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Launch Date: Planned for 2029 (
Launch D : Ariane 6 -~ French Guiana
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« Ariel medium-resolution InfraRed Spectrome ?Gj/ nd the Fine Guidance System (FGS)
+ electronics subsystems (Cooler systems, Cont Units, Harness, Radiators, etc.)

- Cryogenic down to 29K

~—+ A consortium involving over 50pinstitutes from 18 countries!

ALTER\WES selecte-d-.a_s_‘__t_he Centralized Parts Procurement Agency (CPPA).
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EEE Components Breakdown:
1521 space-grade level parts procured. Except for 6 COTS parts!

Passives 80.5

ICs

Connectors

Diodes

Transistors

Pressure Sensors

Optoelectronics

ICs

Hybrids

0 90 0




IThermistors, 1

Wires/cables Wires/cables, 26 I

Thermistors _ Thermistors, 12 I

Switch || Switch, 1

Resistors _ Resistors, 1 4|
Microcircuits - Microcircuits, 1 :
Capacitors - Capacitors, 6 I _ Capacitors, 4|

1 10 100 0 2 4 6 8 10

Switch, 1 |

IMicrocircuits, 1

The downselection process is based on package sizes (AWG for wire, SMD size) and
performance criteria (i.e. resistance, capacitance density, and other relevant factors).






COTS Qualification

ECSS-Q-ST-60-13 standard has been applied, except for the connectors.

6 COTS parts were used due to the lack of equivalent Space Grade solutions.

Absolute Pressure Sensor - Kistlers (CH) - ~—
e

COTS

Shear Force Sensor - Kistlers (CH) éf:

COTS

I8 Lt &

Silicon Pressure Sensor - Omega (USA)
CElS

Feedthrough Connectors - Winschester (USA)giéﬁ;’
COTS e

Plug Connector - Glenair (IT) ;“Q-
COTS

OpAmp - Texas Instrument (USA) -
COTS =



Absolute Pressure Sensor - Kistlers (CH)

Part-type:
401MA020DSL5

Objective:

The absolute pressure transducers will measure the high and low pressures achieved in the
cooler.

Technology:
Piezoresistive

Qualification :

Upscreening, Radiation and Qualification acc. to ECSS-Q-ST-60-13 tailored with project's
requirements (i.e. leak test, reduced temperature range + mechanical shock in tailored jig)

r\ vzd/




Shear Force Sensor - Kistlers (CH)

Part-type:
9021CQ12+1700A121

Objective:
The force washers will measure the exported micro-vibrations and the signals will be the
input to the micro-vibration reduction control loop running in the Cooler Control Electronics
(CCE) unit.

Technology:
Piezoresistive

Qualification :
Upscreening, Radiation and Qualification acc. to ECSS-Q-ST-60-13 tailored with project's
requirements (i.e. reduced temperature range + mechanical shock in tailored jig)
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Silicon Pressure Sensor - Omega (USA) JE

Part-type: § e .&t il

9021CQ12+1700A121  —
-

Objective: qf

The sensor is used to measure the pressure drops in the range 0-10 mbar that are produced
by flowing gas in the high-pressure line through a restriction. The pressure drop will be post-
processed by the CCE unit to calculate the flow rate.

Technology:
Piezoresistive

Qualification :

Upscreening, Radiation and Qualification acc. to ECSS-Q-ST-60-13 tailored with project's
requirements (i.e. reduced temperature range + mechanical shock in tailored jig)

f;g I



4 Feedthrough Connectors - Winschester (USA)

Part-type:
SRIMD604-09

Objective: :
Hermetically sealed and weldable electrical feedthroughs are used to pass power and
instrumentation signals into the internal gas volume of the unit. 2

Technology:
Hermetically sealed microD conenctor

Qualification :
Upscreening and Qualification acc. to ESCC3401 tailored with project's requirements (i.e.
reduced temperature range)

Incoming Inspection at ALTER detected that the parts have not been subjected to the weld
preparation required by the user, due to an "error" during manufacturing...

Parts were returned to the manufacturer for rework. Rework was not perfomed well enough!
In paralell, an alternative solution is discussed with another manufacturer Axon.



5 Plug Connectors - Glenair (IT)

Part-type:
IPT-08-EM-10-6-S-F11

Objective:
Counterpart plug connector to link the the pressure sensors to the harness side.

Technology:
Plug Connector with 902 Backshell

Qualification :
Upscreening and Qualifiction acc. to EEE-INST-002 tailored with project's requirements (i.e.
reduced temperature range)



OpAmp - Texas Instrument (USA

Part-type:
OP2350 replaced by OPA2192

Objective:

OpAmp is used as differential pre-amplifier to amplify the detector’s output signals to the
inputs of the Digital Control Unit of AIRs instrument through the long cryo-harnesses
between the hot and cold parts of the instrument!

Technology:
Low Offset Voltage, Low Input Bias Current OpAmp

Qualification :
Upscreening, Radiation, and Qualification acc. to ECSS-Q-ST-60-13 and additional Cryogenic
test.

Despite successful de-risking tests performed by the user during pre-development phase,
some OPA2350 parts have shown misbehaviour at cold: unsuccessful power-on at cryo.
ESA (SCl) have endorsed alternative solution OPA2192 (higher ratings) after careful evaluation!
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Cryogenic Thermal Sensors

| IST (CH) thermal PT sensors are limited to -200°C (73K) and are therefore
/'l incompatible with Ariel's instrument requirement of 29K.

!
{ |



Cryogenic Thermal Sensors

o st (CH) thermal PT sensors are limited to -200°C (73K) and are therefore
/ incompatible with Ariel's instrument requirement of 29K.

The only available Hirel Quality solution for
cryogenic thermal sensors is the Cernox series,
manufactured by Lakeshore (USA).




Cryogenic Thermal Sensors

o st (CH) thermal PT sensors are limited to -200°C (73K) and are therefore
/ incompatible with Ariel's instrument requirement of 29K.

The only available Hirel Quality solution for
cryogenic thermal sensors is the Cernox series,
manufactured by Lakeshore (USA).

The starting price is $6,000 per part, plus an additional
$4,000 per reference for the datapack.

Additional cost for specific requirements (+$3,000)!

Lead Time > 1 Year + Additional 6 months for LAT results!




Cryogenic Thermal Sensors

Total Required: 121 sensors for Ariel's instrument.
- Design Standardization:

Establish a consistent baseline for packages, wire gauge, and requirements.
Use two package types with the same PBr wire and identical AWG gauge (varying only in

length).
- Procurement Strategy:

Consolidate all parts into a single PO to enable a unified qualification test flow on the same
wafer.

- Qaulification Optimization:
Perform a single qualification on the same wafer.

Conduct an additional qualification of the fully assembled sensor (package + wire) at ALTER.
Avoid Verification Assembly per user.



Cryogenic Thermal Sensors

- Cost Optimization:

Instead of qualifying each unit separately, a standardized and combined purchase order
(thanks to users' collaboration and ALTER's role as CPPA) significantly reduced qualification

costs.

(o)
Cost Reduction: From €1M to approximately €200K. /O H

Manufacturing Challenge:

After production began, Lakeshore reported that one specific part type (requiring additional
resistance calibration at cryogenic temperatures) could not be met with the current wafer.

A new wafer had to be manufactured for this part, requiring additional life testing for the

affected lot.
Additonal increased lead time of one year were communicated !
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Cryogenic Validation -
What to be tested?

MicroSwitch - Petercem (FR)

. Space Grade Quality - 1x part-type
. Wires - AXON (FR)
- I'-. *, -

ESCC+ Space grade Quality - 4x part-types

Heaters - RICA (IT)
ESCC Space Quality - 1x part-type

NanoD Connectors - Airborn (USA)
Space Grade Quality - 5x part-types

Resistors & Capacitors Assembly - AVX (FR) +VISHAY (FR) +Presidio (USA)
ESCC + Space Grade Quality - 5x part-types

OPA - Texas Instrument (USA)
CcOoTS

Sub-D Connecors - C&K (FR)
ESCC - 4x part-types

Micro-D Connectors - C&K (FR)
ESCC - 3x part-types

Thermistor - IST (CH) v
ESCC - 1x part-type



Cryogenic Validation -
How to be tested?

-

Dedicated TN issued by ESA detailing

- the operational (OP) and non-
operational (NOP) temperatures (min.
and max.),

« Number of thermal cycles
margins

- 8 different users/subsystems!

-

including

Standarised Test plans (9 per family type)
were prepared together with ALTER and
agreed by each user.
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2 TEMPERATURE RANGES

‘The gualification teosperaturs ranges [TasinTena] of the Ariel puybood, foe all mission eases, are give in the following

tables.

The institutes | compamies responsible for each of the PL subsystems are indicatively shown in brackets, to help the CPPA

idenitifyy thee meedis for sach team. Note that:

- “The bipods are not specifically listed, 35 not indicated in [Alls] Table 3-8, how-

the VGz, VG2 and Vi3 0 that the temperature ranges of aay EEE accommod

welatively to thess dements

+ Inaddition to the institutes & companses I

od, decontamination heaters are ;
nges can also be found relatively to whichever element they are

®
wn

The: Cryogenic Validation Test Ssquence shall be performed i the samples in Tabls |, in the order shown in
Tabda Il, a5 folows:

TABLE Ni: CRYOGENIC VALIDATION TEST SEQUENCE

Cryogenic valkaton s fow

Extermal Vil Ingmction

Test samples
* e aaempis|

Par5.1

sl Eloctrical Measuremants 3t room Bmperatrs [20°C)

Tesst samples.
+ cifl samplas

Functionsl CharactiEaton @ 37

Tesd sarnmpies.
ot exchuded)|

Thermal Cryogenic Cycling at NOP
Mom Cipesatren dunng fest
- 12 Cyches
= Max femp: 323
= Min fomg: 7K
* Dwed tme: 30min

Test sanmpies
i puchriend

Ebescircaal Measusersents l roons lempecanung (20°C)
Farameier ulation

dift

Extimal visual Frigecion

Tt sarpies
+ ci sampies

Tesst sanmpies.
ot exchuded)|

+ g = 37K

Test sampies
ot ket
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AIRS CFEE (CEA) ITK323K) | [47K:73K]  Thewember of thermal ovcles expected betwoen the various temperabures are given i the followisg table.
AIRS CU, excluding SCA and CFEE (CEA) 37K:323K] 47K53K] — T Smmiber of cyeies | Comment
FG5 FOM, excluding $CA and SCE (CBK) ITE:I23K] [47K53K] . vfc"\'lﬂ"!ﬂl!lm'lﬂ" Teved tests i the Non-Op T range.
: n X & Te 4 elomeists (1) asd PL warm unit
Instrumant '“_d ator [Admatis) 3TK:I23K TK5IK pit bevel tegting 1-_nw_- Based o the FL and 5 f"-wlnpq—w;l-ut armming
M2ZM Machanizm [SENER] ITR32IK [47K63K] PLM level testing ) T appraach b case meew oyeles are plasned ot u
TA Baffle Eﬂﬂlw Spm] ITE:323K] [42K:63K] & bevel by a particular sebsystems @ese pumbers shall b
A INAF TE:323K] 47K:53K] screw &
| TOB & optics [Lacnarde / ] AT 53K] Covers the sl cool-down immediately after launcl
VG3 (BG) ALK-323K] [47KEBK] | urgm 2 which siarts st the same Tmax bat stops warsmer &
VG2 (8G) TOK:323K [75k:1200] decontummation
VGl (8G) [110K:323K] | [115K:175K] ZOEAL = Lo & e
e T p—— # of cycles i arbit mou-operational | safe
! . - [223K:333K] | [233K: 303K] 'l'ob-!(ollsl_d.!ud_
[ADS and C54/ABE) - far L warm wnity in the on-Op T range (z), and
Table 1: PLM qualification temperature ramn; - fox thee PLY ehements im thve sade mode T range (3) _
Pomer cyeles m e v ® Alocate
I 5/C e mode ITamen Abocatw
- Non-Op (5) OF [ htument OFF (L ik mok] [P LrT ABocatn
A-DOU [CEA) | T sxgme8 Aocars
CCE [OHB-D) | ey & pov
1 TOTAL [
CPA & CPA (RAL Tech) [-40°C:#60°C] [-30°C # of cycles in orbit in the Operational T range
FCU {CBK and OHB-I) 2 Tob for PLM elemsents (3) and PL warm wnits (8}
ICU [KI [ Leonardo) Avemge cbservation of 7.7 hrs foowed by shew to ne
TCU (IEEC & SENER) tarpet. The 3% i efficency should net b
Table 2: PL warm units qualification temperatur, | o shews bs tarpets with diferent | 7.7 hrs | day over 5 ,m';":“’lg“*":'_’m]"‘ﬂ:':"‘_;‘;l"f i
- S aspect ingles yria 4358 s
ARL-ATN-SC034
Iss
91212024 TOTAL a580 Farther rednsed prren She “hathituh” nature of L1
6ol 16 fathure rabes to cover at least the imfant mertakty
In such cuses, this i to be agreed with the Agency on
#af len im the decont. T range for PLM elements (4)
Possibilmy for addmcaal wxaym=t [ Allocation Additcasl decontumtnston i possle
4 g - st {Bnclid im g
Mg z
TOTAL

Table 3: Number of cycles in each T r.\uge (") Note that the cycles during ground level testin
is eoimsidered in the Non-Op T raige suly, a8 iy eveles ai-gromd ot wnit level i the Op T
range is negligible compared to the in-orbit cycles,




Cryogenic Validation - @ Room ﬁ
How to be tested? _ IUMMMUSIIRIE] vempertre &
@ Minimum TJ
Operational /-
Temperature —)
Between Minimum Non-Operational "’J "’J
Temperatures ~
@ Room T
Temperature )
@ Minimum Operational Temperature gf)
500 hours (1000h for critical parts) )
@ Minimum %
Temperature

@ Room I
Temperature




Cryogenic Validation -
Where to be tested?

TWO HE CRYOSTAT
. Temperature control on Big Cold Finger from 10K
Load capacity:
o Chamber: 222 cm; h=10 cm
Temperature range: 10K to 320 K.

s R A Helium cryostat is required

Vacuum range (control and measure): 10-4 to 10E-7 mbar

Temperature sensors for con_trol and monitoring: 'FO r Ari el_ in Ste ad Of N 2 to
o Standard 2x Cryogenic Reference
o 2 Additional Cryogenic Reference on sample. =
. Feed-through for in-vacuum measurements: aC h Ieve th e extre m e l.y l.OW
o Electrical: DSUB, space wire, high-power

o  Optical: windows and fiber optics te' m p e ratu re S (2 5 - 40 K) .

o RF:SMA up to 18GHz

o Rotary and linear motion
e  Canoperate inside ISO8 Clean Area.
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Schedule Optimisation

Exercice
3

Exercice
1

Exercice
2




Thermal
sensors

Cryogenic
Validation

Schedule
Optimisation

On-Going
Tests




Cryogenic Tests
Switch T6932 - Petercem (FR) - Space Grade

Special Conditions:
12TC (37-323K)
15000 run-in cycles under cryogenic conditions @37K



Cryogenic Tests
ESCC and Space Grade Stainless Steel Wires - AXON (FR)

Special Conditions:
4 different references (ESCC+ Stainless Steel)
12 Thermal cycles (37-323K)
500h cryogenic test (37K)



Cryogenic Tests - Upcoming Runs

MicroSwitch - Petercem (FR)
Space Grade Quality - 1x part-type

Wires - AXON (FR)

ESCC+ Space grade Quality - 4x part-types

Heaters - RICA (IT)
ESCC Space Quality - 1x part-type

NanoD Connectors - Airborn (USA) H

Space Grade Quality - 5x part-types

Resistors & Capacitors Assembly - AVX (FR) +VISHAY (FR) +Presidio (USA)
ESCC + Space Grade Quality - 5x part—types;-:::':'_--'_;-'_-:f.'_.'_';

OpAmp - Texas Instrument (USA)
COTS &
Sub-D Connecors - C&K (FR)

ESCC - 4x part-types

Micro-D Connectors - C&K (FR)
ESCC - 3x part-types

Thermistor - IST (CH)
ESCC - 1x part-type



- Resistors and Capacitors PCB
Assembly: 5 different types

- Test campaign 1000h @47K

- Complex PCB: more than 40 parts
tested at the same time!

| : :
- Representative PCB design (as FM)

- PCB Assembly conducted (as FM)
by the user's certified assembler



Cryogenic Tests - Upcoming Runs

MicroSwitch - Petercem (FR)
Space Grade Quality - 1x part-type

Wires - AXON (FR)

ESCC+ Space grade Quality - 4x part-types

Heaters - RICA (IT)
ESCC Space Quality - 1x part-type

NanoD Connectors - Airborn (USA) H

Space Grade Quality - 5x part-types

Resistors & Capacitors Assembly - AVX (FR) +VISHAY (FR) +Presidio (USA)
ESCC + Space Grade Quality - 5x part—types;-:::':'_--'_;-'_-:f.'_.'_';

OpAmp - Texas Instrument (USA)
COTS
Sub-D Connecors - C&K (FR)

ESCC - 4x part-types

Micro-D Connectors - C&K (FR)
ESCC - 3x part-types

Thermistor - IST (CH)
ESCC - 1x part-type



- OPA2192, Low Offset Voltage, Low
Input Bias Current Op Amp

- Test campaign 1000h @47K

- Radiation Test in Cryogenic
conditions : Dedicated set-up
with the new ESA cryostat!




Cryogenic Tests - Upcoming Runs

MicroSwitch - Petercem (FR)
Space Grade Quality - 1x part-type

Wires - AXON (FR)

ESCC+ Space grade Quality - 4x part-types

Heaters - RICA (IT)
ESCC Space Quality - 1x part-type

NanoD Connectors - Airborn (USA) H

Space Grade Quality - 5x part-types

Resistors & Capacitors Assembly - AVX (FR) +VISHAY (FR) +Presidio (USA)
ESCC + Space Grade Quality - 5x part—types;-:::':'_--'_;-'_-:f.'_.'_';

OpAmp - Texas Instrument (USA)
COTS
Sub-D Connecors - C&K (FR)

ESCC - 4x part-types

Micro-D Connectors - C&K (FR)
ESCC - 3x part-types

Thermistor - IST (CH)
ESCC - 1x part-type






Conclusion (1/2)

- COTS Approach & Qualification:
COTS selection follows ECSS-Q-ST-60-13 with mission-specific tailoring.

While de-risking is beneficial, it is not sufficient for critical applications (e.g., OPA);
Only representative tests can fully confirm reliability under real operational conditions.

- Cryogenic Sensor Strategy:

A standardized cryogenic approach ensures compatibility across users, by selecting
representative part types, reducing the number of variations, and optimizing the number of
parts to be tested.

ESA’'s financial support plays a crucial role in securing an additional cryostat, ensuring all
instrument users meet their required timelines.



Conclusion (2/2)

- Thermal Sensor Non-EU Dependency

To reduce reliance on non-EU suppliers, it is critical to develop an EU-based solution for
future Science and Exploration missions.

ESA is considering integrating these sensors into the upcoming GSTP Sovereignty funding
program to drive European independence in this domain.

« CPPA's Critical Role in Science Missions

The CPPA plays a key role in ensuring mission success by identifying alternative space-grade
solutions, consolidating procurement (POs), optimising stock management, negotiating lead
times, overseeing manufacturers, and following closely quality issues.

Its involvement is essential for cost reduction, risk mitigation, and supply chain efficiency.
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Challehges of cryogenic temperature
Qualifications of COTS and QPL parts for
ARIEL sclience mission

/. Thank You For Your Attention!
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