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IRIS detector
@ ALICE3
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SENSORS SECDNDARY VACUUM | |
, in the petals of the IRIS tracker and in the services volume.
Layers and Disk Avoids contamination of primary vacuum from detector outgassing

PRIMARY VACUUM SEMACES Al

In the beampipe All services from one side
1019 10™ mbar Power, Data, Cooling, Rotation
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How to perform outgassing
measurement?

There are three ways to perform outgassing
measurement:

e Comparing the vacuum level with and
without sample

 Comparing residual atmosphere of
vacuum chamber with and without sample
using RGA

 Comparing the mass of sample before and
after pumping




How to perform outgassing
measurement?

There are three ways to perform outgassing
measurement:

e Comparing the vacuum level with and
without sample

Pressure (mbar)

10

10

1077

10

10

Outgassing under vacuum

—B— MASA Epoxy

—a— Mo Sample

0

0.5 1 1.5 2 25 3
Time (h)




=<10°*

With NASA Epoxy
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How to perform outgassing @ .
? E After two weeks of = After two weeks of
m easu re me nt ° 5:— pumping @9.6*E-6 mbar 0.6f— pumping @1.7*E-6 mbar
There are three ways to perform outgassing | | ’ T o,
measurement: _AJ‘ co, bl J co,
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More than two weeks of pumping
8.0E-06 N,
NASA Epoxy: @9.6E-6
6.0E-06
. . ——No Sample: @ 1.7E-6
e Comparing residual atmosphere of 5
vacuum chamber with and without sample | £ *** Ho
using RGA % 2.0E-06 0,
0.0E+00 "‘{\ JL % .
-2.0E-06
0 10 20 30 40 50 60 70
Mass (amu)
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How to perform outgassing
measurement?

There are three ways to perform outgassing
measurement:

2,91

Analytical balance
(Radwag AS 110-R2):
Res 0.1 mg

MNasa Epoxy [EPOTECH 301-2 ESA]: Mass Chart

NOTE: It is 6 commercial glue that hos been certified in the NASA DB.
Preliminary measurement is compatible with the NASA specification

Final Mass = 2.9045 g
2,905 /
2 Mass difference at NTP: 0.0188 gram
E TML about 0.65%
= 2,895
a
=
2,89
_ After three weeks of
«—  pumping at E-6 Torr
2,885 -
MNASA Epoxy: Inner diameter = 26,66 mm, outer
Initial Mass = 2.8857 g diameter = 41,16 mm, and width = 3.00 mm
. 2,88
 Comparing the mass of sample before and ® P ® ® & & & & ® &
' A A o2 4P o 5 A 4 A AP
after pumpin ¢ i ¢ @ N o 8 o s ¢
p p g g & A7 A o & & & &7 K
Date & Time [mm/dd/yyyy HH:MNM)]
12/1/2023
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Available experimental facility and plans?

Currently running setup up to 10-® mbar Future setup up to 101° - 101t mbar
UGA Load
lock
o
Guage
: e
— /" \ St / \
—/
M ;// sample holder ,"‘L 2 AT TEEEETETEEEA =" Q
e .' ~25x15cm? P
\\\\ |III \ / \ / Linear ﬁotion
\‘\\JI f feedthrough
Triscroll Gate | ( ™P
PUMP valve .
IoN/
pump Triscroll
PUMP
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Samples to test in vacuum environment

Samples:

=  Carbon (LAYPUS) Substrate of the cold
plate

=  Carbon Fleece of the cold plate

=  Carbon foam All comp high density

= Carbon foam All comp low density

Sample received from Felix

=  Carbon foam ERG duocel

=  Optical Fiber with connector

=  NASA Epoxy

= Siwafer

=  Wire bonded Si wafer

. FPC

= 3D printed aluminium nitride (AIN)

samples disks

/ ': . JIJ . Tt 2 —— '!Hf s 4 = 3 m QQ(‘GO*« Subtlirate
= AlI203 samples disk: 3D printed alumina : . - m 70w A% OS
I} “.‘ ‘\

(Al,05) samples disks o |

5

Samples received from Corrado

= 3D printed AlISi samples disks
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Preliminary
Experimental Results @10° mbar
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List of components : preliminary studied

Samples:

Carbon (LAYPUS) Substrate
of the cold plate

Carbon Fleece of the cold
plate

Carbon foam All comp high
density

Carbon foam All comp low
density

Carbon foam ERG duocel
Optical Fiber with
connector

NASA Epoxy

Si wafer

Wire bonded Si wafer

FPC

3D printed aluminium
nitride (AIN) samples disks
Al203 samples disk: 3D
printed alumina (Al,03)
samples disks

3D printed AlSi samples
disks

12/1/2023

Vv

FPC & Si chip Carbon Fleese

<l (s

[—
I Carbon HD

L.

Optical Fiber

‘Carbon Sub\sﬂt\rate Carbon Substrate
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Outgassing under vacuum (1E-6 mbar)

1.00E-05

——FPC

| —6_Si_Al
K ——C_Fleese
Optical_Fiber
Carbon_HD
1.00E-07 Carbon_LD

Pressure [mbar]

S— : C_Substrate

T — [ L —Vacuum
N

1.00E-08
0 1 2 3 4 5 6 7 8 9 10

Time [h]
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Residual gas compassions: under vacuum (1E-6 mbar)

1.20E-05
1.00E-05 N,
8.00E-06
—NASA_Epoxy
o —6_Si_wafer_ Al
fé 6.00E-06 ——C-Fleese
B —FPC_Al
=}
2 4.00E-06 —Optical_Fiber
& C_HD
0, C_LD
2.00E-06 i
——C_Subs
Co, —Vacuum
0.00E+00 - Aaanl
-2.00E-06
10 20 30 40 50 60 70
Mass [amu]
12/1/2023 4th ALICE Upgrade Week 14




Residual gas compassions: under vacuum (1E-6 mbar)

3.50E-06
H,0
3.00E-06 %
2.50E-06
N ——6_Si_wafer_Al
__ 2.00E-06 2
5 ﬂ ——C-Fleese
0
£ ——FPC_Al
v 1.50E-06
> ——Optical_Fiber
o
= 1.00E-06 LA "
R C_LD
——C_Subs
o, -
5.00E-07 —Vacuum
Q “ co,
0.00E+00 A L —
-5.00E-07
10 20 30 40 50 60 70
Mass [amu]
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Total mass loss [TML]: under vacuum (1E-6 mbar)

NASA_Epoxy -- 0.65
FPC_AI -- 0.05
Si_Wafer_Al -- 0.050
3_Si_Wafer_Al 0.01 0.01
B I
C_HD 0.47 -0.01
C_LD 0.73 0.01
C_Substrate 0.20 0.14
Optical_Fiber 0.32 0.14
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Total mass loss [TML]: under vacuum (1E-6 mbar)

TML [%] TML [%]
Samples (Just after vacuum (Regained after vacuum
treatment) treatment)
NASA_Epoxy -- 0.65
FPC_AI - 0.05
Si_Wafer_Al -- 0.050
3_Si_Wafer_Al 0.01 0.01
C—Fleese 1.82 0.46 : Befo v;cuum treatment After ’vacuum treatment
C_HD 0.47 -0.01
C_LD 0.73 0.01
C_Substrate 0.20 0.14
Optical_Fiber 0.32 0.14
C_ERG 11.85 12.23
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Total mass loss [TML]: under vacuum (1E-6 mbar)

NASA_Epoxy -- 0.65
FPC_AI — 0.05
Si_Wafer_Al -- 0.050
3_Si_Wafer_Al 0.01 0.01
treatment ERG vacuum treatment

C_HD 0.47 -0.01
C_LD 0.73 0.01
C_Substrate 0.20 0.14

Optical_Fiber
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WIRE-BONDING STUDY
UNDER VACUUM
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wire bonded Si wafers and required setups: Pulling force test

Setup description: dage  senies 4000

U 6 ALPIDE chips glued on metallic support and wire bonded

U Each chip having 14/15 wires bonded
U  To disentangle eventual chip-to-chip variation
U 44 pull test without vacuum treatment

U 44 pull test after vacuum treatment

J

wire bonded pulling force test measurement setup Example of a hook pulling the wire

Wire bonded Si chip
[
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wires distribution between the ALPIDE's pads"
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Experiment execution dates: B O R T B T B TR B C R
Ch d and pull-f d on 6/20/2023 .§2F .E e .% % .§ > .§1Q’ .§12 .514“

. ips mounted and pull-force tested on <g<8<8 s<8<8<8<8<8 8(5 5 /8 /8

« Samples kept under vacuum (10 bar) for ~10 days 1 3 5 7 9 11 13 1

*  Pull-force measurement after vacuum treatement on 19/20/2023

—_ o o o o v e

B0O
BO1
*B02
*B03
BO4
B05
*B06
*B07
*B08
*B09

Aafter VACUUM
Pull-force average tsigma
(min - max) g [# of wires]

Without VACUUM

Pull-force average tsigma
(min - max) g [# of wires]

12/1/2023

#1 8.37 41,50 (6,5 - 11.1) [8] 8.23 +0.95 (6.80 — 9.45) [6]
#2 8.00 £1.90 (7.08 - 10.67) [6] 7.28 +2.62 (4.58 - 12.54) [8]
#3 8.92 +2.11 (6,04 — 12.30) [8] 8.90 +1.68 (7.14 — 11.39) [7]
#4 8.56 +2,42 (4.50 - 12,.9) [7] 9,04 +1.53 (7.02 - 11.06) [8]
#5 9.72 +0.66 (8.88-10.57) [8] 9.20 +0.83 (8.12 — 10.88) [7]
#6 7.09 +1.73 (4,42 — 9.55) [7] 8.32+1.12 (6.35 - 9.57) [8]
TOT 8.49 +1.87 (4.42 - 12.59) [44] 8.50 +1.66 (4,59 - 12,54) [44]
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Without VACUUM After VACUUM
CHIP
(44 W|res) (44 W|res)

#1

#3

#5

TOT

1 2 3 5 1 2 4 5
5 1. 0 0 1 2 2 0o 1 1 1 — Breakage at the 1st foot
2> 1. 0 0 3 0 1 0 5 2 2 — Lift-off at the 1st foot
4 2 0 0 2 1 2 0 4 0 3 — Breakage at the apex of the loop
4 0 0 1 2 "o l's 0o 2 1 [ .4-Breakage atthe 2nd foot
2 0 0o o0 1 1 3 0 2 1 I = 5-Lift-offatthe 2nd foot
3 0 0 1 0 5 0 2 1
J(20)(4) (28] o (166
|

o i

S’Trong reductlor; |0: br;akaghe at thfe 1st foot Breakage/Lift-off
Clear increase o fl ;-0 katt e 1;t 00:” BEFORE vacuum: 27/17
Strong increase o. rea 'age at the 2nd foot AFTER vacuum: 20/24
Moderate reduction of lift-off at the 2nd foot
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Experimental Facilities @
INFN Bari

* Two SS 4-way cross spherical vacuum
chambers

* All kind vacuum pumps (Primary + TMP
+ION)

* Gate valves (Cf-150, cf-100, kf-40)

* Display and control units for all types of
pumps

* All types of vacuum gauges and display
unit

12/1/2023
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Future experimental facilities
to be assembled @ INFN Bari

eeeeeeeeeeeeeeeeeeee



Experimental setup: vacuum SS chambers with associated

equipment to reach 101° mbar pressure

12/1/2023

RGA
Load lock
Vacuum door
Guage l

= /) e N\

T
M A X p-mmmmm e -
P T
Sample /
holder / \ /
~25x15 /]
cm2 Linear motion feedthrough
Triscroll Gate | D ( TMP
PUMP valve
PUMP Triscroll
PUMP

Fig: Schematic diagram of a four-way cross ~20 cm diameter SS spherical chamber are available with all type of pump and RGA
4th ALICE Upgrade Week
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Experimental setup: vacuum SS chambers with associated
equipment to reach 1079 Torr pressure

/ Sample holder \'

W
ION PUMP \/g":‘t’z TMP

Triscroll
PUMP

Fig: Schematic diagram of a future SS cylindrical chamber need to build a/c to detector dimension together with required vacuum pumps and RGA
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Future plans

* Need to build a vacuum chamber with a vacuum of the order of ~101° Torr
* All gaskets and gate valve must be metallic
* Heating tape and heating lamp are essential
* Proper cleaning with ultrasonic bath in distilled water followed by alcohol
* All types of vacuum pumps (primary, TMP & ION) are available

 Measurements to perform
e Qutgassing study
e Residual gas atmosphere study
e Total mass loss (TML) study
* Wire bonding strength study
* Gluing strength

 Samples to be test
e AIl'IRIS detector components
e Glue for IRIS detector
* Wire bonded Si chips
 FPC
e Optical fiber cable

12/1/2023 4th ALICE Upgrade Week
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B J v | f=ireiie @
L lU“ ||||l|]|||||-"’""’“/ 5"
- T

Reached 1.9E-8 Torr pressure in 24
hours of pumping : Without any
ION pump and heating tape
running

o — Thank
iR N you
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Thank you



Si_FPC_AIl: immediately after pumping started

4.00E-05
—o—N2
3.50E-05
3.00E-05 —-—H20
"= 2.50E-05
E —-—-02
L 2.00E-05
2
0
& 1.50E-05 oco2
1.00E-05
5.00E-06
0.00E+00
0 2000 4000 6000 8000 10000 12000 14000 16000
Time [Sec]
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Instruments @INFN Bari — Italy:

Front view of the vacuum
chamber @ INFN Bari - Italy

_ (A

/)

Csl coating for ALICE HMPID have bee

n performed with above setup
Pictorial view of a 5-way cross vacuum
chamber @ INFN Bari -

Italy

12/1/2023

e

A Dual Gauge for monitoring the
order of vacuum @INFN Bari - Italy

4 A RADWAG
4th ALICE Upgrade Week

(AS 110.R2) Analytical Balances machine
@INFN Bari -Italy



Available vacuum pumps

] 1 \""
. = =
{ NP (BN -
N
= Bl S

Fig: Primary vacuum pumps Fig: Turbo molecular pump Fig: ION pumps
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Display and control units

12/1/2023 4th ALICE Upgrade Week
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Available vacuum gauges and display unit

Fig: Vacuum gauges and display unit
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Available vacuum chambers
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Available gate valves

12/1/2023 4th ALICE Upgrade Week
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F
I apice loop

1 alfa beta (’

1° bond
Fb
F2 dislive

2° bond

lunghezza

1° bond 2° bond

X 21140 21126
Y 85014 82988
bond height
e/o focus 11795 11795
Length 2026
height
difference 0
h 570
a 1013
b 1013
angolo alfa 29
angolo beta 29

angolo strappo
dinamometro 0
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apice loop
21140
84001

11225

forza

Fa
Fb

F1
F2

9.46

9.8
9.8

4.8
4.8
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calcolo forze

				Geometric characteristics Alpide bonds test under vacuum



				Caratteristiche geometriche  bonds test  Alpide sotto vuoto





																				1° bond		2° bond		apice loop

																		X		21140		21126		21140

																		Y		85014		82988		84001

																		bond height    e/o focus		11795		11795		11225





																		lunghezza		2026				forza		9.46

																		dislivello		0

																		h		570				Fa		9.8

																		a		1013				Fb		9.8

																		b		1013

																		angolo alfa		29				F1		4.8

																		angolo beta		29				F2		4.8



																		angolo strappo dinamometro		0











																				1° bond		2° bond		apice loop

																		X		21140		21126		21140

																		Y		85014		82988		84001

																		bond height    e/o focus		11795		11795		11225





																		Length		2026				forza		9.46

																		height difference		0

																		h		570				Fa		9.8

																		a		1013				Fb		9.8

																		b		1013

																		angolo alfa		29				F1		4.8

																		angolo beta		29				F2		4.8



																		angolo strappo dinamometro		0









1° bond

2° bond

apice loop

lunghezza

a

b

dislivello

h

alfa

beta

F

F1

F2

Fa

Fb

1° bond

2° bond

superscript loop

length

a

b

h

alfa

beta

F

F1

F2

Fa

Fb

height difference



sviluppo-dati



				Oggetto:		Alpide		data:		12/1/23

				Bonder:		G5		Operatore:		Cariola Pasquale



				numero bond		legenda		grammi						legenda				Q.tà

				1		1		9.517						Grado

				2		1		9.803						1				12

				3		1		9.438						2				0

				4		1		8.265						3				0

				5		1		9.297						4				0

				6		1		8.92						5				3

				7		1		9.11						6				0

				8		1		8.644						7				0

				9		1		9.358						8				0

				10		5		9.783						9				0

				11		1		9.53						10				0

				12		1		9.77						0				0

				13		1		9.921

				14		5		10.781

				15		5		9.788



				valore minimo				8.27

				valore medio				9.46

				valore massimo				10.78

				sigma				0.59



				LEGENDA



andamento pulltest



1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	9.5169999999999995	9.8030000000000008	9.4380000000000006	8.2650000000000006	9.2970000000000006	8.92	9.11	8.6440000000000001	9.3580000000000005	9.7829999999999995	9.5299999999999994	9.77	9.9209999999999994	10.781000000000001	9.7880000000000003	numero





Grammi
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Grado

1

10

Strappo 1

Lift-off 1

Rottura

Strappo 2

Lift-off 2

Doppio

Crash1

Crash 2

Errore A

Errore B

Descrizione

Rottura al piede della prima saldatura ; }
Lift-off avvenuto sul primo piede del bond : E

¥

Rottura all'apice del loop

Rottura al piede della seconda saldatura (\

Lift-off avvenuto al secondo piede del bond

Pulltest avvenuto con aggancio di due loops

),

Rottura del substrato del primo bond

Rottura del substrato del secondo bond

Loop saltato durante il pulltest

Evento con classificato

Pulltest fallito causa sgancio uncino







Si water and FPC: Residual gas atmosphere study

Residual Gas Atmosphere: 2 Days of pumping Residual Gas Atmosphere: 2 Days of pumping
1.80E-05 1.80E-06
H,0
NZ

1.60E-05 1.60E-06

1.40E-05 1.40E-06

1.20E-05 1.20E-06
T 1.00E-05 T 1.00E-06
2 2
® 8.00E-06 2 8.00E-07 H,0
5~ —Si_Wafer_Al 3 —FPC_Al
o 0
& 6.00E-06 & 6.00E-07

4.00E-06 N, 4.00E-07 0,

2.00E-06 o 2.00E-07

’ co, [\_/ﬂ ] co,
0.00E+00 N\ A 0.00E+00 ™ A—n.
-2.00E-06 -2.00E-07
0 10 20 30 40 50 60 70 0 10 20 30 40 50 60 70
Mass (amu) Mass (amu)
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Si wafer and FPC: Residual gas atmosphere study

1.80E-05

1.60E-05

1.40E-05

1.20E-05

1.00E-05

8.00E-06

Pressure (Torr)

6.00E-06

4.00E-06

2.00E-06

0.00E+00

-2.00E-06

Residual Gas Atmosphere: 2 Days of pumping

H,0
NZ
0, €02
10 20 30 40 50 60
Mass (amu)
—Si_Wafer_Al —FPC_Al

70

12/1/2023
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Outgassing under vacuum

10 ) - NASA Epoxy
- FPC Al

—4— 5i Al

—#— Carbon Subs

- 10°% - Optical Fiber

= 1= ¥ C Fleese

— 5

— - Carbon LD

E “ = Garbon_HD

E_ —~— No Sample
107 o

10°®
0 0.5 1 1.5 2 2.5 3 3.5 4 4.5
Time (h)
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Pressure (Torr)

Outgassing in vaccum: Analog scans

%107
12—
— —f— MNASA_Epoxy
— FPC Al
10— N, -
— = 6_Si_wafer Al
B Optical_Fiber
S I
: - C-Fleese
B - C Substrate
6 _
B —+— C_HD
4 N - C LD
B Vacuum
2 ©
B co,
0 'ﬁ | 0 L | | |
| | | | | | | | | | | | | | | | | | | | | | |
0 10 20 30 40 50 60 T0
Time(h)

4th ALICE Upgrade Week
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Pulling force test: preliminary results

Breaking of wire bonds: pulling force
. Failure modes Chip 1 Chip 2 Chip 3
10 Breakage at the first
foot
e 8
& : Lift off at the first 0 5 5
Y foot
S 4
Breakage at the apex 0 0 0
2 of the loop
0 § B3%8% 98 53 EEEEIEREE Breakage at the ; " :
0 2 4 6 8 10 12 14 16 second foot
No of wire bond
© OTWire bonds Lift off at the second 3 ) 1
—e—Open air: Chip-1 —e—Under Vacuum: Chip-2 —e—Under Vacuum: Chip-3 : foot
e chip 2: Chip 3: Ddouble loop 0 0 0
Pulling force P » 11 days in vacuum @| 11 days in vacuum @ hooked
As received
E-6 E-6
Mini 8.27 6.32 7.36
nimum Q Pull force before and after vacuum treatment:
uACh T e Do —— compatible within statistical error
Medium 9.46 8.90 8.98 O Lift off failure increased after vacuum treatment
S 0.59 150 0.97 O More statistics will be added for clear understanding
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Samples to test in vacuum environment

Sample received from Corrado Gargiulo
= 3D printed aluminium nitride (AIN) samples disks
= AlI203 samples disk: 3D printed alumina (Al,03) samples disks
= 3D printed AISi samples disks
=  Carbon (LAYPUS) Substrate of the cold plate
=  Carbon Fleece of the cold plate
=  Carbon foam All comp high density
=  Carbon foam All comp low density
= Carbon foam ERG duocel

Sample received from Felix

= Sample received from Felix Reidt
=  Optical Fiber with connector

Samples tested in Bari
= NASA Epoxy
= Siwafer
*  Wire bonded Si wafer — R Y SRR . e =)
= FPC / ] A i T ———

Samples received from Corrado
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