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High-accuracy TDC for laser range finder
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2. Graduate University of Chinese Academy of Sciences, Beijing 100039, China)

Abstract: A low-density Field Programmble Gate Array(FPGA) was chosen to realize a high-accura-
cy» low nonlinearity Time-to-Digital Converter(TDC) circuit to a laser range finder,for the high-den-
sity FPGA TDC circuit showed a worst linearity. The high-speed counter, interpolator methods and
the encoder algorithm were studied, and the factors effecting on the high-resolution and nonlinearity
of TDC circuit implemented in a single FPGA were analyzed. Then, a method to reduce the nonlineari-
ty of TDC circuit was proposed. Focusing on the method, a high-speed latch problem was settled
based on the above factors, and a TDC circuit was designed by a low-density FPGA XC2V250. A USB
interface was used to transfer the time signal into the digital code to a PC to be calculated and dis-
played. Finally, a time measurement circuit was designed to measure the delay time of TDC delay
cells. Obtained delay time was processed and analyzed,and experimental results indicate that the sin-
gle plot precision of the TDC circuit is about 80 ps, and the time interval resolution after calibration

can reach 40 ps. The differential nonlinearity and integral nonlinearity of TDC circuit are between —
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0.5241.SB and +0. 448L.SB, —1. 598LSB and +1. 4921.SB, respectively.
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Fig. 1 Measurement of TDC for pulsed laser
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Fig. 2 Block diagram of TDC for pulsed laser radar
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Fig. 3 Block diagram of high speed pre-scale time counter
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Tab. 2 Delay of interpolator key signals
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Tab. 3 2 cell time delay of carry-in lines  (ps)

i t(7) i t(7)
1 50.5 31 50.5
2 40. 4 32 40. 4
3 40. 4 33 40. 4
4 40. 4 34 50.5
) 50.4 35 40. 4
6 40. 4 36 50.5
7 40.4 37 40. 4
8 30. 3 38 50.5
9 40. 4 39 40. 4
10 40. 4 40 50. 5
11 40. 4 41 40. 4
12 40. 4 42 30. 3
13 40. 4 43 40. 4
14 30. 3 44 40. 4
15 30. 3 45 50.5
16 40. 4 46 40. 4
17 50.5 47 40. 4
18 40. 4 48 50.5
19 40. 4 49 40. 4
20 4.4 50 40. 4
21 50.5 51 40. 4
22 40. 4 52 40. 4
23 50.5 53 40. 4
24 40. 4 54 30. 3
25 40. 4 55 30. 3
26 50.5 56 40. 4
27 40. 4 57 40. 4
28 40. 4 58 40. 4
29 40. 59 40. 4
30 40. 4 60 40. 4
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