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1232 superconducting dipoles
m 15miongat19K, B=833T
= Inner coil diameter = 56 mm

beam-energy 7 TeV (7x  TEVATRON)
Luminosity 1034 cm?s1 (>100x TEVATRON)
Bunch spacing 24.95 ns
Particles/bunch 1.1 10"

Stored E/beam 350 MJ ~ 80kg of TNT

Also : Lead lons operation
= Energy/nucleon 2.76 TeV /u
= Total initial lumi 10" cm2 s

IN2P3

Les deux infinis

High L amssosiiy

8 independent sectors
= Challenge for control, powering
10 GJ stored in magnets

Warm insertion regions for beam
dump, cleaning, acceleration



LPNHE ATLAS

PARIS

IN2P3
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Muon Spectrometer (|n[<2.7) : air-core toroids with gas-based muon chambers
Muon trigger and measurement with momentum resolution < 10% up to E, ~ 1 TeV

Length : ~ 46 m

Radius : ~ 12 m

TiMg Cal{:::‘imemr Liquid Argon Calorimeter wEtgh-‘- ey 7000 TDHS
~108 electronic channels
3000 km of cables

Muon Detectors

3-level trigger
reducing the rate
from 40 MHz to
~200 Hz

| Inner Detector (|n|<2.5, B=2T):
~= Si Pixels, Si strips, Transition

‘| Radiation detector (straws)
Precise tracking and vertexing,
e/n separation

| Momentum resolution:
c/pr~ 3.8x10* p;(GeV) ® 0.015

Toroid Magnets  Soclencid Magnet  5CT Tragker Pixel Detector TRT Tracker

EM calorimeter: Pb-LAr Accordion X
e/y trigger, identification and measurement | HAD calorimetry (|n|<5): segmentation, hermeticity
E-resolution: 6/E ~ 10%/VE Fe/scintillator Tiles (central), Cu/W-LAr (fwd)

Trigger and measurement of jets and missing E
E-resolution: 6/E ~ 50%/VE ® 0.03

ATLAS status and highlights, ICHEP, 26-7-2010 7
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LPNHE ATLAS performance

iy IN2P3
Inis
Peak luminosity Price to pay for the high luminosity:
seen by ATLAS: Inr'ger'—’rhun—axpec’red pile-up
~ 3.6 x1033 em=? 5'1 B —
,'Fl LI N L B NI B B ] i 10%E ATLAS Online 2011, Ys=7 TeV -[Ldl 5.2ﬂ3 "
Q 7F ATLAS Online Luminosity Vs = TTeV - & 10 — Br=10m, <u> =116
3 - [] LHC Delivered . £ 10% — B=15m <p>= 63
2 6 [ ] ATLAS Recorded 1 3 vF 3 Event with 20
£ s _ R - reconstructed vertices
E - Io:a: gehve;.. . 1 = 107 Period A: Period B: | (ellipses have 20 o size for
= aF otal Recordag: >. B 102 up to end Sept-Oct visibility reasons)
= C ] 10° August
g 3 — 0 2 4 6 & 10 12 14 16 18 20 22 24
£ C 4 Mean Number of Interactions per Crossing
S 2 =
S :
1= —
28/02 30/04 30/06 30/08 31/10

Day in 2011

Fraction of non-operational detector channels:
(depends on the sub-detector)

Good-quality data fraction, used for analysis : o
(depenjs on ‘:'-KE analysis) v 90-96%
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PARIS

LLHC Upgrade
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.evie” LHC in the high lumi area o=

* The LHC is a discovery machine built to study:

IN2P3
es deux infinis

> The ElectroWeak Symmetry Breaking mechanism
> The shortcomings of the Standard Model

* The discovery potenual of the LHC can be enhanced by
increasing its luminosity

e Infact, whatever is discovered, we’ll want, at least, to:

> Improve the measurement of its properties (masses,
couplings, etc)

> Testfurther predictions of the theories putforward to
explainit
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LPNHE LHC schedule

Caveat: this schedule spans decades
A 7 TeV »14 TeV — 5x10%cm2s

IN2P3
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—— luminosity leveling
3 * Itdepends strongly on how the machine 4,403 _,
— will be run (25 vs 50 ns, leveling) ~2x1034cm2s-"! 3000 fb
phase-2
— 1x1 Umcm'25'1 ""’300 fb_']
1027 _, phase-1 Changes to the schedule could
2x10%3cm2s be prompted by
~50 fb

v Physics landscape

Machine needs

Detector needs

I 2013/14 2018 ~2022 Year

>

NOW
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LPNHE ATLAS upgrade NOW
» Why working now for the phase-2 upgrade?

> KEverybody who took part to the design of an experiment knows
that it takes several years (the construction and installation itself
is typically 5-6 years, after the R&D and design phase is
finished). Time flows fast!

e LHC will not be the same between now and 2020.
Radical improvements with respect to the initial detector
(“Phase 1 upgrade™)
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e High-luminosity 1mp11cat10ns Cirs
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e Kffects due to peak luminosity:

 High eventrate and pile-up
* Increased occupancy

> Higher granularity sensors

> Faster electronics

1000

* Kifects due to integrated lum.: | P

{— total
E— = charged (pi+p)
|= - -neutron

* Increase in leakage current

 Change in operational voltage

Fluence [10™ 1-MeV n-2afcm?]

* Reduced charge collection

> Rad-hard components

M. Bomben - ATLAS planar pixel upgrade




.enie ) Macroscopic radiation effects @,

Les deux infinis

Change of leakage current
- can be helped with cooling

Change of the full depletion voltage V., (effective doping concentration

Neff)-
- every p-n-junction has a finite breakdown voltage

Decrease of the charge collection efficiency
- limited by partial depletion, trapping, type inversion

Change of the leakage current: Evolution of the N for n-type initial doping:
10 - ; : : — 1P
# nivpe FA -7 I“'ul;!l kWm - % 5000 .
41 B F£-TK ar K sitd
— 107} = El:ﬁu KW 2= 3 1(0N) 102 o)
metype K2 - 3 bflu:]'im i ﬁ-.k =500 type inversion Gt w60 Y * 5
m pelype BF - 2and 2R -
— : 3 E {'H[:: 10M e J10' =
- 10 o  netype FZ - 780 Wm 3 —
.‘_-l‘ nype FZ = 410 Wm S‘ —
R . ietype FZ = 130 Wim P 10 ; 1 —
O 10r? ‘.-** mHype FZ - 110 Wm B Sk o i - E i
- o nelype CF = |20 W = n- L-l" P P 1-_'" < Z
il ¢ privpe EP1 - 380 Win ] 1 T
'| il 1 1 L -
ml! m]! m.ln ] ml4 m]ﬁ H]-I I,D'I] H:ll 1D_ 1P 10r
o [El‘l] ‘J [t ol Pl Thecs Lq [ lUIj COT ] [k o B Womsdon 90

Panja Luukka, The Fifth International Forum on Advanced Material Science and Technology (IFAMSTS 2006)
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enie Y Microscopic damage effects @B,
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Frenkel pair B
particle —— S| —— Vacancy + Interstitial B

EH > 25 eV
EI‘.'. > EkEv

Influence of defects on the material and device properties

E. \
:_ e \_/‘ electmns/

donor
e holes
E acceptor / \
Y 4
charged defects trapping (e and h) generation
—F N:ff . Vﬂ\‘-‘l‘-‘ = CCE = lEﬂkﬂgE current
e.g. donors in upper and shallow defects donot  |o.015 close to middle of
acceptors in lower half contribute at room the bandgap
of the band gap temperature due fo fast most effective
detrapping

Panja Luukka, The Fifth International Forum en Advanced Material Science and Technelogy (IFAMSTS 2006)
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The Pixel Upgrade
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.evie” The ATLAS Inner Detector @&

IN2P3
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2 Tesla Solenoid
(R =1082 mm 4
\ O/pt ~ 5x10* p1/GeV @ 0.01
4 ‘T ol 4.4.1':'-5 'tiii":_:
TRT < LA Transition
ap’” Radiation Tracker
A TRT (TRT)

"R = 554 (350k channels)

R =514 mm ) :

- with e/TT separation

SCT{
R=37/1mm
InTrTl<2 == SemiConductor
LR =299 mm b
) ; ol Tracker (SCT)
— ~6M silicon strips
s T .
R=12235 — = mm— © Pixel .
Wi [t bt | R ®" Pixels: 80M channels
R =50.5 mm /— Insil
R=0mm |

M. Bomben - ATLAS planar pixel upgrade




LPNHE )

PARIS

{ - B Barrel Layer 2
Barrel Layer 1
Barrel Layer 0 (b-layer)

End-cap disk layers

* ATLAS Pixel Module

— 16 front-end chips (FE-13) module with
a Module Controller Chip (MCC)

— 46080 R/O channels 50 um x 400 pm
(50 pm x 600 um for edge pixel
columns between neighbour FE-13
chips)

— Planar n-in-n DOFZ silicon sensors,
250um tick

— Designed for 1 x 10*°* 1MeV fluence
and 50 Mrad

— Optolink R/O: 40+80 Mb/link

IPRD10, Siena 9.6.2010 - Alessandro La Rosa (CERN)

The current ATLAS pixels &

IN2P3
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ATLAS Pixel Detector

— 3 barrels + 3 forward/backwarc
disks

— 112 stave and 4 sectors
— 1744 modules

— 80 million channels
ATLAS Pixel Module

Type0 connector

HY guard ring

decoupling S
[lp.at]p'[[:r'? .

SENSOT

NTC H‘EE Elglraeli |

flos

™T semsor
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evie The ATLAS pixel sensor

0V Schematic Layout of the ATLAS Pixel Sensor

o to FE n* to FE o bump ~n" implantation
nitride  GND  guard ring GND P-spray passivation pad (Al) oxide (pixel)

A {

n substrate

controlled potential reduction

T AW AW AW AW AT

b R

passivation guard rings Al p* implantation nitride oxide
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LPNHE ATLAS ID upgrade

7 TeV —14 TeV — 5x10%cm2s

wﬁ luminosity leveling
- 1x10% —

— ~2x10¥cm2s 3000 fb-

phase-2
. 3Mam-2e-1
104" — phase-1
2x10¥3cm2s
~50 fb-1
phase-0

—>
2013/14 2018 ~2022  Year

IBLI NEW ID
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The Insertable B-Layer
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LPNHE A 4™ pixel Layer: IBL

e Adding a 4" pixel layer inside the present B-Layer: the
insertable B-Layer

IN2P
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* To improve the performance of the existing system

 To maintain performance of existing system when present B-layer
starts degrading

Scheduled for 2013

M. Bomben - ATLAS planar pixel upgrade




LPNHE IBL

e Operation:

Les deux infinis

S e
* 14 Staves @ R=3.3 cm, |n|[<2.5,0.2 m? B e
* No overlap on Z due to space restriction - <y
e [/
/
/_

e Operateat-15 G, CO, cooling

EEEEEEEE

* Front-end/Sensor Design:
o NIEL dose =5x10" n, cm (w/ safety factor)

e lonizing dose = 250 Mrad

* Small dead area (slim/active edge)
» Max sensor power < 200 mW/cm? @ -15 C
e Max bias voltage: 1000V 3D PLANAR 3D
e Sensor Te(jhn()]()gy :_><“r 1J J-L LL LB ] ><:_»[e

 Planar n-on-n and 3D double sided being considered

* 75% Planar and 25% 3D sensor layout

M. Bomben - ATLAS planar pixel upgrade




» Biggest chip in HEP to date

- Higher active fraction (x6)
(than ATLAS predecessor)

» Local memory cells (bus activity

only on readout) - Lower power
- Higher data rate

* More radiation hard (130nm
technology)

TDAC
4 Bit 5 Bit

Pixel array 80x336 o e O e LN

Chip size (mm2) 20.2x19.0 ne o

Active fraction (%) 89 | |

Analog/Digital current (uA/pix) 10/10 Dﬁﬂiﬁ?"_ o ’ = - N
Analog/Digital voltage (V) 1512 Yrd—eme=

LVDS output (Mb/s)

Pixel sixe (um2)
ToT Resolution

Congz

+ Pixel above threshold
« Time over threshold

160
50 x 250 /\

4-bit

S. Grinstein (IFAEY- HETD 2011



Beyond 2020:

The Planar Pixel Sensor Project
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Pnie ) Sensor options for Phase 2

IN2P3
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PLANAR

3D

N+ Pixels (0V) n-columns peolumns e, o
n-in-n | gy n-bulk T ..
« i . A
N+ g N s N
H‘—V Pixels (0V) ¢ §
n-in-p p-buik | EEEPRRRRRRRRRRRRRRR N - o
[ - - n-type substrate
e More details in the  Very IOW noise . Implants through the detector
_ * No cooling * Highly segmented sensor
next slides * No doping needed * Low depletion voltage
* Low capacitance e Fast signal
* Very high BD field » High rate capable
* Expensive * Inefficiency regions corresping to
e Difficult to realize large sample of column
single crystal sensors * Low cost large production to be
proven
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.evie The ATLAS PPS Project

IN2P3
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* Aim: Explore the suitability of planar pixel sensors for highest

fluences

* Approved ATLAS

R&D project since 2009: 17 institutes,

more than 80 scientists

78D, R&D on Planar Pixel Sensor Technology
1
¥ ATLAS for the ATLAS Inner Detector Upgrade
',r project
ATLAS Upgrade Dorument la: Inrtirute Booonent o, Crearads LT 008 Page d of 17
WoddTed: 073 2009 fev o 11

D. Dobos, B. Di Girolamo, H.Pernegger, S. Roe, A La Rosa1, V. Vrba, P. Sicho, J. Popule, M. Tomasek, L. Tomasek, J.
Stastny, M. Marcisovsky, M. Havranek, J. Both,A_ Lounis, N. Dinu, M. Benoit, R. Temal-a:aﬁ‘r G. Calderini, D. Lacour,
H. Lebbolo, G. Marchion, J. Ocanz, P. Schwemling“, M. Barbero, F. Hiigging, H. Kriiger, N. Wennesﬁ, H. Lackers, I
M. Gregor, U. Husemann, P. K{:—S’tkaT, C. GoRling, R. Klingenberg, D. Manstermann, A. Rummiler, G. Troska, T. Wittig,
R. Wunsmrfg, J. Grosse-Knetter, M. George, A. Quadt, J. Weingarteng, L. Andricek , M. Beimforde, A. Macchiolo, H.-
G. Moser, R. Nisius, R. Richter, P. Weigellm, D. Cauz, M. Cobal, C. del Papa, D. Esseni, M. P. Giordani, P. Palestri, G.
Pauletta, L. Selmi', ¥ Unno, S. Terada, Y. Ikegami'2, M. Cavalli, . Korolkov, M. Lozano, C. Padilla, G. Pellegrini, M.
Ullan'3, T. Affolder, P. Allport, G. Casse, T. Greenshaw, | Tsurin'4, M. Battaglia, T Kim. S. Zalusky 'S I. Gorelov, M.
Hoeferkamp, S. Seidel, K. Toms'®, V. Fadeyev, A. Grillo, J. Nielsen, H. Sadrozinski, B. Schumm, A. Seiden”

17 institutions:

TCERN, 2AS CR, Prague, 2LAL Orsay/ University Paris-sud XI, “LPNHE / University
Paris VI, 2University of Bonn, 8HU Berlin, "/DESY, 8TU Dortmund, 2University of
Goettingen, "9MPP and HLL Munich, "Universita degli Studi di Udine — INFN,
12KEK, 13IFAE-CNM (Barcelona), '4University of Liverpool, 19UC Berkeley/L BNL,
T6UNM, Albuguerque, 1"UCSC, Santa Cruz
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LPNHE Why planar sensors?

e Planar pixel is a proven technology

IN2P3
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. . i Pixels (OV)
e The current n-in-n pixel detector. n-in-n | gy n-bulk
-
P+

e Modules shown to work after 10" neq/ cm?

 If'strips not adequate any more, pps would be the natural option

* Potenual for alow-cost large-area production with n-in-p
 Only one side is patterned N [T Pixels (V)
. . n-in-p p-bulk
e Research directions Ps -

e Advanced simulation studies

 Active area optimization and geometry redesign

Radiation damage studies
 High rate capable electronics

e Low cost module production

M. Bomben - ATLAS planar pixel upgrade
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LPNHE PPS working “tools”

Micron HPK  MPLHLL
e Different sensors, .
n- & p-type bulk
both FEI3 and FEI4

e n&p irradiation
up to 2x10"n_/cm?

e [.ab characterization
& beam tests

*TCAD simulations along

with precise inputs

[ E

M. Bomben - ATLAS planar pixel upgrade




IN2P

LPNHE TCAD Simulations
* Technology Computer Aided Design offers the possibility to

simulate the behavior of a sensor under several conditions

* Reverse bias Simulation saves you money
e Illuminated by light but needs very precise inputs to
» At high/low temperature produce reliable information

* Asbeen exposed to high fluences

* And monitor the interesting quantities

* [V /CV curves
* GR potenuals
« CCE : BN e Anar s e
e Electric field

o
g
d
o
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rvieSensor tested in lab & on bean .

e Sensors bonded to FEI3 or FEI4 ROCs are tested in the

laboratory with the help of radioactive sources and in a beam
test setup equipped with a beam telescope which allows

traCkl ’ Test beam:
Single chip ad%ter $ooh f “hit map(sl .
card w/ sensor + FE <@ S5 senergy eposmon
B ATy ! ecfficiencies
.5 espatial resolution
5[“ Plastic
SUDpart
L | | |
lin
Source scans: Coi &
. m
hlt maps & ici SEMSOr SYS ¢
energy deposition —
Liead

- scintillator & PWAT
E-
| |

Plastic support
M. Bomben - ATLAS planar pixel upgrade




i N-in-n Charge collection @9,

Les deux infinis

= Status ATLAS pixels modules were shown to be rad-hard up to 10" n,/cm’

- Goal: test further their radiation tolerance, up to 2x10™ n_/cm?

>Method: n-irradiated (@ up to 2x10" n_/cm?) ATLAS modules
tested with B from source and T1/¢ beams

s 15 -2 } 16 -2
i 250um pixel electron data 5 1 O ng.qcm {n) 2 1 D neqcm (Il)
? I 250pm pixel pion data 'E‘ 7
E I 285}1”" ﬂi:{E" pion data E‘ B 250um pixel electren data
o y ) u o
< 'z v 285um pixel electron (DESY) data 2 B
o
o n i o B 250um pixel plan data - s "
2w X z 5 E
a u o [ |
[ | m N
5 ° A 5 4 g B
S A S L
B [ |

o o | g= 3
o o
H ' 2
= * v Threshold FE-I3 3200e s F ! \
O T O — - — _—

z Threshold FE-14 1500 1

“00 400 N0 a0 1000 1280 1400 ﬂl] 200 400 600 800 1000 1200 1400 1600

vollage [-V] vollage [-V]

*Result: Charges are higher than model predictions which include trapping
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.rv Intermezzo: charge multiplication .
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> 140 and 300 ym n-in-p Micron sensors after 5x10" n, 26MeV protons

£ L I i H I 1 I ; I " I 1 - 1 . 1
| & 5¢107 n_cm”, 300um, -25'C |
a4 b o 510" co®, 140um, -25°C 4
s §x10" n_em”, 140pm, -B0°C
21 |- # 510" n_em™, 300urm, -50°C 2 -
o | ‘
= 18 . ¥
g | . *
s 15F * . -
i
= :
& . i
B 12| Total ionised charge s ¥ 3 ¥z 2 i
i
- el ' 2 & -
o] : St NS
o - 5 z I 4
6| ; ¢ 1
: .
3 Estimated maximum signal .
1 L 1

1 1 N N | 1 1 1 1 "
0 200 400 600 200 1000 1200 1400 1800 1800
Bias (V)

v Kvidence of a charge multiplication effect: not only the whole charge is
recovered, butincreased by f=1.75
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LPNHE N-in-n hit efficiency

IN2P3
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= Status: after irradiation the full depletion voltage changes — bulk could be only

partially depleted

- Goal: fully recover the hit efficiency

> Method: increase bias voltage for n-&p-irradiated modules

(5-20)-108 negcm2 (n)  (2-14)-10"8 negem (p)

% O(107%) nggcm

.-’

Hitefficiency

A

= ) PR e SR Ao I .............. n - 2 ==

= o W

— A e . [ ] 22+10" n,, cm? proton irradiated

= = 1+10" Neq em? proton irradiated

— CiS 250 pm + 285 pm ot & 1.4+10" , Mo €mi* proton irradiated

— g 1.4+10" n,. cm* proton irradiated

== 5+ 10" n,, cm? neutron irradiated (FE irr.)

= o 'D“ [}15} ﬂEqu'E i A 2+ 10" n,, em? neutron irradiated (FE irr.)

R = A 5+ 10" n,, em? neutron irradiated (FE irr.) (DESY)

E; -L'f\':l Gl::l I - r] I I ':I!-J."' I I |'ulﬂt I I |-|::I!.: I ||.i::".| ||:-::|l: :
Voitage [V]

Result: efficiency recovered at V,, =1000V for fluences up to 5x10"n_/cm?
and very promising results for @~ O(1 0%n_/cm?)
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LPNHE ) “

PARIS

> Goal: idently in-efficient regions
inside the pixel cell

> Method: test on beam irradiated device
(4X1015ﬂeq/ cm?(n), 250 gm), studying

their efficiency as a functionof the V .

v Result: <¢>>97% @ 600V

Hy'==1000Y

HV=-500V

N-in-n “in-pixel” etficiency

Les deux infinis

1800V

H |éﬂ;mléncy

> Method: test on beam irradiated device

(l.é_LXlOmmeq/crn2 (p), 250 pym),

studying their efficiency as a function
ofthe V,

v Result: <e>>97% @ 1800V
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enie N-in-p charge collection
» Goal: test charge collection for p-bulk detectorsat @ O(1 015neq/ cm?)

> Method: 285 pum thick n-in-p sensors, n-irradiated, tested with radioactive source

— 16 r. .. ' 1 . T - 1 T T — 1
L — @ lel5 neutrons - MPV, Cluster Size = 1 | _
— 14| —®— Zel5 neutrons S S S N S
qc'}ﬂ —@— 3eld neutrons (-30°C) = _
E 12| —®— 3el5 neutrons (-60 °C) |
5 —0— 5¢l15 neutrons (-50 °C) E
- 10| —®— 5el15 neutrons (-60 °C) —]
L —%— n-in-n 51315 neutrons _
3 - +' E
S 6 e + .
O - s — -
i e f“ﬁ” 1- -
o senssenn s e s senorsacooerer Ao o444 88410488450 8 4818808 R 8 SR -FE-I3 thrEEhD|d ......................... o
ﬂ : | | | | | | | | | | | | | | | | | | | | | | | | :I

0 200 400 600 00 1000 1200
Bias Voltage [V]

v Result: significant charge is collected above threshold, V . > 600 V
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evie) N-in-p “in-pixel” efficiency @4

IN2P3
Les deux infinis
» Goal: identify in-efficient regions 2 “F i ]
. : & 10 ; i
inside the pixel cell U W e 2oa 2 A
'5; 61
- g S f—f”ffl Source and beam test
> Method: 500 pm thick, neutron- 2E G dehver comparable results
: . 15 2 B b et e 5 s e I AT RO
irradiated @ 5x10 Ileq/ cm 0™~"300" 300 400 500 600 700 800 900 000
ias Voltage [V]
E 40
3
E‘ 10
;

Shorl Pianl Side [um|

400
ng Piel Side: [um]

v Results:
v significant charge is collected above threshold

v overall efficiency :98.6%;

v losses around bias dot; higher efficiency in the center of the pixel
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LPNHE Thin bulk sensor
v NEW: first HPK n-in-p sensors, 150 ym, 6 wafer with

different pixel biasing and isolation schemes

1§O Hm thl(tk[' =

[
FE—M l—dup puw_-ls |

> Bias structure aims to reduce less-efficient area

A) Punch-thru (PTLA): a bias dot in the 4-corner |
B) Polysilicon: an encircling pixel implant (~ 2M€2) . |

FE-14 1—|:h'|p pieels |

HPK n-in-p 6-in. wafer

> [solation structure:

[. P-stop, common & individual Investigated on beam.
See nextshides

I1. p-spray i ' SIS
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/“\ o f
cenie - Thin bulk sensors on beam@@.-:
e non-irrad: FDV ™40V, saturated > 40 V"""
1 00 m— 00 . operated at 150 V bias voltage in test beam

: * shownare “in-pixel” efficiency of non-
J irradiated FE-14 samples

Q) 100 200 300 400 500" D100 200 300 200 500" T
et i - e s * p-stop common on Poly Silicon shows best

efficiency map

* slightinefficiency beneath the bias rail

o 8000
ﬂé 14000 : andas
p-stop common, Poly-Si p-stop individual, PTLA S5 — SR - i
2D efficiency map of a pixel, non-irrad, at 150 V bias voltage e E :
] ) _é Z 10000
* 4 FE-14 samples also investigated after & § ;. !
. . cC = o
irradiation 2-10"™n_cm? (FE-14) =
¢q @D 000 black :avg non-irradiated
@) - ® red avg. irradiated
: = 4000
 2x PolySi-common p-stop: KEK4,5 g 5
S 2000/
PolySi-individual p-stop: KEK3 - : | o |
LQ %z a0 oo ﬁﬂaﬂ;ﬂm 1000

PTLA-individual p-stop: KEK6

Bias voltage dependence of collected charges
Note: independent charge calibration for non-imadiated and irrsdizted ssmples.




LPNHE Geometry — Dead edge

IN2P
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a (] d (]

Planar junctions

Dead edge is an inactive
area whose purpose is (o
protect the cut area (full of
. Saw 2
generation centers) from ~ cut

high electric field e

Si02 &

Depleted

region 200/300 um

* “lItis not possible to obtain the full geometrical coverage in z
as the Pixel detector does, where modules are tlted in z and are
partally overlapped, because there 1s not enough space.
However the gap between modules 1s minimized using a sensor
design with active or slim edges.” IBL. TDR
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evie Geometry optimizations
SLIM EDGES

N+
. . <— Pixels (0V)
Pixels i .
Dead edge
Periodicity —>»
oVe----- High Voltage
-« = P >
Guard rings HV electrode
n-11-n
- ) A hgr.'.- = volase pad -
Apix ' i : — —— e
i 1 I(]D,a;rn - edae pixel —_—
:H;iﬂg - 'H:.I:I.Hrd r:i.l'.l.jf::-i "'E - : J |
;*2{}[;;.1"1"—I_' e ; edue pixpll -
Longer pixel “under the guard-ring”
15 GR
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LPNHE Intermezzo: simulations

Design: “stepwise pixels”

SIMS measurements: determining doping profiles

c s .

Piii
L]
S

mg 19

3" = AN

3

O 18

= 0 \

m S

l_ - - .

| E 10" EESoimo o \

2 S \

T - | ve———"

o 10 = i
I ESCI]D B'[I)D 1200 1400 LA L L R B L B L B L S \'\ T
DEPTH (nm) 2

Potential before irradiation for a slim edge structure Potential after irradiation for a slim edge structure

Multi-Guard Ring Structure High Voltage
r — “)

Multi-Guard Ring Structure_ . High-Voltage

300

g e 0 g 3
[
= = 250 E
::'" 250 -20 % 1 5 ‘) 200 F
= bl -
- a g Ix10”n /cm E
8 200 -400
-60 cq
150 150
- -600
100 -100 100 |
-800
50 120 50 ‘ :
. P 00 400 600 800 1000 1200 1400 -1000
0 600 800 1000 41200 1400 1600 g
Distance from edge (um) Distance from edge (um)
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LPNHE SIMS measurements

IN2P3

Les deux infinis

» SIMS: Secondary lon Mass Spectroscopy #

Ion source
V=8KV 02+, Cs+

I Deltav=5kv  Cameca SC-Ultra
oh gun A

4 A

Magnetic Arm

V=-5KV
Secondary Chamber
(sample loading) Wire Chamber
Primary Chamber
(targeft)

M. Bomben - ATLAS planar pixel upgrade




NHE D

PARIS

SIMS principle

An ion beam is scanning (and escavating the sample)

AN

AN

Restricted region analyzed
(to avoid scattering from walls)

Measured with AFM

N

\

> 200-250 um

/

IN2P3

Les deux infinis
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cenve Y Intermezzo: test beams

DESY -
o VAN | '
o ¢ - '-‘-II 4 l

/0@
] >-. | \ ; ‘lﬁ. AL ',{ "
IMOSA ~ pelZ7Z7  MIMOS .
TELESCOPE gvecal TELESCOPE 7
' 5 ” ﬂﬁ (= Planar Pixels : = A i
A bump bonded to |4 -
FEI3(4) g

L
) oA i-
i Ry 5 H
1 Ll Lkl
- = N
i \
- | . "
- 3 n
L ] T
| L
!

E: | F ,a

“True”
“ — _

DUT

ReferenceiDU " - ,,

L f |
y / Y
h—h—. ) P ) 0 :
02/02/201 — /i - _ w / . .




enie Beam test configurations @)

Les deux infinis

September: CERN SPS (H6B), high-eta DUT setup
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enie ) Performance of the telescope @i

Pointing resolution in between the
planes

T T 11 7 rrrTr7rrrrTrT
_ Data and prediction il
Prediction:

[ ] Opgs = (4-33+ 0.10) um

B Em=4.n|.l.ﬂ'| —
. - Oy =2 pm

Omeas. (ul’l‘l)

y direction

J.Behr PhD thesis

TR NN T T TR S AN T R SR N RN
200 300 400
Z (mm)

2 —_— 2 2
0] 0] + 0 _
pointing-resolution

IN2P3

Les deux infinis

Track extrapolation accuracy far behind the

pointing resolution, o [um]

telescope planes

20— Prediction only

18|

sf 6 Mimosa

1aF- planes

123—

10—

8—

6

4

zi_ venrellenes
- I i L |‘| | | L I L L L L I | L L L | L
-500 /0 500 / 1000 1500

;’ ‘,” downstream Z [mm]

A DUT within the
telescope arms
g~2 um

A DUT behind the telescope still
can get a very reasonable track
pointing resolution
o<20 pm
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E-l'-ugh voltage pad

- utting guard rings i
LPNHE > S doe " il
PARIS lm e ge | Apix (i i [
i | | LEH S
| | | | 1 |
F 10O o i edge pixel

> Goal: minimize inactive area, avoids iy gt
shingling along beam axis ' i

> Method: CiS n+-in-in with slim
edges, 250 pm thick irradiated to
4-10"n_cm, data from pion test

beam (@ CERN

v Result: significant part of edge pixel
sensitive

v depends on HV and thickness,
inactive edge reduced down to ~

200 pm

= design chosen for the planar IBL
SENsor "E

s
g0ov

600V
400V

L leng pooel side [um)
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LPNHE Active edge

* Another approach to reduce dead area
* Several ways to do that
> Drie-etching approaches

v CNM/IFAE
v FBK/LPNHE

v VT'T/Munich

- Hasy to get thin wafers — mner layers?

Si02

> Scribe + cleave + edge — passivation acive [l PR 2000 um
v UCGSC
v Dortmund
o Post-processing —outer layers? b

o Internal

' Processing
)

M. Bomben - ATLAS planar pixel upgrade



evie LPNHE — FBK active edge @,

. .. Les deux infinis
_ M. Boscardin, A. Baglioni, G. Desi al d Y
CRs Fleld plate Giacomini , N. Zorzi, E. Vianello, csign — almost done:

ﬂ C. Piemonte, M. Povoli, G.F.
Dalla Betta
n/p distance
- DRIE etched trench with p+ doping

- polyerystalline silicon trench fillin
<s— Trenchpedgye L 8

On 4 inch wafer:
> 9 FEI4
> 7 FEI3

> Test structures (diodes, ...)

Narrow gap — no GRs Wide gap — 3 GRs

Trench defintion and etching e

* Aspect Rato 1/20 ettt

e Deep etching (200-230 pm) =+ =

Trench filling ——+ 1+ + I

e Trench width 8-12 um 100 m i 200
Po

Further trench optimization

Trying to reduce trench
to less than 10 pm
»Fasier to fill the trench

Potential (

4.5 pm wide
220 pm deep




PARIS

1) Final layout: by this week

2) Masks ready by mid-February
3) Then 4 months for processing

Late June: start to test in lab first devices

6) August: bump bonding

)
)
)
)

5) July: irradiations
)

7) Late August/September: test on irradiated devices
)

8) October/November: beam test!

M. Bomben - ATLAS planar pixel upgrade




LPNHE Passivated trench

> Need to control potential drop towards the cut edge
> 1

IN2P3

Les deux infinis

Inactive region n-strip

alumina

80

120

160

Potential (V)

14
127
113
98.5

200

4.4
70.3
a6.2
42
279
13.8
-0.304

240

280

400 800 1200 1600 2000 2400 2800
Microns

A passivated trench with a thermally grown 10 20 0@ 50 60 70
oxide (positive charge density 1011 ¢cm-2) trench Nfga‘ive Chafge f'lEl 1 cm-2)

will lead to: Alumina deposition by ALD

» control potential drop toward the cut edge, » Partially controlled potential drop

towards the cut edge

v protection from saw cut edge.
P & 2> The more charge, the better

> Scribe + nitride/oxide deposit approach too

M. Bomben - ATLAS planar pixel upgrade




Lenie Y P-type passivated trench @,

Les deux infinis

Examples of Processed Devices

Bias Voltage

Device A kg P
R koo 20 40 60 80 100 120 140 160
v '.-? AR (NS SN NN TR (S TN AN T N SN NN NN Y N NS TSN AN NN NN SN NN SN NN TR N T [T N N 1 __]'..EE'-].D
Pttt it J/_’-_/___,—/‘- =1.4e-10
B LS __ i E1.2e-10
1.4].1 108 . - le-10
e S Yy 31 = enogih: 1415 pm ] / - slim edge E
: 6 B e o - 8e-11- : —Be-11
. o < // * no guard ring E
t ﬁe-ll—: - die level processing :-59-11
de-11 - —4e-11
cleaved edge -
-'_-:1' *"" e -:Ld 11‘ 2'5"11 T T [ T T T [ T T T [ T T T [ T T T [ T T T [ T T T [ T 11 EE-].].
0 20 40 60 _:EH:I 100 120 140 160
Device B R Bias [V]
o SOE-
Si diode :
2.00E-09 =
E. *
= Processed device . i
: : 1B,
G 1SOE09 | with alumina layer — * e S
‘5 W Uncut
o L
& 100609 s
: WS | N Un-processed
guard ring x b P
o B reference
5.00E-10 g s -
:“W“""'"" P e
8102 0.O0E+00 o {
1 0 200 [lu} =au] 200 Lalu]
201 UCSC Slin < ! 3




PARIS

IN2P3
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CONCLUSIONS

M. Bomben - ATLAS planar pixel upgrade




Conclusions & Outlook

* A major upgrade of LHC will turn it into a High Luminosity machine

IN2P

- Les deux infinis

* Foreseen instant and integrated luminosities translate into high occupancies
and irradiation fluences for the future ATLAS tracker

* Planar Pixel Sensors Upgrade is investigating the planar technology option

* The PPS group proved radiation hardness of n-&p-type bulk material for a
fluence of 5x10'° neq/ cm? and showed promising results for O(10'° neq/ cm?)

* Dead-area reduction is addressed by means of slim/active edge

* New designs, for both n- & p-type material, including thin bulk, are being
studied

* More beamtests will help in realizing the future ATLAS pixel system

M. Bomben - ATLAS planar pixel upgrade




evie The ATLAS PPS Project

*  CERN:D. Dobos, C. Gallrapp, B. Di Girolamo, D. Muenstermann, H. Pernegger, S. Roe

Les deux infinis

. AS CR, Prague (Czech Rep.) : V. Vrba, P. Sicho, J. Popule, M. Tomasek, L. Tomasek, J. Stastny, M. Marcisovsky, M. Havranek, J. Bohm, Z. Janoska, M. Hejtmanek
. LAL Orsay (France): M. Benoit, N. Dinu, D. Fournier, J. Idarraga, A. Lounis

. LPNHE / Paris VI (France): M. Bomben, G. Calderini, J. Chauveau, G. Marchiori, P. Schwemling

*  University of Bonn (Germany): M. Barbero, F. Hiigging, H. Kriiger, N. Wermes

«  HU Berlin (Germany): H. Lacker

. DESY (Germany): C. Hengler, I. M. Gregor, U. Husemann, V. Libov, I. Rubinsky

*  TUDortmund (Germany): S. Altenheiner, C. GoBling, J. Jentzsch, T. Lapsien, R. Klingenberg, A. Rummler, G. Troska, T. Wittig, R. Wunstorf

*  University of Goettingen (Germany): J. Grosse-Knetter, M. George, A. Quadt, J. Weingarten

. MPP und HLL Munich (Germany): L. Andricek , M. Beimforde, A. Macchiolo, H.-G. Moser, R. Nisius, R. Richter, P. Weigell

. Universita degli Studi di Udine — INFN (Italy): D. Cauz, M. Cobal, C. del Papa, D. Esseni, M. P. Giordani, P. Palestri, G. Pauletta, L. Selmi

. KEK (Japan): Y. Unno, S. Terada, Y. Ikegami, Y. Takubo

. IFAE-CNM, Barcelona (Spain): M. Cavalli, S. Grinstein, Korolkov, M. Lozano, C. Padilla, G. Pellegrini, S. Tsiskaridze

e  University of Liverpool (UK): T. Affolder, P. Allport, G. Casse, T. Greenshaw, I. Tsurin
. UC Berkeley/LBNL (USA): M. Battaglia, T. Kim, S. Zalusky

. UNM, Albuquerque (USA): I. Gorelov, M. Hoeferkamp, S. Seidel,K. Toms

. UCSC, Santa Cruz (USA): V. Fadeyev, A. Grillo, J. Nielsen, H. Sadrozinski, B. Schumm, A. Seiden
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PARIS

BACKUP
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LHC main figures

Les deux infinis

Circumference “{m} : 100-150m underground

Numt‘rer Eif Cable Nb-Ti, cold mass ATmillien kg
Dipoles

Length of Dipole {m)

DipE}lE FlEld Stre ngth {TE'SIEI.} : Results from the high beam energy needed

Dperﬂting Tﬂmpﬂrature {K} : Superconducting magnets needed for the high magnetic

field

Super-fluid helium

Results from the high magnetic field

1ppm resaluticn

E'Eﬂm IntE"'SitF {A} : 2210 loss causes quench

Results from high beam energy and high beam current

1MJ melts 1.5kg Cu

Results from the high magnetic field

SEC“}T inering CirCUit 1612 different electrical circuits

02/02/2012 M. Bomben - ATLAS planar pixel upgrade



/q\ o o . o . .
cevie ) High luminosity implications @
1000
LHC equivalent to 6,000 fb’
(Safety Margin — x2)
= 100 |—total
E. — = charged (pit+p)
E, = - -neutron
3 10
8
£

0 10 20 30 40 S50 80 70 80 90 100
R [em]

o fluences for the innermost pixel layer: 1.5x 10" n / cm’ (3 ab™)

* Radiation hard components
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LPNHE IBL - layout

PARIS IN2P3
Les deux infinis
yom s @ Beam-pipe reduction:
| RE7FEE | e + Inner R: 29 — 25 mm
: 25 ;F'Viif-’: g e, a1
T SR @ Very tight clearance:
: = “Hermetic” to straight tracks in @ (1.8°
—— e overlap)
o777 s ! 2/  +| Nooverlap in Z: minimize gap
Tok HHER | 4y between sensor active area.

.;Fﬁq If’,- } I3 = Coverage in n (2o0-vertex spread): 2.6
.H:_.-E.- :f R31.881 ) -
;_:L_,___.._‘,’; b R33.25 / @ Material budget

i BwELre V) IEFERBICE POINT - Stave, el.serv. Module: 1.16 % X

i T 4 . WOLINE Al
7 AN S « IBL Sup.Tube (IST):  0.28 %
s A

(I/':. i’ H\-.. 'll.:. .f"" %

o ! e x

'fr o ﬁ,_a\'"t'f ko ~ "
If IZ B - _' ':1 i E.:A{::L"‘- _\H.x I"'...
L4 | : ¥ T N
0 i T AN
g i _h-_'if-g'.l_..
" | |
I | H I..’.’..’_,.-' -
i : P

Beoee P M=ty &
T R3O0 -
R43.6 || BEAM PIPE
TR ENVELOPE [ A25 .

@ Beam-pipe (BP) extracted by cutting the flange
on one side and sliding (guiding tube inside).

@ IBL Support Tube (IST) inserted.
@ | IBL with smaller BP inserted in the IST
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Inefiiciency (%)

Insertable B-Layer: Motivations

v Motivations for a 4t low radius layer in the Pixel Detector

» Luminosity pileup

« FE-13 has 5% inefficiency at the B-layer occupancy for 2.2x10%*cm s

» |BL improves tracking, vertexing and b-tagging for high pileup and
recovers eventual failures in present Pixel detector.

« TJoday the B-layer has 3.1% of inefficiency.

LII i |||||'|I|||||'||I|||||'|Ir‘[|||'|ir||| rrer rrri rrrt [ Li rrti
WIET[ % Double-hitineMiglancy | LTIy b =
- L] Busy Naing Inefiiclency -
W'E' #  Late Copying : 3
- L Toial Ingfficiency I .
= =
6= e
g:_: ,_.-r"u.:
0= -]
0 —
[ —
10E =
D_ II;

RD11, C. Gemme, ATLAS IBL Overview

« Radiation damage

« Degradation of the existing B-Layer
reduce detector efficiency after
300-400 fb'. Not an issue as
forecast for 2021 is ~ 330 fb™!

« |t serves also as a technology step

towards HL-LHC.

 |BL Installation foreseen in 2013,

during LHC first shutdown.



|
/

IBL performance N2P3
Les deux infinis
& 09 , | - ?DUUE | | ]
j - b tagging quality tracks . o 900 IBL -
2 - - AILAS - (%] - ——=—— IBL 10% BHayer inefficiency =
:E ﬂ-EE_— :: Il.E'II'_L.I.Bm'.I'-FuaI B-layar fallura — = H{][]I‘— T ATLAS 3
c : ; 1oL 10% Pt Byt ke ] gj E ——+—— ATLAS 10% B-layer inefficiency =
-g ﬂ-ﬂ_— _ %'_I 00 —
B — — A E
E i N ] g 600 - IP3D+SV1 -
e 0-°F e 2 500F \ T~ =
! - S F T E
0.7k e @ 400 e, T
TS . .1 ®agE & R
B | | ] BDDE_ =
0.65 0 5 50 2 E{][]IE— b—________—_____t TRy —;
Number of pileup interactions T 1 'DUIZ— — 3
x -
In a scenario with a 10% cluster 0 0 25 50
inefficiency in the actual B-layer, Number of pileup interactions
the IBL  recovers tracking * Only minor effect on b-tagging
efficiency and impact resolution performances
e Performing better than ATLAS w/0
defects and pileup!

M. Bomben - ATLAS planar pixel upgrade




N-side read-out can make planar segmented S1 detectors suitable
for tracking 1 extreme (SLHC levels: 1-2x1016 cm-2) radiation

environments.
. 31
Schematic changes APl Depletedn ' layer
of Electric field E
. . . Depl
after irradiation =
L«ﬁ:depi&t&d
Effect of trapping on aJ B
the Charge Collection Depth
Efficiency (CCE) Qe = Quexp(-t/Ty), /7, = PD.
Collecting electrons provide a sensitive |
advantage with respect to holes due to a much N-side read out

shorter t_. P-type detectors are the most natural ~ © keep lower t
solution for e collection on the segmented side.

G. Casse, HSTD8, Taipei (TW) 4-7 Dec. 2011 .



Effect of trapping on Q.. = Qpexp(-t/ty). 1/1,= BD.
the Charge Collection

Vaate X Ty — Moy
Distance B.=4.2E-16cm?/ns & Kramberger et al.,
After heavy irradiation the B, = 6.1E-16 cm2/ns E;Tﬂ 476(2002), 645-
charge collection distance (CCD)
of thin detectors should have a Mpaxn (P=1el4) = 2400um
similar (better?) charge kMam (®=1el6) = 24um

collection efficiency (CCE) as
thicker ones.

Miaxp (P=1el4) = 1600um
}”Max,p (O=1lel6) = 16pum
The reverse current is proportional to the depleted volume in
irradiated detectors. Do thin sensors offer an advantage in term of
reduced reverse current compared to thicker ones (this aspect is
particularly important for the inner layer detectors of SLHC, where

significant contribution to power consuption is expected from the
sensors themselves)?

G. Casse, HSTD8, Taipei (TW) 4-7 Dec. 2011 4



LPNHE N-in-p tuning
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= B ; e ]
& f Mean 3203 o s
S 400 5 20| ks JnA
<200f RMS  173.1 J) :
: ] 5-10" negcm™ i
100 = 100 - 5
L ; Vbias=1kV ]
2500 3000 3500 = - n
Threshold [electrons] 0 1 200 00

Nose [slecirons=
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Eudet telescope

IN2P3
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1152 pixels (21.2 mm)

x CMOS 0.35 um

= Pixel size: 18.4x18.4 uym?

x Rolling shutter mode
~ at 80 MHz — 112.5 ys per frame
~ no deadtime, continues readout
-~ digital (binary) readout

= |[n pixel amplification

= 1 discriminator per column with
~ Offset compensation
~ Correlated Double Sampling

= Built-in data sparsification

|

576 pixels (10.6 mm)

= Current version of MimosaZ26: Y
High resistivity epitaxial \AAARARRARARAMARARRAAAARRARR S
Backthinned down to 50 um Discrimination stage
— — — — —
_— —— — ——

O-suppression stage #

M. Bomben - ATLAS planar pixel upgrade
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