-1 PRESSURE SENSOR | nventors: Bogusl aw Gaj deczko Kevin
J. Violette BACKGROUND OF THE | NVENTION Field of the
I nvention [0001) The invention relates to high
sensitivity, high bandw dth, |ow pressure sensors and,
nore particularly, to the apptication of these devices
in air gauges for use in, for exanple, |ithography
devi ces. Rel ated Art PRESSUREGEMNSORK i onal | ow pressure
air gauges utilize mass fIOMIsensors whi ch have
relatively long r nse t bandw dt hs,
typically in the]%§ és ofhggF§ﬂ$ ﬁ: . The relatlvely
| ow bandwi dt hs are not sui RGP YBIEMH gher  speed
operations, such as, for exanple, |ithography scanning
appl i cations. [0003] What are needed therefore are high
sensitivity, | BAGKEGROUND @F THEINYENTIONVI ng hi gher
bandw dt hs than are presently avail able. SUMVARY OF THE
| NVENTI ON [ 0004] The present invention is directed to
hi fieldefitae Invention, | ow pressure air gauges havi ng

hi gher bandwi dths than are presently avail able. [0005]
A pressure sensor in accordance with the invention

[0001hcl ud ei'heamvditmp trelatgsrtotayh ftgmﬁvigl,l hizhdahdveitithy low gregure

i eeaf gud e peRaty. Kohd SifuEared s ddren nssbiige

f| E&tus@ﬁgforggﬁgﬂgl lﬁlhdéﬁéiaw%ﬁ&@ di aphragm The pressure
gauge further incl udés a sensor | ocated proxi mate to

t he di aphragm and adapted to sense the di splacenent of
t h@elteddzt agm i Nnner portion. The pressure gauge further
includes a nonitor and control systens coupled to the
sensor (wired or wireless), and adapted to determ ne

[00020e pr eSonveatichal fodr EroGerelairqiingdd aitilzeShAse ARWERhsond, whit
d %avrzarrggtlvcly long response times, or low bandwidths, typically in the range
of a tens of Hz. The relatively low bandwidths are not suitable 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 to 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 .(wircd or 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 applications,
such as nanoneter proximty sensors wused in
I'ithography applications, the operational pressure
range of the sensor is approxinmately 0.1 to 0.5 inches
of water. The resolution of2the gauge pressure sensor
is preferably approx. - 0.001 Pa, this is approx. -
4x10-5 inches H20. This would allow the gauge to
[oouﬁsol VeTae E)ﬁéﬁérﬂélﬂlfbﬂﬁér?f)ﬁwidépﬁQ/aﬁét?tof%p{i&ﬁﬂsensinﬁ%sig%o =
254 Pascal s. [0008] The di aphragm and sensor have
r elinglyding, withouhlimistion; eptivabsensiog designsiand irepdcitive snesinged
inge&batively high speed applications. The invention
can e inplenented in, for exanple, |ithography
[0003 oxi mi For Kenpressyres appilioationt, suolil as Inhfidheeder pbiyimity sensors

t .aphi cal J i t. [0009] Additjonal |
t ol 8 BthogRonenicafiot e GeTBo besRmromngs o1 the gassis
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features and advantages wi ||l be  apparent to a person
sk isensaris preferably Approgas P08 Pay this id@pptok.pt #elP siaehes k0 h
herel I ' I nvent [on.
Thatisvolld alBY P ah B8NS SitolY st iy, WO i ICREE
at timwhibl =354Pagalst r uct ure particularly pointed out in

e witten. description and clainms hereof gs.well. as

ool ks B ipe he oSmspDBav s elatively High el and G

t haius hetifplehRnie fire eitively Hiigh ¥edd afplicdtions. Thelih@ntisdcan
det ai | ed descrlgflon are exenpl ary, and expl anatory and

ar &e implemented iny for srasple dithography proaigiy:seatingtuigmenend
RSP R FRofa R g e pliemer 0 et on il be
described with reference to the acconpanying draw ngs,
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the description that follows. Yet further features and advantages will be
apparent to a person skilled in the art based on the description set forth herein
or may be learned 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 |eftnost
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 the
di aphragm 102. [0014] FIG 2B is a side plan view of a
substantially rigid outer pertion 202 of the di aphragm
102. [0015] FIG 2C is a side plan view of the

di aphragm 102, including the substantially rigid outer
portion 202, an inner portion 204, and a proximty
sensor surface 206 shown distended as if under a

di f f er ent BRIER,PESCRIETIONDRTHENRAVDYIGBFIGURES3 i s a

si de perspective view of the pressure sensor 100,

[00¥]er €1 N Thé hereSRAN SAVenkibd Wild b8 AEEKUeR" wiROrefRBiceOlo the
system 106 are inplenmented with a white-11ght
i ntaspompeByipg drawingsowhereip|like referenceznugibars ipdicate identicabpr
th : 0, i . S Q4,.and
t nauRBRAH Snder SBhad” AU HE 1EhOIE SRl TN |
an numbeis cidéntfy dbé dopvanggl in whick dhe af§s0€idid efdnidntsSaresfigt
Si de%cg a%l vi ew of the pressure sensor 100, wherein the
se®GF™M4G4 i ncl udes a capacitive sensor 502, and the
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[0019] FIG_6 is a side plan view of an air 'systenm 600,
i niap 192rand 3 gens@l04602 and a second | eg 604, and
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[0015] FIG. 2C is a side plan view of the diaphragm 102, including the
substantially rigid outer portion 202, an inner portion 204, and a proximity
sensor surface 206 shown distended as if under a differential pressure
condition.

{0016] 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 | NVENTI ON | 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 without limtation, |ithography
proximty sensing and |ithégraphy topographica
mappi ng. H Hi gh Bandwi dth, Low Differential Pressure
Sensing [0023] FIG 1 is a side plan view of a pressure
[0028NSOr 08 § R a!sidiphth view beht Bikssud @hordbo ﬂh@ ERSIn 02,
a di aphragm di spl acenent sensor 104 (hererinafter
"s@ﬁ@@m“Y¥U$FaOBcated proxi mate to the di aphragm 102,
and a nonitor and control system 106 electrically
coupled (wired or wireless) to the sensor 104. The
sensor 104 PETAUED BES ONORTHE ENYENTIONt not
necessarily in physical contact with the di aphragm
[0024] The di aphragm 102 and the sensor 104 are
podi t i oftPdpecant n a body 108, between a first area 110
and a second area 112. The pressure sensor 100

[0022t er i ks peesgnt dsenitien & difestedrio dovb qureseere airhgaufés Isdvirgr ea

110. and, t he.second area 112..[.00 FIG .2A j.s a front
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| nabeddins for exainplepid adthout tingiatom UitedgrddBy torimaAP Fensig!
COlig#i'nﬂ tg@ di aphrao%{n 102 to an inner wall 114 (FI'G
1) ithpgraphy foPossphice) MEPPIES | s a side plan view of
the substantially rigid outer portion 202. The
substantially rigid outer portion 202 is nmade from

metal , BhaShiitie: %‘iﬁ” tially rigid
rm%ﬂgri aﬁ'@é&@gﬁ% ’ng‘%?gfrﬁs"é erg{)ass."w‘gj%%& 6] Referring
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plate or diaphragm 102, a diaphragm displacement sensor 104 (hereinafter

=

“sensor” 104) 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 area 112. The pressure sensor 100
determines a pressure difference between the first area 110 and the second

arca 112.

[0025]) FIG. 2A 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 inner
portion 204 is a flexing-plate, nmenbrane-based portion
constructed of a sem -elastic material, such as, for
exanple and without Iimtation, nylar, kapton, rubber,
and/ or conbi nati ons thereof. The inner portion 204
expands in the direction of3Fkow pressure. The inner
portion 204 is designed to respond to ultra | ow
differential pressure in the range of, for exanple,
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wherejin &Ee sensor, 104 (FIG. 1) is sensitive to
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C oalmiﬁﬂ-:, and gwithowp ﬂlegnmn, enprogmatell 84/ oS5 mqhea) né water

or “FRASA1A 1 Bieflyin 0t et Soft e el "

ri différeatiblanngesrti on 202, the inner portion 204, and the

oxi m .Sensor.. su ce 20 sho diistended .as if
l““%?ﬁder T I 204 oairted ol FESATIAIGOBER Qe he
bﬁ 0 ! 6 of n?d?é’ oth v I'fﬁy bﬁ%arih@ﬁ ﬁ@ﬁdﬁg without
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hmlte‘ilﬂéhtgmey grally @nﬂ%ab@t sephing, chemisak bandinigs ambthe
ho yer, limted to the exanple circular shape

illustrated herein. One skilled in the relevant art(s)
[002% | | unTler smempbrtitta2i4obptionallyhingledescaproximity sensor surface

206, wherein the sensor 104 (FIG. 1) is sensitive to movement of the
proximity sensor surface 206. The proximity sensor surface 206 can be the
inner 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.

[0032] 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 lI'imtation,
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 discl osed
bel ow. The invention is not however, limted to these
exanpl e inplenmentati ons. Bgsed on the teachings
herein, one skilled in the relevant art(s) wll
understand that the sensor 104 and the proximty sensor
sur; ' t ' 0 r Qgj es
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i nvdéatoseshbelp@03Ble ifventioneis swt, chowevssplimit&D 16 these example
rel.atjvel yv.hi gh bandw,dth device., De i n on the
i BpleERbo Bepd i o Ehefifey Befein, 8 piiack B B8 St

C anry(s) N uadepadidwhal ithe defisok 164 SRMBE BroxinligUe s surfike 186
The present inventjion is thus _useful in both
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ve er speed applications, such as, for
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104. A decoder within the nonitor and control system
106 determ nes the relative deflection of the

pr dEi m Iaterferomacee BaOkl ProXimiySensify and control system

6 the verts the deflecti nmeasur enent of the,
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interferometer can be inplenmentéd with an off-the-shelf
an interferometer. The interferometer utilizes the proximity surface 206 as a
reflecting target. Changes in the deflection of the proximity surface 206 result
in corresponding changes to reflected light patterns received by the sensor
104, A decoder within the monitor and control system 106 determines the
relative deflection of the proximity surface 206. The monitor and control
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 Gazing Angle
Proximty Sensing 10036] FIG 4 is a side plan view of
the pressure sensor 100, wherein the sensor 104 and
the nonitor and control system 106 are inplenented with
an optical grazing angle sensor as taught in, for
exanple, T. Qui, "Fiber Optics Focus Sensors:
Theoretical Mdel,” MT Rep®et, 2000, incorporated
herein by reference in its entirety. [0037] In
operation, first and second optical paths 402 and 404,

r egpect iggatat. GraﬁhEABQEW&:h S&Rhgt ransm tting and
receiving fibers 406 and 40 reSpectively. The first
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reggfegéﬁ&,gytseﬁﬁ.e@ecel ving fiber 408, via the first
tical path 402, and a second beam of |ight
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beﬂ%dhmh b epdtial diffrtioh paefin MHe patrasis hifonatiof of the relative
position of the proximity surface 206.

[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 tﬁe 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 fransmitting fibers. are used with acoustically shifted
wavelengths. The resulting interference pattern at the receiving fiber 408
constantly shifts or moves. When the proximity surface 206 is motionless, the

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




100391 In the exanmple of FIG 4, the transmtting fiber
406 includes optics that split a light froma |ight
source into the first and second paths 402 and 404.
Alternatively, two transmtting fibers, are used with
acoustically shifted wavel engths. The resulting
interference pattern at the receiving fiber 408
constantly shifts or noves. Wien the proximty surface
206 is notionless, the int&fference pattern noves with
a constant speed. Wien the proximty surface -8 206
noves, the speed of the corresponding shifting
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seasdr12100, wherein the sensor 104 |ncI udes a
capacitive sensor 502, and the proximty surface 206
i ncl udes a grounded plate 504. The grounded plate 504

i s,,{mdeFaﬁ;cﬁ}vgmw from conductive material such

as neta e capacitive §ensor 502 is optionally
l0040bcat edFHp Y isxa mdb gllan @60 df ¢hé pssure seppat KOs wherin thee

unde | ate 504 suc ' acts as ,a
O SetRe T Refids © RO send s Bnl pp iy Seg 206,
gr imtnﬂe:da Rrdtindeb Plite 504U Thé grolhded late 3PAG indde, af MAst in
cifance s .a function of the distance of the

gr ﬂﬁ o sPRquetied materightuch &S dugialcThe (apacitivg; spnsorsylt is
PSAllY Tbchi® a ﬁﬁ%&:ﬁﬁw Pi00eh S00 em@ioﬁﬁt&aaﬂmawe?gomht

|n changes to t capdci tance. The nonitor contr ol
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capacitance. The monitor and control system 106 include circuitry, such as a
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 [00424_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 without limtation,
proximty sensors for |ithography and topographica
maMli NQ The Préssird Gaugdidyan AP Thage FIG 6 is a front plan
view of _an air system 600, .in¢cluding a first leg 602

[0042)g a s&boPrgssuesFenter 106rsoptionally impledentiedas aniy gayge that
e o B! i .
DCELAbRS o et el G U g 9638 g i

. d second legs 602 an
br ifergexampl and withputdimitasionhprokimityt seasntls Swclithograghysaridy
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hefB? %{15 B AE5Ouk Jog 60 (Lo Pressurefeeos 100 iy rositipned,jn) the body

l(Jgg g%]smaﬂfom@& bR et Hlare HAUAE o' R e S 602 1A 643 CFhe

5] Air flow through the first and second [ egs 602
andridgel frie coupledde thafisst andueconddegsdygespTetive Ireonficotions.

sultspifp.r SHE & | . 12, en
1004455} 7T fhs ERANAE Gt PICES e & {in@iGCare Feberibfly HbBr angh!
| eJ-codiectiohe rFheuinténtion ipmet howevel] lifmted no aighe tangle -
areas 110 and 112 wil |l cause the di r.a 102 to
o P e ins o Arer o e escr i ey o LB AL he £t §1Oan
| Nyl ahdepdtdr diha lokRPangld\nnétlbhs cah baiiédcont rol  system
106 deternines relative differences in air fl ow

(004534t weenAftflow threughcthe) fise arhiscendgsgc@2 aad $06 o illyrieated
r el atfowdl ! & iGw rdufd In reduced pressure in areas 110 and 112.

When the air flow in leg 602 differs from the air flow in leg 604, the resulting

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.

VIl. 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




fl ow can be used, for exanple, in lithography proximty
sensing, as described below VII. Lithography
Proximty Sensing [0046] FIG 7 is a front plan view of
a proximty sensor 700 used in, for exanple,

I'i thography. Lithography proximty sensors are
described in, for exanple, U S Patent Application
Serial No. 10/322,768, titled, "Hi gh- Resolution Gas
Gauge Proximty Sensor," f.jlped Decenber 19, 2002,

i ncorporated herein by reference in its entirety. An
air gauge sensor is also -10 taught in U S. Patent No.
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[0049) Alternatively, the reference 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 proxinity 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

controll ed pressure. VIII. Conclusion [00501 The
present invention has been descri bed above with the aid
of functional building blocks illustrating the

performance of specified functions and rel ationships
t hereof. The boundari es of.iihese functional buil ding
bl ocks have been arbitrarily defined herein for the
conveni ence of the description. Alternate boundaries
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WHAT IS CLAIMED I S: 1. A pressure gauge, conprising: a
di aphragm having a rigid outer portion and a

di spl acabl e inner portion that displaces 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 claim1l1, wherein the diaphragmis
sensitive to pressure changgs in a range of
approximately 0.1 to 0.5 inches of water. 3. The
pressure gauge according to claim1, further conprising
an 1S AMES fective coating on a first side of the
di ap ragm I nner portion, wherein the sensor includes
an optical transmtter and recei ver optically aligned
wi h the IQ,Q% ive coating. 4. The pressure
gadge accor ghﬁéé &ﬁﬁrﬁ&g wherei n the sensor

conpri ses am diaphmgiehayingt emgchout&'hpotpinemdraedigplugble
accordin 3,. wherein the se ri ses
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13 sensitive to pressure changes in a range of approximately 0.1 to 0.5
inches of water.

3. The pressure gauge according tc 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 interferometer.

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 claim6, wherein the
light transmtting nodule conprises a transmtting

fi ber having an output coupled to a diffraction device
that separates a source light into the first and second
lights, wherein changes in the di aphragm di spl acenent
cause the interference pattern to include intensity
nodul ated |ight, wherein the nonitor and contro
system cal cul at es the di apiB3agm di spl acenent fromthe
intensity nodul ated |ight. 8. The pressure gauge
according to claim®6, wherein the light transmtting
mogul e %@Hcks‘i?esgaﬁ%é fleordig 15 B8HG] WHeARSHL libhtnkhRAGES
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conprises a_ counter decodes the di aphragm
di spl ac&nerthe mfenpity medulawesklighht i al |y  constant speed. 9.
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capaci tive changes in the capacitive sensing device.
10. A phaxslenethy Whersinghe sespnd wevskgetinphase difnd relaliye toa
measur e n C

R Hirst ?&eﬁbﬂgﬂg, Gh&eﬁgﬁvﬁfgl ée?'f{?ﬁx‘e di ﬁﬁgrg dgbﬁi%c@r . eﬁ‘xent

thereto; a referen I'eg a referen
coupl edcduse thet interference pattern to change with a substantially constant

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.

10. A proximity sensor for lithography, comprising:

a measurement leg having a measurement probe coupled
thereto;

a reference leg having a reference probe coupled thereto;

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

a pressure sensor disposed within the bridge portion.




a bridge portion coupl ed between the measurenent |eg
and the reference |eg; and a pressure sensor di sposed
within the bridge portion. -14 11. The proximty sensor
according to claim 10, wherein the pressure sensor
conprises: a diaphragmhaving a rigid outer portion and
a displacable inner portion that displaces in response
to a pressure difference between the nmeasurenent |eg
and the reference | eg; a sqgsor |ocated proximte to

t he di aphragm and adapted to sense the displacenent of
t he di aphragminner portion; and a nonitor and control
system ] t 0.de i_ne
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and a nonjtor and control system coupled to the sensor
an @regﬂg?)ﬂlﬁgrence from the displacement.

12. A proximity sensor for lithography, 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 pressure difference between the measurement leg and the
reference pressure;

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

a monitor and control system coupled to the sensor and adapted
to determine the displacement of the diaphragm and to determine the pressure
difference from the displacement,

13. 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;




to deternine the displacenent of the diaphragmand to
determ ne the pressure difference fromthe

di spl acenent. 13. A lithography topography mapping

devi ce, conprising: a neasurenent |eg having a

measur enent probe coupled thereto; a reference
pressure; a bridge portion coupled between the
neasurenent |leg and the reference pressure; -15 a

di aphragm di sposed w t hi n -tlfe bridge portion, the

di aphragm including a rigid outer portion and a

di spl acabl e i nner portion that displaces in response
to a pressurgdidplirh@h aRpesed YithRAHe bidhe TRATM! GERRphiags
and the reference pressure; a sensor |ocated proxinmate
t o inchiding ngid syier peTHOmENsR digplacable inngeportionethal displagesite nt
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sense the displacement of the diaphragm nner portion; and
a monitor and control system coupled to the sensor and adapted
to determine the displacement of the diaphragm and to determine the pressure

difference from the displacement.




