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WD 2004/ 038854 PCT/ EP2003/ 013342 1 SUB-M LLI METRE
WAVELENGTH CAMERA The present invention relates to a

W@ iw4/088854 net re wavel ength i magi ng devi ce andPCT/EP2003/013342
particularly but not exclusively to an anbi ent
tenperature canera using either single or multiple
het erodyne detectors. 5 The 1[ erahertz el ectronagnetic
spectrum e d ViRA f wher e
radi o Waveic,(égg i O'l’I ﬁga%gg%ﬁﬁgqgﬁgﬁﬁﬁgéquent 'y

t he Tied egts@nt lnoénﬁ@ﬁ ablatdszto adsus-rilliimettid waeelemgth imaging
ture of optical and radi o wave technol o

. As
d%@% |aﬂddffar‘flﬁ@adv e h 105 pxclypivelyeto; aryarmkigal fg%%%@ﬁagt@mera
uélﬁa%'lthsﬁs.hglé &w@g;t}@é Q%‘r;e{rgtlﬁ}g{%& eibbfpyenci es, the cost

as generally 10 been
The Q@nabettz@ectmmag petic specthentextémdxjoeaca eranga\cff frezpugencies

WREE AR EleRcind ag R in S skaS AbnEealRDY e etctor
@ﬁé&%r&r l%d@é%ﬁ)%ulﬁllisﬁstahr%)&u@ & Hticsth réﬁlowbﬁ/esﬂ@eﬁhélegy

econme transparent to terahertz waves. parti cul ar
Ab reargsiug ththeeilmsto;nsfmfdhaendﬂv@slall%mp@neutst egsjuiretide image

oL [0 B EROLE, Pt Rt DSFisfAL ok ey
baéﬁsgrdmﬂﬁﬁ@ea terahertz inmager a potentially useful

i magi ng device when flying a plane or driving a | and
vehi dpwevar, bderahsstzh drequesiciasx didice . lomge haesnsiggpanispd as

o, R4 b8, AETIRILE, o SHELEL P 8307 30 many
mtEims eghichbaie bphabe Vincthet Vicibie begionest thiarspeatrant batome

these frequencies enabling hidden weapons rn under
trangRaAHehbia israkerdz vmves e dp IRAriGYIRT lmagegﬁatﬂerﬁgﬂeﬁféd‘fﬁ%lenmes

@urlﬁﬁébrlé %'Cm%@ﬁg thg%lif{éj%hﬁ‘?@é‘%s rﬂbéf ather conditions such

nor e VI ew 0 act t uman bodi es
as folj atectransparenttd teeapmtwiveses.t Ehiatedsd makesd mrabart:h asager
al so

d ntified tiall
agpSIeRbaR UsER] 'mﬁn@ﬁ%ﬁ&%@” itnatal0BRe 4 a@tdéwmgoﬁ land

vahicRKhh &P Nekifer ‘Pérsé‘xalﬁBI@ "Fﬁ'é hRRspaferics! Gpahy materials to
imaging 1 n the chemcal and food industries have been

tardeenti fiiegtienties baagis@ been idestitked ast aouseftil el for security
di £ ferent

pg?péﬁggnpg to§t gafq%é('c?qctegga‘p {,ngﬁ é@n&pa[er‘gsaét these frequencies
chalifiee RtdcR$: wEPoBEEwB unduedlidtAivgt Retrf eeenselekfly tand for

provide an imagi ng device

spotting people hidden in canvas sided trucks and lorries. Furthermore, In
view of the fact that human bodies radiate at these frequencies, terahertz
radiation has also been identified as a potentially powerful diagnostic tool for
example in the early detection of skin cancers. Also, applications of terahertz
imaging in the chemical and food industries have been identified, for example
in the detection of one or more constituents each having different
transmissive/reflective properties at these frequencies.

The present invention therefore seeks to provide an imaging device
capable of detecting low power passive teraheriz radiation and of operating at

ambient temperatures, in sub-milimeter (i.e. terahertz) and/or millimetre
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30 capabl e of detecting | ow power passive terahertz
radi ati on and of operating at anbient tenperatures,

WO poogiasss | | i meter (i.e. terahertz) and/ or m | PCTEP20683/013342
WD 2004/ 038854 PCT/ EP2003/ 013342 2 wavel ength range.
Accordingly the present invepntion provides a imaging
device to be used with mllineter and/or

' 'eﬁpgteer radi ati on conprising at least a pair
w%?@lgﬁggﬂat es, at least one of which is patterned on
at | east onaAcesudingtette prederd ipedntemnproyidks animagirg device

Lo SR S PO i oot

paRHf YubStBtesMak IddRidHe 6f FhldORBINEHEd 'RHLRIHRP one Surface
m xer channel cou&l e%vto sald antenna and in 10
Ja

wib raupatdeingn deifin i leasik ooediradjation gegeiver,sebsh rradéation

r.connection to a signal output, a mxer conprising
d%%c{o&rcg) i'%'bg hounted in the m xer channel for

extracting an hnt ghteRehah@apteddtsnereive IMdlimefre and/or sub-
dependence upon said radiation received by the

milineterelectrgmagietifuiagéation: uct ure coupl ed to said ni xer
and having a 5 L.ocal [ 4 i gpal_np for :
connection to é Inlélgéﬁa %s%ﬂ%lat%égbleﬁnqg ﬁe’raé(?e?btee@%a and in

cembadiicatiun Witk aiar extendingsthraugls shevisstrtetfer oRgection to a
defjni n%\t’i n conbi nati.on a,PI urality of antennae with
S'HB@'O@H'%H 63 MXEHEORRERIG Hlterg Reing aguriediin the dpixer channel

fopEMROAHL L %h;@}‘f/é &ﬁate&%ﬂggﬂ%ﬁ sg%nélhiﬁ Béhérf\&’énce Upon said

substrat é&s e patter posed s aces

ratchiatio meagien@ddeytheeantagnd.ur t her 20 conprise a third
substrate patterned on, one of its surfaces, such that .
the three substVaKeglits S BuapmPouRled A easy e Rcbhaving a

locBRbscilkRbE SiGRRNEPLYSr CBNReion /N4 RIBRAEs@IMstof.espect i ve
m xi ng channels and | ocal oscillator wavegul de

st r ubit @& eseferieda emhodireenpribe epaie dofe sbbstrateat have patterning
B ELTSBRp bl LTRSS Sl AT Bl ey annets
and ol Wseillatoramarydice affitRired.n Medrfecof 8 papofisi®Birates
mta?/ebela %%%tleprgeddgxlocp%oggg sau elcuersaallrlldt hca? fimaging device may further
comprise a third substrate patterned on one of its surfaces such that the three
substrates co-operably define by means of their patterning two rows of
antennae and respective mixing channels and local oscillator waveguide
structures.

In a further preferred embodiment the patterning of the substrates
describe the mixing channel intersecting the local oscillator waveguide
structure at an acute angle.

In a preferred embodiment the imaging device has a plurality of
imaging pixels for increased imaging resolution and is capable of generating
multiple colour images.

The present invention also provides a method of fabricating a

three dimensional structure in a substrate comprising applying to a surface of
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I magi ng pi xels for increased i maging resolution and is

capabl e of generating nultiple colour inmages. 30 The
WEe@sesHss4 nvent i on al so provides a nethod of PCT/EP2003/013342

fabricating a three dinmensional structure in a

substrate conprising applying to a surface of WO

2004/ 038854 PCT/ EP2003/ 013342 3 the substrate a

thidd éblé’étfété leﬁéﬁtgﬁf%ﬁﬁférlénﬂ?ﬁcfagﬂéﬁ% RSE &ﬂécﬁl?téry téP! of one

top of one another and the fter etching thfough a
ametbier and theeeaftesradoting thresigies kna@efaodetheeprea"tqurgg thee mask
1.ngocess f.or gach of tEOe rerm g _masks

7 EePeatioe T afos b Ay Gk ey el Doebas ke T gt fffect

the fFHR$tibAt RIARE BNal pREEBS foP rﬁQP(hgea Wa*té'fﬁg drh@naging
follow ng steps: - providing on a surface of

d%\ug@,wcam@n%mg|th%followmge%t@ﬁa and a third patter ned

masks, said fi t

corr espondi ng FPOtV Jmﬁ ?xlﬁ'@gﬁ’%ﬁf éfSﬁDggﬁ{ Psé[t A ggoond and
adeitd phtterngd iatke daidfies MMMﬂwhﬁlrsBm@rnwmondmg to

mask havi ng a second pattern correS{)ondl ng to sai
afﬁ"ﬁ%t"eg'@{?l 8?1 e3Rh r@@'ai'@nadgt@@tﬁfdwﬂbg hen highesh &tch depth said

sé&%i A gR h%ﬂn?‘% ek %&ag?ﬁégna@ﬁsﬁﬂgg{gﬁgrs%ﬁ&ﬂrﬁ?% iBn and to

a sercoad pegibmof EGC|$ aadiation sdetectdr vathc andnteegiedrate satch tdepth,
o o Toa0 TRuFED 6B At eSh bt an
séﬁlwg%glbﬁg ad 38 P#itLT8gih bh%aﬁhrﬁatdlatfb'ﬁ HE%&’(&% ®ith the

first depth that is subst antl al l'y equal
shrlfoveass eteh deptieen t he hi ghest etch depth and t he

internedi ate etch depth, .- .r in d. fi,rst, nas

performng a s@%&?}r&mg flﬁpi%ﬁ‘ﬁpﬂgﬁ?@%éiﬁ%} Qﬁi e(rgroﬁ tB‘F first
mialR e AR JEpwk tidt i8 stBsntafieryal ftrthd Gifference between the

substantially equal to the difference 20 between the

highest atehidenth ane thelbyemmediate efsh slepth.onest et ch dept h.
- renoving sai Ple ggam Rﬁ?i(orm ng a third etch
pa

t hrough the thit terno e third massk with an

et ch dept h 1 hapeifsrnsingsd astoneglefcre tiwalughahthsecond pattern of
shal | owest etch odi nent

thersrandanask ef aﬁ@ﬁ%@@é@b&%@@t&ﬁ%ﬁﬂytﬁf@f fr%%'ff@rence
b%ﬁﬂh@hn{e‘?ﬁ%ﬂ%‘ﬂé BtdrPdd iR ACRERFRYbREsCERRIdPEn. | N
- removing said second mask

performing a third etch through the third pattern of the third mask with
an etch depth that is substantively equal to the shallowest etch depth.

An embodiment of the present invention will now be described by way
of example only with reference to the accompanying drawings, in which:

Figure 1 is a schematic diagram of a two-colour terahertz camera in
accordance with the present invention;

Figure 2 is an enlarged view of the detector of the terahertz camera of
Figure 1;

Figure 3 is a photographic plan view of the waveguide structure

employed in the terahertz camera of Figure 1;
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Figure 1 is a schematic di agram of a two-col our
terahertz canera in accordance with the present

WO pooesasen; Figure 2 is an enl arged view of thBCT/EP2003/013342
detector of the terahertz canmera of Figure 1; 30
Figure 3 is a photographic p an view of the wavegui de
structure enployed in the terahertz canmera of Figure

1, WOIRee4 R3B §ﬁéto@€§’¢iﬁ€%@9é’dé&1l3§4ﬁew %f khd Wa%eéuid% Structure

hot ogr aphi ¢ perspective view of the waveguid
OEF@H& gl Sttﬁtmg.tbard@uizlei sided etching gf theewausagwlde§tr@ewre

i o Sagie S B EE B MBI Go siBlthe or pilul 2 and
and Figuges eSa666b 6lsc GmdarBd GHudttatest tas eRibkibation steps for

fabrication steps for 5 manufacture of the wavegui de
W“iﬁﬁtlﬂﬁeeog(}h g‘tﬂgéadezst&#aur@ offfigutas 4R8AtEZ canera 1

O Ty iEchefORIMaE BFKuN 1 AR g

mount ed the scanning o R 2 ertte}&!§On which

a[@tnemmmﬁlmwcscannmgoopm@ andTlttee aeraivgtneletectér theind a
[ [ [ ntional, and  copprises a

oRRREMTS, S bbby Y 5L BRI el e

cOMpRESD Elurém%%fquﬂlrmré 5017, eé 7 yblénQPB?? aE@k‘:n&eHyﬁ’éPbohc

respective orthogonal tracks and rranged t
Each eytror Ac v demovaddy awousted oo meaognwemrmvgmahtr{ackeea 9 and
to the ter

| 1 t t ed
2HETRTE GRRIRGbeOE Mrviark Hordre" hebfaa O f15R gpeomen
s@ibdrh@idt iluardtsd) folheeBriHeps ddiecRPeCi RBAt/E Révement of the
scanned in_ orthogonal directions. The scanning may be

twa migeedSot Hat Hhieie fraeky thusyenallas the spetimen 4o i Qaﬂned in

oSO OIBLHAAE g deobly Bl LA e MyPLLL ' B means
off retdtinct onvlipyingamirfees.par t i cul ar radiation in order to

m nim se | psses especially where passive radiation of
a sp@]d’\”ﬁfeﬂfopgur@@r % ARpEgeiatess thal dhe dsiors ©, gughould exhibit a

higﬁ%ﬁéét %lcfé‘?hé’ﬁaﬁfcu[] §adiaH6h iPbrddtd i gﬁ%g%%&ﬁfé&fpﬁglaﬂy

di nmen terahertz canera 11l ustr
where pmvmmadleﬂom lod at specihen ds bethg imaged astthelpogdriof such

t 11, which may be stepper
r Tl ara e Eﬂ?ee E{Egg’?gé%p\éélti oni Ing of %/he mrrors
in t\V\ﬁi‘thxth\é @n%tﬁjlm%ﬂt:rbfoé tehhiB! Bametd illddrdt8s! HAERURe 1,

data port 12 t
movement of the two m|rrors 6, 7 is controlled by separate linear motors 10,

11, which may be stepper motors to ensure precise positioning of the mirrors
in the X-Y plane. Each of the motors 10, 11 includes a data port 12 that is
connected to the processor 5 and feeds data on the instantaneous positions of
the mirrors, and also receives control signals from the computer. As previously
stated, flipping mirrors or else may be use for scanning.

The terahertz detector 4 is coupled to an intermediate frequency IF
electronic circuit 28 and to a baseband electronic circuit 29 which has an
output data port 13 in communication with the controller 5. The controller 5,
which is preferably a conventional desktop or portable computer, receives and

synchronises the image data from the detector 4 and the positional data from
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connected to the processor 5 and feeds data on the
i nst ant aneous positions of 25 the mrrors, and al so
WO eweiossss4 control signals fromthe conputer. ABCT/EP2003/013342
previously stated, flipping mrrors or else may be
use for scanning. The terahgrtz detector 4 is coupled
to an internediate frequency IF electronic circuit 28

th%”?r&é?sgofbm%ew& ek §C 4 UHL bRiIdS Fom 2fe ‘Mkitﬁharh%a@é‘ of the

put ort I'n communication wt
sc:amiedod;pe'ﬂlmén T(Denvmﬁtaml Heta &cqusitinhisditwage pnay éa!eamgd for

o SERLSE P SEECHER AR BB, BTG o s
pARer BESudlosd bef g%toﬁgﬁ 8s B%m%&%%@&ﬁ&ﬁgure 2, the terahertz
PCT/ EP2003/ 0133 t he drivers of ors 10,

detedtayud | idsillasivatethin d@teal dts icoagponents lase f@b&ﬂﬁ’@d In or are

speci Conventi,on dat a.ac
rRBRElEN  emimebBRR. 68 S1REE Il ah bl BhE Fnieh s
illQ8tréte8Gh F8GuRRAS @hdodt AkErbvely, #ethic StruclEld mag be used.
being stored as a conventional file. In Figure 2, the

The cahwanents abthe: detecton 4 cpmpliserait aptannage@mprised p§a hom
ﬁt%ﬂﬂS”l% d ?Wa\feg%rdec 75 eé’ rﬂ&lero{a Bh&a IHBé'FHs%ﬂla‘Pé‘r Bed 17. The

em -conduc Icon s re an exa

amennh $§ecti\)dlyu$éd3@t/@€l d Ipré?ieﬂememaﬂ faaguehcy of electromagnetlc
Alternatively, a metallic struct u;)e, maﬁhbe used. . The
%a%héﬁwabfm@we) dBe evavrauide dihPEEW Kh CRRIBHRAEation With a

nﬁ)@Fp'iGS\gﬂlcﬂf i o '? oscﬂﬂlﬁﬂzaﬁén \W/ﬁg ?Qﬁ)ﬁ%ﬁlﬂs%glaﬂoﬁ fédd 17

m xer and ator fee
campeased of @l wat/egwbly stectireendhaviedet sigmahéput rferaemugction

tq?édé'@%f%f@?@gbefhﬁg kS stk 1he siahd hpls ahd e Tocal
egBr irfoud stPak o BicCah iR eliate fleRe@hcPSaFt) 8d@ut. In

conpri sed of a wavegui de structure and haV| ng
o’dnesuvgards innfiie emhochmnéof aonlF swnal isogeneratas in éhaadetector

rof S el usgte HRHBRONE 1o, Myt ote B Bes i a igeSii frs

phseaaed el 18 Ronisoatingthe lotal 6§dIRItoMPpHUS frotrﬂtH-&WSvegwde 15
enbodi nent of an | E si gnal IS generat ed in

agéeeeeeand passhband fitter 9rwihig agds pa a-bgdl étqp torﬁléow through
omlxtﬁéf’}%§b %ltéde#Sngtbuzfl mcrostrip a first pass band
|

I SO ng the local oscillator input
f r onAt hearvbe egpgndie file Fiyocesy theanixer pldsis baadgdd Isbeas to be

sUbEpI aacas! FeTgorptRg g Toa HBkewte e fitermgoton f the
akis98f e rhib@r Me&8kith GnbSaBs ' ERY 16128sdifatBE feed 17 is not
orthogonal and instead describes an acute angle. This arrangement of the
local oscillator feed 17 at an acute angle to the mixer 16 reduces the back
short length over a wider band width and so improves the bandwidth of the
mixer transition in comparison to the more conventional 90° arrangement.
Moreover, this arrangement of the local oscillator input 17 and the mixer 16
provides an added benefit particular to imaging systems at these frequencies.
It reduces the space occupied by each detector, thereby allowing them to be

placed closer and a larger number of them, improving the resolution of the
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substantially orthogonal to the wavegui de 15. However,

the intersection of the axis of the mxer 16 with the
W@3x008/084854 he | ocal oscillator feed 17 is not PCT/EP2003/013342

ort hogonal and instead describes an acute angle. This

arrangenent of the 25 | ocal @scillator feed 17 at an

acute angle to the m xer 16 reduces the back short
cheres h over a wider band width and so i nproves the

bandwi dth of the mxer transition in conparison to

t he rtbedllusiiaiesdeterier 40s apmphigeddon examplecof sixteerhseparate

t. of. e | I illator. ipput. 17 .and t.he
o PRSP iFL  hopLBb Y A02 of e
ap&HgiIeN Ofs isé edetettort esequireguencheferad® Irhag§@slusesteraheriz

t he space occupied by each detector, thereby allow ng _
frepeangies esueh dhatdhel spasing hetweanathgeindivigistirhasn ariemqae is

iRt SRR efalee 2 A T Ble I0GrAC KGRI, Tispadog s no
sdfficient eorpnabledthtanoax aoplentidhab bwbﬁﬁ?mgﬁpéf e mik&t & 90° to

antenna providing a two-colour, eig i xel array. The
thg keabpseiliator fped andeserthe Histeioe eberture peeganted ligit to the
nBEEY Rt SRR ADWBTEE B pfranglioliE RISt e J0El apgitator

inpsit fdeefdieﬁo ttoataih o exibstardially aug??mnmm tHee aixld Uf)ltheataﬁﬂanna
- exa e. This s ing,is not icient to enable the
hRRF 4% GBI BrenaRG ihar iergeatioi: ot wes e rares@ndcthe Tocal
o5 BRatbP§&kd AFCht 43k %?fﬁlﬁﬂbépgf sd%t%c!igrsdﬁ{a&cbg mel%%rs{ewiﬁ the
presents a limt to the 'nunber of antenna. Wever,
séyeareartigeredy timereving thed rddotutiopasflthegletddtat. or 10 i nput

feed 17 so. that |é is substantially aligned with the
axi sltovilly HeCoAHBRNRS anREeTates thal witlshifg ysiraied arangement
. g ¢ . heo fi
o P o1 Pad Jord oMot od 7 & BREp RS dbBsidf Mpere the
déteciarqrossisdsl of mnt aray sdmptenTee inhendebyo iimgreasé mgsolhton,. the
olution of urse, be

[ o ltowill,, of
e imddnd B ERAER RS harai (S bleridedkiom s phRRRass more.
cdiivedttiohBRarmeSmaRtsaTinixeF ahd Rscdl bs&liQork&ss 17 is

preferred especially where the detector consists of
an afsapestionaderadieri iher defeciar idnds efatwicated from a semi

i_on, .t hertz . [ system describ i
cAEAERY B eSO ERE oS BB A E A apers:
topolayenBoaaidile aganENRdoA IdWeelhayana4!l Werh are illustrated in

oscillator feed. As nentioned earlier, the detector 4
Figgire dprkigdrasys anghet sheunthe middle layer 20 which is etched on both
its upper surface 21 and its lower surface 22. The upper layer 23 and the
lower layer 24 are each etched on only one side and the pattern of the etch in
each case is a mirror image of the etch pattern of the respective upper surface
21 and lower surface 22 of the middle layer 20. Thus, whilst for each
individual layer of silicon the etch pattern is open, when the three layers are
brought together, the etch patterns of their surfaces match to define
waveguide structures extending along the interface of the surfaces. Co-
operating location holes and pins 25 are also provided in the surfaces of each

of the layers to ensure accurate positioning of the layers with respect to one
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three separate etched |layers: a top |layer 23, a
wore@diossssayer 20 and a | ower |ayer 24 which arBCT/EP2003/013342

illustrated in Figure 1. Figures 3 and 4 show the

m ddl e | ayer 20 which is etched on both its upper

surface 21 and its | ower surface 22. The upper | ayer
addthend the |ower |ayer 24 are each etched on only one

side and the pattern of the etch in 25 each case is a

mi r r B¥ithy refgeense flohﬁ‘eeﬂdﬁdlﬁa'@?/@rr ROofllustiatacedp&iguree 3 and 4,

<SR 2hte BEURIE! B1%0R el EabELT of v
rmddleclayerc 126. etinhFigaté ef rthé soutfies, ofwh eseddnel Pdiwe@f elght horn

ayers ar br ou t oget her, the et ch patterns
fﬁ)éf’?esﬂm QBPH%?CUPW I geracR 22ypf Bgumiddlslayer aﬂe@an also

b&f 8BEhNERIPRG Qﬁtﬁznﬂtae’fzf %Cﬁldﬂﬁddeglg SR &fto IR gp%ctlve

operating |ocation es and pins are a
wharegtide siér aad asixef 18adhdivitual IIm:aIl ageitlator deeds d r76connect with

accu ate . 03| oni ng of, t he with re t to one
BB, FoRean 16 bkl B dbarGehas sinterComeatag Wity e Another
upstfedrt Mefn tiee h’ﬂ)‘@er@tédé §mlg?ey86m%€bn !o'cbuééém’ét%ii ilgut 26. Thus,
Figures 3 and 4, i ght Separate horn antennae ‘are

there ane é\NOtswa[@igdpcaluwaldﬁorz npoits 26eoneifddieachauefaceof the

tl d f
midyc 8iread (icedi shh S o fteBhter, a0 SrefardBl, hefe two
omtpdw 26 keayye 20 tieaedgb T thdesiddraajer 20.¢l diffsrBnedcalivids for
14 is indiyvidually connected to its respective

egRs egrnection i theniogal ogdllatprapwra (aet illesteatedsci | | at or
feed?h%?ﬂlﬁl@ﬁé‘l%ﬁg ch‘tth% S%&l{f%r’n"&eﬁﬂﬁ tﬁ%]v@a@e;(il{@é structure

ves 1 ReF conhect one a
arferionpartaat to ﬂ@rfsmt:tnomngloﬁghedemmm bod dheszsdinhdridions can be

BBt gr TS 4R el Bahpeso; "1 detecor
ilatesteq ihaMe rigtted fs% %BoI%EF d%Eec%rngh %Heeefi‘@é esgggf eight

preferably, these out put s energe at
alﬁﬁnnad%@mgealfay’eterabeaz ftbq‘lfeelcyerand treapaoaikel fsecond set of

f co tlontotel IIaor sourc
ifR7 Sn@hod HEHHAH ol aer S, ftehers ¥uehers THiE' M tr
reg@freithg dﬁrh@n%ﬁ@gﬂltﬁé e%lﬁ L;b“a'ttéfr?forléaé‘f Bf tHB Qb ks bf eight
t he functi oni n%wdjt e detector 4 and these di nensions

ar&aﬁn@éo diféeres! enfiding @@nodhe.fmwenmof they input signal
[ to | us e figures
Nl Doplfer o B, obarpoigfold el bty ALiGinam,
can be seen in Figure 4 that each row of horn antennae are offset from one
another. The following measurements in relation to Figure 5 are therefore

provided solely to illustrate typical dimensions.
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antenna detecting a first terahertz frequency and the
paral l el second set of eight antenna detecting a

waewaensBssdi fferent, terahertz frequency. This PCI/EP2003/013342
20 requires the dinensions of the etch pattern for

each of the two sets of ei

ght antenna t

odiffer

slightly dependi ng upon the 8frequenm es of the input

signal and the | ocal osci

Il ator signal.

Mor eover, to

maxi m se structural strength, it can be seen in

E 'n%{t%t‘bcftﬁ}%[ each row of

romone another. The fo
relation to Figure 5 are

i illa) I||||Cfra a f\lnl el

AfdhrAN RHBRAS
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J

ag- Layer thickpgss 2.4 2.4
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uLII UI 91 Ullul

8Ack” of first

Jézmh‘:;;"

g G LN S5080a br anch 81 %7 66 6. 62

oi:aA[

f OSWIH{rﬁtdﬂfsngﬁéld inguRmethes

of | ocal
cipuit h of | ocal oscillator

0.+ distance o

42 15 oscillator feed fromedge j -

feed 0.39 0.43

f3third branch

adj acent

g"[ﬁ‘%@pé?;& ‘T’rs’t 8nbf‘r"8't“l’déa?‘“l?9/‘4

eac ant enna “pa
odiRatet fdewioffotaydiyeed st ruct

the m xer
sses to an ou
ure along a w

38, Qhe 'F

ter surface of
e extendi ng

__through a respective via 27 _Thus—a sertes—ofelght—-F
houtljstancs ek segerchdranch of 786 662  °
local oscillator feed from edge

i — distance of third branch of local | 5.36 4.42

oscillator feed from edge

j - Width of local oscillator feed | 0.39 0.43

adjacent mixer

Table 1

Downstream of the mixer 16, the IF output for each antenna passes to

an outer surface of the silicon layered structure along a wire extending

through a respective via 27. Thus a series of eight IF output vias extend

through the body of the top silicon layer 23 and a corresponding series of

eight IF output vias extend through the body of the bottom silicon layer 24.

From there the IF outputs pass through a conventional series of 2 stage

amplifiers 28 to an integrated detector 29 and from there to the data input port

of the processor 5.

For detection of passive radiation at 250GHz, for example a local

oscillator signal of 245 GHz may be used to extracted an IF signal at 5 GHZ.

It is to be understood that the frequencies quoted above are one illustration



10

15

20

25

30

t hrough the body of the top silicon layer 23 and a
correspondi ng series of eight IF output vias extend

wa booasfsss he body of the bottomsilicon | ayer PAI/ERH03/013342
Fromthere the I F outputs pass through a conventiona
series of 2 stage anplifierg 28 to an integrated
detector 29 and fromthere to the data i nput port of

ohf)eai¥d RSP B8AvEhtidRRI HRREVhENBbnPERR I ciislbpbd ag @entify
, for exanpl | oca oscil'l ator si gna

oiyar suﬁgblbéocn@@@cmatoeﬂaqa@ne@saﬂd IF fsequedicies. 5 GHZ

30 | der.st t the f t
Sboviily 4he, dsepRiichiEadftid WHosbohasshn adiation 140 Efhnertz
fr@@éﬁﬁ’@@@ﬁﬁ GeHHdcted RMbymaABhPtaturs and ené iugBalf a heterodyne

het erodyne theory can be enployed to identify other
repgiveinsurescalspestally sperific aadrensitvs datactor Although a two-

cQRGRLFIR 5 AT BRI AFFEAHRAL BRI gt o o

ad@haattechr@rtzrmﬁaecfmﬁpmmg enintivé lyeus ef phttarned silicon may
heterodyne 5 receiver ensures a spectrally speC|f|

baAPEIARTIEAVE the Teans. deaanaedgbaye: vMogepisiy Natigilayers of
ps é‘r‘?lledagll'ic@ﬁ ﬁwéycﬂ)%s&ﬁdébegnthl éa%h'd%%@tc‘arﬁ(meﬂﬂa{:ﬁrﬁscmator

at a sing antenna terahertz canera conpris
mput )26tlm1ng aq&ated att diffarent pesitisns iatoy ﬂwpemphery of the silicon

t ed th b Y]
18 &F% oW ST SN G TSR R B0 SPIR B AT e piatceg < e IF
oht"gu?a\ﬁgs CARRSt R sCTREh! f8imagistd |s‘i‘ﬂd€>"n @ér@pl&vo?cﬁng the

[ocated at different positions alongt
wpeegtmﬂerg;trtm’cuneh@f thalt ilayar, andyse he patiemning qﬁﬂbeean’tem@ae for

an .t rows of nna rovided, .the I F output
AR Atleh S s SR BR AR Bart b e iieton | ayers
avoi dif n@utde thwaw:?ﬂb'érd& Shien@bsria Dfow hﬁé¥|b@y§ﬁer@ﬁdfrom 8,
so the patternl ng of the antennae for f erent

an@theredvay bednaiedhirg Srntghnasin afewh each other. 15 O
cour Pﬁrth%nﬁr < mﬁggren‘?/ sg@t%ﬁecﬂgf"?ath&bﬁarnoﬁ%lﬂ?% Ql%g of metallized

di fferen

intvigiangiicom & havtal FFur ttherfmﬂ@atmn of thavimnsidedalt haiveguide
[ of metalljzed intrinsic

Séﬁétng%atfggnﬁﬁébﬂgedm eﬁge frabRratagi BnbBetonife beRADGP daterial.
THR SR e ISHHEC e DERBRRE B i Rf cou
peivigealanl altecagiiveb etrueteine dolj ﬁxeennxerm@rfmetmdomdt@n of both
tﬁgﬁéb%ﬁg@g;,ﬁbﬁﬁwa Bqlﬁ\{:ﬁla%rr ll_J(Ststér?alfaonrd {h%e|ntermedlg{é frequency
IF output.

The waveguide structure described above requires etching of the
individual silicon layers and a novel method of fabricating these structures is
described below. With reference to Figure 6a a silicon substrate 30 is
illustrated on the upper surface of which is provided a series of three masks
31, 32 and 33 each laid on top of the next and in direct contact with the
adjacent mask. In order from the top the first uppermost mask 31 is a positive
resist or a metal mask. Directly beneath the first mask is a second negative

resist mask 32 such as SUS8 or other suitable amide mask material. Beneath
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the signal input, the local oscillator LO signal and
the internediate frequency |F output. The wavegui de

W@ 200mos885£ descri bed above requires etching of PETIEP2085013342
i ndi vidual silicon [ayers and a novel nethod of
fabricating these structuresgsyis described below Wth
reference to Figure 6a a silicon substrate 30 IS

il i i
e 4Bk A R HERR( 34l YNEEA oyl oY i
nitrie. oThé Hiestmeask arhcdefmedltheciee@eat sicucturashint ﬂhle substrate and

k. rder f th the f :
Pras rober rreRs tomeeamy Be S0 SEeopd ofnagkgragses, i

ad@fdn tHth8ddepeBeBRM Pegdzbﬁs fintere®hats dsptB &8 d-ions whilst
negative resist mask such as SU8 or other surtable

pretectimgnthoke egiens af thesuhsitaie imtaequire ¥ssshallowest etch. The

P/EP0003 Ote 0 [ t'r k
e B AR P Rt Bl R RSl el B o trose
ar'elabrﬂedalrlnﬁhmefsﬁa‘-ﬁlbwééﬁEtdhl [drfwoRh rdlidgdtapess masks are not

structures in the substrate and protects other areas

negaseaEbrlpid ereen iep offfie rexdobit May ibeéa(pé%fssenaﬁately
addi ity egg[[%ra I?g tﬁg%ﬁlﬁtggf&egggr lch '?i%scrll ra%géa{l"% deepest

det etchr regl ons ecting ose re
et@ﬁes meqadﬁetrm@d ¢ort fnat hasmqamteanaheMslaadi Itbeweave@tuqxtes Tﬁe the

ISR o bl Hopl o seun et daie The qURIRTAG of Hoe. ool oscillator
wé@@éw@é’%’?hcﬁh& t%mdI %egsthwﬂahoﬂ/%gf Q%hfrﬁja r‘egﬁiré'gsfglsth%r Rhixer
t e next, but nay

necessari | one on top o :
chrmrte1 Oliyite slk pfatrw ipldivid vl trhasksghave been lppliad etpel first etch is

A A T U
dépth: e&ﬁ‘lﬂale'nﬂttsrtﬁ@dﬂ%?er%é:'E)eﬁﬁ@ér'i‘ the é@éll*éd @flaf Ql@{:)ﬂjﬂfbf the
naj ority of 'ocal oscillator waveguide structure

d@@@a’tkﬁmdtﬂresm thevdioal siepth 0§ the intsgmediatefyruatiwes. The

pSUlfE s Arr BASk AR et fefred SR Phf YRl BT Shinper

susIS bs iaveam@s @be@ﬁ#ﬁp@rlwhﬂih&jcﬁslhoﬂ Sffepnhé r&mﬁérlymg&ﬁegatlve
etch 15 depth equivalent tg the difference betwee

regésdimask $2 nﬁhed@aqt §idly stege Is deerppstioned tiropgh ﬂa%@% @ask
33 g | V@‘HE 2 Seléﬁg’csiﬂfeia ger‘?éeebéfwée‘ht eéesﬁrebefl%%l) depth of

poSi hen renove
thesmgrraeahatemtrusmres)m thss Smallswast atrucle:reeypeAs the etched

Rl SOTAbR 55t SPResthaReth espaged RUSAlle e PQRin: oned
abhd R Putlh Fven EBper into the substrate. Once the second etch is
completed the second mask 32 is removed (Figure 6¢) which does not affect
the underlying third mask 33 and then the third and final etch stage can be
performed during which the shallowest features of the pattern are etched and
the existing pattern again etched more deeply into the substrate 30 to its final
depth. The third mask 33 is then removed (Figure 6d). This procedure differs
from then conventional procedure as it involves the use of a plurality of
different masks each directly overlying an adjacent mask and an etching

procedure in which new masks are not applied to the surface of the wafer in
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20 32 to a depth equivalent to the difference between
the desired final depth of the internedi ate

w@reoyosssses and the shal | owest structures. As PEEEP2003/013342
etched pattern fromthe first etch stage remain
exposed this pattern is agayp etched and the pattern
driven deeper into the substrate. Once the second etch

bét§v e Bbedetdre second mask 32 is renoved (Figure
° Oéfeh goegisnot affect 25 the underlying third mask

33 aAttlenvodst the silidardisandtdfliseal indheldesiradeegmmsh@aveguides
(irfo med during which the shall owest features of the
'S f"taé n are etched and the existing pattern again

et chaRhowIe referplcE Hd@tbzaémmaébﬁérémtt@ tﬁ@ us@ dftaSccSanuon X-
depth. The third mask 33 is then renoved (Fi gure 6d)

Y miage feoseannirg @i sgasinsen fiyomeansrofod statis iesahertz camera and

R S bl 100 B B ) WA bl s

amasgernsdt are ehdSagutl. PooersMpRe, ithe \WPEEimaTE failred on
not applied to the surface o the wafer in

a@%ﬁ/%@@%@mdm@mmmwﬁs@t afgas phihepedlmeni 3ig scanned
gps. Afterwards, the silicon is netallised in the
eS|'red regi ons (wavegui des and vias) Although
r ef eAkkamtlhalg bwmimdmaaWbeqjarfdrmeﬁhwhub,ee@ﬁctramcally through

2 RREST G mhase SLATENIaea) osaftas 1o *Rofif gcoard a phase
sfﬁﬁéﬁﬂ“\e\;gbe%trﬁéuééd Yth'theQEdWUa?%cho@dﬂ%refge&sh?? As is

alter t1ves arrangenent are envi Sage
krevamthe phalse shifteriisreompeiged of movanegiiide whioh h(aa(agiaetgef high

reSBIMTL ARS8 ik SaLiBRER i GER oL bl wARlGH 1 dietuide.
The <45 B hiNdu | eRpSSed eniisadém idHtowaizh @&Jléé%t f@%lll%n to

t he phase of the local oscillator _input. In th

extugh rrasigtiyn cans/os metalie prapeBies. Mo dowed ¢fnth§3 tlrmdent light

a4 R 8e AR SR K EhalBE0 A S Bent A ranaing
thbaﬁmnsldmls affthé@wgiveguiei®i std thergby i tispergon Ich!atmjferlstlcs
mounted on the inside of one wall of the wave

The Shadmaging deviss descaibgdsbaran is muitable: fari dmcaﬁn of
PSR IR, S Bub SRS SRR, P g in i
redpeet s pestiduterlydepbvenieniwiri vlew hd ith@oggmct rsizd)epotential for
pdc’rltellk;llct?/nat?de gtéblFty’toChaﬁgrm gat room temperature. Thus, immediate
applications for the imaging device are envisaged in both airborne and land
vehicles, in security systems, in the chemical and food industries and in
medical diagnostics. However, the scope of applications is not limited to
those identified above and because of the low power requirements of the
imaging system, it is particularly suited for example to imaging from space.

It will, of course, be apparent that alternative components and
alternative manufacturing techniques may be employed without departing from

the scope of the present invention as defined in the appended claims.
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t he di nensi ons of the waveguide and thereby its

di spersion characteristics. The imagi ng device
waele®ensdsed herein is suitable for the detecti oPCDEP202D013342

passive mllinmetre and sub-mllinetre el ectromagnetic

radiation and in this respggt is particularly

convenient in view of its conpact size, potential for

portability and its abili¢gyaimsperformat room

tenmperature. Thus, immediate applications for the

I magi ng devi cear; VA ] I 3

vehicles, i ?1 Sé@&ﬁaﬁ/ﬂﬁ’%é?ﬁéﬁéb%eﬁ@% eW&ﬁg‘rﬂnﬂlﬁFf’égﬁado%ﬁdsub
millmeterndidsatiore sompesing 2i5leamtiac phir difagis$iatess . at least one of

ver, the scope of applications is not [imted to
%ﬁﬁ@%ﬁ%@ﬁ%ﬁ@%@ﬁ%ﬂ &%_mw%ﬁwﬂbw
o%ﬁ%@%ﬁ?ﬁrﬂﬁ?c@éfi’ téggn F%r exmaﬁ%@g&%rgdqmn%%ﬁlﬁ%: from space.
It will, of-coansantehpaapgeptedt ta haceiutt millirmetreeand/or sub-

nents,_and lternati ve manufacturing techni ques
mﬁ@%ﬁ%%ﬁ%@@h%ﬁ%fﬁ%m@eparti ng from 30 the scope
of the presentai nwigat | giarafeldebliprRd 1B '$aR] apRRAAEd and in

cl ai ms. WD 2004/ 038854 PCT/ EP2003/ 013342 12 CLAI M5
cammaicatiagi wih deviecextending lhsedginia substrate rfet sonaectian to a

i q okt o Bhiker, pBinpRL RS Aeftied 5 3be dpRBL Cpgnne
fortextefgingoan misrhaakatel fregaend) sigridina depémddrbedtupon said

| east one radiation detector, each radi ati on detector
ragiiation calyed by e apierima adapted to receive

mllimetre andfQy S o N I [ .

adi aton, - at e Bt Eouriaf o SAPARET o hving @
signal input fbd coanettivrctata mealwsdillatori a ext endi ng t hr ough

a substrate_for connection to a  signal output,

: a
m xer corrpr:i-)-siAﬁb'”?qg”_ﬂQaFj@V'B%iaﬁgmlﬁﬁJm edWhereim gagp gepstrate of
thgréﬁglfbairfﬁ ssbhrael B9pafieinBbebRes Péa%tfdr@‘é%fll‘éﬁg \gith co-

i n dependence upon sai radi at1on recelved by
opé¢rablenpaiteraing definvey sgcordkinstion said mdiation detettorsai d
nal i nput

et A RS oo Rk O b T PR i
patternitey GefiheRas PILFaIRG OF PdBat®in défeetsyai d pair of
substrates is patterned on at | east one surface with
co- 4. The imaging device as in any one of claims 1 to 3, wherein
it comprises at least a third substrate, said three substrates defining two rows
of radiation detectors.
5. The imaging device as in any one of claims 1 to 4, wherein
the mixing channel intersects the local oscillator waveguide at an acute angle.
6. The imaging device as in any one of claims 1 to 5, wherein
the antenna is comprised of a horn antenna (14) and of an antenna
waveguide (15) that is coupled to said horn antenna (14) and that intersects
the mixing channel at an angle of 90°.
7. The imaging device as in claim 6, wherein the antenna

waveguide is offset from the horn antenna axis by an acute angle.
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operabl e patterning defining in conbination said

radi ati on detector. 3. The inmaging device as in claim
wamn/o038ssmherein said 20 patterning defines aPCI/EP2003/013342

plurality of radiation detectors. 4. The inmaging

device as in any one of claians 1 to 3, wherein it

conprises at least a third substrate, said three

subst r at es gdeffdiip@ging dewse ¥ inadiaimhi Dn viedreirt dhs. local
5. The inmaging device as in any one of clains 1 to 4,

osailetosiwavegBidehis parxiiel (o thahnae antePea SIS s t he | ocal

osci |l | ator %epggb&es Ay %kﬂfdﬁ,? @g}aqe foP- anTl?ﬁav\%lng device

i magi ng de\gi‘ S'TH any onhe 1tob erein

acEORliR AR ohs of tigpiesediref clainhs romnwﬂmﬁte( tbtllpwmgjst@ps
an ant enna wavegw de (15) hat q%stfl Ied fto @a second
horn ant enna (PIQ)}' 'é‘ﬂcprt ﬁét“ ﬁ?é’r‘?e%q a3l a8 il l&a 0
a THhat | asfirst
R PO Ppetd 2 doe e mmgt g oo
aftt[emnddﬁmépondlngntcmanﬁrsdmegldw ofreamburadiatien sletegbor with the

2004/ 038854 PCT/ EP2003/ 013342 , 1
highsstc iy depte 756‘?)%’@66’?’?1 %héﬁo@gt’mgo?%%ﬁ pattern
coY’t%\éESHHﬁjl tossé’iarﬁjst SgibA AME theS @e@éﬁcﬁt’é@ioﬁmfsea& ré’dlatlon

process for making a substrate for an img
dedector itngan dntenyediate efch epy, custipaly irdi m@sk (33) havmg a

thg@ rg)agteél nc?orgehsigggl | of(‘% 2% cf tﬁfsg tartds%eco@& gé gg?rg@)taa% Othlrd
reﬁtdn%ﬁééd?ﬁbﬁ%h%ﬂdﬂé’!@@tbﬁs Wik Xhe saambvtesmtcmasmm 31)

aving a first ttern corresponding to_a first
regi on of eac rpergzirrmg arfirgbetcht roygh the fisst pattgrof the first

h . '
B B LSBT B ) A 0 e oo
the efigheshticgeh asptbfarepible indinediate elch deptdact or with an

i nternedi ate etch dept h,. and sa%:a " hird mask (33)
having a thi r@”ﬂﬂé‘t“t%?ﬁ'déﬁﬁ'@% Jhg to said first

and second re Iﬁ”thé’f e%@ﬁb ttern of
radi ati on det ect ors ”ﬁw eflgeﬁ%ﬁ$btcgt g\{/\rggdt; et ch y pa o

thpesdeord nepsk (32) sat atsscondrdepth thad is |S|Ubs’fe]tl5‘éltaﬂ‘,ér€tﬂttﬂ| to the
ditfBisncs hatuery e s ifethiiestEAbE theShaldvestste depth.
hi ghest etch dephévirgdaidisedonangedise etch depth.

- performing a third etch through the third pattern of the
third mask (33) with an etch depth that is substantively equal to the shallowest
etch depth.

10. A process as in claim 9, wherein said first (31), second
(32) and third (33) masks an each laid on top of the next and in direct contact
with the adjacent mask.

11. A process as in claim 10, wherein one of said masks (31,
32, 33) is a positive resist, or a metal mask, wherein another mask is a
negative resist mask or an amid mask, and yet another mask is of silicon

dioxide or aluminium nitride.



- renoving said first mask (31) - perform ng a second
etch through the second pattern of the second mask
W@ 303858 second depth that is substantially BCUEP2008013342
the difference between the internediate etch depth
and the shall owest etch depigh. 20 - renoving said
second mask (32) - performng a third etch through the
third pattepn afpidaess tiinctiams K0 (@33)1, whdreansaitidiist region
depth that is substantlvely equal to the shall owest
comeepoué@tmsald@ntmm ocess as in claim9, wherein said
first (31), k
each laid éﬁ’ to Fe%%g&ﬁ@%n? (?Hf'élgllnﬁsg?%) tgg%t z\/(I:@Feln said
se‘é’ohb ré@@n%lrr@?pﬁhd%r’aﬁat |E1aét %ﬁﬂ of gads&awulde siracture.o,
wherei n one of said mas s oSi L V.
resist, or 14 HePEICEPRAS INRRY 8NR O@Erﬁﬁﬂfé;r @ﬁ%lg% hgrelﬁ said
sk, and yet anot her
o EIBbY g e ahad R Al prdgmsk, and yet anot
WO 2004/ 038854 PCT/ EP2003/ 013342 14 12. A process as
in claim10 or 11, wherein said first region
corresponds to said antenna. 13. A process as in any
one of clains 10 to 12, wherein said second region
corresponds to at |east part of said wavegui de
structure. 5 14. A process as in any one of clainms 10

to 13, wherein said third region corresponds to said
m xer channel .



