
32nd URSI GASS, Montreal, 19-26 August 2017 

 
 

Actual Problems in Radiophotonics 
 

Yu.V. Gulyaev 
Kotelnikov Institute of Radio-engineering and Electronics, Russian Academy of Sciences, Russia, http://cplire.ru 

 

 

About 15 years ago scientific press began to report about the development of solid-state microwave and ultra-wideband 

electric-optical and optic-electronic devices, and the number of open publications has increased considerably. Accumulated 

during this period information allows us to make an assumption about the development of essentially new areas in Radio 

Engineering, that are called photonics, radio-photonics or microwave photonics. 

 

By “radio-photonics” we will mean a field of knowledge, that studies the interaction between the optical signal and more low 

frequency electric signal in various nonlinear media and devices, more specifically, methods of generation, processing and 

application of optical fields modulated by RF signals (with frequency range up to 100 GHz and higher). The appearance of 

radio-photonics was a determinate consequence of the development of super high-speed (up to 100 Gb/sec and above) 

communication lines. To transmit UWB signals with a spectral width of up to 100 GHz and more it is necessary to use carrier 

frequencies of the order of some hundreds of GHz. However, large attenuation does not let transmission of signals having 

mentioned frequency over long distances. Transmission of ultra-wideband signals over long distances is possible through 

fiber optical links. In this case, the optical frequency wave should be modulated by information signal. Due to large 

differences in the frequencies of optical and microwave spectrum a wave is narrowband that makes significantly easy it’s 

processing. 

 

The advantages of using fiber-optic technology in microwave engineering: 

• Ultralow losses and dispersion for microwave frequencies (less than 0.2 dB / km for 1550 nm, optical carrier ~200 THz) 

•Ultra-broadbandness for microwave signal (available frequency band of optical fiber ~50THz frequency band of 

photodiodes and modulators up to 100 GHz and above) 

• Low level of phase noise (direct optical detection process using photodiode unaffected to optical radiation phase (optical 

carrier phase and phase noise) 

• High phase stability (diameter of optical fiber core ~10 microns) 

• Immunity to electromagnetic interference, it does not make interference itself. 

• Galvanic isolation 

• Small mass and size of the optical fiber 

• Mechanical flexibility (makes installation of the system more easy) 

 

As a part of the study it was determined that using of optical fields and appropriate methods of its transformation for 

processing of microwave signals has much more wide application than just the transmission of ultra-wideband microwave 

signals over long distances: 

1. Optical methods for signal coding will allow almost completely decouple different channels in multi-channel device, 

and moreover, using of such electric-optical modulators in input cascades of receivers provides optimum protection 

of the following cascades from the impacts by electromagnetic and high power microwave pulses in input. 

2. With the help of optic-electronic technology it is possible to create precision low-noise tunable sources of radio 

signals with a frequency from hundreds of megahertz up to tens of gigahertz with record noise characteristics. 

3. It is possible to create optic-electronic or photonic analog-to-digital converter with a speed up to 100 Giga-samplers 

per second and with resolution capability above 4 bits. 

4. In prospect it is possible to create analogous electric-optical processors. 

5. Optic-electronic signal processing techniques will allow to implement the radar systems with active phased array, 

providing the unique characteristics for detection and tracking of targets. 

6. It is obviously that the problems solving by radio-photonics are not limited by presented examples. 

 

At present in the World there are some research teams specializing in development of radio photonic radar systems or its 

separate units. First experimental results obtained under investigation of radio photonic radar prototype are presented in 

publication made by Italian team headed by G. Serafino in Nature journal [1]. Research in this direction are executed also in 

the frame work of DARPA (USA Program) [2]. 

It is obviously already that radio photonic location systems are the principal new generation of remote sensing systems and its 

performance capabilities exceed significantly capabilities of the present-day facility units. 
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