H GH CONDUCTANCE CRYOPUMP FOR TYPE m GAS PUMPI NG

RELATED APPLI CATI ON This application is a continuation
wo@tooasb26T ai ns the benefit of U.S. Applicati onPCIUS2005/024715

10/ 948, 955, filed Septenber 24, 2004. The entire

teachi ngs of the above application are incorporated

herein by reference. BACKGROUND OF THE | NVENTI ON

or” oF osBi ey SEHCE Ay ek QY GRUMIEFPR TEPR AT Y PR

desi gn concept. A low tenperature second stage array,
usual ly operating in the range of 4-25 degrees K, is a

priR@L&TEMPWgICsMPI%Ee Thi s surface i s surrounded by

a hight er e cylinder .usu erated in t

t enper at pj {émb]fs LAEIHRRNGES) ? CX ]}%Pm %n ooﬁje%s

r adAﬁﬁlic‘éﬂoﬁNbei(ﬂM}Q%ﬁ mé@sép@aﬁmertzamm@twe%nﬁfd @¥chings of the
The Tradiation shield generally conpri ses a housing

Svhi above spliceemlareiumpporated Aetfermbit wfereraeay posi ti oned
between the primary punping surface and the chanber to
be evacuated. This higher tenperature, first stage,

f r oAk GROBXIFOFGHE ASVBNIYORI ng site for high
boi i ng poi nt gases such as water vapor, known as Type

| gases. Ciylopmpps atrently ahaitpbled whlethngcqm«:dwby gzzay cisehcryogenic
ondensed on the frontal ar

C OVIB PRy BIloNt g F8D8 g CoteeBludriopHEPPGHIS pocond stage
arr gy, Hﬁallm)ﬁerg 1‘1’1911&'% Yot g dte%féeg RYjsaf rﬂﬂa@%‘uﬁllpﬁlg

Type gases, such as ni rogen dense n th
186e cscunﬁic«s ﬂ&lgsuaﬁacw suifppeledibygds gls tengpectiuesyhydbr axgumh],y operated

U AT TN .
se
ST

Adswhiph istlosed eacqpt acefontaharaiposipaed betweepthegirinadrly pumping
a materlal hel d at cryogenic tenpera

gﬁgﬁtﬁgg @bﬁt he ghaslsy to be ayacHaiednlhis Bigheriempete Wie>tf1Hét stage, frontal
192 a?qsaé/e B &{Q&%H@%g SRt f395 l?cﬁﬁngﬁé &t éa{%@s Eﬁ E\%’cer vapor,

sur uumre I ns
known as Type I gases.

In operation, high boiling point gases such as water 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 III 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
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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 6f removing large amounts of gas from a work chamber.
The practice of the prior art has been to protect the adsorbent material placed
25  on the 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.
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In certain applications such as ion inplantation, Type
Il gases are not

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 III 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.
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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;ariphery. In one embodiment, the frontal and
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embodiment of FIG. 1.
20 FIG. 3 is a perspective view as presented in FIG. 1 but with half of the
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second stage cryopanel assembly removed.
FIG. 4 is a side view of the second stage cryopanel of FIG. 1.
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 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.
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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.
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
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

shield and includes chevron-shaped baffles to assure that a large percentage of Type
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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 Il gases. Contrary to prior designs
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for gases. ntrary to prior designswhi ch woul d
150! pedferkdiethhi the sedond islse ciiyppanel haveraadiameteniess thar166%¢ of the

much of the adsorbent, substantially all of the

ad dismssertof ghe rapiatign skigldys frontal baffles 28, 30 and

32 and ff ' :

diroct 1R ofoeh Siacd benitin M brybhantCa¥iRORERCA sficld, o

f 1 QphatcafP@RdWE of Pad daa beaspettedd resvhithd closcihmseraf the iradiation
of the surfaces are exposed to the cylinder_ sides of
t hehielidi GasirelegHpsindowpressarcopyirompeEgfrafel glongstraight paths and,

208 P Zlglflgegl hﬁt-egtgsitu?fagé ga?ei’l it é&tlgééﬁj t%%%%e—%&?tt%&ﬁ%@gwfage 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 Il 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. Bach 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



exposure to Type | and Type |l gases, but
substantially increases the speed of the punping of
W b@6/034267 | Hgases. It can be seen in Fig. 4 thedT/ukm®o05/024715
second stage cryopanel array 22 has a di aneter which
is substantially less than fghat of the radiation
shield. In one enbodi nent, the dianeter of the array
is 134 nm while the diameter of the radiation shield

is.304 nm resul t.. .t ' r

ped GEEHEE IV i SRR dpbipmrau et o g RHRIANEAIAUIR. The
gageFer aﬁ’raP/'?)? %61006ca hafs GryIPanrEl9 &¢embuased iy @dower horizontal
gases collect on the surface of the radiation shield.

| n pgativer4? of the biagkqs 4 &y hadficylinder 4hmouried iithe baagket is seated

cryapanel , hav di.anmet er. | es h 60% of  t .

i B PP P R B T AP 1o POt ERiglg o e second
Petupedr HiridtrRaB®igealsd. the radi ation shield, a
significant armount of gas can be expected to reach the

cl osed Bhsallofratddembadimeritancledtsendptioeal sefsifaear/befles37, 38 and
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law. In the illustrated enbodirrent, the junction 36 of
t héasydf theleadiasionrshigicht Tlorse bhifles deatldy soldect bases diewed from the

base is curved.in qrder to focus gases, which strike
1G ?WFTLH?&I?I&P(% rﬂam%eﬂslélﬁ ‘not condensed on the

radi ati qf ,slah®id thd LUGHBLY LRSS 0GORDuRTAYS a REMQBABRI4G on the end
Thus, Type | gdses are expected to be condensed, but

Ty e thd seaontl sEygreofithgayesenir efuigaraot toughwaradditiosal bracket 48
second stage cryopanel for, pronpt, conde i
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cryopanel array. e second stage cryopanel array is
154 or med iFigd. 6ol Oeilastrdnt aesher@nebodimentt iof theiisventibns fr thieed

in Fig. 2. Each horizontal di of the ar IS, .

ac taphodiment, the gadiat: lqleH a@f §e%t,al ‘HM%P%‘H{ iﬁ%rﬁ similar to those
as N, . ' i i

oL ST Bt Sl b oS5 8L Lol s o open
netdkighiid Whicht i baffle§ bfegovdred 4vithnadisSbetewiiich isoaxipbsed to direct

center. That tab butts against a hracket 40 and is__ .
ri inead sight fram the surundingadipigshigld of frogtal opening. This

2(§ (r)\llj\eééb%ﬁgn?%rggi#ﬂvg%feﬁ LA5wS for B8NS Bar?sr £hdTRYBIRE shifa? 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



portion 42 of the bracket 40. A half cylinder 44
mounted to the bracket is seated within but spaced

w0 e@a08d267 shi el di ng cylinder 18 to conpl ete t heCHOR®O024715
to the second stage of the cryogenic refrigerator. The
illustrated enbodi ment inclydes an optional set of
rear baffles 37, 38 and 39 which are directed
outwardly and downwardly toward the base of the

ragjation shield..,and,. Chfieal : V.
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di sCs nount cket” 62 havi ng a vertical
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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.



nmounted to the heat station 46 of the cryogenic
refrigerator as illustrated in Fig. 8. As illustrated
WO p00Fi0862510, the ends of the fanned di scs def i PET/E82005/024715
envel ope which forns a spherical donme 68 toward the
frontal opening and an inverted done70 toward the base
of the radiation shield. Adlfn the first enbodinent,
this dome shape provides a slope in the envel ope which
i ncreases surface area but minimzes direct
i nterception of radiation p&3<iN between the baffles
of the frontal array. As in the first enbodi nent, the
entire surface area of the baffles nmay be coated in
adgaLpaMailedWi ch there is a high level of
conductance. A typical prior art cryopunp having a
400mm di aneter has a capture rate at 72F of about
12,000 lLiters per second for hydrogen and a capture
pr bbabi 1 TYPRPRSESESS of about 22% In an
i pl enentatibQiiphating fitd bad sddbaeb@sad enbodi nent, a
320 mm di aneter system that is one having about
5t wo- t hi a dsconthetagp eryopapehinghemfal cortadtoRitnibe sgesmdsfagh gf the
a capture rate of about 11,000 liters per second and a
caﬁ?ﬁgeéatﬁf %%9??*30‘8361%@6%}%“&5}969—3\9{‘% ferrent ati on of
the sec 14l chrRivR e bR eldAd in thermal
di anet e?%ﬁi’iﬁ%ﬁ&capt u?%g?%%cg?gb%uf}yﬁooo liters
pecommt ovith the first stgpviithe refrigbratori andy of about 37% As

anot her co ri son, .a conventional ,250.mn syst.em has a

capt ur e? PAREY BB ORBIsh Eora HRG RIS L tisdpoigton e i baiihe & a

ab 9 Ioh i d i f3f 250 nm
e ] A

i nvent i dr wppaipethvingZat (A6t d 20% rcaptere mebability o pydnogen, and the

rate with about 32% capture probability of. hydr n.
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t hereo nderstood by thoSe skilled in the
ar thetdpahing i treuradieti@ngaddi n form and details nmay be
made therein w thout departing fromthe scope of the
i nventi on enconpassed by the appended cl ai ns. CLAI M5
ISW]?t 'S A JtrgJ) Jclssélaigned/ﬁl i W%e&g{ﬁ%qéaﬁt S¥but 80% of the surface
re r s

rigera Ing Ti1rst and second stages;
area of the second stage cryopanel is coated with adsorbent.

3. A cryopump as claimed in claim 2 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
20 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.



a second stage cryopanel in thermal contact with the
second stage of the refrigerator to condense | ow

W@ e9pes@sur e condensi ng gases; a radi ati on shiBCTUS2005/024715
surroundi ng the second stage cryopanel and in therma
contact with the first stage of the refrigerator; and
a frontal cryopanel across Zn opening in the radiation
shield serving as a cryopunpi ng surface for higher
condensi ng tenperature gases;_ the cryopunp hayi ng at
| dast & 29opwapeseleimedibaliim \yh%rf:mﬁg@ rgg@hbatpgare %@md
second stage cryopanel conprising an array of baffles
cé?%?ing an adsorbent, at |east about 80% of the
adsorbent having a direct line of sight to the
radi ation shield or to the opening in the radiation |
shi. el d.A 2ryopurnp e plaimpedain ctdimi nwdhetain dediantal bafftes spmpsse
| east about 90% of. the surface area of the second
steapesni; peomGal bt -ed with adsorbent. 3. A
cryopunp as clainmed in claim2 wherein the second
stage cryopanel conprises flat baffles having edges

5 di& ect edctyopang as hieimetinafdios Binhet ehmprising werybastieransded

claimed in claim3 erein t second stage,cryopa

f ERE ALY ERR Y ggon% e fPEPng QE %Cé@cﬁsﬁ%ﬁ éﬂagu%ﬁg%‘i%f? gl?ﬁedr car
t qupid d%ﬁﬁin%%?x%!n@&ob@ eltBRIifPAN AL i tBdbRinthg oF théyadiation
cryopunp as-clained in claim4 wherein the edges of

t hiield, oint advelpt hheiag deidpeé pamplemuel ope ext endi ng

toward the opening of the radiation shield , the

envel ope having a sl oped periphery. 6. A cryopunp as

]E: lagﬁ:,] rené dAd Ecngrgg{n‘ﬂb % gla‘ﬁ‘ﬁgc[ &l daikhewheRR @b rRBSt{dne®idd omprises a

cryopunp as claimed in claimb5,
10 Whstigddt ahie bhsoeibsihg bathd efthe oylprdes @ jumtiosrf theccylinder and base

frustoconi cal baffles. 8. cryopunp as claimed in

c | bging Sored e Fgus €358 F‘P‘g‘?‘rﬁéér ¥4 ncg%ﬁr‘?q FEORIAG ed
outwardly and away from the opening of the radiation
shield, the edges of the rear baffles defining an

enel ope caicheingieglatmed irf dlgim ¢ bewpethe seconfl stige cryopanel
radi ation .
further comprises rear baffles angled outwardly and away from the opening of the

radiation shield.

15 11. A cryopump as claimed in claim 10 wherein the edges of the rear baffles
define

an envelope which is sloped along its periphery.

12. A cryopump as claimed in claim 1 wherein the frontal cryopanel covers an

arca

20 greater than a projection of the second stage cryopanel but less than 50% of the

opening in the radiation shield.

13. A cryopump as claimed in claim 1 wherein the diameter of the second stage

cryopanel is less than 60% of the diameter of the opening in the radiation shield.



shield, the envel ope having a sl oped periphery. 9. A
cryopunp as clained in claiml1 wherein the radiation
W@ bioelosb26onpri ses a cylinder and a base cl osi NBCHOS®NE024715

of the cylinder, a junction of the cylinder and base
bei ng sl oped to focus gases_toward the second stage
cryopanel . 10. A cryopunp- 3 claimed in claim9

wherei n the second stage cryopanel further conprises

rear baffles angled outwardly and away fromthe

oféni ngA ofyoptrep eadiatmedin cdzimel wherein whendh s3e0R% Stage cryopanel

laimed in claimZl0 ein. the ed f
b PrRESe BT R Bt S5 el e ach g SR shaped
peniphssy. 12. A cryopunp as claimed in claim1

whereih the frontal cryopanel covers an area greater
than a projection of the second stage cryopanel but

155 CR ot s BFaRETR ubee LR b el

di anet el pficthe second stage cryopanel is |ess than
60% of t diameter of the opening in the radiation
shi ghalt dfparallebdiyaspa fam efslisis dpmedg k dowkat enelenghditles siack and a

ditgp ot dBreioamdesn AR gors o ey o B A bal1

shaped envel ope. 15. A cryopunp as clainmed in claim 14
wherein the ball shaped envel ope conprises a stack of

paral | eA cdiopamp aa clagmedin daisch whereir atdeast d¥mef die agserbent has
end of the stack and a fan of discs form ng an

inverted done at the other end of the stack. 16. A

cr S 06 @ WOGE 8behiAd id Bamtio? MRl
107 RRHTR. Gl TRadRicr il o VORE 8Bl i BRLo
radi ati on shield or to the opening in radiation

23]'075{ gn,fxﬂc-:g)[qp@m%{q% %%Iggqll gis%ltgilgg & gvglg{elilg] sucblstaatln{lrgllily E\M] Gt thie Adsorbent
has :

a direct line of sight to the radiation shield or to the opening in radiation shield.

18. A cryopump as claimed in claim 1 wherein the cryopump has at least a 25%

15 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; ‘
20 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



has a direct Iine of sight to the radiation shield or
to the opening in radiation shield. 18. A cryopunp as

web@snostsin claim 1l wherein the cryopunp has apCT/esmns/e4715
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25% capture probability of hydrogen. 19. A cryopunp as
claimed in claiml1 wherein ﬁge cryopunp has at least a
30% capture probability of "Hydrogen. 20. A cryopunp
conprising: a refrigerator having first and second
stages; a second stage cryopanel .in thermal contact

Wit h t he finaed seyopengy acress anepepigin fisrradighon ghigld seaingeas a

| ow. t enper.at u C ' : L at] '
R e SRS AR B RAL B0 Rl rvopanc
CoBbagingWnlafeal 186 thir 50% S &@epehing hetheehdibgar 4lidd; anda

frontal cryopanel across an opening in the radiation
shi el d espsfndgtags cayopined permpiivpe s prael Hasiesiaghimg an

OBt GBS pRR SBebOf rel @R lncF R e o e
r agidadtionanshielld 6f @, thfosaaRd td AdRtieh ¥RBRINe! conpri si ng

an array of baffles carrying an adsorbent, at | east
about 80% of the adsorbent having a direct |ine of

sight tq the radiati.on.shigld.qr .to.the o | NG jn th
adtat | enerumiae St S P afyieit AL RR 0 i e pdsfbent
20 wher ghdy at | east 90% of the adsorbent has a direct
line of sight to the radiation shield or to the
opéneaiding of sighi atthoradiition skieldxx to thecapgoingrip raskativnashivedl

in claim20 wherein substantially all of the adsorbent
has a direct line of sight to the radiation shield or

t oop he %P&?&Iflﬂnﬂ abz%ﬁﬁieatiﬁ Rk PO SHfreir JubshnBhPAY Ppth@t%dsorbent
C

laimed in"clai'm wherein the cryopunp has "at | eas
a B&% diagt line opsightabithe agiation byielidayémthepeniag or spdptiop shield.
as clainmed in claim 20 wherein the cryopunp has at
| east a 30% capture probability of hydrogen.

23. A cryopump as claimed in claim 20 wherein the cryopump has at least a 25%

capture probability of hydrogen.

24. A cryopump as claimed in claim 20 wherein the cryopump has at least a 30%
capture probability of hydrogen.

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;

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;

a 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, the majority of the



25. A cryopunp conprising: a refrigerator having first
and second stages; a second stage cryopanel in thernal

w@ovbas25Wi t h t he second stage of the refri gere€DUS1005/024715
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condense | ow tenperature condensi ng gases; a radiation

shi el d surroundi ng the second stage cryopanel and in
thermal contact with the ftfst stage of the

refrigerator; and a frontal cryopanel across an

opening in the radiation shield serving as a _ . ]

c rajleprberpibaging ardimetlifeor! skghy treeylivdrierd nisien gf the apBatipn ghéeld or to
gases; a secpnd stage cryopanel conprising an array of

b ?P@“bgdflrt% Frgatio §B]§Iﬂ¥bent, at | east about 80% of

the adsorbent having a direct line of sight to the

radi ation shield or to the opening.in the radiation
shiéel d,A thyepumpas ictaymed intdvemodowherain d daastP%a ofithe @dsorbent
line of sight to cylindrical sides of the radiation
shiel d Bf2 0 the opening in the radiation shield. 26.

A SOMYTF ' iidh Sl B} #h¥bshinthdibB&S §hiGAY0
of(ﬁltreﬁg1 adsg?%légéﬁﬁggﬂgﬁdg}%ﬁglﬁe o? si%lht tlo the1
radi ati on shield or to the opening in radiation

shield. 27. A cryopu as  cl aj in clai 5 rein

sulst arft CRIOPYTRIF © _Ig?c_hg‘ %Qﬁﬂ?w lbgaﬁal%éffﬁw q%iﬂ?wegadsorbem
théé L Ot 18}?%}%&{}1@35 AL QI Bl 6f toltRe bRSAPRRhAS bshield.
radration shield. 28. A cryopunp as clained in claim

25 wherein the cryopunp has at |east a 25% capture

probability of hydrogen, 29. cryopu as clained.in,
P18 m 2b CrlfeREPIL CHONES ity H ARSI B SSOPGNE 58 ot eft a 25%
c |14 hydrogen. 30. A cryopunp

co #{#eg?%%%gwrééff}{y}ﬁa rator havi ng first and second

stages; a second stage cryopanel in thernmal contact

with the second stage of the refrigerator to condense
| Ger  tASPHOPHRRAS CHONEd HTHE! SavbsCinig Cyopugp Bos ailcast a 30%

Sﬂ%ﬁh%ﬁ5&%5@ﬂ3p5ﬂ%dhﬂﬁnsecond stage cryopanel and in
t

30. 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 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 a
cylinder and a base closing an end of the cylinder, a junction of the cylinder and base
being sloped to focus gases toward the second stage cryopanel; and

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;

the second stage cryopanel comprising:

an array of flat baffles having edges directed toward the

radiation



contact with the first stage of the refrigerator, the
radi ati on shield conprising a cylinder and a base

web@siosgsan end of the cylinder, a junction ofP€TES2005/024715
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cyl i nder and base being sloped to focus gases toward
the second stage cryopanel; and a frontal cryopane
across an opening in the ré61at|on shield serving as a
cryopunpi ng surface for higher condensing tenperature
gases, the frontal cryopanel covering an area greater
than a proj eshidgldin of the second stage cryopanel but

| ess than 50% of in t he radl |on

the second stage 6‘3-"&2@‘1 %&%PP@Y%@W‘H %W?rgih ‘tpemngmthe
flat baffles,han 6] oBbds R HRIGS AU Bds R 1
radlatlonshﬁEF% ??%ﬁ?a agfles aﬁéﬁeda0ufwafngganﬁﬁweOpe
toward the opeendivg fowatdhe ppetiiag dithe sdifiation, shichd tedgeslope

of the frontal baffles defjning an envel ope extendi ng
toward the dpEHIgfsleredserhery; #d on shiel d, the

envel ope havi ng | I .

angl ed out war dl yaraétﬂd&gggs a%%eg%%ﬁt%dg%}éﬁia%?g%o%% opening of
rade¢ati on shield, the rear baffles defining an

envel ope which i s sl oped al ong |ts eri phery; baffle

of the secorfd @Pﬁ@@36Wy@ﬁéﬁ§b&@§P lﬁﬁgéﬁeﬁﬂ%@?ﬁ%mthSQOPmi
at | east abo (t_) % hte e adsor bent having a direct

line of sig it oto epral’atlon shield or to the

opening in the r aghifaiéd ﬁnhétvceﬁdjstag?’e]cryépmey@mn@anaﬁmﬂoem at
conprising an array of discs, the discs fannl ng t

define a gerié%séﬁbgﬂt@Q% Ofsth%tﬁdﬁaﬂ@ﬁ‘{/hﬂé%a digect ling of Slght to the
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stack of paﬁg i SCS ISCs Tormn
at one end of the stack; and
31. A cryopanel array comprising an array of discs, the discs fanning to define a

generally ball shaped envelope.

32. A cryopanel array as claimed in claim 31 comprising:
a stack of parallel discs;
a fan of discs forming a dome at one end of the stack; and

a fan of discs forming an inverted dome at the other end of the stack.

33. A cryopanel array as claimed in claim 32 wherein the discs are mounted to a
pair of brackets adapted to the mounted to a cryogenic refrigerator heat station.
34. 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;



a fan of discs formng an inverted done at the other
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