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Abstract

This status report presents the main achievemetseoSiLC Collaboration sin@907.
The previous results are reported in detail inghaposal to the ILCSC R&D Tracking Panel
in February 2007. The main advances are on R&Dems@'s especially on the baseline on
new microstrip sensors, with the developed collatbon with HPK Photonics and with new
firms interested in these new developments; thgrpss of VTT-Finland in making novel
sensors based on 3D Planar technology; and theirgganterest and participation of several
SILC teams to new pixel technologies. Another méyarakthrough this last year is on the
successful characterization of the new FE readbig developed in 130nm CMOS UMC
technology. It was fully tested at the test bear@EBRN in 2007 together with the new HPK
sensors. A new improved version of this chip inolgd96 channels with full digital
managerial capability, calibration, power cyclirsgbieing submitted these next few weeks. It
will equip the new prototypes for test beams. Thibrial alignment system has made major
progress as well and is being implemented as afyp# in the test beam in 2008. Major
advances in test beams have been achieved witGERN test beam in 2007. This was the
first combined test beam with the EUDET telescdpwill be pursued in 2008 with the first
combined test beam with the LCTPC collaboration @redscheduled test beams at CERN in
2008. The collaboration is developing Silicon triagkprototypes for these various test beams.
A task force on simulation has been launched #s$ year with the installation of all the
components of the Silicon tracking system in the K@ framework, advances in the
simulation of the very forward part on the digitisa and reconstruction issues. The SILC
collaboration is preparing for participating activeo the LOI's scheduled for March 2009.

Contact person: Aurore Savoy-Navarro
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Introduction

This status report presents the work achieved byirtternational R&D CollaboratiorgiLC
(Slilicon tracking for thelinear Collider) over this last year. This collaboratiomcentrates
since several years on the developments of a neergigon of Large Tracking systems based
on the use of the Semi-conductor technologies. fifsieproposal was presented at the PRC
DESY in May 2003 followed by an addendum in Octob@03 [1]. A first status report was
given two years later in May 2005 at the PRC-DEQ) The third status report to the PRC-
DESY that was originally scheduled in May 2007, westponed to this present session
because of the presentation of the SILC R&D to Thecking session of the ILCSC R&D
panel in February 2007 in Beijing during the BILCA@rkshop [3].

This report refers to the work achieved after BIZCQe. starting January 2007, as the
proposal presented for the review panel in Beigiges a very detailed description of the
ongoing R&D activities and the main results obtdiaéthat date.

The first remark is that the R&D collaboration hast changed in terms of collaborating
Institutions with respect to the ones listed in [8lnew partner, the University of Barcelona,
had just joined SILC. Several teams have reinfomeat this last year their contributions and
the number of people involved in SILC activitieigd is mainly due to the termination of the
construction work for LHC. For details on the prasstatus of the Collaboration in terms of
partners, their personal interests and expertighanfield, we refer to Part | of the Beijing
proposal [3].

The Part | of this report presents in someildethe advances over this last year in the
various R&D objectives that are tackled by thisawmbration. The main R&D objectives are
focusing on the three basic topics: R&D on MechaniR&D on sensors and R&D on
Electronics. It is followed by Part Il which dedms the tools the overall collaboration is
developing. This includes especially the task fastated after Beijing on simulations, the
continuation of the active development of the Ledt benches and the test beam program that
has been quite successful in 2007, with the sfaieotest beam activities at CERN and the
first combined test beam with the EUDET vertex dete prototype. All these test activities
are also closely related to the EUDET, E.U. Infiasture Program under the FP6 E.U.
program to which a part of the SiLC Institutes directly participating. It must be noted that
the outcomes of EUDET are at disposal of all tHeeotSiLC collaborators including those
from Asia and US. The EUDET memos for 2007 desaghball the aspects of the SILC
activities in 2007 are largely referred to in treport.

The last part, Part Ill, discusses the paritgn to the overall ILC schedule with, in
particular, the preparation of the detector L@I'&l the future prospects.

[1] PRC R&D 03/02 and update 01/03 Inttp://www.desy.de/f/prc/html/documentation.htm

[2] PRC R&D 03/02 update 02/05 imtp://www.desy.de/f/prc/html/documentation.htm

[3] SIiLC proposal to the ILCSC R&D Tracking p&rglLCO7, Beijing Feb. 2007 in:
http://Ipnhe-Ic.in2p3.fr/DOCS/beijing.pdf

PART I: R&D main objectives

The SILC collaboration is pursuing the R&D on theeke main aspects: Mechanics, sensors
and electronics. These three aspects are of calosely related and have as main goals to
improve the detector performances in spatial anthemum resolution as well as in lowering
the material budget and in still increasing thét®lity and robustness of the overall system.



[-1: Mechanics R&D

Progresses on the Mechanics R&D have been achiéngdast year mainly driven by the
construction of prototypes for the test beams. Whek focused on the development of the
elementary modules, the construction of suppomictires for detector prototypes, the
construction of a cooling prototype and advancakémalignment technique.

I-1-1: The elementary modules

A particular attention is devoted to the elementarydule that will be the key piece or

fundamental tile to build the overall detector @etture and to ensure the requested
detector’s performance from both mechanical andsigBypoints of view. The main issues to
be confronted are therefore to have a elementaduiapeasy to build and assemble, with an
overall very low overall material budget (depending location the aim is to have from 0.5%
in the innermost region up to 0.8% in the outernmegions, all services included), possibly as
unique as possible (avoiding the plethora of d#ifier modules depending the tracking
component).

[-1-1-2 Modules built for the test beams2007.

Two teams in the SiLC collaboration, IEKP-Karlsrutved LPNHE-Paris have built several
elementary modules that were used for the test b&a2007.

IEKP has a strong expertise and all the neededla®a@ tools for building these devices
from past experience at CDF and CMS [3]. Karlsrbb#t two modules for the test beams in
2007 and is presently in charge of constructingnioelules for the combined test beam with
the LCTPC (see also I-1-2-1). Here below are pedunf the tools presently used for this
construction and of the modules already built atarrconstruction.

LPNHE is new in the field and is developing botle ttooling and the expertise for
constructing such devices. LPNHE built three mosldge the tests in 2007 and is presently
starting to build four new modules for the test€&BRN in 2008.

These modules are not yet the final ones foresaea future ILC detector. In particular the
F.E. electronics are still in a hybrid board coriadcby wire bonding and through a pitch
adapter to the sensors in so to speak a “classiagl, presently used at the LHC. But the
material and the supporting structures for the @@nare in the way to minimize as much as
possible the material budget, one of the majorggoathis R&D.

The FE boards were developed at LPNHE and were horeded to the modules by the
bonding Laboratory of M. Moll and collaborators (Honma and McGill) at CERN.. The
CERN team was instrumental to the realization esémodules.
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On the left, photograph of the tools to build ther@entary modules made of two sensors, at
LPNHE, realized according to the design shown amgbhema here above.

On the right, the photograph of the machine avddaat IEKP for building modules even
with a large number of sensors, long ladders, asshin this picture.

-

-

Photograph of one of the first elementary moduladerof 3 sensors with the pitch adapter
and the hybrid card instrumented with 4 VA1 chysed at the DESY and CERN test beams
in 2007 as reference module.
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[-1-1-2 The long Ladders
SCIPP and UCSC are promoting the use of long ladded have built such devices using

GLAST sensors with large readout pitch or senssthase of Layer 0 in the CDF experiment,
therefore with small readout pitch.

Long laddbeilt by SCIPP

Several other Institutes, member of the SiLC calfabon have the facilities to build
elementary modules e.g. IFIC and Liverpool Univgrsi

I-1-2: Construction of prototypes and needed to@in

The design and construction of two prototypes teenlperformed in 2007 for the test beams
scheduled in 2008 and 20009.

One prototype is a prototype of the Silicon enveltp the TPC in the LDC detector concept.
The other one is the 4-layer prototype that witvedor the development of the Silicon layers
both for the end plug layers (XUV type) and therel®ilicon layers.

[-1-2-1 The Silicon prototype for the LCTPC

The Linear Collider TPC (LCTPC) collaboration isrfeed of several groups. Their goal is to
evaluate different TPC designs for the ILC.

This collaboration has invited at the end of 200@, SiLC collaboration to join them in a
combined test beam set-up that will be a prototyipthe proposed Silicon layers (also called
Silicon Envelope) surrounding the TPC. Three tedrmsn The SiLC collaboration are

presently involved in the preparation of this ptgpe: HEPHY Vienna (sensors and APV25
readout), IEKP Karlsruhe (construction of modulesl @f the support structure), LPNHE
Paris (new chip readout SiTR_130-96)
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LPTPC test beam setup at DESY

The current test-beam setup at DESY consists dP@ {in blue) inside a superconducting
magnet called PCMAG. Silicon modules (orange) iedite magnet are provided by the SiLC
collaboration [4]. They will provide very precisé 3oints just outside the TPC and will
work as telescope for the track reconstruction. pdiat resolution of the silicon sensors will
be better than 1fm in phi and 15um in z-direction. This is possible by using twacsih
microstrip sensors with very narrow pitch crossedraangle of 90 degree. Only four silicon
modules two in front and two behind the TPC, wrkpect to the deam, will be installed.
On each side of the TPC, a support frame will held modules, where one module consists
of two daisy-chained sensors while the other modulestalled perpendicular and consisting
of one sensor only.

Since the magnet will be moveable w.r.t. the beachthe TPC will be moveable inside the
magnet the modules have to compensate these moistodeep the readout areas inside the
beam spot. In addition the two modules have to eniodependently from each other to
compensate different deviations of the beam dudifferent magnetic fields. This, and the
very limited space, makes the design of the modanesstheir support very challenging.

Thus, two one-sensor and two two-sensor silicorrastdp modules will be built. They get
mounted in pairs onto an Iso¥all frame, as shown in the picture below.

1-Sensor Module 2-Sensor Module ~ Wire
Bonds carbon Fibre Profile

Isoval®11 Frame

TEC-R2 Hybrid sAplchiERlS —

Pitch Adapter TEC-R2 Pitch Adapter ~ HV Cables Signal Cables

The sensors have been manufactured by HPK accaaliaglesign of the SILC collaboration
with a thickness of 32Am and a size of 91.5 mm x 91.5 mm. They have 1@8d8aut strips
with a strip pitch of 5Qum. In the first setup only 768 of these channels e read out
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reducing the readout sensitive area to 38.4 mmhwilhce front end (FE) hybrids leftover
from the CMS Tracker End Cap module production Wwélused in the beginning. Later on,
these hybrids will be replaced by others contaimegly developed SiTR_130 FE chips.

The CMS hybrids are already connected to the apiateppitch adapter faspecific sensors
with a pitch of 143um. Since it is impossible to remove this pitch adagPA), an additional
PA has to be designed. This so-called intermedi&teonnects 768 channels with a pitch of
143 um on one side and a pitch of fgfh on the sensor side. It is currently being builtwo
different versions, on a 4-layer printed circuitabd (PCB) and with Aluminium on quartz.
The backbone of each module consists of two cafiboa T-beams. For mechanical studies,
a nun-functioning design study has been built (setire below)

Photograph of the mounting of one of the Silicomu® for the LCTPC test

Since there will be a shutdown at DESY in the fhratf of 2008, the test beam will not be
available before August 2008. It was decided tothedime before to perform first tests with
cosmics. For the cosmic run the design of theailienvelope has to be changed:
1) the modules will be installed at the top and bottithe TPC which interferes with
the support plates of the TPC
2) for this setup the sliding carriage for the sili@mvelope only needs to be moveable in
z-direction, to move the silicon envelope inside gap between the magnet and the
TPC and out again. (the phi movement and henceuttveed rail system is not needed)
No changes are needed on module level. The cosamitsra great possibility to make first
experiences with the modules, the readout systehaaimplified module support system. A
sketch of the cosmic run setup can be seen belbawisg the silicon modules located
between PCMAG magnet (blue) and the TPC field ¢ggitow).

10



Artisitic view of a set of two Silicon modutgging the XY coordinates as prototype of the
Silicon envelope to the TPC mounted on a suipgostructure around the TC prototype

According to the schedule, the first cosmics widl measured in summer of 2008. The
following months will be used to fully understantetreadout and to combine the XDAQ
readout system with the TPC system to provide itngckaformation. In fall 2008 the silicon
modules will be installed in the original positiorside the beam line with the final version of
the sliding carriage that enables additional phvemeent of the modules. Additionally, it is
foreseen to replace parts of the CMS readout systéim newly developed electronics
containing the SIiLC readout chip in the future.

[4] EUDET-memo-2007-28SiLC Sensors for the Large Prototype TPC at DESMaensel,
T.Bergauer, M.Dragicevic et al. hitp://www.eudet.org/e26/eZshd references therein.

I-1-2-2 The 4-layer prototype

Based on the CAD drawings for the external Silityrers and for the XUV layers of the end
plug Silicon component described in [3] and as showthe CAD design here below, a set of
four layers is under design and construction ferdbmbined test beam in 2009 at FNAL (see
section 11-2).

These layers are each made of 2 modules x 5enembdules, with 2 sensors per module.
The construction of these layers of which one Ww#l achieved in 2008 will first allow
studying all the issues related to the mountingaagupport structure with fully equipped
Silicon detectors. It thus includes not only ak talignment issues, mechanical robustness,
reliability and reproductivity but also cabling,atmg issues etc.The modules mounted on
the first layer will be built still in the standavaay, i.e. with hybrid boards for hosting the FE
readout electronics. The sensors are new HPK sefse [-2-1]. The next layers (2009) will
be equipped with other sensors and with chips bbonged onto the sensors themselves at
least for part of them if the developed techniguprbven to work (see I-3)

11
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Prototype of one part of one layer of the
end plug Silicon tracker (CAD here above)

[l
I

I
RN

| |
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i
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On the top left, a CAD design of one layer withmiddules (typically 60x55¢mall
included); on the top right a CAD design of on¢haf XUV layer for an endcap component.
On the bottom left, the 4 layers are arranged aa gentral barrel Silicon tracking prototype;
on the bottom right 3 out of the 4 layers are agad in a XUV tracking end plug prototype.

I-1-3: Alignment systems

Precise alignment and positioning are crucial systén order to be able to build and to
achieve the very high spatial resolution perfornesnequested for such detectors in the ILC
environment. Adding the smallest possible matdyialget in the overall tracking system is
another crucial issue.

The SILC collaboration is considering two alignmsystems

* TheFrequency Scanned Interferometry (FSI) systeam developed by the
University of Michigan at Ann Arbor. This is the sdgm that was considered since the
beginning by SIiLC (see proposal and status reportthe PRC-DESY) and it is indeed
pursued by our collaboration.

» Thehybrid approachdeveloped by the IFCA/CSIC-University of Cantabsigart
of the EUDET E.U. program of SiTRA. It is basedtbe existing expertise on alignments
system of the IFCA team as well as on their legy@ixperience at the CMS experiment.

12
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The FSI system aims to have much below the oneomicesolution accuracy, while the

hybrid approach should succeed to get 2 to 3 m&cresolution. Comparison of these two
systems on realistic basis, i.e. when included ragofypes in a test beam and possible
complementarities will be part of the tests as w&slbf foreseen simulation studies, SiLC will
undertake with those two systems in these two yeats.

Hybrid approach: Integrated co-linearity monitors and offline track alignment.

During year 2007 a great progress in the understgndf the behaviour of the silicon
microstrip detectors as an optical multilayer ha&erb achieved. First steps towards the
production of Si microstrip detector prototypes daalso started. The access to CNM
infrastructure plus co-work with members of CNM Heeen crucial in the achievement of a
number of goals summarized herein. In short, wegreprogress in 3 fronts:

* Realistic simulation of a Si microstrip (photo-)eleior and study of thickness

tolerances for its fabrication
» Optical characterization of detector materials
» Transmittance of Si as a function of doping

Detailed information on the different topics canfbend in two EUDET publications [5], [6].

1.- Optical simulation of real Si microstrip
detectors

Provided the refraction index and thickness o
the layers of a multilayer media are known, the
theory of multiple reflections accurately
describes the balance of transmitted, absorbe
and reflected light for the stack. Starting from
this situation in early 2007, we arrived to a
realistic model of the sensor where effects as th
segmentation of the strip layer (and implants
bellow it) are simulated taking into account the
effect of the beam diffraction [5]. In order to
cross-check this simulation, CNM provided us
with a wafer of strip detectors, 0n pitch (see
bottom wafer in figure here on the front right).

1.1- Fabrication tolerances

Silicon displays moderate absorption in the NIR
range, slightly above its bandgap X1 pm).
Thus, laser beams above that wavelength al
able to traverse ~300 um of Si. The rest of layer:
of the sensor have thicknesses comparable to th
wavelength. That is the reason why small
changes in the thickness of the materials ca
have an impact in the overall transmittance of

the detector. A dedicated meeting with CNM

clean room specialists and our in-house contacopsrwas hold at CNM in order to clarify
deposition and oxidation tolerances of the differematerials. As an outcome of the
discussion we improved our simulation achievingetedtor design that delivers maximum

Top left: Undoped Si with SiO2 and Si3N4.
Left to right, top to bottom: same as bef

but with increased doping level. Bottommost
sample contains small samples of microstrip
detectors
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transmittance within real fabrication toleranceseTperformance of the detector has been
calculated (using Monte Carlo techniques to deglestethan 10% of the maximum).

2.- Optical characterization of detector components

All the results calculated with the simulation haween obtained using refraction indexes
(variable with the wavelength) from bibliographyrid? to the production of the first
prototypes, we needed to characterize optically thaterials as produced by CNM.
Refraction indexes can be easily obtained fromn filims samples of the materials. We
decided to deposit one layer of material at a time2ach of the 4 quadrants of a wafer. Four
different wafers were used for this test (see 2rtaps of Figure above), each with different
combinations of Si doping (explained in next settiplus 0, 1 or 2 layers of material above.
The samples were delivered on the second weeknofadya 2008 and the measurements are
currently being analyzed.

3.- Effect of doping on Si optical properties

Optical properties of doped Si are reported to bey \different from intrinsic Si (see for
instance [7]). In that reference it is shown tlinet optical absorption coefficient (a measure of
the attenuation of the light intensity per unitdém of material crossed) raises exponentially
as the doping concentration increases. In order

to crosscheck these measurements, we ha\
doped 4 double-polished wafers with increasing
doping concentrations (picture of wafers in
Figure above). To avoid unnecesary opacity o
the wafers to NIR light, the implantation depth
was approximately 1-2 um from the Si-air
The wafers, produced at CNM, within the fhon 020 o aose 1m0 00 110 .
GICSERV access framework, have been . s

measured with a grating spectrometer 1.2 nn
spectral resolution operating in the wavelengtr
range 950-1150 nm. Contrary to what was
expected, and although these measurements &
still being analyzed, the effect of doping does
not seem to affect in the optical transmittance o flo 1020 1040 1060 1050 100 1120 1140
the samples. Very preliminary results are showr o
in the figure here on front right.

Transmittance

04

Reflectance

0.3

0.2

0.1

A retrospective balance of this year has showr Preliminary comparison between the

us that there was a long way to go from the idesmeasured transmittance and reflection of ¢
simulation of the detector to a realistic one. Thisa function of the wavelength (black line) and
prevented us from processing samples in thoptical simulation (blue line).,

clean room at CNM before the facility was

closed for the upgrade. But, on the other hanc

this allowed us to develop further our

understanding of the sensor, address specific @mbbefore they could happen (deposition
tolerances is an example) and gain expertise amgvkow on the processing steps and
fabrication methods in the clean room.
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I-1-4: Cooling system

The cooling prototype system was a deliverablehefEUDET project. Such a prototype has
been realized by the OSU team [8]. A detailed stwdg performed and is reported in the
EUDET memo [8]. It follows preliminary studies oneohanical prototypes performed by
LPNHE mechanical team and also on the results evepdissipation of the first SITR_130
prototypes. The measured power dissipation doesxtged 1mW per channel without power
cycling. The main effect to avoid is the power gliaton due to the neighbouring devices and
thus the cooling frame will mainly serve as an lagnog frame from the external nuisances
both from thermal and electrical origins.

The possibility of air cooling has been includedwedl just in case it is really needed.

An air cooling test set-up has been realized adegrw the following scheme

Aluminium Cooling Base

Carbon Composite Material Box

___Scheme of the designed air cooled sysiethd Silicon modules
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The insulating frame (see photograph on top left design and top right) is built in a new
composite material, namely double sided honeyconatb@ composite material (see
photograph of a roll of this material here abowehjch is a low material budget with all the
mechanical and thermal requested properties [8].

[8] EUDET-Memo-2007-52Air Cooling of Silicon Strip Test Setup for a Line2ollider
ExperimentA. Savoy Navarro, A.Galkin, V.Saveliev, Inttp://www.eudet.org/e26/e28

I-2: New sensors R&D

The SiLC R&D collaboration is benefiting from adarexpertise and also good contacts with
several founders. Besides there are some Institlikes HIP (with VTT) or Korean
Universities (with ETRI) that are in close collahtive contacts with a firm or which have the
needed facilities for doing themselves R&D on sesis@MB-CNM in Barcelona). Moreover
another asset of our collaboration is the expedmsesloped by HEPHY Vienna and IEKP
Karlsruhe, in developing dedicated test benches Qurality Control Test in close
collaboration with the vendors as Hamamatsu HKP &id Microlectronics for CMS
experiment.

An organized effort has thus been launchedsndordinated by HEPHY.

[-2-1: The microstrips baseline

A baseline sensor design has been established tmggarable results from different sensor
producers. Since future silicon strip sensors fier .C will need a very high resolution, a
readout strip pitch of 50um is foreseen, possilth \mtermediate strips in between, resulting
25um pitch. The sensor bulk material is agreedeion-n float zone silicon. The bulk
material should be of high resistivity (5-1Qlcm) and rather thin (100-300um). However,
the lower limit of the thickness is limited by tmmise figures of the readout chip. The
detector must have a very low dark current of <JpeX strip, since the noise is mostly
defined by the dark current and bias resistorss Timiplies very high values for the bias
resistor in the order of 20 to 50 realized either using poly-silicon, punch-through
FOXFET technique. While poly-silicon is more radat hard, PT or FOXFET would be
cheaper.

For the inner silicon layers, we propose AC couptiedible sided detectors made on 6”
wafers, while for outer layers, larger wafers ofd8"even 12" inch would be needed to reduce
the material necessary for mechanical support.hla tegion, we propose single sided
detectors preferable DC coupled for cost reduction

Since multiple scattering is a crucial point fogtmprecision ILC experiments, the amount of
material inside the detector must be kept on a V@nylevel to avoid degradation of the
feasible resolution of the devices. The most rddicution is to integrate the pitch adapter
completely into the sensor. The connectivity of $kips to the readout chip can be made by
an extra metal layer for signal routing which ipa@ated from the strips using an additional
oxide layer. In this scenario, the readout chip lmamump-bonded onto the sensor as for pixel
detectors. This is shown in the following figures.

\ia (OC coupling) ALrouting & pad area

S 5
Slicon

16



The SiLC collaboration is in contact with differesgnsor producers and has already started to
collaborate with them to produce the first prot@ypccording to the first step of the work
program. Only vendors which are willing to colladt® and to provide sensors and test
structures now are considered for the future prtee work program.

One batch of silicon sensors has been orderedraahiatsu Photonics (HPK) in Japan. This
order consists of 30 normal sensors plus 5 “aligitneensors” which have a hole in the
backplane metallization to allow laser light to p#srough the silicon.

The layout of the Detector was design by the Sib@aboration together with HPK and the
result is shown in the following figure.

Diode (RD50)  Sheet (CMS)
s

B &
BIAS TEST PT

GCD (CMs)

Main Detector
95x95 mm

TESTDC
CAP-TS-DC (CMS)

. -
TEST AC

Diode (RD50)

It is a single sided AC coupled strip detector watlsensor size of 91.5 x 91.5 mm? and a
thickness of approx. 320m and agrees in all points to the sensor baseéfieatl above.
Various small test structures have been placedndrtiile main detector on the wafer, e.qg.
diode, MOS, gate controlled diode, and others. Fange test structures have been designed
with two different purposes. Two structures comprs6 strips with the same pitch as the
main detector, but with regions of different stwmths and different intermediate strips. Each
region consists of 16 individual strips with theneageometry. Both structures will be used to
test cross-talk and inter strip capacitances iesa $etup and the resolution in a future beam
test. The two other test structures on the waflee tdvantage of different biasing schemes
and have been designed to test FOXFET and punohghrbiasing methods.

We received the sensors in October 2007 and firsasorements have already been
performed. The results are as expected for thetnasy and the dark current behaviour. This
is shown in the following figures: (CV curve lel¥/ curve right)
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Both, resistivity and dark current meet the requeats. On one sample of the sensors, a full
strip scan has been performed as well. It consistise determination of the single strip dark

current, the poly-Si resistor value, the coupliagacitance and the dielectric current. These
measurements are repeated for every single sthp.résults show that the sensor is well

within the specified limits [9].

VTT (Valtion teknillinen tutkimuskesKus a large technical research center in Finlaru
goal of the collaboration is the development edggetietectors (see I-2-2).

One of the goals of the SILC collaboration is tdgabbsh companies to deliver silicon
detectors for future HEP experiments. With thigrimd, new fruitful collaborations started
not only with HPK and VTT but also with ON Semi aHlg€l with very promising results,
which allows us to go to the next step with thesedors very soon. This helps to establish
the procedures, processes and contacts with tlteipecs very early to have a good basis for
future steps. Other vendors willing to cooperatethe future have to fulfill the same
requirements which these vendors already passed.

The next goals are the development of sensors dugh metal layer structure for in-sensor

routing. Together with this, a cheap, industriaiimpibonding technology must be established
to take full advantage of this technique. In pafalkensor producers will be encouraged to
build doubled sided detectors, together with ev@naof companies capable of 8” inch or

even larger wafers.

[9] EUDET-Memo-2007-2/Generic Silicon Strip Detector R&DO.Bergauer, M.Dragicevic,
S.Hansel, M.Krammer et al., ihttp://www.eudet.org/e26/e28

[10] Th. BergauerSilicon Strip Sensor R&D and results from HPK senseasurements
presented at the Sixth SILC Workshop in Torino, wémsity degli Studi, Italy, Dec 2007
(http://wwwe.silc.to.infn.it/doc/papersand at the TILC08 Workshop, March 2008 in Sendai,
Japon fttp://www.awa.tohoku.ac.jp/TILCO8see program)

[-2-2: The novel sensor technology: Planar-3D detec

The planar-3D detector design offers some attragbroperties for the ILC. When bonding
sensors to make one module, the planar-3D desiduces the insensitive area between
sensors. These sensors can be made very thin andctive edge avoids inhomogeneous
electric fields and surface leakage currents [11].

The detector includes two main sensors with 5 x5 @n 4” wafer, one DC coupled and the
other one AC coupled with FOXFET biasing. Theseseenare labeled with (1) in the picture
below. Apart from that, there will be similar testuctures on the wafer like for IET and HPK
(4). Additionally, there are many edgeless testcstires (5) with an area of 1.5 X 1.5%and
conventional baby detectors (6) with 1 X 1°caroundand with DC, Punch-Through and
FOCFET biasing. The baby detectors have in totalifdrent designs where the active edge
and dicing distances have been varied. The wafeigadds finished and the processing at
VTT has been delayed due to the lack of the regsurthe current plan is to finish it by the
end of March 2008.
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MAIN DETECTOR, 5 X 5 SQCM (1)
MEDIPIX2, 1.5 X 1.5 cm? (2)
ALIGNMENT MARKS, 1 X 1 cm?%(3)

HALF MOON TEST STRUCTURE (4)
EDGELESS TEST STRUCTURES,

1.5 X 1.5 cm? (5)
BABY DETECTORS, 1 X 1 cm?(6)

The Planar-3D detectors are being developed witlsiile Institute of Physics. The design
and fabrication is done on 6“(150 mm) wafers at VThe first prototype run is on its way
and is scheduled to finish 03/08. The fabricatedP3&nar detectors have thicknesses of 150
and 300um. The parameters of the microstrip layout weradimttogether with the associate
member HEPHY in Vienna.

The critical process steps at the planar-3D detedatrication have been the ICP-etching of
the trenches and the phosphorus doped polysilitiamgfof the trenches to form the active

edges. These so called 3D process steps were legryaad needed a lot of tuning. Now, the
steps have been completed (ignoring the ICP-etigs alicing). The photographs here below
show the cross section SEM photographs from thedfCRing process. The process is now
tuned to give a smooth stop of the etch to the bgnoxide layer.

Top two photographs: ICP etched trenches into 166 3800xm thick high resistive silicon
bulk, which are bonded to the support wafers; @it bottom and top of the etched trenches.

2um EHT = 290 ens
— WD= 6mm  PhotoNo = 4508

19



SILC Status Report to the PRC-DESY, April 2008

The two photographs here below show the poly siliibing process of the trenches. The
bonding and etch mask oxide layers are clearlyphdsn the photographs. The void inside the
poly silicon should not affect the device perforoan

e [ |
On the photographs on the left: filling of the tcanafter 3um of poly silicon growth and
zoom to the bottom of the trench; (right) compiefmly silicon filled trench and zoom to the
top of the trench on the bottom photographs.
This work is reported in details in [11]. The prodd detectors will be characterized at the
Lab test bench and if proven to work at the teanbé&ter.

[11] Juha J. Kallopouska at abilicon Radiation Detector Development at ViRTIEEE-
Nuclear Science Symposium Conference Record, Han@Hawai), Oct 27-Nov4, 2007; and
in http://www.silc.to.infn.it/doc/papers/simo_eraneaif,pSixth SiLC Meeting, Dec 2007,

|1-2-3: Pixels

The SILC collaboration is also interested in stadythe use of pixel-like sensors in regions
other than those covered by the vertex detectourber of institutes in the collaboration are
already involved in R&D activities on pixel techogles. At the moment the activities are
focused on CMOS MAPS, DEPFETs, APDs and 3D pixébaers. Particular attention is

paid on connectivity issues, of overriding impodarn these technologies.

Pixel detectors could be used in regions neediagadial resolution finer than that provided
by strip detectors or regions in which a smoothdtion between pixels and strips is needed
to properly resolve ambiguities.

The reasoning for pixel use in tracker region carfidund in the simulation section in Ref. [3]

R&D on pixel sensors is not within SILC main missidout several SILC groups pursue
research in the field of pixel detector developmant mediate communication between
SIiLC and key groups developing pixel technologies.

These groups also work on the ways how to implertienpixel technologies into the tracker
(optimal detecting element sizes, module shapeorgaetc.)
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CMOS APS and APD

Several versions of CMOS APS are proposed forltleviertex. Their possible use in tracker
is under studies namely at University of Barceland Valencia.

In addition to the standard active pixels novellawehe pixels with internal amplification can
be quite attractive. Due to their high intrinsicrgthey can be made very thin and still provide
sufficient signal. They are produced out of lowistsgity silicon (which brings easy
integration with electronics) in a standard CMO&htelogy. * —

The groups active in this development are the Giknin
State University and the University of BarcelonbeT
photograph here on the right front shows newly ioleth
prototypes pf pixel APDs

DEPFET: Depleted Field effect transistor (DEPFET) usesvacpixels in high resistivity
(depleted) silicon. Recent test beam measuremenet ri@ven its excellent spatial resolution
(better than 2 microns), linked to an impressiygnal-to-noise ratio, both achieved at low
power consumption. DEPFET collaboration works oe #tectronic readout development,
and module concept for ILC vertex.

Two SILC groups, IFIC-Valencia and Charles Uniweiit Prague are active in the DEPFET
development. Both groups have the DEPFET testpseistalled and measure detecting
performance (noise, charge collection homogeneity,) using laser and radioactive source.
The plots here below show results of laser scamarse vs. laser hit position [13].

[ Pixel Cluster Charge p2 noEta, RunNo 635, Det 2 | [ Pixel Seed p2 noEta, RunNo 635, Det 2 |
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Laser scan on DEPFET prototypes
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The interest on the pixel detectors has been adedrisince the start of the SiLC R&D
collaboration [1,3]. Up to now the effort was pwrduby some teams in SiLC that joined the
corresponding pixel R&D collaborations, princip#iy DEPFET R&D led by MPI-Munich.
The SIiLC collaboration is now launching an R&D effan 3D-technology and its
applications not only on pixels and microstrips {B@nar) but also on the 3D vertical
integration of the electronics, in cooperation vitie worldwide effort in this domain.

[12] V Saveliev, Low Material Budget Pixel Detector with High Intsic Gain
http://www.silc.to.infn.it/doc/papers/valeri_sawslipdf presented at the Sixth SiLC Meeting
in Torino, Italy, Dec. 2007.

D. Gascon,R&D on pixel sensors for the Forward tracking fohet ILC
http://www.silc.to.infn.it/doc/papers/david_gasqauf., presented at the Sixth SiLC Meeting
in Torino, Italy, Dec. 2007.

[13] M. Vos, DEPFET ILC VTC presentation at the TILCO8 Workshop, Sendai, dapo
http://ilcagenda.linearcollider.org/conferenceOtfiews.py?view=standard&confld=2432

I-2-4: Characterization and Quality Test Control @mework

The Quality Control system developed both at HEPH&hna and at IEKP Karlsruhe for the
CMS experiment [3] was used by both Institutesest the HPK new microstrip sensors
received in October 2007 (see results reported0f).[

A total of 28 out of the 30 HPK sensors have bestet for IV and CV at Vienna. Ten of
them were shipped to Karlsruhe for repeating thieese tests. As an example here below is
given the IV plot results; all the detectors buwvé&re submitted successfully up to 800 V, two
went up to 400V and three of them did not sustamenthan 250V. Note however that the
nominal voltage value for these detectors is ardlo@V.

02,10,31 07, 13 —
—u0z

—03
—0
— 05
—— 06
—o07
—10
— 12
;o |—13
— 17
19

= |——20
- |2
—23
—2
T |—128
— 17

current

—— 128
— 129
—30
— 3
—32
— 3
—T T T T T T T 't T T T T*T T T° 1 _gg
0 100 200 300 400 500 600 700 300 =
voltage —38

IV curves for the 28 HPK sensors tested on the iQuabntrol test bench at Vienna

Two sensors were submitted to a full strip scam, iorVienna and the other one in Karlsruhe.
The strip scan parameters are the strip leakage, ptily-silicon resistor the coupling
capacitance and the dielectric current. The redoltsthe strip scan, on each of these 4
parameters, are shown here below on the even §ipplots)and the odd strips (right plots).
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Strip scan of one HPK sensor, on the lefteien strips on the right the odd strips

The strip scan results are identical between Kanksiand Vienna the strip leakage is found to
be 137 pAmp., the poly-silicon resistor is 28,65 MQ the coupling capacitance is 156 pF
and the dielectric current is less than 160 pAmipe Tnterstrip capacitance is 0.94 pF as
compared to 0.84pF in the case of the large CMS WHéwsors. The new HPK sensors are
essentially of the same level of quality than the produced by HPK Photonics for CMS; it
thus sets the high quality level of these new senso

Coming soon are the quality control results from tists that will be performed on the new
structures and the 5 sensors especially treatatidaalignment.

[-3: Electronics R&D

In any detector concept foreseen atlitkie a front-end readout system for tracking
Silicon detectors has to manage millions of chan€bnsequently, the amount of material
and power per channel has to be carefully optimkesgbing noise and readout speed within
the constraints of the experiment. It is therefessential to look for the best integrated
technologies available that allow minimizing thecamt of material added to the detector,
such as connexion capacitances in terms of comsedtgbrid circuits, kaptons, and lead as
well to a manageable amount of dissipated poweres&@htechnologies allow also
implementing efficient data extraction and signabgessing techniques such as analogue
sampling and on-chip digitisation.. As example€rit@ and 130nm CMOS readout prototype
chips have been designed and tested, and gavéasiig results in terms of noise and
power. Two FE readout philosophies are developedhey SiLC collaboration that are
progressing in parallel.
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[-3-1 R&D on Time-Over-Threshold Readout (the LSTFEChip)

The results obtained so far can be found in Ref43jew chip is currently under
development in 180 nm CMOS technology.along theeskames than the one developed in
CMOS 0.25um with the promising results shown in [3]

[-3-2 R&D on Deep Sub Micron circuit Front End and readou chip: SiTR_130

Since end 2004, the LPNHE team has launched aveaR®&D on a FEE readout chip made
in DSM (Deep Sub Micron) CMOS technology. The costplschematic architecture of this
chip is shown here below.
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T reset ) —
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| ~X _ i ' . il control
= P aaa— and >

= | Jn -
o (00 L IS ) A i ) Wavetorms

L- b = Storage
Preamp Counter
Shapers

Analog Event buffer

Power
cycling

At the end of 2006, two prototyped versions of tteadout chain were coming back from
foundry. The year 2007 has been devoted to thechdtacterization of this new chip. Since
end of 2007, the design and construction of a nesveven more complete version of this
chip in 130nm CMOS technology is under development.

The first of these two prototypes included the RH seadout chain as shown here below (left
schema) with 4 such channels per chip. It is labedis SITR_130-v1.

Sporsifier
Chasnal mel _ | 5"::"" v 1h
Chosnel &-1 ——1— T .
Analeg pipe-li - “ADC — i -
Tikiie Sace | SITR_130-v2
e calib

|
I Analog Pipedine
|

| SITR 130-v1 1 T —H>—

ITR_150-v e

4 identical channels J

First 130nm prototype chip architecture (left); nifioetl version of the analogue part with an
improved pipeline design and aegnated test pulse calibration (right)
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A second version, SiTR_130-v2, was developed witle @hannel comprising only the
analogue part with an improved version of the pifgend a test pulse calibration.

The first prototype was fully characterized in 200e second prototype is being tested.
The main results obtained so far are briefly regmbttere below and can be found in [14].

Déclenche

Mode
Acquisition

AL

Echantillon

A

Détect. créte
(< 250Me/s)

W

Enveloppe
16

1L

Déclenche

Mode
Acquisition

AL

Echantillon

A

Détect. créte
(< 250Me/s)

W

Enveloppe
16

1L

Moyenne

‘ﬂ/ Moyenne
\

M2.00pus A Jo112mv 20.0mV e M2.00ps A Jo112mv

W50.00 % W50.00 %
Résol. Réinit.

horizont. retard
Normal | horizontal

Résol. Réinit.
horizont. retard
Normal | horizontal

Left pulse height gives the preamplifier signalputy right pulse height is the shaper output.
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The peaking time is between 0.8 to 2 pus, for 0.5 s expected.

The measured gain is 29mV/MIP; the dynamic rangd B0 MIPs with linearity at 1% and
up to 30 MIPs with linearity at 5% (see plot heetolw)

The measured power dissipation for the preampldies shaper is measured to be 245 pWatt
in CMOS 130nm technology, slightly higher than I fprevious version in 180nm CMOS
technology.
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Linearity curve of the preamplifier (blue curve)datie shaper (red curve) with measured
points and fitted linearity curves.
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The noise performances are measured to be of 8604-e-/pF with a peaking time of 0.8uS
and of 625 e- + 9 e-/pF for a peaking time of 2tikas to be compared with the measured
noise with the prototype in 180nm CMOS technologynrf UMC for which the measured
noise was given by 375e- + 10.5 e-/pF.

Thus, contrary to the very pessimistic results gibg the simulation, the results are rather
comparable to those obtained with the previousopype made in 180nm technology as
shown in the plot here below. Indeed the simulati@as predicting a factor 4 to 5 higher
noise when going from 180 to 130nm CMOS UMC tecbgyl

130nm w= T80nm measured ERC
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[dectmns)

ENC
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18bnm Jus
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Measured ENC noise as a function of thealleteeapacitance and of the peaking time

The 16-cells pipeline was tested as well with agamg rate of 12 MHz and a readout rate of
10 KHz, both with a calibration test pulse (see digitized output of the signal on the left

plot here below) and with a laser diode excitirfgilecon module read out by the chip (see the
shape of the signal as delivered at the digitiaggwt of the chip on the right plot here below).
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Measured digitized output of the pipeline for & fmdse (left) and for a laser diode signal
exciting a Silicon detector deaut by the new chip (right).
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Finally the ADC block was also tested and charadrwith the test set-up shown in the
schematic view here below. As a result an effeatmber of bits of at least 9,7 for 12
expected was determined in the worst case.

L

Offset, Slope control Data <0:11=
ADC Control

4
5A Board

DAC Contral 1

Data <0:11>

Initialization

USB cable LUSB cable

Schematic view of the test set-up for charactegigie ADC block in the SITR_130-v1 chip.

After characterizing each block of the SiTR_130ehip and thus the full functionality of this
device, it was connected to one of the Silicon negland tested in real conditions at the test
beam at CERN (see Section 11-2)

[14] EUDET-Memo-2007-29Silicon Strips Detectors Readout Chip in Deep Sutrdv
CMOS Technologw http://www.eudet.org/e26/e28/e182/e516/eudet-mefy¥-29.pdf
by J-F Genat, T-H.Pham, A. Savoy-Navarro.

A. Comerma et alA 130nm CMOS evaluation digitizer chip for Siligirnps readout at
the ILC,in Proceedings of the TWEPP (Topical Worshop attbnics for Particle Physics),
at Prague, Sept 3-7, 2007 and of IEEE-Nuclear $ei&ymposium, held in Honolulu
(Hawai), Oct 28-Nov 4, 2007.

[-3-3 Towards the newSiTR_130-96 chip to equip the Silicon detector ptotypes

Based on the successful results obtained with ithie_3.30-v1 prototyped chip, a new version of the
FE readout device is being designed starting er@7. The detailed schematic architecture of this
new chip is shown here below.

The size of one block in the multi-project foundsyof 5x5mnf; it allows locating a total of
96+1 channels, instead of the 128 originally foeesas still in the detailed architecture
schema here below. Each channel include the coenatiout chain schematized here below.
It is built with the 130nm CMOS UMC technology &g tprevious version with 4 channels
and it will include an improved VFE in terms of s&j shape, an 8x8 deep pipeline , the chip
digital control, digital buffer, processing for tgailse calibrations now part of the chip (it was
included in the FE board in the previous versigpgarsification and power cycling.

A special care is given to testability; an addiibohannel, channel 97 will provide a direct
access to each of the main blocks of the chip tacture, allowing for a test of each of this
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piece independently. A mixed mode simulation isedeped for the first time that will allow
simulating and thus testing the full functioningtioé device before sending it to the foundry.
It is expected to be sent to foundry on April 1Ssllabelled asiTR_130-96.
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Detailed arclutere of the new SiTR_130-96 chip

Even if this foundry is successful, it is fores¢ersend a new foundry by the end of 2008 or
beginning 200, with some updates on the presersioreraccording to the results obtained
when characterizing these new chips. Furthermbeegobal is to produce possibly still before

end of 2009, a new version of the chip with a higheltiplexing in channel (i.e. at least 256

channels per chip) and if available using the 9@MOS technology,

These new options will be in any case experientedtiin 2009, the year after. Finally, the

3D vertical integration of the electronic is alsnang the future goals (see next).

I-3-4: Wiring on detector and cabling

Developing the inline pitch or direct wiring of tlehip onto the detector has started this last
year as part of the SILC R&D project. This procerdseveral steps and in collaboration with
Industry.

The first step in progress consists in bump bondirey chip onto the microstrip sensor as
usually done with the pixel devices but not yef@ened with strips.

The first attempt is based on using on one hanchéve HPK sensors with 50 pum readout
pitch and to experience bump bonding the $TR_130-96 chip onto the sensor.

A NdA contract has been signed between CNRS-IN2RBHPK Photonics to develop this
technique using both devices. HPK will provide seasor and expertise in bump bonding and
LPNHE will provide the chip and the needed testugefor comparing the performances of
the chip when bump bonded to the sensor or whenemed through an hybrid board.

This is a long term process as it needs to havechipe produced and fully tested and the
bump bonding technique well in hand to producefits¢ demonstrator. It is hoped to have
such a demonstrator by the end of 2008, if the doyinn April is successful and if no
problem on the HPK side too. The test proceduretiwdn last over about 6 months in 2009,
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before having in case of success, the first prpegyinstalled on detector prototypes in a test
beam. This would not occur before fall 2009 in in@st optimistic scenario.
For the longer term the 3D vertical integratiorht@alogy is starting to be investigated.

Part 1I: The R&D Tools

A lot of work has be performed with real advancesrdhis last year on the development of
the tools needed for achieving the challenging Rgdals [15]. The main tools are indeed
simulations tools and test set-ups both at the baldsat test beam facilities.

A coordinated effort has been launched, led by &eBev (OSU) and M. Vos (IFIC). It
presently gathers people from Charles UniversityPrague, HEPHY in Vienna, IFIC in
Valencia, LPNHE in Paris, OSU in DESY, UCSC in $aftruz. It is expected t have a
reinforced collaboration with the Korean Group aslwith a few more people from other
teams in SIiLC collaboration. The links with the ILdetectors have been established,
primarily with the ILD optimization group led by Mhomson in the framework of MOKKA.
A connection with the concept through ILCROOT is starting to be devetbas well.

[1-1: Simulations

In this phase of the detector design Monte Carlwutations are an invaluable tool. Detector
design parameters must be chosen to maximize tigigshoutput of the experiment. The
SIiLC collaboration has therefore invested consiaeraffort in the development of tools for
Monte Carlo studies. Much progress has been madstéblish the dependence of the track
parameter resolution (in particular the momentusoligion) on the layout and material of the
tracker througHast simulation Maybe even more importantly, the last year hdeegsed the
transition tofull simulation Much attention has been devoted to the developrokithe
software that will allow detailed GEANT4 simulat®of the detector response, a digitization
package to transform the energy deposition in bsteasignal (including noise etc.) and the
reconstruction software.

In this section, the most important developmengshaiefly presented, as well as some results
from the first studies.

[I-1-1 Simulation tools | — fast simulation

In the ‘fast’ approach to detector simulation the trajectoryttd particle in the detector is

simulated using a simple model (typically a heliXfie position measurements on the
detectors are simulated by smearing the crossing pb the particle and a simple detector
geometry (see Figure here below) by the expectésttbe resolution. The resolution of the
five track parameters is then established by & tiiathrough these points.

Since it was formed, the SILC collaboration hag/@than important role in the development
of fast simulationtools that allow to study the resolution for ctedgracks in a simplified
geometry. Two of the key packages used for they ebabign optimizations of the detector
concepts — SGV[16] and LCDTRK]J[17] - were developgdnembers of the collaboration. As
these packages are well-established since seweaed gnd have been presented in great detail
in previous reviews[3] a description of these paesis beyond the scope of this document.
In recent years a third package, the LiCToy[18F haen developed by HEPHY in Vienna.
The algorithms used in the tool — in particular Keman filter track fit including material
effects — represent the state of the art in higtrggnphysics experiments. The user-friendly
GUI allows the use of this tool even by non-experts

The detector model corresponds to a generic colédperiment with a solenoid magnet, and
is rotational symmetric w.r.t. the beam axis; thepmetric surfaces are either cylinders
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(“barrel region”) or planes (“forward/backward regf). The magnetic field is homogeneous

and parallel to the beam axis, thus suggestindia tnack model. Material causing multiple

scattering is assumed to be concentrated withinlétyiers.
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Simple detector geometry describing th€ltEacker in LiCToy similar to the one in SGV

The mini simulation generates a charged track feoprimary vertex along the beam axis,
performs exact helix tracking in a homogeneous reagrfield with inclusion of multiple
scattering, and simulates detector measuremeritgling inefficiencies and errors. The basic
version supports Si strip detectors (single or d#®wided, with any stereo angle), pixel
detectors and a TPC; systematic and/or stochastitidiencies; and uniform or Gaussian
measurement errors.

The simulated measurements are then used to regoin$te track by fitting its 5 parameters
and 5x5 covariance matrix at a given referencendgli, e.g. the inside of the beam tube (they
may be converted to a 6-dimensional Cartesian septation). The method used is a Kalman
filter, with the linear expansion point being defihby the undisturbed track at that surface.
The track fitters that are at the same level ofhg&iation as the those of running
experiments. Importantly, the track fit includestenal effects. The quality of the fits is
cross-checked by an inspection of the chi-squanedpall distributions.

In the last year, LiCToy has established itselfthe SiLC collaboration as a reliable and
flexible tool. The results on a series of test gethave been verified against other fast
simulation packages.

The fast simulation approach described however iegaplthree important limitations. The
simulation of tracks and hits as ideal helices eepnt ideal tracks that do not suffer nuclear
interactions, do not loose energy through the aomssf bremsstrahlung, etc. The smearing
of hits with a Gaussian (or uniform) distributianores the tails of the hit resolution (i.e. due
to the emission of delta-electrons). The third, amaybe most important, limitation comes
from the fact that single particles are simulat€bis implicitly assumes the track finding
(pattern recognition) phase converged successfthly; effect of overlapping hits and the
difficulties that arise in the assignment of hdadracks are not addressed by fast simulation.

[I-1-2 Simulation tools Il — Full simulation framework of the ILC Spectrometer
To study all aspects of the detector performandesimnulation is needed of the interactions
of all particles in the event (including backgroapdith a detailed model of the detector. The
full Monte Carlo simulation of the sub-detector qumnents is as well a powerful tool for the
optimizationof the overall ILC spectrometer as well as of eafcits components..
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The SILC collaboration proposed and studied theemde of Silicon tracking components
that surrounds the TPC central tracker in the LD@Gcept, as described in the LDC DOD.
The SiLC collaboration is responsible for the défam and study, in the full simulation
framework MOKKA of ILC, based on Geant4 simulatimol, of the silicon tracker elements
in the model of the International Large DetectaX), namely:

» the Silicon Intermediate Trackg6IT) that covers the central and innermost péaithe
tracking volume, between the vertex detector aedlime Projection Chamber (TPC).

» The Forward Tracking DiskéFTD) that provide coverage for charged tracks ipolar
angle range from 6 to 30 degrees.

» The Silicon External TrackdSET) that provides precise space points at leadieis. This
detector is to be installed between the outer epeebf the TPC barrel and the face of the
electromagnetic calorimeter (ECAL).

 The Endcap Tracker Disk&€TD) that fulfil a similar role in the forward gen. This
detector is to be installed between the TPC entéplad the ECAL end cap.

All these four Silicon components are now implemednin the simulation framework
MOKKA, as basic components, including possibilityy feexible change of the geometry
parameters according to the overall design in fliggy implementation of theuper driver
codesof the geometry definitions. The ILD optimizatigmoup is finalizing the full ILD
detector geometry and is preparing for a mass ptemuof Monte Carlo data for physics and
detector optimization studies according to the pisypbenchmarks. The complete set of four
Silicon tracking components are ready for thist ficaind.

The Figure here below shows as, an example, tleetdetmodel for the Silicon Intermediate
Tracker and the Forward Tracker Disks of the Ldbgéector Concept.

Detector model for the Silicon Intermediatacker and the Forward Tracker Disks of
LDC in the MOKKA simulation framework (tneeen colour component is the VDX).
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The SiD tracker geometry has been implemented ilKKI® by the SiLC collaboration and a
first step was made to define the silicon trackements in one of the scenarios in te 4
concept. It is clear, however, that the effort ¢rese two detector concepts is behind
compared to the progress on ILD.

[I-1-2-1 Simulation tools Il — digitization

The full MOKKA simulation, based on Geant4 and dissxl in detail in the previous section
gives as output all information about particleseach event, including spatial information,
where the particle crossed the detector, and p®giteed energy. The conversion process of
deposited energy into a realistic detector sigealailled digitization and is performed by the
digitization package. Such a package, called $iBigi and based on a detailed physical
model of charge collection in micro-strip detectass being developed within the ILC
simulation framework, namely Marlin, by Charles Wity in Prague.

Its aim is twofold: on the one hand it will providedetailed detector model that is crucial to
understand test-beam results on prototypes onttier band it provides a reference to the
much simpler model used in the full simulation.

The detailed model includes following physical msses: charge carriers drift, diffusion,
Lorentz shift in magnetic field and so called ett@rection, respectively mutual strip
crosstalk (dependent on AC or DC coupling of indipal sensors). As physical parameters
one just defines: detector bias voltage, deteatptadion voltage, the sensor temperature and
as precision parameters, connected with numeriedhods used: absolute spatial precision
and relative angle precision. Due to a fact, thatgackage is completely integrated into ILC
simulation framework, geometry information is simpkad from the GEAR xml file and
doesn't have to be defined by a user. As the packggesents more complex solution than
usually required, it's aim is twofold: on one handhould provide a detailed detector model
that is crucial, when one wants to understand ds¢ lbeam results measured on detector
prototypes, on the other hand, it will hopefullyopide a reference to much simpler models
usually used in full simulation.

_CI

Al
11-1-2-2 Simulation tools IV — reconstruction

To study the tracking performance within the MdRéto framework, a Kalman filter track
fitter has been implemented in object-oriented @bde. It is based on the CMS track
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reconstruction software[19]The tool-kit comprises a sophisticated track pgzagion model -
containing the deviation of the charged particlgeirtory by magnetic fields of arbitrarty
complexity. The interaction with thin layers - mplé scattering and energy loss - are taken
into account by the propagator. Given a trajectstgte (a set of measurements fully
describing the particle parameters and their errarsiew trajectory state with correctly
transformed errors can be predicted on any detptaoe. Tracker hits are represented as 2D
measurements on a plane. If a compatible hit isdoon the plane, the hit may be added to
the track. The trajectory state is updated to take account the newly added information
through the Kalman Filter formalism.

The original code has been thoroughly validatedrsgdarge Monte Carlo samples by the
CMS collaboration. The interface tihe LCIO format of the hits and to the detectorrgetry

in GEAR has been tested thoroughly. Internal coescy is cross-checked by the Monte
Carlo pull distributions. The results are furthermadested against several fast simulation
tools. Predictions for the resolution of all trqgrameters on a variety of toy models have
been compared to LiCToy, LCDTRK and SGV.

To derive reliable constraints on the detectorglefiom pattern recognition a state-of-the-art
track finder has furthermore been implemented inrliMReco. A simple, but extremely
powerful algorithm is employed. The combinatoriégaaithm is one of the most popular
approaches on the market: it is the baseline patezognition algorithm of both ATLAS and
CMS. Currently, the implementation is limited tolyprone detector region: the forward
tracking disks.

Throughout the pattern recognition process, prap@agaextrapolation) and updating of
trajectory descriptions are done using the tootwipled by the Kalman filter kit described
before. Thus, at all stages the fit to the trajgc{@nd its errors) yields an optimal estimate
given the available information.

The combinatorial track finder starts off with dleotion of seeds. Typically, hit pairs plus
beam constraint or triplets in high-granularitywoccupancy detectors are chosen. For each
seed the weakly constrained track model is extedpdlto the following layer. In this layer,
compatible hits are searched for. For each comlpatiit, a copy of the track candidate is
made and updated with the hit information. All calates are in turn propagated to the next
layer, where the process is repeated. The iteafiona given candidate are only stopped if
no more compatible hits are found (in actual impmatations the stopping conditions are
more complex to deal with layer inefficiencies).

lI-1-3-1 Results — resolution

The resolution of different tracker layouts hasrbetudied in great detail. In particular, the
differences between the performance of a trackeedan an all-silicon layout and a mixed
gas plus silicon detector has been discussed exébnsWithout pretending to do justice to
the large effort by many people, in this sectioe@ent study is briefly presented.

In the past, much of the discussion has conceudt@ighe central tracker. The forward region
has traditionally received less attention. The dvanse momentum resolution in the forward
region is degraded significantly by the unfavoueabtientation of the solenoidal magnetic
field. In the two figures here below the transvemsementum resolution is shown for two
detectors based on the LDC FTD layout that diffiethie material budget and the resolution of
the RP measurements. The detector of the leftmost figusgith approximately 1 % of a

radiation length per disk and a spatial resolutbriOum - is one that could be built with

proven technologies. The second detector represes&vere challenge: the material of the

1 The author acknowledges the collective effoithef CMS collaboration in the
development of this software
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innermost disks is reduced by a factor 10, thahefoutermost disks by a factor 2, while the
spatial resolution is improved by a factor 2 thriooigt.

Alp_(GeV™)

10° SE—— g S
1 10 particle P, (EO;V} particle P, (E);V}
Transverse momentum resolution versus Transverse momentum resolutiogrsus transvers
transverse momentum. Challenging detecttmomentum. Challenging detector: 5um
10pum RP  resolution, 1.2 % ¥/ disk in the R® resolution, 0.1 % X/ disk in the three
Three innermost disks, 0.8 % Misk in the innermost disks, 0.4 %X{ disk in the remaining
remaining four. LDC “Tesla” FTD layout. four. LDC “Tesla” FTD layout.

Clearly, the momentum resolution is improved dracadlyy by these changes of the detector
specifications; the momentum resolution at all asgk improved by a factor two. LiCToy
studies confirm that another factor of two in theyraptotic resolution at hightgan be
gained by extending the lever arm of the ForwamtcKing Disks. More recent versions of the
LDC FTD indeed cover the full length of the TPC.nliust be noted, however, that the
performance remains far from the several timesctisidered for the central tracker.

lI-1-3-2 Results — pattern recognition

The pattern recognition of very forward tracks ime tLDC is considered particularly
challenging. The background due to incoherent peoduction off beamstrahlung photons,
negligible in much of the tracking volume, contiiés significantly to the occupancy[20,
21,22]. Low-momentum tracks of all polar anglesl ays to form loopers that leave the
detector through the very forward tracker. The cage of the “long barrel” vertex detector is
incomplete; for tracks emitted at a polar angleleds than 12.5 degrees the innermost
measurement is provided by the Forward Tracking®is

To evaluate the pattern recognition performanagerese signal topology (top-antitop events)
is chosen. The beam-induced background due to iabl@rnumber of bunch-crossing is
superposed on the signal event. The combinatoaak tfinding algorithm is applied to the
standalone Forward Tracking Disks. For this stutlg, algorithm is run "inside-out", i.e.
starting from seeds created by combining hits m itimermost forward tracking disks and
working its way towards the outermost disk.
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The traditional quality marker for pattern recogmtis the channel occupancy. In the table
below the peak density of hits in the innermoskslis given for three technology options. To
determine the channel occupancy these results Imeustultiplied by the average cluster size.
The contributions from signal and background akegiseparately in the third column: the
peak occupancy in jets in tt-events is found irs,jethile for the background the peak
occupancy is that of the innermost ring of theknag disks.

Technology Cell area (On x On) | Integration time Peak occupancy
Qnstrip 50 x 10° 300 ns 5% + 1 %
Hybrid pixel 50 x 500 300 ns 2x10%+ 4 x 10°
VXD 25 x 25 50 & 6x10°+ 1.5 x10"°

Active sensor area per channel, the integration tand the occupancy for three options of
technology: The two terms in the occupancy corredgo the peak occupancy in the signal and the
contribution due to the background, respectively.

The occupancy of micro-strip detector reaches 5n%eis in tt-events. For hybrid pixel
detectors — with much reduced cell area - the paecy is two orders of magnitude lower.
The contribution of the beam-induced backgrounthéooccupancy is non-negligible, but due
to the single bunch-crossing read-out capabilifethese technologies, it remains well below
the peak density in the signal topology. The nqugkl detectors developed for the ILC
vertex detector allow going to much smaller pixekes The rolling shutter read-out of these
detectors, however, results in a much longer iatggn (here, the results for an integration
time 50 us are given). Thus, the balance of théridanions to the occupancy is shifted; while
excellent occupancy is obtained even in the corbigifly energetic jets, the occupancy is
now dominated by the background.

Another key ingredient in pattern recognition is firecision with which tracks candidate can
be extrapolated on the following layers. All hiteit are within several times the extrapolation
error will be considered compatible with the tracdndidate. The probability to pick up
spurious hits (i.e. create ambiguities) thus insesawith the extrapolation error. As an

example, the first three FTD disks are equippedh wikel detectors providing 10 x 1,01]3
space point resolution, while the four outermosksiihave single-sided strips with virtually
no R resolution: the space point resolution is atea by 1Qu m x 3 cm.
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In the two figures here above the extrapolationrerm the R and R coordinate are given as
a function of the transverse momentum of the tratie track fit to the hits in the first three
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disks yields a precise prediction of R on tffedisk (leftmost figure), while the ® precision

is limited by the uncertainty in the momentum resioh. Addition of more hits yields a much
better constrained momentum. Therefore, the exi@tipo to the & over a much larger
distance (20 cm instead of 12 cm) is nearly asiggeim RD as in the first disk. The R-
coordinate, on the other hand, is not measureddky4ddand 5. Therefore, the error increases
at every next disk, reaching several mm for low rentam tracks.

Compared to the vertex detector, where very preuisasurement are spaced by distances of
few millimeters, the uncertainties on the extrapadaposition can be up to two orders of
magnitude larger. Therefore, a hit density (numifenits/mnf) that is quite tolerable in the
vertex detector, may lead to irresolvable ambigaitn the forward tracking disks.

The example in the two figures here above showarlgledhow the R-segmentation of the
detector has a large impact on the extrapolatiecigion. To determine the optimum value,
the track finder was run using a series of diffe@mbinations of R-resolution in disks 1-3
and 4-7. The results confirm that there is no gaimeducing the R-resolution below the
extrapolation error due to multiple scattering. Tperformance of two setups with R-
resolutions in the first disks of 10 and_{@0 is identical. The resolution requirement in the
outermost disks is more relaxed. The algorithmasntl to converge rapidly for all R-
resolutions up to 1 mm. Thus, double sided micrip-stetectors with a small stereo angle
would be sufficient. The pattern recognition pemiance of a detector based on single-sided
strips, even in combination with pixel detectorstire innermost disks, is found to be
insufficient.

The material budget is found to have a strong impadhe pattern recognition performance.
Increase of the material beyond 1 %/ Xisk leads to a strong degradation.

The integration time of the innermost three disks hlso been varied. The combinatorial
algorithm is found to converge for a number of gnégded bunch crossing of up to 10.

[I-1-4 Summary

Monte Carlo simulations are an invaluable toolhis tstage of the detector design. Over the
last year, the SILC simulation work package hadrdmurted in a very significant way to the
development of tools. The LICToy has been estaptishs a reliable and user-friendly fast
simulation tool. The geometry of the all four silictracker elements (i.e. SIT, FTD, ETD and
SET) of the Large Detector Concept has been impiéedein the MOKKA framework, as
well as a detailed model for the digitization o gignals.

The detector studies moreover rely on sophisticadednstruction software. A standalone
track finder has been implemented for the ForwaetRing Disks.

The impact of design variations on the tracker ggemince has been studied extensively.
Recently, the forward region of the tracker hagrezd considerable attention. The transverse
momentum resolution at small polar angle is degtadensiderably by the unfavorable
orientation of the magnetic field. The performanioss should be minimized by a
combination of the largest possible lever arm, BeoeR® resolution and minimal material.
Pattern recognition requirements can have a sagmfiimpact on the detector design. In the
very forward region, with a considerable level ofam-induced background and an
abundance of low momentum tracks, pattern recagnis particularly challenging. The first
full simulation studies indicate that a combinat@fnconsiderable R-segmentation, fast read-
out and minimal material is required for efficiemtd pure track finding.

[15] Presentations by V. Saveliev and M. Vos atfitet ILD Meeting, Zeuthen-DESY, Jan
2008.
[16] M. Berggren, SGV simulatigrnttp://delphiwww.cern.ch/~berggren/sgv_ug/sgvhtrgl
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[1-2: Lab test benches , description and present lts

Different Lab test benches are developed, they weetinuous upgrade and new ones have
been lately developed in the collaboration. Amdmase, three main types are at disposal: the
quality control of the sensors as developed at HERRJ IEKP and described in [3], the Lab
test bench for characterizing the new FE readout, ¢the related DAQ system and the new
modules at LPNHE also described in [3], that weeligldl as “multipurpose Lab test bench”.
Another one similar to this is for example avaitabt UCSC-SCIPP. Finally a new test bench
is being set-up at IFCA for developing the alignteybrid system and related issues.

[1-2-1: Multipurpose Lab test bench

The test bench developed at LPNHE, has been expthiis last year at the same time that
the new chip was characterized. The related FEdsahaat host the chips and the associated
new DAQ system were built and tested as well.

RTINS

The LPNHE test bench used
to test the functionality of
the new chip. The chip is
located on a special test
board; a sequence of test
parameters is sent as input
to the chip in order to test it.
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i

The new digitized FE readout
system and the associated new
DAQ system were developed
and tested at the Lab test
bench as shown here in front.
The bottom left photograph
shows the FE board equipped
with 4 chips, i.e. 16 readout
channels.

The bottom right photograph
shows the DAQ board
equipped with an FPGA and
an USB interface.

A test bench including a motorized 3D table, a D&yQtem LabView based, is used to test
the new modules and the associated new FE readipst @he Faraday cage in which the
overall set up is installed in shown in the pictuhere below.

Test set-up for the electronics and
the new modules at the LPNHE

Lab test bench.
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The photograph (left),here above, shows the 3D naetd table in the Faraday cage used to
test the silicon modules (even long ladders upntiddng) excited by a Laser diode or by a
Sr9 radioactive source. The photograph (right) zbomthe HPK module read out by the
new SiTR_130-v1 chip.

The measured S/B is shown in the Figure here b&oane channel of the SITR_130-v1
chip reading out the HPK module excited by a Seiaactive source. The S/B measured
value (MPV = most probable value) is of 15 in ttése for a strip length of 18cm.

S overB - chan 0 |

- SovB

B Entries 1822
Mean 15.6
RMS 9.326
%2/ ndf 47.49 | 40
Prob 0.1939
Constant 92.57 + 8.21
MPV 1496+ 0.55
Sigma 2919+ 0.287

Events

20 I 30 40 50
S/B (channel 0)

-
(=]

Other test results with the previous SiTR_180 pyqe were reported at the LCWS07
workshop [23].

[23] W. Da Silva and F. Kapusta, on behalf of thieCSCollaboration Source Test of the
180nm chip with GLAST and CMS sensord’roceedings of the LCWS07, DESY-Hamburg,
June 2007.

[1I-2-2: Alignment test bench

IFCA counts with a metrology laboratory where teStcomponents of the link alignment
system of CMS has been carried out [24]. The lafasa is 145 fy and has a free diagonal
path of 27 m plus reinforced concrete floor indefeent of the structure of the building. The
equipment includes 3 and 6 m long granite benclaasiyvibration tables with charge
compensation systems, and a high precision 3D gmisimeasuring machine.

Attached to it, there is a clean room (class 10a0@} allows working under controlled

temperature and humidity conditions, with a conohgcfloor. Inside this room, the optical

testing of the HPK and CNM alignment sensors wi#l éxecuted. The testing will be

completed with laser scanning, cosmic and betaegsotest in a dedicated test bench,
currently being commissioned (see picture herevipelo
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Components used for otial chandz#gion and scanlng of transparent
Si microstrip- detectors

Motorized 3D stages.

The assembly consists of 3 axes motorized linegyestfor characterization of large modules;
the moving head can scan a volume of 500mm x 30@2®0mm with a nominal precision
of 10 um. The linear stages [25] are controlled from tit2 \Wa an ethernet interface, see
Figure here below

By standard interferometric techniques, used fer ¢hlibration of machine tools [26], we
expect to achieve a sub-micrometric accuracy omtbasurement of the moving head. This
calibration will allow us to measure with sub-micretric deviations from the ideal stage
displacement.

LASER
f SOURCEHOLDER | pyr

=
&
&
VME CRA MOTOR &
COMTROLER 5 prd ;-?I]:SGER
= .
I — L ETHERMET IT D D § et
— |
\ LASER DRIVER 5 |,

3 AXIZLINEAR 3TACE

I_Io

Com |
ADC
FPGaA

VIERATION ISOLATED OFTICAL TABLE

Detailed sketch of the setup and connections betteecomponents.
DAQ system.

We are currently using a VME based DAQ system Hier readout of sensor prototypes. The
VME master is a CAEN-V1718 module that can be aeerdrom the USB port of the
standard PC. The DUT is readout by the ADC modul=R-V895B, a 14 bits, 100 MS/s
digitizer; the readout sequence is driven by theENA/1495 board a multipurpose
programmable board interfacing a FPGA chip to tiB\bus; the DAQ system is completed
with a leading edge discriminator board CAEN-V8@fhiementing the trigger logic.
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Laser system.

INTERFEROMETRIC UNIT

MOVING HEAD
LASER/SOURCE HOLDER \

CUBE CORNER REFLECTOR
Laser characterization of the sensor prototypes bel carried out both in the previous
described test bench and on the granite bencterfarmer test bench, the overall sensor
response and single strip characterization wiltdeied out. The granite bench will be used
for measurement of the deflection angle of thedmsitted laser beam going through the DUT.
The precise determination of the deflection anglguires a long distance between the DUT
and the "reference sensor", see Figure here below

For single strip laser testing, a 1060~nm DFB dizder [27] coupled to a fiber and using a
[28] collimator that will allow to create beam spatith a diameter of few microns.

Laser
Head

Reference -~ H ____________ . / _________________________________ ]_3 UTER‘“‘* |

Sensor

Incident

Granite bench beam

Alignment bench configuration for measurentéiteam deflection introduced by the
DUT. The DUT is mounted in a 2D or 3D linear stage

[24] M. G. Fernandez et al.S&émitransparent amorphous silicon sensors for thi&sC
alignment: an in-depth stutiyNIM A440, Issue 2, 1 February 2000, Pages 372-38
[25] Adept Technology, Inc. http://www.adept.condgucts/details.asp?pid=65

[26] Agilent 5529B Laser Calibration System.
http://www.cdmeasurements.co.uk/agilentlasers_bagatem.htm

[27] Fermion | series, Micro Laser Systems, Inc.
http://www.microlaser.com/Fermionl_Specs.html

[28] Schafter + Kirchhoff, GmbH. http://www.sukhaony.de/download/fk60fc_e.pdf

[1-3: Test beams

An active program of test beams was launched aétigdeof 2006 and implied a lot of work
during the overall last year. It will proceed omrdk next years essentially following the E.U.
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EUDET framework and programme of work. Despite geanEuropean project, it should be
pointed out that the facilities and all the infrastures are also available for all the SILC
partners included the non European ones.

[1-3-1: Test beam in DESY in 2007

Two weeks of tests at DESY in June 2006

were achieved in continuation of those

made on November 2006 [3].

The attempt was made to measure the S/N

ratio for the first SIiTR_180 chip that

included only the analogue part up to the

comparators and to compare with the VA1

reference chips.
- | Lol In parallel at the LPNHE Lab test bench
2 “ was tested a new module made of 3 CMS
k ' ; 7 sensors and with 16 channels read out with
- , X the SiITR_130-v1 chip (see II-2-1).

Silicon modules in the Faraday cage insertet agsociated to the new chip with digitized

in between the beam telescope at DESY  readout, a new DAQ hardware based on an

enter htem |

< t_COG Entries Zﬂ;;_: FPGA board plus USB interface was
ety RUS 3695 tested. The new DAQ software was tested
1000 as well. But it was not possible to have this

overall new system ready in time for the
DESY test beam in June.

800

600 However it was a good training camp for
s00l the October test at CERN.
zon}

:.ﬁ;mw._ﬁ\ PP = 1 I T D, S I

DD 100 200 300 400 500

Online beam profile from Silicon layer read
out by VA1 chips

[1-3-2: Test beam at CERN in 2007

The test beam at CERN, was achieved at the H6 &% brom October 10 to 22, 2007. The
main goals were to test prototypes of the new HAMKIBU (HPK) large size sensors that
were just delivered on Octobel Aind the new front readout chips made by LPNHE and
LAPP, using CMOS 130nm UMC technology. Relatedt ta completely new DAQ systems
both hardware and software was developed. Moredveras a combined test with the
EUDET pixel telescope. Indeed SiLC and the EUDH&seope performed the first EUDET
combined test beam (see ILCNews article of JanR@dg).

Three Silicon modules with their related FE readelettronics and DAQ constituted the
tracking system that was tested this year.
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The three Silicon modules
sitting inside the Faraday cage
were  precisely  positioned
thanks to rails in which they
were located as shown in the
picture here on the left.

. The detailed drawing of the Faraday eaghere the three Silicon modules were installed

Details of the overall system installed and testettie H6 beam are given here below. A
photograph on the left here below, shows the setrapthe Silicon tracking system installed
in between the two parts of the EUDET telescope.

-2 boxes containing the 2 parts of the
EUDET pixel telescope

SN per module and attempt of track
reconstruction possibly refined with
the pixel telescope (:

Box for transportation of the SILC
modules, here with HPK module
and 3CMS-130nm module

The insulating box including 3 SILC modules
is installed in between the 2 parts of the pixel
EUDET telescope (3 pixel layers on each side)
in the beam area H6 at the SPS CERN

The 3 SIiLC modules are as follow:

1) 3 CMS sensors (L=28.5cm, 500pm thick;
183 pm pitch read out by VA1 chips= Referenc
2) Same type of module (3CMS), read out by
130nm chip
3) Module made of 2 new HPK sensors; read
out by 130nm

Photographs of the test set up at the R6-8eam (top left) and of the modules in
their transpob(bottom right)

The new HPK microstrip sensors are single-sideti % 9.15 crfi, thickness 320pum, and
50um pitch. One out of the 3 modules installedhe SILC Faraday cage was made with
these new sensors that were delivered just few dajsre the start of the run (see also
photograph bottom left here above). The collaboratvith the Bonding Lab at CERN and
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especially of A. Honma, I. McGill and M. Moll wassential in preparing both the Silicon
modules and their FE boards.

The chip SITR_130-v1, made in CMOS 130nm technolegg used to equip the FE borads
for the HPK module and one of the 3-CMS moduleg (s8-2 and II-2-1). It included the
complete FE and readout chain which processesdfeetdr signal including A/D conversion.
Each chip prototype was reading out 4 channelst &ach chips were installed per F.E. board.

A new DAQ system was developed able to read thedifferent Silicon modules readout
systems, namely one read out using the VA1 analobips (from IDEAS used as reference)
and the other one being developed to read outithezdd information provided by the new
130nm chip prototypes. This DUT DAQ system was eissed to the EUDET pixel telescope
DAQ and to the timing/trigger unit TLU. This is aew (EUDET) timing unit used to
synchronize both detector systems (Telescope antl) Blith the beam trigger. A schematic
view of the overall DAQ system is shown in the Faghere below.

TELESCOPE + DUT TESTBEAM = Overall DAQ + Beam & trigger:
IFCA + CU Prague

= Telescope DAQ: Telescope group
DUT = DUT DAQ: LPNHE

Beam Triggers

Trigger Logic Unit (TLU}

Trigger + Resat

—_

TEL. HW | DUT DAQ

. PC

tel. ctrl

Schema of the DAQ system developed for the SP&testin October including the
EUDET telescope DAQ system and the SiLC DAQ systetime Silicon detectors (DUT)

The installation took one day and we spent aborgetldays in order to have everything
running smoothly and well checked. Some SILC caltators participated to the test beam of
the EUDET telescope in order to be trained to hisinew device as well as the TLU.

The used beam was 120 G&\beam and some runs were done with reduced maitiply
closing the beam slits. Also some runs were talawying the running conditions on the FE
electronics (changing the low voltage setting atbtire nominal value for the FE chip) and
the bias voltage on the sensors.

Some very basic and preliminary plots were maddabla by the analysis/monitoring team,
during the data taking. They are shown here betbe;four uppermost plots are from the
module which has all the 512 channels read out feitih VA1 chips. It serves as reference
but also it shows the beam signal and thus thatythirg in the DAQ system is properly
working. This series of plots are shown in the feghere below.
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Fig.5. Preliminary plots: the top two plots show the rastaldistribution for the reference
module read out with VAlchips (512 channels) aeddNS large TOB sensors that equipped
this module (left is with high multiplicity beangt with low multiplicity). The next two plots
show the hit maps for the two cases mentioneddiamvee; the last bottom left plot shows the
Signal to Noise ratio for the reference module pregiaround 20 and the right plot shows the
pedestal (blue) and the signal (red) as given by cdmannel of the new FE chip (130nm).

A detailed analysis of the data was performed wHenls. The most important result is the
determination of the S/N ratio for the new chipd #&me new HPK sensors [29, 30].

‘ Stady : /dataidasitvassilefesididaro Test/datacern/Boam_ Wafirid/LC_3X_20_oct_ 0201 2mNs.cxr |

A typical S/N value (MPV=

| Signal to noise ratio: Chip 1 - Strip 3 | Entries 5615 maximum probable Value) Of
Mean 3.411
RMS s303 | 16 is obtained for one single
10° 5 1/ ndf a488/45 | channel. This is shown on the
ST e aavs | PIOt here on the front left. It
= Const. ws7+3s | varies typically from 13 to 18
. BN oo Sigma 1.276 + 0.058 per channel.
‘g",m When gathering at least 2
. channels it increases to more
s than 20. This is a quite good
£10 result for strips 18.3cm long
2 and also compared to the

results obtained with the VA1
chips and based on all the
channels and not a single or

‘ I | | S | | | | | Very feW Channels.
15 20 25 30 35 40
Signal to noise ratio
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More results are extracted from the large amountest beam data. Besides, a series of
additional tests with the Sr90 radioactive souragehbeen lately taken at the LPNHE test
bench and are under analysis. A report will be gmoduced with a complete series of results
combining both those from the CERN test beam andelirom the Lab test bench. Together
with the detailed characterization of each blockhaf SITR_130-v1 described in 1-3-2, these
latest results will give a complete view of thel fetharacterization of this new device and of
its performances.

To conclude this test beam at CERN was quite sstidesnd demonstrate that the SiLC test
beam crew has acquired now a good experience oddsign, preparation, setting up and
analysis of data for these test beams. Moreowsa# the first experience of a combined test
beam (Vertex EUDET prototype plus our Silicon DU the ILC community.

The list of people that participated to the testrbes given at the end of this document.
The sharing of tasks for the preparation and thaing of this run is indicated in the Table 1.

Topic Team(s) in charge Other collaborating teams
Sensors HEPHY IEKP, LPNHE
Module construction IEKP, LPNHE and CERN
FE Electronics LPNHE
DAQ Hardware:
- Front-End boards LPNHE CERN bonding Lab
- FPGA boards LPNHE Barcelona University
- TLU unit EUDET CuPrague, IFCA, Geneva U.
- cabling LPNHE
DAQ software
- General software IFCA
- Telescope software Geneva U (EUDET telescope)
- Silicon tracking system| LPNHE Barcelona University
Installation IFCA, CuPrague, LPNHE EUDET Telescope
Data taking IEKP-Karlsruhe, HEPHY Vienna, LPNHEiBaCu Prague
IFCA Santander, Torino-INFN and Uni of Torino+ Gea®
Analysis Cu Prague | LPNHE Paris

Table 1: Sharing of tasks for the preparation ane tunning of the SiLC beam test in 2007.

[29] W. Dasilva and F. Kapusta, on behalf of theCStollaborationPreliminary Results of
the 130nm chip CERN test begonesented at the Sixth SiLC meeting in Torinal{lt, Dec
2007, in:http://wwwe.silc.to.infn.it/doc/papers/wilfrid_dasd.pdf

[30] A. Savoy-Navarro, on behalf of the SiLC Colbasition, The latest developments of the
SILC Collaboration presented at the TILCO8 Workshop in Sendai (Japdarch 2-7, 2008,
in http://ilcagenda.linearcollider.org/conferenceOthews.py?view=standard&confld=2432

[I-3-3: Test beams schedule in 2008-2009

Over these two years, the SILC test beams will pauthree test beam facilities. A

preliminary schedule of these test beams as theprasently foreseen is given in the figure
here below. In 2008 the test beams will be dond BbCERN and at DESY. In 2009, the test
beams will be done essentially at FNAL and whethrarot there will be a continuation of the

tests with the LCTPC at DESY is still to be defined
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[1-3-3-1: Test beam at DESY in 2008

There will be a combined test beam in collaboratiotih the LCTPC collaboration. It will
start with cosmics in summer 2008 and will proceeith a test beam starting in September
when the DESY test beam facility is again availafleis test beam was already described
described in I-1-2-1 and references there in. Tegegration on the SiLC side is on-schedule.

[1-3-3-2: Test beam at CERN in 2008

Two requests to the CERN-SPSC for test beam hawn submitted by the SiLC
collaboration on November 15, 2007 for test bedwocation in 2008 and have been actually
accepted.

The system to be tested in 2008 at CERN will ineladset of new Silicon modules that will
be tested with a beam telescope; the EUDET telesadpbe used, in a therefore combined
test beam, for the test beam in June and beforereitsoval back to DESY. Many
improvements are expected with respect to this igstibeam. They include:

1) New sensors with eventually some ones based onl ri8etechnology (3D planar
microstrip prototypes) Comparison of performanacesarms of S/N and also spatial
resolution will be performed between the differerddules.

2) New SIiTR_130-96 FE chips that will include the fudadout chain i.e. a test pulse
included now in the FE chip itself, power cyclingdasome upgrades with respect to the
present version, namely: in the shaper, the sparddr zero suppression, the analogue
pipeline. Moreover the new chip will include thgitil part (managerial part) not part of
this present version. Performances of this new walilipbe compared with the reference
ones (VAL chip) and with the ones of the chip t&shes year, in terms especially of S/N
response.

3) A new DAQ system based on a new FPGA board to fhietdata taking of the overall
DUT system (this year we had one FPGA board peruedd® new DAQ software able
to efficiently handle the functioning of the telepe and the DUT is also being developed.

4) A new monitoring system to monitor the functionioigthe system will be prepared as a
direct outcome of the analysis of the present data.

5) A new alignment system based on especially tres¢e@dors (provided by HPK) and an
IR laser system.

6) A new insulating box made of new material with tleguested thermal and electrical
insulating properties.

7) A track reconstruction programme able to combireetthck found by the DUT with the
ones found by the telescope.
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A first beam period of one week is allocated by ##SC from May 31 to June 4, 2008. This
first beam period will be concentrating on testthg new HPK sensors with test structures
that we ordered in 2007. These structures contaipsswith different widths and different
number of intermediate strips. By using the vergcige EUDET telescope as reference, one
could measure the resolution of the different sgygometries included in the structure very
precisely, even under different DUT angles. Sirtoes¢ parameters are very dependent to
multiple scattering, the high energy beam of th& $”a very good opportunity for testing
resolutions in order of few microns. The result Wowllow determining the sensor
characteristics providing the best resolution.

The details of the sensor structures weae delivered by HPK in October 2007, and
that will be tested in this first beam test perer@ discussed in I-2-1; The readout system
used for this test will be based on APV25 systeshdgailable among the SiLC collaborators
also members of CMS, thus independently of the REwchip date delivery. This new chip
will be tested in the second period allocated itoDer 2008.

The list of topics 1) to 7) are under developmet should all hopefully be ready by October
2008. This is the period of time where we wouleltk have our second beam test at CERN
SPS with duration of two weeks. Back up solutioressaudied or already foreseen in case one
of these topics fails to be ready in time.

The teams that already register to participatbeaest beam preparation and data taking are:
Barcelona University, CNM-IMB/CSIC, IEKP Karlsruh®bninsk State University, LPNHE
Paris, Cu Prague, IFCA Santander, Torino-INFN and/&rsity; HEPHY Vienna, some other
teams already indicate their interest in particigato this test beam.

The present sharing of tasks is listed enTthble 2 here below

Topic People in charge Other team collaboratinig) to
Sensors HEPHY IEKP, LPNHE, more tg
come

Novel technology VTT and HIP HEPHY, LPNHE
Module construction IEKP and LPNHE More to come
FE Electronics

New chips: LPNHE Barcelona U. and LAPP

VAL reference LPNHE

APV25 reference IEKP Karlsurhe+HEPHY
DAQ Hardware LPNHE, Barcelona U.

IEKP, HEPHY (for APV25)

DAQ software IFCA LPNHE and CU Prague
Monitoring system tba CuPrague, IFCA, LPNHE
Alignment IFCA IMB-CNM/CSIC
Insulating box Obninsk State University
3D Table Torino-INFN & Torino Uni.
Analysis software Cu Prague LPNHE and more to come
Track reconstruction tba Several teams
EUDET telescope running IFCA Cu Prague,EUDET t=ps

Table 2: Sharing of tasks for the preparation andmning of the SiLC test beam in 2008.
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[1-3-3-3: Test beam at FNAL in 2009

The SiLC collaboration will join next year the coméd test beam that is launched this year
by the CALICE collaboration at FNAL test beam asgal that will continue over the next
year. The so-called 4-layer prototype describedreedvill be installed in this test beam. The
installation is foreseen around June 2009 andristalied Silicon device will be available for
the overall combined effort until the end of 200%is is also in the framework of the E.U.
EUDET project. It is foreseen to have our US antAslleagues from SiLC and also other
colleagues from SiD to join this effort. This isdan discussion. The preparation/construction
phase for this test beam will start in the secaadfidf 2008.

Here below is the list of people that contributemlthe beam test at CERN in 2007:
University of Barcelona: (David Gascon, Jordi Riera and Xavier Vilasis)

IEKP Karlsruhe : (Peter Blum, Frank HartmannMartin Frey and Karl Heinz Hoffmann,
IFCA Santander: Javier Gonzalez Sanchez, Marcos Fernandez GéararaVila,

Cu Prague Zdenek Dolezal, Zbyniek Drasal, Peter Kvasnicka ,

HEPHY Vienna: (Stephan Haensel)

Torino University : Diego Gamba and Mario Pelliccioni,

LPNHE Paris: Catalin Ciobanu, Wilfrid Dasilva, Jacques Davidlarc Dhellot, Jean
Francois Genat, Jean Francois Huppert, FredericigtapThanh Hung PharAurore Savoy-
Navarro(Guillaume Daubard, Patrick GhislajnFrancois Rossel, Rachid Sefri

(In parenthesis are people that contributed in pneparation but didn’t participate to the test
beam at CERN itself, i.e the installation and datdng).

CERN Bonding Lab: Alan Honma, lan Mc Gill and Michael Moll

EUDET telescopelngrid Gregor, Tobias Haas ardllaborators and special thanks to Emlin
Corrin and Daniel Haas.

PART IlI: Participation to the LOI’s, organizationand perspectives
SiLC as all the other main ILC R&D collaborationshta fit with the evolution of the ILC
roadmap which we summarize in the figure here below

08 09 10 11 12 13

[. ¥ A S - = o L2

EUDET(FP6) :lLOM >[ Dm-z

DeVDET(FP77?)

« R&D (ILC) {
* ILC Detector Optimization I
+ Beam tests * R&D (générique: SLHC,LC, nettrino) :
* LOI-1= detector validation * ILC detector optimizatin I

* Beam tests
* LOI-2= choice of detectors -
onstruction

R&D et preparation of LOI's

SiLC and ILC Roadmap (present status)

49



[11-1: Milestones and Participations to LOI's

The main challenge in the present ILC scheduléhferperiod going from 2008 to 2012, is the
two-stage LOI procedure It is mandatory for SiLC to actively participaie each stage of
the LOI procedure, with stage 1 (LOI-1) being tradidation of the detectors and stage 2
(LOI-2) being the choice of the detectors that wilklly go for construction.

Presently three detectors are intending to premeh©Ol: the ILD, the SiD and thé"Zoncept
detectors All three have expressed their interest in the Sild®llaboration work Indeed
each of these detectors have a tracking systennitiaties Silicon components (ILD with the
Silicon components completing the central TPC teacks described in this present status
report), the SiD which is a all-Silicon trackingssgm and the"4concept which is looking for
what they call thelJest tracking system

Another important point in this schedule is th&J. EUDET program that gives support for
part of our R&D activities, valuable framework esiadly in terms of test beam facilities, and
which fits well with the first part of the ILC roathp, namely until end 2009. For the period
2010-2012, another project is launched and shoojefully provide, if accepted, additional
support for this second period as well as an eathopllaborative framework in the European
space for research with outcomes for our non Ew@opartners too.

Finally and since the very beginning SiLC has emspdeal the strong synergy between the
ILC and the LHC and its upgrades. This is especitille in this domain of R&D. The
collaboration SILC has already developed strongheotions with LHC. It will be certainly
reinforced in these years.

The SIiLC R&D has a well-defined work plan [3 andladdum] for developing all the needed
R&D aspects in these coming years, especially @otll0. It will be carefully readjusted year
to year and even 6 months per 6 months in ordeope with various important issues still
unknown. This flexibility is mandatory because B&D tackles high tech issues and because
of the still possible changes in the ILC overaledule in these next years and up to 2012.

In order to give the needed contribution to theedietr LOIs, the SiLC collaboration is
working on all the R&D aspects described in paMdareover the development of the tools is
essential as well. Simulations studies are instriatefor the optimization studies that are
starting for the three detectors; SIiLC has takepaasibility in the Silicon tracking for the
ILD and prepared the needed framework.

A certain number of SILC teams are interested endther concepts and will devote time to
study the all-silicon tracking alternative or othlmossible scenarios with gaseous detectors
plus Silicon tracking.

It was clearly stated at the TILCO8 [30] and takdso as conclusion in the summary talk on
“Vertexing/Tracking” by Takeshi Matsuda [31], tH&BILC is a transversal R&D activity. It
intends to play a major role to study and compéue tracking alternatives proposed for the
ILC with a joint optimization task forte

[1I-2: Organization of the collaboration and sharig of tasks

The organization of the overall R&D collaboration terms of definition of tasks, of
responsibility or sharing of resources and of defjrmilestones is being reinforced this last
year. This is driven by the increase in interethe teams to actively participate to the R&D
effort and by the increase in amplitude and chgksnof our R&D activities. Moreover the
advances made in various R&D aspects and the dawelats of collaborative efforts with
industrial partners impose to reinforce as well coltaboration bylaws. This is presently in
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progress via MoU’s and NdA’s, MTA’s procedures tlaa¢ being established/defined. The
general present distribution of tasks is givenhsy flow diagram here below and the Table 3
that specifies the names of Institutes currentbyisig these tasks.

Spokesperson &
Executive Boar

Speaker Links with Funding
Bureau [Tl agencies, EU and R&Ds
Sensors [ Electronics ] [ Mechanics —
Test beam &
Lab testbenc p P
Ee VFE&readout } CAD design J
|| DAQ& - R&g _on detectc \Of detector
monitoring p < p
Pixels Wirin_g Module }
| Logistics = R&D L +cabling ) L development
1
(o o )
Data DAQ&off [ Detector }
- o detector prototvoe
analyse readout elec
\ J _[ Alignment ]
Main topic Specific items Coordinator Participating Institutes
Sensors Microstrips HEPHY VTT-HIP, LPNHE, IFCA, kErpool
U., HPK-Photonics
Pixels-DEPFET IFIC CU-Prague,
Other tba tba
Electronics FE readout LPNHE BU Barcelona, LAPPIFBEUCSC
DAQ (DUT) LPNHE HEPHY (APV25), LPNHE,
DAQ (general) IFCA Barcelona U, CU Prague
Mechanics Modules IEKP IFIC, Korean group, Liverpami.,
LPNHE
Prototypes tba IEKP, LPNHE, Liverpool U., IFIC,
Torino U.,
Alignment IFCA Michigan U.
Cooling OoSuU LPNHE, Torino U., IFIC
Simulation IFIC(M Vos) | CU  Prague, HEPHY, IFCA,
OSU(Saveliev) KOREAN Group, LPNHE, UCSC
Test beams DESY Z. Dolezal See Table 1 and 2
CERN A.Savoy-Nav.| See Table 1 and 2
M. Fernandez
FNAL tbd Table 1 and 2 + non E.U partners
DAQ software IFCA+LPNHE tbd + other colabrators (EUDET gt
al.)
Analysis/monitoring tbd CUPrague, LPNHE, IFCA
tasks

Table 3: current sharing of tasks and responsiletit
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Collaboration Meetings

The organizers of the ECFA Workshop in Vienna invélmber 2006, initiated the SILC
collaboration Meetings. Since then two collabormatimeetings are held in the different
Institutes that are collaborating to SiLC. Theyt % or even 3 full days. After Vienna, Paris,
Liverpool, Barcelona, two SiLC Collaboration meggnhave been organized in 2007. The
Fifth SILC Meeting was organized by the Charlesvédrsity in Prague on April 25-27 (see
http://www-ucijf.troja.mff.cuni.cz/ilc/silc/meetingtml/progr.ntm) and the Sixth SILC
Meeting in December at the University degli StudiTiorino (seéhttp://www.silc.to.infn.it/
and an article on the ILCNews in January 2008)hwait attendance of 25 people in Prague
and about 50 in Torino.

Our collaboration meetings are an occasion to eds@®w what other experiments are/have
been doing (especially the LHC experiments: ATLASVIS, LHCb and ALICE). People
from other sub detectors are also invited as thERC group in Barcelona.

In Torino meeting people from the SuperB factomese invited as well as several teams
working on various aspects of the pixels new dgwalents, especially on the 3D, and
representatives of the 3 detector concepts as well.

In 2008, the two scheduled collaboration meetindisbe held at the very end of May in
Moscow (organized by V. Saveliev) and mid Decen{beganized by A. Ruiz-Jimeno) in
Santander.

[31] T. MatsudaA brief Summary of the Talks in the Vertex/Tradkarallel Sessionst the
TILCO8 Workshop, Sendai (Japon), March 2-7, 2008ian
http://ilcagenda.linearcollider.org/getFile.py/ass@contribld=21&sessionld=2&resld=1&ma
terialld=slides&confld=2432

Concluding remarks
Over this last year, the SIiLC R&D collaboration fedhieved in many ways an impressive
step forward. Advances in various fronts such as:
= The sensors: new microstrips with collaborativeefbf founders including HPK;
novel 3D-planar techrgytpdeveloped expertise/interest in new pixels.
= The FE readout chips in 130nm CMOS technology faligracterized and proven to
work in realistic test beam conditions.
= Design, layout and sending to foundry of the neatsion that will equip large protos.
= Wiring of the chip onto the detector is in progresth Industry.
= Gained expertise on all aspects of test beams (Ced@lysis of data, first combined
test with EUDET beam telescope).
= Detector prototypes are built and tested at Lalclhamd test beam (DESY, CERN);
= Alignment and Cooling
= A task force on simulation, gathering expertiserfrearious Labs in a coherent way
and impact on the optimization of detectors for §QLD) and more to come.
= Developing collaborative effort on simulation withe other sub-detectors and all
detector concepts.
= Building up the collaborative framework with twollkedboration meetings per year in
different places; real forums, exchange of knoweedgd expertise, definition of tasks
and responsibilities.
= Enlarged collaborative effort from already partatipg teams but bringing now more
people and expertise to this R&D collaboration,duse increased interest in the R&D
and decrease involvement in the LHC constoct
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Apart from a valuable expertise they reinforce slgpergy between ILC and LHC. This is to
the benefit of both the LHC upgrades and the ILOIR4S it is already appearing quite clearly.
It gives SiLC an additional asset.

But in order to allow us (as all the other ILC Ré&ldtivities) pursuing successfully our R&D
program, it is essential that we continue getting heeded means in terms of funds and

persons in the forthcoming years and despite tbee@ased competiton with other projects in
the field..
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