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JIN2P3 Introducti

» Latest status of developments proposed by LAL group for a
Silicon-Tungsten electromagnetic Calorimeter DAQ in ILD.

» Electronics developments is done by:
D. Breton, J.Maalmi, J.Jeglot.

1. Power Pulsing: Proposal to use new ultra-flat super-
capacitors on all ASUs of the Slab (order 10 ASUs per
slab).

2. Control and Readout Electronics: Proposal for a
compact Slab digital interface board and Control &
Readout module.
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Ecal Constrai

IN2P3

@ deux infinis

The Challenge: a very Compact Detector!

Barrel

Constraints:

» Spatial constraints:
= |imited space between layers
= Limited space at the end of a slab
= Control & Readout electronics at the
extremity of the Slab
= Signal Integrity over the Slab

» Low power consumption: power pulsing
» Thermal uniformity

» Mechanical Assembly process
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Ecal Electronics
Space Constrai

Les deux infinis

Space constraints for the Active Sensor Units (ASUs):
» Maximum Height for Electronics (including PCB): depends on number of layers (20-30)
» For prototype: (PCB + components for the SKIROC-2 BGA option) : ~* 3mm

Current ASU Electronic board design:
» PCB thickness (FEV 12): 1.6 mm
» SKIROC BGA height: 1.4 mm

» ASU Chip on Board (total): 1,2 mm
Space constraints for the Slab Interface Board ( SL-Board):

» L-shape (even and odd ASUs) Dimensions: see below.
» Maximum Height: ~ 12 mm

Top view:
Last E-CAL ASU 42 mm Kapton
Ecal cooling system
FPGA 70 mm (LPSC Grenoble)
Width 27.6mm
Picture and numbers
180mm show that A2 card can
N Eventually be extended to up to
. . 75mm
SLAB digital Interface Board, (2x75mm + 27.6mm = 177.6mm)
180 \ for control & readout: SL-Board
mm
1 10 mm p—
Card of Ecal layer
10 mm above (or below)
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L Global Architectu
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DIF system for the SiW ECAL is shown with the SL-board, CORE Kapton and the CORE Module consisting of
the CORE-mother board with the CORE daughter board. ~2 % 15 slabs

Gbit UDP/USB/Optical Fibre Control & Readout
Kapton

Control PC

CORE-Daughter

}:IEIH.I.OV\I'EIHODI

Data : 40 /80 Mblts/s

\/Clk, Fast Comands HV
s Kapton
>
Serial Link 4
To PC (RS232) CCC: Clk and Control Card
(optional) CORE Module/Mother/Daughter : Control and Readout
SL-BRD : Interface board to Slab
Overall design
e ....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
e ...assures compatibility with other AIDA2020 developments
=> Paves way for combined beam tests (other calos, trackers etc.)
» SL-Board is delivery for AIDA2020 and P2I0/HIGHTEC
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Ultra-flat Capacito

[ NI

Ultra-Thin Supercapacitor
DMH series

DMHA14R5V353M4ATAO
35mF/4.5V
Au Plating
ZH (-) Negative terminal
§ s e Integrated capacitors permit the
: A (oar Batance o 5 g Jn 4 peak current of ~1.5A to be local
R (+) Posiive termina) . ‘7 E 7T i, B T during power pulsing => recharge

Max 0.40mn———— A ¢ . M'SL-OCUAZLI{};Z Ji :CASR:TNEAATU o & is limited to a total of ~150mA ...

-¥_4
=3

Au Plating

o e 3,
2 1O M5 o cF asiny
e . v _p o s
3, o v
, & R e e S e g
.

)

Charge/Discharge Cycle Test
Charge voltage: DC4.5 +0/-0.1V "= __ .
Temperature : 25 +/-2 2C . M
Current:5A SR :
Test cycle : 50,000cycles
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Status of develo
SL board
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« USB communication PR
« Jtag programming SR
Test ADC Vref Extern
« Test interconnection

« Slowcontrol
(16 skiroc2a on COB and BGA version)

TEST OK
HEEII—WE 4
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Status of developm
CORE_kapton

CORE side Flexible kapton Total length ~45cm Slab side (~22cm, rigid, pitch of 15mm)

v

Core Module connector (100 pins): SL_board connectors (40 pins):
7 common differential pairs for 7 common differential pairs for
sensitive signals, 30 individual pairs sensitive signals, 1 individual pair
for control and readout, 14 for control and readout, 14
common lines, GND common lines, GND
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IN2P3 The Acquisition

Les deux infinis

The Control & Readout Acquisition system will be based on an existing mother board that handles:
» Control & Readout through USB/Ethernet/ Optical fiber
» Distribution of the clock and fast commands

» There are existing low level C-libraries. (LAL-ML protocol)
» This LAL development is already used for other experiments.

SL-BRD
Gradconn

Little adapter board Interconnexion

CORE-
Daughter

CORE Mother

|

HDMI for current CCC interface
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Firmware Developm
SL Board FW Schem

System clk,
Common Stanger
Half ASU O registers & ORE DA
i — commands
9. 0 t
I | Inc.l|V|duaI ImNstfu LKJse'E 0
1 I v registers & | ~ oton o apton
I fR"\/S ou commands 4 - . Interface
I I users bus o
| (subadd, n_write, nlread, =
| Istart_tead \ userdata ...) |
I Id"<t oyt Event \
B 1 ) Buffer >
Readout Interface
| | N\ Read VR
it et A r—— e e
Half ASU 1 | | (common regs Manager All Users ||
—————————— & cmds)
| - ﬁ::$ Inte rface USB/Ethernet
|----- Slow Individual AN
I Control > registers &<1 N
dS N 4
| Manager comman
| L
pp——— | readout Event Avdd & Dvdd
v
. datgout. N Y Suttar Voltage o FTDI IUSB
:_ _: Readout Interface Monitoring TSRS Hilgelulcs
Half ASU manager
ASU
A
SL BOARD FPGA (MAX10) Avdd, Dvdd

J.Maalmi
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Software Development S
Main Panel for Acquisitio

n

IN2P3

Les deux infinis

depassr]

) Slab Interface Software V1.1 o |[& ][ =]

Interface Configuration Run Firmware Measurements Advanced Show Window Help

ISHCLEH - acH:

Main | Input Stage | | ] I e oy Running @
: : . P On/Off cycle)

e Display Options CORE side: [ Left_| 1] » The Software can handle

3 Display i I ] 9 .
¢ Single 6 4 2 0 6 4 2 0 6 4 2 0 6 4 2 0 3
¢ Pt He Nurber e | A A A I @ SE I A @aE t:e Cor:]‘mun'cat'on
¢ Finite Cycle Number 7 5 3 1 7 5 3 1 7 5 3 3 7 5 3 1 7 5 3
£ Finte Time High Gain Position Offset : A i d 3 S dd S E EEAE B EAE L r:)hug F:; [z:lc;:: :/elcfjo rl
& {Continuous. g 12 4 12 10 8 14 12 10 8 4 12 10 8 4 12 10 8 ¥ 12 10 or rou odule.
Delay between Cycles: 2 100 ms - d i 53 g S E - B A E g

W A5 _)'16 Presnasl g Ty R g P R IEES IS 15 12 1 > It handles the whole
Acquistion Window &2 ms e S 4 i d 3 3 a 4 i ¥ i d B 2= d dul

# Cydles required: 0 :5 ASU4 AS 3 o S e etector module:

# Hits required 0 = Two sides with 15

Low Gain Position Offset :

Required Run Duration:

Select for Charge Display: CORE side l ALLs |

| [atcsiaes [~ [Awasus [ +] [ ALLasics| ]

Days Hours  Minutes Seconds 8\ }2 100- SLABS eaCh-
0 0 5 0 ) .
™ . * Each slab with up to
Trigger Options o’ ’ \20
Trigger Type Mernél %ignal: : 10 80- 5 ASUS.
& Software L v;'T o
¢ Self Trigger . .
€ Intemal Osc § co- » It written in Cunder
¢ {Bdemal’ i~ .
2 Labwindows CVI
5
e ooy - > The C-functions that
Days Hours Minutes Seconds
ad e 1 2- handles the
Hits/s . .
# Hits: 0 0.00 S0~ communication (readout
Cy(les,s 0-1 ] 1 ] 1 ] 1 1 [] 1 [} ] ] 1 1 [} 1 1 [] ] [] ] ] 1 ] ] ] 1 I 1 ] 1 and Configuration) Can be
# Cydles: 0 0.00 0 2 4 6 8 101214 16 18 20 22 24 26 28 30 32 34 36 33 40 42 44 46 48 50 52 54 56 58 60 63

Channel in ASIC

used as a a library with
any other program that
handles C-langage.

J.Maalmi

Ongoing work for readout ...
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Software Development St
Panels for Slow Control Co

Main Input Stage l ] ] ] ]
Input Channels (On/Off)

Les deux infinis

Gain & Shapers l ] ] ]
Fast Shaper Configuration

Main ] Input Stage

Trigger l ]
Trigger Sources (On/Off)

Main ] Input Stage ]

CORE side:
las [< [ awsiaes |+ [AlLasus | +] | AL asics| v

[CURE side:| ALLs | ¥ [ ALLsLaBs v | ALLasus |+ ] [

All channels s | Select Skirocs: [CGRE side: | ALLs |i| [ALLsiass [ | ALasus v ]
OFf On Ind I ||
1 | |
0 1 2 3 4 5 6 7 Mone All Ind - . Enable Trigger for Channels: | m— L
el Re e e e e e s Fast Shaper Peak DetectionTime: ] _q,||| I,:d Select Skirocs:
B 9 10 L 12 13 14 15 e
) @@ @9 & @ @ 0 [ O I O 0 1 2z 3 &4 & 6 7 Mame Al
16 1718 19 20 21 2 2 7 5 3 1 Delay for Hold :
Gessdesd| lmen E FeeEEpEEl [FEEF
J @8 O O & @ O Lo Le 1 18?2,23 WV W WV V Vv vV v W rrr r
32 3234 3 36 I 38 33 i T i \ 16 17 18 19 20 21 2 2 - : 3
> @ % O O % @ O 15 13 11 3 140~ -260 V ¥ ¥ ¥ ¥ ¥ ¥ ¥ - r r
@ 4142 43 44 45 46 47 VWV ¥ 24 3% 36 27 a8 2@ 3 W " o s
S et g g VeV KERFP rvr r
4 43 50 51 52 53 34 55 100 300 32 33 34 3 36 37 38 3’ 5 13 u s
S O ) Vil WV KR EEE
56 5758 53 60 6l 62 6 . feply 4o 0 41 42 43 M 45 46 4
-l PO " A A " A - ns |7 p |7 |7 |7 |7 |7 |7
48 49 50 51 52 53 54 55
Input Stage Configuration : : 2 2 A " " A v
Slow Shaper Configuration 56 57 58 5 60 6l 62 6 Apply )
CORE side: [ T A i i e =
[ ALs [ 7] [AwLsiass [ [awasus |+]] ALL asics| v ) CORE e :
[ s = [ AlLsiass [ [ Al asus |+ AL asics| v Trigger Threshold

Pre Amplifiers:
Feedback Capacitance

Gain Selection Threshold:

[CGRE side: | ALLs || [ ALLsiaBs v | ALLasus | ]

Enable Auto Gain : off [ on 409 614 Select:

2o v _ - o St
Force Low Gain: Off On 205-. _81E ; ; i
) Common Threshold | Channel Threshold SETE L =
o 409 614 6 o 6 4 2 0
Leakage Current : 1023 4 ! 4 ! I
ri 5 1
Select: | All Channels | Low Leakage High Leakage § 500 205~ J 818 E J -12 r r y! r
- ~ - ~ 14 12 10 8
o 1023 0 15 I I
| | 15 13 11 2
= e 3" Crrr

» The number of ASUs on each slab is detected automaticaly using slow control readout.

Main ] Input Stage ] ] Calib l

Analog Input Calib

|
o [CURE side: | ALs Yl [ AiLsiass [~ | AlLasus | v ]

Enable Input Calib Capacitance :

for Channels:
1 1

:

HOZOREOw

L4
R =R LI A

sle K= g~ g]=

L

@0 @

B
P2 OLOS R Pt R Gr 9o T

PR RERH P05 BB o
et ety eregecer
TSRSl S = Sl
e

OOt oR QR OB OR @~
P2 @S @Y PE @R @R @ v
LR s PE O QR OR @
L

%]

» All necessary slow control parameters can be programmed through the Software: already tested with COB and BGA

versions of the FEV!

» Slow control configuration is checked by writing twice the same values to the SKIROC shift register and reading back

the pushed value on the SROUT signal.
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Status of develo
High Voltage kag

IN2P3
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HV Kapton (for 4 wafers power supplies) top view
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Status of develop

SIW ECAL SYSTEM

1-

Wafer 1 3x3

FEV COB BOTOM View Usb communication ok

ASU — Slboard first slow control test ok
Full Firmware & Software in progress
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Status of developme
TESTBEAM SETUP

4 SLBOARD WITH ASU COB AND ASU BGA FREE SPACE TO INCLUDING Kyushu SETUP (fev13 Jp +smbV5)

SLBOARD PATCH PANEL
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@mng Preparation for Test Be

» We are currently preparing a test beam in DESY (June
2019), there are two options for the readout:
= Readout through CORE module (via USB/UDP), but
still a lot of work in order to develop the
communication through the Kapton.
= Readout of each SL-Board through FTDI module
directly via USB.

» CORE module, will be used anyway for synchronizing
the SL-Boards.

» Cycles can be handled :
= with an External sighal connected to the External
Trigger Input of the CORE Module,
= Or generated internally in the firmware of the
CORE Module: the Delay between Cycles and the
Acquisition Window will be programmable by
Software.
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finzpg Conclusio

» The test of the new Digital Interface of the SLABs : the SL-Board, is in good progress:

» Slow control configuration of all the SKIROCs on an ASU (BGA and COB) is validated.
» ongoing work for the data Readout Interface.

» We are currently preparing a test beam in DESY for June 2019:

= We are preparing the mechanical structure that handles the detector and all the electronics
= We are also working on the Firmware and Software in order to handle:
* the synchronization between multiple SL-Boards using the CORE Module
* the slow control configuration, Data Readout and Storage and the Acquisition
parameterization.

» Next Steps:

» Test the power-pulsing mode using the ultra-flat capacitors on each ASU.
» Test the High Voltage distribution capton between SLBOARD and ASU.
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IN2P3 SPARE
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Control

L IN2F:3
& Readout Elec
The new developments for the control and readout electronics to satisfy D14.4 (space
constraints of an LC Detector) :
Gbit UDP )
Digital interface board situated at the extremity of the Slab, based on a MAX10
| FPGA, which handles:
l ;/ = Control & readout of the chained ASUs (SKIROC interface)
o w = Interface to the CORE acquisition module through a kapton cable (rigid+flexible)

= in order to have flexibility for the connection inside the detector (45° angle)
CORE Modulé : Control & Readout Modul = Local 40MHz oscillator and remote USB interface for standalone control of the
odufe - Lontro €adout viodule Slab (permits independent testing of Slab interface and kapton communications).
» CORE-Module : Control & Readout module that handles a column of Slabs, for the
prototype phase.
/ Side view HDMI from CCC \->E

Hirose FX18- 100 pin, 0.8 pitch

Kapton cable
Rigid+Flexible

Even Odd =
ASU ASU =
SL-BOARD SL-BOARD '
sias o d

extremity EEEEHTEE
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Control
& Readout Sig

Core Module connector:

7 common differential pairs for
sensitive signals, 30 individual
pairs for control and readout, 14
common lines, GND

Clk
HV / Start/Stop RX_|
0=l IS8 IS1IS / Busy TX_i
= T
|== Services ? E__/ B Irq ADD[0]
0H = == TCK ADDI1]
= £ TMS ADD[2]
JTAG —
TDI ADD[3]
TDO Spare ...

SL-Board Connector

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

M

SP| — SDI

SDO

Full design of ILD compatible electronic services started that includes parts described above —

HEEEHTEE
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Power-Pulsing:

IN2P3
New ultra-flat C
Proposal: new ultra-flat capacitors on all ASUs for the AVDD . 3 e
-~ ot e eap SE,
decoupling resulting in: o

=  Peak current reduction: especially through the connectors
= No voltage drop along the slab
= Homogeneous peak power dissipation during power pulsing.

» 400 mF capacitor/ 15A (peak Current) at the end of the SLAB to
140 mF / 1.5 A per ASU.

Reminder of power consumption values :

- DVVD (3.3V) 11 mA/chip, total 180 mA/ASU

- AVDD (3.3V) / Chip : 90 mA/chip during ACQ, 20 mA during Conversion, 0.01 mA idle
measured in house and compared with measurements by Stephane Callier (Omega)

= Distributing the capacitors along the slab permits reducing current between ASUs by a factor ~50-100.

" The current peak is local.

= The current delivered for charge reloading of the capacitors will be actively limited at the extremity of the Slab
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