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Resources-limited FPGA based-multi-channel TDC system
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(Laboratory of Space Active Electro-Optical Technology and Systems, Shanghai Institute of Technical Physics,

Chinese Academy of Sciences, Shanghai 200083, China)

Abstract: Based on Xilinx XC2V3000 chip, a multi-channel irradiation resistance enhanced (Time-to-
Digital Converter, TDC) system was designed. 16—channel high-precision time measurement was achieved
within 2 FPGAs in a single board. With multi-redundant delay-chain structure, each measuring channel
consisting of three physical timing links, and the anti —-SEU ability was enhanced by triple modular
redundancy. The channel uniformity calibration correction technology was applied to solve the multi-
channel uniformity issues. Experimental results prove that the system meets the requirements of a 3D
imaging laser radar, with an accuracy of 62.9 ps and a good uniformity. Meanwhile, the technical solution
provides has a character of low power consumption, light weight etc.
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Tab.1 Resource usage comparison

9 Channel
Triple modular 9 Channel
redundancy (V4 1L.X380)
Item (V2 V3000)
Total Per Total Per compari-
usage channel usage channel son
Flip-flops 7647 283.22 4 560 506.67 55.9%
Lut 11 027 408.41 7532 836.89 48.8%
Block
27 1 20 2.22 45.1%
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Fig.11 Bin width of the delay-line cell (FPGA Q, GroupA,

Main wave)
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Fig.12 Calibration curve of the delay-line unit (FPGA Q, GroupA,

Main wave)
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Channel 5)
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Tab.2 Time measurement accuracy of the

16—channel TDC

Timing accuracy Ranging accuracy

Channel
anne (RMS)/ps (RMS)/cm
CHI1 64 0.96
CH2 66 0.99
CH3 63 0.945
CH4 69 1.035
CH5 71 1.065
CH6 67 1.005
CH7 66 0.99
CHS8 67 1.005
CHO 69 1.035
CH10 67 1.005
CHI1 65 0.975
CHI2 63 0.945
CHI13 62 0.93
CH14 63 0.945
CHI5 65 0.975
CHI6 72 1.08
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