R&D activities on bending and
interconnection with MAPS
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Super-ALPIDE project
FPC for final detector
MLR1 bending tool
MAPS foil
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= Super-ALPIDE project

ject motivations and goals

Proof of concept for large dimension bent silicon sensor detector
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while waiting for large-dimension ITS3 sensors
learn how to handle large dimension chips
explore wire-bonding interconnection to flex (for data/control/powering) and

explore edge-flex solutions towards final detector

ALPIDE chips

60.9 mm
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= Super-ALPIDE project

Project motivations and goals

Five main components
» super-ALPIDE

* support structures

« exoskeleton

« edge-FPC

« exo-FPC (not shown)
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= Super-ALPIDE project

Assembly procedure

(A) Silicon (chip) bending

(B) Interconnection to the edge-FPC

(C) Support structures alignment/gluing

(D) Exoskeleton and exo-FPC positioning/gluing/interconnection
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= Super-ALPIDE project

Assembly procedure

(A) Silicon (chip) bending

« Same tools and procedure
developed for final
detector assembly
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= Super-ALPIDE project

Assembly procedure

(A) Silicon (chip) bending
(B) Interconnection to the edge-FPC

* Very first experience for
the bent flex to
power/control/stream the
Sensors

« Same connectors as
ITS2-IB

« Connected to the external
most two sensors
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= Super-ALPIDE project

Assembly procedure

(A) Silicon (chip) bending
(B) Interconnection to the edge-FPC
(C) Support structures alignment/gluing

« Same shape, dimensions
and material (carbon foam)
of the final detector (LO)

« Same alignment/gluing
tools

EIC_NET | Incontro Nazionale | 30 June 2022 | Domenico Colella 8



= Super-ALPIDE project

Assembly procedure

(A) Silicon (chip) bending
(B) Interconnection to the edge-FPC
(C) Support structures alignment/gluing

« Same shape, dimensions
and material (carbon foam)
of the final detector (LO)

« Same alignment/gluing
tools
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= Super-ALPIDE project

Assembly procedure

(A) Silicon (chip) bending

(B) Interconnection to the edge-FPC

(C) Support structures alignment/gluing

(D) Exoskeleton and exo-FPC positioning/gluing/interconnection

r b Q@R Q 9 BYE

* Needed to access the
remaining chips in the
super-ALPIDE matrix

« 3D-printed (1 mm thick)

« 7.5 mm distance between
sensor pads and exo-FPC
pads

» Wire-bonding through
windows

* NOT foreseen in the final
detector
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= Super-ALPIDE project

Assembly procedure

(A) Silicon (chip) bending

(B) Interconnection to the edge-FPC

(C) Support structures alignment/gluing

(D) Exoskeleton and exo-FPC positioning/gluing/interconnection

Needed to access the
remaining chips in the
super-ALPIDE matrix
3D-printed (1 mm thick)
7.5 mm distance between
sensor pads and exo-FPC
pads

Wire-bonding through
windows

NOT foreseen in the final
detector
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= Super-ALPIDE project

Assembly procedure

(A) Silicon (chip) bending procedure and tools

Bending tool equipped with: cylindrical
mandrel, rotary motor, arm with weight to
tension mylar foil, camera for alignment
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= Super-ALPIDE project

Assembly procedure

(A) Silicon (chip) bending procedure and tools
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= Super-ALPIDE project

Assembly procedure

(A) Silicon (chip) bending procedure and tools

Bent silicon piece kept in position with Kapton adhesive tape
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= Super-ALPIDE project

Assembly procedure

(B) Interconnection to the edge-FPC

- IIIIIIIIIIII;. - N
i 110 o

e

Control/Stream Digital powering Analog and sub powering
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= Super-ALPIDE project

Assembly procedure

(B) Interconnection to the edge-FPC
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= Super-ALPIDE project

Assembly procedure

Adhesive tape cut tool

e

Precision and controlled cut close to the edge of the silicon
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= Super-ALPIDE project

Assembly procedure

Assembly with dummy sensor
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= FPC for final detector

Flex and cooling pipes - First ideas

Connector
Wire-bonding

Front-end flex (A-side)

« FPC metal stack layers under definition

« FPC holding on mandrel under study
Air duct

Patch panel

Air duct (A-side)
« Air distribution shall arrive close to the sensor edge
« 3d printed ducts bring air from pipes at the patch panel

UNDER DEVELOPMENT!
One side design
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= FPC for final detector

Flex and cooling pipes - First ideas

Front-end flex on y
both-side under evaluation / /

EIC_NET | Incontro Nazionale | 30 June 2022 | Domenico Colella 20
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= FPC for final detector

Flex and cooling pipes - First ideas

~25cm
Signals Connector VIAs
1 AN

Signals £ {

>

o
DGND o~ \

+ A

DGND g {

>

S
DPWR o~ \

Power Connector P / B

AGND g

T SENSOR
APWR  «

\
Power Connector /

Merging area
The 3 Flexs are independent of each other
and attach at this level ~1 mm

~i——

Mechanical support
Flex and sensor are glued on the same mechanical
support.

35 um I Copper

J

ooo

100 pym Polyimide T

100 pm

35 um Copper

100 pm

180 um

99 pads 18 mm

ooo
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= FPC for final detector

Wire-bonding performance study

« The limit to the bonding density (distance between
two adjacent bonding feet) is given by the width of
the wedge and clamp.

« Usual wedge thickness 100 um — In Bari 70 ym
(modified for the ITS2 assembly)

* Wire thickness: 25 uym

SUPER-ALPIDE edge-FPC
» Wires length spans between ~1 mm and ~5 mm

» Distance between ALPIDE mini-pads and FPC border: ~1 mm
» Distances between FPC border and long pads: ~30 ym - 4 mm

 ALPIDE mini-pads dimensions: ~90 ym x 90 ym
* Inter-pad distance, in the denser regions: ~220 ym
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= FPC for final detector

Wire-bonding performance study

« Setup: two single-ALPIDE FPC one facing
the other, with a gap similar of ~500 uym
» Two bonding configurations:

A) “Deferred” : for two adjacent wires, one foot is
on the same long-pad while the other is on a

different long-pad
B) “Alternating” : for two adjacent wires, both

feet are on two different long-pads
* Two inter-pad distances explored:
e ~100 um
e ~80 um

Configuration A Configuration B

Top view

Top view

D

Lateral view

Lateral view
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= FPC for final detector

Wire-bonding performance study

« With a wire thickness of 25 ym, a foot width of ~40 ym is
expected — minimal pad dimension ~80 ym

« ~80 um inter-pad distance achievable

« Configuration B bring to wire distance of ~40 pm

Configuration A

Configuration B

65,431 um b |
163,610 um BN S 78,517 um |

I VRO WA
e
e RN O B
e i
T
S AN I

B 51,854 um

b W S T (BT

TRANTRIRMER SR, o
D R Lm0
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Bent MLR1 test structure characterisation

~16 mm

Single test structure fo be tested

= MLR1 bending tool

Bent chip support tool
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Bent MLR1 test structure characterisation " MLR1 bending tool

Bent APTS_SF

'S_Carrier gF
Designed at INFN T?'\\gs'\(;

|

[
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Bent MLR1 test structure characterisation " MLR1 bending tool
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Embedded silicon

Idea
and history

| learned about a similar technique (and forgot about it in-
between), at FEE2014 (Argonne):
https://indico.cern.ch/event/276611/contributions/622863/
attachments/502969/694527/dulinski FEE-2014.pdf

* This actually followed the SERWIETE idea:
https://arxiv.org/abs/1006.5424

* To my knowledge it was not followed up much further, and
had two difficulties:

 redistribution layer on the chips was necessary since
the chips had small pads

* |t required on Al metallisation (good for material budget,
bad for using standard techniques)

= MAPS foil

g - inskig p—
( IP}‘Ic FEE-2014, Argonne, USA r—

“Novel approach for ultra thin sensor packaging:
use of a “standard” flex PCB process for chip embedding in plastic foils
The goal: < 0.1 % of X, per sensor layer (large area ladder, all included)

Embedding principle

— + Gluing between two kapton folils

DA - 0r< v us Vtbogrophy

+ Metallization: Al (5-10 gm)
M * Lithography to pattern metal

w . Glu'n? of another kapton foil for
deposition of second metal layer
1

No wire bonding, excellent mechanical chip protection

3 SERWIETE project

buln‘p bonding m‘eml traces 1 pm thick sketch of metal Emces 10 pm thick 3 binary MIMOSA-26 sensors

/ 1analogue MIMOSA-18 sensor /
1
B B
z E
3 3
. » “ »
-43 mm ~120 mm

Figure 6: Sketch of the two SERWIETE prototypes. On the left, the 2010 prototype
equipped with 1 analogue output MIMOSA-18 sensor. On the right, the 2011 prototype
with 3 binary output MIMOSA-26 sensors with indication of some metal traces.

LOWS/ILC 2010

Magnus Mager (CERN) | ITS3 WP4 | 28.04.2022 | 2
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arXiv:2205.12669v1

Embedded silicon

= MAPS foil

//// //
Vil

/
1

U

/

-

/.
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arXiv:2205.12669v1
Embedded MAPS - MAPS foil

Assembly process

2.5 ym Ni, 50 nm Au _

300 pm Al pad
e Ni/Au plating = pl 1ent lamination
- —_— —_— —
50 um Si MAPS | PrY—

180 °C

vacuum

polyimide ei glue etching
—_— —_—
EDA H2S04
anisotrop isotrop.

150 pm opening

hole patterning
—_—

Plating trace patterning Ni/Au plating
—_— —_—

carbon
electro Cu

Cross-section through one interconnection

part thickness radiation length

_’: :Cg plating 13um (0.06%)

==~ _ Cu gladding 5um (0.07%)
Polyimide 45 um 0.02%
"""""" __glue 25um 0.01%
"~ . metal stack 10pm 0.01%
Rad. 20040 silicon 45um  0.05%
STl e 25um 0.01%
Polyimide 45 um 0.02%
total: 213um 0.11%

(+0.13% Cu)
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arXiv:2205.12669v1

Embedded MAPS = MAPS foil
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= Super-ALPIDE project
v First working object will be assembled before August

= FPC for final detector

v Constraints and first ideas under definition

= MLR1 bending tool
v" Ready to be used

= MAPS foil

v Interesting development for future detectors
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BACKUP
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[ALICE-PUBLIC-2018-013]

BACKUP

0.8
Other
0.7 . Water
0.35% Xollayer BEm Carbon
Aluminum
= 0.0 1
v El Kapton
IS B Glue
£ 05 Silicon
3 —— mean=0.35%
£ 0.4+
8
© 0.3
2
X 0.2
0.1
0.0 + T T T T T 1
0 10 20 30 40 50 60
Azimuthal angle [ ]
Improvements

» Removal of water cooling

Observations
» Silicon makes only about 15% of total material
» Irregularities due to support/cooling and overlap

0.8

Silicon

0.5 0.05% Xo/layer

/

X/Xo [%] for tracks in [n| <1

0.4 -

10 20 30 40 50 60
Azimuthal angle [°]

[ALICE-PUBLIC-2018-013]
o

— possible if power consumption stays below 20 mW/cm?2

— move to (low flow) air cooling system
» Removal circuit board (power+data)

— possible if integrated on chip
» Removal of mechanical support

— benefit from increased stiffness by rolling Si wafers
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BACKUP

Key ingredients

» Wafer-scale chips (up to ~28x10 cm), fabricated using stitching

» Sensor thickness 20-40 um

» Chips bent in cylindrical shape at target radii

» Si MAPS sensor based on 65 nm technology

» Carbon foam structures

» Smaller beam pipe diameter and wall
thickness (0.14% Xo)

The whole detector will comprise six chips
and barely anything else

)

Key benefits

» Extremely low material budget: 0.02-0.04% Xo

» Homogeneous material distribution: negligible
systematic error from material distribution

truly cylindrical
detection layers

Beam pipe inner/outer radius (mm) 160/165 ___________________
I IB Layer Parameters @ LayerO i | Layer 1 : Layer2
.. Radialposition(mm) | 180 | 240 | 300
_____ Length of sensitivearea(mm) | 3000
—_— Pseudo-rapidity coverage @ 2.5 i +2.3 i 20
. Activearea(em?) | 610 | 816 1016 _
_____ Pixel sensor dimension (mm?) | 260 x 56.5 | 280 X 75.5 | 280 X 94,
______ Number of sensorsperlayer | 2
Pixel size (um?) O (10 x 10)
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BACKUP

» MAPS at thickness used in current detectors (~50 um) are quite flexible
» Large benefit from going even a bit thinner: the bending force scales with thickness

to the third power
» The breaking point moves to smaller bending radii

when going thinner

» Project goal thicknesses and desired bending radii are in a “not breaking” regime

800

600

400

200

ALICE ITS3 Bending test

L | I I T I LI | I L I LI N | I 1T T I L l L | T

Si thickness = 97 um (+8)
Si thickness = 50 um (x1)

[

. Si thickness = 40 um (x%(5/4)3) ]
- k- ]
L . |
i g il
TR .'..m'mﬁl.".".- —
- “‘"“‘j‘.’m‘lﬁl-m EAR 7]
I:l_—_a;n_n_ljg_glbgl oo ogegoigoi gy nj | “nl ul T e+

-2 0 2 4 6 8 10 12 14

Displacement (mm)
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=0

X/X, (%) atn

BACKUP

» Different foams characterised for machinability and thermal properties
» Baseline is ERG DUOCEL_AR, which also features the largest radiation length

ERG DUOCEL AR ALLCMPO_LD ALLCMPO_HD

0.2-0.26 kg/dm3 0.45-0.68 kg/dm?3
0.06 kg/dm3 _ :
— Glue (0.5%) 0.033 W/m-K >17 Wim'K 85-170 W/imK
0.08— — Carbon (6.0%)
T Silicon (93.5%)
0.07
Mean X/X0 = 0.038%
0.06
0.05 55 -~
0.04 XS

0.03

0.02

0.01
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BACKUP

» Different options under study
(including vacuum clamping)

» Currently working solution
based on segmented mylar foil

Carbon foam wedges
+ fleece (to reduce glue) Layer 2

footprint effect |
+ bending between wedges
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BACKUP

§ 40000; https://arxiv.org/pdf/2105.13000.pdf
2 0E e mapimnny » Laboratory and test beam
b?—f 35000 E Effect of curvature on pixel thresholds
toopg - AP measurements (Jun 2020) allow to
25000 — conclude that chip performance
2000 doesn’t change after bending
15000 — - Pixel matrix threshold distribution does
10000 — not change when sensor is bent
5000 - Efficiency above 99.9% at a threshold of
05 T T 500 100 e- (normal operating point)
Threshold (e )
1071 . 511  [0.0°
https://arxiv.org/pdf/2105.13000.pdf
— 447 -4.9°
¥ Nominal operating point '
g g [0 [T (T NNNNNINS—. S—— - N—————— " ol AN A A g Poeanes 383 Lg.7°
2T
gg -319 -14.6°§
~ 2 A ’ ©
a§ 103 Fomsonmonnensonsbenensonsonsdusets . ................................................ _255§ 19,50 &
c 5 i o
o k=
%% 191 -24.4° €
£ 8 104 Lo i OO SR L G 8 & e
@ 107 99.99% efficiency 127 29.2°
C
3 000 0 voud v 8 63 “34.1°
. G o BRI B.
0- P LV Y P : : . 0 -39.0°
0 150 200 250 300

Threshold (e ™)
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BACKUP

(a) Multiple Coulomb scattering

1 1 | 1
-4 -2 0 2 4

o [mrad
(b) Scattering angle distribution

A Taken from [Paul Schiitze, 2019, Dissertation]
xory
Foar Toar Toar T T air Toar Toair |
DUT
= ———
upstream ® Measurement downstream
®  Scatterer
s

Carbon foam

Impregnated

fleece Glue

Silicon

y [mm]

Kink vs incidence position, medium

position of a scatterer

» Analysis of the kink angle distributions at the

» Material budget image: represents the widths

of the scattering angle distribution of all particles

traversing a given bin
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Cutting tool (for the adhesive tape

Blade

Adhesive tape
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Cutting tool (for the adhesive tape)
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Cutting tool (for the adhesive tape)
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Cutting tool (for the adhesive tape
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Cutting tool (for the adhesive tape)
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Super-ALPIDE mockup assembly V3

First report given in WP4 on May 26 : https://indico.cern.ch/event/1165136/
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Sector 8

For UP side covered by exoskeleton

« Sectors 1UP, 3UP, 4UP and
1DOWN similar situation — a
lot of bonding failures

e Sector 8UP — Human error
« Sector BDOWN — “Bad lucky”

For DOWN side covered by exoskeleton
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FPC for final detector

Wire-bonding performance study

« With a wire thickness of 25 ym, a foot width of ~40 pym is
expected — minimal pad dimension ~80 ym

 ~100 um inter-pad distance can be easily achieved

« Configuration B allow to double the bonding density, but
requires staggered pads

Configuration A

Configuration B

101,418 um

59,259 um |8
|

'

= P 101,418
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