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1. Title of the Project:  Sub-Nyquist Photonic Analog to Digital Converter for 
instantaneous frequency measurement. 

 

2. Date of Start of the Project: 1st October, 2021 

 
3. Aims and Objectives:  

 
To design and develop a photonic analog to digital converter to 

a. determine the instantaneous frequency of an incoming RF signal 
b. digitize the signal accurately with low bandwidth ADCs 

 

4. Significant achievements (not more than 500 words to include List of patents, 

publications, prototype, deployment etc) 

 
In modern electronic warfare, RADAR warning systems, electronic intelligence and anti-

stealth defense systems, instantaneous frequency measurement (IFM) of the unknown 

intercepted signals is of imminence importance. Electronic implementations are very 

bulky, slow, power hungry, prone to electro-magnetic interference (EMI).  

We have designed time-stretch assisted IFM system, the instantaneous frequency (RFin) 

to be measured is mapped on top of an optical pulse, which is time-stretched using a 

dispersive medium. The stretched version of RF is photo-detected and digitized using a 

low-rate electronic analog-digital converter (ADC). The experimental setup is shown in 



Fig 1a and the measurement results in Fig 1b. Light from a spectrally rich mode locked 

laser is time stretched through a dispersive medium, and the RF to be measured is 

modulated on this pulse through the electro-optic modulator (EOM). A two-output 

modulator is chosen for shape corrections, the modulated RF is further time-stretched in 

the second medium, followed by a photodetector and a low-bandwidth electronic ADC. 

The bandwidth required by the electronic ADC is reduced by the stretch factor. The 

resolution of measurement is decided by the width of the optical pulse before modulation, 

which is itself constrained by the repetition rate of the mode locked laser that generates 

the pulse. We have carried out experiments upto simulations and have proved that a 5 

MHz repetition rate pulse can detect a wide range of RF frequencies from C band to V 

band, with a frequency accuracy of < 250 MHz.  

 

Fig 1a. Schematic of the experimental setup of photonic IFM measurement system 

 

Fig 1b. Experimental results indicating the measurement of frequency 

         

Fig 2a Extracted spectrum with a 5 MHz MLL, (b) Calibration curve of measured vs input 

RF (c) Error in the expected RF measured as a function of input RF frequency indicating 

that smaller repetition rates are critical to achieve minimal error.  

 



We have demonstrated an experimental method for “pulse picking” to convert a 50 MHz 

laser to a 5 MHz laser. Schematic of the experiment is shown below: 

 

Fig 3 Pulsing picking for on-demand frequency resolution in IFM 

We also have designed an optical interleaver for repetition rate multiplication to carry out 

the measurements in the sub-Nyquist approach. This interleaver is currently being 

fabricated with industry support.  

 

Bias controller for modulator, and the RF link design are completed and demonstrated, 

which are the critical elements of the photonic IFM system. 
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Concluding remarks  

 

Overall, the progress of the project on IFM measurement using Photonic methods is 

proceeding well. We are also engaging with BEL for potential translation. 

 

 


