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SiW LC ECAL 

Detector 
Interface + 
adapter board

Active Sensor 
Unit

equipped with 4 
Si-wafers

256 P-I-N diodes
0.25 cm2 each

9 x 9 cm2 total area

2017 status of the 
technological prototype 
modules.

The objectives pursued by the SiW LC ECAL at the HIGHTEC project are

The construction and test of a long slab 

The compactification of the system

Test and characterization of silicon sensors

Beam test activities as a tool for feedback for the R&D and short term objective itself

● 3 tests during last two years: DESY@2017, DESY@2018 and CERN@2018 

mailto:DESY@2017
mailto:DESY@2018
mailto:CERN@2018
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DESY@2017  (TB24)

SiECAL w/o W and 3GeV e+

● MIP: We fit the 98% of available 
channels  → MPV = 62.2 ADC, 
(dispersion of 5.1 %) 

Conferences: CHEF2017, IEEE2017, 
LCWS2017 & 18

Paper: arXiv:1810.05133 to be submitted 
(shorter version) to Nucl.Instrum.Meth. A7  
 

● Hit detection efficiency 
of ~100%

● Successful operation in 1T field without any loss of performance

SiWECAL electromagnetic showers

CALICE work in progress

Setup :  7 FEV11 each equipped with 4 325um Si wafers and 16 Skiroc2, first beam test with ASICS fully operated in power pulsing
                Commissioning used for DESY 2017 & 2018 and optimized for CERN@2018 
              Masked channels =  7-8%: (very conservative approach)

First beam test results for MIPs and showers 
with fully assembled detector elements (7 of 
10000 needed for ILD) with power pulsing.  
Good performance in 1T field.

mailto:DESY@2017
mailto:CERN@2018
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DESY@2018 (TB21&24) Short slabs

New FEV13-JP + SMBv5 (LLR+Kyushu collab.) 

● Aim of noise level improvement by separating PCB  
analogue and digital power layers + specific re-design of 
pad-channel routing

Integration in the DAQ worked out-of-the-box.

Example of FEV13-JP hit map 

(still some systematically noisy 
channels)

Same configuration than in 2017 for all FEV11.

New all plastic structure to avoid grounding loops

6FeV11 + 1 FEV13-Jp

mailto:DESY@2018
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DESY@2018 S/N in the trigger line

For autotrigger data taking,  a S/N is to be defined by the study of the trigger line (fast shaper in Skiroc) → 
threshold scans with different signals

● The threshold scan curve is interpreted as the integral of the gaussian distribution of the noise. 

√2 
MIP

1 
MIP

Slab 17, 18, 19, 20 
(FEV11)

230DAC 
≈ 5σ 
distance 
of the MIP

These curves
are used

for trigger calibration

S/N = 11.6 ± 0.7  (ILD baseline requirements: S/N=10)
Trigger threshold at ~0.5 MIP

Trigger thresholds used in DESY@2017&2018

and S/N 
calculation

First S/N (trigger) 
measurements in beam test.

mailto:DESY@2018
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DESY@2018 – Electrical prototype of Long Slab

Daisy chain of 8 ASU (extendable to 12)

● Corresponding to typical barrel length

● Based on FEV12 ASU & SMBv4 (adiabatic 
modification of FEV11, in stock)

● Adaptation of impedance of any lines 
(simulations)

● DAQ resizing to cope with chips multiplicity

No ILC geometrical constraint 

1 Baby-wafer 4x4 px (2x2cm) on each ASU

HV filtered by RC circuits to reduce noise

Mechanical structure with mono-directionnal wheels 
for precise positionning
Calibrated wheel for angular scans
Compact DAQ on a wheel table
3224mm long

effort driven by 

mailto:DESY@2018


A. Irles  |  Journée 2018 du Labex P2IO                                               15th November 2018  Page 10

DESY@2018 – Electrical prototype of Long Slab

All ASUs responding and calibrated.

Lower MIP values than expected observed at the end of the 
slab

● 2%/ASU drop for the second half of the slab.

● Similar drop in the width of the pedestal.

● Voltage & cain drop ? Under study.

Lots of inputs for a the next prototype:

● Adjustemt of HV/LV distribution, clock distribution, mechanical 
support, etc

First Long Slab Prototype 
tested with particle beam

mailto:DESY@2018
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CERN@2018 SiW-ECAL and SDHCAL

Two weeks from the 26/09 to 3/10 at CERN

● 10 ECAL slabs in the stack: 6 FeV11 + 4 FeV13-Jp

~1 week of standalone runs with different number of layers 
(between 7 and 10)

● Muons and “low energy” electrons 

Common running for the last ~ week.

● High energetic electrons, muons and pions. Data analysis ongoing.

SiW-ECAL

SDHCAL

Electron 40GeV 
+beam  contamination

Electron 80GeV 
+beam  contamination

6 FEV11 + 1FEV13-Jp

Road towards CALICE technological prototypes common beam tests

mailto:CERN@2018
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Electronics compactification

Investigating ultra thin PCB, with chip on board COB:

● Baseline design Maximum Height for Electronics (i.e. PCB+ASICS)  2mm≤

LAL/OMEGA collaboration with Corean Group of SKKU (EOS company for the PCB)

● FEV11_COB: 10 boards of 1.2mm, good planarity and good electrical response). 

● SK2a wirebonded at CERN (Contact with P2IO Platform CAPTINNOV)

Successful debugging w/o sensors: (3-4% of noisy 
channels, good response to injected signals)

Debugging with sensors (baby wafers 3x3 px)

● Last minute wafer gluing for DESY@2018 didn’t succeed.

● New wafer testbench setup in LAL with support of LPNHE  

● Recent (and very quick) tests with Cs137 source signals for 
first times

● Further studies ongoing at LAL

IV curve in dedicated wafer 
testbench from LPNHE (red) vs 
glued to the board (green)

mailto:DESY@2018
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Electronics compactification

Spatial constraints: limited space between layers and between ECAL and AHCAL

Communication with SKIROC ASIC established

Test series with Active Sensor Units envisaged until 
~Xmass/early 2019

Set up will be made flexible enough to allow for short 
layer and long layer tests

Script TCL test ok
USB communication ok
Jtag programming ok
Test ADC Vref Extern ok
Test interconnection ok
test ADC hard IP Bloc in FPGA 
with generator and QSYS ok 
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CMS-HGCAL

Develop of thin detector modules (<6mm). 

Test of HGCROC – the main readout ASIC for 
HGCAL developed by Omega, CEA Saclay and 
Imperial College

Intense Beam Test activities in 2018

● March (DESY) single mode tests. Study 
MIPs & showers using precise tracking 
from beam telescope.

● June (CERN) “full” ECAL with 28 
modules, cooling and detector control 
system (T/RH readout).

● October (CERN) HGCAL: silicon CE-ECAL 
and CE-HCAL with 94 modules (40 layers) 
+ AHCAL (CALICE/ILC) as tile catcher

Develop and test of the 
HGCAL (silicon).

Physics prototype: 
performance of EM/hadronic 
showers for wide E range (20-
300GeV) including timing 
(~50ps)
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CMS-HGCAL

Phase I microTCA-based clock chain performances 

Temperature effects 
measurement on clock 
jitter .

Phase II: hardware ATCA-based clock measurements 
(final clock chain)

Most phase II are still 
under design or 
manufacturaing. 
Expected during 2019

P.-A. Bausson et al

One of the HGCAL goals is to reach the highest possible precision for experiment’s timing measurements.

● Each component in the clock distribution path may add jitter to the reference clock on which all timing measurements are based 
and must be synchronous to.

● If not properly studied and organized, the clock distribution may significantly mitigate the aimed performance of our cutting-
edge upgraded detectors.

Performance under specs. Results on 
temperature effects are encouraging.

Phase II baseline full 
clock chain tests will 
follow during 2019.

Presentations at PM2018, TWEPP and ISPCS conferences. A CMS note is also in preparation.
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CMS-HGCAL

Simulation and performance studies

● Development & responsibility of the official HGCAL trigger 
simulation framework.

● Development of the HGCAL trigger validation framework.

Firmware and hardware architecture 
developments

● Implementation and study of cell selection algorithm 
based on sorting.

● Starting studies of deep learning models

algorithms based on compression and sorting sorting.

Responsibilities and impact on the 
design and development of the 
trigger model for the coming LHC 
detectors upgrade.
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CMS-HGCAL

HCAL mechanics

Significant progresses made on all  
fronts, not possible without P2IO support.
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ATLAS-HGTD

Goal: time resolution of less than 30ps per track 
and occupancy less than 10%

LAL: driving force behind detector optimization

● Additional hits per track are obtained by overlapping sensors 
in the layer.

Timing resolution 30ps/MIP≤

Efficiency of the track matching 
between the HGTD and Tracker 
(>95% for a pt>20 GeV)

Isolation of the Electrons 
(performance independent of 
the vertex density)

Important contribution to the LOI and TP approved by the 
LHCC CERN-LHCC-2018-023 http://cdsweb.cern.ch/record/2623663
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Summary

The support of the emblematic HIGHTEC project of P2IO makes a tangible difference in the R&D of the 
three projects

Strong synergies created and exploited.

Lots of results delivered this year and more to come next:

● Major step on the long slab for SiWECAL and also good progresses on the compactification of electronics for the SIWECAL

● Influence on detector designs: HGCAL mechanics, detector optimization, trigger and timing simulation and studies

● Influence on detector designs: driving force on HGTD design optimization.

HIGHTEC enters 2019 well on track.

Large presence of P2IO on international forums

● Summary of talks in international conferences in the backup



A. Irles  |  Journée 2018 du Labex P2IO                                               15th November 2018  Page 20

Back-up
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HIGHTEC conferences (I)
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HIGHTEC conferences (II)
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Hightec postdocs & PhD
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SiW-ECAL for the ILC

Basic requirements of a PF calorimeter for future linear colliders

● Extreme high granularity

● Compact and hermetic (inside magnetic coil)

Tungsten as absorber material

● Narrow showers

● Assures compact design

● Low radiation levels foreseen at LC

● X0=3.5 mm, RM=9mm, IL=96mm

Silicon as active material

● Support compact designs

● Allows pixelisation

● Robust technology

● Excellent signal/noise ratio

The SiW ECAL R&D is tailored to meet the specifications for the ILD ECAL proposal
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DESY@2017  

Setup : 

● 7 FEV11 each equipped with 4 325um Si wafers and 
16 Skiroc2

● Power pulsing and ILC mode (emulated ILC spill 
conditions)

Noise control → noisy channels: 7-8%: very 
conservative approach. 

● Found a pattern on the spatial distribution of the noisy channels 
(3% of the total)

Autotrigger optimization

● Threshold scans made for all channels → one optimal threshold 
found for each ASIC 

Commissioning used for DESY 2017 & 2018 and 
optimized for CERN@2018

Commissioning & Passport delivery

https://twiki.cern.ch/twiki/bin/view/CALICE/SiWDESY201706

mailto:DESY@2017
https://twiki.cern.ch/twiki/bin/view/CALICE/SiWDESY201706
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Assembly chain

“Assembly and QA chain demonstrator report” on https://cds.cern.ch/record/2166513

https://cds.cern.ch/record/2166513
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DESY@2018 (TB21&24) 

The mechanical strucutre of the long slab allowed for 
dedicated studies of MIP-like beam particle 
bombarding the ASUs at different angles.

Allows for threshold calibration

● Values at the expected position ~0.6-0.7MIP

mailto:DESY@2018
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Source tests
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Compactification of the passive components of the ASU

Proposal to use new ultra-flat capacitors to distribute over the ASUs. 
This will permit:

● Peak current reduction: especially through the connectors

● No more voltage drop along the slab

● Homogeneous peak power dissipation during power pulsing.

We go from the 400 mF capacitor/ 12A (peak Current) for the whole 
SLAB to 140 mF / 1.2 A per ASU.

Brand new product, appeared 
few months ago
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Digital readout – The CORE Module

Kapton cable
Rigid+Flexible

HDMI from CCC

Optical link USB

Gbit UDP

CORE Module : Control & Readout Module

Side view

SL-Board

SL-BOARD

Even 
ASU

SLAB 
extremity

Odd 
ASU

SL-BOARD

Hirose FX18- 100 pin, 0.8 pitch
Existing CORE MOTHER
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Towards global architecture I

Core Module connector:
7 common differential pairs for 
sensitive signals, 30 individual 

pairs for control and readout, 14 
common lines, GND

HV LV

Services

LV HV

Signals

Clk

Trigger

Start/Stop

Busy

Irq

TCK

TMS

TDI

TDO

SCK

SDI

SDO

Signals

Rx_i

Tx_i

ADD[0]

ADD[1]

ADD[2]

ADD[3]

Spare …

GND …
SL-Board Connector

7 differential pairs for sensitive signals, 
2 individual pairs for control and 
readout, 14 common lines, GND

JTAG

SPI

Services separated between odd/even 
layers
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Towards global architecture II

KAPTON HVASU
/WAFER

ASU
/WAFER

ASU
/WAFER

S
L

-B
R

D KAPTON HVASU
/WAFER

ASU
/WAFER

ASU
/WAFER

S
L

-B
R

D

Control PC

CORE-Daughter

ZedBoard

CCC

CCC:   Clk and Control Card 
CORE Module/Mother/Daughter : Control and 
Readout 
SL-BRD : Interface board to Slab

Gbit UDP/USB/Optical Fibre

HDMI
1-5m 

Clk, Fast Comands

Serial Link
To PC  (RS232)

Data : 40 /80 
Mbits/s 

C
O

R
E

-M
O

T
H

E
R

Beam 
Control

HV 
Kapton

KAPTON HVASU
/WAFER

ASU
/WAFER

ASU
/WAFER

S
L

-B
R

D

(optional)

Control & Readout 
Kapton

~ 2 x 15 slabs

Overall design
●  .... compatible with ILD constraints

● Little space consumption for connection between slabs and CORE Modules
● CORE Mother can be placed at the forefront of barrel, Daughter between Ecal and Hcal

●  ... assures compatibility with other AIDA2020 developments
=> Paves way for combined beam tests (other calos, trackers etc.)

●  Expect first version of system to be in place for summer 2018
●  SL-Board is delivery for AIDA2020 and P2IO/HIGHTEC
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