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The Compressed Baryonic Matter Program at FAIR
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The Micro Vertex Detector

Monolithic Active Pixel Sensor

~30.97 mm
MIMOSIS Commercial CMOS process
(180 nm TOWER-JAZZ)
504 x 1024 pixels organised in 16 Super-regions
£ 1 Super-region has 4 Regions of 16 columns
E Data-driven read out, all Regions work in //
o
? In a Region, 2 columns share 1 Data-driven read out
Institut Pluridisc we
Hubert Cumign

Every double-columns is read out in serial
STRASROLURG

Thinned down to about 50 um.

~3mm

Digital Periphery + PAD ring

Integrated on CVD
diamond and TPG.

A

Lateral heat evacuation
and stability

Placed inside vacuum




MIMOSIS Principle ot Operation
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DEEP PWELL

Epitaxial Layer P-

o Pixel dimension: 26.88 um x 30.24 um

o Full signal processing micro-circuitry
integrated on chip (low noise !)

o Verymodestmaterialbudget:~0.05%X0

o Binary charge encoding often sufficient for
O(um) position resolution

o Data driven read-out (320 Mbit/s)

Matrix

x8 Region1
504 x16 pixels
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10 bits @ 20 MHz
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I DACs

Digital Periphery

Pixel Config
Management

Registers

s

12C cMu
—>| Control Management
Unit

i PE Driving and Cluster Finding

16 bits @ 20 MHz

Region Readout Unit 1

128 x 16 bitx 2

RRU 2 || RRU 3 || RRU 4
; 32 bits @ 40 MH

32 bits @ 40 MHz <

Super Region Readout Units

SRAM
64 x 32 bitx 8
!

{} {}}}} 256 bits @ 40 MHz

Top Frame Generator

20 MHz 40 MHz 80 MHz :

A A A

CLK: 40 MHz>- 320 MHz
1

320IMHz
1

.{} 128 bits @ 80 MHz

Top Elastic Buffer
2048 x 128bit

Clock gen

Serializer
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Applications of MAPS a:
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STAR HFT
ALICE ITS upgrade ILC

IPHC

Institut M&
STRASHOURG

NA61 SAVD CBM - MVD "'
Telescope
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CBM-MVD Sensor Requirements

ALPIDE MIMOSIS
(demonstrated) (MVD design goal)
10

lon. Rad. Tolerance 0.3 Mrad > 3 Mrad

Non. lo. Tolerance 10" ng/cm? > 3x10™ ng,/cm? 3
Heavy ion tolerance N/A 1 kHz / cm? =
Time resolution ~10 ys SRV 2
Data rate (internal) ~0.8 Gbps 20 Gbps 25
Data rate (external) 0.8 Gbps 2.5 Gbps 3
Data reduction Trigger Elastic buffer =

GBTx compatible No Yes -
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Detector Configuration
pointing resolution (sigma, ) vs. p
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Prototyping (double-sided integration

Beam hole
~

>
.

3 . s
3 O K. | O/ R
s HR-15 HR-15
§% = R =
1D§
g
‘S Back LEGEND

150 ym CVD diamond
[ FPC

Il 50 pm thin sensors front
[ 50 pm thin sensors back

o Lateral heat evacuation on thin sheets to heat
sink

o Double sided integration to avoid inactive
region

o Signal transport through ultra-thin flex prints
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Cooling Performance

O  42{ —=—- Fit with Tfast
S X TPG 254pum
= 40
38 B e —————————temesemtem——————an
36
o TPG 500pm
32 :
Vacuum vesscl AN SN 7 s om0 | T
30
) 28 Heat-up curve
0:11W;4% Flt range
o Setup: MVD geometry & thermal oo e ¥ ©s Gt T oo 1
heaters, vacuum timel[s]

o IR: Thermal relaxation times &
temperature differences
o 280 W total heat dissipation
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Occupancy

Two running scenarios. Substantial load due to §-electrons in case of Au+Au

Average Hit-Density, Au-Au 10 AGeV Average Hit-Density, p-Au 30 GeV
s 30 kHz collision rate [1/mm?] = 3 MHz collision rate [1/mm?)
- : ' 2
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> 20 > 20
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Established knowledge on radiation tolerance 2006
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Established knowledge on radiation tolerance 2013
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Established knowledge on radiation tolerance 2015
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Apply voltage to the collecting diode

Entries (1/2 ADU)

Seed CCE
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, Fe55, Pipper-2, P1, 10" n_ /cm?, 22x22um?, t

Reference chip: 10%° n,,/cm®

=128 us, T=-60° C

—5V
— 10V
—20V
—30V
— 40V

O -

50 | 1c|)o | 150 | 260
Charge collected (ADU)

250

300

UNIVERSITAT

FRANKFURT AM MAIN



PERFORMANCE
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Alternative £~ Reconstruction

conventional M3
16<=y<1.8
: 16<=y<1.8 .
— MC Signal, Slope =-4.7 — MC Signal, Slope = -4.7 Tt
—_ Slde. B?nds, _ Slope =-4.8 — Side Bands, Slope =-5.0
— Multi differential, Slope = -5.1 — Multi differential, Slope = -5.1

z/(r*‘*

x10° —no=5.1 MeV/?
0.2 S/B =3.27
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Thank You for Your Attention

and Marc Winter’s
team from

IPHC

Institut Pluridisciplinaire
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