108foid O13-LAS @U A pue dN-30d SN Aq parioddns
sem ge P13xId 1IN pue dnoid |H LIIA 83 0 diom ay|

4

/

2

22 Oct

rePl

on behalf

—.

\\.,
O
4

~5

ts f

\,,,\ .\,\ .I d
3 |2
/
et
D | O
/ ®

and de




. . i &
ALICE — A Large lon Collider Experiment

Study of strongly interacting
matter at extreme densities
(QGP) in heavy-ion collisions
at the LHC (CERN)

Low momentum (< 1 GeV/c)
particle reconstruction
* New inner tracker for
Run 4 (2030)
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ALICE Inner Tracking System 3 (ITS3)

ITS2 half-barrel — currently installed ITS3 half-barrel —engineering model

Improved low p; physics performance — low material budget, air cooling, small inner radius

> bent, wafer-scale monolithic active pixel sensors (MAPS) —in total just 6 sensors for entire inner barrel

Gregor Eberwein | CPAD 2026 | 3
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ePIC - electron-Proton and lon Collider M

Study of strongly interacting
matter in electron-ion collisions
at the future Electron-lon
Collider (EIC) at BNL

Low mass detectors with high
spatial resolution tracking
essential (e.g. scattered e-
measurements)

* Tracker installation in 2032

Gregor Eberwein | CPAD 2026 | 4
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ePIC Silicon Vertex Tracker (SVT)

o T e e e R R e e R M R M R R e e e e M e M e ey,
el L — e e e e o o = P

Inner barrel - based on
bent, wafer-scale MAPS

i
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,,
,

i
;7

,.
)| 4

Outer tracker - based on large-area MAPS of same type

Total ~8.5 m? of silicon
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MOSAIX i

& 300 mm (12 in)

ER2 run: 65nm, stitched, wafer-scale, CMOS, MAPS

Gregor Eberwein | CPAD 2026 | 6



[
MOSAIX i

babyMOSAIX

__________________________________

@ 300 mm (12in)
ER2 run: 65nm, stitched, wafer-scale, CMOS, MAPS
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MOSAIX W=

& 300 mm (12 in)
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MOSAIX i

& 300 mm (12 in)
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MOSAIX W=

& 300 mm (12 in)
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MOSAIX Wi

flexible when thinned to <50 pm !

& 300 mm (12 in)
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I ALICE

REC

MOSAIX design

3 functional blocks:
* 1x Left-Endcap (LEC)
* 12x Repeated Sensor Unit (RSU)
* 1x Right-Endcap (REC)

ILE3 TILE 4 T

SEGMENT (SEG) 266 mm
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MOSAIX design

| PERIPHERY 0 | | PERIPHERY 1

TILE 3 TILE 4 TI7

TILE9 TILE 10

TILEO TILE 1 TILE 2

BUFFER
BUFFER

TILE 6 TILE 7 TILE8

BUFFER
BUFFER

/:KI l/ i I N \\ 1
H ) / PERIPHERY 2 | SRV | PERlPlen\a\
7z / \\

* 12independent tiles per RSU

* Eachtile is switched (service node) Service Node Clk&ctrl Biasing/periphery 444 x 156 pixels/tile

blocks for each 20.8 x 22.8 um? pixels

e OQOverall: 12 RSUs x 12 tiles = 144 tiles tile ~ 10 Mpx/SEGMENT

* 144 x 160 Mb/s transmission
* 144 biasing/periphery blocks
288 local power domains

Gregor Eberwein | CPAD 2026 | 13
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MOSAIX dGSlgn RSY \ 160 Mb/s

1

| PERIPHERY 0 | | PERIPHERY 1 )
!‘ = data link
‘ per tile
2l e
Ei I TLE I TLE | TILE 2 E TILE3 | TILE4 |
>
=1 [ | =] —
[ ] | | I |
L | | L] |
o P
w w
w! | Tee | TLE7 | TLES || Tes | TLE
2 2
||
/:IKII l/i I N \\ 1
SRV, ) / PERIPHERY 2 | SRV | PERlPlen\a\
Z / AN

* 12independent tiles per RSU

* Eachtile is switched (service node) Service Node Clk&ctrl Biasing/periphery 444 x 156 pixels/tile

blocks for each 20.8 x 22.8 um? pixels

e OQOverall: 12 RSUs x 12 tiles = 144 tiles tile ~ 10 Mpx/SEGMENT

* 144 x 160 Mb/s transmission
* 144 biasing/periphery blocks
288 local power domains
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MOSAIX design

e 8x 10 Gb/s transmitter with

lpGBT logic encoded
* 4 xglobal power domains

+TX domain
* Analog monitoring ADC
* 2 slow control endpoints
* CLK, SYNC, RST

Power

* 12independent tiles per RSU
* Each tile is switched (service node)

 Overall: 12 RSUs x 12 tiles = 144 tiles
* 144 x 160 Mb/s transmission

* 144 biasing/periphery blocks

288 local power domains

i &

ALICE
LEC RSU \ REC
\ 1 Mb/
| PERIPHERY 0 | | PERIPHERY 1 60 b/s
Ball | Wit —‘ ‘ data link
@ HSCH 1
@ HSCH 2 per tile
el = o -
™ HSCH 3 o &' | rpee | wue TILE 2 o TILE 3 TILE 4 | ]
S|l (21 | | >
p |SL| SERVICE CTRL z il I | [ ] — -
1= S I s : <‘|:
D < E D
S [ ) S
. Abc < g — — . Power
| |sL 9 !
o |vs < o
= v Sl | TLES | TLE7 | TILEs i TLES | TILE10
of| | @ @
@ HSCH 1 H |
™ HSCH 2
P N A — || \
™ HSCH 3 7 1
<ﬂ\SRV ) / PERIPHERY 2 | SRV | PERlPHEn\a\
Z / AN

Service Node Clk&ctrl Biasing/periphery 444 x 156 pixels/tile
blocks for each 20.8 x 22.8 um? pixels

tile

~ 10 Mpx/SEGMENT
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MOSAIX design

e 8x 10 Gb/s transmitter with

lpGBT logic encoded
* 4 xglobal power domains

+TX domain
* Analog monitoring ADC
* 2 slow control endpoints
* CLK, SYNC, RST

Power

* 12independent tiles per RSU
* Each tile is switched (service node)

 Overall: 12 RSUs x 12 tiles = 144 tiles
* 144 x 160 Mb/s transmission

* 144 biasing/periphery blocks

288 local power domains

i &

ALICE
LEC RSU \ REC
\ 1 Mb/
| PERIPHERY 0 | | PERIPHERY 1 60 b/s
Ball | Wit —‘ ‘ data link
@ HSCH 1
@ HSCH 2 per tile
el = o -
™ HSCH 3 o &' | rpee | wue TILE 2 o TILE 3 TILE 4 | ]
S|l (21 | | >
p [St| SERVICE CTRL = =1 I [ [ [ =] ] — b
s S I s : <|‘:
D < E D
S [ ) S
. ADC < % ] — . Power
| |sL 9 !
o |vs < o
] G| | i
= v Sl | TLES | TLE7 | TILEs i TLES | TILE10
of| | @ @
@ HSCH 1 H |
™ HSCH 2
P N A — || \
™ HSCH 3 7 1
<ﬂ\SRV ) / PERIPHERY 2 | SRV | PEmPHEn\a \
Z / AN

Service Node Clk&ctrl Biasing/periphery 444 x 156 pixels/tile
blocks for each 20.8 x 22.8 um? pixels
tile ~10 Mpx/SEGMENT

Note: powering from LEC only feasible
when limiting the number of enabled tiles
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MOSAIX wafer probing i 2

On-wafer testing of full MOSAIX production
(2 x 25 wafers): max. coverage on functionality,
including high-speed tests

Note: Test beam measurements and irradiation
campaigns performed on carrier PCB’s, not
covered here
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ALICE

MOSAIX wafer probing — thinned layers

Developed procedure to test 50 um
thinned layers of any size — f

e Custom handling tool to pick-up and N

transfer thinned layers " '

 Custom mylar cover sheet allows to “ﬁ
uniformly suck silicon layers flat onto the ,
chuck |

Handling tool

Gregor Eberwein | CPAD 2026 | 18
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MOSAIX wafer probing — high-speed Wi

AN e Commercial FPGA (Arria10 +
: ‘ Enclustra baseboard) -
uniform test infrastructure
across carrier PCB’s/test
beams/detector models

 Custom high-speed FPC
(flexible printed circuit) —
simulations and material
choice, in-house production

Gregor Eberwein | CPAD 2026 | 19
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ALICE

MOSAIX wafer probing — high-speed

Probecard
[ ]1]]

Probecard
|§ Wafer 1 0.2 bpS

cantilever

Wafer | 10.24 Gbps

Vertical probe needles, embedded in MLO (multilayer organic material)
* High-speed vertical probecard co-developed with industry partner — low
inductance, and impedance matching for stable 10.24 Gbps transmission

Large advancement over standard cantilever probecards (also produced, baseline,
no high-speed tests possible)
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High-speed capability

Wire bonds

Probecard

Wafer

Carrier PCB

A

‘\\TELEDVNE CROY

5.12 Gbps
PRBS
Wafer probing at
10.24 Gbps achieved!
10.24 Gbps (BER@FPGA <1e-12,
PRBS

see later)

0 Gregor Eberwein | CPAD 2026 | 21
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Testing sequence

Primary sequence

LEC RSU

[
PSUB — | B PERIPHERY 0 |@| PERIPHERY 1
HSGH 1
‘ HSCH 2
GSVDD HecHs TLeo | el | TeE2 TLE3 | TLE4

[ ﬂ SERVICE CTRL

REC

b

£

Il

BUFFER

BUFFER
BUFFER

]

||
|

DATA
AGGREGATION
| [

gl g =
= B TLE 6 TILE7 TLE 8 i TILE® | TILE10 E 143
| e
HSCH O EE =
afl |a @
HSCH1
HSCH 2
HSCH3 — 4
| PERIPHERY 2 | @ | m:\

u-,ma,
[ [ 3F 3
EIEIEIF

J

&
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Testing sequence

1 wafer, 5 SEG

(o2

)
3]
c
)
>
o
o)
%)
>
| -
©
£

‘=

o

T
o
o~
~

L=

_ _ _
6 2 8
M~ 3 8
n < o~

1e303 ‘D3S/PPT) SelL

144 A

REC

RSU

LEC

dy
1S4y, 2775
5)
@Qﬂu S :sow.v.- \C.S...mm.
Mug,. Hos
0005
My
s
- 3 A
Ilmrl.lll.llll.l.l.hlllu.l\\\
[N
g 5
E F
? 2
B wiEne | [ waEna (B
? 2
[N
r 3
= E
[E][wsna | wiane (]
¥31dng I ¥3ding
NOLLY934D0Y
viva
AEaal - BIEEE
HHH
&
E|E(EE E|E|E(E
@21 [3Fe]

00
=
=
3]
o)
c
O

Service registers
and Service Nodes

Gregor Eberwein | CPAD 2026 | 23



ALICE

i &

Testing sequence

r,5SEG

1 wafe

(oz

)
3]
c
)
>
o
o)
%)
>
| -
©
£

=

o

T
o
o~
~

L=

_ _ _
6 2 8
_...r 3 8
n < o~

12303 ‘D3S/vPT1) S9ILL

144 -

AN

, g, 0a,, s
o QQWA.\C .v.ﬁ\—.~0 )
000 m
ay
os
Q L<ow % -0
w
x
- .
B i —
3 :
2 2
? 2
S| [El wiEne | [ waEna (B
B =
F #
r 3
= E
[E][wsana | wine (]
¥344ng I ¥3ding
NOLYOIuD9Y
viva
HHH
&
E E E
|l

GDVDD

Q
)
L S
o
S
o
aQ
©
Q
o
O

o)
)
>
[
0
7
e
c
©
o)
| -
o)
@)

registers
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Testing sequence

ls
Gregor Eberwein | CPAD 2026 | 25

, pixe

power, registers,

1’9

b WL
0

w 7o
=~
Suuv
EEE
wnwn

el]
c
=
/2]
O}
—
Y
=
N
>
O
1
—

[T Service nodes: partial

data, DACs

I Pass
Il Fail

0 -1F

1
1
1
|
G
&
o

SE

144

T T T T
o {o] o~ fos]
o~ M~ m 5]
~ N < ™~

N“

12303 ‘D3S/vPT1) S9ILL

1 wafer, 5 SEG

(oz

L<ow % -0

REC

\\
AN

PERIPHERY 1
TILE 4
TILE 10
PERIPHERY 3 |

-t

T

TILE 3
TILES

3ing ] [ u33dng |

| 5 |
| B |

RSU

TLE 2
TLES

PERIPHERY 0
TILE1
TILET

PERIPHERY 2

TILE O
TLES

[E][wsana | wine (]

¥344ng I ¥3ding

Tile sequence

NOILY93¥99Y
viva

)
3]
c
)
>
o
o)
%)
>
| -
©
£

‘=

o

LEC
0
1

ISCH
ISCH
HSCH2
HSCH3

HSCH 2
HSCH3

SERVICE CTRL
HSCH O
HSCH1

PSUB
GSVDD
GAVDD
GDVDD



metal
)

i more
: moremore

i more

In

IIII-
Il

10

Config
shbTxCal
sbbBufferBias
tileSerTxCal
tileSerBias

lded
next run

(

e

unsh
stack area found and

Weakness solved
, pixe

closed
s

30000

25000

SBB buffer

o0
c
=
/2]
O}
—
Y
=
N
>
O
1
—

power, registers,
data, DACs

20000
/

tiles — Bit Error Count

RSU
Bl Unlocked
15600
Error count

REA DOUT‘I

0 errors
T
[
(%]

10000

th other act

.
5000

ISSION WI

NO PIXEL ACTIVITY

Tile data transm
g

™ T 13l -

~ n < ~ — 00.3...
= ‘ g
(0ZL = 12301 ‘D3S/PPT) SOILL

1 wafer, 5 SEG

L<ow % -0

REC

AN

-t

m:‘\

T ——
= | =

-

E]

F

@

u

L

=

3ing | | u33dng |

| B
| B |

RSU

TLE 2
TLES

PERIPHERY 0
TILE1
TILE7

PERIPHERY 2

TILE 0
TLES

I ¥33ing :“m
_

I ¥31dng I ¥3ding

Tile sequence

NOILYOIHD9Y
viva

]
z
E|E(EE ElE|E|E

)
3]
c
)
>
o
o)
%)
>
| -
©
£

‘=

o

LEC
o
1

HSCH1

HSCH 2
HSCH3

ISCH

ISCH

HSCH2

ISCH.
SERVICE CTRL

su
p
‘Avs

o
| s
2 |vs|

Testing sequence

PSUB
GSVDD
GAVDD
GDVDD
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Testing sequence

Primary sequence

Tile sequence

LEC RSU \ REC
[ \
— @ [ PERIPHERY 0 | @ [ PERIPHERY 1
PSUB ™ HSCHO —
™ || WscH1
‘ ™ HSCH 2
o -4 -4
w HECH 3 E E TILE 0 TILE1 TILE 2 E TILE3 TILE 4 L
GSVDD =[] =
p[st| SERVICE CTRL =z |®[]® e -
HE 8 .
e < o
GAVDD 28 — | :
. ©
\;ﬂ g a
- gl 2 g
GDVDD - = E E TLEe | TME7 | TNES E TLES | TLE10 E 143
@ «© @
™ HSCH1
™ || Wscnz
\

1 wafer, 5 SEG i SU
8 Defect pixels —one R
8 [0,0,0] [0,1,0] [0,2,0] [1,0,0] [1,1,0] [1,2,0]
~ 400 -GTA O -GTA 1l -GTA 2 -GTA3 -GTA 4 “GTAS5
~ red - inefficient: 0 red - inefficient: 0 red - inefficient: 0 red - inefficient: 0 red - inefficient: 0 red - inefficient: 0
720 1 black - dead: 0 black - dead: 0 black - dead: 0 black - dead: 0 black - dead: 0 black - dead: 0
E 200 Dead
1]
° 2
S 5761 < 200
2
100
v 4324
-~
o)
< 0
: " Inefficient
288
[}
9
= 100
144 -
2 200
&
0 A
300 Good
[0,1,1] [0,2,1] [1,0,1] [1,1,1] [1,2,1]
;ﬁ-‘ LL)U GTA 7 GTA 8 GTA 9 GTA 10 GTA 11
T o 5= < 400 - red - inefficient: 0 -red - inefficient: 0 -red - inefficient: 0 -red - inefficient: 0 -red - inefficient: 0 -red - inefficient: 0
& & ‘;'g&— &= black - dead: 0 black - dead: 0 black - dead: 0 black - dead: 0 black - dead: 1 black - dead: 1
@Q & QC?, Uf. “ 0 40 80 120 0 40 80 120 0 40 80 120 0 40 80 120 0 40 80 120 0 40 80 120
> & (‘_"j"&’ 3 Column
9 0 L%
D Dax & TR
S S wuu o
o O vn g
o O oL
S I 4
I AN
L @ §
[T} v -
a5 ol

1-by-1 tile testing:

power, registers,
data, DACs, pixels
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Testing sequence

1 wafer, 5 SEG
Primary sequence

720 A

576 1

Tile sequence

432 1

288 1

Tiles (144/SEG, total = 720)

221 good

IIII-
Il

221 good

144 1
LEC RSU \\ REC 0- o o o s
1 ~N fy <
‘ E| PERIPHERY 0 ]@| PERIPHERY 1 13 ,r,;._g(t)a,@mo O_‘g‘.?é?q-'mé’g;_
S ™ _|[Hscio — Q Qoo w ez;§ gtq(o
PSUB e g ks
— ,5" ,5";:-;:- & ¥5Texly
| o o | g § £08 & 655529
T || Heeus E E TEo | Te:l | TwE2 E TES | TRE4 | TH Q Q55 % uaJ &JﬁJEéé
GSVDD £ = & 2 o o OGO CTY
o lst| service cTRL z (2= ° » OU & & OSSIuwlul, s
2 g ; L 05§ §Sraaddds
e =& 2 S SEF Y 5 ERYESSSA
GAVDD 28 | — — { : S a (i,ut,,;? g%u@ﬁﬁﬁ&
3 o 0oL §odgrn AN
44 g : & 995 ¢ & ZFISoLlE
]| e = Eq’ o 0_9 QJ“JQbV)LU
GDVDD e — & £l mes | mer | mes | [E] | mes | mew E 143 £ o Ny §§§C\' E§T§§m
n HSCH 1 a2 a 0 @« 5\' ] 50%} §§ -.‘:‘;_9
[ I I
n HSCH3 — — A 17 e
E | PERIPHERY 2 | E | PERIPHERY 3 \‘ “ &

AN

Threshold scan —one tile

Charge injected(*) [e-]

0 50 100 150 200 250 300 350 400 100 150 200
100 1 103 ]
1]
o 102+
X
80 ] : 101 4
10° 443
10714 }
60 - 30 40 50
2 Threshold [DAC]
[ —
3
(¥} Noise distribution
Noise(*) [e-]
* 40; 10 15 20 25
1044
103 4
20 2 2
§ o
. 1
® 109 =29
) 100 =0.2
0 ipu=29,0=02
! . } ! 101 . !
0 20 40 60 80 100 2 3 4 5 6
VH [DAC] Noise [DAC]

Threshold distribution
Threshold(*) [e~]

1-by-1 tile testing:

power, registers,
data, DACs, pixels
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Testing sequence

(ov = |e303 ‘D3S/8) S|duueyd SH
[} < o]
— e o

- 40
3
2

d

lizer an

High-speed
seria

o
N
el ©
rd ©
1Y
pD
o =
o] ©
I*l -
= B
S BE
bl O
o
L
o
o
e
o

SEGO -58F
SEG1 -3F
SEG2 -2F

I Pass
Il Fail

[T Service nodes: partial

0 -1F

1

1

1

|
SEG
&

o

144

T T T T
o {o] o~ fos]
o~ M~ m 5]
~ N < ™~

N“

12303 ‘D3S/vPT1) S9ILL

1 wafer, 5 SEG

(oz

L<ow % -0

REC

&l u33ing ] [ ¥33ing |

] B |

RSU

TLE2
TLES

'PERIPHERY 0
TILE1
TLET

PERIPHERY 2.

g g
[Ell ¥33dna ] wising (]

¥344ng I ¥3ding

Tile sequence

NOILY93¥99Y
viva

)
3]
c
)
>
o
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>
| -
©
£

‘=

o

C

High-speed sequence

LE
[
1

ISCH.
ISCH
HSCH2
HSCH3

SERVICE CTRL
HSCH O
HSCH1

PSUB
GSVDD
GAVDD
GDVDD
TXVDD
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Testing sequence
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w © C
S O c +
(unJ 2yl Jo J1Wi] Y39 241 32 = Q) pa1unod siodla O O g ©
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s
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o
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T POOB 122 No~ 075~ 0075 2y a...\_am
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O]
L
n
Lo
[y ﬂw.m,\_. 237
[0 \ I . ! \ | @Q :so w,uS...
S R £ 5 8 3 ° s
~ n < ~ — A,
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Q feow v o
o
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GAVDD
GDVDD
TXVDD
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ALICE

i &

-out - SEG - L2W23_S4

Yield drop
-« WaferPrimaryTestingSequence

Testing sequence

(ov = 12302 ‘D35/8) S|duueyd SH
S &3 © o

WaferHschTestingSequence

SEG1 -3F
SEG2 -2F

I Pass
Hl Fail

SEGO -58F

[T Service nodes: partial

WaferTileTestingSequence »

SEGO -1F
b
3

poob 17z 4

0,
poob 1ZZ qvm.owu - mouw OQ%\ 93, o5

poob 1ZZ mk.w\_.._. ED..W,U_SQ
poob 1zZ wu.sm_w Ko

144

T T T T
o {o] o~ [oe]
o~ P~ m =]
~ N < ™~

N“

(o2 12303 ‘D3S/vPT) S9IIL

L<ow % -0

REC

_“m_ ¥3idng ] | ¥3idng :“M_

RSU

TLE2
TLES

'PERIPHERY 0
TILE1
TLET

PERIPHERY 2.

? g
[Ell ¥33dna ] wising (]

¥344ng I ¥3ding

Tile sequence

NOILY93¥99Y
viva
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©
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o

C

High-speed sequence

LE
[
1

ISCH.
ISCH
HSCH2
HSCH3

SERVICE CTRL
HSCH O
HSCH1

PSUB
GSVDD
GAVDD
GDVDD
TXVDD
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i ©
Layer yield — maximum layer Size

|_i
S

|immm |2 (5SEG); !mmm L1 (4SEG), :mmm LO (3 SEG)

N - —— N - —— -

11
| 10
| 8 8 8
§) 6 ©6
6_
5
4 4
3
5. 2
0_—

> 90% > 95% > 98% > 99%
Mean tile yield per layer Gregor Eberwein | CPAD 2026 | 32
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Number of layers [#] from 40 wafers
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Layer yield — maximum layer Size

) Effort on yield

% improvement in

a1 ; L 5 collaboration with the

= \mmm | ] (4 SEG): :mmm LO (3 SEG) :

c foundry ongoing

2127 I

* 10

g At >98% tile yield, we

= 81 can build:

HE c 6 6 2x ITS3 or

% 1x SVT half barrel

z 4 3 y
2_

24 total 21 totaI 17 total

0_

> 90% > 95% > 98% > 99%
Mean tile y|e|d per |ayer Gregor Eberwein | CPAD 2026 | 33
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Wafer probing extensions and SVT QC

 SVT foresees a production of:
* 75 ER3 wafers (inner barrel)
* 330 LAS wafers (outer barrel)

* LAS: Large Area Sensor - MOSAIX
derived, with same pad structure

330x
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1Hwm
Wafer probing extensions and SVT QC M

 SVT foresees a production of:
* 75 ER3 wafers (inner barrel)
* 330 LAS wafers (outer barrel)

* LAS: Large Area Sensor - MOSAIX
derived, with same pad structure

LEC

e Large volume requires fast QC
procedures - paralellization
required:

330x
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IIII-
| H%ICE

Wafer probing extensions and SVT QC

 SVT foresees a production of: LEC /_\ REC

* 75 ER3 wafers (inner barrel)
* 330 LAS wafers (outer barrel)

* LAS: Large Area Sensor - MOSAIX
derived, with same pad structure

* Large volume requires fast QC
procedures - paralellization
required:

 LEC + REC probecards -> allows
full powering of all tiles in parallel [
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IIII-
| H%ICE

Wafer probing extensions and SVT QC

» SVT foresees a production of: = /_\ -

* 75 ER3 wafers (inner barrel)
* 330 LAS wafers (outer barrel) o B

* LAS: Large Area Sensor - MOSAIX
derived, with same pad structure

75X
* Large volume requires fast QC
procedures - paralellization
required: B
* LEC + REC probecards -> allows | .
full powering of all tiles in parallel | O LAS [
* Multiple dies in parallel
330x
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[Hwu
Wafer probing extensions and SVT QC M

* Vertical probecard for LEC (current)

* Additional REC probecard (to be
produced)

-> Full chip powering (all tiles in parallel)
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I III ALICE

Wafer probing extensions and SVT QC

Parallelization of sensor testing:

* Up to 3 SEG in parallel (depending on
arrangement)
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I III ALICE

Wafer probing extensions and SVT QC

Parallelization of sensor testing:

* Up to 3 SEG in parallel (depending on
arrangement)
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Wafer probing extensions and SVT QC

Parallelization of s

* Upto 3SEG in pat
arrangement)

testing time for one site from
~560 to ~110 calendar days!

Estimated reduction of total QC

y

* Adaptable to LAS

I

ALICE
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Summary

MOSAIX chip (nearly) fully functional
 On track for ER3 submission by end of year
* Transmission weakness found and fix implemented
* Manufacturing yield improvement ongoing

Wafer probing at 10.24 Gbps achieved
* Essential to fully exercise all chip blocks on-wafer
 Custom high-speed chain wafer-to-FPGA developed

High-volume SVT production QC readiness
* Dual-sided powering and multi-probecard system
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Mechanics integration

Engineering Model 1 Engineering Model 2 Engineering Model 3 Engineering Model 4

Bending Cooling Mechanical and Electronics Integration
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Block digaram detailed

S - 111011111

LEC

12x REPEATED SENSOR UNIT

REC

I :
ER[ALIZE
ER[ALIZE 2 % % % 2 ¥ g ¥
|2 : £ 2| = =
ER[ALIZE =l PIXEL S PIXEL s PIXEL = |2 PIXEL = PIXEL = PIXEL
3| |2l MATRIX ol MATRIX 2|l MATRIX 3 |2l MATRIX ol MATRIX 2|l MATRIX
=l |2 = = Z| |2 = =
| [2 g 2 g 2 ]
1] o o
[a]
g 3
— = — = l— = — — = <
Iﬁ ADC | BIASING UNIT | | BIASING UNIT | |  BIASING UNIT | | BIASING UNIT | | BIASING UNIT | |  BIASING UNIT | R :
S | BIASING UNIT | &
= — — —_— — —
- 2
Q
2 2 1] wn 1] & 1] 1] 1]
< n <
| 5|l Ell  pixeL Sl exer  ||=|[E[l Poxev El|  pixeL Sl PxeL
= 21| 2 Y| MATRIX 2l MATRIX ||z MATRIX Y| MATRIX 2l MATRIX .
ol 2| 2 < H 5| : 2
ER[ALIZE = 13 2 = =| |1 2 =
ol |& o a of |= o a
ER[ALIZE
ER[AI.IZE I L I &
- = PR = PERPRERI 4 — e Peee e | | -
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4.5 mm 21.566 mm 1.5 mm

IIII-
II ALICE
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, Miir &
Analog pixel frontend

Reset and feedbackl| Discriminator
AVDD AVDD AVDD
IBIAS p—{ M0 IRESET p— M5 DB p—{* M10
] i1 VRCAS p—{" M6
C
| IN S X
Collection
) VCASB D_| M7 OuTD
diode 174

DO A\ | ' \a U
OUTA j\_ "

—|: M2 VCASN D—l: M8

)]
c
m
¥ 1

vs p—* M3 IBIASN p—{_ M9

= Amplification stage =
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Particle track

MAPS pixel cross section

NWELL COLLECTION
NMOS PMOS ELECTRODE NMOS PMOS
B A == L
PAWELL \  N-WELL J | PWELL | NWELL
DEEP P-WELL DEEP P-WELL
i — DRIFT/
DIFFUSION
h\&  DEPLETED ZONE
'y NG
/" DEPLETION
P- EPITAXIAL LAYER BOUNDARY

NWELL COLLECTION
NMOS PMOS ELECTRODE NMOS PMOS
B o ] T . T O
| P-WELL | N-WELL J : { P-WELL J N-WELL
________ REERPP-WELL __.-~ SOPEERRWERTST
LOW DOSE N-TYPE IMPLANT
DEPLETION
BOUNDARY
P- EPITAXIALLAYER

e N P e e |

IIII-
Il
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[HelE
Testbeam - detection efficiency / fhr i =

100 10°
" Split6 chip comparison
991 requirement r10 t'_le3
' = Pitch: 22.8 um x 20.8 um
5 : T lreset = 10 DAC
X 5 i lgp = 15 DAC
~ 97 -10° x V. =76 DAC
S 961 10t 2 T=27°C
7 3
c 95- X r10° ©
-8 271 o —— Detection Efficiency
@ o4 ___1T_5_3_f§*se_b_lt 50 CH WU TSR SNUUOR SR S S | 10-1F - Fake-hitrate
g ST eI i e % BAMOO_L1W16_S6
% St w  ©  (Non irradiated)
] ALICE ITS,3 beam test; o - SRS L 10-2
93 2025-06/07/08 PS, ===-_{ %’ v “@k\m\é} 10 BAMO1 L1W16 _S6
Plotted on 4 Sep 2026 . I (TID 400 krad)
92 - Mec RN : . - 103 BAM14 L1W16_S6 (June)
o - | L e BT el e (4 x 102 1 MeV neg/cm?)
Top 5 Noisiest pixels masked : SN ™
91 i i o Yo o Sem s 0 - BAM14 L1W16_S6 (August)
100 125 150 175 200 225 250 275 7 (NIEL 4e12 + TID 400 krad)

Threshold average (e ™)
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Yield — thinned layers example

BAM 0/0 (0.0%) SEG 427/432 (98.8%)

[ PASS
. FAIL

L o e o

50 NOT TESTED

i i i Wi i Wil
i i i i

SEG 427P/5F ‘BET (98.8%)

EXCLUDED
NOT TESTED =

BAM 0/0 (0.0%) SEG 574/576 (99.7%)

BN PASS 3 NOT TESTED
. FAIL

] e v o e

i i i i e i
i i i i

SEG 574PIZF£A(MIT (99.7%)

EXCLUDED
NOT TESTED =

BAM 0/0 (0.0%) SEG 523/720 (72.6%)

W PASS [ NOT TESTED
mm FAIL ‘WI‘ stuck service node

A EEEE
[ e v

| ..... ” aas || vz ” it |- /

SEG 523P / 197F / ONT (72.6%)

EXCLUDED
NOT TESTED =

BAM 0/0 (0.0%) SEG 450/720 (62.5%)

EEm PASS [ NOT TESTED
m FAIL AWM stuck service node

i ] i i i

LT e e T e
i i i i

SEG 450P / 270F / ONT (62.5%)

Total

PASS

FAIL =
EXCLUDED =
NOT TESTED =

PASS

IIII-
Il

Thinned layers tile yield
1x LO: 99%

1x L1: 99%

2x1L2: 73% / 63%
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SVT

ED1-ED4 (backward, e-going)

L4

L3 Support tube

HD1-HD4 (forward, hadron-going)

|

MPGD disk (not SVT)

'

MPGD disk

* LO,L1,L2 atr =38, 50, 126 mm

+ X/X, = 0.07% per layer

* Bent, wafer-scale MOSAIX sensors

* Direct powering (ITS3 scheme)

« L3, L4atr=270,420 mm

+ X/X,=0.25% (L3), 0.55% (L4)

» Carbon-fiber staves; EIC-LAS sensors
» Serial powering via AncASIC

IIII-
Il

Overall
* -1.05m<z<1.2m; r < 0.43 m (active)
* ~8.5 m? of silicon — IB ~0.4 m?, OB ~3 m?, disks ~5 m?

Sensors

* MAPS in TPSCo 65 nm, ALICE ITS3 lineage
* Pixel 20.8 x 22.8 ym?; integration time < 2 us
+ ~40 mW/cm? on the sensitive area

Mechanics, services, cooling

» Carbon foam / carbon-fiber composite supports
* Room temperature, air cooling

» Aluminum flexible printed circuits

» |IpGBT, VTRx+; streaming readout

Inner Barrel (IB) Outer Barrel (OB) Endcap disks (ED, HD)

» Two arrays of five disks: ED0-4, HDO-4

+ XIX, = 0.25% per disk

* Corrugated carbon core; EIC-LAS sensors
» Serial powering via AncASIC
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Mosaix anatomy

LEC 12x RSU 1x Segment REC

Service nodes Tile

 8x 10 Gb/s transmitter

] * |pGBT logic/encoded

* b5xglobal power domains

i * Analog monitoring/testout
e Slow control/clk/sync/rst

 12tiles,12 pixel variants
 Eachtileis switched
 Overall: 12*12 =144 tiles

* 144 * 160 Mb/s transmission
* 144 biasing/periphery blocks
288 local powerdomains

5x global power domains

One tile ~ one pixel sensor
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ALICE

Wafer prober upgrade

New platen, allowing for two

probecards at once:

- Cantilever for REC
powering (to be produced)

- Vertical for LEC (as is)

- Requires new microscope
travel range

- Installation complete, incl.
dark box (sources, laser)
- Taken into operation again
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