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Chapter O

Introduction




© GSI/FAIRZeiltrausch

Compressed Baryonic Matter Experiment

Fixed Target M atUs,! , >: E8, 8, @: E, Sqb

Y Firstorder chiral phase transition

YQ¥{juo,|tm g ,4 {rij,pqo{zruzqp8,}¢tm~w!{zuo8, 5
Y EoSat neutron star core densities

Y In-medium properties of hadrons

Y Strangeness and Charm production, properties
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The Inner Tracker

Inside 1T-mmagnet dipole field
2.5Ys25cpolar acceptance (full azimutt

Compressed Baryonic Matter Experiment
Fixed Target M ats,y! , >: E8, ~ 8, @:
Y Firstorder chiral phase transition
YQ¥{juo,|tm g ,4 {ri,p MVD: 4 layera OMOS MAPS
Y EoSat neutron star core densities | Y &a=8%20 cm (in vacuum)
Y In-medium properties of hadrons et STS 8 layers Sstrips

Y Strangeness and Charm production, propertieges e iy Y a=30v¥100 cm (in air)
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Physics with th
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Taken fromB. Donigus modified fromA. Andronic et al

Franz A. Matejcek/GSI Pixel Platform Workshot23.03.2026

Selection wKFParticleFinder in CBM

UNIVERSITAT

FRANKFURT AM MAIN


https://link.springer.com/article/10.1140/epja/s10050-020-00275-w#citeas
https://link.springer.com/article/10.1140/epja/s10050-020-00275-w#citeas
https://link.springer.com/article/10.1140/epja/s10050-020-00275-w#citeas
https://doi.org/10.1016/j.physletb.2011.01.053
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(GeV) Pointing Precision

x-Distance for z=0 [cm]

0.0014

o [cm]

0.0012

High track density in the Inner Tracke

0.001

0.0008

MVD track seeds minimizing STS
ambiguities

0.0006

0.0004

IJII|IIl|III‘IIl‘III|III|I

0.0002

O 717
o
N
o
~
o
()]
o
Ioe)
—
v
N
ol

g‘O —_
O
(@)
(]
<-
O

Franz A. Matejcek/GSI Pixel Platform Workshot23.03.2026


https://link.springer.com/article/10.1140/epja/s10050-020-00275-w#citeas
https://link.springer.com/article/10.1140/epja/s10050-020-00275-w#citeas
https://link.springer.com/article/10.1140/epja/s10050-020-00275-w#citeas
https://doi.org/10.1016/j.physletb.2011.01.053

Requirements for Low Tracking
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Generic 2station pointing precision
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Requirements for Low Tracking

Design driven by material budget

Y Multiple Scattering dominated regime

Y Technology: (thinned) CMOS MAPS

Y Trackingbeforebeam window (vacuum operation)
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Design driven by material budget
Y Multiple Scattering dominated regime
Y Technology: (thinned) CMOS MAPS

Requirements for Low Tracking

Y Trackingbeforebeam window (vacuum operation)

But: No lunch for free

Y MVD rate limited to 100 kHzAu+Au (10 MHz pp)

Readout speed, radiation hardness
1st station needs annual exchange
Y Passive cooling in acceptance

Large modules for mechanics and cooling

Y Doublesided integration

.........

—

Pointing Precision ¢ (um)
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Overview Micro Vertex Detector corrits I
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4 planar tracking stations, ~300 sensors
Y 8%20 cm downstream of target

()

Z=0 8 cm 10cm 12cm 20cm

Target
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Overview Micro Vertex Detector corrits I

FRANKFURT AM MAIN

4 planar tracking stations, ~300 sensors
Y 8%20 cm downstream of target

T T, S ———

Beam ———— —
MIMOSIS2.1 with MVD FPC

MIMOSIS2 on TPG

E Matejcek et al.

Z;O 8 ém 10.cm 12.cm 20‘cm
Target
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https://iopscience.iop.org/article/10.1088/1748-0221/20/06/C06024

Overview Micro Vertex Detector

4 planar tracking stations, ~300 sensors

Y 8%20 cm downstream of target

Key challenges:

Y Magnetic field and vacuum operation

Y Material budget (0.3%4/40.5% X,)
Y Doublesided integration

Beam

/= 8 cm 10.cm 12.cm 20‘cm
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MIMOSIS2.1 with MVD FPC
MIMOSIS2 on TPG
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CBM and the GSI Pixel Platform

llluminate with ~108/@m>MeV/c HI Sensor validation infrastructure
for highest dE/Chg (SEE tests at UNILAC,
y ONYL U

=D8, 5
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CBM and the GSI Pixel Platform
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llluminate with ~108/@m=MeV/c Hi B Sensor validation infrastructure
for highest dE/chy (SEE tests at UNILAC,
e y ONYL U

=D8, 5

Integration infrastructure
(metrology, wirebonding, probe §
testing, lasemn X mj
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CBM and the GSI Pixel Platform

FRANKFURT AM MAIN

llluminate with ~108/@m=MeV/c H] N Sensor validation infrastructure
for highest dE/dxX (SEE tests at UNILAC,
: y ONYL _U_ =D8, 5

Integration infrastructure

(metrology, wirebonding, probe
testing, lasemn X mj

Integration expertise
4n{zpuzs 8,
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CBM and the GSI Pixel Platform

FRANKFURT AM MAIN

llluminate with ~108/@m=MeV/c H] B Sensor validation infrastructure
for highest dE/C (SEE tests at UNILAC,
e y ONYL U

=D8, 5

Integration infrastructure
(metrology, wirebonding, probe
testing, lasemn X mj

Integration expertise
4n{zpuzs 8 8=

Engineering expertise
4Emo¢ce¢y, rqqpit~{¢st 8, tqmij,
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Chapter 1

MIMOSIS




The MIMOSIS Story 8
| YA 77 ” Requirement
Spatial precision ~5 um
Time resolution ~5 us
Thickness ~50 um
Power dissipation < 100 mW/cm?2
« = Radiation doses (neionizing)| > 7x10'3 n,/Jcm?
S Radiation doses (ionizing) > 5 Mrad
. tk Sammeeee S _ Radiation gradient on chip ~100%
| _CI,ZCICIPXCI_,_UZ,|tCI,1 - 5
Anti-L1in12 AGeV Au-Au collisions Rate capability avg. (peak) | 20 (80) MHz/cm
in the Inner Tracker HI-tolerance 10 Hz/mm?
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IPHC coernr. &3

STRASBOURG

Reqguirement
Spatial precision ~5 um
Time resolution ~5 us
Thickness ~50 um
Power dissipation < 100 mW/cm? A\J’\DE
Radiation doses (noionizing)| > 7x10' n, /cm? A0
Radiation doses (ionizing) > 5 Mrad
N 7;<’;--~ u . Radiation grc'.:tdient on chip ~100% o AL\’\DE
Anti-Ll in12 AGeV Au-Au collisions Rate capability avg. (peak) | 20 (80) MHz/cm?| ~
in the Inner Tracker Hl-tolerance 10 Hz/mm?

|

i s - X4U
MIMOSISO (2018) MIMOSIS1 (2020) MIMOSIS2/2.1 (2024) MIMOSIS3 (2026)
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The MIMOSIS Story

Joint venture: IPHC Strasbourg, University Frankfurt, GSI
Y Starting point: ALPIDE pixel, fully custom digital fromnd

\

— omog  NWELL COLLECTION
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. W EE T T . 0
| PWELL J NWELL J = L PWELL | NWELL
DEEP PWELL DEEP PWELL

Standard
-MX\UPQ\

DEPLETION

P-EPITAXIAL LAYER . BOUNDARY

Franz A. Matejcek/GSI Pixel Platform Workshot23.03.2026

IPHC

Institut Plundlsaplmalre

Hubert CURIEN

STRASBOURG

GOETHE

UNIVERSITAT

FRANKFURT AM MAIN

Analogue Pixel Sel

¥

Analogue buffer pixels

|
%8  Region 1 |
'_g 504 x 2 x B pixels |
e |
i |
z I
2 [
I
| I I
L I
___________________ Sl Al i I S S e S | i ————
I .
] Bottom Periphery DAC Analog — - |
| I WH: o 2| |
I | ]
I ol |1
[ DAC Pixel Control | PE Driving and Cluster Finding || PEDCFE || PERCF || PEDCF I TE o |
o
: o oils @ W s xlé Q: E I
I Multl-Fr:ame | Data Generatlon for Multi- | N | PO | P—— 1
i Emulation |_Frame Patters l-_mulat-on 5 1
5 hits @ 20 MHz £ l
I chlon Rcaduut Unit 1 RRU 2 RRU 3 RRU 4 |- % |
I MIMOSIS Instruction 12Bx 1B bitx? o 1
[ cantrol I | = !
 § L
: I Muonitoring hits @ A0 MHz |
Super Region Readnut Units a 1
I 12C Slave General | SRAM = |
I Config 64%32 hitu® » § I
: ', w,' bits @ 40 MHz E 1
Multipl I
[ Sequencer SEELLIEI':ICEF - I:IElirnhl @ 20 MHz ;
I Copfig ||  p— - — |
Iinck gen ! @@ Readout Test I
: 20 MHz 40 MHz 80 MHz = 178 hits @ 80 hHz Configuration 1
20 MK 0 |
I Ext 40 MHz oo |320 Mz P : EIastnF?uffer 2048 x 128hit _ I
I B I 20 M Serializer VT Monitors HV Res |
) I .‘E ____________________________
160 Mk N x 320MHz (N1, 2.4, 8)
& @ M Al MM [# IQ Q
| ] EE EE s TR s I ]
CLK 12C CLKPLL  CLKRESCUE  SYMC IN  CLKSER  DATA pads VT MON pads HWRESET pads

.

ANAOUT pads

L.;| Analogue I;

Pad Ring

20

INJ pads

MON pads



IPHC

STRASBOURG

The MIMOSIS Story

Joint venture: IPHC Strasbourg, University Frankfurt, GSI
Y Starting point: ALPIDE pixel, fully custom digital fromnd

Improved radiation hardness
YY{purugp, gl uijim¥uemx, xm! q~, 41|
Y Increased diode bias (A€oupling)
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: Tap Periphery Analogue Pixel Sel |
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The MIMOSIS Story IPHC | cornud
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Joint venture: IPHC Strasbourg, University Frankfurt, GSI
Y Starting point: ALPIDE pixel, fully custom digital fromnd

Improved radiation hardness
YY{purugp, gl uijim¥uemx, xm! q~, 41|
Y Increased diode bias (A€oupling)

Improved operation range (signal)
Y 50 pm epi thickness

25 um or 50 um

_________________________________ |
1
. 1
Extra deep pwell implant .
_____ |
NWELL COLLECTION nwell collection I
NMOS :@3 ELECTRODE - - MOS £&J0S electrode — ] ,
W - : | . O I = '
 PWELL J NWELL J: { PWELL | NWELL | pwell nwell ! pwell nwellgy| (C .
DEEP PWELL  / DEEP PWELL deep pwell deep pwell o :
9 low dose n-type implant p= |
Standard ~—| 2 :
| = Coampemmn o=y~~~ L1~ 1 F === !
| p-stop  (CERN)Y | & T EE S
1 M X \ ﬂ p Q \ \ D : DAC ixel Control PE Driving and Cluster Finding PE EDCFE x Z:E é E I:I'EJ
\ = I ulti-Fr e = ;;‘1;;"'?"_“ - I
b " DEPLETION — T ' Emutation. [T "wmi'vn’ue ||_'_'J|_'_'J|_ | —
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- : YITEE . RRU 2 || RRU 3 || RRU 4 - = B =
I control Instruction 126x 1R bitx? I E : i
I I Monitoring - MM I %
: — “Super Re egion Re d ut Units g1 <
[/ S ) -l S A D A 0 I12C Slave Enera | RA | 1
I . . 1 I ' __Config | R
: AC coupling Bias2 H Shaping time few ps {1 Full custom digital : - l_iz.';'f_l T 2|
| MVBiast i f L = | B ] e e |
: i il s 9 | o [rrame comraor] — .
i il : = i ®) : 20 MHz 40 MHz 80 MHz T & 1780t @ a0 M Configuration 1
] : 1 -
- i 11 Dual Port Pixeljout S | Bt 40MHZ =T 320MHz [ Crock gen | A e 0as :
|  em— : | |
[ I . | . L e e e e e A —m=—————
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ICharge inj. i i ) & Mlolal 14
1 160 aF H : I D8 _B T R
------------------------------------------------------------------- 12C C KRESCUE
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The MIMOSIS Story IPHC

STRASBOURG

Joint venture: IPHC Strasbourg, University Frankfurt, GSI
Y Starting point: ALPIDE pixel, fully custom digital fromnd

Improved readout speed
Y 8 x 320 Mbit/s

Improved radiation hardness
YY{purugp, gl uijim¥uemx, xm! q~, 41|
Y Increased diode bias (A€oupling)

Improved operation range (signal)
Y 50 pm epi thickness

25 um or 50 um

Extra deep pwell implant
NWELL COLLECTION nwell collection
NMOS PMOS ELECTRODE — i NOS &OS electrode ]
i . O J T N . O J O O | —_
. PWELL J NWELL J: { PWELL | NWELL pwell nwell - ©
DEEP PWELL DEEP PWELL deep pwell deep pwell E
. ‘\ low dose n-type implant -
Standard S~ 12 ISR S
m Periphery
(- I DAC Analag o
, p-Stop CERN = , Y
g M X \ EU Ip‘ Q \ \ D | DAC - on PE Driving and Cluster Finding PE FEDCE
I X
\ / . ! Multi-Frame :Jl]a‘raranerat
b " DEPLETION T ' mulston | | "L_tanszaani || | e [ ocwrec
P-EPITAXIAL LAYER BOUNDARY o' epitaxial layer : L .-1
= : ] YITEE . [reu 2 [rrU 3 |[RRU 4
I control Instruction 126x 1R bitx? I
: I Muonitoring 12 hits ) MH ]
[ e S S -l [ | 12 Slave eneral S per Re gs n Re d ut Units
I : . 1 | I
i AC coupling Bias2 'l Shaping time few ps {1 Full custom digital : =
| Mu BIElSl : : : = I E [ Sequencer
: il 11 | o I o
il i i I Hz 80 MHz
I 1l 11 .1 O ]
! i ¥ Dual Port P'KEh,DUt S || Bedomb ockgen
| . e Y e . S
e i i1 | 2 words of 1 bit i LU L =
ICharge inj. " [ : A A
| 160 aF il ! l 8 G
---------------- I L--------------------------- EEEmmm————————— ---------J CLE 12C
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Joint venture: IPHC Strasbourg, University Frankfurt, GSI Improved readout speed
Y Starting point: ALPIDE pixel, fully custom digital fromnd Y 8 x 320 Mbit/s

Improved radiation hardness Improved SEE hardening
YY{ puruqgp, q| uim¥lunmx, xm! g~, 41| Y Hamming encoding (DACs
Y Increased diode bias (A€oupling) Y Triple Modular Redundancy

Improved operation range (signal)
Y 50 pm epi thickness

Extra deep pwell implant

25 um or 50 um

NWELL COLLECTION nwell collection |
NMOS Z@z ELECTRODE — - MOS &O5S electrode ] ,
W 1 ! = = O oI g [
| PWELL NWELL J: { PWELL | NWELL pwell nwell J - L pwell © |
DEEP PWELL  / DEEP PWELL deep pwell deep pwell e |
: low dose n-type implant - :
‘\‘ I
Standard ~_7|Z |
CERN _ : Bottom Periphery DAC Analog :
, p-stop E T .
e M X \ U [p Q \ D | DAC ixel Contro PE Driving and Cluster Finding PE PEDCE ; E |
'\ I : = . q
\ - ! Multi-Frame s .:'rallw\nel.'at I
~ DEPLETION — T ! Erision | | "o II_'_'JI_HJI_'_'J 1
P- EPITAXIAL LAYER o BOUNDARY p epitaxial layer : 16 bits @ 20 M -l § 1 a
) ’ RRU 2 || RRU 3 || RRU 4 — = | |-E] a
: h.:Lwr:?zlls Instruction 12616 bitx 2 LJLJ | 2| o E
I | [ I a:
: I Muonitoring 12 hits l | TE
[ e S S -l [ | 12 Slave General | S p rie gst d ut Units | 2 : = "E_
AC Cﬂuphng Bias2 : . _ : £4x32 bit & I I:I'E] z
Shaping time few ps Full custom digital : I s
. |
MV Biasl | |
1
: I
I |
| l

out

Dual Port Pixel
2 words of 1 bit

FE Morel

J
Charge inj.

160 aF

r--- - -

l—---
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MIMOSIS2.1 Performance

AllYMIMOSIS beam telescope
Y 4 reference sensors, 2 DUTs
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Y Controlled room temperature Extra deep pwell implant
Y Dark rate <106%pixel/frame o E e ==
deep pwell o deep pwell

low dose n-type implant

p-stop
25 or 50 pm

p epitaxial layer

Franz A. Matejcek/GSI Pixel Platform Worksho23.03.2026 25



AllYMIMOSIS beam telescope
Y 4 reference sensors, 2 DUTSs
Y Controlled room temperature
Y Dark rate <1@9%pixel/frame

Detection efficiency [%]

MIMOSIS2.1 Performance

3

100 ?,-._.=;=.:..__._
99 8 \‘
964+——-»r L 1 1
| —8——8— 25 pm epi
—a——a— 50 pm epi
99 4 — — S
g9 2
—
g9
_ i
o884+ T
| - Preliminary
o e .
08 6 | _version 92022080 | 1 1]
0 50 100 150 200 250 300 350 400 450
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Threshold [ADU]

10

Spatial precision [um]
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Extra deep pwell implant

nwell collection

oS £ OS5 electrode
T & I
pwell |  nwell J -~ l pwell nwel
deep pwell deep pwell

low dose n-type implant

p-stop
25 or 50 pm

p epitaxial layer

26



mr ;

Induced radiation damage

Y Reactor neutrons, 60 keV-¥ays
Y EOL dose + safety margins

Y Dark rate <1®/pixel/frame

g~, U~~mpumj u{ z

100 - :
99 End-of-Lifetime+409
X 98-
> 97 -
o :
S 907
© 95 \ Far beyond
= : e
8 93- —i— Not |r1rfd|ated
8 1] —®— 10" n,/cm?
927 |—=—3x10" n_Jcm? N
91 + 5 MRad \
90 14— — — = —
100 150 200 250 300

Threshold [mV]
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Extra deep pwell implant

nwell collection
electrode

=
O OJ =
pwell | 7_qy_ej‘|”4‘ ~ l
p pwell

low dose n-type implant

deep pwell

p-stop
25 or 50 pm

p epitaxial layer
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y-axis [cm]

Challenge: Fixed Target (SEE)

Single Event Effects from beam halo, target fragments, direct beam impact
Y 5.4 mm next to the beam!

ALICE: ITS2 23 mm, ITS3: 19 mm, IRIS: 5 mm
Y Validate with ~4AMeV Au @GSI

Hit gradient ¥ MVD station

1/mm?collision

—11.4
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0.8
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256 -2 156 14 056 0 0.5 1 1.5 2 2.5 0

X-axis [cm]
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® First results: B. Arnold

Meadows et al.
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Challenge: Fixed Target (SEE)

Single Event Effects from beam halo, target fragments, direct beam impact
Y 5.4 mm next to the beam!

ALICE: ITS2 23 mm, ITS3: 19 mm, IRIS: 5 mm
Y Validate with ~4AMeV Au @GSI

First results: B. Arnold
Meadows et al.

T

Hit gradient £*MVD station e MVD maxLET
1/mm?collision R Niy
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Im § "™°3——vBB=1V
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Challenge: Fixed Target (SEE)

Single Event Effects from beam halo, target fragments, direct beam impact
Y 5.4 mm next to the beam!

ALICE: ITS2 23 mm, ITS3: 19 mm, IRIS: 5 mm
Y Validate with ~4AMeV Au @GSI

First results: B. Arnold
Meadows et al.

)

Hit gradient ' MVD station s MVD max LET
1/mm?collision e Niy
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Challenge: Fixed Target (Deltas)

1 -€”%(+ dipole field: irradiation gradient)
Y Load uncorrelated to physics events (tracking ambiguity)

il 'H

Threshold shift from TID (charge bubdp in gate oxide) T

Y Saturates (~1 Mrad if biased, 3 Mrad if unbiased)
Y Preirradiation to homogenize pixel respons@Cor)

Hit gradient ¥ MVD station

1/mm?collision
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y-axis [cm]

Challenge: Fixed Target (Deltas)

1 -€”(+ dipole field: irradiation gradient)

Y Load uncorrelated to physics events (tracking ambiguity)

Threshold shift from TID (charge buldp in gate oxide)
Y Saturates (~1 Mrad if biased, 3 Mrad if unbiased)
Y Preirradiation to homogenize pixel respons@Cor)

Hit gradient ¥ MVD station

1/mm?collision

—11.4
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y-axis [cm]

Challenge: Fixed Target (Deltas)

1 -€”(+ dipole field: irradiation gradient)

Y Load uncorrelated to physics events (tracking ambiguity)

Threshold shift from TID (charge buldp in gate oxide)
Y Saturates (~1 Mrad if biased, 3 Mrad if unbiased)
Y Preirradiation to homogenize pixel respons@Cor)

Hit gradient ¥ MVD station

1/mm?collision

—11.4

—1.2

E1

0.8

0.6

0.4

0.2

256 -2 156 14 056 0 0.5 1 1.5 2 2.5 0

X-axis [cm]

UNIVERSITAT

FRANKFURT AM MAIN

Threshold shift biased MIMOSIS Threshold shift unbiased MIMOSI&A 1
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Challenge: Fixed Targetritensitiy Fluctuation$

Non-ideal spills in realistic accelerators (SI1S100)

Y Global spill:0.5 s synchrotromefill, 10 s slowextraction

Y p-spill structure (known from SIS18)

Y Substantially improved wittspill Optimization Systen(SOS

Spill optimisation system (SOS) e mproved micro spill intensity profile SOS
S e - 4 <l
raw counts (50 us)
Pilses u| Acquisition Optimizer —®{ Signal synthesis W 2 |
. and analysis Controller ﬁ ' |
Leiecior -ﬁ‘\ - Targl rate e . g 2 - ‘ . : |
MSeptum e e 1 - ‘ | i ' ‘ ’ ’ ‘ ' || ' }
~~~~~~~~~ Exciter | A
Ralf ABmann = M‘Miv M'J(.\N '*Vu 'M‘Nl \"WW“’“ ‘MMI ﬂf \f'\M

ACC Operations Retreat 2025  Ee-septum E— 2 3000 2.3025 2.3050 2.3075 2.3100 2.3125 23150 2.3175
Extraction time /s
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Challenge: Fixed Targetritensitiy Fluctuation$

Non-ideal spills in realistic accelerators (SI1S100)

Y Global spill:0.5 s synchrotromefill, 10 s slowextraction

Y p-spill structure (known from SIS18)

Y Substantially improved wittspill Optimization Systen(SOS

Elastic buffer in MIMOSIS
Y Pealtaverage 3 for 50 ps
Y Write speed 10.24 Gb/s > Read speed 2.56 Gb/s (for 8 links)

Spill optimisation system (SOS) Improved micro spill intensity profile SOS

leb6
&) e v 4 il
= raw counts (50 ps)
Pulses . Acquisition Optimizer — Signal synthesis N 2 '
5 ancanalys.s Controller ﬁ '
D \\ mplitude
etector *\% Targlrate Amplitud E ‘ l
~~~~~~ Amplifier ‘ '
M-Septum TS Lig | l | ;' l | l I ’
~~~~~~~~~ Exciter 'H( ) ‘ '} | f \h\ ﬂ )! |
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ACC Operations Retreat 2025 E-septum E— 2 3000 2.3025 2.3050 2.3075 2.3100 2.3125 23150 2.3175
Extraction time /s
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Chapter 2

Integration



FrontEnd Electronics

Sensor FPC

Power Boarc
(POB)

Data FPC

d |

{

ReadOut
Board (ROB

Front End
Board (FEB)
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FrontEnd Electronics

ROB and POB fully functional

FEB powers on

Power Boarc
(POB)

Front End

Board (FEB

)

/[ Sensor FPC Power Board
(POB)
Data FP¢ ”’lﬂ,,,,,;,, b
A " &
ReadOut Boar
(ROB)
‘ ]
ReadOut '; _L
Board (ROB f; | s
— (FEB)
N — # :MW-‘ ! ; |
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Challenge: Powering

Optimize power distribution network (oxhip and indetector)
Y Static and dynamic voltage drops on all time scales

UNIVERSITAT

FRANKFURT AM MAIN

100 mV voltage fluctuations on
VDD every frame (5 ps)

lllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllll

1,705 ¥
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Challenge: Powering

Optimize power distribution network (oxhip and indetector)
Y Static and dynamic voltage drops on all time scales

100 mV voltage fluctuations on
VDD every frame (5 ps)

lllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllll

1,705 ¥

2X digital power increase
during spills, TID effects

—a— New - 8 x 320 Mbps
—a— |rrad - 8 x 320 Mbps

N
N
o

MMOSIS-1/2

—_— b
[ QN
o

Irrad.

Static power

Offset

Preliminary
Version: 20.03.2025

Power per active surface [m\W/cm?]

0 | 20000 | 40600 | 60600
Hit rate [KHz/cm?]
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Challenge: Powering
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Optimize power distribution network (oxhip and indetector)

Y Static and dynamic voltage drops on all time scales

100 mV voltage fluctuations on
VDD every frame (5 ps)

lllllllllllllllllllllllllllllllllllllllllllllllll

1,705 ¥

2X digital power increase
during spills, TID effects

—a— New - 8 x 320 Mbps
—a— |rrad - 8 x 320 Mbps

MMOSIS-1/2

N
N
o

~4X Improvements in analog
power grid from M1 to M2

—_— b
[ QN
o

Irrad.

Static power

Offset

Preliminary
Version: 20.03.2025

Power per active surface [m\W/cm?]

0 | 20000 | 40600 | 60600
Hit rate [KHz/cm?]

Franz A. Matejcek/GSI Pixel Platform Worksho23.03.2026 41




UNIVERSITAT

FRANKFURT AM MAIN

Challenge: Powering

Z{iqF, tu ,u ,mz,*aqm j°, | jqy, (RS
Y Parallelpowering N---B

Y Crosspowering and latckhups not observed N |
Y Sufficient stable operation voltage range n L

B

Stable operation voltage range

Thermal Noise (TN) for different Digital
Voltages (VDD) vs Analog Voltage (VDA) for AC Pixels

—=— VDD 15V
—— VDD 1.6V
VOD 1.7 V
| | | | VDD 1.8 V |
o S T S— e VDD AG Vo
- . ——vVvDD20V
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Challenge: Powering

Z{iqF, tu ,u ,mz,*qm ;°, | jqy,
Y Parallelpowering

Y Crosspowering and latckhups not observed

Y Sufficient stable operation voltagenge

Detector PDN
Y LV distribution in vacuum (FEAST DC/DC)

Y Low R cabling

Y >50% of FPC area for powering .
¥ . Stable operation voltage range
Y Separated power domalns Thermal Noise (TN} for different Digital

Voltages (VDD) vs Analog Voltage (VDA) for AC Pixels

o T =
(L) -

| |E]

Y i >

| &

E L —=— VDD 15V
z —— VDD 1.8V
[ 6 OSSOt ST OO SO USSP PO UPRTUPPURPPI PP
— VI:?D 1.7V
~ | | | | VDD 1.8V |
) P .................................. ................................. .............. —EI—’H"DD1EIU .................................
- —— VDD 2.0V |
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Challenge: Powering

Z{iqF, tu ,u ,mz,tqm [°, | jqy, |JUEEESS
Y Parallelpowering . B8

Y Crosspowering and latchups not observed |
Y Sufficient stable operation voltage range B

DetectorPDN
Y LV distribution in vacuum (FEAST DC/DC)
Y Low R cabling

Y >50% of FPC area for powering .
¥ . Stable operation voltage range
Y Separated power domalns Thermal Noise (TN) for different Digital

antages (VDD) vs Analng "u’nltage (VDA) for AC Pixels

N vl
But: C apac Itors In acce pt ance Z . —_“"Egg:?: _________________________________________________
VOD 1.8V

But: Grouping of components NI R S — - + _________________________________

- . —=—VDD20V

But: External biasing20 m)
But: ~40 mV GND shift (biasing, SLVS)

i R

I “\r "W! unT mr;'ru Mmf ﬁmumﬂwm!
ﬂ.‘J i B, i
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Challenge: Data Integrity

High-speedsignalsoverimperfecttransmissiorpath
Y 320Mb/s SLVSupto 90 cm FPCs + PCBs

Y Threeconnectorgdiscontinuitied in datapath
Y Singlelayer, unshieldedFPCs (S -
Y SLVS CM (200 mVshiftsdueto GND shift (40 mV) N | _ —
Y Dynamicphaseshiftsdueto powerfluctuations R

Variousaspectssalidated full systemtestin preparation

Power Board
(POB)

Ideal operatlng condﬂmns——» MVD operating conditions

ReadOut Board
(ROB)

~ Front End Board
(FEB)

i
wn eL

©
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FEE Validation: Next Steps

FRANKFURT AM MAIN

Control functionality and Data Integrity
Y Sensor FPCs, wissonded MIMOSIS 2.1
Y Fullsystemtestse ; , ruzmx, | { eg~uzs8,omnxqgq, XxXqgzsijt 8,

Sensor FPC

Y Not final ultrathin design

Y Now 18 pm, later 12 pm copper
Y Validate FEB, next iteration
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