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invention clainms priority to Serial No. 09/490,835, filed January 25, 2000;
Serial NooWQOIHB3, 629, filed Cctober 6, 2000; Serial No. POI/RAB18R16, fil ed
Decenber 22, 2000; Serial No. 09/854,097, filed May 11, 2001 and Seri al

No. 10/029, 319 filed on Cctober 17, 2001, all of which are incorporated
herein by reference. This invention relates to gas discharge lasers and in
particular to gas discharge lasers with tangential fans providing |aser
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and | b arlasecgomsgrcsbtibphonal end and side views respectively show ng the
inner structure of a | aser chanber 100 in a conventional exciner |aser
(see Akins et al., US Patent No. 4,959, 840, issued Septenber 25, 1990, and
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provi des isol ati on between a lase anber 1'nteri or 105 and the exterior
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gas 108. (fyrRith2plt, 9BSut HOSGRM URgih separated by about % inch. A high voltage pulse
power source provides high voltage electrical pulses to produce discharges between the
electrodes to create a gain region in a circulating laser gas. A tangential fan is provided
to produce sufficient laser gas flow to remove from the discharge region substantially all
debris produced by each discharge prior to the next succeeding discharge. The following
four patents assigned to Applicants’ employer describe prior art tangential fan designs:
U.S. Patent Nos. 6,034,984, 6,061,376, 6,195,378 B1 and 6,144,686. These patents are

incorporated herein by reference.

FIGS. 1a and 1b are cross-sectional end and side views respectively showing the inner
structure of a laser chamber 100 in a conventional excimer laser (see Akins et al., US
Patent No. 4,959,840, issued September 25, 1990, and incorporated herein by reference
in its entirety). A laser enclosure 102 provides isolation between a laser chamber interior
105 and the exterior 110. Typically enclosure 102 is formed by a pair of half enclosure
members 112 and 114 (see FIG. 1a), which are coupled together and sealed using an o-
ring seal 116, extending along a perimeter of enclosure 102. Laser chamber interior 105
is filled to a predetermined pressure with a lasing gas 108. A pulsed gas discharge is
generated in a discharge region 122 by a high voltage pulse applied between a cathode
assembly 118 and an anode assembly 120. The pulsed gas discharge typically produces



generated in a discharge region 122 by a high voltage pul se applied between
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laser chamber 100 is positioned in the gas recirculation path to cool the heated gas.

Other vane members, e.g. vane members 160, direct the flow of gas 108 through heat
exchanger 158 and elsewhere along the gas recirculation path. Recirculation cools and
recombines lasing gas 108, thereby allowing repetitively pulsed laser operation at rates

in the range of 2,000 to 4,000 Hz.

Since lasing gas 108 is recirculated and reused, it is important to maintain cleanliness
and to prevent contamination of the gas environment within laser chamber interior 105,
in order to maximize the pulse energy performance, stability, and working life of lasing

gas 108.

In excimer lasers of the type referred to in there patents, the electric discharge produces
acoustic waves which can reflect back to the discharge region at a time coincident with a
succeeding pulse, especially the next succeeding pulse. These returning shock waves
can disturb the gain region produced by the succeeding pulse and adversely affect the

quantity of the laser pulse produced in the gain region. One of the important
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What is needed is a better tangential fan.

SUMMARY OF THE INVENTION

The present invention provides an electric discharge laser apparatus having a laser
chamber containing a laser gas and two longitudinal electrodes defining a discharge
region for producing electrical discharges and a tangential fan for circulating the laser
gas and having blade members configured to minimize adverse effects of reflections of
electric discharge generated shock waves back to the discharge region simultaneously
with a subsequent discharge.

In preferred embodiments, the blades are arranged in segments in a pattern simulating a
double helix. In other preferred embodiments, the blades are arranged in segments with
the blades in each segment positioned in an asymmetrical pattern. In other preferred
embodiments, the blades in each segment are arranged to simulate a double helix and

also arranged asymmetrically with respect to blades in other segments.



doubl e helix. In other preferred enbodi nents, the blades are arranged in
segnents with the blades in each segnent positioned in an asymetri cal
pattern. wooewbsan3 preferred enbodi nents, the blades in each/tseymamt are
arranged to sinmulate a double helix and also arranged asymetrically with
respect to blades in other segnments. 3 WO 02/093703 PCT/US02/ 12417 In
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function of repetition rates. FIGS. 3A and 3B show chanber cross section

and shock patterns. FBREFDESCRIPTIOXOF THE DRAWINGS variation with
pul se nunber. FIGS. 5, 5A, 5B, 5C and 5D describe a first preferred fan

bl ade struycture. . FIGS., 6,, 6A and. 6B escrLbe a second preferred fan bl ade

st r uct ur &1GSF]agnd bharg drawinesofa pHNRTIRST GRamb&haf t assenbl y. DETAI LED
DESCRI PTI ON OF PREFERRED EMBODI MENTS Preferred enbodi ments of the present

i nventi OrFIGa@_sﬁkﬁ‘wﬁs‘éﬁWi&ﬁ%l&yasf@f&&ﬁ&?@f&ﬁethﬁﬂratéE.aWi ngs. Problenms Wth
Prior Art Designs As indicCated in the Background Section of this

appl i cat g 4 ARLAYATRILSIRRE! (B8l dbn diiRnbQpalehl €d patents provi ded

substantial i nprovénents 1n p ormance of gas scharge excimer |asers
used for Jntegrated circuit fabrication. However, these prior art designs
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bet ween the | aser dischar%fs and the rotating fan. For exanple, a fan bl ade
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FIGS. 6, 6A and 6B describe a second preferred fan blade structure.

FIGS. 7A and 7B are drawings of a shaft assembly.

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS

Preferred embodiments of the present invention can be described by reference to the

drawings.

Problems With Prior Art Designs

As indicated in the Background Section of this application, improvements described in
the four listed patents provided substantial improvements in performance of gas
discharge excimer lasers used for integrated circuit fabrication. However, these prior
art designs did not completely eliminate beam quality problems caused by interactions
between the laser discharges and the rotating fan.

For example, a fan blade structure in accordance with FIG. 2A of U.S. Patent No.
6,144,686 patent has been tested by Applicants in several chamber configurations.
FIG. 3 is a reproduction of a chart plotting laser bandwidth as a function of discharge
repetition and at a fan speed of 3500 rpm for the two chamber configurations shown in
FIGS. 3A and 3B. The plotted bandwidth values represent the maximum measured

bandwidth in 40 pulse windows. As shown on the chart, at certain specific repetition
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to the interval between pulses. At higher rates, the round trip tinme to
ot her structures and back to the discharge region correspond to tine
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discharge region simultaneously with a subsequent discharge. At rates in excess of
about 1500 Hz, reflection becomes a significant potential problem because the round
trip to the chamber walls and back takes a time interval equal to the interval between
pulses. At higher rates, the round trip time to other structures and back to the
discharge region correspond to time intervals between pulses all as clearly shown by
the concentric circles in the FIGS. 3A and 3B cross section drawing. In some cases,
close-in feature can produce such strong reflection that two reflections can be a
problem. For example, as shown in FIG. 3A, Applicants added a hump shown at 2 to
the flow shaping anode support bar in an attempt to improve the gas flow through the
discharge region. However, the hump produced double reflections which were a
severe problem at repetition rates of about 3,700 Hz. As shown in FIG. 3, this large
bandwidth disturbance shown at 4 on FIG. 2 disappeared when the hump was removed

as shown in FIG. 3B.

Plots such as the one shown in FIGS. 3 and 4 represent the maximum of the 160
average bandwidth measurements for each window of 160 40-pulse sliding windows of

each of three 200-pulse bursts. Three of these average values are plotted for each
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FIG 2 disappeared when the hunp was renoved as shown in FIG 3B. Plots
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bandwi dth for the first pulse of a burst but increasing in steps of about
0.5 pm pertatgul se for about the first 3 or 4 pulses and then relatively
st eady atAtibegepetition rggcRITgsRONdingdn narewageximyg) bandwiadth (1.8., HepAaddhg at i ve

of incr eadsa(teadsh%%%ds\{\ﬁ é p)ar%gvlsjl So%gd\g?étﬂ ng\hllgsc | &%hgﬁtotﬂé %u;sit )fl%(iin E}Q:l it pul!_é] fo
the last pulse. The FIG. 4B chart indicates narrow bandwidth for the first pulse of a
burst but increasing in steps of about 0.5 pm per pulse for about the first 3 or 4 pulses
and then relatively steady at about 0.15 pm higher than average. This chart is
representative of increased bandwidth caused by reflection from a fixed object. The
FIG. 4C chart shows a periodic variation in bandwidth with pulse number (or time)
with a period of about 39 pulses at 2,750 Hz (or about 14 milliseconds) corresponding
to a frequency of about 71 Hz. The periodic variation is affected by both fan speed
and repetition rate so it is clear that the variations are caused by an interaction between
the rotating blades and the discharges. The exact correlation is not clear. This

particular variation correlates approximately with the following relationship:
Fiw = 2F;0e = Fre
In this case, the repetition rate is 2,750 Hz. The fan speed is 3500 rpm and there are

23 blades; therefore, the blade frequency is 1341.67 Hz, and the above relationship

would predict a linewidth oscillation at
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concept tQ the fan w hel i cal bl ades described in U. S, Patent No.
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si gn wou creat ongi tudi nal pressure gradient in the
chanber which was not desirable. The design in FIG 5 is a double helix
design. FIG 5A is a side view and FIGS, 5B, .
First Preferred Blade Design
A first preferred fan blade structure design is shown in FIGS. 5 and 5A-D. This
design is similar in concept to the fan with helical blades described in U.S. Patent No.
6,034,984. The helical blade structure shown in that patent has not been utilized
extensively by Applicants because Applicants determined that the helical design would

create a longitudinal pressure gradient in the chamber which was not desirable.

The design in FIG. 5 is a double helix design. FIG. 5A is a side view and FIGS. 5B,
C and D are cross section drawings. The blade structure is comprised of 18 segments
with the blades in alternate segments angled in opposite directions. This blade
structure is machined from a solid aluminum tube. The circumference of the unit is
5.0 inches. The inside diameter of the unit is 3.712 inches. In this embodiment, there
are 23 blades spaced uniformly around the circumference at 15.65° as shown in the
FIG. 5B cross section drawing. The blades make an angle with respect to the fan unit
axis as shown at 10 in FIG. 5C. Each of the individual blades is formed in an arc
defined by an inside radius of 0.497 inch and an outside radius of 0.529 inch with both
radii having a common straight line origin. A preferred alternate blade member would
be fabricated by increasing the inner radius but moving origin (center of rotation)

further away from the blade member. With this approach the resulting member is



C and D are cross section draw ngs. The bl ade structure is conprised of 18
segnents wth the blades in alternate segnents angled in opposite

di recti onwo 02hbxobl ade structure is machined froma sol i ecalusor/mantt ube.
The circunference of the unit is 5.0 inches. The inside dianmeter of the
unit is 3.712 inches. In this enbodinent, there are 23 bl ades spaced

uni form el : ! lo&ou Cross
sect i on i oapk @i £ G B @EAGRE Sl iuf Pad Mnt SbbRposk plericnld |
axis as dnmeann at 10 in FIG 5C. Each of the individual blades is fornmed in
an are defined by an inside radius of 0.497 inch and an outside radius of
0.529 inch with both radii having a common straight line origin. A

preferred alternate bl ade negggg d PR4LHed Fadreeﬂérsig%at ed by increasing the
i nner radius but noving origin (center of rotation) further away fromthe

bl ade nmendegcontliprdfeirbd dladpesigs is shoenria FIGST 6@ndepbbl Tifs désiOisQGhAA3703
PCT/ US02/ 12417 banana shaped with a point at the |eadi ngﬁedge Wi th
basi cal | ytothdlasignstruntere sdesean dessaibed dn dhe ‘884 draeenbr eldker 8 Bhaygedesign gn A

second preferred. bl.ade design i.S S in. Fl and 6A-D. This desjgn is
s 1 ar RSB gt el Eihg dediiboy I Rl i esfcaRoieRoralth IO Be (e
above desjeghentd ®RE i #dcdse ﬁ@ﬁla&é@ﬁ%ﬁbﬁ@egﬁﬁﬁﬁ'a?@ali%ﬁéﬁ patARe % tHe 4N §f desi gn
are separated into 18 segnments but in this case the bl ades in each segnent
ar e al i grtbelblade ahitel Thedmploetanixiesv feature fnsokposated imilis design isrthasrthebladesew
feature incorporated in.this design.is that the qlillélades i.n each segnent are
intenti ori‘&l‘#‘?}P SNt SRk ftely pPsitipned asymmericaly arpynd, et eHEderegse ¢ he

fan bl ade,sit ughUpaansbare 4ol il IRV falheRI0 Rlohd e SHRAIS 1 Sygd O

intentionally avoided. For exanple, t es 1 I'n eac
segnent . ihendonadly raveidedc aFox exdmpgdelr theteomresdl tiades 10 dn ieach kepmed?.6 Ipat ent ,
t he bl ades woul d be tposijti oned, symmetri cal I% on 17.143 dia?gr ee centers.

| nst ead | ymmgtecal seenfigyrationaae desbsd oty dhe v21q Pateappihsx bladee| Woud nbfom y

bet ween %fo}on&c? sgﬁﬂ{e?ﬁéall?’ngn ]19,1‘1§9&e%?§e' centers. Instead in this case the blade

separation varies approximately randomly between about 15 degrees and 19 degrees.
From the blades in one segment to the blades in the next segment the blade off-set

varies approximately randomly from about 7 degrees to about 12 degrees.

In this demonstration unit 21 blades were used instead of 23. Applicants have
determined that 23 blades are optimum and the 21 blades result in a slight reduction in
fan efficiency but substantially eliminate the periodic wavelength variation at resonant
frequencies. Preferably, the random blade approach should be used with 23 blades

which will bring the efficiency back up to optimum.

Third Preferred Embodiment
A third preferred embodiment would combine the features of the first and second
embodiment so that the double helix angled blades would be randomized as in the

second embodiment.



From the bl ades in one segnent to the blades in the next segnent the bl ade
off-set varies approximately randomy from about 7 degrees to about 12
degrees. WwWo 2lpxozslenonstration unit 21 bl ades were used i rerasd2/of4123.

Appl i cants have determ ned that 23 bl ades are optinmum and the 21 bl ades
result in a slight reduction in fan efficiency but substantially elimnate
the periodic wavel ength variation at resonant frequencies. Preferably, the
random bl ade approach should be used with 23 blades which will bring the
ef ficiency back up to opti nuMacHined H#alrBéfde StmdtuEerbodi nent A third preferred

embodi neng ul. omyi ng he features.of ,the fjr and..second di ment
S0 that - ehetaarbE el Psh Ritesh b el e dranesh of SHASAISES Ateer i o
second erab&ﬂivé? Mvolv3s WacRRiAO 37 OsirREd bssembh24kla moWBLbiesit Fom Bhiagr
Structure As described in the 984 patent, the preferred nmethod of

f abri cat ipiege of meateyiakt | Bhe abaye deserthed|epbiodymeniearerrmedhingdfgomrne srgle tebef an
assenbl y ?@R@l %Bn(i)rlx intl th unit froma single piece of material. The above
descri bed ot MEMs *aPe nmachined from a si ngl e tube of 6061 al um num

all oy. Hub nenbers 12 as shown in FIGS. 5A and 6A provide structural
rigidity to the blade wunits. Particularly, tangential fan blade structures

are machititumemberstldzas skowpripdilag. SAjand A prgvider grusiyal; ieidite to tehlade
ti na.t hes er
ronber s Sba P, AARRECEhe 3ede 28 lchined WEh A6A%y Henied

cr oss- sedilleonat fointke inithevcomespmahneatimgythe efdsaof bladeamembpeshmfltthassartiy y 450
configured to a ch to both e of tangential fan structure 400, in
accordané@rfﬁﬁeﬁﬁ%ﬁlh@egﬁ’ﬁﬁﬁ“ﬂﬁﬁagfanwllﬁ hol es 454 on a concentric bolt
circle, contain bolts (not shown) to secure rotating shaft assenbly 450 to

end flange 14 of the fan blade structure. An outer shaft dianmeter 460 is
t aper ed d16fwitBeantdo4ld acoanend niiew and a cross-sectional side view, respectively, of a

rotating shaft assembly 450 configured to attach to both ends of tangential fan structure
400, in accordance with some embodiments. Bolt holes 454 on a concentric bolt circle,
contain bolts (not shown) to secure rotating shaft assembly 450 to end flange 14 of the
fan blade structure. An outer shaft diameter 460 is fapered stepwise to a concentric

bearing shaft 462, configured to rotate within a shaft bearing (not shown).

As indicated in the ‘376 patent, the fan blade structure may also be produced using a cast

process or a cart-and-welded process with touch-up machining.

The machined tangential fan blade structure is electropolished to achieve a surface finish
of the order of 0.4 pm to 0.6 um (15 microinch to 25 microinch) Ra on all surfaces, and

is then electroless nickel coated.

Monolithic machined, cast, or cast-and-welded tangential fans, such as those described
above also allow the shaping of airfoil blade members, which are difficult or impractical
to produce using conventional stamping processes. Whereas conventional blade
members 314 are substantially uniform in thickness, an airfoil blade member typically

has a “tear-drop” profile, including a rounded leading edge, a thickened midsection and a



bearing shaft 462, configured to rotate within a shaft bearing (not shown).
As indicated in the 376 patent, the fan blade structure may al so be
produced weiRQIxEoxast process or a cart-and-wel ded proce®seTWiSOh124ouch- up
machi ni ng. The machi ned tangential fan blade structure is el ectropolished
to achieve a surface finish of the order of 0.4 mto 0.6 m (15 m croinch
to 25 m eqpeiddctilimaedye. dhdorpotafi@refairfail Blade sndnfitens ARG ek pedstoinpkdle
coated. Nbnolithic magchjned, cast, or cast-and-wel ded tangential fans, such
as t hose thfeassodypanric effigiracokigngantiahianhe shaping of airfoil bl ade menbers,
which are difficult or inpractical to produce using conventional stanping
processes. \Wereas conventional blade nenbers 314 are substantially

uni ;olr m iSﬁgxﬁil?ici:atélk&ﬁﬁess&gaigét&ﬁefiﬂingbh@dagmﬁm' videyt oiydaibl iembears 14, Witkeut- dr op”
profile, including a_ rounde eadi hg edge, a.thicken m dsection and a 9
VO 02/ 09370 bledy wembers R 07 loﬁaweplégvettpaﬁer b tochgaiselun abpvsaPRtoxgRately

airfoil 20 i . i t i
SH11 o bnd 08 dpmREARLEY Hhe rofOHRAC hehul (RS ONure difow3THD HEIRE utrol

monent s iof ther mdivded] cénnebtidnsreorb énb niefmbenite biade meshber ant [fee emd: fibrgestol0 or
10A woul d, be too flexible t f.ul [ Ly,. 100

Par t 1 cul 240 e yobipBed BHESRE P ORoH e R Bt -t r highroreriiec se
control pafget REqueabiey 284l c@»ﬁe%@ggﬂng% high&Mp&ilinse Bpahtih® spéeagl,eraﬂgfdﬁggxs and

fromend flange to blade nme : is controlled fillet which a
sti f f nes$ighaassh0@@®eumpre ipm. hThh greatse sldfifiggs ofrowbmolithegymestinedstangential fan

G000 or ST are pp eSO RERC e RERAR ek R el PR bR o

fan str watfefifs adffots wighif &sescHahdeabi | ity of such a tangential fan to
resist "aerodynamc buffeting"” effects within |laser chanber. In

particul ar, enbodinments of the invention provide for increasing fan

e e, Tt LG S R ORI e

| nvest i gaptinially keleetirgthemuibart aridHengiaiditah placement of hub members, such as hub
members in the tangential fan structure. Investigations have shown that the natural
frequency of the first bending vibration mode increases as the number of hub members
increases. Severe vibrations of the tangential fan occur at rotation rates approximating
one-half of the natural frequency of the first bending mode, because the fan structure
distorts laterally at each half period of rotation. Whereas in structures typical of previous
tangential fans, this limits rotation frequencies to less than a few hundred rpm, optimal
selection of the number and longitudinal placement of hub members extends the range of
rotation frequencies to 5,000 or more rpm. Therefore, increasing the natural frequency
of the first bending mode by optimal selection of the number and longitudinal placement
of hub members extends the range of rotation frequencies to 5,000 or more rpm.
Therefore, increasing the natural frequency of the first bending mode by optimal

selection of the number and longitudinal placement of hub members improves the

performance of a tangential fan.

The surface and dimensional control of machined monolithic tangential fan 400 are more
precise than those of a brazed or cast tangential fan. The monolithic machined tangential
fan requires only a minimum of balancing and should impart a smoother flow of gas due

to blade-to-blade uniformity.
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frequency of the first bending vibration node increases as the nunber of
hub nmenbers increases. Severe vibrations of the tangential fan occur at
rotati on weteemzppr oxi mati ng one-half of the natural freaqaoensg2/of411 he
first bending node, because the fan structure distorts laterally at each
hal f period of rotation. Whereas in structures typical of previous
tangential fans, this limts rotation frequencies to less than a few
hundred rpm optinmal selection of the nunmber and | ongitudinal placenent of
hub menmbeVBilesmbadignentseol the guesspt invertion; bayerbegn shown aad idgseribgdochangespr e
rpm Ther S I : fiapuen i . g node
by optiné@aggﬁggEgﬁﬁggfﬁgﬂghgﬁﬁggﬁggﬁgm%%%gltu§¥ﬁgﬁﬁﬁ$g@£%é% 1@?ﬁﬁhﬁ
nmenber s ahd preskst imentiengetsdiroader asgeots. fThesjiteheuld deteoidontifiét there oy ethepm

Therefore, .increasi .the natural frequency of the firs endi ng npde by
opt1 el CEROBETTInOb it HE SRS n A B FSPR Coresahelt o i ifenber s
i nproves g dgcopR&JffiRE PRIER iRferRiohaMIRAbR! itf il bel IRdSHbER ARt AafHeABAS onal

control of machined nonolithic tangential fan 400 are nore precise than
t hose of claits aweessanilycersompassgektsueh changes Tind mmodificatidriscasréadhwidin the

t angenti fan.requires only a mni numof bal anci.n d.should inmpart a
sroot her derstieintiaton | dnYstng i Rudheh B 478 PO Pl i3 e ely B85 0
PCT/ US02/ifiédrhfive Wabb@EnRARGHESIRRH So BémblteraRItB&&0bpd. NVENt i on have been shown
and descri bed, changes and nodifications to these illustrative enbodi nents
can be made w thout departing from the present invention in its broader
aspects. Thus it should be evident that there are other enbodi nents of
this invention which, while not expressly described above, are within the
scope of the present invention. Therefore, it will be understood that the
appended clains necessarily enconpass all such changes and nodifications
as fall within the described invention's true scope; and further that this
scope is not limted nerely to the illustrative enbodi nents presented to
denonstrate that scope. 11
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WO 02/ 093703 PCT/ US02/ 12417 CLAIMS WE CLAIM 1. An electric discharge

| aser apparatus including a tangential fan conprising: A) a |aser chanber
conpri si Myo 029303 aser gas, 2) at |east two |ongitudi nal elceatSonuas?
configured to produce electric discharges defining a discharge region in
said gas, 3) a tangential fan for circulating said |aser gas said fan
defining a rotation axis and a circyyf grRce substantially concentric with
said rotation axis and conprising a nonolithic fan blade structure, said
structure conprising: a) a plurality of blade nenbers di sposed proxinate
to said WE&IfIMence; and b) a plurality of hub nenbers supporting said

bl ade nenbers and defining fan bl ade segnents; said bl ade nenbers bei ng

positioned to,mninjz dvers ef fects ipn . said.di scharge, r£gi of .
Pofl eceton of Lo scralf geths BlsaFup el oihapihs 1Rt AR0REAFn KAPL S hrRing: e
menbers, B) a pul se\)powerassdhgsber @bmprisvgdi ng hi gh vol tage el ectri cal

pul ses to said electrodes to produce electric discharges between said
el ectrodes. 2. The apparldt us ad#seEBa%:m 1, wherein the number of said bl ade

TS ot 0 260, f 2 ekt S PSR phoafidaecer S
sectional shape. 4. The appareiicui dischatges defininglaelisehargs a¢giohinsaidegdser s ar e
di sposed 3) a tangential fan for circulating said laser gas said fan
defining a rotation axis and a circumference substantially
concentric with said rotation axis and comprising a
monolithic fan blade structure, said structure comprising;:
a) a plurality of blade members disposed proximate to
said circumference; and
b) a plurality of hub members supporting said blade
members and defining fan blade segments;
said blade members being positioned to minimize adverse
effects in said discharge region of reflection of discharge
generated acoustic shock waves from said blade members,
B) a pulse power source for providing high voltage electrical pulses to

said electrodes to produce electric discharges between said

electrodes.

2. The apparatus of claim 1, wherein the number of said blade members

within each of a plurality of said segments is an odd integer.

3. The apparatus of claim 1, wherein said blade member has an airfoil cross-

sectional shape.

4. The apparatus of claim 1, wherein said hub members are disposed

substantially transversely relative to said rotation axis, wherein the number and axial

12



substantially transversely relative to said rotation axis, wherein the
nunmber and axial 12 WD 02/093703 PCT/ US02/ 12417 pl acenment of said hub
menbers awe @bxos ed such that the natural frequency of beadiusg2/12te
vibration of said tangential fan is controlled. 5. The apparatus of claim
4, wherein said hub nenbers are selected such that the natural frequency

of bendi naRREAt ¥ Ridhihetibefdrd sé1eee Bldhedhal &R rafurdll R&juehicyt fEbending ce t he
rotation frequency of said tangential fan. 6. The apparatus of claim1,

wher ei n trredendbiatipmpf wid taagentiahfigdneomrolledn is an  all oy selected fromthe
group consisting of 6061 alum num an alum numalloy containing additive
netal s consisting substantially of 3.5-6.5 per cent copper and 0-2.5 per
cent nickel, and armhel apparatus &f tlaiyn dpmthaieii sgd dmdi membersRirakdecedsudt i ng
substantially of 3,5-6.5 per, cent copper and Q-1.5 per.cent, silver. 7. An
appar at &ha e patesabiraquengh af s ingp %Ylé@@owgﬁ%ﬁi éangr:%ﬂag isigkrd thay
si mul at e (g | d : in Cdaim7 wh i id

(RO Ratlt frefuefey ALaRRRRIALMSAS 1N O aim 7 wherein sai
plurality (1)f ﬁut ?rem%be‘%r&gea?]e rz}orgﬁ%eﬂe{n 15 and less than 25. 9. An
apparatus as in Claim?7 wherein said blade nenbers have a cross section

Sher o h sai dod ol aTeevaRERRas ks raarein M5t RS SR A Bt B R oy
appar at ug)ig$ {electddiffdnl tl’i@eérSiéﬁ' coasisity e alupdfinhi %edluﬁiiﬁxhhnalfb}; h o

segnent of a plurality of said segnents in an asymmetrical nanner.

appar at usonwining @iditive meidieeesistiogisubsiariigly o Fueb S nen cerfctoppér and GRdral ity

of said segnent arg,positioned i.n an .l.cal ner relative to blades

in adja PER & ig%ﬁ?ls_anfs an alumin aﬂé}’ %‘iz{mmg 2J8H0E megﬁs consisting
substantially of 3.5-6.5 per cent copper and 0-1.5 per cent silver.

7. An apparatus as in Claim 1 wherein said blade members are positioned to

simulate a double helix.

8. An apparatus as in Claim 7 wherein said plurality of hub members are

more than 15 and less than 25.

9. An apparatus as in Claim 7 wherein said blade members have a cross

section corresponding to an arc of an circle.

10.  An apparatus as in Claim 7 wherein said circle is defined by a radius of

less than 1.0 inch.

11.  An apparatus as in Claim 1 wherein said blades are positioned within each
segment of a plurality of said segments in an asymmetrical manner.

12.  An apparatus as in Claim 1 wherein said blade members in each of a
plurality of said segment are positioned in an asymmetrical manner relative to blades in

adjacent segments.

13



WO 02/ 093703 PCT/ US02/ 12417 13. An apparatus as in Claim1l wherein said
bl ades within each segnent are positioned so as to sinulate a double helix
conf i gur awioan/0pzn3 t he fan bl ade structure and the bl ades pamtUsozyri=ath
segnent are also positioned in an asymmetrical nmanner. 14. An apparatus as
in Caim1l3 wherein blades in each of plurality of said segnents are

posi tioned in 80 aswWHBlarAtGakhs ﬁmmﬁﬁ Irehértinvaaid Blalidsaliisini eaclf s ot bre
segnents. 15. An apparatus as in Caim21l wherein said blade nenbers have a

Cross sé@@hﬁ@nectiaff a%@oﬁlmyla& 7 fouhle beli gondigugation fpr thefan blade stryefuresandef i ni ng
a convex ylar arc with a
second rag%’ us | ni nadg% g{r%ggé\fggisog’%lﬁ (lgdclglrms%’?ﬁlggﬁq Iglhﬁ%n apparatus as
in Caiml5 vvherel n said first radius is larger than said second radius

and each of the two radii have.a ¢co n straight line origin. 17.

appar atus as i d MR@W%P%%CW%WS%QH’ g‘ﬁé‘?su’él qagh |°£%E;‘€?11%P$r§A§ai d
first rade eﬁtgdaré a;so@n%ﬁemﬁ AP A HEmBER AR hafhdidtdlathRr {d) Bladeyay ch]é?:'ghtsa' d
bl ade nenb than 'sai d corresporiding origin of said first radius. . An
appar at U$egnemtn, Claim 17 wherein said bl ade el enents conprises two
cylindrical surfaces and a pointed |eading edge. 19. An apparatus as in
Claiml wherein all or substantially all of said blade nenbers conprise
two cylindricals surApeapgarais ad iRWCIBIEed Whadinnghi®BlRle rhémbers have a cross

section defined by a first circular arc with a first radius defining a convex blade member

cylindrical surface and a second circular arc with a second radius defining a concave

cylindrical surface.

16.  An apparatus as in Claim 15 wherein said first radius is larger than said

second radius and each of the two radii have a common straight line origin.
17.  An apparatus as in Claim 15 wherein said second radius is larger than said
first radius and said second radius has an origin farther away from said blade member

than said corresponding origin of said first radius.

18.  An apparatus as in Claim 17 wherein said blade elements comprises two

cylindrical surfaces and a pointed leading edge.

19.  An apparatus as in Claim 1 wherein all or substantially all of said blade

members comprise two cylindrical surfaces and a pointed leading edge.
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