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Abstract

An extended version of the CALICE silicon-tungsten ECAL, with 15 active layers, was tested in November 2021

at the DESY beam test facility. Respectively with the previous design, it featured some complete layers with a thin

PCB design, and a new compact DAQ handling 15 layers in a common set. The noise, self-trigger performance

and response to punch-though electrons, without tungsten absorbers, was evaluated for each of the 15,360

channels, using an improved procedure. Showers of low-energy electrons (1 to 5GeV) have been recorded in

two configuration of absorber, and are being analysed. Some preliminary results will be shown here.
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1. Introduction

1.1 Particle Flow Detectors at Higgs Factories

Detectors for future Higgs factories, near any e
+

e
−

collider

(ILC, FCC-ee, CEPC or CLIC), will require an excellent en-

ergy resolution for jets (∼ 3–4% for WW or ZZ di-bosons

masses), particle identification, large acceptance and a sensi-

tivity to unconventional physics, such as long-lived particles.

A major path toward these goals is the use of highly-granular

calorimeters, which, combined with a precision tracker, allows

the optimal use of Particle Flow Algorithms (PFA) [1].

Particle identification, which improves the PFA perfor-

mance, usually provided by the tracker dE/dx for low mo-

mentum particles, can be enriched by the analysis of shower

shapes, and by the measurement of the time-of-flight in the

ECAL. With the studies for the High-Luminosity LHC – and

more specifically the CMS HGCAL endcap upgrade program

– the large potential of precision timing (few 10ps) for the par-

ticle identification and event filtering has been revealed. This

performance is linked to the small cell size (30ps ∼ 1cm/c)

in those devices.

1.2 An Ultra-Granular SiW-ECAL for Higgs Factories

The requirements of imaging capacities for an ECAL add to

the standard calorimetric ones the handling of a very large

number of channels, and the need to have compact devices (to

stem narrow showers) to better separate nearby particles. The

ECAL must also have a large dynamic range at the cell level,

to detect and track particles at their minimum of ionization

(1 MIP) and measure electrons and photons from a fraction of

GeV to several hundreds of GeV (a few 1000s MIPs in a cell).

Highly resistive Silicon sensors made of large area of

segmented PIN diodes fulfil all the listed requirements needed

(flexibility in the design, sensitivity, stability, speed), at a

cost slightly larger than other solutions, but providing also an

intrinsic stability of calibration. Associated with tungsten as a

dense absorber, and a carbon fibre holding structure, it offers

compactness and uniformity by minimizing dead spaces.

For a SiW-ECAL using silicon as sensor and tungsten

ar
X

iv
:2

2
1
1
.0

5
6
1
4
v
2
  
[h

ep
-e

x
] 

 2
7
 A

p
r 

2
0
2
3



New results from the technological prototype

of the CALICE highly-granular silicon tungsten electromagnetic calorimeter — 2/6

as absorber near the ILC, for which this R&D was initiated,

an optimal configuration was found [1] by having 5×5mm
2

cells and 30 layers in depth, for 24X0. This reflects in having

a channel density of ∼ 600channel/dm
3
, and typically 100

millions channels in total for the ECAL alone. The readout

electronics must then be integrated inside the detector, to

multiplex the data output, and have a low power consumption.

Their support boards, connecting them to the sensors, must be

designed in the perspective of the production of 100,000’s of

elements.

The full design of the ILD SiW-ECAL is described in [2]

and [3].

1.3 CALICE prototypes for ILC

The CALICE collaboration aims at developing and testing

imaging calorimeters for the Higgs Factories.

Following the building and testing of SiW-ECAL “physi-

cal prototype” [4], a “technological prototype” is in the mak-

ing, which is the subject of this contribution. It features

chained embedded readout SKIROC2 ASICs, mounted on

front-end boards, dubbed FEVs, onto which 4 silicon sensors

are glued: this detection unit is called an ASU (for Assembly

Single Unit). Compared with the physical prototype, the chan-

nel density has been increased by a factor 4, with cells sizes of

5×5mm
2
, and the square silicon diode matrices enlarged to

9×9cm
2

(inscribed in 6” circular wafers). The design of the

FEV is complex, as it concentrate many constraints : holding

of analogue and digital signals, the thinnest possible imprint,

scalability and mechanical precisions. A number of layers

have been produced, with different designs, aiming at a final

number of 26 to 30, but not yet fulfilled. The production of

a working 18×18cm
2

calorimeter is a key milestone, nearly

achieved.

A complementary milestone, not detailed here, will be the

operation of 8 ASUs daisy-chained into a long cassette, as the

base element for a large SiW-ECAL.

The SKIROC2 ASIC: the SKIROC2 ASIC, designed by the

Omega lab [5] for an SiW-ECAL near the ILC, pioneered the

embedded readout of highly-granular silicon calorimeters
1
.

The signal of each of 64 channels is first pre-amplified and

send to 3 branches:

• one with a fast shaping (∼ 20ns) for triggering and

timing purposes, and

• two with a slow shaper (∼ 200ns) for amplitude mea-

surements, using gains of 1 and 10.

On the crossing of an adjustable threshold for any of the

64 channels, the amplitude of the 64 × 2 slow shapers or

optionally
2

of a slow shaper plus a TDC ramp will be stored

in an analogue memory. The low or high gain channels can be

selected according to a programmable threshold. At the end

1
it was used for the early prototype of HGCAL, then derived as SKIROC-

CMS, and finally fully redesigned as HGCROC.
2

2 out of 3 values can be selected

of an acquisition period, corresponding to a collider spill, the

2×15 analogue memories per channels, are converted using

12-bit Wilkinson ADCs, and tagged with a ‘Bunch-crossing’

ID (BCID), counting the periods spent between the spill start

and the trigger.

To minimize its power consumption, the SKIROC2 can

be power-pulsed by parts, to be operated only during the

acquisition and conversion phases, amounting to about 1% of

the total at the ILC.

A second version of the ASIC, the SKIROC2a, was pro-

duced, improving on noise, clock handling and threshold

adjustments.

The integration challenge: most of the technological con-

straints concentrate on the FEV design, as the main piece of

the ASUs: to fulfil the scaling, compactness and precision,

the ASU is the base unit on which the detector will be built.

Between 8 and 12 ASUs will be assembled into cassettes,

of 1.5 to 2.2m long, operated from a single end to ensure

the detector uniformity. The FEV ensures power distribution,

clock, and configuration dispatching to the ASICs, and their

data collection, using daisy-chaining to minimize the num-

ber of transmissions lines (140 at this date). This must be

done without compromising the weak signal (2fC to 10pC)

transmission from the sensors to the ASIC. Additionally, the

FEV thickness must be kept low, of the order of 2mm ASIC

and ancillary electronics included, in order to keep the de-

tector compact. Finally, a mechanical precision of the order

of 50µm is needed to keep the ASUs properly aligned, and

to cover the fragile sensors without providing gaps between

the ASUs. The flatness of the PCBs is also checked, to avoid

breaking the sensors glued to them. As for much of the elec-

tronics, the connectors are a critical component, for which

specific R&D was required.

The FEVs currently used in the prototype come in two

flavours:

• BGA: one in which the ASICs are packaged, using Ball

Grid Array (BGA) connections. This allows for pre-

mounting testing of the ASICs and an easier handling,

at the expense of the thickness: ∼ 1.2mm are needed,

which is also used for connectors, filters, etc. Versions

10 to 13 of these boards are in use, with 2 versions of

the ASICs and 3 thicknesses of sensors, as described

in table 1. FEV10 and 11 are almost identical, and are

treated as a single type. The FEV12s differ only lightly

in the PCB design, but benefits from SKIROC2a’s. The

FEV13 is a major redesign of the PCB, especially for

the routing of sensor signals to the ASICs.

• COB: The original design embeds the naked ASICs

inside the PCB, with a direct bonding connection, are

dubbed COB (for Chip-on-Board). The additional diffi-

culties (mechanical constraint, absence of decoupling)

have just been lifted. The first two equipped working

versions of the COBs, based on FEV11, have been em-

ployed.
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Figure 7. Energies deposited in cells of an FEV13 equipped with 650µm sensors (left), a COB with 500µm sensors (middle) and a FEV11

with 320µm sensors, scaled to the Most Probable Value for a single particle crossing the cell. On top the spectra from data, at the bottom

simulated ones, without digitization or built-in noise. The low-energy tails stem from charge splitting between two cells

compatible with the previous campaigns, but some layers

show weaknesses in the gluing dots near the edge of some

sensors.

The electrons shower per-cell energy deposition is roughly

reproduced by the simulation; this will be refined by tuning

and applying the digitization mimicking the SKIROC2 signal

processing. For layers with a proper signal-to-noise ratio,

energy calibration and threshold value of individual cells can

be extracted directly from the shower data.

The highest possible electronics gain, used so far to study

the noise and low-energy response, saturates some cells in

3GeV electron showers. For the next campaign at CERN in

June 2022, this gain will be reduced, some ageing FEV11-

based ASUs will be replaced by FEV13-based ones, and the

amount of tungsten absorber thickness will be increased to

18.4X0 to better contain high-energy electron showers.

Finally, the behaviour of existing layers has provided input

to correct the design of the next generation of boards, to be

produced by the end of 2022, improving on power and signal

distribution, stabilization, flexibility, and HV filtering.
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