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Abstract: We report on the current state of the developrogiat sub-wavelength THz spatial modulator
array — a multi-pixel THz imaging device. The madat allows fast image acquisition and spectroscopy
with greatly improved spatial resolution.
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1. Introduction — THz spatial modulator for imaging and spectroscopy

Current THz sub-wavelength imaging techniques mequiechanical (raster, point-by-point) scanningacfHz
imaging complex over the sample area for image awmitipn. This results in long acquisition times.eféfore, in
order to increase the speed of acquisition, a Thizging device consisting of multiple sub-wavelengpiertures
(an imaging array) for THz radiation was developHuke need for X-Y mechanical scanning of the apestacross
the sample is minimized depending on the pixelyadanensions (number of sub-wavelength aperturef) w
respect to the sample area. The THz spatial mamutancept was first proposed by Rutt et al in [d]this paper
we report on the design and characterization aflg functional THz spatial modulator.

The transmission factor of each of the sub-wavgkeapertures can be varied (modulated) electrbpian
a given modulation frequency. Thus, each of thatapes can perform independent amplitude modulatibthe
THz radiation. These apertures are then multipleretthe frequency domain. The received signal -uadte of
frequency components — is processed which perhstphotodetector system to differentiate betweerattjacent
holes. This is done by transforming the receivephai (modulated optical signal, time signal) inte frequency
domain by virtue of the FFT. The amplitude modualatis revealed in the output spectrum as a rowngbumly
spaced modulation peaks separated by a fixed fneyuaterval. This is schematically depicted inufig 1. The
position of a modulation peak on the frequency axsesponds to the aperture’s modulation frequeticthe
amplitude modulation depth factor is constant andwn for each of the apertures, the amplitude cingle
modulation peak yields information about the safspléiz attenuation — THz absorption image.
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Figure 1 - Frequency spectrum of the THz nteidu signal Figure 2 - THdeIatbr for FTIR spectroscopy
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Additionally, if combined with a broadband, cohdtg enhanced synchrotron radiation source and
scanning Fabry-Perot interferometer, the modulatom be used for THz Fourier Transform Spectrosca@py.
complete THz imaging microscope for THz micro-spestopy of samples is shown in figure 2. The spsctipic
information — collected over the area imaged thioagparticular sub-wavelength aperture — is corthinithin the
modulation peaks’ side-bands, as depicted in fiqure



2. Modulator electronic design and principle of opeation
As seen in figure 3, in its current form, the devaonsists of an array of sixteen THz transmisgimilows (pixels)

of sub-wavelength diameter. The complete arrayxtéan pixels can be frequency multiplexed. Seveasnts of
the device with varying pixel diameters — 5, 10 ah6l 20um — were already fabricated, tested andcteaized.

Diffracted

|: Au - P+ . 4 component
[ ]SI-Ssi N+ 1

[

THz T T 7T

Back side

Front side

Figure 3 — THz modulator — P+ sidegpizontacts Figure 4 — THz modulatcside (pixel lateral cross section)

The increase in image acquisition speed is actieugce the modulator can deliver a 4x4 pixel image
within a single integration time of a THz photod#te. In addition to that, the array can be meatelhji scanned
over the sample, yielding an improvement factot ®fin the speed of image acquisition in comparisoa single
aperture, sub-wavelength scanning imaging techsique

As seen from figure 4 the modulator pixel is efffedly a P-i-N diode, where the electric contactsrf the
transmission apertures. Free carrier absorptierpited for the amplitude modulation of the Tladliation. By
injecting additional electric carriers into the-RHdiode (aperture) area, the increase in thedagger absorption is
achieved.

3. Experimental results

Figure 5 presents the THz radiation amplitude matibh depth [%] of a single aperture obtained anlthsis of the
measurements of the THz modulator. The devicegala of AM modulation of THz radiation.
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Figure 5 — THz modulator amplitude modulation dept
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