PACIFIC: SiPM Readout ASIC for LHCb Upgrade
1

Laboratoire de Physique Corpusculaire - Universit‘e Blaise Pascal (CNRS/IN2P3),
BP 10448, F-63000 Clermont-Ferrand, France
2
Physikalisches Institut - Ruprecht-Karls-Universität Heidelberg,
Im Neuenheimer Feld 226, 69120 Heidelberg, Germany
3
Institute of Cosmic Science - University of Barcelona (ICC-UB),
C/Martı́ i Franquès 1, E-08028 Barcelona, Spain
4
Instituto de Fı́sica Corpscular (CSIC-UV),
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I.

I NTRODUCTION

The LHCb experiment has planned to increase the total
integrated luminosity from the current 3fb−1 after 2012 to
50fb−1 over 10 years [1]. This will require a major upgrade of
the detector, scheduled for the next LHC shutdown in 2018/19.
The current 1MHz hardware trigger will be replaced by a
40MHz software trigger at the front-end (FE) electronics level.
Additionally, the instantaneous luminosity will be increased by
a factor of 5, rising the occupancy and ionising radiation to
unsustainable levels for the current tracking stations downstream from the magnet. As a replacement, the Scintillating
Fibre (SciFi) Tracker [2] is being developed.
The SciFi Tracker will use as active material plastic scintillating fibres with a diameter of 250µm, which also transports
the optical signal to the photodetectors. Six layers of these
fibres are wound into 2.5m long mats and mirrored at the
inner end to improve the light yield. The scintillating light is
collected by 128 channel double dye arrays of pixelated silicon
photomultipliers (SiPM) with a pitch of 250µm. The tracker
will consist of 12 planes, each covering an area of 5x6m2 . In
total, this amounts to over 580k channels, aiming at a position
resolution below 100µm in the horizontal plane. Even if this
technology has proven to achieve high efficiency and spatial
resolution, its integration within a LHC experiment bears new
challenges.
The low Power ASIC for the SCIntillating FIbres Tracker
(PACIFIC) is a 64 channel chip developed to read out the
SiPM signals at the experiment clock rate of 40MHz. It is
implemented using 130nm CMOS technology aiming at a
radiation tolerant design with a power consumption below
10mW per channel. The ASIC connects directly to the SiPMs,
without any interfacing components, therefore requiring a
current mode input. After analog processing and digitization,
a 2-bit digit containing the charge information of the SiPM.
II.

PACIFIC

The architecture proposed for the signal processing channel
is presented in Figure 1. The SiPM signal is acquired by
means of an input stage with low input impedance and high
bandwidth. It is followed by a fast shaping stage that adapts
the pulse to the tracker requirements. Subsequently, the signal

is accumulated in an integration stage to average the photostatistical fluctuations before digitization. The digitization is
done using a 2 bit non-linear flash ADC operating at 40MHz.
Finally, the results from two channels are serialized and output
through a digital pin at 160MSa/s.

Fig. 1.

PACIFIC channel architecture.

The input stage is a current mode amplifier composed of a
current conveyor and a closed-loop transimpedance amplifier.
The current conveyor is based on a novel double feedback
approach [3] and optimized for SiPM arrays with anode
connections. The low frequency loop controls the input voltage
of the channel, which offers a fine tune of the SiPM bias
voltage up to 700mV with a resolution of 50mV. The high frequency loop fixes the input impedance over the full bandwidth
of 250MHz. The design includes a selectable gain control,
achieved by connecting additional branches at the slave of
the current conveyor. The ensuing closed-loop transimpedance
amplifier converts the SiPM current signal into a voltage signal
for further processing in the analog chain. For this circuit, a
high speed OTA is used with a GBW larger than 250MHz and
a high sourcing current capability.
The goal of the shaping stage is to reduce the pulse
width so that 90% of the charge can be integrated in 10ns.
This requirement is driven by the distribution of the time of
arrival of the scintillating light. According to the measurements
performed, the fibres show a scintillation decay time of 2.8ns
and a propagation speed of 6ns/m [4], yielding a 15ns spread
in the time of arrival. Additionally, the recovery time of the
SiPM largely extends over the clock period. Figure 2 depicts
the single photoelectron response the last SiPM version. A fast
rising edge is followed by a slower falling edge, modelled as
a double exponential decay with a 20ns constant for the slow
component.
The fast shaper relies on the pole-zero cancellation technique to eliminate the slow component of the SiPM response.
It is implemented using an OTA based close loop configuration
with a passive cancellation net on each input. The passive
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components of both nets are fully tunable, allowing to control
the undershoot as well as the pulse width. The charge contained
in this pulse is collected with a gated integrator, using the
classical architecture and based on an OTA. Two interleaved
units are sequentially activated and reset, allowing to extend
the integration window over the whole 25ns clock period and
thus minimizing dead time during the acquisition. Between
these two stages, an active DC feedback loop is used to
control the quiescent output voltage of the shaper before the
integration. Additionally, the output offset of each integrator
can be adjusted using an open-loop voltage level shifter, in
order to correct any potential mismatch between the two units.
The digitization stage is comprised of three hysteresis comparators with independently configurable thresholds, which
define the transitions between the values of the non-linear
2 bit output. The thresholds are derived from the channel
DC reference, assuring the coherence among all these voltage
levels. This design is driven by the clusterization process
performed in the FPGA downstream from the ASIC. This
processing serves as zero-suppression and compression mechanism, greatly reducing the bandwidth requirements in the
following stages.
Several prototypes of this ASIC have been produced and
tested so far. The first version (PACIFICr0) only contained
the current conveyor, a design that had been migrated from a
different technology node. For the following version (PACIFICr1), the shaper and the integrator were also included, both
as individual blocks and as a full analog processing chain, with
external biasing to allow full testability. The ensuing version
(PACIFICr2) was the first multichannel device submitted. It
consisted of 8 full channels, analog and digital,along with the
biasing and configuration circuitry, providing usable electronics for a full test system. All these prototypes were developed
using the IBM 130nm technology, allowing to validate the
proposed architecture for the application at hand.

Fig. 4.

A new prototype will be submitted in spring 2016, also using TSMC 130nm technology. This version aims at improving
the signal quality and synchronization of the channel digital
outputs, as well as increasing the integration window and
thus harmonize the charge accumulation over a larger rangeof
the time of arrival of the light signal. Also, further measures
will be taken to counteract the offset voltage mismatch at the
comparator level. A testbeam with this new prototype ASIC is
planned by the end of 2016.
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Threshold scan result of one comparator.
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Fig. 2.

In 2015, the first full 64 channel prototype (PACIFICr3)
was submitted using TSMC 130nm technology, resulting in
the chip depicted by Figure 3. In contrast to previous versions,
this time the chips were encapsulated in 196 BGA packages.
The ASIC was characterized using a test system based on two
printed circuit boards. The analog board contains the device
along with all the required power supply and analog debugging
circuitry. The digital board, controlled via an USB connection,
relies on an FPGA to read out the ASIC and produce the clock
and control signals needed. This set-up allowed the verification
of all the operational and debug features of the processing
channel, as well as the bias and configuration circuitry [5].
The design was able to resolve individual photoelectrons, as
demonstrated by Figure 4. This plot displays in red the typical
step function, obtained when sweeping over the threshold
values of one of the comparators, along with its derivative
in green, with the photopeaks fitted at each step transition.
It was also confirmed that the input voltage control covers
the required range and that the offset correction features
are sufficient to counteract the integrator mismatch effects
observed in previous versions.

Abstract
PACIFIC is a 64 channel mixed-signal ASIC designed for the readout of the Scintillating Fiber (SciFi) Tracker developed for
the LHCb upgrade in 2018/19. This tracker will replace the current Tracking Stations, since the increased hit occupancy and higher
radiation dose imposed by the upgrade exceeds the capabilities of the current detector. The SciFi Tracker uses as active material
250µm scintillating fibres, stacked in 6 layer mats and sensed by custom designed 128 channel silicon photomultiplier (SiPM)
arrays. It will be comprised of 12 planes, each covering an area of 5x6m2 .

Several prototypes have been produced and tested so far. The first two prototypes were produced in IBM 130nm technology,
allowing the validation of the proposed architecture. PACIFICr3 is the first full 64 channel prototype and its design has been migrated
to TSMC 130nm. Furthermore, a new version of the ASIC is planned for submission during spring 2016.
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PACIFIC takes on the readout of the SiPM signal, producing a digital representation of it at a rate of 40MHz. The ASIC is
connected directly to them without any interface components, using a current conveyor to acquire the SiPM current pulses. These
pulses have the typical shape, with a very fast rising edge and a much slower the falling edge, modelled as a double exponential
decay and largely extending over the clock period. For that reason, the next stage of the analog processing is a fast shaper with a fully
configurable double pole-zero cancellation. Subsequently, the signal is accumulated with a gated integrator, using two interleaved
units to maximize the integration time. Finally, the digitization is performed with a 2 bit non-linear flash ADC, bundling together
the data from two channels and outputting them at 160MSa/s. Altogether, the target power consumption is below 10mW per channel.

