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BACKGROUND OF THE INVENTION

(1) FIELD OF THE INVENTION

This invention relates to pressure sensors and
more particularly to pressure sensors formed by etching
trenches in a substrate, undercutting the sidewalls of the
trenches, filling the gaps between the trenches with
dielectric, and forming piezoresistors in the region of the

trenches and filled gaps.

(2) DESCRIPTION OF THE RELATED ART

Pressure sensors are widely used in a number of
applications. Pressure sensors have been formed by
depositing a layer of polysilicon on a sacrificial layer.
Piezoresistors art then formed in the layer of polysilicon
layer and the sacrificial layer is etched away leaving the
layer of polysilicon as a flexible diaphragm. The

resistance of the piezoresistors changes as the diaphragm is

| ayer



| ayer of polysilicon as a flexible diaphragm The resi stance of the
pi ezoresi stors changes as the diaphragmis

- 2- defl ected by pressure changes. Pressure senors have al so

been fornmed by depositing piezoresistors on single crystal silicon
and etching away the silicon fromthe bqfk si de of the wafer to form
a flexible diaphragm 5 U.S. Pat. No. 5,531,121 to Sparks

et al. de&&fi@@ﬁed by pré Hawoghg'ﬁga m PPc8s0ERSSURBrICAI0E Ry shorning an
N err] region in t e surface o a silicon substrate. A silicon

| ayer, susderSf&Phéaxbdl a8pbbseRngl pikthBRe8RBWRLE R Ehagle crys&bmf ace.
One or nore trenches are then fornmed into the Nerr] 10 region and the

N[ er] regsdhiténsehaceteiliygebabhedthvagifiacnnd@rom the backagidy kdneat h
the surface the surface of the silicon | ayer. The flexible surface
over the theiwvgfes tbefiousmed fdexible dibphmagmpressure sensor.

U S Pat. No. 5,242,863 to Xiang-Zheng et al. 15 descri bes a nethod of
form ng a pressure sensor by formng a buried | ow resi stance N type
| ayer under a predetern1ned di ap hragﬁ1reg|on of the substrate. One

or Pore trenches -S. PgRi-cNoexBeRdltd 28hdq SRnards tafde ResFEFdbesyi on

are then . .
a method of forming a pressure sensor by forming an N*
region in the surface of a silicon substrate. A silicon
layer, such as_epitaxial silicon, is then grown from the
surface. One or more trenches are then formed into the N*

10 region and the N* region is selectively etched away forming

a cavity beneath the surface the surface of the silicon
layer. The flexible surface over the cavity is then used to

form a pressure sensor.

U.S. Pat. No. 5,242,863 to Xiang-Zheng et al.

15 describes a method of forming a pressure sensor by forming a
buried low resistance N type layer under a predetermined
diaphragm region of the substrate. One or more trenches
which extend to the low resistance N type region are then
formed at the edges of the diaphragm region. The low

20 resistance N type material is then converted to porous
silicon by anodization of silicon in a concentrated
hydrofluoric acid solution. The porous silicon is then
etched away leaving the diaphragm region over a cavity. The

diaphragm is then flexible and can be used to form a



formed at the edges of the diaphragmregion. The low 20 resi stance N
type material is then converted to porous silicon by anodization of
silicon in a concentrated hydr of l uori ¢ acid sol ution. The porous
silicon is then etched away | eavi ng the di aphragmregi on over a
cavity. The di aphragmis then flgxible and can be used to forma

- 3- pressure sensor. T U S Pat. No. 4,766,666 to
Sugi yama et scribes a nethod of form ng a pressure sensor

whi ch useémégsureeﬁf?%gﬁlating di aphragm fil mformed of an etch resistant
5 material on the surface of a substrate. The diaphragmfilm has
at | east one etching hole. A cavity is then etched in the substrate
under the di aphragm §ism pgtnonbheagyebi 886 to Sughgbes ek whe di aphragm
film The diaphragmfilmover the cavity then beconmes a flexible

di aphr agm deskc e Hea uiethad ofOformifgpaepsussusensensor which uses

U S. Pat. No. 4,853,348 to Tsubouchi et al. describes the formation
of a cavityniimsukabshgadeéaphragoefilm formetloofomm atchpaxeististandvi ng

i ncreased capacitance. This invention describes a

met od of Mmateihglaon the surface of a substrate. The diaphragm film
has at least one etching hole. A cavity is then etched in
the substrate under the diaphragm film using the etching
holes in the diaphragm film. The diaphragm film over the

cavity then becomes a flexible diaphragm and can be used as

10 a pressure sensor.

U.S. Pat. No. 4,853,348 to Tsubouchi et al.
describes the formation of a cavity in a substrate in order

to form a capacitor having increased capacitance.

This invention describes a method of forming a
15 flexible diaphragm using different methods which can be used
as a pressure sensor. The pressure sensor formed is
protected from damage due to overpressure and is formed
using processes which are compatible with processing of CMOS

or other integrated circuit chips.



15 fl exi bl e di aphragm using different nmethods which can be used
as a pressure sensor. The pressure sensor fornmed is protected from
damage due to overpressure and is fornmed usi ng processes which are

conpati ble with processing of CMOS or other integrated circuit
chi ps. -4-

SUWWARY OF THE | NVENTI ON Many applications require
pressure sensors to ”E@ﬁﬁﬁﬁygéﬁ_PﬁﬁSfHVEN?kbﬂUid pressure, or the
[

t ouchi ng pressure in specific direction of a solid. It is highly 5
desirabl e that pressure sensors have | ow manufacturing cost, good
sensitivity, a highly linear response, good stability, and

protection from damaggendugph i Y LLBHESEHERIrS peesklieeesensors poessure
sensors are frequently used in conjunction with sem conduct or

i nt egr at ednEaserét §asPprbisurar| YighD8 piBssuregi beuithe, tibuchingdvant ageous
I f the processes for fabricating pressure sensors are conpatible
Wi th processessure in speedfto 8abectabe GFO8 splddher Ifedisc bighdor

i nt egr at ed circuits. Pressure sensors have been

f abr$cat eddesingblesthat pressuirecSensorsshaver 4 oo Iey fee Mg SasSteon
thin film ‘g
good sensitivity, a highly linear response, good stability,

and protection from damage due to overpressure. Since these
pressure sensors are frequently used in conjunction with
semiconductor integrated circuits, particularly CMOS

10 circuits, it is advantageous if the processes for
fabricating pressure sensors are compatible with processes
used to fabricate CMOS or other semiconductor integrated

circuits.

Pressure sensors have been fabricated using

15 piezoelectric resistors formed on a polysilicon thin film
deposited on a sacrificial layer. The sacrificial layer is
then removed and the polysilicon film becomes a suspended
diaphragm which can deform under pressure changing the
resistance of the piezoelectric resistor. Pressure sensors

20 have also been fabricated on single crystal silicon
substrates. After a piezoelectric resistor has been formed
on the substrate surface the backside of the silicon
substrate is etched away, using electrochemical etching or

other chemical wet etching, leaving the piezoelectric



deposited on a sacrificial layer. The sacrificial layer is t hen
renmoved and the polysilicon filmbeconmes a suspended di aphragm
whi ch can def orm under pressure changing the resi stance of the

pi ezoel ectric resistor. Pressure sensors 20 have al so been fabricated
on single crystal silicon substrages. After a piezoelectric

resi stor has been forned on the substrate surface the backside of

o “spigrox, o 8y faRaTHIS el Pand MO SO COMHTSA etening

€ pl ezoe ‘ectric

- 5- Ia,@élas grthgﬁsa NI i1 0 QJr%s'Fu’FH %s@ré'a{f&%mﬁg\! 'Ha.Le

t hese net ho orm ng pressure sensors are conpatl

silicon in,8eghaked itionC Ynit deaftle QGRS Gid Y processi WHe expenSI ve
processi ng steps, such as etching the back 5 side of the wafer. The

pressure seagaivel akpetli®® iprdd¥issing stepBNnRIcH G GtdhiRy ey BRSsUr e
protection and can be easily damaged by hi gher than expected
pressure. side of the wafer. I[The preagmurmarsensyetiabericfattdd sin nveirg | on
to provide a nethod of formng a | ow cost pressure sensor 10

havi ng goothapperpdes ngte haviet evermrasgsung mudtmition dgndirean be easily
conpatible with integrated circuit processing. It is

anot her pr fREageshbychiighesr thans exprahgdpressure.

It is a primary objective of this invention to
provide a method of forming a low cost pressure sensor
10 having good overpressure protection using methods which are

compatible with integrated circuit processing.

It is another primary objective of this invention
to provide a low cost pressure sensor having good
overpressure protection which can be located on the same

15 substrate as integrated circuits.

These objectives are achieved by forming a layer
of first dielectric having a number of openings on a
substrate, such as a silicon integrated circuit substrate.
A number of trenches are then formed in the substrate using
20 the dielectric layer with openings as a mask. Second
dielectric spacers are then formed on the sidewalls of the
trenches. Isotropic etching is then used to etch the bottom

of the trenches thereby undercutting the sidewalls of the



to provide a | ow cost pressure sensor having good over pressure

protection which can be | ocated on the sanme 15 substrate as integrated
circuits. These obj ectives are achieved by formng a

| ayer of first dielectric having a nunber of openings on a
substrate, such as a silicon integrated circuit substrate. A nunber
of trenches are then fornmed in the substrate using 20 the dielectric

| ayer withtopechegsans fel8SKingSeaeMdfrom the ButkeehbkeraRacera are then
formed on the sidewalls of the trenches. Isotropic etching is then

used to etthitdedbeléotric is theh abpobﬁeaahes1uhagebneugdgé05b&wagnthe
sidewal | s of the - 6-

trenches abldereidewahyst béntheohrehechbal khenbbyr bemiAg a flexubued
dielectric is then deposited filling the gaps between the sidewal|s
of the tréﬁ@%%%aﬁﬁeregyeﬁﬁfﬁﬁhthISIé?ﬁbfermed on pgnbBnatbe Elexdbdei stors
are fornmed on or in the flexible menbrane to neasure the defl ection
of the menBPARESR e geasure EPES@GféeGﬁ1Pﬁe°ﬁe#bﬁaﬁémb¥ﬁéepﬁ§90¢@s|stors
can be q? anteﬁPor diffused resistors forned in the silicon

%

subst rat e PFFIF PBr P RgmERR fRGer OPef PRgEOgPELSLPLSc Can be

Al t t l. b 10

flext bre rombrEnEed of 8t FEpREa RrRertPRe RoROBR: AbntHF BRAICOR (hird
di el ectri cgyy, Qgrgtétﬁ?9§f$€5m@89mﬁﬁgdghgx5Q&8r of firsTEARLINR3qd the bulk

substrate can be carefu contro
Alternatively piezoelectric material can be deposited on the

10 flexible membrane and patterned after the deposition of the
third dielectric. The distance between the flexible
membrane and the bulk substrate can be carefully controlled
and provides overpressure protection. The methods used to
form the pressure sensor are low cost and compatible with

15 semiconductor integrated circuit processing. The pressure
sensor and method of forming the pressure sensor will now be

described in detail with reference to the following

drawings.



and provi des overpressure protection. The nmethods used to formthe
pressure sensor are |low cost and conpatible with 15 sem conduct or
integrated circuit processing. The pressure sensor and met hod of
form ng the pressure sensor will now be described in detail with
reference to the foll ow ng dr awi ngs.

-7- BRI EF DESCRI PTI OF THE DRAW NGS

Fig. 1 shows a cross secé'9@Fvﬁ§gt§{p@15ﬁb§§r@ﬁ§ pRAWINGHAVi ng a | ayer of
first dielectric fornmed thereon and a patterned | ayer of photoresist

formed on the layer of first 5 di el ectric. Fig. 2
shows a cross section view of a substrate af ter openi ngs have been

formed in the |ayer @figf.i 1Sishows a dlic¥se@iddttion view of a substratdig. 3
shows a cross section view of a substrate 10 after trenches have been

formed i n hheisgbst layer of Firdt dielectria fonoesi sdereon \vaev ©f t he
substrate shown in Fig. 4A al ong line 3-3" in Fig. 4A
patterned layer of photoresist formed on the layer of first

5 dielectric.

Fig. 2 shows a cross section view of a substrate
after openings have been formed in the layer of first

dielectric.

Fig. 3 shows a cross section view of a substrate
10 after trenches have been formed in the substrate. Fig. 3 is
a cross section view of the substrate shown in Fig. 4A along

line 3-3' in Fig. 4A.

Fig. 4A shows a top view of a substrate after
openings have been formed in the layer of first dielectric

15 and trenches have been formed in the substrate.

Fig. 4B shows a cross section view of the
substrate of Fig. 4A, along line 4B-4B' of Fig. 4A, showing

the location of diffused or implanted resistors.



Fig. 4A shows a top view of a substrate after openi ngs have been

formed in the layer of first dielectric 15 and trenches have been
formed in the substrate. Fig. 4B shows a cross section
vi ew of the substrate of Fig. 4A along line 4B-4B of Fig. 4A
show ng the | ocation of diffused or inplanted resistors.

- 8- Fig. 5 shows a cross8section view of a substrate

after a conformal |ayer of gﬁgggdadkgéggtéggtggﬁ gggg °faFts“g%Q9%kEed'

Fig. 6 shows a cross s8ctToR VIew o ubstrate er the confornal

layer of s fPQQ giﬁbﬁ§8§h81h§§¥Q§er second®hitBedcResk hasf ge@nspacers on
s of the tr

t he si dewa nches. Fig. 7 shows a
Cross secthg€o¥igghgf a substrate after the bottom of the trenches
has been isotropically 10 etched releasing the trench sidewalls from
t he bul k Ssubstrate. Fig. 8 shows a top view of
a substrate after the bottom of the trenches has been isotropically
et ched Fig. 6 shows a cross section view of a substrate

5 after the conformal layer of second dielectric has been

etched back to form spacers on the sidewalls of the

trenches.

Fig. 7 shows a cross section view of a substrate
after the bottom of the trenches has been isotropically
10 etched releasing the trench sidewalls from the bulk

substrate.

Fig. 8 shows a top view of a substrate after the
bottom of the trenches has been isotropically etched
releasing the trench sidewalls from the bulk substrate

15 showing the location of piezoresistors formed in the silicon

substrate.

Fig. 9 shows a cross section view of the substrate
of Fig. 8, along line 9-9' of Fig. 8, showing resistors

formed in the silicon substrate.



rel easing the trench sidewalls fromthe bul k substrate 15 show ng t he

| ocati on of piezoresistors forned in the silicon substrate.

Fig. 9 shows a cross section view of the substrate of Fig. 8, along
line 9-9' of Fig. 8, showing resistors formed in the silicon
Ssubstrate. - 9-

Fig. 10 shows a cross section view of a-8ubstrate after the spaces

between the si dewal Ig; pf _f@%ﬁg@@eﬁi%b?ecti%ﬁsﬁg%&%f e% Wb drpathird

dielectric, thereby formng a e ne

Fig. 11 shpwe @ (HOSHAEH IK8twd&Y Ble 3 SbFA1 B €of the tAéhShes has
pi ezoel ectric material has been fornmed on the third dielectric and

pat t er ned Yewrr Mgl e R 20EL18CA M Ki F®@SA B DESt Pc, therebPefbr/xhl & menbrane.
-10- DESCRI PTI ON OF THE PREFERRED EMBODI MENTS

flexible membrane.

5 Fig. 11 shows a cross section view of a substrate
after piezoelectric material has been formed on the third
dielectric and patterned forming piezoelectric resistors on

the flexible membrane.



Fig. 1 shows a cross section view of a silicon substrate 10 having a
sensor region with a layer of first dielectric 12 forned thereon.
The |l ayer of first dielectric 5 will serve as a mask layer in formng
trenches in the substrate and is a material such as silicon oxide,
SiJerr], or the Iike. Piezoelectric resistors are used as sensors

I n the sensor region. Resistors foed in the silicon

substrate 10 prior t]%l#?ﬁlﬁ”?f’Bﬁibivo’f‘nﬁf szﬁ?{sgﬁﬁﬁr EﬁBOBEféENTSlO

dielectric 12 using usion or 1on 1nplan Ion can used as the
pi ezoel ectric resistors. The substrate may al so have ot her devices
formed therein, which are not shown. A | ayer of photoresist 14 is

formed on the |ayer pi{gfifSkhows a c#b8kesbetik§oandipat ber aediusicba st andard
phot oprocessing 15 techni ques. The pattern in the photoresist 14

defines a substrat8ubbehavingpanksafsovhirefhianewattr at Nayeensdr fiegiton of
t he substrate and at the |l ocations where the trenches will be
fornmed in dhelsobsical2. formed thereon. The Asyelowd ifarBitgdi2leledric
openings are etched in the 20 |l ayer of first dielectric 12 using the
pat t®rned vaytrsetve as a mphbt dpyerstinaformingk taegchieshdn wde or dry
et chi ng net hods. _The photoresist is then _renoved. As shown in Fig.
3 svbatratel18ndr ést feBateriad sHChhess§BdiCole 0X398si §GOkheCT
patterned Iager_of first dielectric material 12 as a mask )
thée like. Piezoelectric resistors are used as sensors in
the sensor region. Resistors formed in the silicon
substrate 10 prior to the deposition of the layer of first
10 dielectric 12 using diffusion or ion implantation can be
used as the piezoelectric resistors. The substrate may also
have other devices formed therein, which are not shown. A
layer of photoresist 14 is formed on the layer of first
dielectric and patterned using standard photoprocessing
15 techniques. The pattern in the photoresist 14 defines a
number of openings which are over the sensor region of the

substrate and at the locations where the trenches will be

formed in the substrate.

As shown in Fig. 2 the openings are etched in the
20 layer of first dielectric 12 using the patterned layer of
photoresist as a mask and either wet or dry etching methods.
The photoresist is then removed. As shown in Fig. 3
trenches 16 are then formed in the substrate 10 using the

patterned layer of first dielectric material 12 as a mask



and dry ani sotropic etching using an etchant such as SF6 or Clerr].

The trenches 16 are etched to a depth 44 of between about 1.5 and 15
m cronmeters. The thickness of the first dielectric layer 42 is

bet ween about 1000 and 30,000 5 Angst r ons. Fig. 4A
shows a top view of the sensor region of the substrate at this stage
of fabrication. The perineter of the sensor region is indicated by a
dashed |ing,q dry a £§3€£8§.@8 8YPRShglésiRgsahbbechaaat saen gk kke &t ffused
or 10 I np anté% resistors 21 are shown by a resistor schematrc in

Fig. 4A Reg.. 4B QericHdHSE6 SEEd | Océd L6 SUBSHtRt L4 of betw&é®ng |ine
4B- 4B of Fib. 4A showi ng the diffusion or I npl ant profile of one

of the resabé@tsl2d. anbelpemigkométers. Thar ehiekaesd nEatheh&iedge of the
sensor region, as will be 15 expl ai ned | ayer, and other |ocations than
t hose showliehacbeic layer d42eds Begwedni sbautr 3990sentdi 30,600t he substrate
t aken along line 3-3 of Fig. 4A. The trenches 16 are located in

t he SensorAnggtoomsf the substrate and in this exanple are al |
parallel to each other. 20 Next, as shown in Fig. 5 a
conformal |ayer of second dielectric 19 is forned on the substrate

covering the sidewal | s and bottong of the.trenches. In.this _exanple
t he conf or raF1Payéf SPOWE:gn o8 &1E%: Plfc%ihf $ESOFn T5HAEE, ot

SIAer], the subs¥PY L7 ehI "G alR o H r bR YUatdBROS T g AN, N0 2
of the sensor region is indicated by a dashed line,
reference number 17. Possible locations of the diffused or

10 implanted resistors 21 are shown by a resistor schematic in
Fig. 4A. Fig. 4B shows a cross section of the substrate
along line 4B-4B' of Fig. 4A showing the diffusion or
implant profile of one of the resistors 21. The resistors
are located near the edge of the sensor region, as will be

15 explained layer, and other locations than those shown can be
used. Fig. 3 is a cross section of the substrate taken
along line 3-3' of Fig. 4A. The trenches 16 are located in
the sensor region of the substrate and in this example are

all parallel to each other.

20 Next, as shown in Fig. 5, a conformal layer of
second dielectric 19 is formed on the substrate covering the
sidewalls and bottoms of the trenches. In this example the
conformal layer of second dielectric is silicon oxide, Sio,,

deposited using chemical vapor deposition and having a



-12- t hi ckness of between about 2000 and 10, 000 Angstrons. The
conformal |ayer of second dielectric 18 is then etched back usi ng
dry ani sotropic etching and an etchant such as CF4 | eavi ng second
dielectric spacers 18 on the sidewalls of the 5 trenches but renoving
second dielectric material fromthe bottom of the trenches, see Fig.
6. Next, as shown |n‘#|g 7, the bottom of the

trenches acfigifled us! pac Weler! SBLLOPR009! GAaNd oYiddd Algstroms LNt such

as tetrane amroni um rOXI TVAH, or dry i sotropic etching

usi ng SF6 één@ﬂrﬁb@hﬁﬁger Eﬁesb%@hﬁoﬂhélectrlc 18 Gl¥ e daichdds Bduk
sidewal | s of the trenches and all of the substrate material greater

than a firgkifdgstiapcand3otroPic etchinighand resl etotfsante shadf ash&€Rubstrate,
| ess than a second di stance 34 fromthe first surface 9 of the
substr at e, 1aaging5 seconidn diled esdnsiar spagieors df8 e thehstirdawalils arfc Hawe
away. The I sotropic etching forns a nunber of silicon bridges 11.
Ther& i s atgepchésobuiemesay igig secdrshd ird eatarighmaterial from gdigeen t he
silicon bridges 11 and the bul k substrate. Fig. 8 shows
a top vi ewbefttome ofulddrer drenghes, Sfe FAF- 6. silicon bridges 11 have been

formed show ng that the diffused or inplanted resistors 21 are
| ocated in the

Next, as shown in Fig. 7, the bottom of the
trenches are etched using wet isotropic etching with an
etchant such as tetramethylammonium hydroxide, TMAH, or dry

10 isotropic etching using SF, as an etchant. The isotropic
etching undercuts the sidewalls of the trenches and all of
the substrate material greater than a first distance 32 from
the first surface 9 of the substrate, less than a second
distance 34 from the first surface 9 of the substrate, and

15 in the sensor region of the substrate is etched away. The
isotropic etching forms a number of silicon bridges 11.
There is a gap 36 of between about 2 and 70 micrometers

between the silicon bridges 11 and the bulk substrate.

Fig. 8 shows a top view of the substrate after the
20 silicon bridges 11 have been formed showing that the
diffused or implanted resistors 21 are located in the
silicon bridges 11 and near the edge of the sensor region.
Fig. 9 shows a cross section, taken along line 9-9' of Fig.

8, of the substrate 10 after the silicon bridges 11 have



silicon bridges 11 and near the edge of the sensor region. Fig. 9
shows a cross section, taken along line 9-9" of Fig. 8, of the
substrate 10 after the silicon bridges 11 have

- 13- been fornmed showi ng the diffused or inplanted resistors

| ocated in the silicon bridges near the_edge of the sensor regi on.
Next, as shown in Fig. 10, a third dieleCfric 22 5 such as silicon
oxi de, Si ] eeid e | t rat-e; usi s such as
cheni cal 5%%%& %%$§%§t$§§+£§€d9??l#gf?ﬂgéa 8k I e S b i deval | S
of the trenchesea TS €héi §9Dicon briBfbdIREatltaBdetige bl tHedseheolric 22

filling the gaps between the sidewalls of the trenches forma
flexible dfgionmenbrane which will be deflected when subjected to
pressure. The defl ection of the flexible nenbrane is |imted by the
gap 36 between the silicon bridges and the bul k of the substrate
and this limt provides overpressure protection for the sensor.

15 As Bastwm as Bhgwn 8naRdg9 flBe @i thizdddielectric 22

inmplanted resistors 21 are |ocated at the edge of the sensor
regi®n. De$vektasnsdiicpe prédehl 8ifpnbiandenpsiteduer the subsyratsytion

of the resistors 21 which will cause resistance . .
using means such as chemical vapor deposition, and fills the

gaps between the sidewalls of the trenches. The silicon
bridges 11 and_the third dielectric 22 filling the gaps
between the sidewalls of the trenches form a flexible

10 membrane which will be deflected when subjected to pressure.
The deflection of the flexible membrane is limited by the
gap 36 between the silicon bridges and the bulk of the
substrate and this limit provides overpressure protection

for the sensor.

15 As shown in Figs. 8 and 9 the diffused or
implanted resistors 21 are located at the edge of the sensor
region. Deflection of the flexible membrane will cause
distortion of the resistors 21 which will cause resistance
changes. These resistance changes can be used to detect

20 pressure. The location of the resistors 21 at the edge of
the sensor region causes maximum distortion of the
resistors 21, thereby providing maximum resistance change
and maximum sensitivity for pressure detection. Changes in

pressure cause a deflection of the flexible membrane which



changes. These resistance changes can be used to detect 20 pressure.

The | ocation of the resistors 21 at the edge of the sensor region
causes maxi mum di stortion of the resistors 21, thereby providing
maxi mum r esi st ance change and maxi mum sensitivity for pressure

det ecti on. Changes in pressure,gause a defl ection of the flexible
menbr ane whi ch -14-

changes tf&héﬁ@éétﬁméerééiéﬁﬁnééeéPrEEES%QéﬁogésiEESrs 21.  rhgsistance of
the piezoresistors can be neasured directly or can be connected in

an arr angenesi s saidle a6t athbepi 626H8sistors chhi Bgembasikedi deracyalt age
out put as an indicator of 5 pressure. The deflection of the menbrane

is |imtedcdy bédeconnectedapn3énbat nangemnbrtsshchoasbai ggeatandnkhe bul k
substrate and prevents permanent danage to the pressure sensor in an
over pressbeidge k@ i provide a voltage outputAasabhedindticaeoenbddi ment of

pi ezoresi stor sensor 10 formation is shown in Fig. 11. |In this

embodi mentPI¢Rsure. Thej defkegtieni apl thectembsaneois Aimited byr tbe

After the t?ird dielectric has been forned conEIeting t he
formation 93P 36 bekween the,spiicar Brideespprdothechrlk gubstratecan be

d ited t d f i [ | tri i st 50 15 th
Lob of |t neiRs BroTERhE prEhaneds "aRBaRe Forkhe BTessre depsorn ipnencase of
di ffused of,iplantefer §5484L0L 8y . Changes

An alternative embodiment of piezoresistor sensor

10 formation is shown in Fig. 11. In this embodiment the
diffused or implanted resistors are not formed. After the
third dielectric has been formed, completing the formation
of the flexible membrane, piezoelectric material can be
deposited and patterned forming piezoelectric resistors 50

15 on the top of the flexible membrane, as shown in Fig. 11.
As in the case of diffused or implanted resistors, changes
in pressure cause a deflection of the flexible membrane
which changes the resistance of the piezoresistors 50. As
in the case of diffused or implanted resistors these

20 resistors are also located at the edge of the sensor region.

The processes used to fabricate the pressure
sensor are compatible with processes for forming integrated
circuit chips so that the pressure sensor can be

incorporated in a substrate with other devices or circuits.



in pressure cause a deflection of the flexible nmenbrane whi ch
changes the resistance of the piezoresistors 50. As in the case of
di ffused or inplanted resistors these 20 resistors are also | ocated at
t he edge of the sensor region. The processes used to
fabricate the pressure sensor are conpatible with processes for
formng integrated circuit chips dPthat the pressure sensor can be

incorporated in a suppthal en¥ §RvRhRGbNIAKSC R e? palrtGdllSrly shown
-15- Wil e the invention has been particularly shown

and descri8gd @bsbriBbar anes rerekenpeeiter AH@ PHAFETRIM embodimdntey eof , it
w Il be understood by those skilled in the art t hat vari ous changes
i n form antghdeeafl sikaywihe wedendeirBavod by thdeeardkdingdd dm thhe it and
scope of the invention. - 16-
What is cl dhakdvasious changesAimetfloot endf detaid sa mayedsumadsensidihout
conprising the

5 departing from the spirit and scope of the invention.



steps of: providing a silicon substrate having a sensor region
and a first surface; 5 formng a nunber of piezoresistor sensors
in said sensor region of said silicon substrate;

formng a layer of first dielectric on said first surface of said
silicon substrate,; pat t er ni said layer of first dielectric
thereby 10 form ng a nunber of openitgs in said |layer of first
dielectric in ngs are over said sensor region of

sai d S|I|c3%Q§£§St?ﬁgfh§¥%m etching a nunber of trenches in said
sensor region of said silicon substrate using said patterned | ayer
of first 15 A mbtthaettofcfasmingeskprdesere semsonf sanrprisenghtBeare over
sai d sensor region of said silicon substrate and have sidewall's, a
bottom andteremh: formng a | ayer of second dielectric on
said silicon substrate thereby form ng a conformal coating of
second 20 REPetding %nséﬁ}ﬂoﬁaﬁ?ﬁ$ﬁ§ﬂtFa§§Y169 pi FePSAreFeELPPc, said
si dewal | s of each of said hrenches and said bottom of each of said
trenches; and a first QUELRR8: pack said | ayer of second dielectric thereby

f ' d diel ect id | I f h 2
L enches and romT G Eah ¢ UBEGhdoRi BEGECTPE FFah SeRsofE”

each of Sajéhﬁégpcpgéion of said silicon substrate;

forming a layer of first dielectric on said first

. of said
S égi g68ttomof

surface of said silicon substrate;
patterning said layer of first dielectric thereby
10 forming a number of openings in said layer of first
dielectric wherein said openings are over said sensor region
of said silicon substrate;
etching a number of trenches in said sensor region of
said silicon substrate using said patterned layer of first
15 dielectric as a mask wherein each of said trenches are over
said sensor region of said silicon substrate and have
sidewalls, a bottom, and a depth;
forming a layer of second dielectric on said silicon
substrate thereby forming a conformal coating of second
20 dielectric on said patterned layer of first dielectric, said
sidewalls of each of said trenches, and said bottom of each
of said trenches;
etching back said layer of second dielectric thereby
forming second dielectric spacers on said sidewalls of each
25 of said trenches and removing said second dielectric from

said bottom of each of said trenches;

) 0 A



-17- I sotropically etching said bottons of each of said

trenches using said patterned |ayer of first dielectric and sai d
second di el ectric spacers as a mask thereby renoving 30 that part of
said silicon substrate greater than a first di stance from said
first surface of said silicon substrate,-17- | ess than a second

di stance fromsaid first surface of said silicon substrate, and

within said sensoregian10, §8fling saia BokkEMR SOYCH &r Waskei n said

second di stance 'S Qgr sard first distance; and

Filling th@réﬂéﬁ@é QEEH@eQaiﬁ'ga%E@?W@hl§a9ErS%Edf1rst didledahiRs aMd h a

third dielectric nmateriral thereby formng a fl exi bl e menbr ane

within sai dag@ngekoh8diagiektsdicd spaldet@N as a masks Wirirfedye removing 2.
The nethod of claim1 wherein said piezoresistor sensors are doped

sil ggon reghatoparitooedaid $dild cdnl ishbstyaist ateater than by fieats of

di ffusi on. 3. The nmethod of claim 1l wherein said piezoresistor
sensors  distanaee foopedasid ifdost esirdiages dorsadd st lddan siyhsdoiate,
substrate by means of ion inplantation. 4. The_ met hod of
cl ai m 1 whéesisn tdaind asisleiasmd siitsdrangee firem said figghipufacs R s ei n.

silicon substrate, and within said sensor region of said
silicon substrate, wherein said second distance is greater
35 than said first distance; and
filling the spaces between said sidewalls of said
trenches with a third dielectric material thereby forming a
flexible membrane within said sensor region of said silicon

substrate.

2. The method of claim 1 wherein said piezoresistor sensors
are doped silicon resistors formed in said silicon substrate

by means of diffusion.
3. The method of claim 1 wherein said piezoresistor sensors
are doped silicon resistors formed in said silicon substrate

by means of ion implantation.

4. The method of claim 1 wherein said silicon substrate has

devices formed therein.

* C L M S *



-18- 5. The nethod of claim1 wherein said first dielectric is Si(err].
6. The nethod of claim1 wherein said depth of each of said trenches is
bet ween about 1.5 and 15 m croneters. 7. The nmethod of claim1l wherein
said second dielectric is SiJerr]. 8. The method of claim 1l wherein
said third dielectric material is Si(et8} fornmed using chem cal vapor
deposi tion. 9. The nethod of claim1 wherein said piezoresistor sensors

conpri se pat ' £ f Lo dLexibl g
menbr ane. % %%@%%o?%%lgﬁsﬁf ner%l({n@g%l ??(lrlg? %Iél:staﬁces
subtract egify om sai d second di stance is between about 2 and 20

m cronmeters. * 11. The method of claim 1l wherein deflection of said

fl exi bl e menbrane causes resi stance changes in said piezoresistor sensors.

6. The method of claim 1 wherein said depth of each of said

trenches is between about 1.5 and 15 micrometers.

7. The method of claim 1 wherein said second dielectric is
Si0,.
8. The method of claim 1 wherein said third dielectric

material is SiO,_ formed using chemical vapor deposition.

9. The method of claim 1 wherein said piezoresistor sensors
comprise patterned piezoresistor material formed on said

flexible membrane.

10. The method of claim 1 wherein said first distance
subtracted from said second distance is between about 2 and

20 micrometers.
11. The method of claim 1 wherein deflection of said

flexible membrane causes resistance changes in said

piezoresistor sensors.

N



-19- 12. A pressure sensor, conprising: a silicon
substrate having a sensor region and a first surface; a
nunber of piezoresistor sensors forned in said sensor 5 region of said
silicon substrate; a nunber of silicon bridges formed in said
sensor region of said silicon subgi-ate wherein that part of said
silicon substrate within said sensor region greater than a first

di st ance f&9n1sgigfgggaiéuggggéi#ﬁ%éﬁgéiégd'pon 10 substrate and | ess

t han a second di'stance from sal surface of said silicon

substrate has beed Hguteduidbte havind Y MUhSSANFRM ARG HEFS than

said first distance, at part of said silicon substrate within
said sensogyrface; region and between any two adjacent said silicon
bridges has 15 been renoved; and a dielectric filling the

spaces between saintinrbidr & piezoresilticlyaseridwrebfofmedi iy said asddder
menbrane within said sensor region of said silicon substrate.
13. The preegion sdhs@idfsidianon Huibdterstiey said silicon substrate
has devi ces formed therein. 14. The pressure sensor of claim 12
wherei n said a numbsreaf el sitam denistges afermedi n said ggemsdy r om doped
silicon within said silicon bridges.

region of said silicon substrate wherein that part of said

silicon substrate within said sensor region greater than a
first distance from said first surface of said silicon
10 substrate and less than a second distance from said first
surface of said silicon substrate has been removed, said
second distance being greater than said first distance, and
that part of said silicon substrate within said sensor
region and between any two adjacent said silicon bridges has
15 been removed; and
a dielectric filling the spaces between said silicon
bridges thereby forming a flexible membrane within said

sensor reqgion of said silicon substrate.

13. The pressure sensor of claim 12 wherein said silicon

substrate has devices formed therein.
14. The pressure sensor of claim 12 wherein said

piezoresistor sensors are resistors formed from doped

silicon within said silicon bridges.

(o



-20- 15. The pressure sensor of claim 12 wherein said piezoresistor
sensors are resistors fornmed of patterned piezoelectric material on said
fl exi bl e menbr ane. 16. The pressure sensor of claim 12 wherein said
dielectric filling the spaces between said silicon bridges is SigJerr].

17. The pressure sensor of claim 12 whergn said first distance subtracted
fromsaid second distance is between about 2 and 20 m croneters. 18.

The pressye SANsqr- sl al idewher eif, et sohhona o oagkd f1exible
menbrane causes Téesistance changes T n sal p1 €z0r ési st or sensors.
piezoresistor sensors are resistors formed of patterned

piezoelectric material on said flexible membrane.

16. The pressure sensor of claim 12 wherein said dielectric

filling the spaces between said silicon bridges is SiO,.

17. The pressure sensor of claim 12 wherein said first
distance subtracted from said second distance is between

about 2 and 20 micrometers.

18. The pressure sensor of claim 12 wherein deflection of
said flexible membrane causes resistance changes in said

piezoresistor sensors.
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