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Summary

Ultra compact electronics are required in particular for calorimeters at future | 8
e+e- colliders. Their development is conducted within the CALICE ' csf 7 | The International Linear Collider (ILC) is a particle
Collaboration and an application is the Silicon Tungsten Electromagnetic M accelerator that will collide electrons and positions at
Calorimeter (SIW Ecal) of the ILD Detector. The SIW Ecal is based on highly energies between 91.2 GeV (Z-Pole) - 1 TeV.
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Integrated slices of active layers (slabs) using many ASU boards (Active The International Linear Detector (ILD) is a

Sensor Units) housing the front-end ASICs (SKIROC from OMEGA group). Ssssm— H e detector for the ILC that combines excellent tracking
The digital electronics which controls the system and performs the readout of ™88 =8 SEEE EEEBHER ahd finely-grained calorimetry systems which
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ph_ysics data_is situated at the extremity of the detector slabs with very \|l|||||| “\ : permits precisely reconstructing the energy of
stringent requirements on space and power. /‘ > individual particles, known as Particle Flow | -
The paper will present this digital electronics interface, the “SL-BOARD”, Approach. e e

which has been designed together with a kapton-based interconnection and

_ _ _ © Rey.Hori/KEK
readout (CORE) system in order to fit these requirements.

The SiW Ecal structure RN Constraints on Readout Electronics

The SiW Ecal structure of ILD will consist of about 2400 m? of : =, Spatial constraints for the Active Sensor Units (ASUs)

Silicon Sensors with a total weight of ~ 130t N - N > 2352 SN - = There is very limited space for each layer (depending on the total number of layers). Two
line EcallMedules are'made of alveoll celumnswiere thesiabs RN et it protoype versions have been realized with different SKIROC packaging and thickness:
containing the sensitive layers are slid. v' BGA option : PCB + components(1,2 mm) + connectors = ~ 3,2 mm

The slabs have a Tungsten core wrapped into Carbon Fiber. The : S _ _
Silicon sensors are located on both sides of the core. The PCBs v" COB (Chip On Board) option : PCB and ASICs = 1,2 mm + connectors = ~2,3 mm

housing the Front End electronics (SKIROC Asics) are glued to : . Last E-CALASU [l 42 mm |

the silicon layers. Constraints for the Slab Interface Board ( SL-Board) T

The total number of channels of the Ecal will be of the order of 10° The Sl-board will be installed between ECAL and HCAL, separated by only 67 mm 'D
: - SRS C-shape because of the cooling system

=l . | ASU (18 x 18 cm) = 16 Skirocs = Maximum Height : 6 to 12 mm depending on the location _SLAB digital Interface Board,
1024 channels ~ Control & Readout electronics at the extremity of the Slab for control & readout: SL-Board

= 1 slab = up to 15 interconnected Signal Integrity over a Slab : up to 15 interconnected ASUs | 10 mm |

ASUs Very low Power consumption (< 100 mA/ Slab) : needs to run in power pulsing mode
Layers in a slab Barrel showing staves

Module showing Slabs

The SL-BOARD W e (o sandaione et The CORE Module
‘

= The CORE Daughter isbasedona * The Control and Readout Motherboard have /il s agpmm
Cyclone IV FPGA. Itis the interface  been developed for housing up to 2 (f T el

between the CORE motherboard and the Mezzanines: it permits separating the o - [ e

Kapton which permits driving and acquisition part from the specific front end part

reading out up to 15 slabs. = External input and output signals permit

It buffers all the clocks and fast signals,  Synchronising or interfacing the module with

and deals with the control and readout ~ Other systems.

= The SL-Board is the sole interface for the ~10,000
channels of a slab

= |t delivers the regulated power supplies, including
High Voltage, controls the SKIROC ASICs, and
performs the full data readout.

= Itis connected to the CORE-Kapton via an internal
kapton layer and a 40-pin connector.

e e = |tisbased ona MAX10 from ALTERA, which is a
The ASU'board connectedto'the SL. Board mix of CPLD and FPGA, and also includes an ADC

o !t

= Each ASU houses 16 SKIROC Asics: 1024 which will be used to monitor the pulsed power supply. links through the Kapton Interface. =  The CORE mother sends common clocks and
channels in total. = lts size is very limited because of its location (18 cm It houses the second level of event fast signals to the Core Daughters to keep the
= The SKIROC chip handles 64 channels with In width, 10 to 42 mm in length), and its own power system synchronised | |
15-slot analog memory. It is self-triggering consumption should be as low as possibl_e (<_1W). = The control and readout_ls p0_35|ble through CORE Mother
on the channels during a given acquisition " It can also be an autono_mous system Wlt_h dl_rect US!3(2.0), UDP or Optical link (Ethernet over
window (~1 ms) and gives the converted computer access for testing and characterization AT optical
charge and time. purposes (using the FTDI USB module).

Gradconn /Antalec connectors

(1.5 mm high)
» The acquisition Software can handle th
Global schem of the readout electronics communication through a the FTDI o
= Th RE k n measures 40 cm. It is the interf ween th RE Daughter and th : RN EEEE (REEE R | I
eCOd apto def'J‘S_U es SC d't s the Inte acelb?at een the CO aughter and the HV Kapton Module directly to the SL-Board or e ] e ||| (| A | G
SL-Board. It permits driving and reading out up to 15 slabs. Gbit UDP/USB/Optical Fiber through the CORE Module. N i A PR FT PRI EEETE I

= |t transmits all the clocks and fast signals, and houses the control and readout links.

= |t handles the synchronisation of the 15 slabs.

= The Kapton Interface makes use of asynchronous serial transmissions in order to greatly
simplify the synchronization of the numerous control and data links.

Control & Readout
Kapton

> It handles the control and readout of @il = e =" 7 oot oo i e G |
whole detector module: it
= Two sides with 15 SLABs each.
CORE- ITHTETHTITITATETSYY TP " Eachisla e
> IR NN 3 NN > Itis written in Cand developed under | =1 | S
TE R Labwindows CVI T s < <= s s 55 o o o G55 s Ok o e
' | > The C-functions that handle the o
communication (readout and
i ., configuration) can be used as a library
mmmnus, - / with any other programs in any language
T CORE Module/Mother/Daughter : Control and ASU: FEB + that can be linked to the C-library.
Readout R » Advanced measurements can be
~, SL-BOARD : Interface board to Slab performed Online such as threshold scan,
- - Skiroc chips are chained for slow control and readout temperature and AVDD monitoring, rates

per Channel/ASIC/slab....
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Wafer gluing (500um) made at LPNHE T oV Kapton

SL-board + ASU on support

BGA-type ASU  Chip On Board ASU

Free Slots for Kyushu boards CORE KAPTON

15-Layer Prototype used as a cosmic telescope

- 5 FEV13 fully equipped with 4 Si wafers each. All of 650um he compactness and high granularity of this

except one slab with 320um. Interface card SMBv5 with the old ' Patch Panel ne O . . "
Detegtor Interface Card. : |  SL-Boards St Fane 5 cm3.

. %gacr)g boards with one wafer each (500um) readout with SL- Mechanical Design of the prototype box*

*Designed by Alexandre Gallas and Alice Thiebault, (LAL Orsay)

2 weeks of testbeam with:

« 2 FEV12 boards with one wafer each (500um) readout with the

SL-Board
 Data taking w/ and w/o tungsten 4 layers, SL-board DAQ 5 layers, DIF DAQ
* Individual runs, then common runs with the 9 Layers. (LAL) 1 (Kyushu)‘
Reconstructed event with particle seperation Analog In order to avoid important vc?ltage drop
SR I, BT | Regulator _ Fiker along the slab and the potential effects of
| i | strong magnetic field (both due to the —
o - ? AVDD AVDD PA . .
§§ e } ' LDO T i ;ml T propagation of high current calls towards the H : : H |
% ' | | I external power supplies), we decided, in the i e |
—20 5= SLB C . : | 100nF C. L == REST >< AcQ @ ouT >< REST
6o - > * "“l S l i ) l: T new design of the Front-End Board i i l
wNe. Ty | | O | | |
218 e ,;-’ Wy foviz — = | = | — (collaboration with LLR), to : W
18 7 S et T @ e B 53 |\ / /  L1/ & K U | . L. CONSUMPTION i | i
e 10 > B T s - | = Stricly limit the current through the slab. | | capacrance :
" - o Q . . : : SMOOTH RELOAD :
- B Ty 0 - / = Add large capacitors with low ESR for local
- Signals in all nine layers (FEV12, FEV_COB, FEV13) ﬁr(‘jeda]:’:t)elrfj[eorgpeonegtse |F§)|§|a| energy storage (around each SKIROC chip)
« Reconstruction of common events i Tl W u Yy .
* Here, two electrons cross the detector, one as track the second starts to shower IntenmedicEEtEEg TungSten plates - Generate IocaI pOWEF Supply Wlth LDO (LOW
" Clear particle separation Prototype box in the testbeam Drop Out) to avoid voltage variations
The measurements leading to these results have been performed at the Test Beam Facility at DESY Hamburg (Germany), a member of the Helmholtz Association (HGF).
International Conference on Technology and Instrumentation in Particle Physics Jlhane.maalmi@ijclab.in2p3.fr
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