M CROVECHANI CAL SENSOR The present inventjiop relates to a m cronechani cal
sensor, and particularly to an el ectrom crohechani cal sensor. Thel’@,%iﬁlggg_.
several fabrication techniques speC|f|caIIy for nanufacturlng

m cromechani cal structures. Thesep ;s .

categories: bul k m cromachini ng ang 1] ng. Bul k

m cromachi ni ng i nvol ves scul pting a S|I|con substrate by neans of chem cal
etchants whil st surface m cronachi ning invol ves the use of dep05|t|on of
thin films on a silicon substrate. Bul k mcromachining is proven high
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have t he advantage of being significantly smaller than bul k-m cromachi ned

sensors. Since filmthicknesseg on the surface of a silicon wafer can be
as many as lOherereExisinl severkanfabeichitionetectiniquesecspeti€itally for
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m cr omachi ni n een used, to manuf acture_an accel ergne
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free- standln rQ s ctures ch can be defl ected
eIectrostati-II%%ﬁQwéﬂ aﬂg §m§§iﬁF§§a%§%g%ﬁ§gls of the mcro structure
so as to control the size of a gap. There is currently a desire to
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fabrication costs, I ncrease the're 0 n1n|at I ze the sensors
as far as poggq@q;que used to fabrlcate structures with preclsely

determined critical dimensions. However, surface-micromachined
sensors have'the advantage of being significantly smaller than
bulk-micromachined sensors. Since film thicknesses on the
surface of a silicon wafer can be as many as 100 times smaller
than the thickness of a wafer itself, surface-micromachined
parts can be an order of magnitude smailer than bulk-micro- -
machined parts. Futhermore, surface-micromachining techniques
which involve the deposition and etching of films are more
compatible with conventional integrated circuit manufacture
processes.

e

» Surface micromachining has been used to manufacture an
accelerometer which is described in the technology- section of
Electronic World News of 9th September 1991. There have also
been attempts to make sensors comprising free-standing micro
structures, such as beams, which can be deflected
electrostatically towards and away from other parts of the
micro structure so as to control the size of a gap.

There is currently a desire to integrate sensors onto silicon
'integrated circuit chips to reduce fabrication costs, increase
the reliability and to miniaturize the sensors as far as
possible.
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-2- .The current proposals for surface-m cronmachined sensors all suffer from
a common difficulty and that is the existence of stresses which arise in
the #hin filnms which constitute the suspended el enents of the micro
strudflres. These stresses can cause~sfisPpended el enents of the micro
structure to bend and twi st. out " of the plane in which the gap is defined.
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support qukgite that| efstheanthes pexyt bfofthenaticrmsitapctiurent
preferably substantially less. The support regions are preferably arranged

symetrically.
The present invention seeks to overcome these difficulties.

According to the present invention'there is provided a
micromechanical sensor'cbmprising a plurality of sensing
elements supported on a substrate at respective support
regions, a first set of said sensing elements having
respective sensing portions and arranged to define a sensing
gap and a second set of said sensing elements forming a
couhterpart set, the sensing elements being substantially

U similar one to ancther, and each sensing_element comprising an
outgoing elongate leg extending away from its associated
support region and_a return leg substantially parallel to the
outgoing leg extending towards the support region.

It is particularly advantageous if the Suppqrt regions are
arranged in close proximity to one another and to the sensing
gap. Preferably the distance between the sensing gap and the
support regions, and between the support régions,'is-less than
the length of each sensing element, preferably substantially
less. The support reg1ons are preferably arranged
symmetr1cally.



-3- As the sensing elenments in the counterpart set. are substantially
simlar in shape to the sensing el enments defining the sensing gap, when the
counterpart set are subject to forces intended to cause novement of the ..
sensing elenents any tw sting or bendl_n% gffects of stress affect both th@‘;
counterpart set and the sensing set equally so that the effect on the
.sensing action itself is mnimsed. In one embodi ment, the first set of"
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I n anothom &Mﬁxﬁﬁﬁ#&ngt%€t¥PPSFt§§ﬂ of SsEiaimiag nts conprises sensing
el ements supported by support regions dlanetrlcally opposed mnth respect to
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beam whigh A6l ggpa r?hérgéﬁﬁnﬁl%ﬁﬂﬂbf dﬁnﬂlnyﬂenementntlbnedésenes\Mt
t he beam a sengsi g g R nsor ,accor.di.ng &)
comprise e srng e ements suppo by adjacent support
regions, the support regions supportlng the sensing elements
of the second set helng arranged opposzte the support regions
supporting the sens;ng elements of the first set. In this
embodiment, one of the second set of sensxng elements acts as
a control element to attract one of ‘the frrst set and thereby

close the sens:ng gap.

In another embodrment, the f:rst set of senszng ‘elements
comprises sens:ng elements supported by support regrons
diametrically opposed wzth respect to one another, the free

ends of the return legs of these senszng elements carrying ‘the o

sensing portrons. ' The counterpart senszng elements are
supported by respectzve support regzons also arranged
diametrically opposed to one another and perpendlcularly with
respect to the support regions support:ng the sensing elements
of the frrst set. The return legs of the senszng elements of |
the counterpart set are connected to form a suspended beam,
which acts as a reference element. Each sensrng portion
defines with the beam a sensrng gap. A sensor according to
this embodiment can he excrted magnetzcally.

Each leg of each sensing element can include a'stepped region,
the stepped regions being arranged so as to maintain the



thi s enbodi ment can be exci-ted nagnétfcalfyfﬁEéch | eg of each sensing

el enent can include a stepped-region, the stepped regi ons being arranged so
as‘to mai ntai n the symmetry of the sensor. The stepped region lies in
thaggLane of the sensing el enent. Such portions arg.advantageous where the
sendr is formed by a method: Favol ving the et éhing=of a silicon substrate.
Such etching occurs preferentlally where there are convex corners and the
provi sion of ste ort provi des re convex:cprners
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i n which: - F|ggggféﬂéhﬁigMygyﬁﬁaﬁgsp plan view illustrating the principles
underlying the sensor; Figure 2 is a perspective view of a sensor in
“accordance with one enbodlnent of the present invention; Figure 3 is a
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manuf act ur e; Flgures are plan views of a parf_o €. sensor during
steps inits nﬁﬁgp&@ﬁgm@ layer can be for example s111con nitride and the

&J- ' conductive layer can be for example a metal such as gold.

The sensing portions of the sensor can be provided with
additional sensing layers particular to an analyte to be
sensed.

For a better understanding of the present invention, and to
show how the same may be carried into effect, reference will
now be made, by way of example, to the accompanying drawings
in which:- '

Figure 1 is a diagrammatic plan view iliustrating the
principles underlying the sensor;

Figure 2 is a perspective view of a sensor in accordance
with one embodiment of the present invention;

Figure 3 is a diagrammatic plan view of the sensor
‘modified for use as an accelerometer;

Figures 4 and 5 are sections through the sensor at
different stages of its manufacture;

Figures 6 to 8 are plan views of a part of the sensor
during steps in its: manufacture -and ' '




-5- Figure 9 is a diagrammatic plan view of a nodified version of the
sensor. Figure 1 shows the principles on which the sensor is based. There
are four support regions 12a, 12b, 12c, 12d which are arranged synmetrically _
with respect to one another and are phyS|c |y cl ose to one anot her. Ea%gé
support region supports a respective suspen ed el enent 14a, 14b, 14c, 14d _
supported regions and elements are electrically isol'ated from one another'
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.short base X®xgibm ¢£tthe 539522 extendi ng. back towards a central regi on

of the sensor between the support reglons The return leg 22 is
substantially parallel to the out .The suspended e] enents_are
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feature is detwssrdther suppolrgt aeqp.gns.. The return leg 22 is
suhstant1a11y parallel to the outgozng leg 18. The suspended
-elements are formed in two sets. The first set 1l4a,14b are
referred to herein as the sensing set. Each element 1l4a,14b
of the sensing set has at the end of its return 1eg'22 a
- sensing portion 24.  The sensing portions 24a,24b terminate in
sensing tips 26a,26b which define a sensing gap 28. This gap
provides the measurement facility of the semsor as described
" in more detail hereinafter. The gap can be of the order of
1ym or smaller, limited only by prodessing teshnology;

The other set of sensxng elements 14c 14d constztutes a ' W/
counterpart set which is substantzally symmetr1cal with the
previous set. It is an 1mportant aspect -of the present
invention that there is symmet:y_hetween the suspended
elements. This maintains alignment of the sensing elements of
the sensin§ set and the'counterpart-set'when'movement of the
elements occurs during sensing. “In'addition. any acceleration
forces affecting the chip affect all elements approximately
equally so the gap width is largely-unaffected.- The
importance of this feature is discussed further later in
relation to operat;ou of the sensor. In the embodiment of
Figures 1 and 2, the ends of the return legs 22 of the
elements 14c 148 are left free.



relation to operation of the sensor. In the enbodinent of Figures 1 and 2,
the ends of the return |l egs 22 of the elenents 1l4c, 14d are |left free. -
6 - Anot her inportant feature of the described enbodinent is the provision
of the four support regions 12a, 12b, 12c, +28 spaced : phyS|caIIy cl ose one to
anot hér. The di stance between t'he suspended el enent's“is thus kept to a
m nimum to. enable the potential difference required to create a desired
el-ectrical Anetheroimpordant £eatune mfinth@hidescnihedecembbdinenécti softhiehi n
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Compensation for thin film stresses is also provided by the
elongate U structure of the gsensing elements, the legs of
which permit stresses to be accommodated in a direction
perpendicular to that in which sensing takes place.. Thus, the
effects of stresses in the thin £ilm which constitutes these
suspended elements have a negligible effect on the sensing
portions and the gap defined therebetween. Any effects
: arising from this film stress isfnullified by the symmetry of
the sensor and all the elements will be similarly affected.

Figure 2 shows another embodiment of the invention, in a
perspective view. Figure 2 shows a silicon substrate 2 which
provides the support regions l2a-12d4 for the suspended
elements l4a-1448 of the sensor. Each element comprises a
layer 6 of an insulator such as silicon nitride and a layer 8
of a metal such as gold. These layers also define the
"electrical contacts. -

. There will now be described a method of manufacture of the
sensor, with reference td Figures 4 to 8. '

There is deposited on a (100) oriented silicon substrate 2 a
layer 6 of an insulating material such as silicon nitride to a
thickness of about 1 micron. 1In another embodiment a



el.ectrical contacts. There will now be described a nethod of nmanufacture of =«
the sensor, with reference to Figures 4 to 8. There is deposited on a (100)
oriented silicon substrate 2 a layer 6 of an insulating material such as -
silicon nitride to a thickness of. about-17nicron. In another enbodi ment g:)'

- 7 - sacrificial layer such as silicon oxide may be deposited before the™
silicon nitride. There is then deposited over. the insulating layer 6 a. -
thin fil msacrdfdeihiktlayenasechadssaidigongoixide Maerbmtdepdgited
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substrat e whi s to eec e he etch_i,s carried _out_for exagﬁle u3|ng
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shows a SQGHiﬂetJHdnﬁﬁkéPe Sfﬂétiﬁkﬁlatlng layer is then etched for
rexample using a plasma etch in carbon-tetra-fluorlde -and
oxygen. ‘Then, the silicon substrate or the secr1f1czal layer
if there is one is etched:. Where it is the s.ilicon-su-bstrateE
~ which is to be etched, the etch is carried out for exzample
using potassium hydroxzide and water which etches silicon but
not silicon nitride or gold. The etch can be taken for
example to a depth of 20 mzcrons.-'Where a silicon dioxide
sacrzflczal layer 'is used, a buffered hydrofluorzc acid etch
is used for this step. Figure 4 shows a section through the
substrate after the conductive and7inSu1ating layers have been
etched and Figure § shows-a-section-through:the substrate ),
after the final etch. 1In particular, Figure 5 shows a
suspended element 14. - S

Figures 6 to 8 demonstrate how the final etch proceeds in the
case of silicon. Etching proceedsipreferentialiy where there_
are convex corners as jidentified by reference numerals 32
through 35 in Figure 7. Figure 2 shows a stepped portion

- indicated by way of example by reference numeral 38 in the
legs of the sensing elements 14. These stepped portions
provide additional convex regions where the etch will occur

. preferentially so that the etch process . is speeded up. It _
also reduces the-depth required to etch into the wafer. These



after.the final etch. In particular, Figure 5 shows a suspended el ement 14.
Figures 6 to 8 denonstrate how the final etch proceeds in the case of
silicgn. Etching proceeds preferentially where there are convex corners as
i denti }.i ed by reference nunerals 32 through 35 jn Figure 7. Figure 2 shows
a stébéed portion indicated hysway of exanpl¢€ H@ T efiersence nuneral 38 in
the I egs of the sensing el enents 14. These stepped portions provide
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is applied between contacts 12a and 12c, there is an electric field

resulting in an electrostatic attraction between the sensing el enents l4a
and 14c. As a rasiEnall moeédrtial dififerenicet (ofiothet owdeds ofhdVgl dsent 14c
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be controlled s ensing el e not
element 14a by virtue of the symmetry o the sensor. Elements

14b and 144 4o not move. The result is that the sensing tip
26a moves to reduce the gap between that tip and the tip 26b
‘0of the stationary element. For some sensing modes, the gap
can be closed altogether. ‘For stable operation, the width of
the gap is set to be less than half the separation between
elements l4a and l4c when there is no potential difference
between contact regions 12a and 12¢c. For some applications
the potential difference between the contacts 12a and l2c can
be controlled so that sensing element 1l4a is not actually
brought into contact with sensing element 14b.

The electrostatic mode of operation can for some applications
be used by applying a potential difference between the
contacts 12b and 12d. Sensing elements 14b and 144 then
operate as described in relation to the sensing elements l4a
"and l4c, but in this case tip 26b moves to increase the gap
between the tip and the'tip 26a of the stationary element.

An output from the sensor can then be derived in dependence on
the electrical propertzes while the gap is closed. For
example, the current flowing for a given applied test
potential difference between 12a and 12b may be measured by
circuitry connected to the contacts and implemented on the




brought into contact with sensing el enment 14b. The el ectrostatic node of
operation can for sone applications be used by applying a potenti al
~difference between the contacts 12b and 12d. Sensing el enments 14b and 14d
t hen operate as described in relation tg the sensing elenents 14a and l_c'
but in this case tip 26b noves to increase the. gap between the tip and

. tip 26a of the stationary elenment. An output fromthe sensor can then be'

derived é%hé'%ﬁﬂﬁé&ﬁewﬁ%ekhe RF W2 pPLOREL A1 081 PEEL EntCERRelch glggsed.
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capaC|tdnumsnmyebetREagaPeds Cﬂﬂ%ﬁﬂ: a #ﬁﬂciﬁﬂﬁ$¢$ﬁ¢ﬁ may cbeexcitation of

the sensidWiseF&FENt $nNPéLbanbEe ‘érdﬂ%fasj!ﬁ@ni esé’”énC@x@ieﬂﬁéheéf kae
exanpl e make, I ntegrated resongtors |nt%hace of the quartz cr¥sta

pr esent ISERSIRG | BLAMERREs MaF; PRAFITE ERRUNIRCY RFSPRRELIES i con
sensors fe deampilenaker mxeqplaetedn részanaisoes Sihi phacSeoothe gublritzhed

in Mcra r ) 211 till further enbodi nent,
t he gap%%?%kﬁi& B?Sggngé &%%é‘c¥b§%§§??é?m§% 'Y closed to within a .
di stance across which a tunnelllng current will flow between the sensing- .

tips 26ap akf SRR fodes! bg %?ircafntﬁue é%ﬁlé&@ééscsrén a sensom
Is described jn an _artrcle entitle Fabrrcat ]
: described for example in “Resonant S;lzcon Sensors published

in Micromech. Microeng. 1_(1991) 113,125s

In a still further.embodiment,.thg:gap.gé need not be entirely
closed but'merely closed to within a distance across which a
tunnelling current will flow'hetweén the sensing tips

26a,26b. an example of the use of ‘the tunnelling effect in a
sensor is described in an artxcle entztled "Fabrication of a
Tunnel Sensor with Cantzlever Structure" puhlzshed in the
Technical Digest. of 1IvMC 19 Nagahama 1991, pages 204 and 205,
and in an article entitled “"an electron ‘tunnelling sensor“ by
S.B. Waltman and W. .J. Kaiser, published in Sensors and W/
Actuators 19(1989) 201-210.

When used as a tunnel sensor, the:sensq: of the present
invention has an advantage over known tunnel sensq;s”in that
it can be manufactured on'a-single.ghipgusidg technolbgies
compatible with CMOS and other ihtegrated'circuit processes.
Existing forms of tunnel junction devices use hybrid
technology and involve two or more chips which must be bonded
together. The.problems arising from thin £film stresses have
so. far prevented the developmeht of integrated single chip
tunnel sensors. Asfexplained'above,ttheseffect of_thin film
stresses are suhstantially.ameliorated_by'the-coﬁfiguration of
the sensor described herein.



Tunnel Sensor with Cantil ever Structure” pu ‘i shed in the Technical D gest
of I'VMC 19, Nagahama 1991, pages 204 ahd-205;:and in an article entitled
"An-electron tunnelling sensor” by S. 'B. Waltman and WJ. Kaiser, published
in Sensors and Actuators 19(1989) 201-210. Wen used as a tunnel sensor,
the ‘Sensor of the present invention has an ad&bﬁtage over known tunnel
sensors in that-it can be manufactured on a singl e chip using technol ogi es

conpatible wt 2l N rate ireuit. Lo i ng_forns
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stresses have f V. d Veleo
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substanti al | y amelYeR a @dbﬁydﬁﬁécééﬁf-l gihgt S@RsST fe theypresrrtrimeeption
herein. - 11)end§rhft§€1‘§0§:e§a&19‘31:65%6&&@ AL YEXale POAY ek by

sensor if the sensin ortigns 24a, uspe el enment's 14a, 14b

are coatedet?V%P?%§5f°Bfa t§6b§Faﬁ gﬁ&Po%ﬁiﬁ%?%héaﬁua%ﬂuﬁ%ﬂ%?t%?%ﬁprs'
det ect ed. Ehetlsersaisbﬁgtbepp&sseutemfemednf Hetwiern tasqidmte@uu/cﬁwr% in a
coating wt e n e r

I n known sensz#a‘sg?hélég% %ﬁg é gglﬁggo tbg% Q:rh &:dorte[ \r}qun&a%&? éjf:%%ture
in a |lower plas @M@nanegassnuau§0599a@t&h@ Mmdﬁfﬂﬂﬁﬁﬂ°ﬁﬂthﬁaupne¢s t hen
necessary to ué&erandﬁhibﬁeg% b@ea%mrrds”‘#ﬁiéﬂ%hé"’@étfﬁ&ﬁrHQ%sed in

awkwar d. When the sensor | s use &)ﬁ ié\ga (S&tgﬂ;:an
during exposur%h’c% Wa%, ghhe gap: fan beoded teoman T AIBP YRR ab%*ﬁ%ggas
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absorption of the gas onto the film deposited on the sensing
portions changes the resistive, capacitive or other electric
Iproperties measured at the contacts using a test potential
between 12a and 12b as described above. After a reading has
been taken, the gap can then be reopened for a further sensing

. period.

Figure 3 shows a modified embodiment of the present invention
which can be used as an accelerometer. 1In this embodiment,
the sensor is formed in substantially the same way as
described with reference to Figures 1 and 2 but a mass 30 is

U : added to the sensing portion 24b of the sensing element 12b.

' The mass 30 is simply an extra piece of the materials of the
suspended element in which case the fabrication process is the
same as the method of manufacture described above in relation
to Figures 4 to 8. 1If the substrate undergoes an acceleration
downwards in Figure 3, the mass 30 is subject to a force which

"causes the gap 28 to decrease in size and the tunnel current
is increased exponentially with the gap width. In order to
obtain a measurement, a voltage can be applied to the contact
123 to create an electrostatic attraction pul}ing the element
14b towards the element 144 so as to maintain the gap at a
constant size. The readout from the sensor is then the
voltage applied to the contact, this voltage being directly



pr.operties nmeasured at the contacts using a test potential between 12a and
12b as descri bed above. After a reading has been taken, the gap can then be
reopened for a further sensing period. Figure 3 shows a nodified enbodi rent
of the present invention which can be useg as an accel eroneter. In this [

.

enbodi nent, the sensor is formed in subs antlahly the sane way as descrlb dr_

W th reference to Figures 1 and 2 but ‘a mass 30 is added to the sensing -

portion éPcﬁBrthen%qn%dﬂ&r?é eémlelﬁéhcme rraae 20ml énéh%pbf an extra

pi ece of the paterials .o uspended el e case the '
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abov?a in detegtea bgrdlal csirnematlrtsvezesoifotheneahshtase UWQhQQ@Sp};ﬁtt t?/vh )
accel eratj on_downyards i [ nas. S ect orce whic
causes th §5p1§8 tEFE e'as%‘cf "}}ea%‘u"dr?iegguhﬁgl ge{ﬁl r@ﬁ%’ tgaitﬁicr eased
exponentially with the gap width. In order to obtain a .neasurenent, a

vol t age agp r egt Ng t

ot adt RlgFerarhBle & Wi SV dmdcdinlnt ' 6F. End"s BrGALGH & whisen

mai nt ai N ¢&V gapcarxsademsi &f sinedifigd r\éeaeaenfaénnﬂereeasén Wélltcﬂen

the vol taeseaeahssagtelféaewm@@tcaiﬁés vel sef8ikgi BerdibAcblr in place
proportional to the accel gration.. The nponent 0 gccelg iflon I p,t he -

di rect i orP¥ otRReSEBFERG, 314&)'u| TeRRtPeCHFEn -
oriented itéeral wuthIUhHMEEnsxngreﬂemenfﬂgﬂde 3Ihasdtnaaubaowwde¢ an the

Same, SUbSt 8L FenEbOity? 2 Wik i) (S| FAROSRRLS00e LhE LRKILN

whi ch can bé consSirdéere on o

sensi ng - ¢tementsid4ear 1idds a Bwisi Rp rﬁicecrbmmeurneptaeenoflprm b@éﬂ&ﬁ%

el enent - lige caﬁeaéeeswz& eézﬂmﬁa 14aaaaat§eﬂsm§egaahw E4bh94%en8' n
el ement 14d,_. This tgrs pr des a ref er ence. beam formed g ﬁ he return
e

legs of tHRELRAS| Wit afha? P FesPeRkive ,Sepsing; §aRutPenO «catf 1dw

bet ween magnetic field is appl1ed perpend1cular to the Plane of the
paper and a current,_e g. of the. order of mA, 1s passed
- through the ‘beam 22, the long beam 22 is. deflected by a
~ Lorentz force 1n_the_p1ane_of therpaper,_ Detectlon is by
making or breaking a tunnel'contact'achSS the sensing gap 29
or 30, and detecting the current at the support region
12b,12c. This current could be of the order of nA.

In the accompanying drawings, the Sensing elements are shown
with sharp corners for the sake. of dlagrammatlc 51mp11c1ty

In practlce, round1ng of the corners in the suspended sectlon \,J'

‘improves the mechanrcal properties of the sensor.

The present invention-can alSo_be'uSed;torimplement”a
plurality of sensors on a common}substrate. one above

another. That is, after forming a sensor as described herein,
-a further sensor could be manufactured atop the first sensor.
For example, a sensor in one plane could have a sensing gap in
the x direction while the sensor in the next plane could have
a sensing gap in the y drrectxon perpendicular to the x
d1rectzon.-



t He contacts 12a and 12d. Each sensiing portion 24b, 24c defines with the
beam 22 a respective sensing gap 29,30. |If a magnetic field is applied
perpendicular to the plane of the paper and a current, e.g. of the order of.
mA, @ passed t hrough the beam 22, the | oangadeam 22 is deflected by a
Lorentz force in the plane of the paper. Detection i's by making or
breaki ng a tunnel contact across thé sensing gap 29 or 30, and detecting
the current Bbrt hbessahe tof mpnpletdndox refiéience isndlsounddbetof anhe

order of nA . AR r.aw t sensi r

wi th sharp cgkgékggf%%&ﬁggﬁgnggg? |£§?§%%a,l% %?%p??cﬁéﬁﬂg?%§%§a§9§g§$g
roundi ng of thel88Bnendiitleath Saannime:dunnelbing nproireerhegrepnbiished
properties Oifxt RReSORUInall E MRSYUcPYW NI DN L5, 360 PE NSEEmbar 1988,
inplement a plurality of sensors on a commopn substrate, one above another.
That is, aftBPgﬁérép%gﬁgﬁsensor as described herein, a further sensor could
be manufactured atop the first sensor. For exanple, a sensor in one plane
coul d have a sensing gap in the x direction while the sensor in the next

pl ane coul d have a sensing gap in the y direction perpendicular to the x

di rection. - 12 - For the sake of conpleteness reference is also nade
to an article reviewwng the state of the art in tunnelling sensors in 1988
entitled "Scanning tunnelling engi neering” published in the Journal of

M croscopy, Vol. 152, Pt. 2, Novenber 1988, pages 585-596. - 13 -
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. A m cronmechani cal sensor conprising a plurality of sensing el enents
supported on a substrate at respective support regions, a first set of said
'sen5|ng el ements having respective sensing portions and arranged to define

a sensing gap and a second set .of said-<el®ifAg elenments formng a s
.counterpart set, the sensing elenents being substantially sinmlar one. to i,f '
anot her, and each sensing el enent conprising an outgding elongate leg - o
ext endi ng GAIMErom its ‘associ ated support region and a return |eg
substantially parallel to the outgoing |eg extendi ng towards the support
region. 2. A m cromechani cal sensor accordlngﬁto claimil q@ereln t he

suppor t r ebi onsPaRMeCEPPEFHERIGAERSNRAY | GOBRL énguﬂsPﬂHF@ ity ofp
m cromec haé@ﬁaingeaiemeaeeors@mﬁsedzlm na lsebs€raker ain res@e%ﬂim t

h
Gan %8 ' SuRpa b oERaungs S AIRY Ret of o8 aRHRHRE. el 'hﬁsf”s'”g
wher ei n theeépestlvetsehsammsmmgtﬂansnandcmnpanged tondefjne amensing
SUppo”edeé’%? SCS”IEeEB?:BO%teH oF YL ti@néﬁé&rﬁléﬁ&n% %%%Paﬁ%‘% ng

el enent t S sensing portion porti

defini ng b@@mt;qrpam sBs s &hs FERFENT stemeRtsi heing §§g§ﬁ@n§éta3dfy '.
sensing el a@PiarCOHB L3 andtHE ! Sarﬁll%ﬁegebhﬁéJ éQéﬁén%U ;irz.rﬁ}h%
elng

t he support regions i 5 ortl he sensi n eleneg t he secqn
arranged dPpEEPEBI; O Bﬁ&r r%tfb%o?‘[’?ﬁg FHE‘ §§ﬁsiaﬁ§°§| s of
the first swppombetebyonnand:arnetunmwtegeSubétantiaigyepmnaﬁkekﬂﬁm e a

cont ol "l STEDL1hG $bb! Aeedi Y ddifafdd Stng ShuBhoRtnzbRdosl erents and.

t her eby cl 0sé m cronmec I cal nsor according to
claiml, 2 or 3 mhereln the first set of sensing elenments conprises sensiig;

el enents spppor hegs By ofeRMA dA0i SEHfs St @6 EE2hYY tBPB2SE4 1 wherein the“_'."'

support regions are arranged symmetrieally on the substrate.

3. A micromechanical sensor aecording to claim 1 or 2
wherein the support regions are arranged in close'proximity to .
one another and to the sensing gap.

4, A micromechanical sensor aceerdingfto any preceding
claim, wherein the first set of'sensingnelements comprises
sensing elements supported by adjacent support regions, the
return leg of each sensing element terminating in its sensing
portion and the sensing portlons defznzng between them the |
sensing gap, and wherein the second set of sensing elements \ﬁ)
comprises elements supported by adjacent support regions, the
support regions supporting the sensing elements of the second
set being arranged opposite the support regions supporting the
sensing elements of the first set, whereby one of the second
set of sensing elements acts as a control element to attract
one of the first set of sensing elements and therebyvclose the

sensing gap. - CEiﬂéﬁffiiﬂlfﬁ\
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mnth respect to one another, the free ends of the return |legs of the
senS|ng el enents carrying the sensing portions and wherein the counterpart
sengi-ng el ements are supported by respective support regions al so arranged
diangtrically opposed to one another and -peégendicularly with respect to

t he support regions supporting’the sensing el enents of the first set, the
return | egs of the sensing elements of the counterpart set being connected
to forma su%pendEdmbeanmewhﬁ@ncadt§e§§q;raqquﬂmmgetenehczmnth @hoeh3each

sensing por typdrdshi 8RS %1%%‘&5'5'@& @D sehsing &N ShOHES NAohs AL s88N88hsing
according to claiml1, 2, 3 or 4 wherein gne of, the fjrst set of sensin

elenents(ﬁﬂ?1%%eﬁtﬁr§BPpﬂﬁ§§d Py s@RHﬂQﬁ%ﬁﬁﬁﬂﬂﬁﬁ a@%ﬁ%h?a£c¥oPHPH§%§o
any precedi Rgi€harespbetetd oaeh anodhefr catie safeermdad; edafntheneéudea aegs

t d t he st d t

i oty oTE S ceReF ARG P BRSBTS TR e e o TR RePng

el enment. 8. whé!rmnrt:hechannd:elrpsmtsmemm ce]mgnemtanyre)rmmon’gedl bym
wher ein eac é HBPBL‘%O%SJI%%% aa’is'd‘s&#:?%] ﬁﬁe@PPcé‘ligngﬂ%btéﬁ

| ayer over t I’ISU cronmecnani ca Sensor acc

to. any pred@@.%@ecaapﬁeeﬁhené perpenddcilag 3o M3 Uhsrespesh %?o?hﬁe&uﬁppﬁt
at |east onerégifbhsO0Bappo2RING0 thady Ferldig Wilements 26 20w VEETse Bet, the

sensed. return legs of the sens1ng elements of the counterpart set
being connected to form a suspended beam, which acts as a
o reference element with which each sensing portion defines a
N sensing gap.
6. A micromechanical sensor according to claim 1, 2, 3 or 4
. wherein one of the first set of sensing elements carries a
proof mass. :

7. A micromechanical sensor according to any preceding claim
wherein each leg of each sensing element includes a stepped
region, the stepped regions being arranged so as to maintain
the similarity of the sensing elements and lying in the plane
of the sensing element.

(U 8. A micromechanical sensor according to any preceding claim
' wherein each sensing element comprises an insulating layer and
‘a conductive layer over the insulating layer.

9. A micromechanical sensor according to. any preceding
claims wherein the sensing port'ions;:Fbe provided with at
least one additional sensing layer particular to an analyte to
be sensed.
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