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Terahertz (THz) radiation has shown enormous poten-
tial for non-destructive inspection in many contexts.
Here, we present a method for imaging defects in choco-
late bars, that can be extended to many other materials.
Our method requires only a CW monochromatic source
and detector at relatively low frequencies (280 GHz) cor-
responding to a relatively long wavelength of 1.1 mm.
These components are used to construct a common-
path configuration enabling the capturing of several im-
ages of THz radiation diffracted by the test object at
different axial depths. The captured diffraction-rich im-
ages are used to constrain the associated phase retrieval
problem enabling full access to the wave field, i.e., real
amplitude and phase distributions. This allows full-
field diffraction-limited phase contrast imaging. Thus,
we experimentally demonstrate the possibility of iden-
tifying contaminant particles with dimensions compa-
rable to the wavelength. © 2022 Optica Publishing Group
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The dramatic evolution seen by terahertz (THz) technology
[1, 2] in recent years has opened the possibility to use electro-
magnetic waves in this spectral region for many scientific [3–
7] and practical applications that range from biomedical uses
[8, 9] to non-destructive inspection [10–13] among many others
[14, 15]. THz has two very important characteristics that make
it attractive for non-destructive inspection. Firstly, it can propa-
gate through a wealth of materials such as plastics [16], ceram-
ics [17], paper [18] and even food [19, 20], which allows imaging
internal defects or locating internal contamination in many in-
dustrial contexts. Secondly, unlike γ- or X-rays, THz waves are
non-ionizing, which removes the occupational-exposure haz-
ard to operators, and the costs associated with protective mea-
surements required for ionizing radiation-based equipment.

While enormous progress has been seen in THz technology
in the last three decades, there are still important challenges
to be addressed. The availability of mass producible quasi-
optical components[21–24], emitters[25–27], detectors[28–30]

and other components is still limited, and the turn-key sys-
tems that are commercially available are still relatively expen-
sive. Apart from the availability of equipment and components,
the second inherent disadvantage of THz radiation is that the
long wavelengths associated to THz frequencies, typically in
the ∼1 mm to about 100 µm limit the spatial resolution achiev-
able by images made with THz radiation.

In this article, we present a method that benefits from eco-
nomical CW THz sources, combined with interferometric algo-
rithms in order to produce images of contaminants in chocolate
with dimensions close to the resolution limit, in an extremely
simple setup free from focusing optical components. For this
purpose we propose to use phase retrieval (PR) for computa-
tional wave field sensing as a part of the imaging process. This
approach enables the object under investigation to be placed
directly in front of the sensor. This, in turn, provides the ad-
vantages of a large numerical aperture, close to 1, that would
require unrealistically large lenses. Additionally, the approach
has the advantage of minimizing diffraction effects which limit
the resolution of the images.

In contrast to pixel-to-pixel scanning time-domain hologra-
phy [31] and off-axis full-field THz holography [32], PR does
not require a gating reference pulse or beam. This enhances
the robustness of the setup towards mechanical disturbances.
Accordingly, THz PR was demonstrated to reconstruct a com-
plex wave field, i.e., the phase and amplitude, of electromag-
netic field reflected by a test object [33] and transmitted through
[34] a scattering material. For the phase reconstruction an it-
erative approach entitled single-beam multiple-intensity recon-
struction (SBMIR) is used. Within SBMIR the wave field is prop-
agated from one plane to another and then the amplitude is re-
placed by the captured one. Consequently, the modified wave
field is propagated to the next plane. If the last plane is reached,
the wave field is then propagated back to the first plane.

The proposed inspection method consists of two main steps.
In the first step, an optimized multiple intensity PR (OMI-PR)
approach is used to recover the complex amplitude of electro-
magnetic field diffracted by the chocolate bars. Within this
method, a gradient-based approach is used to minimize an ob-
jective function which leads to a fast convergence and prevents
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