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Introduction 

• ICCUB has been involved in several projects and scientific collaborations 
since its foundation: 
– High energy physics: LHCb, Babar, Hera-B 
– Astroparticles: Magic, CTA 
– Space misions: Gaia, Solar Orbiter, Euclid, Corot  
– Ground instrumentation: LSST, SDSS 

• J. M. Paredes will provide the ICCUB scientific perspective about Gamma-
400 

• The ICCUB has a long record of instrumentation development, based on a 
strong collaboration with Electronic department & others: 

– For particle physics experiments (LHCb, Babar, HERA-B): Calorimetry, Tracking 
– For astroparticle experiments: Cherenkov Telescope Array 
– Basic detector R&D (Aida, ILC, etc) 
– Medical imaging 

• Since 2013 a new service unit (SiUB) joins the experience of ICCUB 
engineers with other institutes and groups @ UB 
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Introduction 
icc.ub.edu 

siub.ub.edu 

Research 

Service 

www.ibecbarcelona.eu 

rf.el.ub.es 

ASICs, FPGA, PCB, 
control systems, etc 

Particle and nculear physics, 
astrophysics, space 

RF, communications 
and EMC 

Bioelectronics and 
harvesting (D2in) 



(µ)electronics design 
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 Resources and experience on design 
 Physical simulations 
 Microelectronics: ASIC and FPGA 
 Cards and systems 
 RF electronics: discrete and ASIC 

 Experience with many ADE design tools 
 IC design: Cadence Design FrameWork II  
 Digital Design: Synopsys, Altera 
 PCB design: Altium, PCAD, Mentor 
 RF design: ADS 
 Physical simulators: Ansys and ADS momentum 
 Signal processing: Matlab, Octave   

 Access to many more tools via Europractice: 
 www.europractice.stfc.ac.uk/software/software_packages.

html 
 Tools are for non-commercial use 

 However it is possible to negotiate use for technology 
transfer: 
www.europractice.stfc.ac.uk/software/commercial_use.html 
 

 Options to transfer a design 
1. Europractice special agreement 
2. Using commercial license 
3. Direct transfer of the knowledge: 

schematics, RTL code, gds 
layout… 



Resources: several electronics labs and… 
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 Fully equipped electronics labs and … 

Anechoic chamber 
(30 Mhz to 18 GHz) 

RF lab 

Optoelectronics 

Rework station 
(QFN, BGA, etc) 



ASICs 
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ASICs for CTA: 
 Low noise and high 
dynamic range preamplifier 
for photomultiplier tubes 
 
AMS SiGe BiCMOS 0.35 µm 
 
 
Signal conditioning and  
amplification 
 
AMS CMOS 0.35 µm 
 
 

FlexToT 
Readout circuit for SiPM 

arrays 
SiGe BiCMOS 0.35um 

 

LHCb SPD:  amplification, 
shaping, and discrimination. 
AMS BICMOS 0.8 um,  
radiation tolerant 
 

LHCb calo upgrade: analog 
signal processing. Radiation 
tolerant 
AMS SiGe BiCMOS 0.35 µm 
 



8 

Key projects: LHCb-SPD 

http://lhcb-public.web.cern.ch/lhcb-public/ 

•Design of the Front End 
electronics of the first 
detector of  the calorimeters: 
• 100 acquisition cards of 64 

channels 
• 800 ASICs (8 ch) 
• Slow control system 
• High speed links (2.5 GB/s) 

SPD is the front end of the 
calorimeter system and it is 

vital for the L0 trigger 

Moderador
Notas de la presentación
The PMT signal is amplified, shaped and discriminated through an 8 channel ASIC [11]. Figure 3 shows the functional architecture of each channel. The configuration is based on two interleaved processing units per channel to avoid any dead time and to be able to perform the pile-up compensation. The bunch-crossing clock is divided (outside the chip) and then used to multiplex by level the two paths of the channel each 25 ns. To prevent digital crosstalks on sensitive analogue parts, the latter are fully differential. The signal is rather unpredictable due to low photo-statistics (about 24 phe/MIP) and it spreads over more than one clock period of 25 ns (decay time of WLS fibre is 10 ns); to measure the energy deposition it is integrated. While one integrator is reset the other performs the integration and its output is continuously corrected and compared with a programmed threshold. The comparison is latched just before the end of the integration period. The pile-up compensation system takes a fraction of the integrator output at this time (ideally the fraction that would appear in the next period) and stores it on a track and hold circuit. The fraction to subtract is tuneable through an analogue signal to be able to correct differences in the time response coming from differences in cell sizes, fibre lengths or radiation doses. The comparison stage continuously subtracts from the integrator output the value stored in pile-up compensation block of the other path (that corresponds to the previous sample) and the threshold value set by a 7 bits DAC. Each path uses an independent DAC to be able to compensate the offsets due to process variations between different subchannels.
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Key projects: LHCb-SPD 

 Analog Processing + Digital Control 
 Signal range: 1 pC (1 V) 
 (1 MIP ~ 30-100 fC) 
 Electronics resolution 2 fc 
 Radiation tolerant design 

Guard rings for SEL prevention 
Triple Voting Register (TVR) for SEU. SEU bit-Cross Section
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•Radiation qualification: 
• Using a krypton beam we have qualified this 
ASIC 
• TID: tested up to 20krad: OK 
• After extrapolation to LHCb environment: 

• SEU rate is acceptable (3 SEU/year for 6Kch) 
• No SEL (<1 SEL/20 years) 

AMS BiCMOS 0.8µm - 8 dual channels – 30mm2 
Designed in collaboration with the 
electronics department (UB) 

NIM (A, 551/2-3 2005 ) 
1500 ASICs produced and tested 

Moderador
Notas de la presentación
 The AMS BiCMOS 0.8 µm technology was chosen in order to take benefit from the advantages of bipolar transistors for high transconductance (for a given bias current) and low offset stages and of CMOS transistors for digital blocks and analogue switches. The voltage supply is fixed to 3.3 V, to minimize power dissipation. The required differential signal range for the analogue processing after integration is 1V. The gain of the system is such a Minimum Ionizing Particle (MIP) signal will be equivalent to 100-200 mV depending on the gain of the PMT.Techniques were applied to improve the radiation tolerance. Digital block is full-custom, with guard rings with to prevent latch ups and to protect against noise and cumulative effects, we use NAND gates wherever possible instead of NOR gates to be less sensitive to accumulative effects, and a Triple Voting Register (TVR) was used to minimise the SEU effects. Guard rings are also present in analog blocks, specially for MOS transistors.The radiation tolerance of the ASIC and other unqualified commonly commercial components (COTS)s of the VFE card was tested through irradiation with heavy ions and the experiment was carried at the Gran Accelerateur National d’Ions Lourds (GANIL) in Caen [2]. After extrapolating the results to the LHCb environment, the expected SEU cross-section value is 4.2·109 neutrons·cm-2·year-1 and can be concluded, considering a 6000 channels detector, that will be lees than 2.73 ≈ 3 SEU/year, that is a very satisfactory result. Concerning  the Single Event Latch-up effect and for a maximum LET of 15 MeV·cm2·mg-1 foreseen in the LHCb none has been detected; and, therefore, with a confidence limit of 90% the probability to find a SEL is smaller than one every 20 years. No effect was observed in the ASIC performance for an accumulated dose of 40 KRads. 
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Key projects: LHCb upgrade-ICECAL 

ICECALv3 chip: 
SiGe BiCMOS  0.35um 
AMS 10.5 mm2 

12 bit resolution @ 40 MS/s 
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Key projects: LHCb upgrade: SciFi 

Moderador
Notas de la presentación
When highly energetic cosmic particles hit the atmosphere, cascades of relativistic particles are generated (left). These cascades emit faint flashes of Cherenkov light with nanosecond duration. Large telescopes focus the Cherenkov light onto fast photo-sensor arrays where the signal is read out. With stereoscopic observations using several telescopes (right) the properties and direction of the primary particle can be reconstructed with high accuracy, and gamma rays coming from sources can be identified.



 Replace current 
silicon tracker by a 
scintillating fiber 
tracker 
 Fiber pitch: 250 um 
 More than 300K 

channels 
 Development of a 

128 ch chip 
 ICC-UB 
 LPC 
 IFIC 
 Heidelberg 

 

Key projects: LHCb upgrade: SciFi 

CMOS 130 nm 

Moderador
Notas de la presentación
When highly energetic cosmic particles hit the atmosphere, cascades of relativistic particles are generated (left). These cascades emit faint flashes of Cherenkov light with nanosecond duration. Large telescopes focus the Cherenkov light onto fast photo-sensor arrays where the signal is read out. With stereoscopic observations using several telescopes (right) the properties and direction of the primary particle can be reconstructed with high accuracy, and gamma rays coming from sources can be identified.
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Artist view of CTA-North
Kari Nilsson

Key projects: CTA 
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 How CTA aims to extend energy range and increase sensitivity?  
 Large array (>1 km2)of Cherenkov telescopes (50-100) 
 Different sizes: dish from 6 to 24 m 

 Camera and electronics must be optimized in terms of 
 Performance 
 Cost and reliability: integration  

 

http://www.cta-observatory.org 13 

Moderador
Notas de la presentación
When highly energetic cosmic particles hit the atmosphere, cascades of relativistic particles are generated (left). These cascades emit faint flashes of Cherenkov light with nanosecond duration. Large telescopes focus the Cherenkov light onto fast photo-sensor arrays where the signal is read out. With stereoscopic observations using several telescopes (right) the properties and direction of the primary particle can be reconstructed with high accuracy, and gamma rays coming from sources can be identified.
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PACTAv1.4 chip 2 mm2 

QFN32 package 
Back from foundry Oct. 
2012 

• Double transimpedance 
gain: 1.2kΩ (HG) and 80 Ω 
(LG) 

•  Dynamic range > 15 bits 

• -3 dB bandwidth of 450 
MHz 

• Low input referred noise: 
10 pA/√Hz 

• Noise (ENC): 4700 
electrons (at 10 ns of 
integration time) 

 

•NSS11 & JINST 

2400 ASICs to be received 
and tested for first LST 
camera 
 
 For full observatory about 
100000 ASICs would be 
produced 

•Single photoelectron 
at very low  PMT gain: 
40K 

 
•Patented 

Key projects: CTA 
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 Tests with SiPM  
 Low Zin current mode circuit are well suited for SiPM 

readout 
 DC coupling without external components 

 We just took an available MPPC (S10931-050P)  
 1 V overvoltage 

 Recovery time seems to be dominated by internal SiPM 
time constant 

 

• DC coupled
• Possible to ctrl each 

SiPM bias with on-
chip circuitry

LG

PACTA
HG

100 nF

SiPM

10 K

Vb

- HV

Vop=Vb-HV

•20 ns 

Key projects: CTA 



Key projects: CTA Trigger ASIC 
• Three different simultaneous 

operation modes 
– Sum trigger 
– Majority trigger 
– Discriminator outputs 

• Each subsystem of each channel 
can be set in “power down mode” 

• High speed design (>500 MHz) 
• Based on a combination of open 

and closed loop design 
• Closed loop adder with 50 Ω line 

driver 
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Attenuator
0.6x to 1.35x

Clipping

Discriminator

Ib_Clip_Vb

*VTh

Trig. Ch input
(analog, diff)

X7 Channels

Σ 

Σ 

L0 SUM out 
(analog, diff)

L0 Majority out 
(analog, diff)

X7 Dig. out 
(LVDS, diff)

BiasSPI POR

Att_en_b

Clip_en_b

LVDS_en_b AddMaj_en_b

AddSum_en_b

Buffer
LVDS

>

CompBuf_en_b

Att_G_b

* Vth è Configured by a 10 bits DAC (DacCode)

• ASIC design: UB 
• Specs and test: IFAE 
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 A Flexible ASIC for SiPM (PET, SPECT, Compton) 
 Novel current mode input stage 
 Time resolution forToF (< 30 ps rms) 
 Time over Threshold RO 

 No ADC 

 

Patented 

•FlexToT 
•16 channel 

•SiGe BiCMOS 0.35um 
•Aaustriamicrosystem  

•10 mm2 

•3.3 V (10 mW/ch) 
•QFN 64 

 
2 contributions in 2013 NSS 

Key projects: medical imaging (PET) 

COLLABORATING WITH CIEMAT 
17 



Summary 
• The ICCUB/SiUB has a solid expertise on: 

– ASIC design  
– Cards and system design (PCB, FPGA, etc) 
– High speed links 

• Experience on electronics for: 
– Calorimeters 
– Trackers 
– Trigger system 
– Time of flight 

• Experience on ASICs and COTs components qualification: 
– Test beam 
– Radiation tests: TID, SEEs, Neutron, etc 
– Burn-in 

• Willing to contribute and colaborate where useful for the 
colaboration 
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