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I nvention relates to a nethod of naking a mcro-bridge and @gé ﬁ?%rogfre
for a m crog of. such as may be used in imagi ng devices To éj

-~ incident radi aélon The invention arose fromthe field of th%ﬁ’?fﬁmo’?%l ng,
but is not necessarily limted to that field. Infra-red i magi ng cameras
based on two-di nensional arrays of thermal detectors are attractive due to
t heir near anbient tenperature operation. {10 Thermal detectors used for
infrared imaging rely on the tenperature change of the sensing material
due to absorption of infra- red“né&fbrﬂIﬂDGE« S’Eﬁu(é’ﬁﬁ&léture change in the
scene leads to a tenperature change of about 0.001C tenperature change
within the detector and it is therefore inportant to try and maxi m se the

amount of radi mhisom@laﬁ@hb@iateﬁo&%eim'olﬁgmmh ré%lcl?ﬁsbr?d LIRE ALULE

dependant property which allows the magnitude of" the change in tenperature
to be detect edstragipre foed mucho-btidge, sopell assimag & estd dniimaging devioes to

Exanpl es ar roel ectric arfra chrely ont nge in electrical
pol ari sat i ofl V\ff‘?tﬁmt diadent; 'iﬂdéatyﬁﬂ %Omd’@f}ﬂ% Jrase EFQ"BeWh@cle]idc ofdherma s,
and resi stanceidm e, B AIESCHeclfRP Lintfl el ik g the change in
electrical resistance with terrperat occurs in sonme materials In

all types of thermal detector it is advantageous to maxi mse the rise in.

25 tenperatur the .sensi n% materjal due to the ahsorption of infra-red
radi ati on. 21"? ATGERE Cameras paygdcen WP-dHpentierslaarays defk thgmal

det 22?5?”522: e RS Srh @ S (O AR Mool LI e ePyLFE Kkl dh
material . Ihe Fharoial edetetwors oused| fot infcatred cathpdng iy mwhantemﬂrerhug-ledl ty
change of the sensing material due to absorption of infra-red radiation. A
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 20 JANUARY 2004 WO 01/14838 PCTI GB00/ 03243 2 to th '
material . | a-red (IR) imaging relies on the fact that al?ogawgyzom
radi ate ene%@“”bﬂ@h a peak wavel engt h dependi ng on their’' teprgemsaNnR43 FOr
anbient 5 tenperature objects this peak wavelength is in the Infra-red at
about 10m Hotter objects radiate nore intensely. IR imaging typically

i nvol ves using | enses, which may be of Gergani um to collect and focus
this radiation onto an array of sensitive & enents placed in the focal

pl ane of the aptihesensihg nedtefients are normal ly m cro-capacitors or mcro
10 resistors (mcro-boloneters) whose characteristic paraneter (charge or
resi stance respectively) depends on the tenperature. The micro- bol oneters

Iy f Lhicon .substrat i.ng "micr.o- hi ni
echni ques: . Tind:8 k) bkl RS GE T eheh gl bt Ba e eAprey an
active layer oweith a pagkiwhvdlengthadepedddl drs théiPakinpepithed FLP AR¥nt O

| eave a free-standi n%], thermal |y isolated structure. Such a structure Is
shown i n Fi gur éenpeaiunge ohiestnphisy pagk dvandlemgth whenethe llefys-r2d 4t abppor t

th in bod t 1 above. bst.r at t _shown). The | 2,
4 ensure Chat nCuhin SIREC bR Pefisle RRUT dfFare " B i HEiBs oY PRA ¢ h
low t her mal comgitdsybibingt Rnbdie wﬁﬁh%ﬁgtﬁe oﬁ%%hﬁt?dhﬁ%f‘&o %%ﬁ%&ta]éx‘?e ggﬁl

el ectric signal proportional to its tenperature at, inturn, S on
the intensity 8fistradialiRnemso gp asspofsdndiyivetelomeds plasediili sloefdcal pyafe. The
el ectrical signals must then be read out using a circuit that will both
filter and ainﬁftée? SRUGH ¢ i ﬁh%u ISMERLS aFg ACTHALYe PRICER-CARAAIONS Qfemisto-| R

radi ation p@veresifRery (BRcrolRblontbiiR) | WA dHabi Q9854 SR ?cﬁiargeheor

"uncool ed"

resistance respectively) depends on the temperature. The micro-
bolometers are usually formed on silicon substrates using “micro-
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 W
Ul/ 14a. 3a 20 JANUARY 2004 rcl/ITUSUU U. L4J 3 radiation is2 . Rﬁ dﬁh
by snoke thig.le&hpology is also useful in fire- fighting appll catl ons:
There are al so applications where it is not necessary to f Or'h

hi gh-resol ution images. The IR sensitive elenents can be used for sinple
"intruder detectors" or fire detectors. 5 Presently there are two basic
forms of the resistance mcro-bridge. Firstly, there is the honbgeneous
bri dge type, as shown in section in Fi%Hre_Za of the acconpagging )
drawi ngs. | n tiA&4HEs 5t phroHBt Y smekepiiisigrehnglopy igerise vea{w Helieri al
whose properti chan 4 10 eratu C r radiatjon
bei ng absorbedﬁa¥%3?c #g%“f%g'na9%§g§|5%?&%§%t|é§g§§°%£t§§§&%€g Pﬁlggne
manner, per hapsechysa¥pasUfdrig hizh-£d@n@eon Mm@gey. € MhePHRS Sédgti Vo lediigdntt Ran
bridge. The skilled person wi|l appreciate that whilst the honogeneous
bri dge can worhe ysad Efradmple “yotieder detpetopeT pofiradectity- not be as

ef ficient as desired. 15 The second class of mcro-bridge can be terned

"fil mon-sipport” and provides a tenperature dependent material (which may

be resistive) RB@séntly | iHEr&bHee 1305 BRARRY tfobss PbF d@e- résiftinde fldPodstidgepport
mcro-bridge is shown in section in Figure 2b of the acconpanying
drawi ngs. The Hirstiige therealss thd homegedents thrédgeakypeaddsashownoin tshetion in

wavel engt hs of..intepest. causing a tenpgrature change wthj he bridge
Whi oh eff oot o BHRERE 28 & R Rk feryiEE FaBites, R htic it OF daleRetr P
resistive mat gridde Vis! foRBed MR a MHABriaWGRoROrbp&riRd 2hRaNE: e thei dge
reflects some of the incident radiation reducing the sensitivity of the
m cr o- b6l dRet dempEratuteerchanges phrorighi padiefiog Shaing absoriedon Thep cbhngéhdn
bri dge requires vi.af to be fabricated éhroug}h t he .
material properties is defermined in some manner, perhaps by measuring a
change in current passing through the bridge. The skilled person 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 Journmal 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 is shown in the Journal of M croel ectronechanic :QMWA'ﬁY\%MS
t he

No. 4 Decenb{'vr 0]12196 in an article 30 by Shie, Chen, et al. wever,
m cro- bol onet 1A n therein is 20 JANUARY 2004 WO 01/ 14838 PECTHHERGR493243

4 fabricated by a process which is somewhat nore conplicated than nay be
desired. The bridge is forned over a V groove which is-fabricated using an
ani sotropic wet etch. 5 A further mcro bridge structure is also shown in
US 5 698 852 wherein a Titanium|layer proVides the resistor on the

under si de of a fabriged by AgttocéssOWhithl RYRIMeWhabintdre dIMBNEIted HiMrS nigCHIENT
shows the resistive B boloneter portion sandw ched between two SIi Q2 ['ayers.

The nicro- bol oAeEEA- sikBabridget isi forusdmues at Vhgroone mithh rivifeb catpt axsing

structure 10 thz?rf‘aﬁf@@frogﬁ:s&zéé %gﬁi herein. It will be appreciated that
simplifying the structure and processing steps reduces the cost of the

device and also helps to increase the yield. According to a first aspect
of the invention there is provided a method of 15 fabricating a
mi cro- bri dge deftif@ethspmicep Bridge stuetiradh abionghommeins éps 698, 852 whietbing: a
sacrificial matgLi 0 rf.ace :regi.on of the ubstrate; b, patternw se
etching the - saﬁé’ﬁpgﬁ lz}’Iy %ﬂi’lt# 2 llﬁgf ;th%.rg?ﬁtt%iodﬁ g %‘@éﬁé?r@f Ardiridgeaforgiedy
surface region febmt heigrerbf iSiDgl  BOwERELT {1A) ?dd?:un{?alrnQ\’étﬂ:i tfle SLRRRE Ve

and e

material on a surface region of the sensing material; an . renoving the
sacrificial natholprpterepeiting shedwighedr betwmeer ivad ,SiOpi tdyerhe Sthesinmigro-

material on it syrface, substantially free
| Sbollgrﬂg{er SHowiC il this E]IS patent h}.;s a much more complex structure
10  than that described herein. It will be appreciated that simplifying the
structure and processing steps reduces the cost of the device and also

helps to increase the yield.

According io 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 ‘région of the
substrate;-
b. patternwise etching the sacrificial material;
¢. providing a sensing materiai 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 sensing material on its lower surface, substantially free

25 standing above the substrate.

This method is advantageous because it provides a micro-bridge structure
by a 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

provides a mcro-bridge structure by a nethod that has fe h ﬂ?’
steps than art nmethods. The skilled person wll app\rl\%té:ijahfemfeﬁgft 4e

rior
reduction og"qwé“ﬁ%?nber of 30 processing steps is greatly acRGRIGBOEIS3
because it will tend to increase 20 JANUARY 2004 WO 01/14838
PLTI GB00/83243. 5 the yield of the fabrication process and wll also
reduce the cost of devices fabricated by the nmethod. Advantageously, the
support elenment is provided as a single Iéyer of 5 material and provides

both physical sippesid borthkheabyRAGOAIpFARES iaald ¥ aR6! SedifceahaaleRt her of
i nci dent radiation. The sensing material may be a conductive material. Such

a material is d8viceabrtriqagsed py abe enetepch nicro-bridge structure in which a
change of 10 resistance is neasured. Preferably the mcro-bridge device is
a mcro- boloneter wherein the sensing material provides the resistor.

Al ternativel y, AdvenceBsidlg, ThE uppbriTRlenker sl BrdQded o4 i GinFld Shlad -ofSuch
a material is suitable for providing a mcro-bridge structure in which a
15 change of cHatgéali andrprevidesi both phisiedl| suppehe forutest sensing agateriat tandni ¢
circuitry provjded therein. This i adyant ageous because it allows
processing el e%?qgélﬁiaélsalis(?p%eé ‘Iﬁr%’ﬂ%gﬁr %gtm’br ocessing the signal fromthe
m cro-bridge and all ows a single package 20 to be provided containing both
the mcro-bri d%e and processing electronics. The provision of optinum
processi ng el ethe @ensiggnmpteninl ey heos sobtlective suteriph.i Sudr 8 matartl uises.

For instance, in e paper hy. Shie. . en, et at. the V-groove provided
under neat h t he®' aitbg"ge‘%& PEPG’I‘%‘P& Ps"ﬁ“?rggﬂdgeo SHHEPERL 17 h‘@g & & ﬁﬂ'geofoefs uch
el ectroni g9 bepgpiindes Rleatudfea P?Efer%f_iﬁttjﬁ% RAEdrdoridEy ideFice 118 MAGIRN Of

the substrate where the el ectronics wo
bolometer wherein the sensing material provides the resistor.

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 procéssing 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. Thérefore, 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

nmet hod may provide an area beneath the m cro-bridge device %@J#&%Yﬁsﬁpl

processi ng g)ﬁﬁ}l%cs may be | ocated. 30 Most preferably t
conpatible w't . processing steps. 'VU Ul1145.58 20 JANARYBED3243

PCT/ GBOO/ 03243 6 This is advantageous because it all ows standard
fabrication processes. to be used which wll generally reduce the cost of
devices fabricated according to the nmethqd. 5 Conveniently step b of the
process includes providing vias through the sacrificial material allow ng
connect i ons t oTkHeisep@tantageious diaceusd iy allows heandatdsfabaicatioSunbcessstqp | S a

conveni ent vvaybofué%r OVigﬁi ng Eﬁle single package with processing el ectronics
e

and micro-bri dge. YRER TRy pgengsally wireducgpphe ceatie of hdgviedse fobrisatedy be

defined using &ceefignbiifPeitqphotoresist to pattern the sacrificial
| ayer or by the use of a photo- 1 nageable polyner as the sacrificial |ayer.

I n one enbodi nent the sacrificial material is polyimde which may be spin

deposi ted g}md ured. The sacrificial material may be applied to a 15
thi ckness Of andhi*"SHHIHSHRY By Of ithe Arpeessatnoledesnpoenidegt viashdirosgitithéi ci al

materi al may hgcapeld LG - bet n about 1.5m and,about 6m
or may be bet vveenﬁgt)déﬁga%%a%agﬁgﬁ g%g%?l ngé me }A‘f?'\’/& IePec'ilrlS’élmaBHFﬁ’éTyaf‘édﬁ? hat
the thickness sgbsirite. saludHf iacisedp MRt £récvegRirer Gayt BE proQidify o th%le
sensing material above the substrate in the final mcro-bridge 20
structure. Th@3FKi8foyIthRroressing electronieseprd sricrasbrigigan Bhe bkidled vemton o

ensure that gl . }@l;iaﬂeamgts e ubgequent to deposition.of the
sacrificial mat erai%g_l . The et cﬁﬂésol‘r{/agwfrsgyéebeai%$2%smg a’ conventional
photoresist to pattern the sacrificial layer or by the use of a photo-

imageable polymer as the sacrificial layer.

In one embodiment the sacrificial material is polyimide which may be spin
deppsited and cured. The sacrificial material Vmay be applied to a
15  thickness of about 3pum. However, in alternative embodiments the
sacrificial material may be applied 1o a thickness of between about 1.5um
and about 6pum, or may be between about 2pm and about 4.5ﬁm. It will
be appreciqted 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 its change of characteristics with tenperature Wy’%‘é’ﬁﬁ?&{?&

its | ow noig&levels. Further, titaniumhas a high resisti

allow the d [BH4§38 be optimsed for CMOS circuitry nore easPCT/GBO&0B28D

ot her sensing materials. The skilled person will appreciate that for two 20
JANUARY 2004 WD 01/14838 PCT/ GB00/ 03243 7 equal portions of the material,
the portion with the higher resistivity widl have the higher resistance.
The sensing material nay be deposited by sputter deposition, providing a 5
conveni ent et épchilvgorbng ©f GVEOSnsemaRt iHel ortiﬂ]ﬁuﬁﬂﬂﬁienﬂi%mirQééi@ﬂivﬂﬂﬁ&(villbe
deposited to a thickness of about 0.2m wever, the skilled person wll
appreci ate tha?aﬁ%rhlﬁh?%méé@-nay be suitable. For instance the
sensing material may be provided to a thickness 10 in the range of about
0.05mto about 0.3m or may be fromabout OIlrn to about 0.25m If the

m cro-bridge dEht Gensifig anatefiad g BERIPbsitéd DySeitierHdPabRIdnd profiihpam t he
resistor. It is desirable that the resistance of this'resistor is

rel ativel y i gipnyssiens sathed whirbhds tMOS gomipatipieov T He gefisiogimaterial may

m cr o- bol onet gf, ggzdsﬁredttgbqoéhqggli?ssgtogkg)\éiggio%t he 15 sensing material in

this range provi surta Cknesses greater than this
range may tend to reduce the resistance too nuch. The thicknesses and

resi stances described herein are particularly suitable when the sensing
material is Tildeweven, the skiléed pasiongwithtapprediatesthan otiherthid@essisaniyplbeot her
t hi cknesses ma ternative enbodi nents_the sensin

;tbﬁ{??pﬁl icable In al . . ! ng
material may G&UERES phBL4Nstange at?rﬁ,e“@gﬁgaﬁiaéﬁ‘ﬁlﬁxmﬂﬁ,bed’@ﬂ‘?ﬁﬁlrﬁo hitlikness
al um ni umyeor iaMKRl FAEeObs abbut AB5RI tOCRIR" | Qpe ! e of
whi ch provi des sui taég?ge 25 pr o,pertPes . 8'%%’ o ga&mﬁ@ from g&pm
0.1pm to about 0.25pum. If the micro-bridge device is a micro-bolometer
the sensing 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. Pro(riding 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 nmay have a sheet resistance of 3.3Ql/sq.
Alternatively, the sensing material may have a sheet resist

1.552/sq to about 6Q'sq, or may be of about 2.552/sq to abo@lsg%?gaﬁogo
20 JANUARY 20@A114§3801/ 14838 FCT/ GBOO/ 03243 8 Conveniently $icgizrsenaiqat he
met hod includes the further step of renobving the sensing material from
optical alignnent targets (QAT) provided on the substrate for alignnment of

subsequent | ayers. Such a step is advantageous because it sinplifies the
remai ni ng steps of the nethod and nakes it®easier to position the .

remai ni ng | ayerGonvdnidvil | ear ' t 's. are
necessary when a wafer s)'t g%g)er@'?%tgégﬁéthg? Z}é&lgb%?t}{%ﬁ%ﬁﬁn%{ ﬁg‘%} H%%A%; gldlg

i ncl ude the st dpestnsisgonategial lieors apricki gligdmenrathaeia(OATY Provilied piowmieded
on the substrate, Such.a slte s particularly 10 advantageous shoul d the
sacrifioial matdPFERELOTAligasnt Al IbReuenhdyers) [Suchit GBI @8vaRBeaysabl y

t he support matpei It S .t . r e ragi .. Sensi ng
Tt er i Al Thi o enas FrnPRres (B8 ralbid Sept bk M pleBRl i E ek OB SRR,
Cheni cal , Vapoue poepasi theorendiRiBgYayetsoWtRr i bolcteachethe akilledapayon that
Deposition (LP%%], or b%q?sgautteri ng. The support material may be deposited
to a depth of tS 4 DeAgsary Jebama wafersoppgrastuseécause it provi des
sufficient structural rigidity. 20 However, the skilled person wll
appreciate that a range of other thicknesses may be suitable. For instance

the support naSée blofthe matimdamapiationmtadef thelseep of r@hdng Be WacribichD t 0

per haps about 2m 3m 4m5 25 Preferably, the nmethod applies the support
material to an%%@@?%BAE%BERVIdQ@% tﬁ@ supstratepSiuehiaasiep is pertictearly

di scussi ongp abQH@aﬂtQﬁéonhﬁhould the sacrificial material be a material other than

silicon dioxide.

" Preferably the suppért 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 1pm. 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 0.05pm, 0.1lpm, 0.5um to perhaps about
2pm,3um,4pm,5pm.

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
is achieved by providing a bridge structure (of the SUppPor to BRI @k)(?g{bl‘lch
is supporteﬁl %(I%B&a of legs. In such a structure the Ieg ]gigrrow

t hermal contac Wween the bridge and the wafer or substrat&T6BWENWO
Uf] 4X38 20 JANUARY 2004 PCT/ GB00/03243 9 the legs too thick is

di sadvant ageous because nore heat is conducted from the wafer or substrate
to the bridge which reduces the sensitivityy of the micro bridge device. If

the legs are too thin then there is not enough nechanical support for the
bri dge struct uthe. leghdoe thi@ktiheiﬁm‘daaetageﬁumbmmmebenmﬁem@méﬁfw rigid
supports and prOV|d ng the IS he skllled erson

appreci ate t hat'%t Wélf% e éu%ﬁ’tf"d@éo ‘?‘rea‘&‘ag"e‘%’é o pedugss g &@BSW"I“H’ af ti#rber
of legs other hh@d bage TIRidH.C'R &E'%g@ aré%é%ﬂ?%&f &% ﬁenB{ QUbdesl W th
1,3,4,5,6,7 or nore Iegs The net hod y conprise applying the support

material to hawechanitali cuppes Oér aheubridf® wirectereaa. |iBhdrbeisvathetefoed ha of
the incident radiation of interest, wthin the support material. The

skilled pe sorquP'rm%lﬁsr BefweeR  PEOYIHHIE t%@dmm%@twdofprpﬁ@%dmm@h will
change accordi: g? Rpthe material in which it is travelling. Applying the
support material to th| s thickness is advantageous because it causes
destructive interference of radiation of - the wavel ength of interest being
reflected fromthe bottom surface of the port material wth radiation

i nci dent on t hEhskidigd pamsps witlseprreeiaje tipg tﬁmneucr@rbmg@ rusiereemaynes gy

Shsor et on, SRSt L AIRL L Pl AP SRS G, O
nmaterial’ 16 CotMRBR inkY HRAPoCIRAWAR 814856817t MbAViegs. t he necessary
structures. Preferably, the resists used to pattern and etch the
The method may comprise applying the support material to have a
- thickness of about '4A 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 eich 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 one enbodi nent the support material is a silico ' ' | 4S
20 JANUARY 2004 WO 01/14838 PCT/ GB00/ 03243 10 advant ageo{?sé)ghggju‘xsgyi 0:45
easy to proWlH/14838ng CMOS processing steps and readily absprhesomgidat i on
with a wavel ength of about 8mto 144m which as discussed previously is the
wavel ength which is conveniently nonitored by the mcro-bridge device. It

i s advant ageous that the support 5 nmateri absorbs the radiation to

maxi m se the tenperature change of the stupport material due to incident
radi ation of thevahesidoas baemskengs Rasy e prokidel €dnparBANS Yrbbe SRR Sbat ©
that for wavel engths other than 8um 1}31-m ot her ma{lgri al's vihi ch absorgs t he
wavel engt hs of aithirezdibt absoybpaadiativanwihea savel@giheofmabbod Spmy tondumle t he

further step of hEFr oVvi 'd'.nq%éa({efle,ctive_ | ayer on. a surface_region of the
substrate. SucHMEh &3 &lisqissed previepsl¥nisatiie avelength  whichc js \Gonremigndn t he
m cro-bridge sf; 0 WFalcy . Ladiat i f Lve. |l ayer
may be provi dedbgﬁbggfbf P'%c@@(r?rggl?}g&rilgﬁp E¥'ﬁé' gflﬁggsta ?g?%ég%%%tr%%tthg%b }Y ort
sacrificiald | apeterial absatbagha radiavieni @ninawiyisefthpasiipepniung dhagge oefthect i ve
|l ayer. It wll be atflglrec_i ated that, such a nethod provides a mcro-bridge
structure w t FUPREIL Belegial dyg tpdpeidept sadigden of the wssiredgvavelengds The

The refl ect | ve gk PeRES Dl ARl BhH Fod WARLARLAR, el SRREIEE G 5y o

froma netal wtheh maRyiahe WAXEhORB:s&ibst Re f UlabOMhBs AUThiUAS i apd um
nichronme, 25 platinum nickel or an alloy of any of these netals.

advantageous.
10
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



The reflective layer nay be provided by sputtering, evaporation or any

ot her suitable technique as will be appreciated by the per |
the art. 30 WO 01/14838 20 JANUARY 2004 PCT/ GB00/ 03243 1%&@9&%%&4

the sacrifi YAPVH8#%&rial is removed by ashing which nay be W’FB?W@G“-’rn an
oxygen plasma, providing an effective process for renoving the sacrificial
material wthout interfering wwth the |Iayers covering the sacrificial
material. 5 After step e. of the nethod ajghernal anneal is preferably
performed on the substrate. The thermal anneal is beneficial because it
preserves the C@mate@dlvaeu@coﬁlmﬁemtaménatramevctbé)brf adiieptwigthimheay be

resi stance of thefT d may_ ensur e t hat co%acts V\Ag n the circupts are
formed correct Py} OB e i’ﬁ) Fhe P XS R 251 in e BT OBV B &P p COVEHER  BIPEST a%)qrd

thermal anneal i8goR{CaRE sﬁrlf%lal r}ﬂﬁ'éhﬁy witggean Hte?férrn‘?glgewﬁﬂnﬁ?é 1ayO&

sensing material may be provided as at |east one track referably “the

met hod conpri sesvemogitké saprificial matdeiduch t hat incident radiati on 15 having
a specific ﬁol ari sation cannot pass therethrough. This may be achieved by
arranging the track in a manner to bl ock the passage of radi ation havi ng a

pol ari sati on. Arftd}%tb?céﬂ & the RfetAd G XnBRYa1 PP Y4 ?’ﬁ‘g‘?fﬂ?ﬁf’ 1 ra ol?xas

lengths running in ditections transverse to one ano may be
provi ded wit h thebstlsiratal MThaaghbhemaluamiead) is bedéeficial itmmus%Oltppn'eaéhels the one
e one another, or .may be orthogonal one

anot her, or ansver »
another. In ot E”aﬁﬁi)ﬁﬂh“ﬁe‘#s the HMPRIAWGSY cﬁ‘ﬁﬁfl‘é%‘ﬁp?f the f%?rlﬁﬁpﬁl“r % HheTtr ack
Wi th curved pogfh Qns, eddlfre GHAVEShRAS Widls HEYilGits Bl F8EAED cGllecAl! Rl

etc.
10 The thermal anneal may be provided by a rapid thermal annealing process

or an industry standard furnace 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  .paraliel 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



25 A matching | ayer may be provided in a region above the support material,
adapted to absorb incident radiation. The matching | ayer i I
chrome all oy _and may be provided by evaporation, or nmay bﬂ%gmg?%‘l
mat chi ng Iay"é?"?’ysé vant ageous because it may match the ref r ETIGBH0/0BA3

i ndex of the mcro-bridge structure to that of free space. The skilled WO
Ul/ 14838 20 JANUARY 2004 PCT/ GBOQO 03243 12 person will appreciate that
when a wavefront is incident upon a boundgpy of materials each with
different refractive indexes a degree of reflection wll occur. Cearly,

i f incident radeewinonilbfapptesiatavtbhiewth a wagefeshi on inddedtedp@ch ddubbay t he

signal produced_.in respons% to.the radiation will be 5 reduced. It is
theref ore advaft JGUGTES: 635R Mith ddferpat sekserHveoindexss| wdegrse ot cefiedtion at

the mcro-brid : €ir 3 t.chi I e deposited until
it has the rquﬁlrlg%la rﬁg'sisg{egﬁ élf %%?di%u§?££gfh§y%%ir&%%(’%%ggg'ngnquﬁ%&%oﬁt
37752/ square. Afleerhithereltie dipeal lprodesedtianesspdaye e tHe riHafisnoRilpheabout
25052/ sq to_about 5 052iksiq., or —may be in the range of about 32052/sq. to
about 430Q3q. fWEeHet hid aihereforsepdvampsdoss peowmigimiset ke nirmpeatbrafdge

structure w tpéffbcﬁ'ﬂn%l%ﬁ?ﬁif%ﬁf @% {}ﬁ&]ﬁ eid‘%%ﬁggg{\%@ﬁq?ul ated package may be

filled 15 with a gas havi ng erna fle'(xenon is one
exanple) or  nore preferably the encapsul ated package nmay be evacuat ed.

According to. ? second aspect of the invention there is provided a mcro-
bri dge struct uf Be malchingalayenmayabe depesisedywingih it Hmsethesreguirei dredistar2e

t el . .Ccro-bridge. structur t he underside of the
Subport of eronberiaubE; PRECErsbincl IR g e ot BBl il A Bttt Dirtber 1
bei ng suppty t ecbsRbACe wa§ B5dlAs thétrin o?%o%'ﬂmstz/zs | &ERbuPHhoSAYIE G ed

at connecting regions to tracks on the substrate. An "advant age "of such a
structure is tmay betinithe sangs ef abautf32N( gt o abant 430Q/sq.

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 Iow 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 (Si0,). This is a convenient material to provide being readily achievabie



prior art devices and may therefore provide higher yields and cheaper
devi ces. Preferably, the support el enent conprises a regio faSi | A
oxide 30 NO). This is a convenient material to provide bgtﬁdAﬁyﬁ??OM
achi evabl e Y0 O/AAR3BRY 2004 WO 01/ 14838 PCTI GB00/ 03243 13 i rP@NGBQBREESSes
and strongly absorbs el ectromagnetic waves at the wavel engths of interest.
The support el enment nay be substantially square in plan, providing an 5
efficient shape fromwhich to provide an gfray of mcro-bridge structures.
I n one enbodi ment the support elenent is substantially square in plan and
has di mensi ondno€MUBspaTess| yndB@mohgly tdbeortisd ek caforidzaeticppards el ehent .
In alternative e odigen%)s the support elenment may have sides in the 10
range of aboutwaig?ll% 286 RIS m or may be in the range 35limto about
75m The support elenent nay be provided with | eg portions adapted to
suspend the support el enent above the substrate. Such |eg portions are 15
advant ageous Wdeassgpart dermerheiayabei sMsedntiablyt bgyarer oy iptia, f providiagsawppor t
el ement fromt substrate. Thernal isolation is advantageous because. the
tenperaturé cHAEE8t SRIRETTRISWhh WepEAYide apyareaie ofigte-bridag strusturedt ur e
are of such a magnitude that they are likely to be lost if the thernmal
mass of the substrate is not excluded. 20 Conveniently, the sensing
material is alis®neranbstithend thd uppsteesdmentOls sutRtantRlly YubtO NS plagusil a
structure is agai n conveni ent because it provides a structure wherein the
sensi ng mat er ha¥ dnensiens op substartially A01onforcths) sides bé thoosupporedlement r cui t
el enments on tﬁlﬁa ﬁyetr).rslgtri‘gé e. 25, . . :

: : eémbodiments the support element may have sides in the

10 range of about 25um to about 100um, or may be in the range 35pm to

aboiit 75pm.

The support element may be provided with leg portions adapted to
suspend the support element above the substrate. Such leg portibns 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.



Preferably the sensing material is a conductive. material. In which case
the sensing material may forma resistor. Alternatively,

mat eri al %e a ferro-electric material. In 30 which ca@?ﬁ@ﬂs@gxzﬁcg“
el ement may W4 dielectric of a capacitor. 20 JANUARY 2POHGRM/24314838
PCT/ GB0O/ 03243 14 Such structures are conveni ent because they provide

nmeans to neasure tenperature changes within the support elenent (i.e. a

change in resistance of the resistor, or %hange of charge in the capacitor
formed by the capacitor dielectric). 5 The resistor may be connected to a

CMOS transi st 0SuphOMra€dréd atd@onbabish Bbausd Nihg %@Vid@eﬁle%ﬁ%vama@nﬂfe
structure with which to process the i nformatlon provi ded by t

m cro-bridge st¢mpengtere 1changes t withdi sther swppolte elamamgdie asa achamgec hin
istor to

providing a conyepien e Wt connect the.re

processi ng el eL¥YORP (C'éé Ogttthe rﬁ%‘S{%r P&¢ apﬁ%f)gr?ﬁ’afgﬁ 1 ‘F@@F‘éﬁ”éi‘é@“?‘% bye

nmeasured. The uastsiRitorlieltami)a resi stance of about 3kQ Alternatively,

the 15 resistor nay have a resistance in the range of about 1.5kf2 to

about 6kg, 2 or may be about 2kQ to about 4.5kL2. The sensing material may
tticul ar ymay be t| ani um. I S conveni ent

b t al d )
ngt Zr im;I at oagrgl\?l dgasﬂsstf’ﬁgmé?(/(%e &8%5?‘? 1% 30 M\GSegé%%Stohﬂrtoﬁéqe d dp 8 um
exhibits a tenpessidis e TRREHGOMes  LobMANGHE stmk&%y‘vﬁ%%ﬂubﬁ 1B3rbbésd @k Y

suitable for this application and has a relativel resistivity. In
al ternative enbarmatios praviseddiystteunicrasridgenstpboue. si | i con, vanadi um
oxi de, platinum nickel, alumnium an alloy of any one of the

af orenenti oned netals may provide the sensing 25 material.

10 The transistor may be arranged as a switch providing a convenient
structure 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 3kQ. Alternatively, the
- 15 resistor may have a resistance in the range of about 1.5kQ to about 6k(,

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 a
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 itself advantageous because it



Preferably the resistor is provided as a track on the support elenent. -

This 1is advantageous because it allows the | ength of the rgsi
maxi m sed which increases the value of the resistance whic c‘é%@@%gztb%zl
provi ded. FAVi'hg¥ 8 hi gher resistance is in itself advantagedGI/FROCA3EE |t
W VI/14WB 20 JANUARY 2004 PCT/ GBOO 03243 15 may be sinpler for the
detecting electronics. to process readings froma resistor with a higher
val ue. Conveniently the track has a neandgring structure, which is a
convenient 5 structure to attenpt to nmaxim se the length of the track.
Preferably th&ayeRadempher ferr thet detecting elegivmigota ippnsessnraadingsyiose a
directions. The. transyverse, directions may be substantially perpendicul ar
to one anot herpfgsmgﬂcnﬁ}t'r%ahﬁg{l/%rrgéuai rections are advantageous because they
may help prevent radiation having a particular polarisation from passing
through the 10 sensing el enent w thout being absorbed. The skilled person
wi || appreci afonvaaiently therisackrhatp meeansiering sthictinee swhichbfistaheosegmpentt

el ement is-tai)ored to substantially,'/a x of .the incident. radiation
W hin the matBRrare dp Hfeeal o BRE bR Cdtief M ttKkon aFeriyhde
wavel ength of mieAhaEARk StACERNhad R of RorABROGh Lrh SR diR1iBRs. T ihkect ed
back toward a top surface of the support elenent by the lower surface and

destructi vel ytriansesrserdiragtions trhay ibec suletantialgi peripendafulatheo onavaiahet.h of
i nterest. The ﬁrov' si on of (%.he sensin O?rHat erial on the wunderside of the
support el emeR c*fmtfaﬂ%‘feﬁs“’t HISeGHANSe A o VIPENBERYS Jbrrasige ey ity ¢ el
radi ati on of. ' i | ' : £ LI, ance
hi's refl ecti B oo AdHliaf IRO 4 pRfd ity ROt e el Pleqih b ARG

t hi cknessl{bf sanssimalemenit witlone beigg tlesorbéd.t he wavel ength of radiation of
which is desired to neasure. 25 This is advantageous for the reasons

out | i ned herei nbefore. Specifically,

The skilled person will appreciate that in some embodiments the thickness
of the support element is tailored to be substantially 14X 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 méy

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 1uym. In other
embodiments the support element may havé a thickness in the range of

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

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



t he support elenent may have a thickness of substantially 1m |In other

enbodi nents the support el enent nmay have a thickness in th ﬂﬁl@& ut
0.5mto 21im may be 0.75mto 1.5m 30 A reflective Iay?d% Yﬁﬁﬂ

or
provi ded t o WRPYHEIE enhance the percentage of WO 01/ 14838 20pdfdusiis2904
PC s'/GB00/ 03243 16 radiation that is reflected back to the mcro bridge
structure fromthe substrate after passing through the mcro bridge
structure. The reflective I|ayer may be ph(])vi ded on a top region of the
substrate bel ow the gap between the substtate and the mcro-bridge

structure. 5 Conaivrenhby id hefleebl e6ddkV ey tBY &hidrs HAREE CAb&Tuld ‘i’{]ﬂrﬁ‘ gt al
whi ch may be gg{ one of the following: Alum nium titanium nichrong,
pl ati num ni cREISUGe gHenpreésing theawghohe thicse britgrl SrudOrdheTin ceftedoivk dge

structure may [1.S mat chi ng |.ayer ich may be provided on
an upper nmost s%lyff)lggﬁiyofcb %{Tﬁ‘é""ég%‘fgé’f‘t aeﬁogn'gerﬁ“."yélfc & Subgrdthi goratis sap

advant ageous biesteese thé substfaté Whll R MIBFNBAUEMsLQcrfBSUre that the
absorption of the incident radiation of the Wavel ength of interest is

mexi m sed. °The mat chi ng layer may aid the structure to absorb 15 radiation
at the wavel e L.ntere art.icul ar strongly. The skilled person
will appreci a'[kg&{i\ﬁeg?&}l\t}?g%hear%e‘?glfvfec}ﬁl'erp'ésé\é?‘:ﬁ@ldvé@ﬁ" armptalddigh waay hgy sone
degree of reflagtions 6fCwMes foll\¢H@t OABuminiEm. NBILRIAY YoldBhGh the
refractive index of the mcro-bri gge tomt hat " 20 o?'h?f e‘léﬁg‘gé%‘g? F\)}Eﬁ}é'ﬁmi‘s
advant ageous pHekalqw an alley ofiany mif4besehmeminunt of reflection that occurs

at an upper surface of the mcro-bridge device. According to a third aspect
of the invention there is provided a transducer incorporating a

m cro-bridge SeUsieroebAAEOsHuRirk Ingy $8GRATAIPESE LindiDfing2RybP WAL ON-
may be provided on an uppermost surface of the support element. Such a
- matching layer is advantageous because it is a further mechanism to
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 to 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.



The transducer may be a pressure transducer. Because for a given. bias
current the mcro-bridge structure tenperature will depend t
conduction due ta the surrounding gases it can nmeasure the ﬁé@%ﬁ@“%
those gases. The iransducer may be thought of as a Pirani gahgHSBiY243
ui /i4t15.30 20 JANUARY 2004 PCT/ GB0al(3243 17 |If the transducer is a
Pirani gauge the sacrificial material may be deposited to a depth of about
0.1m by the nethod according to the firsti7aspect of the invention.

Possibly the s crlil_fi cial, material _pay, be deposited _to about any one_ of the
fol l owi ng dept¥shey taasdiren 1978 nPimgni 2gaHgs: the gactiipal materiahnadlicbe nay

beaflowt‘rar@%’d e ! ri St.ructur or a
gi ven bias curr n?ﬁ%&j tgmdg%‘gmﬁsﬁ%\%) 'gglr%:E?;ﬂhgggmogasé%%??@gd%aﬁ%yﬁﬁs& gas
or liquid flovwspasndoft theriakerfigonTBPREible ¢ sgcrifiéiaPhatdfat rdpSKlIg&Iosited
course, the transducer may be used as an IR transducer in applications

such as Fire detadweut @ay onet elithe follewing, demhs:nBdiomgn.of . Adbronalii@5um or

i nspecti on, 150 bﬁd&ed, the transducer may be an IR emitter since the
terrperaturg of 't AB™ i cro-bridge will vary when a suitable current is
passed through it. Such an emtter may be useful for generating the IR
signatures of objects, perhaps for the purpose of sinulation. 20 There now
foll ows by wayl'hsf tremshyzee noayl be a flotvairaastudescrTipt tanpefatitecof thevmidroon

with referenc };5? t he acconpanying draw ngs of which: Figure 1 shows a
schemati ¢ vi eWr§iBeSTyeileefor &ivem brasqergenti wil degend on how quickly heat

is carried away by gas or liquid flows and therefore may be used as a flow

10 transducer.

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 tempei'ature 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;



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

different types; Figure 3 shows cross sectional views of aio’*?hh‘iﬁ&k?%m
process for a 30 micro-bridge device according to the present 1 nvention;

20 JANUARY X0Da1/amgsa01/ 14838 PCT/ GBOO 03243 18 Figures 4a, bpep8fydossfiow
isometric views of the underside of the mcro-bridge device of Figure 1;
and Figures 5 and 6 show scanning el ectron m crographs of mcro 5 bridge
structures according to the present invention. Figure 1 shows a typical
m cro-bridge device, in this case a ni cr o8 bol ometer. A main body 1 is

provi ded and adapt §§4{,PeR50%0 Sk aLLAMN; ; he. wav t . d.nterest
i nci dent upon it. Leés %@gi Iia)l’ gngfg\%?lgg’&sg%’e%@&éﬁsorg{ ﬁ?‘%‘égﬁslﬁeb@i&pel
above a substrate (metrodiridge)daride pf ®igute 1;tdiar mal isol ation from that
substrate. The substrate nay be constituted as a sem conductor wafer.

Figure 2a shows a mcro-bridge structure of the honogenous bridge type 15

in which bridge i tjal! i £ terial . S f
ensing i s adapt ed bode: or hrae oBeof stohdl BTl Blerar® PR B ig® e

means of s&nsing mbyidge dwucapesQiccpagisg @ tie Ewséﬁmnvtehﬁeﬁtgh the bridge and
measuring the current change. 20 Figure 2b shows a fil mon-support type of
m cro-bridge structure wherein (in this case) a netallic film®6 is

provi ded on t ortipg. bridge 8.. The netallic¢ .filmis shaped such
that it acts ggglgjergssl%slb&gsr 2 t&glacsapl'hf(‘g‘ifrglrgg §FB’\9_‘Fdé8 ﬁHFo‘Eﬂj‘ﬁ_ En8'H dge 8

to allow the bekinsdter. tA ifin BSUNEGE Phlotided 2R GHShRA 1! AFLFHO PAGALHLR of

regi on underneath the bridge 8. 25 Devices according to this design suffer

fromtwo di sathfamtayglensgtiiofsintgrest tineidant upon gtf i Legs 8f Heattes peaviderbuot  of

the inci dgpt |8 .t h \Y ngth of interest thus, reducing.the
ef fici ency ofgt éﬁgetgll_@ggl?alﬁ Eod)\fNEi %hgvg a substrate {mot sfnown) an prox%de
thermal isolation from that substrate. The substrate may be constituted as

a semi conductor wafer.

Figure 2a shows a micro-bridge siructure 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 suppoﬁing
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.



Secondly, the fabrication of the vias 10, 12 introduces extra critical

processi ng steps which not only makes the devices nore exp i
al so reduces theg}gi eld of the process. W VF114Y5J25 20 JA%?Z&%YZ%Q&t

PCT/ GE00103243*18™°Fi gure 2c shows the structure of a nicr o5/ EWHE ce,
or in this case a mcro-boloneter fabricated according to the invention
wherein the netallic film1l4 is provided on the under side of a bridge
structure 16. 5 Figure 3 outlines the prqgoess steps involved in fabricating
the structure of Figure 2c. The starting point of the process as shown in
Figure 3a is Higura|doy shewe dbe strucos ofed sricppbritige degifleprr2in thikicase ies onl y

shown in Figure 3 is intended to represent circuitr rovided in
the  vafer 2000 PhosEi F e SERAFRET dpatlon PG E e eni ¢
10 steps of tinetdIBE Toln QANRIPreQidRHDH SeNehdRr FRIAbT h AY¥RIze Qbrdch@eURper
surface of the wafer. This nmetal |ayer connects the circuitry 22 to the

m cro- bridge structure. This netal |ayer nay or may not be required

dependi ng - ongt he mbet of .metal |ayers. availableg,in the fabrication of
he. VDS, %! rEtaYF v 90 f rfpess S igR Oy Beblaling dbs Phufin 8
relation to Frigure 232 MR ¥@t8hg HinthéSuR PRSREs BRORRRA Bl FigaeB a8
(BPSG passivation |ayer 24 provided on a top nost surface. 20 As shown in
Fi gure 3b t hefuiiyr procaseed (MR waferd(bs dthereghond 22 s(wiath és onhnehaewclint he

BPSG passi vation | r.24 to open vias 26 t CMOS circuitry, 22, Once
the vias 26 HERIBaEY ienisndalipfh Telrespr SMOY raRiwopretde s the
achi eved by tygreds®).of 18 tiig:éxdﬁ'fplécd%cf‘igéd?ﬂ ?ﬁﬁﬁaﬁ'% %’5%19@‘39 thd'GnflfHan has
been perfornmed nmetal is deposited and patterned. Meta racks 28 are
for med i A0t hestepsaef Bife mathodheoeprisdiprenididgnaahetal layer on the upper surface
of the wafer. This metal layer connects the circuitry 22 to the micro-
bridge structure. 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) passivatioh 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 S5um 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.



Al/ 1%Si was deposited having a resistivity of 60-70nf2lsq. As shown in

Figure 3d once the netal tracks 28 have been provided a 3
passivation layer 30 is deposited on to the surface of the%@#;é\m‘%RYz?(?M

JANUARY 2004v()3/QQA3ig14838 PCT/ G B 00/ 03243 20 In the enbodi he
silicon nitride was deposited by Plasma Enhanced Chem cal @%ﬁ?g&mé

Deposition (PECVD) to a depth of 2m The skilled person wll appreciate
that should the CMOS circuitry have 5 enough netal |ayers to provide
connections to the mcro-bridge structure&dwhich is to be fabricated that

this point may _be the .start of the process. Once the passivation_ |ayer 30
has been prov%icr]'e etﬁglbsoéig PR ghoyn HEFe?Iﬁﬁ?n 32““8% Bibweaed ierhity tmégl’g%lrface
of the wafer Zhnhahbb& Cramichl Viur! BYSsitich @Pﬂgf\iﬁ)eﬁ; Qd@E&F&% QP hat can be

etched out fromunder the conpl'eted "mcro-bridge structture w thout the
required etch damaging either the structure, . the sensor material, or any

under | yi ng Cl\/(ﬁ circuitry. Conveniently, this material may be a polyi m de.
A convent i onal epﬁﬁ“@feﬁ Bésﬂ’é;?”‘yeaﬁ%"éﬂm\ﬁ thataShauld dhe ICHHEP oFieayisty BR¥R ess

to protectsit (o ki - 0r - cabl e i be
used whi ch5 rrae;q}éggéwéiil ?%E:It@ %tr%é?tﬂggﬁg Ca tn gggéﬁsp%ﬁg%%?g?%%? ir&g?in%cf?'g%m (lyght
through a defwhithgs emdble.fabricdtd tierizhidi point nesks theestarteoCoRVavCE S al
polyi mi de was used with a 20 photoresist. The sacrificial layer is spin
deposited and cured to a depth of about 3m After patterning it may be

i mportant to iERvGe HassivhAGETayRk 30! |  saclh §i@f32 he
enbodi ment descri begq}ﬁg?le tﬁll?gayi%s 30ac i%\?&fr{ﬁﬁ%@éﬁ%ﬁeﬁ%{c@% &%%%rrlél ?fé
reduction in iheprohidednenso ahe thefaceobyitht devader 200 tTHis Sd@EidiaD RYyOCESS
can be tok1 rated. 25 Once the sacrificial material 32 has been provided it

is patter @d Sfgpprises a material that can be etched out from under the completed

: micro-bridge structure without the required etch damaging either the

structure, the sensor material, or any underlying CMOS circuitry.

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. Tt 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 |



etched as shown in Figure 3f. It should be noted that the passivation

| ayer 30 is also etched in regions. of the tracks 28 all ow be
made to the_nmetal tracks 28. 30 20 JANUARY 2004 WO 01./148#&%&%@ 43
21 After tWEOYA#838ni ng and etching has been performed a sUBSHGBA3I43y
0.2m thick layer of titanium 34 (a sensing nmaterial) is sputter deposited
onto the surface of the wafer undergoing processing, as shown in Figure
3g. The netal layer is plasm etched to,provide the desired structure. At
the sane .5 time as the sensing nmaterial Is etched to provide the desired
structure theAfsendengteatieg iaal dtching g asteh rpepfdringedpisubalanalaligriT@pin
targets (OATS) to aid coarse alignnent of the subsequent |ayers. A

subst ant i al | ythigkdayeref) tH?éW%fMS(gISﬂéﬁlﬁgdnﬁ@ém@@s(f&?'@er(@}?@lﬁﬁﬁ@roﬁlto tie0"

mat eri al provigi r | enent) is_deposjt -ont ot he surface of
The L1 tant um S race bF fe SARAY hnfdcBORE brocRr0RE0RL sRPRPLH” 58T, Bncu

and et ched antheitil lagereissplastla tehaiedttBprovfdeSine ddseradestbiy@drdlSi Awthelamel N
some enbodi ments of the process a matching |ayer (not shown) is 15
deposit ed -dr HPEwWaS Hit sensing matesiadyis dechesd ey protide tbstdesingd stouctoreathie t he

f d . ing t t i £jcial | yi nid
material 1o i BEERTUR RIS MEeP i eieny Bret oA e 1 or
about 12 m nuii@Scoatkd 8ligfheMbPiheGabsediRnedsRes 20 the support el ements from

the substrate and | eaves a substantial void 38 between the titanium
sensing material 34 and the passivation layer 30. A final step of the

process is to,performa, rapid therpgal an . wWhich  lasts.fqr 30 seconds

and is perf orﬁe&ul&ﬁa%@@é{ (’iﬂén fhécq% E‘%fqreﬂpﬁkl%ﬂ Mide fﬁp&é@ﬁat@ Y4RRPTL

Figures 130 2Cmafdpth14pro9ihg e support element) is deposited onto the surface of
"% the titanium 34, as shown in Figure 3h. This oxide layer 36 is patterned

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 procéss 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



structure of the mcro-bridge device fabricated according to the process
shown in Figure 3. 30 Referring mainly to Figure 1 the m cr.gs Qi |-GE
48 is substantially 20 JANUARY 2004 WO 01/14838 FCT/ @00103@45%3&?}@
in plan. TheV94§%2#%8portion conprises a support el enent 50 WFHCTFGB00®3243
suspended above a substrate (not shown) by legs 2, 4. The legs 2, 4 are
separated fromthe support elenent 50 by slits- 52, 54 which ensure that

t he support el enent 50 has good t hernal is&l ation fromthe substrate. 5 The
structure of mcro-bridge structure in Figure 1 is somewhat sinplified

when consi der i sguaréiéngilanctTiie s@liarehfortiod codprises laNsuppdYf BlehneAfsh Wisgn2, 4
conprises a planar portion 56 in the sane plane as the support el enent 50
. but separ at ed5f fpendedyaboye x|supstraiz (64 showm) dydiegson 40 The legsadad 10
portion 56 the ' i angul ar porti 8 i tends fromthe
pl anar porti on&EG&}t&g%\éag’Sqq%%g 8\/\%‘%@ of %g_f)eélhed’ét%@ag% %@% i CW_E{ e®Ri5por t
el ement 50 is thaspensepport RS0 hpEbb@ Mt ina236d1atiSN féom 4hd Sutis@iaped to
t he support_elenent 50 by a connecting region. The angular portion is at a
di stal endXromthe connecti ng region. 15 The skilled person wl| '
appreciate th i fdc.structure of the .legs 2, 4 fabricated by the
di scl osed net ﬁi(;%é rpftl?végxl?g fogrrﬁ%qrpgl?{ﬁ&%ﬁ Sifjurg myEigyre 1 ‘érsé’nffiﬁlﬁ’éélwlﬁ%‘it i ng
a depression evkfiedonsiderinpansashidin® 6f tmeMRESRI al W D ' tgrial
‘and coating the sensing rratgeri al with a 2% gupbort natl%‘?rie;e.@%&ggﬁuﬁder

side of the sui9gRrises| & ptanar J@rtioor¥ insther samalphina asethal supporcdefbn(5Hhi s i s
forms a,  resistor having

Thoun o8 ¢ o, P, LT QB OO o e
10  portion 56 there is provided an angular portion 58 which extends from the
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 inio 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 depéndent 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



25 the substrate, up a first leg 2 of the mcro-bridge device, across the

connecting region (formng a connecting region of the resi (s]%(?g%yeua%gyﬁghhe

first leg 2 1Ot he Support el enent, meanders across the un

support el eMent 50°° across the other connecting region (for WngCRA¥ER
connecting region of the resistor) :and down the other one of the |egs 4.
30 W/ U1/ 145j 2f 20 JANUARY 2004 PCT/ GBOQO 03243 23 As can be seen in
Figures 4a and b in some enbodi nents the #kanderings of the track 60 have
maj or portions, running in directions substantiall per pendi cul ar, to one

anot her. The ré%lﬁa’érqegﬁs?“éﬁsﬁ'gé‘r%é{‘ apfd in i pripodimenys the Meagderings
SSESULS o or avi : K
TS 12 e gl e g AR, B0 Dl

60, which in this case Is out flabricate ani um
havi ng a tenpgreaperidicalieftbi eneahotbbr.r EBihes trrAtderid gsabmitire tRat3hWU Ingih gfire 4c
shows an enbodi nment of the m.cro bridge structure with 10 neanderings with

maj or porti ondhe dFfknE0 ith madmisad taincpeasaithe yiakue af the reséstancenpradderhi ng
el ectron mecr [ Fi a. t track Vin
meander i ng5 nat r%ﬁaﬁ?%ﬁ?ﬁﬁg@r@%ﬁc?sl?nfr%?artlygu?9%% (r;lﬁ'reet(gfi@(ohssp% rrécr?g erse

to one anot heffroht! Titankeh| QQihd hatedipiraiFB IHAefHEiRH: WA MERAIREPSS laPof €vent
radi ati on of a particular polarisation passing .through the m cro-bridge.

The skilled p#-82%/HK-11 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

whi ch are useip@rd 20T skoWe dd CerdibsdifreRt | §08hS T MG RidgbN Rultubhurk QA Of
the SiQ2 (lt he support material) from which the support
10 - meanderings with major portions running in substantially only one

direction.

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 waveléngth 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 SiQ,. In this case
the 5i0, is made to be roughly 1pm thick.
30



25 elenent is fabricated is nmade to be equivalent to one quarter of the

wavel ength of the incident radiation of the wavel ength of i LN
the Si Q2. TQ,F %ﬁy(%qed person will appreciate that the vvav_eléeungg\m%ﬁh?yoa
radi ati on wi'T? fferent in free space and within the Si CT/B0OPI2E3 case

the SSIQ2 is made to be roughly Imthick. 30 WD 01/14838 20 JANUARY 2004
PCT/.(B00/ 03243 24 In use, an array of devices as shown in the Figures is
provided and arranged to have radiation $fci dent upon them The support
element 50 is tuned to absorb radiation in the wavel ength range 8m 144m
(but may al t elmatstyelny abrayt aheltvices odshehowaviel engtFighrands tprexifedr and

experiences a 5 tergod(zngj&ure change, when such radiatjion is incident. This
tenperature cHAARE R rafdanon yegant yypen tagns t dhe sugportidemest k069 t o

change in a ki@we 3 S é?llm% C e used by the
circuitry to whi ch@ﬁgﬁrp?ﬁl%@fggﬁﬁg%@ieej 0 cégéutg'grpﬁﬂg g#r%urﬁ‘?yof
radiation of slkernwdvelyebgtttingf td PHRrewhvalBRithWRSnl NGELATOEe %R?@rbiEH@esSh'pport

el ement 50.. 10 Thus, the support elenent 50 1s arranged to ac oth as a
physi cal sdppdemPesHyra£hanea sy suctoradiatpat isomcidins. niBris- temmgetugevi ce

has in it ' t | t.material d a sensi
macer i al 34) - SRPER uSl HS e B el RosTURREE B Sachi L fe HacBpBr e,
radi ation adsdriwmomanaer kadlitksichngLbE Ehptakire TAR Bellsed bt RO M Hpat

the support elenment 50 is nechanically supported above the substrate but
their design dRsthich dhgfiraek eviis chenagitd 1e odlgulase the andwat ofwadidteomef nass

gr e?rgﬁt -sutz)gt " 3he WRRTed}th ATihRGhs MG LaTRgLALY Gport the. %%pgg)rttqumselr{?g?)rt
10 Thus, the support element 50 is arranged to act both as a physical support

and as an absorber of radiation. The micro-bridge device has in its

simplest form 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 Ieg 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 radiétion hits the meiallic
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



Radi ati on of the wavel ength of interest incident upon the mcro-bridge

enters the bridge structure. Eventually this radiation hit I
film14 form nﬂg{ﬂthe track 60 which reflects the radiation %@Qﬁ{@ﬁﬁﬂ{ﬂ@g

top surfaceW&U{IAB8ni cro-bridge. The pattern of the meanderi PQI/GBaOE326D 25
I's provided to ensure that radiation of all polarisations should be
reflected and therefore absorbed, thereby increasing radiation absorption.
If the neandering ran substantlally in gsly a single direction it is
possible that a higher proportion of ation being polarised in the

speci fic ori emkal bas-dir@yiopassps b6 Cﬁéﬂﬁ\cd e bkt oTandiathRithancad fkher
pol ari sations (although 30 a large proportion may still be reflected).
Havi ng neandefhriegghithe #ck. 20 JANUARY 2004 WO 01/ 14838 PCT/ GB0O/ 03243 25
than one-direction helps to reduce the amount of radiation that can pass
t hrough the track. Because the SiQ2 is 114 of the wavel ength of the

radi ation of BataIs@Sthet$i®, B /At HRPheakn PRt b ttf‘ewé&la{lbﬁfeft hﬁexteep igar face
to the netallic filmdown to the |ower surface and then back to the top

surface is51/ wotaagpliesgpath lemgibrizomr the tatpesturfm;elwethenmetzﬂhcdnhm dosouts in a
region of the surfa en urlng at a h| ee of |on of the
radi ati on of g‘?‘% E@Sﬁ % Hcgi)r'r% té‘ﬁb lsrB Pgeésrrﬁlec) ‘F 0gBr may
be provi ded O‘Thé‘retf% Sd«!sfcr%%ﬁve %tetrﬁﬁ'em:é: Bg% qgg z%g?cm oF #ne o Qﬁlrfa&e
surface to free space I.e. Q square. person wi I'l “appreci ate
t hat when a wawrfrnmtthatpashfgia Heg:weenf tabsormibnue tfe dadfacionn@frafiest i ve

I ndex a degree of 15 reflection will occur. The matching | ayer helps to

m ni mi se thi s°°§%#1 ection and further increase the .amount of radiation
that is afgporbed by the mcro-bridge. It is |rrportant to ensure that the

anount. of radiation
In'some embodiments a matching layer may be 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—bﬁdge. 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 skiiled person will appreciate that although this application largely
discusses absorption of radiation having a wavelength of 8um-14pum the
technology described may have wider applications. Detecting wavelengths
of 8um-14pm may be especially advantageous because if 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



that is absorbed is maxi m sed to ensure that the tenperature change
experienced by the support elenent 50 is as | arge as possi . e
skilled person will appreciate that although this applicat?%ﬁJﬁ§&8¥§$2004
di scusses aB$HHf#8dn of radiati on having a wavel ength of 8m BdGBNERI3243

t echnol ogy descri bed may have wi der applications. Detecting wavel engths = of
8m 14m may be especi al | y advant ageous because it coincides with an 25

at nospheri c absorpti on wi ndow wherein thegg is little absorption by the

at nosphere. The skilled person will furth appreciate that there is a
further absor pwawotlengthedi quebeen 3m Sum whi ch may al so be used. Further,
it will 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 20 JANUARY 2004
WD 01/ 14838 26 PCT/ GBOQ 03243 Wavel engths in question. 20 JANUARY 2004 27
CLAIMS 1. A boloneter conprising a mcro-bridge structure having a
substrate above which there is provided a support elenent and on the
underside of the 5 support elenent there is provided a resistive sensing
material arranged to change resistance in response to incident radiation,
the sensing material being supported above the substrate by the support

el enent but connected at connecting regions to tracks on the substrate,

t he support elenent conprising substantially a single |layer of materi al
characterised in that the 10 support material is arranged to absorb

i hcident radiation. 2. A boloneter according claim1l wherein the thickness
of the support



elenment is tailored to be substantially 1/ X of the incident radiation
within the material of the support elenent. 15 3. A bolo i to
any one of the preceding clains wherein the support ele ng% g@??é@@gd
fromSi 2. 4. A boloneter according to any one of the precedlng cl ai nms
wherein 20 leg portions are provided to suspend the support el enent above
the substrate and in which the sensing material is provided on the
underside of the leg portions. 5. A bolgmeter according to any one of the
preceding clains wherein 25 the sensing material is provided as at | east
one track having a neanderi ng structu(ﬂdX@WSA bol onet er according to claim
5 wherein the neandering structure has portions in transverse directions.
30 12-10-2001 0 JANUARY 2004 008 12-10.200 G30008243 28 7. A bol oneter

according to dl.ai m& vaeheten cbh@risﬁﬁ@%‘&ﬁf&@-b@idg@%ttf&ﬂ%e 1&ven S Wsianhea!l | Y
per pendi cul ar to one another. : bol onet er "according to any preceding

cl ai m wherein aézorvrawdm:fnglert ag/prow@ecba svppiet clemean auﬂpnaruhasmdsmdeaoétlm t he
support el enent a. bol onet er |nclud|n

i cro-bri dge S%‘prlr&ed?@e%%&t?r%1%1?5%‘(%‘153 ?Fg\lﬁt’ﬁ’@ $REINg BRéeTdl: ari’@‘géd to

providing a sahhid Geakial®d €hiRkp &Tkeatosklﬂélé&ﬁ F:R94 80N, tQ&%Sl e b
patteraV\A se et chi ng t he SaCI’IfICI at nmateri al C. pI’OVI Ing a S|St|Ve

sensi ng mat er |b@lng)$um>osmdfzdwee tleg sdpstofte bhehe support element but connected at
connecting regions to tracks on the substrate, the support element
comprising substantially a single layer of material characterised in that the

10  support material is arranged to absorb incident radiation.

2. A bolometer according claim 1 wherein the thickness of the support
element is tailored to be substantially %A of the incident radiation wifhin
the material of the support element.

15
3. A bolometer‘ according to any one of the preceding claims wherein

the support element is fabricated from SiO,.

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

the leg portions.

5. A bolometer according to any one of the preceding claims wherein
25  the sensing material is provided as at least one track having a meandering

structure.

6. A bolometer according to claim 5 wherein the meandering structure
has portions in transverse directions.
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sacrificial material so that it contacts tracks on the substrate; 15 d.
Pprovidinga—support—ateri-al—on-a surface region of the sen§d N4 mqr%o%h
"and e. renoving the sacrificral material. Feaving S‘U’pgm‘f'“ erl-a v Wt
121802681 st i ve sensing material an its |ower surface’ $uBdt&hi208i4 92/0 ohbes
standi ng above the substrate, such that the support material is C?
‘arranged to absaqrb incident radiation. 10. A nmethod according to claim9 in
which the sacrificial material .is PolyiMde. 25 11. A method according to
claim9 or 10 wherein the nmethod conprises applying the support materi al
such that it has a thickness -of abort 4k where ? is the wavel ength of the
incident radiation of interest wthim@8he support material. 30 12. A -
net hod according to any one of clains 9 to 11 which conprises AVENDED SHEET
20 JANUARY 2004 009 12.10.200 GB0003243 29 to providing the sensing
mat erial such.thak bome@@ruccmm £ imhPwheginathe SRASeEdCaiRRYBRI Sat i on
cannot pass therethrou 13. A rret hod according to any one of clains 9 to
12 wherein t A& 548 ‘é%‘\‘@-\gl’ri&rl?ﬁﬁ‘ti@f‘qaélto 0333’1%‘?119% ded as at |east One meandering
.track. 14. A nethod according to claim13 in which the at |east one track
i's provided such that it has |engths running in directions transverse.to
one anot Rer & 15 Ahﬂqmtﬁmwlmnfm daio whereinas meat@fing 14 wher ei n
an encapsul e structure. 16. A
p 9 oh S RbfRthd hut ke 41fe é:%@ﬁee'?ééﬁ&g |

met hod accor | c alm nprising ft ncapsul at ed

9. A method of fabricating a bolometer including a micro-bridge
strueture onto & substrate kaving the steps of:
10 4. providing a sacrificial material on & surface regmn of the
. substrate; ' . T
b. patternwise etching the sacrificial material; |
¢. providing a resistive sensing material on a surface region of the
sacrificial materisl so that it contacts tracks on the svbstrate; .
15 d. providing a support material on a surface region of the sensing
' material; and
e. removing the sacrificial material leaving support material, with
the resistive sensing material on its léwer surface, substantally
free standing above the substrate, such that the support material is
20 - arranged to absorb incident radiation.

_ 10. A method according to claim 9 ln which the sacnﬁmal jmaterial jy
polyxmlde ' o

23 11. A method according to claim 9 or 10 wherein the method comprises

epplylng the support material such that it has a thickness -of about KA

where A is the wavelength of the incident radistion of inferest within the
‘support material.

30 12. A method sccording to any one of claims 9 to 11 which comprises
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15 package with a gas having a |ow thermal -conductivity, or evacuating the

package, —20—++~——A—transducer incorporati ng a hol oneter acc (ng RR?%OQIne
of—-a-—1 —L&“S;L-I&;#z‘tmsduwna@eomfng 10 CEal i ?ﬂere 'j

tea0apacer.

10

15

20

is an IR transducer and/or emtter ANIEIN@EQZSh‘lEE'EOGgooosza,g

| 29
providing the sensing material such that incident radistion having a
specific polarisation cannot pass therethrough.

13. A method according fo any one of claims 9 to 12 wherein the
sensing material is provided as at least one meandering track.

14. A method according to claim 13 ih which tha ar least one track is

provided such that it has lengths running in directions transversa to one
another. '

15.. A method according t6 any one of claims 9.to 14 wherein a5
encapsulated package is provided for the micro-bridge structure.

16. A method according to claim 15 comprising filling the encapsulated

package with 2 gas having a low thermal -conductivity, or evacuating the
package. -

17. A transducer incorporating a holometer aceording to any one of
claims 1 to 8.

- 18. A transducer according to claim 17 wherein the transducer is an IR
transducer and!nr emltter
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