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Introduction

A TDC prototype was designed and fabricated in CMOS 130 nm technology. The architecture
with analog interpolators was chosen, which was motivated by previous experience in SAR ADC
design in 130nm CMOS technology[1]. The measured time difference between the event and the
trigger signal is converted to the amplitude and then digitised by a 10-bit ADC. The circuit has
configurable time resolution from 15 ps to 140 ps, which gives the total possible time measure
range from ±9.5 ns to ±70 ns.

Architecture

The TDC contains a Time to Analog Converter
(TAC) with two current mirror branches, digi-
tally controlled by Phase and Frequency Detec-
tor (PFD). The PFD detects the time difference
between the input signals InU and InD, no mat-
ter which comes first, which allows to measure
positive and negative (before trigger) time val-
ues. Thanks to internal current DACs, the bias
of the Charge Pump (CP) can be digitally con-
figured, changing the time resolution from 15 ps
to 140 ps (LSB). As the last stage a fully dif-
ferential SAR ADC is used to digitise analogue
value.

For the 10-bit SAR ADC implementation a dif-
ferential capacitive DAC, a dynamic compara-
tor, and an asynchronous dynamic control logic
were chosen. The asynchronous ADC logic elim-
inates a fast bit-cycling clock distribution during
conversion and a fully dynamic logic is used to
eliminate the static power consumption. To re-
duce total ADC capacitance the minimal capac-
itor size together with a split DAC architecture
were chosen.

The rising edges of the inU (start)
and inD (stop) signals generate the
U and D signals. The time dif-
ference between them is propor-
tional to the voltage build the in-
ternal ADC capacitance (Vinp and
Vinn). When the ADC input volt-
age becomes stable the conversion
starts. When the ADC conversion
finishes, it is reset to be ready for
the next conversion.

Layout

The layout of TDC was drawn
in 100 um pitch and the length
of around 740 um. This was
done for future implementa-
tion of TDC in a multi-channel
ASIC.

Measurements Setup

A dedicated setup was developed to measure main TDC parameters. It comprises following
components:

• Function Generator Agilent 81160A for input signals,

• Trenz FPGA Board as DAQ system,

• Dedicated test boards: Gutsy Ferret Board (Gutsy Ferret) and uASIC Board,

• Dedicated TDC Board with ASIC,

• Client PC for data collecting and analysing.
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Preliminary Results

The Jitter (sigma) at best resolution (15 ps) is around 1 LSB
and depends on the measured time

The DNL at best resolution (15 ps) is below 1 LSB in most of
the measured range

The INL to be studied - results much worse than simulated

The DNLs for all channels in prototype ASIC look very similar

The INLs for all channels show slightly different behaviour

Summary

The architecture and preliminary results of prototype TDC,
comprising a TAC and 10-bit ADC were shown.

• First tests confirm expected TDC functionality,

• The configurable time resolution from 15 ps to 140 ps gives
the total possible time measure range from ±9.5 ns to ±70 ns,

• The prototype TDC achieves a good DNL around 1 LSB,

• The INL is significantly worse than simulated of the order of
10-15 LSB (need further studies),

• The measured jitter is below 1 LSB,
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