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R&D of SIW-ECAL technological prototypes

Major changes in FEV11 — 13 and SMBv4 — vb5
> ASIC: SKIROC2 — 2A

— Individual threshold control
— Improvements on TDC

» Smaller SMB footprint

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

| FEVI1 & SMBv4 | FEV13 & SMBv5

| !
! i |

Flexible cable with Micro-coaxial
Panasonic connector cable by KEL

Carbon sheet
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MEGA

Microelectronics

Analogue core: SKIROCZA

> Qutputs: Gain (High/Low), TDC

15 cells Analog
memories

feedback Time
| capacitance tagging |
64 channels Sel_ ADC.test ?
(slow control)
AAAA :
Slow Sh. G1 Tl s Ut B0iC
Ri=th  Cl=d$pF : . ¢
MWW u(; : --' >—>
o p—i l : [ o M Time
el loq:ﬂ"’s g ssh_Gl1,
2 H out_ssh_G1 ssh_G10
2=3pF conversion
it £ m;( out_ssh_G10
Slow Sh. G10 =000 = e e
i R"IV\N“.J‘ ;EI-HPF HOLD RE':D Gain_selection
3 el Vth gs|
Y lﬂ 1
TDC_on ?
Gain10 Fast Shaper (slow control) |
Sp.10p, I‘/p'm.‘opF Auto Gain ?
# Forced Gain ?
ok / il (slow control)
> Sel FlagTDCb Ext ?|
Forced FlagTDCb 7|
Trigge r (slow control) ‘

FLAG_TDC

fine tuning individual trigger
threshold adjustment

(from Digital ASIC)

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

FEV13-Jp Status

® ASIC: SKIROCZ2A
® Si thickness: 320um & 650um New!

- 256 ch/sensor x 4 sensor/slab
® FEV-SMB Connection: Flexible cable or Micro-coaxial cable
® EM shielding: w/ Carbon frame and cover
® Power Pulsing

> See previous talk
for details

Total 5 slabs
in Kyushu U., Japan
slab ID
Si thickness 650 um 650 um 320 um 650 um 650 um
Assembly in Kyushu U. in Kyushu U. in Kyushu U. in LLR in Kyushu U.
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Beam Test 2019 @ DESY

® Beam time:
o 24t June - 7th July at DESY test beam facility
-e"beam: 1 - b GeV

o Presence from:  £AAL Y Queea | UL D

OIRE
ACCELE ’ Microelectronics
r £ J

OERCERRVTRYE hﬂ'lj(”#’ ICEPP

® Support & Hardware from: (€ SUNCEUNGAN ) by e
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Beam Test 2019 @ DESY

® Beam time:
o 24t 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
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Setup for Beam Test

® Devices: 2 types of readouts
> DIF based slabs: FEV13-Jp x 5
- SLB based slabs:
- COB x 2
- FEV12 x 2

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

m SLB slabs m DIF slabs
® Tungsten (2.1 mm / 4.2 mm) |

29th Oct. 2019 Yu Kato, LCWS2019



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 [in progress]

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

2. Event Building

29th Oct. 2019 Yu Kato, LCWS2019



Trigger Adjustment

® Threshold scan is performed for

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

® S-curve is fitted by Err-function.

estimation of S/N+,i4 and trigger 9
adjustment. 2
H2MIP — H1IMIP D

S/Nrrig = =

o

o

f(x) = A X E’rfc( \/_0 ) + const.
mean [DAC] 265.4 340.4
sigma [DAC] 12.0 12.5

S/Nrrig 6.4 +0.8

® Trigger is set as 0.5 MIP of 320 um
slab: ~ 230 DAC.

slabP1 chip12 ch58

0.8

0.6

0.4

III|III|III|III|III
E
+
4
H
5
4
4
4
/}.

+4.2 fC
+8.4 fC

N
o

240 260 280 300 ' 320 ' 340 360 380 400 420 440

hSN

S/NTrig =6.4+0.8

I S/Nrrig IS WOrse (previous: 11.6), under investigation. I

threshold [DAC]

P1, all chips, ch 58-63

hThr

hThe
Entries 128
Mean 2259
SwiDev _2.453

Trigger calib.
(0.5MIP)

22 224 226 28 20 2232 24 26 238 240
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ISy channels

Masking of No

® A few channels are noisy after trigger a

1-2%.

djustment and masked

— Next TB

® Individual threshold control was not used because it wasn't ready.

slab P3

slab P2

slab P1
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Pedestal Analysis

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

lowGain[13][0][39] {lowGain[13][0][38]-250&&lowGain[13][0][39]«500&&badbcid[ 13][0}==0}

1000— SENE
B ﬂ Entries 5062
- Mean 3135
= Std Dev 56.37
s pedestal peak x2 / ndf 10.29/9
. Mean 289.8 + 0.1
600|— Sigma  3.393 +0.036
400+—
[ MIP events
2001— (triggered)
0 -_l J 1 k 1 1 1 1 I ol | 1 1 ol } 1 1 1 | e | I 1
300 350 400 450 500
lowGain[13][0][39]
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Pedestal Uniformity: Mean

® Mean of Gaussian

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

'E80

%60
40

20
0

-20
-40
-60
-80

-80 -60 -40 -20 O 20 40 6Q 80, -80 -60 -40 -20 0 20 40 6Q A0 -80 -60 -40 -20 0 20 40 6Q 80,

Slab K] Slab K2 Chip & Channel ID (front)
'E80 £ ot
Ee0 sof-
~40 of
20 -

0 o
-20 b
-40 g
-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 G%rﬁﬂﬂ
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Pedestal Uniformity: Width

® Sigma of Gaussian

P3-chip0 looks strange.
This chip may be broken.

® Result of 18t Memory (Memory-cell dependence is referred later.) 1
slab P1 slab P2 slab P3 4

-80 -60 -40 -20 0 20 40 6(;(",991] -80 -60 -40 -20 0 20 40 6°xrrﬂﬂﬂ -80 -60 -40 -20 0 20 40 6(%("#9.”

slab K1 slab K2 Chip & Channel ID (front)

-80 -60 -40 -20 0 20 40 6(&“,881] -80 -60 -40 -20 0 20 40 60xrrﬁ9ﬂ

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

® Pedestal stability is confirmed in this beam time.

g 80 B temperature_slab0 . ped_slab0_chip0_chn16_sca0 - ped_slab0_chip0_chn17_sca0
© ped_slab0_chip0_chn18_sca0 . ped_slab0_chip0_chn19_sca0 o ped_slab0_chip0_chn20_sca0
g 70 . ped_slab0_chip0_chn21_sca0 . ped_slab0_chip0_chn22_sca0 . ped_slab0_chip0_chn23_sca0
E, = . : : : : : :
= 60 - : : : ITemperature: Pl
— e : : :
50 : : s z z s s
= -~ im ™ et e i i,
40" : z‘ S : : :
o EE EE I B IV I . B I T I
& £OV [ : "
= g I Pedestal mean: P1 chipO I
w270 : : : ' : : '
Q = : . . : : : ]
2 E : : : : : : :
§260:_ ' ?gn; :3%3 P §§ {i‘\ig ;@a.
— ’ g - 1] : - - ¥ : "ot 3
S50 g @ g 8 AT el
240 —
230 (— :

ik BRSBTS VRS, BN, B, R B B B R R T
19/06/26 19/06/27 19/06/28 19/06/29 19/06/30 19/07/01 19/07/02 19/07/03 19/07/04 19/07/05
09:00 09:00 09:00 09:00 09:00 09:00 09:00 09:00 09:00 09:00
Time [yy/mm/dd]
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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

Electron energy: 3 GeV e —:}39 11713 15\|
SRR S o O 20 4
slab K2 | ]ﬁ 3&.‘; 5‘{1 1

« [slab K1]

[slab P2]

«|slab P1

hit map _ i event display
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MIP spectrum

400y -
® Typical MIP spectrums of i P ::::‘:::2 E;
each slabs are shown. 3504~ }l — MIP_slab P3
® Pedestal is subtracted. 300¢- rfﬂ _m:i-:::g E;

® Fitted by Lan-Gaus function.250§-

o Convolution of Landau x Gaussian

200fF !
® MPV: Most Probable Value 1505_ [ 2
e Definition of S/Nape: i
ADC 1005
M PV; m
S/NADC = - 1MIP 505 A !
WZdthpedestal = ‘;. W{M‘Nﬂrﬂl Aol il s o WO,
100 200 300 400 500
ADC counts
P1 P2 P3 K1 K2
650um 650um 320um 650um 650um
146.5 1449 71.3 141.4 146.1
3.0 3.0 3.3 2.8 3.1
49.0 489 21.7 50.2 475
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MIP calibration

® MPV maps:

MIP mpv dif_1_1_1

P1

P2

MIP mpv dif_1_1_2

gso " gsoE
> 16( > e
60F | 60
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40~ u 40F
12
20 20
o
F 10 F
JE of-
50 -
—20F —20F
60 | l
—aoF —a0f B
40 L u
—60F —60
{ 20 .
-80f -80[-
Bit, om0 ol e Nl 1, , 8 N U RN P PP B R T
80 60 —40 -20 0 20 40 60 80 80 -60 —40 20 0 20 40
X[mm]
MiP mpvdit 114 | K1 MIP mpv dif_1_1_5
E E
geoE. E80 18(
S E >
60 60 16(
|
4ol 40 u 14
20F 20F - 1
» L n
of: of: 10 0
[ [ ] 50
201 8 —20 -20
:p 60
_40 n _40f- 'y | 40
: . " 0 60
-60 —60[- -
| |
I ) 20
-80 —80 -80
Lo lowilone: BN e, e, SR
80 -60 -40 -20 O 80 -60 40 20 0 20 40 60 80
X[mm] X[mm]
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MIP calibration

® slab: P1

MIP mpv dif_1_1_1

Error of
MiPempvdil_1_1_1  MPV MIP chi2ndf dif_1_1_1 | x2/ndf
L s | z

|

Vg
l_l_l'—[—l_l_l—l—l_l

éé,'sé;‘.:e;ss
|

1 : L | : :
80—60—402002040’0—" —80604020020406060 -80 -€0 -40 -20 O 20 40 €0 &80

X(mm] X[mm] Xjmm)
: Chip07is broken’P
entries [ nentries dif 1 1 1 MIP mpv dif 1 1 1
260 hmpv_dif_1_1_1
E Entries 978
- MPV Mean 148.8
- StdDev 2158
- [
aof-
a0
201
10 J
: : : o olllllltl-lllnlﬂ“lllllnl 1|||l111|| |
80 60 40 -20 0 20 40 60 80 () 50 100 150 200 250
X[mm] MPV[ADC]
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MIP calibration

® slab: P2

MPmpvdit_1_1_2| MPV
- _
£800  » 180
80 Y - - 160
40F o 140
20 120
ol |
i
ol 100
|
0 = 80
| | | 50
—40
A | " n
40
—80
20
-80
. 0

. i
-80 -60 40 -20 0 20 40

Y[om]

13
f4 fm 1'0

entries }ﬂPnentriesdif 112

a_ 40

60 80
X[mm]

9
B

60
X[mm]

MIP empv dif_1_1_2

Error of
MPV

MIP chi2nd dif_1_1 2| x 2/ndf

15, J3 gn
1'4%@51‘0 Pr

ol l
40 60
X[mm]

ol b Lo b bl
-80 -60 40 -20 O 20 40 €0 80
X(mm]

MIP mpv dif 1_1_2

- MPV

50 100 150 200

hmpv_dif 1_1_2

836
Mean 151.8
Std Dev 19.41

Enfries

ow-statistics because
DIF was broken in position scan

250
MPV[ADC]
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MIP calibration

® slab: P3 Error of
MIP mpv di1_1_1_3| MPV MIP empv it 1_1_3 NPV MIP chi2nd dif_1_1 3| x 2/ndf
13 13 15'#1;#11 9. 1}

Re !|_1'0 b

—80604020020406030 —80-60-—40—20020406080

80—60—402{)02040’0—"

: Chip0™s broken’? o "
entries }«anentnesdn 113 MIP mpv dif 1 1 3

hmpv_dit 113

geo 8
£ ) Entries 985
" fof MPV
13 1 1 Q ™ Mean 73.88
L StdDev  25.34
100
f 41 f2 1'0 % ol
: 80|
a0l
20/
‘ PN ’Lllnlﬂll
30 60 40 -20 0 20 40 60 &0 () 50 100 150 200 250 300
X[mm] MPV[ADC]
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MIP calibration

® slab: K1 Error of

MIP mpv dif_1_1_4 | MPV MIP empv dif_1_1_af NPV MIP chi2ndf dif_1_1_4 | x 2/ndf
- 1 s s | : i
.'? o ] i ] = : z :

—80604020020406060 -80 -€0 -40 -20 O 20 40 €0 &80

280 -60 40 20 0 20 mdlem

X{mm] Ximm]
HV connectlon s bad?
entries WP nentries dit 1.1 4 MIP mpv dif 1_1_4
i o hmpv_dif 1_1_4
Eeo - : g M PV Entries 993
0 Mean 136
“or StdDev  37.22
30:—
20
10 V
-80 -60 0 -20 20 40 60 80 o0 50 100I = ‘Iéo‘ = ‘201)0‘ = 2510 =
X[mm] MPV[ADC]
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MIP calibration

® slab: K2 Error of
MIP mpvdit_1_1_5| MPV MIP empv dif_1_1_8 NPV MIP chi2ndf dif_1_1_5 | x2/ndf

= B
E80- 180
> L
80 | 160
40:_ - 140
20i— £ 120
uh R 100
C [
C 50
-20F
C = 60
_aof- | u
C | 0
8o ]
r 20
—80 i ]
] ! s o n ‘ N :
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MIP calibration: Summary

® MPV maps:

MIP mpv dif_1_1_1 P 1 MIP mpv dif_1_1_2 P2 MIP mpv dif_1_1_3 P3
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Shower event

® Using the preceding results, we can finally build events.
- 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.

Event display of shower event =1

N Beam
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e R 800
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Shower Analysis: Hit Energy

® Hit enerqgy after MIP calibration (run_42003) ]
Single cell hit energy in 3 GeV e beam
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Simulation

® We performed detector simulation for this beam test.
® Simulator: DDSim in iILCSoft

Hit Energy conf0_e_3GeV

hiten_conf0_e_3GeV_0

® Structure of FEV13-dp: = o087
. CF 0.6mm 1200;_ | W/O Tungsten I Sta Dev 01267
> Electronics(Air) ‘°°°;_ =
> PCB: K1: 1.6mm, others: 1.8mm® :gi
> Glue(Air): 0.08mm =
- Si: 0.32mm or 0.65mm - :E;

o Glue(Air): 0.08mm 200 [

o Kapton(Cu): 0.06mm 00: - L -+ 4 =

- CF: 0.6mm .
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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 Hit Energy conf1_e_3GeV

hiten_conf1_e_3GeV_0
Entries 10663
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TDC Correlation with MIP

TDC P1

| Even BX | | | )
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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 / 1T 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.
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Remaining Issues
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Double pedestal / Retrigger

® run 32015, slab P1

pedestal_map_all ‘ pedestal_map_badbcid_0 | pedestal_map_badbcid_not_0 B C | D I S C O n S e C Uth e ]

Mean
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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)
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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.
® |[n TDC mode, SCA~2 is worse.

run 32004-010, ASIC 12 (beam) run 32015, ASIC 13 (beam)
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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_scail run 32015, ASIC 13 (beam)

s AN S
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» There are double pedestal even after bcid selection in TDC mode.
» The criteria for identification of double pedestal is not optimized.

Work in progress.
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Summary
® FEV13-Jp: b slabs from Kyushu U.
® BT 2019 DESY: All the slabs worked consistently.

® Pedestal study
- Uniformity and Stabillity is verified.

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

P1 P2 P3 KT K2
650um 650um 320um 650um 650um
490 48.9 21.7 50.2 47.5

® Shower analysis
- Event building has done and shower event is seen in event display.
- We take a look at hit energy which is 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.

® Several issues remain:
- Retriggered events are removed practically although the cause is still unknown.
> In TDC mode, pedestals become worse because of retriggers.
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R&D of SIW-ECAL technological prototypes

ASU: 12 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
whlll
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Milestone
1% ASIC proto

1*ASIC

1* prototype of
a PCB

1* working
PCB

1* working
ASU in BT

1* runin PP

1* full ASU

1 SLABs

pre-calo

1sl
technological
ECAL
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Date
2007

2009

2010

2011

2012

2013
2015

2016
2017

2018

Object
SK1 on FEV4

SK2
FEV7
FEV8

FEV8

FEV8-CIP
FEV10

FEV11
FEV 11

SLABVFEV11 &
FEV13 SK2a+
Compact stack

Details
36 ch, 5 SCA

64ch, 15
SCA

8 SK2

16 SK2
(1024 ch)

4 SK2
readout
(256¢ch)

4 units on
test board
1024
channel

7 units

7 units

SK2 & SK2a
(otiming)

CAu(ed

REM

proto, lim @
2000 mips

3000 mips
CcOB
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),,,.
6-8 % masked

Improved S/N
Timing...




R&D of SIW-ECAL technological prototypes

Beam-test 2015-2018

i
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