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Laser pulse energy localization in a photoconductive THz emitter via

sapphire fibers
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We report a seminal approach for localization of photocarriers in a photoconductive antenna (PCA)—emitter via
a focusing element comprising the sapphire fiber. Using numerical simulation, we showed that at a certain ratio
between the fiber diameter and antenna gap size (d/g ~ 22.5), one can attain a ~ 35-fold enhancement of laser
irradiation in the vicinity of the PCA electrodes. This provides the formation of subwavelength electromagnetic
wave caustics located at the edges of the PCA electrodes, which potentially promotes an increase in the

optical —to—terahertz conversion efficiency.
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Spectrometers and imaging systems based on photocon-
ductive antennas (PCA) are actively used in solving a
wide range of fundamental and applied problems [1-3].
The use of PCA in optical time—domain spectroscopy
(TDS) makes it possible to get information simultaneously
on the amplitude and phase of the received wide—band
THz radiation, which increases the efficiency of image
restoration algorithms in the tomography and nonde-
structive testing tasks [4]. One of the topical direc-
tions of the THz technology evolution aimed at making
TDS systems more compact and cost—effective is tran-
sition to PCA pumping by IR fiber lasers without fre-
quency multiplication (at the wavelength of 1.03—1.56 um).
For this purpose, it is necessary to change over to
PCA based on narrow—band photoconductors, e.g., In-
GaAs.

Despite the technology evolution and advantages of
narrow —band materials [5,6], the PCA emitter based on
them exhibits the efficiency of laser pump pulse conversion
into THz electromagnetic oscillations [7,8] of no more than
~ 1%,; this makes it necessary to continue searching for new
design solutions.

This paper proposes an original approach to increasing
the conversion efficiency by using a special focusing
element, namely, profiled sapphire fiber (PSF) mounted
on the PCA surface. PSF was selected for this pur-
pose because its refractive index remains high in a wide
electromagnetic spectrum range, which gived rise to a
significant optical contrast at the fiber/semiconductor and
fiber/air interfaces [9]. Using numerical simulation, we

showed that at a certain ratio between the fiber diam-
eter and PCA gap width (d/g ~ 22.5) it is possible to
increase the near—electrode laser pump intensity by ~ 35
times.

Fig. 1 illustrates the proposed concept of laser pump-
ing (a) and the 2D model of PCA used in calculations (b).
The calculations employed a photoconductive semi—infinite
Ing 53Gag 47As layer with a pair of golden electrodes on the
surface. Thickness of the PCA electrode Ti/Au metallization
was 0.45um, inter—electrode gap width was g = 10 um,
PSF diameter varied from 140 to 240 um.

Numerical simulations were performed by the
finite—element method using code COMSOL Multiphysics
at wavelength A1 =1.56um. Mesh size of the
finite—element network varied from 4/8 in the gap
to 1/4 in other areas. To change over to dimensionless
variables, we have introduced parameters (X/g) and
(d/g) that are the lateral coordinate and PSF diameter,
respectively. Fig. 2,a presents the results of simulation,
namely, spatial distribution of power density of the pump
electrical field (~ |E|?) for two characteristic values
d/g =14 and ~ 22.5 which correspond to the minimal
and maximal radiation localization.

Fig. 2,a clearly demonstrates the formation of sub-
wavelength pump caustics within the InGaAs layer. The
pump efficiency | depends on the number of photocarriers
that succeed in reaching the PCA electrodes prior to
recombination. To estimate this parameter, it is necessary to
integrate |E|> with a weight factor exponentially decreasing
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Figure 2. Normalized power density of the pump electric field in the PSF cross—section and photoconductive layer (a) and pump

intensity gain factor K (b) for different d/g.

from the edges to the center:
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where | = 0.3 um is the characteristic length of the InGaAs
region where photocarriers drift in external field till getting
recombined, K is the pump intensity gain factor, indices
s and 0 mean integration for PCA with the fiber on
the surface and without it, respectively. Fig. 2 presents
the calculated K(d/g) dependence. One can see that
coeflicient K increases monotonically and reaches maximum
K ~ 35 at d/g ~ 22.5. This corresponds to the case when
subwavelength caustics are located near the PCA electrode
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edges thus allowing a larger number of photocarriers to
contribute to the THz radiation [11].

Thus, the paper has proposed and theoretically justified
a seminal approach to localization of the laser pump pulse
near the THz emitter electrodes by using PSF that creats
high optical contrast at the fiber/photoconductor interface.
It has been shown that in the case of optimal ratio between
the fiber diameter and PCA gap width it is possible to
create areas of maximal energy localization in the vicinity
of electrodes and, thus, to potentially increase the energy
conversion efficiency.
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