DETECTOR Cross-Reference To Rel ated Application 5100011 This
application clains the benefit of priority of Singapore patent
application No. 201203271-0, filed 3 May 2012, the content of it
bei ng hereby incorporated by reference inits entirety for al
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Background

15 [0003] Microelectromechanical systems (MEMS) based uncooled far infrared (FIR)
sensors (microbolometer) are currently gaining more attention due to their wide
application areas, e.g. traffic safety, fire fighting or heat leakage detection in buildings.
The most common sensor in this field is represented by the resistive infrared (IR) sensor
type, which by physical laws is limited by its 1/f (1/frequency) and thermal noise.

20  Additionally, this kind of sensor suffers from self heating, which with higher ambient
temperature, this becomes more critical. Higher ambient temperature will also cause a
significant drop in sensing resistance, since semiconductor materials are used for the
sensing layer, such that the sensing resistance becomes smaller than the series system
resistance, which makes readout impossible.

25  [0004] Film bulk acoustic resonator (FBAR) based IR-sensors have been demonstrated to
have a very good NETD (Noise Equivalent Temperature Difference) of <10 mK, but due
to their non-compatibility with complementary metal-oxide—semiconductor (CMOS) and

their huge structures, it is impossible to mass product this kind of sensors.



[ 0005] According to an enbodi nent, a detector is provided. The
detector may include a surface excited acoustic wave (SEAW resonator
including a pair of electrodes and a 5 piezoelectric material, the
pi ezoel ectric material being electrically coupled to the pair of

el ectrodes, the SEAWresonator configured to generate a surface
excited acoustic wave; and a substrate, wherein the SEAWresonat or

and the substrate are spaced apart §dﬁyﬁh?@ch ot her by a gap, and
wherein the detector is configured To deternm ne a frequency shift of

the surface excited acoustic wave in response to an el ectromagnetic
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schemati c g ective view of a detector, according to various
enbod“heﬂ#g etE‘%[’IGOIO] FIG 2B shows schematic top views of respective
el ectrode configurations for a detector, according to various

enbodi ments. [0011] FIG 2C shows a schemat i c top view of a detector,

according to various enbodiBrigiDescription ¢fithe Prawings 2D shows a partlm

3D perspective view of the sinmulated vibration node of a 30radi al
surface excited acoustic wave sensor, according to various
enbodi menfi0806] In the drawings, like reference characters generally refer to like parts throughout

15  the different views. The drawings are not necessarily to scale, emphasis instead generally
being placed upon illustrating the principles of the invention. In the following
description, various embodiments of the invention are described with reference to the
following drawings, in which:

[0007] FIG. 1A shows a schematic block diagram of a detector, according to various

20 embodiments.

[0008] FIGS. 1B and 1C respectively show cross-sectional representations of the detector
of the embodiment of FIG. 1A, according to various embodiments.

[0009] FIG. 2A shows a schematic perspective view of a detector, according to various
embodiments.

25 [0010] FIG. 2B shows schematic top views of respective electrode configurations for a
detector, according to various embodiments.

[0011] FIG. 2C shows a schematic top view of a detector, according to various
embodiments.
[0012] FIG. 2D shows a partial 3D perspective view of the simulated vibration mode of a

30  radial surface excited acoustic wave sensor, according to various embodiments.



[0013] FIGS. 3A to 3K show, as cross-sectional views, various
processi ng stages of a nethod for manufacturing a detector, according
to various enbodinents. [0014] FIG 4 shows a plot of sinulation
results for the bol oneter tenperature agai nst the response tineg,
according to various enbodi nents. 5[0015] FIG 5A shows a scanning

el ectron m croscopy i mage of a detector, according to various
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of the erfsedtifurive sensm, excogling krvagioRs embadimenthper at ur es.

[0019] FIG. 6B shows a partial cross sectional view of a simulated radial surface excited
acoustic wave sensor with a top aluminum layer, according to various embodiments.

15 [0020] FIG. 6C shows a partial cross sectional view of a simulated radial surface excited
acoustic wave sensor with no aluminum layer or ring, according to various embodiments.
[0021] FIG. 6D shows a partial cross sectional view of a simulated radial surface excited
acoustic wave sensor with a bottom aluminum ring, according to various embodiments.
[0022] FIG. 6E shows a plot of simulation results for the temperature coefficient of

20  frequency (TCF) for respective radial surface excited acoustic wave sensors of the
embodiments of FIGS. 6B to 6D.

[0023] FIG. 6F shows a plot of the frequency shift for the radial surface excited acoustic
wave sensor of the embodiment of FIG. 6D for different temperatures.
[0024] FIG. 7A shows a simulated temperature distribution of a detector, according to

25  various embodiments.

[0025] FIG. 7B shows a plot of time dependent thermal behavior of the detector of the
embodiment of FIG. 7A.

[0026] FIGS. 8A and 8B respectively show a schematic top view of a respective detector
having a surface excited acoustic wave (SEAW) resonator with four and six coupling

30  sites, respectively, according to various embodiments.



[0024] FIG 7A shows a sinmulated tenperature distribution of a
detector, according to 25 various enbodi nents. 100251 FIG 7B shows a
pl ot of tine dependent thermal behavior of the detector of the

enbodi ment of FIG T7A [ 0026] FIGS. 8A and 8B respectively show a
schematic top view of a respective detector having a surface excited
acoustic wave (SEAW resonator with four and six coupling 30sites,
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el ect ri caAPMBeaRER acoPaling o Yasigus anbetbsientdeparti ng from the scope of
the invention. The various enbodi nents are not necessarily nutually
excl usi ve, as sone enbodi nents can be conbined with one or nore ot her
enbodi nents to form new enbodi nBatafled Defdd@d®n Enbodi ments descri bed
in thle5 context of one of the nmethods or devices are 25anal ogously
validfor the other nethod or device. Simlarly, enbodinents

descri bed0032] The following detailed description refers to the accompanying drawings that

show, by way of illustration, specific details and embodiments in which the invention
may be practiced. These embodiments are described in sufficient detail to enable those
skilled in the art to practice the invention. Other embodiments may be utilized and

20  structural, logical, and electrical changes may be made without departing from the scope
of the invention. The various embodiments are not necessarily mutually exclusive, as
some embodiments can be combined with one or more other embodiments to form new
embodiments.
[0033] Embodiments described in the context of one of the methods or devices are -

25  analogously valid for the other method or device. Similarly, embodiments described in
the context of a method are analogously valid for a device, and vice versa.
[0034] Features that are described in the context of an embodiment may correspondingly
be applicable to the same or similar features in the other embodiments. Features that are
described in the context of an embodiment may correspondingly be applicable to the

30  other embodiments, even if not explicitly described in these other embodiments.

Furthermore, additions and/or combinations and/or alternatives as described for a feature



the context of a nethod are anal ogously valid for a device, and vice
versa. [0034] Features that are described in the context of an

enbodi nent may correspondingly be applicable to the sanme or simlar
features in the other enbodinments. Features that are described in the
context of an enbodi ment may correspondingly be applicable to the
300t her enbodi nents, even if not explicitly described in these other
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devi ces. more of the associated listed items.
[0039] Various embodiments may relate to a piezoelectric micromechanical structure for
infrared (IR) detection and thermal imaging. Various embodiments may also relate to
rugged electronic high pressure / high temperature devices.

15  [0040] Various embodiments may provide an acoustic wave sensor or a surface excited
acoustic wave (SEAW) sensor as microbolometer. Various embodiments may include
acoustic wave (AW) sensors for microbolometers.

[0041] Various embodiments may provide a detector with a surface excited acoustic
wave (SEAW) resonator, and a method of forming the same, that are CMOS compatible.

20 [0042] Various embodiments may provide a piezoelectric micromechanical structure for
infrared (IR} detection and thermal imaging. By using electrodes on the top side of an
aluminium nitride (AIN) based resonator structure, a surface excited acoustic
wave (SEAW) may be generated, which shows a dependency of resonance frequency
shift due to far infrared (FIR) light. With a bolometer-like structure, FIR light may be

25  absorbed and a readout of the resulting resonance frequency shift may be possible.

[0043] Various embodiments may provide a CMOS-compatible piezoelectric IR sensor
with a high temperature coefficient of frequency (TCF), and/or generate acoustic waves
with high quality factor, and/or require a vacuum package, and/or provide the ability to
adjust resonant frequency by changing the geometry of the electrode layer of the sensor.

30  [0044] Various embodiments may provide a piezoelectric acoustic wave sensor with top

electrode layers for IR detection. The sensor may sense a resonance frequency shift that



15[ 0040] Various enbodi nents may provide an acoustic wave sensor or a
surface excited acoustic wave (SEAW sensor as m crobol oneter.
Various enbodi nents nmay include acoustic wave (AW sensors for

m crobol oneters. [0041] Various enbodi ments nmay provide a detector
with a surface excited acoustic wave (SEAW resonator, and a net hod
of formng the same, that are CMOS conpatible. 20 [0042] Various
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far 1C respectively show cross-sectional representations of the detector 100 of the
embodiment of FIG. 1A, according to various embodiments. The detector 100 includes a
surface excited acoustic wave (SEAW) resonator 102 including a pair of electrodes 104
and a piezoelectric material 106, the piezoelectric material 106 being electrically coupled
25 to the pair of electrodes 104, the SEAW resonator 102 configured to generate a surface
excited acoustic wave, and a substrate 108, wherein the SEAW resonator 102 and the
substrate 108 are spaced apart from each other by a gap, and wherein the detector 100 is
configured to determine a frequency shift of the surface excited acoustic wave in
response to an electromagnetic signal incident on the detector 100. The line represented
30 as 110 is illustrated to show the relationship between the pair of electrodes 104 and the

piezoelectric material 106, which may include electrical coupling and/or mechanical



15 infrared (FIR) using a boloneter-like structure; (5) thermally

i sol ated, where the thermal isolation may provide an approach to
integrate the signal and define a readout tinme; (6) use of surface
acoustic waves (SAW or surface excited acoustic waves (SEAW; (7) a
Fabry Perot IR (or FIR)-absorption structure; or (8) an optim zed
structure for thermal stress. 20[0048] FIG JA shows a schematic
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[0051] In the context of various enbodi ments, the wavel ength of the
surface excited acoustic wave, and therefore its associ ated
frequency, nmay be determ ned by the period of the pair of el ectrodes
104. In various enbodi nents, the period of the pair of 30el ectrodes
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system t hgdsXRith Esnté:@ SORNANGER, e iiferitd) Shed@Mh CRsHBY0r0 $i6dyl thédn€a Qévice
resonate at relatively |arger anplitudes at particular frequencies,
known as 9t & syeemn@at exhibiguessenanse. whergathe dlovisethay apgllate terssafate: e
oscillati - I A h .10
oxol te oroanvay MGA TETARAS w bEROMARRLGRnoC, GIANSL S (OBl heliiati
r esonat orcomgyradgo ube emplomdesnethe essllatfons at pocick@dnafreqiehties. Wavassnator a
medi u In v rioqigenbo i nents, thevpair of, el ectrodes .104 and. t he

pi ezoel edPP &° MEFLT SFCTFOR" RERFDAAVES sl HE Priiire FEEEr (ASOHS WA e

the pi ezaeidelor fayBBedd 13lgeddibte FRadR@xEikc@Cchstid WaYeia WRh&Burh Ontvafous
pair of electrodes 104 such that the pair of el ectrodes 104 nay

excite arPmiodinemy itke v el electimdspadhend detniearelepteic phatorénd | 186 mmaycform a
mat eri al é&)@ﬂtiﬂgﬁ%ﬁ%ﬁ%ﬁl@%ﬁ&@ttﬁét i@3ocledfrlcOHSEaP 85 'Eﬁé}i %e bB&GES/IyT
I a ma nmean ap that may | duce

"pi ezoel ectric ter y mat er | al
el ect ri caloupledtg s par ofed@onodes 1 axch dlpp ltheephif of dectmdest0demay excitehamt

an applied electric field may .cause a change in di mensi on of the
mat eril%al .ac?’ﬁsémﬁ’fag%goeﬁ’rgg?%afecwﬁlﬁfl@?ei p&f’”ﬁ%ﬁ%’%ﬁ?&‘?@éﬁis a surface

exci ted go088tTh ahy@vekiSoMRdioufemboginiing? ABd e e ARl ik dhatbEy” Bgayl N
t he shape of a square, a rectangle or _a circle. However, it should be
appr eci at'BeNt haRIRE thet sryendeacr ¢lectiienl chirges Watesprise o anypRlipdptoresy or

form [0Qadls bn tﬁah%ncz(fib?ii@d(tele@{ricvlﬁélh%ﬁ‘y erhedl TRRLS intHe d{ilgér;%orn of the

"el ectromagnetic sign may 1 nclude I'nfrared, r exanp

i nfrar ed e The poasdicttin ndieriat ondye Rinctién wa ki sulce photd mentgic vine

i | ect 4. ial 106 b | ectrical led to th i f
st U PR R T I R
gener at e drckUHoaeeergXoshbeld aCapipsdciated i the pigoolRagia intatwkdl mhay Bl any

pi ezoel ectric terial 106. In this context, the term"electrically
coupl ed" @Mt hat the piezoelectric material 106 is in

el ectri cghosgMRUm ealtb@oatiBud BRbB@idenf] ! B * igHAR t
an el ect ?[i c?i? currentt fl ovm'an%ut hroughe{lh’et pati r oiglgglﬁjé%%?’g%g?%4 HE%?

an el ect rindude nbhredgler exppinletr idrarsse(FBRA. r of el ectrodes 104) may

caus SN 1BH40Gh (8 pBueHSOLIRAL AboBANE uBl SEOSKRRIT bR B4 gl 196
for exanple generating a suriace excited acoustic Wave Lo propagats
Wi t hi n t hkdecpicallp ebwdéd ioaherpaiesf elbctiod6s 10nsuchthiad s ppitaddigreodes, 104 heay

resonant frequency of the SEAWresonator 102, and thereof that of the
surface &XETG QHSHEBRE PETaE HER Hronsiicayats torptgPasate uiilun ﬁli%@azqsﬁfg@&

on the gepdmidli (. B ANGEHRRE BE the RELkliceflly Qoefbd0desS hMn that the
piezoelectric material 106 is in electrical communication with the pair of electrodes 104

25 such that an electrical cuurent flowing through the pair of electrodes 104 (or an electrical
voltage applied to the pair of ¢lectrodes 104) may cause an effect (e.g. deformation) on

the piezoelectric material 106, for example generating a surface excited acoustic wave to

propagate within the piezoelectric material 106. In various embodiments, the resonant

frequency of the SEAW resonator 102, and thereof that of the surface excited acoustic

30  wave generated, may be determined based on the geometrical arrangement of the pair of

electrodes 104.



[0056] In the context of various enbodi ments, the SEAWresonator 102
and the substrate 108 may be spaced apart from each other by a gap.
This may nean that the SEAWresonator 102 may be at | east
substantially arranged to levitate, float or be suspended at a

di stance fromthe substrate 108, for exanple_on or above the 5
Substrate 108, with a gap in between. This may mnim se energy (e.dg.

thermal eosgyh tHeSgordktOsRaidiR eHBsihaite HBSEANE 8RMaRF oMb e

thermal isolation effect between the SEAWTresonator 102 and the
subst r at esubgfgite [ @0y berspaerd angritieom coeh oder bus gapbdbisnmay siean Mt gl

bet ween t WEAW, %Eaél I 8 - |

range of e%ween %ﬁ%ﬁ?% g%agg S%ggoﬁfaﬂﬁaym%%}#egf(gngigﬁ% %&tt)e rV\]/i’aeen
about 0. 2msgamded cat abodittazees figm thetsnbgrmtabld@8; Or 25amhplk] dn aod abédweuthel
gm between abho 1 .gm and.about 2.5 .gm between about 2. m. and
about 3 Grpsiie s i 385 4f BSnt i Moy ing et By & Defil Shtiary
be appr ecloa @ebighahe bdbRtra3 N 0BPkeRBy PfovidiN@k WRerdhl Is6RESN SHES WaRideA thy
equalt to the quarter wavel ength of the electronmagnetic signal to be

det ect ed iAW resppatoy 162 ped/ hpspbstrasg0fcal cavity may be forned. As a
non- 15 lah&Hhty . chor

o oot r o auSTI e ERAER LEyarl B o BEEhR kad Bihwbfh HE AW Rhonaror 102
SEAW r es andtthe sulb3atarids tnhey Isuinst rageoflliBwermyabldat QRP LGK aidbdt@hy 4 20D fgm

[0058] In the context of various enbodi nents, the substrate 108 may

i ncl ubfle off@male besverncalort 0126 Jum ead abeyt ok amm, bAtwesR jabery (b apdrabeut

(oc0 1 og by BElelEsbolt | WFhnd {HLLES (B, ocbARh oBOF 2F RRC BhICHAM, &
SEAW r es Givtb€sh abB2t 1Spshint ABSut2hem SEAVYVeE SO tIArbe i dredRated REat ShisR@naad

over the substrate 108. LOOG_O I n various enbodi nents, the detector
100 may fesrafiReraluené lsgstesupsipntially sevalt to sy quertgcvarelengtheofghe plagjromagnetic

structur ; :
A e T R T e
r esongst orlinididg suahplehiat thehdet<SEAWD s absattoan &l0@romapnbiic sigsyevithed | ®uar
the substrate 102.. This ma an a first su rt structure y
be coupl SR E5ERe thon SR AR P DS K09t 107 FRL e mBito0s My i ,
While a sgopiehnsHRROS imst ructure may be coupled to the SEAW
30resonator 102 at a second position thereof, where the first support
st ruct ur 0858 Inithe watcahdl wulopsembetimeunss, thesubatyatall 8% miag inehudeload ot motehe

substr at eCIéd%%‘ .The first position and the second position each may
€

i ncl ude ah gc 1.C}nesgi on or side region of the SEAWresonator 102,

wher exa he0859] dndanosi dnitdimais, e defeairado appaithe ifidudeh 1dabt @i support
position. [0061 émn]avari ous enbodi pents, the at | east one support

st ruct ur STNEY DE>Frelfe Yol deAEnsa thaHAy % hehasinte cORdrRd: ihyi RFAW
lower thagsdng®Perdd et NBEMRle SBAIMCEdsHatdre302T mh{'ee suspended over the

substrate 108,

[0060] In various embodiments, the detector 100 may further include two support
25  structures (e.g. leg structures) arranged to couple to the substrate 108 and the SEAW

resonator 102 at a first position and a second position of the SEAW resonator 102 such

that the SEAW resonator 102 may be suspended over the substrate 102. This may mean

that a first support structure may be coupled to the the SEAW resonator 102 at a first

position thereof, while a second support structure may be coupled to the SEAW
30 resonator 102 at a second position thereof, where the first support structure and the

second support structure may also be coupled to the substrate 108. The first position and



5substrate 108 and the piezoelectric material 106 so as to provide
thermal isolation between the SEAWresonator 102 and the substrate
108. [0062] In the context of various enbodinents, the at |east one
support structure nmay be nade of silicon oxide (Si02) or titanium
nitride (TiN). The thermal conductivities of Si02 and TiN are
approximately 1.4 WnrK and 16 WntK, respectively, being 10

conpar at 'tﬁ@ls\écdnﬁv‘ﬁfmtkﬁaéhchhﬂﬁ %mciaemﬂ%agﬂcyég&od 9 s 9'1‘8?1%59&) the SEAW

menbr ane, which be the pi‘ezoel ectric materla e of
al umi ni urmmntatord@Z (wduemthhawn@p%mmnmbe lvortediepriosite tp the ﬁlBBﬁ)oswcm? K) .

[ 0063] | 1,QUS enbod he east _one, support stru may
be of . NOYEH AT SibORBiR B Jooeh SR R SERBR v R RisEing ™
(or the ph&zhslhacinhg laahmhmdnahctﬁrﬁﬁ)oﬂé& than respetashertabcdndactidies of the

I sol ation Fffect Hgetwe n the SEAWresonat or 102 and the substrate

108. [ooe¥pPstiate tAg wdnteiicrorlegc; Baterialhtfiisfetit 0, PiopKle fhegmmd| isdlttione

mat eri al pLaGedmade S-A QS 18Dt TOR bhd idQuistbf) 10821 nc oxide (Zn0), |ead
zirconate titanate (PZT), quartz (S 02), alumnumgallium arsenide

(Al GaAs) , (086211 I uha mpﬁ@alémmybodsndnisedw at dedst ol S(USp @} struc@e may be

| angasi te ( ) d | at i Ta
lithiumnio %ciﬁsﬂ](cﬁﬁ‘ ]8%%16' 0 rﬁg{i‘nﬁé e ene —I;NL)] edﬁ ﬁf[ﬂ’—lflgaﬁvlyfﬁfggi
mat er i al sandhdtiNexkd bapprquﬁztelgl dact rivdinty ehd ecs . V\[/ﬁﬁ&ﬂ rels;liechhﬂy d:retr@xt
Cengtif of CHEPHOLHY ABYEA ey SR PR SBGU" (©5BOPHEToReBRT Y ph e

about 17 panpaneklddrid BRial 266 AN, Qfdev‘@feﬂuﬁﬁﬁl&{ﬁ nltfid® ThBNCh ARQUS aile%al
pm between about 17 pm and about 50 pm between about 50 pm and

about 18Copdyctigity pE1¥e®makbut 50 pm and about 100 pm

[0063] In various embodiments, the at least one support structure may be of a layer
thinner as compared to the thickness of the membrane (or the piezoelectric material 106)
15 to increase the thermal isolation effect between the SEAW resonator 102 and the
substrate 108.
[0064] In the context of various embodiments, the piezoelectric material 106 may be
aluminium nitride (AIN), zinc oxide (ZnO), lead zirconate titanate (PZT), quartz (Si0,),
aluminum gallium arsenide (AlGaAs), gallium arsenide (GaAs), silicon carbide (SiC),
20 langasite (LGS), gallium nitride (GaN), lithium tantalate (LiTaO;), lithium
niobate (LiNbQO3), polyvinylidene fluoride (PVDF) or any other materials that exhibit
piezoelectricity effect.
[0065] In the context of various embodiments, the piezoelectric material 106 may have a
length of between about 17 um and about 180 pm, for example between about 17 um and
25 about 150 pm, between about 17 ywm and about 100 pm, between about 17 pm and about
50 pm, between about 50 um and about 180 pum, or between about 50 um and about
100 pm.
[0066] In the context of various embodiments, the piezoelectric material 106 may have a
width of between about 17 pm and about 180 pum, for example between about 17 um and

30 about 150 pm, between about 17 um and about 100 pm, between about 17 pm and about

10



[0066] In the context of various enbodi ments, the piezoelectric
material 106 may have a width of between about 17 pm and about 180
ism for exanple between about 17 pm and 30 about 150 pm between
about 17 p.mand about 100 p.m between about 17 pm and about 50 pm
bet ween about 50 p.m and about 180 12111, or between about 50 pm and
about 100 pm 100671 In the context of various enbodi nents, the

pi ezoel ecsyr pm, beieen aboul 30 yimyand adbeuin]l ek Be stwetn BBduEON LA @dtaboutl
gm and about 0 pm for exanple between about 0.1 p.m5 and about
2.0 pm b%KME@n about 0.1 p.mand about 1.0 gm between about 1.0 p.m

and a0outofef 18 AiBELYRER.EBONbe el B ADEh ARG el ﬂi(;eemg&%%l

I n varlo etec
mat eri al tHickpss eflba@wesn boatid il ameaaf atohes. 6lﬁA¥\Ifdsm@m§Ieafewl&21 abBied, Bjufh
the material may have a thernmal expansion coefficient different from

that &f t4nd aBey\R.9 eab hatvsen abgut OThémeafndraéoult h@ vemibgtwesn ghewr -G rmagnd

t he SEANVr%sgygtororb g&xmgaypoﬂglml f%érlthelr respective
t her mal eXpansi on’coeftrcien H&t ress may be generated

in the sg0068rahetiials e@ﬂﬁﬂﬁﬂier@ﬁw&&fw&asoﬂﬁ@dﬁnﬁéﬂhdlﬁderaaﬁaeﬁaehip@seﬂ
change in tenperature éﬁl In vario enﬁédlnents said materi al
may for moYeF Aryriacrert theed Wf%?é@a&r 1Re W JB#igHa rmay baver ghermal

surface ok mﬁmsc%éwcﬁe% QIREGE rbBPth VS thMIEARY tdignaigrti0h! ﬂheréf'érm 2R
di sposed nay ace towards a surface of the substrate 108. [0070] In

vari olfs endioud! maditle W?aéiﬂémh@twn H§ thay hae dopisseich imgher r@peOM9 thwnal
pOSI t I Oned gnrélonfct%eﬂfmén resu'it S I%rS]Saltl‘lor Eégéne%a@f?%ln(%% erl)eﬂf:,lﬂ nﬂ/ori 2

terrper at ur coerriclen f re Uency resona
nmay i ncresEAW 1{3@3%&} lﬂ)mln\mxpoﬁmoarmmgermmem\me the ring forned by
said nat er(lb&’] Iga\%mous embodiments, said material may form a ring over the surface of the
SEAW resonator 102. The surface of the SEAW resonator 102 over which the material
15  may be disposed may face towards a surface of the substrate 108.
[0070] In various embodiments where the ring formed by said material may be
positioned on top of the SEAW resonator {or the bolometer) 102, the temperature
coefficient of frequency (TCF) of the SEAW resonator 102 may increase.
[0071] In various embodiments where the ring formed by said material may be
20  positioned on the bottom of the SEAW resonator (or the bolometer) 102, the temperature
coefficient of frequency (TCF) of the SEAW resonator 102 may decrease, as the ring may
provide a good compensation of the TCF of the SEAW resonator 102, and thereby
rendering the detector 100 useful as a reference bolometer,
[0072] In the context of various embodiments, the term “temperature coefficient of
25  frequency” and its acronym “TCF” may provide an indication of the change in frequency
corresponding to a change in temperature.
[0073] In the context of various embodiments, the material disposed over a surface of the
SEAW resonator 102 may include, but not limited to, aluminum (Al), or titanium
nitride (TiN), or titanium (Ti), or tantalum nitride (TaN), or other materials with a high

30  thermal expansion coefficient and which may be CMOS compatible.
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20 positioned on the bottom of the SEAWresonator (or the bol oneter)
102, the tenperature coefficient of frequency (TCF) of the SEAW
resonator 102 may decrease, as the ring may provide a good
conpensation of the TCF of the SEAWresonator 102, and thereby
rendering the detector 100 useful as a reference bol oneter. [0072]
In the context of various enbodinments, the term"tenperature

coef fi ci e0074)fIn 2aribus ubstiymentantheigatr @Efcdlevnpdes’ T@Fhlasrage atangedien arﬁrst

i ndi catiaogn of th chan e in freq y correspond chang
t enper at URET P GR PLrREIEIRES B AT DIy I deseEimish acent fathe first

mat eri al lﬂye?m@%dgrvlﬁéanath%fe 368 2feldhEdeIEOYV 8 SRR eIt B ﬁgﬁénal 106
include, but not Iimted to, alumnum (Al), or titaniumnitrid

(TiN), ormay bamhange(dwqe ovr theather, uler ﬁmm]pldéh% Taix)of abectiod¢retO4 may be
mat er i al saﬁ%lg%h @T hll & {glgeﬁi%%qeﬁ%%hm%%%ﬂa' f fd 'ugl g‘{bﬁdﬁpegltsv\mecsgco”%y

be conp nvarious e
el ect roddSyeI%yrmyoda&dafemgelﬁb fiinst layefrianﬁthelsayﬂfateam t he piezoelectric

mat eri al f.orma second | adjacent to. t first I r.
Thi s may ﬁ@%ﬁ?w&ws %&fmﬂtﬁ e@%&t{f}i&a £ 01 glgctagrgs tlﬁ‘é flﬁ %ﬁi@rﬂr&t
nateri al el&@oa@xndo@leaemamtr@a@ npa\y%cla&ea phipffty of &etheaﬁmgk@ THS R T

of electrodes 104 may be 5 arrangéd on or over the piezoelectric

mat eri al Mepd. thatrpaghy pleefisied pigodic fssitedectrpheanrbiho serond yeactrade) of éhe méraafed
bet wegn t I Stinat . i
enbodfl%)rre ne{]%t]%hés L04 I%X?ﬁa%ng C?ggfs'ﬁé% kr%o reaé g%ﬂzflt O?lg)r L%?(Qt St\é'l?ccrat&r;g %éf the
first el gquir ofleleandlet HO4 sagoRhbéd emface depustiaywiavec (LANE) andvbuﬂaikﬂat Vieldf
teeth or fin S. is may nean that ctrode (e.qg. the first

el ectr odeexﬁﬁ%je"f‘lﬁjeb‘ggéwau%}”@ﬁ ey or&fﬂf—%@%ﬁ iYavg g t18‘|€IJect rodes 104
may have [@01a)Mh-tkhap@exil dkearRik W80 Hhts, Tﬁ'&ewﬁﬁél&gﬂ{ by chd Efacfexting
pair of electrodes 104 may enabl e surface acoustic wave (SAW and/ or

| at eral facepsiicavaypand tharefprents aesosiabtdsirqapengyymay be deimgned ke payig) or
Wave Bxc'chﬁﬁr}cgm é\[/%%:?% Isﬁ'ccgglﬁle %erhe&(li oﬁ)ef ei\é@t%cféu%vh%?g%%n&sthet ({lger

wavel engt ce exclted acoustic wave therefore i
associ at aedecdiodgmenby arrmepd feradbetvereni ned by the period or

[0077] In the context of various embodiments, each electrode of the pair of
electrodes 104 may have a plurality of teeth in a range of between about 2 teeth and 100
teeth, for example between about 2 teeth and 50 teeth, between about 2 teeth and 20 teeth,
20  between about 20 teeth and 100 teeth, between about 50 teeth and 100 teeth, or between
about 30 teeth and 60 teeth.
[0078] In the context of various embodiments, each electrode of the pair of
electrodes 104 may have a thickness in a range of between about 5 nm and about 200 nm,
for example between about 5 nm and about 100 nm, between about 5 nm and about
25 50 nm, between about 50 nm and about 200 nm, or between about 100 nm and about
200 nm.
[0079] In various embodiments, the pair of electrodes 104 may be arranged in an
interleaving structure. This may mean that an electrode of the pair of electrodes 104 may
be arranged one after the other.
30 [0080] In various embodiments, the pair of electrodes 104 may be arranged in an

interdigitated (IDT) structure or a concentric pattern. In the context of various
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15 di stance between two successive teeth of one el ectrode, where a
tooth of the other electrode may be arranged therebetween. [0077] In
the context of various enbodi nents, each el ectrode of the pair of

el ectrodes 104 may have a plurality of teeth in a range of between
about 2 teeth and 100 teeth, for exanple between about 2 teeth and 50
teeth, between about 2 teeth and 20 teeth, 20 between about 20 teeth
and 100 tesiddimbéed \meepalﬁbf)el'éctﬁﬂei e@4 magdd alfigddeiatan, inRrdigiekoepitteabaut
30 teeth and 60 teeth 007% I n, the cont ext gé vari Qus enboalnents
each el ec¥M6UE d¢ RrAwd pafle SIncsieatl, prppasaii9n fhy he, spdace exlek neeoustia
a range of,REEHREN, @p&iﬁkerﬁn%ﬂcﬁﬂ‘%aﬁ@l‘ﬁg% £839idR Mo BherRARMr a%@ﬁﬂif"&n
about 5 urn and about 100 nm between about 5 urn and about 50 m,
bet ween abeswri®e eﬁmedrﬂgomomavz(OS)EAﬁD brvatmmvemhmhm@ms, tho Quifiapesndited
about 20 1 7 e L o el ectrodes
104 ry. ol ORI EEA MBS RUT SRIPRAF Bhiem B8 SBbE iy SRS,
an el ect rsnﬂﬁamfallyhanﬁhrrtooﬁheelpeﬁémOdESstletﬁrm bnea@emaﬂged thee paif t &f

t he ot her. 0080] In varjous enbodi air of electrodes
104 may ecks PtL‘ Shiféd SP?% ah thah v tfhtgg‘dm(“fl )ta@g rR3Ey & Hye gpneentric-
concent riGrBRFbAfdk. | N the context of various enbodi nents, the pair
of electrodes 104 may be arranged in an interdigitated pattern or
structur dOB%llrﬁoai\thmteﬁhéﬂaﬁ:d@Dg‘o Stfadturpy bp agiitof @I%cmdes He4 say foggeranged

excit 235%91‘1‘ a%%aoﬂ%’o"th%? \C’e?lma - of P &‘i%ﬂeélgcltr% La%XCI eleelifde Bag be

pr ovi nmensi onal |on o e sur

wave ( SEAdltkrnaterlw \aa'anguiSw&h‘mach nenh of thhepleulifyack teethe bf edk 5that: elestrode
wave (SEAW ene ed ha e a pattern that substa t|aII ese | es
o Subst Afes SR Eleprodhy B e SopEITr PRSPt Bk ot MGG ke

of the padrfangéd ﬁteacatdlpdﬁascola@éhméymnﬁoﬁéxaﬁap@rar@ﬂg@%d arctttaefanem

interdigitated pattern or the concentric-circular pattern 0081] For
t he i nt er@0%gHtIatvagoys W?O@W?W&t the deteetor 1Ba|mayOt4r@Pre@9tué@e§~%4reﬂegtorbe

arr anged %%ﬂﬂ&ﬂ{ ‘.J.Tl%Etoﬁ detﬂgvggn thg' [r'é%t)ﬁatt%/ ﬁﬁ atnﬁet'l]iehsuggra(?@??? to

el ectrode I st altern arrange
each tootformof Fahley liﬂlaztrlademtryctmfe Thaehtaymrﬁeanh]mt otHabiry- Ié:lrﬁdtkle cttect@e.ngpy be

second el gctr For t conc ri ttern r of ectrodes
o6 ey HESh B Ay s ketfeaferg e SEalf bior 1HE T e sleElhimans
a concentdnhénceiab§diptedn dFakd @edromk@A&rlsidral. var i ous enbodl ments, the
det ect or 100 nay further include a wave refl ector ﬁ@ an IR

ref | ect or PO laAbreepnisat a%woyh@nb@mﬁmstbﬁé%?mnw laﬁvdm@ © 90 8t Matee
108 tgo foLfha Ak wnlkerfly Légﬁ?o gxtenr%igtowagleagthh iRY e%%e{ 1B offacoustic

Fabry-Perot |ike {ruct ure rmed by t wave reflector an
t he SEANVWE@@magwﬁnnomepﬁhedmamemmEhhbHthwm@yﬂwmhuﬂmseHBsorption of
the el ect fOBﬁEﬁqn%he con?exgota various embodiments, the detector 100 may be or may include an
infrared (IR) detector or a far infrared (FIR) detector.
[0085] In the context of various embodiments, the detector 100 may be a bolometer or a
25 microbolometer. As a non-limiting example, the detector 100 may be a CMOS
compatible microbolometer.
[0086] In the context of various embodiments, the frequency shift of the surface excited
acoustic wave (SEAW) may include a frequency shift in a resonance frequency, the

resonance frequency being defined by a distance or period between the pair of electrodes.

30 This may mean that the detector 100 may determine a resonance frequency shift of the
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[0083] In the context of various enbodi nents, the detector 100 may

i ncl ude one or nore 20rel ease holes, which may help to prevent or at
| east m ni mse excessive |oss of acoustic wave energy fromthe

pi ezoel ectric material 106 towards the substrate 108. 10084] In the
context of various enbodi nents, the detector 100 nay be or may
include an infrared (IR) detector or a far infrared (FIR) detector.

10085] | nsutrﬂaee exsifed atoitic waivt Gil Sespii@db MaNd&trobAgndiRt @iad incld¥dt BRYhde
a bol onet or 25 m crobol oneter. As a non-limting exanple, the
det ect or Ope a cMOS conpati bl e m crobol oneter. [0086] In the

cont ext O[fOOS"F]ththSccﬁl'E@%‘%’gf VRIS embB@in{chRUME RN Whidoha®f 16815 kRS For

excited acoustic wave (SEAW may | nclude a frequency shift 1n a
r esonanc eEPﬂamlmbﬁEyF BA¢Latersb rFa:ﬁ@ @xpﬁ@h Hémc?ullbemﬁgmd‘ew avedR¢synaor). In

di sta ween L ectraode
that t 9%8%&8 fiie dé l?er n ﬁ%naaorr f?s?on c’ém%r eaﬁrgaﬁgyexgﬁ?%?wggm
t he sur f avﬂﬁveeQS@AtWﬂ vetdehu ﬁiclualeyvhmelsmaut ties@ens ehd fllawirg wates OfegRANpIE,

signal incigdent on the detectaor 100, In the context of various
erod e mMUEAcE FOTSEAN S b SFETUBAROYen ERERFs MoticoRiemy| e it PSR

(Lateral #d éﬂcﬂecﬁﬂﬁédgﬁ%lé:dtﬂoﬂ&&ﬂ EnPGRBSE, 1 161 YANDIRE SARRE Yhthe bl@Z&lCCtl‘lC

vari ous embodi ments,” the SEAWesonator 102 may excite a surface
excit ed avdasali I@GV\hx/t«be (comayy of vesiouhembedimgrts, thepair 9f nlsetrodesilOdanaydbe

the f R ﬁ’)rr‘g{é e(y\ges *ﬂ)exsﬁg'%e  TRAT I %ge lgghc ?e'ifg ticopaye é)%%’bfvg gL cousti

LFE- or any e excl oug
eIectrodeWmmmSEﬂﬁnsumﬁmﬁﬁneﬁm&c@xanple a surface of the plezoelectrlc

mat eri al In the context of i OUS andi nts, a

o ect r odb0RH 40 s s Bt Glimeriny SoAer almrcues i B2y kg Pade of
gener ate 2 5athilfl P SAMplLInACAHSIhE WAV EnieiEAY SomRohy (@ne f
[0088] In fhe contextﬁ%f vgrlou% enbodi nents, the pair ofm%I%%%rgﬁgs

104 may baolyhdraups(Mp)ngninm [THrorgxgsisnéWncl udi ng but not linited to,

?{/\;m {yum [‘)6%9] 3R Gorded or VERLYP %BH&Hﬂ(&h@ ) the téﬁxﬁmcﬂ{ﬂvl(e’ﬂa)ld Q‘Eou&)wag %a%fn

include electrical coupling and/or mechanical coupling.
[0090] In the context of various embodiments, the terms “couple” and “coupled” with
regard to two or more components may include direct coupling and/or indirect coupling.
For example, two components being coupled to each other may mean that there is a direct
20 coupling path between the two components and/or there is an indirect coupling path
between the two components, e.g. via one or more intervening components (e.g. resistor
and/or inductor and/or capacitor) connected therebetween.
[0091] Various embodiments may provide a high temperature stable CMOS compatible
surface excited acoustic wave (SEAW) sensor with a far infrared (FIR) optimized
25  absorption structure, wherein the readout may be high frequency based, for example up to
approximately 2 GHz. A surface excited acoustic wave (SEAW) refers to an acoustic
wave mode that is generated by electrodes on only one surface of the sensor, for example
such as surface acoustic wave (SAW), lateral field excited film bulk acoustic-wave
resonator {LFE-FBAR) wave, checker mode, etc..
30 [0092] FIG. 2A shows a schematic perspective view of a detector or microbolometer

(e.g.a surface excited acoustic wave (SEAW) detector) 200, according to various
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15[ 0089] In the context of various enbodi ments, the ternms "couple"
and "coupl ed" may include electrical coupling and/ or mechani cal
coupling. [0090] In the context of various enbodinents, the terns
"coupl e"” and "coupled" with regard to two or nore conponents may

i ncl ude direct coupling and/or indirect coupling. For exanple, two
conponents being coupled to each other may nean that there is a

direct 20engspdphérdg ThatdetdeirVi®enniheiclide aCaifRed exditd a0eUsaE WwAer(SEAT)AN
i ndi rect coupli pat h_between_the two conponents, ea%.g via one or
predes) o5 it

Tor e | nt PRBHICRGUL iSRS B € ECtrodst (el g lfctradia).of the
capacito rti)m? SE Rk ot oS ’R‘J@Q%f%? gecglﬁ/cﬁg%%&lod\é@'bblg,:ézd gl’ﬁ%géll?&ﬂ& thattd¥4! or

provi de a tenperature st conpat i ace excite
acoust i ¢ lapere0p SEAW megrtsozieaniidaly aofipled konfhediredel oy 26p4 and fedsc@ind

absorptio tru r wherein.the r. ut be hi gh fr.equenc .
pased 1 reiplat . fhe PRAGHSAREh 80 ol Afeclindilor MR AiRbousic
acoust i ¢ weeqegSERMIW)IBALDS géRraddll RE SpSiih€ ak@MetridTtied b de tbp clectrodes,
generated by el ectrodes on only one surface of the sensor,

for
exanpl e sitfethadirg slrgrde 2Ba st cthiareondsalpyrodea@bapranged Prelagi phdhe
filmbul kpi@z%@lééﬁ-i'c(}ﬁé’é@'}&a@ 268 30 RR4Rkd Ok BEo b BARlce MR YR, pichRRKEL rgﬁgﬁ’al 203.

etc.. 30[0092] FIG 2A shows a schematic perspective view o
det ect or A% wmirclimliigoresaraplege thy piczgletuice nesteial ed0hcoagt be wawsnium

( SEAW. det.ect 200, acc ing. to. var.ious .. di mrents. The detector
bo0 " THEREOAN 2R 28 LT o iRt EERBHE (LRI ST cammat ar <20

i ncl udi ng0a9F)alite foft ddctrdtie 20RSmiehgye AdluliBcsirtedr sordingtish for example as
el ectrodes), in the formof a %ir t. el ectyaode 202a_and second .
el ect r odeFeRsRtcdhy L Ua fordrodrdhuant dharceend dectipde 2Gghmay havemplurlinggf

be el ect riegal {)o\‘ s edot xihiglefl i %pr@éeﬁféflr 04028 2R tthieh. SERONEO

&
el ectrode 202 The piezoelectric materi a 03 may have a rectangul ar
shape. Arflestiode 0% andilee feconyl elsmady 2oabhympe foyevrarinteedigitje dBiaTy patigrraer
electric fi t.he sk rodes, . Lrst ro
and t 5e séé)(&:lgk'% a@%éc rlcl)lgge}paﬁgg&tgnr gl%goevé i c%?s’t 18%%0@1%{ aetog;;tlhg%‘gloecttl“%%%%
mat eri al 28%ode Hmangedbenamarigep dterfaaie @itht hetopthe 204b eof rthe second
mat eri al 203. ?Air? on-limting exanples, the piezoelectric materi al
203 may Besed '%n’um 10nitride (AIN), zinc oxide (Zn0), or lithium

ni obat e (fpd9Ok.distance between the first electrode 202a and the second electrode 202b may
define the resonance frequency of the resonator, and therefore the surface excited
20  acoustic wave (SEAW) that may be generated. For example, the distance or spacing
between two adjacent teeth 204a of the first electrode 202a, and/or the distance or spacing
between two adjacent teeth 204b of the second electrode 202b, may define the resonance
frequency.
[0095] The SEAW resonator 201 may include a first wave reflector 208a and a second
25  wave reflector 208b arranged on opposite edge regions of the SEAW resonator 201. The
first wave reflector 208a and the second wave reflector 208b may cooperate to reflect at
least a portion of an acoustic wave (e.g. a surface excited acoustic wave (SEAW)) that
may be generated by the IDT electrodes 206.
[0096] The first electrode 202a and the second electrode 202b may act as an infrared

30  (IR)-absorption layer as well as a contact layer.
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[0093] The first electrode 202a may have a plurality of teeth (or
fingers), for exanple as represented by 204a for two teeth, and the
second el ectrode 202b may have a plurality of teeth (or fingers), for
exanpl e as represented by 204b for two teeth. The first el ectrode
202a and the second el ectrode 202b may forman interdigitated (1DT)
pattern or 15 configuration, as illustrated within the oval 206, such
that a t qoo9r]20dadctdctdrPR0ThisincRide Givb GppotOAauckirys, BE tiar foa g tholometer
alternately with a tqoth 204b of the second el ectrode 202b. [0094]
The di st dfg% SfetanbEsh homeier kg 2i0acindog seond abolometen ogs al¥narmanged on
el ectrodg,

and ther SFBr 8 R T O R M e
gener at ed:oupled t@)@aﬁtptl @chomn@tw;@ ahdm vdnlesthaseqrnd thetonester legua | Bl sy et
teeth 204a t 2

spaci g trRisale T orseafimeBar TP RET A0 e BT ebol s AP AaR Brseorpdy,
may defi mchdrestfueamamme niayebpienged {DOREbr Thee SEAWhRsRA hetal2Xideray
include a first wave ref]ector 208a and a second .25 wave refl ector
208b ar r aSHEP lﬂftws%ﬁ{ﬂlf Btegiied FEYIHHMEP ROIC) SHiwmes &i5an thst 0w grmorene
first \NaV@Mbesfélﬁ;ﬁft%a;%am%ﬁgedtmeﬁﬁamﬁe WRKEY r&bhAGE 201, 28D oI BY fist
cooperate to reflect at |eas ortion of an acoustic wave (e.
surface eseharedrugaion 31 2 anghilee é@w\ﬁ)ichomaﬂtruntu;ﬁ BB by ovag rest @qndwntembr

| DT e]ectr e first electrode 202a and the
secon@ el ? %ﬁﬁdmggaﬂ%aﬁ%$9@%ﬁ$§ggan infrared 30(IR)-absorption | ayer
as wel | g9098] Cﬂmtcﬁt&tdrdjbel’mz}y 15161619}7}1 gﬁ‘?@racbe@ecflmw@@ﬁhtﬁw lbe?qiaudi%aﬁam
support s tures n the formof bol onet e i rst

o Dot er grervomeiar 40LP% 8 88 -6 o el andagrasgeshbearith s tor 201
opposite b egipORS b@lvet eheSRAVMAGS oA LAY 120 dubstihie ﬁlw Hroh@d %%hﬂr

| eg 210a nay be coupled to a first anchor structure 212a, while t
second bobdtismed! thetpsomatys 204 frave thesupstete, mdiich @@cmmméh@mab@m Q}T e

2120 1sThehl lof! AN ENOL RO A AAE, ADdehlls: SEPRATHAR SlerstofoiR ©

0
212b nay e coup gﬂzo one or nore cohpPenen
met al - oxi 1d6$amtumrtd usiae theesagkou br relsmmg:rraméd‘lcm tlteuubsfsra(eOVEBsR@EFﬁ)e may

This may ,nmean that_ o r re rc may, be arrange

under neat¥ CPH@%%AW ? ésg Bﬁg'gﬁﬁmf&fe 2%&?35]%‘6 A df‘inl"g‘?r SHHEH dZIgPT ucture
212a and [0h99] SRRk Q00 maSt fukthiérin@ludd 2 Rvave YeRRtof 9O 8 U IR Bofleb@F) 214
10exanple including a netal |ic material. 100981 The detector 20

i ncl ude aArengesk beéW@en(thétSEé%Wn@tﬁ%@Ohﬁgﬁ the subshiatedo dpar o Fralarofanrwehkey
resong tOfs@gérebwh% 92R {flebor 9'1‘4% %'E'qea@{ Bj{bgfﬁbgﬁ'ae@m {]Jege an

resonat or Having a gap I n bet en t e reson 1 and
substr at eelm;mqagmwcmnahemnlalas nrﬁ'cdrat ieqn faf infilared) @m0 metyoye BOitehtr amtitehe

sonat or SAITO ATy GG, en - bic ek 3800y RAVE 20M GPOHLE ORETE

li ke strugéowbe 2O2b. T@lsah@y EdRANSLIBOIptOh of BRONAD The hvé FeMaciod@14 may
substrate. The substrate nay be coupled to the first anchor structure

212a and Rerfereagrdandhe bsbriest ruct ure 212b. [0099] The detector 200
may fidrt hfﬁO]'ﬂx%lngs%r %r YRYE16:85 01865 Phe {ferfa Alyalﬁoﬂillgﬂ 3 ﬁl%tsﬁﬁs)trafés% that

arranged bet ween the SEAWTresonator 201 an e substrate to forma
Fabr y- Pertb¢ IRilight Qﬁa@tab&m'bw by thhBrsheleetrodef 202atand 1R decony eleefrbdec?(2bat

I t t f. t I
i 7 ar od Y g5 8pf of PR Ty SRRl ohb b Pg e S d g e
201 t owargsustidevdvesenal @esodftke fidieddyl 81 ofkeGbrdadthe 30bnamdedfréduency of

second el ectrode 202b. This nay enhance absorption of the wave. The
wave ref |88 EAYS 1850R) %%1 AP FRepudinghy alspe thg pssanapgseirequency of the SEAW

30  generated, may be changed as a result of a change (e.g. increase) in temperature of the

resonator 201 resulting from the absorption of IR light or signal. In various embodiments,
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25[ 0100] The sensor or resonator 201 may be thermally isolated from
the substrate so that the IR 1ight (heat) absorbed by the first

el ectrode 202a and the second el ectrode 202b may cause a rise of
tenperature within the resonator 201, which may cause a shift of the
acoustic wave sensor resonance frequency. In other words, the
resonance frequency of the SEAWresonator 201, and accordingly al so,

t he Ir eso ][’tﬁm&%ﬁll’rﬁﬁkﬁﬂﬁlyayoﬁe proeidSEANBE desa s ted Apﬁﬁ%frdﬁﬁpm&ﬁg?@pa%&ga
result o a change €., d. |l ncrease Inte erature of the resonator
201 resulh FF‘@OIW‘HrﬁOEl ﬁ&’%@&o’r’-‘%ﬁtf%ﬁ?’bﬁ BRIR tﬂ?rgﬁflsglaugq gryRlso bs aghieyed iy
enbodi Menfsgo jof @ HEBNRAGKRAIRERYs RS, BI®VIrded) fo? thel 148: EIRERGEOEg 206

Apart from physi cal Ig spacing the resonator 201 fromthe substrate by
a gap, teadnthe seewidabolometenyezal . bis actrinelraidingyexamiphey theoWrst slenagter
conducti v eri.al s . i 02 or ATj for the first boloneter, |e
3208 and EheTtacing T ePabe s B 21 BbhaxBe s o it HO0RA b
t he firstcohdhcbinity elowbr Itkgh 2dPectiae dihetgal Semandivirtds onfetier shigga2 184 iy
be nmade of a pateri al V] ngﬁit ermal conpductivity | ower than

€

h :
respect i VESZOREFEE| m@%ﬁ%ﬁ&%i OI5f 1R hEATIOYR STRRAdEMEE li5e thermal time
pi ezoel e i t erjpaly.2 ehghHo i LQAKYS J ,

t her mal ﬁog&g%ggﬁ‘s’tggt I,thet S%tegfﬂlt F?’gédg? ctbgr\é%%@?ray?ggggéﬁgﬁgdﬂ%&ﬁal
varyi ng tdeadideereel,. s ofthedirartotbmdérde®? [ @afant hiee decoist bdiaheseleg 2 10te dor
210a and the cond, hol opeter |l eg 210b, for 10 anpl vari atijon
of th¥ geBARPIPYATREAd phibe &aqr%?t?yaqré&qsfthﬁt watefigls of ﬁﬁgﬁﬁtﬁ?@%ﬁwtw@g 3in
and/ or thgdsearndchRlRRi&s 1Le910810b. [0101] The acoustic wave (SEAW
itself may be generated by the conmb-structured thin el ectrodes of the

first el d8i¥1dddezgoestiarerve8E4300kglfanasthe ganeraxay thaiserbrstuetecd thin
di stance %&#r%@c%rbf{tﬂéaﬁ;s't El%&tro%e%?gﬁ ?&Fthg %38 @%cﬁmﬂd:e ﬁﬁgf’\ﬁﬁergﬂﬁﬁé §i88ce
e requ uch como’ s S nay

202b may I'ne the resonance ency. ructure

enabl e suretaa thediss tlecrwda\2924 SiAlNhe anchnd reldeabder 202bfrhal dbfiex chd resbrfihdem
bul k acousti c-waye . .resqnator (LFE-FB ve excitatiaqp, As

mon- | Pt ST Ao st iy a0 el eae g e A Al op ere

12/ 0 (ohmisdibasi®d Himtbiek ddousic-RhRrClesRdRr 20RR FBAR ) ifc 2RERMEn A S hbRde
202b may be able to act as an absorption |layer for the IR light at

t he sane limifag exagaeHarcrogting aspecifineheet 5epipgnqert3 7 26¥ e (alww/ squpre)), therfirsto
exanpl e J tag j i ) 1
arort al el Y08 R b SBlont QMG YOUTBLPDS Biplef alt asin iRl yer
and t he decdrdiRelightt atodie s202imayTagethat avith RabmyeBangtiRirefiestor 214, for

structure, in which the distance.betwee he absqr.ption Jayer, and.the
R of PacrsPhBied gl ERBER T A p s ot ahoR oo
Due to theysarbgel sY e it @lRirofdh20dd sl (el RedidogdectA2 @ 0anAndyhereate a
second 25 el ectrode 202b, the current flaow through the sensor or

r esonat orF2purPeay g C AT Gy whichdle diffapcerhvavesa)the shearpiing laver athoiR-
the mcr %Qéc‘i’&ﬁjlﬁrmégf de#al ﬁ{%tlﬂe{xilﬁ{?ﬁg%@&{?@%wﬁﬁﬂi' gible or mnimal.

At the sane tine, due to the negl current "l ow and the high
readout f0EeRIdhy to tthe donfbednsinichae t dlethralfirsiotlsaratry 2022 dndisthe csbdngd

reduced. SR BEAY LIS APR 9958 0T JERUPL SulBIS 0 RRPRE G i "
so that the self heating effect of the microbolometer or detector 200 may become
negligible or minimal. At the same time, due to the negligible current flow and the high
readout frequency, the 1/f and the thermal noise may be drastically reduced, which
provide advantages for acoustic waves IR-sensors, such as the detector 200, as compared

30  to the conventional resistive sensors.
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30to the conventional resistive sensors. [0103] In various

enbodi nents, it should be appreciated that other el ectrode
configurations may be enpl oyed for the detector 200, as shown in FIG
2B, to excite different nodes. FIG 2B shows a standard
interdigitated (IDT) structure 220 for surface acoustic wave (SAW
node and/or LFE-FBAR node, which may be simlar to the IDT 5

struct ur 0208 1af vitiéas Dmbodideenss, aftdak¢hld Die Sippusidice R20 dig! eRegode
first electrode 202a with a_plurality of teeth 204a, and a second

el ect r odeFopfgyatipnsnmay Be grwiqved fox theslstastop G4B, mﬁw B Kl6b2B, 50 £5cits

the first
S0ab of (hEvEElE04R, PREAETOES i BRNGEAIRETADT) elhirb 230 R dhace

el ectr odeBCpmti@hwe((éAéiV) RodeganddordyFEaRB ARI mbds; “dnmhmy bé¢ sintibr & thetlPdde

palchee) kB SRk er R SRS Lol ThrsleShpehepce

pat ches nmaith belssag eﬂteamazmafarnamsemﬁ apetcheae 20% \siﬂowplurahtf bfGecetRB.04B,
checker | DT structure 238 or. checker de nmay_be provided. The

checker I'BErstdr et 28480 thinfirfieclestios 2024 nashbe srgngy alqrostely with 2

structur eto@t%@(m?ESP@lBEeJoH@Ele@tr&He%%' ty of spaced apart square
el ectrode patches 232 nay be 1S arranged al ong each tooth 204a of

the fi rst[Oé%dtlwgdeuszmlmdanwt%mtm@fopﬁclmmgol 3, Heorsaydnghee Inpmbeoefe
202b. Theref ed el.ect ar-ghi ur.e be
pr ovi ld)e d. elt?ct P%t e%ﬁ]e n%oﬁ.a%?ﬁeﬁ Pong dia%h rrFDOr?E ﬂ%?ofﬁl fti tC clgct ﬁlga a anlsle

e StTUCt UF &
provi ded, eadiheioeh 204d cdltl@d@laxd le'ctmtlé Q02K The 2httradypabhesmay baspaced Iqhet
standard | DT structure .except _tha pIura ity aof s aced apar
di amond- SR EASHLPBEE A5 °H§t1€ HG! 300 ﬁé Bellhk slargia 238 ‘é?l’f?ﬁ]@ﬂré%

tooth 204gaphe HRRidddr The @h&ktr a9 sg'Q@t@reaﬁ‘ﬂJ ﬁl@f hetsRntldr BOAL sﬁBd&rHQDT

second electrode 202b. 101051 Also, a spiral T structure may be
provi ded Sieiee 220e exdepkihated eluralistef spazzd anard squaee Jegiodd pémb@tzﬁadleaym‘zb

™Y b 2 ANGEKall Sl PR S0 eI baboR] S LRNSAR3RuRR e

second el ec e arrange acen
a porti omseodndt biectfadesZOZbl datmrehde Qmﬁa:kanpiata:nmdrele@mdefa1¢lhtectsﬂ:cmgl be

el ectrode 20 e ar ed aI ern The fi ectr 02a

it he” bt O St AaboBSET, SEmPR T e 24) fiy Re i ates,

[0106] A tBé gfanl PHTSthsGHUIR Iﬂﬁobaﬁmﬂhﬂﬁi@agtah@armpwsqﬁ&mefm except

LFE- FBAR node, where the zig 209 | DT structure 260 may be simlar to
@ 1

the standbflc Plomlist pfinageda argoed ghaped ?harod@a@wh%%%mzmba agRngade
firstyel ea%l{goga%h%ggﬂ AR $A60 Q0862848081 2hd'Ca3ERB81204b of the second

electrode 202b.

[0105] Also, a spiral IDT structure 250 may be provided where the first electrode 202a

and the second electrode 202b may be arranged in a spiral pattern. The first

electrode 202a and the second electrode 202b may be arranged adjacent each other,
25  where a portion of the first electrode 202a and a portion of the second electrode 202b

may be arranged alternately. The first electrode 202a and the second electrode 202b may

form an interleaving configuration.

[0106] A zigzag IDT structure 260 may instead be provided, for LFE-FBAR mode,

where the zigzag IDT structure 260 may be similar to the standard IDT structure 220,
30  except that each tooth 204a of the first electrode 202a and each tooth 204b of the second

electrode 202b may have a zigzag-like pattern.
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el ectrode 202b may have a zigzag-like pattern. [0107] FIG 2C shows
a schematic top view of a detector (e.g. surface excited acoustic
wave (SEAW detector) 270, according to various enbodinents. In a
non-limting exanple, the detector 270 includes a SEAWresonat or 201
having a first electrode 202a with 60 teeth or fingers 204a and a
second el ectrode 202b with 60 teeth or fingers 204b 5 arranged in an
| DT conf i [QUGtHIGN 2Cvéhewe atsbkerfdticsbp elcwctf pdeacdtbPe. @RrGrfidexsRaDMDustic

el ectrode 202h are arranged _on a pj.ezoelectric QAerlal 203 in_the
form of av#E h‘%?ﬁ W§> &% ageetdne & V?Beusgﬁmgﬁ imentso Iy norr{@iting, e

wi dth of Lhgnpl ﬁﬁtde%ﬁ)rfzﬂbgﬁﬂédeggﬁA@%%nﬁﬁY 2@? thFlH%Q’ﬁr&Betl&'terézm

The detector 270 may i nclude a 10 gmthick silicon nbrane (not
shown) arwdn@@zébeﬁeomﬁngeww@zdelsemm gectrade 224 wgh)ﬁo twﬂeosﬁng@s 204b

menbr gne h ve 750

appr e%i atar;%}q% fat™ & 5 ﬁg%%am R con g §|§er$ elr?ﬁrr%ﬁl\eea annst%j 30%11«51
enpl oyed. clddnede202bcire rarraﬂgbdrmaya blezddietirid interde2@NR) the fdsmr of h @heditigne
hol es 272 whi ch_may he fe7|%@ revent or _at least mnin se excessive

| oss of dEEiEetd Hamglgeo ro7rﬁ 1) phebivepidth pf ke gispbpdenfanger 04,
d 8
s s 28 S %%Séﬂﬁéﬁlgg (e B BAE Hﬁhﬁéﬁ?%?m#c# HCL 10 im0

of a radlsaalicoﬁtqsm acenbexe (heckhawn) strdngedvbslewskipiorockific agensldioBgThoSi
vari ous enbodi nents, ill ustratl ng the electric_potential variation
acros¥ t HeemipsIe Mmayt haye s digmoten ©f 758 oL magie- Firsbquidne apmrecigied thay 43

Mz. [0l
VA o STk SRS 3B PORFE IR BRI D58 AIORE. 15 RELE, 270 mey
non- | i m tfuniereixelopé ese oamtbravrélbasedicddse2ite whizh th&35held Aot pre Rt oFIaG&astBA
to 3K show, .as cross-sectignal views, vari

roces st ages of
process fTBHASE SXCSREY RS PHACTENGPALE alpqrgp@?rgmd £ S8y eq(tg “%EWVZO?’

det ect or )towa@s @fetHi REbsuAte\R hetbrarRROdLORAY s. [ 0110] Referrlng_to FI G
3A, a substrate (e.g. silicon (Si) substrate) 302 may be provided.

25 Odisde [OEYIFIE; 2R showt 2 pxtpALpaPRECETRYIPY A theaspoulated swationi mpde of a
(VD) MAGBP oGRIcE | B hodBiARROS £ BD A! Abofding to YadibfOlmBiifinrs,

(Si02)) oxl 4 may ac as a ayer or
passi vat iitinsttatiygthe Sedise guientidlywariatioresabddsi the [RAY etecfredsy. 283l almsl‘l‘ﬂmnant

(A)) may, beggé%gsh%%qéﬂ%the oxi de 304 and may be patterned to

form cont 55 efl ector 305. Therefore, a structure 300

nmay be objpgeg)erthe f}HAHAIA froSeth SQTIMAINE Yhe Rtc2RE BN tarfik d@bb@MRAts (a1l Sow
silicon oxide (Si02), for exanple via CVD, may be dEPOSI ted over the

| R-r 30 ectegiesa démdhff Frdlowang neacimising, exaﬁﬂlewé hitheiplerepee tEIGS. 3A to
dielectrige| r2 QL i HIL

(acsi 11 cong o R e A vip 0 SRR oSt filkhs or proces
sacrifi cifidw Ioéyaemeth@d Bl onmufactFEng. a 3Bjecwr dt.gu SEMVE (Elﬁ(dtm)aya(:b@dmg to
obt ai ned,__havin 8 sectond oxi de 312 and a layer of a-silicon 314.
[0112] Re‘faEPPﬁ?{gb(f I'F1"& 3C, a third oxide | ayer (e.g. silicon oxide

(Si 02) 346110]Referring to FIG. 3A, a substrate (e.g. silicon (Si) substrate) 302 may be provided.
25  Oxide deposition, for example via chemical vapour deposition (CVD), may be carried out
to deposit an oxide (e.g. silicon oxide (Si0,)) 304. The oxide 304 may act as a dielectric
layer or a passivation layer. Subsequently, a metallic layer (e.g. aluminum (Al)) may be
deposited over the oxide 304 and may be patterned to form contacts 306 and an IR-
reflector 305. Therefore, a structure 300 may be obtained.
30 [0111] Subsequently, a second oxide layer (e.g. silicon oxide (Si0,), for example via

CVD, may be deposited over the IR-reflector 305 and the contacts 306, and which may
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5 exanple via CVD, may be deposited over the a-silicon |ayer 314,
foll owed by deposition of a piezoelectric material (e.g. alum nium
nitride (AIN)) 318 over the third oxide |layer 316, for exanple via a
sputtering process. Therefore, a structure 320 nay be obtai ned.
Thereafter, AIN structuring may be carried out to formthe AN 318,
for exanple into a block structure. A structure 324 nmay be obtai ned,

as shown dchadd feledtilc layk ot AdakdilvadRel Bydri A@ohﬁoﬁde@moaﬁ(a-aht@mtnk@rthmaie
| ayer (e.g. si I i con oxide (Si02) 330, for exanFaae vi a CVD, ﬂyﬁécﬁB
faor

deposi t eciepoutedtayer Mensesendioide daxst s gnsrcpfitinlelayeid Asr shopmy iy
exanpl e té@mf:@?é@ ® ﬁﬁﬁ%ﬂé&ﬁiggﬁéﬂ%b B&ondBxiddh § af fg%gerftgé-sggoﬁ%ﬁx\.’ee”

adj acent oxide stri a structure
obt ai ned. [01 0% TiferReg eprkity 3th FH@d ﬁﬁ;de da,btrse(qgeﬂﬂﬂcw ogalet @e®.) 316, for

Oeposis | kSl SR Sri i BRI oot SR S5R9PLH B Rl

struct ur esf 4 @id-0eleRttb emdtehbln®iE rdl@hindd$ dithide f'(ﬁllgﬁp§1833‘28r theemhel aixede a
structure 340 nay be obtained, with Ti N contacts 338 which na defl ne

a pair oflawrddbr Buesxample Y5 2 RPUSIGIOSTSHi SRR, th shugiarecialt may be
out, for exanpl eriétantVRAIN Qtr%ﬂﬂ%' tadbe 2ri0KiHe 1d %é(r%{ t}(eeAﬁlN ?1'8' 'f&O”

oxi de (Si O2) over the Structure 340, as a passivation |aye Shown
in FIG Bﬁamalesmomhlml@stmwrmﬂysthMSM mesdbe ghteihedyas d)QVdHnIFéG}e%D 346

over t act . 01 Ref err o FIL.G 3H.,c (>

et chi fng n@ﬂdg}? ﬁ%‘%?&ﬁét 3[5ba(131?‘lﬂr\er hgt slaggr {/ SR PAds ﬁ“’nﬁ% L
respect i vexapplet ianSvor, fﬁﬂe beMe@esﬂeay@res tBaA1N3§tﬁJcnaé@18aarfﬂl pattepied3d4,
and 25 Ti N 338 ;01}3@( ose the Al contacts 306. As a result, a

st ruct ur SsHIredy & A Plurghity \aft Si¥ipsy d3fb SWith 8 reamed 2t Mebettieen

carried Ofdfact HERABTs séonﬂﬁe@éfo}eaé(%c%@@ﬁHﬁy%BHﬁfn@He 352 and into
the vias 350, which may then be Structured to renpve pails of the

met al | aﬁ@llﬂmimnatto goet ﬁanlbﬁ@cmemﬂ)h@wtaatsd%@ltloarfdr pxampe vianatemicor
of thg vi I [ re 36

obt ai Tred s Pt G la) theipfed.  REOUEH G BRI 338, stidre
on t he bahiorhenfbd bieucnirad 35(foﬂmdhe ﬂ"ﬂctomﬁtemtl 38t i thbhezapd 36DNThatfod)6,
as well as on si dewa f the_via 350 portl n of a
St f ace GFUERE ST P 55 Qptowird: WG TH) CREAGE PAGRGh EhY dge & pal of

subsequerglécymd&eorretry formng of the structure 360 may be carried
out to renove materials fromthe structure 360, for exanple as

i ndi cat ed0blSlIade gempsitionanas then AeNamderitafor 318mpla¥ia (& Dyt depositadk s
338 b S

the i al HEyBPE RS Febl SxRY TSI ofe e by MO WPR SR BDELAEE
370 may MOwhumFHEcB.G [aGTrh&reRetftenay egpltandd, Gith3AK oxidedayal Bhdrates thedliN
318 and the Tig gont acts 338 which may define a resonator 372 may
then be réf#58ed®by etching of the a-silicon 314 using xenon

[0116] Referring to FIG. 3H, contact hole etching may be carried out to etch holes or
vias 350 through respective portions of the oxide layers 312, 316, 346, a-silicon 314, and
25  TiN 338 so as to expose the Al contacts 306. As a result, a structure 352 may be obtained.
[0117] Metal deposition may then be carried out to deposit a metal layer over the
structure 352 and 1into the vias 350, which may then be structured to remove parts of the
metal layer except at portions near the vias 350, and in the interior of the vias 350. As
shown in FIG. 31, a structure 360 may be obtained, with a metal layer 362 formed in each

30 via 350, deposited on the bottom of the via 350 and in contact with the Al contact 306, as
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10 difluoride (XeF2) such that the resonator 372 may be suspended
above the substrate 302 at suspension points corresponding to the
vias 350 with the netal |ayer 362, and spaced apart fromthe
substrate 302 by a gap 374. A structure 380 may be obtai ned, where
the resonator 372 may | evitate above the substrate 302. The resonator
372 may be arranged on top of the IR-reflector 305, separated by the

gap 374. wdl k9 bA0the Siwalks QEtRE iy 387 aNdloh Ol pokish o Aremifse nalythBexide
fabricated on CMOS based fabrication |ine and be nmi ntained as a

post - pr odd¥d 3¢ t he CMOS. The CMOS post process may incl ude four rrai n
t f
steps o biiS]mh?kcf’PI@%g S%Bgédﬁéﬂ{f |ng u?ftfgﬁn@ %?Eﬁ‘?&urlea%@r

pi ezoel ectric mater 318 (corresp o FI ; (2) conta t of
the Al N 3h8ied qu taremmva lwmadmﬁomh@stna;tur%@O dodexsmpleasingdicgted be 366,

conLact 6| 3 3, bl e 0 B, P30 o BTG RER o

connect tibstRRNSIY viarthe egpoat Aforded2by thet el Bopdfoa@bd &b esth via 350.
supportin merrbrane structure at the same time (corresponding to FIG
31): and (e %"tec%FtHEr“HF 3{Gmaxhepbipingdal | ayer (a-silicon 314) to

rel ease tf f:lg% PRI AN NMadd@) 3 0 addBe 'Tir@'E;QJRQétQﬁ?E@ %hcﬁ%@ay
(correspondl ng to G 3K). '25[0121] The response time of

det ect or dedine miresopitor 6?&3m@r' yheofbevalerssd byetdhanti ofethe s -silicbh 3Maw1bg xenon
descrj bed The ns i f he n
vt T pSRECRRE a8, bR TREob S by SERuERA B P i 02
the res pcmsasphnsim ﬁayltshﬁn"e@@ﬁﬂhﬁg t@fﬁeeaﬁamnewitmm rﬁet‘all lapa 360, dddespaced
thermal tine con > Rth) and t si gpal out&g

where the

becones 99§@6t5¥°‘1?f ¥ ﬁaate é‘?ﬁ E}éaa@a#{fﬁe%ﬁa%wret PR% PHAPate

constant bidhaP 3'7@)’11-‘19%&1%%3560'9@ @hé)s\ﬁbﬁt%e BDEMIRALQARLER7E hRY %' arranged
capacity, cholo, divid its thermal conductance, kboi o,

provi ded Wobqﬂﬁlﬁlmﬂeﬂecﬁﬁﬁﬁﬁ; separgte) by the(@yddtion 1). [0122] A
non-1jgm t['(lﬁlﬂw TR0 e RSh! 'E?tv'gﬂgu g\ﬁl&iﬂ %Eﬁ{g%mé ?5bﬁc?1@ﬂ (& %J{(% ba

const ant be given ion
S5wher e T(fal)nafaabmrlmetemdtljra:emhmtmledemem@lamprdmlss)tmthferCM@ﬁ)dﬁmt(EM@S ffcﬁt b

refers to the substrate. tenperatur d AT ref rstoth te rature
[ Fse af t SFOURDBEY M drouETEsy s of (hadrpostot o S ansor

dependant]aje@ npieprlay @ure handrl 1k Echﬁes@@h&lﬁgtt@rﬂﬂ ragt yne cglfltaé/tabf Qus
enbodi nents nmay be sinulated using a finite el enment anal ysis
sof t war e, ARD3 ](%\[wélp p thip gontact material 938 and structuring the contact material 338 to build

20  the sensor electrodes (corresponding to FIG. 3F); (3) metal deposition for the metal
plugs 362, which connect the sensor or resonator 372 to the CMOS and act as a
supporting membrane structure at the same time (corresponding to FIG. 3I); and (4)
etching of the sacrificial layer (a-silicon 314) to release the suspended membrane
(AIN 318) of the microbolometer 380 (corresponding to FIG. 3K).

25 [0121] The response time of the detector (or microbolometer) of various embodiments
will now be described. The response time may refer to the minimum time to be waited
for, after an object temperature is changed. By definition, the response time may be
reached after more than 3 times of the thermal time constant, Ty, (e.g. > 3ty) and the
signal output becomes 95% of its final value. Furthermore, the thermal time constant Ty,

30  may be described by the microbolometer thermal capacity, cpol, divided by its thermal

conductance, Ay, as provided by equation 1 below.
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10 thermal tinme constant, tth, and the thermal response tine. FIG 4
shows a plot 400 of sinmulation results 402 for the bol oneter

t enperature agai nst the response tine. The results 402 show t he
sinmul ated ti ne dependant tenperature, T(t), against tine. For

conpari son purposes, the theoretical values, represented by the
square data points (as indicated by 404 for one data point), are
included in the plot 400. By using eq %tl n 2, 15the tenperature
behavi our may be nodel |l ed and the tpeIHﬁLJtlne const ant, (EqbaticaEly. be
estimated to be about 7.4 ns, with thé&4dhernal response tine
approximately 22.2 nms. [0124] Tuning of the tenperature coefficient
of fr equeﬁ%%:i/ 1(¢repy haﬂﬂnawg @réaﬁmmgeﬁh'é ntigiRpRlpBEisF EreEmalitEnesRISAIINETD)
estimti etector (or mcrobol oneter) of various
enbodlneﬁﬁgggg%ﬂ£§ﬁgi be described. The tenperature dependent
frequency shift 20 of a surface excited gcousty c wave (SEAW sensor
may be caused by a change of tﬁé)ﬁﬁh@ﬁMﬁilebaiLicity mat r{Bquativa 2),
thermal expansion. [0125] FIG 5A shows scanhi ng el ectron

m croscopy |n3a§ 500 of a detector 502, in partial view, according to
vari ods etk HEmias torthe tmstdepensianSmometen taaperatirgilse eiFis ¢e fiegubstrate

TRt o1l 21, @hplFRIERY 308 OPferbS-19n ARRLRKITBUAL Yk Wit AN} Y Bl

arranged over a 25 silicon er or su str f about

t hi ck, angugzn. IEW structure 506 including a first electrode 508a with
a pIuraI| fwteeth 510 sec d el ectro

o1 brai oy oA et d ol edeGE BB £5 Wi B mee” ikl B¢ vaiaus
Each of tdmholdimetts ﬁia@qiergmlafea&m@nai finhe ehatandnyae igtadte, EQ%tmthebe
Al el ectrode which may be about ?n1th|ck W th ngrOX|nate 5

gm | i He viberml tigst spnsienia TmB@Jthhﬁéb?Y@@ respoRpe thrRd FdEpf o pwmaenl«yt 0 of
U cxpBefBUAF e 300, 5 Bopt Ao LBRL A HGLE A B,

510b respec etec |nc es a
struct ur eeSilis 4¥r singedhd ointithaed itide dépehdmlt ItEHIpts'atruw;tT(t)e agﬂﬁst flihe For

det ect 502 further i des 5 h
appr ox! ey 0P TRl B an ) ST arSSHEd R e d%irs fo gy gt (s

f r equencyingiBittd bagal Hst odeediep@ht)) fe filudedan des g6t 900. @gzusﬂ'fg édu@tion 2,
enbodi mrent of FIG 5A. The result shown by the plot 53 | l'ustrates a

TCF ofs apib? @@mt@qewehmoowmxbe wiedplied: andl the él@mp@nlcsvms [gphsiant,stua mayekes t
bst ant t 90C f
substan 'e% J’nx h't@géi{ltggxg? 4tn? tggﬁ% %{a? re%P#ﬂse tlg‘%ﬁéyrommatel%r}?&fg%]

tenperatures e ond er erfrects occur
FI G 5C dhodg "Bmpigodﬁf MGerﬁﬁerﬁiﬁ&th&lﬁﬁk&eﬁtkﬂﬁkﬁﬁﬂﬁ}CyS(ﬂUFb afld)rnoish&qulvalent
detector 502 of t A for different .te eragﬁ

od of . FIG
e ol ot BeraE ARG RolTE D) Ruime! i, Biratra ddtat omier

30C, aboufaridQCemBhiRbntd QG nBlu4 deéaﬁedamkmb%laa%d%@eq@&eyfsmft
90C, and about 100C. 15[0128] In various enbodi ments, by using

mat er?oal sofvmﬁlgf@cmmﬁg@ogsqca\y@@ (FEAYE)Y sgnseyf may be caused by a change of the
material elasticity matrix and thermal expansion.

[0125] FIG. 5A shows a scanning electron microscopy image 500 of a detector 502, in
partial view, according to various embodiments. The detector 502 includes a piezoelectric
material or membrane 504 (e.g. approximately 1 um-thick AIN layer) arranged over a
25 silicon (Si) layer or substrate of about 10 pm thick, and an IDT structure 506 including a
first electrode 508a with a plurality of teeth 510a, and a second electrode 508b with a
plurality of teeth 510b arranged on the piezoelectric material 504. Each of the first
electrode 508a and the second electrode 508b may be Al electrode which may be about
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their respective thermal expansion coefficients relative to each
other, it may be possible to increase the tenperature coefficient of
frequency (TCF) of the IR sensor or resonator of a detector. [0129]
As a non-limting exanple, the tenperature behavior of a radial SEAW
sensor, 20 with a 300 nmthick ALN-layer as menbrane, and dependant
on an Al-ring arranged at the bottom of the resonator, may be

si mul at ed).2 i thible wigs Hﬂf)ﬁrﬁmﬁﬁiél)b@ jAf-1HBoviath Rethl ﬁ0a65\10b'°!%spect1vely, and
non-limting exanples, for the purpose of sinulations for obtaining
the resulapprosfoatelyi f FmEPacied bawed, atljaeend1tdethay &0a, nangd hatwesem adatients

my  nave S ATRR ekl BRT Rty ST e -5 eartbiiug b Y

incl ude respgs tovle sideigfake T deudrSie0R)5. THY @étSctore SN fuFhO2inc Y&y one or
having a thickness of about 100 nm above and bel ow the AIN

pi zeo@l e@p@rp@elﬁﬁpélp]eapfqtmly@qdma@lydﬁé) 1 digmelT: of el ectrodes (e.g.

havi ng 2 i C S [ 0 a
3D perspe@ﬁd\;eﬁgi \égv]éj ISPOJépsEi ﬁlﬂ% ‘fsreoggr?a%éqa%%é/ 2 ft %e’]aexcf[%ﬂl}gé rgtggéus%} i
wave senstrect®Z()2 bf the etmbadinregt cmﬁ‘rb}r aAe'I‘lhmmhlmjlowm b3Tihe gloe53teitibstenns a
cont " bur ot S0RaSaBh kA0 T9bE. SHAd Re O S 3 e PRy
m cr obol qm&e&ue% MALEAHSe ﬁﬁmﬁionﬁ%c&: ang f&ﬂ“@ﬁ@%ﬁﬁﬁes@a&ﬁﬁé 904, Rcond
sinplified nmodel for the tenperature behavior of the sensor 602.

[ 013110 FluglergBesthows oacypartial cross sectional view of a sinul ated

radial Sy B IS R A SIS BSaRRROL AN FRR 10,8 9T P

(A) lay aceordr o0~ vari ous e sensor
i ncl udes emtsdandat of Fﬁl}ORAIf‘aydfffeG&fﬂ terApdrbtoRELTIeNglob 34) shdvk @Bk eedulto das
618, Si 02 |ayer 620 and | ayer 612 on top of the nenbrane 616.

[0132] Flt@P@@usqqo%sab&%a?%q aﬂbovztr%%§ gheuti ¥he a'mué\@()d@ gbout AYiCatabent
radi al su;of,écaqmﬁg(gd E:e%o%??ﬁ'% LSa YIBXE 1 SRpsor 630 with no al um num

l'ayer or ring, accordin 0 vari ous enbodi ments. The sensor 630

i ncl udes [ﬂlm]aﬁkfaﬂcﬁus&nﬂﬂadhﬁﬁtﬁ b6 1ding Abderimvhiah ena§ tayve ﬁ.ﬂHrﬁH’ mismatch of
el ect rodeg .618 and &1 | a 620. 0133% FI G 6D shﬁws rtial,
cross sedhyibHEEPSPve gl DrRITRESHITER At te Sach Qb i ety ibte

wave sensglin@élde W m ?eﬂaﬁ&é SEBFALIET JTYRG LY (TCRY oA 1IR%€E§B¥ df Peqoﬁa@or
vari ous enbodi ments. The sensor 640 includes a stack of Si02 | ayer

614, Al Nahesieaiee 616, |DT el ectrodes 618, Si02 layer 620 and an
A7, A ALE B 155012 e Gt AT B 308 M,
conpawed with 4 BeD sanlsiok Aﬁgﬁa}@nals mhmbmaegsamd delsfk(ﬁdanMoh rantphemgl alvansaint &ra:e
616 of t eott%n%n sz[fle ?e%gna 3(1‘!]}1191%/ gnurﬂltgéi and t e re Illltaécnelagfe lg]e as shown in FIG. 6A.
As non-limiting examples, for the purpose of simulations for obtaining the results shown
in FIGS. 6A to 6D, the AIN-layer may have a radius of about 17 um and a thickness of
about 300 nm, the Al-ring or layer may have a thickness of about 100 nm, while the
25  sensor may also include respective silicon oxide (SiO») layers, each SiO; layer having a
thickness of about 100 nm, above and below the AIN pizeoelectric material layer, and a
2 um IDT of electrodes (e.g. having 2 pm-line width IDT electrode fingers).
[0130] FIG. 6A shows a 3D perspective view of a simulated radial surface excited
acoustic wave sensor 602, illustrating membrane bending in 3D. The membrane 604 of

30  the sensor or resonator 602 includes the same material configuration as described above
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[0135] FIG 6E shows a plot 650 of sinmulation results for the
tenperature coefficient of frequency (TCF) for respective radial
surface excited acoustic wave sensors of the 20 enbodi nents of FIGS.
6B to 6D. The pl ot 650 shows the result 652 corresponding to the
sensor 610 (FIG 6B), result 654 corresponding to the sensor 630
(FIG 6C) and result 656 corresponding to the sensor 640 (FIG 6D).

The si muliatth® Bort€d W thedlm@rébol disdteraifadribis ghtddifdils mtliherldre rflatsedts a
bott om Al -,rilng%{gy i‘lr‘}?crease the TCF up to -90 ppm K and therefore
i ncr ease YRBliEedHaPqs] forithe ismperiire behayior glile RspanefMore, the 25

resul ts ijoh et 68 shéwPh BhriEPQosNeWidalGES HEG RGN uINed Fdifal SEIRR exSiteiCH

towards a msmatch of the respective thernal expansion coefficients
of differasnestivawere sdnsor 610 witlli a kapnalvminvive (#) sl ol 2o faconding he rvaribus

expansi on_coefficients, th i.stance change..het wee h ai r. of
o) bt roacagpelt Al eniel B L aReRE3 GRS ELIRRR 4 A el s16
contri butiT @ediivdestlis, Bid,Nayee SN aiCan AVlaghian ¥n taOdfAlSOEmbiate 664
shows a pl ot 660 of the frequency shift for the,re}di al surface

iy

excited A0&AHGE Mavbokenpatiabapsssectional Wayodpsenglatgd radiaksudeseregpited

di fferent,chediRehald seisor 1430 withOho BAtNBRAWEyEN&r @S| dccBihs’ & various
tenperature of 25C, result 664 for a tenperature of 25.1C "result 666

for a tergmeodimogngs. dile 28nRC.639 aralides @oBackorf Ot daype b bt VKR wEmbBINgG1o,
and resul 701 t 2rat ur f 26C. [0137] Assuming a negligible
1/f-n§)i selbgﬁ%ig%tﬁ?gést@esra%awﬁ %a g%c% "the detector, the major 5 noise
cont ri but 0038 rRG. Dishews & pantikhaofseechmaekvied of Asinililied eidi Yitfaceresicitdde

detector. This kind of ise.is.calle )hase noi.se jitter noise.
The peri FEOMISAyYe Sﬁ&%orﬁbt"ﬁ@ f bpticyp 2 lglémo(f‘\rﬁa“ T aqrémﬁrt%da@m/

(RF) MEMRrgdddfiéris. ¥ dBfsol 540 Rl ROt &RCATIOL 2RGE 6 ATAIN SEMBAGE §36,.UP
to about 5 GHz. Equation 3 bel ow may be used to estimate the circuit

period chidgHgdectinrdes S, i lpyor 620 anfonsil ringr 642t the betsl omet er  of
121,018 QAR e e LR 0L ORI B0
t he r esormeatest fdis@tqauangy aardmpsred eptlesent® G30ecandahs eenssiebd], twithi thy AIN
(pot ) AGA3L. oML DG, 8, I SHURNER ST G oL Qsn O 2DOU 1 G2,
{0135] FIG. 6E shows a plot 650 of simulation results for the temperature coefficient of
frequency (TCF) for respective radial surface excited acoustic wave sensors of the
20  embodiments of FIGS. 6B to 6D. The plot 650 shows the result 652 corresponding to the
sensor 610 (FIG. 6B), result 654 corresponding to the sensor 630 (FIG. 6C) and
result 656 corresponding to the sensor 640 (FIG. 6D). The simulation result 656
illustrated in plot 650 indicate that a bottom Al-ring may increase the TCF up to
-90 ppm/K and therefore increase the sensitivity of the sensor 640. Furthermore, the
25  results illustrated in plot 650 show a dependency of the sensor's TCF towards a mismatch
of the respective thermal expansion coefficients of different materials. In addition to the
mismatch of the thermal expansion coefficients, the distance change between the pair of
electrodes of the IDT electrodes 618 during heating may also contribute to the shift in
resonance frequency.

30 [0136] FIG. 6F shows a plot 660 of the frequency shift for the radial surface excited

acoustic wave sensor 640 of the embodiment of FIG. 6D for different temperatures. The
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15 be 90 kHz/K for a TCF of about 90 ppnmi K. In equation 3, the factor
of 0.02 indicates the 20 inK NETD resolution that is to be reached.
Overall, a circuit period change of At = 1.5 fsec may be obt ai ned,

whi ch nay be a reasonable value for a CMOS readout circuit jitter

noi se. [0139] FIG 7A shows a sinulated tenperature distribution of a
detector 700, according 20 to various enbodi nents. The result shows
that the glengmr bWk ehedlesdNE6Y RS AnahPdrath2ofMBYCOR s 6L Fr a teRpEBtutdISr
tenperature nay decrease noving in a direction fromthe portion of
each | eg 2204 Ce aresplt 6 tior 2 irempesataneatf @5.27 02 rasulngb 8 Sort hsmprrhtypo of 2614°C06
of each |leq 704. 67@2140 Fl G 7&%%\/\5 a plot 720 of time dependent

t her mal A5l 078 fora Emperaling 0 of FIG 7A illustrating the

t enper at qrrfs‘rgar;dsa:hn@h Adglicitie EARbISE aRPKHd BBl nbiRE o2 BeCfRR B Othe HFor
Wth ti The result as shown in plot 720 may be based on the

rel at |Sonstmlq§ @@rrdwnm inedy afsg dranpely (Rhdackef it EXQY cireuR) arybthrecﬂ@tenﬁ»y

be turne 1.,0N di.a
e R e e L
Radi at i ondssest ar(erﬂorsseﬂrbsretqhmcwmpmms RrvEf mafRBe i tht fERRrRe@Hd Snddhe
pul se function, SIGN represents the sign function, and t represents
time. 101W@piequeneias wprind %é@ﬂ% Egratione’ briew nayrhs used lpagstigly the cirouit
enbodi e o d
on the. oo gk, OEpERRELARETor BE WBEBiAnERY of Crl AR LB AR RIH
vi ew mf aatdemaranmeresﬁﬁndsmmm@))aofﬁ@rrﬁﬁce excited acoustic wave (SEAW
resonator 802 fixed on four li-ng sites, for exarrpl e at the top
edge 804a and at the bott _1_1 04b land e fight F&{B?ggn
poi nt 804c and at the Ief pm@g@ﬁt EOupI e

substrate (not shown). The resonat or 802 may be s abI e fixed on the
top, via cou | i gqrsrte 04a§ and ﬁ_otto <'1 coup srte 804b {1
10 semi - 73280 /o ACHFETS; Reresappnces S‘BJ&H% ?J'orr«&l Btﬁ he IR SPREVILY
left, vigppmapension point 804d. The term ‘stabl e fr xed" may mean
being fixed by an edge, while the term"sem -fixed" may nean, bei ng
fixed by [9138] shusnaingre [sepnvnce frequsneyd dbadbeypr @élﬂathécrerswaﬁertsrrelttréw
" SUSPRNS | I PAGIDK fof BY CFRR Dbt s)btggnm' fhqBYortd, kr@érfa@topem)ezr fifdcates the
coupl ed to the suspension point nmove or flex at the suspension
poi nt, nmnﬁg\lﬁﬁlatrest)heloﬁﬂlatmsrbem&lcm Boieradl) anmc;mtqnehodtshamgproﬁﬁt— 1. 5
poi nt. resopat or. 8 cludes an | DJ structur de u

Prtst co ecslﬁeb@ ot otk BESEE At arRC RS e ﬁ%ﬁ‘ﬁgﬁ Siedtef g8
808b, on m@isk. pmthick AIN sensor |ayer 803. The first conb-shaped

el ectrode 808a maéAbe electrically coupled to a plurality of contact

pads 810 MAI&IOnéAshewnd stoipted fppratatureatistibeiwngd Qidetsior 780, according
| ect | | t
el ect chg 6%1‘18&“&1111?0‘31 Hngné‘ YL sﬁlé{w%}a?ﬁ{% &h ergtﬁoel e%ﬂ% g&%aor%ﬁ may

det ect or plural it rel ea acent
the res oriﬁi]rngheeo Fherkltbe téamer.altme nﬂ@@lemgsebmm@melal ditciiom ﬁcﬁﬁ;@h&mdmon of

curf ace cSeeh (T AGnTNE) B R leeal il B of BHSF vl o BROAS °

coupl i ng @id@FIaL 7Biskows!s PRAFLOBS Ak AbSendent thermal behavior of the detector 700

of FIG. 7A, illustrating the temperature variation at the centre portion of the
25  resonator 702 with time.

[0141] The result as shown in plot 720 may be based on the relationship below which

describes when an infrared (IR) source may be turned ON and OFF

Radiationpowe, *Rect(ty=Radiationpgye 0.5 *(SIGN(t-0.001)-SIGN(t-0.025)) (Equation 4),
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for exanple two suspension points 804a, 804e on the top side, two
suspensi on 25 points 804b, 804f at the bottom side, a suspension
poi nt 804c on the right side, and a suspension point 804d on the |eft
side, coupled to the substrate (not shown). The detector 820 may be
simlar to the detector 800 (FIG 8A), except that the resonator 802
may al so be sem fixed on the top and bottom The detector 820 may be

| abel | ed wakeré FGANMIBIp, .3 OkPieddhls fthdSIRBSosR0WEwar, SRASMR ek the eyl
a detectq& 830 having a surface excited acoustic wave (SEAW
8

r esonat or {UBEHED; PLA represeis thegugh fupgfion; andd reprgyenis sl e at the right
edge 804¢ OM MtashReehefrtsu®d 4 &Q4@ete&6}§péfedaﬁdﬁsté}§ooﬁ‘im§{t§ atif ﬁ(W?t e

shown) . erefore, the resonator 802 may be stable fixed on the t
and on th@Sﬁbfﬂngt DetFpiery ey hatfaricasd biases cuddrs earbodiDfensy oUEGH: §A8®368D

made d el ectr and a

conb- ?ﬁap srv(% ”%6%61%&8 Vlew i (?e? TEK g\lhﬂl ln%ﬁssgﬁcc%exlcgyde?cogf%
The fi rstwmntsmpeﬂsmhmtmd%&llmﬁ 1?’61}/ Cb@lmgeﬁterﬁr’lo &ﬁLé)Mn@de lai ek td(g; a
plurality of s 810 ile the seco co shaped el ect rode
808b may éﬁ‘%& QFQ%@M%§0%% agd gf ﬁrrﬁ angﬂt SPSRRSIOB ROHE 045 g ihe
The det ecﬂéﬁ@u@%ﬁ’m&@ mhf‘gd4'dd%oﬁ’plm Wk binkab (Sﬁcﬁlsﬁ@@l% Rt ?e%o@ajﬂﬁ 802 may
adj acent the resonator The detector may be | abel |l ed as

" FSAWL7" . belstabda #s9d am the tcauDvglrc@uBhrrg sste W@ﬁmané bot@pn,wmawmima sigred (bt @rd
840 havin facg e v r t 02 fixed
on t Wg0 cos%ﬁnﬁlf?l{g& SOI%t %‘g égﬂ &r %fellxg‘?ng%31 p%ﬁte%P %%]h sot?sg%(r)\%?tb% pglsﬁfn‘q’gﬁh
and at t hmitteS04d.sTispensi“snablpdixed” &Q@dneanohqﬁnh@ﬂxécbby e edgd)sthikt the tarmt

shown). Thereforg, the resana 0 he sem _fixed on the |ef
and on thgew-bmde“ RS BB O Cphp & O e PR LR ot Al hat

made up Ohe ferfnl ‘Fsﬁépeﬁﬁﬂﬁg&ﬁﬁ’pﬁﬁly iRathaat vase S08aANd c%m?@ﬁ&r?QOU led to
conb-shaped el ectrode 8 on a gm thi ck AI'N sensor [layer The

first corfBesHapsapion| RURY IenBE AT rf’ewi ple thel gespensier [ppingonpsheing t Hata the

gl)g[)a .‘5I t y“sQJpeﬁect 33%§nt’p?1qa%/ gétoaM' bﬁrott B&nﬁeﬂ?@%s%ﬂm?r %prﬁglugésegﬁ rlﬁqe

structure 806 made up of a first comb-shaped electrode 808a and a second comb-shaped
electrode 808b, on a 1 pm thick AIN sensor layer 803. The first comb-shaped
electrode 808a may be electrically coupled to a plurality of contact pads 810 while the
second comb-shaped electrode 808b may be electrically coupled to a plurality of contact

20 pads 812. The detector 800 may include a plurality of release holes 816 adjacent the
resonator 802. The detector 800 may be labelled as "FSAWI11".
[0143] FIG. 8B shows a schematic top view of a detector 820 having a surface excited
acoustic wave (SEAW) resonator 802 fixed on six coupling sites at six suspension points,
for example two suspension points 804a, 804e on the top side, two suspension

25  points 804b, 8041 at the bottom side, a suspension point 804¢ on the right side, and a
suspension point 804d on the left side, coupled to the substrate (not shown). The
detector 820 may be similar to the detector 800 (FIG. 8A), except that the resonator 802
may also be semi fixed on the top and bottom. The detector 820 may be labelled as
"FSAWI14".

30  [0144] FIG. 8C shows a schematic top view of a detector 830 having a surface excited

acoustic wave (SEAW) resonator 802 fixed on two coupling sites, for example at the
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coupled to a plurality of contact pads 812. The detector 840 may
include a plurality of release holes 816 adjacent the resonator 802.
The detector 840 nay be | abelled as 20 "CVR12". [0146] In order to
estimate the tenperature behaviour of the mcrobol oneters of various
enbodi nents, tenperature neasurenents nmay be performed based on the
SEAW r esonat or 802 of the enbodinments of FIGS. 8A to 8D. The SEAW
r esonat orrighd Zdgeysdavands atriealeltt bdi 8@46, he@upied rto bk ogudtiens (adt Mafmndus
i ectro

enbodi ment.s regardin susp si on 25an nfi gura ion

[0147] Tenﬁh?éfffa&eu#ée fnaafalgﬁ Efé #eér%ﬁwoﬁ? HEAP dbe dielt kThend
the respegidnifr dﬁizeqﬁaﬁ&smo mﬁ%w&%{% 88408y e JFOont RGt ec@mwsthapédwo
ground-si gnal -ground (GSG probes in order to neasure the

behavi or aéctichedEEAMrzswrad comigsizaped/elesmodm@ifibs onmyl bm tbwkrAléHsanmr

Fesonat or O30T & Heoi R <O BRI i SHINEOS DY b Rt

t he tenpesfajoutaet pRIF10CHEM thefseécrnacuéﬁmcshaﬁéacakctfdae go8e Iﬁdﬂrrlﬁeaﬁecmcally
exci ted acoustic wave detectors 800, 820, 830, 840, of

embodi merfiodPlsd terp alirabix af soptact Radp 8424 The Jetectores39| may awbld§ Iovtaratityeof
It 8 f 4
resul t 8521 farydie 8153@@%& ﬂ@tr@éb&lg{gA%g Tgéziétektoﬁ%o 81%3,/ ﬁéﬁ

detect or 820, result for the ect or resu
858 for t'WEAVONMRL2" detector 840. The TCF may vary, rather than

1L € T 55 b3l P PR B B i Sl e

t he surf ageudtiiivedSEAOME tds6n@VE 2084 RICHO 8o 336hlinG4Mes, eﬁspamiﬁ;ﬂe Iaf) tHehe
range of tenperature between about 25C and abqut 10Q05C. The initj al

stress, VIHERSRETFIPP R FIAe 2l At dhrdloftisurpandon Brint Hdacpuplse g theisehtratsy
t her mal UhBEMS VRN THRe fdrB&hS RAStor ML GhdyPbe Qi lFkEd S8 RROL SHEBRAR) @ghc

may change the tenperature behavior of the sensor 802 and therefore
the TCF. Theeresenatdre8(Znhancdusies janylI5F Strhetuwe&@fe@ladhuuk of tah&rsT Chmbexbapeds

i ee ot LsSBn? bob e Bk frnad B Op g0 1BCHTk ARBsERG

that the [afBIL THEGIrSWoRb-shdfbdiditr0ié 805 hAYCH: dlQiRdally Chufdéd RRQIHIralS
-30 ppm K, conpared to the TCF of the "FSAW7" detector 830 of about

_45 ppm Kof qoetfsmadAsngh\ﬁW? fhg sppond, cogyb- Sézﬁepdeﬁecttqdé 808 mzy bejeleetedly
840 sho fat

det ect O‘r’":cog%l(%ﬁ"{‘%% l]ﬁ% , iI %gﬁﬁg‘? :%r%g ﬁ]eedéf%lg epen ehﬁg&d%%eglﬁ%ngd
desi gn ofrekehe h@seoﬁa‘ﬁ mdjaocntstbngcson&(c)ﬁ 80Th&hefdsteetor UsHONgaylibef ebdletl as
suspensi qg:l\glggj'f“gns and materials with a huge msmatch of their
respectiv ficient of 20 thernmal expansions may |lead to a

si gni fi cqoi4d|ns roec&seo etinidietht mporstuic tehefioncotlie MidtbgIahetsRNT ivhfisist Y
of the sensor  802. 01511'qu nvestigation on the TCF rel eased SAW
struct ur eegnl:@fhr@qpés f GIPCEIWs Jpgagyrements may be performed based on the SEAW

resonator 802 of the embodiments of FIGS. 8A to 8D. The SEAW resonator 802 may

have similarities to the microbolometers of various embodiments regarding suspension
25  and electrode configuration.

[0147] Temperature measurement may be performed on a heated chuck and the

respective detectors 800, 820, 830, 840 may be contacted with two ground-signal-ground

(GSG) probes in order to measure the S12 behavior of the SEAW resonator 802.

Measurements may be carried out with a network analyzer, in which the resonance

30  frequency of the resonator 802 is about ~770 MHz.
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detectors 800, 820, 830, 840 may be carried out based on the four
respective designs as descri bed above for SAW based | R-sensors, using
different suspension / initial stress. As 25a non-limting exanple,
the result for the shift of resonance frequency due to tenperature
for the "FSAWL4" detector (512 neasurenment) is as shown in FIG 8G
[0152] FIG 8G shows a plot 870 of resonance frequency shift for the
det ect or [@24B]dfIGt BE showodiphar840aif thd empBRtire coelfitkear ehfieduengye(TaR) fes .

The plot 870 shows th Itft C,.. about
106 P hhouhe gt et abest, e detore B A2 tsesor a0’ S s dmegok
90C, and ﬁ@@utSAIQP@ rebRefdlly. Fhife pRA 83 QHEw tHl REu1P8E: Fbr HeMpzRlwl pg

magni t ude agai nst tenperature, accordl ng to various enbodi nents,

fo
exanpl e bigesstor $R0¢ freulk &rb Sirrtbn  FoA WHHE da@etetﬁm, et & for the ‘?/SAWSIH
900 s S wid hav
rol at onahis s P8 ML YERHE b MECOMRID: delshBP spd hel Bk Moy Tohey
magni t udethfi reneasastann ad nesdast the tHeamlanaibilitg.of fidHeded EhGk. 9B shows
a plot 9 rature copefficient of frequency (TCEF) against .
Lenper at ﬁﬁégla?ﬁ@%i W5 ploY 186036 drom s plor é?*oefﬁeaﬁ%ﬂ a8 vt
the enbodicomitc wivetdiecand 830 @405%aﬁcﬁedﬁhq’he Bdge iolf kéiﬁﬁé%ﬁhﬂer&uaeeﬁ%oﬂf

approxi mately -40 ppm K for tenperatures up to about 90C, and which

t hen i ncr%ﬁ@@ndmhomtelrQﬁCoThmgml tStueEea Whl@h nlmms%ﬂthbré@ maisweigh p@@@

[0155{ Vacrole erma ésa 8 3ns prfot)ée sensor a% 1 L e atsug.% o ab(l)e y

conpati bl‘€ sur e SXCHt SHTRETYST i ¢ gy 8 Mt 8ndi ﬁ@?‘él‘) L o 1\

have a | aaddef thaabmperaﬂﬂﬁb bd‘lﬁﬁiﬁﬁbf filgs §efhsoﬂ:802 il theeforedhd YCB) Bue g Iﬂi%nt

fl ow throu gﬂ} he sensor resonat or, e self heating effect é th
[}

mi ni mi zedSERIYSQE ke beated el e T@BF%SPBHS%Q Saetdermet rq@ﬂl%ﬁvlseet for

possi bl e 4pg AghANg& B 856 3hd CVNIRMEMRBECW 8B tedrll: W‘Qﬁé\eﬁheéss the
pi ezoel ectric materi al, thereby i ncreasing the sensor 'sensitivity. In

order to repdt $4% shopisethatRhe ‘GMR 125 glstegtor B0 feshibits o paeshf bwwﬁ@él@r@pw
SoF 2”28 Bt S5 PAUSHHEPY: 9t Lol £ LSRR
usi ng nat[é130lss shiotvih inFER®REd 3F) die"OMIEIR" defectoh @4neHowe nansd resfiﬁ)nse
on temperature as compared to the other detectors 800, 820, 830, illustrating the TCF
dependency on the design of the resonator or sensor 802. Therefore, using different
suspension designs and materials with a huge mismatch of their respective coefficient of
20 thermal expansions may lead to a significant increase of the TCF and therefore to a higher
sensitivity of the sensor 802.
[0151] Investigation on the TCF released SAW structures of the four different
detectors 800, 820, 830, 840 may be carried out based on the four respective designs as
described above for SAW based IR-sensors, using different suspension / initial stress. As
25  anon-limiting example, the result for the shift of resonance frequency due to temperature
for the “FSAW14” detector (S12 measurement) is as shown in FIG. 8G.
[0152] FIG. 8G shows a plot 870 of resonance frequency shift for the detector 820 of the
embodiment of FIG. 8B for different temperatures. The plot 870 shows the results for
temperatures of about 20°C, about 30°C, about 40°C, about 50°C, about 60°C, about

30 70°C, about 80°C, about 90°C, and about 100°C.
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20[ 0156] Based on the above, the detectors of various enbodi nents may
i nclude one or nore of the followi ng: (1) use of piezoelectric
material for far infrared (FIR) detection; (2) use of acoustic wave
(e.g. SEAW for FIR sensing; (3) use of resonance frequency shift for
detecting FIR light; (4) use of thermal expansion and change of the
material elasticity matrix, for exanple for facilitating resonance

f requency[0$58]fRIG. (%) shsws af plo2 H0EXbf ediinianpgr@hgHiRds taabingt AipRfdnaL,
(e.g. for to 3000C)., there resul ting |n nor e rellable ackagj ng;
(6) ext ¢ etvedTing: 1 yaowsEm L?lﬂ@ﬂm@? O PHATHAIS e OB the FIRbRIBERt o e,

hi gh freoueneiress of PG SAUPI: 900 eﬁo&me%@éaéuﬂeg%shn@ogfaﬁﬁt‘at fittdClirteO9d4oW
power dermands of the detector; hi gh tenperature packagi ng

met hod f draviriger rgletienshar of Yor QQUE)SXa’f”t' 6Pk showe pluat theruipirag pragaitkde
for ac;jous%l&r%as\é@gglr{%;e%%%g;g:lﬂase?ﬁr r. The detectors of various 30

enbodi'nmen y sel ective resonance node for
t enper at L[MSctjeHIGcQBmhowal(jﬂmrs)za df asrygeraper e ffmient béﬁﬁ@wnyy (’Hrﬁ_)eagﬁfn@wn

Mz to 0157] Vari ous enbodj nents of the ete uncool e
IR bol orretF‘@P%‘Ja %f@ %8% fy¥rsigus gmbeimgats fjaﬁ@*amp ﬁ@hP@P}eBW
par anet ere dedebtor 412 eraier stay Hﬁuﬁabki%dﬂ‘[@ﬂ Bﬁ%ﬁ‘&ﬁﬁdtag Lot ﬁﬂ]h/‘lﬂ“for

nitride (TiN) / aluminiumnitride an array format of

appr oxi nmeltwpgra@ps W 21ebeityS, end Ghirhxthd®dngsiasel i tefr8y of mpgwigede, for
di ssipation of 5 < 100 (4) a pixel pitch of about 25 gm (5) a
noi sepquFWB?rQersaBH‘beelr(gN%re di fference (NETD) of < 20 nK; (6) an

oper ati ngot 553&62((1 ; hyeﬁab@am{éﬁ{s%@ﬁp@bmta i ferd R rARe Wtab13ONOS £oh a%ble

spectr al of between about 8 pm and about 12 gm or
frane rat@rigge axoigd asousgtis. me@xoworé%@ulvﬂnﬁemyﬁra@euaab@d 14f Htise and

modi fi catd, gas,) h@isd. Iﬁ.lgqgtﬂ?ecﬁe%p Ble AAHeh ﬁ'{%g%l {{%g\%}&or]tg r t%? ethf: self

carried out to provide a surrtace acoust|c or 'Surf

excited decoursg effeatavay bSHEAWMizeh SRy uﬁmg ahthghndﬂﬁlsela@HIZStﬂuaﬂugﬁ it afng/ e
to provide a npr.ove gn .the t ernal ion .of the . R-detectors,
bnd] ob t st BnAE: B dirrsee i i B e et g RO e A e
coeffici aférchf 1nfcfe§§lii§ﬂﬁ)éelﬁs-5959nsﬁ1ﬂ% qHakdel Yo §afhiod the QR-1{o@f asBption for a
detection apPllcatlons 15101591 ile the invention has been

par ti cul aWPYs Mavrenat adeber-Peetilikg sncuies Bpe he inctuged fadhy microbolometer
mbodi .
embodi ”ecrq]egl;%xgl' ﬁulﬁﬁﬂ?&‘é tla?ﬂn g ﬁ{e%n: s ?ﬁg%ea%ﬂ Wby {lﬁn% %ﬁ?ﬁlts wifit

various es In form an det a| erein w
departi ngnfsmtthedle)eﬁ]hwnttof&l\rdndmpmsmmﬂ he invention as defined by

t he ep@%ﬁ%ai : Th scope of the fnvention i,s thus indicated b
he afboriiep drarhEn AR IR Rl at B atinit Pt SR s oY
and rangemék ofahe ﬂaalbarﬁn'gr (Of udehd p@ézablﬁanaﬁiﬁitdrhe faf far BfilarddeFtedd dietibe;
enbraced. _CLAl 1. A detector _co
(2) use of acoustic wave (e.g. SEAVE/TPfor FIR sensing; (3) use of resonance frequency
shift for detecting FIR light; (4) use of thermal expansion and change of the material
elasticity matrix, for example for facilitating resonance frequency shift; (5) use of
25  extreme temperature stable material (e.g. for up to 300°C), thereby resulting in more
reliable packaging; (6) extreme fast read out time; (7) minimization of 1/f-noise due to
high frequencies; (8) reduction of the self heating effect due to low power demands of the
detector; (9) a high temperature packaging method for the detector; or (10) a temperature
dependency approach for acoustic wave pressure sensor. The detectors of various

30  embodiments may provide a highly selective resonance mode for temperature detection,

and/or a large operation frequency range from MHz to GHz.
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a surface excited acoustic wave (SEAW resonator conprising a pair of
el ectrodes 5 and a piezoelectric material, the piezoelectric
material being electrically coupled to the pair of electrodes, the
SEAW resonat or configured to generate a surface excited acoustic
wave; and a substrate, wherein the SEAWresonator and
the substrate are spaced apart from each 10other by a gap; and

wher ei n tjoeSTHeVaiher enhifodeBetits G @8 dedectiart esrmufi@otedl 1Te Ghitdiadters hinkl 10f
the surface excited acoustic wave in response to an el ectromagnetic
signal i HesigBR 1o Anlwie ot BE fSFe ofgbe TRoRE GArBIEE d) o helemeter tyfer
conpri si t; : : o | gt

Subt 1 at o o S ol SRR G i A £ aRPEREER & BN, ' A
suspendedfoougrofapgrozimogdly 32@ x 240 pelsTdres4ll et 480t poxelnf(3)cd powar Hissipatietef

conprising t pport structures arranged tq 20couple to the

SUbSt it & Al TRG ER/ANPPEL BHiGk G HOUh 2 | KBt (o8 i HTEreaticat duesTeture
posi tion @@I\ﬁ . t 14S 100
sus pended‘ﬂ {(;fsltg?@% e SJ[)%??%?%&’ (§Pﬁhoﬁfﬁg&gé§g%%§@%§ﬁ%ﬁgﬁ%}%§?ﬁtmﬁ% rcefon
the fir stabpostidiosn; @nd spdeealsandniitpoticen Hacls canmpd abes 12MnedYEs) a

region or_side region of the SEAWresonator, the second position
25bei ng | &8s B Y88¢i0d% 0 the first position. 5. The detector of

any one Ofp181at foull BeapprectiRNBitMInddicafibnd ®3RL dNErHHRRRE s eRfboHinidAlS
is made of a material having a thermal conductivity |ower than

r espett i vibay beeared ewrid pravidei a jueBcoicoustes wanssBAAY eoramdfatehexcited acoustic

giEZ\Z/\(/) ?ng&fn{g{eg(rsggsw %er?lilg:orgfg) [S%{igg\é\iflgf t eﬁrz r}:aarllgei, g&:{/&l tioopr}ox:/gl e QF }n\{\ﬁgxrr]e 2[)1? ?he
thermal isolation of the IR-detectors, and/or to provide improvements in design to
increase the temperature coefficient of frequency {TCF) and quality factor (Q) for IR
detection applications.

15 [0159] While the invention has been particularly shown and described with reference to
specific embodiments, it should be understood by those skilled in the art that various
changes in form and detail may be made therein without departing from the spirit and
scope of the invention as defined by the appended claims. The scope of the invention is

thus indicated by the appended claims and all changes which come within the meaning

20  and range of equivalency of the claims are therefore intended to be embraced.
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6. The detector of any one of clains 2 to 5, wherein the at |east one
support structure is nmade of Si02 or TiN. 7. The detector of any one
of claine 1 to 6, wherein the piezoelectric material is 5 selected
fromthe group consisting of alumnumnitride (AIN), zinc oxide, |ead
zirconate titanate, quartz, alum numgallium arsenide, gallium
arsenide, silicon carbide, |langasite, galliumnitride, |ithium
tantal it eCLAIMS um ni obate and pol yvinylidene fluoride. 8. The
detector of any one of clains 1 to 7, further conprising a materi al

di sposed 10 over. a surface of the SEAWresonator, wherein the
material has o CREFARFOIEEENSI on coefficient different fromthat of

the SEAWresongfof.c e)gltec? %h% gtﬁl\gﬁ\;ect"SE @nRoP co : H%Qp%tggf qﬁcgt%ﬁésal

forms a ring over t e surface of the resonat o
det ectsor @id xpgioul@tror mgteriak eheeplnz':tehetrstunatarid teing ¢lectSEAW qospled db dire

over which.t osed f es t ownar t he.
Subst r ot dbuit SO EE fhe e W BBRRGH oo i dphetiin B bMac] Gng acolic
wher ei n thsvetmideri al conprises 20 alum num or TiN, or Ti, or TaN
12. The detector of any one of clainms 1 to 11, wherein t he pai r of
el ectrodes is %@ ﬁﬁﬁ%d in a flrst | ayer and the pi ezoel ectric

material forms a seaRAg | ﬂ)tl aﬁcpth%gglrsftﬂafesarre E}?ﬁ\é%{ gpéa%gfr mrsach

The detector of claim12, ereln e secon ayer etmeen
t he flor stothenpora gapgandhe substrate 14. The detector of any one of

claims 1 to 13, whefeln, 6ach ol 1% RRkie®lo SLEGHLOY55 AOSS REA $85:°
plurality of teeth.
surface excited acoustic wave in response to an electromagnetic signal incident on the

detector.

15 2. The detector of claim 1, further comprising at least one support structure arranged
to couple to the substrate and the SEAW resonator such that the SEAW resonator is

suspended over the substrate.

3. The detector of claim 1, further comprising two support structures arranged to
20 couple to the substrate and the SEAW resonator at a first position and a second position

of the SEAW resonator such that the SEAW resonator is suspended over the substrate.

4. The detector of claim 3, wherein the first position and the second position each
comprises an edge region or side region of the SEAW resonator, the second position

25  being located opposite to the first position.

5. The detector of any one of claims 2 to 4, wherein the at least one support structure
is made of a material having a thermal conductivity lower than respective thermal
conductivities of the substrate and the piezoelectric material to provide thermal isolation

30  between the SEAW resonator and the substrate.
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15. The detector of any one of clains 1 to 14, wherein the pair of
electrodes is arranged in an interleaving structure. 16. The
detector of any one of clains 1 to 15, wherein the pair of el ectrodes
is barranged in an interdigitated structure or a concentric pattern.
17. The detector of any one of clains 1 to 16, further conprising a
wave reflector arranged between the SEAWresonator and the substrate
t o form as FabriheRRteotor bf &8/ Gleraficlaithe2 tolf) whiein THeat tatemt elippoft s&uyurne
of clains 1 to ég" wherein the detector conprises an infrared (IR)
det ect or 1Bmade PEPIG20f filed (FIR) detector. 19. The detector of any
one of clains 1 to 18, wherein the detector is a 15m crobol oneter.

20. The detector of any one of clains 1 to 19, wherein the detector

i s a CMOS-conpitei dstestor afrapy ging radtcdaims 2019, Twkereiatthe pzodéctanymatamel &f
cl ai 11 ewherein the fre cy. shif.t . of surface, excited
Scoust ¢ TR st e Bude Ao b RECO SR sl AN R o B B Gl e

t he r esonitmeste, fquady) ahsyintei gadivie bisadde, Ryl And nsémds eilieeh wardhle] Ragsae,r

of el ectrodes.
ga 1eun1 nitride, lithium tantalite, lithium niobate and polyvinylidene fluoride,

8. The detector of any one of claims 1 to 7, further comprising a material disposed
10 over a surface of the SEAW resonator, wherein the material has a thermal expansion

coefficient different from that of the SEAW resonator.

0. The detector of claim 8, wherein fhe material forms a ring over the surface of the
SEAW resonator.

15
10. The detector of claim 8 or 9, wherein the surface of the SEAW resonator over

which the material is disposed faces towards a surface of the substrate.

11.  The detector of any one of claims 8 to 10, wherein the material comprises

20  aluminum, or TiN, or Ti, or TaN.

12.  The detector of any one of claims 1 to 11, wherein the pair of electrodes is
arranged in a first layer and the piezoelectric material forms a second layer adjacent to the
first layer.

25
13.  The detector of claim 12, wherein the second layer is located between the first

layer and the substrate.

14.  The detector of any one of claims 1 to 13, wherein each of the pair of electrodes

30  comprises a plurality of teeth.

32
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15.  The detector of any one of claims 1 to 14, wherein the pair of electrodes is

arranged in an interleaving structure.

16.  The detector of any one of claims 1 to 15, wherein the pair of electrodes is

arranged in an interdigitated structure or a concentric pattern.

17.  The detector of any one of claims 1 to 16, further comprising a wave reflector
arranged between the SEAW resonator and the substrate to form a Fabry-Perot like

structure.

18.  The detector of any one of claims 1 to 17, wherein the detector comprises an

infrared (IR) detector or a far infrared (FIR) detector.

19. The detector of any one of claims 1 to 18, wherein the detector is a

microbelometer.

20.  The detector of any one of claims 1 to 19, wherein the detector is a CMOS

compatible microbolometer.
21.  The detector of any one of claims 1 to 20, wherein the frequency shift of the

surface excited acoustic wave comprises a frequency shift in a resonance frequency, the

resonance frequency being defined by a distance between the pair of electrodes.
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