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. 1. Introduction N

In the field of particle physics experiments, Time-of Flight (ToF) is a
powerful tool to perform particle |denn.ﬁcanun, and the Time-to-Digital
Converter (TDC) plays a crucial role in the high-precizion fime
As the of the particles to be studied
increasingly goes high, the time resolution requirement becomes higher
accordingly, and the TDC is expected to achieve picosecond (ps) fime
precision. Moreover, high-resolution measurements are also widely
demanded in other scientific domains, such as LIDAR, TOF-PET, etc.

In this work, the desizn and testing of a 16-channel coarse-fine
hierarchical TDC is present. A fwo-stage conversion structure
combined with a coarse counter 13 implemented fo achieve a wide
dynamic range with high time resolution. The coarse time is measured
with a shared two-edge counting gray counter, and the fine time is
obtained with a dedicated two-stage TDC. The architecture of the core
iz described in Section IT, and the preliminary fest results are presented
in Section I

2. Circuit Design

Fig. 1. Block diagram of the proposed TDC ASIC.

Fig. | shows the block diagram of the TDC ASIC. The chip integ
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3. Performance M
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Fig 3 Performance test (1) Layaut of the 16-chamne] TDC ASIC: (b) Test sefup.

Figh6(a) shows the layout of the 16-chammel TDC ASIC. After
fabrication, the performance evaluation for the TDC ASIC has been
conducted. The test setup 1s displayed i Fig 6(b).

16 chamnels dedicated fo digitizing amival times of input signals. The
operational clock is derived through a PLL, multiplying the

of the 50 MHz reference clock by a factor of 16. The time-to-digital
process employed by the TDC involves a combination of coarse and
fine time measurement. Coarse time information is provided by two
gray comnters, counting by the rising and falling edges, respectively.
Fine time information is given by a two-level conversion structure. The
first level conversion utilizes a multi-phase delay line TDC with a bin
size of 80 ps, and the residual time after the first level conversion is
delivered to the second level conversion, which is a Vemier TDC with
a bin zize of 7 ps.

Some key circuits in the TDC are depicted in the Fig 2.
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{2) DML and ML of the MDLL () Time Measurement Precizion
Fig. 4. Test results.

While the MDLL offers benefits of compact size and low random
noise, it suffers from fixed pattern noise, which can degrade the

of the TDC. Therefore, calibration becomes imperative.
In Fig. 4(a), the DNL and INL of the 16 periodic phases of the
operational clock are depicted Precision in time measurement is
asseszed by utilizing pairs of channels to measure the time interval
between two pulses with a consistent time gap. followed by
cah'hmuonandslaum:alanzlym Fig. 4(b} illustrates the measured
time better than 85 ps is
hieved. M ,ﬂlepovwer ion of the device was
ing a 0.1 £ resistor in series with the power
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ion of the whole chip is 140 mW, with an average value of
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least}nn9mea'chamel As the hit rate of one channel reaches 1.6
MHz, the power consnmption would increase to 1465 mW, which
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