1 TRAP- TYPE Al R PURI FI CATI ON SYSTEM Field of the Invention The present
invention relates to systens used to clean outside air for subsequent
distribution of the air throughout 5 nmanufacturing clean roons. More
particularly, the present invention relates to an air purification system
which utilizes at |east one water droplet trap for trapping particle-Iladen
m st droplets renoved fromoutside air prior to introducing the air into
a cl eanroom manufacturing facility. 10 Background of the Invention

General ly, the process for manufacturing integrated circuits on a silicon
waf er substrate typically involves deposition of a thin dielectric or
conductive filmon the wafBAPUSiFFgRAER| RIFIRABEON 5SYATEMOf a vari ety of
chem cal vapor deposition processes; formation- of a circuit pattern on a
| ayer of photoresist material by photolithography; placing a photoresist-
mask | ayer corresponding to  tPg. £} GUih PALISHIN the wafer: etching of
the circuit pattern in :

The present invention relates to systems ﬁsed to clean outside

air for subsequent distribution of the air throughout

5 manufacturing clean rooms. More particularly, the present
invention relates to an air purification system which utilizes at
least one water droplet trap for trapping particle-laden mist
droplets removed from outside air prior to introducing the air into

a cleanroom manufacturing facility.

10
Background of the Invention
Generally, the process for manufacturing integrated circuits
on a silicon wafer substrate typically involves deposition of a
thin dielectric or conductive film on the wafef using oxidation or
15 any of a variety of chemical vapor deposition processes; formation

of a circuit pattern on a layer of photoresist material by
photolithography; placing a photoresist mask layer corresponding to
the circuit pattern on the wafer; etching of the circuit pattern in
the conductive layer on the wafer; and stripping of the photoresist

20 mask layer from the wafer. Each of these steps, particularly the




t he conductive | ayer on the wafer; and stripping of the photoresist 20 mask
| ayer fromthe wafer. Each of these steps, particularly the 2 photoresist
stripping step, provides abundant opportunity for organic,. nmetal and

ot her potential circuit-contam nating particles to accunulate on the wafer
surface. In the sem conductor fabricagion industry, mnimzation of 5
particle contam nation on sem conductor wafers increases in inportance as
the integrated circuit devices on the wafers decrease in size. Wth the
reduced size of the devices, a contam nant having a particul ar size
occupies a relatively larger percentage of the available space for circuit
el enrents on the wafer as conpared .10 to wafers containing the |arger

devi ces of the past. Mreover, the presence of particles in the integrated
circuits conprom ses the functional integrity of the devices in the
finished electronic product. To achieve an ultracl ean wafer surface,
particl es npbotdresisgnovtedrpios tdtepwaferovided pdoundehe- oppoviwgi tyet Hods
are therefore 15 of utnost inportance in the fabrication of ‘

seni conduct 8FganBecAgsel mAnd F?an%% iPQYe8F iphrairerds - epntarieps ing reggholes t he

| C
to accumulate on the wafer surface.

In the semiconductor fabrication industry,' minimization of |

S particle contamination on semiconductor wafers increases in
importance as the integrated circuit devices on the wafers decrease

in size. With the reduced size of the devices, a contaminant
having a particular size occupies a relatively larger percentage of

the available space for circuit elements on the wafer as compared

.10 to wafers containing the larger devices of the past. Moreover, the
presence of particles in the integrated circuits compromises the
functional integrity of the devices in the finished electronic
product. To achieve an ultraclean wafer surfac_e, particles must be
removed from the wafer, and particle-removing methods are therefore

15 of utmost importance in the fabrication of semiconductors.

Because minimization of particles on wafers throughout the IC
manufacturing process is critical, the environment within which the
IC manufacturing process is carried out must be subjected to

stringent controls on the presence of airborne particles which



manuf acturing process is critical, the environnent within which the 1C
manuf acturi ng process is carried out nust be subjected to stringent
controls on the presence of airborne particles '"which 3 would ot herw se
enter the manufacturing environment fgomoutside the facility. Currently,
m ni -envi ronnment based I C manufacturing facilities are equipped to control
airborne particles nmuch smaller than 1.0 m Accordingly, nodern

sem conductor manufacturing is 5 carried out in a conplex facility known as
a cl eanr oorremmf otﬁl eanroomis isolated fromthe outside environment and
subjected t0 stringen TSl shenmapHiantuning sriviconteny BidbLBS; ge

particles, ¢get .organi c_nol ecul es and el ectrostatic di scharges (ESDs),
as well as on ﬁgllﬁ%?il%fvi ;&I SARENt R BRPAneReiLonasnt drprEeda far eanufekati-ugy 10

hum dity, ogagantapgd a‘gebégﬁi . ong Wi hh a .sophi sticated system of
filters and equi prent, a Co rghél?‘s (%étrg d°STHABE| aehicdescuicre tnatler
dur es. @ pr 8ok ! GoeAGLLL L . g,
procedur es pr.achmcesadiah € A%bn! S22 Een gy O n O O
mai nt aitsn a delicate bal ance of H?ﬁ%se (gcqéeangg?‘}c‘y GPF eiephiscanginmrianet er s
for opfi malcar@ikdbpicatinon ddnpVBgeracel apT QONE, Used, i n the fabrication of
_ a
o e | S "a cleanroom. The
cleanroom is isolated from the outside environment and subjected to
stringent controls on contaminants including airborne particles
metals, organic molecules and electrostatic discharges (ESDs), as
well as on such environmental parameters as temperature, relative
10 humidity, oxygen and vibration. Along with a sophisticated system
of filters and equipment, a comprehensive and strictly-enforced set
of procedures and pbractices are imposed on facility personnel in

order to wmaintain a delicate balance of these clean air

requirements and parameters for optimal IC fabrication

15 Modern cleanrooms used in the fabrication of integrated
circuits typically include one large fabrication room having a
service access corridor that extends around the perimeger of the
cleanroom and a main manufacturing access corridor that extends
across the center of the cleanroom. Production bays, which

20 i
accommodate the semiconductor fabrication tools, are located on



circuits typically include one |arge fabrication roomhaving a service
access corridor that extends around the perineter of the cleanroomand a
mai n manuf acturing access corridor that extends across the center of the
cl eanroom Production bays, which 20 gccommodate the sem conductor '
fabrication tools, are |l ocated on 4 respective sides of the main

manuf acturi ng. access corridor. Qutside air enters the cleanroomthrough an
air purification system which is typically | ocated above the ceiling of
the cl eanroom and includes particulate filters, typically HEPA

(hi gh- ef fi cTRREFESVPartidesl ae® &he) wdint emsnufBleronghg OpRREBES ddtrkilsy

cei ling, thgutasi.r is drawn downwardly in a continuous |am nar flow path
fromthe ai ToCH0Fi 1% SPFEHS &Pst elfanzReBUdirovhb @t eanrmomtdndtiot eystem

recircul atigm Ak tem.t hrough openings in the floor. The recircul ation
air system may 'tlér%%ceaqg?'r i% de\?gP‘ﬁe gi@? setbinrg afn tbedelearpoanhamye 10

UL tracl ean oondidbl o yEL g dl B YL DA e, e 8 O e et im e
shifts. An exhaust srb;dstem renpves heat’ ahtPc calSPR gdhighneddigienay the
fabricati onpgytaeass@sS air) filters. Through openings in the ceiling, the air
is drawn downwardly in a continuous laminar flow path from the air
purification system, through the cleanroom and into a recirculation
air-system through openings in the floor. The recirculation air
system may turn the air over every six seconds in order to achieve
10 ultraclean conditions during disturbances such as changes in

personnel shifts. An exhaust system removes heat and chemicals

generated during the fabrication processes.

Fig. 1 illustrates an example of a conventional air
purification system 10 used to purify outside air 38 as the air 38

15 is drawn through the system 10 and into a semiconductor fabrication
facility cleanroom (not shown). The air purification system 10
includes an elongated housing 12 having an intake end 14. A blower

18 draws the outside air 38 into the intake end 14 and then
initially through a pre-filter 16 in the housiné 12, which pre-

20 filter 16 removes particles larger than a selected size from the




Fig. 1 illustrates an exanple of a conventional air purification system 10
used to purify outside air 38 as the air 38 15 is drawn through the system
10 and into a sem conductor fabrication facility cleanroom (not shown).
The air purification system 10 inclugles an el ongated housing 12 having an
intake end 14. A blower 18 draws the outside air 38 into the intake end 14
and then initially through a pre-filter 16 in the housing 12, which pre 20
filter 16 renoves particles |larger than a selected size fromthe 5 air 38.
The air then flows through an upstream cooling coil 20, which cools the
air to a tefpErdtur gt adr Hrarovilohe tevoysi ah upstsds) c%oﬂ?x‘f@eiqitlhgb
noi sture inwﬁ?&)ai r .coal esces into water droplets 44, as shown in FIg. 2.
Mul tiple nozzle 604 tRe Air Bach Bupeyarded ati bt heldw phe 88k 3biRPZZ) €S

24, are typkg § vided in the housing 12 and each forns a water spray
25 t hat generglltleé g{agf‘f”ﬁeqﬁf‘gt MOLSHkR t ABn&hewatiar ehadpkets 44to Theraat er

o b g e By B8 LR T b LS e e et ok o 10

densi tys pappfOQd&WiéWWﬁ@t%fg Qpr'qu%’\énzaterseg ] %(}):gl ti:glgicca?.ilgr p2r80vii§ied in
the housing 12 and each forms a water spray 25 that generates a
fine mist of additional water droplets 44. The.water droplets 44
bind to the airborne particles 42 and carry the particles 42 to a
high density eliminator 26, which is typically constructed of high-
10 density paper or non-woven cloth. A downstream cooling coil 28 is
provided on the opposite side of the high density eliminator 26.

As shown in Fig. 2, many of the particles 42, bound to the water
droplets 44, accumulate on the high density eliminator 26. Most of
the droplet-bound particles 42 are eventually pulled by gravity
15 down the high density eliminator 26 and are collected in a
collection pan 46 at the bottom‘of the housing 12. The air, from

which most of the airborne particles 42 have ‘been removed, next
flows typically through a 1low density eliminator 30 which is
. typically constructed of a low-density fabric curtain material, and
20 then, through a heating coil 32 which heats the air typically to

room temperature. Before exiting the outlet end 48 of the housing




provi ded on the opposite side of the high density elimnator 26.

in Fig. 2,

accurrul ate on the high density elimnator 26. Mst of

many of the particles 42, bound to the water droplets 44,

particles 42 are eventually pulled byggravity 15 down the high density

el i m nat or

the housing 12. The air,

26 and are collected in a collection pan 46 at the bottom of
from which nost of the airborne particles 42 have

been renoved, next flows typically through a | ow density elimnator 30

which is

and 20 t hen,}2vhEbeigH ta ikepessegl chirbug? M@hwﬁatﬁﬂtgﬁ %;l rJRhcall vftgo
t he' : ,

roomtenperature. Before exiting the outlet end 48 o
air is pass€d°Phfdugesddesrerfironl thie latier &4 fwhbThy RIRYESH

resi dues frgg1thﬁ§§k{ and finallr, t hrough a HEPA -filter
filter 36 i8°a htghPEPR 1Ry 36i 13 & hibhebffinevey £ahaut wﬁ%ﬁ@e“ﬁf\,eghe
e

housi n

ai rborne paggggée§9f59g1t2e %%r flowwng 5 therethrough. Finally, t
o]

purified air 40 energes P

enters $he ghegsy f,notg, y.pf the facility through a suitable air
di stribution system (not 1RAPHYP) e purified air 4

10

15

20

heighoree readiabeof frore bhusiaig 1A cady

emerges from the outlet

end 48 of the housing 12 and enters the cleanroom (not shown) of

the facility through a suitable air distribution system (not

shown) .

The Presence of the high-density eliminator 26 inside the
housing 12 induces a substantially high pressure differential in
the housing 12 on respective sides of the high density eliminator
26, with the air pressure downstream of thé high density eliminator
26 substantially lower than the air pressure upstream of the high
density eliminator 26. This reduction in air pressure causes re-
vaporization of.some of the water droplets 44 at the downstream
surface of the high density eliminator 26 which faces the
downstream cooling coil 28. As shown in Fig. 2, re-vaporization of
the water droplets 44, in turn, causes the particles 42 on the
downstream surface of the high density eliminator 26 to again

become airborne as the air continuously flows through the high

t he dropl et -bound

As shown

typically constructed of a lowdensity fabric curtain materi al

t he

acggﬂ '(i:%leltﬁEPA




shown). The presence of the high-density elimnator 26 inside the 10
housing 12 i nduces a substantially high pressure differential in the
‘housing 12 on respective sides of the high density elimnator 26, with the
air pressure downstream of the high nsity elimnator 26 substantially

| ower than the air pressure upstream of the high density elimnator 26.
This reduction in air pressure causes re- 15 vaporization of sone of the
wat er droplets 44 at the downstream surface of the high density elimnator
26 whi ch fgfesvghe ldOV\/nstreamcooIing coil 28. As shown in Fig. 2,

r e- vapor i z8t9"§atyf el ithmanat ez6 doopkat Shétbuth B t ascauses the particles 42
on the do streamlsurface of the high derlllgihtggz/ ec?r?‘iang 'oghez 098?3@3% 20
become air nSTad ?ﬁet%ﬁrqwmunmyuumshytéfomﬁanQgqu %gﬁep¥%ﬂi%ﬁg%$§'ty
ellnlnator“%getomard the outlet end 48 of the housing . e sralt®er the
quantity of Wwat et° drGpft $heaepenzeadibly bite thaeer Wi <SB! & $e25ap 116, TOT €
readily th%@Mﬁwg &£%Ekets 44 re-vaporize at the domnstrean1sur?ace of the
hi gh density elimnator 26" SUEHERqREnthy, hagh adgesitantl tni mfcowatgr nust

be used to hdhtt i
§l coMsb@hdhtihe 5 large quantity of water must be used to sustain the

water i
sprays 25 in order to form a saturation environment

sufficient to prevent or substantially reduce re-vaporization of
the water droplets 44 from the high density eliminator 26 and thus
1

reduce the quantity of particles 42 that become airborpe at the

10 downstream surface of the high density eliminator 26. Accordingly,
a new and improved air purification system is needed for preventing
or minimizing re-vaporization of water droplets after the water
droplets capture airborne particles and adhere to a surface inside
the system.

15

An object of the present invention is to provide a new and

i ‘e .
mproved purification system for removing particles from a flowing

gas.




wat er sprays 25 in order to forma saturation environnent sufficient to
prevent or substantially reduce re-vaporization of . the water droplets 44
fromthe high density elimnator 26 and thus, reduce the quantity of
particles 42 that becone airborne at ghe 10 downstream surface of the high
density elimnator 26. Accordingly, a new and inproved air purification
systemis needed for preventing or mnimzing re-vaporization of water
droplets after the water droplets capture airborne particles and adhere to
a surface insid t he system 15 An object of the present invention is to
provi de a new-aﬁﬂ°t}?€ﬁ‘pr‘%’\?§8‘3mﬁit?hec@rbéﬁnlsyistvemﬁon fengyiprgvpdd td glgs from
a flow ng agﬁs.iS iAnot her, obj ect _of the present invention is to provide a
new and inproveP &9 s i BuF biralyionensusiienh Waichui tiablmmitabluridyi ng

outside air,ghg, intr Lng .the air into a cleanroomfor the manufacture
of semi conduct of %toglg?'g eé%lfi ?‘&%i"t”é:.mg“%f’?ﬂ Ithgndiheintebj exeantodmeqer esent

:jp\olgln'; O?r iaf;le} g‘?&gfﬁa\gt%ea& s%im';i.cgrlilcrhilc‘l:ct:ioCratiingQgJ.§ tsé[de@i\é\'@Lfths .Uti 1zes a water
5 Still another object of the present invention is to provide an
air purification system which utilizes a water droplet trap for the
adhesion of water droplets after the droplets capture airborne
particles from a flowing airstream.
Yet another object of the present invention is to provide an
10 air purification system which is efficient and reduces the quantity

of water required to remove particles from a stream of flowing air.

A still further object of the present invention is to provide
an air purification system which utilizes multiple spray nozzles
which spray fine mist water droplets that capture airborne

15 particles and a low density water trap to which the water droplets

with captured particles adhere for eventual removal.



adhesi on of water droplets after the droplets capture airborne particles
froma flow ng airstream Yet another object of the present invention is to
provide an 10 air purification systemwhich is efficient and reduces the
quantity of water required to renovegparticles froma streamof flow ng
air. Astill further object of the present invention is to provide an air
purification systemwhich utilizes multiple spray nozzles which spray fine
m st water droplets that capture airborne 15 particles and a | ow density
water trap to which the water droplets wth captured particles adhere for
‘eventual renoval. 9 Summary ofuWR&Y| Afethd dnventimgcor dance with these and
ot her objects a._pd advacgta es, the present invention is generally directed

to a new and i npt GYETFHTT Bt £heseidN faemrbigetshang asmntaghar tie
rel | U oot Sul LGS Y CLen (1 AT oule] te 211 ss Lhe bt [ ote 11t
pray nozzle Tor epray PR NEFeR S RAE PSR Fe Rl e o SEhoving®
5 particles from outside air as the air flows into a cleanroom
typically used in the fabrication of semiconductor integrated
circuits. The invention includes a housing that contains at least
one spray nozzle for spraying fine mist water droplets. At least
one water droplet target is provided adjacent to the spray nozzle
10 or nozzles. In use, the water droplets capture the airborne
particles in the air flowing through the housing and adhere to the
water droplet target. The water droplets coalesce and form larger
droplets which are pulled by gravity down the adhesion surface of
the water droplet target and are ultimateiy collected in a drain
15 pan. The low-density water droplet target prevents large pressure
differentials from forming in the housing, which pressure

differentials may otherwise cause re-vaporization of the water .

droplets from the target .and re-flow of the particles in the

flowing air.



one water droplet target is provided adjacent to the spray nozzle 10 or
nozzles. In use, the water droplets capture the airborne particles in the
air flow ng through the housing and adhere to the water droplet target.
The wat er droplets coal esce and formilgarger droplets which are pulled by
gravity down the adhesion surface of the water droplet target and are
ultimately collected in a drain 15 pan. The |ow density water dropl et
target prevents large pressure differentials fromformng in the housing,
whi ch pressure differentials nmay otherw se cause re-vaporization of the

water droplets fromthe BaigbtDemntipeidd @f ehethenaakki cles in the

flowing air. 10 _Brief Description of the Drawi ngs The invention will now be
descri bed, by m&?eoﬁm"é?ézﬁfspewll/& mow befdysemibed 0 lyheragC oo Mamp1ag ‘gl{tqlvm ngs,
i n which: Fﬁé¥é is a Iongltudlnal sectional schematic view of a

typi cal conven Bﬁ%ﬂxhﬁpepﬁ FITRERYLBE Fpvtiaasf oin sériichonduct or fab

cl eanr oons; Figure 2 is a sectional schematic view illustrating renoval of

Figure 1 is a longitudinal sectional schematic view of a

5 typical conventional air purification system for semiconductor fab
cleanrooms;

Figure 2 is a sectional schematic view illustrating removal of

particles from air flowing through the system of Figure 1;

Figure 3 is a longitudinal sectional schematic view of an air

10 purification system of the present invention; and

Figure 4 is a sectional schematic view illustrating removal of
particles from air flowing through the system of the present

invention, utilizing a low-density water droplet target.




particles fromair flow ng through the systemof Figure 1; Figure 3 is a

| ongi tudi nal sectional schematic view of an air 10 purification system of

the present invention; and Figure 4 is a sectional schematic view

illustrating renmoval of particles frgmair flow ng through the system of

the present invention, utilizing a lowdensity water droplet target. 11

- Description of the Preferred Enbodi nents The present invention has

particularly beneficial utility in the renoval of particles fromair prior

to introduction of the air into a cleanroomused in the fabrication of

sem conduct or 5 i nt egrBésckigitioni ¢% tire watesrdshhed Bsncgowever, the

invention is not so linmted in application and is nore generally

applicable to THe Peafswsl ieyerpdoni bhepdrtdrupasks benedicidln udivasy ghy Of

i ndustri al épd mechani cal applications. Referring to Fig. 3, an

i |1 ustrati Ve efBBaTHent BRritifdesi from @igupriar: soi bt mpsteimB®foths her

pr esent inyﬁg&jog Q%%gydes an_elongated housing 52, having an intake end 54
en CanyofPe Y58d efNsethes Epbreatipnor ofi dehicandursorousi ng

and an outle
52 adj 3centjdt@grated circuits on wafer substrates. However, the invention is

not so limited in application and is more generally applicable to
the removal of particles from gases or air in a variety of

industrial and mechanical applications.

Referring to Fig. 3, an illustrative embodiment of the air

10 purification system 50 of the present invention includes an
elongated housing 52, having an intake end 54 and an outlet end 80,

A pre-filter 56 is typically provided in the housing 52 adjacent to

the intake end 54, and a blower 58 is provided downstream of the

pre-filter 56. An upstream cooling coil 60 and a downstream
15 cooling coil 72 are provided in the housing 52, downstream of the
blower 58.

In accordance with the present invention, a particle removing
system 62 is- provided in the housing 52 between the upstream

cooling coil 60 and the downstream cooling coil 72. The particle



the intake end 54, and a blower 58 is provided downstream of the
pre-filter 56. An upstreamcooling coil 60 and a downstream 15 cooling coil
72 are provided in the housing 52, downstreamof the blower 58. In
accordance with the present invention, a particle removing system®62 is-
provided in the housing 52 between the upstream cooling coil 60 and the
downstream cooling coil 72. The particle 12 renoving system 62 includes an
upstream wat er droplet trap 64 which is provided downstream of the
upstream cooling coil 60 and substantially spans the interior of the

housi ng 52. “THE Rt TSt @opt dnct ndes G ipstympncedder arysTet ko danghi

el i m nat or %\/snich IS (ﬁﬂgonstruct ed of a paper or fabric material such as a
non-woven sheefOfHEEhatRYnshtsgmetod r ihe 64psatean porotity ebinbedt 2% The

term "porosityerahs; defined as “the ration of the volune of the pores of a
substrate to t teah?%)%ay\/gtﬁal?ﬁet&e fRESHRS "Oof Aheyfvusdnen 5R0zzirbe coahii t 65,

Ml 1 ple Spra aars s S ETRHCANY B Tt 6 omary e npber eatver
dropl et5 trapoftrubedd dgk eaNgzgd.e SONEMLL; material such as a non-woven
sheet. The water droplet trap 64 has a porosity of about 3%. The
term “porosity” is defined as “the ration of the volume of the
pores of a substrate to the total volume of the mass”. An upstream
nozzle conduit 65, located downstream of the upstream water droplet
10 trap 64, includgs multiple spray nozzles 68 which are directed
toward the upstream water droplet trap 64. A middle nozzle conduit
66 and a downstream nozzle conduit 67, each provided with multiple
spray nozzles 68, are typically provided in the housing 52
downstream of the upstream nozzle conduit 65. A downstream water
15 droplet trap 70, which is typically a very low density eliminator
having the same construction and density as that of the upstream
water droplet trap 64, is provided between the middle nozzle
conduit 66 and the downstream nozzle conduit 67. The spray nozzles
68 of both the middle nozzle conduit 66 and the downstream nozzle
20 conduit 67 are directed toward the downstream water droplet trap

70. The downstream cooling coil 72 is positioned downstream of the



66 and a downstream nozzle conduit 67, each provided with nmultiple spray
nozzles 68, are typically provided in the housing 52 downstream of the
upstream nozzl e conduit 65. A downstream water 15 droplet trap 70, which is
typically a very |low density elimnatyg having the same construction and
density as that of the upstream water droplet trap 64, is provided between
the m ddl e nozzle <conduit 66 and the downstream nozzle conduit 67. The
spray nozzles 68 of both the m ddle nozzle conduit 66 and the downstream
nozzl e 20 AUt f/ 818 dlrec%ed toward the downstreamwater droplet trap
70. The domnstrean1coo 251§ SOPRUEL §% fysThamicad Aokt rEamnt a hEpA3

downst r eamgy chem.cal .fil 76 and a HEPA filter 78
are provi dedqféﬁkﬁhﬁgﬁgtﬁsélongaga lndgﬁlns T éﬁ?o#z’t ﬂ%""‘?‘%’dﬁ“-’laﬁgd el hepting
Referring rext v, Figs. 3 and 4, in operation of the air 5 purification
system 50 of the present invention, outside air 88 is drawn through the
i ntake end 54 of the housing 52 into the system 5Q which purifies the
outside air 88 in the manner hereinafter described and di scharges the

purified air 9ORefrradgh hhetoud| Bigend and 4, in operation of the air
S purification system 50 of the present invention, outside air 88 is
drawn through the intake end 54 of the housing 52 into the system

50, which purifies the outside air 88 in the manner hereinafter
described and discharges the purified air 90 through the outlet end

80 of the housing 52.- The purified air 90 is typically introduced

10 into a cleanroom (not shown), such as that of a semiconductor
manufacturing facility, for example. Accordingly, the blower 58
initially draws the outside air 88 into the housing 52 through the
intake end 54, after which the air 88 flows initially through the
pre-filter 56 and then through the upstream cooling coil 60. The

15 pre-filter 56 removes particles larger than a selected size from
the air 88, in conventional fashion. As it passes through the
upstream cooling coil 60, the air is cooled to a temperature at or
below the dew point (9 °C) . Simultaneously, the multiple spray
nozzles 68 of the upstream nozzle conduit 65 each forms a diverging

20 water spray 69 that generates a fine mist of water spray droplets



80 of the housing 52. The purified air 90 is typically introduced 10 into a
cl eanroom (not shown), such as that of a sem conductor nmanufacturing
facility, for exanple. Accordingly, the blower 58 initially draws the
outside air 88 into the housing 52 through the intake end 54, after which
the air 88 flows initially through the pre-filter 56 and then through the
upstream cooling coil 60. The 15 pre-filter 56 renoves particles |arger
than a selected size from the air 88, in conventlonal fashion. As it
passes through the upstream cooling coil the air is cooled to a

t enper at ur gt Qr spBEL oy, tpe dew point (9.0C). Sinultaneously, the nultiple
spray nozzlesa6880 thﬁhugéare 'm n 4&¥&8ﬁd§ﬁ§h%ﬂyre&©hhfofntha.sb gi ng

20 water spicay169 &h%& @gae of water spray droplets 14 86,
as shown in Fig. 4. In S|n1ﬁ &fas |328 %@R§¥ﬁﬁf66tﬁ@d§ﬁ$é¥m=ﬁ@!ﬁ$¢ﬁ§a&8 of

the mi ddl e nvozzeecamndyi 57 56-apdeivifie o ”tofazng{ae%condu't er
respectively, forms a diverging mater spray %ﬁ hats ESORTH 168 mi st
of the wat etﬁzagpgemer@htepl etsifbnidhese &e“@&@ér %g, (?;ﬁ. gG bl,nd Lo
alrborge particles 84 in the flowing air 88. B € y noFFFes 68
of the upst“faéﬁm spray droplets 86 bind to airborne particles 84 in the
flowing air 8s. Because the spray nozzles 8 of the upstream
nozzle conduit 65 are directed toward the upstream water droplet
trap 64, and the spray nozzles 68 of both the middle nozzle conduit
66 and the downstream nozzle conduit 67 are directed toward the
10 downstream water droplet trap 70, the force of the respective water

sprays 69 directs the particle-bound water spray droplets 86 toward
the upstream water droplet trap 64 and the downstream water droplet
trap 70, respectively. Consequently, the particle-bound water
spray droplets 86 tend to accumulate on the respective water
15 droplet traps 64, 70. As the water spray dropleﬁs 86 accumulate on
the water droplet traps 64, 70 and merge with each other to form
water droplets of ever-increasing size, the particles 84 are
carried with the water droplets down the respective water droplet
traps 64, 70 and are collected in a drain pan 82 at the bottom of
20 the housing 52. The drain pan 82 is periodicélly emptied to remove

the collected particles 42 therefrom.



nozzl e conduit 65 are directed toward the upstreamwater droplet trap 64,
and t.he spray nozzles 68 of both the m ddle nozzle conduit 66 and the
downstream nozzl e conduit 67 are directed toward the 10 downstream wat er
droplet trap 70, the force of the resgective water sprays 69 directs the
particl e-bound water spray droplets 86 toward the upstream water dropl et

trap 64 and the downstream water droplet trap 70, respectively.
Consequently, the particle-bound water spray droplets 86 tend to
accunul ate on the respective water 15 droplet traps 64, 70. As the water

spray dropl ets 88 adddnbéadppreniatbe t@losdr t j{raps .64, 70 and nerge

wi th each oiggr%etno _féorm wat er dropl e% ofosevgir?i-flr%ér é‘é‘sithﬁ ity ghathshe

particles 82~ ar€NS¢arrfuwtuictidhefwelie rupdt 0phR s ! e, respective water

droplet traps,64, 70 and are collected in a drain ggﬁr@eﬁtt’fﬁésﬁo%‘bm of

20 the housrIng ’?2.°Wr?éraﬁaiwtsandmnm: pedp 0di L4114 c§RRL ieggetlon renove the
ated by PRBERIe

col |l ected pgﬁt Lﬁée§.42 5he efrom 15 It wll be appreciat
skilled in the art thaP®t iB*oYL thenspanticdns reuoriny Sfstdie éﬁpstr,ﬁ?ir’% wat er
Ita

dropl ets tr apedifbednd . Of, 1 gg dowpst ream wat er droplet trap 70 facil es
ease in passage pre uremQrOP between the upstream ang downstream

surfaces of the upstream water droplet trap 64 and between the
upstream and downstream surfaces of the downstream water droplet
trap 70. Consequently, the tendency for the water droplets 86
which bind and carry the airborne particles 84 to re-vaporize and
10 release the particles 84 from the traps 64, 70, at the downstream

surfaces thereof, is eliminated or substantially reduced

Having passed through the upstream water dropletvtrap 64 and
the dqwnstream water droplet trap 70 of the particle removing
system 62, the air 88 is devoid of all or a substantially 1ar§e

15 quantity of the airborne particles 84 that were Present therein
upon entry of the air 88 into the intake end 54 of the housing 52.
The air 88 next flows typically through the heating coil 74, which
raises the temperature of the air 88 to typically about room
temperature. Before exiting the outlet end 80 of the housing 52,

20 the ai '
€ air 88 passes through the chemical filter 76, which removes any




of the air 88 through the particle renmoving system 62. This reduces the
pressure drop between the upstream and downstream surfaces of the upstream
wat er droplet trap 64 and between the upstream and downstream surfaces of
the downstream water droplet trap 7Qg Consequently, the tendency for the
wat er droplets 86 which bind and carry the airborne particles 84 to
re-vaporize and 10 release the particles 84 fromthe traps 64, 70, at the

- downstream surfaces thereof, is elimnated or substantially reduced.

Havi ng passgf ntb..hcr gugh the upstream water droplet-trap 64 and the

downst r eam wat et -dr %?Jé%uqsrra@nap@lgg trhéhpaain ebge drRITBYhA v syﬁ{]oq@h%% t he
air 88 is dgy "h‘iEe{%"% or .a substantially large quantity of the -airborne
particles 84 that Wiere pr&bafk ¥emevesnanypemadning mirdibeesi Tar3B &%]aqq t he
intake end 54eabtcothe Qgsjﬁrr}%} g% The air 88 next flows typically through
the heating coil 74, Wwhic 8ttt AR t deperdingly ., ofhé he rabfie83B st Brom
typically atiosioutD@MedLERE re. Before exiting the outlet end 80 of the
housi ng 52, 20 the air Sggpégtstgg ]il%'f’scfﬁ’&h5?h%s @HEi?rf%:%ﬂl Hixl perwhiGh wmdtgh

renoves anyor@xcheds afle ©@8hES, b1 inthe air 88, and finally,
t hrough the o eea sEARMILAY) £o? aix purity.

While the preferred embodiments of the invention have been
descri i i i
ribed above, it will be Tecognized and understood that various
modifi i i
ifications can be made in the invention and the appended claimg

are i '
intended to cover all such modifications which may fall within

10 the spirit angd scope of the invention.




HEPA filter 78, which renpbves any remaining particles larger than a

sel ected size fromthe air 88. Accordingly, the air energes from the

outl et end 80 of the housing 52 as purified air 90 which neets 5 or exceeds
t he cl eanroom standards for air purit 1U the spirit and scope of the
invention. Wiile the preferred enbodi nents of the invention have been
descri bed above, it will be recognized and understood that various

nodi fications can be made in the invention and the appended clains are

i nttended to cover all such nodifications which may fall within 17 CLAI M
What is clainmed is: 1. An air purificaijagpgsystem conprising: a housing for
receiving a streamof air; at |east one |owdensity water droplet trap
provi ded i nWhatyiig fibkidledgisand at | east one spray nozzle provided in said
housing adjacept to said water droplet trap for formng a water spray

agai nst sai d water i GIFePurifiration system comprising:

a housing for receiving a stream of air;

at least one low-density water droplet trap provided in
said housing; and

at least one Spray nozzle provided in said housing
adjacent to said water droplet trap for forming a water'spray

against said water droplet trap.

2. The system of claim 1 wherein said ‘at least one water -

droplet trap has a porosity of about 3%.

3. The system of claim 1 wherein said at least one water
droplet trap comprises an upstream water dréplet trap and a
downstream water droplet trap and wherein said at least one spray
nozzle comprises at least one upstream Spray nozzle for forming a A
water spray against said upstream water droplet trap and at least

one ; i
dowgstream spray nozzle for forming a water spray against said

downstream water droplet trap.




2. The systemof claim1l wherein said at |east one water droplet trap has
a porosity of about 3% 3. The systemof claiml1l wherein said at |east one
water droplet trap conprises an upstreamwater droplet trap and a
downstream water droplet trap and whergein said at | east one spray nozzle
conprises at |east one upstream spray nozzle for formng a water spray
agai nst said upstreamwater droplet trap and at |east one downstream spray

nozzl e for forntng Bhenetystespoaychgim Nstuldiedndgyngt Lea ter _dropl et
trap. 18 4. The system of claim3 wherein said at Ieastf%)%/’l% \Aoé’fae?"ag?i‘? opl et

trap has a9pBPHRY ityaBf hameuposesity oFhebsystzam of claim 1 furt her
conprising at |east one pre- filter provided in said housing upstream of
said at |east one water droplet trap. 6. The systemof claimb5 wherein
said at |east ape it er droplet trap has a porosity of about 3% 7. The
system of clai ms whePgPhSB4EdCtain dafyrthes qemmrisidpopt akabt ApeCHREY i S€S

an upstrea trap and a
P ﬂy\@éxebrg&f@cfgn sal%. f’%ousz.ng upstream of said at least one water

droplet trap.

6. The system of claim 5 wherein said at least one water

droplet trap has a porosity of about 3%.

7. The system of claim § wherein said at least ‘one water
droplet trap comprises an upstream water droplet trap and a
downstream water droplet trap and wherein said at least one spray
nozzle comprises at leagt one upstream spray nozzle for forming a
water spray against said upstream water droplet trap and at least

one downstream spray nozzle for forming a water spray against said

downstream water droplet trap.

8. The system of claim 1 further comprising a chemical filter

and a HEPA filter provided in said housing downstream of said at

least one water droplet trap.



downstream water droplet trap and wherein said at | east one spray nozzle
conprises at | east one upstreamspray nozzle for formng a water spray
agai nst said upstreamwater droplet trap and at |east one downstream spray
nozzle for formng a water spray agai1r§st said downstream water dropl et
trap. 8. The systemof claim1l further conprising a chemcal filter and a
HEPA filter provided in said housing downstream of said at |east one water
droplet trap. 19 9. The systemof claim8 wherein said at |east one water
droplet trap ha§ av\%grosit of about 3% 10. The system of claim8 wherein
said at |east onée €r SYBrepl @ chaim comperses a4y LIRSt rl%%gp/\@flgr dr opl et
t . w?t

trap and a dfgﬂ‘.‘(@tﬁth@a{im water droplet trap and wherein said at 1eas e
spray nozzl e “conpri speglaétalg%’éqs%ﬁeoﬁpﬁtqt@aa%spr ay nozzle for formng a
wat er ‘spray agai nst said upstreamwater droplet trap and at |east one
downstream spray nozzle for formng a water spray against said downstream

water droplet trap. dde s%% ystem of claim8 further conprising at | east
one et 3ECH Oln & wherein said at least one water

dr i
oplet trap comprises an upstream water droplet trap and a

wat i i
er spray against said upstream water droplet trap and at least

one downs : 1
tream spray nozzle for forming a water Spray against said

downstream water droplet trap.

11, .
1 The system of claim 8 further comprising at least one

re-fi , . .
ho) filter provided in said housing upstream of said at least one

water droplet trap.



pre-filter provided in said housing upstreamof said at |east one water
droplet trap. 20 12. An air purification system conprising;, a housing for
receiving a streamof air; at |least one |owdensity water droplet trap
provided in said housing; at |east spray nozzle provided in said
housing .adjacent to said at |east one water droplet trap for formng a
wat er spray agai nst said at |east one water droplet trap; and an upstream

cooling coil praqyideg, i I.d-housi ng stream of said at | east one spray
nozzle. 13. The systeme{)?ﬁJr ??glgfrrll lﬁﬂe?’é‘%%“k&Pﬂp‘é&S%n@ast one water dropl et
trap has a porosity 9fhqRqut, 8% . systemof claim 12 wherein said at
| east one water droplet trgp c%rr%;é%ggﬁ%rgﬁ%gﬁ%ﬁﬁ ®&fér droplet trap and

a downstream water & QRlagt iR ANHeMPALIALSA g %e st _one spray
nozzl e conprises at |east. one u streanlgﬁra nozfﬁée oer?QNQEPN ded “ijat er
nprises at p pray
spray agai n&tidshpusimst ream water droplet trap and at | east
at least one spray nozzle provided in said housing
-adjacent to said at least one water droplet trap for forming a
water spray against said at least one water droplet trap; and

an upstream cooling coil provided in said housing

upstream of said at least one spray nozzle.

13. The system of claim 12 wherein said at least one water

droplet trap has a porosity of about 3%.

14. The system of claim 12 wherein said at least one water
droplet trap comprises an upstream water droplet trép and a
downstream water droplet trap and wherein said at least one spray
nogzle comprises at least.one upstream spray nozzle for forming a
water spray against said upstream water droplet trap and at least

- one downstream spray nozzle for forming a water spray against said

downstream water droplet trap.




one downstream spray nozzle for formng a water spray against said
downstream wat er droplet trap. 21 15. The systemof claim 12 further
conprising at |east one pre-filter provided in said housing upstream of
said upstream cooling coil. 16. The systemof claim 12 further conprising
a chemcal filter and a HEPA filter gpyovided in said housing downstream of
said at | east one water droplet trap. 17. An air purification system
conprising: a housing for receiving a streamof air; at |east one

| ow-density water droplet trap provided in said housing; an upstream
cooling coil provided in said housing upstreamof said at | east one water
droplet trap; a downstream cooling coil provided in said housing
downstream of said at |east one water droplet trap; and at |east one spray
nozzl e provided in said housing adjacent to said at | east one water

droplet trapibor fRenk@8té@m of claim 12 further comprising at least one

pre-filter provided in said housing upstream of said upstream

cooling coil.

16. The system of claim 12 further comprising a chemical

filter and a HEPA f;lter provided in said housing downstream of

said at least one water droplet trap.

17. An air purification System comprising:
a housing for receiving a stream of air;
at least one low-density water droplet trap provided in

said housing;

an upstream cooling coil provided in said housing
upstream of said at least one water droplet trap;

a downstream cooling coil provided in said housing
downstream of said at least one water droplet trap; and

at least one spray nozzle provided in said housing
adjacent to said at least one water droplet trap for forming a

water spray against said at least one water droplet trap.



wat er spray against said at |east one water droplet trap. 22 18. The system
of claim17 wherein said at | east one water droplet trap conprises an
upstream wat er droplet trap and a downstream water droplet trap downstream
of said upstreamwater droplet trapp-sand wherein said at |east one spray
nozzle conprises a first set of spray nozzles for formng a first set of
wat er sprays agai nst said upstreamwater droplet trap and a second set of
spray nozzles apd a third set of spray nozzles for formng a second set
and a third set, respectriefV °forifdPet? shierpinagaichsit daast dpwmgtseam

wat er dropl@lopilap . system of claim 17 wherein said upstream wat er
droplet trap and sgr¥d8§ﬂ§ Team Wat BPSHY G evaterapdeendiethdsap aparasity of

about 3% ZwnEbesiy Wa€BY Ofr&hRueM further conprising at |east one
pre-filter provided in sai d olﬁésti r%‘égﬁpéf’%‘"é%trﬁe&f“ 8fi §aiPswreaeamcwatemng coi

and a chenidrablét Itrap, sl anEERA Ghlbed: Blﬁe%{ ded Ln, . said housing

downst ream of said downstream cooling coil. ¥ nozzle comprises

a first set of spray nozzles for forming a first set of water
sprays against said upstream water droplet trap and a second set of
spray nozzles and a third set of spray nozzles for forming a second

set and a third set, respectively, of water sprays against said

downstream water droplet trap.

19. The system of claim 17 wherein said upstream water

droplet trap and said downstream water droplet trap each has a

porosity of about 3%.

20. The system of claim 17 further comprising at least one
pre-filter provided in said housing upstream of said upstream
cooling coil and a chemical filter and a HEPA filter provided in .

" said housing downstream of said downstream cooling coil.




