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TALENT&in&a&nutshell&

•  Marie&Curie&Ini*al&Training&Network&in&the&
context&of&the&ATLAS&Tracker&Upgrade&program&

•  TALENT&runs&January&1,&2012&un*l&December&31,&
2015&

•  4.5&M&Euro,&EC&FP7&Marie&Curie&Ac*on&

•  TALENT&offers&15&posi*ons&for&the&EarlyVstage&
researchers&(PhD,&3&y)&and&2&posi*ons&for&
Experienced&researchers&(PostVdoc,&2y)&&

TALENT&Ini*al&Training&Network&&



TALENT&Network&
3"Research"facili-es,"7"Universi-es,"8"Industrial"partners&
&&

•  CERN,&Switzerland&
•  Fraunhofer&IZM,&Berlin,&Germany&
•  Centre&de&Physique&de&Par*cules&de&Marseille,&France&
&&
•  Wirtscha^s&Universität&Wien,&Austria&
•  NIKHEF,&Amsterdam,&The&Netherlands&
•  Universität&Bonn,&Germany&
•  Bergische&Universität&Wuppertal,&Germany&
•  Université&de&Genève,Switzerland&
•  University&of&Oslo,&Norway&
•  Ins*tute&de&Fisica&d’Altes&Energies,&Spain&
&&
•  IBA&Dosimetry&GmbH,&Germany&
•  Composite&Design&SA,&Switzerland&
•  Bgator&Oy,&Finland&
•  Centro&Nacional&de&Microelectrónica,&Spain&
•  CIVIDEC&Instrumenta*on&GmbH,&Austria&
•  A.D.A.M&SA,&Switzerland&
•  CiS&Forschungsins*tut&für&Mikrosensorik&und&Photovoltaik&GmbH,&Germany&
•  Atostek&Oy,&Finland&&

TALENT&Ini*al&Training&Network&&



TALENT&Researchers&
WP& Title& WP&leader& ESR/ER&

posi*ons&
Hiring&
ins*tu*ons&

2& Development&of&very&radia*onVhard&
precision&pixel&sensors&

CERN& ESR&1&
ESR&2&
ESR&3&

CiS&
University&of&Bonn&
CERN&

3& Development&of&radia*onVhard&highV
density&electronics;&interconnec*on&
with&sensors&

University&of&Bonn& ESR&4&
ESR&5&
ESR&6&

University&of&Wuppertal&
University&of&Bonn&
CERN&

4& New&mechanical&integra*on&
methods&

Nikhef& ESR&7&
ESR&8&
ESR&9&
ER&1&

Nikhef&
University&of&Wuppertal&
Nikhef&
University&of&Geneva&

5& Detector&performance&and&system&
integra*on&

University&of&Oslo& ESR&10&
ESR&11&
ER&2&
ESR&12&
ESR&13&

CERN&
University&of&Geneva&
Atostek&
University&of&Oslo&
CERN&

6& Dissemina*on,&knowledge&transfer&
and&external&research&funding&

Vienna&university&of&
Economics&and&Business&

ESR&14&

ESR&15&

Vienna&university&of&
economics&and&business&
Vienna&university&of&
economics&and&business&
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The&ATLAS&experiment&

10/28/13& Training&for&cAreer&deveLopment&in&high;
radia*on&ENvironment&Technologies& 5&

• &The&ATLAS"experiment"at"the""Large"Hadron"Collider"(LHC)&

• &2900&scien*sts&from&more&than&37&countries&collaborate&in&design,&

construc*on&and&data&analysis&

• &172&ins*tutes&and&universi*es&

• &~&500&industrial&partners&during&design&and&construc*on&

• &web&site:&hop://www.atlas.ch/&&



The&LHC&upgrade&program&
•  From&now&to&HLVLHC:&

10/28/13& Training&for&cAreer&deveLopment&in&high;
radia*on&ENvironment&Technologies& 6&



The&ATLAS&Tracker&upgrade&
•  PhaseV0&Upgrade&(2013V14):&

The&new&“Insertable&BVLayer”&(IBL)&will&
extend&the&pixel&detector&system&to&a&4V
layer&system&with&finer&segmenta*on&and&
at&smaller&radius&

•  PhaseV2&Upgrade&(2022):&

Complete&new&ATLAS&tracker&for&pixels&and&
strip&detectors&

10/28/13& Training&for&cAreer&deveLopment&in&high;
radia*on&ENvironment&Technologies& 7&



Challenges&for&the&future&
•  Increased&luminosity&

requires&
•  Higher&hitVrate&capability&
•  Higher&segmenta*on&
•  Higher&radia*on&hardness&
•  Lighter&detectors&

•  Radia*on&hardness&
improvement&compared&to&
now&
•  IBL&approx.&factor&5&
•  PhaseV2&approx.&factor&

10V30&

10/28/13& Training&for&cAreer&deveLopment&in&high;
radia*on&ENvironment&Technologies& 8&



The&ATLAS&Pixel&
•  3Vbarrel&layers&+&2x3&disks&with&planar&nVinVn&silicon&pixel&sensors&

•  80&million&pixels&readout&with&FEVI3&pixel&chip&(pad&size&400x50&
µm)&

•  Radia*on&hardness&~&50Mrad&,&1&x&1015&neq/cm2&

10/28/13& Training&for&cAreer&deveLopment&in&high;
radia*on&ENvironment&Technologies& 9&



The&Insertable&BVLayer&“IBL”&

10/28/13& Training&for&cAreer&deveLopment&in&high;
radia*on&ENvironment&Technologies& 10&

  Provide&ATLAS&with&a&4&Layer&Pixel&Tracker&from&2014&onwards&
 Maintain&and&improve&physics&performance&(bVtagging,&light&jet&rejec*on)&un*l&HLV

LHC&
  Inser*on&of&new&pixel&inside&current&pixel&detector:&Insertable&B&Layer&IBL.&&
  IBL&sensors&at&~34mm&radius:&250&Mrad&TID&and&5.1015&neq/cm2&NIEL.&&



IBL&key&goals&
•  Sensors&with&higher&radia*on&hardness:&

•  Improve&radia*on&hardness&by&factor&5&(5&x&1015&neq/cm2)&

•  New&readout&chip&with&fine&segmenta*on,&more&
ac*ve&area&and&improved&hitVrate&capability&
•  New&readout&architecture&and&smaller&cell&size&250x50&µm&

•  Large&singleVchip&(21x19mm2)&

•  Lighter&detector:&less&radia*on&length&in&support&
and&cooling&
•  Improve&radia*on&length&per&layer&from&2.7%&to&~&1.5%&to&

minimize&mul*ple&scaoering&in&closest&layer&

•  Requires&lighter&and&less&material&for&support&and&cooling&

•  High&efficiency&CO2&cooling&at&V40C&coolant&temperature&

•  New&offVdetector&readout&system&
•  Matched&to&FEVI4&pixel&chip&&&Increase&readout&speed&by&factor&2&&

10/28/13& Training&for&cAreer&deveLopment&in&high;
radia*on&ENvironment&Technologies& 11&



Stave&and&module&arrangement&

12&
12 

Transi*on&to&
cables&

Staves&

Services&

IP&

Underside&of&stave:&IBL&modules&

•  14&staves&
•  Each&stave:&32&FEI4&chips&

•  For&3D&sensors:&1&sensors&+&1&
chip&=&1&module&

•  For&planar&sensors:&2&chips&+&1&
sensor&=&1&module&

•  Total&installed&224&planar&
modules&or&448&3D&modules&



IBL:&14&staves&around&beam&pipe&



Silicon&Sensor&:&3D&and&Planar&
3D slim edge (CNM, FBK)  Planar n-n Slim Edge Design (CiS) 

o   column through ~full bulk 2 electrodes per pixel  
o   depletion horizontally (short depletion width leads 

to low bias voltage) 
o  Manufacturing yield now being tested with pre-

production runs by CNM and FBK   

o  minimize inactive edge by shifting guard rings 
underneath active pixel region 
.  200 – 250 µm inactive edge achievable 

o   test signal after full IBL irradiation now 
o   manufactured by CiS similar present Pixel 

700nm&DRIE&
stopping&
membrane& FBK&DRIE:&

Full&thru&columns&



CVD&diamonds&in&Beam&Monitor&

•  The&Diamond&Beam&Monitor&(DBM)&for&ATLAS&

•  Monitors&the&luminosity&for&each&bunch&in&
real&*me&
•  24&DBM&modules&arranged&in&8&telescopes&
–  21x18 mm2 polycrystalline CVD diamonds 
–  FE-I4 ATLAS IBL pixel chip 
–  336x80 = 26880 channels, 50x250 µm2 

10/28/13& Training&for&cAreer&deveLopment&in&high;
radia*on&ENvironment&Technologies& 15&



Depleted&CMOS&sensors&

• &Tradi*onally&used&specialty&
process&to&fabricate&silicon&
sensors&on&highVresis*vity&silicon&
–&costly&and&not&many&&vendors&
for&larger&volumes&

• &CMOS&sensors&are&used&for&
imagers&in&camers,&i.e.&for&photon&
detec*on&at&low&energies&V>&large&
volume&at&lower&price&

• &Combine&processes&to&allow&
charged&&par*cle&detec*on:&
Depleted"HVGCMOS"sensors"

•  Create&depleted&volume&under&
nVwell&V>&this&serves&as&volume&
for&par*cle&detec*on&

•  Electronics&is&include&in&sensor&
pixel&V>&“Smart&Pixel”&allows&
first&processing&of&informa*on&
on&sensor&

•  In&some&processes&all&sensor&
and&electronics&can&then&be&
integrate&on&same&chip&

•  Depleted"Monolythic"Ac-ve"
Pixel"Sensor"(DMPAS)"



New&genera*on&Pixel&FE&chip&

•  New&architecture&for&
higher&efficiency&at&
high&hit&rates&

•  Smaller&pad&side&to&
improve&paoern&
recogni*on&and&impact&
parameter&resolu*on&

•  Higher&radia*on&
hardness&(~300Mrad)&

10/28/13& Training&for&cAreer&deveLopment&in&high;
radia*on&ENvironment&Technologies& 17&

•  The ATLAS FE-I4 pixel readout chip in IBM 
130nm CMOS 



Detector&readout:&new&system&
•  Readout"Driver"(ROD)"upgrade"to"twice"speed"

(160Mb/s):&
•  ROD"firmware"design"is"ongoing"

•  The"design"of"a"full"DAQ"chain"simula-on"
environment"has"started"

•  BackGofGCrate"card"(BOC):"makes"op-cal"data/cmd"
link"from"control"room"to"IBL"modules&

•  Detector"optoGlink:"
•  Placed&near&IBL&inside&ATLAS&detectors&
•  Converts&electrical&data/cmd/clk&LVDS&signal&to&opto&signal&for&

transmission&to&coun*ng&room&(~100m)&

18&

27/5/2013&H.&Pernegger&/&
CERN&
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CarbonVFibre&supports&
•  CarbonVfibre&support&structure&with&minimal&material&

•  Op*mize&s*ffness&and&thermal&conduc*vity&as&well&as&match&thermal&
expansions&

•  Qualify&material&for&use&in&highVradia*on&environments&(300Mrad&at&IBL)&

•  Cool&detectors&with&CO2&system&at&V40C&coolant&temperature&to&minimize&
leakage&currents&on&sensors&



IBL&integra*on:&Staves&and&beam&pipe&

New&ATLAS&VI&beam&pipe:&ready&for&integra*on&

1.)&Setup&beam&pipe&on&tool&in&ATLAS&SR1&
2.)&mount&each&stave&around&beam&pipe,&connect&to&services,&test&

Integra*on&with&beam&pipe&(in&SR1&at&CERN)&Transfer&of&beampipe&to&support&



All#Silicon#tracker#for#Phase#2#(TRT#would#not#cope#with#occupancy)#
Baseline#layout#of#the#new#ATLAS#inner#tracker#for#HL?LHC#
Aim#to#have#at#least#14#silicon#hits#everywhere#(robust#tracking)##

Forward'pixel'

Long'Barrel'Strips' Short'Barrel'Strips' Forward'Strips'

Barrel'pixel'

Cryostat'

ATLAS&Tracker&for&2022V>&



Pixel&Detector&
• &Pixel&sensors&in&several&technologies&proved&to&high&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&
doses&(planar/3D/diamond&shown&to&2×1016neq/cm2)&
• &IBL&pixel&(50×250µm)&OK&for&outer&pixel&layers,&but&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&
can&&go&down&to&25µm×125µm&pixels&with&65&nm&CMOS&
• &Test&structures&in&65nm&produced&and&even&studies&a^er&
irradia*on&
• &Larger&area&sensors&quads/sextuplets&produced&&
on&150mm&diameter&wafers&with&several&foundries&
• &Quad&pixel&module&produced,&being&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&
tested&and&results&look&promising&



Strip&Detector&
• &Strip&stave/padel&=&Hybrid&glued&to&Sensor&glued&to&bus&tape&
glued&to&cooling&substrate&



TALENT&Research&
•  Provides&research&to&upgrade"the"LHC"at"CERN&by&developing&new&stateVofV

theVart&technologies&for&a&new&precision&pixel&detector&for&the&ATLAS&
experiment,&the&Insertable&BVlayer&detector&(IBL),&and&for&future&precision&
tracking&detectors.&

•  The&TALENT&research&topics&are&

•  Radia*onVhard&precision&pixel&sensors&

•  HighVdensity&electronics&and&interconnec*on&

•  New&mechanical&supports&and&detector&cooling&

•  System&integra*on&and&performance&

•  TALENT&has&also&a&special&focus&on&dissemina*on,&knowledge&transfer&and&
external&research&funding.&&&

•  Scien*fic&work&in&TALENT&is&organized&around&5&Work&Packages&

TALENT&Ini*al&Training&Network&&



WP2:&Precision&Sensors&

•  Op*mizing&different&designs&for&IBL&

•  sensor&technologies&under&
inves*ga*on:&silicon&planar&and&CMOS,&
silicon&3D&and&CVD&diamonds&

•  Measure&charge&collec*on&proper*es&

•  Inves*gate&radia*on&hardness&

•  Study&designs&for&pixel&detectors’&and&
beam&monitors&

TALENT&Ini*al&Training&Network&&



WP3:&Electronics&and&Interconnec*on&

•  New&data&transmission"and&offVdetector&readout&system&

•  Qualifica*on&and&system&tes*ng&of&readout&and&powering&
systems&

•  New&pixel&frontVend&readout&ASICs&and&DMAPS&

•  Research&in&3D&integra*on&methods&(throughVsiliconVvias)&
for&future&highVdensity&pixel&detectors&

•  New&powering&schemes&for&future&trackers&

TALENT&Ini*al&Training&Network&&



WP4:&Mechanics&and&Cooling&

•  Design&of&lightGweight"s-ff"composite"
structures"for&detector&support&

•  Qualifica*on&of&materials&

•  Measurements&of&thermoVmechanical&
proper*es&on&support&prototypes&

•  Design&and&construc*on&of&highV&
&&&&&&efficiency&CO2"cooling"system"

•  Common&CAD&so^ware&procedures&
for&integra*on&&

TALENT&Ini*al&Training&Network&&



WP&5:&System&integra*on&
•  Prototypes"

•  Design&and&construc*on&of&prototypes"for&the&IBL&
detector&integra*on&–&qualifica*on&of&thermal&and&
mechanical&proper*es&

•  Signal"processing"so^ware"
•  Development&and&op*miza*on&of&signal&processing&

so^ware&
•  Offline"data"analysis"so^ware"

•  So^ware&to&decode&and&analyse&data&to&reconstruct&
hit&posi*on&in&pixel&detector&

•  Integra-on"of"modules"on"staves"
•  Integra*on&of&modules&on&staves&and&qualifica*on&

of&staves&

•  Integra-on"of"staves""
•  Integra*on&of&staves&to&the&full&detector&system&and&

detector&commissioning&&

•  Overall"IBL"performance"characteriza-on"

TALENT&Ini*al&Training&Network&&



WP&6:&Knowledge&Exchange&&

•  Study&current&technology"needs"in&ATLAS&
•  Create&map&of&external&R&D"funding"instruments&

•  Benchmark"available&knowledge&and&technology&transfer&
methods&

•  S*mulate&knowledg"e"exchange"with"industrial"partners"

•  Business&study&to&find&industrial"applica-ons""

TALENT&Ini*al&Training&Network&&



Ques*ons?&Comments?&
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