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Sem conduct or piezoresistive sensors are fornmed by a process using
sel ective laser activation of a doped semiconductor surZacdeepterpeer008t r at e
is a flexible nmenbrane such as a di aphragm or bellows. A |ayer of
insulative dielectric material is first applied to the substrate. A |ayer

of highly wesiglhswve doped sem conductor material is thepcgpBfmbised on top
of the dielectric layer. Through the use of an alignnment device one or
nore piezoresistive sensors are fornmed by use of |aser annealing of

sel ected areas of the sem conductor material such that the. anneal ed areas
have a resistance suitable for use as sensors. Metal contacts are then
appl i ed over the end portions of sensors and forman electrical connection

to the sensors. The non- amgm &ﬂftfhﬁfﬁlmq’;uegpegﬁﬂvesﬁ'ﬁk&ond“m or layer act
or ne

as insukators between the zoresi stive sensors. [err]
This invention relates o sem;conductor piezoresistive gauges and in particular

piezoresistive sensors fabricated by a method wherein selected portions of a thin film of doped
semiconductor material deposited on an insulated flexible substrate are activated by a laser
annealing process.
10
Background of the Invention

it is well known in the art that semiconductor material such as doped silicon possess
piezoresistive characteristics. This simply means that the electrical resistance of the
15 semiconductor material changes when the material is subjected fo strains such as bending. The
change in resistance, and hence the strain applied to the semiconductor material can be measured
accurately. This material and its capabilities can be used as a piezoresistive sensor.

One method for making such a device is to simply take a piece of doped sificon and bond it
20 1o astrain receiving member by an adhesive. The strain-receiving member is lypicaily a flexible
metal sheet, beltows or diaphragm. The opposed side of strain receiving member is exposed to
the media that is being measured. Bending of the membrane induces sfrain; hence resistance
change, on the gauges. The major drawback fo this glued sensor technology is its susceptibility o
output drift. As the sensor ages the bond between the semiconductor maierial and strain-receiving
25  member also changes.

U.S. 5, 518, 951 describes a sensor formed by applying two or more insulative silicon
tayers directly to a strain-receiving member such as a metal sheet, beflows or diaphragm. A layer
of doped silicon is applied to the insulative layers. Metal contacts for connection between the

30 resistive measuring device and the yet to be formed piezoresistive sensors are then formed at
selected predetermined focations. The nonconduciive doped layer is then selectively activated in
specific locations between the metal contacts to form the resistive sensors. A laser of suitable
wavelength is used to activate the doping agent in the layer into activation and conductivity. This
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pi ezoresistive gauges and in particular piezoresistive2seeptersbdreidoBcat ed
by a nethod wherein selected portions of a thin filmof doped

sem conductor material deposited on an insulated flexible substrate are
activated by a | aser annealing process. Background of the Invention It is

wel | knowtV? Y23 5rt that seniconductor material such FETIEPIEWES | i con

possess piezoresistive characteristics. This sinply neans that the
el ectrical resistance of the 15 sem conductor material changes when the
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resi stance,, and, hence the straj.n plied. to the sem conductor material can
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[ f_doped silicon and bond it
take a piece o The sensor fgbn]catl%n technique of the '951 patent leaves much room for improvement.

3 Astheresistoris formed after placement of metal contacts, it can only be formed between the
adjacent edges of the pads. As the activation only occurs where the laser can reach, the area of
contact between the resistor and the metal pads is often no more than a thin contact line formed
between the edge of pads and the resistor. Even placing the laser at an angle smaller than 90° to
the surface of the doped layer has failed to provide any incremental area of contact between the

10 pad and the resistor. Any thermal distortion can disrupt this thin connection causing the resistor to
fail.

Accordingly, there is a need for a more robust design capable of withstanding thermal
distortion and which can be formed in a method for high volume fabrication.
15

Summary of the Invention

The difficulties and problems of prior art methods for fabricating piezoresistive sensors are
addressed by the method of present invention to form thin film semiconductor piezoresistive
20  sensors. A strain-receiving member in the form of a substrate of chosen materiat functions as a
diaphragm that flexes in response to changes in the media to be measured. The flexion is typically
cause by changes in pressure or temperature of the media. In a preferred embodiment of present
invention, the substrate is a flexible diaphragm, the disptacement of which is measured through a
piezoresistive sensor on the diaphragm fo providé an indication of pressure change, force change,
25  temperature change, weight change, etc.

Using a deposition process, the nonconductive semiconductor layers are deposited on a
cleaned surface of the diaphragm. Use of deposition technology accurately and consistently
controls the desired thickness of all deposited layers thereby allowing for mass production of

30 sensors exhibiting consistent design tolerances. First a thin dielectric insulated layer; either of

silicon nitride or sificon oxide is deposited on the diaphragm surface. A tayer of doped



20 to a strain receiving nenber by an adhesive. The strain-receiving nenber
is typically a flexible netal sheet, bellows or diaphragm The opposed side
of strain receiving nenber is exposed to the nedia thai5iSepbenipey 200asur ed.
Bendi ng of the menbrane induces strain; hence resistance change, on the
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hi gh volunme fabrication. 15 Summary of the Invention The difficulties and

probl ens of prior art nmethods for fabricating piezoresistive sensors are
The present invention also relates to a piezoreSistive sensor comprising a flexible

substrate, said substrate covering an aperture, said aperture being in fluid communication with
a media, said flexible substrate being capable of flexing in response to a change in the media,
the substrate having an alignment device, said substrate having a first and second surface, -
the first surface having an insulative dielectric layer formed upon it, said dielectric layer having
é highly resistive doped semiconductor material layer integrally bonded to the upper surface of
the dielectric layer, said semiconductor material layer having one or more portions which are
annealed so as to form conductive piezoresistive sensors, said sensors having a first and a
second end, a metal contact bonded to the surface of the semiconductor material layer so as
to overlay the first and second ends of sensors respectively and an electrical connector

between the metal contacts and an electrical resistive measuring device,



addressed by the nethod of present invention to formthin film

sem conduct or piezoresistive 20 sensors. A strain-receiving nenber in the
formof a substrate of chosen material functions as a &% dspterginertd0as

fl exes in response to changes in the nedia to be nmeasured. The flexion is
typically cause by changes in pressure or tenperature of the nedia. In a
preferred enbodi nent of present invention, the substrate is a flexible

di aphragm the displacenent of whicfy Mﬁygﬁ&ﬁured through a piezoresistive
sensor on the diaphragmto provide an indication of pressure change, force
change, 25 tenperature change, wei ght change, etc. Using a deposition
process, the no I a cl eaned
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consi st ent | yuring thatiifferbist stepeof the procesd int detardeneswthdife Fmspﬂtd‘é‘?ﬂﬁ'@“ ted | ayers
thereby allowi ng for mass production of 30 sensors exhibiting consistent
design tolerances. First a thin dielectric insulated |ayer; either of
silicon nitride Egurs? biowsn sidxigheofitte peispuossensiny appiicelivs obthepinrlamsensdr f ace. A
| ayer of do& %%2 25 Septemher 2003 anor phous/ pol ycrystalline silicon, to
form the pi @3¢5 WLedssol e, s i's vapor deposited over the dielectric

| ayer. As deposited, the layer is highly resistive and has | ow
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pi ezor esi st héenbiRnRafnS. A laser is used to activate the doping atons
present in the layer. The netal contacts for connection between the

pi ezoresi stive sensors are then placed at selected |ocations on the doped
filmover the pi ﬁg@é & Sikofs b YI6w SifjraPTobthel plotegs efifabhieatiorsof teenspeasi shavrdyy
evaporati on _net ho A shadow mask pattern for the contact | ocation is

pl aced over Figime1Atdped | ayer to allow the netal to be deposited at the
proper contact |ocation. The nask is aligned with the piezoresistive
sensors via the use of an alignnment feature fornmed on the substrate. The
al i gnment feature may be a nechani cal device such as a notch, lug or mark
relative to which the sensors and netal pads are fornmed. This ensures
accurate and consistent |ocation of the various |ayers and conponents on
the substrate. Optionally, a passivation |ayer may al so be applied. This
passivation |layer also seals out any inpurities that may corrupt the
sensor and affect performance. The present invention also relates to a

pi ezoresi stive sensor conprising a flexible substrate, said substrate
covering an aperture, said aperture being in fluid conmunication with a
media, said flexible substrate being.capabl e of erX|ng in response to a
change in the nedla
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t he substrate having an alignnment device, said substrate having a first and
second surface, the first surface having an insulative dielectric |ayer
formed upon it, said dielectric layer having a highly BgsSeptemigerdddpad

sem conductor nmaterial |ayer integrally bonded to the upper surface of the
dielectric layer, said senmi conductor material |ayer having one or nore
portions which are annealed so as to form conductive piezoresistive
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at different manufactunng steps of process of present invention. Figure 4 shows the flow diagram

15 comesponding to the manufacturing steps of Figures 1A-1F.

A strain-receiving member in the form of substrate 1 of a chosen material provides the
support for the sensor of present invention. The substrate 1 as shown in Figure 1A is preferably
formed of a flexible metal substance such as stainless steel, nickel, Hastalloy, [ncone!, chromium

20 orftitanium, although it may be formed from any other chosen maten'a!; for example a ceramic,
provided that the material flexes in response to changes in force pressure and hot temperature and
is compatible with the media the sensor is designed to measure.

For example, in a pressure sensor applfcation as shown in Figure 2, the metal substrate 1
25 covers an aperture 27 to provide a pressure diaphragm flexing in response to pressure changes in
the fluid flow 29. 1t should be understood that a sensor fabricated by the process of present
invention also finds ufifity in many other force measurement applications, such as torque sensors,
load cells and accelerometers.

30 The first step of present invention as shown at Figure 1A and Figure 4 at flow step 31, the
top surface 3 of the substrate 1 is prepared for application of subsequent layers. The top surface 3



i ncluding for exanple, germanium which exhibit simlar properties. 10
Reference is now nmade to Figures 1Ato 1 F and Figure 4 for an expl anati on
of the manufacturing method utilized to fabricated the2? Hiaptdmipen2003

pi ezoresistive sensors. In Figures 1Ato 1 F, there is shown, in a series
of schematic cross-sectional views, a thin film piezoresistive sensor at
different manufacturing steps of process of present invention. Figure 4
shows t he WP8¥6H¥%gram 15 correspondi ng to the manuf actBEYYR§YBEs of
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are incorporated herein in their entireties.

20 The parameters of deposition method can be varied according to the desired properties,
uses and configuration of device. For purposes of illustration only and not as a limitation, the
parameters of the deposition process used in each step of this method wilt be provided as a
specific example of the practice. Furthermore, it is understood that any other process compatible
with the diaphragm materiat and suitable for depoi{siting semiconductor material may be substitufe

25  for the process utilized in the preferred embodiment.

To deposit the insulative layer 5 using the preferred process and the preferred material,
namely silicon dioxide, silane (SiH4) and nitrous oxide 1 -2 % are introduced into the chamber. The
chamber is set at a temperature as low as 250° C, preferably about 300° C and a pressure as high

30 as 1000 millitorr, preferably about 360 millitorr. Applied plasma energy at 50 watts with a frequency



10 dielectric layer having simlar qualities. Silicon dioxide is preferred
for this layer due to its superior adhesion properties. The preferred

met hod of deposition of layer is by plasnma enhanced che&?P cedpteraipar2003
deposition (PECVD). Although a sputtered or thermally grown oxide can al so
be used this 15 deposition process takes advantage of thernmal deconposition
due to plasma enhancenent to deposit thin filns of sem conductor materi al
in a cont MPM¥3%anner. The operation of a PECVD proced&HS00858 known in
the art, as described in U S Patent 5, 518, 951, the teachings of which
are incorporated herein in their entireties. 20 The parameters of
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The doped layer 7 is vapor deposited with a PECYD apparatus similar to that used to
20 deposit the insulative Jayer 5. To deposit a baron-doped material having a designed thickness of
0.5 microns utilizing the PECVD system, doped silane is infroduced into the chamber at a flow rate
of 45 SCCM. The chamber is set at a temperature of about 300°C and a pressure of from about
300 to 1000 millitorr. Applied plasma energy at 30 watts with a frequency of 13.5 megaheriz for a
length of time to deposit the desired film thicknessi
25
Next, as shown in Figure 1D and Figure 4 at step 37, one or more piezoresistive sensors
are formed in the doped layer 7 according to the method of the present invention. To create these
one or more piezoresistive sensors, the dopéd layer needs to be selectively activated and made
conductive and piezoresistive through an annealing process. To anneal and form the
30 piezoresistive sensors in the doped layer 7, it is preferred to use a laser beam, for example a YAG

laser or an Argon faser, to trace the one or more individual piezoresistive sensors 21 at specific



anorphous/ pol ycrystalline silicon layer 7 is highly resistive, exhibiting
poor piezoresistive qualities and is simlar to the deposited dielectric
insulative layer 5. In the preferred enbodi ments of 15 Eh\Gaptérober 2008
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the | aser I\/\/m I gﬁl enai nder of éstal I ne ,

has not be@?‘?dts B%'H dﬂ‘%d %"?%&%F”%Hﬁﬁ"é’@&ﬂgtgg he SeRser. BNH@"QSSOrmem nder of
the |ayer asifiresthatae sefdieReR foRBVBBANRWMIRAME HeBVadPhada %'c&rfl;?] gt Sensors.
The operatq{]ag condlagl ons, such as power and tine, appli e layer 7 by
the | aser prdisgpt @F%ﬁcéd such that the | aser energy will be absorbed by
and anfgeal the anorphous/polycrystalline |ayer. The overall length of the
| ased strips in the doped |ayer 7 may be 10 as desired, provided that it is
of a length gr é’é‘?rg?rtQ%é’ﬁt I ‘IH&PTOEﬂT logafien ol piszeresistisnspnsorsif the Heped byerdrit def i ned

as the | eﬂQEé%lréb%ttW?ﬁﬂ at ABnrhehPARIRE Rr kYiSibrig AnPRtalnPh TE Wrtac G a‘paﬁrgé% ¥athe

overall |ength of
fixed location. By doing so, one is always able to register the formation of the various fayers, in

particufar the piezoresistive sensors and the metal pads such that they are in direct conductive

20 communication with each other. One device for accomplishing this is to form a notch 30 in the
edge of surface of the diaphragim as shown in Figure 3. This notch 30 can be designed to fit with a
corresponding abutment in a holder (not shown) so as to maintain the diaphragm in a fixed position
during the formation of thin film sensor device of this invention. Alternatively, other devices such
as lugs, alignment marks, two or more notches or other such devices may be used to ensure

25 proper afignment and registration of the layers on the surface of the diaphragm.

After formation of the sensor, the surface of the doped fayer 7 should be cleaned in order
to ensure that there is an adequate bond between the doped layer 7 and the metal pads 11. This is
shown in Figure 4 at step 39. Several different methods may be used i.e. plasma cleaning, RF

30  cleaning or wet chemical efching.




| ased strips in the doped layer is at least 1.25 the finished |ength of the
sensor. By doing so, one ensures that the sensors extend for sone distance
under the netal pads nmaking for a conplete and nondi srdptSgftenberR088t, 15
In order to assist in the proper |ocation of the piezoresistive sensors in
the doped layer 7, it is desirable to forman alignment device for

regi stering and retaining the surface of diaphragmin a fixed | ocation. By
doi ng so, ‘gﬂ& $%I ways able to register the formation FHCH¥REEEHN ous

| ayers, in particular the piezoresistive sensors and the netal pads such
that they are in direct conductive 20 communi cation with each other. One
device for acconplishing this is to forma notch 30 in the edge of surface
of the di aphragm sho 3. .,Thj,s notch 30 can be designed to fit
with a correspdh ﬁ MW‘?T& d%”&“t‘?&#ﬁoﬁ %Bﬁta’scﬂ@i%ﬁ?a@Na@dF@Sl intain

t he di aphr agenmemopedﬂaywcbtme@teselévted |déatrohm:&1m@:résgdnam@ 0@ r@sfpe&tm éhd& b m sensor
device of this inventi ﬂnﬁ%"} ernativel devi ces such | ugs,

al i gnment Ef ¥dnorg %sogr dﬂﬂﬂ@ﬁﬁ?ﬂﬁe{ 1 Q)fP’HEEF wﬁiﬁﬁtiﬁa@ﬂ\,‘?‘@é@s WC%OVQTS ed to

ensure B5 [HeQPRd l4bi TmTR edame swdsﬁtﬁmbla i aftdéd‘t%:sb%mav?f e surface of
t he di aphrgg‘m Af?b ﬁgn / t he senﬁsgorrn t he surf aceogé}uﬁeﬂe doped

of
| ayer 7 sh F?ﬁ“%[eangfoé?ﬁ‘% |°P|'"‘t’éf“‘|t prsls 11.{Unwapied ipetal 1 faris prevaated frpm being adequat e
bond bet wegspdkita ofl M 8etHabSdfabped sa?m by sﬁﬁbﬁhamﬁer&% PR bl* $p Shown in

Figure 4 at steﬁ)‘§39 Sever al ferént nmeth may use .e. plasna

cl eani ng, R#"eSH Yeéﬁrﬁl'sﬁ‘bepﬁﬁ‘le%tmgﬂ%ﬁhf@@wed@v@ﬁlcﬂéad Dﬂdm%e'ﬂteemﬂﬁfe 2003 WO
00162030 PEEIHBPRASE & AimBAR hithn iyl &tgétgargf‘a% @p?ﬁf@@m%ﬁék{l&%ﬁp 41, the

nmet al cont act gads 11 _are deposit over ayer
pr esel dBt e@bqub b miceons Thermask Teanduawanind et ads theméemcefsqaleewng\ﬂ@ metdlpadsf one or

mor e sensoqq;on?tﬁeSﬁag@ﬁg%ﬂ@%ﬁe,@attern 13 for the contact pad 11 |ocations
is placed over 5 the doped layer 7 "and aligned or registered wth the

al i gnnent device 30 to aI I ow for proper placenment and formation of contact

pads 11. Unvvantp(gi s as@ ‘?ﬁ'ﬁﬁg Lﬁﬁ%@ﬁﬂquﬁs\ﬁﬁ% ?atsg\(ljaw n the

surface of doped ?/ adow ern y, an
adhesi on | By&irlomeay ¢ hﬁrshe va@p@@mi@@onwuaﬂw &Dpfleﬂrov§|thefdobddcanétdasdzmnnelaled cont act

pad (sksll faé%bg TE%%&I\%T{& F il s%l?g.[t }fnpuﬂ it lggrtetasrgiﬁ%lﬂr#rg%gg (ya%al alrglfi g?g N

m xture or are ted
The mask 1Brolgald the dewnetient emmenlaleffects t hen renmoved | eavi ng t he nmetal pads
11 on the surface of the doped |ayer 7.
Referring to Figure 3, a Wheatstone Bridge circuil 25 having 4 resistors is shown in
broken lines defined in the amorphous/polycrystalline layer 7. Each resistor in the circuit é5 acts
20 as a piezoresistive sensor element. Metal contacts 11 enable electronic resistive measuring
equipment to be coupled to the circuit 25. The parts of doped layer 7 that were untouched by the
laser remain essentially highly resistive and that in conjunction with the insulative layer below act
as insulators between the resistors and the diaphragm and between individual adjacent resistors.
Thus, expensive phololithography steps are not riequired to form or remove areas of layer as was
25 required in the prior art. Even though a Wheatstone Bridge sensor circuit is disclosed, it is
understood that the method of present invention may be used to form any type of piezoresistive
sensor element or circuit design in the doped layer 7. '

Although a preferred embodiment of present method and apparatus of present invention
30  has been illustrated in the drawings and detailed description abave, it is understood that the



Fol 'owi ng the above steps, as shown in Figure 1 F and Figure 4 at step 43,
a passivation layer 15 may either be vapor deposited or manual |y applied
over the doped and | aser anneal ed 15 | ayer 7. The passi %atSaphernigreél0035
seals out inmpurities and contam nant fromthe silicon surface and protects
the device fromenvironnental effects. Referring to Figure 3, a Weatstone
Bridge circuit 25 having 4 resistors is shown in broken |lines defined in
the anor pBAY %8y crystalline 1ayer 7. Each resistor in BFESA8Yi ¢ 25 acts
20 as a piezoresistive sensor element. Metal contacts 11 enable electronic
resistive neasuring equipnment to be coupled to the circuit 25. The parts
of doped | iayestionTs richinitedvierties disclsad@mbotitant bt s capable ef nuimersas Modessiens i al | y

highly resj.sti nd.that in conj.unction with the insulative |ayer. bel ow
act as in\&@%lét}éggaihngg?ro\@gﬁcqpﬁgﬁpé Netio8r s and the di aphragm and bet ween

i ndi vi dual adjacent resistors. Thus, expensive photolithography steps are
not required to formor renove areas of layer as was 25 required in the
prior art. Even though a Weatstone Bridge sensor circuit is disclosed, it
i s undefstood that the nethod of present invention may be used to form any
type of piezoresistive sensor elenent or circuit design in the doped | ayer
7. Although a preferred enbodi nent of present nethod and apparat us of
present invention 30 has been illustrated in the drawi ngs and detail ed
description above, it is understood that the 8 25 Septenber 2003 WO

00/ 62030 PCTI USOQO' 09858 invention is not limted to the disclosed

enbodi nent but is capable of nunerous nodifications wthout departing from
the scope of the invention. 5 9 25 Septenber 2003 WO 00/ 62030

PCTI USO0/ 09858 dC ains 1) A nethod of formng a piezoresistive

sem conduct or sensor gauge conprising the steps of: preparing at |east a
first surface of a substrate having two opposed surfaces; depositing a-
dielectric insulative layer on the first surface of the substrate; 5
depositing a doped sem conductor |ayer on top of the dielectric insulated

| ayer, said



sem'conductor | ayer having a high resistivity as deposited; annealing the
doped sem conductor |ayer in one or nore selected regions to | ower
resistivity of the sem conductor layer in the one or npge Saptemiber®008gi ons
and define therein one or nore sensor gauges conprised of the anneal ed
sem conductor material; 10 renoving surface oxidation and/ or contam nants
caused by the annealing step; and applying electrical contacts adjacent to

anneal ed SEMHUERuct or naterial, said contacts overlyi rifA¥SepeoRss o

portion of cgal,gd anneal ed seni conductor material. 2) The nmethod of claim1
wherein the substrate has an alignnment feature fornmed in at |least 15 one

of its surfacesl)Adpthihe fomeini e piepfesiiive isemidond @én@ortgbl%e%umﬁkrngtt@ sigs an
alignnment feature forned in at |east one of its surfaces and sald

al i gnment %eature is a nechanical device fornmed fromthe group consisting
of notches, | ugsepans Makt’:‘afir&@uﬁéceﬁh&sdﬁ%&ﬂ@ﬁamfg b BbdBsdq WhaL&L n the step of
g

preparing the . . rises the steps o rinding, lapping, washing
and drying at ﬁjgg%%tﬁghgle%? tggfns'éﬁtf‘?i@%r.onﬁﬁ'gﬁ"ﬁ UfRterh hesgbstrateai m | wher ei n
the step of dep6RIsitingg dapedisemisenducior layes oh atpe df thayeleci?ib ine@aRE la&Ssdiie St ep
of vapor deF,,osi ti n? t hrough a pl asma enhanced chem cal vapor deposition
process arsefricQideieriayer hayea highdesistily 5 deposiigtier i al sel ected from the group

consisti ng of  Sisathe dpishiibonadidrii T Alediidle bl gndn er of . ©) The

met hod of claim 1 further conprising a step of ap g a passivation |ayer
onto the Te¥ptidlyatibe segiernaupierlayst is thanee ol diseacseledodiegianstand défoe thateinane af t he

el ectri caIm&@%ﬁ&ﬁ,ﬁeg&mg@emﬁmﬂggg%ggmt (GRR930 PCTI USOCO 09858 7) The

met hod of claim 1 " wherein th _ ser conductor |ayer on top of
di el ectri c i nsRmRviagisurfaspexidaionpidios eantantinants casedify thesgnoealinepers atd ng t hr ough a

pl asma enhance%) “chee;n' f.al vagor deposition process a |ayer of
anor phous/ pol yerySP&Fiha ceitpqivasirchriieringpledperaiporidusior hateral,deped. 5 8) The

net hod of cafagssererlying @f leash apbréovafpaid adegnsl seimit@ndustoPyairifll asma enhanced

2) The method of claim 1 wherein the subsirate has an alignment feature formed in at least
15 one of its surfaces.

3) The method of claim 1 wherein the substrate has an alignment feature formed in at least
one of its surfaces and said alignment feature is a mechanical device formed from the group
consisting of notches, lugs and marks.

20

4) The method of claim 1 wherein the step of preparing the substrate comprises the steps

of grinding, lapping, washing and drying at least the first surface.

5} The method of claim 1 wherein the steﬁof deposiling a dielectric insulated fayer
25  comprises the step o_f vapor depositing through a plasma enhanced chemical vapor deposition
process an insulative layer formed of a material selected from the group consisting of silicon
nitride, silicon dioxide and blehds thereof.

6) The method of ctaim 1 further comprising a step of applying a passivation fayer onto the
30 electrical contacts and doped layer after formation of the electrical contacts.

10



chem cal vapor deposition process. 9) The nethod of one wherein the step of
anneal ing portions of the sem conductor |ayer 10 conprises the step of
irradiating one or nore selected portions of the |ayer @ t3¢riembr&00Beam to
anneal the doped semi conductor |ayer into high conductivity so as to form
t he sensors. 10) A piezoresistive sensor conprising g f1exi bl ?I sg(l:j)st rate,
said substrate covering an aperture, said aperture being in ui

comuni catY QA% a mgdi a, sgi d flexible substrate bei r%Ti@OE’%?ﬁ%I e of
flexing in response to a change in the nmedia, the substrate having an
alignment device, said substrate having a first and second surface, the
first surface HWaViergetiaod of cisina i ahérvie theiseb et doped semyRilctradyarsh pen i t, said

dielectric,layet ving_ a hi.ghl esj stive doped sem conductor mat-eri al _

| ayer int edé?#ﬂ}‘s@%ﬁ%l@%rfog'pﬂ%é t%ﬁ BP“@BW%Q?&’“ hipia aglagnaeqnanced | ayer, sai d
sem conduadhemicaiaper depbsitioh pisedss B Rydr 0DaNRARORIPolfEHRalRO BificoR MSteMdN wkibh IR €

anneal ed sqo as. form conductive piezoresistive 20 sensors, said sensors

t
‘havi ng a f9°F'S Opﬁ‘ﬁd a second end, a netal contact bonded to the surface of
the serg conductor material |ayer so as to overlay the first and second ends
of sensors respectively and an electrical connector between the netal
contacts and éﬁ el ebtermatiwll of deaisht § wharein tire sapor depggitingl a\biy @ plasiddnhdited sensor  of

claim10 mi&i%p%ag[ﬁc;ﬁ&?&&elfss used to nonitor a pressure differential 25

and wherein sal I's selécted fromthe group consisting of gas and
l'iquids. 12) The sensor of claim 10 wherein the dielectric |ayer and the

sem conduct or 9 j apor.,.depasi ti on, process. 30
13) The sensmﬁ?ﬁTﬁ%ﬁ@?ﬁ?@ﬁ@F g@%%ﬂ?@?{nﬁ&oég%%@?@ '?Oﬁﬂucﬁ’é? appl i ed
over tWe coBRYseieslen efiradiatingronaor nicsysetectathpbriioheofiietlayer witiatiaset bamid.

anneal the doped semiconductor layer into high conductivity so as to form the sensors.

10) A piezoresistive sensor comprising a flexible substrate, said substrate covering an
aperture, said aperture being in fluid communication with a media, said flexible substrate being
16 capable of flexing in response fo a change in the media, the substrate having an alignment device,
said substrate having a first and second surface, the first surface having an insulative dielectric
layer formed upon it, said dielectric layer having a highly resistive doped semiconductor material
layer integrally bonded to the upper surface of the dielectric layer, said semiconductor material
layer having one or more portions which are annealed so as fo form conductive piezoresistive
20 sensors, said sensors having a first and a second end, a metal contact bonded to the surface of
the sermiconductor material layer so as to overlay the first and second ends of sensors respectively
and an electrical connector between the metal contacts and an electrical resistive measuring
device.
11) The sensor of claim 10 wherein the sensor s used to monitor a pressure differential
25  and wherein said media is selected from the group consisting of gas and liquids.

12) The sensor of claim 10 wherein the dielectric layer and the semiconductor material
layer are formed by a vapor deposition process.

30 13) The sensor of claim 10 further comprising a passivation fayér applied over the
semiconductor material layer and the metal contacts.
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