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Why low rnziss + high granularity ?

m Charm hadrons
x STAR, ALICE, CBM
m Charm jet tagging
x ILC, CLIC, (superB)
m B decay length

Charm hadrons ct ~ 100 um

Low By,~0.28 = 0(Az)~60um
X SuperB

B Beam background
x ILC, CLIC, SuperB, CBM
B Low momentum tracks
x STAR, ALICE

P, down to 100 MeV/c

| Vri+rs Ixi X,y
Impact parameter resolution: 01 p ™0 sing.pt. - xSt

O
(2 layers hypothesis) rL—ry psin“@



Specification summary

m For the most demanding layer ( 1°* out of 2 to 6)

x Orders of magnitude, no security factor, subject to modification

x Apply to one layer only

STAR CBM ALICE ILC CLIC SuperB
500GeV 3TeV

spatial resolution < 10 ~5 ~ 5 <3 ~|LC ~15
(um)
Material budget < 0.3 0.3 0.3 < 0.3 ~|LC <1.0
(% XO0)
Hit rate O(0.1) 0O(1-10) O(1) O(0.2) 0O(1) 0(20)
(x10°%/s/cm?)
Radiation / year 0O(0.2) 0O(30) O(0.1) x10/ O(3)
(Mrad) (neq/cm2) O(101%) <1014 o101t |LC ?
Power dissipation 0.1 1-2 0.1 1-5
(W/cm?)

0.04% occupancy @ 100 us readout
BUT sparse data~70 Mbits/s over 1 cm?

LG CRlML R difigsliivs i CUC uimesianaLins

Notes: 10° hits/s/cm? over 20x20 um? pixels



MAPS, the basics

in—pixel ‘ Y a ;,;;"f
B Technology sieco-cieit / /A /
charge collecting \/ / / . / ;0\“5:’@% y

Industry standard for ICs ods

X
x All processes not optimized Y
: >
. . ! &
> Epitaxial layer thickness kg & &
! |

700 g

> # metal layers _
' ' / P++

> Nwell - Psubstrate junction
Potential barrier

B [nirinsically tnln sensors

X sensitive layer ~10-20 um
> Small MIP signal, few 100 e- per pixel — requires low pixel noise O(10 e-)

X Substrate almost useless
Few um enough, total thickness could reach 20 um

>

x Monolithic & active
> No external IC required in vicinity
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Spatial resolution
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Readout speed

Power dissipation
limited for all experiment
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2D (planar) process

B Increasing the hit rate

x Basic idea: zero-suppression m

m Strategy 1: Row sel
x Peripheral discrimination
X Increasing the readout speed
VY i Diddmination Stage "

x |IPHC(Strasbourg)+IRFU(Saclay) groups

0-suppression stage

_jl/>

m Strategy 2:

x In-pixel discrimination

x Data-driven r.o. mode with
time-stamp @ periphery

x SLIM5 collaboration
(INFN+Italian Universities)

x Also INMAPS process @ RAL




2D - peripheral discrimination

300 um
m MIMOSA 26 =
(@)
x Fabricated end 2008 =

AMS 0.35 um process o k- R

x Binary output - 1152x576 ~ 0.7 Mpixe | -

| ) pitch 184 | =

x ~100 us readout time o | > Sensitive surface -

1152 discriminators 10.6x21.2 mm- : z

x >10°hits/cm?/s
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m First applications

x EUDET beam telescope 102 — ¢ g,

(running since 2009) S01f i Ty

: Q - I T o 1 3 1045_

x FIRST experiment SE I ) Bl

(2011, GSI) it g S D

98 ; H\\l- . —3 E

x Forerunner of final sensor for STAR (2013) o7 o \\ EREERS

- e ] 5%

> Talk by M.Szelezniak " AN ER i
"MAPS based vertex detector at STAR", %L N "
Thursday 17h30 94 b g S0 Tt

Threshold (x noise)



2D - peripheral discrimination

m Further applications, r.o. Time ~10 us

x |LC, CBM
> Talk C.Schmidt “FAIR Silicon Tracking Detector System”, Thursday 17h

B Extrapolate MIMOSA26 architecture
x Move to 0.18 um process (ex. INMAPS techno. introduced by RAL)

> Higher internal clock

-8.6 mm

> Lower power dissipation | —— |

> Reduced insensitive area | = = '
x Double-sided readout Rewny pxig

> readout time/ 2
x Stretched pixels with ADC

Pixel Array
> Similar spatial resolution
> Readout time / 4-5 é{: ol ol Dt |
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© 32x128 pix - 50 um pitch

% - perif & spars logic
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Signal for MIP
| (MPV) =980e-

L | Mean
A jh'll'l .06 Integral  1.033er0d
Pl 198.5 /97
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Slgma 3233 ¢ 0.38

10



cdepletion

=
i
ol
o
e
]
=
=]
]
3
[

Natirradiated
3% 10" njen®

Test with 120 GeV 1t

Mot imackated
310" ngor®

Vertex 2010 - J.Baudot - Future of Low Mass Pixel systems with MAPS



Integration technologies

m "Smarter” AND still thin >patial resolution

Time resolution

x Basic idea: multi-points in a single layer

x Possible with

> Thin sensors

> Thin support material ,

> thin cables

o

X Bernefits
> Tracklets for pointing res. or triggering / N
> Mixing # granularity/speed compromises __7//

m MAPS advantages
x Already thin

x No additional IC required
x ~30°C operation possible

> Active cooling avoidable



Double sided ladders

m The PLUME project 4 &

50 pm sensors to servicing board ~ 1m

foam \‘\‘ : : ﬁ

Double sided ladder @ 0.4% XO

Passive cooling: air flow

90+50 pm

Power pulsing
Bristol U., DESY, Oxford U., IPHC

Several iterations over 2009-2012
> Current proto @ 0.6%X0

X X X X X

7\

B [he SuperB project S\uuarfﬂ

x Few W/cm? — Active cooling required
X Support from carbon fiber utubes

> 0.15%X0
x INFN and Italian Universities groups
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From integration to embedding

Top view

|

m The SERWIETE project

x Embed sensors inside soft polyimide cable

Side view
> (Cable with traces ~< 0.1% XO —
x Benefit fully from the MAPS thinness || —

> Sensors < 30 um
x |KF-Frankfort+IPHC+IMEC

=>» Adaptable to the support shape |
IMEC-Leuven, Belgium
> Beam pipes, detector edges, ... examples:

m More "embedding”

x Stitching sensors (proposed by several foundries)
> reduce metal traces & support
x Opto-couplers

> High data-thoughput
with limited additional material




Large Area Telescope (5x5cm?)

-

First 3-planes Second 3-planes

reference station reference station Al D 3 X 2 | a d d ers b oX

Mechanical design by S.Yang, Oxford U.
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3D process

m Combining functionalities & technologies

X Best prepared for readout

| | 3DIC
(optical link) 2D or planar IC

X Overcorre 2D process

R

lirritations - \gr v

> Smallest feature size S —— e e

> rad.tol. sensitive layer |

> Integrate more intelligence Analog. — Digital U\mg;\\..1quxg\ml\
> Geometrically effective Digit. + output

x Road toro. time ~ us level

B International 3D consortium
x Lead by FNAL (pioneering work)

x First circuits expected in 2010 (many different approaches)
x More info on Thursday session

> G.Traversi, "3D consrtium”, 9h
> R.Yarema "The Via Revolution”, 11h




Conclusion

Or) tne roacds offerad oy differant tecrinologias for MARPS
Challenge I: nigner nit rate
x Deep sub-micron 2D processes, ~10us

x Advanced integration technologies: compact multi-layer systems

X Most promising: 3D processes, ~Us read-out >2015

Challenge Il: riigner racdiation tolerance

X High resistivity epitaxial layer for non-ionizing rad.

System challenge: data transmission & storage bottleneck

x Advanced integration

Impact on imaging systems
x From multi-layers & data throughput
x Intelligent imagers (definition, scene detection,...)

X Multi-type radiation detection (dosimetry, veto function,...)



Backups

Than«s for your attention

m Acronyms helper

x AlD=Alignment Investigation Device

x AlIDA=Advanced European Infrastructures for Detectors at Accelerators

x CBM=Compressed Baryonic Matter at FAIR, GSI

x EUDET=EUropean DETector R&D towards the International Linear Collider
x INMAPS=lsolated N-wells, or INtelligent MAPS

x  MALT=Monolithic Active Liquid Tranquillizer

x  MIMOSA=Minimum lonizing MOS Active pixels sensor

x PLUME=Pixelated Ladder with Ultra-low Material Embedding

x SERWIETE=SEnsor Row Wrapped In Extra-Thin Envelope

x STAR=Solenoid Tracker At Rhic, BNL
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