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DI SPENSE BACKGROUND OF THE I NVENTION 1. Field of Invention This invention
relates to a nethod and apparatus for nonitoring the integrity g?g éiﬁhng
of a fluid dispense. More particularly, the present invention 7 ? il TP
met hod and apparatus for nonitoring the integrity of a fluid dispense in
real time. 2. Description of the Prior Art A variety of industries require
the delivery of precise volunes of a liquid at a consistent rate for
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to evenly distribute the liquid on the wafer. The requirement for precise volumes, duration of

dispense, and rate of delivery must be affected by an apparatus which is delivering the same
volurmes of liquid repeatedly at a consistent delivery rate for a highly repeatable duration over
fong periods of time.

As the semiconductor industry expects to utilize submicron technology, phofo resists
and low dielectric liquid compositions are becoming increasingly important for improving the
performance of microprocessor and memory storage devices. To reduce manufacturing costs
and reduce photoresist waste, lower dispense amounts of liquid photoresist and lower viscosity

.of liquid will be dispensed. Coatings on the wafer of these fluids require a high degree of
uniformity in the thickness across the wafer and also the thickness from wafer to wafer, In
order to atfain the required uniformity and high manufacturing yield of films formed from these

~ fluids, the fluid dynamics and timing of the liquid dispensed onto the wafer are critical, For
example, broken streams of liquid impinging on the wafer, caused by drops or air bubbles in
the dispense nozzle or tubing, are common causes of wafer defects which effect the uniformity
of the film formed from the liquid. Increase defects lead to undesirabie increases in production
costs.



2 Fluids dispensed onto a wafer are nmade into a uniformfilmon the wafer
by spinning the wafer at | ow speeds as the fluid is dispensed and then

i ncreasing the spinning speed, a step called spin up, to a fiqasl APﬁiiﬂm
speed to uniformy spread the |iquid gCr oss the wafer and to cause
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contrast, when monitoring a liquid dispense onto a silicon wafer, it is necessary to provide a
means for monitoring the dispense in a manner that is capable of determining that the dispense
is applied to each wafer in a consistent manner including the time of the dispense, shape of the
dispense fluid, as well as determining the dispense volume. This requirement renders it
necessary to monitor the shape and fiming of the fluid dispense so that the rate of fluid
application to the substrate from inifial contact, intermediary contact and final contact between
the fluid and substrates can be essentially duplicated over an extended period of time.
Accordingly, it would be desirable to provide a method and apparatus for monitoring
the delivery of precise volumes of liquid with repeatable rates, fluid dynamics, volumes, and
intervals of delivery. In addition, it would be desirable to provide such a method and apparatus

which is capable of monitoring the delivery of precise volumes of liquid at repeatable rates over



3 13ARR2004 extended tines, in a production line on a real tine basis and
using that information for process control, SUWARY OF THE | NVENTI ON I n
accordance with this invention, a tine dependent profile of th§ gﬁﬁgﬁggs of
a liquid being dispensed froma nozzle is generated and analy g .

profile thus generated then is conpared to a standard profile that
correlates in time, volune, and profile to a satisfactory |iquid dispense.
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This signal is then conpared to a previ ouslycﬁenerat ed st'andard signal for
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collected by the detector. The amount of light transmitted from the stream, whether it be
absorbed or scattered, depends upon the diameter and the continuity of a given liquid stream
emanating from the fluid dispense nozzle. As the rate the liquid is dispensed changes or stops,
the diameter of the liquid stream reduces and breaks and the amount of light that reaches the
detector is increased. By recording the amount of light collected over the time and converting
that measurement to a suitable electrical signal, the time dependent profile, the fluid dynamics,
of the dispense is obtained. This signal is then compared to a previously generated standard
signal for a satisfactory liquid dispense to determine the acceptability of the dispense for its
intended purpose. Alternatively, the signal obtained from the sensor can be used to define the
timing of the dispense and end of dispense, and be used fo start subsequent fluid processing
steps such as spin-up or the application of a reduced pressure to the chamber.
In accordance with this invention, a process and system are provided for monitoring
the light or energy transmission characteristics of a fluid dispense and correlating the monitored



In accordance with this invention, a process and system are provided for
nmonitoring the light or energy transm ssion characteristics of a fluid
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An alternative embodiment of this invention would measure the energy reflected or
scattered from the substrate through at least one detector set, each comprising an energy
emitter and an energy defector. The energy from the emitter strikes the fluid dispensed onfo
the substrate and the energy reflected from the fluid dispensed on the substrate is detected by
the detector. A graph correlating degree of energy scattering over time then is compared o the
standard graph to determine whether the dispense is satisfactory. The wafer is exposed to the
emitted energy so that the graph of the scatiered or reflected energy characterizes the enfire
dispense onto the wafer,

EBRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 is a schematic view illustrating the abparatus of this invention,

Figure 2 illustrates a satisfactory dispense measured by the apparatus of this
invention.



Figure | is a schematic viewillustrating the apparatus of this invention.
Figure 2 illustrates a satisfactory di spense neasured by the apparatus of
this invention. “1..3 APR 2004 Figure 3 illustrates an unsat*ﬁsjgppqm

di spense neasured by the apparatus of §his invention. Figure 4a is a

di agram of the signal output produced by the apparatus of this invention
which is representative of an unsatisfactory dispense identified in
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out put produceid by the apparatus of this invention which is representative
of a satisf¥EH8Py di spense identified in accordance with this invention.
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where no fluid is interposed between the photon emtter and the photon
det ect or aM¥s VI nal point of measurement where no fluid is interposed
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A satisfactory fluid dispense is one which is formed from a single discrete volume of

fluid rather than a plurality of discrete volumes of fluid. When a plurality of discrete fluid
volumes are dispensed, the resultant coating on the substrate is characterized by a more
variable thickness or striations as compared fo the uniform coating generated with a single
discrete fluid volume. Accordingly, a signal response generated by a single discrete volume of
fiuid passing through the sensor device is characterized by a smooth curve between the initial
point of measurement where no fluid is interposed between the photon emitter and the photon
detector and the final point of measurement where no fluid is interposed between the photon
emitter and the photon detector. In contrast, a curve generated by a plurality of discrete fluid
volumes is characterized by at least one peak or depression for the period of time that little or
no fluid is present between discrete fluid volumes. A peak is obtained when energy
transmission is directly measured while a depression is obtained when the inverse of photon
transmission is measured.

One or a plurality of energy detectors can be utilized. When a plurality of detector sets
are employed, they are positioned spaced apart from each other along the travel paih of the
fluid dispense. It is possible to use two or three detector sets in order fo provide a means for



transm ssion is directly measured while a depression is obtained when the
I nverse of photon transm ssion is neasured. One or a plurality of energy
detectors can be utilized. Wien a plurality of detector sets ? % %

they are positioned spaced apart fromgach other along the travel pat
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p03|t|onedt"B%tween photon emtter 16 and detector 18. Referring to Figure

3, an unsati sfagtR4a 4 FRGRSE o shtbthdiths disPbid LS SOIME Siores a single
discrete volume 32 passing between photon emitter 16 and pholon detecior 18. This
satisfactory dispense causes signal pracessor 20 o generate a curve 34 illustrated in Figure
4b. The curve 34 is free of spikes or depressions between the initial measurement 36 by
detector 18 where no dispense is positioned between emitter 16 and detector 18 and the final
measurement 38 by detector 18 where no dispense is positioned between photon emitter 16
and detector 18.

' Referring fo Figure 3, an unsatisfactory dispense is illustrated which comprises a
plurality of discrete volumes 31, 33, and 35 passing between emitter 16 and detector 18. This
unsatisfactory dispense causes signal processor 20 to generate a curve 40 illustrated in Figure
4a. The curve 40 includes spikes 42 and 44 (or depressions) between the initial measurement
46 by detector 18 where no dispense is positioned between emitter 16 and detector 18 and the
final measurement 48 by detector 18 where no dispense is positioned between emitter 16 and
detector 18. The spikes 42 and 44 comprise measurements when discrete volumes 33 and 31
respectively pass between emitter 16 and detector 18.
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di agr am of S GROMAE, FARYRAIR fﬁ'odéﬁ &fi (E'F%]ﬁttb*?&e aéﬁcﬂrlﬁh%d‘ uﬁHﬁ‘tﬁd‘t%sﬁ@'&For

processing the si into™a s |tab conmparing the 'sig

standard dltbmmweusoarmlhmtrgted,l ing process equipnent to take actl on based
upon the results of the conparison, is |IIFstrated Example 1 A |ight
emtter and light detector pair for sen@‘-@ﬂ@—ef-l ui d di spense was constructed.

An enitter detecigf erﬂﬁérrandT htdRfer Esuf‘féﬁ?&fsin%ﬁ@d H@gensié"gga%ﬁ%ﬁ&é@dm’“ th

468 ohmresistors ™~ attached thee tter and sens The emtter's
peak wavel éntten degsioropar, ﬂ'ﬁndynbmt nigmiber t2#6-143 dvasesosuactodenith 468 olmdesistopar at ed

by 0.8 d d d.. Th ‘X 28 . Th
" aui d o BRCGHBRIHE s R gal e At poek vash ek 818 heltE
punp. The lgnfittér dnd Sehbar wisel cmcyeagﬂaea bglosesah\éﬁ@ rdonntad\oﬁtaw&adb@é%a afrge based
solvent. The resist was di spensed t hrough the sensor and

enitter paidevicawanLed2oin Qllﬁe Tb¢ élaldd)dﬁnbl m@ﬁ@red\ms clispensed Seom A Milligoe'si

were mde. JPEUSER ARG THE R col3RRa BRAGHIR ARERA T e PSR Hait, Janse.
The 0-5 volThe cetighuhs ﬁnspmédwb; hensap mmghntﬁeswssrdarbyemdﬂmw mﬁmeacumetne strip
chart rec rdeéga\;:mqth the chart speed or mm sec.

i |1 ustrat edread Aarbyas @flegirstin g 5Brnl ﬂ@% op ﬁb?@?t@ﬂCéSFa'?reMéﬁﬁrfﬁ%ﬁSw?mPH%fOf
appar atus gleggp n?&:dh%ﬁli Tw?fe mhegb_ ggér gdggcongﬁfméssr 789 fﬂ@va?ev hepenses

whi ch range 1 n rat| rom I gure Iustra es an
undesi r abl alispersspe ibe0-Santt aitpitrigmahe Bensa!gudsaneasmre@hyra t{fppfahdIIZdnenfstrIplohWed by

Bl gures 6 e Wi 60 e et K620 BB ni ng that the di spense o
'CLIW::J); rat teg 't Eogé@ﬁ]@ngséﬂg;eg%ee%wbbﬁse df helpRbiBfesief mdstired bRt ApPstaihd M NI
described in this invention. The sensor response shows dispenses which range in duration
from 0.25 to 3 seconds.
Figure 7 illustrates an undesirable dispense containing an irregular stream of fluid
followed by plurality of drops characteristic of an undesirable dispense. Comparison of Figures
6 and 7 provide means for determining that the dispense illustrated in Figure 7 is unacceptabie
in ferms of its shape and timing compared to those in Figure 6.
Figure 8 is a graph of different dispenses shown in Figure 6 plotted against the fime for
the dispense. A least squares regression of this data iliustrates that at the 1 sigma confidence
interval, the ability of the apparatus of this invention in Example 1 is able to distinguish between
the duration of different dispenses to within 33 milliseconds.
it is to be understood that these are examples of the apparatus of the invention
described. Suitable modifications to the device, including but not limited fo high-speed timing
equipment and other sensors would be obvious to those skilled in the art.



Figure 8 is a graph of different dispenses shown in Figure 6 plotted
against the tine for the dispense. A |east squares regression of this data
illustrates that at the | signa confidence interval, the abilgt%Afﬁ e
apparatus of this invention in Exanple 1 is able to distinguish between

the duration of different dispenses to %ﬁthin 33 mlliseconds. It is to be
understood that these are exanples of the apparatus of the invention
described. Suitable nodifications to the device, including but not limted
to high-speed timng equipnent and other sensors would be obvious to those
skilled H& the art. 1 3 APR 2004 8 W claim 1. The process for determ ning
the accep & iafmty of a fluid dispense which conprises: providing a

di spenser, f di spensi a vol of flujd.c ri-sin ' i d di spense
froma: cot ansarodBsn s AR g seplsolthhr R URLIGAE TS srotiisdee PurG
vol une fr omprdvdingadispenser far kispeging & eoldine pefise compridingwanbfivichdispenise vol une
of fluid L Qr - Sal f 1 ui ] i j ener gy
rom an- dhgt EaphEpSitelaiihd'BRa ' sl o RMERE LRl AUGSALAL RO B, | EPETDY
i denti fy eontdirgpérodghdbé dispénsed di spense, and conparing said shape with a
previously i; M ARCTo RSy R-Tele =T ; ' ; il wsai d
fluid di sper@'gl%étfnlg%g%}& ocesfg.I 0 E’fztiﬂ} %@%\}\ﬁé%f]ﬁuq ﬁgﬁ?gbggtsiuhg%é |(tal.rﬁer gy
transm ttwrgyrfmmgraem!tkem ume of fluid is used to determne the tine at

whi ch T1Uld dh@ihd R RnHiBRPRSRSaRMBLIRMAIATE thRAIY b shaboBRRR ity The
process of claiml wherein said steps of 1llumnating and detecting are
conduct eadigRense.c9dt twi ce. 4. The process of claim 1 wherein said steps of

i1 um nat i NGeoriparifesH6 Ehdl dfrea FrRVBLSY Ridntled siERRaHS dhape td@etedfihect ed ener gy
fromthe surface ontaq \ﬁ/m h said volune of fluid is dispensed. 5. The

process ofCCEPEPHYy Pf GHd

ct
WAISPRBSSNe or nore energy sources are selected from
the group consisting of thermal, acoustic and el ectromagnetic energy. 6.

h f clai wher ej h i y ' . T,
The brocede The EPERPLoRAC) Bt e ARRafin Taréu SRS MRS Lbunett;

ener gy r efid isnged to determine the time at which fluid flow from the dispenser started and when it

stopped.

3. The process of claim 1 wherein said steps of illuminating and detecting are conducted at
least twice.

4. The process of claim 1 wherein said steps of illuminating and detecting are conducted by
measuring the reflected energy from the surface onto which said volume of fluid is
dispensed.

5. The process of claim 1 wherein the one or more energy sources are selected from the
group consisting of thermal, acoustic and electromagnetic energy.

6. The process of claim 1 wherein the one or mote energy sources is light.

7. The process of claim 1 wherein the receipt of a signal from a source of energy reacting
to the column of fluid being dispensed is used to determine the time at which the dispense
stopped and is used to control one or more stop-suck back valves on the dispenser.

8. The process of claim 1 wherein the shape is used to determine the time at which the
dispense stopped and is used to control a spinner spindle of process equipment in
communication with the dispenser.



to the colum of fluid being dispensed is used to determne the tine at
whi ch the dispense stopped and is used to control one or nore stop-suck
back val ves on the dispenser. 8. The process of claim1l mhereiq hens e
is used to determine the tine at which the dispense stopped and is used to
control a spinner spindle of process edquipnent in comunication with the
di spenser. 13 APR 2004 9 9. The process of claim1l wherein the shape is
used to determne the time at which the dispense stopped and is used to
control the timng of subsequent dispenses by the dispenser. 10. The
system f or deternining the acceptability of a quid_di%gense m@ich
conpri sesy  Enediresssn §Eelaimyt wheehdhe shapeds yegd indetsrmine thatime ahvaich Bt ai ner
cont ai ni NgisSenisé sfoppédandib @séd toma,h@oﬁﬁ@ﬁrﬂm?%owbée@ué‘neaispédsugwmei ng said
volume of fluid prior to said vol une of luid contacting a substrate with
ener gy on¥SRi"S#ore sensors for detecting energy transmitted from said
volume of fluid to identify a shape of said fluid dispense, and neans for
conpari ng i.d shape wi,th a previously, identified shape .to determ ne
accept abi 19t JeHSEm (§° PRIEnE dissrcaptabiity o uid Sisp BRSO ER SHTRES wher i n
t he sensors 4 dispalsbeio! disperasirgrpyolimansiidid frerd afcoolzireacohtaiving sei floid, f | ui d and
the neans for_ conparing said sh are.used tq det ] t 1 t. which
1t 0 11 ow £y PRae aPagt aedre B udlrub Sl kfurg bERT Blor S Sat iRl 0
of cl ai m fhdd ebreadting atsubsteate with energeg energy sources is a plurality of energy
sources for [l]um | : , rSi4 j

bpe &%&Q‘sgﬁb%gs?{&ﬂﬁée@g? {ég%%@ftﬁg%rﬁlttééﬁgﬁ vﬁ%‘d VhtEndotuid th Edénﬁ}gm o

sensors for detecting. 1 al m ereln the one or
ener gy soasbaps fseiddlldetisnedse.rapch t he group consisting of thermal, acoustic

and el ectr Onﬁg%ﬁopcm@gﬁ?iﬁdsfga_@@i’%lz¥?&muglg iqélnﬁﬁéa %EM@&&&ﬂmiﬁ@e one or

nore energy sources 1S |I ystem of claim 10 wherein the
sensors f a¢cegtabiibnaf saidifiisd dspengs: col | ected from said energy source from
said volume of fluid dispensed are used to determine the tinme at which

fluid fromthe di spenser started and when it stopped. 16. Thﬁ %/stem of
¢l ai m 10 hhe? B FHsiaR OLHRImEI G WaRreipIies Seliew: or deliacthg easray bansmritied from Sri

di spense a@dm:a%f ﬂhfﬁ@dn& theGAGAsGbr sUtbafihg BEId Shapeafie aw&mwgw hmegmarad a
ST oS ow (s e apereor ALy and v 4Rp5a! on W th the di spenser.

12. The system of claim 10 wherein the one or more energy sources is a plurality of energy
sources for illuminating and the one or more sensors is a plurality of sensors for detecting.

13. The system of claim 10 wherein the one or more energy sources are selected from the
group consisting of thermal, acoustic and electromagnetic energy.

14. The system of claim 10 wherein the one or more energy sources is light.

15. The system of claim 10 wherein the sensors for detecting the energy collected from said
energy source from said volume of fluid dispensed are used to determine the time at which

fluid from the dispenser started and when it stopped.

16. The system of claim 10 wherein the shape from the sensor indicates the end of fluid
dispense and is used to control one or more stop suck-back valves and a spinner spindle of
process equipment in communication with the dispenser, and the timing of subsequent

dispenses by said dispenser.



di spenses by said dispenser. 1 3 APR 2004 10 17. The system of claim 10
wherein the shape fromthe sensor indicates the end of the fluid dispense
is used to control the spinner spindle of the process equi pnen\txhd Rp "
conmmuni cation wth the dispenser. 18. The system of claim10 reﬁﬁm he
shape fromthe sensor indicates the endypf the fluid dispense and is used
to control the timng of subsequent dispenses by the dispenser. 19. A
systemas in claim10 wherein the said systemis used to calibrate a

di spenser to have a proper dispense. 20. The process for determ ning the

acceptability of a fluid dispense for coating a substrate in a_,second
procgss vmq-{-h¥ ?Vlst?ﬁégfs‘:l%@uﬁoﬂﬁﬁﬁ?mf'}ﬁ'shﬁﬁ%frf’&“itﬁﬁs@'&f’ﬁ'”g'ﬁﬂ%ﬁ theread of Hediuigh ocess
conpri si n@ispéiResd 8RR t0 tontebl FREPHINBGsFANSIUAB priceds dtjufbriabrdofimuicasd fluid
froma contajner containing said fluid onto said substrate, illumnating
sai d vol uWEhh\ecl;ﬁpﬁpﬁerpri or to said volume of fluid contacting a substrate
with energy froman energy emtter, detecting energy transmtted fromsaid

volunme of ,Liquid to identify a shape . of said, fluid . dispense, cC i ng
sai d' shapdbafte Srelim gl G 0twiran Bkcarage HAmiing s nEics es deendid 0 T Do o
shape or dspgeesandiudgedito tontaéthertimineoftsubsapenpdistented by tbé disperdef.| ui d

di spense and di spense timng, and renoving said substrate fromsaid
process equi prent when the fluid dispense is deternmined to be

unaccept ath®.eA sptemHsen pleiot &8 wherkindhasaid 2¢stevhds esed te aalthrade e disperfiser to have

il lum nati . cting are conducted at |least twice. 22. The process
of claim 5%%%2?'3?%%% one or nore energy sources are selected fromthe
group consisting of thermal, acoustic and el ectromagnetic energy. 23. The

process ohHoClrgd Hﬂo@@ss%ﬁﬂ&é%iﬁiﬁ&th%%c@ﬁtam Bf £G4 Qbé{vér%érf&%a:li% b isGthtirate?4-
The process of claim?20 wherein the shape is used to determne the tinme at
whi ch t hein }FQGBA BEOCEFOWINER PEASESS eduipseant fo5 mesdifyipg paid substriiee #aid Bresere of

sai d proceshpmsiny IERRIps of:

dispensing a volume of fluid comprising said fluid from a container containing said fluid
onto said substrate,

illuminating said volume of fluid prior to said volume of fluid contacting a substrate with
energy from an energy emitter,

detecting energy transmitted from said volume of liquid to identify a shape of said fluid
dispense,

comparing said shape and timing of the dispense with a previously identified standard
shape or response output to determine the acceptability of said fluid dispense and dispense
timing, and

removing said substrate from said process equipment when the fluid dispense is
determined to be unacceptable.

21. The process of claim 20 wherein said steps of illuminating and detecting are conducted
at least twice.

22. The process of claim 20 wherein the one or more energy sources are selected from the

group consisting of thermal, acoustic and electromagnetic energy.
23. The process of claim 20 wherein the one or more energy sources is light.

24. The process of claim 20 wherein the shape is used to determine the time at which the

dispense stopped and is used to control a spinner spindle of said process equipment.



