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LHCb Upgrade

increase the luminosity @ 103%cm2s! to boostsignificantly the physicseach

A more severeadiationenvironment LN
A 40MHz readoutriggerless o
A 5l current occupancy '
the current Tracking Stations / - Lo B Rl \\
(GasStraw TubeTracker + Silicon Tracker) ﬁ/ i \
replaced by - Afog b1 l
Scintillating Fibre Tracker et LT 1|
total areaB40n¥, resolution< 100pm o =
Schematic view of the current LHCb detector
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Scintillating Fibre Tracker (SciFi)

A 250um diameter scintillatinfijbre wound into a dayer 2.5mlong fibre mat

V  oneendequipped with anirror
V  readout bySiPM arrays(single channel50um 1.625mm 104pixel3

A 31 Tracking Stations => 524,08PM channels
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More related talks:
SciFt+A large ScintillatingFibre Tracker for LHChby Ulrich Uwer

23/5/2017 TIPP parallel section
Characterisatiormf the Hamamatsu silicon photomultiplier arrays for the
LHCDb ScintillatingFibre TrackerUpgrade by AxelKuonen read out by

23/5/2017 TIPPRparallel section SiPMarrays

Schematic of th&ciFimodule
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Design Challenges for the Readout ASIC

A handle the longdail SiPM signals with high detector occupancy ?

V' minimize the spillover effect
V reduce dead time SiPMreCO@

V sufficient response plateau
light propagation
along 2.5m londibre

A in total 524,00@BiPM channels to be reasut at40MHz ?

V' most efficient way to digitize and process tia¢a
V low power consumption
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PAC I F I C a lowPowerAsic for thesClintillating FlbretraCker

A 64-channel current mode input power consumption <10mW/channe

A configurable fast shapeminimize spillover CMOS130nm Technology

A interleaved gatethtegratorser channelminimize dead time
A 2-bit nonlineardigitisationper channel : minimum data for sufficient tracking information

A adjustable input anode DC voltageit bac, somviLsB)
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Prototype

2013.05 2013.11 2014.08 2015.08
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Preamplifier

A double feedbackurrent conveyor (50q inputimpedance, 250MHz bandwidth )
A 4l selectable gainst the output mirror
A closed loopransimpedanceamplifier to convert current into voltage
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Fast Shaper

A double polezero cancellation for theSiPM signals

V first polezero cancels the slow componebih SiPM capacitance and quenching resistor

V second polezero cancels the fast componesri traceparasiticsand input impedance

A parameters tunable via slow control registerso adapt to different types &iPMs
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Interleaved Gated Integrators

A one integrator is working, while the other is resainimum dead time
A integration synchronized with the system clock
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block diagram of the PACIFIC interleaved gated integrators

integrator output amplitude [DAC]

~14ns integration plateau with 010%
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PACIFICr4 integrator response measured with light injection
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Digitisation
A analog signal digitized by three threshtilthable comparators per channel

A three thresholds based on the cluster algorithm
V low threshold:  noise suppression
V middle threshold: cluster candidate
V high threshold: single channel clusters

|
cluster? Yes! Yes! NO. YeS'NO.

>

Amplitude

01234567 8910111213 sketch of a typical cluster produced when particles passing
SiPM Channel through theSciFidetector
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Light Injection Result

A 5Snswidth light pulse generated by vertigzdvity surfaceemitting lasers (VCSEL)
A usingSciFicustomSiPM arrays

Threshold DAC

PACIFIC threshold scan result : clear phptak steps

Threshold DAC
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Test Beam at DESY 2017

A DESY beamline T22Feb2017
A 1~6GeV electrons (maX|mum rate @GEV) continuous beam

SciFi prototype module

covered in black blanket for light tightnegs

wire-bonded PACIFICr4

with glob top

cooling bar
to keep th&siPMtemperature stable

SciFi SiPM array

with flex cable

SciFimodule read out by custogiPM arrays and PACIFICr4
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Cluster Size & Spatial Resolution

Clusters
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Cluster size [Channels]
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