SYSTEM AND METHOD FOR PRODUCI NG BUBBLE FREE LI QUI DS
FOR NANOVETER SCALE SEM CONDUCTOR PROCESSI NG By
wo paenbsns: Jeffrey J . Farber and Carl Wods PCT/US2006/023134
BACKGROUND [ 1] The present ilnvention relates generally
to fluid handling, and nore particularly, to methods
and systens for renoving bubbles fromfluids. [2]
Sem conduct or manuf acturi ng processes includes many
processes where the sem conductor is imrersed in a
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process. The size of t d devices are
continually getting evgﬁlgﬁgFggr f the bubbl es that
occur inthe liquid are larger than the features and
devi ces being processed by the liquid, then the
bubbl es can adversely i nBadaventss:per f or mance of the
l'iquid process. By way of exanple, if a bubble has a
10 m cron di anet geffand. FabéamdeChroWoadsur f ace of the
sem conduct or and the sem conductor has 0.25 mcron or
smal | er devices and features forned thereon, then the
bubbl e may enconpass several 0.25 mcron or smaller

devi ces and features. Tﬁg bubbl e may prevent the

process from bei ng appl evi ces and features

that are enconpassed by the bubble. [3] In view of the
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speaking, the present invention fills these needs. by
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prddeshet By SQUEGRA, then the bubbles can adversely impact the performance of the
liquid process. By way of example, if a bubble has a 10 micron diameter and is
formed on a surface of the semiconductor and the semiconductor has 0.25 micron or
smaller devices and features formed thereon, then the bubble may encompass several

0.25 micron or smaller devices and features. The bubble may prevent the process from

being applied to the devices and features that are encompassed by the bubble.

[31  Inview of the foregoing, there is a need for a system and method of applying a

substantially bubble free liquid for semiconductor processing.

SUMMARY
[4] Broadly speaking, the present invention fills these needs by providing a system
and a method for producing substantially bubble free liquid. It should be appreciated

that the present invention can be implemented in numerous ways, including as a



and a de-bubbling chanber. The de-bubbling chanber

i ncludes an outlet and an inlet. The inlet coupled to
w@proogoi2es of the continuous |iquid source by BCHURN§023134

pi pe. The de-bubbling cham®er al so includes at | east

one port in a sidewall of the de-bubbling chanber. The
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supply pipe by a gradual transition pipe.

[10] The ports can be arranged circumferentially around the de-bubbling chamber.
The outlet of the de-bubbling chamber includes a back-pressure device. The outlet of
the de-bubbling chamber is coupled to an inlet of the continuous liquid source. The at
least one port in a sidewall of the de-bubbling chamber is coupled to at least one of a
photolithographic system, a plating system, an electroplating system or a liquid
meniscus system.

[11] Another embodiment provides a system for producing bubble free liquid. The
system includes a continuous liquid source that includes a heater, a holding tank and a
continuous-type pump. The system also includes a de-bubbling chamber including an

inlet coupled to an outlet of the continuous liquid source by a supply pipe. The de-

bubbling chamber also includes an outlet including a back-pressure device. The outlet



inlet coupled to an outlet of the continuous |iquid
source by a supply pipe. The debubbling chanber al so
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[18] Figure 2 is a graph of the relationship of

di ssol ved gasses to tenperature, in accordance with
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is a block diagram of a sys#em for providing

substantially bubble free liquid, in accordance with
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[23] Figure 7 is a block diagram of a proximity head system using substantially

bubble free liquid, in accordance with one embodiment of the present invention.

[24] Figure 8A illustrates a proximity head performing an exemplary substrate

processing operation in accordance with one embodiment of the present invention.

[25] Figure 8B shows a top view of a portion of a proximity head in accordance

with one embodiment of the present invention.

[26] Figure 9A illustrates an exemplary proximity head, in accordance with one

embodiment of the present invention.

[27] Figure 9B illustrates a sectional view of the proximity head and the meniscus
formed by the proximity head, in accordance with one embodiment of the present

invention.



[ 29] Sem conduct or manufacturing applies |iquids and
liquid films to sem conductor substrates nunerous

wo 2ove®0Rss part of the nmanufacturing process. TPET/US2006/023134
performance (e.g., effectivéness, speed, etc.) of many
of the processes that include the applying liquids and
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is a function of the flow rate and pressure of the |
buhblegframegny typreof liquid (e.g., water, DI water, electrolyte, etching chemistries,

cleaning chemistries, etc.)

[32]  As the liquid flows through the de-bubbling chamber 104 the bubbles 105 tend
to form and concentrate in the center portion of the flow. As aresult, the liquid
flowing along the sidewall 104A tends to include fewer and fewer bubbles. The
further the liquid flows through the de-bubbling chamber 104, the more the bubbles
105 are concentrated toward the center of the flow and the less bubbles remain in the
liquid flowing along the sidewall 104A. Once the liquid has flowed a distance L from
the inlet 112 of the de-bubbling chamber 104, the liquid flowing along the sidewall



ratio of the cross-sectional area of the supply pipe
106 and the cross-sectional area of the de-bubbling
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boiling point of the process liquid at the process conditions.

[36] A liquid supply 310 supplies the liquid to the holding tank 302. The holding
tank 302 can have a capacity at least large enough to supply the system 300. By way of
example, if the pump 312, supply pipe 106, the de-bubbling chamber 104 and the
return pipe 316 have a capacity of about one liter, then the holding tank 302 could have
a capacity of about two liters. The holding tank 302 can also have a much greater

capacity such as about 10 liters or even more.

[371 A pump 312 includes an inlet coupled to an outlet of the holding tank 302. The
pump 312 also includes an outlet coupled to the supply pipe 106. The pump 312 can

be a continuous flow-type pump. Continuous flow pumps can include a centrifugal



be a continuous flowtype punp. Continuous flow punps
can include a centrifugal punp such as the Levitxonix
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[40] The return pipe 316 and the supply pipe 106 can have substantially the same or
different cross-sectional areas. The cross-sectional areas of the de-bubbling chamber
104, the supply pipe 106 and the return pipe 316 can have substantially the same or
different cross-sectional shapes. By way of example each of the de-bubbling chamber
104, the supply pipe 106 and the return pipe 316 can have a round, elliptical,

rectangular or polygonal cross-sectional shape.

[41] The de-bubbling chamber 104 can include multiple ports 110A-110C. Each of
the multiple ports 110A-110C are connected to the tube 120. The tube 120 can include
a valve 322.



rectangul ar or pol ygonal cross-sectional shape. [41]

The de- bubbl i ng chanber 104 can include multiple ports
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connected to the tube 120. 8The tube 120 can include a
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rate of the [1quid through the debub
liquid in the de-bubbling chamber 104 and a second pressure of the liquid in at the
outlet-side 322 of the backpressure device 320. The backpressure device 320 also
ensures a constant pressure and a constant flow rate of the liquid through the de-
bubbling chamber 104. The backpressure device 320 can be an actively controlled
device such as a flow controller. Alternatively, the backpressure device 320 can be a
flow-restricting device such as an orifice. The system 300 can also include a controller
340 that can be coupled to the other components 104, 302, 310, 312, 320, 324 and 330
of the system 300. The controller 340 can also couple the response of the backpressure

device 320 and the pump 312. By way of example, the controller 340 can vary the

speed (e.g., revolutions per minute) of the pump 312 so as to maintain a desired flow



chanber 104. The backpressure device 320 can be an

actively controll ed device such as a flow controller.
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flowrestricting device such as an orifice. The system

300 can also include a controller 340 that can be
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324 330 of the system 300. The controller 340
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worliinghiempsrataiege of about 0.5 psig to about 100 psig.
[46] The system 300 can al so include a cooler 330 for
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bmﬂy&gbﬁhﬁbg§bubbllng chanbers. [49] The system 300 can
be a point of use providing substantially bubble free
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nFonent s 104, 106, 120, 302, 312, 316, 320 and 330
bm@ﬁefﬁéh@yéﬂ%ﬁﬂﬁmﬁeéﬁﬁmﬁ@fEEﬁ@ﬁ?%E%%d of any suitable
material. By way of exanple, if the liquid is water,
[50§ he Thoopopeuenss 1084 106,080, 31203123626 B02nd 386 of 8RCysianh 300
can %ocoggt?uct%eed g Qn%ltsqlﬁcble matefnal By way of example, if the liquid is water,
the components 104, 106, 120, 302, 312, 316, 320 and 330 can be constructed of
polyvinylidene difluoride (PVDEF), polytetrafluoroethylene (PTFE materials such as
Teflon from DuPont), Ertalyte (PET), stainless steel and other materials and

combinations thereof.

[51] TFigure 4 is a flowchart diagram that illustrates the method operations 400
performed in providing substantially bubble free liquid, in accordance with one
embodiment of the present invention. In an operation 405, the holding tank 302 is
filled with liquid. The liquid can optionally be temporarily stored in the holding tank
302 so as to allow many of the larger bubbles in the liquid to be released.
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(554 ub 5t @entionplonstsion2p e S'FbS&ﬁmtlaﬂie bl frep g can be cooled.

By way of example the substantially bubble-free liquid can flow through the cooler

330 to cool to a desired temperature.

[56] In an operation 430, the substantially bubble-free liquid is delivered to one or
more consumer processes and the method operations can end. By way of example, the
substantially bubble-free liquid can be delivered to an electroplating process or a
photolithographic process such as an immersion photolithographic process. The
substantially bubble-free liquid can be delivered continuously or can be delivered

intermittently (i.e., on demand) to the consumer process.

[57] Figure 5 is a block diagram of an immersion photolithographic system 500
using substantially bubble free liquid, in accordance with one embodiment of the

present invention. The system 500 includes the substantially bubble free liquid system
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bubble free liquid to the proximity head controls and actuators 701. The proximity

head controls and actuators 701 deliver the substantially bubble free liquid to the
proximity head 702. The proximity head 702 uses the substantially bubble free liquid
to form a liquid meniscus 704. The substantially bubble free liquid in the meniscus
can improve the process (e.g., cleaning, rinsing, drying, etching, etc.) being applied to

the layer 512 that is being processed.

[60] A liquid meniscus can be manipulated with a proximity head such as described
in co-pending and commonly owned U.S. Patent Application No. 10/769,498, filed on
January 30, 2004 and entitled "Stress Free Etch Processing in Combination with a



[59] Figure 7 is a block diagramof a proximty head
system 700 using substantially bubble free liquid, in
wa@ewoonte W th one enbodi nent of the presentPCT/US2006/023134
i nvention. The system 700 ildcl udes the substantially
bubble free liquid system 300 as described in Figures
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geometry such as for example, circular port, square port, etc. In one embodiment, the

source inlets 802 and 806 and the source outlets 804 have circular ports.

[63] Figure 9A illustrates an exemplary proximity head 900, in accordance with one
embodiment of the present invention. Figure 9B illustrates a sectional view of the
proximity head 900 and the meniscus 950 formed by the proximity head 900, in
accordance with one embodiment of the present invention. The proximity head 900
includes a ring of multiple process chemistry inlets 904, two rings of multiple IPA
inlets 902 and 908 and a ring of multiple vacuum outlets 906. The various inlets 902,

904, 906 and outlets 908 are arranged around a sensor 920. The sensor 920 is a



[62] Figure 8B shows a top view of a portion of a
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pré&cety fe@ﬂpe AS be ayAddtally adjusted (e.g., chemistry concentration, residence
time, temperature, etc.) for the detected roughness as the proximity head 900 moves
across the substrate 830. As a result, a non-uniform surface roughness can be
dynamically corrected, in-situ as the cleaning or buffing process is applied to the

substrate 830.

[66] In an alternative embodiment, the dry region 952 is not required. By way of
example, if the sensor 920 can measure surface roughness through a layer of liquid
(e.g., the meniscus 950) such as the process chemistry being applied to the surface of

the substrate 830.
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computer readable code is stored and executed in a distributed fashion.

[701 It will be further appreciated that the instructions represented by the operations
in the above figures are not required to be performed in the order illustrated, and that
all the processing represented by the operations may not be necessary to practice the
invention. Further, the processes described in any of the above figures can also be
implemented in software stored in any one of or combinations of the RAM, the ROM,

or the hard disk drive.

[71]  Although the foregoing invention has been described in some detail for

purposes of clarity of understanding, it will be apparent that certain changes and
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readabl e nedi um can al so be distributed over a network
coupl ed conputer systens so that the conputer readable
code is stored and executed in a distributed fashion.
[70] It will be further appreciated that the
i nstructions represented by the operations in the
above figures are not required to be perforned in the
order illustrated, and that all the processing
represented by the operations may not be necessary to
practice the invention. Further, the processes
described in any of the above figures can al so be
i npl enented in software stored in any one of or
conbi nations of the RAM the ROM or the hard disk
drive. [71] Although the foregoing invention has been
described in sone detail for purposes of clarity of
understanding, it will be apparent that certain
changes andnodi fications nay be practiced within the
scope of the appended clains. Accordingly, the present
enbodi nents are to be considered as illustrative and
not restrictive, and the invention is not to be
limted to the details given herein, but may be
nodi fied within the scope and equival ents of the
appended clains. Wiat is claned is:d ains



1. A systemfor producing bubble free liquid
conprising: a continuous |iquid source; and a
waleeoiobi2is ng chanber including: an inlet couplpdI/U820861023134
outlet of the continuous |ilguid source by a supply
pi pe; an outlet; and at | east one port in a sidewal
of the de-bubbling chanber,lagﬁﬁ at | east one port
being at least a length L he inlet of the
de- bubbl i ng chanber. 2. The system of claim1, wherein
the continuous |iquid source includes a heater for
1. heathl sygtetthfer piagluting boblie freapignit eomeprisiegs t han about
boi | i nﬁt' oi ng of the liquid. 3. The systemof claiml1,
whef&P “{)‘WBS ﬂmfiéglérfe’&’ﬁg port is coupled to a cooler.
4. The mysliset AtMdhg: Wherei n the continuous
'iquid source 1 ncludes a holding tank. 5. The system
of cl ai med jinleWvenpled ta freowten bf theawstihbapsildusbsouce by a supply
i ncl udes an liquid supply coupled to the hol ding tank.
6. P& systemof claim1, wherein the continuous
l[iquid SEHBﬁﬁeti e udes a continuous-type punp. 7. The
system of claim6, wherein the continuous-type punp
consi st saolkasbnt pas in osidewdll af therderbubbliag cloamizer, the at least
Levitroni x punp. 8. The systemof claiml, rein the
ot PBUSFRDBNE 8] ot areiedh & Yo e plsh of et nigEber.
PVDF, Ertalyte (PET), or stainless steel.9. The system
of claiml1l, wherein the length L is equal to at |east
2. 10 Thaseten sf dhimh hewheeinubdtommuohalilpad sodfde indhedes a heater
systemof claim1l, wherein the de-bubbling c(garrber ‘has
forfieangthe diguiditg g4pmpsranrelgerstham Aot Pplmg paint s the liquid.
cross-sectional area of the supply pipe. 11. The
systemof claim 1, wherein the de-bubbling chanber has
3. a cMhssyssaa bf camh 1 awkdaeigteaheeadt baea part ¢y asplaiota conkir.
area of the supply pipe. 12. The system of claim11,
wherei n the de-bubbling chanber is coupled to the

4. The system of claim 1, wherein the continuous liquid source includes a holding
tank.
5. The system of claim 4, wherein the continuous liquid source includes an liquid

supply coupled to the holding tank.

6. The system of claim 1, wherein the continuous liquid source includes a

continuous-type pump.

7. The system of claim 6, wherein the continuous-type pump consists of at least

one of a centrifugal or a Levitronix pump.

8. The system of claim 1, wherein the wetted materials consists of at least one of a

PTFE, PVDF, Ertalyte (PET), or stainless steel.



supply pipe by a gradual transition pipe. 13. The
systemof claiml1l, wherein the ports are arranged
waoocoof2es enti al |y around t he de-bubbl i ng chanmber/uSH46/023134
The system of claim1, wherl& n the outlet of the
de- bubbl i ng chanber includes a back-pressure device.
9. 15 TE@%{S&%EPM 1%@&%%&@9 qi 13 eﬁﬁ% 184 le%%t Rfdlmetels of
de- bubbl'i ng chanber is couple to an inlet o
thealsriubbliogishdnlepui d source. 16. The system of cIa|n11,
wherein the at | east one port in a sidewall of the
debubbl i ng chanber is coupled to at |east one of a

10. phOtFH!: L{<R29 LAPRIS 1S\)&ﬁ&&Wth@?@b%ﬂéﬂ%ecﬁﬁbénﬂasmloss -sect. onal

el ectropl ating systemor I qui Nni scus system
areA sslyssirgially equap toa oo seech vl laeeafof dee dupglyi plpe.onpri si ng.

a continuous |liquid source including a heater, a

hol di ng tank and a conti nuoustype punp; and a

114€- *%H{?Q%&gﬁe il whA iUl BbuinkUhelhn ORI e&o§s OseBfonal

‘outle nuous |iquird sotirce by a su
arepigPater thamd dreds-denddnadl breg ofitheaapplppgsesur e devi ce and

wherein the outlet is chanber is coupled to an inlet

of the continuous liquid source; and at |east one port

in
12 T IR ol 1SS0 b e 08B B
suﬂﬂyﬁmaﬁth&ahmfuﬂﬁ&uﬂ@ﬁybbl|ng chanber fromthe inlet
of the de-bubbling chanber and wherein the at | east

one port is coupled to a cooler. 18. A nethod of

C o n?Hg ?%{tjé}lg cla ng# ﬁhéérgﬁgﬁ% ﬁé@%&% errgﬁ(%e c'i‘r%gﬁllf%rantlally around
ﬂmqﬁaﬁmeﬁngtmﬁmﬁgbubbl|ng chanmber including: an inlet
coupled to an outlet of the continuous |iquid source

by a supply pipe; an outlet; and
14.  The system of claim 1, wherein the outlet of the de-bubbling chamber includes

a back-pressure device.

15.  The system of claim 1, wherein the outlet of the de-bubbling chamber is

coupled to an inlet of the continuous liquid source.

16.  The system of claim 1, wherein the at least one port in a sidewall of the de-
bubbling chamber is coupled to at least one of a photolithographic system, a plating

system, an electroplating system or a liquid meniscus system.

17. A system for producing bubble free liquid comprising:

a continuous liquid source including a heater, a holding tank and a continuous-
type pump; and

a de-bubbling chamber including:

an inlet coupled to an outlet of the continuous liquid source by a supply

pipe;



at least one port in a sidewall of the de-bubbling

chanber, the at | east one port being at |east a length
wa.2doroes2the i nl et of the de-bubbling chanber; BeMUS2006/023134

drawi ng substantially bubblg free liquid fromthe at

| east one port in the sidewall of the de-bubbling

chanber . gﬁﬁgggﬂgclpﬁhgg%a% hafidBee evkl’?ér&nttﬂc??utlet is

liquid i tenp rature | ess

boi lch@bdras Bduptdd toha ihletiefi the c@inudindiqued badeqfand! ai m
18, wherein the |i UId has a gressure of between about

5 and ab@meaat@mepg gnﬂﬁldPWéHG the dstuphing slamhst, thoat least

The [

! he oF bR gk sh it bl 1IGLE t?ﬁﬁlﬁ%%gfféﬁé%@%?%

t ot aubbiimvéhaniber ﬁbﬁa tHe it b terdg-aiddlie chandds add @herein the at
met hod of claim 18, wherein bubble greater t han about

100 lonsi onpvnorbie spupledrinvaeepoidtom t he |iquid 1 owi ng
through the at | east one port. 23. The nethod of claim
18, wherein the liquid flow ng through the at | east

180ne Afktholl Hf €8DLBBlin: BquEsompEsihgnper at ur e.
providing a continuous flow of liquid through a de-bubbling chamber, the de-
bubbling chamber including:
an inlet coupled to an outlet of the continuous liquid source by a supply
pipe;
an outlet; and
at least one port in a sidewall of the de-bubbling chamber, the at least one port
being at least a length L from the inlet of the de-bubbling chamber; and
drawing substantially bubble free liquid from the at least one port in the

sidewall of the de-bubbling chamber.

19.  The method of claim 18, wherein the liquid is heated to a temperature less than

about boiling point of the liquid.

20. The method of claim 18, wherein the liquid has a pressure of between about 5

and about 100 psig in the de-bubbling chamber.

21.  The method of claim 18, wherein a flow rate through the at least one port is

less than about 20% of a total flow into the de-bubbling chamber.

22.  The method of claim 18, wherein bubble greater than about 100 nm have been

removed from the liquid flowing through the at least one port.

23.  The method of claim 18, wherein the liquid flowing through the at least one

port is cooled to a desired temperature.



