
L METHOD AND APPARATUS FOR PRODUCING ULTRA-HIGH PURITY
WATER [0001] The present invention relates to a method
and apparatus for producing uHrapurc water. In
particular, the present invention relates to the
production of ultrapure water for use in immersion
lithography processes. Further, the present invention
relates to the p oduction o f ultiapure watei in a
self contained point-of-vjse cabinet that can
consistently provide ultrapure water for use in
immersion lithography equipment. The present invention
also relates to a system and method for providing a
material having a piedetermined specific refractive
index to an immersion lithography device. BACKGROUND
OF THE INVENTION [0002] Semiconductor devices have
been continuously getting more complex by . K'1 d
grcf" or of c po its One significant factor allo foj
th s increased complexity has been improvements to
photolithography, resulting in the ability to print
smaller featuius Optical lithography v. hicn has been
the U >\ p ioduc on technique for semiconductor
devices has been ncaring a m er of physical barriers
for several years. n fact, since the mid 1980's, the
end of optical hthogi-a hy as a viable production
technique has been predicted to be only a few years
away. However, each time optical lithography
approaches a limit, new techniques have been developed
that extend the useful life of the technology. The use
of immersion lrihogrpphy techniques now offers
significant potential to extend the usefulness of
optical lithography even further. [0003] Optical
lithographic techniques require a beam o f light that
shines through a mask and exposes a photosensitive
material coated onto a semiconductor wafer to create a



particular desired layer, e.g. transistor contacts.
Following exposure and creation of the entire C layer,
the now soluble portion of the photosensitive material
is removed; e.g rinsed away, and a negative iincge of
flic 1C layer is left behind. Further processing such
as: ion imp'am.:tion nr sition, c than be c ; ricd
out, and then the rofJ mphotoresist layer is removed.
As noted above, the limits for optical systems have
been nearing the useful limit for many years. In
particular, optical lithography systems have a
resolution limit; i.e. a minimum feature size, that
can be achieved as determined by the Rayleigh
equation: \V k ll / NL [0004 ( where, Id is the
resolution factor, l is the wavelength of the exposing
radiation and NA is the numerical aperture. With the
shrinking of lincwidths, the exposing wavelength has
also shrunk. 10005] For example, state-of-the-art
semiconductor devices from the 1980's had linewidths
of 1.2mm or larger, that could be obtained using a
G-line output of mercury lamps (l = 436nm). For
linewidths of O.Smm generation the I-lipe output of
mercury ifmips fl 365nm) was iniroduced. When
linewidths were reduced to 350nm, the exposure source
of Krypton Fluoride (KrP) Excimer Lasers (l = 248n.ni)
was adopted and cor.t -n : to l > , of 13Unm
linewkiil's. M">n. ei ' i' . 90nm iinewidths have
required introduction of Argon Fluoride CArF) Excimer
lasers (l ~ i'-Hnm). Jt may be possible to use
fluorine (T2_) I-ccimcr jasei.s (l ~ ) 57nni) u1; even
smaller linewidths, but a number of technical
challenges remain to be overcome. For, example, it
would be necessary to change the optical exposure
systems to be all reflecting optics because
wavelengths less than 193nm are absorbed by the lens
material; generally fused silica. All reflective lens
exposure systems represent a 



significant cost in new equipment as well as new
technical issues to solve. [0006] While exposure
wavelengths have been reduced, lens design
improvements have increased NA for the exposure
systems lens. For example, NA values of appro imately
U.4 were typical in the mid 1980's, while more
currently NA values of greater than 0.8 can be
achieved. When using air as the medium between the
lens and the wafer, the physical limit for NA is 1,
while the practical limit is closer to 0.9.(0007] The
third clement in the Ray leigh equation, k l is a
complex factor of several variables, including
photoresist quality, off-axis illumination, resolution
enhancement and optical proximity correction. The k l
factor continues to fall with system improvements,
although the practical lower limit is thought to b e
about 0.25. [0008] Using Ih above limitations, the
resolution limit for 393nni exposure systems may be
calculated using the Raylcigh equation as follows: W =
(0.25 x 193)/0.9 = 54pm [0009] Thus, a highly
optimized ArF exposure system may be sufficient for
65nm linewidlhs but would not be capable of producing
the forecasted 45nm linewidths. The technical
challenges related to 157nm and shorter wavelength
exposure systems make extension oflhc usefulness the ]
93nm exposure systems very dej.irablc. fOOlOJ One
method for potentially increasing the useful life of
193nm systems is tmough miiD . S Ui i lui.o ra hy.
Jmn.ciMon aJtSs a in o a e ium w it T. bet worn the
projection lens and the wafer allowing the printing of
narrower lines h pus !ioi;kr, L in ihe Rayjejdi
equation cn-\ he ipcrea',cd by using a ruedsum other
than air. As noted previously, when using air as the
medium between the lens and the wafer, the physical
limit of NA is 1. This is because NA is determined by
the following equation: 



NA nsin a- d/(2/) [001 I J where, n is the index of
refraction of the medium surrounding the lens and ais
the acceptance angle of the lens. The sine of any
tingle is always < 1 and n - 1 for air, therefore the
physical limit for an air based system is L However,
by using a medium with an index of refraction greater
than 1, it is possible to increase NA. However, in
addition to a higher index of refraction, the medium
must also exhibit low optica] absorption at 193JUJI,
compatibility with the photoresist and {he lens
material, and he uniform and non-contaminating.
Ultrapure water meets all of these requirements;
aindex of refraciion n ~ ) .47, absorption <5% at
working distances up to 6mm, compatibility with
photoresist and lens and uniform non-contaminating
nature. By using ultrapure water and assuming a sinaof
0.9, then the resolution limits for 93 nra immersion
lithography can V"e calculated according to the
Rayleigh equation as follows: W = k ll / nsinu (0.25 x
193)/(1.47 x .9) = 37 mn [001 2J Therefore, the use of
ultrapurc water as the medium between the lens and
wafer makes extension of the 193 ran systems possible.
Further advantages may be gained binco Witer has a
refractive index very close to that of the fused
silica lens material, and therefore light bends less
as it passes from the lens to the water than it does
in a air based system. This makes increases to the NA
possible by building bigger lenses that collect more
light. (001 ) However in order for this technology to
be effective, the water medium must b e ultrapure
water and must meet a number of requirements, e.g.
essentially no .il h :>. \ , . = . p t ! ,i, f dp
Ue-.-> o r is u;^'^. a .es, bubbl e x.e fen r u d
thickness uniformity, [0014 j There remains a need in
the art for improvements to providing ultrapure water,



particularly for use in immersion lithography for the
formation of integrated circuits. SUMMARY OF THE
INVENTION [0015} The present invention provides an
apparatus and method of providing ultrapure water
capable of meeting the requirements for use in
immersion lithography, [001 6 J Further, the present
invention relates to a system for providing ultrapurc
waver and including flow control, wherein the
ultrapure water meets the requirements for immersion
lithography.[0017] addition the present invention
relates to a system of providing ullrapure water that
can be housed in a single cabinet for easy delivery to
an immersion lithography tool. BRIEF DESCRIPTION OF
THE DRAWINGS JOOl Sj Figure 1 is a schematic drawing
of one embodiment of the apparatus according to the
present invention. (0019] Figure 2 is a schematic,
drawing of an embodiment of the present invention
wherein ultrapure water is supplied to an immersion
lithography tool through an lithography tool support
cabinet. [0020] Figure 3 is a schematic drawing of an
embodiment of the present invention wherein ullrapure
water is supplied directly to an immersion
lithograph)' tool. [U'il fJ f J ., v 'I is a
sc'ieonuUic . rawi of embouini-jnt f the piv . t
inveniio;) wherein uHrapure water is combined with
other fluids. [0022] Figure 5 is a schematic drawing
of a further embodiment of the present invention
wherein ultrapure water is combined with other fluids.
DETAILED DESCRIPTION OF THE INVENTION [0023] There are
a number of ways to purify water, including
filtration, reverse osmosis, 



deionization, degassifi cation and exposure to
ultraviolet light. Each of these processes solves
different purification needs. For example, filtration
is used to remove particulate mater and contaminants.
Different filters can be used to filter different
particle sizes, and may be used at multiple stages of
a purification process to assure complete removal of
particles ftnd contaminants.10024 \ Diffusion is the
movement of molecules from a section of higher
concentration to one of lower concentration. Osmosis
comprises a diffusion process wherein water is passed
through a semipermeable membrane from lower
concentration to higher concentration. h e membrane
allows passage o f water but blocks ions and large
molecules; e.g. bacteria, pyrogens and inorganic
solids, until equal concentrations arc obtained on
both sides of the membrane. Reverse osmosis employs
pressure to move water against the natural osmotic
flow, i.e. from higher concentration to lower
concentration. In other words, reverse osmosis can b e
used to purify water, by applying pressure and forcing
the water through the membrane that blocks the passage
of ions and large molecules. One example of the use of
reverse osmosis is to desalinate seawater. However,
reverse osmosis does not eliminate most dissolved
gases. There arc number n f factors which can effect
the performance of reverse osmosis, including
feedwater parameters, pressure, pH, LSI (Languor
Saturation Index), membrane parameters, temperature.
SDl (Silt Density Index) and turbidity. [0025]
Deionization i s used to purify water of both cations
(positive charge such as . i i ! (_; -', , ;, r .
cur.n ({'".> 1 d n T m ( >3" g-i-.- )) n  :UJK>:>:> e
I ; LL such as chloride (Cl- ), sulfates (SO4-) and
bicarbonate^ (HCO3-)) b y passing the water t rou h
ion clcu;nr.e re:. in beds or colmuns. ;lion resins
contain lmhugoi (fl- ) UuA i s exchanged for
positively charged ions while anion resins contain
hydroxide (OH-) 



that is exchanged for negatively charged ions. The
released hydrogen and hydroxide then combine Io form
water molecules. Deionieat  on can be carried out in
separate beds where the reactions are independent and
generally incomplete, or in mixed beds where the
reactions are simultaneous and the water produced is
virtually ion free. Deionization works well for
removing dissolved solids and gas ions. {0026} Dega k;
;ifieati an tcciuiiques are used to icmove gases from
water. Membrane contactois, such as micro porous
hollow fiber membranes are used to biiag the liquid
and gas phases in direct contact. These membranes are
hydrophobic so that water will not ow O g H the poics.
In operation, water flows o n the outside o f the
mernb iin. nnd the aec s flow c ; ..' inside of the
hollow fiber and may then b e removed. Degassification
works well to remove gases, such ox> en and carbon
dioxide.10027} Water is also purified by exposure to
ultraviolet light. Such exposure generates ozone,
which is a highly effective oxidizer. Ozone can be
used to destroy aigac, viruses and bacteria and
produces non-harmful by-products. In addition, ozone
breaks down other chemicals and acts as a ftocculent
to suspend dissolved solids and allow for easy removal
by filtraiion. A further advantage of ozone is thai ii
oxirues combined chlorine and bromine and allows for
removal from the water. 10028J In order for water to
be useful as a medium for immersion lithography, the
water must be ultrapure and also must be readily
available to the lithography tools. In particular, the
ultrapure water has to be within a very tight
tolerance specification in order to achieve the level
of performance rcf iired for the immersion lithography
system. For example, the ulirapure water should have a
constant lufraclive index and particle concentration
less lhan< 0.1 iun. Fuilhcr the ultrapure water should
be bubble fr ee arsd thermally stabile (Delta T
0,05K). The specific parameters needed for a 



specific immersion lithography process will be
determined by the process operators. i e y. -r il
.Votes meeting any such parameter?. [0029] The present
invention provides a stable consistent supply of
ultrapure water to the immersion lithography tool and
thus helps ensure a consistent repeatable lithography
process. The present invention provides an apparatus
and method for providing water to a level needed for
immersion lithography, and also provides a single
cabinet that may house all of the necessary
purification units. n particular, the present
invention comprises a combination of several
purification units, each of which provides a different
purification function necessary to meet the ullrapupty
required for immcrbion lithography. [0030] For
example, one embodiment of the present invention is
shown in Fig. 1, wherein a single cabinet 100, houses
a number of diffcicnt purification units. Shown in F ;
1 arc a piefiHcr 101 , a rover t osmosis unit 02, a
dcionization polisher 103, an ultraviolet light unit
104, c-.^ondary filter 105, a dcgasscr 106 and an
ulfrafilter 107.Other elements include a storage
vessel 110 and a pump 120. In the embodiment shown in
Fig. 1, source water, that can be provided form a
local water supply, is introduced to the cabinet 100,
and is first filtered by prefllter 101. The
prefiltered water is then processed by reverse osmosis
unit 102 to remove same ions and large molecules, and
is then sent to a storage vessel 110 until needed by
an immersion ihho uiphy tool. Once required, the water
from the storage vessel ) ] 0 is pumped to the
dcioni/utiu p polisher 103 to remove dissolved solids
and gas ions. The deionizcd water is then processed by
the ultraviolet light unit 104 to remove other
impurities and suspend dissolved solids that can be
removed by the secondary filter 105. The 



processed w er is then degassed by degasser 106 and
finally filtered using ultrnfJUcr 107 prior to exiting
cabinet 100 as ultrapure water ready for use in an
immersion lhoi'ianH )I. The reverse osmosis unit ]02
and the storage vessel 110 also allow for water to be
discarded from the cabinet 100 to a suitable drain if
necessary, such as a er a et u npncd time period i f
not required by a immersion lithography tool. {0031}
The embodiment shown in Fig. i is only one
configuration of the purification i . .1:-. .:, ' .. 1
'-.<]) :.> . i c i). . n . b e uiiii/uJ I--.,; -,.,
nip).:, , j e 'U ucui ; the reverse osmosis may be
performed outside the cabinet 100 and initially
processed v.iuer c ..Ii i-c iored l t a \ et ei umote
from the cabinet 100 umiJ req red b an immersion
lithography tool. [0032] Fiys 2 - d 3 show different
configurations of the present invention. i particular,
in the embodiment shown in Fig. 2, the ultrapure water
leaving the cabinet 100 is first sent through a
lithography support cabinet 200 prior to being
introduced to an immersion lithography tool 300. The
embodiment .shown in Fig. 3 introduces the ultrapure
water directly to the immersion lithography tool 300
from the cabinet 100. Additional operational control
elements can also be- included in the apparaiu such
as, pressure and tc-inpcraluio controls, fluid flaw
contiol devices, valves (manual, slim off, pneumatic),
mixers or blenders, flow restrictors, nop return
valves, flow meters and Ph probes.[0033} Tn a further
aspect of the present invention, dopants may be added
to the ullrapiue water to further alter the refractive
index and provide specific line width capabilities. In
order to be effective, the water must still meet the
requirements noted above and in addition, flow control
and mixing means must be provided in order to meet the
immersion lithography requirements and maintain a
consistent medium allowing 



onsi c i i <-at ble lithography results [0034 J In
particular, the present invention provides an
apparatus and method for supplying water and one or
more dopants to the immersion lithography process. The
. system comprises a flow controller for the
ultrapiire water and for each dopant being combined. A
flow controller may be any device or system that
measures and controls the specific volumes of each
fluid being combined. Tn addition, the apparatus d
method of the present invention can include blendmg
capability to ensure full and piopcr miMJig of the
fluids prior to dulivt , to the immersion lithograph}
tool. [0035] The dopants maybe chosen in order to meet
a specific index of reft action when v. i !  !' ! , i
" i i1' . . r u , i/> . t i . s t b e coi p Utb.'e '
ii . ' 1I i1i the uitrapurc water and must also meet
the requirements for any medium to be used in "mifi
.un l'lUOt'oip y as no! d ubov._, j.c Io\ cptK b o rp
tion at IV. . compatibility with the photoresist and
the lens material, uniformity and non-contaminating.
{0036] Fig. 4 shows one embodiment of the present
invention wherein several fluids, including uHrapme
water are provided to an immersion lithography tool
300. In particular, Fig. 4 includes a flow controller
400 for each fluid to be combined, e.g. ultiapure
water and other fluids such as dopants. The dopants
may be purified prior to entering their respective
flow controller 400. The flow controllers 400 measure
and control the specific volumes of each fluid being
combined Io nuscl \bc desucd requirements for the
combined fluid needed by the immersion lithography
tool.[0037] Fig. 5 shows n further embodiment of the
present invention wherein a mixing device 500 is
included to provide mixing of the fluids from the flow
controllers 400 prior to delivery to the immersion
lithography tool 300. 



[0038J By using the apparatus and method of the
present invention, uHrapure water that satisfies the
requirements of immersion lithography can be
consistency m o uced. Further, by providing all of the
purification units in a single cabinet, such as a
point-of-usc cabinet, the ultrapure water can be
supplied in a more convenient and economic manner.
[0039] It is anticipated that other embodiments and
variations of the present invention roll become
readily apparent to the skilled artisan in the light
of the foregoing description and examples, and it is
intended that such embodiments and variatiuiis
likewise be included within the scope of the invention
ae :-e out in the i.ppe u'ed U)Claims: 1. A system for
providing ultrapurc water to a immersion lithography
device, the system comprising: a prefilter in fluid
communication with a water supply; a reverse osmosis
unit in fluid communication with the prefillcr; a
deionization unit in fluid communication with the
reverse osmosis unit; an ultraviolet light unit in
fluid communication with the deionization unit; a
filter in fluid communication with the ultraviolet
light unit; a degasser in fluid communication with the
filter; and a n ukraf  ltcr in fluid communication
with the degasser; wherein ultrapure water exits the
system from the ultraf  hcr and may b e used b y the
immersion lithography device. 



. '' ; . ' ! i fi .cc i j ip to Cl I r ! I , v. herein
the system is lio svd in a single cabir?t 3 . L syslcm
necordinjj io claim /'. wherein the cabinet is a
point-of-use cabinet. 4 . A system according to claim
1, further comprising: a storage vessel in fluid
communication with the reverse osmosis unit; and a
pump in fluid communication with the storage vessel
and the deionization unit 5 . A system according to
claim 4 , wherein the system is housed in a single
cabinet. 6 . A system according to claim 5, wherein
the cabinet is a point-of-use cabinet.7. A system
according to claim 1, wherein the dcionizaton unit,
the ultraviolet light unit, the filter, the degasser,
and the ultra/liter are housed in a single cabinet. 8.
A system according to claim 7, wherein the cabinet is
a point-of-usc cabinet. 9. A system according to claim
1, wherein the Ievcrse osmosis unit and the uitrafiHer
are in fluid communication with a system drain. 30 A
system according to claim 4, wherein the storage
vessel is in fluid communication with a system drain.
11. A system according to claim 1, further comprising
means to add dopants to the t l(rapine water. 12. A
system according to claim 11, wherein said means
includes ilow controllers. 13. A system according to
claim 12, v/herein said means further includes mixing
i fie -.it -,, 14. A method of producing ultrapure
water for an immersion lithography process, the method
comprising: 



treating a water supply by prefiltration to obtain
prefiltered water; treating the prefiltorcd water by
reverse osmosis to remove ions and large molecules;
treating the water from the reverse osmosis process
using ultraviolet light 1O remove impurities and
suspend solids; treating the water fiorn the
ultraviolet light process by filtration to obtain
filtered water; treating the ltere water by
degassification to treating the water fro the
denazification process ultrafiltration to obtain
ultrapure water.5. A method according to claim 14,
further comprising: storing the water from the reverse
osmosis process until requested for use by the
immersion lithography process. 1 . A method according
to claim 14, further comprising: addpig a dopant to
the ultrapure water. 17. A system for providing a
medium having a specific predetermined refractive
index to an immersion lithography device, the system
comprising: a source of ultrapure water; a source of
at least one dopant material; and means for combining
the ultrapure water and the at least one dopant
mutoiia] Io obtain the medium. 18. A sysiem according
to claim 17, wherein said means for combining includes
a - < }><" U , ! V ' CU c l -' i fo; i uihaymi e v
_:iu V.'I f.- c i o f (h e a t karl o ne dopant
material. 



19. A sysiem according to claim 18 wherein said means
further includes mixing means. 20. A method for
providing a medium having a specific predetermined
refractive index to an immersion lithography device,
the method comprising: providing a precise quantity of
ultrapure water; and adding a precise quantity of at
least one dopant material to the ultrapure YW'terfo
obtain the medium, 2 1. A method according to claim
20, wherein said adding is carried out using a
separate flow contioller for the uH/apure wyter and
for each of the at c t one dopant material. n1 L
system according to claim 20, further comprising:
mixing the ultrapure water and the at least one dopant
material. 


