '}.'Ecr: 161‘|z'ef 8% ”ﬁy&:&&?ﬁaﬁigpaﬂﬂetneml flow of
the source chemical jet into the border layers to realize
efficient deposition onto the growing tubular member 34.
And while the preferred embodiment has the injection
ports entering laterally into the housing, this is not an
25 absolute requirement. Instead, the source gases may
introduced into the center of the plasma jet 70 by a
water cooled probe extending along the longitudinal axis
A’ of the plasmatron torch 40.
In the preferred embodiment, the deposition target
30 is a silica glass (quartz) tube having an outer diameter
of 24 mm and an inner diameter of 19 mm. Thus, the tube
has an initial wall thickness of approximate 2.5 mm. As
material is deposited on the outer surface of the tube,
the tube’s thickness grows. Tubular members with a
35 diameter as large as 80 mm and less than 1 ppm hydroxyl
- content can be formed using the method and apparatus of
the present invention. By using a jacketing tube having
an outer diameter of 80 mm and an inner diameter of 19
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graphlte rod, and the-resulting tube may | ater be detached fromthe

graphite rqg,o’?}#ﬁ&nat ively, a graphite rod having a sl g¢eyasosnysf
froma'thi 10 tube may be used. The graphite rod in this case

provi des str uc ur al or th n_wal The t
wal | ed tube nmai®pel o?‘ﬁeﬂ°§$8ﬁ15'§| {:PCBrBEuFﬁemPF?e!tg HB% B?é HE
doped to inpardiameteraspngiiet moden€ibendex of ref ract | on Duri ng

deposition, the depfﬁ&sga"ﬁ&ea' 8bpdaitfoh!'Balgh? LBApkiLIaAnl edahige. The

deposited materi al ex of ent romthat
of the thi G188 ‘é\abeubethﬁﬁt targetssmapt bEsséﬁér al Fox| dpstancej,nat ead

ofI ;JSijn? gsgrt a%lﬁltedr]ba SaAVbEeusbaUas UtRe depoﬁ!ﬁﬂght thegethe mh; E :
wal | ed tube e thin wa ssurize ore e
flopos: t ed rat cPtgh FRseT L8 aeBSs et dnferPat EoERE °S., £iBa REEPCERR) i <
for med frogralplpéﬂeorodmdapédthelreaultbngotube w3y nyateroped r od,
such as a pri tio a terial can
be deposited E@%ﬂ?&ééé?fn maé?én%?%ﬁhé%ap&ge f#g{ern?tﬂ’éigf g%gd di anet er
i s obtained. 19rapkite rod having i ansleeee | fexned fromep Bhingwalledht in
ge”Y_ tS 10 #Jﬁé}(ajé’?ﬁ tbé\lQilsﬂt(ij596rl5§ YgE@ph e ekbdi ﬂx@tﬁﬂJ.QYCQséfﬁi'ovides
epositing o itio ¢l addi ant ages of
maki ng a start® %%‘ér%lslﬂbp? %P’Freﬁh%gém ‘é%]a?%t'ﬁ ¥ t8ent
i nvention are wakkad tube fmayl béi fexmed herom esihica n:mntlnenlileeul t¥tin a

lotent is rodiay aidbbe Wopde LPipdiE o 1€ & PO0BeraRlI NS Hdlex

content is reduced as con“)pare cont 1 nuou

starter tube fYoReERAFEIORarRYriRg t#ﬂ%ltws&%ddenw%%mtenal
i nventionial | s fused o feiersth i vﬁélled '@uﬁé.ar e tdﬁﬁoé\bté& A€+ PANg

vention i o AeY Hiyd i inadkie SR en adhiers FERRAT of use

t han the thin walled tube, but Idtus is not essentnidli - sAhse,
process, such gt o ding M0 drphite RO | \Fh‘f.dé nie?é Pé(fd by
conversion of the soot i nt a wtreous materl sujta

i nt ended use, SUPPOrt fgox,the d itukey ithe Hhinaalied Feked with

5 refererte tmay doe epneqmn:haredﬁ.d etﬂ)afhﬂm,s,tﬁélefepdémédl materidl bis
considered 10 didld ddGHll BAN JdMP ), wilon typuddlfy 14 4Gt W !

readily recogni ze% hat vari at
from doped or undoped silica. Moreover, using a doped

rod, such as a primary preform, as a target, additicnal
silica material can be deposited until a single of multi-
25 mode fiber of a designed diameter is obtained. In such a
situation, the jacketing step as was taught in Perry’s
U.S. Patent No. 4,596,589 can be eliminated by direct
depositing of additional cladding material.
The advantages of making a starter tube using the
30 method and apparatus of the present invention are three-
fold. First, the present invention results in a higher
quality tube, as the impurities, inclusions, and hydroxyl
content is reduced as compared to the continuous method
of making a starter tube from natural quartz particles.
35 Second, the present invention allows for the formation of
' a starter tube while providing very good control of the
tube geometry. And third, the present invention is a
simple, single-stage process which is cheaper to use than

-1l-



e e e e

of these enbodi nents are possible, each falling within ., 6 the scope of the
I nvention, as set forth in the clains 10 bel ow. '
PCT/US98/27051

-12- - WO099/32412 - N

a multi-stage process, such as those involving the
deposition of soot followed by conversion of the soot
into a vitreous material suitable for the intended use.
While the present invention has been disclosed with

5 reference to certain preferred embodiments, these should
not be considered to limit the present invention. One
skilled in the art will readily recognize that variations
of these embodiments are possible, each falling within
the scope of the invention, as set forth in the claims

10 Dbelow.
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CLAI NS - What is etained is: 1. A method for forming a tubul ar
menber sui %?8 for use in optical fiber formation on a t@R#gE§egnGe1d S
R b

mét hod *conp e steps of: provi di ng a hi gh-frequency -
pl asmatron conprising a coil, said plasnatron being sel ectively '
posi tionabl e along a length of sai d EBAEM¥E a spacing of 30-55 mm
separating the target fromsaid coil; 10 I ntroduci ng a plasna gas

havi ng a hydroxyl Cont of | ess than 2 ppm.into the plasmatron to
forma pl asma; WHat gf?’rﬂ‘%%t 188 a source gas conprising at least Sid4
and havi ng a hyxr ckymethndeﬁorofom3aqt patudud.agpmemher suitableyi on in

conmuni call on Mk Nysd! g RbFENBa12REnd? rornatdSROSH W bladicisia e

reaction pr od asma and sal source gas 0 t he tar get

whi | e Rai rﬂ%#hﬁ%f%@%b%‘ll%ebﬁf-%ﬁn#he target and the coil .

2. ghe met hog 01;] Clparovrild indped eh:[lgliaffleQQfehcy plagmatrens cﬁamliz!ﬂsﬁllné 3# of

W n I Ngs, an t ar ro sest .t.,o the
target by sai a%%gé r%fagm atr8i ﬁ&fgg g‘e%c?f'ﬁ8 Yog’oﬁja Jrﬁrfb]tonprl si ng
t he additi onalalong & dkength rof o@l@tdn’gaagetuom spacdmgaiofi (3P-f& emi al into

the source gasséyalqtiﬁyrlﬁu@%aweehf éﬂué5§d9é61t|.“t0 the 25 plasm
chanber . f claim1l r| sin the addl ti onal

step of difing the ’;ﬂ‘%ﬁ?ﬂ"’g’e&g pRfRFasRER 9§s|h?7'&8€cédhy qant-ent
pl asmatron. of less ttﬁnmq:mtmooﬁhelpwsﬁatmarwftﬂn 2OPIEEESS | S

30 1 nt roduced just Oﬁ%&ﬁri% néoﬁ:?cé hgagl 83’38&'181119‘ Etwiie%@t Sicllr:eand

vertical velocity
having a hydroxyl content of less than 0.5 ppm into a

region in communication with said plasma; and

15 depositing at least one reaction product of said
plasma and said source gas onto the target while
maintaining said spacing between the target and the coil.

2. The method of claim 1, wherein said coil
comprises a plurality of windings, and the target is
20 separated from a winding closest to the target by said
spacing.

3. The methed of claim 1, comprising the additional
step of introducing a fluorine-containing material into
the source gas prior to injecting the source gas into the

25 plasma chamber. '

4. The method of claim 1, comprising the additional
step of drying the plasma gas before it is introduced
into the plasmatron.

5. The method of claim 1, wherein the source gas is
30 introduced just above a point in the plasmatron- at which
the vertical velocity of the plasma is zero.

,,/i
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6- Thé met hod of claim1, wherein the tubular nenber-is an optical fiber.
pref or m 7. The nethod of claim1, wherein the tubular nenber is a

starter-t ub¥OPY24dh optical fiber preform PCT/US98/27051
* CLMS* |
6. The method of claim 1, wherein the tubular member
is an optical fiber preform.

7. The method of claim 1, wherein the tubular member
is a starter tube for an optical fiber preform.

KRR O R
. ¥

=14~




