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ILC VERTEX DETECTOR

-

ILD vertex detector layout:

1 Giga channels of 20x20 um pixels in 5 layers
with fast readout

® excellent IP resolution (5 um)2 + (10 um /p)?
® Low material budget 0.1% X, per layer

© Air cooling
® Radiation tolerance 300krad, 10"'n, /cm?

® Peak power < 0.1 -2 W/cm?

Figure of merit for the VXD:
Impact Parameter Resolution

O,y =0, ~a@b/(psin®'?9)

Sophisticated algorithms using vertexing
® \ertex mass
® \ertex charge

® Vertex dipole Accelerator a (pm) b (um)
: LEP 25 70
Flavour tagging SiD . -
® Excellent performance for b- and c-tagging Tevatron 10 40
LHC 12 70
RHIC-II 12 19
ILC <5 <10

(Marc Winter)
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THE PLUME COLLABORATION

® ILC-oriented PLUME = Pixelated Ladder with
® Double-sided ladders Ultra-Low Material Embedding
® Air cooled
® Power pulsed @ T=200ms ® Double-sided ladders benefits
® 125 mm long ® Redundancy
® Material budget goal ~ 0.35 % X0 ® Alignment: faster and/or more robust

® Track finding boosted by mini-vectors

L —— S

The “classical” sandwich

50 pm sensors to servicing board ~ 1m

N

mm
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THE PLUME COLLABORATION

» Mechanical design
Bl University of iiﬁir}er, supports
§ » Stability measurements
BRISTOL * Modules mounting on ladders

/ \ » Ladder mock-up & thermal
\l‘/ measurement

.\ DESY | s Power pulsing tests
X‘. / » New: test beam analysis

* Sensors mounting on modules
» Electrical tests
» Readout & DAQ _
Institut Plyridisciplinaire @ Cooling system ® Synergy with
smaecss e Test beam infrastructure & analysis
® |KF - Frankfurt, CBM group
® LBNL - Berkeley, STAR-HFT group

® CERN-ALICE@LHC
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PLUME-1 DESIGN

® Goals
® Electrical functionality with 6 MIMOSA 26
® Address the full fabrication, assembly & test chains

® Key features

6x MIMOSA 26 thinned down to 50 ym

Low mass cable = 140 um thick with 2x20 ym copper
Spacer = SiC foam at 8% density

®
®
®
® 1ladder = 8M pixels, 10g, 0.6 % X, (cross section)
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SIC SPACER

® Used as support in PLUME ladders
® Follow-up work on LCFI (Bristol U.)
® Lightweight elements in silicon carbide
(SIiC) foam
® Commercially available
® Can be machined
® Properties:
® Open-cell foam
® Macroscopically uniform
® 4 to 8 % fill factor (2-3% possible)

® |ow thermal and electrical conductivity
(50W/m/K)
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PLUME R&D transferable to all
monolithic sensor approaches

® Our choice: MIMOSA
® |PHC Strasbourg working on this since

>15 years -> Mimosa (Minimum lonizing
Particle MOS Active Pixel Sensor)

® Active area underneath the

electronics (epi-layer <20um thick)
providing ~100% fill-factor

® Charge generated by ionization in the

epitaxial layer thermally diffuse toward
low potential n-well region

® Standard, cost-effective CMOS

process, no post-processing

IPHC Strasbourg
see http.//www.iphc.cnrs.fr/~-CMQOS-ILC-.html

CHOICE OF PIXEL SENSOR:

.

MAPS

/onizing particle

i passvation

E r f the MIMOSA — Is:

® Single point resolution 1 um — 4 ym

® Pixel — pitch 10-40 ym

® Thinning achieved 50 - 120pm

@ S/N for MIPs >40 (high resistivity substrate)

@ Detection efficiency > 99%

o Radiation hardness: 1MRad ; 2 x 1013 Ng,/CM?

® Produced in various commercial CMOS-
processes
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MIMOSAZ6

Mimosa-26 well known chips

® used for EUDET style telescopes since 2009

Active surface : 1152 columns of 576 pixels

21.2 x 10.6 mm?

Pixel pitch : 18.4 ym -> 663k pixels 102
Integration time ~110 ps -> 104 frames / second &

Efficiency
‘D —
o

Test Results %
Chip operating with >99.5 % detection 94
efficiency over the whole sensitive area 92
Fake hit rate of better than 10 90
Optimal discri. threshold ~5-6 x Noise value 88
spacial resolution ~3.5 £ 0.2 ym
(preliminary) 86

84
82
80
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MIMOSAZ26: 1sT MAPS WITH INTEGRATED

@ Pixel array: 576 x 1152, pitch: 18.4 ym
® Active area: ~10.6 x 21.2 mm?2

@ In each pixel:

@® Amplification

@ CDS (Correlated Double Sampling)

CMOS 0.35 uym OPTO technology
Chip size : 13.7 x 21.5 mm?2

@ estability: several test points
implemented all along readout
path

@ Pixels out (analogue)
@ Discriminators
@ Zero suppression

\ @ Data transmission
® Row sequencer
® Width: ~350 pm

® 1152 column-level discriminators
@ offset compensated high
gain preamplifier followed
by latch

N—

@ Zero suppression logic

S

® Reference Voltages . A e sttt sttt st = _
Buffering for 1152 e S e e
discriminators T — ————— ——— "_;.41.:',;;_,1_,. ’f‘" T .

) : o e e s I g I"

~~ o Ty T 1 T N TN D G ST
@ Readout controller ® Memory management
® JTAG controller ® Memory IP blocks

See Ref. C. Hu et al., TWEPP-09 9

® 1/0 Pads

Power supply Pads
Circuit control Pads
LVDS Tx & Rx
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® Current Ref.
® Bias DACs

® PLL, 8b/10b
optional




ROLLING SHUTTER

® Arow is selected via a sequencer ' SO SADIE A D5 - 2L i
® the signalis
® amplified in each pixel by a pre-
amplification stage
® decoupled from the column driver by Pixel Amay
a double sampling circuit based on a 1152x 576 E
clamping capacitor. &
§ Column-level Discriminator |

gllm_llmm_anJ._J__Lﬁamc_lLtsm_l
i Pad Ring
~21.5mMm v

.
L

1152 signals of the selected row are transmitted to the bottom of the pixel array
Column-level, offset compensated discriminators -> analogue-to-digital conversion.

Outputs are connected to a zero-suppression circuitry, organized in a pipeline mode, which
scans the sparse data of the current row.

Ingrid-Maria Gregor, Ultra-light double-sided ladders for a LC vertex detector
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ZERODO-SUPPRESSION

Two steps

® Row closest to the discriminator outputs
is split into 18 blocks of 64 columns.

® Inside each block:

® the circuitry scans the 64 columns, oy Bttt
skipping non-hit pixels and identifying gl ll:_’l 1 c [T
contiguous pixels having their signals : = ‘

above the threshold. a.,...;‘ BEEOL e [e]elee] ,( [3]¢ [e[e]0]

® Considers up to 6 strings per block, st [ST18] .:]—J #
each string being composed of up to R e r
4 hit pixels. e —————

® The outputs of the 18 blocks are combined in up to 9 strings, strings overlapping two
neighboring blocks being merged in a single one.

Ingrid-Maria Gregor, Ultra-light double-sided ladders for a LC vertex detector
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PLUME-1 DESIGN

bare low mass cable

module with 6 sensors

complete ladder
(2 modules)

12
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PLUME-1T MODULE ASSEMBLY

x6, manual positioning,

Controlled glue dispensing
small pressure while curing

1‘I'hen wire bonding

~20 pm space bw sensors




-

PLUME-1T LADDER ASSEMBLY

dllng i
I ~2 days

® Ladders: 3 assembled
= 1 with dummy sensors
=> 1 electrically functional

module 2

Modules
~30 low mass cables produced (all copper)
5 equipped with 6 MIMOSA26

=> All electrically functional

Ingrid-Maria Gregor, Ultra-light double-sided ladders for a LC vertex detector

= 1 complete stave

=>» 3 with 1 or 2 non-functional sensors
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PLUME-1T SIMULATIONS

Fan (60x60 or 120x120) mm

Module in the air cooling box

Ladder model in I-DEAS

15
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PLUME-1T SIMULATIONS

Module air cooled

— importance of heat conductivity among sensors
for efficient cooling by air

-

16
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PLUME-1T SIMULATIONS

Ladder supported at both ends

|
S |

SiC foam 8% SiC foam 4% RVC

SEell in Hz in Hz in Hz

Two sensors/ 2 990 981 453
Three sensors 3 1281 1117 674

Ingrid-Maria Gregor, Ultra-light double-sided ladders for a LC vertex detector

— importance of sandwich effect for stiffness l

17
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PLUME-1ELECTRICAL TESTS

Scan of the discriminator thresholds with all 6 sensors switched on (5 tuned for 1% occupancy)

One {discnminator + pixel} transfer function

Current consumption/sensor ~230 mA
@ low threshold

3

g£:1
o.a- The « slope » determines [ Temporal noise I Nome datitutica [mY] { Fixed pattern noise I Theeahoud Siatriseton (=]
; the noise = S pres
06 L o + s "
50% s . i . 1“, LR ) n ret o
04 [ 14%e=004 + 441IT I Comstant 3 K30ee004 + T88AK1
. ‘ 20000
. 12000 L
[ H [ 9505 : a3 _ - 43500 5 40000
0.2 i 1°°°°' 105 : 000t e S1vee - 60t
: %
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0 i A ro & " !
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threshmV -

50% discriminator threshold
OFFSET parameter

Temporal noise at mV level [ [
as expected from single sensor ,,,.“LLM R il lj A T
measurements 0 05 1 15 2 25 3 35 4 N 3 2 1 0 1 2 3 4

Noise distribution [mV) Threshold distribution (mV]




rporsture ('C)
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Low air flow

ambient air

MIMOSA 26 internal (diode) temp. measurement on ladder

PLUME-1 THERMAL TESTS

IR camera thermal measurement on a single module

= 2 m/s air flow

PLUME 2010 @ 1% occupancy

only 1 over the 2 modules switched on

298

h P
-

\.bdh-{l‘hhh
- AOND s weN

¥

&
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fanisv

e

o

awatadsdl
| 3 S T S
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Camera pixels

High air flow
+1.5m/s
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IR camera thermal measurement on a single module

ine 3
ine 2
ine 1

MIMOSA 26 internal (diode) temp. measurement on ladder

L2 sensor temperature (*C)

PLUME-1T THERMAL TESTS

only 1 over the 2 modules switched on

= 2 m/s air flow

PLUME 2010 @ 1% occupancy

s
~

3
»

4
w

kN
.

.
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With the help of Ryan Page & setup from RAL

Plume Ladder Side B

PLUME-1T MECHANICAL TESTS

Surface survey of ladder with dummy sensors

1010818p X8l8A D B 10} Sieppe| papis-a|gnop bi-enn 406319 eLey-plbul
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POWER PULSING

Mimosa not designed for power pulsing, nevertheless power pulsing studies are possible.

Nominal value of 3.3V is reduced to 1.8V:

Reasonable good performance of sensor when power pulsed

Fake hit rate with and without power pulsing shows reasonable
operation about 5ms after turn on.

‘ <N,..> as function of frame nr within power on phase, S/N=7

1

«e hits (X663552 pixels)
e o e
e

N,
© © o o
w = 0 o

|

under power pulsing

—— without power pulsing

e
o

o
-

MW

T

20 40 60 80 100 120 140
Frame Nr

® to maintain M26 programming; reprogramming would take too much time
® to allow continuous clock and control signals (synchronisation).

1 25/05/2012 | 154845 [SD-Karte:/
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TEST BEAM RESULTS

Test beam November 2011 at CERN SPS (H6)

® PLUME Ladder 01 : OKF3 + OKF6
12 Mimosa 26 epi standart sensors. (6 per side)

® thinned down to 50 um.
All sensors at same threshold.

® Data: only from 2 sensors per side.

® 2 mm SiC foam between sides.
Double-sided 50 ym kapton PCB. (Cu, 20um/side)
0,6% X0 material budget.

Ingrid-Maria Gregor, Ultra-light double-sided ladders for a LC vertex detector

Efficiency vs Fake hit rate Resolution vs Threshold Pixel multiplicity vs Threshold
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MINI VECTORS

Mini-vectors between the two side of the ladder :

— To improve spatial resolution.
— To estimate angular resolution.

® Hit selection to make the mini vector = hits with the * o 4 chafush| SN L i
minimum track-hit distance.

track reco in DUT minivector

Ingrid-Maria Gregor, Ultra-light double-sided ladders for a LC vertex detector

l Vertical residual‘ mini-vector - Angular residual for multi-pixels cluster
" : Lrorion 41602 ‘-W :_ T
- Cormant S0l 30 c )
?. ' S L Ennes 11988
: v QLG 1 Q0 n o L f‘. ndl S
s cayea 3396 20 002 (JADO 1 o
m’._ ,- Consnre WM0r219
: 'rom s; :_ Mot 00004848 £ 000101
3000 e e 1500y Sgma 0 9056 + 0 0009
: Conwtarnt 00 A “
- Mo RUUE JRTD S ’
m: Sgree 4075 10 te4 3000 -
r back side '
L e 62 : . . .
— ) e 401352 500 |- ® Spatial resolution improved.
- e OONERD 5 8 01WGS 1
[ { s 3m 30000 ! ® Correlation between
e R T ey R I S TR observation and theoretical

track-hit position (:m) track-hit angle (degrees) result =>mechanical stability

of the ladder.
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PLUME-2 DESIGN

® Why is the 2010 design so thick
® cable width ~ 2 x sensor width

Width = 24.5 mm

plume-
® metal ~ copper
® SiC foam (spacer) density ~ 8%
® Improvements plume-2

Width = 18 mm

® [ow mass cable narrower and aluminum traces
— first samples fabricated January 2012
= sensor mounting ongoing...

® spacer (SiC foam) decreased to 4% density (FEA simulation predicts no change in
stiffness)

New board for power pulsing studies
Automatic placement machine available for fast and reliable assembly

Ingrid-Maria Gregor, Ultra-light double-sided ladders for a LC vertex detector
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PLUME-2 DESIGN

® Expected material budget
® transverse cross-section

> 0.344 % X0 = 2x0.053(sensors) + 2x0.058(flex) + 0.092(SiC4%) +
0.030(SMD)

® average (weighted / 10 mm wide MIMOSA 26 sensitive layer)

> 0.502 % X0 = 2x0.069 (sensor) + 2x0.098 (flex) + 0.138 (SiC4%) +
0.030 (SMD)

® Schedule

First ladder (single side) in hands

Mirror aluminum flex expected at the end of the month
assembly setup being prepared

PLUME-2 beginning of next year -> test beam !

Small production to to follow

Ingrid-Maria Gregor, Ultra-light double-sided ladders for a LC vertex detector
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VXD PARAMETER
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“New” development: LHC
experiments are investigating
possibility to use CMOS/monolithic
approaches for upgrades
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ALICE TRACKER UPGRADE

After LHC Upgrade ~2018 Pb-Pb collisions
at 50 kHz expected

Opens the door for a unique physics program
in 10 nb! regime

Requires significant upgrade of the inner
tracking system (ITS) and time projection
chamber (TPC).

2 L/
. Sketch of the ITS upgrade with halfa Pb-Pb event superimposed

Schematic Layout

New high-resolution, low material Inner Outer Barrel
Tracking System (ITS) P
: ; : Va T
® Measurements closer to interaction point Inner Barrel ,//// Y
. - Y AN
® Reduce material budget: 0.003 XO0/layer //// — /” N \\i\
. /) S 7/ R W
® Increase granularity |77/ = . i N W
1/ NENEY ') W W
\ \\ \ R 0 oy N W
® Increase’]coverage \x \ i N & T 0
N \ La{é;lffl H \\
N W < verl23 i
\\\ N ///”// !II\
\\:’_‘:ijjféﬁ/ /! }' I ,
\\\\ Layer 4,5 y /// //
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ALICE PIXEL DETECTOR

® Different options for the layout were studied
® Baseline design
@ 7 layers of monolithic pixel detectors

® Improved standalone tracking efficiency and pt

resolution

® Under investigation: Enable charge amplitude
measurement in outer layers for dE/dx
measurement -> PID

100 ¢ — E—
90; /' 4

- , p
80E y ,,' 74

70 ; I/ /
60 /. . / Current ITS

- 1
50 F = == "All New" - Pixel/Strips
K 1

30 /

20 E-if

10 B4 /

:I //

0.05 01 02 1 2 3456 10 20
Transverse Momentum (GeV/c)

—— = "All New" - Pixels

40

Efficiency (%)

T

e et

Option A: 7 pixel layers
Resolutions: Orp = 4 uym, 0z = 4 ym for all layers
Material budget: X/Xo = 0.3% for all layers

Option B: 3 layers of pixels + 4 layers of strips
Resolutions: Org =4 um, 0z = 4 pm for pixels

Orp = 20 pm, 0z = 830 pm for
strips

Material budget: X/Xo = 0.3% for pixels
X/Xo = 0.83% for strips
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ALICE PIXEL R&D

pixels for all 7 layers

® Chosen technology is the Tower Jazz
Technology

® MISTRAL/ASTRAL (IPHC-IRFU) based
on MIMOSA

® CHERWELLZ2 (RAL) based on FORTIS
and TPAC

® ALPIDE (CERN-INFN-CCNU)

MISTRAL prototype circuit (Mimosa 34)

I
@]
-
(O]
()
-+
(]
©
x
Q
T
o
>
O
-
©
b
O
(=4
()]
L.
(]
ke
o
i
©
(]
o
P
o
o]
>
(@)
©
-
<
122
&
=
)
s
o
(@)
()
_
O
e
_
©
=
p=
_
(®)]
[
—

® Three different architectures under study:

Flex-cable bus

® Sensor baseline decision: Monolithic Mechanical structure

Bump bonding

o /m}

25 G-pixel camera, 10.3
m2

Pixel modules

® Modules/stave:

carbon fibre structure
cooling

sensors

polimide printed circuit board

ALPIDE (CERN-INFN-CCNU)
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MISTRAL/ASTRAL

® Moved to a 0.18 ym imaging CMOS process (Tower/Jazz SC):

Deep P-well (quadruple well techno.) = in-pixel discriminators

6 metal layers (instead of 4) = in-pixel discriminators, avoids insensitive zones
Epitaxial layer : high-resistivity (> 1 kQ - cm), "18 um thick”

Stiching = multi-chip slabs

= process very well suited to the VXD specifications

MISTRAL = MIMOSA FOR THE INNER SILICON TRACKER OF ALICE

Col. /] pixel array with in-pixel ampli + pedestral subtraction (cDS)

Each of 128 columns ended with discriminator + 8 columns without discri.

Pixel array sub-divided in sub-arrays featuring different pixel designs (22x22/33 um2)
2 options submission in Decembre’12 :

single end of column discriminator = translation of MIMOSA-22AHR (0.35 techno.)

simultaneous 2-row encoding & 2 discriminators/column = twice faster

AROM-1 (Accelerated Read-Out Mimosa) = ASTRAL (2nd step)
in-pixel discri. & simultaneous 4-row encoding

= 8 times faster than MIMOSA-22THR
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® PLUME

® Afirst (functionally) successful design of PLUME-1 fully validated
® New design PLUME-2 to reach material budget of (cross sect.) O(0.035) % X,

® Simulation effort to validate models to predict new designs performances
® ‘“infrastructures” in place for further designs and/or other sensors
® Applications:

® PLUME beam tests will be an important milestones for the ILD
(to be compared with DEPFET-based Belle [I-VXD & STAR-PXL)

® 6 to 8ladders (12 x MIMOSA 26 each) will run during long beam periods in the framework of
the FP7-AIDA project

= Complementary experience wrt STAR-PXL
=>» ALICE ITS foresees a fully monolithic 7 layer vertex detector




Ingrid-Maria Gregor, Ultra-light double-sided ladders for a LC vertex detector

Ongoing Work
® Measurements with PCB ladder (3
sensors connected).

® Preparation and tests of flex kapton
ladder with 6 thin sensors. ®

® Mechanical studies of carbide support
and flex prototype.

© Thermal simulations and measurements o
of heat transfer (with air cooling).

® Power pulsing tests with source and
laser.

@ Investigation of alternative flex vendors.
® Material optimization of flex design. ®

PLUME ONGOING WORK AND PLANS

Plans T

Realistic ILC VD ladder brototype by 2012

® |LC Detailed Baseline Design (DBD) due
in 2012

Steps:

® 2x6 MIMOSA-26, 0.65% X,

® 2x6 MIMOSA-26, 0.4% X,

® 2x6 optimized MIMOSA's, 0.3% X,

Use PLUME ladders within FP7 AIDA
project

33
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ILC VERTEX DETECTOR IN EU-FP7 AIDA

Collaboration :
PLUME collaboration + Geneva University + Warsaw University + ...

fixed rotatable fixed

Beam test telescope \ \ }
DELLAR 1 Y (A
- e e - El Ll L —_ - | | |

Standard telescope SALAT Alignement Investigation Device

On-beam test infrastructure:
- Very thin removable target
- Large Area beam Telescope (LAT) : EUDET-like Beam Telescope
- Alignment Investigation Device (AID): ladder box

Off-beam test infrastructure:
- Thermo-mechanical studies, including effects of air-flow cooling
- Power cycling effect in strong magnetic field: Lorentz forces on ultra-light
PLUME ladders
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AlID LAYOUT

® Aim: alignment studies for PLUME or any other VD ladders
® Four stations with precise adjustable stages

® Two overlapping ladders in each station

® Middle station with three additional degrees of freedom
® Conceptual drawings:

Ingrid-Maria Gregor, Ultra-light double-sided ladders for a LC vertex detector
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EXAMPLE: TOP ASYMMETRY
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