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15 BACKGROUND OF THE INVENTION

During transport or storage of substrates, if traces of dust or gaseous impurities
present in the surrounding air adhere to the semiconductor wafers or other objects, the
subsequent product yield from the affected wafer is lowered. This tendency becomes
increasingly noticeable as the degree of integration increases. Accordingly, there is an

20  increased demand for the environment within these transport containers to achieve a high

level of cleanliness regarding not only dust but also gaseous impurities.

Currently to produce a clean space for accommodating substrates when transported
or stored, microenvironments are purged using an inert gas which is injected into the
interior of the container through an inlet port causing the air within the container to exit

25  through an outlet port. These purge gas inlet and outlet ports are generally located on the
bottom surface of the container shell and extend from the interior through the shell bottom
surface where they interface with the purge gas delivery system. This method uses a
check valve and circular PTFE particulate filter located in the purge inlet port to control

and filter the incoming purge gas. The inert purge gas then replaces the air and
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One goal of purging is to decrease humidity and oxygen levels in the internal
volume of the microenvironment. A challenge of purging is to evenly distribute the purge
gas fast and effectively over the substrates within the container. Current purging methods,

25  using inlet and outlet ports at the bottom of the container do not meet either requirement of
purging fast or effectively because the path of least resistance for the purge gas flow is
directly from the inlet to the outlet. Little of the gas flows between the wafers, and the
volume between the wafers is a dead zone that is not immediately affected by the purge
gas. This results in non-uniform humidity and oxygen levels within the

30 microenvironment. Utilizing the purge tower improves the speed and effectiveness of the
purge, but the orifices in the tower still do not evenly distribute the purge gas between the

wafers even with the implementation of graduated orifices. In effect, as the purge gas
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from reaching inside the container. Currently, operators must reach inside the container to

remove and reinstall the purge towers and purge ports/filters when the container is cleaned

20  and returned to service.

SUMMARY OF THE INVENTION

In view of the above mentioned problems, the present invention provides for an
improved system and method for purging a microenvironment to desired levels of relative
humidity, oxygen, or particulates through the implementation of a purge gas delivery

25  apparatus and method that provides even distribution of the purging gas within the

microenvironment.

An additional advantage of the present invention is that the purge tower porous
barrier may be composed of a hydrophobic material that prevents water from entering the
purge tower during the cleaning process which consequently eliminates the need to

30 remove the purge gas delivery apparatus during the cleaning process which avoids
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contained in the microenvironment. The microenvironment container inlet port is
connected with a gaseous working fluid source, and the outlet port is connected with an
20 evacuation system. In operation, according to one embodiment, the tower includes a
sealing grommet in the tower base portion that maintains a seal against the container shell
to prevent undesired chemicals or particulates from entering into the interior of the wafer
container. Thus, any flow between the interior and exterior of the wafer container is
limited to passing through the passageway defined by the grommet. Types of fluid flows
25  include the introduction of purging gases such as nitrogen into the interior of the wafer
container. The fluid flow can be further limited by the porous barrier element. The
porous barrier provides filtering to the purge gas to remove particulates as well as oxygen
and humidity from the purge gas prior to the gas being introduced into the interior of the
wafer container. The integral directional flow check valves operate at very low pressure
30 differentials. In this embodiment, a porous membrane barrier is placed in the inlet tower

directly behind the tower orifices. The membrane barrier improves the performance of the
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porous polymer material as is used for the membrane barrier avoiding the need for
orifices, radial slots, or separate tower portions to form the tower. This tower may be
manufactured as a capped porous tube that attaches directly to the inlet/outlet ports on the
bottom surface of the container. This tower can be made as a “C” shaped sleeve that can

25  be situated such that flow is directed towards the substrates or towards the container wall,
or any other direction desired simply by how the sleeve is positioned in the

microenvironment.

An additional embodiment is that the porous membrane filter can be made as a

bladder that is installed within the tower. In this embodiment, the porous material not only

30  covers the purge tower nozzles but also the reveal between the front and back portions of
the purge tower. This allows for any leakage through the reveal to be filtered as well as

any water to be blocked from coming into the tower through the reveal. The purge gas is
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5 WD 2011/ 072260PCT/ US2010/ 059956 injected into the filter bladder at the
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t hrough twe 20ovie268|l ot s and into the container interior PCTS20basdes can be
manuf actured either as a conplete tube that is installed between the front

and back. I LSicl A3 d
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FIG. 1A is a front opening wafer container.
FIG. 1B shows a front opening wafer container with one purge tower installed.
FIG. 2 is a front view of the tower showing the gas dispersal slots

10 FIG. 3.is an exploded view of the back portion of the tower, the porous membrane

barrier and the slotted front portion of the tower

FIG. 4 shows the purge gas flow into the tower and subsequently out through the

barrier membrane and the tower slots into the container interior.

FIG. 5 is an exploded view of the purge tower made of porous polymer material

15  which is then press-fit into the molded base portion.
FIG. 6 is an exploded view of the tower and porous membrane bladder.

FIG. 7 is a cross section view of the complete tube shape bladder showing the gas
inlets and the different wall section thickness which enables the purge gas flow toward the

disperse slots in the front portion of the tower.

20 FIG. 8 shows the respective flow data for porous polyethylene and porous

polypropylene in the presence of air pressure and water pressure.

FIG. 9 shows the reduction in relative humidity measured at wafer slot #1, wafer
slot #13 and wafer slot #25 with the door removed before and after purge with the present

invention.

25



FIG 7 is a cross section view of the conplete tube shape bl adder show ng
the gas inlets and the different wall section thickness which enables the
pur ge gaswblow/aeeard t he di sperse slots in the front pecTiuseoiof599%5€ t ower .
20::I G 8 ishows the respective flow data for porous pol yethyl ene and porous
pol ypropyl ene in the ressure.

FIG 9 shows the redulgtﬁ?éﬁﬂiﬁﬁqﬁ %{Pﬁbﬁ%ﬁﬁ%ﬁfﬁé@ﬁ?‘% IOat waf er slot #1,
waf er slot #13 and wafer slot #25 with the door renoved before and after
purge w th t hpI@I eAdantstiadsentddipuration of\@ Q@itidt@%&ﬂﬁﬁ@ﬂddﬂ@&@emd%%&ﬁi

DETAI LED DESCRI PTI ON OF THE | NVENTI ON FIG 1A illustrates a

conf Irrgi” @ﬂlqt@ﬁefcﬁssﬁn@ﬁ HtnoxmeasaofifP HP 98 £ OSheamarrisahg asopenfzand 2, %g"ﬁf‘ta‘ik}?ér

asse Y3 n r &%?S t door
3, and an eArilic osure poﬁ?dgnq ers 1&?%@n%grr?ego%c{nQ%ﬁlﬁd\}lgghwﬁﬂ

Eolr lj zi)Et dlel ypdnhifrough ﬁotshﬁrmpdarinfuherﬁhtenst acfidesf lovldetle i substreges, it ethisocassi des

0 t he substrates hi s casg sem u or wafers, Front door 3 ,with
Ceal seaPTHGPIEHS AL WL SR LUUN-POPE I CIESEEs Th TSR PORICBS Yepace
that is {osﬁhﬁtaﬁqueflgmﬂa@@tlﬁm'1%’!&6@%@?&9@@&&%%@5? &8 RbdMahyEBucurtor the
purge towers may be in the bottomwall of the enclosure portion.

Ref er ri n§ forthEpGge 1@yera 6puaygee indhe botem svaodvhe engkpsuiepopiaon. of t he
preferred 10 enbodi nent enabl i ng gaseous morklng fluid or purge gas inside

a substrate cont ai ner t irected towa d a f st h d
in the contai Mfeigeng ﬁﬁg b& ﬁtﬁ%g%m‘?ﬁe# yS & ‘?1‘1”? e‘arH%B‘V\%fg‘%g% esgcfgze
by a;pasgyB8fikle ﬁperrabhﬂg Lh&ol @%@{)kn@ﬂﬁld% pth% g‘ﬁb‘ir{sﬁie PbbtratOcdthinesSodee

provi ded in each tower pre era form of a series of spaced apart
nozzl es 8irecitd tgeadoans! puayydroft gulgstrajek Ihoslmiem theecandainer wang @n@l qrtrgore

contents i ckin res A _
movenent 4 g]%( cgflﬁg'flrﬁaégw‘f%%(‘ro&ngﬁ%‘?hﬂ #base ﬁ%ﬁggﬁ”ﬂ% N%tﬁaé) t?ler:] @er &gl ng
Pat ent Nge rt60¥%e§-§t% proVB&Hinch ﬂﬁve@%@feréﬁle fnhBe fdtﬁi@miseheysmpa@éd, apaﬁd

| nternational Publi catlon No. WD2009/114798 A2, also owned by the owner of

the i nst anzzlesphl iTbatgesneuslipyrgedud wall tsaeap ho epntainer and gk Gogtanks pigkiag up
asseqbl Y Aehal iR 5%¢h e B B oBRBICAB ndr? of BRARLARYLSwRk the

I nve
the outlet port or door opening. U.S. Patent No. 6,221,163, owned by the owner of the

instant invention, and International Publication No. WO02009/114798 A2, also owned by
the owner of the instant application disclose certain structural configurations, assembly
details, materials which may be applicable to embodiments of the inventions disclosed

20  herein, said patent and publication are incorporated by reference herein

In an alternate embodiment, shown in FIG. 5 the tower configuration can be in the
form of a tower 17 made from the porous polymer material which is friction fitted onto the
base unit 7. One or more vent towers are also preferable connected to the outlet port or
ports, having a structure and function similar to that of the inlet towers, to direct flow to

25  the outlet valve for exhausting to the instrument suite.

FIGS. 3 and 4 show the interior of the tower with the porous material filter
installed. FIG. 3 is an exploded view of the entire tower. This view shows the tower rear
portion 9 which is a molded separate part that is connected to the tower front portion 11
with a series of tabs 12 located on the tower rear portion 9 that fit into recesses 13 on the

30  tower front portion 11. FIG. 3 is a cut away view of the interior of the tower 6 near the

base portion 7 showing the tower grommet 16, the purge gas inlet 14, and the purge gas

7



20herein, said patent and publication are incorporated by reference herein
In an alternate enbodi nent, shown in FIG 5 the tower configuration can be
in the fovonefvE2zeower 17 made fromthe porous pol yner mararse@b/osyseh is
friction fitted onto the base unit 7. One or nore vent towers are al so
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as a strip o 10 al vvst

configure por ous nmateri a e gas pressure to
bui | t0 i ngied@wieh@rdvader unifurml ait flewbowr mhm‘rﬁiciemrsubhiomﬁlehtegtw avequwba® t he

filter nmenbrane and then i s disperse ough the noz orifices 8 into
t he int efisehargs alopg th%%%ﬁhéga%f)uﬁet if gf CEUEZFRON,; L"“fﬁ E RURF 885rF r om

top to bgfe%)me ihferiok b@l'hn}@othﬂﬁl h FarRinES AN eSO Rl BF ERS®ibbtRRes| ih§thifdd withigr i al
allows a uniformpressure a %g the entire length of the tower that is

greater tlh:actontdm&rpr dadmlly ¢heoditmeideof the towends 'lSrﬂnt:lfrf@ tp Atleinches @fd thpgower

it 1 or m 3ol e TORGRTE FadhaE? ey Bitete® losbhe oGy 1O SRS

di schar gef ﬁJeQH&rlbhﬁel BOGH tRe @bntaihePPértiBh wiHesd theTbﬁeﬂ&Q&@tb’d zRhd PRaky thews t he
purge gas to clean the interior volunme through lamnar flow across all of

t he subsﬂmtha@f thc.mvsﬂrlpemm ip i leagt Hee dgtans beaween thetgweymersubieatetleradt t he
t ower 75 mchg % t| nches and the tower wall thickness is 1/16 inch
to 3/8 |r"il?:e‘n‘i-:p§’erq1 §?lfsfa he 1ength of the tower is 70%to 100% 15 of the
interior height of the container portion where the tower is |ocated. And

ideal ly the | engthsieh dndendtRYEDS B iAvedfioh SreplanRdSor uéeewnﬁllesuﬁmomabetmen
t he | owernost subStrate sl ot and the uppernost substrate sl ot.

syst em anciting frsdhonextpsoduptiontsiasion o Stepl arihe dalirisation gragess ol hese p&%?ﬁsal ner
7 ool B Btert B5irBRKE (P HOUSH! 8 Tl 30 ofre AP0 nbil 1RGO TUEAY, A
container is completely purged to desired levels of relative humidity, oxygen, or
particulates in a period of about 6 minutes or less. Relative humidity levels of about 0.1%
or less have been achieved in about 5 minutes. Flow of the gaseous working fluid or
purge gas is typically provided in the container at up to 20 SCFH, and at a pressure of
25  from about zero to about 5 psi. Pressurized nitrogen gas and other inert gases are typically
available at pressures from about 65 to about 125 psi, and the pressure of the working gas
within the system is typically controlled using a point-of-use regulator, limiting feed
pressure to the inlet of the container to a maximum of about 10 psi. Working pressures
within the container are typically about 1 psi. The gaseous working fluid or purge gas is
30 filtered to remove particulates as small as 0.10 — 2.0 microns at an efficiency of about

99.999%



20 have been estimated to be about six mnutes to nore than one hour | ong.
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25 FIG. 7 shows an alternative construction for bladder 19. This view, which is a cut
away view of the bladder shows the different thicknesses of the walls of the bladder. The
front bladder wall 22 is thinner that the rear bladder wall 21. This different thickness
facilitates the purge gas delivery since the gas will permeate faster and easier through the
thinner wall 22 which is facing the tower orifices than through the thick rear wall 21. This

30  difference in wall thickness requires that the bladder is correctly installed. The porous
material is preferably porous polymers such as polyethylene, polypropylene, PTFE
(polytetrafluoroethylene), or PFA (perfluoroalkoxy). The porosity in the porous material
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di anet er cohmtetableytot hpuigerpgs owte ekteriondi thg qovtaines dyiconygdional me@ ofhet he
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and the tubing portion wall thickness is 1/8 inch to 3/8 inches. Ideally the wall thickness

of the tubing portion is 10% to 25% of the diameter. Ideally the length of the tubing

portion is 70% to 100% of the interior height of the container portion where the tubing

portion is located. And ideally the length of the tubing portion is at least the distance

30  between the lowermost substrate slot and the uppermost substrate slot.

FIG. 9 shows the levels of relative humidity within the microenvironment before
and after purging with the present invention installed and with the door removed.

10



FIG 9 shows the levels of relative humdity within the m croenvironnent
before and after purging with the present invention installed and wth the
door renmowedn111022600 2011/ 072260PCT/ US2010/ 059956 MeasuPemarst&oos99sel at i ve
hum dity nade before purging at wafer slot #13 indicates a relative

hum dity of : y her : ior to
purging a e%\i{\lg%:rgorgrﬁglo&#%&&f()?ﬁ@pﬁ%ﬁeg&geﬁ%?@gg ﬁ%’élﬂgng‘t Ity Flgggm éﬂagﬁeﬁét ween
35% and AMbGveAuhdditplevel 28)of beewedn 4084 lnditfiYet yAmebs ineseetenamadapreor tsl ot
#25 indicate a relative 5 humdity |level 26 of befween 20% 25%  Anot her
measur enBiENERvHER YPt HlL GRS & ye%é‘?’%?’ug‘l‘&y lﬂgl %‘I %fgbqt?fﬁﬁ”cgi]’ %?na 4)_10 Vative
hum di tyAEﬁY?u,r ﬁ%,ofelagﬁk"vﬁﬁ'rﬂid%?(y?rﬁﬂﬁraégﬁts at wafeMWiok 825N dRiaRS @Nfeldtivyent i on
has been described herein in conjunction with a preferred enbodi nent, a

per som whumiditydeved 29 ofloetween 20Vhanda21%. Aabther measiaementirhasdefadice gwigng atcan

ef fect chanpges, bsti.tutions of. equiv nt nd, ot her ~type f, al terations
to t hosewé'lg& S%#?g?gﬂ lrfﬁé?aé?sr‘?. re%gc\fﬁﬂgﬁ%cﬁgﬁﬁ’éﬁilzgd)g&weﬁléabé’t%\aezgé%ln al so have
included or incorporated therew th such variations as disclosed in regard
to any or all yafj lﬂﬁ: B;egéi{t SRR Been! BeRribéd Hefeih h %qg.ﬁixcﬁ&?twith a
protection granted by Letters Patent hereon be limted in breadth and scope
only by gedfferrdd érobrsiiment; aiprrsdn iwitht drdinappskild éuthel aal, redtearrddmgythe faregainsdnt s
tsngg? ?;I[ 8én58%%?Fg/rfsgq\é,%sautbstliusnigrllsacl)fng]%i\}afe'nts and otherlt'ypéa‘s 5 eﬁ%e?aq}ofn(s) "o El{oes‘cr:] %80” 'ng
10  forth herein. Each embodiment described above can also have included or incorporated
therewith such variations as disclosed in regard to any or all of the other embodiments.
Thus, it is intended that protection granted by Letters Patent hereon be limited in breadth
and scope only by definitions contained in the appended claims and any equivalents

thereof.
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a substrate contai ner having a container portion with an opening for

| oadi ng/ unl oadi ng substrates, a door adapted to seal ably cover the opening;
a substr awe 20ara79iong section di sposed in the transport @®OMUSB2018/059956 an
apparatus conprising an inlet tower adapted to be nmounted to substrate
cont ai ner por CLiMr admitting a gaseous working fluid to the interior of
the container for purging the substrate container body wth the gaseous

wor ki ng fluid, ~the inlet tower having a I ength and one or nore outl et
regi ons arrandéut & daimedhs | ength of the tower, and an interior flow
passageway extending the length of the tower, filter nmedia positioned

at each outleﬁ regi.on int&%nediate the one or nore outlet regions and the
interior flow pass PRI UGSIEAUS LOMIBISKI8hg f 1 ui d being adnitted
to the substrate container may be filtered and the gaseous fl uid. 2.
The apparatus,if, Al ontMhET §ialinkh re. out i fesaid
inlet tower cgng??%es digluralﬁk9n f%bggﬁﬁﬁggngﬁgni éxﬁﬁléﬁrbﬁgﬁgfig

conpr i sedadingtunigadofg substoates, adber adaptetl hateatablyecsvet tie apenihgces, the strip of

porous material extending in the interior of the tower. 3. The
apparatus of claiml, wherein said inlet tower conprises a porous polyneric
mat eri al that 2 BYRERE GREYEE SEPURA FipROSPhinethe gangoriaqataingher | 4. A
system for transporting substrates conprising: a substrate transport

[ oad ng! unl otk RyPaGar uRREaRE Ml RERLAORE Balftilro pgouac

2011/ 07226Mk6dY pév80d MrQRIAARmg a gase@i’ vagRibgaluis td e iaQHTbE bf the con@RMSL S
working fluid to the interior_of the container conprising an inlet tower

formed oPWigHiEdhs sHatratesoniaines ppdy With dhegaspouseyorkingtfhidit ower formed of the
same porous barrier material. 5. The apparatus of claim4, wherein

sald inlet t O\ﬁ%rinfe? EJW& h(%lilintgha{a le%g{hoa{fl% one or more outlet regions arranged along the

length of the tower, and an interior flow passageway extending the length of the tower,

filter media positioned at each outlet region intermediate the one or more outlet
regions and the interior flow passageway whereby the gaseous working fluid being

admitted to the substrate container may be filtered and the gaseous fluid.

2. The apparatus if claim 1, wherein the one or more outlet regions of said
inlet tower comprises a plurality of orifices and the filter material comprises a strip of
porous material that covers the orifices, the strip of porous material extending in the

interior of the tower.

3. The apparatus of claim 1, wherein said inlet tower comprises a porous

polymeric material that blocks water from the interior of the tower.
4. A system for transporting substrates comprising:

a substrate transport container having a container body with an opening and a

wafer loading/unloading door adapted to sealably cover the opening;

12



barrier material has in cross section, a "C' shape. 6. A systemfor

transporting substrates conprising: a substrate transport container
havi ng a worhaiatezs0body wit h an openi ng and a waf er | oa#gcmg/Sanbosdsang door
adapted to seal ably cover the opening; and an apparatus for admtting
a gaseous workin qu

i nterior t I r|
inlet tower a"HHa abﬁ%ﬁ’érag%wg SrPRBede “folr%lﬁlgt éggd;{rhgdgt%¥lof§er Cﬁb@?‘legr th
bl adder &ﬂﬁﬁrisﬂ& axtigRe it Gerafor@Bd il mfodshartial eiatdriavand a filter in the. towee
apparatus of claim6, wherein said bladder has one side that is thinner
t han an ﬁppgépf6w§mmepmwusbMﬂerngTﬁé apparatus of claim6, wherein said
bl adder has a length and is open on one side of said eIongate bl adder, said

opening extending gl | cast, SHPSLARL St 160 NELT RS, B ROEL,

waf er treRsPomhicFMA1iR6fosé SeclivRiClaiage to the substrates, the nmethod
conprising steps of: placing a porous barrier material in the purge tower

apparatus covering the orifices. 10. The method of claim9 wherein,
t he porous baéri er Angystem fr tragsportingrsabstmtes apmprising:

a substrate transport container having a container body with an opening and a

wafer loading/unloading door adapted to sealably cover the opening; and

an apparatus for admitting a gaseous working fluid to the interior of the container
comprising an inlet tower and a bladder portion made from the porous filter material, the

bladder portion extending a length of the inlet tower.

7. The apparatus of claim 6, wherein said bladder has one side that is thinner
than an opposite side.

8. The apparatus of claim 6, wherein said bladder has a length and is open on
one side of said elongate bladder, said opening extending at least substantially the length
of the elongate bladder.

9. A method of maintaining the environment within the wafer transport

container to avoid damage to the substrates, the method comprising steps of:

placing a porous barrier material in the purge tower apparatus covering the orifices.

10. The method of claim 9 wherein, the porous barrier material is in the form of
a bladder.
11. The method of claim 9 wherein, the porous barrier material is in the form of

a bladder with the back side missing.
12. The method of claim 9 wherein, the porous barrier material is in the form of

the purge tower.

13. The method of claim 9 wherein, the porous barrier is a strip of porous
material.
14. The method of claim 9 wherein, the porous material comprising one of

sintered material, fibrous material, or foamed material.
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16. A method of providing equalized purging flow of a gasous fluid along the
length of a purge tower in a substrate container, the method comprising providing a purge
tower of a tubing portion and formed of a porous polymer, the tubing portion closed at a
top end and connected at the bottom end to a purge port; connecting the purge port to a
purge gas source exterior of the container, providing a pressurization of the purge tower
such that flow velocities and volumes near the top of the tower are equal or substantially

equal to such flow velocities and volumes near the bottom of the tower.

17.  The method of claim 16 wherein the method further provides adjusting the
direction of the purge flow utilizing an elongate sleeve with a lengthwise slot, the sleeve

conforming to and fitted to the tubing portion.
18. A substrate container comprising:

a substrate container having a container portion with an opening for
loading/unloading substrates, a door adapted to sealably cover the opening; the substrate

container having

a substrate carrying region in the transport container and further comprising an
inlet tower mounted to container portion in the interior of the for admitting a gaseous
working fluid to the interior of the container for purging the wafer container body with the

gaseous working fluid;

the inlet tower having a length and one or more outlet regions arranged along the
length of the tower, and an interior flow passageway extending the length of the tower, the
tower comprising a filter media formed as a tubular structure extending the length of the

tower, the tubular structure having an axial fluid flow passageway connecting to a purge
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16. A method of providing equalized purging flow of a gasous fluid al ong

the length of a purge tower in a substrate container, the nmethod conprising
provi di ngve 2purige2ébower of a tubing portion and forned eCTaspavos®seol ymer,
the tubing portion closed at a top end and connected at the bottomend to a

urge port; connectin he purge port to ur ge _gas_.s erj of the
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equal to suc | ow vel ocities and vol unmes near the bottom of the tower.

17. The method of claim 16 wherein the nmethod further provides adjusting
the direction of the purge flow utilizing an elongate sleeve with a

| engt hwi se slot, the sleeve conformng to and fitted to the tubing portion.
18. A substrate contai ner conpri sing: a substrate container having a
container portion with an opening for | oading/unloading substrates, a door
adapted to seal ably cover the opening; the substrate container having

a substrate carrying region in the transport container and further
conprising an inlet tower nmounted to container portion in the interior of
the for admtting a gaseous working fluid to the interior of the container
for purging the wafer container body with the gaseous working fluid;

the inlet tower having a |l ength and one or nore outlet regions arranged
along the length of the tower, and an interior flow passageway extendi ng
the length of the tower, the tower conprising a filter nedia forned as a
tubul ar structure extending the |l ength of the tower, the tubular structure
having an axial fluid fl ow passageway connecting to a purge port at the
bottom of the container portion for allow ng purge gas to flow up the
tubul ar structure and to exit the tubular structure along the entire length
of the tubular structure.
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