WO 01, 14838 PCT/ GB00103243 1 M CRO BRI DGE STRUCTURE This invention rel ates
to a nethod of making a mcro-bridge and a new structure for a

micro-bri dg&O %4 as may be used in i maging devices to PET/GBIEBRH3| nci dent

radi ati on. The invention arose fromthe field of thermal imaging, but is
not necessarily limted to that field. Infra-red i magi ng canmeras based on

t wo- di nensional arrays of thermal detecdtors are attractive due to their

near anbi ent tenperature operatjon. 0 tectors used for
infra-red imaging rely on thﬁi%ﬁ@%ﬁpgﬁ{gﬁég\g&ﬁt he sensing material
due to absorption of infra-red radiation. A 1C tenperature change in the

scene leads to a tenperature change of about 0.001C tenperature change
wi thin the det @bisoimvemridpn relpes tharmetbped ofimgdrg anmicorerbridge and arak¥ i se t he

amount of radiatj Qn 0, 1 h ensij i.al. ature
dependant pr opgtrnfc(;uﬁﬁnaﬁ%har g]ei?fgﬁ?sr?dgtlhguc?rla%nﬁgg&%? : tlﬁelmgg%ﬁgjee&?%pﬁ érrper ature
t o be det ecteddetatpincidead rafistiondi The dyechtivs iangseciremt thorfiald cif ribermtaly .

Exanpl es are pyroelectri.c arrays, . ich rel t he change in electrical
pol ari sation wieHEEMHEAS AR %e%ﬁi"’%ﬁ'%“ﬁ%&%p’ét ﬁgldf erroel ectric materials,
and resistance m cro-boloneter arrays which utilise the change in

electrical resistance with tenperature which occurs in some materials In
al | types of tHérartad yeeging gremerasi Basad\oantvadydisepnsiogalnastays €8 the@ali se in

25 tenperatur ed&fsctggear%emxiaggvmﬁeem %{Cﬁrgggar;a;}nﬁ@ﬂ @E@Q{m zjeo e?étidnr.'f ra-red

radi ati on. The tenperature rise Is re any ther conducti on
mechani sm MR cThemakad sddrectorst nseth fdreindmred ninagitge rélal on The sempenakurg i n
detector desig

: h Er%”aXi MoSEabis dSLTRLLR0) LA Ol LAGRENSANG
material. The ?&%Fr‘% %??an&m%‘%%éﬁe&gla PER -%u% AR g P rigidity
1°C temperature change in the scene leads to a temperature change of
about 0.001°C temperature change within the detector and it is therefore
important to try and maximise the amount of radiation absorbed.
15
The sensing material has a temperature dependant property which allows
the magnitude of the change in temperature to be detected, amplified and
displayed using electronic circuitry. Examples are pyroelectric arrays,
which rely on the change in electrical polarisation with temperature which
20 occurs in ferroelectric materials, and resistance micro-bolometer arrays
which utilise the change in electrical resistance with temperature which

occurs in some materials

In all types of thermal detector it is advantageous to maximise the rise in
25 temperature of the sensing material due to the absorption of infra-red
radiation. The temperature rise is reduced by any thermal conduction
mechanism which takes heat from the sensing material. This results in
detector designs which maximise the thermal isolation of the sensing
material. The requirements for electrical read-out and mechanical rigidity

30 mean that, for most practical detectors, a physical connection is required



30 nean that, for nost practical detectors, a physical connection is
required WOwiéihi4g38 PCT/ GBOO (3243 2 to the sensing nejenédmdomsdfra-red
(IR) imaging relies on the fact that all objects radiate energy wth a
peak wavel ength depending on their tenperature. For anbient 5 tenperature
objects this peak wavelength is in the Infra-red at about 10m Hotter
objects radiate nore intensely. IR imagifig typically involves using

| enses, whi ch RayhdseneingGrieRR. UM to collect and focus this radiation
onto an array of sensitive elenents placed in the focal plane of the
optics. The elenents are normally mcro-capacitors or mcro 10 resistors

(i cr o- bol ortet apmlUNQRe SHAKAE L BRsSbh nPAUATRACH (FPRI0Safle LRTLPT aANCE

respectively) depends on e t nper at ur e e mcro- oneters e usually
formed on sili cdth subsakr artae@engh rrl}pémdlngam treedrh itgmpegatiisc hnFeruesbienThi s

cacrifroi al 3 ayEPPOAGRS, Wi IRDM ChaterehRh G0 P TR F AU nei g,

thermal |y isol ataéh.st Hutxéxur@;ecﬁuﬂm&esWOufctzufeﬁsdIﬁ SBRWinaging-igpicstiy of the
acconpanyi ng drawings wherein legs 2, 4 support the main body of the
el enent 1 abové“‘é"“%%’bséf‘% atnses, AWRICh mRAInbe off Giermagjymy to collpglansl fagus

mechani cal s upﬁ%trabﬁngﬂ oRIcP¥] Q@%rat)? 5er{sh%ef@bxﬂerﬁ9§iyac@&“in Yid {bchP ahdier mal

conductivity to the substrate enent generates an e c si gnal
proportional t®fithe eptinser ihgr elementat grei notmatly, mdopengscitns tdremicroensity of

the IR ener r a The, el ectri cal
signal s nus tﬁgﬁg g rea%o'bto O%etel%;, ‘{’ﬁosée gic?glcgergslwlc ¥arafn|ete6 {c%‘%giel Per and
anplify. Tradi tresistahdey ztabmacquam un!nprdﬂ&s cms thsederhperadwi@ct The r adidrat i on have

i i i The "un | ed’
required cool i rl')%lotn?etlﬂ!squa{"éi Qg]u%ﬁ &)rx]-mteg mgrezr {3}1;1%5,? substrgtesuus?lgg emm_
machining techniques”. This involves depositing and lithographically
patterning an active layer over a sacrificial layer that is finally etched

15 away to leave a free-standing, thermally isolated structure.

Such a structure is shown in Figure 1 of the accompanying drawings
wherein legs 2, 4 support the main body of the element 1 above a
substrate (not shown). The legs 2, 4 ensure that mechanical support is
20 provided for the main body but with low thermal conductivity to the

substrate.

Each element generates an electric signal proportional to its temperature
that, in turn, depends on the intensity of the IR energy absorbed by it or
25  its adjacent layer. The electrical signals must then be read out using a

circuit that will both filter and amplify.

Traditionally the quantum devices used to detect IR radiation have
required cooling to liquid nitrogen temperatures., The “uncooled”

30  technology described herein operates at room temperatures. Since IR



30 technol ogy described herein operates at roomtenperatures. Since IR WO
01/ 14838 PCYO@BOB®H3243 3 radiation is not obscured by srriendohzmas
technology is also useful in fire- fighting applications. There are al so
applications where it is not necessary to form high-resolution inmages. The
IR sensitive elenents can be used for sipnple "intruder detectors"” or fire
detectors. 5 Presently there are two basic forns of the resistance

m cro-bridge. rddiatidn is ndthebseured Hyhemblarage neohuslopy iislgksot yyeful iasfighown i n
section in Fi uirjle 2a of. the acc&?lganyi ng ldrawi T&E In this type of

bol omet er t he DERIRE e2ARlCARORSy ANEHR Arfaplse | SPIRAYYY PYRSFRr i &% Phange as
the 10 tenper ahseSsszhad dofmtiglongbiutd ididged) MRlenN® shasRiveedemdite cahange in
material properties Is determned in sonme_nanner, perhaps by neasuring a

change in cur r Batsehiar sigplenyipigudertdeteaions d 96 firgidetestors | ed person wil |
appreciate ghat whilst the honbgeneous bridge can work satisfactorily well
Its performance may not be as efficient as desired. 15 The second cl ass of
m cro-bri dge cBresbetly etheeed aré i twe dwasicuforaonst 'of athd resisvaricde mierotnigee: at ur e
dependent nat egi (which LSt i €. 4. orting
bridge. Such SFiedh gﬂéfgu‘aﬁ%‘?‘?n"éf%?%ﬁ ég‘ég‘?ﬁy‘?‘%h%smn%ﬂs:‘ﬁpgke{cie?%i’yﬁﬁ Fi gur e
2b of the accoFRpamyi2agofdithavdceompaniiseg ldrawings.2 Anathisotype ofnbolderetert ther mal

radi ati on of the wavel ength f interest caysing a tenperature change
o thin the br i BGERMec TORRME e Ao TaBaHal; FHOM Groperties FLGEE: by doRnter | al
General ly e {@sievhtuy® cBALRS dkouphl Faddftich BEhalabsbibel. WeNcHAagé tihoned

above the bridge reflects some of the |ncident radiation reducing the
sensitivity of MatEiakiprPRRrHes irfstermingd jn spume mapgery pesiiaps By, eAasvmng Ae net al

on top of the Briflgei emtbdiCpaskingSihkugde ufedBfiligat efhe BkiRANpdrlh will
appreciate that whilst the homogeneous bridge can work satisfactorily well
its performance may not be as efficient as desired.
15
The second class of micro-bridge can be termed “film-on-support” and
provides a temperature dependent material (which may be resistive) as a
film above a supporting bridge. Such a film on support micro-bridge is
shown in section in Figure 2b of the accompanying drawings. The bridge
20 absorbs incident thermal radiation of the wavelengths of interest causing a
temperature change within the bridge which effects the resistance of the
resistive material. Generally the resistive material will be a metal which
when positioned above the bridge reflects some of the incident radiation
reducing the sensitivity of the micro-bolometer. Further, the provision of
25 the metal on top of the bridge requires vias to be fabricated through the

bridge necessitating further processing steps.

An example of a micro-bridge structure is shown in the Journal of
Microelectromechanical systems Vol.5 No. 4 December 1996 in an article

30 by Shie, Chen, et al. However, the micro-bolometer shown therein is



bri dge necessitating further processing steps. An exanple of a mcro-bridge
structure | svesbiemsssi n t he Journal of M croel ectronechanigacsaigss Vol .5
No. 4 Decenber 1996 in an article 30 by Shie. Chen, et al. However, the
m cr o- bol oneter shown therein is WD 01/14838 PCT/ GB00103243 4 fabricated
by a process which is sonmewhat nore conplicated than may be desired. The
bridge is forned over a V groove which i% fabricated usi ng an ani sotropic

wet etch. 5 A fFayridagid ) €/pPodikd d@ecrSis'SdeleWhe: mBrdRRpIRABNLhA i H 698 852
wherein a Titaniumlayer provides the resistor on the undersidé of a

bridge formed dF§iE aThapeideeis rapd avenev¥eroavsi whighdu fabmicatsdowing he
resistive bol ggetgh rggirct‘{,é;rbtégnde ched between two Si Q2 | ayers. The mcro-
bol omet er shown in thi US patent has a much nore conpl ex structure 10 than
t hat described herein. It will be appreciated that sinmplifying the

structure apd propcessing steps reduces the cost .of i.ce and al so
helps to in re%sge)urﬁ‘r% n§/llgré]| %r.“?gﬁcﬁ:tfﬂc ’fig* PPW %PYVFS}P Eggg%§12 ‘Y}?'Fée’f‘rﬂ/enti on
there is provi d%nﬁ:nﬁﬁybﬂ@r&ﬁideslﬁaefr@hﬁiogaini 1he @deiisg;][epoﬂoa :b&iﬁ@ted’eiffhfiﬁ onto a
substrate inclyding the steps, a._providing a sacrificial material on a
surface regi on'}j t%éay%uﬁ“g&‘(a{'e; Hg’.“’eﬁ%rtvt Eihviosementc B he reeietve i i al
material; C. PhLEMfbdd prtRANSAdI i BRIC be@Rleeh Ntvd SHOS t@@ﬁ{;%ﬂ@ Alcrbhe

sacrificial 20 material; d. providing a support na | on a surface
regi on of the belesiey shesinein Hhis U @atent hesravinngh nimge swomilés sira¢turemt eri al

| eaving t hﬁﬁsu%ﬂr {lﬂap%tefcfrib%h’ herx,\f-nt. h it %llsgg%Eﬂr%cﬂ%tde{ﬂa?lsirg&ify%rlsg ltk?emr
surface, substantially free
structure and processing steps reduces the cost of the device and also

helps 1o increase the yield.

According to a first aspect of the invention there is provided a method of
15  fabricating a micro-bridge device onto a substrate including the steps:
a. providing a sacrificial material on a surface region of the
substrate;-
b. patternwise etching the sacrificial material;
¢. providing a sensing material on a surface region of the sacrificial
20 material;
d. providing a support material on a surface region of the sensing
material; and
e. removing the sacrificial material leaving the support material,
with the semsing material on its lower surface, substantially free

25 standing above the substrate.

This method is advantageous because it provides a micro-bridge structure
by & method that has fewer processing steps than prior art methods. The
skilled person will appreciate that the reduction of the number of

30 processing steps is greatly advantageous because it will tend to increase



25 standi ng above the substrate. This nethod is advantageous because it
provi des a woif4shgi dge structure by a method that has fg¥eEpddf9asssi NY
steps than prior art nethods. The skilled person will appreciate that the
reduction of the nunber of 30 processing steps is greatly advant ageous
because it will tend to increase WO 01/14838 PCT/ GB00/ 03243 5 the yield of
the fabrication process and wll also reduce the cost of devices

fabricated by hBeyieRi RR0the AhpRRAAGE Prisdels anbBEwsllPASS tre@h@ Mo cb$ Bf OVi ded
as a single layer of 5 material and provides both physical support for the

sensi ng mat er i ¢avieasdabrieated By theymathedr ber of incident radiation. The
sensing material may be a conductive material. Such a material is suitable
for providing a mcro-bridge structure in which a change of 10 resistance
i s nmeasured. PAdvantagsloyslyheaheri supperbrélementdésy previded asn cimgle Hayermef er

wherei n the. sensi ng, material Qyi des. t resj stor. rnati v. t he
sensi ng matser i %’F{eﬁ%/ aBé P§°¥lg(r"$%9t\él %cﬁs}ﬁa{;%ﬁ%o?a{r ?%rl {heélﬁélél%ﬁgargsn% lgir |‘y“é i's
sui tabl e for picyhshmgbsorbércofinbidestgadiationct ure in which a 15 change of
charge is neasured. Preferably, the substrate has electronic circuitry

provided therein. This is advantageous because it allows processing

el ectroni cs toThe sbisyg Aflerifl maP b L eohdURtivE enatbamal SUER™ hiaGerill Gk O- bri dge
and allows a single package 20 to be provided containing both the

m cro- bri dge affitableoden proyjding acmiggpibsidige THEIGHIS i vhclhfa shangeu ef

processi ngqgl e i b ) Bl mliBros L t, skrilctures.
For instantl:(g, {:etrslfst égééggasgﬁg%h?é?@p%ﬁeg* g%l@ré’ls m%egﬁbﬁé? 2§)vaeﬁ%€rgllgvi ded
under neat h t hebdlpindtee wiereintthe gensing inpteial prtoyigesghemesisthe provi si on of such
el ectroni cs beneath the plan area of 25 the bridge device - the region of

t he substrate where the el ectronics would

Alternatively, the sensing material may be a ferro-electric material. Such
a material is suitable for providing a micro-bridge structure in which a

15 change of charge is measured.

Preferably, the substrate has electronic circuitry provided therein. This is
advantageous because it allows processing electronics to be provided for
processing the signal from the micro-bridge and allows a single package
20 to be provided containing both the micro-bridge and processing
electronics. The provision of optimum processing electronics may not be
possible in some prior art structures. For instance, in the paper by Shie,
Chen, et al. the V-groove provided underneath the bridge structure is
likely to prevent the provision of such electronics beneath the plan area of
25 the bridge device - the region of the substrate where the electronics would
be provided is etched away. Therefore, the structure provided by the
method may provide an area beneath the micro-bridge device in which

signal processing electronics may be located.

30 Most preferably the method is compatible with CMOS processing steps.



be provided is etched away. Therefore, the structure provided by the

met hod may Rigihgagan area beneath the m cro-bridge devi | M}:zﬁsh si gnal
processing el ectronics may be | ocated. 30 Most preferabl %%ﬂéehone od is

conpatible with CMOS processing steps. WD 01114838 PCTI GBBOO' 03243 6 This
i s advant ageous because it allows standard fabrication processes to be
used which will generally reduce the cost of devices fabricated according

to the method. ThisCRRANABLN MRReDl: UiioWRRIMRAP Bibrlddfibh HFoualedVibdi NG Vi as

through the sacrificial teria oW ng connections to'the electronic
circuitry in the ussdbwhicht avillSgederallst mpudes tie cosivefi éevicenafaboicadovi di ng

the single paCkach'ip\thJS I{hep&g&eg-si ng el ectronics and mcro-bridge. The

skilled personaccv(\)n appreci ate that the vias may be defined using a

conventional 10 photoresist to pattern the sacrificial |ayer or by the use

of a photo- i eabl.e polyner as_the sacrificial |ayer. In one_ enbodi ment
the sacrifi Gi gﬁ%ﬁﬁ%né?l}t I S%B hef )}P?ﬁpdéc%i‘%“‘?ﬁéyl’rﬁéldé‘ﬁ fiasfapRyeht 8 and

cured. The sacgidriffeid! maBLiSr iddwilBYeoRReiRRS kS the Be@rontd clhilyN@STeof about
3m However, in alternative enbodinents the sacrificial material my be

applied to a tFRSKAEss Yichpat ernis aboenvanisth wandfapeayidieg ther singly be
bet ween about é{a@éﬁ@@gw‘%ﬂ%%fe%aog]elé&ro}[ﬁ#eslanﬁgﬁc}:ﬁo?g{%?gé.aﬁ“ﬁg sfti’i‘l@& é:reﬂs%{zt hi ckness

of the sacrifi mat eri a erns thé sensin eri al
above the subswilit epprecisthe tat nele viasr aadyr ibdgedefi@@ singciaucenvehtienatet hod may

i nclude the,ste of . usin n etch salvent, to ensure that _all .resist
| ayers ar e?PenB'\?%‘améﬁgésqﬁaé%{“t‘ © fa5ELctal Javess o ﬁi’é’ c P55 i%i 2UPPOMfst er i al .
The etch sol vehhagraylepolyns. asdhe sacrificial layer.

In one embodiment the sacrificial material is polyimide which may be spin
deposited and cured. The sacrificial material may be applied to a
15 thickness of about 3um. However, in alternative embodiments the
sacrificial material may be applied to a thickness of between about 1.5um
and about 6um, or may be between about 2um and about 4.5um. It will
be appreciated that the thickness of the sacrificial material governs the

height of the sensing material above the substrate in the final micro-bridge

20  structure.

The method may include the steps of using an etch solvent to ensure that
all resist layers are removed subsequent to deposition of the sacrificial
material. The etch solvent may be EKC.
25

The sensing material may be titanium (Ti). Titanium is advantageous
because of its change of characteristics with temperature and also due to
its low noise levels. Further, titanium has a high resistivity which may
allow the design to be optimised for CMOS circuitry more easily than

30 other sensing materials. The skilled person will appreciate that for two



The sensing material may be titanium (Ti). Titaniumis advant ageous

because of wésyasenge of characteristics w th tenperatur ecanshoshses due to
its low noise levels. Further, titaniumhas a high resistivity which may

allow the design to be optimsed for CMOS circuitry nore easily than 30

ot her sensing materials. The skilled per.son wi |l appreciate that for two WO
01/ 14838 PCT/ GBOO 03243 7 equal portions of the material, the portion with
the higher resigghi poridonwiof|the Ritvéridlhenehpartion wietsitld Ripher rdsieivignwilng
material may be deposited by sputter deposition, providing a 5 convenient
met hod whi ch kv hiehRpEESIP#NCe- The sensing nmaterial may be deposited to
a thickness of about 0.2m However, the skilled person wll appreciate that
ot her thicknesses may be suitable. For instance the sensing material may
be provided tdThke sénsuignmeterial tayrbe deposited) &y sPuteiodepBitiImprovidingur 0. 3m

or may be from ab 0, ofhe 41 .CL.Q=0L . Lge is a
m cr o- bol or‘?trat e‘f'onv? ﬁtgnts'g%{snloﬁgvtﬁmpl?g Fg/f&én%m#’ %trl%gt r;lfaﬂergggflg or. &il?‘eﬂ}l‘?

desi rabl e t hatbd Seposited et alnicknest of hbsutrle2umt or is rel atively hi gh because
this makes the signal provided fromthe m cro-bol oneter easier to process.
Providing the 15 sensing material in this range provides suitable

resistances. Tﬁbﬁ%ﬂﬁ'??ﬁ‘éskiﬂE@%ﬁontmna?%éaﬂé&Hﬂeomtﬂi@l&fé_sie!s mgduee the
resi stance too nuch. The thi cknesses and resi stances descri bed herein are

particul arly suiitahls. eFonnstance thessensing gnatertial may be pravidegh fquamthicknespe
sensing MRiet | & e rlR! P hookO0 MBLEN | apBi 613l GKHRASEE ABK Bout
appl i cabl ei‘ﬁ nﬁaﬁee?-%%gi{)}: enbodi rrgnts taRe sengi ng material may be
anor phous  si | 0 Qpm to/abadiuBSomi di€ the detorbridgendolied is amioiorbalome®r an
all oy of any one of the aforenmentioned netals ea(ih .of whi ch rovihdes
suitable 25 pﬂ‘bﬁpé‘?"lsirgs material may form the resistor. It is desirable that the
resistance of this resistor is relatively high because this makes the signal
provided from the micro-bolometer easier to process. Providing the
15 sensing material in this range provides suitable resistances. Thicknesses

greater than this range may tend to reduce the resistance too much.

The thicknesses and resistances described herein are particularly suitable
when the sensing material is Titanium. If the sensing material is another

20 material other thicknesses may be applicable.

In alternative embodiments the sensing material may be amorphous
silicon, vanadium oxide, platinum, nickel, aluminium, or an alloy of any
one of the aforementioned metals each of which provides suitable

25 properties

The sensing material may have a sheet resistance of 3.3Q/sq.

Alternatively, the sensing material may have a sheet resistance of about

1.5Q/sq to about 6Q/sq, or may be of about 2.5Q/sq to about 4.5Q/sq.
30



The sensing material may have a sheet resistance of 3.392/sq.

Al ternativelgottissssensi ng material may have a sheet resigha@s®asli about
1.592/sq to about 69 /sq, or may be of about 2.592/sqg to about 4.592/sqg. 30
WO 01/ 14838 PCT/ GBOO 03243 8 Conveniently step C. of the nethod includes
the further step of renpbving the sensing material fromoptical alignnent
targets (OAT) provided on the substraté®for alignnent of subsequent

| ayers. Such aC&h%iérﬁlgﬁdM{\m.&QQQ&%eﬂQﬁCﬁHﬁﬁeJ tneStubtRbd bdef o trBRobRFRI Ni NY
steps of the nethod and nmakes it easier 5 to position the renmaining |ayers.

It will be cl eHie sensipgEaiwial| feqm opHed rplighment ergets (QAT) peavidesaen/thghen a

waf er stepper | : Oyl 'ébﬁrﬁn tep of
renovi ng the sg%rsﬁﬁgfioél%lgﬁ%@ %t?(?faﬁtugsiﬁt@%srggﬁg% gesééﬂ(;ir\? the Egggosl@r ate.
Such a step isbgansd it giraplifies the redsiantgagyemus thh owetibdidnd maeEsiif exial

material be.a paterjal ,other.than siljcan .digxide..Preferably the support
material is°defoRPYRL %trgniaﬁ’é“%&ry{e?(:ehr“@ ibc?ngﬁﬁr Prbe s‘?&ﬁ%i}’ﬁ‘&%ﬂé{‘]@ri al .
Thi's depositi opAT9aaSsecESrP@heE @WadatstéppePiagwa. 15 Enhanced Cheni cal
Vapour Deposition (PECVD), Low Pressure Chemi cal Vapour Deposition
(LPCVD), or by sputtering. The support material nmay be deposited to a depth

of about fpm Fhb oflfRiMethss GRPVAN ﬁx’&lud@%@k‘éﬁ oiftrerHE)@i}‘x%;Ciﬁésé!t'fffdiﬂi ent
structural rigidity. 20 However, the skilled person wll appreciate that a

range of ot her matirigk fogs DA Tregropded gntthd Fubstretgr  Suehtansier is partisuledor t
material may hayg Shig S af 0 J| 0 o] r haps
about 2gm gm pmnga%e ‘%5 @‘g?etrh ngagg%;d {?é nr%gtt% g@%p%ﬁ&e@%ﬁ%ﬂ%p%@?t
mat eri al to ansiiccmdaxydeof about 10% It will appreciated fromthe
di scussi ons above that the

Preferably the support material is deposited onto the surface region of the

sensing material. This deposition process may be provided by Plasma

15 Enhanced Chemical Vapour Deposition (PECVD)}, Low Pressure Chemical

Vapour Deposition (LPCVD), or by sputtering.

The support material may be deposited to a depth of about lum. This
depth is convenient because it provides sufficient structural rigidity.

20 However, the skilled person will appreciate that a range of other
thicknesses may be suitable. For instance the support material may have a
thickness of about 0.05um, O.lpm, 0.5um 1to perhaps about
2pum,3um,4um,5um.

25 Preferably, the method applies the support material to an accuracy of
about * 10%. It will appreciated from the discussions above that the
detector must be thermally isolated from its surroundings. Generally this
is achieved by providing a bridge structure (of the support material}) which
is supported by a pair of legs. In such a structure the legs provide

30  thermal contact between the bridge and the wafer or substrate. Having



detector nust be thermally isolated fromits surroundings. Cenerally this

i s achi evedvdoy/yasasvi di ng a bridge structure (of the suppect/aeet/eessal ) which
is supported by a pair of legs. In such a structure the | egs provide 30

t hermal contact between the bridge and the wafer or substrate. Having WO
01/ 14838 PCT/ GB00/ 03243 9 the legs too,thick is disadvantageous because
nore heat is conducted from the wafer 6r substrate to the bridge which
reduces the sefslels Yod shic ist diadvahrapeousrbedgesedruiecieat if carldacieddsomr e t 00
thin then there is not enough nechanical support for the btidge structure.
There is ther 8feorafez & Wﬁg@ﬁ%ﬁ‘eb‘é?%?{h&?‘o&dﬂf’?fgt iﬁ“ﬁ“‘é’&ﬁp‘%rtpg and
providing thepial, plidpl devip. ﬁhﬁlesié'gk |88l 166 tBiANtheh | the@PRY RSt @dcaghhat the
mcro bridge structure may be provided with a number of |egs ot l"gler t han
two. The m cr oreghandgad suppost rfiort thee bridge byryatwei dedhoget fis 1therefors g 7 or

hi cknoss Bt SRRRIO0S, TokuBgEioR IR T uleliss 4P DpiovITAE (hBmd D Tt o

of interest widdbatiort he support material. The skilled person will appreciate
15 that the wavel ength of the radiation will change according to the
material in which it is travelling. Applying the support material to this

thi ckness i s TadWkill@Dperdsn Rall aippeecidte CRaIThS nilest btidje y@udtnfeemaproence of
radi ation of the wavel ength of Interest bei nglhref I ecied fromthe bottom
surface of th®roddehovith mrwmbsr of 1985, SieRPEM tHoci dERE ™BIFT? 198 dge.

Thi s dest ngct igigicriPe hidydel SofiHcs WRIPIDL LS, &% IHordegy.pti on and i ncreases
the tenperature rise Of the support material due to the incident radiation

of the wavelengths of interest. 25 The support material is conveniently

pat terned and elched 40 RLOV G ARpdIFES B YudhdriChiieft BY gl ably. the

resists used to péﬁetern a
thickness of about Y4A where A is the wavelength of the incident radiation

of interest within the support material. The skilled person will appreciate
15 that the wavelength of the radiation will change according to the material
in which it is travelling. Applying the support material to this thickness
is advantageous because it causes destructive interference of radiation of
the wavelength of interest being reflected from the bottom surface of the
support material with radiation incident on the bridge. This destructive
20 interference promotes energy absorption and increases the temperature
rise of the support material due to the incident radiation of ‘the

wavelengths of interest.

25 The support material is conveniently patterned and etched to provide the
necessary structures. Preferably, the resists used to pattern and etch the
support material are removed by an etch solvent, which is conveniently
EKC.

30 In one embodiment the support material is a silicon oxide which is



support material are renoved by an etch solvent, which is conveniently

EKC. 30 In @gaaeseedi nent the support material is a sili QQ{JIG%&@&SVWH chis
WO 01/ 14838 PCT/ GB00/ 03243 10 advant ageous because it iS"eaSy t0 provide

usi ng CMOS processing steps and readily absorbs radiation with a
wavel ength of about 8 gmto 14gm which as di scussed previously is the
wavel ength which is conveniently nmnonit8ed by the micro-bridge device. It

i s advant ageoUsivhi@kedud Set biRRGE s ?as?ﬁttgeﬁrjo@%de q}gﬁl%r éﬁdé@grécgg% Ig%?sn -

maxi m se the tenperature change o support “mat eri ci dent
radi ati on of t#¢ thedily absevhy grdintioh witthe wasieldngtdopebsion8minltb By eci at e

that for wavel hs her than.8.tm.14gm other naterials which_absorbs

t he wavel engt h‘gg%% a}sngllé{r:uesg?é r?ﬁglwﬁléstly é%l\}g%twa?ﬁg%ﬁ%m Y%‘c e FRYABE Y i ncl ude
the further stmpniedre®b9vthelntigrosbridlel ®ideV et ia¥BanBeod i haGapp&gi on of

t he substrz,t}e. Such a | ayer maéaf_urther enhance the efficiency wth which
the nicro-bti dgaeErl BRserhsethgyeBieren o cnagimise theéampargire CRnERoithe | ecti ve

layer may be Py erktoa1anaUo i36ReA62iBRoRbr | de%&&!%a%a%ﬁng{?ﬁf Qhe the
sacrificial layer providing a convenient way of positioning e ‘reflective

layer. |t wil |skidedapgrserciwill agpptaciate shat om warelbmgihpother dies 8umnidimo- bri dge
structure Wthoth%rerﬁaﬁgrli (S:ti}(le Iaéer grﬁvi ded .on ﬁ top.region 20 of the
substrate w t CHHe BAEFES b T le 2879 B t P e "EUTEREIAY | & |iG'eEsSE pBAYeR® above

t he refl ecti veadvaytegeou€onveni ently the met hod provides the reflective |ayer

froma mnet which may be any one of the follow ng: Al umnium titanium
ni chr one,

The method may include the further step of providing a reflective layer on
a surface region of the substrate. Such a layer may further enhance the
efficiency with which the micro-bridge structure absorbs incident
radiation.
15
The reflective layer may be provided on a surface region of the substrate
before the sacrificial layer providing a convenient way of positioning the
reflective layer, It will be appreciated that such a method provides a
micro-bridge structure with the reflective layer provided on a top region
20 of the substrate with the micro-bridge structure substantially suspended

above the reflective layer.

Conveniently the method provides the reflective layer from a metal which
may be any one of the following: Aluminium, titanium, nichrome,

25  platinum, nickel or an alloy of any of these metals.

The reflective layer may be provided by sputtering, evaporation or any
other suitable technique as will be appreciated by the person skilled in the
art.

30



25 platinum nickel or an alloy of any of these netals. The reflective

I ayer nay Q@op[,gyj,sded by sputtering, evaporation or any petrfasoositis abl e
technique as will be appreciated by the person skilled in the art. 30 WO
01/ 14838 PCT/ GBOO' 03243 11 Conveniently the sacrificial material is

renmoved by ashing which nay be perforn?g in an oxygen plasma, providing an
effective process for renoving the saciificial material wthout
i nterfering wddnvehntigythe Sacrifdoisl inagriahés sansovedi oy ashingtwhi¢haimayeAf t er

step e. of the nethod a thermal anneal i f bl f d h
substrate. Thdefipamgd | iny fife SXYED li’é"refg‘}ai' l:ls"éﬁr‘)’ﬁgg;%ée%ﬁ%g%? gérgg%ség??rhte ©

el evated val ugepfovidie theRefifibial emeRahf | Witk Gftedfieng ositht dleCeayefs the Ti,
and may ensure that contacts within the circuits are forned correctly, etc.

10 The t her nalcoaeringthseaerifisigmenterddd by a rapi d thermal annealing process
or an industry standard furnace anneal. The sensing material my be

provided as at | east one track. Preferably the nmethod conprises providing
the track suchAfierasteprci afethe mettipditai tharmdlSarngel isgpreferpllyi perforgwHagn sat i on

cannot pass therethrough. .. JThis nmay be achieved . ' ck in a
manner to bl ocR®tHES P sagf® 6$ermra¥1c?f‘3?a?olrs1 %ﬁgﬁ%‘gy gg%%gé;?‘!l E%ts i&l}ggs td?%

Sart l ;:yl ar, thgeddi@l hahRyofbtepenpetatte efficiédtadf ibe teastanea@f tbe MMinni ng in
irections transverse to one another, . The track nmay be provided with
substanti al | ARG COMIE Bt Gentacserithignbe serepus 474 éqrm[eg c8ﬁ§°§¥1’o?‘ﬁér, or
nmay be trafipverpe ipmaP it nay Ye provide& byl +4pd@eitdnal Bnealing pescess N ot her
enbodi ments the nethod may conprise providing the track with curved
portions. The euavindupisy siapdardifgnase anneal.

The sensing material may be provided as at least one track. Preferably
the method comprises providing the track such that incident radiation
15 having a specific polarisation cannot pass therethrough. This may be
achieved by arranging the track in a manner to block the passage of
radiation having a polarisation. In particular, the track may be provided
such that it has lengths running in directions transverse to one another.
The track may be provided with substantial lengths running in directions
20 parallel to one another, or may be transverse one another, or may be
orthogonal one another. In other embodiments the method may comprise
providing the track with curved portions. The curved portions may be

circular, elliptical, etc.

25 A matching layer may be provided in a region above the support material,
adapted to absorb incident radiation. The matching layer may be nickel

chrome alloy and may be provided by evaporation, or may be sputtering.

A matching layer is advantageous because it may match the refractive

30 index of the micro-bridge structure to that of free space. The skilled



circular, elliptical, etc. 25 A matching | ayer nmay be provided in a region
above the swepankssgaterial, adapted to absorb incident rpegicaiot/R43 The

mat chi ng | ayer may be nickel chronme alloy and may be provided by
evaporation, or may be sputtering. A matching |ayer is advantageous
because it may match the refractive 30 '$dex of the mcro-bridge structure
to that of free space. The skilled WO 01714838 PGT! GBOO' 03243 12 person

wi |l appreciat &rﬁ&}amm?preaxawmf WhBh ai Waveh®ntleinciieanuporbawedadaty of
materials each with different refractive indexes a degree of refl|ection
will occur. O ¥ampierialy eqchowib ftitfpreat sefracHveindaxes MF&F"eenﬁf Kreflectighestion i s

reflected thenwilh%ccﬁirgr@ﬂeaﬁyOﬁl&ﬁ&%:&tﬂraﬁf‘aﬁ%%%é Qra@éi@ngtﬁdh FubQns! | be 5
reduced. It is therefore advantageous to m nimse the amount of reflection

occurring at treSlegiedribenrthelgégnappeedusad fiacresponise tﬁaqhemaﬁgxtmy*érﬂ ®ay be

deposit ed At Logued 12 1t N GRAMICUSLAAADNCE (RRIBEURLC amllE: @51 St ance

may be abou quare. ef na Fesy st ance nay Pe in the
range of about re2le88&1 scpurdng@bothe hidfbBidge upper suifage.be in the range of
about 32052/sqg. to about 43052/sq. The nethod may further conprise
providing the mcro-bridge structure wthin an encapsul ated package. The

encapsul at ed pagk agecHBY 148r fidyl @Qdeﬁ&ﬁ% LALiRi0Rs dReeREired kaixiidier nal
conductivity (xenon is one exanple) nor e eferabl t he encapsul at ed

package may beP¥\E8g: cbhe KetAnge ﬁ@)’tf@ aboyb 61/ sauasect ](’ﬁm@%\éﬂl”n ntion
there is ppgvi %@gtﬂlc@éxgar Obe l?ﬁ'?eg %t%e L%Hf'u‘? 23880 gtoaa csjége 1 aq}gve whi ch

there is provi suppor the m ucture on
t he undersi de mky bbén sheppaps OEhmITBQOQVmeoBBomMGG(M a sensing material,
the sensing material being supported above the substrate by the support
el ement but connected at connecting regions to tracks on the substrate.

The method may further comprise providing the micro-bridge structure
within an encapsulated package. The encapsulated package may be filled
15 with a gas having a low thermal conductivity (xenon is one example) or

more preferably the encapsulated package may be evacuated.

According to a second aspect of the invention there is provided a micro-
bridge structure having a substrate above which there is provided a
20  support element of the micro-bridge structure, on the underside of the
support element there is provided a sensing material, the sensing material
being supported above the substrate by the support element but connected

at connecting regions to tracks on the substrate.

25 An advantage of such a structure is that it is simpler to fabricate than
prior art devices and may therefore provide higher yields and cheaper

devices.

Preferably, the support element comprises a region of silicon oxide

30 (8i0,). This is a convenient material to provide being readily achievable



25 An advantage of such a structure is that it is sinpler to fabricate than

prior art Qeypg@gsand may therefore provide higher yiel dgcgghosizessper
devices. Preferably, the support el enent conprises a region of silicon

oxide 30 (SiOO0?. This is a convenient material to provide being readily
achi evabl e WO 01/14838 PCTI GBBOJ 03243 ;13 in CMOS processes and strongly
absorbs el ectromagneti c waves at the wavel engths of interest. The support
el enent nay b QOMOSaptdcaisey aaduaranglyn apsaabs eprotnondignetiarwaves aft fthei ent
shape fromwhich to proyide an array of mcro-bridge structures. 1|In one
embodi ment th«‘;"aﬁ}ﬁwgf °g|"8ﬁ’i§ﬁ% is substantially square in plan and has

di mensi ons of substantially 50mfor the sides of the support elenent. In
alternative enbodi nents the support elenent may have sides in the 10 range
of about 254mihe SHPPOAt clempqt may rhey sustantially sqparegln BlAR. (RIOVINE, AN 75m  The
support el gmepfy shs;[,é)frem Qﬁi@h%?%Ji&&aﬂ%rﬁ&%%i@%%iﬁﬁe §Ructigpend the
support el enent above the substrate. Such |l eg portions are 15 advantageous
because of the thermal isolation they provide for the support elenment from

the substrate, Thernmal .isolation i vant. erature
changes whi ch T8¢ ok oﬁlenée tﬁ?‘(l'a%lg‘f? O?th%g%agrlggggﬁ%tgﬁ Ss%fgf:et @Elag%gﬁ of such a
magni t ude t hahad BRyemdioas|of lsabstaritiallye50uas fori the tsides df ibe sepporaslemeht.t he

substrate is not excluded. 20 Conveniently, the sensi gg maferial is also
provi ded on t e aliegativegempedimenis thg supppiti ermenismay havg sides jrethes again

conveni entjgbecatiseof hibdti R5udE30 aBot L0UGNYT 6r WAKS' B¢ in iR ra@iRSBSGnBL eri al on
the support elenment can easily be connected to circuit elenents on the
substrat e. about 75um.

The support element may be provided with leg portions adapted to
suspend the support element above the substrate. Such leg portions are
15 advantageous because of the thermal isolation they provide for the support
element from the substrate. Thermal isolation is advantageous because
the temperature changes which must be measured by the micro-bridge
structure are of such a magnitude that they are likely to be lost if the

thermal mass of the substrate is not excluded.

20
Conveniently, the sensing material is also provided on the underside of
the leg portions. Such a structure is again convenient because it provides
a structure wherein the sensing material on the support element can easily
be connected to circuit elements on the substrate.

25

Preferably the sensing material is a conductive material. In which case

the sensing material may form a resistor.

Alternatively, the sensing material may be a ferro-electric material. In

30 which case the sensing element may form the dielectric of a capacitor.



25 Preferably the sensing material is a conductive material. In which case

t he sensi ngpimligissgl may forma resistor. Alternatively, P@%Bﬁtﬁ%&.@ng
material may be a ferro-electric material. In 30 which case the sensing

element may formthe dielectric of a capacitor. W 01/14838 PGI/ GBOO 03243
14 Such structures are conveni ent because they provide neans to neasure
tenperature changes within the support éftenent (i.e. a change in

resi stance of ghe g@,g&g,tegrargo‘glgngg%g&_ebggau@%egegioqmtehﬁ:le%pﬁpir‘g&g‘ﬁeorrred by

the capacitor dielectric). he resistor may be connected to a

transi st or proigmpetetine tchengesubdthimt e Thpporprademetds (iae.c anvobabgmtinst ruct ur e
with which to pr. information provided.by the m cro-bridge
lﬁ)eﬁg,?a?l%l? of QE rdsit &Y %e0h5?$ oY Tge i the capgtﬁloﬁr%\:ﬁnaii g)g a

structure. 10 ransi st or lSrtnay ange S a Sw
conveni ent st iheclapadtonididlesbicth to connect the resistor to processing
el ectronics_at the correct instant for its resistance to be neasured. The

resi stor ma?/ have a resistance of about 3kL2. Alternatively, the 15

resistor may hane rsis@fimiRHeCodinetiB® HANAEMYS daRUbtod pRhvilled QnatiRut 6Kkfl,
or may be about 2kSl1 to about 4.5kf. The sensing naterial nay be a netal

and in particufbstratgy Bhistareddesancontsiniant sguetarey with evhichntq prdcgss the provi de
usi ng CMOS conpadibk&n £0va ol g LLani um exhibits a

t enper at ure depen erﬁt nr%s}ns%‘gggﬁﬁﬁ?(ﬁg%ﬁg%ggﬁu?ﬁ%irti cularly suitable for
this application and has a relatively high resistivity. In alternative

enbodi nent ri.al s.such as, anorphqus silicon, vanadi um oxide, platinum
ni ckel , al i%nﬁli‘ﬁemtraanﬁma TR 5F ﬁrﬁ?fp%ﬁea%fa tsﬁ'étcgf WP@%‘F& iVt s nay
provi de the sesnmiongre with which to connect the resistor to processing electronics at

the correct instant for its resistance to be measured.

The resistor may have a resistance of about 3k}, Alternatively, the
15 resistor may have a resistance in the range of about 1.5kQ to about 6k(2,

or may be about 2kQ to about 4.5kQ.

The sensing material may be a metal and in particular may be titanium
which is convenient material to provide using CMOS compatible
20 processes. Further, titanium exhibits a temperature dependent resistance
which makes it particularly suitable for this application and has 2
relatively high resistivity. In alternative embodiments materials such as
amorphous silicon, vanadium oxide, platinum, nickel, aluminium, an alloy
of any one of the aforementioned metals may provide the sensing

25 material.

Preferably the resistor is provided as a track on the support element. . This
is advantageous because it allows the length of the resistor to be
maximised which increases the value of the resistance which can be

30 provided. Having a higher resistance is in iiself advantageous because it



25 material. Preferably the resistor is provided as a track on the support
el enent.. WoO®/14838 advant ageous because it allows the | ergrieBUi03L43e
resistor to be maxim sed which increases the value of the resistance which
can be 30 provided. Having a higher resistance is in itself advantageous
because it WO 01/14838 PCT/ GB00/ 03243 35 may be sinpler for the detecting
el ectronics to process readings froma resistor wwth a hi gher val ue.
Conveni ent | y mhe ber sinipldrafor aherslzredting redectroninst tor processi tdadingsfremmyeni ent 5
structure to at.terrpt.tto ] xirriFe the length of the track. Preferably the
meanderi ng st eSS G ASIEAS 3B or ti ons in transverse directions. The
transverse directions may be substantially perpendicular to one another.
Such transverse directions are advant ageous because._t ey m hel| pr event
radi ati on havFagreRigpslyithe fragk has 2amPegerisg Sfrﬁﬁmrﬁaggf‘i?‘g st%F%"ﬁ"é’H‘e?‘he 10

sensing el £megh,MirdeoUlndagitd ARaliREthe IERGSKT tHeedater SaBforbly tAOPY eCi at
that in sonme enbodi nents the thickness of the support elenent is tailored

to be substanmeandeyingssiusturenkasi mejasepartiopgdn dransvesset Hrortones ndberi al of
t he ort e .hus: i At | h t ' est
supp Jr? egf‘se Jip&?loﬁﬁgﬁn@;n %39 %ﬁg&%@ﬁu&eﬁﬁgg%g tE e hitikdres

I nci dent upon support e ck toward a top
surface of thSuchuppmstered ediesttiony wree adantageonurtiegausearthexiemay ukslp vel vy
interfere with the '

i nci.dent radiati.on_of the. . e of | st. The
provi si on of P‘F‘F@e’éterﬂgﬁaﬂﬁn %Y’éﬁgiaa?“!)‘ﬁ‘ﬁ?ﬁgolaﬂlﬁ%féﬁ?%{en g‘?sts{ﬁ%e&%%gﬁ el enent
may hel p 1i Ssenefnlgatément witkme seingnabsabe@nsuring that radiation of a
particul ar pol arisation may not pass nmay further enhance this reflection
process. Conveniently, the support el enent may have a thickness of

substanti al | yTpoBg11d4 Feth Wil ifjRedméahanat e ehBstinleh@nnefthiokheb is
desired to neasure. e
of the support element is tailored to be substantially A of the incident
radiation within the material of the support element. Thus radiation of
15 the wavelength of interest incident upon the support element may be
reflected back toward a top surface of the support element by the lower
surface and destructively interfere with the incident radiation of the
wavelength of interest. The provision of the sensing material on the
underside of the support element may help this reflection process and

20 ensuring that radiation of a particular polarisation may not pass may

further enhance this reflection process.

Conveniently, the support element may have a thickness of substantially
one quarter of the wavelength of radiation of which is desired to measure.
25 This is advantageous for the reasons outlined hereinbefore. Specifically,
the support element may have a thickness of substantially ipm. In other
embodiments the support element may have a thickness in the range of

about 0.5um to 2pum, or may be 0.75pm to 1.5um.

30 A reflective layer may be provided to further enhance the percentage of



25 This is advantageous for the reasons outlined hereinbefore.

Speci fi cal l upport elenent may have a thickness o ially 1m
I n ot her e‘)rgggy?%sesrglts t he support el enent may have a thi %E?lfggg&{?%&t he range

of about 0.5mto 2m or nmay be 0.75mto 1.5m 30 A reflective |ayer nmay be
provided to further enhance the percentage of WO 01/14838 PCT/ GB00/ 03243
16 radiation that is reflected back to ¥he micro bridge structure fromthe

substrate aftehqRAssi Mg thrauakt Q&k”iocp% ik Q0Briddd Uehilpe e hefl ective
| ayer may be provided on a top region of the substtate bel ow the gap

bet ween t he susbbstraie aftgngatsing thraugh-the imigee btidgecstoyotures Tomweilscting |y t he
reflective layer is_fabricat froma netal i ch 0 of the
foll owing: Al éa i ’l]}rar?' a‘% Pléorﬁl%(r%] “hite orpof%,mnpIog?%lenﬁ?nﬁ%ﬁelbgﬁleoﬁpgr#e g%’ al | oy of
any of these retwéen. thd2 Quihimatarhnd Mebicelgbridge stedamire. may further conprise a
mat chi ng | ayer which nay be provided on an uppernost surface of the
support el eirent. Such a matchi ng | ayer is advantageous because it is a

further mechantgehRni¢nfrdidchd 1dy0L iPRSPLREd ¢bnPh hdlfl WAkhABRY bé adi ation
of the wavelength of 1nterest is fmaxim sed. The matching |ayer may aid the

structure to @#¥gophe of5theadplinwing: dlumirdumaidRringr haickfomat pledigpm,
particul arly Sntiél&g%lr%n al'&? o‘?%lx%?ﬂxe@ﬁ?r?e?ﬁsw | 1 appreciate that when a
ses two hedia ]

wavef ront pas et ween avi ng sone degree of reflection
occurs. Therefore, the matching |ayer may match the refractive index of
the mcro-fridge to that,. 20 of free space, which is vant ageo because it
may mnimse t S TS0 ”dggfSt?uémr%é‘ﬁyoﬁ"r@ﬁ&cogg%ﬁ'% %{%&éﬁggﬂ%gr@ﬁ}ﬁace of
the mcro-bridgey depredded é¢anugpdrendsosirficai ofdhaspaott eémeie Bnsteat i on
there is provided a transducer |ncorporati ng ?S giigurrg)-ebri dc%e structure

according to dneERiggglayerndgadgpnipgrous because r mechanism o

ensure that the absorption of the incident radiation of the wavelength of
interest is maximised. The matching layer may aid the structure to absorb

15 radiation at the wavelengths of interest particularly strongly.

The skilled person will appreciate that when a wavefront passes between
two media having some degree of reflection occurs. Therefore, the
matching layer may match the refractive index of the micro-bridge to that
20  of free space, which is advantageous because it may minimise the amount

of reflection that occurs at an upper surface of the micro-bridge device.

According to a third aspect of the invention there is provided a transducer
incorporating a micro-bridge structure according {o a second aspect of the

25 invention.

The transducer may be a pressure transducer. Because for a given bias
current the micro-bridge structure temperature will depend on the heat
conduction due to the surrounding gases it can measure the pressure of

30  those gases. The transducer may be thought of as a Pirani gauge.



25 invention. The transducer may be a pressure transducer. Because for a
gi ven bias WOWIN483% the mi cro-bridge structure tenperat urRCEEBI00IRdhend on
the heat conduction due to the surrounding gases it can nmeasure the
pressure of 30 those gases. The transducer nmay be thought of as a Pirani
gauge. WD 01/14838 PCT/ GBOO 03243 17 Ifi7the transducer is a Pirani gauge
the sacrificial material may be _deposited to a depth of about 0.1m by the
met hod accor dilhgtheo trapgducey s‘? aagb'é'é't gavee fthe |§"i‘\‘i€ﬁ‘ﬂa&nmai96’§§l‘51’3§/ Rehe

sacrificial nafopiigld &Y dgglhdﬂpﬂ’&iui @1 urh Dy2HR UhetBOY 288G dfHg fohBle frkd OW' ng
depths: 0.05m 0.0/5m 0.125mor 5 0.15m" The transducer may be a flow

t ransducer. Thfspecerqﬁehainmanoﬁ thsxbiycnhesamﬂlcigbmterL&uweba‘ dapositefi ven bi as
current will depend on how quj ckl.y heat rie s or liquid
fl ows and thert Bf%lpgt AR, °Be © ggié%ggg oVnE IdSthlg%{sl“glnd%ﬁ% m, 1%? urére t he

transducer grayp sy Msed as an IR transducer in applications such as Fire

detection, i ntruder alarms, IR inaging or automatic inspection. 15 Indeed,
the transducer nay be an IR emtter since the tenperature of the

o Dt er0e hld Bty Be HLRAENGHEL P ind TerhBRGH, LEERGRb . Such

an emtter e use generati ng signatures o ects,
per haps for t I“hndgzr poseureffosiangiven bias. cupent vl elepend bolhowgmblylyvhae}t of

exanple only a detailed descripti.o t he vention wt efer nce to the
acconpanyi ng dﬁs&ﬂfrhﬂ&a%‘fy ig(',”f‘]g qu ﬁi(r)éo‘ffs §?1%§Er§%§ecﬂ'@*£ei“ée Pl oq‘w
typi cal m gy o-pansdgeerdevi ce;

Of course, the transducer may be used as an IR transducer in applications
such as Fire detection, intruder alarms, IR imaging or automatic
inspection.

15
Indeed, the transducer may be an IR emitter since the temperature of the
micro-bridge will vary when a suitable current is passed through it. Such
an emitter may be useful for generating the IR signatures of objects,
perhaps for the purpose of simulation.

20
There now follows by way of example only a detailed description of ‘the

invention with reference to the accompanying drawings of which:

Figure 1 shows a schematic view of a typical micro-bridge device;
25
Figure 2 shows cross sections through micro-bridge devices of

three different types;

Figure 3 shows cross sectional views of a fabrication process for a

30 micro-bridge device according to the present invention;



25 Figure 2 shows cross sections through mcro-bridge devices of three

di fferent t%%'ﬁgé gure 3 shows cross sectional views of a fabrication
process for a ’é m cro-bridge device according to the pf&@’??“"?%ﬂ?enti on;
WO 01/ 14838 PCT/ GBOU 03243 18 Figures 4a, b, and ¢ show isonetric views of
the underside of the mcro-bridge device of Figure 1; and Figures 5 and 6
show scanni ng el ectron m crographs of ABcro- 5 bridge structures according

to the present inv ion, Rigure 1. .shows a.typical.mcro-brid device, in
this case a nicr O-E%E)lf%srr% e, a'KF Fﬁwﬁ%od?eé%ﬁmivge“bsr 8§/m§e %gﬁsééeaggg'[eed to
absorb radi ati on ofmicrbheidga\delieagt Figure it nh@f est inci dent upon it. Legs 2, 4
are provided to 10 support the nmain body 1 above a substrate (not shown)

and provide thermal isolation fromthat substrate. The substrate may be

constituted as a PRNreLHNUHCSE WhoWakGinnin! SMERod amRBOMEpE BF GhRrdr | dge
structure of the honbgenous bridge type 15 in which Dbridge is

substanti ably of abu@ge Brueturas agdording Sothe presens inventiemnsing is adapted to
determ ne the tenperature change of the bridge. The neans of sensing may
be by way of passing a current through the bridge and nmeasuring the

current chang&igu2e IFsignwe a2lysérd waicao-brridge odeviaep piar this yqase of miceo-0- bri dge

structure wherejn in,thi,s.case), a netalli ilm6 i.s provided gn top of a
supporti ng b?’f’%ﬂ’&éet%.‘ ‘%Haa‘ﬁé‘["g}’ﬁi i W?YIFM §m§ﬁéﬁ§’éeg} ‘sou?:q‘?o'ﬁ’nﬁﬁdlﬁ”t"“a‘gts as a
resistor. Vi#ge MveldggtBr& pidviidpdidey opghid hadgk Rdgear8 pravalehow t he

resistor to be connected to processing electronics in a region underneath
the bridgdUB. s¥RpPore it dB2ia kYl APOVS & FHRSIRES | Gt Showw)y apd oprovids

di sadvant ages inerinhBisbation from that substrate. The substrate may be constituted as

a semi conductor wafer.

Figure 2a shows a micro-bridge structure of the homogenous bridge type
15 in which bridge is substantially of a uniform material. Some means of
sensing is adapted to determine the temperature change of the bridge.
The means of sensing may be by way of passing a current through the

bridge and measuring the current change.

20  Figure 2b shows a film-on-support type of micro-bridge structure wherein
(in this case) a metallic film 6 is provided on top of a supporting
bridge 8. The metallic film is shaped such that it acts as a resistor.
Vias 10, 12 are provided through the bridge 8 to allow the resistor to be
connected to processing electronics in a region underneath the bridge 8.

25 Devices according to this design suffer from two disadvantages: Firstly,
the metallic film reflects an amount of the incident radiation of the
wavelength of interest thus reducing the efficiency of the design.
Secondly, the fabrication of the vias 10, 12 introduces extra critical
processing steps which not only makes the devices more expensive but

30  also reduces the yield of the process.



the metallic filmreflects an anount of the incident radiation of the

wavel engt h wid 01/14838r est t hus reduci ng the efficiency of tRETHBNAIR43
Secondly, the fabrication of the vies 10, 12 introduces extra critical
processi ng steps which not only nmakes the devices nore expensive but 30

al so reduces the yield of the process. (§O 01/14838 PCTI GB00103243 19
Figure 2c shows the structure of a mcro-bridge device, or in this case a
m cr o- bol onmetKigurfecsdar sloatsetheastnetwte f & mi¢doebridpecdrvieen oghiortbisncasee netal lic

film14 is proyvided on.the under, side af a brjdge str.uctur ..o Figure 3
outlines the ’B’I%%'gglso"éetteerpsfaﬁﬂsagﬂeﬁccloﬁ‘ﬁf‘%bFcf c%'? i NG hgﬁsgvrhgéegigr Pt “Figure
2c. The st ar trhargllfeofilnt 19fis brevigedoGe R wirles Sidarnfiarbridgguwtaiciaeils.a fully

processed CMOS wafer 20. The region 22 (which is only shown in Figure 3a)
is intended to represent CMOS circuitry provided in the wafer 20. In the

exanpl e descriiBead 3 Bufifledtth®Prdc@ssTétBpy Mvdlviedan itibridaihg tRe SireMaredbs t he
nmet hod conprise providing a netal |ayer on the upper surface of the wafer.

This netal | dgigurecdmnddiesstaniingcpeipupk the process ahehawn in Fighe ddelssa r uct ur e.

This netal | eaMi.r ed: ing 1 Jwiper of

metal |ayer safﬁggi&g%efsgéq Wﬂgq@%ﬁ?@aﬁ?ﬂ&n’% %&%%ls %lﬂr){:ugﬁ ry 22. 15 At

the start of Figerep3a)céssncteded itbedepresene| GMIOS cirouitiyyprevideadt ive theaf er 20

has a Boron Phg -Silicate G as BPSG). passi vat i | ayer, 24 provi ded on
GRE8. o8 A% SraleTs AerripipunsR el ¢ g End ol

a top nost su¥t I r'st ste e

di scl osedigretdiess ofSthpanéthsd comprisepadviding aBRGE Ppyes b alid appdrayeiac®4 to open
vias 26 to the CMOS _ci rcui,té%/aiz. Once the vias 26 hgge ber%;] Oé)ened a
pre-metal cl ednthesWafsgr 1 Jhiseietetjaxer; conperis P8 LURMIY &2 QethS MATD: 1 HF
acid for 30 sg§@idsiructure. This metal layer may or may not be required depending

on the number of metal layers available in the fabrication of the CMOS
circuitry 22.

15
At the start of the process described in relation to Figure 3a the wafer 20
has a Boron Phospho-Silicate Glass (BPSG) passivation layer 24 provided

on a top most surface.

20 As shown in Figure 3b the first step of the disclosed method is pattern and
etch the BPSG passivation layer 24 to open vias 26 to the CMOS
circuitry 22. Once the vias 26 have been opened a pre-metal clean is

performed. This is achieved by the use of a 10:1 HF acid for 30 seconds.

25 Once the clean has been performed metal is deposited and patterned.
Metal tracks 28 are formed in the vias 26. In one embodiment 5um of

Al/1%Si was deposited having a resistivity of 60-70mQ/sq.

As shown in Figure 3d once the metal tracks 28 have been provided a

30 further passivation layer 30 is deposited on to the surface of the wafer 20.



25 Once the clean has been performed netal is deposited and patterned.
Metal trackgy/fngdsg formed in the vias 26. In one embodinent 5mof Al /1%Si
was deposited having a resistivity of 60-70nmQ sq. As shoWFTGBEM G e 3d
once the metal tracks 28 have been provided a 30 further passivation |ayer
30 is deposited on to the surface of the wafer 20. WO 01114838

PCT/ G304/ 03243 20 In the enbodi nent sh&fimn the silicon nitride was

deposi ted by aﬁlga C ap Dengs E to a depth
of 21xm The sﬁb %@g@ﬁ?%ﬁfﬁe %ehccl\éatrgyr{i aﬁgh%@)lo%?gt#gy%%l rcuitry
have 5 enouglEniehedd Cbgmntsl Va)pqmi'(ﬂﬂpdﬁtx@@MPIECVD)ﬁe atdeptihéf psar o- bri dge

structure which is to be fabricated that this point may be the start of
the process. Once the passivation |layer 30 has been provided the

sacrificial mafRrbialiederdod @ﬂﬂ(ﬂ;ﬁ@&at@nlthgt SEu1é Yhd wogfm{']c}iﬁgﬁrw 20. This

sacrificial layer 10 conprises a material that can be etc out Trom under
t he conpl etded enaugh sebli ldpess 30 muetide compectiong ta He mingoibrisige strwhtudanagi ng

e! t he_r the Stwf/lﬁﬁﬁ W fo ?({/%ﬁ%{x&?@&% t%& §|oinqlmayoz§e f’ﬁn%t#pg@{héé; ‘%Sﬁonvent i onal

circuitry. Conveni ent
pol yi m de may be used wth a standard phot oresi st process to protect it 15
during patter

directly pattretw%’cfhﬁfp??r‘ agﬁbg%)(ffn?%%b ?’Pgwweé‘?tglapa fpe‘ﬂlrjlggtgﬁa]agcdef Pﬁlynlgje

mask. In the gpbgdiimat ofleStkl Rithce a0 YW QRlrkoRB!  MAlsY sibrfRiNaRyesed With a
20 photoresist. The sacrificial layer is spin deposited and cured to a

depth of hoRomPprisgt aampieriahdbatesani bry efqhedeapt HEomnynster dhe qoﬁlnl‘éﬁd)ve al |

traces of thenfesbsh é%‘t’x%'&&re'ﬁtﬁdlﬁ $8S gred NG e RO :tﬂ@i% bed here
this is achieved vvltﬁ an EKC etch. A sma reducti on |n t hi ckness of

the polyi m détgarirag théi @nwreammgaiprmcm caderbhgng oC& @3 edircuitry.
Conveniently, this material may be a polyimide. A conventional

polyimide may be used with a standard photoresist process to protect it

15 during patterning, or a photo-imageable polyimide may be used which

may be directly patterned after exposure to ultraviolet light through a

defining mask.

In the embodiment described, a conventional polyimide was used with a

20  photoresist. The sacrificial layer is spin deposited and cured to a depth of
about 3um. After patterning it may be important to remove all traces of
the resist layers, in the case of the embodiment described here this is
achieved with an EKC etch. A small reduction in the thickness of the
polyimide during this cleaning process can be tolerated.

25
Once the sacrificial material 32 has been provided it is patterned and
etched as shown in Figure 3f. It should be noted that the passivation
layer 30 is also etched in regions of the tracks 28 allowing contact to be
made to the metal tracks 28.

30



25 Once the sacrificial material 32 has been provided it is patterned and
et ched as sh@wngssz Figure 3f. It should be noted that thedrassoeaii on

| ayer 30 is also etched in regions of the tracks 28 allow ng contact to be
made to the netal tracks 28. 30 WO 01/14838 PCT/ GB00O/ 03243 21 After the
patterning and etching has been perforngd a substantially 0.2m thick |ayer
of titanium 34 (a sensing material) isr@putter deposited onto the surface

of the wafer WgergOpNErRpin@CRIASItEIng ASs SOV Perfdrniedgl subst@uiallp®.2umt al | ayer
is plasma etched to provide the desired structure. At the sanme 5 tine as

t he sensing nthiek jayer of tiganive B4t (@ sgruins material) Heyuftegdengsifed 9pte trRe
sensing nater | IS I chlo. abisHOWRNh BighReis GHATS) to

ai d coarse al %‘gljrfl&ngn?{gl?qtvﬁgr &ﬁg%pggﬁgr@%%sge S. As\ subst afill?iial lg?/ irrq%ét hi ck

| ayer of Sili owealdayetds Pbasq@i ctehed(ta mapiderthe ddgredestenciure. phothediamg t he

support elenment) is.deposited ont.o. th rf . of .t i I , as
shown in F?guf'gkeAE.’s tF'Iffi sgen%’%d'éatf%yeﬁ; %’%el%gt Odg'g 1éj(rgntg dgglrréfl é?@#}tgxgﬂ g’%d it is
ensured that téBidgehiatdrial a8 eemeveavizomube pticGlignmenonergenb@ATHNbs of the
process a matching |ayer (not _shown) is {'LS deposited or grown on top of
the oxide | ay@id coprts Hignment of thessubsequent 1a¥e Snat er  under goi ng processing to
renove the sacrificial (polyimde) material. In the enbodi nent being
described the ashing process |asts for about 12 mnutes. This ashing
process rel eadesubnantipdlys dppothick|layemet Siliesn oxidesifod®iQu daasiprrBaves a

subst anti void 3 { tl I S i i t he
passi vati gh I é@/agern%d?rlgi}d\fi\?iglfe g‘?p@ﬁ}%?ﬁbﬁgbpl?g%é ggit'?fs%?{? ?gr %ﬁa%ggofr api d
t her mal annealtheritanbum [3dstas shown 30 Fgwerdhs This oxidpdayenrifed puted®dC.

and etched and it is ensured that the resists are removed using EKC.

In some embodiments of the process a matching layer (not shown) is

15 deposited or grown on top of the oxide layer.

The next step is to ash the wafer undergoing processing to remove the
sacrificial (polyimide) material. In the embodiment being described the
ashing process lasts for about 12 minutes. This ashing process releases
20 the support elements from the substrate and leaves a substantial void 38

between the titanium sensing material 34 and the passivation layer 30.

A final step of the process is to perform a rapid thermal anneal which
lasts for 30 seconds and is performed at 400°C.

25
The skilled person will appreciate that Figures 1, 2c, and 4 show the
structure of the micro-bridge device fabricated according to the process

shown in Figure 3.

30 Referring mainly to Figure 1 the micro-bridge device 48 is substantially



25 The skilled person wll| appreciate that Figures 1, 2c, and 4 show t he
structure ofyddig«dmgcro-bridge device fabricated accordi nGpdyzdolSs2Ry OCess
shown in Figure 3. 30 Referring mainly to Figure 1 the mcro-bridge device
48 is substantially WO 01/14838 PCTJGEB00103243 22 square in plan. The
square portion conprises a support elengnt 50 which is suspended above a
substrate (not shown) by legs 2, 4. The 2fegs 2, 4 are separated fromthe
support el emengynQ@ Ypldh.i The 3guare hoVdb:L BorBfiedes @ subPét eldhfens BDRMKILR €l ement
50 has good thernmal isolationfromthe substrate. 5 The structure of
m cro-bri dge $8rsyepanded jahory guaubstiate netophantiatbysiegpi2 #i edbeiBghs.chnsi deri ng
the structure g Y.y i ] : i.ses a
pl anar porti onaqégte P%a’%e?eﬁgé‘n%h%p?dgﬁgﬁa%%}ﬁ%tﬁ(ﬁggghrh!tt@g%’gsr%ﬁ:{m%@P dﬁ?
separ at ed fr orthet theysuppret elemest 5P habgood themuialiisolation fFomhtse skbstzate.10 portion
56 there is5 provi ded an angul ar portion 58 which extends fromthe planar
portion 56 "at an angle toward the substrate over which the support el enent
50 i s suspendethe sthectipleasfanicpoblidgstnict@adh Higge 2, is4oimswhed gimglified t he
support elenment, 50 by a conpecting region. The apgul ar port] ?%%54& a

i

distal end frofpemectetisnas thn g ragse -thedegsire kit Fegdrpédredsh ;
appreci at e t haloptf16es RGFAddr pofitdnliSd W BreQameand A0%e Rupghrt BRbleaaed by the
di scl osed nethod may differ "slightly. The l'egs 2, 4 are forned by coating
a depressi on ewgheaparaied frame &t ithe @lizd 52,00k er Inaladdition ® Sk Pl mat eri al
and coating,t ' ' | I J Al n under
ade of the s SpAEH St Merdl Bigedbd bhaiac bRl BEMInIFL REAE ol e

planar portion 56 at an angle toward the substrate over which the support

element 50 is suspended. The planar portion of each leg 2, 4 is joined to
the support element 50 by a connecting region. The angular portion is at
a distal end from the connecting region.
15

The skilled person will appreciate that the specific structure of the
legs 2, 4 fabricated by the disclosed method may differ slightly. The
legs 2, 4 are formed by coating a depression etched into the sacrificial
material with a sensing material and coating the sensing material with a

20  support material.

On an under side of the support element 50 there is provided a metal
track 60 (this is shown as the metallic film in Figure 2c) which forms a
resistor having temperature dependent properties. The track 60 runs from

25 the substrate, up a first leg 2 of the micro-bridge device, across the
connecting region (forming a connecting region of the resistor) joining the
first leg 2 to the support element, meanders across the underside of the
support element 50, across the other connecting region (forming another
connecting region of the resistor} and down the other one of the legs 4.

30



track 60 (this is shown as the netallic filmin Figure 2c) which forns a
resi stor hawoay1483nper at ure dependent properties. The tr aaa/dEdonsas from 25
the substrate, up a first leg 2 of the mcro-bridge device, across the
connecting region (formng a connecting region of the resistor) joining the
first leg 2 to the support el enent, megmders across the underside of the
support el enment 50, across_the ot her connecting region (form ng anot her
connecti ng rediS#nde sepR in Eigusena a%a lﬂéﬂmetqﬁgmétfﬁ@mé%n@ﬁmﬁﬁ@gﬁegs 4. 30

WD 01/14838 PGM@%Q%W“@%% s 8RS @ggﬂﬁ'ﬂ] BLAMEGR 4dbsPdallyi 0 SOME

enbodi nents the neanderi ngs track ave maj or portions {unni ng in
directions supsntpamhpaﬂar yo operapether Cljlrlarmemmnsgsanmdnerthat'ﬂhe lemgainaé€r i ngs

ensur e t hat t f he ack 60 ' t 0 .increas he val ue
of the resi sténce %‘?%)vﬂsdeaxgmﬁ E‘hé"cfeazi% ﬁ%gﬁ ?Mr‘?ifiﬁ © FEIYHIcE Qf%@e s about
3kl . The teackyitBe trabk i60awdich for iz dasedniabout 31&Y) rMheatrhelTRefabridited
coefficient of resistance of about 0.35% K. Figure 4c, shows an enbodi nent
of the micro Eomyddtagiuymy:haying 4 t‘W‘PeIO‘“ﬁ"e&ﬁﬁféﬁci%s°fV\[ecsF§t%Fo‘? pRauti ons
running in sugsjsaps al ly only one direction. The scanning el ectron

m crographs shown in Figures 5 and 6 show the track having a neandering
nature with nmgjor portions running in 15 directions transverse to one

another. |t '%1% L'4‘8V Wah bibga; e%PdS‘fr 'thEd er?:P §r3§'§e'h% cubfrP" GiRNT

radi ati on of a rtlc ar pol arrsation passing he m cr o- bridge.
The skill a8l peresoderings| wathp meajort portibat xaxhhimgugin substantiallk bslypromei ded 20
under neat h th%.suti) ort material its path is visible, in Figures 5 and 6, on
a top surface 14 € support material due to the nature of the processes

The scanning electron micrographs shown in Figures 5 and 6 show the
track having a meandering nature with major portions running in
15 directions transverse to one another. It is believed that this meandering
nature helps to prevent radiation of a particular polarisation passing

through the micro-bridge.

The skilled person will appreciate that although the track is provided
20 underneath the support material its path is visible, in Figures 5 and 6, on
a top surface of the support material due to the nature of the processes

which are used to fabricate the micro-bridge structure.

The thickness of the SiO, (the support material) from which the support
25 element is fabricated is made to be equivalent to one quarter of the
wavelength of the incident radiation of the wavelength of interest within
the SiO,. The skilled person will appreciate that the wavelength of the
radiation will be different in free space and within the SiO,. In this case
the SiO, is made to be roughly 1um thick.
30



whi ch are used to fabricate the mcro-bridge structure. The thickness of
the Si 2 (t{poshg@ert material) fromwhich the support ;&@Bg@‘%g‘h i's
fabricated is made to be equivalent to one quarter of the wavelength of
the incident radiation of the wavelength of interest within the Si Q2. The
skilled person will appreciate that the wavel ength of the radiation wll
be different in free space and within t#e Si02. In this case the Si02 is
made to be roughis, ki bitaghor 300 A LAGAIGNAGE! FRARAOR2Gvidd by se, an
array of devices as_shown in the Figures is provided and _arranged to have
radi ati on i ncidiEaRged fohatehagiativh dnejderp dpen ahespre fhe5oppPet elamead 5P ds absor b
radiation in t t ( . ruatlyely be
tuned to ot hertbg\e/ave %hgdt}ﬁS%Ed{aaﬁggﬁﬂ§@g%€v§le§§l€e?#%ﬁ2§gmalﬁ IT11(:3gglrﬁﬁ;ellp%’:{13%9ure
change when sutfersaivebt bomured tonetheke naveldigiBs)t @pipticadfarecexpehi@ngs £auses t he

val ue of the resistance  of thﬁ; tracg 68. t.0 c.hang,s i n .known manner and
this change of CPBIHFEHIE HARES Sheh UGl Jadigiion e 1Bf E’Efi‘t?g}“s tIRHEYR® t he track

60 is connect eftahige 6alses kit Qallid df AN WeMistcel GUinat drtik 61 to h@hgeaied engt h of
i nterest that was incident upon the support elenment 50. 10 Thus, the
support el emerknosy ManTeF @ak JEd chansac trpeTatse aarphy yradapy BigppEaulry and as an
absorber of radi kR he Fhe 6 & Lorhiebdld %o daNlfafe HRSarhdlink o? ra(ﬁ)hﬁm gst form
two | ayers (a support material 36 and a sensing material 34), which

t oget her provitie wavelgagthuofcinicoess thgghyas naldestupypor the suppelit ei¢neant s or pt i on
and radi atjon tegti 5,.The | 2. .4 ur a he. s or | ement 50
S mechaniic?al |’§1‘%ssu%%o$‘?’8%& elaebr%e\%é 5? %% agrﬁﬁéﬁ%taec?gh{h %%%e?:gysd‘gag{%‘d oé'?]sur es
sufficient themndabs iaaoktabrien cforadidtiin. t MEhet Recrvelridges devite thae iaustrat e
does not affect the tg)r;gerature

simplest two layers {(a support material 36 and a sensing
material 34), which together provide three functions: physical support,

radiation adsorption and radiation detection.

15
The leg 2, 4 ensure that the support element 50 is mechanically supported
above the substrate but their design ensures sufficient thermal isolation so
that the thermal mass of the substrate does not affect the temperature
change of the support element.

20

Radiation of the wavelength of interest incident upon the micro-bridge
enters the bridge structure. Eventually this radiation hits the metallic
film 14 forming the track 60 which reflects the radiation back toward the
top surface of the micro-bridge. The pattern of the meandering track 60
25 is provided to ensure that radiation of all polarisations should be reflected
and therefore absorbed, thereby increasing radiation absorption. If the
meandering ran substantially in only a single direction it is possible that a
higher proportion of radiation being polarised in the specific orientation
may pass through the track than radiation of other polarisations (although

30  a large proportion may still be reflected). Having meanderings in more



change of the support elenent. 20 Radiation of the wavel ength of interest

i nci dent up@ooisivessmi cro-bridge enters the bridge struct yqycepygihdial |y
this radiation hits the netallic film214 formng the track 60 i ch
reflects the radiation back toward the top surface of the mcro-bridge.
The pattern of the neandering track 60,25 is provided to ensure that

radi ati on of all polarisations should B2 reflected and therefore absor bed,

t hereby i ncr eghgh N@erdifbictibh MO0 Fdut® the binolift of FRARGGT K dadpass
substantially in only a single direction it is possible that a higher

proportion of theiEhae 8Fkei ng pol ari sed in the specific orientation may
pass through the track than radi ation of other polarisations (although 30 a
| arge proportion may still be reflected). Having nmeanderings in nore WO

01/ 14838 PCT/ Beaosdr43i0.75 L/ of theavaveleagthi efnthieatadintivn ofcidtesesttithe anount

of radiatign t . r e ck. a . S,02 i.s 1/4 of
t he wavel eﬁgt OtaangPt%%gl E%gﬁ% étgn %}g%én?%nr %a"gr c’té htgqgg e?)?l}ilp}gﬂ} 9%‘5 t%at h
l ength fromtihe loser surfaae entothichebarkt @l thectdp biafakews €(2 wavelehgher surface

and t hen back EO {Ohe top surface is 1/2 wave) ength. Therefore, destructive
interference ORTAISE] HETYCHYP JAteRersnce qeGrssity # Jeaionfsthei 199 /&cea hi gh

degree of abSéHsBEi'hﬁntth at REgh’ @dgrak | &M aB¥orptildreoESthe Rfediion of GnlefestOME
enbodi ments a matching | ayer may be provided on a top surface of the

m cro-bridge 83pted to match the surface to free space i.e. 37752/square.
The skill ¢ggl person will appreciate that when a wavefront passes between
two nmediuns of differing refractive index a degree of 15 reflection wll
occur. The malrchimgy em&ygi,meméq panatehing dayer gwvayt he provided on a top surface

of the micro-bridge adapted to match the surface to free space i.e.
377Q/square. The skilled person will appreciate that when a wavefront
passes between two mediums of differing refractive index a degree of

15 reflection will occur. The matching layer helps to minimise this
reflection and further increase the amount of radiation that is absorbed by
the micro-bridge. It is important to ensure that the amount of radiation
that is absorbed is maximised to ensure that the temperature change
experienced by the support element 50 is as large as possible.

20
The skilled person will appreciate that although this application largely
discusses absorption of radiation having a wavelength of 8um-14um the
technology described may have wider applications. Detecting wavelengths
of 8um-14um may be especially advantageous because it coincides with an

25 atmospheric absorption window wherein there is little absorption by the
atmosphere. The skilled person will further appreciate that there is a
further absorption window between 3um-5pm which may also be used.
Further, it will be equally possible to fabricate devices which absorb
radiation outside these wavelengths. In such devices the materials and

30 structure of the bridge structure may simply need optimising for the



reflection and further increase the anount of radiation that is absorbed by
the m cro- by okl IS InNportant to ensure that the ano j ation
that is abskkgggﬂpg maxi m sed to ensure that the tenperat gﬂ%ﬁgﬁge
experienced by the support elenent 50 is as |arge as possible. 20 The
skilled person will appreciate that although this application |argely

di scusses absorption of radiation havingéa wavel ength of 8m 14mthe

t echnol ogy desg&%&ggtﬁ?xlgg%gomﬁder applications. Detecting wavel engths of
8m 14m may be especi y d@an?ageous because it coincides with an 25

at nospheric absorption wi ndow wherein there is little absorption by the

at nosphere. The skilled person will further appreciate that there is a
further absorption wi ndow between 3m 5m which may al so be used. Further,
it wll be equally possible to fabricate devices which absorb radiation
out si de these wavel engths. In such devices the materials and 30 structure
of the bridge structure may sinply need optimsing for the WD 01114838

PCT/ GBOO (B243 26 wavel engths in question. WO 01/14838 PCT/ GB00O/ 031, 43 27
11111112121211212121112121211111 CLAIMS CL Ms 1. A boloneter including a
m cro-bridge structure suspended over a void above a substrate and
conprising a support elenent carrying on its 5 underside a sensing
material, which is exposed to the void and connected to tracks on the
substrate. 2. A boloneter according to claim1 which is arranged such that
radi ation is absorbed by the support el enent such that the absorption is
10 detected by the sensing nmaterial.



3. A bolonmeter according claim1l or 2 wherein the thickness of the support
el ement i s WQPVYBBd to be substantially 1/4% of the inci cdertcBoache i on

within the material of the support elenment. 15 4. A bol onmeter according to
any one of the preceding clains wherein the support elenent is arranged to

provide two functions: physical supporty; for the sensmmm"
absorption of radiation. 20 5. A bol oneter accordi ng Hmﬂ !’
precedi ng cl ains wherein the suppor CLAIM&®Nt is fabriCat®edrdém

bol ometer according to any one of the preceding clainms wherein |eg
portions are provided to suspend the support el enent above the 25
substrate andlin whitohorhéter Smladimg armiiero- Hﬂldg'essqﬁﬁaufdjeﬁkp@ﬂdddhevﬁndel’ si de

of the leg portions. 7. A bol one accor di gﬁ) %n% one of the preceding
clai ms wher ei ¥P19308Ve @nibslatset F%ff‘p?%m%rao BRH clemspt FURKNE (et r ack

havi ng a rpangifferdige a%@nﬁhgqﬁétbﬁﬂ Tigh &h@:qiosééﬁso HeefoiBeRidesidected
111121112112121121212172 11 WO 0264838 | | ! 111l 1111111111111111111111

PCT/ GBOO/ 03249 traqgigs on thg SBl.’StW‘?)oI onet er accordl ng to claim?7 wherein the
meandering structure has portions in transverse directions. 9. A boloneter
according to claim8 wherein the transverse directions 5 are substantially
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m cr o- bri tye detected by the sensing material.

3. A bolometer according claim 1 or 2 wherein the thickness of the
support element is tailored to be substantially Y42 of the incident radiation

within the material of the support element.

15
4. A bolometer according to any one of the preceding claims wherein
the support element is arranged to provide two functions: physical support
for the sensing material and absorption of radiation.

20 5. A bolometer according to any one of the preceding claims wherein

the support element is fabricated from SiO,.

6. A bolometer according to any one of the preceding claims wherein
leg portions are provided to suspend the support element above the
25  substrate and in which the sensing material is provided on the underside

of the leg portions.

7. A bolometer according to any one of the preceding claims wherein

the sensing material is provided as at least one track having a meandering
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structure onto a substrate having the steps of: a. providing a sacrificial

mat eri al onwa otdsice regi on of \Hmm ﬂmm&mmu b. patteppywcasyBigahi ng the
sacrificial material; 15 c. pro Q material on a surface
region of the sacrificial materi*tal{ d* providing a support material on a

surface region of the sensing materi alé3 and e. renoving the sacrificial
mat eri al | eaving support materi al wi th2820 the sensing material on its

| over surfaceg subgtaidddalbl Yecbidgy SLRNAITNGnALRVRe hQnsdbEt sAlcture 12. A
met hod according to claim1l in ich the sacrificial material is

pol yi m de. 25has3porfoneimBansyersedéenyonso claim 11 or 12 wherein the method
conpri ses applying the support material such that it has a thickness of
about A X where 2 is the wavel ength of the incident radiation of interest
within the supportArmienétat accdbdiipits cBire® whisrsiBthertrRspérae difections
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whi ch conprises providing the sensing material such that incident

radi ati on having a specific polarisation capnot, pass therethrough. 5 15. A
met hod accorditfg to R¥mesae aW‘"‘i’:‘F‘&i‘?rba"ile?‘i?%i% %ﬂgﬁ‘ é"ﬁ‘r"l“’t‘%é m%‘&’g@gng

material is piQyt destodriedlon! #ApeAREs: TBARLESH MO shipgrKelement.

10 11. A method of fabricating a bolometer including a micro-bridge
structure onto a substrate having the steps of:
a. providing a sacrificial material on a surface region of the
substrate;
b. patternwise etching the sacrificial material,
15 c. providing a sensing material on a surface region of the sacrificial
material;
d. providing a support material on a surface region of the sensing
material; and
e. removing the sacrificial material leaving support material with
20 the sensing material on its lower surface, substantially free

standing above the substrate.

12. A method according to claim 11 in which the sacrificial material is

polyimide.

25
13. A method according to claim 11 or 12 wherein the method
comprises applying the support material such that it has a thickness of
about ¥4A where A is the wavelength of the incident radiation of interest
within the support material.
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16. A nmethod according to clai | east one track is

provi ded sMMmOI48¥ it has Iengﬂlﬂm IIL““H I]””;Iﬂr ections PCAGBI#IR t 0 one
10 another. 17. A nethod accordi*fng¢totany one*of clains 11 to 16 wherein an
encapsul at ed package is provided for the mcro-bridge structure. 15 18. A
met hod according to claim17 conprisinggfilling the encapsulated package
with a gas having a |l ow thermal conductivity, or evacuating the package.
19. A transdueer ianmmlrmcbng'ng\tmmyombpfdlgénsﬂllmtlar‘ehiab@omringsto 20

any one of claing,.1l tp 10. 20. At d 19vvh
the transducdfording, tﬁ'ﬁ Sef‘?’ﬁﬁsm%eéfr'a aﬂﬁ’ o&aéﬁﬂ%g%%? n'g%lail)'ﬂ g’ﬁmne%t Hagrglagn

Repl aced ||| QpddititIgbldrisatibh ckhihok pass therethrough.

5 15. A method according to any one of claims 11 to 14 wherein the

sensing material is provided as at least one meandering track.

16. A method according to claim 15 in which the at least one track is
provided such that it has lengths running in directions transverse to one

10  another.

17. A method according to any one of claims 11 to 16 wherein an

encapsulated package is provided for the micro-bridge structure.
15 18. A method according to claim 17 comprising filling the encapsulated
package with a gas having a low thermal conductivity, or evacuating the

package.

19. A transducer incorporating a micro-bridge structure according to

20 any one of claims 1 to 10.

20. A transducer according to claim 19 wherein the transducer is an IR

transducer and/or emitter.
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