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Why SiPMs on Inner Sphere? ()

e\Why SiPMs on the inner sphere?

e Tail reduction

eHigher energy resolution

¢ Pileup rejection

e Challenges

e Minimise materials in SiPM

¢SiPM assembly on the thin window  '

¢ SiPM ageing

o # readout channels

e Candidate SiPM for the inner sphere
¢SiPM with Chip-on-Film (CoF) package
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SiPM with Chip-on-Film (CoF) Package

e Under development by Hamamatsu
e Lower mass compared to the standard package (a la MEG-1l VUV-MPPC)

e TSV VUV-MPPC (no wire bonding)
SiPM with CoF package Thickness Xo

Si 0.2mm 0.21%
? CoF (Chip on film) package e Solderbump """"" Ol5mm(2%area) """""""""""""""" %10-5%

Prototype : Single channel MPPC chip (with TSV and VUV sensitivity) Filler 0.15mm 0.08%
FPC (polyimide + Cu wiring) 32— Al trace | Cutrace
r—— FPC 0.2mm

H_ ﬁ\ 0.02% 0.14%
4 Stiffener (polyimide) Solder bump Total 0.29-0.43%

(low-RI material)

-------------------------------------------------------------------

4 MEG Il VUV-MPPC A Thick X
: ickness
1 | Thickness | Xo —— . :
- , i window mm
2 Quartz window| 0.5mm 0.41% g “Awicdow | N T
| e S B : window 5mm
Ly = S| ozom | 021% | |
T s Ceramic 1mm 5% LXe as dead material
‘E% """""""""""""" Total 5.6% L Xe 02mm | 0.7% |
\ " Electrode pin J ‘\ ___________________________________________________________________ K
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SiPM with Chip-on-Film (CoF) Package (&

¢SiPM cell size : 25 ym

e No SiPM saturation, even for the SiPM closest to the positron incident position

e CoF package with a discrete array of four VUV-MPPC chips (6 X 6 mm? each), similarly to MEG || MPPC .

e The gap between the MPPC chip and the FPC must be filled with light material to avoid LXe in the gap

e Discussing with Hamamatsu further customisation of CoF package with filler for PFIONEER

e Candidate filler material: epoxy resin + SiO-

e Prototype with filler to be provided by Hamamatsu at the beginning of February

o We’'ll measure stability at high temperature for annealing and in LXe

MPPC chip x 4 (6x6mm? each)

Epoxy resin+SiO2

(

|
Standard EPC \ Ultra-thin flex cable

Solder bump (with minimum Cu pattern) (with aluminum pattern)
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SiPM with Chip-on-Film (CoF) Package (&)

e CoF-MPPCs are connected to FPC strips

e Another candidate for FPC: Lower-mass FPC with Al traces (see backup)

e Further ganging (4 X CoF-MPPC) under consideration
e Ganging scheme to be tested with CoF-MPPC prototypes

e Series or parallel connection

CoF MPPC (12 X 12 mm?)

N\
_N

FPC with Cu or Al traces
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Assembly on Inner Window &)

+ ~400 X CoF-MPPCs (12 X 12 mm?)
e Coverage ~30%

» Assembly scheme of the CoF-MPPCs being studied
e Thin assembly layer attached to the inner window or to the PMT supporting structure
e Minimise the gap between the assembly layer and the window
o FPC strip with CoF-MPPCs glued on the assembly layer
e Cable routing along latitudes

eFiller between MPPCs for uniform material distribution
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Prototype Test of Chip-on-Film Package 0

e Thermal cycle tests with several prototypes provided by Hamamatsu

e Measured the stability of SiPM properties (breakdown voltage, dark count rate, gain, excess charge

factor)
e N.B. Stability of VUV-MPPC chip itself well demonstrated already in MEG |l LXe detector

CoF-MPPC prototype (3 x 3 mm?)

e| ow temperature

e Tested in LN2instead of in LXe for simplicity

e Ten thermal cycles

eHigh temperature for annealing

e Heated with Joule heat with high sensor current being illuminated by LED light
¢80, 100, 125, 150°C

= SiPM properties unchanged

e Further tests will be done for prototypes with filler in February
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0.14 =
ePDE degrease observed in MEG | M2 E
e Most likely, surface damage by scintilaltion light irradiation of)o.;i_ *\,\ . . _
e Known issue before MEG II, but with much smaller effect 3:32; T _ :
e The mechanism is not totally understood 0,022_ _
e Even not yet reproduced in lab B 00 0 '3608'@6:(}3‘;0;:‘1"”
e Recovered by annealing
e Annealing before the beam time every year in MEG I
oPIONEER case
¢x10 higher scintillation light intensity compared to MEG Il LXe
e Possible measures
¢ Annealing in the middle of the beam time
e Not needed if the ageing is slowing down or saturated \vat): &gﬁﬁ;ﬁ:@fgﬁ:‘jinq)
e Annealing can be quicker than MEG Il 3505_ ..................... meanom ................ :wh:
+# sensors: 400@PIONEER vs. 4000@MEG | T T s
e The annealing temperature in MEG Il is limited up to 75°C 200F | o R L - — E
due to the temperature limit of detector materials I
e New version of VUV-MPPC recently developed by Hamamatsu 50 N L T N [ T _-
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e New version of VUV-MPPC developed

e |mproved immunity to humidity and VU

V irrac

SIPM Ageing

oy Hamamatsu

lation

e Not sure if it can mitigate the ageing observed

in MEG |l LXe detector

e To be tested in lab with the CoF-MPPC prototypes and in beam with the large prototype

conventional process
25%
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Summary and Prospects

¢ SiPMs at the inner sphere are crucial to meet the performance requirement for the PIONEER Calorimeter

e Promising candidate
¢ VUV-MPPC with CoF package

e Technical challenges

e Assembly of CoF-MPPCs on the inner sphere, minimising gaps with LXe as dead material
e Ageing of VUV-MPPC

e Timeline for CoF-MPPC R&D consistent with the LP beamtest at the end of 2026
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Signal Cabling on Inner Sphere

eSignal cabling candidate for the inner sphere SiPM
eUltra-low-mass flexible cable by RPE LTU (Kharkiv, Ukraine)

e Base materials: aluminium-polyimide adhesive-less foiled

dielectrics
e Conductive layer: aluminium
e Assembly: Single point TAB bonding (SpTAB)/gluing
e Applied to many other HEP experiments
e Advantages

e | ower material budget compared to standard flex cable

with Cu traces

e Soldering is not needed

cable-to-sensor
chipcable-to-chip & Typical SpTABed joints
chipcable-to-subhybrid

flexible board-to-flexible board
(inside subhybrid) »top |ayer_to_chip

>bottom layer-to-chip
»interlayer connection

Note: SpTAB technique allows to have two times less bonds (comparing to wire bonding) - higher reliability

&
viatcheslav.borshchov@cern.ch, ihor.tymchuk@cern.ch ’U';ZW

October 03, 2023

Materials for ultra-low mass flexible 9
Interconnecton elements

Aluminium-polyimide
adhesiveless foiled dielectrics
Materials developed by LTU

< FDI-A-50 < LTU-2-100
polyimide —20um polyimide —20um
aluminium foil —30um aluminium foil — 100 um
2 EDI-A-24 % LTU-2-50
polyimide —10um polyimide —20um
aluminium foil — 14um aluminium foil =50 um
< FDI-A-20 (under development) % LTU-3-50
polyimide —10um polyimide —10um
aluminium foil —10um aluminium foll — 50 um
polyimide —10um

Note: all abovementioned Al-Pi adhesiveless materials now producing by RPE LTU

October 03, 2023 viatcheslav.borshchov@cern.ch, ihor.tymchuk@cern.ch LL!.____.ﬂ

RPE LTU for ALICE ITS3
ALICE

SpTAB-approach for interconnection of bent sensors

»

Investigated bent/unbent ALPIDE MAPS

Key feature: bent MAPS

Chipcable

SpTAB single-ALPIDE prototype

SpTAB
chipcable assembly

Sensors: ALPIDE MAPS, stitched MAPS

Main partners: CERN, Uni Bergen, INFN, NIKHEF/Uni Utrecht

Current status: R&D (now is a bit postponed, will be resumed soon)

October 03, 2023

viatcheslav.borshchov@cern.ch, ihor.tymchuk@cern.ch @]
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