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International Large Detector

0One of the detector concepts at the ILC

OOptimized for Particle Flow Algorithm
- Reconstruct & identify all the particles

OComponents
> Vertex detector
- Trackers
- Calorimeters

- ECAL
- SCW-ECAL
{SiW-ECAL |
- HCAL
- Muon Yoke
etc.

29th Nov. 2019 Yu Kato, CHEF2019



R&D of SIW-ECAL technological prototypes
Major changes in FEV11 — 13 and SMBv4 — v5 \/

» ASIC: SKIROC2 — 2A » Capacitor for Power Pulsing
— Individual threshold control — 0.4 mm thickness, 40 mF x 6
— Improvements on TDC

» Smaller SMB footprint ' l"

» Connection by 0.4mm-pitch flex cables
- Two candidates, footprint compatible

| FEVI1 & SMBv4 | FEV13 & SMBvV5

Carbon

Carbon sheet
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Analogue core: SKIROCZA

S 2MEGA

Microelectronics

» Qutputs
- ADC mode: Charge High(x10) & Low(x 1)
> TDC mode: Timing & Charge (High or Low)

15 cells Analog

Signal

memories

s

|k
wh_G1,
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Test .
pulse -
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Sol MlagTOCH a2
Forced Flag TDCH 7

fine tuning individual trigger
threshold adjustment

FLAG TIM
(from Dagitel ASK)

arXiv:1801.02024
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https://arxiv.org/abs/1801.02024

FEV13-Jp Status

ASIC: SKIROCZ2A

Si thickness: 320 um & 650 ym New!
- 256 ch/sensor x 4 sensor/slab

FEV-SMB Connection: Flexible cable or Micro-coaxial cable
EM shielding: w/ Carbon frame and cover
Operation: Power Pulsing

Total 5 slabs
in Kyushu U., Japan
slab ID PT P2 P3 K1 K2
Si thickness 650 um 650 um 320 um 650 um 650 um
Board production in Kyushu U. in Kyushu U. in Kyushu U. in LLR in Kyushu U.

29th Nov. 2019 Yu Kato, CHEF2019
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Beam Test 2019 @ DESY

® Beam time:
o 241 June - 7th July at DESY test beam facility
e beam: 1 - b GeV

® Presence from: LML 2 Owmesa LU -~

!t..m-&.? Microwlectroncs .CE”

NKK

® Support & Hardware from: ([ shcmams | pyyye
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Beam Test 2019 @ DESY

® Beam time:
o 241 June - 7th July at DESY test beam facility
e beam: 1 - b GeV

® Objectives:
- Comparison of ASU based on BGA and based on Chip-On-Board (COB)
> Test of new SL-Boards (SLB)

- Validation of FEV13-Jp < Target of this talk

® Programs:
MIP program (w/o Tungsten) Shower program (w/ Tungsten)

- Position scan for MIP - Energy measurement
calibration - Response from large signal
- TDC test - TDC / auto gain
- Angled beam: 25 deg. - Edge effect

- Retriggering / double pedestal

29th Nov. 2019 Yu Kato, CHEF2019 8




Setup for Beam Test

® Devices: 2 types of readouts
- DIF based slabs: FEV13-Jp x b
- SLB based slabs:
- COB x 2
- FEV12 x 2

® Absorber: Tungsten
° Xo=35mMm, Ry=9mMm, Ao =96 mm

m SLB slabs m DIF slabs
B Tungsten (2.1 mm / 4.2 mm)

29th Nov. 2019 Yu Kato, CHEF2019



Procedure for Energy Measurement

Single Slab Analysis
1. Trigger adjustment & Masking of noisy channels

7. Pedestal calibration

16 chips x 64 channels x 15 memories
3. Gain calibration using MIP

16 chips x 64 channels

Multi Slab Analysis

1. Timing coincidence
using bunch crossing ID (BCID): At = 0.2 us

2. Event Building

29th Nov. 2019 Yu Kato, CHEF2019 10




Trigger Adjustment (@ Kyushu)

slabP1 chip12 ch58

+4.2fC
\ \\ +8.4 fC

® Threshold scan is performed for

estimation of S/N+,i, and trigger

adjustment. (preVIous TB: 11.6)
S/ Npyig = H2MIP — H1MIP

O1MIP
® Test pulse of {4.2, 8.4} fC is injected. = os
> 4.2 fC: 1 MIP for 320 um

® S-curve is fitted by Err-function.

4

0.8

trigger efficiency

0.4

Ax Erfc + const. 02
fl) = Ax Brfe(-=2) |
Injection [fC] TR '2fi 50550 50 aeo 38’% r;;%o|=d4[z’g/;é;o
mean [DAC] 2654 340.4 /Nl ==
| ‘| S/N |} P1, all chips, ch 58-63
sigma [DAC] 12.0 12.5 ‘
worse! : | - -
S/NTrig 6.4 +£0.8 ‘ , ] -
i . " {11 Y Trigger calib.
® Trigger is set as 0.5 MIP of 320 um P e s e e s ey el (0.5MIP)

slab: ~ 230 DAC.

S/Nrtrg is worse because of noisy pedestals at Kyushu.
But it should probably have stabilized in BT.
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Pedestal Uniformity: Mean

® Mean of Gaussian by which non-triggered ADC output is fitted.

® Result of only 1t Memory (Memory-cell dependence is referred later.)
slab P1 slab P2 slab P3

bs x2S

22

-80 -60 -40 -20 0 20 40 %Ml
3|ab K2 Chip & Channel ID (front)

'gao
=0
20

0
-20
-40
-60
-80

-80 -60 -40 -20 0 20 40 %'
» Although there are differences between chips,
mean of pedestals looks generally uniform within the same chip.

-80 -60 -40 -20 0 20 40 oqg',mﬂ
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Pedestal Uniformity: Width

® Sigma of Gaussian

P3-chipO looks strange.
This chip may be broken.

® Result of only 15t Memory (Memory-cell dependence is referred later.) 1
slab P1 slab P2 slab P3

7
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20

0
20

BEES LB

284

-80 -60 -40 -20 0 20 40 6Q,RQ., -N-GO-CO-ZOOZOCO%'.”“ -ao-eo-w-zoozoaosq‘,,mﬂ

slab K1 slab K2 Chip & Channel ID (front)

Y[mm]
3
T

.y mm]
Bahk nas®

-80 -60 -40 -20 0 2040%'%‘ -80 -60 -40 -20 © 2040%'”“

» Width of pedestal is almost uniform (3~4) throughout.
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Pedestal Stability

® Pedestal stability is confirmed in this beam time.

4 temperature_slab0 «  ped_slab0_chip0_chn16_sca0 «  ped_slab0_chip0_chn17_sca0
s ped_slab0_chip0_chn18_scal . ped_slab0_chip0_chn19_sca0 . ped_slab0_chip0_chn20_sca0
E ped_slab0_chip0_chn21_scal . ped_slab0_chip0_chn22_scad . ped_skab0_chipd_chn23_scal
& . : . : :
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MIP event

MIP program is performed for mainly energy calibration of all the pixels.

® Hit map: Sum of the triggered events

® Event display: ADC output of single event after event building

- RN

1 3 Ol 24 4
138 R 7

Electron energy: 3 GeV
slab K?

«~ |slab Kll

) O .20~ ‘4’ 6;

ERhB Ra2gB

50
‘7'»%,\1% % o

event display

hit map
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MIP spectrum

400, —_
® Typical MIP spectrums of il :g::: ';;
each slabs are shown. 350 NP siab 3
® Pedestal is subtracted. 300¢ —— MIP_slab K1
: MIP_slab K2
® Fitted by Lan-Gaus function. 250
o Convolution of Landau x Gaussian 2w
e MPV: Most Probable Value :
150}
® Definition of S/Nape: :
/Napc 100}
M PViyvp :
S/Napc = — S0 1
Wldthpedestal % AAAA o
100 200 300 400 ADcscggnts
m P1 P2 P3 K1 K2
650um  650pm  320um  650um  650um
146.5 144.9 71.3 141.4 146.1
3.0 3.0 3.3 28 3.1
S/N 49.0 48.9 21.7 50.2 47.5
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MIP calibration: MPV maps

MIP mpv dif_1_1_1

MIP mpv dif_1_1_3

L i
-80 -60 -40 -20 O 20

Problems

MIP mpv dif_1_1_5

Chip & Channel ID (back)

P At

N-—_—

: ngher statlstlcs
40 ,’—\\

( )

| | L \\\ | ,.

R R 20 ) Nso.-uo
X(mm]
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Shower event

® Event building have been achieved using the preceding results.
- BCID offsets between SLB-based and DIF-based are corrected.

® A typical event is checked with event display.
> In this picture, color scale is not converted to energy, still ADC output.

N
Event display of shower event ‘% | eowee 2

\

Beam

>-4Q , 0 20 40 60 80
SLB slabs __|[K2K1P3 P2P1 Xmm}
€80 - ~paany
éﬁO = $ - =
40 A . 3 2 a
20
o<
~20
0l Beam
-60
-80-3
ztmm] 1& 100 50
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Shower Analysis: Hit Energy

® Hit energy after MIP calibration (run 42003) ]
Single cell hit energy in 3 GeV e beam

. | Measured | —P1

# entries
(0]
o
o

= P2
1600 — —P3
1200 [[]] — K1
= — K2
1200{—
1000

[T T =R N T T

=Sl S = = i me

10 12

Energy [MIP]
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Simulation

® We performed detector
simulation for this beam test.

® Simulator: DDSim in iLCSoft
® Structure of FEV13-Jp:

o Carbon: 0.6 mm

> Electronics(Air)

o PCB: K1: 1.6 mm, others: 1.8 mm
o Glue(Air): 0.08 mm

- 8i: 320 / 650 um

o Glue(Air): 0.08 mm

o Cu: 0.06 mm

o Carbon: 0.6 mm

> Plastic: 5 mm

e SLB (FEV12 & COB):
o Electronics(Air)
o PCB: 1.6 mm
o Glue(Air): 0.08 mm
- Si: 500 ym
> Glue(Air): 0.08 mm
o Cu: 0.06 mm
o Plastic: 5 mm

29th Nov. 2019

Yu Kato, CHEF2019

FEV12: SL1.1

COB_c: SL1.0 | FEV12: SL1.3 |

COB_a: SL1.2 |

| FEV13: K2 |
FEV13: K1
FEV13: P3
FEV13: P2

| W: 2.1mm & 4.2mm |

20



# entries
o]
o
o

_
[o2]
o
o

Comparison of Measured and Simulated.

® Simulated results are converted to MIP units and compared to
measured ones.

® Work in progress.

Single cell hit energy in 3 GeV e beam

L

29th Nov. 2019
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Hit Energy conf1_e_3GeV
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Sim.

hiten_conf1_e_3GeV_0

Entries 10663
Mean 1.266
Std Dev  0.6914
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TDC Analysis

. TDC mode operation test
. SKIROCZ2/2A has the ramp wave as one of the internal clocks
+ | measured this ramp waveform for calculating from TDC to real time factor

- The ramp wave can be measured with

- synchronization of internal and external clock (injection signal)
internal clocks

. change the phase oflinjection signal

- cuH

29th Nov. 2019

ramp wave
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TDC Calibration

® TDC is calibrated by
Injection signal synchronized
and delayed against ramp
wave.

® Problems:
> saturation
- phase should be shifted

« TDC to real time calibration factors
- 0.127 ns / TDC count (up)
. 0.066 ns / TDC count (down)

1 ==
E t ]
..E : . |
. . J
’.E““-‘.““J. L ‘.‘.1“-'.

TDC output

29th Nov. 2019
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TDC Correlation with MIP
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® Correlation of TDC between slab P1 and P2
® Select 1 ch (at the center of the beam), 450 < ADC < 500 (to avoid time-walk)
® ~-10 / 1 ns at the normal slope: timing resolution ~ a few ns?

® TDC calibration in progress.
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Correction of Time Walk

® Time Walk: TDC dependence on ADC
® TDC-interval vs ADC are fitted by Log function.
® Width of TDC-interval is improved: 117 — 52.

- : Em)o
.. o 1400/

ITDC interval I
i E % 8

g

1500
-
g‘!)0

1200

100

1000

'.,.;.,"","_,. .o

.
 edon
. 0
-o‘-”

P05 100 180 M0 20 I® 380

400
shab P1 ADC

« TDC to real time calibration factors

« 0127 ns / TDC count (up)
« D066 ns / TDC count (down)

o

timing resolution:

b2+ 1.6 ns

- ‘h‘t
B0 1000 1200 1400 1600 i3 oo
T0C
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29th Nov. 2019

Summary
® FEV13-Jp: 5 slabs from Kyushu University
® BT 2019 DESY: All the slabs worked consistently.

® Pedestal study
- Uniformity and Stability is verified.

® MIP calibration
o MIP calibration is almost completed.
> S/N is obtained for 5 slabs:

P1 P2 P3 KT K2
650um 650um 320um 650um 650um
49.0 48.9 21.7 50.2 47.5

® Shower analysis
- Event building has done and shower event is reconstructed in event display.
- Hit energy distribution looks consistent with simulation result.
- Work In progress.

® TDC test
> Time walk is corrected, but very preliminary.
- Timing resolution is obtained, however we need more detail study using injection.

Yu Kato, CHEF2019 26
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Simulation Results

® MIP calibration

Hit Energy conf0_e_3GeV

hiten_conf0_e_3GeV_0

1400

Entries 10087
S Dev 01267
w/0 Tungsten -
1000 - P1
800 -~ P2

@
S
15}
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S
5]

n
=3
IS)

1 | 1
05 1 15 2 25
[MeV]

o

<:III|III|III|III|III|III|III
|
3

Hit Energy conf1_e_3GeV

hiten_conf1_e_3GeV_0

Entries 10663

1800 Mean 0.2532

w/ Tungsten
1600
1400
1200
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800
600
400
200

% 05 1 15 2 25

[MeV]
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Simulation Results

® Very preliminary

4500 -P1 140 ~P1
m;n -pP2 . ’ -pP2

: -P3 pa
2_ K| Sampling ratio K1
25004 K2 80 = Eglab/ (Ew+Esap) K2

: : MIP/MeV

mﬁ Energy deposit on Si wo-| | [MIP/ ]
e in each slab (Egap)
m&:

L R o
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Remaining Issues
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Double pedestal / Retrigger

® run 32015, slab P1
All Good Retrigger

Retrigger event:

pedestal_map_all pedestal_map_badbcid_0 pedestal_map_badbcid_not_0 B I D . .t'
1 | . CID is consecutive.
3 8( 1380
6 136(
13 4 134(
<) 20 32(
0] 0C 30C
— 28(
. 60 126(
» 240 124(
220 22(
80 60 40 -20 O 20 40 60 80 od i -80 -60 -40 -20 0 20 40 60 80 200 : 80 60 40 20 O 20 40 60 80 200 m ”' M d
x * { st vyt el send
v
. . 5 Voo 2
pedestal_width_map_all pedestal_width_map_badbcid_0 pedestal_width_map_badbcid_not_0 9 Oow son
I’ e e
e e 8
Corntae e
| - M0y
| L INaen

Width
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0

60 60 40 20 0 20 4 60 B0
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Double pedestal
by retrigger
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T 20
E
oc > s
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40c -
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1¢
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Pedestal difference between ADC/TDC mode

® We found the difference of pedestals between ADC/TDC mode.
® Memory-cell dependence is not same.

® In the first memory cell, the difference of typical Ped_mean is ~15.

run 32004-010, ASIC 12 (beam) run 32015, ASIC 13 (beam)
g 400 o= FEVII P g 400 e~ FEVIIPI
5 FEVI3 P2 5 380 FEV13 P2
%0 —4— FEV13 P3 (320um) 2 —— ;gt;::ﬂmm)
v 1 1
- o v
340 l 2 2 o o 340
o —_— 4 -"'-i/"?_?\i““é_—?__"_é__*_’-—*——f 120 4"54 _;._;___L_;.. Pt b #—J»J— 6
¥ A 4»,& PSS A S S AR e
300 ) , gl &/{— _‘ 1_ 3 _41 —l # 300 "" e 7?' ' 4 ‘ ' ? " ' ' ' * —1- .
280 " T 280 4!
260 20/~
240 Mean of pedestal 240 Mean of pedestal
- with ADC mode 220 with TDC mode
m‘é,A‘sA,.;‘Alé‘,,‘éll,'lo,‘,‘[2,‘,']‘, mA(l’AAAétdlittléll‘éntl‘lolltilznAA"n‘A
SCA SCA
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Pedestal difference between ADC/TDC mode

® We found the difference of pedestals between ADC/TDC mode.
® Memory-cell dependence is not same.
® In TDC mode, SCA~2 is worse.

run 32004-010, ASIC 12 (beam) run 32015, ASIC 13 (beam)
§ e e FEVIE P ’ o= FEVI P
- FEV13 P2 as FEV13 P2
8 85 —a— FEV13 P3 (320um) = Y | +— FEV13 P3 (320um)
- v FEVI3K! - ¥ FEVI3 K1
% 8E FEV13 K2 i SE ’ FEV13 K2 ‘
s5F- . ssi- |/ A\ :
& Width of pedestal £ b/1/4) Width of pedestal
3 with ADC mode E IR with TDC mode
45 a5 N 10 —
— - '/‘1'1‘ 1 3T - r
= ' T 5 VU . ) ' = e
35 4 L l\l%M‘l;Jr ]1 - % P #; i 3sE-
35_ : lI. e Ag;-‘-‘ %L‘r"&%ﬁ‘f 3:._T
255 25F
Z:A l ' 'S 'S l 'S . | 'S l 'S s i l i i ' 1 ' e e 'S J 'S A 'S l 'S 'S s l s 2:
0 2 4 8 8 10 12 14 0 2 4 6 8 10 12 4
SCA SCA
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Pedestal difference between ADC/TDC mode

® We found the difference of pedestals between ADC/TDC mode.
® Memory-cell dependence is not same.
® In TDC mode, SCA-~2 is worse.

ped_chip13_chn0_scal run 32015, ASIC 13 (beam)
Pod chpll o scat 7 .
2% Ervres 4164 o FEVII M
Mean 82 65 FEVI3 P2
Sud Dev 10.76 +— FEV13 P3 (320um)
*— FEV13 K1
200 i ¢ \ FEV13 K2
58 | f :
. | | Width of pedestal
1% | Ny | with TDC mode
45 f ) —

38
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» The criteria for identification of double pedestal is not optimized.
Work in progress.

‘ » There are double pedestal even after bcid selection in TDC mode.
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Hardware update

> Previous problems
« Carbon frame was not optimized for FEV13.
« HV connection between SMB and flex was fragile.

- Update: New ca

= R rd ’/ .' ‘-. N
- < ‘& HV socket

K p—
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Hardware update

> Previous problems
« Carbon frame was not optimized for FEV13.
« HV connection between SMB and flex was fragile.

- Update: Conductive adhesion

29th Nov. 2019 Yu Kato, CHEF2019 36



ISy channels

Masking of No

® A few channels are noisy after trigger adjustment and masked: 1 - 2 %.

slab P1 slab P2 slab P3

® Individual threshold control was not used because it wasn't ready. — Next TB
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Pedestal Analysis

® Non-triggered ADC output (around ~300 [ADC])
® Fitted by Gaussian

lowGair{ 1 3J0J33] PowGan{ 1 IFOF39]> 2508 SlowGair{ | 3O 39]<S008 Abacexd 1 30)=~0)

1000E= htemp
_ a Entries 5062
- Mean 3135
B Std Dev 56.37
800 pedestal peak £ / naf 10.29/9
- (non_triggered) Constant 9982 + 186
- Mean 2898 £ 0.1
600— Sigma  3.393 +0.036
m.—
- MIP events
200— (triggered)
L\ e d\—‘wm%,_ .
300 350 400 450 500

lowGain[13)[0)[39]

29th Nov. 2019 Yu Kato, CHEF2019 38




MIP calibration

® slab: P1

MIP mpv dif_1_1_1

Error of
MIPempv it 1_1_1  MPV MIP chi2ndf dif_1_1_1 | x2/ndf

[—---.—f e

;'7I .5 Cil. d

L R ; ‘ 1, I m :
-80 -60 -40 -20 O 20 40 ‘)—X[“l -80 -60 -40 20 0 20 40 60 X[SO] -80 -60 -40 -20 O 20 40 60 X[BO]
mm; mm, mm
: ChipO'is broken’? —
entries M entries dif 1 1.1 MIP mpv dif_1_1_1 -~ : "8
@ hmpv_dif_1_1_1 -
EBO E E '—330 [ M Entries 397
= ] S -
f : 10¢ B PV Mean 147.6
,,,,,,,,,,,,,, 25~ w StdDev  17.75
10° 20F
"""""""""""""""""""""""""""""""""""" 15-_
10? L
aof! 102—
""""""""""""""""""""""""""""""" 10 5
N sk
Ll ||nM||n||d.|H..|..|.
00

, : 0
80 60 —40 -20 0 20 40 60 80 50 100 50 200 250 500
X[mm] mpv[ADC]



MIP calibration

® slab: P2

MIP mpvdif1 1.2

Error of
12 MIP chi2ndf dif_1_1_2 | x2/ndf

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

P I IS ATATIN AAVATN SATATE A ATArE W il P I IATI ST AR
-80 -60 -40 -20 O 20 40 60 80 -80 -60 -40 -20 O 20 40 60 80
X[mm] X[mm] X[mm]

NI N TS A L L L
-80 -60 -40 -20 0 20 40 60 80

entries e entries dif 1 1 2 MIP mpv dif 1_1_2 "]

= ‘ 025 hmpv_dif_1_1_2 - »
H H @ -
' : = Entries 264 - - -
3 § | MPV
; : : 10* Mean 149.5 -
7777777777777 L 7777777777777 20~ StdDev 5264 . p
L - -

.......

: Low-statistics because
oy AP RN Y | Y PR PR PO . -y
e e w e = m [)[F was broken in position scan

~80 60, -40_-20 q_a 40 60 N
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MIP calibration

® slab: P3

MIP mpv dif_1_1_3

-80 -60 -40 -20 0 20 40 W-H

entries MIP entries dif_1_1_3

3 : ! a
-80 -60 -40 -20 0 20 40 60 80
X[mm]

29th Nov. 2019

Chip0™s broken’? o o

Error of
MIP empv dif_1_1_ MPV MIP chi2ndf dif_1_1_3 | x2/ndf

) a ) : !
-80 -60 -40 -20 0 20 40 60 80 -80 -60 —40 -20 0 20 40 60 80

MIP mpv dif_1_1_3
280 hmpv_dif_1_1_3
2 Entries 425
5,0 MPV
Mean 74.07
F Std Dev  24.43
60—
501
40
30f-
201
10F
N AT, T
0 50 100 150 200 250 500

mpv[ADC]
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MIP calibration

Error of
MiPempvdit_1_1_4  MPV MIP chi2ndf dif_1_1 4| x2/ndf

i 13 B i

%..

~ | 100

. .. U

5 B IO'
ol o
80 -60 -40 -20 0 U 3 -80 60 -40 20 0 20 40 60 80 -80 -60 -40 -20 O 20 40 60 80
HV ¢ Connectlon is bad? o
entrles MIP entries dif_1_1_4 MIP mpv dif_1_1_4
- hmpv_dif_1_1_4 h
[ ' i 5 £ Entri 482 ~
s H 10* £35/- ntries
' “ MPV Mean 141.4 -
77777777777777 e 301 StdDev  27.79 =
A 3 \ *
L -
- -
Y 1 I . L B L i
102 r
15
10l
10 r
f L . of AN A
80 -60 -40 20 0 20 40 60 80 0 50 100 150 200 250 300
X[mm] mpv[ADC]
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MIP calibration

Error of
MIP empv dif_1_1_! MPV MIP chi2ndf dif_1_1_5 | X 2/ ndf

C ; > AL A ‘ ‘
80 60 40 20 ©0 20 40 60 80  ° 80 60 —40 20 0 20 40 60 80 80 -60 -40 -20 0 20 40 60 80
X[mm] X[mm] e S ——
entries Mp entriesdit 115 MIP mpv dif_1_1_5 G OOd I
.g. o - i 1o gﬁ hmpv_dif_1_1_5
Ef i = Entries 508
> : digo -
MPV Mean 154.5
351 StdDev  9.891 *
7777777777777777777777777777777777777777777777 10° r
30F
F .
25 \
- S
20—
15E (
-0 N T g
10 10F

.

-80 -60 -40 -20 0 20 40 60 80 0 50 100 150 200 250 300
X[mm] mpv[ADC]
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R&D of SIW-ECAL technological prototypes

ASU: 12 years of R&D CALI‘G@

Miestone Date Object Detads RE

Most complex element: electro-mechanical integration

1¥ ASIC proto 2007 SK1 on FEV4 36ch 5 SCA proto, im @
Distrid / Collect signals from VFE (ASICs), 2000 mips
Analog & Digital with dyn. range 2 7500 1* ASIC 2009 SK2 64ch. 15 3000 mips
SCA
Mechanical placer & holder for Wafers — precision
1" prototype of 2010 FEV7 8 SK2 coB
Thickness constraints aPCB
1" working 2011 FEVS 16 SK2 CIP (QGFP)
FEV11-COB i PCB (1024 ch)
FEV11 1* working 2012 FEVS 4 SK2 best SN - 14
ASU in BT readout (HG), no PP
(256¢h) retriggers 50~
75%
1Y runin PP 2013 FEVS-CIP BGA, PP
1¥ fjull ASU 2015 FEV10 4 units on SIN~17-18
test board (High Gain)
1024 retrigger ~ S0%
channel
1¥ SLABs 2016 FEV11 7 units
pre-calo 2017 FEV1l 7 units SN -20(12),,,
6-8 % masked
1" 2018 SLABWEVI1& SK24& SK2a improved SIN
technological FEV13 SK2a+  (otiming) Timing..
ECAL Compact stack
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R&D of SIW-ECAL technological prototypes

Beam-test 2015-2018

SIN,_ =16-17
s —. CERN 2015 uﬁmuo,., DESY 2018 SN, - 116207
o (] et " v | Defauls cataract : Trigger — ~1/3 mip (est
l_ et i , Naked FEVIT_ - R S 7 FEV11 + 1 FEV13(650pm) [sz ar"e-\}x(a )J
o [j—- I-
- 1 5 SNy . . !
DESY 2017 .t- 1182 0,7
7 FEVI1 CERN 2018 [ Masked ch FEviy - 4%
' 6 FEV11 + 1(4) FEV13(320 & 650pm) + 24X W
g )
SN, =203, = 4
0, =15(74%)
masked ch. ~ 8 %
Hi efl. ~ 99.95 %
0°, 45° v

1T operation

29th Nov. 2019 CHEF2019



