WD 2006/ 036257 PCT/ US2005/ 024715 H GH CONDUCTANCE CRYOPUMP FOR TYPE 111 GAS
PUMPI NG RELATED APPLI CATI ON This application is a continuation of and
clainms the benefit of U S. Application No. 10/948,955, filed Septenber 24,
2004. The | re teachings of the 5 above application Lncor por at ed
herein by S@#@P%ﬁ‘égﬁ BACKGROUND OF THE | NVENTI ON Oyopuﬁé@é@ﬁggﬁﬁﬁy
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gases, such as é},\(é@@gwgﬁ%%m% have appreci abl e vapor pressures
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col d finger.  the lower temperature array. The radiation shield generally comprises a housing

which is closed except at a frontal array positioned between the primary pumping
surface and the chamber to be evacuated. This higher temperature, first stage, frontal

15 array serves as a pumping site for high boiling point gases such as water vapor,
known as Type I gases.

In operation, high boiling point gases such as wﬁter vapor are condensed on
the frontal array. Lower boiling point gases pass through the frontal array and into
the volume within the radiation shield. Type II gases, such as nitrogen, condense on

20 the second stage array. Type III gases, such as hydrogen, helium and neon, have
appreciable vapor pressures at 4K. To capture Type Il gases, inner surfaces of the
second stage array may be coated with an adsorbent such as charcoal, zeolite or a
molecular sieve. Adsorption is a process whereby gases are physically captured by a
material held at cryogenic temperatures and thereby removed from the environment.

25 With the gases thus condensed or adsorbed onto the pumping surfaces, only a

" vacuum remains in the work chamber.

In systems cooled by closed cycle coolers, the cooler is typically a two stage
refrigerator having a cold finger which extends through the radiation shield. The
cold end of the second, coldest stage of the refrigerator is at the tip of the cold finger.

30 The primary pumping surface, or cryopanel, is connected to a heat sink at the coldest



30 The primary punping surface, or cryopanel, is connected to a heat sink at
the col dest WD 2006/ 036257 PCT/ US2005/ 024715 -2 end of the second stage of
the cold finger. This cryopanel nay be a sinple netal plate, a cup or a
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second stadgaﬁggpmgékk as, for exanple, in U S. Pat. hb&QﬁﬂE%ﬁﬁgﬁ%ggmhich S
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second stage ad8épbéadiryistage otthetafidgesator Jhise @rﬁmegwgéh%seﬁ@dgeéaﬁ@s from
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| ayer is saved e adsorption
closes the radiation shield is cooled by the first stage heat sink through the shield or,
15 asdisclosed in U.S. Pat. No. 4,356,701, which is incorporated herein by reference,

through thermal struts.

Cryopumps need to be regenerated from time to time after large amounts of
gas have been collected. Regeneration is a process wherein gases previously
captured by the cryopump are released. Regeneration is usually accomplished by

20 allowing the cryopump to return to ambient temperatures and the gases are then
removed from the cryopump by means of a secondary pump. Following this release
and removal of gas, the cryopump is turned back on and after re-cooling is again
capable of removing large amounts of gas from a work chamber.

The practice of the prior art has been to protect the adsorbent material placed

25 onthe second stage cryopanel, e.g. by enclosing the second stage adsorbent with
chevrons, to prevent condensing gases from condensing on and hence blocking the
adsorbent layer. In this manner, the layer is saved for the adsorption of
noncondensing gases such as hydrogen, neon, or helium. This reduces the frequency
of regeneration cycles. The chevrons, however, decrease the 'accessibility of the non-

30 condensables to the adsorbent.



noncondensi ng gases such as hydrogen, neon, or helium This reduces the
frequency of regeneration cycles. The chevrons, however, decrease the
accessibility of the non- 30 condensables to the adsorbent. WO 2006/ 036257
PCT/ US2005/ =3 A figure of nmerit of cryopunps is_t re
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interior surfaces of the discs of the cryopanel. This allows the noncondensing gases
15 to be adsorbed more quickly, thus increasing the pumping speed for the non-

condensables. At the same time, the second stage array was designed so as to assure

that all of the gas molecules first strike a surface of the cryopé.nel which has not been

coated with an adsorbent material.

SUMMARY OF THE INVENTION

20 In certain applications such as ion implantation, Type II gases are not
prevalent, and loading of the cryopump is dominated by Type IIl hydrogen gas.
Recognizing that, the present designs are based on a lesser concern for capture of
Type II gases and a lesser concern for protecting the adsorbent from Type I and Type
II gases, while opening the cryopumping array to improve conductance to the

25 adsorbent for rapid collection of Type Il gases by the adsorbent. The disclosed
embodiments provide a high conductance frontal array, a radiation shield shaped to
focus gases toward the second stage cryopanel and an open second stage cryopanel
architecture, though implementation of the invention need not include all of these

features.



enbodi nents provide a high conductance frontal array, a radiation shield
shaped to focus gases toward the second stage cryopanel and an open second
stage cryopanel architecture, though inplenentation of the invention need
not includ I ese features. W 2006/ 036257 PCT/ 47 -4 The
I nvention gﬁgghggﬁg%?ryopunp havi ng at | east 2096capturg§§%%§Q%ﬁPV%§ of

hydr ogen, preferably over 25% Disclosed enbodi nents have a capture
probability greater than 30% The crydbunp conprises a refrigerator having
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adsorbent is so, exposed. Preferably, the majority of .the, adsorbent is
exposed to the tEWeE‘F&FF"rt%raIA E’_P’Eltéﬂc% pape]gcro ne gé‘hﬂ’@lr@lﬁf‘mtsgwfw ont al
15 opening. In &%Vrﬁcﬁhtfbn%ﬁi%%’fo%{étséconatsta @@&Bpaﬁ@%ﬁ a@Q%ﬁBt_f_ﬁ@ﬁg%ﬁ&ﬁc@?@r area

of the second stage cryopanel is coated wth adsorbent’. ront al
cryopanel nmay dogter cendengimmtegpernatuee gashariThe speonf etage cnyopsnet ¢omprisescaond st age

| byj | 50% of th ing in t At | ield. Th
i aneter of (PneGUEERITE: U ie ) anT e vat ape 3014 BEABPRE ey < he
di aneter of  2QiifebEtirmeREBigRtol the fabiRitibRSHicl bPRd tRbnthg il R rhdidicH shyld.shi el d

may conprise a cylinder and a base cI05|q% an end of the cylinder, a
junction of theVesgiprefereblyahleag 0% ofdhaedserbenidviso exppesduandyaes srefaelly.d t he
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havi ng edges dire
adsorbent is exposed to the cylindrical sides of the radiation shield or to the frontal

15 opening. In certain embodiments, at least about 90% of the surface area of the
second stage cryopanel is coated with adsorbent.

The frontal cryopanel may cover an area greater than a projection of the
second stage cryopanel but less than 50% of the opening in the radiation shield. The
diameter of the second stage cryopanel is preferably less than 60% of the diameter of

20 the opening in the radiation shield. ‘

The radiation shield may comprise a cylinder and a base closing an end of the
cylinder, a junction of the cylinder and base being curved to focus gases toward the
second stage cryopanel.

The second stage cryopanel may comprise flat baffles having edges directed

25 toward the radiation shield. Frontal baffles angled outwardly and toward the
opening of the radiation shield define an envelope extending toward the opening of
the radiation shield, the envelope having a sloped periphery. Rear baffles may be
angled outwardly and away from the opening in the radiation shield, the edges of the
rear baffles defining an envelope extending away from the opening of the radiation

30 shield, the envelope having a sloped p'eriphery. In one embodiment, the frontal and



25 toward the radiation shield. Frontal baffles angled outwardly and toward
the opening of the radiation shield define an envel ope extending toward the
opening of the radiation shield, the envel ope having a sl oped periphery.

Rear baffle angl ed outwardly and away fromthe ing in the

radi ati on sﬁ]idgagﬁ,ﬂgﬁsé edges of the rear baffles defini nﬁpﬁﬁézgﬁ(ﬁéﬂdﬁe
extendi ng away fromthe opening of the radiation 30 shield, the envel ope
having a sl oped periphery. In one enbodi-ment, the frontal and WD 2006/ 036257
PCT/ US2005/ 024715 -5 rear baffles are fanned discs. |In another enbodi nent,
the frontal and rear baffles conprise concentric frustoconical baffles. In
accordance wi t Hearrhaffles eresfepnedidises. Intpaotherasphodnent ithefrertalond rear haffles cr yopanel
array conprises_an array of discs. .t jscs fanning to define a generally
5 ball shaped efverspe g %%lg'fl?cté%qwcﬁatfﬂées' array may conprise a stack of
paral l el discs, a f3nasordhnscwith aidthdrgspeetdiie: idven®ios, thesbcohd sthge st ack, and a
fan of discs formng an inverted done at the other end of the stack. The

di scs may be nUlYRPEGE] eEaRCqIBRTisehHAn ARy f Risess thedhsss &pning to defirsageaerally .a

cryogeni c rekrigeqr, S I lﬁ%@! HF lmgf\ GS 10
The foregoi ngg ab(rillg Sg%F%gFH%g(jSp&tgg%&ﬁ%élyﬁrﬂegan a \ﬁﬂsggggﬁag e |%§hti on

wi || be appar erd fah bfdisdstforntiag b deine gt sheread patht istack, and d €&acsfldics Goimadg g ef err ed
enbodi ments of the invention, as i]Jlustrated in the acconpanying drawi ngs in
which 1ike refiByasteddompat the othies endatdhe stack he disprmpnbe mowmpdiogsirott he
different vie

] } ?tc@ enphasi s
i nst ead bei ng pr?icceg a&%n{t}%&"ﬂp{%ﬁﬁgﬁ@eﬁ?ﬁgﬂ?g&?ﬁ%ﬁiﬁeﬁ%ﬁlﬁ es ﬁgof'l the i nvention.
FIG 1 is a perspective view of a cryopunp enbodyi ng the present invention,
with a vacuum v, I Latl i.e ken away. FIG 2 is a
perspective vi @%@&E@QPO?@M%&& age cryopanel of the
embodi nent @f FI G ]The%&egdiggaﬁétﬁer%bfé%fs,sﬂaﬁﬁfek‘éﬁd Ydvakagss dTHRSAMEEn i N FIG 1
but with half of the second stage cryopanel assenbly renmoved. FIG 4 is a

si de view of t heilldecppaterstiogethe fyltgyangmorsfpaptic@lar description of preferred

embodiments of the invention, as illustrated in the accompanying drawings in which

like reference characters refer to the same parts throughout the different views. The
drawings are not necessarily to scale, emphasis instead being placed upon illustrating
15 the principles of the invention.
FIG. 1 is a perspective view of a cryopump embodying the present invention,
with a vacuum vessel and radiation shield broken away.
FIG. 2 is a perspective view of a portion of the second stage cryopanel of the
embodiment of FIG. 1.
20 FIG. 3 is a perspective view as presented in FIG. 1 but with half of the
second stage cryopanel assembly removed.
FIG. 4 is a side view of the second stage cryopanel of FIG. 1.
FIG. § is a side view of the second stage cryopanel of FIG. 1 oriented 90°
relative to Fig. 4.
25 FIG. 6 is a perspective view of an alternative embodiment of the invention.
FIG. 7 is a perspective view of a half of the second stage cryopanel array of
Fig. 6 prior to mounting to the cryopump.
FIG. 8 is a perspective view of the half of the array of FIG. 7 mounted to the
cryopump.



FIG 5 is a side view of the second stage cryopanel of FIG 1 oriented 90
relative to Fig. 4. 25 FIG 6 is a perspective view of an alternative

enbodi ment of the invention. FIG 7 is a perspective view of a half of the
second st agey@sippapel array of Fig. 6 prior to nountin opunp.
FIG 8 is a persg/ec??/ve view of the half of the array of gﬁ*@\ﬁ@g}%@rg\t ed to
the cryopunp. WO 2006/ 036257 PCT/ US2005/ 024715 -6 FIG 9 is a side view of
t he second stage cryopanel of the enmbodiment of FIG 6. FIG 10 is a side
view of the second stage cryopanel of the enbodinent of FIG 6 oriented 90
relative to Fig. 9. 5 DETAI LED DESCRI PTI ON OF THE | | ON A.description of
preferred enbodi nent]%ICbPli?l@E‘FW\‘?@ fl}?rf'e‘foé‘fllst?ﬁ%‘?ryp?a&ﬁwgg embedimentof e one
enbodi ment of thg; ignvention. Fig. 1 is a perspective view of a cryopunp
with a vacuum vessel 12 and radiation shield 14 broken away. The vacuum
vessel 12 maybe nounfl&d 10iszsidd yiew of thewsenokd stagsbrgopanel dfltlepabotiinart of0 t 0 an
internmediate g val ve gsby\an It @ndgpt he work chanber. A two-stage cold
finger of a crf/]%)'g:érqioéleP@ gCrAIVR IO B8 3hr ot rudes into the housing through the
side opening. In this enbodi nent, the second stage of the refrigerator is

surrounded by a cylinder 18 that shields the second stage of the
refrigerator S TRETAYLEDMHESCRIPTION OFi ESINVENSGICGN i on and subsequent

recondensati on of gases on.the.cold fi r 1 ith. fluctuations in
tenperature al ong th‘g%gmh?rf ?fgﬁs‘?tle’érgg %@@Wﬁﬁ%@?ﬂvﬁg{f@rﬁmﬁ'l%, 007, which
i's incorporated her efigs.hy5 1546 HitcCombbaRnedn€ bf the aivahiidn. 'Flg.'lbiﬁiﬁ?eﬁp&'tﬁ@' acer
in the cold finger which is driven by a motor. Heliumgas entering the cold

finger is expandéy odAEryORUED Yo aswcyum seshelddand ragidtion shielddddwekepamay.col d

t enper at ur es. frl | | . i .
57005, 815 o cnofd 1Rulfl Ve 17 bd Ao afd RS b SnatiBlron Blfior . 1ie
cup-shaped rnadi @tandntefhedidtel gdtd vitvebétwekeriiDaridthe Works¢hagibag €A eabtage dotd

finger of a cryogenic refrigerator 15 protrudes into the housing through the side

opening. In this embodiment, the second stage of the refrigerator is surrounded by a
cylinder 18 that shields the second stage of the refrigerator. The cylinder 18
minimizes evaporation and subsequent recondensation of gases on the cold finger

15 with fluctuations in temperature along the cold finger as described U.S. Patent
5,156,007, which is incorporated herein by reference.

The refrigerator includes a displacer in the cold finger which is driven by a
motor. Helium gas entering the cold finger is expanded and thus cooled in a manner
which produces very cold temperatures. Such a refrigerator is disclosed in U.S. Pat.

20 No. 3,218,815 to Chellis et al., which is incorporated herein by reference.

The cup-shaped radiation shield 14 mounted to the first stage heat sink
typically operates between about 65 and 100 degrees Kelvin. The radiation shield
surrounds the second stage cryopumping area and minimizes the heating of that area
by direct radiation or by higher condensing temperature vapors. The first stage

25 pumping surface comprises a frontal array 20 which serves as both a radiation shield
for the second stage pumping area and a cryopumping surface for higher temperature
condensing gases such as water vapor. This array allows the passage of lower
condensation temperature gases through to the second stage pumping area.

A typical frontal array extends across the entire opening of the radiation

30 shield and includes chevron-shaped baffles to assure that a large percentage of Type



typically operates between about 65 and 100 degrees Kelvin. The radiation
shield surrounds the second stage cryopunping area and m nim zes the
heating of that area by direct radiation or by higher condensing

t enper at ur ewPRNds62sThe first stage 25 punping surface coRhéReHeEr ont al
array 20 which serves as both a radiation shield for the se%:oﬁ%nstlage

punpi ng area and a cryopunpi ng surface %or hi gher tenperature condensing
gases such as water vapor. This array allows the passage of | ower
condensati on tenperature gases through to the second stage punping area. A
typical frontal, array.exiends across.the entire openjng of, the radiation 30
shiel d and i ncl &S % 9’%%@?55’%[&5%\?IFI cf’%écg%egjlﬂ”e%?%ﬁybf%?rﬁﬂﬁéaﬁercent age
of Type WO 200643 %pter momm%7ﬂaﬁon7smema§ﬁ§oﬁa§ﬂ, iR fdnt krgndral
array and are thus condensed on the array before they are able to’enter the
vol ume wit hi n tthe disgldbesk anahedighénts flly Byversche sesend stageccryapengl airay2? byt dots  t he

di scl osed enbodi nent s Ly covers the.secend sia cryvaopanel .arr 22 but
does not ext en%?qt%’éte?%k%éﬁg‘é r%eéﬁpﬁ%rﬁgfgyxe&o?{ﬁ% Sitmggf%ﬁej%ﬁ' e?eé?@y’ptﬁ ni ng.
Preferably, sheféntdlraamay abvedd leddth&ady%% _sfdheagerﬁﬂganhﬁﬁf@eﬁfboaiﬁ@nm%éwmel n one
enbodi ment in which the radiation shield has a dianeter of 304 mm the

frontal array i%diehenshigld hane diameigr efdddanmsthe Frontabarraytis ety dpEmneins t han

one-third of the area | t odi t . the second stage
array has a di a(glea‘%%tfr %@Bi%gﬁﬁ%pgg‘isegwg ertgﬁéaflﬁlgt&%‘gﬁmﬂp T %‘Iﬁ%?lt al array
only uses t hr eeerfiodshagoht sdond bragedrapahd 4 diamawr of134 me. dMiskatd idBiglhe

reduced area and open design of the frontal array jncreases the probability

that a gas nol®dks Eomfpl aray gplyrusesfhreg Sustasonigal thaped battlestf and rachewioas.d and
t hus be captjgr LG, | : Lk d heat
| oad on the 1?efe'glll1 egrggrh%{cg?l.% aﬁgag%edr%?l%b?%e g@ﬁ%gﬁ(r:%[dn ngrgri%hg?{.og g@% gtted age
array the frontgdsnalecale widhventes thaevolmeawitigin izt rediatibrashield pndfhecbe captunéd, t hat
array to avoid gn,excessive.increase in heat |oad. 15 Contrary to
conventional de Fﬁ}‘fg‘iasetdﬁﬁrmg’é%mc BLYROSER Bﬂﬁ%@‘?gﬁ}m§ngh‘v€ era&ﬁen_

archi tecture. SgGéve GAtH ¥ redhled BRachW¥r®Bn@ktage StAaKe BbnaPRFEGoTdréhn dbsSCS 26
which carry adsorbent on both surfaces. Holées are forned in the discs to
facilitate bongeater thin aptegstion of thattamay tn avbaansexoéssivhdncéase n Healrloarb| di ng.

adsorbent o 5 those 8611{‘:;3%9 t%sc'onventional designs, the second stage cryopanel 22 has a very

open architecture. Specifically, it is formed of a stack of spaced flat discs 26 which
carry adsorbent on both surfaces. ~ Holes are formed in the discs to facilitate
bonding of adhesive to the surfaces of the discs for holding adsorbent on those
surfaces.

20 Frontal baffles 28, 30 and 32 are frustoconical in shape, and they are also
coated with adsorbent. In the illustrated embodiment, each of those baffles forms a
different angle, but all are pointed outwardly and toward the opening of the radiation
shield. As illustrated in Fig. 4 by the broken lines 34, the frustoconical baffles
define an envelope that points toward the opening of the radiation shield but is

25 sloped from the periphery. The slope in the frontal array envelope minimizes direct

'~ contact of gases which have passed between the frontal baffles 24 such that the gases
are likely to first intersect the radiation shield 14, which condenses Type I gases.
Rear frustoconical baffles 37, 38 and 39 provide additional adsorbent coated surface
area for capturing Type III gases.

30 The many baffles of the array, coated on substantially all surfaces with
adsorbent, provide for a large capacity for Type III gases. Contrary to prior designs



20 Frontal baffles 28, 30 and 32 are frustoconical in shape, and they are
also coated wth adsorbent. In the illustrated enbodi nent, each of those
baffles forns a different angle, but all are pointed outwardly and toward
t he openi ngwef 20bd)@6ssadi ati on shield. As illustrated in Fi e broken
lines 34, the frustoconical baffles define an envel ope it’:%gyszé%%?%t‘égt owar d
the opening of the radiation shield but_is 25 sloped fromthe periphery. The
slope in the frontal array envel ope mi'm zes direct contact of gases which
have passed between the frontal baffles 24 such that the gases are likely

to first intersect, the radiation shi 14, ich co nses Type | gases.
Rear frustoconi‘@&?hwa‘ﬁfllbg%“kglfmf?@%éﬁglg@”éﬁ&%ﬁ@%@&qg&dﬁﬁ&%ﬁé@%rbent coat ed
surface area fQio6aR!subitRdially BR of the 28885t orbfle Bikes 28 BonbRbhfies20B0t he

array, coated on substantially all surfaces with adsorbent, provide for a

| ar ge capacity @ndB32pgdeear bafflen¥e 38 agbifl, ixexposed tg e diect divs pfjsightWexi2006/ 036257
PCT/ US2005/ 024715 .- 8. whi ch | d bl ock.the. l.ine.of sight.fro he radiation
shield to nuch ra?r'ia?%sme&%g{)i‘?%@ﬂtope%%&@%ﬁ%%&g?lp. %gfnr%o%g%t}‘f)ent on the
di scs 26, frontatfakafild &posttito Bl cyRitidr sidestTthd adihtifAéHidl€ or thé cyldfiriend 39, is

exposed to a direct line of sight to the radiation shield or frontal

openi ng in the frontdl apé¢rang. shiiepxposurn subjesisthe adsoriient terdpter hedtdordandite exposed
to the cylinder_sides t di ation i e r .t he |.indrical..frontal
opent ng.Thi's. eepoats o omb  fud Dottt B shhoriud Pochles BERRSToLE o 1o
exposure to Typsmpimef tHyP@ellll g@ases, but substantially increases the speed
of the punping ofpthe Type Il _gases. It can be seen in Fig. 4 that the
second stage cryopant¢andesesn inFig 44haf theisgoond stage exyopanel Hray: 3tantially

| ess than that adi at i | gﬂnaﬁ ' , di anmet er of
the array irsi@lS(ﬁ;mn%W??iesa%h%%élﬁg%eﬁ%er o@aéjﬂgherg%?g{‘ggﬁhéﬁgﬁd s 304 mm
As a result, thabedinsens thadig@eepefthy atrayie 1 Demwe evhile tiee didmetendfithd pr ovi des

for high conductance of gases to the second stage cryopanel . even _as Type |
gases col | ect dJ# ptin shisld leciDd ammy A arsltethig s & @I%@V&uﬁ’@ﬁéwﬂ}et is 15

preferred that %%rllﬁ&f%}g?igté% %gﬁisgﬁ{cé@g@ﬁﬂée JT46es Bo (HeRBRNE stab€&Sopdaan 60% of

the dianeter of the
even as Type I gases collect on the surface of the radiation shield. In general, it is

15 preferred that the second stage cryopanel have a diameter less than 60% of the
diameter of the radiation shield.

With the open space between the cryopanel and the radiation shield, a
significant amount of gas can be expected to reach the closed base of the radiation
shield. Gas molecules in low pressure environments travel along straight paths and,

20 asthey hit a surface, are most likely to be re-emitted from the surface according to
the cosine law. In the illustrated embodiment, the junction 36 of the cylinder of
radiation shield 14 and the closed base is curved in order to focus gases, which strike
that junction but which are not condensed on the radiation shield, toward the second
stage cryopanel. Thus, Type I gases are expected to be condensed, but Type II and

25 Type I gases are directed toward the second stage cryopanel for prompt
condensation or adsorption on the second stage. Preferably the curved portion
extends to about the perimeter of the cryopanel array.

The second stage cryopanel array is formed in two assemblies, one of which
is illustrated in Fig. 2. Each horizontal disc of the array is actually formed of two

30 half discs, one on each assembly, and each half disc will hereinafter be referred to as

a disc. Each disc is formed of sheet metal with a tab 27 (Fig. 1, 4 and 5) bent from



Wth the open space between the cryopanel and the radiation shield, a
significant anount of gas can be expected to reach the closed base of the
radiation shield. Gas nolecules in | ow pressure environments travel al ong

strai ght paylpsomide2s?0 as they hit a surface, are nost Ijkeldse 5%
re-emtted fromthe surface according to the cosine Iaw Int |I?ustrated

enbodi ment, the junction 36 of the cyllgder of radiation shleld 14 and the
closed base is curved in order to focus gases, which strike that junction
but which are not condensed on the radiation shield, toward the second

st age cryopanel, Thus | gases_ a dto dense but Type
| | gnd 2% ‘Fl)'ype mentl}&s@ﬂvtgfbeb"&gﬂw%a%%ﬁﬁ%ﬁa{l b‘%"é{?ﬁﬁﬁa& p;nel y1I‘Oor

pr onpt COndenS@wepﬁmgrof%%@e&ﬁéa@eames 371183 3R¢€ 99'eke HhRMfd ts’afr&v%rq@hyonme
curved portion extends to about the perineter of the cryopanel array. The

second stage crpwfieméd ofthe byackes 40.0Arhalf cylindend4 eynted kd the braskes indeatetli ch i s
illustrated in Fi 2, Each. hor.i z f the ar S al | or ned
of T 30 hal 1 iRt sRe ot her g 6ipte ds 40 Sl Hle i 1 pocbud

herei nafter ke gtgéﬁfﬂ%ﬁ@e&%reﬁ ghee. Each disc is fornmed of sheet netal
with a tab 27 (Fig. 1, gent from WO 2006/ 036257 PCT/ US2005/ 024715

-9 its center. That lebllmatﬂsl eag)admt mcbdwmmmalaﬁ@f rear baifles 84 38and he

bracket. The frust S e nount ed
to a | owner hom%@gﬁ Tt {edﬁuﬁ"ff &%?8?41% Brac &%ko‘%vfﬁ&aiﬂbﬁ‘?ﬁ? c?ﬁagﬁﬁér} 44
mounted to the ri¢lekat sp@nficﬁﬂjl&ﬁvax&\thbbinﬁe@jiﬁlcﬁcﬂﬁ&&ﬂe Eyinariédd eidsdarl fthit g
cylinder 18 to conplete the shield to the second stage of the cryogenlc

refrigerator. TWLSGPf‘lhe§Q¢*§t°@dh@%ﬂ°%bﬂfﬂ¢sr¥§4@dé§n%g§ﬁ$1116‘??59 fep thef 1 ear
baffl es 37, 188 AR, %Omﬁ%%ﬁg% .ed outwardly and downwardly toward
shield, an

the base of the radiatton specifically toward the curved
junction of the cyl ilndssealy, shedrsenibbylof Figt2 isbhamatedfto 4 heat satomté omthelkhé! d.
Those baffles readily qgl | ect, gases directed fromthe 0 | ower gort i ons of

the radiation shft@fsFeonchstageof iy gryogepis refigeraior fhreghengs dlﬁoné brAstFHEd to a
et sLaLior (epdihle S0 e e s iigeea el PGRRLE
heat stati on asfridtbaosicabliatilesi ane thexyals@scranesl tb tioah bralcket 48. :
15 Figs. 6-10 illustrate another embodiment of the invention. In this
embodiment, the radiation shield 14 and frontal cryopanel 20 are similar to those
found in the first embodiment. Similarly, the second stage cryopanel has an open
design in which flat baffles are covered with adsorbent which is expoéed to direct
line of sight from the surrounding radiation shield or frontal opening. This
20 embodiment, however, allows for fewer baffle parts and increased surface area. In
this embodiment, the array is formed of discs which are fanned to define a generally
ball shaped array. This design also relies on two baffle assemblies, one of which is
illustrated in Fig. 7. The semi-circular discs are mounted to a bracket 62 having a
vertical section 64 and incrementally sloping sections at either end. Four discs 66
25 are mounted to the vertical portion of the bracket and are thus horizontal. Three
discs at each end of the bracket are angled outwardly and toward a respective end of
the radiation shield. A final disc is mounted to the top or bottom end of the bracket
of a respective assembly and is near vertical. Each of the baffle assembly brackets is
mounted to the heat station 46 of the cryogenic refrigerator as illustrated in Fig. 8.
30 As illustrated in Fig, 10, the ends of the fanned discs define an envelope

which forms a spherical dome 68 toward the frontal opening and an inverted dome



frustoconi cal baffles are then also screwed to that bracket 48. 15 Figs.
6-10 illustrate another enbodi nent of the invention. In this enbodinent,
the radiation shield 14 and frontal cryopanel 20 are simlar to those found
in the firstkwwesgeicpent. Simlarly, the second stage cry n open
design in which flat baffles are covered wi th adsorbent 3§?@§£?§a%§§osed to
direct line of sight fromthe surroungbng radi ati on shield or frontal

openi ng. This 20 enbodi nent, however, alTows for fewer baffle parts and

i ncreased surface area. In this enbodinent, the array is formed of discs

whi ch f to defi .al 1y, . bal d . Thi i I
ol fos on tvo. bafomerEibe Biksb e edifompiclh As S Ao s dopieg T The
sem -circul ar dih'a?@pﬁmemwﬁ@ﬂ thderReldpdwhRh el dubficetarea/ it blifidlizezect i on

64 and increnentally sloping sections at either end. Four discs 66 25 are
mount ed to the diesct ingeateption vf radiatidn paseing betwken tha haffflgs ef they frontabarrayodtsal .

Three discs at. eac nd, of. the.bracket .are_angl,e t war dl nd. toward a
respective end By eﬁﬁge g‘?ﬂf“&?f OtHeg%qrgflaifacgaﬁegﬁg*he%@%sng?}séﬂ%%cgmtO the top
or bottom end ofdsbibentdd ¥dkditherdis PhigleRPEG comlueai@IbI Yy and is near vertical.
Each of the baffle assenbly brackets is mnounted to the heat station 46 of

the cryogenic refri gditepicst prer art aryppurpthewing g 400mm Gamger Ims ajcpptyrerptgtabd i n

Fig. 10, th ' ' | i eh.
Cfer ot Do BT gb 13800 rles olPA Rl S B R 81
2006/ 036257 PCThydreien of @tt 25%. Inléh idipléntensatidn bh theliast@lisefosédeémbaiitnet) On

shield. As in the first enbodinent, this done shape provides a slope in the
envel ope whi ch $4fcpmdgnetey syptgmethal is g Aving ahous tiedthirds the epening &eaefihs on of
radi ati on pagsi t I i he first
enbodi nent, a}t§ he@nraﬁrsgagﬁf l;‘?iaggecla r eéarg%fo(?%%&eulgE%P??g%%&egg%@%%@ts%c %é 5

adsor bent to whprobatilitgrof abaut a1%i din itnpleaientafion ofitiel s¢cand discldsddyepibodiment i or art
cryopunp havi ng, a. 400 di terﬁgas a capture raée %}3 8§F of about 12, 000
liters per sec Zois etepplytains agaplareraps i phent 13000 Gers By 865988n of
about 22% In agd g ﬁﬁ@&bﬁéﬂiﬂ?of’ﬁb&hﬁ‘%! &%bn&h&?do&@@ﬂso%ﬂ?@&ﬂv_@ﬁ%al o 320 mMm
di aneter system that is one having about two-thirds the opening area of the
10 400 nm syst emm $ystsmechag agapings ratg pEabwit 4H%UlitetspeOBond wish sbge21%econd and a
capture

15 capture probability of hydrogen. A 250 mm system according to the second
embodiment of the invention obtained a 7,000 liter per second capture rate with
about 32% capture probability of hydrogen.

While this invention has been particularly shown and described with
references to preferred embodiments thereof, it will be understood by those skilled in

20 the art that various changes in form and details may be made therein without

departing from the scope of the invention encompassed by the appended claims.



probability of about 31% An inplenentation of the second discl osed

enbodi nent having a 320 nm di aneter obtains a capture rate of about 13,000
liters per second and a capture probability of about 37% As anot her
conparison, a conventional 250 nmm system has a capture rate of about 4,500
liters per second with about 21% 15 capture probability of hydrogen. A 250
mm system according to the second emrdddi nent of the invention obtained a
7,000 liter per second capture rate with about 32% capture probability of
hydrogen. Wiile this invention has been particularly shown and descri bed
with references to preferred enbodi nents thereof, it will be understood by
those ski Whadi§¢laimedishe art that various changes in formand details may be
made therein wthout departing fromthe scope of the invention enconpassed
by the appended clainms. -11- What is clainmed is: |I. A cryopunp conprising: a
refrigerattor hAwryngpumpreetnpaisidgsecond st ages; a second stage cryopanel in
thermal contact w.th the second stage of the refrigerator to condense |ow
t enper at ur e coﬁ&gﬂ%?rﬁtﬁrgﬁlgégs,‘rs%larﬂ%ﬁ' iSB¥°%hi el d surrounding the second
stage cryopaneh saeshd BtapdQiyopandl Ot &fetmaledritack NRitK 1thS tseSdnA0Stagd ofhle
refrigerator; and a frontal cryopanel across an opening in the radiation
shi el d sersfiigriatastogondane faynismpgratiuie eendending gaseyher condensi ng tenperature
gases; the cry n: i 9 t bilj rogen,
and the scoond AR IS s HouBRE Rt SR ot ool O hinhaPborl D80
adsor bent withtthd #86dtageadfoh refiifrandr; adie adsor bent having a direct |ine of
sight to the radjiation shield or to the, opening jn the radiation shield,
and at | east s®nfEo3l ¢ePAUgk SPIEHRNNRANHG W e &diationnghigld segyiggiast Ar ough

the openi Bgobilnbilig sidsleqh it BrilefingtonefaiiOgugp as claimed in cl aim 1

wherei n at out 90% e surface area t he second stage
cryopanel is ctet@gopuinithhadsprbbmast. a 20%Acapture puohabiiy of diydegen,nand| the m |

wherei n the sgcond otage ctyopanel comprisesn.fLatbatll g5 hayi o edges

about 80% of the adsorbent having a direct line of sight to the radiation shield or to the
opening in the radiation shield, and at least some of the adsorbent having a direct line of

sight through the opening in the radiation shield.

2. A cryopump as claimed in claim 1 wherein at least about 90% of the surface area

of the second stage cryopanel is coated with adsorbent.

3. A cryopump as claimed in claim 1 wherein the second stage cryopanel comprises

flat baffles having edges directed toward the radiation shield.

4, A cryopump as claimed in claim 3 wherein the second stage cryopanel further
comprises frontal baffles angled outwardly and toward the opening in the radiation
shield.

5. A cryopump as claimed in claim 4 wherein the edges of the frontal baffles define
an envelope extending toward the opening of the radiation shield, the envelope having a

sloped periphery.

6. A cryopump as claimed in claim 5 wherein the frontal baffles are fanned discs.



4. A cryopunp as clainmed in claim3 wherein the second stage cryopanel
further conprises frontal baffles angled outwardly and toward the opening
in the radiation shield. 5. A cryopunp as clained in claim4 wherein the
edges of the frontal baffles define an envel ope extending toward the
opening of the radiation shield, the envel ope having a sloped periphery. 6.
A cryopunp as clained in claim5 wherdn the frontal baffles are fanned
discs. -12- 7. A cryopunp as clainmed in claimb5, wherein the frontal baffles
conprise concentric frustoconical baffles. 8. A cryopunp as clained in

claim5 fyrther conprising rear, baffl.es_angl ed ut war dl nd away. fromthe
openi ng o;j *t her S{é(gg‘frp%nass ﬁ\ralﬂ‘edj, I LRI G SVISFEIR 1 erf\é\%}tglbé?ﬁlleﬁsconﬂ%‘ls? ni ng an
envel ope exicemet Rastavdical bafes he opening of the radiation shield, the

envel ope having a sloped periphery. 9. A cryopunp as claimed in claim1l

wherein the radiation shield conprises sides and a base closing an end of
the sidesg a jwnghi f..the sid ej . t ases
toward t hg' secgng&gﬁﬁg‘g ¢ rggbngéﬁeﬁf C%gg i@ﬁg%ph&n%pﬁéégﬁﬁ%rngﬁﬂggsﬁ%@ 5‘?m 9
wher ei n t betwastipad stagfeom theogrenilg of thetrhdintioncshigd,itbesd gee af thb aédr beffleangl ed

outwardly d away fromthe qpenin f the radjatio shield, .1 cryopunp
conpr i si ngetining @n §nyelrRs &?ﬂeﬁﬁwgr@va& Fep e oReargrf ﬂ&@ge,ﬂoa sbiskb e < age

cryopanel eﬁ%lc{p@%ﬂﬁ%a%&@&@ﬁér}?ﬂﬁy}? t he second stage of the refrigerator to
condense | ow tenperature condensi ng gases; a radiation shield surroundi ng

the second stage cryopanel and in thermal contact wth the first stage of
the refrigeratqr; and a frontal. cryopanel across..an opening in the radiation
shiel d sePvi ng e8vapims} sxcHleimsd i tafr CdBerel i Faptidion el KEmhtss aise: at ur e
gases; thandhbaguwissifiax ed af the@aRks, AjudbiorcaithelsRled ambbibelHelng Dpelyelr ogen,

and the second stage cryopanel conprising an array of baffles carrying an
adsor bent ,focgﬁ gasegtopvard the second stage cryopanel.

10. A cryopump as claimed in claim 9 wherein the second stage cryopanel further

comprises rear baffles angled outwardly and away from the opening of the radiation
shield.

11. A cryopump comprising:

a refrigerator having first and second stages;

a second stage cryopanel in thermal contact with the second stage of the
refrigerator to condense low temperature condensing gases; a

a radiation shield surrounding the second stage cryopanel and in thermal contact
with the first stage of the refrigerator; and

a frontal cryopanel across an opening in the radiation shield serving as a
cryopumping surface for higher condensing temperature gases;

the cryopump having at least a 20% capture probability of hydrogen, and the
second stage cryopanel comprising an array of baffles carrying an adsorbent, at least
about 80% of the adsorbent having a direct line of sight to the radiation shield or to the
opening in the radiation shield;

wherein the radiation shield comprises sides and a base closing an end of the

sides, a junction of the sides and base being sloped to focus gases toward the second

stage cryopanel;



about 80% of the adsorbent having a direct line of sight to the radiation
shield or to the opening in the radiation shield; wherein the radiation
shield conprises sides and a base closing an end of the sides, a junction
of the sides and base being sloped to focus gases toward the second stage
cryopanel ; - 13 wherein the second stage cryopanel further conprises rear
baffl es angled outwardly and away fr-d-the opening of the radiation shield;
wherein the edges of the rear baffles define an envel ope which is sl oped
along its periphery 12. A cryopunp as clainmed in claiml| wherein the

frontal cryopanel coversan grea greater fhan a praojection t he second
st age cryopane}"’ﬁﬁrﬁ‘cn hes $e9904 n StagR,CEYOPARRL é’ﬁ@ﬁ[‘l ﬁ@B‘pF‘]ﬁest 5T lé?%ﬁ%ﬁ i2pgled hi el d.
13. A cry@@wmlfﬁn&émm&nmﬁemn Ehehgdigidh shivgd;di ameter of the second
stage cryopanel is |éss than 60%of the diameter of the oFenlng in the

radi ati on shi ewheremhe pdges pb therrparehafiids slefreeian envelape whichwisetoped alahgitst he
second st gg opanel conprises an array of discs, the discs fanning to
define a g Iy bal | shaped envel ope. 15. A cryopunp conprising: a
refrigerator haV|ng first and second stages; a second stage cryopanel in

t her mal contact with the second stage of the refrlgerator to condense | ow
t enper at uré coﬁd@ﬁ%ﬁ%}) @%glé’é“e a}nr%mak W&ﬁregmh@v@rg%qurmw §Velsen 8i€aond

stage crygRanetna gr&gp ?@ct‘icﬁl &8 gtﬁée cr Oﬁalﬂeltlglﬁ 1845 dn ﬁf"/@gﬁhh%f lﬁﬁgt Con

refrigerator; ronta cryopan SS an opening Int

shield senwﬂmgthKmshmkyopunplng surface for higher condensing tenperature
gases; the cryopunp having at |east a 20% capture probability of hydrogen,
and the second stage cryopanel conprising an array of baffles carrying an

adsorbent ,;3at heagbpurdp altclah@e ¢f clalf BdhereRf e diameRR off tHe k&ohd Istdpe Of
sight to the radlatlon shield or to the opening in the radiation shield,

wher ei n wisBieparigkisdess s P mefkthe dipaisten ef the oppring withe radiatioaghistd. di scs, the
di scs

14. A cryopump as claimed in claim 1 wherein when the second stage cryopanel

comprises an array of discs, the discs fanning to define a generally ball shaped envelope.

1S. A cryopump comprising:

a refrigerator having first and second stages;

a second stage cryopanel in thermal contact with the second stage of the
refrigerator to condense low temperature condensing gases;

a radiation shield surrounding the second stage cryopanel and in thermal contact
with the first stage of the refrigerator; and

a frontal cryopanel across an opening in the radiation shield serving as a
cryopumping surface for higher condensing temperature gases;

the cryopump having at least a 20% capture probability of hydrogen, and the
second stage cryopanel comprising an array of baffles carrying an adsorbent, at least
about 80% of the adsorbent having a direct line of sight to the radiation shield or to the
opening in the radiation shield;

wherein when the second stage cryopanel comprises an array of discs, the discs

fanning to define a generally ball shaped envelope;



fanning to define a generally ball shaped envel ope; -14- wherein the bal
shaped envel ope conprises a stack of parallel discs, a fan of discs formng
a donme at one end of the stack and a fan of discs formng an inverted done
at the other end of the stack. 16. A cryopunp as clainmed in claim1l wherein
at | east 90% of the adsorbent has a direct Iine of sight to the radiation
shield or to the opening in radi ati o ¥hield. 17. A cryopunp as clainmed in
claiml wherein substantially all of the adsorbent has a direct |ine of
sight to the radiation shield or to the opening in radiation shield. 18. A

cryopunp as cl gj J ! i r t .| east 5%
capture pr obab?’h%’?@ {8? q%%}caf”Pg%e(Jadnm%)sé &Oltélp §%e%ua>r'r%9§£5’gp %?”rr@dd liL’C%’ (g:lfgl?%gl

wher ei n t Bscloptning Aploh@at ahe erelstthast@dXand e of disqarfohmihg bh invefied dotte ogen.
20. A cryo conprising: a refrigerator having first and second stages; a
second st%‘g‘Eg&hﬁro‘ii‘gr?élth‘?%q{her mal contact with the second stage of the
refrigerator to condense | ow tenperature condensi ng gases; a radiation
shield surrounding the second stage cryopanel and in thermal contact wth
the firstl6tagd ayonunp aseflaimgdrintctaim lawterainf at deastiP0%r ofapaaddortzant basa a

frontal opgeni Lp.t adi ation,shield serving.as .a,. cryopunping surface
forh, ghefrets e st % i R ekt siinth BE RS OB Vb pane
conprising an array of baffles carrying an adsorbent, including baffles

extending toward the frontal opening, at |east about 80% of the adsorbent
having a direct dryepsmprassiaimed inelaimel Whereirsubsiangially el oftheradsethentdgeai ng i n
the radigtl i : 0 . : paving a direct
| i ne of s?g%c?ﬂ{l ﬁpgﬁ%ﬂm taﬁce}acg%)tledrﬁesﬁ?l? ﬁrqtgﬁhee erghi:ﬁgtu?%ﬁ?aglﬁﬁgfugﬂ wherein the
cryopunp has at |east a 25% capture probability of hydrogen. - 15- 21. A

CTYOPUMD GRPT LSt Gpurip b€ Clatred &1 Sfainn 1“whehemn' the 'ory opumpe a3 st 1085t 4°55%

capture probability of hydrogen.

19. A cryopump as claimed in claim 1 wherein the cryopump has at least a 30%

capture probability of hydrogen.

20. A cryopump comprising:

a refrigerator having first and second stages;

a second stage cryopanel in thermal contact with the second stage of the
refrigerator to condense low temperature condensing gases;

a radiation shield surrounding the second stage cryopanel and in thermal contact
with the first stage of the refrigerator; and

a frontal cryopanel across a frontal opening in the radiation shield serving as a
cryopumping surface for higher condensing temperature gases;

the second stage cryopanel comprising an array of baffles carrying an adsorbent,
including baffles extending toward the frontal opening, at least about 80% of the
adsorbent having a direct line of sight to the radiation shield or to the opening in the
radiation shield, and at least some of the adsorbent having a direct line of sight through
the opening in the radiation shield,

wherein the cryopump has at least a 25% capture probability of hydrogen.



a second stage cryopanel in thermal contact with the second stage of the
refrigerator to condense | ow tenperature condensi ng gases; a radiation
shield surrounding the second stage cryopanel and in thermal contact wth
the first stage of the refrigerator; and a frontal cryopanel across a
frontal opening in the radiation shielg serving as a cryopunping surface
for higher condensing tenperature gaéé T the second stage cryopanel
conprising an array of baffles carrying an adsorbent, including baffles
extending toward the frontal opening, at |east about 80% of the adsorbent

having a sl recg torfib98ho-t 0 the radiation shield or to the opening in
the radiation shj Q‘Fnaﬁ (z)anlc)f‘%f gI east sone of the adsorbent having a direct

| i ne of sight ardefrgaecdtor Hahmgd‘pstmmdgedondsﬂagesr adi ation shield; wherein the

cryopu has at Iea t a 30% capture ab|I|t f hydrogen. 22. cryopanel
ar)r/as (r:rgnprl sih§*&@h aﬁt?gfycﬁ'f’pﬂ'r ic‘g thp a‘i°§@§t ?‘(‘é{ﬁht S?@gge?t? Oglphege%erpal ly

bal | Shapx%@qg%?ﬁf@r't@@@nde%@lbwt@mFélﬁtu?ééo%MelﬁfngCEa%S includes a fan of discs
form ng one at one end he envel ope ahd a fan of discs form ng an

inverted done fadiatien shicleturmenniling thetrecandvatdgsseyopase! and dn yiwpanledontact ay as

cl ai med |n a| ri i tack of parallel discs; 24. A cryopanel
array as ki ﬁ ﬁag§%§ﬁ\ﬁ1r g\g\ﬁtolrélrﬁ the discs are nounted to a pair of

brackets adaptee&oﬁtel b&opanenh&sst O fran@al ypp@iy @ thefradigmnadhodld Remingsdsad i on.  25.
A cryopunp conpr.i si n%: a refri ger ator having first and second stages; a
second st SRYRPWRRIBHHUERLe 5 highsr ¢Rndensing tgmperafufhgasts second stage of the

refrigerator t@.cQRdgRsse ﬁr%e b §s,§1 nd stage
cryopanel conp??m ng ag a&ry y g?&g?xgéé'rggearf e d?ica?ﬂ?sg%m n to é&?l&ﬁe a
gener al | yinoaHingsbeffled extendihg pewardl e ﬁomtahbpd:riimg; ahieadt dateut BOUndf rige t he
second sta e cr anel Ln t I rst stage heat sink;
and a fro gﬂb t%/@a@%%ldlrg rlges0 aﬂglgggﬁﬁ faﬁ'oflﬁmeﬁ‘gafgi ht?no%eﬂlngq Werving as
a Cryopufdiafien shiefdagfi st0eashisahe bf &féruagdfsmglamgra%@wn& 8PSi8f through

the opening in the radiation shield;

wherein the cryopump has at least a 30% capture probability of hydrogen.

22. A cryopanel array comprising an array of discs, the discs fanning to define a
generally ball shaped envelope, wherein the array of discs includes a fan of discs forming
a dome at one end of the envelope and a fan of discs forming an inverted dome at the

other end of the envelope.

23. A cryopanel array as claimed in claim 22 comprising:

a stack of parallel discs;

24. A cryopanel array as claimed in claim 23 wherein the discs are mounted to a pair

of brackets adapted to be mounted to a cryogenic refrigerator heat station.

25. A cryopump comprising:

a refrigerator having first and second stages;

a second stage cryopanel in thermal contact with the second stage of the
refrigerator to condense low temperature condensing gases, the second stage cryopanel

comprising an array of discs, the discs fanning to define a generally ball shaped envelope;



wherein the second stage cryopanel conprises: a stack of parallel discs; a
fan of discs formng a done at one end of the stack; and a fan of discs
formng an inverted donme at the other end of the stack. 26. A cryopunp as
conprising: a refrigerator having first and second stages; a second stage
cryopanel in thermal contact with the second stage of the refrigerator to
condense | ower tenperature condensing l§ases; and a radi ation shield
surroundi ng the second stage cryopanel and in thermal contact wth the
first stage of the refrigerator the radiation shield conprising sides and a
base closing an end of junction of the sides and base being

des
sl oped to focud ghaioa sh S' ﬁ@géléec%ﬁqan $agfeCTyPRAGRLAN in thermal genfact

cryopanel g s@&eq@g{r&m llld"l the radiation shield serving as a
cryopunpi ng surface for ﬁer condensi ng tenperature gases, the frontal

cryopanel covarfl’rcvrgalacryapaml gmem @n opeaimgaimptiy egliaton elficldheersiogoasdast age
cryopanel but |ess tg n Slgo/ of eni n in the radiation shield; and
rear baf f CEOPWRBNEGUEHE R ieRFT § eﬁmgte‘fl}pﬁi R 83%Feni ng of the radiation
shield, the reaerehathé b&sndsthidérpgpansl @ﬂmg@pe which is sloped along its
perlphery, t he second stage cryopanel conprising: an array of flat baffles
havi ng edges dpseéek @fpa{r@ﬂﬁgdﬂc%he radi ation shield; and frontal baffles

angl ed out vvardld)fa argqj stcggﬁgn?nré;'@on%ﬁ%ngg aglf&lg aEl? &Itl on shield, the edges

of the frontal ng an envel pe ex I'ng toward t he openi ng of

the radiati Ona$dli @&hcsfd?mi@mﬁhmdhﬁmemgtm @H@pﬁdoﬁﬁé satlery; baffl es of
the second stage cryopanel carrying an adsorbent, at |east about 80% of the
adsorbent having a direct line of sight to the radiation shield or to the

openi ng i ngt he o L-aghudty fKomipkiSing:

a refrigerator having first and second stages;

a second stage cryopanel in thermal contact with the second stage of the
refrigerator to condense lower temperature condensing gases; and

a radiation shield surrounding the second stage cryopanel and in thermal contact
with the first stage of the refrigerator, the radiation shield comprising sides and a base
closing an end of the sides, a junction of the sides and base being sloped to focus gases
toward the second stage cryopanel, '

a frontal cryopanel across an opening in the radiation shield serving as a
cryopumping surface for higher condensing temperature gases, the frontal cryopanel
covering an area greater than a projection of the second stage cryopanel but less than
50% of the opening in the radiation shield; and

rear baffles angled outwardly and away from the opening of the radiation shield,
the rear baffles defining an envelope which is sloped along its periphery;

the second stage cryopanel comprising:

an array of flat baffles having edges directed toward the radiation shield; and

frontal baffles angled outwardly and toward the opening in the radiation shield,
the edges of the frontal baffles defining an envelope extending toward the opening of the
radiation shield, the envelope having a sloped periphery;

baffles of the second stage cryopanel carrying an adsorbent, at least about 80% of
the adsorbent having a direct line of sight to the radiation shield or to the opening in the

radiation shield.





