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of the Invention [00011 The ilnventi on relates to high
sensitivity, high bandw dth,””Tow pressure sensors
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[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.




including, without limtation, optical sensing designs
and capacitive sensing designs. [0007] For |ow
pressure applications, such as nanoneter proximty
sensors ‘used in lithography applications, the
operational pressure range of the sensor is
approximately 0.1 to 0.5 inches of water. The
resol ution of the gauge pr&ssure sensor is preferably
approx. - 0.001 Pa, this is approx. - 4x10"5 inches
H20. This would all ow the gauge to resolve a few
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mventmn will be realized and attained by the structure partlcularly 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.




di aphragm 102 and a sensor 104. [0013] FIG 2A is a
front plan view of the diaphragm 102. [0014] FIG 2B
is a side plan view of a substantially rigid outer
portion 202 of the diaphragm 102. [0015] FIG 2Cis a
side plan view of the diaphragm 102, including the
substantially rigid outer portion 202, an inner
portion 204, and a proxi m43. sensor surface 206 shown
di stended 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
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sensor surface 206 shown distended as if under a differential pressure
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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.




used in, for exanple, and without limtation,
l'ithography proximty sensing and |ithography
t opogr aphi cal mapping. H Hi gh Bandw dth, Low
Differential Pressure Sensing [0023] FIG | is a side
plan view of a pressure sensor 100 including a flexing
pl ate or di aphragm 102, a di aphragm di spl acenent
sensor 104 (hereinafter "sgensor" 104) | ocated
proxi mte to the diaphragm 102, and a nonitor and
control system 106 electrically coupled (wred or

[00244 r el esEIG. 8ds 4 kide plansietv JQKe preshiie sGROSD0 ikhBhmiefited in a
proximate to % e di aphragm but not necessarily in
phYEFERY sep9htditt with the di aphragm [0024] The
di aphragm 102 and the sensor 104 are positioned within
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pressure difference between the first area 110 and the
segond 2. [0025] FIG 2Ais a front plan view
i;t he %gﬁﬁ%m 102. The di aphr agm 102 includes a
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Referring back to FIG 2A, the diaphragm 102 further

i ncludes a displaceabl e inner portion 204 that
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[0024] The diaphragm 102 and the sensor 104 are positioned within a body
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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.




Alternatively, the inner portion 204 is designed to
respond to other pressure differential ranges. [0028]
The inner portion 204 is attached to the substantially
rigid outer portion 202 in one or nore of a variety
of manners including, without Ilimtation, glue,
integrally form ng, heat sealing, chem cal bonding,
and the 1ike. [0029] The-idmner portion 204 optionally
includes a proximty sensor surface 206, wherein the
sensor 104 (FIG 1) is sensitive to novenent of the
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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




[0033] The pressure sensor 100 is a relatively high
bandwi dt h device. Depending upon the materials and
circuitry enpl oyed, the pressure sensor can have a
bandwi dth in the several thousands of Hz. The present
invention is thus wuseful in both relatively | ow speed

applications, such as, for exanple, |ithography
proximty sensing, and in +tl atively higher speed
applications, such as, for exanple, |ithography
t opography mapping. Ill. Interferoneter Based
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is a side plan view of the pressure sensor 100,
wherein the sensor 104 and the nonitor and contro
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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.
f0035] The interferometer can be implemented with an off-the-shelf

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




transmtting fiber 406 and reflects off .the proximty
surface 206 before being received by the receiving
fiber 408. A first beamof light transmtted fromthe
transmtting fiber 406 and received by the receiving
fiber 408, via the first optical path 402, and a
second beamof light transmtted fromthe transmtting
fi ber 406 and received by-fhe receiving fiber 408, via
the second optical path 404, forma spatia
diffraction pattern. The pattern is a function of the
r elfat | \@pticploGrazing Mngle Rrivéimiry S%ismgt y surface 206.
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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




[0040[ FIG 5 is a side plan view of the pressure
sensor 100, wherein the sensor 104 includes a
capacitive sensor 502, and the proximty surface 206
i ncl udes a grounded plate 504. The grounded plate 504
is made, at least in part, fromconductive materia
such as netal. The capacitive sensor 502 is
optionally | ocated approxi-gately 300 to 500
m croneters fromthe grounded plate 504. Gas, such as
air, acts as a dielectric between the capacitive
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for the grounded plate 504. The nonitor and contro
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Pressure Gauge as an Air Gau [0042] The pressure
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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.




[0044] In the exanple of FIG 6, the T-connections are
essentially right angle T-connections. The invention
is not, however, limted to right angle T-
connections. Based on the description herein, one
skilled in the relevant art(s) wll understand that
ot her angl e connections can be used. [0045] Air flow
through the first and secqmd | egs 602 and 604 are
illustrated wth arrows. The air flowresults in
reduced pressure in areas 110 and 112. \Wen the air
flowin leg 602 differs fromthe air flowin |leg 604,
the resulting pressure difference between areas 110
anérIllZTthﬂessamﬁwgteheademgm 102 to defl ect
war d ure d on.an
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VI, p Lit hogfrngﬂﬁ?/g Proximty Sensing [0046] FIG is a
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cor porated herein er ence
[004ént i r etly the/gxample og? &G ed, ﬁ@ri%-mnne@oad am esstﬂaallymgimglen

U. 3 title nspr,
sl o, v e hotei Sl AL arE el
hecomhettibys. rmﬁahamhe desoription herein, oot s)lﬂlleﬁ@x@ﬂﬁ]relbﬁnﬂr(@s) 7,
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| Gfu r@ 41%‘ %‘g% Péccﬁn?célfmﬁc@ﬁ%% ‘911 s coupled to a
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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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[0048] The air flowin the first and second | egs 602
and 604 are initially F balanced, resulting in no air
pressure di fference between areas 110 and 112. Wen

t he neasurenent gap 706 changes relative to the
reference gap 712, the ~ air flowin the first |eg
602 changes relative to the air flowin the second | eg
604, causing a corresponding- pressure change in area
110 relative to the area 112. The pressure change is
sensed by the pressure sensor 100, as described in
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Ieggﬁ04 and the referencé probe 708 are replaced with
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arbitrarily defined herein for the conveni ence of the
de &l Wt p srference sap / hhthereBeftiedar i es can be defined so
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cohif2i e presssre chimee déodfensdd®f 3lie pridburk eensar i00s6 described in
qupdlne Y of the present invention have been
desc??%g Y8bove, it shoul d be understood t hat t hey

[004Plave bedtertiedgnthe defrygnowalyg 604 ask digptRrentd proba ol Akt
limtatia t he br adth a of the .
or B TR TR ZHOURY THoP B it Sate By Y VisF tfhe
abD YRxHRIHC fdnb@ 0800, 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




exenpl ary enbodi nents, but should be defined only in
accordance with the following clains and their

equi valents. -12- WHAT IS CLAIMED IS: 1. A pressure
gauge, conprising: a diaphragmhaving a rigid outer
portion and a di splacable inner portion that

di spl aces in response to a pressure difference between
first and second sides ofllt-he di aphragm a sensor

| ocated proxinmate to the di aphragm and adapted to
sense the displacenent of the diaphragminner portion;

arichpleni¥RRd by diiste Eonifohedts, ﬁﬁta@ﬁaxp@éﬁlﬁem& ted) EircuRg)S Or
and adapted to determ ne the pressure difference from

t HRECGHSSOB SEGSHUME aRroRtale snfyses adnthe dike pRE qombiations
gakggoraccording to claim1, wherein the diaphragmis
sensitive to pressure changes in a range of

[005Hppr ox iWiilee Vgrigys 1embpdinagts ph dhee Preseninitvertion3havEhbeen
PldeScibE attid)! Q?shﬁﬁl‘a% %{L&t&o‘a dt e &ve Heth H&?Jmedb w,
conprising an tica ref ect ve coattng on 2 r st
sudsm@mpbhsmﬂnmphnmgmuhnmerThpnnhqbnmmhhmdewqmtm%me

e tical ter
PRl e ol AR b€ Bl A2 B | el GRS
Caeaémpigry eirnbo'&hﬂen;s; emsahbﬂd daugfinadcardy ¢ Agoidande!vaithihg,
mﬂﬁﬁeln t he seg [ CQ rises an interferoneter. 5.
W%Qﬁ’l"@aﬁ %563‘83 i ng to claim3, wherein the

sensor conprises a white light interferoneter. 6. The
pressure gauge according to claim 3, wherein the
sensor conprises: a light transmtting nodule; and a
i ght sensing nodul e adapted to directly receive a
first light beamtransmtted fromthe |ight
transmtting nodule, and to receive a second |ight
beamtransmtted fromthe light transmtting nodul e
and reflected from




t he di aphragm wherein the nonitor and control system
cal cul ates the displacenent of the diaphragmfrom an
interference pattern generated fromthe first and
second lights. -13- 7. The pressure gauge according to
claim6, wherein the light transmtting nodul e
conprises a transmtting fiber having an out put
coupled to a diffraction-ttevice that separates a
source light into the first and second |ights,

wher ei n changes in the di aphragm di spl acenent cause

t hsvHADISCE.8IMBpgspattern to include intensity
nodul ated |ight, wherein the nonitor and contro

system cal cul at es the di aphragm di spl acenent fromthe

I NLensi A yregimikigaapedompidtiig: 8. The pressure gauge
according to ¢laim6, wherein the light transm{ting
modul e conprti SRRrET bevit g L GHET PPRIE AT S AGPIFAE 5.

t Binéd goStion thiraipMctd inNBspbohddab a Prdsitivd HiffReEnbd BethrbdnStirst
light at a first wavelength, the second transmtting

f i Hekseennd sides ofthe dipRrag®ond 1i ght at a second

vavel engt h, WeRlRBaldlSprBRaRto W 8 hd S
ohifted rol arpoer povaicd proti ?@t"@vgﬁl"‘gﬁg h and shaiat to

c hsengpctle ligplagsment of thar digpbraginsiphes pestienitand cause t he
interferenc ' i.al l
const ant - s BERbHR chfted AAAFCl D g b Y st

s ytdetermpinertheipsmsiradifiorentefrom the displd emmaiest thédiaphiraginr agm
di spl acenent..fromthe bst.anti.al .l consgtant .speed.

o, 2 ThFdsns Whdro ooy, e, YuneRT e igrRfeat

t he i nredsitivertd ippsssaé charges i aphgagimpphadingely @1 to 0.5
groundedhwet |lic surface, wherein the sensor

i ncl udé®E AT ti ve sensing device positioned

adj.acelmhet gredstie gfigd Uitel@dingeb adlhiinC 15 WirfliRE Gomphising an
wherein the nopitor and control system determ nes the
di spl OBy B SRAEEPAL Pt fiositie, &hdes diaphipge inner
capaci tpbMRnSeREéN theth@Ndof Micludekdn 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.




10. A proximty sensor for |ithography, conprising: a
nmeasurenent | eg having a neasurenent probe coupl ed
thereto; a reference pressure; a bridge portion
coupl ed between the neasurenent |eg and the reference
pressure; a di aphragm di sposed within the bridge
portion, the diaphragm including a rigid outer
portion and a displ acabl e-ihner portion that displaces
in response to a pressure difference between the
nmeasurenent |leg and the reference pressure; a sensor

| 0gat edTiky grudsifeigBugde@cddidingliodih g whereid tROiamt @shshting
sense the di spl acenent of, the_di aphragm i nner portlon

and a nBATHSFOERIeE & MRpptigy &bémawgpqnew% copledsterms or
and adagifedtiod Qevile ek Sdafatds Q%oﬁbéﬁélﬁﬁﬁmtﬁr famﬁ B€ond

di aphragm and to determ ne the pressure $ erence
f rom t hiéghtf spllesie rbprges 11 the djap @@r@ﬁﬂywn@mbgwapmw

Mappi ngmﬁiff\éfeﬁ@e P! 1ﬁél§& mﬁeﬁgaﬁgdru?ﬂ%;#i%ﬂt evgh theg a

measur enent. probe coupl e
pr essurreeniter pnil chgetrglosystemncatanlatésetie bidphegm tiisﬁacement

neasur egen I ference pressure; a
d|aphragn1glsﬁ%gggquhp%tdlgﬁe bri dge portion, the

di &phr dfjmprésmot galign gemdrdingto dlatm 6ekhapein thedighﬂf‘dilsﬁitﬁng
di spl acab i nner, poLtion,that dIS | aces nse
to a pregEif &° ’6‘?‘?‘?38 é‘ﬁtc &n4) fepndn g @l%séhe%e‘ﬁ Frétg
and t haranseftaicefieg oRfpRfhy R filtt HEMSAN filRf Whdength
proximate to the dlag$ragn1and adapted to sense the

di spl acETREf: kg mitiRg dbeh AvEHIg ﬁlFFeFecﬁ’é‘?tigBh at anggeand

NONi t OfwABRnER WHeRlin S¥ SLRAY GaviMgth i ﬁhJsQ m&@&%ﬁ&v@{ad
adapted to det er i ne the di spl acenent of

di aphr dbrishsraydengd é“fhﬁieﬁ’echahﬂ? R éar;glmréragm dlsplacement

cause the 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.




difference fromthe displacenent. PRESSURE SENSCR
ABSTRACT OF THE DI SCLOSURE A pressure gauge incl udes
a di aphragm having a subgtantially rigid outer
portion and a di spl aceabl e inner portion that

di spl aces in response to a pressure difference N
bet ween f| . j . di aphragm The
pregguré{B%Egggﬁﬂ?iﬁggmﬁﬁékggégagmggggor | ocat ed

proxi mat e t oat measyieasht degnbaving o tiepsucamand ryabes eowred
disgg%&gnent of the diaphragminner portion. The
pressurée gauge further includes a nonitor and contro
syst em coupl edeftrentcgesssensor (W red or wirel ess), and

adapted to detern ne,.the sure diff e
di spl acenent 2 Pd?%@M8953W$%§§QM$ﬁé%§3%%%&&%%%1%%§H%$y
MO Nicfepdnc@pssugednt r ol system can be i nplemented with
sensi g desi SRPbGETGETER e 8 Bl D el reem
sensi ng desi , S
SUbmPhEIP A righl Gdr PORIBARLS 2 disPlacabRMArRE PGSt that displaces in

applicatirons, such as_|ithography apg%icatigns,(gq%
di a§SFROBEAIY @ ewure Aifrange Sptweeythe ARt fog 21 e
of  ofPRLONIRIL! Y 0.1 to 0.5 inches of water. The
di aphragm and Sensor have a relatively high_bandw dth
and can t hus aensofpecetedireximpty tp dheaippiapgm g Rdepige o
aPPLGAhl fiacetitf dME AL in i BerubtRbg TNt €d [, f or
exanpl e, 1 thography proxirmty sensing equi pnment and
| i t hogr aphy ropoijongidiconirol sysgmiavgled éuithp senser andjaganted
to determine the displacement of the diaphragm and to determine the pressure
difference from the displacement.
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.






