2 9 NOV 2005 1 A Force Sensing Device Il Mg~ ANl ire 166166" The invention
relates to a force sensing device, and especially, but not solel yzgamﬁeggg e
for sens)i ng an oscillating force. 5 Mcro-electro mechani cal system (ME ?
oscillation sensing devices which convert an oscillating force (or energy)
into electric signals are required for a grow ng nunber of portable or

T equancy T oes L% e’ o o R Snsliciighocee’e, o AN

capacitive detection principles. Mcrophones of this type typi Cakdis-+
consist of two parallel plates. One of the parallel plates is a conpliant
di aphragm and i s noved when it subj ected to acoustic energy. Hence, the
mechani cal Miepingenten cﬂlatetsetoa)f@m aensing devigehragespacielyl Myt noksolebnuest i ¢
energy results in a change of capacitance between the two plates. This
change i n chvics foasensing arevsxilatihgaiodceout put as  an el ectrical signal.

Unfortunately,

such capacitance devices generally rely on electrostatic 20

detectign which requires a high DC bias voltage. In addition, as the

sensitivity

of the sensor depends only on the change in the capacitance,

it is diffipgld-elektro mechanical system (MEMS) oscillation sensing devices which

convert an oscillating force (or energy) into electric signals are required for a

growing number of portable or mobile communication devices. Such MEMS

devices include microphones and frequency filters.

10

The majority of MEMS microphones are based on capacitive detection

principles. Microphones of this type typically consist of two parallel plates. One

of the parallel plates is a compliant diaphragm and is moved when it is

subjected to acoustic energy. Hence, the mechanical vibration of the compliant

15 diaphragm caused by the acoustic energy results in a change of capacitance

between the two plates. This change in capacitance is detected and output as

an electrical signal.

Unfortunately, such capacitance devices generally rely on electrostatic

20  detection which requires a high DC bias voltage. In addition, as the sensitivity

of the sensor depends only on the change in the capacitance, it is difficult to

design and manufacture high sensitivity devices.
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desi gn and manufacture high sensitivity devices. 2 9 NOV 2005 2
Furthernore, this conventional type of device is fabricated by c tg'N 2
silicon wavers for each individual device. Therefore, it is difficu 8(}5

i npossible to adjust the sensitivity of,the device after fabrication. 5 In
accordance wth the present invention, a force sensing device conprises a
novabl e nmerber, nmounted. f or noyvenment relative.tp a substrate in.response to
on 2ol 1 od MonameEe i GinERliSTEes ShaRHES i BTeA Y Bufiao huiegdr s
magnet o-el ectrical material mounted qQn the substrate such that the magneto-
el ectri cal WRNMessfeN each ingpjidual device. tiheraiespdt isdifficelt @r jepessibledoby the 1o
magneti sed nmenber, novenent of the novabl e nenber causing a change in the
magnet i ¢ fiadjdstdhRe sensitividy obthet drviemaftent fabgtaliam.i cal material, and an

el ectrical property of the nagneto-electrical material changing in response
to the change in the magnetic field experienced by the nagneto-el ectrical
material due to the novenent of the novable nenber. 15 In the context of

this appli qatdc@Brddrit@ Wil e PREBAL PvBhESH, 'd oRde BBRSIRY ab}}icbrwmmsés Aany

material in which an electrical property of the matefrial changes in

esponse { RoSAARgREIh: FITRRIEId il Ihe BaibR] S DRIl Alsphserposed

20 Preferab e nagneto-electrical material “may €O

it e G SRR ST RS R B ot I o
(TVR) err:wgéheto-electrical material mounted on the substrate such that the magneto-
electrical material is subjected to the magnetic field generated by the
10  magnetised member, movement of the movable member causing a change in
the magnetic field experienced by the magneto-electrical material, and an
electrical property of the magneto-electrical material changing in response to
the change in the magnetic field experienced by the magneto-electrical material
due to the movement of the movable member.
15
In the context of this application, the term “magneto-electrical material” includes

any material in which an electrical property of the material changes in response

to changes in a magnetic field to which the material is exposed.

20  Preferably, the magneto-electrical material may comprise a magneto resistive
material for example, an anisotropic magneto resistive material, a giant
magneto resistive (GMR) material or a tunnel magneto resistive (TMR) material.
Alternatively, the magneto-electrical material may comprise a Hall effect
material, an inductive sensor or a magneto impedance sensor.

25



Alternatively, the nmagneto-electrical material may conprise a HaII effect
material, an inductive sensor or a magneto inpedance sensor. 25 NOV
2005 3 )Pr eferably, the force sensing device may be a micro-el e@tgr UOV 2005
nmechani cal system and may be forned on @ single chip or die formed from a
sui tabl e substrate, such as a silicon wafer. In this case, pref erably, the

magnet i sed onpr | r e netic fil.mfor Qrtion
of ‘the subdiErtaoln SRERIHESFadngHsVERdey PR itiBatbtr® MRS sRRE f or m
of athin filmfor on the substrate, such as a magnetq resistive alloy
film Typi &d Wayt%f%ﬂ@ewﬁmgf%wétqrcd@ farmaeaijome au1ah;fe|subafra@y or an
iron alloy. Exanples of suitable alloys include CoCr, CoPt, CoCrPt, CoCrTa
and y- Fe203uch@s & siigen avafemn| ko this case, Drﬂier&hlnrtheﬁm@nﬁi@adtmembenenber is
nmounted on the novable nmenber, so that novenent of the novabl e nenber

moves the cmmiﬁesta)pgﬂnammtenagmetwﬁngfermedtdma poivgt ofcthéisabdtrate ad ch t he
magnet o- electrical material is exposed. 15 In another exanple of the

i nventi gn, thé%@@ie@é@ﬂcmﬁb@aamcﬂalwm fRViBRh ®f 2NRIFPRIM fBheltors aRar at e,
and typically, t novabl e member may conprise a soft (or non-permanent)

magnet | ¢ My Beirdte, sIKRILA Héggg&?rés@gt% SRYTIRI BRHAS, 2 S@maifit! N9 an

|1
ﬁiﬁ' ong Pg}ﬁ%&é;e tf}ce\éve\/%l;er(;% Bﬂlg ﬁel erati.on (?Ir cé;ﬁ%rﬁgﬁs :9? aj, r gféjssure.
Preferably, Il ahingy EPPFLF ' BDEOT AN{RE Q¥ m EsAf YRR @lo¥R nber

include CoCr, CoPt, CoCrPt, CoCrTa and y -Fe203.

10 In one example of the invention, the magnetised member is mounted on the
movable member, so that movement of the movable member moves the
magnet to generate the change in the magnetic field to which the magneto-

electrical material is exposed.

15 In another example of the invention, the magnetised member and the movable
member may be separate, and typically, the movable member may comprise a

soft (or non-permanent) magnetic material.

Typically, the force sensing device is for sensing an oscillating force. However,
20 it may also be used to sense non-oscillating forces, such as acceleration or

changes in air pressure.

Preferably, the movable member may be in the form of a cantilevered member
or a flexible diaphragm.

25



or a‘flexible diaphragm 25 2 9 NOV 2005 4 |If the novable nenber is
i.-ntended to undergo oscillation in response to an oscillating 29 NOV 2005
el ect roQt atic force generated by an applied oscillating electrical signal
(for exanple, if the force sensing devicg is to act as a frequency filter)
the novable nenber may conprise a cantilevered nenber, a pivoting nmenber

or 5alin | y_novabl e nber..  Typically, the netised nenber i s nounted
on the moVaBEENREAREMeRPEL atanado underargalirtarindERpens e iR Abe 1 xed
in position relative to the magneto-electrical materjal and the novable
menber, co@sElllating elecimstats foesaapreratadhpy aniappliad @scillpting slestionl signsét ween
the magneti sed nenber and the sensor to nove in response to the applied
osci | | ati ngfogslexatmpleaf ths tpneed semsihgdievieetis ta het amgrirtgueedy fiket)éhe and t he
magnet o-el ectrical material to generate the change in the magnetic field

t o whi ch t heovatle @iembbesiayi comhprised @éhﬁlbvér’%dﬂﬁ@ﬁﬁﬁﬁ,-aPﬁ/oﬁhgfn%mbbb’or wher e
the force sensing device is intended to be used as a requency filter, the

novabl e me r i ,
ror rosponarniedifmavanedfiahber. FINRERY the RadiRiRBaM embEPR1ABENed on

Typi cal ly, e sensing devices may be conbined to forma band
pass filte}ﬁ%mne%bﬁé%nrﬁt\g/%gl e nenber of each sensing device has a different

resonant frequency.

Alternatively, the magnetised member may be fixed in position relative to the
magneto-electrical material and the movable member, comprising a non-

- 10 - permanent magnetic material, is mdunted between the magnetised member
and the sensor to move in response to the applied oscillating electrical signal
relative to the magnetised member and the magneto-electrical material to
generate the change in the magnetic field to which the magneto-electrical
material is exposed.

15
Preferably, where the force sensing device is intended to be used as a
frequency filter, the movable member has a resonant frequency, the resonant

frequency corresponding to the frequency which the filter is intended to pass.

20  Typically, two or more force sensing devices may be combined to form a band
pass filter where the movable member of each sensing device has a different

resonant frequency.

Examples of a force sensing device in accordance with the invention will now be

25 described with reference to the accompanying drawings, in which:



Exanpl es of a force sensing device in accordance with the invention wll
now be 25 described with reference to the acconpanyi ng draw ngs,? 4 lowhppoh:
79 Nov)2005 5 Figure 1 is a plan view of a force sensing device 1Including
a cantilever; Figure 2 is a side view of the device shown in Figure 1;
Figure 3 shows a typical graph of frequency versus anplitude for the 5
cantilever shown in Figures 1 and 2; Figure 4 is a schematic side view of a
first exanple of a mcrophone; Fi gure 5 is a schematic side view of a
second exanple of a mcro hone; gure 6 is a plan view of a first exanple
of a frequency fhigurert '%@lﬁﬂeV@W%faaf0§¢%léeﬂ$'@91d@N'C@H@C|ﬂﬂlﬂgeﬁ c3niiaMen: n

Figure 6; 10 Figure 8 is a plan view of a second exanple of a frequency
filter; Figure Rgure 2isa delewiew ajtthe devicelshewrsindviguient;Fi gure 8; Figure 10
is a plan view of a third exanple of a frequency filter; Figure 11 is a

si de view of theifiretPshowswntypitaFggipheoffRiquengynersid amphtuelkeddr theew of a
fourth exanple of a frequency filter; 15 Figure 13 is a side view of the

filter ghown in &Hheeher },%Wﬁl”gw@régﬂé-,@gperspect| ve view of a fifth
exanpl e of a frequency filter igure 15 1s a side view of a sixth exanple

g o e
fromthe band p%sgu;e' é }seart Sgﬁ&‘{]“a{’ ¢ sidfervelgweor}%ysevceorn%uesxaanﬁe of & mlcrophone
Figure 6 is a plan view of a first example of a frequency filter;
- Figure 7 is a side view of the filter shown in Figure 6;
10 Figure 8 is a plan view of a second example of a frequency filter;
Figure 9 is a side view of the filter shown in Figure 8;
Figure 10 is a plan view of a third example of a frequency filter;
Figure 11 is a side view of the filter shown in Figure 10;
Figure 12 is a plan view of a fourth example of a frequency filter;
15 Figure 13 is a side view of the filter shown in Figure 12;
Figure 14 is a perspective view of a fifth example of a frequency filter,;
Figure 15 is a side view of a sixth example of a filter;
Figure 16 is a schematig view of a band pass filter using the filter design
shown in Figure 14;

20 Figure 17 is a graph of the output from the band pass filter showing

frequency versus amplitude.

Figures 1 and 2 are a schematic plan and side view, respectively of a force
sensing device 1 which illustrate the operating principle. The device 1 includes

25  asupport portion 2 that supports a cantilevered member 3. The support



Figures 1 and 2 are a schematic plan and side view, respectively of a force
sensing device 1 which illustrate the operating principle. The dey$§ adVv12005

i ncl udeé 25 a support portion 2 that supports a cantilevered nmenber 3. The
support 2 9 NOV 2005 6 nenber 2 is nounted on a base 4 that also has a
sensor support 5 nounted on the base. e cantilevered nenber 3 has a hard
or pernmanent netic m 6 fqr on_its surfa The, sensor
gupport ner%%%‘b? a{§ f%"‘t'tji?ﬂoﬂ o 455)%%?@?133%%?@”\?8‘)?%&2% 'Hﬁ‘rlatﬁdac? 7 and
two contact electrodes 12 formed on the top surface of the sensor support
5 so that thebeRethin film7 is adj acent to but separated fromthe hard
magnetic thin film®6. to Hence, when the cantil evered nenber 3 noves in
either of the directions indicated by arrow 8, the nagnetic field
experienced by the MRthin film7 changes which produces a change in the
resi stivityrhef cartitewdReti ambiel Bihas aTharl @hpegaahent) esagridticithin filane be
detected by a change in a bias current 9 injected through the film?7 via

the el egtr gg@ned dn iESurfdtNIEhd gerrstﬁlsﬁbbtsrttrrremw5%stehﬁrﬁmﬁ%ral n the bias
current 9) corresponds to the novenent of the cantilevered nenber 3 and so

L et Cc g8 BLRHvE IR FRAEHEPY aAHR cohfact RERRIRS {MCHEITIEARN o8|
%%}me er f

novenent of t resonant re uen cantllevered nenb
3 i s dependent t he, 20 nechanlcal nt| e
Cypi calor o SHap &8 eSS SLoRe e Mﬁ?ﬁee?rm | Eligreraat >
cantilevered nmenber. 3 is shown in Fi The cantil evered nenber 3

3
typical |y Bepagedfirothehpe pagngtic ﬂ'gﬁrﬂﬂﬁﬁe in

10  Hence, when the cantilevered member 3 moves in either of the directions
indicated by arrow 8, the magnetic field experienced by the MR thin film 7
changes which produces a change in the resistivity of the MR thin film 7. This
change in resistivity can be detected by a change in a bias current 9 injected
through the film 7 via the electrodes 12. The change in resistivity (and

15 therefore, in the bias current 9) corresponds to the movement of the
cantilevered member 3 and so the device 1 generates an electrical output in

response to the mechanical movement of the member 3.

The resonant frequency of the cantilevered member 3 is dependent on the

20 mechanical design of the cantilevered member 3. A typical graph of frequency
versus amplitude of oscillation of the cantilevered member 3 is shown in Figure
3. The cantilevered member 3 typically has an approximately flat response in
the region 10 and rises to a peak in the region 11 before decaying. Hence, the
flat response region 10 can be applied to use the device 1 as a microphone and

25 the peak region 11 can be applied to the device 1 to use the device 1 as a



the region 10 and rises to a peak in the region 11 before decayi ng. Hence,
the flat response region 10 can be applied to use the device | @53 40V 2005
m crophéne and 25 the peak region 11 can be applied to the device 1 to use
the device 1 as a 2 9 NOV 2005 7 frequency filter, such as a surface
acoustic wave (SAW filter. As magneto resistive type sensors generally

have a fast p Lt d i ey a
frequency {ITREMRoNE SEEh 8P ARy Wave BRI FETATRSbER G )
This covers_both internediate freﬂgﬁnci £s a}nd radio 5 fcgequenci.% . Figure 4
shows a fir S EWETBPE SERSASHNILARONRVES RTiTREPYIRE FrehdS A POSH deOpl e of
the device I shown in Figures 1 and 2. The m crophone 20 has a

canti | ever eds@thdepVvice ana fiegueney dlagfor requensies upterofdp grtar of2.  For ned
on io the cantilever 21 is a hard nmagnetic film 23 and a magneto resistive
film 24 i s Gigahedz (GHa).s&hisacrovenppoiht inEsmediate fiiquencigsiandriadio e 4,
acoustic waves 26 are incident on the cantilevered nenber 21. Provided
that thes cafteqlienesieed nenber 3 is designed so that the 15 region 10 is in
the range from20Hz to 20 kHz, the cantilevered nenber 21 will oscillate
in response to the incident acoustic waves 26 and produce a correspondi ng
oscillation in the resistivity of the magneto resistive film24. The

| ting. i-L Ladd Qs b ' @ LERG! ik
(esulting, BRI UARR B BHS o 4R LEREhY pEEA b b

i h 2 t Q th t] 26 .t tri | t put
ol gnal - gt etefitnd HoueBSRE L Fed B e BpRen 28Eieshe. mior bphone
30 cantilevered member 21 that is attached to a cantilever support 22. Formed on

10 the cantilever 21 is a hard magnetic film 23 and a magneto resistive film 24 is

formed on a sensor support 25.

As indicated in Figure 4, acoustic waves 26 are incident on the cantilevered
member 21. Provided that the cantilevered member 3 is designed so that the
15 region 10 is in the range from 20Hz to 20 kHz, the cantilevered member 21 will
oscillate in response to the incident acoustic waves 26 and produce a
corresponding oscillation in the resistivity of the magneto resistive film 24. The
resulting.oscillation in the bias current 9 is directly related to the acoustic waves
26 incident on the cantilevered member 21 and so the microphone 20 converts

20 the acoustic waves 26 to an electrical output signal.

Figure 5 shows a second example of a microphone 30. The microphone 30
includes two support members 31, 32 that support a diaphragm 33 on which is
formed a hard magnetic film 34. Extending from the support members 31, 32

25  above the diaphragm 33 are two support projections 35, 36 respectively on



i ncl udes two support nenbers 31, 32 that support a diaphragm 33 on which is
formed a hard magnetic film 34. Extending fromthe support nenber ¢ 93N0V 3805
25 abové_ t he di aphragm 33 are two support projections 35, 36 respectively
on 2.5 NOV 2005 8 which are formed a magneto resistive film37. The

di aphragm 33 is formed such that it is able to flex in response to

acoustic Wwﬁ ENC ol FEHM tC S 26
cause osci l a@'i‘ éﬁe tﬁﬂﬁgm%ﬁggﬁl and t'hzﬁﬁg-rl- ﬁgéﬁﬁ:ﬁ Ls ];‘O:Nﬁé834 whi ch
generates a change, in th netic field 5 experienced.by, the neto
Jes i1 ve pHERhat sy In JREET shons e araf i haVes A0 B byt he
magneto resjistive filnms 37 generates a change in the resistivity of the
magnet o r esiiaphragns$3.nd hg 2ot Waves Wbcausk assiliatipaof die digphraginas current
injected through the magneto resistive filnms 37. The oscillation in the

bi as cur r e@nditbediaré magnatiel flmedft whiahhgenaretdsl aichamgein theenagoetia fieldwaves
26 to incident on the diaphragm 33. Therefore, the m crophone 30 converts

acousti e \sxpededfed by themagjretd registivediling87. sTig@ghande guthesmagastic 7 show a
plan view and a side view, respectively of a frequency filter 40. The

filter 40 ifat] BRSSighcERFtHR ﬁﬁ%ﬁ%@eﬁﬂati@é"ﬂ%@@?ﬁg{én%ré(t@btaa&?a@@-‘ih%ew 42,

a novabl e el ectrode 43 nounted between two suppo nmenbers 44,” 45 by

[, Bl YRR Jine A B IRIRESY o BRSO e 1,

I'n response 1o a of ce
40 al so includes a .magne resigtive fi]ma48 nouynte ween . ,
ol ect r odes DS St NG Brafds Mieieoasts eURiimaa y HSaRFMAaN & ¢ he
support 44 and capacitor 50 20 to a ground contact 51. The novabl e
el ectrode A3 higs GUIFRtds fifgalty redated|tmtle oscillation of the acoustic waves 26

10  incident on the diaphragm 33. Therefore, the microphone 30 converts acoustic

waves 26 into an electrical output signal.

Figures 6 and 7 show a plan view and a side view, respectively of a frequency
filter 40. The filter 40 includes a fixed electrode 41 coupled to a voltage source
15 42, a movable electrode 43 mounted between two support members 44, 45 by
flexible supports 46 which permit movement of the movable electrode 43 in the
direction of the arrow 47 in response to an applied force. The filter 40 also
includes a magneto resistive film 48 mounted between two electrodes 49. The
movable electrode 43 is electrically coupled via the support 44 and capacitor 50
20 to a ground contact 51. The movable electrode 43 has a hard magnetic film 52
formed on a section of the movable electrode 43 adjacent to the magneto
resistive film 48 so that the magneto resistive film 48 is exposed to magnetic

field from the hard magnetic film 52.



formed on a section of the novable el ectrode 43 adjacent to the nmagneto
resistive film48 so that the magneto resistive film 48 is exposedd NGV 2005
magnetia field fromthe hard magnetic film52. ? 9 NOV 2005 9 1In use,
when an oscillating voltage source 42 isyapplied to the electrode 41, this
generates an oscillating anenent of the novable electrode 43 in response

h I ; ' de 43
and the el berolfel#h dRulRaRFa IR 2 AERA B H AR R G Ct  on
f th 47 5 t d i
Tegneto 1 re‘éwé‘@r%;ﬁ%rﬂf%fﬁﬁatﬁ& Oﬁvcefasﬂéwiﬁsm\@'@% 5?61%%@@843 ﬂn?feﬁn'@nse &
resistivity of the magneto resistive fi oscillation in

resistivityhe xaltage f}gtdé@f@dhﬁﬁl%‘ffﬂsﬁﬂiq legC% WW@GBJF‘?&I\QC'[WG 431?@@{"@%!

t hrough the magneto resistive film48 via the el ectrodes 49. If the
mechani cal elestiage 1. The assilatibe ofrthehelect@dadd in llke filretidsl ef thepgroow 4746 i s
to designed such that the novabl e nenber 43 resonates at a specific

frequensy, crédtesnmveddilatiohdntthe deagnetic fietrin thatreagrietbresistes fifm @8 Vitiieguency
and so the oscillation in the bias current 53 will also be at the

speci fied fg!’e‘ﬁ%k@t@‘é)én S&Mfion |ﬁtti'i'@Fesﬁétﬁﬁl‘j%%@&dg’he’cé‘?es‘?&ﬁ)e‘f'ilﬁ‘HEE‘gTH@' tage

source 42 wll be bl ocked or reduced the filter 40 15 Figures 8 and
o2 By o) eﬁ%ﬁésgﬁ'evmé@rbf'esfﬁ’e%“e‘ﬁe‘#%fpghgﬁ% ik LS )
65 of ta“ﬁiw'sﬁieb%mrff Faraandinres v Fcﬁr@f’viémeoatscg%&é’é “GalHBR od on che
support mechanical design of the movable member 43 and the flexible supports 46 is
10 designed such that the movable member 43 resonates at a specific frequency,
the movable electrode will oscillate at the specified frequency and so the
oscillation in the bias current 53 will also be at the specified frequency. Hence,
other frequencies in the oscillating voltage source 42 will be blocked or reduced
by the filter 40.
15
Figures 8 and 9 show a plan view and a side view respectively of a second
example of a filter 60. The filter 60 operates in a similar manner to the filter 40
except that in this instance, a fixed electrode 61 is provided below an end 62 of

a movable electrode 63. The movable electrode 63 is supported on the support

20 members 44, 45 by flexible members 64.

In this example, an oscillating voltage source 42 applied to the electrode 61
causes a pivoting movement of the electrode 63 in the direction of arrow 65 so
that the hard magnetic film 52 oscillates up and down with respect to the

25 magneto resistive film 48 to cause an oscillation in the resistivity of the magneto



20 menbers 44, 45 by flexible nenbers 64. In this exanple, an oscillating
vol t age_source 42 applied to the electrode 61 causes a pivoti ngIndveagspt
of the dlectrode 63 in the direction of arrow 65 so that the hard nagnetic

film52 osci-llates up and down with respgct to the 25 magneto resistive
film48 to cause an oscillation in the resistivity of the magneto 2 9 NOV

cl oot rode o e ik 407 C6he inbohaiediHEEN Gonelfglable Bloqtid Rt A Tos,

el ectrode f 1 exi ers I's chosSen So

el ectrode resonat es a .specifi equency, the filter 60 will act as
afr equencglgéqu?‘? g}erpﬁerﬁgi@stqmﬁgﬁesa %?L&‘e [F”P(\:(a%'&rf'é?l&@/dﬁ éﬁ respnates ghiect ed
as an oscillatjon in the bias current 53, and to 5 bl ock or reduce other

f r equenci e§P?ﬁ'f'9EEe%n@¥g@¢szW@@ wil actag g ferquency fiter 1o passithe spraified
exanple of a filter 70 in which a cantilevered nenber 71 is supported on a
canti | ever fragueocy, whichTiae beadetdctaccas dnraseiiiation 7 thealsiaa cumedt b8gard ke fi |l m
73 formed on an end adjacent to a nagneto to resistive film74 formed on a

suppor t smemihedk grtredlibe otiser fré@uaoist imethbsoltdde sbarceBi 02 and an al um ni um
films formed on its opposite end. The nenber 71 also includes four

outwardly extending projections 76 which |locate within a fixed electrode
77 coupled to the voltage source 42. 15 The purpose of the Si02/Al filns is

to cause t gb@ in j rectio n
el ectrost a?ti? %urpéor cea'i@sﬂlg%'ggi%};% triwng ?‘%%%Q'ed? fréeﬂlﬁ?%%quna‘gﬁghoa{]mﬁmﬁ%’e%ﬁaur e 11.
The bendi ng_of . the, nenber 71 occurs due to th | fference in the material
Char act o | SRSEBED 21 B BUSROHELEB S Santian sOphaT Z2ut o GRVIEYSHEUBemBeE 1| bod
in Applied_Physics Letters, Vol._ 76, No. 21, pp 3139-3141, 2000.

71 has a hard magnetic film 73 formed on an end adjacent to a magneto

10 resistive film 74 formed on a support member 75. The cantilevered member 71
has a SiO; and an aluminium films formed on its opposite end. The member 71

also includes four outwardly extending projections 76 which locate within a fixed

electrode 77 coupled to the voltage source 42.

15 The purpose of the SiO/Al films is to cause the member 71 to bend upwards in
the z direction when an electrostatic force is applied in the x direction, as shown
in Figure 11. The bending of the member 71 occurs due to the difference in the
material characteristics between the SiO; film and the aluminium film, as
described in A.pplied Physics Letters, Vol. 76, No. 21, pp 3139-3141, 2000.

20
Hence, the projections 76 and the cantilevered member 71 form a movable
electrode that oscillates in response to the oscillating voltage source 42 applied
to the fixed electrode 76. The oscillation of the cantilever 71, and therefore the
hard magnetic film 73, causes a corresponding oscillation in the resistivity of the

25 magneto resistive film 74. If the cantilevered member 71 is designed so that it



20 Hence, the projections 76 and the cantilevered nenber 71 form a novabl e

el ect ro%e that oscillates in response to the oscillating voltage f@gpg%
applied) to the fixed el ectrode-76. The oscillation of the cantil%% X

and therefore the hard magnetic film 73; causes a correspondi ng
oscillation in the resistivity of the 25 nagneto resistive film74. If the

cantil ever r | Sui ' 0 i t a
speci fied :‘ar rgg%ée?%gﬁt éﬁeﬁfﬁﬁs@%c&&@@?rﬁ f %Cégﬁg%c/fyrg&???‘éfriﬁ@q@?&g t he
specified fyequency, .and bl ock \ni m.se other frequencies. Figures 12
and 13 shovd:‘ﬁ Pﬁﬁ'%gifﬁqﬁ”ﬁ?&yaa%&b@%i%ﬁ'?@'ﬁ@ﬁ??ﬁ%ﬁﬂ{ﬁn%%i lter 80. 5 The
filter 80 has support nenbers 81,.82 on which are fornmed a hard magnetic
film83 and a magneto resistive film 84, respectively. Located between the
hard nmagnetic film83 and the nmagneto resistive film84 is a novable

el ectrode g5gores 1hand 13sshow agdaraviewf and arsidevieperesaaetitaly nhgridter 80f i | m
86. For exanple, the soft magnetic film86 my be N Fe or CoZrNb. The

novabl e sel efHg filtsr Pbhas suppomd wrabers® 1, 82t on Whivhnarefeemed d herddhageétion of
arrow 87 relative to a fixed electrode 88, the hard magnetic film 83 and

] lative f el ect . . L
the magnet m@e@aﬁa »é%éghaﬂo%ﬂsm@ fil ABAD R e(rgﬁ@télﬁ L\b%aféd Hét&fée'nstgé H%8

ti
enough to ti . magnétic film383 to enabl 'emanet!cflgal fromthe
response ¢ el es BrB08 rbal B el TN BAL 2 RN HaciePsitons by

t he vol tage source 42, the vabl e el ectrpode 85 oscillates in the
directi on YIRS TN @907 Ao RO PEETANGRIY MAINRtETESs ERicPXaaRIgs thenr ough

the magnetic field produced by the hard nagnetic film 83, the soft
magneti c fi90% Begnetiofilne 88 raay égd‘iﬁFBﬁiQﬂZfN .t He mayable eletiredel 88xper i enced
by the nmagneto
10  mounted so that it can move in the direction of arrow 87 relative to a fixed
electrode 88, the hard magnetic film 83 and the magneto resistive film 84. The
magneto resisﬁve film 84 is close enough to the hard magnetic film 83 to enable
the magnetic field from the hard magnetic film 83 to pass through the magneto
resistive film 84. In response to an oscillating voltage applied to the fixed
15 electrode 88 by the voltage source 42, the movable electrode 85 oscillates in
the direction of the arrow 87. As the soft magnetic film 86 oscillates through the
magnetic field produced by the hard magnetic film 83, the soft magnetic film 86
produces an oscillation in the magnetic field experienced by the magneto
resistive film 84 to produce a corresponding oscillation in the resistivity of the
20 magneto resistive film 84. If the movable electrode 85 is designed so that it
reéonates at a specific frequency, the filter 80 will act as a frequency filter to
pass the specific frequency, which can be obtained as an oscillating output
signal on the bias current 53, and the filter 80 will act to block or minimise other

frequencies.

25



resistive film®84 to produce a corresponding oscillation in the raphgyix Yy
of the 20 nmagneto resistive film84. If the novable electrode 85 1s

desi gned) so that it resonates at a specific frequency, the filter 80 wll
act as a frequency filter to pass the sF)f:cific frequency, which can be
obtained as an oscillating output signal on the bias current 53, and the
filter 80 w-l] agt, to bl ock or mnimse.other frequencies. . 25.2 9 NOV 2005
12 B gure. TOURtSYRS S5t DHS VRA LR TR ermed A BT 8P WA 1 er g0
whi ch incl_ucég{s two fjxed supports 91, 92 on_each of which is forned a
magneto r eic&tdasdwa ﬁ"?ﬁ‘b@JF&%{tsagﬁaQQro%\eaﬁhé’éM’%@ foumeda mageeti ng a bi as

current 53 through the magneto resistive film93. Located between the
fi xed supporasistive, filgy 92 and aapaipohblestreties O daringstingiachias cucenpbadd to an
oscillating signal source 42. A ground electrode 96 is |ocated bel ow the

el ectrode OSthroligle thewwyneto edgistiveoitim 85 Locatediietwetn threfixed syspdrisad
oscillation of the novable electrode 95 with respect to the ground

el ectrode 962add rhhPapTBHEEtRILTS fhicteis douffedB an b?él%_ingvmgﬁaltshﬁ:rce 42.
oscillating signal source 42 is applied to the novable 16 electrode 95,

thi's gener ahes Anueiddfale 66 F kAl Obial thOSIIBHRAR & SRS AR5 uhi ch

causes a correspondi hg 0Sc tron e maghetlc experienced by
thée magneto resistiyve filns and therefore,. an oscjllation in the
Fesi ot tvi 1y elEopRStiagheltteRde et aritatioSuatan &t theoPbrable sles idae
resistivity of the magneto resistive filns 93 can be detected as an
osci | | at i ng98ivyRurespect tecthei greupd etasitods6 and Hemagaetnhrasigivetit@sBynet o
resistive filns 93. If the mechani cal design of the
Hence, when the oscillating signal source 42 is applied to the movable
10 electrode 95, this generates a vertical oscillation of the movable electrode 95
which causes a corresponding oscillation in the magnetic field experienced by
the magneto resistive films 93 and therefore, an oscillation in the resistivity of
the magneto resistive films 93. The oscillation in the resistivity of the magneto
resistive films 93 can be detected as an oscillating signal on the bias current 53
15  injected through the magneto resistive films 93. If the mechanical design of the
movable electrode 95 and the mounting of the movable electrode 95 is such
that the movable electrode 95 osciliates at a specific frequency, the filter 90 will
act as a frequency filter to pass the specified frequency from the oscillating

signal source 42 but will block or minimise other frequencies in the oscillating

20  signal source 42.

Figure 15 shows a side view of a sixth example of a filter 100 which has a hard
magnetic film 101 formed on a movable electrode 107. The electrode 107 is
movably mounted between a fixed electrode 102 and a base structure

25  comprising a ground electrode 103, a tunnel magneto resistive (TMR) film 104



novabl e el ectrode 95 and the nmounting of the novable electrode 95 is such
that the novable electrode 95 oscillates at a specific frequenc,9 NO¥ 2008
filter @0 will act as a frequency filter to pass the specified frequency
fromthe oscillating signal source 42 hyt will block or minimise other
frequencies in the oscillating 20 signal source 42. Figure 15 shows a side

view of a si 0 tic film 101
formed on ﬁb%}hglégﬂg{jg %PO@E %;ﬁRl'ﬁlg" é% Wgﬁiaf%?gfes ann%%ﬁg[]ﬂ?gl 9rount ed
between a fixed el ect ode 102 and e st re 25 conprj si round
ol ect r ode fwa?ﬁov teohedredialoaTeda b2 £y asa 87 acuShiny b

and an el ectrode 105 for the TMR film104. In this exanple, an oscillating
si gnal soutthamaxpple electrede HO7(are dhenefarer thechard magnetissfilem108kinithat i ng
notion of the novable electrode 107 (and therefore, the hard magnetic film

101) in t heliredtiorof thenamdwt 16, arhicwcalses aﬂnbsd:illa:tainmiastharmagnéﬂd feldon in the
magnetic field 5 experienced by the TMR film 104. As in the previous

exanpl es, thpenssted BY N TMRfilrh e Oﬂﬁmbehltﬁefpr&bléuﬁéﬂﬁm_fg%@@l@e B¥cillAgord MR
film 104 causes an oscillation in reS|st|V|ty of the TMR film 104 which

be d d
b ough t he HoRT PR evg 85 %, Pyl die J3R %10 By AR BT EC o
f th bl. t 1
opeci 11 ¢ 1 FRRRubST tﬁﬁﬁ"?\ﬂﬁqﬁ@ﬁfﬁwﬂw ansfﬁg% E%e%sgéheqss(é BHAS AP from
the oscillating signal source 42 and m ni m se ot her freauenm es

fromthe odle blaétqquerﬁﬁ;’waje%mfeuwz thq Fil\/bpaﬁ'lﬁ“ P4 vinthenelestredesiPas If t he

hard magnetic fil mmay be any suitable
the mechanical design of the movable electrode 107 is chosen so that it

10  resonates at a specific frequency, the filter 100 will pass the specified
frequency from the oscillating signal source 42 and block or minimise other

frequencies from the oscillating signal source 42.

In each of the above examples, the hard magnetic film may be any suitable
15 hard magnetic film material. For example, a cobalt alloy such as CoCr, CoPH,
CoCrPt, CoCrTa or an iron alloy such as y-Fe; Os. Although in the examples
described above, the magneto-electrical material is a magneto resistive
material, or in the case of the filter 100 a TMR material, it is possible that any
suitable magneto-electrical material could be used. For example, the sensing
20  material may be a Hall sensor, an inductive sensor or a magneto impedance

~ (MI) sensor.

Preferably, all the above described microphones and filters are manufactured
using micro-electro mechanical system (MEMS) technology. Therefore, they

25 have the advantage that they can be formed on a single die and that a number



15 hard magnetic filmmaterial. For exanple, a cobalt alloy such as CoCr,
CoPt, .CoOrPt, CoCrTa or an iron alloy such as y-Fez 03. Although 78 NOYe 2005
exarrpl eé descri bed above, the magneto-electrical material is a magneto
resistive material, or in the case of tihe filter 100 a TMR material, it is
possi bl e that any sui tabl e magneto-electrical material could be used. For

exanpl e, ﬁ@é@?ge%&nﬁ ?F\io{?xle S liicie rdéret'asf?& itz rﬁé'k%g&rémﬂ&l nsor

e
or a rragneto | npeaance sensor. er ab e abov escr

m cr ophones ndf| rs are nuf act ur m | ectro rre

Syst om (VEXTE EURRBBOGS PN B or E acﬂcﬁﬂeﬂ ﬁsw%?é'bf%ﬁo Gineahe S6BSNEY of hey
can be forrred on a single die and that a nunbe NOV 2005 14 of dies
can be fored naiﬁrqm@ngmqn@d‘ﬂt%%rn@mfymgj@e magnfaf& field strengtsangr oduct i on
of the mcrophones and filters. In addition, it is possible to tune the
sensi ti vi t yirgction joé the bashmegestiafin.fil ters by nodifying the magnetic field
strength and direction of the hard magnetic film 5 The m crophones and
filterssdescribed above al so have the advantage that it is possible to
obtain a sensitivity of approximately 3.5 nmv/ Pa for an applied voltage of

0.5 V. Thi sTHesmpagpomss and yne@ademaeeta%oos%wha@e f@@d\}aﬁl\'taq\é tHutd is
resi stance of 50 0 and Ap/p of 2.7% This is approximtely 10% of the

- applied 1o C|tance
B Lo 0" RLIAED bRl M0y CEBHLERID Rl 5 RIIE ke
exanpl e of v%ltggg Oc|>f %a§§/ fﬁlué (lasr balsleod gr? Iar{gplcafmatgﬁcratodr%%s?ve material with a
resistance of 50 Q and Ap/p of 2.7%. This is approximately 10% of the applied
10  voltage that would be required for a conventional capacitance device to obtain a

similar level of sensitivity.

Figure 16 shows an example of a band pass filter 110 using a filter design
similar to that shown in Figure 14. The band pass filter 110 comprises two

15 filters 111, 112 which are designed to resonate at frequencies w1, >
respectively. The filters 111, 112 receive the same oscillating input signél 114,
which is applied to a respective movable electrode 115, 116. Outputs from the

filters 111, 112 are coupled to an operational amplifier 113.

20  When the input signal 114 is applied to the movable members 115, 116, the
movable members 115, 116 will respond primarily to frequencies in the input
signal corresponding to their respective resonant frequency o4, ®2. Hence, the
filter 111 will pass frequencies at around ‘o1 to the operational amplifier 113 and
block other frequencies and the filter 112 will pass frequencies at around o, to

25  the operational amplifier and block other frequencies. Therefore, the resulting




simlar to that shown in Figure 14. The band pass filter 110 conprises two
15 filters 111, 112 which are designed to resonate at frequencies 2dQuNOV vidos
respecf\vely. The filters 111, 112 receive the sanme oscillating input

signal 114, which is applied to a respggtive novable el ectrode 115, 116.
Qut puts fromthe filters 111, 112 are coupled to an operational anplifier
113. 20 W ' ' (™ W j rs 115,
116, the  COUARTSrIRNG bBhd s Hig' ToRPMd Slin of the BulRICROR METERS Cics i n
t he i nput 13%92@5 corresponding to their respective resonant frequency col,
cot. Hence, 't'h filter 111 wll pass frequencies at around co, to the
operational anplifier 113 and block other frequencies and the filter 112
wi |l pass frequencies at around Cot to 25 the operational anplifier and

bl ock other frequencies. Therefore, the resulting 29 NOV 2005 15 out put
from t he bdmis {sasfowWn praphiqally in&igure Suwhefe it ken dat srersthiat tra ottpuf has er s
111, 112. This is shown graphically in Figure 17 where it can be seen that
the out put peaks 121peaRsotdspoAdidgtorthe sequdhcigs t @1, ldeahd afbepgdses COQ cot
and al so passes frequencies 123 between the frequencies co, and Co2. Figure

17 al so sh { ) fr i 1 co,
are bl oc keg uteﬁﬁféas %%f%&g\;a{elsn ﬁ%ﬁéﬁ@%& %Sﬁﬁg"\ﬁ' Zﬁggﬁéi? %ﬁsﬁ %%V?.ﬂh%wf orce
sensi ng devi ce conprjses a novabl e menber npunted for

frequencies 124 above ®, and frequencies 125 below 4 are blocked by the

band pass filter 110.



novenent relative to a substrate in response to an applied force, a
magnetised 5 nmenber nmounted on the novable nenber, and a nmagnet o-gj ﬁggrmal
material nounted on the substrate such that the rragneto el ectri caI
material is subjected to the magnetic fjeld generated by the magnetised
menber, novenent of the novable nenber causing a change in the magnetic
field experienced by the nagneto-el e&mlgg material, and an el ectri cal
property of the nagneto-electrical 10 I al changlng in response to
changes in the magnetic field experienced by the magneto-electrical
material due to novenent of the novable nenber. 2. A device according to
claim1, wherein the magneto-el ectrical nmaterial conprises a nagnheto

resi stive rat er iAforce 5epsing dfsideceorapisesia mpvable menmber rooutedifar 2, wherein
the oscillation sensing device is a mcro-electro nechanical system 4. A
devi ce accanéVérgehreiditivedtd 4 babgirate értlrexponkaitoran apptiediforceha n2dgrigigedt i sed
menber and the nagneto-electrical material are both in the forma thin

film 55 Amfgmbee n&ﬁﬁﬁé@bﬂghé@n@mb@ﬁne%@érnené atrﬁa%/twceéeﬂrieamatémabl e
nmenber conprises a soft nagnetic materi al 05 17 6. A device

S 4a? el RO B S G

COI'TpI’I Ses a cant| |'evere

to 5 wher Eior?h(te rr]neang\De |ct%|e?d generated by the magnetised member, movement of the

movable member causing a change in the magnetic field experienced by the
magneto-electrical material, and an electrical property of the magneto-electrical
10 material changing in response to changes in the magnetic field experienced by

the magneto-electrical material due to movement of the movable member.

2. A device according to claim 1, wherein the magneto-electrical material
comprises a magneto resistive material.

15
3. A device according to claim 1 or claim 2, wherein the oscillation sensing

device is a micro-electro mechanical system.

4, A device according to any of the preceding claims, wherein the
20 magnetised member and the magneto-electrical material are both in the form a

thin film.

5. A device according to any of claims 1 to 4, wherein the movable member

comprises a soft magnetic material.



5 conprises a linearly novable nenber. 8. A device according to any of
claims 1 to 5, wherein the novabl e nenber conprises a pivotable nenber. 10
9. A device according to any of the preceding clains, wherein thel $d@Xb2085
menber is adapted for oscillating m)vemégt in response to an oscillating
force. 10. A device according to claim9, wherein the oscillating force is

an acousti force. 15 11. A mcrophope compri sing a device .according to
claim 10, B AAPeytaasordng s SBEAEPRAREBAIReR. SRELFE RS of
clainms 1 to 10, wherein the npvabl e nenber has a resonating frequency. 20
13. A band r]@%@‘bef crmerises ArandiiavgredakRluency filters according to claim

12, wherein the frequency filters have different resonating frequencies
and the outputs of the frequency filters are coupl ed together.

7. A device according to any of claims 1 to 5, wherein the movable member

5 comprises a linearly movable member.

8. A device according to any of claims 1 to 5, wherein the movable member

comprises a pivotable member.

10 9. A device according to any of the preceding claims, wherein the movable

member is adapted for oscillating movement in response to an oscillating force.

10. A device according to claim 9, wherein the oscillating force is an acoustic
force.
15

11. A microphone comprising a device according to claim 10.

12. A frequency filter comprising a device according to any of claims 1 to 10,
wherein the movable member has a resonating frequency.

20
13. A band pass filter comprising two frequency filters according to claim 12,
wherein the frequency filters have different resonating frequencies and the

outputs of the frequency filters are coupled together.




