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The SILC R&D Collaboration

Europe (Till Oct. 2010)

Barcelona U. _
CNM-IMB/CSIC, Barcelona Asia

o _ _ Rutherford Lab, Didcot _ N
Michigan University HIP. Helsinki U/NTT Korean Universities around

UCSC & SCIPP IEKP Karlsruhe KNU & ETRI
| Moscow St. U. & SiLAB KEK & Tokyo U.
Close connections: NRNU. Obninsk Hamamatsu HPK
FNAL (M. Demarteau LPNHE/UPMC. Paris Close connections

+B. Cooper; t.b. ) Charles U. in Prague BELLE Il
SLAC (test beam tbc) IFCA/CSIC-Cant U. Santander And now

INFN Sez. Torino & Torino U. Muon g-2/EDM J-PARC
U. Trento & FBK KEK test beam
IFIC/CSIC, Valencia

HEPHY, Vienna
EUDET (06-10)
Close connections:
CERN (bonding Lab, Test beams)
DESY (EUDET, ILD,test beams)
Synergy with LHC construction &

Now upgrades




@Qutline

Latest advances on the 3 basic R&D objectives:
» New sensors

» New FE and readout electronics

» related mechanical issues

Tools developed to achieved R&D objectives
» Simulations
» Lab test benches and test beams

 Outcomes from detector concepts LOI’'s &
preparation of DBD’s

* Synergies, Outcomes & perspectives



|.- R&D BASIC OBJECTIVES

e R&D on sensors



* The microstrip sensors BASELINE
=> Standard but new planar strips
=> Alignment-friendly strips
=> Edgeless planar strips

« 3D technology based sensors
=> “SOlI-like” Edgeless strip sensors
=> 3D short strips
=> 3D pixels

' GLOZZ

GOALS =get the industrial firms to produce:
Larger wafer (6”to 8”), thinner 200 pm, smaller pitch (50um) I
Possibly DSSD, now 6, 320 pm thick, 50 pm pitch (new HPK) v
Decreased non-active edge (from a few hundreds down to 10-20 ym)
Direct connection of FEE onto the strip sensor.



One remark:

Strips are not old hat!
See next....



Diode (RD50) Sheet (CMS)

HPK order: STARTING POINT for SiLC
SiLC Collaboration order at Hamamatsu HPK:
« 30 pieces single-sided 6” wafer

« 5 pieces. alignment sensors of same layout, but
hole for laser in backplane metallization

(no anti reflection coating: ARC) =
measured T=20% (as CMS)

CAPTS-DC (CMS)

Specifications:
« Wafer thickness : 320 um
« Depletion voltage around 75V

« 1792 AC-coupled strips, individually
poly-Si resistor (20MOhm)

«  Strip pitch: 50 um pitch,

e  Strip width: 12.5um

* No intermediate strips

« Additional test structures around the wafer

A new step w.r.t those in current LHC trackers.

HEPHY fully tested them in order to establish the next steps (test structures).
HEPHY & LPNHE built Si modules with these HPK sensors & characterize them in
test beams (see later)

Diode (RD50)
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<o WEEEEE New sensors: DSSD

After 2 years of intense search for 6’DSSD and+ 2009/8: HPK starts
negotiations with CANBERA, SlNTEF, MICRON=> 6" DSSD production line.

« 2009/9: 6” design submitted to HPK

SEMECl/AEE! 1215 52,010 i « 2010/3: Prototype sensors from
Active Area 122.90x57.72 mm pilot batch delivered to KEK
UEHED & GRS S pi 1o < Electrical characterization (97%
Full depletion Volt. 100V Stl’ip yield)
Strip pitch (um) 75 120 p—
Readout pitch (um) 75 240 i;g:l,\ | |
Readout channels 768 512 iﬂi \[‘\ |
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A | |
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2  New trapezoidal 6’ DSSD

Trapezoidal Sensors (Micron)

« Full wafer designed using self-developed framework

» Including test structures and mini sensors to test different p-stop
designs

rapezoidal sensor with test structures

**These sensors were delivered in July
by MICRON | 4

*sElectrically characterized at HEPHY

*»Tested at the SPS test beam less than
2 weeks ago; analysis in progress.

NOTE: These trapezoidal DSSD sensors
could be a good baseline for the 4 last
FTD disks



New developments on “standard planar strip”

In Korea (KNU & ETRI)

4.Guard-ring 3.biasing resistors 6.double-metal
_ ” biasing pad
P-side Guard rlng pad
DC pad
' readout pad

substrate thickness : 380 ym thickness < 1 ym thickness ~4 pym

thickness <1 pm

_I initial oxide 1st oxide layer

P+

2.coupling capacitor rjil-out

_ 1.PIN — diode structure
spacing : 2 ym

Zza Ak an SR S A _an
R IR éxide layer

MetaniaMeiall __IMefall ___: ____IMefall __________[Mefall ___________[Mef;ll

_\ — —

readout pad

Guard-ring pad
N-side

P-stop pad



Goals for these new sensors

Belle, SVD2 d 6.double-metal

readout pad

ST
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Linear Collider™ .. '
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substrate thickness : 380 pm thig
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Guard-ring pad
N-side

P-stop pad readout pa

thickness <1 pm



Sensor type Size (cm?)  No. of ch. Pitch (um)

DC-coupled

Sensor prototypes:

Single-sided » Fabricated in <100>, high
AC-coupled resistivity

«380um, n-type, 5”/6” wafers

Electrically characterized

*Tests Radioactive Source

AC-coupled * SNR>15

=> ETRI proven Fab. line

DC-coupled
Double-sided

- < ° - # A s 7 4 7 [l % . /, / / £ o /// " -
; ‘ -/ f 7. N7 / o, 3 >

ide . A , ’ "'(/,‘\\‘ét’\(’,« A
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| bC coupled £ S, 7

#\" ch.: 256 || THTTERIRI ' ‘

Il] pitch : 100 p

1] FBtype——j | -

| | AC coupled|

ch.:256 ||

pitch : 100 |

Hm | 4

| Atype | (
AC coupled
C type B type 4
i } i ’ ch.: 256 e! | o
i J pitch : 100 |.fm ‘ v

C type
AC coupled| |
ch.:512 ||
.|| pitch : 50 ym

Jjoyuow
ssas0.d

Test pattern : 10ng strip

Test pattern
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Going to 8” wafers 70

» Fabrication facility in Korea
— ETRI is proved to be good fabrication facility (5/6” wafer
pProcess)
— We discuss the NanoFab center for production of DSSD (8"
wafer process)
- could not get the high resistivity double-sided polished

8"’ wafer

- decided using the single-sided polished high resistivity
8"’ wafer

- and did mechanically polishing the other side

- takes more time than what we expected (still in fab.)

- this is their first time doing DSSD fabrication on 8”

wafer

a®

Here also competition between founders could be the best way to get 8” wafer techno



Edgeless sensors decrease the non active edge regions of sensors
(usually of a few hundreds of microns) down to about 10 to 20 um.

Our interest in edgeless or active edge sensors is motivated by:
v’ allow building large area Silicon trackers seamlessly tiled detector

matrices,
v’ thus no need for sensor overlap
v’ easier to build
v’ decrease of the material budget

et

by

v  improvement of the tracking performances both in momentum

and spatial resolution.

Two solutions based on the edgeless strip based on Edgeless planar and
Edgeless SOl technologies are pursued.



EDGELESS
STRIP
SENSORS

courtesy
Dalla Betta &
Povoli

Diode detectors
with different edge
configuration

Strip 7|

Standard detectors

® In standard detectors a dead border
region must be present

In a good design cracks and
damages on the edges should be at
least at a few hundreds of
micrometers away from the depleted
region

» Total dead regiona +d = 500.m

How to limit dead region?

.

Deep Reactive lon Etchin (DRIE)
and doped

Cut lines not sawed but etched with

Flanar junctisns

sl02

Saw
cut

= TR A0 um
L:l LLULL

Planar junctions

5102

i ALICE
pixel
Sensors

i |
—
i

detectors

\ Test

structures

FBK M 200

Problems

* Process is more complicated

> Need for support wafer

» Finding the correct "d" to limit early
break-down phenomena

*Trench etching steps investigated
on test wafers

*TCAD simulations for breakdown
prediction



EDGELESS STRIP SENSORS

The previous batch didn’t went as expected => new batch is being made & will be
submitted to electrical tests. If OK will be delivered for Nov tests.
Technology will still need some more prototypes to be optimized (next few years)
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SOl-like Edgeless strip detectors v

VTT TECHNICAL RESEARCH CENTRE OF FINLAND

EDGELESS DETECTORS on 6” (150 mm) WAFER

- -

/ AEEEn a

cemizzz.. [
|

*No need for polysSi filling, planarization & separate ICP dicing
Alternative " Fast process and no bowing of the wafer
Fap ====p® Detector sustain handling — no edge cracking
= Physical inactive edge region ~ 1um
= Requires non-planar lithography => readiness available at VTT

225 >
7
/

{
N

VTT achieved fabricating:

= edgeless strips & pixels sensors

= on 6" SOI wafer

= based on alternative fabrication
process w.r.t 3D processing with

poly-Silicon filling
= Easier & more feasible fab. line.
= Two different designs produced:
p-on-n and n-on-n
= Electrically characterized:
CV, IV and breakdown voltage

» 2 sensors DC coupled delivered
« 2 AC coupled will be delivered
for Nov run
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Jngh Transmittance strip sensors

Transparent sensors for Si-tracker position monitoring (AMS idea)
« R&D line — Improve photodetection characteristic of “conventional”’microstrips
« Two handles:

- Replacing non-transparent Al electrodes by a Transparent Conductive Oxide (ITO, AZO, Poly)
- Adjusting the layer thickness to reduce reflectance, including ARC in default sensor design.

Unique detailed simulation to study/optimize the sensors developments !!

« 5+1 wafers

After last passivation layer
+ 12 ustrip detectors per wafer (6

! = Tmax about 60% (7 layers)
with intermediate strips, without metal N— RN -
contacts) ‘" Compa re Wlth 200/0 @
* 50 um RO pitch " _' '
(25 pum interm. strip)
+ 256 RO strips

+ 1.5 cm length varying strip width
(3,5.10,15 um)

Intermediate strip
25

See M. Fernandez’s talk




Strip sensors are the baseline

« But SILC Is also keeping an opened eye on
smaller sensors: 3D strixels and pixels

* The long term objective could be to mix
sensor types => “hybrid Si detector”

« or an all-pixel’ tracker as proposed by Ch.
Damerell

Will be starting to be studied with simulations
at the same time new sensors are tested In

T.B.



Strixels & pixels prototypes

SiPM-based sensors (NRNU): to be
’ tested in Nov.

Sensitive area of the pixel

ommon electrode
(ground)

TR ‘\‘i‘:‘\

AR

Quenching element

OO S E R FF
ey

Trench protection

Individual output

- , floating GR (planar)
Substrate thickness d P

Junction column dapth E ook EU:”:I FII;:;QEE ring

Back column dapth

Lateral depletion E“ il SPT pixels

Strip leakage curant n et (see Ch Damerell’s

Talk)

umns aray DC pad-
Elllunl intar-column pitch AC pads”

Delivered, to be tested in 2011




|.- R&D BASIC OBJECTIVES

 R&D on FEE and READOUT



F.E.E. General description

Baseline: Full readout chain integrated in one chip developed in

two steps
WA 5 Preamp-shaper
—1| > Sparsification . Trigger decision on
& analogue sums
< > Sampling . 8-deep sampling analogue
— pipe-line
al > Analogue event buffering: . Occupancy: 8 deep event buffer
av > On-chip digitization : 8-bit ADC

» Calibration and calibration management

» Full digital handling of the chip running operation
»> Power switching (ILC duty cycle)

» Fault tolerance

BEYOND
+—>

In addition: two “conventional” FE ASIC: VA1 and APV25

Developed up to now: the ILC case (slow machine)
starting the work on the fast cycle case (see later)



LPNHE

Laboratoire de
physigue nucléairs
et des hautes snergies

reconstruction, zero suppression, full digital control (highly fault
tolerant, flexible/robust) power cycling, in DSM CMOS technology

=) (s — o ——— o——o———— ——— —————————o— —{—— —— L — 1
I Channel#i I
| | |
I Préamplification + l ADC I
l CR-RC Shaper y |
| | Registre
. Latch
I input | [TTT1111g ; e
| I » - j — j 2 T '
| : Ly 17
I T b1 In ‘ —/R_amp :
. . ref; 0 7 I
| Calibration » 4x8 mem0|re i | Compteur
| Sparsificateur analogique I Gray
. [ . — —1 MULTIPLE
Bias generator: Bias Main control : pipeline, time
. . XEUR
voltage (10bits), bias stamp, event stamp,
current (8bits), reference |} - 1ip ation, A/D conversion
voltage (10bits)
'Y Interface
. " de sortie
Input interface, Initial Setup OUTPUT




N
- Channel n+1 Sparsifier

i

Can be used for
a “trigger”

T oyV; > th

Time tag .
T Wilkinson
Channeln-1 _~] reset _/_ ADC
e Analog samplers, (slow) =
—> E
B — | .
—— )
-
e EUDET Baseline FE-readout chip

Shapers

24K v ENClelectron)

1.86K [
1.50K

Clock 3-96 MHz

1.28K [

3.348 + 0279

Sag [

Linear up to 23MIP

(SIS

i ——(Non linearity 5% )

Detector capacitance (pF)

Number of clysters

0,165

0,140

dtta )

0,120 15 20 25
Sianal to noise ratio

0,100

0,080

Amplitucle (Volt)

0,060
0,040
0,020

':"C[:C_I 1 | I | 1 I I | I | | | I
0 5 10 15 20 25 30 35 40 45 50 55 60 64

MNumera piste SI



physigee rueléaire
et des hautes énergies

LENHE

ode analogue/digital achieved

sing DSM CMOS UMC 130nm
Analogue part well within

SITR_88-130 first full mixed
the specs.

SiTR 88-130UMC version
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Revised Design of the main components of the analogue FE architecture of
the SITR ASIC, following the recommendations of the Review Committee of
March 15, 2010 (International experts from CERN and E.U. Institutes).

Work performed at LPNHE with collaboration of Microelectronics Pole
Alsace (T.H. Pham & Software experts) and CERN Microelectronics Group

CMOS IBM 130 nm ( 1.5 V)

3 different amplifier-shaper designs ( CR-RC programmable; 3 bit)

Single ramp Wilkinson ADC ( 8 hits )

Analogue memory cell with write/read switches.

Successfully submitted to IBM Foundry via CERN on June 15




Amplifier - Shaper V1

Gain : 19.4 mV/MIP

Sh _Time: 600ns — 1us

Noise @ 1 us : ~ 346 + 19,5 e/pF
Linearity < 1% (15 MIP)
Power dissipation: 450 uW




Amplifier - Shaper V2

Différentiel en entrée et unipolaire en sortie

ampl_bioa_p

Gain : 20 mV/MIP

Sh _Time: 550ns — 1us

Bruit @ 1 us : ~ 189 + 18,9 e/pF
Linéarité < 1% (15 MIP)

Consommation : 334 uW




Amplifier - Shaper V3

Gain : 20 mV/MIP

Sh _Time: 700 ns —1 us

Bruit @ 1 us : ~698 + 17.7 e/lpF
Linéarité < 1% ( 15 MIP)

Consommation : 540 uwW

745

740

]
[99811us| 750 7omv
2 >




NEW ADC SCHEMATICS

Amine Lazhar, Master INSA-Lyon, LPNHE

<P RO

Offset ramp

SI ram .
gt Bit de commande

Startconv

HEHHZAOO

comparateurs
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SITR_Blocs Layout

3 solutions

preamplifier - f!.g "
shapers :r b=
==
3 prototypes '—i.-=
OpeFaFlf)nal .--
amplifiers .--
—
&

7
1

s

T
1w
7

| -Iﬁr '

; 'A —~ ﬁ"-i
0 = =
FR S ——— G—— — —

Analogue

Pipeline Cell

2 A/D solutions

One prototype
RC amplifier




Si detector preampli ,  “outpu L Shaper I
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the 128 ch SiI-FE ASIC

/New modular architecture oo
oot Analog
16 analog front -end channels Input

Control Control
Input 16 analog front -end channels [ . B
———— fchannel /channel A

t g 1|3 § ®

ADC's
Common Common ramp
control control | |

3 il 13

—
¥ : Control Control :
Analog 16 analog front -end channels ichannel Jehannel 16 analog front -end channels

Input
\ 2 Bloc of 2x32 channels

Beyond the SiTR_130-UMC deliverable achieved in 2007 with test beam on Si prototype,
a new version is developed in two steps and aims to a full mix mode Analogue/Digital chi
- The first step was keeping the UMC technology -> SiTR_130-88

- The second step now underway, with IBM-130 technology and upgraded analogue FE

& digital parts will give the 128 ch ASIC. This chip will then be able to equip larger size

Si prototypes, these coming years.

It is also requested for other applications (see next slide)

B ias control B ias control




Muon g-2/EDM experiment projected at J-PARC is interested
In an adaptation of SITR to its case:

Comparison between time sequence of g-2 precession &CLIC cycle
Spill number: i Spill number: i+1
e

-2 MmoasLUremeont
{33usoc)

-2 rimasuramel
[33L5ec) Tumnumbsr 1.2 3 4 5.

injection

..

Time sequence of g 2 precession measurement

S 1 Muon beam cycle

e F g

vs CLIC cycle

Measurement | 13 s |
| l
Data Processing | )
S5INE 20ms

and Transmissian " 10 my

50 Hz Repetion Fala

54 nz, 312 micro-binchos I
cLic: | - ; —— 1]

X bunch crossing
at 0.67 ns

) B
bunches || o
207 ns




New electronics

N A e | Processor . .
Pipeline TDC [ Spill Buffer | Zero-suppress | Readout Shaping time ~20 ns
f f Re-formatting Peaking time
Vth . (ASIC ID #)
e rern/stop | (spill D#) Noise <1000 ENC

Equipment of the Silicon trackefi star/stop, Test puise «——

for g-2/EDM at J-PARC Time stamp :
vih == DAC [ " Controller {Ccnﬁnure;‘mon:ur A feW NSEC
F.E. ltems LC g-2/EDM Power consumption
Machine cycle Similarities CLIC (See previous figure) Power cycling?
ASICTechnology CMOS DSM CMOS DSM Effect on B-field?
ASIC Architecture:
* Mixed Mode Yes Yes 130nm CMOS tech.
. Fast VFE Yes (CLIC) Yes 1
« Full signal processing Yes Yes Many common points
«Common blocks ASD+pipeline storage ASD+pipeline storage ith ILC desi 2
. AD ADC Wilk-ADG—TDC WL 63'9?]
-A/D Multiplexing Factor 2128 (256) 128 even more wit
: , : CLIC
Time stamping Yes (two cases:10 ns or Yes (2 ns)
0.1ns eventually CLIC )
Power cycling Feasible Feasible
Low power dissipation Yes Yes
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<2 Chip on sensor readout

A kapton flex circuit with several APV25 chips (thinned to 100 ym) will be mounted on a
DSSD and both sides of strip signal will be readout. The opposite side strips are read
with folded kapton tabs. The kapton “hybrid” buses signals from strips &services to strips

Total Material Budget: 0.52%

a) Top view:

(integrated) fanout for n-side (z)

+— doublodayer flex —
wrapped to p-side (r-phi)

Kapton hybrid design for 4" sensor done\ :
being manufactured now

Design for assembly jigs is ongoing
Module to be constructed in April 2009

18 Mar 2009 Markus Friedl {HEPHY Vienna)

b) Side view (cross section):

wrappad s -
flax fanout cooling T:E APV2E
V25

l {tl'l'i'u ned to 100pm)

ATLAS upgrade
(Ph. Allport)

.,/

>
o
o

N.B. ATLAS upgrade is also
developing TAB based connection

Front
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<2 Chip on sensor readout

A kapton flex circuit with several APV25 chips (thinned to 100 ym) will be mounted on a
DSSD and both sides of strip signal will be readout. The opposite side strips are read
with folded kapton tabs. The kapton “hybrid” buses signals from strips &services to strips

a) Top view:
Total Material Budget: 0.52%

(integrated) fanout for n-side (z)

+— doublodayer flex —
wrapped to p-side (r-phi)

-

pop and Bottom side ORIGAMI
for BELLE Il = try with 4”

STV L] Y]




|.- R&D BASIC OBJECTIVES

 RELATED MECHANICAL ISSUES



Modules for T.B.

»Developed new expertise & tools: LPNHE
» with bonding Lab at CERN

or:
»EXxisting expertise & tools: IEKP, HEPHY

Isovalll frame
corpposne of resin epox

Intermedlate PA
Total thickness: 18mm .



+* 8 Modules have been
screwed together

*»» To be mounted in between
EUDET telescope

+»» Stack of 8 module
allow autonomous
tracking

R T —
| N .

X 5 Modules in faraday c
» autonomous tracking
*:* Integrated telescope
¢ Integrated laser
Scintillators < Multipurpose; test
\I various sensors&FEE

\ EUDET Telescope /



Alignment: special issue at LC (high prec. + push pull)

1) Fully FEE/DAQ integrated laser system alignment when several Si layers to align

« Aim: align Si microstrip sensors using IR laser tracks

Precision:0=2.3 um
_ SiQnE_II_[\.f] e

Brwm 1T LB
[CTo T

“ IR laser
pseudo-track

IR light is partially absorbed by Si d~1 mm opening in Al allows beam-through

2) Another laser system to shine on dedicated

gratings connected to detector elements: position

of different sub-detectors relative to each other

and variation on alignment of each detectors.

Can be used during or outside data taking:
independent DAQ => PUSH PULL CASE!

Pixel for

Laser + dedicated pixel Sensors |[EEEN
at the strategical pointsS ——p




TOOLS

e Simulations

» Fast Simulations: LICToy
> Detailled GEANT4 based simulations
» Forward simulations studies



«) Figure 5: Detector Arrangement 3D

F A ST S I M U L ATI O N I_ | CToy File Edit View Insert Tools Deskiop Window Help

D& | RaMe € 0B =0

M. Valentan, W. Mitarof et al.

The “LiC Detector Toy” allows investigating
the track parameter resolution via Monte
Carlo, for optimizing a detector set-up.

It features:

» Simulation of the track sensitive part with
a B- field, and its material budget;

» Support of measurements by Si pixel and
strip detectors, and a TPC,;

* Track reconstruction by a Kalman filter,
Including tests of goodness of the fits.

3 | iCToy was instrumental for many

LOI's optimization studies (M. Valentan)

*Now very much used for CLIC CDR
studies




DETAILED SIMULATIONS

Forward region:
M. Vos, J. Duarte & al.

(B.U.+IFIC+IFCA)
v'Lot of work dedicated
to the Forward Region
in ILD concept

v"More recently in CLIC
WG3 context.

v'See also W. Mitarof
(HEPHY) presentation

Ex of CLIC studies: changing number of internal layers in “ILD-CLIC”

‘A N

y

Latest on GEANT4 based simulations: Silicon tracking in MARLIN-MOKKA,
preparing for DBD in 2012 and also CLIC-CDR (flexibility)See A. Charpy’s presentation



TOOLS

Test benches and test beams

“* Developments of tools for test bench

“ Test beams focusing on testing performances of
“standard strips structures & new direct connections

‘*Test beams for tests of novel sensors &/or new FEE
edgeless, A.F., others...new FEE chip versions

» Combined tests with other subdetectors:
TPC + Si Envelope prototype



Example of test bench set-up for testing the new FEE readout chip

Oscilloscope

1,2 mW/ch
~Analyseur..& -

X0y

-----

......

USB Link




Standalone, portable, multipurpose test set-up

Ex: Tests at the Lab of the A.F. HPK sensors
with IR laser both by IFCA and LPNHE

0 50 100 150 200 250

Voie
Slgna reconstruction wit

Tests of alighment system Alignment test with IR laser or without pedestal subtraction

based on AF HPK sensors



as reference
devices

L
Daughter boards, adapted

to VA1 or SiTR
new chips

Up t¢ six daughter boards

>4 From VA1
(reference)

daughter board

' ﬁ - Serial link

to computer

— DAQ Electronics set-up Mothorboard



DAQ software (new for new FEE readout system)

e NARVAL:
[ [m Producer o Distributed DAQ written in
ADA language

o Divide the acquisition into
activities called actors (ADA)
0 3 basic actors:

» Producers

> Filters

» Consumers
o Dedicated Libraries in

C/C++/ADA
_ —— o High Flexibility with very

2 other DAQ lines used by SILC based on system were developed by other
experiments (synergy)

» APV25 based => hardware & software developed forCMS & also BELLE application.
» ALIBAVA developed by Liverpool, CNM-Barcelone and IFIC Valencia (ATLAS et al..)
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|X| DAQControl

| Pedestal | Run | Launch Narval |

Pedestal File Selected

socctic | I o= -v=\s o oo |

gnal Vs Channel — Subtrated Signal Vs Channel

SignalVsChannel_M| 0 SignaiVsChannel M | m_pSignalSubtractedVsChannell M_0 Lo
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v Module 0
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Testbeam Analysis

CU Prague

0 In atestbeam, we study prototype modules (reliability, S/N,
charge sharing, resolutions etc.). Therefore,

o Geometry of testbeam setups is intentionally made simple

o Tracking is used for alignment and calculation of resolutions. Simple
tracking is used to obtain simple statistics of residuals for resolution
estimates

O So testbeam analysis is different from analysis in big
experiments, BUT

o Studies of resolutions and detector response statistics can help to correctly
define the parameters of tracking engines.

o Studies of cluster parameters and charge sharing can contribute to better
hit reconstruction



without top cover

microbonds are used to connect

’- ‘r “1:}1}:{ v/ : hybrid, APVs and sensor
~ Tttt 467 Hozniensrgiephysik Vienna hybrid Isoval11 frame

Setup: | | i sensor

.....

Performed on H6B SPS-CERN in August 2008.

Goal: Characterization of the test structures in the
HPK sensors
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TESTAC:

strip width intermediate

strips K
no

no
no
no
no
no
single
single
single
single
single
single
double
double
double
double

Figure 1: Microscopic image of the poly-silicon resistors at
the transition for zone 6 to 7. The red lines indicate the p*
strips underneath the resistors

elescope

— Determine resolutions in individual zones of the sensor to

find optimum strip configuration

Scintillators

Only strips \I
One strip detector as DUT,
other 7 as telescopes

— Two independent tracking schemes:

DuT

W S

EUDET Telescope

not used

EUTels Scintillators puT
One strip detector as DUT, N
other strip detectors only |
accounted for multiple
scattering
g

X7/mm2

does not cover the
sensor area => need|of 3*
each with 10° data |

EUDET Telescope

Figure 9: Area of the sensor covered by

the Telescope’s active area.




2008 SPS beam on HPK test structures

. . _ Correlation between
Spatial resolution vs strip geometry 2 extreme modules
E [_camsiaton: 8vs.7_|
& Run 0001 RETE
! Run 2718 PR
LiE g Z i & Run 2719
$ Run 2720

& Run 2721

s

" B
-

Run # events
0001 52k
2718 100k
2719 100k
2720 100k
2721 22K

-
o
=
3=
=
Q
@
i
'

0 inferm strips 1 inferm strip 2 interm strips
1 1 1 T1: 1T T 1 T T T1:1T 1T T 1

2 34 5 6 7 8 91011121314 1516

Zonhe 150 200 250
®, pued 2 [piHch undts)

» 9 um resolution if no intermediate strip Correlation between EUDET
» 5 o0r 6 pm resolution if 1 or 2 intermediate strip telescope & module 0
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‘ Test beam at SPS-beam
| 20‘09 — 201 R

ONGOING NOW In 2010

020 N 40 50 60 70 80 90 100 : _‘&
4

I |||H| I U\IH l||l|| Wl

Combined with EUDET
Telescope

Reason:

« capacitance of integrated
coupling capacitor gets
extremely low when metal strip
moves away from implant in
routing region By L
L TR CR R Remedy: routing on dedicated, Chlp glued ON SEensor:

strips

Results from 2009 test beam second, metal wire or bump bonding
and test new DSSD

Some misunderstanding in
J.C. Brient’s talk



’ ok ‘ l Instltute o?;—lg'h / ergy. Physn;:s gg:igﬁgsor
T e Test beam at SPS-beam
| if—mz'(%og —> 2010

20 g
i -~ |
10

- I : ) L 1 -
§ . R : s NeR — TE—

% 1b 20 30 Gb 50 60 70 80 90 100

VBRI = 2.7

Il ||| “ -‘ Telescope

| | | New run in 2010 with
| | Improved processing
‘ I technology
U L

Ll

Thomas Bergauer (HEPHY Vienna)



fnsliltfled ':r:{ ey Phus
To be tested

Beam test at SPS-CERN,120 GeV protons
Sept 26 to Oct. 11, 2010

/A \\
EUDET telqs
downstrear /

/A
P
(el S
- (@ 7z . <
X \ o -
A I o P A, 7 R
¢ W ;
E Qs A
g
V !

ITE D‘ouble me
sensor

CNM Polysilicon sensors tested both with APVDAQ & ALIBAVA (in parasitic mode)
Thomas Bergauer (HEPHY Vienna)
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: Insﬁm?e o! Hl'gh Energy Phgsu:s : Sremrmts s

Micron double-sided sensors

Double sided baby sensors using three different p-stop
geometries on n-side:

*Necessary for electrical stop isolation
Drawbacks: charge loss can occur

Shape of p-
stop patterns:

Wafer design for Belle-ll
experiment

Thomas Bergauer (HEPHY Vienna)



L CHHERPHY

o Institdte dHrgh Energy Phgscs

MICron DSSD Sighal and SNK

Micron_wedge_mod1_p (Micron_wedge_1) - Signal

Micron_wedge_mod1_p (Micron_wedge_1) - SNR

Micron_wedge_mod

o
III|III|III|III|III|III

1 1 1
10000 20000 30000 40000

Peak =19753.0
FWHM = 46.3%

siC27

Signal loss on n-
side due to atoll p-
stop configuration
This can also be
seen on Signal-to-
Noise-plots (right)
at cluster sizes > 1

Entries

cw =

Mean
RM 'S

25496
16.8
5933

1 2 3+

Peak = 13.19
FWHM =42.1%

snr27

Entries

Thomas Bergauer (HEPHY Vienna)

cw =

Mean
RM S

2039%
19.27
9.559

1 2 3+

Peak = 21.27
FWHM =47.3%




CSEHERHY . o

: Inst'n'd?e o!ngh Energy.Phusics .- Gomrvrwarts Lhaderes
CNIM poIy-SIHICON SEeNSJYes also M. Fernandez
and I. Vila)
Hitm ap
A resistive material layer deposited on the coupling oxide )
of each strip. Two opposite metal pads each connected with %
a channel of the readout electronics. o
¢ X-coordinate from charge sharing between neighbouring 8
strips. c
* Y-coordinate from comparing the signal shape at the c
-1‘-1 -1 -1 -1 -‘ edges of the strip that collects the charges. o
I I I [ Resistive material E
£ Al . §)
S,= : Q
< n : :
b <
=
n
S
[ €t
c
o
« Sensors with poly-silicon lines act as voltage divider -
of signal =
. - C B00-
« Allows to measure coordinate along the strips S B h

« Beam-test: test different positions (right)

Thomas Bergauer (HEPHY Vienna)



ig STANDALONE & MULTIPURPOSE T.B. INFRASTRUCTURE

ol } - 5 motorized & controlled movements:4 linear+1 rotation;2 movements
_ for test bench; 3 for a 3D DUT scan

- Main feature: highly precise position repeatability: with linear mvt [

0.1 mm and rot [ | 0.01 degree (tested by TB)

- Gontrol by LabView and linked to DAQ-> DUT positions /each run
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Pk sensors ~ Standalone T.B. mfrastructure

tests in May 2010
First TB with the new T.B. infrastr

LOGBOOK

on | jour| heurs| Moteuw 1 | Moteur 2 | Mateur 3 | Moteurd | noevis |piot  [file size |
_-_______
m“—
mm—m
10 mmmm——
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> mﬂm“m Runi3Fiotipg [92M |
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[Fun 260 | Sunt6Mayiof osoo] 66 [ 138 | w0 | e0 | 000 ] 0000000 [ 00|

Detailed test response uniformity along -5 modules
the region with Al back plane removed - different run conditions:
& also wrt region with Al in back plane positions, polar

(still'in progress) => Lot of data!
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Nov'10:Test of new edgeless Si sensors (IRST+VTT+Paris)

Nov TB at CERN, with standalone infrastructure to
test new Si strip technologies

And eventually even more
(IFCA & NRNU)

updates on the test
set-up are prepared



Final detector module
thickness: 18mm+2 mm
=> Safety clearance of
4mm to TPC & magnet

P, Magn
Sl Silicon
\\\ —~

Hdtectors

SILC-
LCTPCR

(HEPHY- [
IEKP)

1st with Micromegas:
=set-up the test
Pb with synchro a I
between 2 DAQs : \
—Now test with 3GEM; y 5
more data to be taken '\A
=> Test set-up will continue running

Goal: test Silicon Envelope to TPC



Developing Si tracking concepts:

* Preparation of the LOI's of ILC detector concepts:
addressing integration issues for 2 tracking concepts

Hybrid: TPC+Si / \ All Si-tracking

Fully developed in ILD concept by SiLC: Several SiLCcollaborators in SiLC LOI
(Evaluation by IDAG for LOI) SiLC is working on developing further
the all-Si tracking concept (including

* Now preparing for the DBD 2012 longer term idea: strips-> pixels)



The ILD Si Tracking Baseline System : the Si Enveloppe (SIiLC)

External tracking detector (SET)

Time Projection Chamber (TPC)

- Full coverage
- Tracking hermiticity
- Improve P-resolutionig
TPC distorsion A

Endcap Tracking monitorin g
PeecrE0Time stamping
- Robustness
- Redundancy
Mk -
__Si Internal Tracking
Sl Vertex Detector Forward Tracking Disks (FTD) 27
Component | Layer # #modules | #sensors/ | #channels | Total
0.5 T T T T T T T T ] module surface m2
=< | Tser.ero (M- VOS) | EEEE 3 66000 |09
0.4F [ I7PC E 2¢layer | 99 1 198.000 | 0.9
[ ISIT+FTD ]
0.3} VTX - SIT2 1tlayer |90 3 180.000 | 2.7
2" layer | 270 1 540.000 2.7
0.2 -
’ SET 1% layer 1260 5 2.520.000 | 55.2
0.1 - E 2 layer | 1260 5 2.520.000 | 55.2
0 1 1 1 1 1 1 1 1 ETD F XorUorV | 82/quad 2or 3 or 2.000.000 |30
90 80 70 60 50 40 30 20 10 O = =328/layer | Possibly4
6/degrees g (eI
. ETD B idem idem idem idem 30
Low material budget -




SET/ETD);
CAD & INTECRATION

= &

= CAD clgsiier) of iflg SET &
=l SITEET vassiola gorrinmlor)
< i suggort (farino)
= = S KorgzEToringsLPINFE

) R l’
- Rl ==
%ﬂh‘l = TPC in ILD_0O model

Fixation of ISS on TPC
endplates or inner VTX fixed on beam BP hung by small cables.
diameter Could be adjusted to beam axis.

CAD jor =TD (LPNrI=)

FTD:
mix pixels
+ strips
+ A.F. strips

Cables/services
(AlI7)

Bellows Tunable fixation
(both sides)
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Outcomes and perspectives

Apart from the synergy with the upgrades of the large
area Si tracker at LHC (ATLAS & CMS) there are new
Important outcomes and perspectives for SILC R&D:

* Opening to CLIC (FEE, time stamping, sensors,
simulation studies & detector performances etc.)

« ATLAS TileCal

* Interest from short term future experiments
— BELLE I

— g-2/EDM JPARC experiment



s 3 Tasks to be studied
Main motivation: to study the cosmic muon response using rather precise
Info of the muon track passing through the calorimeter.

Tracking info will be delivered by the Si strip detector. The response can be

compared to the test beam results (where tracking info was provided by the
beam chambers) and to that of cosmic muons in the full ATLAS setup.
Studies will focus especially on the intercalibration of the TileCal radial

layers and associated systematics.

Central
bi-tower

Tower A2

Cosmic trigger TowerA-2
installed top/bottom LBCE5
scintillator pairs , } \ ‘
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Vertex detector (radius, cm) 4 layer DSSD 2 layer DEPFET (1.8<R<2.2)
(2.0<R<10.0) 4 layer DSSD (4<R<14)

Readout / shaping time VAL1TA /0.8 pusec APV25/0.05 psec

Silicon area (m?) : 1.2

2009/8: HPK starts 6”
memutlll S SD production line
2009/9: 6” design
submitted to HPK

Silicon vanes

muon orbit/ m\\\neutrino
\ ,‘l S

s-:
R %,QI:':

neutrmo

batch by KEK &
Micron

Collaboration:
*Test beam infrastructure

ew 6” DSSD

 Alignment system
¢ Direct connect FEE/strips

Will be pursued these next years



Concluding remarks

Lot of progress on all the fronts of R&D objectives, focusing on
well defined baselines

Very intense test bench and test beam activities that are
validating the advances on the various R&D basic objectives

With development of the needed tools (hard & soft)
Developments of the simulations

Instrumental participation to the LOI’s (esp. ILD)
Pursue LHC synergy (upgrades) & Opening to CLIC

Launched contributions to other applications (experiments)
well focused and of direct interest for SILC R&D goals:

REAL ASSETS for speeding up the developments of the
various R&D basic objectives
EUDET was instrumental for financing & job positions



W SuperBelle

SC solenoid CsI(T1)
[RAFELI (endcap)

)

smaller cells
| remove inner layers.
enlarge outer radius

New readout
and
computing
systems

muon orbit/

SAIDHIANAS

B 1 ]
VSN
b’%% .

neutrino

J-PARC/KEK




