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(57) Abrégé:

Il est décrit une source d’illumination térahertz pour I'imagerie térahertz. La source d’illumination térahertz comprend
généralement : une surface ; une pluralité d’éléments émetteurs de rayonnement térahertz montés sur ladite surface ; une
pluralité d’éléments de mise en forme de faisceau individuels chacun étant couplé optiquement a un élément émetteur de
rayonnement térahertz respectif ; un dispositif de mise en forme de faisceau collectif couplé optiquement a au moins certains
desdits éléments de mise en forme de faisceau individuels ; et un générateur de signaux de commande couplé en communication
avec lesdits éléments émetteurs de rayonnement térahertz. Le générateur de signaux de commande fournit une pluralité de
signaux de commande auxdits éléments émetteurs de rayonnement térahertz, lesdits éléments émetteurs émettant une pluralité
de faisceaux individuels de rayonnement térahertz qui sont collectés et redirigés successivement par lesdits éléments de mise en
forme de faisceau individuels et par le dispositif de mise en forme de faisceau collectif. Lesdits éléments émetteurs de
rayonnement térahertz et/ou lesdits signaux de commande sont configurés de sorte que lesdits faisceaux individuels de
rayonnement térahertz présentent une cohérence réduite les uns par rapport aux autres.

(57) Abstract:

There is described a terahertz illumination source for terahertz imaging. The terahertz illumination source generally has: a surface;
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a plurality of terahertz radiation emitting elements mounted to said surface; a plurality of individual beam shaping elements each
being optically coupled to a respective one of said terahertz radiation emitting elements; a collective beam shaper optically
coupled to at least some of said individual beam shaping elements; and a control signal generator communicatively coupled to said
terahertz radiation emitting elements, said control signal generator supplying a plurality of control signals to said terahertz
radiation emitting elements, said terahertz radiation emitting elements emitting a plurality of individual terahertz radiation beams
being collected and redirected successively by said individual beam shaping elements and said collective beam shaper, said
terahertz radiation emitting elements and/or said control signals being configured so that said individual terahertz radiation beams
have a reduced coherence with respect to one another.
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TERAHERTZ ILLUMINATION SOURCE FOR TERAHERTZ IMAGING
FIELD

[0001] The improvements generally relate to illuminating a scene with terahertz
radiation, and more particularly relate to illuminating the scene with terahertz illumination

having reduced coherence.

BACKGROUND

[0002] A terahertz (THz) illumination source is a device capable of emitting
electromagnetic radiation of frequency ranging from 0.1 THz to 10 THz. An example of such
a device is the vacuum-electron device (VED), which can radiate power in the order of watts
at frequencies below 300 GHz and over an extremely narrow frequency band. Other examples
of such a device can include terahertz radiation emitting semiconductor diodes like Schottky,
Gunn and IMPATT diodes, which can radiate power up to a few hundreds of milliwatts at
frequencies up to a few THz. However, such THz illumination sources are known to emit
coherent terahertz radiation, which may be ill-suited in the context of terahertz imaging, as
imaging a scene illuminated with coherent radiation can lead to speckled images. Although
existing THz illumination sources have been satisfactory to a certain degree, there remains

room for improvement.

SUMMARY

[0003] For applications in the fields of inspection, diagnosis or screening, it was
found that terahertz imaging would benefit from incorporating THz illuminating sources with
an inherently reduced beam coherence in order to enable as much clarity as possible in the
resulting images. Such clarity can be paramount for real-time diagnosis in biomedical imaging,
industrial quality control, for the detection of concealed weapons in airports or other public
premises where huge crowds gather or transit, or for the inspection in mailrooms of envelopes
or parcels that could contain explosives, chemical or biological threats in the form of liquids or

powders.

[0004] VEDs can suffer from a relatively low lifetime of their vacuum tube, can

require relatively high-voltage power supplies, can have relatively low efficiency, and can also

Date regue / Received date 2025-04-01



10

15

20

25

CA 3090636

-2.

require liquid cooling. Moreover, in the context of terahertz imaging, the coherence of the
terahertz illumination beam emitted by such VEDs may be reduced by using moving path-
dispersive optical elements such as rotating diffusers, which can be inconvenient due to the
inherent drawbacks generally associated with having a device with moving parts. Similarly,
terahertz radiation emitting semiconductor diodes have a relatively limited capability of

reducing the coherence of the terahertz illumination beam by electronic means.

[0005] In an aspect, it was found that a need exists in providing a THz
illumination source which can emit a terahertz illumination beam having reduced coherence,
e.g., having a coherence length below a coherence length threshold, without necessarily using
external coherence breaking devices such as passive or active optical path scrambling
devices (e.g., metamaterial, diffuser, light pipe, integrating sphere, non-imaging optics). By
doing so, imaging a scene illuminated with such a reduced coherence terahertz illumination

beam can lead to images with reduced coherent noise and improved overall quality.

[0006] In accordance with a first embodiment of the present disclosure, there is
provided a terahertz illumination source for terahertz imaging. The terahertz illumination
source comprises a surface, a plurality of terahertz radiation emitting elements mounted to the
surface, and a control signal generator communicatively coupled to the plurality of terahertz
radiation emitting elements. The control signal generator supplies a plurality of control signals
to the plurality of terahertz radiation emitting elements. When driven in this way, the plurality
of terahertz radiation emitting elements emit a plurality of individual terahertz radiation beams
collectively forming a terahertz illumination beam having a controlled coherence property. For
instance, the coherence property may be controlled to be below a coherence property
threshold. Examples of the coherence property can include, but not limited to, spatial

coherence properties, temporal coherence properties and the like.

[0007] Further in accordance with the first embodiment of the present
disclosure, the control signals can be for example different from one another so as to provide
individual terahertz radiation beams of different wavelengths, thereby reducing the coherence

of the overall terahertz illumination beam.
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[0008] Still further in accordance with the first embodiment of the present
disclosure, at least some of the terahertz radiation emitting elements can be for example
configured to emit individual terahertz radiation beams of different spectral contents, thereby

reducing the coherence of the terahertz illumination beam.

[0009] Still further in accordance with the first embodiment of the present
disclosure, the terahertz radiation emitting elements can for example include high electron-

mobility semiconductor materials such as silicon-germanium (Si-Ge).

[0010] In accordance with a second embodiment of the present disclosure,
there is provided a terahertz imaging system. The terahertz imaging system comprises a
terahertz illumination source, a terahertz camera and possibly also, a computer for controlling
the operation of the source, the camera, and for receiving and displaying the images captured
by the camera. The terahertz illumination source has a plurality of terahertz radiation emitting
elements, and a control signal generator is communicatively coupled to the plurality of
terahertz radiation emitting elements. The control signal generator supplies a plurality of
control signals to the plurality of terahertz radiation emitting elements. When driven in this way,
the plurality of terahertz radiation emitting elements emit a plurality of individual terahertz
radiation beams collectively forming a terahertz illumination beam illuminating a scene and
having a controlled coherence property. The coherence property may be controlled to be
below a coherence property threshold. The terahertz camera can image at least a portion of
the scene illuminated by the field of illumination and provide images with reduced coherent

noise.

[0011] Further in accordance with the second embodiment of the present
disclosure, the control signals can be for example different from one another so as to provide
individual terahertz radiation beams of different wavelengths, thereby reducing the coherence

of the terahertz illumination beam.

[0012] Still further in accordance with the second embodiment of the present
disclosure, at least some of the terahertz radiation emitting elements can be for example
configured to emit individual terahertz radiation beams of different spectral contents, thereby

reducing the coherence of the terahertz illumination beam.
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[0013] Still further in accordance with the second embodiment of the present
disclosure, the terahertz radiation emitting elements can for example include high electron-

mobility semiconductor materials such as silicon-germanium (Si-Ge).

[0014] Another aspect relating to existing THz illumination sources is that both
VEDs and terahertz radiation emitting semiconductor diodes are generally produced in small
volumes by way of tedious, complex and long lead-time manufacturing processes that can
require high mechanical precision, highly—skilled personnel and very technology-specific and
hard-to-find components. Thus, efficient and low-lead time, high-volume automated

manufacturing is still quasi-absent in the field of THz illumination sources.

[0015] It was found that a need exists in providing a THz illumination source
which can take advantage of recent technological advances in the field of high electron-
mobility semiconductor materials like, for example, silicon-germanium (Si-Ge). Such materials
open a radically new perspective in the manufacturing of THz illumination sources since it can
allow using the high-volume, ultra-automated and ultra-efficient manufacturing processes that
prevail at every stage of the production of electronic devices, from wafer to printed-circuit

board assembly.

[0016] In another aspect, it was found that a need exists in providing a terahertz
illumination beam having an increased beam shaping capability, a controlled coherence and/or

a phased-array signature.

[0017] In accordance with a third aspect of the present disclosure, there is
provided a terahertz illumination source for terahertz imaging, the terahertz illumination source
comprising: a surface; a plurality of terahertz radiation emitting elements mounted to said
surface; a plurality of individual beam shaping elements each being optically coupled to a
respective one of said terahertz radiation emitting elements; a collective beam shaper optically
coupled to at least some of said individual beam shaping elements; and a control signal
generator communicatively coupled to said terahertz radiation emitting elements, said control
signal generator supplying a plurality of control signals to said terahertz radiation emitting
elements, said plurality of terahertz radiation emitting elements emitting a plurality of individual

terahertz radiation beams being collected and redirected successively by said individual beam
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shaping elements and said collective beam shaper, at least one of said terahertz radiation
emitting elements and said control signals being configured so that said individual terahertz

radiation beams have a reduced coherence with respect to one another.

[0018] Further in accordance with the third aspect of the present disclosure, at
least one of said individual beam shaping elements and said collective beam shaper can for

example be refractive.

[0019] Still further in accordance with the third aspect of the present disclosure,
said individual beam shaping elements can for example be stacked on respective ones of said

individual terahertz radiation emitting elements.

[0020] Still further in accordance with the third aspect of the present disclosure,
said collective beam shaper can for example be stacked on corresponding individual beam

shaping elements.

[0021] Still further in accordance with the third aspect of the present disclosure,
said individual terahertz illumination beams can for example form a terahertz illumination beam
having a nominal wavelength and a coherence length below about a hundred times said

nominal wavelength.

[0022] Still further in accordance with the third aspect of the present disclosure,
said control signals can for example be different from one another so as to provide individual
terahertz radiation beams of different wavelengths thereby reducing said coherence of said

terahertz illumination beam.

[0023] Still further in accordance with the third aspect of the present disclosure,
at least some of said terahertz radiation emitting elements can for example be configured to
emit individual terahertz radiation beams of different spectral contents thereby reducing said

coherence of said terahertz illumination beam.

[0024] Still further in accordance with the third aspect of the present disclosure,
said terahertz radiation emitting elements can for example include a high-electron-mobility

semiconductor material.
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[0025] In accordance with a fourth aspect of the present disclosure, there is
provided a terahertz illumination source for terahertz imaging, the terahertz illumination source
comprising: a surface; a plurality of terahertz radiation emitting elements mounted to said
surface; and a control signal generator communicatively coupled to said terahertz radiation
emitting elements, the control signal generator supplying a plurality of control signals to said
terahertz radiation emitting elements, said plurality of terahertz radiation emitting elements
emitting a plurality of individual terahertz radiation beams, the control signal generator
modulating a phase of said individual terahertz illumination beams to control a resulting,

collective terahertz illumination beam.

[0026] Further in accordance with the fourth aspect of the present disclosure,
said modulating can for example cause said collective terahertz illumination beam to be

steered towards a target.

[0027] Still further in accordance with the fourth aspect of the present
disclosure, said modulating can for example cause said collective terahertz illumination beam

to be focused towards a target.

[0028] Still further in accordance with the fourth aspect of the present
disclosure, said terahertz radiation emitting elements can for example include a high-electron-

mobility semiconductor material.

[0029] Still further in accordance with the fourth aspect of the present
disclosure, the terahertz illumination source can for example further comprise a plurality of
individual beam shaping elements each being optically coupled to a respective one of said
terahertz radiation emitting elements, and a collective beam shaper optically coupled to at
least some said individual beam shaping elements, said individual terahertz radiation beams
being collected and shaped successively by said individual beam shaping elements and said

collective beam shaper.

[0030] Still further in accordance with the fourth aspect of the present
disclosure, at least one of said individual beam shaping elements and said collective beam

shaper can for example be refractive.

Date regue / Received date 2025-04-01



CA 3090636

-7-

[0031] Still further in accordance with the fourth aspect of the present
disclosure, said individual beam shaping elements can for example be stacked on respective

ones of said individual terahertz radiation emitting elements.

[0032] Still further in accordance with the fourth aspect of the present
5 disclosure, said collective beam shaper can for example be stacked on corresponding

individual beam shaping elements.

[0033] Still further in accordance with the fourth aspect of the present
disclosure, the terahertz illumination source can for example further comprise a phase delayer
receiving a main control signal from the control signal generator and generating the plurality
10  of control signals based on the main control signal such that the plurality of control signals

have phase delays relative to one another.

[0034] Still further in accordance with the fourth aspect of the present
disclosure, the terahertz illumination source can for example further comprise a phase delayer
receiving the plurality of control signals from the control signal generator and phase delaying
15  the plurality of control signals from one another such that the plurality of control signals have

phase delays relative to one another.

[0035] Many further features and combinations thereof concerning the present
improvements will appear to those skilled in the art following a reading of the instant disclosure.
DESCRIPTION OF THE FIGURES

20 [0036] In the figures,
[0037] Fig. 1 is a block diagram of an example of a THz illumination source

having a surface, an array of terahertz radiation emitting elements and a control signal

generator, in accordance with one or more embodiments;

[0038] Fig. 2 is a top plan view of the array of terahertz radiation emitting
25 elements of Fig. 1, taken along section 2-2 of Fig. 1, in accordance with one or more

embodiments;
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[0039] Fig. 3 is an enlarged view of one of the terahertz radiation emitting
elements of Fig. 2, showing an example of a Si-Ge die on the left-hand side and the Si-Ge die
packaged in an integrated circuit (IC) on the right-hand side, in accordance with one or more

embodiments;

[0040] Figs. 4A-4D are top plan views of example arrays of terahertz radiation
emitting elements distributed in a respective one of a circular fashion, an elliptical fashion, a

linear fashion and an hexagonal fashion, in accordance with one or more embodiments;

[0041] Figs. 5A and 5B are top plan views of the array of terahertz radiation
emitting elements of Fig. 4C, where Fig. 5A shows an array having a density of terahertz
radiation emitting elements increasing outwardly and Fig. 5B shows an array having a density
of terahertz radiation emitting elements decreasing outwardly, in accordance with one or more

embodiments;

[0042] Fig. 6 is a side elevation view of an example array of terahertz radiation
emitting elements mounted to a flexible printed circuit board, in accordance with one or more

embodiments;

[0043] Fig. 7 is a block diagram of an example of one of the terahertz radiation
emitting elements of a terahertz illumination source, in accordance with one or more

embodiments;

[0044] Fig. 8 is a graph showing output terahertz frequency Fout as a function
of a voltage VTUNE of a control signal supplied to the terahertz radiation emitting element of

Fig. 7, in accordance with one or more embodiments;

[0045] Fig. 9 is a graph showing output terahertz frequency Fout as a function
of a voltage VTUNE of a control signal supplied to the terahertz radiation emitting element of
Fig. 7, where electronic coherence reduction is depicted by periodically sweeping the output

terahertz frequency Fout over time, in accordance with one or more embodiments;

[0046] Fig. 10 is a side elevation view of an array of terahertz radiation emitting

elements optically coupled to an example beam shaping assembly, including refractive beam
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shaping elements and a collective beam shaper, in accordance with one or more

embodiments;

[0047] Fig. 11 is a side elevation view of an array of terahertz radiation emitting
elements optically coupled to another example beam shaping assembly, including reflective
beam shaping elements and a collective beam shaper, in accordance with one or more

embodiments;

[0048] Fig. 12 is a schematic view of an example of an electronic circuit
generating an exemplary control signal, the control signal oscillating over time, in accordance

with one or more embodiments;

[0049] Fig. 13 is a schematic view of another example of an electronic circuit
generating an exemplary control signal, the control signal varying randomly or arbitrarily over

time, in accordance with one or more embodiments;

[0050] Fig. 14 is a block diagram of another example of a terahertz illumination
source, with terahertz radiation emitting elements being partitioned in a number of groups

each receiving a corresponding control signal, in accordance with one or more embodiments;

[0051] Fig. 15 is a schematic view of an example of a computing device of the

control signal generator of Fig. 1, in accordance with one or more embodiments; and

[0052] Fig. 16 is a schematic view of another example of a terahertz illumination
source, shown with a phase delayer to provide a phased-array terahertz illumination beam, in

accordance with one or more embodiments.

DETAILED DESCRIPTION

[0053] Fig. 1 shows an example of a terahertz illumination source 10, in
accordance with an embodiment. As depicted, the terahertz illumination source 10 has a
surface 12, terahertz radiation emitting elements 14 mounted to the surface 12, and a control
signal generator 16 which is communicatively coupled to the terahertz radiation emitting
elements 14. During use, the control signal generator 16 supplies control signals to the

terahertz radiation emitting elements (hereinafter simply referred to as “THz emitting elements
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14”) such that they emit individual terahertz radiation beams 20 which collectively form a

terahertz illumination beam 22.

[0054] As illustrated, the terahertz illumination source 10 has individual beam
shaping elements 28 which are each optically coupled to a respective one of THz emitting
elements 14. A collective beam shaper 29 is also optically coupled to at least some of the
individual beam shaping elements 28. In some embodiments, such as the one illustrated in
Fig. 1, each individual beam shaping element 28 is stacked on a respective one of the THz
emitting elements 14, and the collective beam shaper 29 is in turn stacked on at least some
of the individual beam shaping elements 28. As such, the individual terahertz radiation beams
20 are collected and redirected successively by the individual beam shaping elements 28 and
the collective beam shaper 29 to form the terahertz illumination beam 22. It was found that the
combination of individual and collective beam shaping elements can help in the control of
optical aberrations, especially for large devices, which may allow to enhance the compactness
of the optical sources and to reduce the overall complexity thereof. It can also allow to increase
the diversity of ray directions and ray path lengths through the use of different beam shaping

elements.

[0055] As discussed below, the THz emitting elements 14 and/or the control
signals are configured so that said individual terahertz radiation beams 20 have a reduced
coherence with respect to one another. In some embodiments, the terahertz illumination
source 10 is designed such that the terahertz illumination beam 22, which encompasses the
collection of the individual terahertz radiation beams 20, has a nominal wavelength and a
coherence property below a coherence property threshold. An example of such a property is
the coherence length of the terahertz illumination beam 22. For instance, in some
embodiments, the coherence length threshold can be in the order of about a hundred times

the nominal wavelength of the terahertz illumination beam 22.

[0056] It is intended that the way of reducing the coherence of the terahertz

illumination beam 22 can vary from one embodiment to another.

[0057] For instance, the control signals supplied to the THz emitting elements

14 can be different from one another so as to provide individual terahertz radiation beams 20
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of different wavelengths. By doing so, the coherence of the terahertz illumination beam 22 can
be reduced due to the superposition of the spectrally different individual terahertz radiation
beams 20. In such embodiments, the control signal generator 16 can supply a first control
signal to one of the THz emitting elements 14 to emit an individual terahertz radiation beam
20 of a first wavelength A1, a second control signal to another one of the THz emitting elements
14 to emit an individual terahertz radiation beam 20 of a second wavelength A2 (A2 = A1),
and so forth, so that the individual terahertz radiation beams 20 are different from one another
and that the coherence property of the terahertz illumination beam 22 is below the coherence

property threshold.

[0058] Additionally, or alternately, the THz emitting elements 14 can be
configured to emit individual terahertz radiation beams 20 of different wavelengths, thereby
reducing the coherence of the terahertz illumination beam 22. It is understood that the THz
emitting elements 14 can have different internal structures such as different antenna types
(e.g., flat-type antennas, patch-type antennas and the like) with different dimensions and/or
different shapes, different doping materials, different doping material ratios, encompassing
different electronic components such as different transistors, amplifiers, frequency multipliers,
or any other suitable emitting elements able to emit individual terahertz radiation beams 20 of
different spectral contents. It is intended that the spectral content can differ in terms of
wavelengths, wavelength bandwidths, and the like. In such embodiments, the terahertz
illumination source 10 can have a first terahertz radiation emitting element 14 of a first internal
structure S1 which when supplied with a control signal emits an individual terahertz radiation
beam 20 of a first wavelength A1, a second terahertz radiation emitting element 14 of a second
internal structure S2 (S2 # S1) which when supplied with the control signal emits an individual
terahertz radiation beam 20 of a second wavelength A2 (A2 = A1), and so forth, so that the
individual terahertz radiation beams 20 are different from one another and that the coherence

property of the terahertz illumination beam 22 is below the coherence property threshold.

[0059] As shown in the embodiment illustrated in Fig. 1, the terahertz
illumination source 10 can be made up of a stacked assembly of optical and electronic
modules. For instance, the THz emitting elements 14 can be provided in the form of an array

24 stacked on the surface 12. The array 24 can be an M x N array of THz emitting elements
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14, where M and N are integers greater than or equal to unity. In this embodiment, the
terahertz illumination source 10 has a corresponding array 26 of beam shaping elements 28
stacked on, and optically coupled, to the THz emitting elements 14. A heat dissipation device
30 can be located close to, or attached to, the surface 12 and/or the array 24 of THz emitting
elements 14. As shown, the control signal generator 16 is stacked under the surface 12 and
in communication with other components of a terahertz imaging system such as a remote

computer via electrical connectors 32.

[0060] Hence, and in contrast with existing terahertz illumination sources, the
terahertz illumination source 10 does not necessarily have external components such as high-
precision metallic components like an antenna and associated assembly apparatuses like

waveguides, resonant cavities, etc.

[0061] An objective of the M x N array 24 of THz emitting elements 14 is to
output a THz illumination beam 22 with coherence reduced sufficiently for illuminating scenes
appropriately in a THz active imaging system. As shown in Fig. 1, the electrical connection
can be achieved through board-to-board connectors 54 located between the array 24 of THz
emitting elements 14 and the control signal generator 16. As shown in Fig. 2, the array 24 is
made up of M x N instances of a single THz emitting element 14. In some embodiments, each
single THz emitting element 14 is packaged in an integrated circuit (IC) with a small footprint.
In some other embodiments, each single terahertz emitting element can be provided in the
form of a die with a possibly even smaller footprint. As can be understood, the array 24 of THz
emitting elements 14 can have M x N IC’s or alternatively, M x N dies. For clarity, any

embodiment applicable for IC’s can equivalently be applicable for dies.

[0062] For example, a THz emitting element 14 can be implemented using the
transmitter channel of a 285 GHz - 325 GHz, Si-Ge radar transceiver component
manufactured as part number TRA_300_030 by Silicon Radar (Frankfurt (Oder), Germany

https://siliconradar.com/). The left-hand side of Fig. 3 shows an example of a die 34 (not-to-

scale) of such transceiver, while the right-hand side of the figure shows a view of the same
die packaged in an industry-standard, 5 mm x 5 mm, 32-pin QFN square package 36. The
internal structure of the THz emitting elements 14 can, of course, vary from one embodiment

to another. Other examples of THz emitting elements similar to the Silicon Radar component
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described above and based also on high-electron-mobility semiconductor materials are likely
to include devices such as resonant tunneling diodes (RTD’s), heterojunction bipolar
transistors (HBT’s), high-electron-mobility transistors (HEMT’s) or silicon complementary

metal oxide semiconductor (Si-CMOS) transistors.

[0063] Each such THz emitting element 14 is capable of outputting an individual
THz radiation beam 20 at a minimum of 100 pyW of output power in this embodiment. The total
power output of the terahertz illumination source 10 can therefore be the sum of the powers

outputted by the M x N individual THz emitting elements 14.

[0064] Typically, the M x N array 24 of THz emitting elements 14 can be
positioned in a pre-defined manner on an appropriate surface 12 such as an electronic printed
circuit board. The THz emitting elements 14 can be soldered to the surface 12, or attached via
known techniques such as flip-chip bonding or wire bonding. The array 24 of THz emitting
elements 14 can be provided in the form of a regularly spaced grid of THz emitting elements
14 or a grid with a progressive variation in the spacing between consecutive THz emitting
elements 14. The number, distances and spacings of a given array 24 can be designed to

achieve any desired irradiance patterns.

[0065] It is noted that although Fig. 2 shows that the terahertz illumination
source 10 has the M x N array 24 of THz emitting elements 14, the M x N array is only an
embodiment to ease understanding. In fact, in some other embodiments, the THz emitting
elements 14 need not to be positioned in an M x N array. For example, another embodiment
of a terahertz illumination source 10 can have a plurality of THz emitting elements 14 mounted
to a surface 12 such as a printed circuit board, where the THz emitting elements 14 are
positioned in an arbitrary spatial distribution over the surface 12. In such case, the beam
shaping elements 28 can be positioned in a corresponding arbitrary spatial distribution over
the plurality of THz emitting elements 14. The number of beam shaping elements 28 can be
the same as the number of THz emitting elements 14 in some embodiments whereas the
number of beam shaping elements 28 can differ from the number of THz emitting elements 14

in some other embodiments.
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[0066] Itis intended that a single THz emitting element 14 has a relatively small
footprint that can enable the distribution of a number of instances not only as a regular M x N
array 24 over a square surface 12, such as shown in Fig. 2, but also, as illustrated in Figs. 4A-
D, over any geometrical surfaces like, for example, a circular surface as shown in Fig. 4A, an
elliptical surface as shown in Fig. 4B, a rectangular surface such as shown in Fig. 4C, an

hexagonal surface such as shown in Fig. 4D, or on any other arbitrary surface.

[0067] The small footprint feature of the THz emitting element 14 can also be
used advantageously, for example in industrial quality-control or security screening
applications where inspected objects are moving on a conveyor and a THz inspection system
is implemented as a line-scan of the objects with an 1 x N array of THz emitting elements 14
for the illumination. In such cases and in order to have a desired illumination distribution (either
uniform or arbitrary) over the observed line surface, it is preferable that the placement density
of the THz emitting elements 14 be variable over the length of the array, whether the density
of THz emitting elements 14 be increased outwardly such as shown in Fig. 5A, or decreased
outwardly such as shown in Fig. 5B. Other forms of linear distributions can be considered
according to the application. In addition, such increasing, decreasing or arbitrary placement

schemes can also be considered for 2-D geometries.

[0068] Still another advantage of having the array 24 of THz emitting elements
14 as a spatial distribution of small-footprint elementary emitters is that the THz emitting
elements 14 can be installed even on a curved surface 38 such as a flexible electronic PCB

40 as illustrated in Fig. 6. Such feature may be much appreciated in space-critical applications.

[0069] Distributing the THz emitting elements 14 over a surface 12 as is done
in the M x N array 24 can allow the use of time-saving, automated electronic assembly
processes like component pick-and-place, flip chip, wire bonding, reflow soldering and the like.
This can be a significant improvement over existing VED- and diode-based terahertz
illumination sources where assembly processes are generally performed by hand and require

highly-skilled personnel to execute high-precision, tedious and/or time-consuming tasks.
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[0070] Fig. 7 illustrates an example functional architecture of a THz emitting
element 14 for emitting an individual THz radiation beam 20. In this embodiment, the THz

emitting element 14 includes high-electron-mobility semiconductor materials, such as Si-Ge.

[0071] Moreover, for applications related to THz active imaging, the main
elements in this architecture can be very-well suited for emitting a THz illumination beam 20
with reduced coherence. These elements include, from left-to-right, a voltage-controlled
oscillator (VCO) 42, an amplifier-multiplier chain (AMC) 44, and an on-chip, patch-type
antenna 46. In some embodiments, the AMC may comprise one or several power amplifiers
and one or several frequency multipliers, such multipliers being typically frequency doublers

or frequency triplers.

[0072] In this embodiment, the VCO 42 receives a control signal VTUNE, either
fixed or time-varying, in order to emit an individual terahertz radiation beam 20 having a
frequency within a given terahertz frequency band (e.g., including 285-t0-325 GHz). The VCO
42 also has a digital VCO_ON_OFF input for turning-on or -off the emission of the THz

radiation beam 20 for intensity modulation purposes in this specific embodiment.

[0073] As shown, the AMC 44 maps the VCO’s 142.5-t0-162.5 GHz output
frequency band to the final 285-t0-325 GHz output frequency band of the THz emitting element
14,

[0074] The on-chip, patch-type antenna 46 receives the output signal from the
AMC 44 and radiates the corresponding individual terahertz radiation beam 20 in a medium

48 outside the THz emitting element 14.

[0075] It is noted here that the THz frequency values like those just mentioned
above or elsewhere in this disclosure are for exemplary purposes and do not limit the scope
of this disclosure which is intended to be applicable to any frequencies in the so-called THz
range from 0.1 THz to 10 THz.

[0076] Fig. 8 shows a graph of the output characteristics of the frequency Fout
as a function of the control signal VTUNE input voltage of the THz emitting element 14. As
illustrated, the output bandwidth is 40 GHz.
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[0077] Those skilled in the art of THz active imaging may be well aware that
coherence reduction performed electronically is capable of producing images with an
acceptable quality without the need to place active or passive path dispersive optical elements

such as diffusers in the optical train of the illumination system.

[0078] As illustrated in Fig. 9, electronic coherence reduction acts on the
wavelength of emitted radiation in order to widen the bandwidth of the THz illumination source
10. This can be done by rapidly changing the frequency (equivalently, the wavelength) of the
individual terahertz radiation beams in order to produce significant diversity of the source
wavelength during the time scale of the acquisition period of the imaging sensor used in a
terahertz imaging system. The wavelength (or frequency) sweep is implemented by supplying
a time-varying control signal to the THz emitting element 14. More specifically, the control
signal can be provided in the form of an electric bias signal at the VTUNE input of the THz
emitting element 14. This bias signal can be typically a voltage bias comprising a constant
(DC) voltage term to which is added arithmetically a variable, periodic (AC) voltage term with

frequency w radian/sec; for example, a sinusoidal term.

[0079] Such a sum of AC and DC voltages at the VTUNE input results in a
variable, periodic sweeping of the output frequency ranging from 285 GHz to 325 GHz.
Provided that the frequency (w/2m) Hz of the AC term is significantly higher than the frame
rate of the camera in the THz imaging system, the periodic sweeping of the THz frequency
averages out on a frame-by-frame basis the adverse effects of speckle and interference
caused by the otherwise highly coherent single-tone wave output of the THz emitting element
14 (or any coherent THz source). In fact, periodic sweeping of the THz output frequency over
a band of 40 GHz can be nearly equivalent to illuminating a scene with a source having an

emitting bandwidth of 40 GHz and corresponding reduced coherence.

[0080] Similar or better reduction of coherence can be obtained by driving the
VTUNE input of the VCO with a random or an arbitrary periodic signal with greater diversity of

values during the acquisition period of the image sensor.

[0081] On the other hand, for applications where coherent noise may not be an

issue, for example, transmission imaging through planar, smooth and homogeneous objects,
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all the THz emitting elements 14 in the array 24 can operate in monochromatic mode by driving

all their VTUNE inputs with a single DC voltage value.

[0082] In addition to the advantageous aspects stated so far, it is appropriate to
mention that other THz integrated circuits can operate over frequency bands that differ from
the 285 GHz — 325 GHz band considered in the preceding example. For example, THz
integrated circuits with nominal frequencies of 400 GHz and 500 GHz, both with a 40 GHz
sweep bandwidth, can also be considered. As a result, it is possible to combine into a single
array 24 different THz emitting elements 14 operating over different frequency bands. All those
THz emitting elements 14 can be operated simultaneously to obtain a wider overall emission
waveband and reduced coherence. Such a larger waveband can be useful to ease
transmission through-, or reflection on materials with narrow transmission or reflection
bandwidth. The THz emitting elements 14 can also be operated in a time sequence where
only those of the first waveband emit for a certain time, followed by those of the second
waveband and so on. By synchronizing the emission with the image acquisition according to
the waveband, the spectral response of the scene can be extracted to obtain polychromatic
or hyperspectral images with improved interpretability in comparison with monochromatic

counterpart.

[0083] A flat spectral response is highly desirable for polychromatic or
hyperspectral applications. In such applications, the spectral response of an optical system
depends mainly on the spectral sensitivity of the sensor and on the spectral transmission or
reflection of the optical elements. For an active system, the ability to extract the spectral
characteristics of the objects present in a scene depends also on the spectrum of the
corresponding THz illumination source 10. The non-uniform intrinsic spectral characteristics
of the system (source, optics and sensor) can be taken into account through calibration
process and compensation digital processing. However, the compensation techniques can
have limitations and better results can be achieved from a system having a flatter spectral
response. The use of a plurality of THz emitting elements 14 can offer a means to compensate
such spectral discrepancies. Hence for spectral applications, the array would be populated by
different numbers of the THz emitting elements 14 emitting in the different wavebands in a

manner to produce the overall flattest spectral response as possible. The flattening of the
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spectral response can also be done by operating some of the THz emitting elements 14 a

fraction of the time of the integration period of the image sensor.

[0084] The intensity modulation capability of the THz emitting elements 14 can
allow implementation of heterodyne (or similar) schemes of signal detection provided that a
fast response sensor is used in conjunction with the modulated THz emitting elements 14. The
useful signal is extracted from the sensor output signal through filtering that can reject most of
the frequencies out of a narrow band centered on the modulation frequency of the THz emitting
elements 14. The concept may be extended to allow the simultaneous acquisition over all the
wavebands in polychromatic or hyperspectral applications. For such applications, the THz
emitting elements 14 emitting in a given waveband are all modulated in intensity at the same
frequency, which differs from the modulation frequencies used for operation over the other
wavebands. All the THz emitting elements 14 are driven simultaneously and the sensor
receives all the waveband optical signals differentiated from each other by their specific
frequency at which the intensity is modulated. The signal from each individual waveband can

be extracted by filtering the sensor composite signal.

[0085] In some embodiments, the individual beam shaping elements 28 can be
refractive. For instance, the individual beam shaping elements can be provided in the form of
conventional lenses, liquid crystal lenses and the like. The individual beam shaping elements
can also be reflective in some other embodiments. In these embodiments, the individual beam
shaping elements can have a reflective surface reflecting corresponding individual terahertz
radiation beams. The collective beam shaper 29 can be refractive as well. For instance, the
collective beam shaper can be provided in the form of a conventional lens, a liquid crystal lens
and the like. In some other embodiments, the collective beam shaper can be reflective, and

be provided with at least a reflective surface.

[0086] Fig. 10 shows an example beam shaping assembly including an
individual beam shaping element 28 placed in front of each THz emitting element 14 of the
array 24 located underneath. The array 26 of beam shaping elements 28 can be provided in
the form of an assembly of simple or complex lenses 50, each assembly collecting the
terahertz radiation beam emitted from the corresponding individual THz emitting element 14

and reducing the beam divergence. More complex beam shaping elements, either refractive
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or reflective, with combinations of conventional, free-from and arbitrary surfaces may also be
envisioned such as those used for light emitting diodes (LEDs). The configuration of the beam
shaping elements 28 can be the same for each terahertz emitting element 14 of the array 24
or individualized as a function of the position of the associated terahertz emitting element 14
(or the group of THz emitting elements 14) to control the radiated optical irradiance distribution

and/or for any other purposes (e.g., polarization or phase distribution).

[0087] The array 26 of beam shaping elements 28 can be mounted on a two-
axis translation stage to move the array 26 with respect to the array 24 of THz emitting
elements 14 in order to increase ray directions diversity and further reduce the coherence of
the terahertz illumination source 10. The beam shaping assembly can also include a large
collective beam shaper 29 placed at the output of the array 26 of beam shaping elements 28
for further shaping of the terahertz illumination beam 22. For example, the collective beam
shaper 29 can be provided in the form of a converging lens 52 to focus the individual terahertz
radiation beams produced by all the individual channels (individual THz emitting elements 14
with corresponding beam shaping elements 28) into a single spot. Other beam shaping
elements 28 such as light pipes, arrays of lenses (beam homogenizers), integrating spheres
can be used to mix the individual terahertz radiation beams produced by the array 24 of THz
emitting elements 14 in order to improve uniformity and compensate for variations in the output

power from element to element 14 (or dead emitters).

[0088] Still referring to Fig. 10, the array 24 may include THz emitting elements
14 emitting in distinct wavebands to produce a terahertz illumination source with a wider
waveband and/or to allow spectral analysis functionalities. Those THz emitting elements 14
can be activated simultaneously or sequentially in time according to their position in the array,

emission waveband and/or any other specificity.

[0089] In order to populate as densely as possible the surface with THz emitting
elements 14, the electronic control hardware of the VTUNE bias input of the THz emitting
elements 14 is located preferably below the surface 12, and is comprised within the control

signal generator 16.
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[0090] Fig. 11 shows another example of a beam shaping assembly. In this
embodiment, the individual beam shaping elements 28 are reflective. More specifically, the
individual beam shaping elements 28 can have reflective surfaces 60 which can collect and
redirect the individual terahertz beams 20 towards a collective beam shaper 29. In this
embodiment, the collective beam shaper 29 is provided in the form of a light pipe or waveguide
62 guiding the individual terahertz beams 22 to form a terahertz illumination beam 22. In this
example, the individual beam shaping elements 28 and the collective beam shaper 29 are
mounted to a frame 64 which can be permanently or removably coupled to the array of THz

emitting elements 14.

[0091] Fig. 12 illustrates a typical electronic circuit 56 for generating the VTUNE
bias signal forwarded to each of the THz emitting elements 14. The output is the sum of a DC
term, Vpc, and an AC term, - VoSin(wt). In reference to the example depicted in Fig. 9, both
values of the DC amplitude Vpc and the AC amplitude Vg can be adjustable to set, respectively,
the center frequency and the bandwidth (range) of the frequency sweep signal. Obviously, a
single instance of this circuit can be sufficient for driving all the M x N VTUNE inputs of the
terahertz emitting elements at the same time, either with a constant or a periodic VTUNE
signal. For example, and as was already pointed out above, for imaging applications where
coherent noise may not be an issue, like in transmission imaging through planar, smooth and
homogeneous objects, the terahertz emitting elements can be used in monochromatic mode
simply by setting a non-zero DC term value Vpc and a zero AC amplitude Vo, in order to set a
control signal having a voltage VTUNE = Vpc at the input of all the terahertz emitting elements

in the array.

[0092] A more versatile, more general electronic circuit like the one shown at
58 in Fig. 13 may also be considered for generating the drive signal of the VTUNE input of the
THz emitting elements 14. The difference with the circuit in Fig. 12 is that the simple sine wave
generator therein is now replaced by a random or arbitrary waveform generator in order to
drive the THz emitting elements 14 with a time-varying control signal having a greater diversity
of voltage values during an acquisition period of a terahertz image sensor. In this embodiment,
the VTUNE signal is now expressed as a sum of a constant DC term Vpc and a term defined

as Veen having a time-varying amplitude:

Date regue / Received date 2025-04-01



CA 3090636

-21 -

[0093] VTUNE = Vpc - VGEN(t),

[0094] where the amplitude of Vgen(t) may vary randomly or, for example,

periodically, as a sum of a number Q of the first terms of a Fourier series such as:
[0095] Veen = 23=1Aq cos(qwt) + By sin(qwt),

5 [0096] with adjustable or randomly variable amplitude coefficients Ay, Bq and

fundamental sweep frequency (w/2m) Hz.

[0097] It was also pointed out above that it is possible to combine into a given
array a plurality of THz emitting elements 14 operating at different frequency (wavelength)
bands. All those elements can be operated simultaneously to obtain a wider overall emission
10 waveband and, therefore, much reduced coherence. A similar, multi-frequency, multi-

waveband approach is also suitable for polychromatic or hyperspectral applications.

[0098] In order to implement this functionality, the architecture of a THz
illumination source 110 would be as shown in Fig. 14, where the M x N array 124 of THz
emitting elements 114 would be partitioned into k groups of THz emitting elements 114, with

15 the number k being selected such that:
[0099] 1<k<(MxN),

[00100] where k, M and N are integers, and the groups are illustrated at 114’,

114” and 114’ in this specific example.

[00101] The corresponding control signal generator 116 shown on the left-hand
20  side of Fig. 14 would include k control signal generators 116, 116” and 116’”, each of these
control signal generators driving the common VTUNE input of a corresponding group of THz
emitting elements 114 in the array 124. This VTUNE input would be used for driving the VCO
VTUNE input of each of the THz emitter elements 114 in this group 114. Each control signal
generator 116’, 116” and 116’” could be implemented either as the simple sinusoidal oscillator
25 like the one shown in Fig. 12, or a random or arbitrary waveform generator such as the one

shown in Fig. 13.
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[00102] In the latter case, where

[00103] VTUNE = Vbc - Veen

[00104] and

[00105] Veen = 23=1Aq cos(qwt) + By sin(qwt),

[00106] the Vpc value, the amplitude coefficients Aq, Bqand fundamental sweep

frequency (w/2m) Hz would be adjustable independently of the values set in the other

instances of this type of control signal generator.

[00107] Further flexibility in implementing programmable or more sophisticated
techniques or algorithms of electronic coherence reduction may be added by installing also on
the control signal generator a programmable device like a microcontroller or a field
programmable gate array (FPGA) as well as a communication port for control from a remote

computer.

[00108] It is noted that the THz illumination source 110 can be part of a terahertz
imaging system 160. In such embodiments, the THz imaging system 160 has a THz
illumination source 110 illuminating a scene 162 and a terahertz camera 164 imaging at least
a portion of the illuminated scene 162. In some embodiments, the THz illumination source 110
and the terahertz camera 164 are both mounted to a frame 166. The frame 166 can differ from
one embodiment to another. For instance, the frame 166 can be provided in the form of an
enclosure, a table, and the like. The frame 166 is optional as it could be omitted in some
embodiments. As shown, the THz imaging system 160 can include a controller 168 configured
to control the THz illumination source 110 and/or the THz camera 164. For instance, in some
embodiments, the controller 168 can send instructions to the THz illumination source 110, and
more specifically to the control signal generators 116’, 116”, 116’”, to generate control signals
of appropriate characteristics. In some embodiments, the controller 168 can control the
terahertz camera 164 to acquire images with given parameters (e.g., acquisition time) and
then receive the so-acquired images from the terahertz camera 164. The controller 168 can

be configured to process, manipulate, communicate, store the images as desired.
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[00109] The control signal generator 116 and/or the controller 168 can be
provided as a combination of hardware and software components. Such hardware
components can be implemented in the form of a computing device 170, an example of which

is described with reference to Fig. 15.

[00110] Referring to Fig. 15, the computing device 170 can have a processor
172, a memory 174, and an |/O interface 176. Instructions 178 for supplying control signals to
all or a fraction of the THz emitting elements 114 can be stored on the memory 174 and

accessible by the processor 172.

[00111] The processor 172 can be, for example, a general-purpose
microprocessor or microcontroller, a digital signal processor (DSP), an integrated circuit, a
field programmable gate array (FPGA), a reconfigurable processor, a programmable read-

only memory (PROM), or any combination thereof.

[00112] The memory 174 can include a suitable combination of any type of
computer-readable memory that is located either internally or externally such as, for example,
random-access memory (RAM), read-only memory (ROM), compact disc read-only memory
(CDROM), electro-optical memory, magneto-optical memory, erasable programmable read-
only memory (EPROM), and electrically-erasable programmable read-only memory
(EEPROM), Ferroelectric RAM (FRAM) or the like.

[00113] Each I/O interface 176 enables the computing device 170 to interconnect

with one or more input devices or with one or more output devices.

[00114] Each /O interface 176 enables the control signal generator 116 and/or
the controller 168 to communicate with other components, to exchange data with other
components, to access and connect to network resources, to serve applications, and perform
other computing applications by connecting to a network (or multiple networks) capable of
carrying data including the Internet, Ethernet, plain old telephone service (POTS) line, public
switch telephone network (PSTN), integrated services digital network (ISDN), digital

subscriber line (DSL), coaxial cable, fiber optics, satellite, mobile, wireless (e.g. Wi-Fi,
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WiMAX), SS7 signaling network, fixed line, local area network, wide area network, and others,

including any combination of these.

[00115] The computing device 170 described above is meant to be only an
example. Other suitable embodiments of the computing device 170 can also be provided, as

it will be apparent to the skilled reader.

[00116] In another aspect, Fig. 16 shows an example of a terahertz illumination

source 210 configured to emit a terahertz illumination beam 222 for terahertz imaging.

[00117] As shown, the terahertz illumination source 210 has terahertz radiation
emitting elements 224, a control signal generator 216 generating a main control signal 215
and a phase delayer 217. In this specific embodiment, the phase delayer 217 is configured to
receive the main control signal 215 from the control signal generator 216 and to generate
control signals 219 based on the main control signal 217. As can be appreciated, in this
embodiment the control signals 219 have phase delays relative to one another. As such, the
control signal generator 216 can modulate the phases of the individual terahertz illumination
beams to control a resulting, collective terahertz illumination beam 222. Accordingly, the
terahertz illumination beam 222 can be a phased-array terahertz illumination beam 223. As
shown, the individual terahertz radiation beams 220 are emitted such that the terahertz
illumination beam 222 can be steered at a given angle 6 towards a target. In some other
embodiments, the terahertz illumination beam 222 can be focused, defocused, scanned or
otherwise manipulated as phased-array technologies may permit. In some embodiments, the
phased-array terahertz illumination beam 223 can be scanned at a given frequency across a
given scene within the acquisition time of a terahertz camera. By doing so, terahertz images
of reduced coherent noise can be acquired even if the phased-array terahertz illumination

beam 223 is itself coherent.

[00118] Such phased-array signature can be obtained by providing phase delays
to the control signals 219 supplied to the terahertz radiation emitting elements 224. Other
embodiments may apply. For instance, in some other embodiments, the phase delayer may
receive control signals from the control signal generator and phase delay each control signals

relative to one another. By supplying these phased-delayed control signals to the terahertz
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radiation emitting elements 224, any desired phased-array terahertz illumination beam 223
may be emitted. Other ways of providing controls signals of delayed phase to the radiation

emitting elements 224 can be used, as may be appreciated by the skilled reader.

[00119] Itis intended that, in some embodiments, the terahertz illumination beam
5 222 can have a coherence property above a given coherence property threshold. In other
words, the terahertz illumination source 210 can be used to emit a coherent illumination
terahertz beam. Moreover, the terahertz illumination beam 222 can have a coherence
property which can vary over time. As such, the terahertz illumination source 210 can be used
whenever a terahertz illumination beam 220 of controlled coherence is to be emitted towards

10 a scene.

[00120] In some embodiments, the terahertz illumination source 210 has
individual beam shaping elements which are optically coupled to a respective one of the
terahertz radiation emitting elements 224, and a collective beam shaper which is optically
coupled to at least some the individual beam shaping elements. In these embodiments, the
15 individual terahertz radiation beams are collected and redirected successively by the individual

beam shaping elements and the collective beam shaper.

[00121] As can be understood, the examples described above and illustrated are

intended to be exemplary only. The scope is indicated by the appended claims.
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WHAT IS CLAIMED IS:

1. A terahertz illumination source for terahertz imaging, the terahertz illumination source

comprising:
a surface;
a plurality of terahertz radiation emitting elements mounted to said surface;

a plurality of individual beam shaping elements each being optically coupled to a

respective one of said terahertz radiation emitting elements;

a collective beam shaper optically coupled to at least some of said individual beam

shaping elements; and

a control signal generator communicatively coupled to said terahertz radiation
emitting elements, said control signal generator supplying a plurality of
control signals to said terahertz radiation emitting elements, said plurality of
terahertz radiation emitting elements emitting a plurality of individual
terahertz radiation beams being collected and redirected successively by
said individual beam shaping elements and said collective beam shaper, at
least one of said terahertz radiation emitting elements and said control
signals being configured so that said individual terahertz radiation beams

have a reduced coherence with respect to one another.

2. The terahertz illumination source of claim 1 wherein at least one of said individual

beam shaping elements and said collective beam shaper is refractive.

3. The terahertz illumination source of claim 1 wherein said individual beam shaping
elements are stacked on respective ones of said individual terahertz radiation emitting

elements.

4. The terahertz illumination source of claim 1 wherein said collective beam shaper is

stacked on corresponding individual beam shaping elements.
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5. The terahertz illumination source of claim 1 wherein said individual terahertz
illumination beams form a terahertz illumination beam having a nominal wavelength and

a coherence length below about a hundred times said nominal wavelength.

6. The terahertz illumination source of claim 5 wherein said control signals are different
from one another so as to provide individual terahertz radiation beams of different
wavelengths, thereby reducing said coherence length of said terahertz illumination

beam.

7. The terahertz illumination source of claim 5 wherein at least some of said terahertz
radiation emitting elements are configured to emit individual terahertz radiation beams
of different spectral contents, thereby reducing said coherence length of said terahertz

illumination beam.

8. The terahertz illumination source of claim 1 wherein said terahertz radiation emitting

elements include a high-electron-mobility semiconductor material.

9. A terahertz illumination source for terahertz imaging, the terahertz illumination source

comprising:
a surface;
a plurality of terahertz radiation emitting elements mounted to said surface; and

a control signal generator communicatively coupled to said terahertz radiation
emitting elements, the control signal generator supplying a plurality of
control signals to said terahertz radiation emitting elements, said plurality of
terahertz radiation emitting elements emitting a plurality of individual
terahertz radiation beams, the control signal generator modulating a phase
of said individual terahertz illumination beams to control a resulting,

collective terahertz illumination beam.

10. The terahertz illumination source of claim 9 wherein said modulating causes said

collective terahertz illumination beam to be steered towards a target.
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11. The terahertz illumination source of claim 9 wherein said modulating causes said

collective terahertz illumination beam to be focused towards a target.

12. The terahertz illumination source of claim 9 wherein said terahertz radiation emitting

elements include a high-electron-mobility semiconductor material.

13. The terahertz illumination source of claim 9 further comprising a plurality of individual
beam shaping elements each being optically coupled to a respective one of said
terahertz radiation emitting elements, and a collective beam shaper optically coupled to
at least some said individual beam shaping elements, said individual terahertz radiation
beams being collected and redirected successively by said individual beam shaping

elements and said collective beam shaper.

14. The terahertz illumination source of claim 13 wherein at least one of said individual

beam shaping elements and said collective beam shaper are refractive.

15. The terahertz illumination source of claim 13 wherein said individual beam shaping
elements are stacked on respective ones of said individual terahertz radiation emitting

elements.

16. The terahertz illumination source of claim 13 wherein said collective beam shaper is

stacked on corresponding individual beam shaping elements.

17. The terahertz illumination source of claim 9 further comprising a phase delayer
receiving a main control signal from the control signal generator and generating the
plurality of control signals based on the main control signal such that the plurality of

control signals have phase delays relative to one another.

18. The terahertz illumination source of claim 9 further comprising a phase delayer
receiving the plurality of control signals from the control signal generator and phase
delaying the plurality of control signals from one another such that the plurality of control

signals have phase delays relative to one another.
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