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ABSTRACT

The architecture of a multi-channel front-end system is important for realizing a high-resolution PET system. We pro-
pose a novel front-end readout electronic system with TDC to deal with time information for PET system which can
easily design the timing control. Each channel consists of a charge preamplifier, slow/fast shaper, discriminator and a
analog memory. There are a ADC and a TDC to process the energy information and time information for each channel
at the same time. In this paper, the whole system signals flow is all simulated by MATLAB. The simulation results
show that the proposed system can process slender current from the detector and achieve the energy and time informa-

tion. The proposed architecture can be applied to high-resolution PET imaging systems with multi-channel ASICs.
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1. Introduction

Positron emission tomography imaging technic is one of
the tiptop imaging technique in biomedical imaging. PET
imaging facilities came through much momentous change
in the past thirty years. At present, three dimension PET
imaging and TOF (time of flight) PET imaging facilities
have been used in clinical experiments [1,2]. But as the
fast development of PET imaging, PET/CT and magnetic
resonance imaging (MRI) and 4-D PET imaging research
still have been undertaken.

The research of PET begins at 1980s, but with the
revolutionary change of the technology and methods, the
front-end circuit developed with the development of the
detector of PET system [3,4]. Furthermore, the develop-
ing way of PET system is the improvement of the spatial
resolution, sensitive and the detection efficiency. The
improvements of computing, especially the improvement
of the ADC, accelerate the development of PET system
and lead to the optimization and revolution of the front-
end circuit. With the development of CMOS technology,
such as decrease of the minimum line width and three-
dimensional integrated technology, the performance, de-
sign method and cost of the front-end specific chip are
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advanced constantly [5,6].

This paper discussed a novel front-end readout circuit
architecture and design challenges for PET imaging sys-
tems, and gave the simulation results for signals flow.
The proposed architecture can be applied to high-resolu-
tion PET imaging systems with multi-channel ASICs.

2. PET Imaging System

Front-end microelectronics for PET imaging is a com-
plex system which deals with analog/composite signal,
this circuit including charge-sensitive amplifier, shaper
circuit, time-stamp circuit, peak detector, data convert
circuit and so on. The signal detected by the detector is
very weak, so pulse height analysis is needed. The weak
signal must be amplified, shaped and then detected peak.
Meanwhile, we must stamp the time when the photon
arrived the detector. The discriminator is used to sample
and distinguish the time signal on the sequence. More-
over, for digital processing, the power signal and time
signal need to be converted by specific digital circuit.
The digital circuit includes ADC and TDC which is mul-
ti-channel, low power consumption. The digitized signal
is stored, pre-process and transferred by the followed
circuit. The data of multiple channels need to sync by
protocols such as TCP/IP, transfer by optical fiber and
deal by computer.
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In this proposed system, the detector module consists
of LYSO crystals coupled with silicon photomultiplier.
We do not need a low noise front-end readout circuits to
deal with this pulse. In our solution, a charge preampli-
fier is proposed to collect the current signals in all chan-
nels due to its high sensitivity. Thus the crosstalk be-
tween channels can be decreased. The peak values of the
shaped pulses are digitized by a pipeline ADC in serial.
The triggers are sent to a high-precision TDC. The pro-
spective energy resolution is 96 fC, time resolution is 20
ps, and SNR > 20 dB.

3. Proposed Front-End ASIC Architecture

The proposed architecture of the front-end readout ASIC
is shown in Figure 1. JTAG is a test module to validate
the performance and the correctness of the circuits. The
BIAS module is to offer bias for whole system. The ADC
and TDC are to deal with the energy information and
time information from the multi-channel.

The architecture of each channel is shown in Figure 2.
The principle of each channel is described as followings.
Each detector connects to an 8-bit DAC to steady the
voltage of the silicon photomultiplier which can make
the detector work in a stabilestate. The valid signal of the
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silicon photo multiplierthen is sent to a low gain charge
preamplifier to collect and amplify the signal from the
detector. The photon electron dynamic range offered by
preamplifier is from 1to 2000, and the noise level is 1/10
photon electron. The electric information from the pre-
amplifier is sent separately into two different channels.
The one channel is to store the energy information. In the
energy measure channel, the input signal is to a shaper
which the shaping time range is from 50 ns to 100 ns.
The signal wave after shaping is delivered to the analog
memory, and through the sample and hold operation in
the analog memory the peak value is detected, in other
words, the peak value is the energy information. After-
ward the energy information is proceeded by the ADC.
The other channel is to store the time information. In the
time measure channel, the input signal is to a shaper
which the shaping time range is 15 ns. The signal wave
after shaping is delivered to the discriminator to be com-
pared to the referenced current. In the sequel, the time
information is proceeded by TDC. In the system, we in-
troduce a 10-bit pipeline ADC and 20 ps TDC to pro-
ceeded the analog signals. The special characteristic of
the proposed system is easy to control the working tim-
ing compared to the reference [7].
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Figure 1. Proposed ASIC system structure.
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Figure 2. Single-channel scheme.

The main difference to the reference [7] is that the
multi-channel system architecture and the method to deal
with the time information. In the proposed system, we
separately proceed the energy and time information by a
ADC and a TDC. In this way, we can proceed the energy
and time information at the same time which can predi-
gestthe control timing and speedup the system work. The
front-end readout system proposed in the paper has the
following characteristics:

The connection way of silicon photomultiplier and
front-end readout circuits. The stability processing be-
tween the detector and the circuits can make the silicon
photomultiplier work in the same work state, which can
offer the preamplifier stable signals.

Added fast shaper in the time measure channel. Mak-
ing use of the past zero character of the fast shaper to
avoid the error generated by the Time Walk. This method
can reduce the mistake by time trigger.

Added a 10-bit DAC and a 4-bit DAC to obtainprecise
base voltage of the discriminator. The 10-bit DAC is
used to coarsely adjust the base voltage and the 4-bit
DAC is used to finely adjust the base voltage.

Quantized the time information to expediently digital
proceeding. Added a TDC ramp to enlarge the time
measure range, sequentially enhance the veracity. The
height and the scope of the TDC ramp can lead to dif-
ferent results.

Energy and time information are collected respectively
by ADC and TDC. This method can easily to design
timing control, simplify the circuits, speedup the system
work. Moreover, the method can improve the space
resolution and the imaging quality.

4. Simulation Results and Discussion

The whole front-end readout system consists of a charge
preamplifier, a slow shaper (shaping time 50 ns - 100 ns),
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a fast shaper (shaping time 15 ns), a 10-bit pipeline ADC,
a 20 ps TDC and a high precisiondiscriminator. All of the
circuits is simulated by MATLAB. The detector is mod-
eling to the model as Figure 3. As Figure 3 showing,
approximately, the detector equals to a current source-
parallel connected to an internal resistance and aparasiti-
cal capacitance. The current source signal is adopted
Dirac’s delta pulse [1].

The input of charge preamplifier here is from 0.5 uA
to 10 uA. The leak current is set to 0.5 uA. Figure 4
shows the simulation result of the charge preamplifier.
From the result we can see that charge preamplifier can
exactly collect the charge information. Figure 5 presents
the step response of shaper. Figure 6 gives the simula-
tion result of sample and hole circuit. The simulation
results of discriminator are shown in Figure 7. Figure 8
shows the result of the 10-bit pipeline ADC. Figure 9 is
the simulation result of TDC.

The results show that the system can deal with the
weak signal from the detector and gain the energy and
time information for the imaging. And validate the valid-
ity of the front-end readout circuits. Of course, every
system has its disadvantage, so does the proposed ASIC
structure. The performance of PET imaging systems rests
with the capability of front-end readout and signal proc-
essing electronic elements. Especially, the front-end sig-
nal processing circuit is directly related to the quality of
final imaging pictures. The circuits must satisfy the re-
quirement of radiation hardening and must be high speed
and low error probability. Besides, to the front-end read-
out circuit used in nuclear radiation detector, low power
dissipation even zero power dissipation will be the nec-
essary conditions. Thus, the boundary of low power dis-
sipation brings considerable challenges to circuit design.
Multicenter TDC used in picoseconds level resolution
time measure. TDC is one of the most difficult circuits in
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Figure 3. Equal model of the detector.
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Figure 5. Step response of shaper.
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Figure 6. Simulaton result of sample and hold circuit.

data converter, and the resolution measured is confined
by circuit structure, noise, temperature and so on. When
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Figure 8. Simulaton result of 10-bit pipeline ADC.
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Figure 9. Simulaton result of TDC.

the measured time interval drops to several or several
tens picoseconds, circuit design practically needs to use
the design method of radio frequency circuit. High-
resolution multiple-channel energy peek value detecting
and digital-converting circuit. This part circuit refers to
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signal sample and hold, analog to digital converting,
digital signal storage and transfer. ADC generally re-
quires 10 bits above resolution, and the conversion strat-
egy depends on the need of practical data collection.

The main disadvantage of the proposed ASIC scheme
is that in this system the bias must be designed in all the
module when do simulations, so the next work is to
design the bias for all the circuits.

5. Consolation

A novel front-end readout ASIC structure for PET imag-
ing system is proposed in the paper. The photon elec-
trondynamic range offered by preamplifier is from 1 to
2000, and the noise level is 1/10 photon electron. The
prospective energy resolution is 96 fC, time resolution is
20 ps, and SNR > 20 dB. From the simulated results, the
proposed structure can satisfy the requirements of the
PET systems. The proposed architecture can be applied
to high-resolution PET imaging systems with multi-
channel ASICs.
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