A THREE- AXI S ACCELEROVETER 16 FIELD OF I NVENTION 5 The invention relates to
m cr oel ect ronechani cal devices and in particular to capacitive

m croel ectromechani cal accel eroneters able to detect accel eration al ong
three orthogonal axes. 10 BACKGROUND 15 M croel ectromechani cal

accel eroneters are currently being manufactured for a nunber of
applications including vehicle airbag and inertial navigation and gui dance
systems. For applicati ods THREEAXI® hACOGELEROMETER: accel eroneters need
to be both accurate and i nexpensive. M croel ectronechani cal accel eroneters
are formed on a wafer using fabrication process steps simlar or identical
to those FSELD OFINVAONEION circuit fabrication. M croel ectronechani cal
devi ces conbine electrical and nmechanical functionality into one device.
The fabrication of mcroel ectronechani cal devices is generally based on 20

h [ ] : | f . f | 1 i.).0
(pol yat |1 ABRveROR EARLTR, Mo tehcfan P Skl AU PG SIRRROH 02 o

a sili cat eigloakstromiéshapiehly dckcéle@metdraly 86l & eddiedt! tactlerafich PAbhe! fiege | ayer
by layer to formthe structure of the device. Once the structure is

conpl et edofthegonakaXesi cial naterial is renoved by etching to rel ease the
polysilicon nmenbers of the m croel ectronmechani cal device for operation. The
renoval 25 of sacrificial material in sone mcroel ectronechani cal

accel er onBACKGRQOUNEES using an isotropic release etch to rel ease beans
of the acceleroneter fromthe bottom surface of the acceleroneter. This
rel ead® etch has the di sadvantage of etching away part of the beams and

reduci ng hfieroRleRRbmBBRRi ANk cBlefhidtld SREShrthly e ARERl RURRRUEF a number

of applications including vehicle airbag and inertial navigation and guidance systems.
For applications such as vehicle airbags the accelerometers need to be both accurate and
inexpensive.
15
Microelectromechanical accelerometers are formed on a wafer using fabrication process
- steps similar or identical to those used in integrated circuit fabrication.
Microelectromechanical devices combine electrical and mechanical functionality into
one device. The fabrication of microelectromechanical devices is generally based on
20  the making and processing of alternate layer of polycrystalliné silicon (polysilicon) and
a sacrificial material such as silicon dioxide (Si0,) or a silicate glass. The polysilicon
layers 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
25  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 accelerometer. This release etch has the disadvantage of etching away part of the

beams and reducing the proof mass and effectiveness of the accelerometer.

30  The type of accelerometer fabrication described above provides an accelerometer that is
co-planar with the plane of the wafer. Using this method two accelerometers can be

fabricated in one wafer to measure acceleration in two orthogonal directions, both co-



30 The type of accel eroneter fabrication described above provides an

accel eroneter that is co-planar with the plane of the wafer. Using this
met hod two accel eroneters can be fabricated in one wafer to neasure
acceleration in two orthogonal directions, both co 1 planar with the plane
of the wafer. A different accel eroneter design is required for an

accel eroneter to neasure accel eration perpendicular to the plane of the

waf er . SUntengywite thenmienerp Ot svafer. bh slifierentr aeseletometendssigngs respirpd ifercan a

met hod of fapricati a three-axj.s _accel.er0 r Jincluding.the steps of
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surface and a second major surface, etching at |least two cavities in the
first major surface of the first wafer, patterning netal onto the first

maj or sur SHMMARYHAF INVENTONaf er to formel ectrical connections for a
third accel eronmeter, providing a second wafer of sem conducting materi al,
etching a portion of a first major surface of the second wafer, bonding
the firstInrehrosd sterdisiche oinveion’ icosiprivedf @r nicvhddeoff ifatsicatimg ot throefaxie of
the second wafer so that at |east part of_the etched portion of the second
waf er is afsGlrEometer ingliding he steps ok eVIHIEA ﬁréhweﬁéog mpulptingimateriabhaying t i ng
and patterm ' ' s 18y . Qf: cond
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surface omajdreusfecoofithedits waded patienging et loapethoffirst hajossurface ef éredimst er,  a
second accel.eroneter, and the third.accel ter so tha&igt he first iand
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second? a¥eRErde form dedniggliconpretipns for 4 thipdaccelcrorpeter, providing aseeendivafie fir st
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second wafer to formthe 20 accel eroneter where the first and second

accel er onwafrsbauatg tha dirsideajar surfas of thedirst wallspmihefrstanajor sirfackef ithans,
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formed fr QuktadiSSE the metal on the first wafer, depositing and patterning metallization on the
15  second major surface of the second wafer, depositing and patterning a masking layer on
the second major surface of the second wafer defining the shape of a first accelerometer,
a second accelerometer and the third accelerometer so that the first and second
accelerometers will be formed over the cavities etched in the first major surface of the
first wafer, etching the second major surface of the second wafer to form the
20  accelerometer where the first and second accelerometers each include at least two
independent sets of the beams, and removing the masking layer from the second major

surface of the second wafer.

Preferably the wafer is an insulating material. Ideally the wafer is formed from glass,

25  borosilicate glass, or another equivalent material.

Preferably the etch step used to form cavities in the first major surface of the first wafer

is an anisotropic etch.

30  Preferably the metal deposited on the wafer is chromium/gold. Alternatively any other

suitable metal, metal alloy or mixture may be used.



25 borosilicate glass, or another equivalent material. Preferably the etch
step used to formcavities in the first major surface of the first wafer

is an anisotropic etch. 30 Preferably the netal deposited on the wafer is
chromunigold. Alternatively any other suitable netal, netal alloy or

m xture may be used. 2 Preferably the step of patterning netal on the first
maj or surface of the first wafer forns a first electrical connection for

t he t hi r d Pesferabrtheretep of patieeiii@p aidial dnhBe fitse hafdr snEhéesMthe Grat®éadér fBind he
first major_surface of the first wafer fornms 5 at |east one netal plate on

ei ther si adirgrlactiical conpectirotor thethird aenglrsemeteh to forma capacitor on each
side of the first electrical connection of the third accel eroneter.

Preferably the second wafer is formed of silicon. 10 Preferably the second
maj or sur Peaferably théretep of pattermiaf eretil ntthe firse chajor sarfacoefi the first Whifalfoaas af ter

the step of . bonding the first fer,to the secopd wafer. Preferaply bonding
bet ween t Ak 1SASY 8RS %@p@@?’%??ﬂfggﬁﬂ/ sidfy of g farst 8[}9%’@?( goggection to form a
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maj or surface of the second wafer 1s chromu ternatively any
suitable nmetal, netal alloy or m xture may be used. Preferably the netal

deposited_on the second,najor surface .of the second wafer forns 20
el ectri capr%gﬁﬂlgéﬁ? siengd WF%?H%P"F‘PPiPFﬂﬁEP“second accel eronmeters. Preferably
each set of beans is anchored to the wafer. Preferably one set of beans

i ncludes neans to allow the beans to nove with side_to 25 side notion from
one end oPraf¢reblyethesseconikandjor suréaceeaithet secand ovaferhes Baemsl twoamegaired s a
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Preferably bonding between the wafers is performed by an anodic, eutectic or
thermocompression bond.

15
Preferably the metal deposited on the second major surface of the second wafer is

chromium/gold. Alternatively any suitable metal, metal alloy or mixture may be used.

Preferably the metal deposited on the second major surface of the second wafer forms

20 electrical connections for the first and second accelerometers.
Preferably each set of beams is anchored to the wafer.

Preferably one set of beams includes means to allow the beams to move with side to
25  side motion from one end of the beams. Ideally the means to allow the beams to move

is a spring or tether means.

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

30
Preferably the method of fabricating the accelerometer further includes the step of

patterning the mask using lithography processes.



maski ng the wafer before the step of etching the wafer. 30 Preferably the
nmet hod of fabricating the accel eroneter further includes the step of
patterning the mask using |lithography processes. 3 BRI EF DESCRI PTI ON OF
DRAW NGS A preferred form system and nethod of the invention will be
further described wwth 5 reference to the acconpanying figures by way of
exanple only and without intending to be limting, wherein; Figure | shows
a first wafer with a nmasking layer, 10 Figure 2 shows the first wafer with

t he maski Fi hows the first wafer with cavities
et ched .n?%“ﬁﬁﬁf}m&g@ﬁ%@g%&?ﬁe wafer, 15 Figure 4 shows the
first wafer with netal forned over the first major surface, Figure 5 shows
the first wafer with netal patterned and etched on the first major

surface, 20prferadefosmsyystem nid medmdnef thafiavension hwitlabd further dasaribed exitland
et ched,on_t | |.or rf.ace. (Figure 7 shows,the t waf ers bonded
t oget h%r zrifgrt%ﬂée ttoist}rleég‘?gr?%pglrlﬁg rﬁ ggé’ya’%}’eoiéﬁaﬂg@é’HY%ﬂ éntgn@ﬂ% t he

two waf er e bi wiegeh:ner where the second maj or surface of the second

waf er has been thinned, Figure 9 shows the two wafers bonded together where
nmetal has been forned on the second nmgjor surface of the second wafer, 30

Fi gure 10g é’“ﬁﬁ&dﬁﬁ;%@ﬁ&%ﬁm@&%ﬁ%fe&?&t her where the netal on the

second ngj surface o € secon has been patterned,

10 Figure 2 shows the first wafer with the masking layer patterned,

Figure 3 shows the first wafer with cavities etched into a first major surface of the

wafer,
15  Figure 4 shows the first wafer with metal formed over the first major surface,

Figure 5 shows the first wafer with metal patterned and etched on the first major
surface,

20  Figure 6 shows the second wafer with cavities patterned and etched on the first major

surface,
Figure 7 shows the two wafers bonded together at the first major surfaces of each wafer,

25  Figure 8 shows the two wafers bonded together where the second major surface of the

second wafer has been thinned,

Figure 9 shows the two wafers bonded together where metal has been formed on the
second major surface of the second wafer,

30
Figure 10 shows the two wafers bonded together where the metal on the second major

surface of the second wafer has been patterned,



4 Figure 11 shows the two wafers bonded together with a masking | ayer
patterned on the second major surface of the second wafer, 5 Figure 12
shows the two wafers bonded together and with the second major surface of
the second wafer etched to formthe three accel eroneters, Figure 13 shows
t he accel eroneters with the nmasking | ayer renoved, 10 Figure 14 is a plan
vi ew of one of the acceleroneters, Figure 15 is a plan view show ng the
third accel eronmeter, and Figure 16 is a side view showing the thi rd

accelero A dure 1
shows a \Arrgigg]?e “]S e %1&1“??%? | nsﬁg&h‘g Jﬁr‘a@éﬁ%@ﬁ%ﬁ%r I'S covered

by rmaski a@ohdyfmjorzkurfacemﬁhésmndmfan; surface. Wafer 1 may be fornmed from
any suitable 20 electrically insulating material such as glass, Pyrex or
other materials with simlar properties. Wafer 1 may al so be covered by a
maski ng | ke W‘sh&ﬁs ﬁﬁ%ﬂ%ﬁ@ﬂs%ond&i‘f&g@ﬁ@r arftDwith R BRbhd $na ‘Tl@'fs%['face of
arrangenent” may rovided i nstead of wafer 1 where the wa

f or med frﬂmS@tmdtwafgaﬂblwddmfdmuhertgreoﬂcmwmoﬂeduct| ng material such as
silicon. In this arrangenent wafer has electrically insulating |ayer
deposited on its first mgjor surface. Suitable materials for the

i nsul at i N@igdudy/ B3 showe tHel ccRlerifetefdivith Ghe mdSkig |Bleffdinovedi t, etc. 30 The
first major surface of the wafer 1 or the insulating |layer 3 is deposition
with a masking layer 4. The masking layer is patterned with marks for
cavities r r | ating | ayer and wafer for two
of thé@acié eere%)%r%t E&LQW&%%C%@E‘%%%?IQJOMG&%y al so be patterned wth marks
for alignment purposes useful for |ater stage of

Figure 15 is a plan view showing the third accelerometer, and

Figure 16 is a side view showing the third accelerometer in use.
15
DETAILED DESCRIPTION OF PREFERRED FORMS

Figure 1 shows a wafer 1 of electrically insulating material. The wafer is covered by
masking layer 4 on its first major surface. Wafer 1 may be formed from any suitable

20  electrically insulating material such as glass, Pyrex or other materials with similar
properties. Wafer 1 may also be covered by a masking layer on its second major
surface.

An alternative wafer arrangement may be provided instead of wafer 1 where the wafer

25  is formed from electrically conducting or semiconducting material such as silicon. In
this arrangement wafer has electrically insulating layer deposited on its first major
surface. Suitable materials for the insulating layer include oxide, nitride, PSG, glass
frit, etc.

30  The first major surface of the wafer 1 or the insulating layer 3 is deposition with a
masking layer 4. The masking layer is patterned with marks for cavities to be formed in

the wafer 1 or insulating layer and wafer for two of the accelerometers. The masking



the process. The nmasking | ayer may be forned from chrone or any other
suitable material, for exanple polysilicon. Figure 2 shows the masking

| ayer once it has been patterned. Patterning of the masking |ayer may use
| i t hography processes as are well 5 known to those skilled in the art and
commonly used in the wafer fabrication industry. Figure 3 shows cavities 5
etched into the wafer 1. Etching may be perforned using any suitable
process slayhr sy alsoshet pattpined evithhinadks féd al'@mnehEpmpwdsiwefuh fordatee stagedf hed
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mat erial such as silicon. As can be seen in Figure 6 (and nore cIearIy in
[ tmo cavities are etched froma first major surface of the

Figure 15
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7 so that rdmaginngmkmg layfer waremovéd fremtlbmﬂfmintagnrmatfa:tc. portion 18. Any

sui tabl e bondi ng techni que nmay be used to bond the two | ayers together. For
25 exé‘?rpl e a suitable technique may be anodic, eutectic or

t her ”DCOWP%%&% o WROmeiange osﬁé&&metﬂm%ajo@mffaeé BEWwafet il t Rk endiQ MY lS’éJe may
be used the wafer 6 is thicker than "the thickness required for the

sensor t hansewtabl mefabr In thef proferisfl amalfodimentitse nietalied migture bof qhaqmurred
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chemi cal - connections 18 and plates 3 for the third accelerometer.
15
Figure 6 shows the first masking, patterning and etching step for the second wafer 6.
Wafer 6 is formed from semiconducting material such as silicon. As can be seen in
Figure 6 (and more clearly in Figure 15), two cavities are etched from a first major
surface of the silicon with a higher area 17 formed between the two cavities. The

20  masking layer is then removed.

Following this the first major surface of wafer 6 is bonded to the first major surface of
wafer 1 as shown in Figure 7 so that high area 17 of wafer 6 is bonded to metal portion
18. Any suitable bonding technique may be used to bond the two layers together. For
25  example a suitable technique may be anodic, eutectic or thermocompression bonding.
Alternatively any other suitable technique may be used. If the wafer 6 is thicker than
the thickness required for the sensor the second major surface of wafer 6 is thinned to
the required thickness as shown in Figure 8. Techniques for thinning the second major
surface of wafer 6 include wet chemical etching, backgrinding, lapping, chemical-

30  mechanical polishing or a combination of these and other techniques.




30 nechani cal polishing or a conmbination of these and other techni ques. 6
Figure 8 shows wafer 6 and wafer 1 bonded together with the top |ayer at
the required thickness. The thickness of wafer 6 determ nes the thickness
of the beans of the in- plane acceleroneters as well as the thickness of
the legs of the third accel eroneter. The capacitance of the in-plane

| t f d h is, al lated tq th t hi ck f
he beans Fepe SRR Prfh & Aok MERE T RRniR RaSBet 8B 1 Gviopdpiorias B BaiEr Dy ; on
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the bigger the capacitive charge for a given displacement of the beans.
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sensor. Thj ' it iV t sensor. t - forces.
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second nmmj.or surface o er 6 as_shown in Figure 9. Metallization is

f waf
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met al | i zabeaoms i8 atlargbosaismibher ptaad trase af the cemsect Thib also Theeasex thestryitivity t he
process i s élo deposit a gaski ng layer 8 over the netallization 7 and wafer
6. Again Phite FH’gltoiw &% i s patterned using a suitable process such as
a 20 |4thography process. As can be seen in Figure 11 the nmasking | ayer has

been patterned to formthe sensor structures of each of the o
accel er onEokewingRbe stepeotft handing: {heawiafer dcandl e ovadercé sind ibe stepsefr thinmingst ur es

of the accel.er ters | | u £z conb,lik structures,, one on ,each.si de
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i ntermeshes with one or the other comb like structures (shown in nore
det ai | i nfyrthgyelectronics that may be connected to the sensor and in particular the electrical

15 connection to the first and second accelerometers. Figure 10 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
wafer 6. Again the masking layer 8 is patterned using a smitable process such as a
20 lithography process. As can be seen in Figure 11 the masking layer has been patterned
to form the sensor structures of each of the accelerometers. For the two in-plane
accelerometers the sensor structures of the accelerometers include two comb like
structures, one 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 from the central beam
25  intermeshes with one or the other comb like structures (shown in more detail in Figure

14). However other suitable structures may be patterned onto the mask.

The third accelerometer detects motion along axis 19 and has at least one leg projecting
from either side of centre column 17. When no acceleration is present along axis 19 the

30 legs of the third accelerometer are coplanar with wafer 1. When acceleration occurs

along axis 19 the accelerometer tilts, increasing the capacitance between the metal and




14) . However other suitable structures may be patterned onto the mask. The
third accel eroneter detects notion along axis 19 and has at | east one |eg

projecting fromeither side of centre colum 17. When no acceleration is

present along axis 19 the 30 |l egs of the third accel eroneter are copl anar

with wafer 1. \Wen accel eration occurs al ong axis 19 the accel eroneter

tilts, ingr the c anc en the netal .and 7 the | eg on one
side of ¢ 3@% Egna?ﬁas cﬁgcgl &\gg £R5nE, he FapRRiRRes, DetiyEe a‘ﬁ’ 2"%\nd t he
I eg(s) OnaﬁdlﬂleQé%g@Torﬁﬂlﬁ%ﬂﬁ‘rsftlb@fﬁﬁ:ca@k&élﬁﬁﬁie?r Fol I owi ng the patterning of

the mask the mask is then etched as shown in Figure 12 to 5 produce the
structure of the in-plane accel eroneters suspended over cavities 5 in wafer

1 and to gﬁ Th| etch.ste
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can be packaged on to a wafer level to enable dicing the wafers into

i ndi vi duaPOrlfil@gS mgehp theethickngss of tlwpbf:nna/\ﬁ:@rebarmdumpg dle sersitelior ambt er

f or med USI E}Q %n? the invention. As can be seen in Figure 14 the
accel er ongter ruc Gre™ s suspended over <cavity 5. The sensor structure
conprises four sets of fixed capacitive plates anchored to wafer 1 at

anchor bl ocks_ 10. Each set of capacjtive plates includes a set of beans
e final step in the process is performing an etch back to remove the unwanted

15 masking layer 9 from the top of the sensor as shown in Figure 13. A further optional
step is to provide a passivation layer over the metallization. The sensor is now
functional and can be packaged on to a wafer level to enable dicing the wafers into
individual dies.

20  Figure 14 is a top view of an in-plane accelerometer formed using the method of the
invention. As can be seen in Figure 14 the accelerometer structure is suspended over
cavity 5. The sensor structure comprises four sets of fixed capacitive plates anchored to
wafer 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

25  attached to the anchor block. A second set of capacitive plates is shown at 15. This set
of capacitive plates has a central wider beam with smaller beams extending 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

30  means that allows movement of the capacitive plates in one direction may be used.




attached at one end to a wider beamin a conb arrangenent. The w der beam
Is then 25 attached to the anchor bl ock. A second set of capacitive plates
is shown at 15. This set of capacitive plates has a central w der beam
with small er beans extending at right angles fromboth sides of the w der
beam The w der beam of this set of capacitive plates is tethered to
anchors 12 by spring neans 13. The spring neans 13 allows capacitive

pl at es 15Each rmc/lmribiomldﬁé() dirr Bx incbniss iandareat7edf b;etaiﬁzatimlt&edﬁfny ebatriw.bl e 30

means t hat I moy nment. of the capacitive one directio be
Used. 8 E EfERERAL Sontels pTh e deaPrafidi & oxfestiea el FF S4ibn usod
for elect &bﬁi%htedqeﬂh@ﬁﬁéwrB'ltﬁ:k@'l@cérrllzcahltﬁ&@%%%neﬁ)f $baQ NErdRi BN itked at

other area of the wafer connected to the anchor blocks 10 or 12. Al though

t he anchosaré¢ owler, ghe meléatmanpnonehesaﬁethv@rogom mﬁerumpltht:uamghw b}mks i es of

t he bo to fer kee an hor ck ect.r qu om one
anot he \Aﬁ l "EJSH J]Erﬁe ruc éflﬂtyt heu"lgl %ﬂe n1he

struct ur e waferb allows pa dadctagdio b@%hspeh&étil'&md dreaBC Qéa@f ) laedselér@ﬁ&esorc@ﬁr al l el
to the wafer surface. This allows a capaci tance change caused by a force
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Fi gure 15dls 1a§mf {ﬁl%bu%pweéfﬂeﬁawv@t {hQ%x%{i‘@Pa‘?es% e sfsGg! erometer. Boxes 21

and 22 rep SSem ane accel eroneters s own 1n nore detail in
Figure 14. The tmo |n- plane acceleroneters are positioned at right angles

to each other sqQ .as ass . | er on.in t d| rec i ons _W t he
pl ane 16f Frairg 4 ééaa 5P I‘é‘F‘H @Ptﬁrpﬁeaxlst ﬁffqe &%%i pa ﬁ“?ga%res
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accel erone For exanple the third acceleroneter wll be the only
accel er onptaee dcoclemasaliere @e qeiskioacd Gih r@nmngthscml eacht otheheo pasate agfess he

sensor. The out sho in thi.g . Fi d not be seqn as | i I ng. It
Should" al SepelRsaHiEh tagyen tectis dvitia % RfRad O ht 1EFG ARE RS RIS, pT BV ded.
20 As canyfifi a&RRroetet %ﬁné@a&c@ea{fﬁhadhhﬂ &akdt Q-1 Ewiah 1R prahé of ahe
connection 18 to the
15 three axis accelerometer. For example the third accelerometer will be the only
accelerometer to measure acceleration perpendicular to the plane of the sensor. The
layout shown in this Figure should not be seen as limiting. It should also be noted that

more than three accelerometers may be provided.

20  As can be seen in Figure 15 the metallization forms an electrical connection 18 to the
centre of the third accelerometer with further electrical connections 3 provided under
the legs of the accelerometer. The accelerometer shown in Figure 15 has one leg on a
first side of the centre and two legs on the other side of the centre. In other
embodiments the accelerometer may have different numbers of legs on each side of the
25  centre. Power is supplied to the legs through the centre and forms a capacitor with

electrical connections 3.

As shown in Figure 16 when acceleration occurs, for example along axis 23, the third
accelerometer will tilt towards one or other of the electrical connection 3 decreasing the
30  capacitance on that side of the accelerometer and increasing the capacitance on the other

side of the accelerometer.



centre of the third acceleroneter with further electrical connections 3
provi ded under the legs of the acceleroneter. The accel eroneter shown in
Figure 15 has one leg on a first side of the centre and two | egs on the
other side of the centre. In other enbodinments the accel eroneter nmay have
di fferent nunbers of |egs on each side of the 25 centre. Power is supplied

to the le rou he.centre and forns._a capacitor with electrical
connecti o OIGKEI%&%’\RH‘ @‘E}’PEUTB mgiding, peedereadatorms thereok sAltetions anpl e

al ong axi ﬁn@q’mocﬁﬁ&tfom ad WRCHELBVRIR S tnole! djifdd In 1RVEH df. Miend Rl BET Of
the el ectrical connection decreasing the b capaci tance on that ‘side of

t he accel acomeraed avidiin hhcnsemslhegpof heddmeddn theraceoropanyie dsihsr  si de of the
accel eroneter. 9 The foregoing describes the invention including preferred
forns thereof. Alterations and nodifications as will be obvious to those
skilled in the art are intended to be incorporated within the scope hereof
as defined in the acconpanying clains. 10 CLAIMS 1. A nethod of fabricating
a three-axis acceleroneter including the steps of; providing a first wafer
of insulating material having a first ngjor surface and a 5 second maj or
surface, etching at |east two cavities in the first major surface of the
first wafer, patterning nmetal onto the first major surface of the first
wafer to formelectrical connections for a third accel eroneter, providing
a second wafer of sem conducting material, etching a portion of a first 10
maj or surface of the second wafer, bonding the first major surface of the
first wafer to the first major surface of the second wafer so that at

| east part of the etched portion of the second wafer is above at

10



| east part of the netal on the first wafer, depositing and patterning
netal lization on the second maj or surface of the 15 second wafer,
depositing and patterning a masking | ayer on the second najor surface of
the second wafer defining the shape of a first accel eroneter, a second
accel eroneter and the third acceleroneter so that the first and second
accel erorr?e i1l be formed over the cavities etched in the first major
surface o If e Tirst wafer, 20 etching the second major surface of the
second wafer to formthe accel eroneter where the first and second

accel eroneters each incl.yde at | east two i ndependent sets of the beans,
and renoving tl‘ﬁemﬁﬁ'gﬂioﬁgalﬂﬂ"ﬁwgif ‘%%a@éléfﬂﬁgFthP@Pd@ﬂrﬂFeaﬁ@stﬂf;the second

wafer. 25 2. A f-@ﬁi&lﬁg aQfrst @hiet 6Ads0RAe WM& E ﬁggitﬁ% %gﬁrrerﬂa @g@gg@%%e%ﬁ ai med

inclaiml whgrgln he tirst wafer 1s an 1 nsu met hod
of fabfi catdond mmjorsuefeceaxi s accel eroneter as clained in claim2 wherein

the first wafer, is fornmed fromgl ass. 4. A net hod, of. fabricating a

t hree- axi s acc&cb%_r?gie@?t 9 c@]wé%ﬁghaf' ﬁ?rgln?fﬂ?ﬁ sgrr?a%%f?t&a ﬁrﬁtl’f@f?r'r rst wafer is
formed from bopagdrhing3h@alddis the flrkt Majolt siFEFARST thE fitstRvaf&rahi s dldchicap- axi s
acceleroneter as clained in any one of clains 1 to 4 wherein the etch step

used to feerrectonsifora thivd acgelerameter, maj or surface of the first wafer is an
o0 S0P, o TN, o AR A DB BEER LT
waf er 10 s efaj@rsutfadsf the setondwatirhod of fabricating a three-axis
accel eronet er %csmci:illg ithr;r:efgrs‘é I‘Tlﬂj%?%ur%ﬂ:% o?‘fthe first wafer to the first major surface of the
second wafer so that at least part of the etched portion of the second wafer is above at
least part of the metal on the first wafer,
depositing and patterning metallization on the second major surface of the
15  second wafer,
depositing and patterning a masking layer on the second major surface of the
second wafer defining the shape of a first accelerometer, a second accelerometer and the
third accelerometer so that the first and second accelerometers will be formed over the
cavities etched in the first major surface of the first wafer,
20 etching the second major surface of the second wafer to form the accelerometer
where the first and second accelerometers each include at least two independent sets of

the beams, and

removing the masking layer from the second major surface of the second wafer.

25 2. A method of fabricating a three-axis accelerometer as claimed in claim 1

wherein the first wafer is an insulating material.

3. A method of fabricating a three-axis accelerometer as claimed in claim 2
wherein the first wafer is formed from glass.

30
4, A method of fabricating a three-axis accelerometer as claimed in claim 2

wherein the first wafer is formed from borosilicate glass.

11




10 clains 1 to 6 wherein the step of patterning netal on the first major
surface of the first wafer fornms a first electrical connection for the
third acceleronmeter. 8. A nethod of fabricating a three-axis accel eroneter
as claimed in any one of clainms 1 to 7 wherein the step of patterning
metal on the first major surface of the first 15 wafer forns at |east one
netal plate on either side of the first electrical connection to forma
capacitor on each side of the first electrical connection of the third
accel erongter. 49 | l; [ g?gngﬁ

cl ai med |rr§ any‘a&olrllﬂéaeh ool‘ae &}21%%39%}4%2@ :iﬁrtgggjélg%rggerlee]{aﬁﬁfe ﬁgdgs%%longqh |e§6¥orrred
of siliconlaii9] to\d véteronl thef et¢hasiep usedito dorm ¢avitess-in thesfimtmejoe surfateandf thes

cl ai med I&}rs&‘&%’ one of . cl ai.ns & to 9 wherein the second maj or surface of
the secon afer 15 an apiSOlARIC $161a  required thickness after the step of
bonding the first wafer to the second wafer. 25 11. A nethod of fabricating
a three-axis acceleroneter as clainmed in any one of <clains 1 to 10 wherein
the step 6f boddmsthadhef fehfieating & thyee ﬁmm@lelwn‘wtﬂremddmmeldandanmne af net hod

Clai me. 1 B! T MR s PR R e SRl T PBHDe Y, £07 o by

eutectic bond 12 13. A nethod of fabricating a three-axis accel eroneter as
claimed in any one of <clains 1 to 10 wherein the step of bondlng t he
wafers is7perféy n@dms‘yf)%fabﬂﬁ@rméhrsws@.a@ﬁplﬁr@ﬁwﬂr@snmalm rﬂ@t%dm@r of

fabricati | ai s |
to 13q€he?gpﬁs {1 % %%l?é{ﬂﬁ&ﬂ& 4) on 1 ?eééc@ntgg%tg? Q%Sr"?ﬂgggg Ig{ second
waf er i s efafe@fornis zgﬁfsdeledfﬁca]/‘comédmod farfthé gfird avatlerognetert hr ee- axi s

acceleroneter as clained in any one of to clains 1 to 14 wherein the netal
deposited on the second major surface of the second

8. A method of fabricating a three-axis accelerometer as claimed in any one of

claims 1 to 7 wherein the step of patterning metal on the first major surface of the first
15  wafer forms at least one metal plate on either side of the first electrical connection to
form a capacitor on each side of the first electrical connection of the third

accelerometer.

9. A method of fabricating a three-axis accelerometer as claimed in any one of

20 claims 1 to 8 wherein the second wafer is formed of silicon.

10. A method of fabricating a three-axis accelerometer as claimed in any one of
claims 1 to 9 wherein the second major surface of the second wafer is thinned to a
required thickness after the step of bonding the first wafer to the second wafer.

25
11. A method of fabricating a three-axis accelerometer as claimed in any one of

claims 1 to 10 wherein the step of bonding the wafers is performed by an anodic bond.

12. A method of fabricating a three-axis accelerometer as claimed in any one of

30 claims 1 to 10 wherein the step of bonding the wafers is performed by a eutectic bond

12



waf er forns el ectrical connections for the first and second accel eroneters.
16. A nethod of fabricating a three-axis acceleroneter as clained in claim
|  wherein each set of beans is anchored to the wafer. 15 17. A net hod of
fabricating a three-axis acceleroneter as clainmed in any one of clains 1
to 16 wherein one set of beans includes neans to allow the beans to nove
with side to side g{)tiorg a&r,om one end of th(i beans. 28 J18.. A met hod of

g 9lsf f

fabricatiAg a thPet BEdIng: » NWeEPXILoeslgiometerias Crimed I7anyupRs 8 n t he
neans o elady { NG B9 Wheldn TBLC B B LA We LABRT WRMOmIP. byt B! hOd
eroneter as ¢ In an

of fabricating a three-axis acce ai nme y one of" clains
1 to 18 f thertnecompressiti bapdt he st ep of masking the wafer before the step of
etching 25 the wafer. 20. A nethod of fabricating a three-axis

accel eroneter as clainmed in any one of clainms 1 to 19 further including
the step 9f paty @efidadof B®ribRAle & HrBeaxisidcBAGoARIY 43 QFBRASH: andOode3 of

claims 1 to 13 wherein the metal deposited on the second major surface of the second
wafer is chromium/gold.

15. A method of fabricating a three-axis accelerometer as claimed in any one of
10 claims 1 to 14 wherein the metal deposited on the second major surface of the second

wafer forms electrical connections for the first and second accelerometers.

16. A method of fabricating a three-axis accelerometer as claimed in claim 1
wherein each set of beams is anchored to the wafer.

15
17. A method of fabricating a three-axis accelerometer as claimed in any one of
claims 1 to 16 wherein one set of beams includes means to allow the beams to move

with side to side motion from one end of the beams.

20 18. A method of fabricating a three-axis accelerometer as claimed in claim 17

wherein the means to allow the beams to move is a spring or tether means.

19. A method of fabricating a three-axis accelerometer as claimed in any one of
claims 1 to 18 further including the step of masking the wafer before the step of etching
25  the wafer.

20. A method of fabricating a three-axis accelerometer as claimed in any one of
claims 1 to 19 further including the step of patterning the mask using
lithography processes.

30
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