200018 -9
200200518-9 2 9 JAN 2002 METHOD OF MANUFACTURI NG A%QC%E%EORQZEQEMZ@ZD
OF I NVENTI ON The invention relates to mcroel ectronmechani cal devlc in
particular to capacitive 5 mcroelectronechanical accel eroneters.
BACKGROUND M croel ectronechani cal accel eroneters are currently being

manuf actured for a nunber of 10 applicati i_.ncl udi ng_vehi cl e ai rbag and
i nertial navi gati onVEREHOD OFMANUEACTURING ANAMCCELEROMETER 55 vehicl e
ai rbags th br? ed to be both accurate and i nexpensive.

M cr oel ect ?Fo@@za |@g?h§c'l§e eroneters are formed on a substrate using
fabrication process 15 steps simlar or identical to those used in
integrated circuit fabrication. M croelectronechani cal] devices conbipe

el ectrical Hiedinveatiemreaes to mustogiesiromechapical deacesand; ncpartigiar {0, capagtiven

of m craqel et &,{f&% Reg=10 VicfBSmb@rgdeneral |y based on the naking and
processi%ngerg'fc&a ter%ggfgﬁl%@grdeg% poﬁ/cryst alline silicon (polysilicon) and
a sacrificial material such as silicon dioxide (SiQ2) or a silicate gl ass.
The pol ysil} 20 are built up and patterned |ayer by layer to form
t he struct L#‘é%&éﬁﬁi}@Bw ce. Once the structure is conpleted the
sacrificial material is renoved by etching to release the polysilicon
menbers of the m croel ectronechani cal device for operation. The renoval of
sacri fi ci alMimmeledtromachanicatmcegleromstess atewerehtin being manvéacturedhréarey sumbey| afdes

usi ng I sot.ropi c.rel ease et ch .t.,o rel.ease. of celerometer-from
he. bot Rom SRLFaRES sfelpfEE Sebifeatde for Bl Rl B A e iR 8RR For
di sadvant aggplitatiing uck asvweshidiefairbads thecadeeRroineters nded iaChbé Gothh acquirato fandes s

and effectiveness of the accel eroneter.
inexpensive.

Microelectromechanical accelerometers are formed on a substrate using fabrication process
15 steps similar or identical to those wused in integrated circuit fabrication.
Microelectromechanical devices combine electrical and mechanical functionality into one
device. The fabrication of microelectromechanical devices is generally based on the
making and processing of alternate layer of polycrystalline silicon (polysilicon) and a
sacrificial material such as silicon dioxide (SiO,) or a silicate glass. The polysilicon layers
20 are built up and patterned layer by layer to form the structure of the device. Once the
structure is completed the sacrificial material is removed by etching to release the
polysilicon members of the microelectromechanical device for operation. The removal of
sacrificial material in some microelectromechanical accelerometers includes using an
isotropic release etch to release beams of the accelerometer from the bottom surface of the
25 accelerometer. This release etch has the disadvantage of etching away part of the beams

and reducing the proof mass and effectiveness of the accelerometer.
SUMMARY OF INVENTION

30 In broad terms in one aspect the invention comprises a method for fabricating an
accelerometer including the steps of, etching at least one cavity into the top side of a

substrate, bonding a layer of material onto the top side of the substrate, depositing
1



SUMVARY OF I NVENTION 30 In broad terns in one aspect the invention
conprises a nmethod for fabricating an acceleroneter including the steps
of ; etching at |least one cavity into the top side of a substrate, bonding
a layer of material onto the top side of the substrate, depositing 1
metal i sation onto the |layer of materjal to bg}rused %ﬁ)r el ectrical

connect i onsmefalisatios igniajthe fayer phipateriak tOrP&t‘E‘F‘il alestrics) gonpectensandieighing 1.‘.he
| ndependent; ot nter R TeaSFAGR iidbehdont 565 61 BARl ol BRRJUPR. 21 E 1S an

i nsul ati ng e substrate is torned fromglass -5 or
anot her equivalent material. Preferably each set of beans is anchored to

the substrate, Preferably one set of beans .inclpydes ans to, all th
bears o movEieaplY e saisaae Sandnsuigigiaigials ity e sheirgs is aBngdlinm Slass

| deal l'y 4 heor%aﬂéré@i‘@dlérﬁ‘fhai&?al.beam to nove is a spring or tether neans.
Preferably the nmethod of fabricating the accel eroneter further includes the

step of masking the substrate before the step of etching the substrate. 15
Preferably { he t hod o abri cat i t.he,accel eroneter further includes the
step of p ?iﬁ%ﬁ%ﬁa%ﬁgi?fa%eﬁnﬁé??fbcrﬂgfe#ﬁ%&feasﬂﬁﬂmﬁ?’ocesses. Preferably the

| ayer of suitable material is a silicon material. 20 Preferably the |ayer
of suitable material is thinned as required. Preferably the nethod of

fabri cat i ngPrefeeably oae setorfdeams inplydes meang o aliay thecbegms jo grovearith sigle to iside
layer 0{0 S%B@&l RrollRb E@A OP ﬂfeor;e%mts.h Eidgélﬁipthgfm&hg % qgo&lqﬁe $Elms ?J nﬁu%rﬁ a 25

spring or tether means.

Preferably the method of fabricating the accelerometer further includes the step of masking
the substrate before the step of etching the substrate.

15
Preferably the method of fabricating the accelerometer further includes the step of
patterning the mask using lithography processes.
Preferably the layer of suitable material is a silicon material.

20
Preferably the layer of suitable material is thinned as required.
Preferably the method of fabricating the accelerometer further includes the step of masking
the layer of suitable material before the step of etching the sets of beams.

25

Preferably the method of fabricating the accelerometer further includes the step of
patterning the masking layer to the pattern of the beams prior to the step of etching the sets

of beams.

30 Preferably the method of fabricating the accelerometer further includes the step of
performing an etchback to remove the unwanted masking layer after the sets of beams have

been etched.



Preferably the nethod of fabricating the accel eroneter further includes the
step of patterning the masking layer to the pattern of the beans prior to
the step of etching the sets of beans. 30 Preferably the method of
fabricating the accel eroneter further includes the step of performng an
etchback to renove the unwanted masking | ayer after the sets of beans have
been etched.. 2 - is In broad terns in a further aspect the invention

conpri ses t pocluding. . SLr . t
e cavt ty T ABAEWERRTE L furB bt e ifenfigh CORBAURNY BlcBleliléib infhaaiE
sets of bedbatohosubstaterlayapeatupgseone egvdty ianhe botsme solsstrateViayer] e uppetilayer, at
| east 5 one poi nt sui tf%tél e for eI,ectEri cal .connection to, each set .of beans,

wher ei n t heleastgwe petsof beamadormsdsig the ppper dayes and susnsaderdsover dhe gavisl at Ispster
DESCRI PT [gﬁ%%/]\h : ﬁﬁ& O mni . P
inventi-cl);ngv\\lllnfgl:p e u{r}lt%egonggésogﬁ%ggg W ttl Rt(?ne ergﬁ(@e to ';Eyhg%élg&rhpégau%m
figures by foaypedbeforeathp sesponded teanhs aiet formed.i nt ending to be limting,
wherein; Figure 1A shows a gl ass substrate with a nasking layer, 15 Figure
1 B shows a substrate with an insulating |ayer and a nmasking |ayer, Figure

2 shows t hegRYRFIDEXCRIPTIONIOGF MIBAWINGSYer patterned, - 20 Figure 3 shows
the substrate with cavities etched into the substrate, Figure 4 shows the

top layer bonded to the substrat e, Figure 5 shows the top layer thinned to
the reapyireg thEcKA®R%m system and method of the invention will be further described with

reference to the accompanying figures by way of example only and without intending to be

limiting, wherein;
Figure 1A shows a glass substrate with a masking layer,
15
Figure 1B shows a substrate with an insulating layer and a maskjhg layer,
Figure 2 shows the substrate with the masking layer patterned,
20  Figure 3 shows the substrate with cavities etched into the substrate,
Figure 4 shows the top layer bonded to the substrate,
Figure 5 shows the top layer thinned to the required thickness,
25
Figure 6 shows the deposition of metalisation on the top layer,

Figure 7 shows the metalisation patterned to form electrical connections,

30 Figure 8 shows a masking layer over the top layer and metalisation patterned to the

accelerometer sensor pattern,



25_Figure 6 shows the deposition of netalisation on the top |ayer, Figure 7
shows the met al i sation patterned to formelectrical connections, 30 Figure
8 shows a masking | ayer over the top layer and netalisation patterned to
the acceleroneter sensor pattern, 3 - i. Figure 9 shows the results of a
trench etch_producing the accel eroneter sensor pattern, Figure 10 shows
the resul t Figprefshowsibareruligniairensh eich perdugingiibe agcslerometersgasor paterm, 5
Figure 11 is a top view of an accel eroneter formed using the nmethod of the
i nvention. DETAILED DESCRI PTI ON OF PREFERRED FORMS Fi gure 1A shows a
substrat e IFighredOeshbws tisd deyulisrofah atchbarknwiiiel had rembled themsdskaidgdayes, adver ed
10 by masking layer 4 on its top surface. Substrate 1 nmay be forned from
any suitable electrically insulating nmaterial such as glass, Pyrex or

ot her t erps 15 | ' ' native
e o oy anaEus His R0 e an BECRTOREE formed oy UK. AROYE of el GHERR
conducting or sem conducting material such as silicon. In this arrangenent
substrate 0. | ' | : eposited on its top
surface. Sﬁpﬁi%@lﬂ ﬁ@ﬁ@?‘bﬁbﬁ@ﬁ@mﬁ@%r i ncl ude oxi de,
nitride, PSG glass frit, etc. In both the arrangenments of Figures 1A and
1B the top surface of the substrate 1 or the 20 insulating |ayer 3 is

deposi t edf viigpred Anshrsysubsirate Laof electriontlyiinswiptingyragterial. ﬂfalptsﬁbﬁ@@? iai qorv:red
Froure o PRkRE Ry O S’ SERBHE) R o othed Il abG et

1B). The nedédticallyajssulatiny mhietial bechpas tgdisse Pyvéxt br nahdss nfatsrialy matheimhilar

pur poses useful for |ater stage of the process. The
properties.

Figure 1B shows an alternative wafer arrangement where the substrate 2 is formed of

15 electrically conducting or semiconducting material such as silicon. In this arrangement
substrate 2 has an electrically insulating layer 3 deposited on its top surface. Suitable
materials for the insulating layer include oxide, nitride, PSG, glass frit, etc.

In both the arrangements of Figures 1A and 1B the top surface of the substrate 1 or the
20 insulating layer 3 is deposited with a masking layer 4. The masking layer is patterned with
patterns for cavities to be formed in the substrate 1 (of the wafer of Figure 1A) or
insulating layer 3 and substrate 2 (of the wafer of Figure 1B). The masking layer may also
be patterned with marks for alignment purposes useful for later stage of the process. The
masking layer may be formed from chrome or any other suitable material, for example
25  polysilicon. Figure 2 shows the masking layer once it has been patterned. Patterning of
the masking layer may be using lithography processes as are well known to those skilled in

the art and commonly used in the wafer fabrication industry.

Figure 3 shows cavities 5 etched into the substrate 1. Etching may be performed using any
30 suitable process such as wet chemical etching. After the cavities have been etched the

remaining masking layer is removed.



maski ng | ayer may be formed fromchronme or any other suitable material, for
exanpl & 25 polysilicon. Figure 2 shows the nasking |ayer once it has been
patterned. Patterning of the masking |ayer may be using |ithography
processes as are well known to those skilled in the art and comonly used
in the wafer fabrication industry. Figure 3 shows cavities 5 etched into

t he subst r af@lowingthipiarfgp dexer 198 spraicoaduating uvateripl Shyuch3s siligonais|bonded tethe

" : . v _ ST
i i g rDRa i o0l g4, Sny, WAl (bAoA 64 680 O the
sem conduct twag layeitogethef sBoh eaamplel 4 Guitable techidamt iyt be anddies teitictic loras

shown in Figure 4. Any, syitaple bondipg. technique, be used to_bond, t he
two |ayers t?xsg@qqqmrewtip%&?gl Alieragfvelibany othensyitgbls trehpiqye map e sued. It

eutecti G or § rt??c'k' i &‘#ﬁk@ﬁi S
t echni qﬁse rrtgfltt 1%£§@| SEIS éﬁﬁggb“?gl?‘eeﬁé% S tfﬁﬁ%r%oaﬁwﬁgmﬁﬁ%%ﬁg%s
required f aequinel thickness. i Tedhpiquis forethinning the top dayer imdudehivek cleemsical etching,
Techni ques for thi.nni.ng.the,top |ayer include.wet chemnd.cal etching,
backor i nd: RS kit phedeal HéRlam AL pORGit i o Ehinaosc e ding: ot
these and okbiffiqudsechni ques. 1o Figure 5 shows the top layer 6 and

substrate 1 bonded together with the top |layer at the required thickness.
The thickness of the top | ayer determ nes the thickness of the beans of

t he sensor...Th i f _the .s I [ he ogess ks al
ol at odt o TRA § ARO BRI6E 1l s uBRRe Yol Rbstne) vBPOER 0k st s
accel er at i oeqhiesdcthickhessalThe ﬂﬁielrz]mssadf the eop layeﬂdr?t@innﬁ? she)ﬂiﬁdidg&sshﬂahﬁbeam&)f
o s oo smese et L mete oo e oeids el sty o
seism c or ¢ RiAQL JIRES O ' ' Lt Ll tsy
of the sensor t%gsl ow g?%%@éﬂéﬁﬁmgﬂgét%{é&gtt%ge ég?é %%ﬁnldfogges? ﬁgﬁ ls)fjrgl\é'ﬁe?ate
1 and t he ttoghe thjckmess afitbe béamss t Ehe thickerthe beags the bigger the capacitive charge for a

15 given displacement of the beams. Another effect of thicker beams is a larger seismic or

proof mass of the sensor. This also increases the sensitivity of the sensor to low g-forces.

Following the step of bonding the substrate 1 and the fop layer 6 and the step of thinning
the top layer (if necessary), metallization 7 is deposited onto the top of top layer 6.
20 Metallization is used to form electrical connections to further electronics to be connected
to the sensor. Figure 7 shows the patterning of metallization 7 to form the electrical

connections.

The next step in the process is to deposit a masking layer 8 over the metallization 7 and the
25 top layer 6. Again the masking layer 8 is patterned using a suitable process such as a
lithography process. As can be seen in Figure 8 the masking layer has been patterned to
form the sensor structure of the accelerometer. In this case the sensor structure of the
accelerometer includes two comb like structure on each side of the cavity and a central
beam with a comb like structure on each side. Each of the comb like structures extending
30 from the central beam intermeshes with one or the other comb like structures (shown in
more detail in Figure 11). However other suitable structures may be patterned onto the

mask.



the top layer (if necessary), netallization 7. is deposited onto the top of
top layer 6. 20 Metallization is used to formelectrical connections to
further electronics to be connected to the sensor. Figure 7 shows the
patterning of netallization 7 to formthe electrical connections. The next
step in the process is to deposit a masking |layer 8 over the netallization
7 and the 25 top layer 6. Again the masking layer 8 is patterned using a

sui table pr S isthogr a rQce can _be seen iy Figure 8
The. maski ngnyape Moo o e MaB e Rl e Bkl SoE i ikt 4 oS
accel er onetgroduderthé Birsct@Rf thd\@ns@rsasiendéd ovdricheitied 5 imsubsaatedl. eTIIgBicR step
i ncludes two conb |ike structure on _each side of the cavity and a central

beam wi t h amaphe pesfeimediby anisohtapiseteha chhessten-of forming eavitine S dw sbsirated before
i f i i 1 e
ot hor | o (IR dayid 61 bR bl tiBues 1 Mhdd Vo PRI E et o BolEObe

ot her sui t adehsorstbrelebser themnfiym like pubistraterbydisatndpic efehingreBids aboitto tHeopyoblgnishe
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formng cavities 5 in substrate 1 before 5 bonding top layer 6 to the
substrate renoves the need to etch underneath the beans of the sensor to
rel ease th frLo he bstrate by . satropi tching. This avoids.the,..
oy oy onte " o bl bl BBl s Btasbdnk AR sTabriiabRef Femd i he FYBfga imisiing
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sensitivity and capacitance of the sensor. 1 he final step in the process
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functional and can be

15 Figure 11 is a top view of a sensor formed using the method of the invention. As can be
seen in Figure 11 the sensor structure is suspended over cavity 5. The sensor structure
comprises four sets of fixed capacitive plates anchored to substrate 1 at anchor blocks 10.
Each set of capacitive plates includes a set of beams attached at one end to a wider beam in
a comb arrangement. The wider beam is then attached to the anchor block. A second set

20  of capacitive plates is shown at 15. This set of capacitive plates has a central wider beam
with smaller beams extendiﬁg at right angles from both sides of the wider beam. The
wider beam of this set of capacitive plates is tethered to anchors 12 by spring means 13.
The spring means 13 allows capacitive plates 15 to move in the directions indicated by
arrow 16. Any suitable means that allows movement of the capacitive plates in one

25  direction may be used.

Each anchor block 10 or 12 includes an area 7 of metallization used for electrical contacts.
The electrical contacts may also be provided at other area of the wafer connected to the
anchor blocks 10 or 12. Although the anchor blocks all rest on the same substrate, the
30 insulating properties of the bottom wafér keep the anchor blocks electrically insulated from
one another. Cavity 5 under the structure, in the bottom wafer, allows the structure to be

suspended and freely react to acceleration forces parallel to the wafer surface. This allows
6



packaged on a wafer level to enable dicing the wafers into individual dies.
15 Figire 11 is a top view of a sensor forned using the nethod of the
invention. As can be seen in Figure 11 the sensor structure is suspended
over cavity 5. The sensor structure  conprises four sets of fixed
capacitive plates anchored to substrate 1 at anchor bl ocks 10. Each set of
capaci ti ve ptanaeitaricachengescausekby affoise sisplaging-the sapvang plates geldtive tathgi fifeed
beamin a onbt ran %pent. The wi der beamis then attached to the anchor
bl ock. A s8I ?S%%kof capacitive plates is shown at 15. This set of
capacitive- plates has a central w der beam wth smaller beans extending
at right angles fromboth sides of the wider beam_ The w der beamof this

set of capatie foyegoingdessripes theipvantien drsluding preferted fopms therepf. rligrations andThe
spring a : L : . 3 f

i cat o oot PR AREE (P Wt E Sahay P EN it bRt 1B b ipied
capaci ti ve withindhe sqope hereoPas difined in the accympaayimgethimsach anchor bl ock 10 or
12 includes an area 7 of nmetallization used for electrical contacts. The
el ectrical contacts may al so be provided at other area of the wafer
connected to the anchor blocks 10 or 12. Al though the anchor bl ocks al

rest on the sane substrate, the 30 insulating properties of the bottom
waf er keep the anchor bl ocks electrically insulated from one another.
Cavity 5 under the structure, in the bottomwafer, allows the structure to
be suspended and freely react to acceleration forces parallel to the wafer
surface. This allows 6 a capacitance change caused by a force displacing
the noving plates relative to the fixed plates to be sensed. The foregoing
descri bes the invention including preferred forns thereof. Alterations and
5 nodifications as wll be obvious to those skilled in the art are intended
to be incorporated wthin the scope hereof as defined in the acconpanying
cl ai ns.



, LJrrra e tolt ottt rrr L Ms CLAIMS 1. Arrethod of fabrlcatlng
an accel eroneter including the steps of. etching at
the top side of a substrate, 5 bonding a top layer of top
side of the substrate, depositing netallizati on onto :Immlzuﬂ "IH m”'!'l
material, and etching the top |ayer of materi al form*a sSensormstsucture
suspended oCBAIMHEh cavity. 2. A method of fabri catl ng an accel eroneter as
claimed in claiml1l wherein the 10 substrate is an insulating material. 3.
A nmet hod of fabricating an acceleroneter as clained in clains 1 wherein the

substrate ip COVA&ﬂ&héM6flfaBnéa?¢M@raan:céléi‘5ﬂie%&ﬁﬂ&ldi@é&éisféﬁs oft5 4. A nethod of
fabricating an accel erometer as claimed in any one of the preceding clains

further incitehinggt least one epvityrintedhe foppideRf asswbsiraten e bef ore each et ching
step. 5.5 Alfﬂ?%lﬂ%da 166 s laimed in claim4
further 1 ncludi %ﬁ%’@&ﬁﬁ{éﬁaﬁm?erm gﬁfe%g%rsagkgéaﬁ 6. A nethod of
fabricati ngd@ns_mngmemlhmiomonustheIlaylerraﬂ:naﬂenaln;{ndane of cI ains 4 or 5

further includin the ste P‘ Erlng t he maski ng r,to a pattern of
beans bef or @c01Bg MR latyﬁé IBB"e gl}@ o139 & SEfser FECtyre Sysp eE‘H’éfe% GAVILY.
structure. 25 7. A nethod of fabricating an accel erorreter as clainmed in any
one of clains 4 to 6 further including the step of perform ng an etch back

af ter each 2t chi Agmsthogd ofofabsivating anraceelerothetrrsas olgimed, én clm Anwherein the
accel er ﬁ)rret tiastraq;ec Esua%' mgulatmg material.

3. A method of fabricating an accelerometer as claimed in claims 1 wherein the

substrate is covered with a layer of insulating material.

15 4. A method of fabricating an accelerometer as claimed in any one of the preceding

claims further including the step of masking the substrate before each etching step.

5. A method of fabricating an accelerometer as claimed in claim 4 further including
the step of patterning the mask.

20
6. A method of fabricating an accelerometer as claimed in any one of claims 4 or 5
further including the step of pattering the masking layer to a pattern of beams before
etching the top layer of material to form the sensor structure.

25 7. A method of fabricating an accelerometer as claimed in any one of claims 4106
further including the step of performing an etch back after each etching step to remove

unwanted masking layer.

8. An accelerometer including;
30  abottom substrate layer,

a top layer bonded to the bottom layer,



30 a bottom substrate layer, a top |ayer bonded layer, 8 CL
M S at "l east one cavity in the bottom substrﬁlm EH i!i Ii‘rbefore the top
| ayer is .bonded to the bottom|ayer, a capa i s ucture forned

in the top | ayer and suspended over the cavity, and at |east one point
suitable for electrical connection in contact with each part of the 5
capaci ti ve ademsbones cavityt inrthe bottomrsubsttatd bayenfermed defore dientog layerds honded to
wherein the toptha er is formed of a silicon material. 10 10. An

accel erometer asP@PSHMBEYH claim 8 or claim9 wherein the bottom | ayer is
fornmed of ifgiphéitive SerdBt Riuchire fokhed AtIRA6S 12§60 BEpeATed bdr RS Icavity Car M 8

or 9 wherein the bottomlayer is covered wth a |ayer of .insulating
mat eri al . %at least one point suitable for electrical connection in contact with each part of the

5 capacitive sensor structure.
9. An accelerometer as claimed in claim 8 wherein the top layer is formed of a silicon
material.

10 10.  An accelerometer as claimed in claim 8 or claim 9 wherein the bottom layer is

formed of insulating material.

11.  An accelerometer as claimed in claim 8 or 9 wherein the bottom layer is covered

with a layer of insulating material.



