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Physics motivations & Design goals Detector requirements & Technology options

The main physics motivation for the upgrade of the Inner Tracking System See R. Lemmon’s talk :
of the ALICE experiment is to measure: 17" August, Parallel 6C: New Targets for Inner Layers (1, 2, 3) Two layout options
] ] Experimental Developments o re & z spatial precision: 4 um L
 Quark mass dependence of in-medium energy loss through pivel size (10 2): 20-30 , 20:50 A. 7 layers of monolithic pixel detectors
. i : eI e - . Better standalone tracking efficiency and transverse momentum resolution .
Baryon-to-meson ratio for charm (A/D) and beauty (A/B) for transverse momentum p+ as low as 2 GeV/c - Material budget per layer: 0.3-0.5% X, |\/|0nC-)|Ith-IC Pixels . Worse PID or no PID Option B
»  Elliptic flow for B and charm and beauty baryons for py as low as 2 GeV/c 0.1% X, under study for Layer 1 Hybrid Pixels B. 3 innermost layers of hybrid pixel + 4 layers of micro strip detectors _
Thermalization of heavy quarks in the medium through 5 Radiation env: 1 Mrad/1.6-10%3 n,, per year . Worse standalone tracking efficiency and transverse momentum resolution 4 layers of strips
e L o T ) - : Optimal PID
« Nuclear modification factors of the p; distributions of D and B mesons separately o Granularity: 150 cm™ particle density puma

on charm and beauty production in heavy-ion collisions, which address important questions that cannot
be answered with the present experimental setup. The target for the ITS Upgrade is the second long -t spatial precision: < 20 um
LHC shutdown (LS2), which is at the moment planned for 2017-2018 Larger pixel size 7 layers of pixels

\ Strip pitch 95 pum, stereo angle 35 mrad Monolithic Pixels
o Material budget per layer: 0.5-0.8% X, Microstrips

C ) 4 Required improvements

Design goals Impact parameter resolution (factor 3 @1 GeV/c)
Reconstruct displaced decay vertices Standalone tracking efficiency (> 95% @0.2 GeV/c)
Track charged particles with high resolution at all momenta - Transverse momentum resolution

o Radiation env: 10 krad/ 3*10* n,, per year

o Granularity: 2 cm2 particle density

. : o Low cost per m? Pixels: O( 20 20
Identify charged particles down to low transverse Capability to handle 1 Mrad per year, 150 hits/cm? P xels:O(20umx 20um) S\ Pixels: O( 20x20um? - 50 x 50 um?)
momentum Interaction rates: 50 kHz in Pb-Pb Strips: 95 um x 2 ¢m, double sided
\ Particle identification capability /
I I . — . - — ‘ ‘ Layers
E 250 || e iz -Cument Comparison current ITS - upgraded ITS in simulation ITS U pg rade geometry 6.7
= 1| = inro-Upgraded ITS - Hybrid-Pixels/Strips b - H H 1 22 135 ’
Py e Uperaded TS - Hybria PciSiis | ; N _ _ Beam pipe outer radius reduced to 19.8 mm, wall thickness to 0.5 mm
2 e i re- Upgraded ITS - Monaithie Piels s Left: Pointing resolution as a function of p; . a factor 3 . . ) 2 2.8 13.5
S = | | improvement can be achieved in re with respect to the . First detection layer close to the beam pipe: r; =22 mm
g % Upgraded ITS - Hybrid-Pixels/Strips present performance Increase radlal eXtenSion 22_430 mm 3 3.6 13.5
@ 9 : —— — Upgraded ITS - Monolithic Pixels . . H
=2 | Right: Tracking efficiency for charged pions as a - Increasing the outermost radius to 500 mm would result in a 10% 4 20 39.0
= 5 | | function of p;; at 0.2 GeV/c a tracking efficiency >95% improvement in transverse momentum resolution 5 22 41.8
$ 50 Pnggyrk can be achieved using monolithic pixel detectors, > ] :
‘;_::_‘_H 85% using hybrid pixel and microstrip detectors, . LayerS are QI’OUped- (1,2,3) (4,5) (6,7) 6 41 71.2
005 01 02 1 2 3456 10 2 005 01 02 1 2 3456 10 20| Comparediothepresent ~55% . h coverage: +1.22 over 90% of luminous region = z dimension
Transverse Momentum (GeV/c) Transverse Momentum (GeV/c) 7 43 74.3
Deep p-well prototypes and tests
Deep p-well 0.18 pm CMOS technology Features PP prototyp
e All-in-one: detector-connection-readout MIMOSA series (IPHC Strasbourg - Tower/Jazz): deep p-well with rolling-shutter readout
o _ _ » Following development for STAR HFT:
* Moderate FESIStIVIty (~1 kQ'Cm) epltaX|a| « 10x improvement in radiation tolerance thanks to 0.18 pum technology
NWELL  SUBST NMOS ~ PMOS WELL sensor included in ASIC Chlp o Reduced reaqlout time thank_s to _dou.ble_-sided ro_IIing shutter (but increased power dissipation)
DIODE AP TRANSISTOR TRANSISTOR  TAP _ _ « Continuous charge collection mostly by diffusion inside the pixel
— e Small plxel size: 20 nm X 20 nm + Pixel matrix are read periodically row by row: column parallel readout with end-of-column discriminators
| J ‘ W O O ../ ﬁ U e Small material budget: 0.3% XO per |ayer  Integration tlme_s_reac;lout period < 10 us achievable with double-sided/submatrix rolling-shutter readout ; 2 - |
PWELL \NWELL PWELL NWELL « Target power dissipation: < 250 mW / cm2 1 Mrad & 10*3neg/cm c_omblned |rr_ad|at|on_ of_ 20x20 mm p|>iel
7 W — =T ° LOW COSt san?ples: Signal-to-Noise (preliminary) @.T:15 C
\ N 0 S F ) V. Winter et al | LS/N seed optir——=——1 | SIN seed optif_——==—__
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» \ Cluster 22 P9 Deep Pwell, 3T (octo, 10um?) s F ik eed N | S
= RN / e - B ’ : 120—--+f HR--4----1--1 2605+ 0.38 1004 Prroo-deed
N L \ - N ~ N/ A O ptl O n S u n d e r Stu dy 14005— Cluster charge collected after 3 Mrad TID (preliminary) 100 “mjm F o
-~ - P Sl e L N - Chip1C MIMOSA32 irradiation with 5.9 keV X-Rays from 55Fe: o B i ;o 5
y 7 \ ® Deep p—We” 018 um CMOS 1200;_ Chip1C 3Mrad charge collected in the set of 4 pixels in a cluster before ' i iBefore Irr. B[
/ S EPITAXIAL LAYER . 1000 and after 3 Mrad TID. The cluster collect most of the 601 P R S A C
\ ; I . MIMOSA series o F charge confirming the limited diffusion of the charges sof- ] “r
SUBSTRATE é £ 800 due to the high-resistivity of the epitaxial layer. No T ol
. ARACHNID INMAPS " ook significant degradation is observed in noise, S/N and = gy T : P
INCIDENT 3 charge collection efficiency o 4 Tor e Bho [HJ 20 40 60 80 100 120 140 160 180 200
PARTICLE 90 nm CMOS technology 400
- -+ LePIX prototypes 2005 f‘“‘—-—“J W Winteretal Before irradiati 35.05+0.36  99.97 + 0.03 %
The presently preferred technology uses a process available T e T T elore irradiation IR SIEEEST0
i ; ; * 90 nm CMOS teChnOIOgy ADC counts After irradiation 25.43+0.33 99.69 + 0.12 %
at Tower/Jazz* in 0.18 um CMOS, which includes the so- : : A=l Y= DLL 0
called «deep p-well». In standard monolithic active pixels »  Charge collection by drift
. . . ] I -T10O- I I _ - _ P Talal : : SP_RAM 4.9 mm
(MAPS) the detec_tlng element is formed by a reverse bias . IISarge Signal tdo NOISZ ratio :ARI\,j\;t:rli—)l(l\ilsl.?egl\c/)lﬁPS (()E]Q,tbr\iL lé:(re ':'Jce)z\t/(;r/%a\:vzzzm(i(reignguvrxetlilowth in-pixel signal processing 5 _ R L
diode whose terminals are an n-well and the substrate.acts as rototypes under study  Cood SIN with Iov)\// Sgnsor 22 acitgnce ) P P =5 = - ' R
the collecting electrode. A deep p-well is placed underneath pivel size limited by the inclucrl)ed logic (30 um x 30 wm) E=F= & : 1. |5
. . L J o~ > 3 3
the PMOS n-wells, screening them: the charge is focused U nder eval ua.thn . R&D activities: y J M K ™ || afasts siec = B D ——
; SN - o c miam Ry
towards the collecting electrode. Radiat hard « Irradiation tests on existing structures forl_g);glu; (c)); ;haentgsst Esgutce;tsut:ﬁg L [ ................. I\
L4 . i iti 0 CMOS test structures Breakdown diodes g :
adiation haraness Reduce power consumption exploiting detector duty cycle (5%) developed by CERN/CCNU to MOS test t@;ostestmcmres Shift Register .. -

* TOWER/JAZZ, http://www.jazzsemi.com/ ° Power Consu m ptlon * Develop faSt read_OUt SyStem assess Tower/Jazz technology with deep p-well

Hybrid Pixel Technology Microstrip Technology

Features Features
. . T / i el / tab-bonds Sdso;b(;etstr;p
« CMOS chip + high resistivity (~80 k€2-cm) sensor $ * Low power consumption T ﬂ / etector

« Bump-bonding connections 'fn AT
Module concept M

- Charge collection by drift: high SN>50 ’ m ““
= || oo e
ez

* Optimal PID capabllity VY3RERE W/\
« Good r spatial precision (< 20 um) ,’
* Low power consumption | 1
* Robust and mature technology '

electronics chip

0.1 mm

together via bump bonding

metal

Disadvantages

» Larger material budget: 0.5% X, target
» Larger pixel size: 30 um x 30 um target
« High cost per m? for fine pitch bonding

R&D focused on:

bump
msulator

—

T

* Well known tEChnOIOgy the chip and the sensor are connected
doped silicon « Reduced strip length down to 20 mm

Jaddid

> Sensor thinning Sensor * New deSign advantages: Schematic view of the new sensor layout: two rows of 768 strips are ~ [Htsssssssss
e Half cell-size: ~ 95 um x 20 mm arranged on each side (in red and blue for the front and back side). Hehip
» Edgeless sensors . T 99 H The dots represent the corresponding bonding pads
« Higher granularity
» Low cost bump-bondlng o — article track \ « >95% ghost hit rejection efficiency
» Low power FEE chips P Bias voltage electrode « Lower strip C: higher S/N
Assembly and folding
o * Drawbacks: | | |
Sensor thinning view on module side before carrier chip release: «  Double number of interconnections *  Tape-Automatic Bonding (TAB) technique: |
__—— Sensor . : « Allows chip tests, less material, safe folding
je——" « Bonding at very low pitch . hallenai itch
- - - - - O - P T T S— R ROC SOum ° Increased OWGI’ COﬂsum tIOn C a englng at trace pItC < 50 “m
—- P P * Assembly of dummy components under test
‘ — Glue layer ‘
R Carrier chip (glass) = = m= Dummy strip sensor detail:
Schematic cross-section view R & D aCt I VI tl eS :Eg 23 {;)Z:)enr:glhgzpv?ggllg]g
Sensor 100 um, readout chip 50 zm, glass carrier 300 zm e Small p|tch micro-cable development (INFN Trieste - FBK Trento)
The target thickness is 100 um for the sensor and 50 um for the chip, corresponding to ~0.5 % X,. Single- and multi- chip assemblies with * Assembly procedure validation

First aluminum-polyimide cable
bonded to a dummy chip via
TAB technique (SESRTIIE, UA)

dummy components have been produced and thinned down to the required thickness at IZM**. After thinning, the glass carrier is removed.

** Frauenhofer Institute for Reliability and Microintegration (IZM), Dept. High Density Interconnect and Wafer Level Packaging, Berlin

Interconnection cables R&D « Compact module layout procedure
« 12 tabbed chips are bonded to a hybrid circuit providing
Edgeless sensor concept scheme * Micro-cables in aluminum trace on polyimide layer connections and cooling

Edgeless sensors Sensor with multi-guard structure Sensor with edge implantation * Very low material budget: 10 um + 10 um » The cables are also bonded on each side of the sensor

- Idea: reduce the inactive edge region from ~600 um to 10-100 * Very flexible « The cables are then folded around the sensor
Pixel cell . itch: i Si i
wm by introducing a highly n-doped trench Multi-guard e Edge implantation Trace pitch: 42.5 pum (chip side) / 47.5 um (sensor side)
o _ _ _ / « Length: ~25mm/~50 mm sensor

« Advantage: reduce the inactive region which only adds material .ﬁ.__ — B —

hybrids side view

wafers for bumping and thinning

» First prototypes realized by FBK*** Trento with SPD geometry:
high resistivity epitaxial layer with edgeless design, deposited on Bulk

N

b Test structures W|th and W|th0ut gual’d I’ingS, trenCh at diffel’ent First microcable prototype with 42.5 Hm inter-trace pltCh Schematic view of the Strip module after bonding the hybnds on the sensor (|eft)
distances from the pixels to optimize the layout (depletion, V) ** Fondazione Bruno Kessler, Trento, Italy, www.fbk.eu (SE SRTIIE - Kharkov, UA) and after folding the cables around the sensor edge (right)

\‘ \' « First prototypes in 2 versions, hosting 128/256 channels
« Technical challenge: etching the trench and post-processing the . yf Y -
Bulk | AT

hybrids




