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· Target Application: Time-of-Flight (TOF) spectrometers using fast detectors like

Multi-gap Resistive Plate Chambers (MRPCs) in high-energy physics.

· Challenges: Ultra-fast and weak signal readout, impedance matching at wide-

dynamic-range, high-time-precision front-end and TDC.

· Limitations of Conventional Solutions: Relying on discrete chips for the analog front-

end and digital TDC leads to complex interconnects and restricted channel density.

· Research Objective: Develop a direct-digitizing time measurement ASIC to achieve a

highly integrated, high-precision readout for weak and fast signals.

1. Background & Motivation

2. ASIC Architecture

3. Performance

As illustrated in Fig.1, the ASIC comprises eight independent mixed-signal time-

measurement channels, a common bandgap, a DAC, a PLL, a DLL and a gray-counter.

In the following, some core circuits including Pre-amplifier, discriminator and TDC will

be introduced.
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Fig. 1  Block diagram of the chip

2.1 Pre-Amplifier

A regulated cascode (RGC) topology was adopted for the pre-amplifier. Compared

to the conventional Common-Gate (CG) structure, this topology offers a lower input

impedance, yielding two distinct advantages. First, the reduced input impedance

pushes the input pole to a higher frequency, thereby extending the bandwidth.

Second, the input impedance remains stable over a wide dynamic range. In standard

CG structures, large input signals can force the amplifying transistor out of the

saturation region, causing a surge in input impedance and subsequent signal

reflections. In contrast, the proposed RGC structure maintains a stable input

impedance even under large-signal conditions. This stability is verified by the

simulation presented in Fig.2(b).

Fig. 2  (a) The structure of RGC PA   (b) Simulation of input impedance for RGC and CG

Fig. 3  Block diagram of the discriminator

2.3 TDC

The TDC adopts a three-

stage hierarchical quantization

architecture, as illustrated in

Fig.4. The first stage is

implemented by a global Gray-

code counter. The second stage

utilizes multi-phase clocks

generated by delay-locked loop.

The third stage employs a

vernier delay line structure,

achieving a fine bin size of

approximately 6 ps.

Fig. 4  Block diagram of the TDC

The proposed ASIC was fabricated using a 180 nm CMOS process. The dimensions

are 2500 μm × 3300 μm, and the chip is packaged in a QFP128 footprint. Fig.5

presents the layout and a photograph of the packaged chip.

Fig. 5  The layout and photo of the chip

Preliminary tests have been conducted. Fig.6 illustrates the input impedance test

method. Generate a signal with an arbitrary waveform generator, resembling the

MRPC waveform, and send it to the chip and oscilloscope through a T-connector. The

input impedance of the chip can be calculated by the ratio of the two peaks.

In conclusion, this work presents a high-precision, monolithic readout ASIC

designed for fast detectors in modern high-energy physics experiments. The

fabricated chip demonstrate good input impedance stability and timing performance,

showing great potential as a monolithic candidate for constructing high-density

readout systems.

2.2 Discriminator

The discriminator employs a differential saturated amplification architecture, as

illustrated in Fig.3. It consists of four cascaded differential amplifier stages that

provide high gain, amplifying the input signal to saturation levels to generate steep

digital pulses. To prevent false switching caused by noise during threshold crossing,

hysteresis is integrated within each amplifier. Furthermore, the stages are

interconnected via AC coupling, which effectively suppresses low-frequency gain,

preventing deviations in the equivalent threshold across different channels.

Fig.7 Preliminary test results
(a) (b)
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Fig.6 Input impedance test

Fig.7(a) characterizes the input impedance: regardless of the input signal polarity

(positive or negative), the input impedance remains stable from 13 Ω to 15 Ω across a

signal amplitude range of 100 fC to 2 pC. Fig.7(b) demonstrates the timing

performance measured by the delay line method, showing a timing precision better

than 10 ps over a dynamic range from 100 fC to 1 pC.


