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Abstract— Photoconductive antennas (PCAs) are used for 

imaging and sensing applications because of their ability to radiate 

short pulses with large bandwidths in the THz regime. The 

characterization of PCAs has previously been done using a time-

domain Norton equivalent circuit. Thanks to a recent 

contribution, the size of the excited photoconductive area of PCAs 

that results in an impedance match with the antenna can be 

determined analytically using only the available optical power and 

the material parameters of the photoconductor. Through the 

impedance matching, the radiated THz power is maximized. These 

insights are used for the dimensioning of a wide-band 

photoconductive connected array to be used in the low THz band, 

excited by a high power laser (~1W).  

I. INTRODUCTION 

large bandwidth PCA system would allow for radar 

systems with a depth resolution in the order of a millimeter 

[1]. The radiated power by PCAs has however been 

limited in the past, mainly due to limited available laser power, 

the use of low-efficiency dispersive antennas and saturation 

effects [2]-[4]. Several arrays have been proposed in the past to 

distribute the active PC area over multiple elements. These 

arrays however usually rely on electrically short- or resonant 

elements, making it difficult to efficiently match the element 

impedances to the impedance associated to the feeding gaps 

over a broad band. Garufo et al. introduced the photoconductive 

connected array (PCCA) concept [4]. Connected arrays are 

intrinsically broadband, and the distribution of the active PC 

area keeps the size of the feeding gaps small in terms of the THz 

wavelength. PCCAs can therefore be used to efficiently radiate 

the generated PC power with minimal dispersivity. 

Previously, an extensive characterization of PCAs has been 

done in transmission [5], resulting in a time-domain Norton 

equivalent circuit. In a recent contribution, some of the authors 

derived an analytical approximation for the internal resistance 

of a Norton equivalent circuit in Frequency Domain (FD). The 

FD circuit was previously verified with power measurements of 

a bow-tie antenna [6]. It is found that the saturation of the 

radiated power from PCA sources is related to the impedance 

match between the antenna and generator. In this work, the 

simplified FD circuit model is used to design the next 

generation PCCA sources driven by high power lasers (~1W). 

The size of the active PC area is determined such that a good 

impedance matching with the generator impedance is obtained. 

Furthermore, we predict the radiated THz power for a certain 

available laser power and applied bias field. Finally, we discuss 

several trade-offs concerning the connected array dimensions. 

II. PCA IMPEDANCE MATCHING & RADIATED POWER 

Generally when one wants to increase the radiated THz 

power of a PCA, both the laser intensity and/or the bias voltage 

can be increased. The bias voltage is limited by the dielectric 

breakdown of the material. The laser power is limited by the 

maximum available laser power and cost of commercial 

sources. These limitations make careful design of PCAs 

necessary to obtain a significant radiated power. To this end, 

we consider the equivalent FD Norton circuit model shown in 

Fig. 1(a). The circuit consists of a current generator �����(�), 

an internal generator load 	�
�(�), and a load representing the 

antenna. The load representing the antenna is here assumed to 

be a frequency-independent radiation resistance �
, which is an 

accurate approximation in the case of electrically long 

broadband antennas [5]. The FD current through the load and 

through the generator are denoted by �(�) and ��
�(�) 

respectively. The evaluation of the currents in the circuit is 

discussed in [5],[6]. 

  

Fig. 1. (a) Norton equivalent circuit in transmission in FD. (b) Approximate 

generator impedance vs the laser intensity ���, evaluated using Eq. 1. 
 

When one considers the FD Norton circuit, the maximum 

power transfer occurs when ℜ{	�
�(�)} = �
. The generator 

impedance is dependent on the optical excitation, the applied 

bias field ��⃗ ��
� and the antenna impedance. A good impedance 

match between the generator and antenna impedance, when 

excited with the maximum available optical power, is important 

to maximize the achievable THz power. In a recent contribution 

[6], it was highlighted that the generator impedance mainly 

depends on the optical excitation, leading to an approximate 

equation for 	�
�(�):  
	�
�(�) ≈  ��
�


��� = 1
���

2
� ! "#$

%
ℎ�!

 '
((! + (�)
((! − (�),        (1) 

where  ��� = ,-�
��//01, ,-�
�� is the power absorbed in the PC 

material, /01 is the total active PC area, �21 is the electron 

mobility, #$ the electron charge, % and �! the laser repetition 

rate and center frequency, ℎ the Planck constant, and (! and (� 

the electron recombination and scattering time respectively.  

The intensity ��� can be chosen such that the approximated 

generator impedance ��
�

���

 (Fig. 1(b)) matches the antenna 

resistance �
. To see whether this matching condition results in 

the maximum radiated THz power for a certain available laser 

power, one can evaluate the radiated THz power for varying 

/01 while keeping ,-�
�� constant. This way ��� is effectively 

varied to change the generator impedance. An example of the 

normalized generated THz power as a function of the laser 

intensity for �
 = 90Ω is shown in Fig. 2(a). The PC material 
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assumed is LT-GaAs with �21 = 210 678/9:, (! =
300�:, (� = 8�:, which is excited with a pulsed laser with a 

carrier frequency �! = 385%>? and repetition rate % = 12.5A:.  

Fig. 2(a) shows that ��
�

��� = �
 when the intensity is set to 

��� = 0.1427C/�78 resulting roughly in the maximum 

radiated power and a good impedance match (Fig. 2(b)) until 

about 600E>?, where one can in principle further tweak ��� to 

shape the spectrum of the generated THz power.  

  

Fig. 2. (a) Normalized THz power generated in the active PC area vs the 

intensity of the laser. The laser power is fixed, and the intensity is varied by 
changing the active PC area. (b) Generator impedance and (c) generated THz 

power using LT-GaAs, ��� = 0.1427C/�78, an applied electric bias field of 

F��⃗ ��
�F = 10.679/�7 Hnd �
 = 90Ω. Note that in all cases the power is 

evaluated from 0.1%>? − 1%>? 
 

The envisioned transmitter is excited by a laser with an 

average power ,-� of at least 0.5W. The absorption efficiency is 

I
�� = 0.59, taking into account both reflections on the 

interface between LT-GaAs and air as well as the absorption in 

the LT-GaAs (2�7 thick). Furthermore, a laser spillover 

efficiency of IJKL
�$� = 0.5 is assumed. The total PC area needed 

for an absorbed laser power of ,-�
�� = I
��IJKL
�$�,-� can then be 

found as /01 = ,-�
��/��� .  One can without further simulations 

find the generated THz power using the Norton model. Fig. 

2(c). shows the generated THz power ,�
 MNO as a function of the 

laser power. To achieve these high power levels, the design of 

a broadband antenna array is crucial, which is discussed in the 

next section. 

III. PCCA DIMENSIONS 

A schematic representation of a connected dipole array is 

shown in Fig. 3. The connected array with P Q P elements and 

array period R placed on a photoconductor is used as feed to a 

silicon lens. The laser beam is distributed and focused onto the 

Fig. 3. PCCA geometry presented in [4]. The blue material represents the 
photoconductor (LT-GaAs), and the grey material represents metal. The red 

squares represent the PC feeding gaps, of which the areas sum up to /01 . 

dipole PC feeding gaps of area C Q C by a lens array. In this  

work, only the connected array design is considered. The total 

active PC area (area of all the feeding gaps combined) needed 

for a certain available laser power is found from ��� under the  

condition ��
�

��� = �
. An estimate of the antenna resistance is 

thus needed to choose an appropriate ���. For a well-designed 

connected array with air on the bottom and a silicon lens on top 

(neglecting the thin PC material), the active element impedance 

is around S
 ≈ 90Ω.  “Well-designed” in this case means: 

i. The gap size C ≪ U MNO 

ii. The array period R V U$WWMNX/2 to avoid grating lobes 

and undesired mutual coupling effects. 

iii. The size of the array should be Y ≳ U MNO  

Here U MNO is the wavelength of the THz radiation inside the 

silicon lens and U$WWMNO = U[MNO/\�,$WW is the effective wavelength 

between silicon and air with \�,$WW = ](\��� + \�
��)/2. For an 

operational bandwidth between 0.1%>? − 1%>?, this means 

roughly that: C ≪ 90�7, R ⪅ 60μm and Y� ≳ 177.  

The size of the gaps for a certain ,-�
�� is dependent on the 

number of elements used (Fig. 4(a)). The gap size should be 

chosen based on fabrication tolerances and the accuracy of the 

alignment to the lens array that focuses the laser power on the 

feeding gaps. In Fig. 4(b), the periodicity required to achieve a 

certain array size Y is given as a function of P.  

 

 

Fig. 4. (a) Size C of the feeding gaps of the connected array as a function of 

the number of elements P along a single direction (b) Array periodicity R as a 

function of N for different array sizes . 

IV. SUMMARY 

A design procedure for PCCA antennas is presented in this 

paper. Using an array excited by 1W of average laser power 

would result in ~20mW of generated THz power. To achieve 

these unprecedented power levels, we would roughly need both 

the PC gap-width and the array period to be smaller by at least 

a factor two compared to the state of the art PCCAs [4]. 
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