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Abstract 
 
 Optoelectronic techniques for generation and detection of terahertz (THz) signals have been reviewed. The 
operation principles of THz photomixer sources have been studied and recent developments in these area have been 
presented. The performances of developed THz photomixer sources have been discussed and compared. Recent 
developments in the area of integrated terahertz system-on-a-chip for sensing applications have been reviewd. 
 

1. Introduction 
 
 Terahertz technology has entered into an unprecedented revolutionary era with ever-growing applications in 
biology and medicine [1-3], monitoring and spectroscopy in pharmaceutical industry and science [4,5], medical imaging 
[6], material spectroscopy and sensing [7], security [8], and high-data-rate communications [9]. High power and reliable 
terahertz sources and high performance terahertz spectroscopy and imaging systems have been developed over the past 
few years making it possible to explore new areas in science and technology. Although still far from their ultimately 
expected performances and functionalities, the commercially available THz devices and systems have made the THz 
spectrum accessible to many scientists and technologists in different areas ranging from biology and medicine to 
chemical, pharmaceutical, and environmental sciences to revisit their scientific problems under the light of THz waves. 
 
 Over the past few years, unprecedented progresses have been made in the area of THz source technologies, which have 
played an important role in opening up the possibility of using THz waves in many real-world applications. 
Miniaturized electron beam sources have been demonstrated and the performances of the solid-state sources and 
frequency multipliers have been steadily improved by increasing their upper frequency limits and their power 
efficiencies. Terahertz quantum cascade lasers have experienced a rapid progress over the last few years. Their output 
power level and operation temperatures have remarkably increased whereas their lowest operation frequencies have 
been continuously decreasing. Terahertz optoelectronic sources, including THz photomixers and THz parametric 
sources have seen a great improvement in their performances in terms of optical-to-electrical efficiencies and maximum 
output powers at frequencies above 1 THz. New material systems have been developed for photomixer sources allowing 
them to operate at optical telecommunication wavelengths. Taking the advantage of low-cost diode lasers and high-
power fiber amplifiers and other telecommunication optical components, it is now possible to dramatically reduce the 
cost of the THz system. 
 
 In this paper, the existing and emerging optoelectronic techniques for generation and detection of THz waves have 
been reviewed. In addition to THz signal generation, optoelectronic methods can also be used to coherently detect the 
signals at the receiver end and to extract both amplitude and phase information from the detected signals. Using 
coherent laser beams to generate and detect THz signals is a versatile tool to control and manage the properties of the 
generated THz signals. For example, one can control the phase distribution of the generated THz signals in a 
photomixer phased array antenna structure to increase the efficiency of the antenna and control the radiation beam [10]. 
 

2. Photomixing in Ultrafast Photoconductors 
 
 The trend in the THz technology is towards the implementation of compact and cost-efficient systems for 
various THz applications. Realization of a compact, high-power, and low-cost THz source is a crucial step towards this 
goal. Photomixers are promising continuous-wave THz sources. These can lead to potentially compact, low-power-
consuming, coherent, low-cost, and tunable sources. Terahertz photomixing is an optical heterodyning scheme, in which 
optical modes generated by two single-mode lasers [11], or a dual-mode laser [12], with their frequency difference fall 
in the THz range, mix in a photoabsorbing medium. 
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Fig. 1 Schematic of a typical antenna coupled terahertz photomixer source with a dc biased fast photoconductor 

material excited by two laser beams: (a) top view (b) cross section 
 
This mixing process in the presence of an appropriate bias, generates a THz signal with a frequency equal to the 
frequency difference of the two optical modes [13, 14]. The generated THz signal can be coupled to an integrated on-
chip waveguiding structure or to a radiating antenna. The frequency of the THz signal can be tuned by tuning the 
wavelengths of the lasers. An antenna coupled photomixer source is made of an ultra-fast photoconductor material with 
a pattern of closely spaced electrodes on it connected to an antenna structure. A dc bias is applied to the photoconductor 
through the electrodes. Two cw laser beams combined either inside an optical fiber or properly overlapped in space are 
focused on the biased region to generate a modulated carrier density, which generates a THz current in the presence of a 
bias voltage (see Fig. 1). Resonant structures such as slot and dipole antennas have relatively higher radiation 
efficiencies [15], however, for wideband applications bow-tie antennas or self-complementary spiral antennas are more 
appropriate [16]. In a traveling-wave photomixer structure, the generated terahertz signal couples to a transmission line 
structure provided that the propagation velocity of the line is matched to that of the terahertz signal. In the edge-coupled 
photomixer sources [17], the laser beams are guided inside an optical dielectric waveguide structure and being absorbed 
by an overlying ultra-fast photoabsorbing layer, wherein a terahertz signal is generated due to photomixing mechanism. 
The generated terahertz signal is guided by a transmission line, which can be a coplanar stripline (CPS), a coplanar 
waveguide (CPW), or a parallel-plate waveguide. The edge-coupled photomixer sources are attractive for system-on-
chip configurations (THz integrated circuits) suitable for terahertz spectroscopy and sensing and terahertz imaging 
applications. To design and optimize an edge-coupled terahertz photomixer source, it is important to know the optical 
power distribution across the optical waveguide and also its variation along the optical and THz waveguides [18]. 
 
 Typical optical-to-electrical conversion efficiency for photomixers is below 10-5 for a single device and output power 
falls from ~ 2 μW at 1 THz to below 0.1 μW at 3 THz [19]. The maximum available terahertz power from a single 
photomixer device is limited by its maximum sustainable optical power and dc bias before device failure. The total 
sustainable optical power for a photomixer made of LTG-GaAs working at room temperature when biased at 4 V/μm is 
about 0.9 mW/μm2 [20]. The maximum sustainable optical power can be increased by transferring the LTG-GaAs film 
on a higher-thermal-conductivity substrate such as silicon or diamond or by growing a heat spreader epilayer such as 
AlAs beneath the LTG-GaAs film. To increase the laser-power-handling capability of the device, traveling-wave 
photomixers have been proposed, in which the optical excitation is distributed over a bigger area [17]. One can also 
increase the available terahertz power by making an array of integrated photomixer-antenna elements with beam 
steering capability [10]. 
 
 Unitraveling-carrier photodiodes (UTC-PDs) have also shown great promise as high power narrow-band terahertz 
sources. In these fast photodiodes, the energy band structure is designed in such a way that only photogenerated 



electrons contribute to the photocurrent and the generated holes, whose low velocity limits the speed of the device, do 
not cross the carrier collection layer and therefore do not contribute to the photocurrent [21]. A UTC-PD chip integrated 
with a log-periodic toothed wideband antenna and a silicon lens pumped by two fiber coupled tunable external cavity 
cw laser diodes working at wavelengths around 1550 nm has been demonstrated [21]. The device works up to 1.5 THz 
and generates 2.3 μW at 1.04 THz with nearly 400 mW input optical power at -0.75 V dc bias. Integrated with a 
narrow-band resonant dipole antenna, the device generates 10.9 μW at 1.04 THz, which is to date the highest generated 
power by a photomixer source at this frequency. The performance of the UTC-PDs is limited by their RC time constant. 
There is a trade-off between the minimum thickness of the absorption and depletion layers and the RC time constant. 
 
 

3. Integrated Terahertz Photonics System-on-Chips 

 While quasi-opt or THz imaging, THz 
spectroscopy, and device characterization, their sensitivity the optical alignment and their large size, complexity, and 
ost, m

ntains a THz source, a sensor transducer, and a THz antenna or a detector element 
tegrated on a single substrate [22, 23]. The optical excitation can be pulsed or cw and can be applied to the source and 

 on the change in the resonance frequency and/or quality factor of the 
Hz resonator due to the presence of different bio-samples, e.g. ss-DNA and ds-DNA with different refractive indices 

he volume of the sample 
quired for reliable detection is reduced dramatically (more than three orders of magnitudes) as compared to the free-

 THz optoelectronic techniques play an es THz components and systems because of their 
unique capabilities in generation and detection of coherent THz signals. Novel optoelectronic devices will pave the way 
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ical setups for generation and detection of THz waves are versatile tools f

to 
c ake them less attractive for numerous existing and emerging real-world applications. The integration concept 
both at the device level and at the system level has been the subject of intensive research and development activities 
over the last few years [22-24]. 
 
 An integrated THz bio-chip co
in
the detector elements through free space coupling [22, 24] or through an integrated optical waveguide embedded inside 
the substrate [23]. In the latter case, the two laser beams are guided inside an optical dielectric waveguide structure and 
being gradually absorbed by an overlying ultra-fast photoabsorbing layer, wherein a terahertz signal is generated due to 
photomixing mechanism. The generated THz signal is guided by a coplanar-stripline (CPS) and is coupled to an 
integrated CPS resonator, which acts as a sample carrier and transducer. After interaction with bio-sample, terahertz 
wave is guided by a CPS line to a wide-band antenna for radiation and is detected by a THz power detector. Using this 
THz bio-chip, one can differentiate between single strand DNA (ss-DNA) and double strand DNA (ds-DNA) 
molecules. This capability enables the device to be used for the extraction of gene expression for early disease 
diagnostics and gene therapy applications. 
 
 The operation principle of this device is based
T
and the attenuation coefficients, on top of the resonator. This can be attributed to the change in the effective refractive 
index of the resonator's surrounding medium after adding the biomolecule samples. In this device, the transmission 
characteristic of the resonator, in the frequency domain, is obtained by sweeping the operation frequency around the 
resonance frequency of the resonator. From the change in the transmission characteristics of the resonator, due to the 
presence of bio-sample, the required information about the sample under the test is extracted. 
 
 A significant advantage of using resonator as a transducer in a biosensing system is that t
re
space spectroscopy approach. This results in a much higher analytic sensitivity. 

 
4. Conclusion 

 
sential role in future 

for all optoelectronic compact THz systems for high performance THz imaging and spectroscopy applications with 
dramatically reduced size and cost. The integration of different THz devices and components on a single substrate using 
integrated photonics methods have shown great promise for realization of THz integrated circuits and THz photonics 
system-on-a-chip. 
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