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methods for fabricating millimetre and sub-millimetre horn antenna are
described in which a mould for the shape of half of a horn antenna is first
prepared using resist on a substrate. The resist is etched to the desired
25  shape for the antenna and the surface of the resist mould is then metalized.
Thereafter the resist is removed so that all that remains is the metal layer in
the shape of half of the horn antenna. Two such metalized structures can
then be connected together to form the full horn antenna. This technique
enables much more complicated structures for the horn antenna to be .
30 fabricated than had formerly been the case.
The present invention seeks to provide a scanning imaging device

which is particularly suited to imaging at millimetre and sub-millimetre
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20 In accordance with a second aspect of the present invention there is
provided an imaging device for generating images at wavelengths in the
millimetre and sub-millimetre range, the imaging device comprising: a lens
system for generating an image of a sample at a focal plane; one or more
detectors adapted to detect a plurality of wavelengths in the millimetre and
25  sub-millimetre range, each detector comprising an antenna and associated
signal processing means, each antenna being located at the focal plane of
the lens system.
Embodiments of the present invention will now be described by way
of example with reference to and as shown in the accompanying drawings,
30  in which:
Figure 1 is a schematic diagram of a scanning terahertz camera in

accordance with the present invention; and
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be The objective lens 2 is preferably an aspheric plastic lens suitable
20 for focusing an image of a sample on the sample mount 1 onto the
detectors 3 at the focal plane of the lens. For focusing images at millimetre
and sub-millimetre wavelengths the diameter of the objective lens 2 will be
of the order of 100 mm and the focal length of the lens will be
approximately of the same order. Alternatively, the lens may be replaced
25  with an off-axis concave mirror. Furthermore, ideally, the beamsplitter 7 is
one that is substantially transparent (i.e. reflection > 5% and preferably >
1%) to radiation at millimetre and sub-millimetre wavelengths. The mixer 5
is preferably a heterodyne mixer and is generally conventional in design
albeit at smaller dimensions than are required for radio wavelengths.
30 Each one of the antennae 3 is supported on a mount 10 that is
movable across the focal plane of the objective lens 2. Preferably, as

illustrated in Figure 2, the mounts 10 of each of the antennae engage with
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thin silicon strips.
Thus, the imaging device described above combines a fixed lens
with a scanning array of antennae. By providing a small retroreflector on
25 each antenna, the precise position of each antenna in the effective focal
plane can be determined by imaging light reflected off the retroreflector by
the CCD camera 9. This enables significantly improved image resolution
and additionally can be utilised in a feedback mechanism to control further
movement of the antennae.
30 The inwaging device described above has the additional advantage
of providing a digital zoom facility as it is possible to integrate over a small

area of the terahertz image to achieve a higher resolution.
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Although reference has been made herein to the provision of an
optical beamsplitter in the path of the terahertz radiation from the lens to
the antennae, it is also envisaged that the imaging device described above
be operated in the absence of the optical beamsplitter. With this alternative

25 embodiment the retroreflectors are illuminated at an acute angle with
respect to the focal plane of the terahertz lens. In a further alternative
embodiment the retroreflector may be replaced by an alternative optical
reflector such as a plane or mirror. In the case of a plane mirror which is
illuminated at an acute angle to the plane in which the antennae lie, the

30 optical light source and the camera may be separated and arranged at
opposed sides of the terahertz lens.

Furthermore, although piezoelectric drive actuators are the preferred
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millimetre frequencies. In order to improve differentiation between
materials, the detectors of the imaging device are preferably adapted so as
to measure frequencies over at least the range 100 GHz to 1 THz. Where
a broad range of frequencies is required, a single detector may not be
25 capable of covering the desired frequency range, whether swept or
switched. The imaging device therefore preferably comprises a plurality of
detectors, the mixer associated with each detector being adapted to
operate over a different frequency range.
The detection of a broad range of frequencies using a plurality of
30 detectors may be achieved in a number of ways. For example, each
detector may be adapted to detect a different discrete frequency or sub-

range of frequencies within an overall desired frequency range. The
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oscillator may be switched such that the detector

detects different discrete frequencies.
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nobil e or static imgi ng times may be decregggé. In a
particularly suited for use in security systems to identify contraband
materials, such as plastic explosives, that would not normally be visible
using conventional screening methods. The data analysis element of the
imaging device may be programmed to flag only particular materials, with
25 the location of the flagged material being identified on an image generated
by the device in a highly visibly manner. Additionally, the detection of a
flagged material may trigger some form of alarm.
Where the imaging device is used to identify the presence of a
selected material, image resolution may be less important than material
30 selectivity and imaging speed. In particular, it may be more important to
know that a particular material is present than where exactly the material is

located. Accordingly, image resolution may be sacrificed at the expense of
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The i maging device is not therefore capable of imaging

t hok@ employed so as to avoid shadowing by the subject.

The size of the mirrors will depend upon the size of the subject to be
imaged and consequently relatively large mirrors may be required for a
large subject, such as a heavy-goods vehicle. In these circumstances, the

25  mirrors may be constructed from a moulded plastic body coated with an
appropriate metal reflector.

As already noted above, there are circumstances, such as in the
detection of contraband materials, where it is more important to detect the
presence of an object (such as a lump of plastic explosive) than to actuaily

30 image the object. The use of mirrors in conjunction with the imaging device
permits the collection of as much illumination as possible at different

frequencies. Consequently, the present invention is ideally suited to



surfaces of the subject facing away fromthe
detectors. In order to collect illumnation fromboth
wobaeBsn26833t he subject, the imagi ng device may BeT/GB2004/003930
in conjunction with a mrror positioned behind the
subject, which is 10 reflective to terahertz
frequenci es. Additional nirroré’nay al so be
positi oned above and/or bel ow the subject. As the
wavel ength of terahertz radiation (typically 1nmm or
| esgpredptRy suls)écts FaiiheSpresandd Hcditribant thatetiafet al
fInIShIn% the mrror may be nmade using conventiona
machi ned d%ﬁatlglpammabﬂl%mr@ﬁem inwentonewidrhaverpartieular
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pl astic body coated with an appropriate netal
reflector. As already noted above, there are
circunstances, such as in the detection of contraband
materials, where it is nore inportant to detect the
presence of an object (such as a |lunp of plastic

expl osive) than to actually 30 i mage the object. The
use of mrrors in conjunction with the inmaging device
permts the collection of as nmuch illum nation as
possible at different frequencies. Consequently, the
present invention is ideally suited to WO 2005/ 026833
PCT/ GB2004/ 003930 9 screening subjects for the
presence of contraband materials. It is anticipated
that the present invention will have particul ar
applications in airport and seaport security, where
the mrrors and/or



canmera may be conceal ed fromthe subject behind panels
of material 5 transparent to Terahertz frequencies,

we.2s/peg3er poster displays, cardboard or pl aBCir&GB2004/003930
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sheeting. Further changes to the specific enbodi nents
of the invention described 3ﬁove are envi saged such
as om ssion of the sanple nount and nounting the

m xer with the antenna so that both are nounted for 10
novenent across the focal plane of the |Iens w thout
departing fromthe scope GLAIMS i nvention as defined
in the acconpanying clains. WO 2005/ 026833

PCT/ GB2004/ 003930 10 CLAIMS 1. An imagi ng device for
gener atAmmqagm@ aév@b f8r @éﬁé&nﬁqﬁméﬁes 4Py ARt BF I N
the mllinmetre and sub-T re Tange, the imaging
dmmr@th@trptheshmgneue|aed§ut>y'9ﬂleneﬂr©raméhatmagmgrdewce

f I I
decpgfm%ma <HR0R sueon b Bahradt o sip g Ata focal
Qin%%rﬁh@f@&e@b&ﬁ@séadhwé@@taﬁcon‘h@ﬂﬁm@@rﬁﬁﬁt@nﬁélm
Iocated at the focal plane of the |ens system one or

nmassopistethsignaluppeessing megisc fagh antepna ningrincated at the

ﬁgéﬁ% Hn<ofing] %ﬁ% §?§tghF%n§D%3Pﬁ% ) é{) lé%’uﬁgoﬂg 'ohSwhich the

argrendrafoRcaniednhdaré asainted, dhe suppdrt@mdhﬁfm@dme means for
adapted to reflect radiation aiﬁ a second

\N&Q@F@H@RIM@OV'@Q fh%?@ﬂpr mi)f 8 ANPINACACIees ﬁ'@ffocal plane; and a
V‘@éﬁé&{i%&‘éprteﬂ% 'Féff‘é&t ‘P aPRALEEEO sét O@Va {
ant en¢1ae

devi ce as al ned wherei n sa

ardiffergéft ionsaid rﬁlmirsed: af wanelangtinss aiatdingdyonleaph @ndsiag
means by neans of a flexible waveguide. 3. An inmaging
device as clainmed in either of clains 1 or 2, wherein

sa d i ¥RadlRGARVREBY ¢isiRfeRinkiISAP ! RRbIGIE saRtabMiae are
20 4. An i magi ng device as claimed in any one of the

prie ceginmgnicatiomwith saitksignal pracessing meamsdysmgpas of a flexible
q%gkgﬁ 0 nove said nount in three or nore different

di Bifs. 25 5. An i magi ng device as clained in any
one of the precedi ng cl ai s,

3. An imaging device as claimed in either of claims 1 or 2, wherein said

drive means comprises a piezoelectric actuator.

4, An imaging device as claimed in any one of the preceding claims,
wherein said drive means are adapted to move said mount in three or more

different directions.
5. An imaging device as claimed in any one of the preceding claims,
further comprising a light source arranged to illuminate said reflectors with

radiation at said second set of wavelengths.

6. An imaging device as claimed in claim 5, further comprising a
camera for detecting light reflected from said reflectors.

7. An imaging device as claimed in claims 5 and 6, further comprising a



further conprising a light source arranged to

illTumnate said reflectors with radiation at said
weeendesset of wavel engths. 6. An inmagi ng devi eeT/&B2004/003930

claimed in claim5, further conprising a 30 canera

for detecting light reflected t]rom said reflectors. 7.

An i magi ng device as cl ai ned |n clains 5 and 6,

further conprising a WO 2005/ 026833 11

PCT/ GB2004/ 003930 beansplitter positioned to direct

| | getanfsplittes positibhethto divestdight Horasald light seuwrce te sadd

devrieat B aEySTR ietBisdo B ke coni ng ol ar .

5 further conprising a sanple stage on which the

sanple to be imged is mounted in fixed relationshi
w. th t heAn m@glagsieyme a clainedrig@MgORrs f B BrecefifgRiyms,

S oriittet RgB pRa P TREC A B thd PR tg be maged i

Sa' Hoaaealin fivet relatibnstp withi thetlelw‘sys.’nérmavel engt hs.
10. An imagi ng device for generating inmges at

vvavelengthsinthe millimetre and sub-mllinetre
range, Hgﬂ fayi RIGRih BnYSnefof tRBpreSetihg Blaims,
foF@genera {1 grygysrra gggﬁa sa{prpng at a o?a pl aghee

onefugthemmoopfiSinged Ead]atlcm salape adange d@:lbmmnatqwajd spmpje with
of way he mllimetre and sub-mllinmetre
Oran‘-g%d?'ifgcg%ttagi"’@ﬁ U}ﬁmrl sing an antenna and

associ ated signal processing neans, each antenna

being | ocated at the focal plane of the |Iens system
20 10. ThAe imagingrdevies for gensratingiimages @t wayelgngths in the

eSS el AGE S bR Ae BorpASRc0S ons

cl agystdi, foM@éﬁ@dﬁngmn%é&ﬁMample actaimbedplanedem@ot more
a single wavel en

15t detectasaedap f@éiegggfcé Sﬁaéj&’?gtwgv%%ééﬁ%d milimgtre and
on e&gf Prgfl %Sgtghsigﬁgfe'&ﬂar%\ﬂﬁrﬁ irRpaf RtdHiE At A886ciated

wherei n the detectors are
adagigad] pmcdemagtméarmq eank iaatenna heirg lanated atlthe fosgl plane of
1

Hz.
the lens system.

20 11. The imaging device as claimed in claim 10, wherein each detector is

adapted to detect a range of wavelengths.

12.  The imaging device as claimed in claim 10, wherein each detector is
adapted to detect a single wavelength and the imaging device comprises at

25 least two detectors adapted to detect different wavelengths.

13.  The imaging device as claimed in any one of claims 10 to 12,
wherein the detectors are adapted to detect frequencies in the range
100 GHz to 1 THz.

30
14.  The imaging device as claimed in any one of claims 10 to 13,

wherein each detector is adapted to detect a different frequency or range of



30 14. The imagi ng device as clainmed in any one of
clains 10 to 13, wherein each detector is adapted to
wdevesokesazdi f f erent frequency or range of WO PCT/GB2004/003930
2005/ 026833 PCT/ GB2004/ 003930 12 frequenci es. 15. The
I magi ng device as clainmed in any one of clains 10 to
14, wherein the antennae are ﬁ%sitioned within the
focal plane such that 5 detectors adapted to detect a
sel ected frequency or range of frequencies are
di sfreglerickes.over the focal plane. 16. The imaging
device as clained in any one of clains 10 to 15,
wherein the i magi ng device conprises a plurality of
det egt or 3 .
ey CarnEags deibess SRR B ibhaRepliAg 101 14

cl awvhersi thehanteinnae lzee positioned withiretharfoaalgsidn@suéh that
15 18. The i mgi ng devi ce as

ta of linea rrays.
&) a‘gﬁl‘:téﬂtfqrﬁ a ﬁp{%ﬁ@ dtectiasalacted fregluency pyifFange of frequencies
CONpYel isHBuBSEofr tHBHECATRIAH, € Ssupports on which the

one or nore antennae are nounted, the supports
i ncluding drive neans for controllably noving the one
or re antennae across the. focal plane. 20,
e fhe Imaging device as claimed in any one of claims 10 to 15,
wherein the imaging device comprises a plurality of detectors and the

10  antennae are arranged as a linear array.

17.  The imaging device as claimed in claim 16, wherein the antennae
are arranged as a stack of linear arrays.

15 18. The imaging device as claimed in any one of claims 10 to 17, further
comprising one or more movable supports on which the one or more
antennae are mounted, the supports including drive means for controllably

moving the one or more antennae across the focal plane.

20



