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B APD BT H M A, HE P E| APD AN BT M A, BT 1E B A4 B B (TDC) & L3 8 4 JE it I8 AT 89 O
FZ—, ETEET4AE-E W FET RN &K% (Metal-Oxide—Semiconductor Field=Effect Transistor,
MOSFET) # by o4 , % T 7 — Sl A7 AL TDC W3, 1% 07 3% F R Bl 5 1t 28 B e B 2 (5 A M, S I AL 1T 46 bits 1Y
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High precision time-to-digital conversion circuit for mercury
cadmium telluride APD detector at 77 K

ZHANG Qi-Wen'?, CHEN Hong-Lei', DING Rui-Jun"
(1. Key Laboratory of Infrared Imaging Materials and Detectors, Shanghai Institute of Technology Physics, Chinese
Academy of Sciences, Shanghai 200083, China;
2. University of Chinese Academy of Sciences, Beijing 100049, China)

Abstract: HgCdTe avalanche photodiode (APD) is the frontier research on infrared focal plane technology. High-preci-
sion time stamp's readout circuit is the basis of the APD focal plane at 77 K, which directly affects APD infrared focal
plane performance. Time-to-digital conversion circuit (TDC) is one of the methods to achieve high-precision time
stamping. Based on the analysis of MOSFET device at low temperature, we design a vernier TDC circuit, which uses a
synchronous counter to quantize an integer multiple of the periods to achieve a coarse count of 6 bits. We use the high-
frequency clock multiplied by the on-chip phase-locked loop to quantify the part that is less than one clock cycle to
achieve a fine-count of 6 bits output. The circuit adopts standard CMOS process tape out, and our circuit works at a
master-frequency of 120 MHz. At 77 K, the circuit tests can distinguish the time resolution of 236. 280 ps. The DNL is
within -0. 54~0. 71 LSB, and the INL is within -1. 32~1. 21 LSB.

Key words: HgCdTe e-APD, time-to-digital converter circuit, vernier delay line, nonlinearity
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Table 1 Extraction results of the MOSFET parameters

Model pa- Uit NMOS PMOS

rameters 77K 300 K 77K 300 K
Vio v 0.958 0.719 -1.121 -0.724
R, em’/Vs 1370 434 564 172
Vo m/s 9.59E4  7.47E4  9.61E4 3.81E4
R, Q-pm  1663.2 1373.16 3841.31 2530.47
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Fig. 3 I-V curves of NMOS at 77 K and 300 K. The size of
the NMOS is W/L=20 um/0. 55 um
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Fig. 6 The comparator schematic diagram
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Fig. 7 Simulation results of input offset voltage of compara-
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Table 2 Comparator simulation results

Gain 77.99 dB
Delay Time 10.01 ns
Resolution 12 bits

Noise 7. 621v/sqrt(hz) @1MHz
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Fig. 9 The delay cell circuit
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Table 3 Vernier TDC simulated output

o Coarse counter Fine counter
Time interval/ns

(Binary output) (decimal output)

846 100 000 19
847 100 000 27
848 100 000 34
849 100 000 42
850 100 000 50
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Fig. 11 The schematic block diagram of TDC circuit Testing
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Fig. 13 Coarse counting test results at room temperature and
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Fig. 14 Fine counting value at room temperature and low

temperature test
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Table 4 Compare the performance parameters of this work and Raytheon at 300 K and 77 K
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