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1st ‘electric long slab’ (2018)

Support of interface boards + 12 ASUs (DBD)
— 2+6+4 ASUs =~3.2 m
— Rotatably along long axis (for beam test)
Rigidity : <~1 mm per ASU

— Total access to upper and lower parts
» 320um Baby wafers (4x4 pixels) on the bottom

Fit with Mod LanGau function °
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Signal over Noise ratios EIMPYASD ebet P ety

The signal-to-noise ratio is defined as the most-
probable-value (mpv) of a mip* divided by the
pedestal width.

— in highly granular (self-triggering) calorimeters,
a noise cut above 5-6 o is mandatory,
while a cut at %2 mip will ensure a good efficiency,

resulting in S/N>10-12. Signal/Noise ratios _
2 E”ﬂ ;r:ﬁd? 175192.132
— A constant S/N ~ 19 is observed in the readout branch g p0 18.81 £0.07

unaffected by the variations of the gain along the slab. 2

mip* = [punch-through electron]

ASU
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DESY-2018 beam test

2 weeks beg of July: full test of all prototypes:
— Electric long slab: 8 FEV11 + baby-wafers

— Very clean response to “mip” (punch through €)
— 1/2h beam on each ASU @ 0, 45, 60°
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Electronics adjustments

Path length induced reflexions on clock line
— Fluctuation over logical level
— Extra clock tick — bad ASIC configuration
— RC filter adaptation (Sigrity simulation)
Impedance adaptation required depending on length
— Limited to 8 FEV12 + baby-wafers

Noise in the signal

— High frequency perturbation in the HV line

— Solved by RC filters on the HV line

* Possible back-propagation of ASICs noisy channel
through HV ?

Also issues on the data routing...
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ASU: 11 years of R&D

Most complex element: electro-mechanical integration

— Distrib / Collect signals from VFE (ASICs),
Analog & Digital with dyn. range = 7500

— Mechanical placer & holder for Wafers — precision

— Thickness constraints

FEV11

Di_l%+ SMB

256 P--N dicdes

FEV11-COB

Milestone

1st ASIC proto

1stASIC

1t prototype of
a PCB

1t working PCB

1t working ASU
in BT

M 15t run in PP

S 15t full ASU

1t SLABs

pre-calo

1%t technological

ECAL

P 1st working COB

TN | N I NN

Date
2007

2009
2010

2011

2012

2013
2015

2016
2017

2018

2019

Object
SK1 on FEV4

SK2
FEV7

FEV8

FEV8

FEV8-CIP
FEV10

FEV11
FEV 11

SLABVFEV11 &
FEV13 SK2a+
Compact stack
Long Slab

FEV-COB

Details
36 ch, 5 SCA

64ch, 15 SCA
8 SK2

16 SK2 (1024
ch)

4 SK2
readout
(256¢h)

4 units on test
board
1024 channel

7 units

7 units
SK2 & SK2a
(otiming)

8 ASUs
2x1/4 ASUs

ALI{(€eD

REM

proto, lim @
2000 mips

3000 mips
COB

CIP (QGFP)

best S/N ~ 14
(HG), no PP
retriggers 50—
75%

BGA, PP

S/N ~17-18
(High Gain)
retrigger ~ 50%

S/N ~ 20 (12)Trig,
6—8 % masked

Improved S/N
Timing...

A7
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POte ntia I F Ev 14 ( 2 O 2 1‘ ? ) Artist view, non-contractual !

FEV14: Design PCB just started

Compatible 6" WafErS ; et eRSHO RSl otefmi
* 6 Matrices 6” OR 2 x 1,5 Matrices 8"

d=brStoe=ve 16 ASICs

e Lesscards = Less connections
Improved scalability & maintenance

-

» 1 HV percard = independent test, exchangeability

* Bloc diagrams < Sharing BGA/COP ?

LV Regulation on board with LDO ?
e +monitoring? T°,V, ID (< DB)
Corrected data & clock distributions

- Must be OK for 2,1 m (EndCaps) = 8 FEV14 (12 FEV12§

* Timing<0,1ns ? — for SK3 ?
Compatibility new DAQ (# FEV13)

Vincent.Boudry@in2p3.1r

134 34+0 04 mm
13276 _mm

015
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A Long Slab with “FEV13b”

Adaptative design wrt FEV12

— Integration of new DAQ with Power Scheme 2
* (see Jihane presentation) i
— Possibility to include FEV13b-COBs in LS 4
Modular design : ]
— Incremental length 4
Full equipped ends of SLAB
— 1%and Last ASU 8
— Regulators / Decoupling on each ASU
» Shower response at end of SLAB |
12 W
— Possible integration new ASU’s in stack
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First steps (2020):

Test LDO’s scheme in situation

— Several implementation on small insert mezzanine
between ASU’s

— Measure stability and behaviour in PP

Implement the interface with SLBoard (v2) \

— for Power Pulsing testing

e remove / raise current limitations

Package additionnal SK2a’s Compatible

— Test them with GradConn
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Implication of HL schemes

Higher £ = HL-ILC: HL-CLIC:
— Occupation / bunch train ~ - 7 x4(6) — Y x2
1—>2ms - N — T 176 ns

X . .
2 TTram : bunches Train :

~ Butlarge margins — frp ¥2(3):5 - 15 Hz — frp X2150 — 100 Hz

Higher repetition rates x longer bunch ~ Dominated by ACQ time: Dominated by Set-up &
P(~25uWIich) x 6 Conversion time: P (~82uW/ch) x2

 More memory for events — N,

bunches

o Power - frep X Z PASIC?part X7T

spill_part Power pulsing lines timing Omega

. | aAca l cCOoNV l wLE 0 |rREADOUT
Tspill - TRamp—up + TTrain + TCOHV [ rwr on A oaa | 290mwW

= @(}‘LS) + { cee } + @(100’8 I’LS) | PWR_ON_DAC (DAQ) I SKZ h'

_ | PWR_ON_D (DAQ) | C Ips
- TTrain - A’Tbunches x Nbunches ~ewr onace oaa | 9OMW
. o 64 ch full conversion

- TCOnv & (OCCupanCY + NOlse Z thr') PWR_ON_D_Internal (POD)

CONVERSION: 260mw |
HARDROC2: NO conversion

SPIROC2: max time (Full chip)= 16 SCAx 2 (HG or LG/Time) x103 ps=3.2ms
SKIROC2: max time (Full chip)= 15 SCA x2 (HG or LG/Time) x103 ps

Critical also for Power budget

READOUT:
HARDROC2: 127 (memory depth)x [ 64 channelsx 2 trigger bits + 24 BCID bits + 8 Header bits]=20 320 bits == 200 nsx20k=4 ms/ Full Chip (WORST case)

= Full ZERO suppr. needed SPROCE 18 ST r Lol 28 14 A0E it 14 SIS Bciobn e 174t Sl st cs
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Perspertive: Just In Time ?

Start of production of calorimeters in 2026 ? < achievable with LHC ¢2 ?
w Preparation of production in 2025
w Pilote ECAL Module in 2024
w Pilote of SLABs in 2023
w 15t SLAB in 2022 > all mechanical constraints We are standing here
w 1stASUin 2021

Processes and Approximate Timelines Towards Realization of ILC

Transition Preparation Phase

Aug
202y  Phase 20m1 @ 2022 2o

ments

Power & Thermal simulation to be reviewed g it

(2019 fall-}

Discussion Group with Eurcpean partners:
[JP/DE: Jul 2019-] [JP/DE/FR/UK: Feb 2020-] Full-scale negotiation

— HL scheme : e

Final ASIC = 2022 [
- i :
— Consumption & Timing

Construction
2025 - 2034
[9 years]

1111111111

Final agreement among governments on construction
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Back-up
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Passive cooling

8.450  3.025

=
! G remebh .o e 3'0mm Det
N B 0 8 4 S e X +2.1mm W

aluminium 0. 100 e
copper 0,400 —

chips 0.800
PCB 1.000

glue epotec 0,100 —
silicon 0.525

Test 10

J kapton 0.100
Cooling ON = N CF 0.150

Cooling OFF Tungsten 2.100

CF 0.150 —_

kapton 0.100 -
I,

silicon 0.525

EUDET module (carbon-structure

equipped With_it’s heat ex glue cpotec 0.100 —
slab in EUDET module* - T . . . PCB  1.000
( First tests results in line with simulations J
chips 0.800

copper 0.400 — &
aluminium 0. 100 2

Barred - (1.5m) End Cap : (2.5m)

i T— [ N
AIDA report 08/18 L} AI DA

AT = 2.2°¢C ILC Case, standard & AT = 6°C U5 http:dieds.cem.chirecord/2624680
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Active cooling - ‘Continuous colliders’
R&D using CMS studies (Courtzsy of Th. Pierre-Emile ﬁom CMS-LLR grou}o)

Copper plate prototype dimensions information

* Pipe insertion process introduces some efficiency loss due to the thermal contact resistance.

* The benefit remains significant with regard to a passive cooling

ASIC BGA

PCB 1.6 mm

Silicon wafers 0.75 mm + glue 0.05 mm

Kapton HV 0.5 mm + glue 0.05 mm

Tunsgsten 3 mm

+3mm of Copper/Layer

Thermal static CFD analysis thermal field example using Fluent with 100W
extracted and water mass flow rate of 7g/s through 1,5mm ID pipe

AT =2.5°C

Pipe insertion on a cooling prototype

= 2x cont. operation of a SLAB
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MIP fluctuation

2 systematic effects has been identified | T |

— Bandgap discrepancy (over 128 ASICs).

* 0=19.2 mV peak to peak=200mV \ \/

— Voltage linear decrease over slab length

Curve shape can be fitted by weighted sum of these two effects

MIP(ASU) = a* ASU + b — ¢ * bandgap(ASU) T e
Solutions
— Reduce bandgap in ASIC design (already reduced in Skiroc2a version) o g B
— Compensate bandgap by software 54 " g \
— Select ASICs to mitigate fluctuation :
— Use fixed length power supply to avoid discrepancy - KH‘“‘.\/-
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POWER PULSING in SK2 """

<>
Requirement: |l| [ 2ea 111111 EE ..””“” """ T .
d 25 yW/ch with 0.5% duty cycle “Tramlength, ~ Time between 2 trains: 200 ms
Q 500 pA for the entire chip S Tas
[ O Power pulsing:
| - O Bandgap + ref Voltages + master I: switched ON/OFF
o lv i 0 Shut down bias currents with vdd always ON
e i “_L\_;“"| :@ 5 0 SK2 power consumption measurement:
' o 0 123 mAx 3.3V =40 mW => 0.6 mW/ch
bvmaiteranie gnd 2 4 Power pulsing lines : analog, conversion, dac, digital
J Each chip can be forced on/off by slow control
Measurements
Acquisition 88 mA , 290 mW Duty Cycle =0.5%, 1.45 mW
Conversion 27.3 mA, 90 mW Duty Cycle =0.25%, 0.225 mW
Readout 8.0 mA, 26.4 mW Duty Cycle =0.25%, 0.066 mW

"SKioCE Power consum ption Wt Power pulsing: 1.7 mW Te 37 RW/eh ™




Power estimations

mw
P_ACQ 290
P_CONV 90
P_RO 26
TAU_PO/ms E_PO/uJ Tau_SPILLIms E_ACQ/yJ tau_CONV/ms E_CONV/uJ E_SPILL/pJ f_rep/Hz P_TOT/uW P_TOT/uWichRatio HL/Lumi
ILC 0,005 1,450 1,000 290,000 0,10 9 300,45 5 1502,25 23,47
HL-ILC 0,005 1,450 2,000 580,000 0,20 18 599,45 15 8991,75 140,5 5,99
CLIC 0,005 1,450 0,176 51,040 0,02 1,58 54,07 50 2703,7 42,25
HL-CLIC 0,005 1,450 0,176 51,040 0,02 1,58 54,07 100 5407,4 84,49 2
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150
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nds linearly on crossing position

X

Fit with Mod LanGau function °

[ Plato from double

“modLG = [ modL(t, p.o) = Gz — t, pe. o¢ )dt

Energy deposited in the detector

o

| common calib la_ASU4_anglet0_dif 1_1_1.rawChé
b : f = [“Enries 114123
pixel crossing J : — Mean 190.8
1200 - | '
%‘ m: LanGauss 1 MIP ?P‘ ot aga.rgx?:i;g
8 t Width 10.58 + 0.18
9] MP 138.8 4 0.1
I | l( Area 2.624e+05 £ 1.3730+03
B GSigma 0.8596 £ 0.0331
Trigger Threshold | - ’ \ Width2 33.84 £1.27
Error Function | r / MP2 285.1+ 13
| Area2 6.0660+04 + 1.8920+03
LanGauss 2 MIPs AngleCoal 0.2541 + 0.0028
Errentre 4852 +0.37
Fit = modLG * erf cibtan
v""‘-\...__m\.ﬂn-m-—..,_._.., o
uﬂ 100 200 300 400 : f"‘%ﬂ"“" B00
-~ ¥ Litpo)
“modL(z, p,0) = (1 — ¢) % L(z, p,0) + e [ =4 Ghamnch(ADE)

2151
98.85

[$)]

x10 | h
00— Entries  1.658312e407
- Mean
80— RMS
! ﬁl}:—
= , . .
' b Simple Geant4 simulation for
wob- 5.5mm x 5.5mm, 325 um Si detector
s0= Uniformly bombarded by 3 GeV
s0— electrons beam with 60 degree angl
=
20':
0:....160....|...|.... P

200 300 400 500 GOO 700 ano

Lo
800 1000
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MIP response vs position

mip MPV *cos(8) vs ASU#

— OKfor4 18tASU’s = | | | | |
' e e Data 0
— Small drop ~of signal ~2%/ASU for = ASU#5 66 | o oo 8|
: . g ° Data_60
— Also hints similar dropon o _, e : e o Data 60|
Sigma of the Pedestals § sl 2
=
b . ] ¥ v 63| g
SE : T s
2.*_:-_ 5 z % 62 |
o | g 61| .
L i E
i ; S 6ol
_ P . .
. 4 59| H
E] 5 ¥ 58 L L I L
AU 1 2 3 4 3 7 8
. ASU Numb
= Voltage & Gain drop ? umber

Power pulsed mode with ballast et end of slab
(or just random build-up effect from chip variability ?)
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