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Abstract 

This dissertation describes the design, operation and test results of a new integrated, 

multichannel time interval counter that provides high resolution (even 0.7 ps), low measurement 

uncertainty (below 7.5 ps rms), wide measurement range (above 1 h, easily extendable), and is 

implemented in off-the-shelf FPGA device Kintex-7 (manufactured by Xilinx in CMOS 28 

nm). The time measurements are performed simultaneously in eight independent channels, 

while advanced configuration of input channels improves either the precision or the 

measurement speed. The operation principle is based on a combination of a timestamps method, 

two-stage interpolation and equivalent coding line in the second stage of interpolation. 

The timestamps principle makes possible registering events appearing at counter inputs on the 

common time scale and then measuring the time intervals between any registered events. 

The high resolution and precision is obtained due to the use of two-stage inner interpolation 

with an 8-phase clock in the first stage and an equivalent coding line.  

To achieve assumed parameters few steps had to be done and they were described 

in details in the dissertation. Firstly, the novel first-stage interpolator, based on an 8-phase 

clock, is presented. It consist of a Vernier delay line implemented with the use of interconnect 

resources that are essential part of FPGA devices. Then, equivalent coding line method 

is discussed in details, including both mathematic and experimental analysis. The results show 

the way of hardware implementation of the second interpolation stage module in FPGA 

to maximize the performance of conversion and thus, overall counter. For both interpolators, 

the first and the second, full PVT variations tests are performed. The timestamps method 

is executed with relatively high frequency of the reference clock (500 MHz). Therefore, several 

issues are presented how to make efficient implementation in FPGA and avoid synchronization 

problems with interpolators. The dissertation includes also analysis of integrated time counter 

error sources and experimental tests executed to determine counter resolution, nonlinearities, 

precision, measurement speed, temperature influence and results repeatability (process 

variation). To push designed multichannel time counter metrological parameters to their limits, 

four operation modes are proposed. They allow to maximize either resolution and precision 

(to 0.7 ps and even 3 ps, respectively) or measurement speed (up to 250 MSa/s).  

According to my best knowledge, obtained metrological parameters (resolution and 

precision) are the highest achieved in FPGA devices so far. Finally, dissertation approves that 

it is possible to develop integrated, multichannel time interval counter with the high 

measurement speed, picosecond precision and wide measurement range, in a low-cost and 

easily available microelectronic technology. 


