-1- PRESSURE- SENSOR | nventors: Bogusl aw Gaj deczko
Kevin J. Violette BACKGROUND OF THE I NVENTION Field
of the Invention [00011 The ilnventi on relates to high
sensitivity, high bandw dth,””Tow pressure sensors
and, nore particularly, to the application of these
devices in air gaugeRRESSGIRERINIOR for exanpl e,
l'ithography devices. Related Art [0002] Conventi onal

| ow pressure airgamges Uthokhdfy GBSk OW sensors,
whi ch have relatively lo vﬁ%s*?g?&t@ times, or | ow

bandwi dths, typically in the range of a tens of Hz.
The rel ati vel y | ow bandw dths are not suitable for
hi gher speed operations, such as, for exanple,

| i t hogr aphy scRMRRREOIRE pE&ﬁWETfﬂ@@G] What are

needed therefore are high sensitivity, |ow pressure
l;é a %1 ? havi ng hi gher bandw dths than are
glg g 859 FAHPh| .  SUMMARY OF THE | NVENTI ON [ 0004]
The present invention is directed to high sensitivity,
ow pr sure air s, havi, n e ndW| dt hs than
[Mmgr e pr gmqepuwg}a?eggcgﬁgh f‘@%‘S ggq’ég‘%‘ﬂ 1, ogresue,
a Cheﬁﬁofbama,emwetphrtichleﬂy, &Y 218 tapHRatioNCIf dES dvice SHindR YadgHD
havi ng.a substantl ally rigid outer portion and a

di T b foy) sxamplg yth °$%Hh¥ﬂ6‘ﬁ°eﬁhat di spl aces in response
to a pressure difference between first and second

Si the di aphragm The pressure gauge further
i&gﬁ?%ed{)e‘gna sensor |ocated proximate to the diaphragm

and adapted to sense the di spI acenent of the

i aphr sure urtpﬁ
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s daworelatively damhgaespmse&in&e,s@r lova behdaddh, eghidatly it ednigk Ne
the JALESSuLe reni:e fromtl& di s Iacerﬁnt of, the
di aphr Bofh HE e re hifvey low bandwidths are Rot sostable for higher
speed operations, such as, for example, lithography scanning applications.
[0003] What are needed therefore are high sensitivity, low pressure air gauges

having higher bandwidths than are presently available.

SUMMARY OF THE INVENTION

[0004] The present invention is directed to high sensitivity, low pressure air
gauges having higher bandwidths than are presently available.

[0005] A pressure sensor in accordance with the invention includes a
diaphragm having a substantially rigid outer portion and a displaceable inner
portion that displaces in response to a pressure difference between first and
second sides of the diaphragm. The pressure gauge further includes a sensor
located proximate fo the diaphragm and adapted to sense the displacement of
the diaphragm inner portion. The pressure gauge further includes a monitor
and control systems coupled to the sensor _(wired of wireless), and adapted to

determine the pressure difference from the displacement of the diaphragm.




-2- [0006] The present invention provides a variety of
opti onal sensing designs including, wthout
limtation, optical sensing designs and capacitive
sensing ‘designs. [0007] For | ow pressure
appl i cations, such as nanoneter proximty sensors
used in lithography applications, the operational
pressure range of the sens@r- is approximately 0.1 to
0.5 inches of water. The resolution of the gauge
pressure sensor is preferably approx. - 0.001 Pa,
[0006hi s | sTleppeeyt inverdioh @idvides ahwsietylX(T. optidiil Senstngl ddsighd ow
t he uge to resol ve a few nanongters. Note. that 1
( omggmgn‘eﬁﬁ% Bttaseny optic] semem [%ﬁ%] ang £ DAY PR
angesf@fisor have a rel atively high bandwi dth and can
thus be inplemented in relatively high speed,
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and |ithography topographi cal ppl ng equi prent .
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de L et . forth herein or may be | earned by
pr%‘glﬂ{@e %#hl?aﬁ%alsr nventi on. The advant ages of the
[0008)nvent iTha dvphtagiheand esahdor dalkeadtbladivélfi igdbdadwidi€and can

structure.parti.cul arl Qinted,out., jn the witten

a bl b trhidhiented S et e e, SRliestions The Evenfinetiae
driaviinpBenented & &r ekdmpls, HogRph nsityeskitd @hipaRhharndhe
forﬁggi ngengugﬂmrre an% the gib%o%d oW ngggetlg?lgghﬁ

dUhoeranh &POWEM@@H*BPI%WW%XM anatory and are

intended to provide further explanation of the
i nvention as clainmed. -3- BRI EF DESCRI PTION OF THE
[0009AW NAgditiomfrgupomd prvaptagespidbeinvention anll bepetirth inpe

0986 WblRfioH it [BHARICHEP thihet MEnurBC GRIMAMAINRG will bo
drawi ngs, wherein like reference nunbers 1ndicate
i deparent4¢ a person skilled in the art based on the description set forth herein
or may be leamned by practice of the invention. The advantages of the
invention will be realized and attained by the structure particularly pointed out
in the written description and claims hereof as well as the appended drawings.
{0010} It is to be understood that both the foregoing summary and the
following detailed description are exemplary and explanatory and are intended

to provide further explanation of the invention as claimed.




functionally simlar elenents. Al so, the.leftnost
digit(s) of the reference nunbers identify the

drawi ngs in which the associated el enents are first
introduced. [0012] FIG 1 is a side plan view of a
pressure sensor 100, including a diaphragm 102 and a
sensor 104. [0013] FIG 2A. is a front plan view of

t he di aphragm 102. [0014] B.G 2B is a side plan view
of a substantially rigid outer portion 202 of the

di aphragm 102. [0015] FIG 2C is a side plan view of

t he di aphragm 102, including the substantially rigid
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under a differential pressure condition. [0016] FIG
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th sensor 100, ereln the
t nBofF MRS BB Py i JERb b serosisd smtie el
wi irfroducedopt i cal grazi ng angl e sensor. [0018] FIG 5
00]\%’]: a Sinl"dqe:‘n l an view of the pressure sensor 100,
[ er e 1S53 filgrrlap Hiepned g eessuge sapsat il09.viackuding or
50@iaptasdn | OeandraQshdat I(y; surface 206 includes a
rounded plate 504. [0019] FIG 6 is a side plan view

[0013} an dilP- 24 <is 8 fopodan Vieye pirhe dlaphiagm 162 | eg 602 and a

oo18pcond g r S ed

g 020k 18 BT oAPf5
pl B digpkagmafl02.he pressure sensor 100 inplenented in a

[ﬂﬂllgjlr ?X' mIiIM §€”§°s[ sifid %laﬁﬂs'?igw db thg %‘rlapﬁr)%gr%p i(ﬁ’, including the

substantlally ng1d outer portion 202, an inner portion 204, and a proximity

sensor surface 206 shown distended as if under a differential pressure
condition.

f0016] FIG. 3 is a side perspective view of the pressure sensor 100, wherein
the sensor 104 and a monitor and control system 106 are implemented with a
white-light interferometer.

[0017] FIG. 4 is a side plan view of the pressure sensor 100, wherein the
sensor 104 and the monitor and control system 106 are implemented with an
optical grazing angle sensor. ‘

[0018] FIG. 5 is a side plan view of the pressure sensor 100, wherein the
sensor 104 includes a capacitive sensor 502, and the proximity surface 206
includes a grounded plate 504,

[0019] FIG. 6 is a side plan view of an air system 600, including a first leg
602 and a second leg 604, and the pressure sensor 100 positioned in a bridge
therebetween.

[0020] FIG. 7 is a side plan view of the pressure sensor 100 implemented in a

proximity sensor 700 used in, for example, lithography.




[0021] FIG 8 is a side plan view of the pressure
sensor 100 inplenented in a proximty sensor 800.
DETAI LED DESCRI PTI ON OF THE I NVENTION | I ntroduction
[0022] The present invention is directed to | ow
pressure air gauges having higher bandw dths than are
presently avail able. The present invention can be
used in, for exanple, and vi+thout limtation,
l'i thography proximty sensing and |ithography
t opogr aphi cal mapping. H Hi gh Bandw dth, Low
[0020 f f er eFId. &lis Psi@s plan @icFerTIhe \gredsie 23&]sofr10G imbleiren@d i £le

l an vi.ew of ressure sensor 100 including a flexing
pl BEo&myHy %Psgbﬁq(ggm 102, a di aphragm di spl acenent
sensor 104 (hereinafter "sensor" 104) | ocated

pr oxi mat e i ! itor and
contr ol syiﬁ%ﬁ&ﬁ%@ e%£g§g£%é$6§12@ﬂgﬁ%ﬁﬁﬁ9iﬁed or
wireless) to the sensor 104. The sensor 104 is
pr exi ma t he di aphragm but not necessarily in
phgsicdﬁsw%%ﬁ?gct Wi th the diaphragm [0024] The
i aphragm 102 and the .sensqr, 104 are posi.ti oned within
oo2g] 505 AR EentRTphs 1 ARRSe &y et eRGEt briine
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pressure. di fferenc tween the first area 110 and the
5 olBfldn 1aF Exemples ang gtitheyt pitgtion,lithagtaphy REpITEY ApSAEe W
ofmﬁhﬂmgh@ﬁh&@ggmﬁgaﬂnﬁﬁﬁngiaphragn1102 i ncl udes a
substantially rigid outer portion 202, for coupling
the di aphragm 102 to an inner wall 114 (FIG 1) of
the body 108. FIG 2B is a side plan view of the
sulfst arffigh Baydwitdy How Differensinl Presruro8ansingne
substantially rigid outer portion 202 is nade from
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i netnsddsl04) located proximate to the diaphragm 102, and a monitor and

control system 106 electrically coupled (wired or wireless) to the sensor 104.
The sensor 104 is proximate to the diaphragm, but not necessarily in physical
contact with the diaphragm.

[0024] The diaphragm 102 and the sensor 104 are positioned within a body
108, between a first area 110 and a second arca 112. The pressure sensor 100
determines a pressure difference between the first area 110 and the second
area 112.

[0025] FIG. 24 is a front plan view of the diaphragm 102. The diaphragm 102
includes a substantially rigid outer portion 202, for coupling the diaphragm
102 to an inner wall 114 (FIG. 1) of the body 108. FIG. 2B is a side plan view
of the substantially rigid outer portion 202. The substantially rigid outer
portion 202 is made from metal, plastic, or other suitable substantially rigid

material, or combinations thereof.




di spl aceabl e i nner portion 204 that displaces in

response to a pressure difference between the first

and second areas 110 and 112 (FIG 1). [0027] The

i nner portion 204 is a flexing-plate, nenbrane-based

portion constructed of a sem-elastic material, such

as, for exanple and without Ilimtation, nylar,

kapt on, rubber, and/or confi-nations thereof. The inner

portion 204 expands in the direction of |ow pressure.

The inner portion 204 is designed to respond to ultra
[0026bw di fReferving itatk m é‘é@u 24, the dibghragand@2 dhrthek dncludes a

ly 0.1t
o A8 ipeh AR 204 i iis B et hha PSS on
20differenctwivgea uﬂaetﬁrsms p@n@u dreasQ Med TIREBRUNE

'ffer tial ran 0028], The |nner ortion 204 is
(0027} | 5 cokhey ety B0 %é?%rff.aa FRj08-platey MsmPEANC-bASH { RastiPD 02

| NeonRteuctd S Sefii-eRsticamb RN, QhchR)THT Sxdnipid YA Rethout
mnthout limtation, |ntegrally form ng, heat

I
sedPiiaiign. Byl kapton, dﬁa?eﬁgaﬂdéﬂﬁ cFofbinationsy therepf) ODt®] inwere
| NRRtior ek fhds 914th9 Qﬁécﬁgﬁbf WwipR&hid eﬁhﬁnﬁ%%ﬁftgrsz

sensor surface 206, wherein the sensor
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di one or nore sections below [0030] FIG
dﬁﬁ%ggﬁglg'%plan vi ew of the diaphragm 102, including
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proximity sensor surface 206. The proxmnty sensor surface 206 can be the
inmer portion 204 or a coating or impregnation thereof. Example coatings and
impregnations are disclosed in one or more sections below.

[0030] FIG. 2C is a side plan view of the diaphragm 102, including the
substantially rigid outer portion 202, the inner portion 204, and the proximity
sensor surface 206 shown distended as if under a differential pressure
condition.

{0031} In the example of FIGS. 1 and 2A, the body 108 has a cylindrical
shape, thus the outer portion 202 has a complementary circular shape. The
invention is not, however, limited to the example circular shape illustrated
herein. One skilled in the relevant art(s) will understand that other shapes can
be utilized as well, including, without limitation, oval, elliptical, and polygon.

[6032] The sensor 104 and the proximity sensor surface 206 can be

implemented with one or more of a variety of technologies. Example




be utilized as well, including, without limtation,
oval, elliptical, and polygon. [0032] The sensor 104
and the proximty sensor surface 206 can be
i mpl emented with one or nore of a variety of
technol ogi es. Exanple -6- inplenentations of the
sensor 104 and the proximty sensor surface 206 are
di scl osed bel ow. The inventf-on is not, however,
limted to these exanple inplenentations. Based on
the teachings herein, one skilled in the rel evant
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in corresponding changes to reflected light patterns received by the sensor

[003

104. A decoder within the monitor and control system 106 determines the
relative deflection of the proximity surface 206. The monitor and conirol
system 106 then converts the deflection measurement of the proximity surface
206 to a pressure difference between the first and second areas 110 and 112.
{0035} The interferometer can be implemented with an off-the-shelf

interferometer, including, but not limited to, a white light interferometer.




interferoneter, including, but not limted to, a white
light interferoneter. -7- IV Optical G azing Angle
Proximty Sensing [0036] FIG 4 is a side plan view of
the pressure sensor 100, wherein the sensor 104 and
the nonitor and control system 106 are inpl enented
wWith an optical grazing angle sensor as taught in,
for exanple, T. Qui, "Fibef-Optics Focus Sensors:
Theoreti.cal Mddel,”™ MT Report, 2000, incorporated
herein by reference in its entirety. [0037] In
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[0038] When the proximity surface 206 deflects, illustrated in FIG. 4 as
“diaphragm deflection” 410, the receiving fiber 408 receives intensity-

modulated light from the second path 404. A decoder in the monitor and
control system 106 decodes the modulation and determines a relative
deflection of the proximity surface 206. The monitor and control system 106
then converts the deflection measurement of the proximity surface 206 (i.e.,
diaphragm deflection™ 410) to a pressure difference between the first and
second areas 110 and 112.

[0039] In the example of FIG. 4, the transmitting fiber 406 includes optics that
split a light from a light source into the first and second paths 402 and 404.
Alternatively, two transmitting fibers are used with acoustically shifted
wavelengths. The resulting interference pattern at the receiving fiber 408
constantly shifis or moves. When the proximity surface 206 is motionless, the

interference pattern moves with a constant speed. When the proximity surface




[0039] In the exanple of FIG 4, the transmtting
fiber 406 includes optics that split alight froma
l'ight source into the first and second paths 402 and
404. Alternatively, two transmtting fibers. are used
with acoustically shifted wavelengths. The resulting
interference pattern at the receiving fiber 408
constantly shifts or noves8-When the proximty surface
206 is notionless, the interference pattern noves
with a constant speed. Wien the proximty surface -8-
20B06mmoess, thdapaydeet! tinf cirfeepanding aﬁﬁﬁﬁgﬂ limteeferBickt pattem
|nterfer§ﬁ pattern .changes. A counter in the
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Semdilhg [0040[ FIG 5 is a side plan view of the
pressure sensor 100, wherein the sensor 104 incl udes
a capacitive sensor 502, and the proximty surface 206
i Nl udéézpacttjlredrmxienhyﬁbw@ 504. The grounded pl ate 504
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tank circuit, for example which generate an oscillation or modulation

corresponding to the capacitive changes. The oscillation or modulation is then
converted to a relative deflection measurement for the grounded plate 504.
The monitor and control system 106 then converts the deflection measurement
of the grounded plate 504 to a pressure difference between the first and second
areas 110 and 112. '

[0041) Capacitive sensors are well known and commercially available,
although they are not known by the present inventors to have been used in

conjunction with pressure sensors.




The nonitor and control system 106 then converts the
defl ecti on neasurenent of the grounded plate 504 to a
pressure difference between the first and second
areas 110 and 112. [00411 Capacitive sensors are well
known and comrercially avail able, although they are
not known by the present inventors to have been used
in conjunction with pressure sensors. -9- VI. The
Pressure Gauge as an Air Gauge [0042] The pressure
sensor 100 is optionally inplenented as an air gauge
that neasures pressure changes caused by air flow
Such an air gauge is useful in, for exanple and
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pressure difference between areas 110 and 112 will cause the diaphragm 102

to deflect toward the area of lower pressure. Based on an initial calibration, the
monitor and control system 106 determines relative differences in air flow
between the first and second legs 602 and 604. The relative difference in air
flow can be used, for example, in lithography proximity sensing, as described

below.

VII.  Lithography Proximity Sensing

[0046] FIG. 7 is a front plan view of a proximity sensor 700 used in, for
example, lithography. Lithography proximity sensors are described in, for
example, U.S. Patent Application Serial No. 10/322,768, titled, “High-
Resolution Gas (Gauge Proximity Sensor,” filed December 19, 2002,

incorporated herein by reference in its entirety. An air gauge sensor is also
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flow can be used, for exanple, in Iithography
proximty sensing, as described below VII.

Li t hography Proximty Sensing [0046] FIG 7 is a front
plan view of a proximty sensor 700 used in, for
exanpl e, lithography. Lithography proximty sensors
are described in, for exanple, U S Patent
Application Serial No. 10L3®@2,768, titled, "Hi gh-
Resol ution Gas Gauge Proximty Sensor,"” filed Decenber
19, 2002, incorporated herein by reference in its
entaupiat 3 UAN Bitdnt qwgﬂﬁefs%ohﬂécﬁ @lns @andd) Seds8HY h&suéd"‘
U.S. Patent No. 4,953,388, led, "Air Gauge Sensor,
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0ef er&nace | eg 604 and the reference probe 708 are
repf"%c?gg Wth a reference pressure. For exanple, FIG
[0048] | s a Atetteutipélgnthy ireferende leg 604 and the reference probe 708 are

replaced with a reference pressure. For example, FIG, 8 is a side plan view of

a proximity sensor 800, in which the reference leg 604 is replaced with a
reference pressure 802. The reference pressure 802 can be an ambient

pressure or a controlled pressure.

VIII. Conclusion

[0050] The present invention has been described above with the aid of
functional building blocks illustrating the performance of specified functions
and relationships thereof. The boundaries of these functional building blocks
have been arbitrarily defined herein for the convenience of the description.
Alternate boundaries can be defined so long as the specified functions and
relationships thereof are appropriately performed. Any such alternate
boundaries are thus within the scope and spirit of the claimed invention. One

skilled in the art will recognize that these functional building blocks can be




a proximty sensor 800, in which the reference |eg 604
is replaced with a reference pressure 802. The
reference pressure 802 can be an anbient pressure or

a controlled pressure. VIII. Conclusion [0050] The
present invention has been descri bed above wth the
aid of functional building blocks illustrating the

performance of specified flunctions and rel ati onshi ps
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present invention should not be limted by any of the
above-descri bed exenplary enbodi nents, but shoul d be
defined only in accordance with the follow ng clains
and their equivalents. -12- WHAT IS CLAIMED IS: 1. A
pressure gauge, conprising: a diaphragmhaving a rigid
outer portion and a displacable inner portion that

di spl aces in response to a pressure difference between
first




and second sides of the diaphragm a sensor | ocated
proxi mate to the di aphragm and adapted to sense the
di spl acenent of the diaphragminner portion; and a
nonitor and control system coupled to the sensor and
adapted to determne the pressure difference fromthe
di spl acenent of the diaphragm 2. The pressure gauge
according to claim1, wher&ln the diaphragmis
sensitive to pressure changes in a range of
approximately 0.1 to 0.5 inches of water. 3. The

pr §SSAT & gBApEEBgSording to claim 1, further
conprising an optically reflective coating on a first
side of the diaphragminner portion, wherein the
semsor.Apﬁ%uﬂagmgacompﬁﬂﬁg transmitter and receiver

optically ali theo ically reflective
coating. 4. 1%@51%% F88 @a%é% O4EE @PmOHganﬁoa disalapabls
WhRRE gbriidhethSeipRices RNBEPoRR S0 a Prestudd BITfeRMBSTBItREen st

The pressure auge according to claim 3, wherein the
seslgecand gides aidhe diaphgpantie | i ght interferometer. 6. The

pressure ga'dgs%nﬁnga%r}goilﬁatﬁlté'tﬁg ia
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transmitting no ve a second
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the fi LISt & waterecond l'ights. -13-

3. The pressure gauge according to claim 1, further comprising an
optically reflective coating on a first side of the diaphragm inner
portion, wherein the sensor includes an optical transmitter and receiver
optically aligned with the optically reflective coating,

4, The pressure gauge according to claim 3, wherein the sensor comprises
an interferometer.

5. The pressure gauge according to claim 3, wherein the sensor comprises
a white light inferferometer.

6. The pressure gauge according to claim 3, wherein the sensor

comprises:

a light transmitting module; and

a light sensing module adapted to directly receive a first light
beam transmitted from the light transmitting module, and to receive a second
light beam transmitted from the light transmitting module and reflected from
the diaphragm;

wherein the monitor and control system calculates the
displacement of the diaphragm from an interference pattern generated from the

first and second lights.




7. The pressure gauge according to claim®6, wherein
the light transmtting nodul e conprises a transmtting
fiber having an output coupled to a diffraction

devi ce that separates a source light into the first
and second I|ights, wherein changes in the diaphragm
di spl acenent cause the interference pattern to
include intensity nodul ated3}i ght, wherein the

noni tor and control system cal cul ates the di aphragm

di spl acenent fromthe intensity nodul ated |ight, 8.
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capaci tth&/8rss guslengthy edipretn changes in the dienbragm Wﬁﬁlgcememtsor
for |ithagrap Hﬁferfe%@@ ét&kﬂ"g) fﬁﬁmﬁ%ﬁﬁ%mhﬁgcolﬁ@ﬁtng

a measurenent probe couple
speed, wherein the monitor and control system comprises a counter

that decodes the diaphragm displacement from the substantially
constant speed.

9. The pressure gauge according to claim 1, wherein the inner portion of
the diaphragm includes a grounded metallic surface, wherein the
sensor includes a capacitive sensing device positioned adjacent to the
grounded metallic surface, and wherein the monitor and control system
determines the displacement based on capacitive changes in the

capacitive sensing device.




a reference pressure; a bridge portion coupled between
the nmeasurenent |leg and the reference pressure; a.

di aphragm di sposed wi thify_the bridge portion, the

di aphragm including a rigid outer portion and a

di spl acabl e i nner portion that displaces in response._
to ?o.preﬁﬁfég(&igs%s%w&% o?i% MP EompdihgrEasur ement | eg
and’ t he ef erénce pressure, a sensor |ocated

proxi mat e t oat measyieasht degnbayite sd appeneemayt Pabes cowred
di sgllr%&)errent of the diaphragminner portion; and a
moni tor> and cont r ol system coupl ed to the sensor and
adapted to det¢ferengenmessime; di spl acenent of the
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to a pressure difference between the neasurenent |

e

and the ref érepos lonatedsipximaty te dhes diapiragm agg adapted B
proxl i | .agm adaBbednto sense the
di s%h%?éﬁ%%@agg&%?ﬂde%%%x 58{%9? nner porr'lt ion; and a
moni tor and eomnitof argeonierhsytamptagled ¢ th eenseragradamiel
adapt t o . det.ernmine .t i: 3
i arElming i e E o S Y BB SHEY abogieiine preseure
f r ofiffedeacedranp tha déspianément.

1l. A lithography topography mapping device, comprising:

a measurement leg having a measurement probe coupled

thereto;

a reference pressure;

a bridge portion coupled between the measurement leg and the
reference pressure;

a diaphragm disposed within the bridge portion, the diaphragm
including a rigid outer portion and a displacable inner portion that displaces in
response to a pressurc difference between the measurement leg and the
reference pressure; |

a sensor located proximate fo the diaphragm and adapted to
sense the displacement of the diaphragm inner portion; and

a monitor and control system coupled to the sensor and adaptéd
to determine the displacement of the diaphragm and to determine the pressure

difference from the displacement.




PRESSURE SENSOR ABSTRACT OF THE DI SCLOSURE A pressure
gauge i ncludes a di aphragm having a substantially
rigid outer portion and a displaceabl e inner portion
that displaces in response to a pressure difference
between first and second sides of the diaphragm The
pressure gauge further includes a sensor |ocated

proxi mate to the di aphragm!Sand adapted to sense the
di spl acenent of the diaphragminner portion. The
pressure gauge further includes a nonitor and contro
syst em coupl ed to t h®RESBURBISENSDORed or wi rel ess), and
adapted to deternmine the pressure difference fromthe

di spl acenent OfQEﬁﬁFQ%ﬁHB FR DL or and the
nonitor and contro systiémcanggﬁo§ emented with

one or nore optical sensing designs, capacitive
sensi ng designs, or other devi ces used to neasure
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4. . . .
sensor (wired or wireless), and adapted to determine the pressure difference

from the displacement of the diaphragm. The sensor and the monitor and
control system can be implemented with one or more optical sensing designs,
capacitive sensing designs? or other devices used to mecasure sub-micron
displacements.  For low pressute applications, such as lithography
applications, the diaphragm is sensitive to pressure changes in a range of
approximately 0.1 to 0.5 inches of water. The diaphragm and sensor have a
relatively high bandwidth and can thus be implemented in relatively high
speed applications. The invention can be implemented in, for example,
lithography proximity sensing equipment and lithography topographical
mapping equipment.

Figure 4.




