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Abstract — This paper describes architecture, implementation and measurement results of Time-to-Digital

Converters (TDC) with histogram method self-calibration for high-speed I/O interface circuit test applications.

We have implemented the proposed TDC using a Programmable System-on-Chip (PSoC), and its measurement

results show that the TDC linearity can be improved with the self-calibration. All TDC circuits as well as its

self-calibration circuits can be implemented with digital circuits, even with FPGA instead of full custom IC,

which is suitable for fine CMOS implementation with short design time.
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Table 1. Number of measurements (measured histogram) in self-calibration mode

Pinl Pin2 Pin3 Pin4 Pin5 Pin6 Pin7 pin8 Pin9 Pin10 Pinll Pin12

1,565 743 1, 860 1,927 546 1,771 1,782 1,909 1,862 1,937 2, 069 2,181

Pin13 Pin14 Pin15 Pin16 Pin17 Pin18 Pin19 Pin20 Pin21 Pin22 Pin23 Pin24

1,873 783 1,898 944 1,765 1,913 1,768 2,019 1,786 2,077 1,750 2,206

£ 2 @EERIEE— FRIERRSR
Table 2. Measurements results in normal measurement mode
L & UMt (ns) 0 541 812 1,437 | 2,104 | 2,291 | 2,895 | 3,500 | 4,166 | 4,770 | 5,395 | 6,083 | 6,791
HZE 0 1 2 3 4 5 6 7 8 9 10 11 12
L&EWMiE(ns) | 7,416 | 7,645 | 8,270 | 8,583 | 9,145 | 9,770 | 10,354 | 11,000 | 11,583 | 12,250 | 12,812 | 13, 541
HiJE 13 14 15 16 17 18 19 20 21 22 23 24
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Table 3. Measurement results of error between the delay value and the corresponding histogram
Pinl Pin2 Pin3 Pin4 Pin5 Pin6 Pin7 pin8 Pin9 Pin10 Pinll Pinl12
-4.31 -9.30 -1.55 -4.43 -3.41 -3.01 -2.56 5. 18 1.979 2.52 -0.52 1.90
Pin13 Pinl4 Pin15 Pinl6 Pin17 Pin18 Pin19 Pin20 Pin21 Pin22 Pin23 Pin24
-0. 87 13. 11 0.46 -0.23 3.89 1.25 0.15 3.39 1. 34 3.01 3.01 0.10
# 4 FE% TDC K
Table 4. Measured TDC output after calibration.
L &\ M (ns) 0 541 812 1,437 | 2,104 | 2,291 | 2,895 | 3,500 | 4,166 | 4,770 | 5,395 | 6,083 | 6,791
) 1E 0 0.917 | 1.353 | 2.443 | 3.573 | 3.893 | 4.932 | 5.976 | 7.096 | 8.187 | 9.324 | 10.536 | 11.815
L &Ml (ns) 7,416 | 7,645 | 8,270 | 8,583 | 9,145 | 9,770 | 10,354 | 11,000 | 11,583 | 12,250 | 12,812 | 13,541
HH 12.913 | 13.372 | 14.485 | 15.038 | 16.073 | 17.195 | 18.231 | 19.415 | 20.462 | 21.680 | 22.706 24
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