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SIW-ECAL technological prototypes

ASU: 12+ years of R&D

Most complex element: electro-mechanical integration Milestone

_ Distrib / Collect signals from VFE (ASICs), 17 ASIC proto

Analog & Digital with dyn. range = 7500 15 ASIC

— Mechanical placer & holder for Wafers — precision

1% prototype of a
PCB

1% working PCB

— Thickness constraints

3 versions working
— With §/Ny,, 2 ~12 (for 320pm)

FEV12-COB I

1% working ASU
in BT

+ SMB

1% run in PP
o R 1% full ASU
- '___-11-“
Wlth 4 Sl' .
wafers
1% SLABs
pre-calo

256 P-I-N diodes
0.25 cm? each

1% technological
ECAL

H] =i

JE—

FEV13 :

Vincent.Boudry@in2p3.fr  ILD SW-ECAL Adaptative design | LCW¢ 1% COB

Date
2007

2009

2010

2011

2012

2013
2015

2016
2017

2018

2019

Vincent Boudry, LCWS2019 Sendai

Object Details
SK1 on FEV4 36 ch, 5 SCA
SK2 64ch, 15 SCA
FEV7 8 SK2
FEV8 16 SK2 (1024
ch)
FEV8 4 SK2 readout
(256c¢h)
FEVS8-CIP
FEV10 4 units on test
board
1024 channel
Slab:FEV11 10 units, 320pum
FEV 11 7 units
10 SLAB: SK2 & SK2a

5 FEV11 320pm (otiming)
5 FEV13 650*um
Compact stack

FEV12-COB 1 wafer, 500pm

REM

proto, lim @ 2000
mips

3000 mips

coB

CIP (QGFP)

best S/IN ~ 14
(HG), no PP
retriggers 50-75%

BGA, PP

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

SIN ~ 20 (12), 6-

Trig,
8 % masked

Improved S/N
(1/64 masked ch.)
Timing...

SIN ~ 22
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Data acquisition mechanism of SIW-ECAL

® Geometrical structure
o Si pixel: 5.5 X 5.5 mm?
© 32 X 32=1024 ch / slab

> 16 ASICs / slab One ASIC
o 4 Sj wafers / slab A
® Readout information ¥ Hit
> Bunch Crossing ID (BCID)
f=5MHz, At=0.2ps Data acquisition area
o Hit bit

o self-triggered by each channel

o Analogue output (Any two of the three)

> Charge 'High/2Low gain, 3Timing

® Readout mechanism
> independently on each ASIC

1. Some tracks are triggered within one BCID interval (0.2 ps)
2. Analog outputs from all channels are stored in memory cells (15 SCAs)

3. After the acquisition phase, all stored data is read out

5th Mar. 2020 Yu Kato 4




Studies for retriggers

® Setup
o> We used following data in this talk.
o The data used for evaluation was obtained in TB2019 @ DESY.

o All the results are based on FEV13 so far.

32004 - None
32010 (e— 3 GeV)
32012 OFF ADC None
32015 On TDC None

ADC mode: Charge High( X 10) & Low(X 1)
TDC mode: Timing & Charge High

Yu Kato 3)
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What is Retriggers?

* many fake hits just after correct hit(s)

* consecutive BCIDs

» Memory cells are occupied by retriggers and may
fail to store normal events

# hits
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What is Retriggers?

* many fake hits just after correct hit(s)
* consecutive BCIDs

» Memory cells are occupied by retriggers and may
fail to store normal events

—_—
— [==1

mhits

T~

I 1 1 1 1 1 1 1 1 I
run32010(beam on, w/o W), ¢

# hits

hip12, FEV13-P1

correct

hit
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run32010(beam on, w/o W), chip12, FEV13-P1

Retriggers: Structure O P i

4

0

Triggered channels vs BCID

{

0

0

® The retriggers looks “line”.

0t

» All channels are triggered once each
without duplication in a group of retriggers.

* except masked channel

0%

0

OB 7uera T 77 4D Or0ze U

I|III|III|III|II|III|III|[]

* sometimes one or two channels do not triggered

i
0

GoqunI7T lsspunye

® Many consecutive hits occur after 4 — 6 o
BCIDs from the hit that looks normal. E

© . _ . ChargeH
» The previous single hit might cause 'S T | e B S
retrigger(?) |
® We found similar events in the other data. &

%t

i
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Retriggers: Structure

Trigger & Charge run32010(beam on, w/o W), chip12, FEV13-P1

® Even the channels which charge is around pedestal level are triggered.

> Fast shaper (trigger line) is presumed to be affected by retriggers.

run_32010_dif_1_1_1 event20 chip12 scat bcid3292 nhits1 run_32010_dif_1_1_1 event20 chip12 sca2 bcid3296 nhits6 e
I = T - .
Fal ] = NIRRT P | triggered
E 300
400 P
TSI | P E run_32010_dif_1_1_1 event20 chip12 scat bcid3292 nhits1
[ 20 - T -
C = ()
o ; 150 3 tn 00
r 100 [\
oo BCIDO = 3292 E BCID0+4 S
E I ; 1 | | | ] 1 | ] 1 L I E&j E I H T i
OU 1IU EIU — a0 — 4:.) = 5'0 — G:J ‘ DG e 10 ’ - 20 — 30 — 40 - 50 e &0 po
Channel Channel
™
run_32010_dif_1_1_1 event20 chip12 sca3 bcid3297 nhits54 run_32010_dif_1_1_1 event20 chip12 scad bcid3298 nhits2
I 350 F —
H E’““W'f-w* H Inaia ™y Elm e e e Mo e | h
© 300 ” 300 E—
250 o %_ % 0 ) 20 0 50 50
- ol channel
150 150 ;
100 b #37: masked channel
w BCIDO+5 b BCIDO+6
. 1 Ll oF | n | | .
a 10 20 a0 40 50 60 10 20 30 40 50 60—
Channel Channel
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Retriggers: Double Pedestal

® Pedestal map (run 32004-32010, FEV13-P1, SCA-0)

All Good Retrigger

ped_chip1_chnB0_scal

@ Y ped_chipi_chn60_scal
& & 40— Entries 665
& » = Mean 2823
i g b h a5 Std Dev 6.643
- S . ° g g E 12/ naf 7664127
o 8 = Y 8 8 30— Prob 1.208e-06
() H z £ E Gonstant 34.26 +1.68
- ° Ed 5 o5 Mean 2826 + 0.3
2 5 | BE B D SE Sigma 7.027 + 0.231
e @ » E
i : g & 20F
3g s 3 15E-
2 EX 2 =
10
5
& & N S T R TP
B z 2 o 220 240 260 280 300 420 840 360 380
g @ E =3 S
- 5 g . g g
2 5 5
el I gl s z 5
5 5
S - £l - : : Double pedestal
. — o 5 . g g
= a by retri
5 : 35 a 2
3 : : y retrigger
8 = 8 2 g
x x ~ =
EE EE

ooooooooo

: g - £ I Double pedestal depends on
. g\ . channel position in ASIC.

entry ratio
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Retriggers: Double Pedestal

® Comparison of pedestal map between ADC/TDC mode.
o Both pedestals are for SCA-0 and used High gain charge.

¢ There are almost no difference. ADC mode: Charge High(x 10) & Low( X 1)

o Double pedestals are successfully removed. TDC mode: Timing & Charge High

ADC mode (run32004-32010) TDC mode (run32015)

(0e0s) depw uH
(0®s ‘I[e) tpIm [eIsapad
(0B0s j¢) UBa [eISEPaY
(oeos) dew IH
(0®2s ‘I[e) LPIM [eIsapad
(0®os ‘|[e) ueal [eisepad

(0e9s ‘piogpoob) LpIM [eisapad
(0e9s ‘pragpoob) ues [elsepad
(poob - peq)ueag [e1sapad
(0e9s ‘piogpooB) pim [elsepad
(0®9s 'progpoob) uesiy [elsepad

(poob - peq)uesNg [e1sapad
08 09 Oy 02 0 02- Oy- 09- 08~

[wuilx

[l

ccccccccc

(0®s ‘progpeq) pIm feIsepad
(/™) avey 196610y

(0eos ‘pogped) WPIM [e1sapad
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(0B9s ‘progpeq) ueay [e1sapad
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SCA dependence on pedestal width: ADC/TDC mode

® We found the difference of pedestals at beam spot between ADC/TDC mode.

® TDC mode is worse around SCA-2.

® Even after retrigger removal, we still cannot remove them well.

run 32004-010, ASIC 12 (beam) run 32015, ASIC 13 (beam)
ES E —s— FEVI3 P1 B E —%— FEVI3 P1
ER = FEVi3 P2 2L FEVi3 P2
3 F —¥— FEV13K1 e B —¥— FEV13K1
8 6 —4— FEVI3K2 g8 E & FEVI3K2
5.5 55
F Width of pedestal = Width of pedestal
= with ADC mode = with TDC mode
45— 45
4 4
3.53— 3.53—7
3 =
2-53— 2.53—
2:||||||||||||||||||||||||||||||| 2:|||||||||||||||||||||||||||||||
0 2 4 6 8 10 12 14 0 2 4 6 8 10 12 14
SCA SCA
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Summary

® Retriggers are still troublesome problem for SIW-ECAL prototype.

» In single retrigger unit, all the channel except masked is triggered once each
without duplication.

» Basically retriggers appear after 4 — 6 BCIDs from single hit that looks normal.

® Double pedestal
—depends on channel position in ASIC.

—are successfully removed in SCA—0 by BCID selection.
—has less difference in SCA-0 between ADC/TDC mode.

> Even after retrigger removal, the pedestal width of TDC mode is worse (C 4.5) around
SCA-2.

» Retrigger may affect not only fast shaper but also slow shaper.

oth Mar. 2020 Yu Kato 14




additional
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Major changes in FEV11—13

» ASIC: SKIROC2 — 2A » Capacitor for Power Pulsing
— individual threshold control — 0.4 mm thickness, 40 mF x 6
- t TDC [uti ) e oS
improvement on resolution » Carbon fiber frame/cover DN

» Separation of power layers

— power supply for analogue and digital

> Smaller SMB footprint \&/”’/

— improvement on noise level

29th Nov. 2019 Yu Kato, CHEF2019



Analogue core: SKIROC2A MEGA

Microelectronics

» Outputs
> ADC mode: Charge High( X 10) & Low( X 1)
o TDC mode: Timing & Charge (High or Low or Auto)

15 cells Analog
memories

Time
tagging

feedback
capacitance

Analog signal

Sel_ADC_test ?
(slow control)

64 channels

:' C2=1.6pF i !
i i i e
' Slow Sh. G1 [ VW] : :
; DYyl il |"1 = H().II - READ b‘““:‘:‘
iy AN} = L -
Signa i i’ out_tde
! 1 vref_ss + J‘ : l‘/ “U' Time.
: £ - Dep:th=f5 X ssh_Gl,
' o out ssh G1 ssh_GI10
f3.=I3FF ;gh ;10 conversion
s . out_ssh_
Slow Sh. G10 o . A’..—.:.”.'."'r
Rm ?:MFF - ”‘i' D r~_ RE":D Gain_selection
\ AL vt
vt ] lnepmf :
in*Calib ] ﬁ"}i ;-s?:v;?:';rftra!)
Gain10 Fast Shaper o RGN
%p.10p. 13p or 20pF 00K HOLD Auto Gain ?
: I o Forced Gain 7
". = / aref fs iy | 8-bit Delay Box: fﬂo%
! . N DIl | 100nsto 300ns
Test . > /m” r e Sel FlagTDCh Ext 7
—_— Forced FlagTDCb 7|
pulse R Trigger ‘ #bitDAC TN (slow control) |
R out_trigger
" " . N FLAG_TDC
fine tuning individual trigger / 10-bit DAC | 1060DAC | (rrom Digital ASIO)
threshold adjustment .
J arXiv:1801.02024

29th Nov. 2019 Yu Kato, CHEF2019


https://arxiv.org/abs/1801.02024

Known issues & facts about retrigger

1. Not observed in skiroc testboards

2. Double pedestal
o discussed later

3. Deterioration in FEV13
4. Effect by CHIPSAT signal

Yu Kato 18
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Retriggers

What is retriggers?

many fake hits after correct hit(s)

consecutive BCID

5th Mar. 2020

run32012(beam off) FEV13-K2

~/SiW-ECAL/tmp — -bash = ~ — katou@bepp02:~ — ssh « ssh bepp ~ — yu@cw14:~/work/JER_v02-Q

skokokokskaokokokskokokokokskokokskokakokokokskokskokskokokokokakkokokakakokokokskokokokakokokkokskokokokskokokokskakokokokskokokakokakokokokskokokokokkokkokskokkokok ok okokskkokokok ok

==> 60 selected entries

(Long64_t) 60

root [27] fev1@->Scan("event:acqNumber:chipid:nColumns:bcid:nhits","bcid!=-999&&chipid==8&&nColumns==15")

sokokkskokokKRoKK KRRk KoKk KRk KKk ok koK sk kKR ok KKKk Kk ok kKKK Kk ko kK sk ok koK sk ok kK sk ok ok KRk ok sk sk koK Kk ok Kk sk ok ok ok sk kKoK ok

* Row * Instance x event * acgNumber * chipid * nColumns bcid * nhits *

skokokokskskokskokskokkkk kKRR kkkokokokksk ok KKk kR kKR kokokskkokokskkokokakokkokskkkakakkakokokkkokokkakkakokok ko kokkokskok KRRk okakokkokkokk

* 120 * * 116368 * * 3381 % 1
121 116368 3385 8
122 116368 3386 48
123 116368 3387 4
124 116368 3388 1
125 116368 3389 2
126 116368 3392 37
127 116368 3393 21
128 116368 3395 3
129 116368 3396 1
130 116368 3397 P
131 116368 3399 26
132 116368 3400 28
133 116368 3401 3
134 116368 3403 2

continue
120
121
122
123
124
125
126
127
128
129
130
131
132
133
134

*

¥ R K K KK KX XX XX XX
¥R KK K XXX XK XX XX
00 0O 00 0O 00 0O 0O 0O 0O 0O oo 0o o
XXX X XXX XXX XX XX
¥ K K K K K KK KX X ¥ XX
¥ K K K K KKK KX XX XX
¥R KK KX XXX XXX XXX

r q to quit ==>
72
72
72
72
72
72
72
72
72
72
72
72

117199
117199
117199
117199
117199
117199
117199
117199
117199
117199
117199
117199
117199
117199
117199

2006
2010
2011
2012
2013
2014
2017
2018
2020
2021
2022
2024
2025
2026
2028

H

=W
WNUNNRFRWOORNAENOOR
XX X X X K X X X X X X X X X

NN

72
72

*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
T
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*

W W N NN R NN NN NN KO KN RN NN NN NN
W W WK F N NN NN KRR N KO N NN R NN NN NN NN

¥R KK KKK KX KX XX XX
¥R KKK XXX XX XX XXX
00 0O 00 0O 00 0O 0O 0O 0O 0O CO 0O O 0
XXX X XX XXX XXX XXX
¥R K K K K K K ¥ K XX XXX
¥R K K KX KX X XXX XXX



Retriggers

channel combination
Almost all the channel is triggered in single retrigger unit.

It’ s difficult to distinguish some retriggers to divide into unit.

root [6] fevl@—>Scan("event:acgNumber:chipid:nColumns:bcid:badbcid:nhits","bcid!=-999&&chipid==12&&event==21")
B B R e S S S S S S S S S

Row * Instance * event * acgNumber =* chipid * nColumns bcid * badbcid =* nhits *

B L T e e e S S S S S S S S S S

20 180 21 86878 12 15 3 3 1 *

20 181 21 86878 12 15
20 182 21 86878 12 15
20 183 21 86878 12 15
20 184 21 86878 12 15
20 185 21 86878 12 15
20 186 21 86878 12 15
20 187 21 86878 12 15
20 188 21 86878 12 15
20 189 21 86878 12 15
20 190 21 86878 12 15
20 191 21 86878 12 15
20 192 21 86878 12 15
20 193 21 86878 12 15
20 194 * 21 86878 =* 12 * 15 =*
o o e e e e e e e e e

run32010(beam on) FEV13-P1

*

*
.
.
%
%

= W)
M= N0 RN

* K X ¥ ¥ ¥ ¥ ¥ ¥ ¥ ¥ ¥ ¥
* K K X XK KX X ¥ ¥ ¥

* ¥ ¥ K ¥ ¥ K ¥ ¥ K K ¥ ¥
* ¥ ¥ K ¥ ¥ K ¥ ¥ K K ¥ ¥
* K X ¥ ¥ ¥ ¥ ¥ ¥ ¥ ¥ ¥ ¥
* K X ¥ ¥ ¥ ¥ ¥ ¥ ¥ ¥ ¥ ¥
* K X ¥ X X ¥ ¥ ¥ ¥ ¥ ¥ ¥

* ¥ ¥ K ¥ ¥ ¥ ¥ ¥ K

#
*
*
#
*
*
#
*
*
#
#
*
#
#
*

WWwWwwwwwwe e
* ¥ K K K K ¥ ¥ ¥ ¥ M

P2
stookokkoololokokk

*
*
*

*
-*

*
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Retriggers

® trigger vs charge
> Which shaper has problems that cause retriggers?
> The charges and hits are compared between good/retrigger events.
> Even the channel which charge is lower than pedestal is triggered.

» Fast shaper has some problems in retrigger?

run_32010_dif_1_1_1 event0 chip12 scal becid224 nhits1 run_32010_dit_1_1_1 eventd chip12 sca2 beid229 nhits40
I = I
Fel - .
S ok good E l retrigger
400 == 00
as0 ;— TOO
a0 | -
250 f— 500
200 ;— |t 400 —
150 — 300 (L
100 E— 200
50 f— 100
= O T EE E T S AR A o L | .
{lﬂ 10 20 a0 40 R [=11] a 10 20 30 40 50 &0
Channel Channel
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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)
ped_chip13_chnd_scat c 7
250 — Entrias 4164 | © = —e— FEV13 P1
~ Mean 3182 | = S FEVi3 P2
B Std Dav 1076 | 8 F —4— FEV13 P3 (320um)
N S SFE —+— FEV13 K1
200 |— g °E & FEVI3K2
- 55
u = Width of pedestal
Hr = with TDC mode
= 4.5:—
100 — 4§—
~ 3.53—7
so— 3§_T
- 25
[ — I l [P S B | oL | | | | | | | L.
100 200 300 400 500 600 700 800 ann 1000 0 2 4 6 8 10 12 14
SCA
» There are double pedestal even after bcid selection in TDC mode.
» The criteria for identification of double pedestal is not optimized.
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Retriggers

SCA 1
TDC mode (run32015)

Pedestal Mean (goodbcid, scal)

SCA O
TDC mode (run32015)

Pedestal Mean (goodbcid, sca0)

Pedestal Mean (all, sca0)

60 80
Xjmm)
Pedestal Width (badbcid, sca0)

Pedestal Width (goodbcid, sca0)

Xmm

60 80
Xjmm)
Retrigger Rate (N,_/N,.,,)

Ylme]

& & ki b

20 40 60 8
X

Pedestal Mean (all, sca1)

Pedestal Mean (badbcid, sca1)




