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Abstract—Photoconductive antennas are devices that provide 

power up to THz frequencies at a relatively low cost. However, the 

power radiated by each antenna is typically quite low and arrays 

have been proposed to increase it. In this paper we present the 

design of a leaky enhanced array architecture that surpasses the 

state of the art as it operates efficiently for frequencies up to 1THz, 

without excessive complications in the manufacturing. This 

architecture is compared with a ‘standard’ array, showing a 

broader bandwidth and a higher emitted detected signal. 

I. INTRODUCTION 

HOTOCONDUCTIVE antennas (PCAs) are a combination of 

semiconductor materials driven by optical laser sources and 

THz antennas, where the optically excited semiconductor 

functions as antenna feed over large bandwidths, reaching THz 

frequencies. The development of these PCAs has enabled a 

broad variety of applications for THz technology since they 

provide power at THz frequencies [1-7]. However, the power 

radiated by a single PCA source has historically been limited 

[8] mainly by two factors: i) The maximum biasing voltage 

applied to the semiconductor material, which leads to the 

disablement of the PCA if voltage breakdown of the material is 

exceeded; ii) The maximum laser power applied to the device 

since the radiated power saturates for high laser powers [9], 

which limits the available THz power of the PCA [10]. In order 

to overcome this problem, a photoconductive connected array 

source (PCCA), which was presented for the first time in [11], 

is proposed. The first characterization of this device gave the 

unprecedented ~1mW of power, with very clean simulated 

beam patterns and spectrum.  

II. MEMBRANE BASED ARRAY DESIGN 

The design in [11] operates extremely well for frequencies 

up to 650 GHz. The upper frequency limit to the performance 

would emerge evidently as a loss in the radiated spectrum. The 

limit to the higher operating frequency was due to the excitation 

of the array by means of commercially available micro lenses 

of diameter � � 100 ��. For inter-element period of �	 �
�
 � � � 100 ��  an array designer, unexperienced with 

connected arrays, would have expected the maximum 

frequency of operation associated to the grating lobe free 

radiation in the dense dielectric (√� 
 3.45) to be 870GHz, 

corresponding to � � ������� 
� . However, the maximum useful 

frequency was 650GHz, with the inter-element period � �
0.47 �������

�  due to a poor impedance match. It was shown in 

[12] that the introduction of an electrically small air gap will 

increase both the impedance match and grating free bandwidth 

for these arrays. The design in [11] has been modified with the 

addition of an air gap between the PCCA and the lens, which 

pushes the active impedance drop to higher frequencies, 

effectively increasing the operational bandwidth. The 

introduction of the air gap has a minimal minimal effect on the 

radiation patterns at lower frequencies but the grating lobes are 

greatly reduced at higher frequencies. This can be explained by 

the fact that the leaky-wave excited due to the air-gap increases 

the directivity of the embedded element patterns, leading to less 

radiation in the direction of the grating lobes. An air gap of 

10µm is found to be the best trade-off for this design. All the 

simulated performance can be found in Fig. 1. 

III. FABRICATION AND MEASUREMENTS 

The fabrication of the PCCAs, the one with (bulk) and the 

one without air gap (membrane), is similar. They are both 

fabricated on the same 3” diameter and 625um thick semi-

insulating (SI) single-crystalline GaAs wafer. A multilayer 

consisting of an 0.2um thick GaAs, an 0.4um thick 

Al0.75Ga0.25As and a 2um thick LT-GaAs is deposited by 

Molecular Beam Epitaxy (MBE) on the front side of the SI-

GaAs. The only difference between the processing of the two 
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Fig. 1. a) Spectra radiated in the dielectric lens by a connected array for three different dielectric stratification, stepping the air gap between the connected 
array and the lens for h=0, 10 and 25µm. b) Normalized radiation patterns in the lens at 400GHz. c) Normalized radiation patterns in the lens at 1THz. 
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arrays that the processing of the PCCA on the bulk substrate 

and the one on the membrane is that the back of the wafer is 

locally etched behind the PCCA so the remaining suspended 

LT-GaAs becomes the membrane. A full description of the 

fabrication process is discussed in [13]. To create the 3D 

structure required for the operation of the PCCA, we use a very 

similar assembly to the one used by Garufo et al. [11]. The 

alignment and the gluing procedure is identical since the same 

setup is used. We use two different lenses, one flat Si lens for 

the PCCA on the bulk substrate and the other one with a 

protrusion. This protrusion will go inside the cavity on the back 

of the PCCA and assure that the air gap has the correct 

dimension. A micro-lenses array made of polymer-on-glass is 

used to distribute and focus the laser beam into each gap of the 

5x5 dipole array. The micro-lenses array is placed on the other 

side of the PCCA, on an specially machined edge of the sample 

holder at a distance equal to the focal length of the micro-lenses 

array. A sketch of the PCCAs is shown in Fig. 2a.  

We use a commercial system TERA K15 available from 

Menlo Systems (https://www.menlosystems.com/), with ad hoc 

modifications, to characterize the spectrum of the PCCAs. The 

standard TERA K15 transmitter (TX) is replaced by the PCCAs 

under investigation, which are fed by the free space 390cm 

optical delay path. The TX PCCA is biased to a fixed voltage. 

We use the receiver (RX) from the TERA K15 to measure the 

frequency response. This receiver is an Auston switch fed by 

in-fiber optical pulses (Fig. 2b). All details about this setup can 

be found in [9]. The -3dB diameter of the laser beam impinging 

the micro-lenses array is 500µm along the two orthogonal axis. 

The micro-lenses array is illuminated with a laser power of 

100mW, from which approximately 30mW is absorbed by the 

PCCA. Both arrays are biased with 20V in total (4V per gap). 

The time domain signal of the PCCAs is acquired and 

transformed to frequency response via a Fourier transform (Fig. 

2c and 2d). The grating lobe is clearly suppressed in the array 

with the 10µm gap and it receives a much higher signal. 

IV. DISCUSSION AND CONCLUSIONS 

This work presented a novel connected antenna array for 

power generation in the THz spectrum. The array on one side 

exploits connected array elements to achieve high mutual 

coupling and consequently enlarge the bandwidth in the lower 

portion of the spectrum. On another side it is “leaky enhanced”, 

as it is manufactured on a thin membrane to realize an air cavity 

to push the grating lobes to beyond 1THz frequencies. The 

simulation results and the preliminary measurements are 

extremely promising, as the air gap introduced between the 

PCCA and the lens supresses the grating lobes (roader 

frequency band) and the detected signal is significantly higher.  
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Fig. 2. a) Sketch of the PCCAs under investigation (not to scale). b)

Schematic of the measurement setup. c) Measured frequency response of the 

PCCA with no air gap (red) and with a 10µm gap (blue). d) Measured signal

response of the PCCA with no air gap (red) and with a 10µm gap (blue). 
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