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First, a few important things...
Thank you for...

Immaculate organisation

— thanks!!! to Nobu and his small team for an outstanding job done
— which he plans to repeat in 2019...
— | will return to this point at the end

Wonderful location and facilities

— the OIST campus is a beautiful and remarkable place
— and we have been aided by a lot of local support

Fithness lessons from Okinawa

and of course to participants for their contributions
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... not the end of your work

e All contributions, orals and posters, are eligible for inclusion in the
special issue (Proceedings) of Nuclear Instruments and Methods,
Section A.

 The manuscripts should be submitted between
— 15t Jan. and 5t Feb., 2018

— then, peer-reviewed by referees including the participants (staff) to this
conference, i.e. we need your help

* The quality of papers should be to the same standard as required
for normal publication and conform to the rules of Elsevier:
— http://authors.elsevier.com/journal/nima
— And, if you have already published the content, your work is done.
— No need to submit, i.e., avoid duplicated publication.



http://authors.elsevier.com/journal/nima

Contributions to the conference

Very impressive content
— from invited speakers
— from speakers
— and also from poster contributions

Too much to do justice to
— and | have no intention to review them
— just to make a few remarks

Physics Motivation
November Revolution

Jly

11 November 1974

* Gaillard, Lee and Rosner RMP 47 (1975) 277 Search For Charm

‘The tracks of charmed particles will be too short to see in bubble chambers, but should
definitely be of the order of tens or hundreds of microns: easily detectable in emulsion’.

* Charpak, EPS Conference in Palermo June 1975

‘Drift chambers are the easiest to build, most accurate, cheapest and most convenient
detector for localising particles. Whoever is familiar with their operation would be strongly
reluctant to use other devices in the planning of a new experiment’.

* ACCMOR collaboration in CERN struggled to see charm hadroproduction (single e trigger)

» Succeeded over next 10 years to develop silicon microstrip and pixel detectors (CCDs) as

powerful

1l tools for charm physics

Semiconductor sensors and electronics now have ~40 year history

— starting with experiments searching for charm
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We have come a long way

T e

* Vertex detector early 1980s
o n L AT LA L :] I e L 2y
— “second generation” R R i SN
« NA14 at CERN

4 channel amplifier
15mW per channel

10 silicon detectors
10,000 microstrips

Power ~150W i
1000 microstrips

50um pitch




Vertex detector early 1990s
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PHOTON IS OUR BUSINESS

Fermi(GLAST)-SSSD 7/32

Some Dimensions are Distorted
for Clarity of Presentation
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Review of main SSDs

4/32
made by Hamamatsu (2000~ )
PROJECT DETECTOR TYPE size QTY. period
AGILE AC-SSSD , poly-Si 1chip/6inch 500 [2000
PAMELA DC-SSSD 1chip/6inch 300 |2000
BELLE upgrade |AC-DSSD , both-side: poly-Si 2chip/4inch 2000~2002
ATLAS AC-SSSD 6type , poly-Si 1chip/4inch 15500 |R001~2003
GLAST AC-SSSD , poly-Si 1chip/6inch 11500 |2p01~2003
CMS AC-SSSD 14type , poly-Si 1chip/6inch 24000 |Z003~2006
LHC-b AC-SSSD , poly-Si 1chip/6inch 2005~ 2006
ALICE AC-SSSD 2type , poly-Si 1chip/6inch 106  |2005~2006
Phenix Strippixel , DML 3chip/6inch 600 |2007
PP2PP AC-SSSD 2type , poly-Si 1chip/6inch 120  |2003~2007
FVTX AC-SSSD 2type , poly-Si 3chip/6inch 450 |2009~2010
ASTRO-H DC-DSSD , DC-PAD, Pside: DML 3chip/6inch 260 |2007~2011
STAR-HFT AC-SSSD , poly-Si 2chip/6inch 216  [2012
HALL-B AC-SSSD(stereo) 3type , poly-Si 1chip/6inch 434 12012
BELLE-II AC-DSSD , 2type , Poly-Si 1chip/6inch 265 |2011~2014
DAMPE AC-SSSD , poly-Si 1chip/6inch 768 2014




LHC has driven many significant developments

and the experiment upgrades are continuing to do so
— this was made clear again in the conference

already upgrades to pixel systems
— generally very successful but not without issues
— lessons for the future?

and very substantial developments foreseen for HL-LHC
— ambitious, both technically and for timescale
— new types of detectors, some of which have been dreamt of but not yet realised
* integrated sensors and electronics
* detectors providing data to the trigger
* systems with precise time information
* more new technologies, like 3D
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Pixels

Pixel Disk
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Complex systems

* need significant care, time and effort — including evaluation
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Collaboration

* |t seems essential to master the art of team work

— and some seem already to be achieving that

MONOLITHIC PIXEL DEVELOPMENT FOR ATLAS

ATLAS

EXPERIMENT
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Really new detector modules

 Complexin every respect - to deliver data for the L1 trigger

Ingredients — The Trigger p; Modules (2S & PS)

Strip sensor
Kapton -
Spacer

HV isolator
~ Top sensor .

Front-end hybrid
Readout chips

CFRP support

Stubs out @40MHz

>

™

" AI-CF spacers

/ CF stiffeners

Power + data transmission g

_ Flexible All out at L1=750kHz
hybrid

Strip sensor

Pixel- Strip module aka PS

Underfill PS front-end hybrid
Necessary precision <400 (800) prad tilt

1/2 PS-s sensor
[ ]
Al-CF spacer | 1.6to 4 mm

MPA

Manual - pushing sensors against precision bolts

Requires cut edge precision of +/- 10 um along sensor

1/2 PS-p sensor N\?P‘




Really new features
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[ Fast timing detectors — Nicolo Cartiglia
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Advanced technologies

e OQur field has profited from technology evolution

— will this continue to even more complex developments?
T-Micro
Key technologies of 3D-IC Integration

Wafer thinning
775um > 50~10um

Over coat

Top tier

Nch-MOSFET Pch-MOSFET

" !

satisfy LSI
reliability test

Chip Alignment

Middle tier

Bottom tier
Nch-MOSFET

/ Si Substrate \ v

Micro bump TSV (Through Silicon Via)
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A lot has been learned about radiation damage

* but will it (ever?) be enough for another 20 years?

RD50 ;

Summary on defects with strong impact on device

performance (n-type silicon) after irradiation

positive positive
charge igher

introduction after

Point defects Phosphorus: shallow

dopant
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proton than after
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Defect introduction rates are depending on particle type and particle
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works! . .
A lot of effort invested to get the picture ...

...difficult to simulate devices by includil

G. Kramberger, Overview of sensor radiation tolerance at HL-LHC
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11th International "Hiroshima" Symposium on the Development ] .
ard Application ot Semiconductor Tracking Detectors (HSTD11) A PP lications

in conjuncticn with 2nd Workshop on SOl Pixel Detectors
(SOIPIX2017) at OIST, Okinawa, Japan

* Perhaps a little less on applications than developments this time

— much recent R&D progress, including many SOl contributions
* But some applications, such as photon science, have really come of age

— fully exploiting pixel systems
— in some respects, like data rates, possibly overtaking LHC
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Photon imaging systems

Several (many?) large imaging systems now in use

AGIPD (adaptive gain) ... EU XFEL Pixel Detector umversitgtm

U addressing >10* dynamic range @ EU XFEL
U by “adaptive gain stages” (as JUNGFRAU)
U first XFEL Light has been seen ...

38
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Another application of silicon

which will soon be seen in LHC
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Regularly studied using silicon telescopes

 and tested inside the LHC machine
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Another thing | learned

* In photon science, not only TLAs are permitted

— it is possible to name your detectors after mountains with imaginative use of
acronyms

11th International "Hiroshima" Symposium on the Development
and Application of Semiconductor Tracking Detectors (HSTD11)

in conjunction with 2nd Workshop on SOl Pixel Detectors
(SOIPIX2017) at OIST, Okinawa, Japan

— there is a lot of scope here
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My attempt
(blame Google)

* Hiroshima Symposium on the Development and
Application of Semiconductor Tracking Detectors

* Sayounara etc
 Goodbye!

* but not quite...
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“Hiroshima” symp. around the Pacific rim, every 2-3 yrs, alternating between
Hiroshima and outside, in tradition...

HSTD12 is scheduled to be held i at Hiroshima

Hiroshima:
1993, 1995, 2000, 2004,
2009, 2013, 2019

_______

* Carmel:2006
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