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Background and rationale

ADHA cPCI Serial

Modules Space
Architecture

cPCI SS
Connectors

<<< COST

« The cPCI Serial Space (SS) was selected as the standard for ADHA workshop January 2020.

cPCI SS allows for flexibility, modularity, interoperability and relatively price reduction
compared to the level of performances.
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Background and rationale
Q)

Wl . Manufactured by Smiths Interconnect (Hypertac) |}

cPCI

@ Comnatible with cPCI and NASA DLA Qualified
. Based on the hyperboloid contact technology

. Resistant to Shock & Vibration

. Standard soldering reflow,

G

. Manufactured by Amphenol

Airmax

. Compatible with cPCI SS
. Solderless Solution, based on Press-fit

. Specified up to 25 Gb/s

. Low cost, but

in harsh environment

KVPX

. Manufactured by Smiths Interconnect (Hypertac) |}

. Solderless Solution, based on Press-fit

. High Data Rate up to 16Gb/s
. Based on the hyperboloid contact technology

. Resistant to Shock & Vibration

E== . Compatible with VITA, and

Currently, there is no High Data Rate connectors,
compatible with cPCI SS, for space applications!

The current available space solutions are not
compatible with cPCI SS (speed rate, layout, etc.).



Background and rationale

The only solution compatible with cPCI SS (and with high data rate) is a commercial solution,
manufactured by Amphenol (manufactured in China) with no proper evaluation data!

Need to Develop and Qualify a Space-grade High Data Rate (25 Gb/s)
Connectors compatible with cPCI SS for space applications *
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Specifications & Challenges

AIRBUS e
Specification Document :
cPCI Serial Connector for Space
S — Main Challenges w.r.t. ADHA Specification:
@ el M - High Speed up to 25 Gb/s
AIRBUS Tl i « Solderless solutions (i.e. Press-fit)
L
beyondgravity |- [=u= . Operating Temperature: -55°C to 125°C
¥, OIS i A . : . o
ThalesAlenia No impedance change or dl_scontlnwty_of
1t ey~ SPACE 1ns or longer duration during mechanical
Dl Bl and thermal tests

s = « Current rating per contact: 2A .
o @esa




Specification & Challenges

Known reliability issues related to the press-fit technologies:
- Impedance discontinuities during mechanical tests

Low data press-fit connectors (Positronic) are being ESCC qualified for
discontinuities smaller than 10 us during mechanical tests.

ADHA High data rate requires 1ns of discontinuity during mechanical
test. ‘

No clamping mechanism (or additional screws) to hold the mated pair together.
All the mechanical stress goes through the press-fit terminations.
This leads to intermittent loss of connectivity during vibration or shock!




Specification & Challenges

Known reliability issues related to the press-fit technologies:

« PCB Damage due to the fretting of the plating materials (corrosion
wear) or cracks in PCB and pins materials, due to the relative
movement of the press-fit pins inside the PCB.

« Growth of dendrites tin whiskers on pins with pure tin are also
considered as delayed failures!
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ON-GOING ESA R&D ACTIVITIES

1. TDE: Procurement and Reliability Assessment of High Data Rate Press-Fit cPCIl SS connectors:
AIRMAX VS (Amphenol) and HYPERBITS (Performance Interconnect) (ALTER TECHNOLOGY SPAIN)

2. TDE: Board to Board Interconnections for High Data Rate applications (AXON’ cable)
3. ARTES: High Density Modular Electrical Interconnections for High Data Rate Applications (Performance
Interconnect & ALTER TECHNOLOGY FRANCE)

ALTER |

TECHNOLOGY

TECHNOLOGY

Amphenol PERFORMANCE
__.advanced .. |
Interconnect&Msolutions




Background & Rationale
Specification & Challenges

On-going Activities (I)
TDE: Procurement and Reliability Assessment of High Data Rate Press-Fit cPCl SS connectors:
AIRMAX VS (Amphenol) and HYPERBITS (Performance Interconnect) (ALTER TECHNOLOGY

SPAIN)

Conclusion
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Procurement and Reliability Assessment of High Data Rate
Press-Fit cPCl SS connectors

Contractor: ALTER TECHNOLOGY (Spain) ESA Budget e A LT E R

R e TN TS ry— TECRNOLOGY
Start of activity: June 2022 End of Activity: March 2026 Joaquin Jimeénez Am phe nol

Background and justification:

The current large increase of data traffic is causing the space sector to push for the development of communication standards
that allow for higher data rates. ESA has recently funded a study on Advanced Data Handling Architecture (ADHA) in order to
establish a versatile, compact, modular and scalable Data Handling System architecture using standardised building blocks.
Unfortunately, there is currently no space grade High Data Rate (HDR) connectors compatible with cPCI SS. The only existing
solution is a commercial connector, manufactured by Amphenol (USA), with no reliability assessment data.

Objective(s):

The aim of this activity is double: PERFORMANCE
1 -to procure and assess the reliability of existing high data rate press-fit connectors compatible with cPCI SS: the commercial

AirMax VS® cPCI-s manufactured by Amphenol (USA).

2- to support the development and assess the reliability of the HyperBits™ S-FECT (Performance Interconnect, FR)

Achievement and status: INTERCONNECT

« AirMax VS® cPCI-s samples procured. Assembly of Hyperbits genl: assembled solutions Q2 2023

« Test plan has been defined: DC electrical parameters under mechanical and thermal cycles with electrical continuity
monitoring, mating & de-mating, life test (s-parameters, high and low temperature), construction analysis, outgassing.

« Final design and validation of test PCBs for mechanical testing and s-parameters testing.

« DC electrical parameters tested, outgassing performed, mechanical tests on-going (sine vibration).

Benefits:
« The advantages offered by solderless technology makes this the perfect baseline to develop High Data Rate connectors.

Next steps: « Thermal cycles, mating & de-mating, life test
+ S-parameters measurements » Final Report expected in March 2026.



Airmax VS (Amphenol): Assembly & Reliability Tests (Procurement)

10 samples HDR press-fit
AirMax VS® cPCl-s
10052824-101LF
Daughterboard
72-position, 6 column,

2 Walls, Right Angle

10 samples HDR press-fit
AirMax VS® cPCl-s
10052837-101LF
Daughterboard

96-position, 8 column,

2 Walls, Right Angle Header

10 samples HDR press-fit
AirMax VS® cPCl-s
10052825-101LF
Daughterboard
72-position,6 column,

4 Walls, Right Angle

10 samples of HDR press-fit
AirMax VS® cPCl-s
10052838-101LF
Daughterboard

96-position, 8 column,

4 walls, Right Angle

15 samples HDR press-fit
AirMax VS® cPCl-s
10052829-101LF
Backplane

72-position, 6 column,
Vertical Receptacle

15 samples HDR press-fit
AirMax VS® cPCl-s
10052842-101LF
Backplane,

96-position, 8 column,
Vertical Receptacle




Airmax VS (Amphenol): Assembly & Reliability Tests: Test plan (l)
(Serialization ‘1menallgﬁ§ii%ﬁiiz:§ﬁmm Check "5 samples” SUBGROUP I - TV1
« DC Electrical measurements

« (Contact resistance at 10mA

f

-

-

It

| CHART|V.$ubgr?uwp1|)ouaiiiwtbnTst o Contact I‘ESIStanCE at 2A :.l::‘::”:{
According toPara. 6 LY LA
 Voltage proof 500V, in

3 '

T e « Insulation resistance 500V
- rccordn epara 7 « Sine vibration
« Random vibration

CHART V. Subgro(u%g; Qualification Test ° M ecC h an IC a | S h OC k

Feesmbrae £ « 20 cycles thermal shock
CHART V. Subgroup Il Qualification Test
L (Tva)
According to Para. 9

DESTRUCTIVE PHYSICAL ANALYSIS
Accordngto Para 10

OUTGA SSING
ECSS8-Q-ST-70-02C




Airmax VS (Amphenol): Assembly & Reliability Tests: Test plan (ll)

RECENING 100% of samples
INCOMING INSPECTION 100% of samples
(Serialization “Internal Proced ure” + E xternal Visual Inspection + Weight Check "5 samples”

0

v I

|i{ It 'E
ik

[}
CHART IV. Subgroup | Qualification Test ‘E l‘i '5
I

* Accordi(r119vt:))Para 6 : ': Is IE.
PRt

uir g

SUBGROUP II -TV2 e

CHART V. Subgroup Il Qualification Test

. L - Mating and de-mating
« DC Electrical measurements

CHART IV. Subgroup Il Qualification Test
(TV3)
According toPara. 8

CHART V. Subgroup Il Qualification Test

DESTRUCTIVE PHYSICAL ANALYSIS
Accordngto Para 10

OUTGA SSING
ECSS8-Q-ST-70-02C




Airmax VS (Amphenol): Assembly & Reliability Tests: Test plan (lll)

RECENVING 100% of samples
INCOMING INSPECTION 100% of samples
(Serialization “Internal Proced ure” + E xternal Visual Inspection + Weight Check "5 samples”

N (Tv1)
According to Para. 6

CHART IV. Subgroup | Qualification Test

R (1v2)
AccordingtoPara. 7

CHART V. Subgroup Il Qualification Test

o (Tv3)
According to Para. 8

CHART IV. Subgroup Il Qualification Test

N (Tv4)
AccordingtoPara. 9

\

CHART V. Subgroup Il Qualification Test

SUBGROUP III - TV3
* RF measurements
(at 25°C, -55°C, +125°C):
e Insertion loss
« Near-end cross talk
« Far-end cross talk
« Differential impedance
« Life test until 500h
until 1000h
until 2000h

DESTRUCTIVE PHYSICAL ANALYSIS
Accordngto Para 10

OUTGA SSING
ECSS8-Q-ST-70-02C
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Airmax VS (Amphenol): Assembly & Reliability Tests: Test plan (IV)

RECENVING 100% of samples
INCOMING INSPECTION 100% of samples
(Serialization “Internal Proced ure” + E xternal Visual Inspection + Weight Check "5 samples”

CHART IV. Subgroup | Qualification Test
(Tv1)
According toPara. 6

CHART IV. Subgroup Il Qualffication Test
(1Tv2)
According to Para. 7

CHARTIV.Subgro(u.r;‘}l:lsl;ﬂualiﬂcation Test SU BGROUP IV — Tv4
ferodnetorae ® « DC Electrical measurements
] « RF measurement (+125°C)
T Ry e - 5 cycles overload test
— (1,5xrated current)

DESTRUCTIVE PHYSICAL ANALYSIS
Accordngto Para 10

OUTGA SSING
ECSS8-Q-ST-70-02C




Airmax VS(Amphenol): Assembly & Reliability Tests: Test results (I)

1. Outgassing ECSS-Q-ST-70-02C

Samples Description TML (%) RML (%) CVCM (%) The samples tested are compliant with
25163 White plastic housing - Header 0,069 0,053 0,001 general limits of acceptance for material
25164 Black plastic housing - Header 0,074 0,058 0,003 selection according to ECSS-Q-ST-70-02C:

RML < 1,00% , CVCM < 0,10%.
25165 White plastic housing - Receptacle 0,072 0,047 0,001
25166 Black plastic housing - Receptacle 0,052 0,041 0,002
Sample n2. 25163 Sample n2. 25164 Sample n2. 25165 Sample n2. 25166 - 1
l A 4 4 :
I{'. ‘ / ,/',
Vb L | [
| W e ssEmall
= T
= y

AN
S ""l'_m,;}

Voadgs -l

[Sos5dRS

S e 10052837-101LF




Airmax VS(Amphenol): Assembly & Reliability Tests: Test results (ll)

RF characterisation PCB, Mechanical characterisation PCB, Airmax connectors insertion

Connector-PCB Type of SN A SN C ATN-PCB-EM-701_B v1.0
Connector SN SN connector  N° of Pins PCB il VIBRATI ph i
10052829-101LF [y .
54 A Receptacle. 72 RF PCB (Back plane) : =
10052824-101LF =5 ITnig
4 B Header. 72 RF PCB (Daughter) =3 Piaag
10052829-101LF Vibration PCB 10052829- S5 i
53 C Receptacle. 72 101LF ST i i
10052824-101LF Vibration PCB 10052824- 1 LLE
34 D Header. 72 101LF & 10052825-101LF
10052842-101LF Vibration PCB1005284 2-
66 E Receptacle. 96 101LF
10052838-101LF Vibration PCB 10052837-
36 F Header. 96 101LF & 10052838-101LF
10052842-101LF
61 G Receptacle. 96 RF PCB (Back plane)
10052838-101LF
24 H Header. 96 RF PCB (Daughter)

Successful insertion of 8 Airmax connectors:

* Four inserted in PCBs for vibration characterisation
(SN C,D,E,F), plus other 4 connectors.

* [Four inserted in PCBs for RF characterisation

(SN A,B,G,H), plus other 4 connectors




AirmaxVsS (Amphenol): Assembly & Reliability Tests: Test results (lll)

3. DC electrical measurements at room temperature: continuity verification, contact resistance, voltage
proof, insulation resistance

%< - 1
. . . TSRS Y ) ‘
Samples to be submitted to mechanical testing Wmaﬁn.r,-‘f,-‘.,m;{: ‘ \‘H T
Ty
Connector-PCB )\[‘,‘"”lﬂj,” ‘3'[ "
Connector SN SN Type of connector N° of Pins PCB d i
53 C Receptacle. 72 101LF
10052824-101LF Vibration PCB 10052824-
34 D Header. 72 101LF & 10052825-101LF
10052842-101LF Vibration PCB10052842-
66 E Receptacle. 96 101LF
10052838-101LF Vibration PCB 10052837-
36 F Header. 96 101LF & 10052838-101LF
SN D: 10052824-101LF Header (72) SN F: 10052838-101LF Header (96)
DC Electrical measurements test results:
LIMITS . .
No TEST CONDITIONS — T UNIT pass FaiL LClectrical measurements performed in 4 mated
connector pairs (© mated with = / = mated with )
contact — gar Imeas = 10mA - 35 mQ 4 0
Resistance . . - .
Contact Continuity verification: Successful results.
. RCR Imeas = 2A -- 20 mQ 4 0
Resistance
3 Voltage Proof IL Vmeas = 500Vrms, t = 5s (Note 3) Note 3 -- | 4 0 Contact resistance. voltage proof. insulation
Insultaon . .
Resistance Ri Vmeas = 500VDC, t = 60s (Note 4) 1000 - MQ 4 0 MSU ccessful results. S&“?EAN Sp4(_€4
% 6:“ &
Note 3: No evidence of breakdown, flashover or excessive leakage current >0.5mA. No anomalies were detected. e\




AirmaxVS(Amphenol): Assembly & Reliability Tests: Test results (IV)

4. Sine vibration test: Axis definition, vibration tool & measurement conditions

EUT set up & Measurement conditions
v" Detection of 1 ns or longer duration discontinuity.

w v Constant DC signal maintained through the contacts

tool under test and + External resistor with magnitude
e e significantly higher than the contacts resistance of the
filal Lap X nJ device under test.

Singal monitored with a digital scope with a minimum
bandwidth of 1.0 GHz

v Threshold level and time period configured to be
triggered if limits are exceeded.

Oscilloscope
1GHz
(a) Axis identification (SN D) and (b) vibration tool.

Voltage Frequency Number of wires 75
10V DC 2 £ )




Airmax VS(Amphenol): Assembly & Reliability Tests: Test results (V)

4. Sine vibration test: Set up

Set up

’
C-D mated connectors before Top view of the connectors assembled Front view of the_ connectors gssembled
assembly on the vibration test jig on the vibration test jig on the vibration test jig




Airmax (Amphenol): Assembly & Reliability Tests: Test results (VI)

4. Sine vibration test: Vibration conditions check (empty tooling)
Vibration conditions check (empty tooling)

SINE VIBRATION - X AXIS - TEST FIXTURE - GRAPH - CONTROL

I control(f)
I profile(f)

~ | high-abort(f)
[ low-abori(f)

high-alarm(f)

low-alarmy(f)

10.0000000536743

Frequency (Hz)




Airmax (Amphenol): Assembly & Reliability Tests: Next steps (I)

Next steps:

S-parameters measurements and life test

,,,,,,,,,,

(@ SB0M

.,7,_!);&

P S :’1\ st

Hyperbits (Performance Interconnect) AIRMAX VS A-B (72 pins)  AIRMAX VS G-H (96 pins)
Inserted on RF PCB’s for S-measurement sz




Airmax (Amphenol): Assembly & Reliability Tests: Next steps (ll)

Next steps:
Finish mechanical testing (random vibration, mechanical shock)
Thermal shock test

Mating & de-mating (endurance) test flow




Background & Rationale
Specification & Challenges

On-going Activities (ll)

TDE: Board to Board Interconnections for High Data Rate applications (AXON’ cable)

Conclusion




Board to Board Interconnections for High Data Rate applications

Interconnect&Msolutions

Start of activity: August 2023 End of Activity: 12 2026

Background and justification:

To fulfil future Telecommunication payload mission needs, satellite manufacturers are fabricating digital and high power
processing equipment with high speed signal performance, high speed and complex digital processing technologies. These are
based on digital printed circuit boards (PCB) and new high density and high data interconnection technologies.

TO: Léo Farhat - Joaquin Jiménez

Solderless solutions based on press fit connectors, spring probes or S-FECT (Slide-Fit Electrical Contact Termination) technology,
are being developed in order to validate reliability issues, especially the signal continuity during mechanical tests. These solutions
are not designed for high data rate applications yet. This justifies the need for next-generation interconnect solutions capable to
withstand space environment for high data rates.

Objective(s):
« To develop interconnection solutions based on innovative solderless technologies, that need to withstand future requirements
in terms of High Data Rate (HDR), up to 56Gbps.

Achievement and status:

« Kick-off Aug 2023

« Literature review and user survey: identify customers’ needs and confirm the performance levels to be specified in the
technical specification. Critical assessment of existing connectors.

« Consolidated preference for connector design: HDR and power with few Mbit/s.

« Patent survey. Technical specification based on survey results updated. Back-up procurement to guarantee EM models
manufactured. PDR Dec 2024, production of prototypes (including 3D printed housing), with two different materials and two
variants: shielded and unshielded, due to customer urgent need.

Benefits: Availability of European connector for HDR for space applications.

Next steps  Evaluation Test Plan to be defined: test sequence on contacts,
« Improved molded samples production for mechanical tests. test set-up definition, tool-machining.



AXON’ CABLE: CONNECTOR PROTOTYPE MANUFACTURING (I)

Backplane connector

Machined frame 3D printed housing

4-slot socket contact — closed press-fit
AXON’ P/N: CONTACT130255B

N
2NN \
\ 5 \ \\
b \'
" 1R po— | P
X ! L rr?
\ ) : — ] ] e
YA
.
‘5—

SV

al sheet 4
press-fit

\

Machined pin Met
contacts




AXON’ CABLE: CONNECTOR PROTOTYPE MANUFACTURING (II)

..............

Daugther board connector prototype Back-plane connector prototype
« These are the first prototypes manufactured, due to customer urgent need.

« Two types of materials used due to time constraint: one material for machined frames (white
colour), one different material for housing (3D printed, black colour)

« Systematical improvement of these connector prototypes is already planned.




AXON’ CABLE: PROTOTYPE CONNECTOR MANUFACTURING (llI)

Insertion tool manufactured by AXON (manual press)

No damage on connector prototype frames or PCB



AXON’: CONNECTOR PROTOTYPE ELECTRICAL CHARACTERISATION (I)

Two types of connector prototypes characterised:
Unshielded prototype connector
Shielded prototype connector daughter board (to try improve

crosstalk, and decrease impedance)

Two types of test results:
Contribution of connector prototype and PCB (“embedded”)

Connector prototype contribution only (“de-embedded”)

DC tests performed: line resistance, insulation, voltage proof

RF tests performed:
high data rate

insertion loss

near-end cross talk |
far-end, cross-talk Gy, &

differential impedance ]ﬂ



AXON’: CONNECTOR PROTOTYPE ELECTRICAL CHARACTERISATION (ll)

Table 1: Connector cabling

A B C D E F G H 1 J K L
08 GND + - GND + - GND i - GND + -
07 + - GND + - GND + - GND + - GND
06 GND + - GND + - GND + - GND + -
05 + - GND + - GND + - GND + - GND
04 GND + - GND + - GND + - GND + -
03 + - GND + - GND + - GND + - GND
02 GND + - GND + - GND + - GND + -
01 + - GND + - GND + - GND + - GND
Table 2: Connector cabling versus VNA ports 1,2,3,4
VNA Port PCB Daughter PCB Backplane

1 n/L2/A1/cz

2 K2/B1/B2/K1

3 Ki/K2/B1/B2

4 l2/11/A1/C2

Test PCBs:

Lines J1, K1, K2, and L2 are /ongest lines on PCB connector.

Lines Al, B1, B2 and C2 are the shortest lines on PCB
connector. > T




AXON’: ELECTRICAL CHARACTERISATION (lll) DC LINE RESISTANCE

Table 1: results for the unshielded connector Table 2: results for the shielded connector

PCB PCB RO PCB PCB RO
Daughter | Backplane | (mOhms) Daughter | Backplane | (mOhms)
Al Al 63.3 Al Al 66.2
Bl Bl 61.8 Bl Bl 63.5
B2 B2 52.4 B2 B2 63.8
Cc2 Cc2 52.7 C2 c2 63.9
J1 J1 107 J1 J1 106
K1 K1 109 K1 K1 108
K2 K2 119 K2 K2 139
L2 L2 121 L2 L2 141

-B2 & C2 close to 52mQ and Al & Bl close to 63mQ: A= 21%
-J1 & K1 close to 108mQ and K2 & L2 close to 120 mQ: A= 11%
-B1, B2 & B3 close to 63mS and Al close to 66mQ: A= 5%

-J1 & K1 close to 107mQ and K2 & L2 close to 140m Q : A= 31%

Variability on DC-resistance probably caused by irregular thickness of the line PCB layers




AXON’: ELECTRICAL CHARACTERISATION (IV) VOLTAGE PROOF, INSULATION

DWV under Insulation under DWV under Insulation under
Measured poles 600Vrms 500Vdc Measured poles 600Vrms 500Vdc
Al & Bl <2mA =1000Me2 Al B B1 <2mA =1000MG
A1+B1 & GND <2mA =1000M02 Al+Bl & GND <2ma =>1000MC
B2 & C2 <2mA =1000MG B2 & C2 <2mA =1000M0
B2+C2 & GND <2mA =1000ME2 B2+C2 & GND <2mA =1000MGQ
11 & K1 <2mA =1000M0 11 & K1 <2mA =1000MQ
J1+K1 & GND <2mA =1000Me2 11+K1 & GND <2mA =1000MG0
K2 & L2 <2mA =1000MG K2 & L2 <2mA =>1000MQ
K2+L2 & GND <2mA =1000MQ K2+L2 & GND <2mA =1000MG

unshielded connector

ESA UNCLASSIFIED - For ESA Official Use Only

- -

Tests results are successful!

shielded connector




AXON’: RF PARAMETERS (l) DATA RATE

Connector&PCB contribution (“embedded”) Connector contribution only ("de-embedded”)

Tr5 Tdd21, High = 400 m¥ Low = -400 m¥, 25 Ghps

Tr5 Tdd21, High = 400 m¥ Low = -400 mV, 25 Gbps

= >
zZ
0.000 0.o00 E l;
£
£
Width: 18.93 ps. T
N Width: 30.22 ps = //
Figure 10: K1-J1 Daughter & K1-J1 Backplane 25 Gb/s ,,/ . .
115 Tdd21, High = 400 m Lo = -A00 mY, 25 Gbps Figure 37: K2-L2 25 Gb/s for de-embeded CPCI {

N O K Te5 Tdd21, High = 400 m¥ Low = -400 m¥. 31,9993994544 Ghps \M

x
cl_
0 g
s &
8
0.000 -—3
£ ¢
t £
IT—&
Width: 16.03 ps -

Zew: 2813 W —

Figure 12: K2-L2 Daughter & K2-L2 Backplane 25 Gb/s ——

« All configurations at 12.5 Gb/s pass the test Fioure 35 K3 12 GO o et o o
« For configurations at 25 Gb/s the signal fails 12.5, 25 and 32Gb/s

Similar results for shielded or unshielded variants

Width: 20.76 ps




AXON’: RF PARAMETERS (Il) INSERTION LOSS

Connector&PCB contribution Connector contribution only ("de-embedded”)
Tr 7 Sdd21 Lt\g\l 0.00d8/ 0.00dB - Sdda Zch‘ﬂ 10.00dB/ 0.00dB S
z E - EE i% Z;g? Il sdd21 LogM 5.000dE/ -10.0dB Ir 8 Sdd12 LegM 5.000dB! —deb“

\v/ ' \\_1"

\_/
Vi

Figure 16: K2-L2 Daughter & K2-L2 Backplane 7

Figure 42: insertion losses K2-L2 for de-embeded CPCI

For each configuration, the insertion _ _ _ _
losses: For each configuration, the insertion

o 2 dB for 3.125 GHz losses:
o 5 dB for 6.25 GHz o 0.7 dB for 3.125 GHz

o 8dB for 12.5 GHz o 2 dB for 6.25 GHz
o 3dB for 12.5 GHz

Similar results for shielded or unshielded variants

For 3.125GHz, results are ) £




AXON’: RF PARAMETERS (lll) NEAR/FAR END X-TALK

Sdd21 LogM 10.00dB/ 40008 Tr 8 Sdd12 LogM 10.00dB/ -40.0dB R
&l & Q, E, &, P YRl y
oAk STERE Tr 7 Sdd21 LogM 10.00dB/ -54.0dB Bl Sdd12 LogM 10.00dB/ -54 0dB
2 [6250 GHz 5613 dB 1 [3125 GHz 5257dB
5 ~+t86ds 2. [8250 GHz 52,03 dB
4521d8 1 & 45-+6d
2 6250 G 5591dB T 3125 GHe E
3 G 4186dB 2 6.250 GHz

- I et L
AN R/ — 7 i
= EENAY GO AN W o \/ N “/L {0 “f\” /Y/\/\ ATATAC ﬁ/
e g g e AT
i 1 il i % | V V
f{ H W Y [

Figure 18: K1-J1 Daughter with K1-J1 Backplane loaded & K2-L2 Daughter with K2-L2 Backplane loaded

Figure 56: K1-J1 Daughter with K1-J1 Backplane loaded & K2-L2 Daughter with K2-L2 Backplane loaded

. for shielded CPCI
Near-end unshieldeded Near-end shieldeded
- Sdd21 LogM 10 00dB/ -40 0dB Tr 8 Sdd12 LogM 10 00dB/ -40 0dB
>1 3120 GHz -47 28 dB
? 6250 G : ﬁ:‘ﬁiz Tr 7 Sdd21 LogM 10.00dB/ -54.00B Bl S0d72 LogM 10.00dB/ -54.0dB _ O n | y
=i %2 Onlv one : L
Y ; == two

-10.14dB

- peak NOK. g =i i peaks

>;—:E '7{11 e T I N A L Th e re St |S iﬁf A N /[\v\ - Jf VA ety N O K .
T AN AR YAY: /T ) PN k

i \’r ! vﬁ\ ’(.n’ru Mm PASS ‘ ] V The

rest is

=]
7Y

Figure 20: K1-J1 Daughter with K1-11 Backplane loaded & K2-L2 Backplane with K2-L2 Daughter loaded — AS S
Figure 58: K1-J1 Daughter with K1-J1 Backplane loaded & K2-L2 Backplane with K2-L2 Daughter loaded

Far-end unshieldeded
Far-end shieldeded  SEaaD>

Similar results for shielded or unshielded variants “ \\v X




AXON’: RF PARAMETERS (V) DIFFERENTIAL IMPEDANCE

— 5 § Tr 1 Tdd11 Impedance 5.000CY 78.00 - Tdd22 Impedance 5.0000Y 78.00
) SSG. 5 128 T - 513050 ps 82660
= = = ; Dist.(Refl) 12187 mm
070535 re s : 123 5 : 1376
5 . - --Di 3634 mm-
55 & n Y 18 3 123.73Q
- Dist 15540 mm
7 4 1 : 87950
113 Dist et BT 5T
1 513.050 ps 81630
108 _Disi (Ref]) 121 A7 mm)|
Th 2 /1989.538 ps 12055 Q
e e e | DSt Ree -, 136 34 mm
10 = 37 TE TT0.0 (1|
Dist (Refl) 15540 mm
= 4 1193 ne 04050
Dist.(Retl) 169.86 mm
Corresponding areas: -10.19p 452 443p 603.767p 915.086p  1.146405n 1.277724n 1.609043n 1.840362n  2.071681n 2303
Figure 21: A1 & B1 Daughter & A1 & B1 Backplane
1-2.92mm PCB connector connection
2-Test PCB transmission line (skew compensation)
3-Bonding PCB-PCB N O K
4- Daughter connector pressfit / through hole
5-Daughter connector internal PCB transmission line eAN Spy
<°° 72
)

6- Daughter connector male contact

7- Female contact + Backplane connector pressfit / through hole




AXON’: RF PARAMETERS (VI) SUMMARY

Tests Targets Results
Tests Targets Results
High speed data rate unshielded variant 12.5 Gb/s 25 Gb/s
(input signal 800 mVpp) oK NOK Near end signal crosstalk 3('31H225 %ag GhZZ'S 3.125Hz | 6.25Hz | 12.5 Hz
R 12.5 Gb/s 25 Gb/s A1-B1/ B2-C2 unshielded variant -453 | -529 | -387
unshielded variant
(input signal 800 mVpp) SpaceFibre mask oK oK A1-Bl/ B2-C2 shielded variant 39dB | -34dB | -29dB | -44.8 -36.8 -36.5
A e e 3 S e 200 mV diff peak-peak 12:5 Gbfs 25 Gb/s K1-J1/ K2-L2 unshielded variant 452 | -56.1 | -41.9
(input signal 800 mVpp) oK NOK ) ) )
K1-J1 / K2-L2 shielded variant -39 -43.2 -32.9
High speed data rate shielded variant 12.5 Gb/s 25 Gb/s
and de-embedded oK oK Far end signal crosstalk 3.125Hz | 6.25Hz | 12.5Hz | 3.125Hz | 6.25Hz | 12.5 Hz
(input signal 800 mVpp)
Insertion losses 3.125 5.5 12.5 3.125 6.25 125 Al-Bl / B2-C2 unshielded variant - 45 -49.3 -39
GHz GHz Ghz GHz GHz GHz A1-B1/ B2-C2 shielded variant -41.4 36.6 | -32.3
Al-Bl unshielded variant -2.42dB |-5.89dB | -8.87 dB -42 dB -34 dB -26 dB
K1-J1 / K2-L2 unshielded variant -47.3 -51.3 -39
Al-Bl de-embedded unshielded variant -0.71 -2.74 -3.37
K1-J1 / K2-L2 shielded variant -38.5 -41.8 -26.4
A1-B1 shielded variant -2.46 -5.5 -8.12
- . : . min max min max
A1-B1 shielded and de-embedded -0.86 -2.78 2.32 Differential |mpe¢_1ance un_shlelded variant
TDR (40GHz BW, rise/fall time < 17.5 ps) 90 Q 1109 82 0 130 9
K1-J1 unshielded variant -2.34 -4.97 -8.3 . -
i i Differential impedance shielded variant n e A max
K1-J1 de-embedded unshielded variant -0.73 -2 -3.88 TDR (40GHz BW, rise/fall time < 17.5 ps) %0 a 110 9 50 0 119 0
K1-11 shielded variant -2.59 -5.19 -10.09
K1-11 shielded and de-embedded -1 2.1 -4.18 ° D t t . PASS
-1dB -1.5dB -2dB a a ra e "
B2-C2 unshielded variant -2.37 -4.95 -9.13 .
o 1 t | : PASS at 3.125GH
B2-C2 de-embedded unshielded variant -0.68 -2.09 -3.81 n S e r I O n OS S . a L] Z
B2-C2 shielded variant 249 | -455 | -89 ° Nea r-en d Cross_tal k . PASS
L ]
B2-C2 shielded and de-embedded -0.97 -1.64 -2.32 t . . . t
« Far-end -talk: PASS hielded
K2-L2 unshielded variant -2.78 -5.85 -8.21 a r e n C rOSS a " u n S I e e Va rl a n
) ) . . . .
K2-L2 de-embedded unshielded variant -1.05 -2.91 -3.02 ° D Iffe rentla I I m ped e n Ce . N O K
K2-L2 shielded variant -2.51 -5.24 -8.22 er ro iSin resu ts or
- V YPp m g l f EARASEL
K2-L2 shielded and de-embedded -0.91 -2.31 -2.38 — 0@“" £& 1.8
A Y s >
rototypes! ('*. & RS
\u R 3 2 \_—

ESA UNCLASSIFIED - For ESA Official Use Only
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AXON’: RF PARAMETERS (Vil) COMPARISON WITH AIRMAX VS

Pistes K212

Ir5 Tdd21, High = 400 m¥ Low = -400 m§/, 25 Gbps

BOD.0m
Tee
e: 3407 N
400.0m  —One: 340.7 mV=—— _
200.0m >
> E
E -
2] (o]
© 3
0.000 2_%_
5 £
T a
I E
<
200.0m
ADD.Om |
Width: 29.99 ps
600.0m |

20p 10p 1] 10p 20p 30p 40p
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AXON’: CONCLUSIONS / NEXT STEPS

CONCLUSIONS
- Decision to manufacture these two-material prototypes only to fulfil urgent customer needs.

- Digital transmission is ensured with margin a bit more over 12.5GHz (equivalent to 25Gb/s) with a NRZ baseband signal,
which exceeds ADHA needs.

- These are very promising results. It is planned to systematically improve these prototype connectors.
« The few non-conformances concern mainly the insertion losses above 3.125GHz and differential impedance.
- Shield between the frames => light impedance improvement but not big changes.

NEXT STEPS:

*  Prototype connector planned improvements:
Manufacturing process upgraded to have molded connectors, with one material only.
Improve internal PCBs.
Pin surface treatment.

*  TRR estimated for June 2026, with evaluation test plan.

- Production of samples for mechanical testing, test set-up definition and test flow performance. & W\ "‘*‘gf{;;




Background & Rationale
Specification & Challenges

On-going Activities (lll)

ARTES:High Density Modular Electrical Interconnections for High Data Rate Applications
(Performance Interconnect & ALTER TECHNOLOGY FRANCE)

Conclusion
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Development of High Density Modular Electrical
Interconnections for High Data Rate Applications

?It:)l;\)tractor: ALTER TECHNOLOGY (FR), PERFORMANCE INTERCONNECT o E m A LT E R

| Funding | ARTES AT Initial TRL: 3 | Target TRL: 6 TO: Léo Farhat TECHNOLOGY
— A Joaquin Jiménez PERFORMANCE
Start of activity: 12 2023 End of Activity: 07 2026

Background and justification:

Urgent need to develop backplane high data rate interconnections compatible with compact PCI Serial Space (cPCI SS) standard.
This is capable of routing data between processing modules of on-board computers. Backplane connectors are critical components
to enable high speed interconnections.

INTERCONNECT

Currently, there are no European solutions able to reach 25 Gbit/s to 50 Gbit/s. Engineering models of modular backplane high
density connectors compatible with cPCI serial space standards will be designed, manufactured and tested for use in high data rate
space applications. Additionally, the focus of the activity will be to achieve at least 25 Gbit/s data rate.

Objective(s):

The objective of this activity is to design, develop and test engineering models of modular backplane high density connectors for
high data rate space applications, compatible with cPCI serial space standard.

- enabling routing of more than 120 channels

- achieve an interface bit rate of at least 25 Gbit/s, with a goal of 56Gb/s for long-term missions.

Achievement and status:

« ITT was issued in Q3 2022. No support from delegation. ITT re-issued to get support from National Delegation.

» Contract signed with ALTER (FR) and Performance Interconnect (FR) on 12/12/2023.

+ Kick-off held in January 2024, finalized technical specification.

« Version 2 of the connectors created (Gen2HYP) to have EM models available: prototypes manufactured and characterisation done.

Benefits:
« European provider of interconnections for High Data Rate applications for space applications.

Next steps:
« CDR+MRR Nov 2025
« Reliability tests: electrical validation (high frequency measurements), mechanical validation (vibration, shock), thermal cycles.



HYPERBITS: S-FECT (l)

« S-FECT:

SLIDE-FIT

ELECTRICAL
CONTACT
TERMINATION




HYPERBITS: S-FECT (Il)

<Higher
normal
Force

>Lower
resistance

No SOLDERING NO PRESS-FIT Based on S'FECT Technology

Contacts slide and operate in elastic
deformation




HYPERBITS: S-FECT (lll)

External
Pressure

Element
Technology

Already
qualified
to

Mil - 39029
GSFC-311
ESCC-
3401

P

S-FECT

Technology

Similar
mechanism

of operation BUT...

< Higher
normal
Force

and

> Lower
resistance

Connects
directly to PC B




HYPERBITS: ADVANTAGES ()

Press-fit versus S-FECT

S-FECT™ et B = reduced cost
Technology simple installation

T

e e,
R DR R et = ~
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HYPERBITS: ADVANTAGES (Il)

Press-fit versus S-FECT

S-FECT™ corbart = reduced cost
Technology system = simple installation
| ce | HYPERBITS™

Rt =R1 + R2 RD R1 =R2 £ 5mQ




HYPERBITS Gen 2.0: CONNECTOR MANUFACTURING

A- Pin soldered on wafer B- PCB Connector Assembly C- Slide Shield Assembly

Hyperbits
Gen 2.0



HYPERBITS Gen 2.0: TEST PCBs

- V1: on test boards for RF measurements (Backplane and
Daughter Card), tracks and insulation were not respected
- RF impedance not respected.

- V2: new RF boards were manufactured; Tracks dimensions and
isolation requirements are now respected.

2237



HYPERBITS Gen 2.0

LTI
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HYPERBITS Gen 2.0: CONNECTOR ASSEMBLY

Repairability:

PCB reusable
Connector reusable

Blindmating:

Directly into the
backplane

& Zero specialty toc

L= Zero jet effect
& = Zero deformation
= Zero loose particl
S e Zero inspection




CHARACTERISATION HYPERBITS Gen 2.0 ()

) Design FMEA and Process FMEA to define critical parameters for reliability testing (Electrical, Mechanical, Temperature, Insertions etc.)
. Internal Alter Technology and Performance Interconnect prototypes assembly 5x parts + 5x parts

° Mechanical validation 5x 2x parts o Electrical validation 5x parts
FMEA: Design & Process o  External Visual Inspection o  External Visual Inspection
m Critical Design and Process o PCB Insertion (@) PCB Insertion
s o  External Visual Inspection o  External Visual Inspection
m June 24 o  Contactresistance (RCL — PCB to PCB) o  High Frequency measurements
4 o Daisy-chain measurements.
Prototype Asse! Q q q . .
‘— o Sine Vibration (no random vibration) e - CONDITIONS LIMITS s
m = Sweep frequency: 10- 2000 -10Hz - __ R e
. a 1 Zaw Differential impedance Batween two adjacent pins. 95 105 Ohm
i = Cycle Period: 30 minutes Upto 312 GHz - i a8
< = Amplitude: 1,5mm / 20g whichever is less. o B eertion foss TR = = -
? = Axis per Cycle: 3 mutual perpendicular direction I Up io 312 Gz = -20 a8
. . B Xtalkngar = e Up 1o 6.25 GHz. = -3 dB
= contact disturbance detection (1us) {Near end pins) [HETDERTE - S a8
Critical Testing Parameters . ) X Un o312 GHy ~ T =
o  External Visual Inspection to check any crack or Failure . Cross talk ooz - — p
A A . (Far end pins) = —
PreSeries Assarably 30 connecteurs - B range o Da|sy—cha|n measurements Uplo 12.5GHz = = T
o Mechanical Shock
Kol =  Shape of Shock: Half Sine
[] I . TABLE lll: ELECTRICAL MEASUREMENTS AT ROOM TEMPERATURE.
v Acceleration: 50 g
" Pulse duration: 11 ms N° DESCRIPTION SYMBOL TEST METHOD Ugggfg‘gg‘fc) MIN_"'M"TS VAX | UNIT
= NO°of Shock per test: 3 1 | tow Level Contact Resistance | Re ESCC 3401, toma (N;tg 2 o
= Axis per Test: 3 (mutual perpendicular direction) (ot 1 Fara. 9113
v ) . Rated Current Contact s0C 3401 -
= contact disturbance detection (1pus) 2 Resistance Rea St 2 (Note 2) ma
. g (Note 1)
(@) External Visual Inspectlon Voltage Proof Leakage MIL-DTL-28748 )
. . 3 Current I, Para. 4.7.5 Rated VO""‘QQ' - N
l o  Daisy-chain measurements Notw 4) 750V RS (Note3) | (Note 3)
o ContaCt reSiStance (RCL - PCB to PCB) 4 Insulation Resistance Ri MHE’;[:;LA.Z;B.TS 500V £ 50V 1000 - MO
o  5x Thermal Shock (Note 4) (0o
= -55°C (40, -10) 210 min
= 125°C (+15, -0) 210 min Pass No-Pass status
o  External Visual Inspection o  Pass-GotoWP4 SAN 5Py
o  Daisy-chain measurements o No-pass — Explore PCB design, BOM sub parts, %\g&“? "546
o Contact resistance (RCL - PCB to PCB) material, connector mounting process. Start again >
)

Insulation Resistance —500Vdc prototypes assembly prior to ESA qual. E esa



CHARACTERISATION HYPERBITS Gen 2.0 (ll)

Shocks and Vibrations environment Shocks and Vibrations X position example

Close-up view of contact disturbance
detection system

Results: No contact disturbance detected during shocks and vibrations sequence & ; A




CHARACTERISATION HYPERBITS Gen 2.0 (lll)

Rdaisy-Chain 8-Rows = 1.66 Ohm all along testing (including 2 x 1.5 m cable)
Rdaisy-Chain 6-Rows (only 2 rows) = 0.41 Ohm all along testing (including 2 x 1.5 m cable)

RCL PCB to PCB before and after Vib and shocks [mMOhm] RCL PCB to PCB after TC [mOhm]
1 2 3 4 5 6 7 8 1 2 3 4 5 6 7 8
A 25 | 19 | 25 | 17 | 25 | 19 | 24 | 16 A 25 17 24 17 23 17 22 17
B 27 | 28 | 26 | 25 | 28 | 26 | 26 | 25 B 25 25 24 24 28 24 22 30
c 20 | 28 | 24 | 27 | 22 | 27 | 18 | 26 c 17 25 21 27 20 25 15 34
D 30 | 23 | 28 | 25 | 29 | 22 | 28 | 18 D 28 23 25 25 28 17 25 16
E 31 | 29 | 31 | 32 | 32 | 32 | 28 | 28 E 27 29 27 30 29 24 25 30
F 21 | 30 | 24 | 33 | 20 | 31 | 18 | 28 F 20 29 17 27 17 27 16 31
G 33 | 20 | 33 | 22 | 30 | 22 | 31 | 18 G 33 19 27 17 28 20 26 19
H 30 | 35 | 32 | 36 | 34 | 32 | 32 | 28 H 32 29 28 31 30 27 30 27
| 17 | 37 | 21 | 37 | 20 | 34 | 18 | 30 | 18 21 17 33 18 29 16 29
J 31 | 20 | 33 | 19 | 34 | 20 | 32 | 19 J 33 18 30 17 30 18 29 17
K 33 | 37 | 33 | 36 | 35 | 38 | 32 | 31 K 33 32 31 33 31 33 29 30
L 16 | 37 | 18 | a5 | 17 | 37 | 16 | 31 L 16 35 17 33 15 27 15 31
T T 2 [ s [ 2] s s ]° Verygood contact 1 2 3 2 5 6
A 26 | 15 [ 25 [ 1 [ 25 [ 19 | ragistance values A 24 15 23 9 23 17
B 14 | 11 | 12 | 12 | 12 | 1 B 8 9 9 10 10 10
c 16 | 25 | 11 | 28 | 19 | 26 c 11 23 9 27 17 25
D 15 | 18 | 11 | 21 | 20 | 19 e - D 11 15 9 19 18 18
E 15 | 20 | 11 | 30 | 21 | 21 | No significant drift E 11 24 10 21 19 19
F 13 [ 12 | u |3 |7 ] 2 | observed all along test F 10 9 9 21 16 20
G 17 | 20 | 11 | 67 | 22 | 19 G 11 15 9 21 21 18
H 16 | 31 | 11 | 28 | 22 | 22 | S€qUeENce H 10 28 9 23 20 21
! 15 | 33 | 12 | 28 | 17 | 23 | 11 28 9 24 17 23 PREAN 578
J 15 | 16 | 11 | 27 | 33 | 26 J 11 16 9 22 31 23 S D2é
K 17 | 11 | 12 | 1a | 13 | 13 K 8 9 9 10 10 1 | A X A
L 22 | 33 | 19 | 15 | 17 | 42 L 15 31 16 10 17 38 ‘
(s@esa




NEXT STEPS: RELIABILITY ASSESSMENT TEST FLOW (TBD)

Test specification ESCC 3401 inputs ESCC 3408 inputs

1241 Chart F4A - Qualification Testint

Test Vehicules 9 RF Cable Assembly
Test Vehicles (TV)
m Critical Design and Process (1)(2) (3)
Parameters [ ;
m ™1 V4 [6Tvs 17V 17V 1TV
June 24 8 parts 2 pa rts 8 parts 8 parts Shielding T Permanence of
Effectiveness Control (4} Marking (5)
FMEA [ Para. 8.25 Para. 8.27 Para. 5.37
Prototype Assembly —1
) .
| Visual Inspectlon ‘ | Visual Inspectlon | | Visual Inspectlon | | Visual Inspection ‘ 3TVs ,—‘—‘ 3TVs —
Validation I I Cable Retention . Unmating Forces (7}
) Fi 5] Para. 8.19.2
| PCB Insertion ‘ | PCB Insertion | | PCB Insertion | | PCB Insertion ‘ p;r:eézf; Para. 8.28 I
P broces Review S— \ I I =) Cougling Proat
ms “4 Electrical meas ) Vibraf n Torque (5)
Electrical meas Electrical meas Visual Inspectlon Room-+high T P“ge';!‘% 65!\ i Para. .18
a8 Para. 8.31 T
I I
Electrlcal meas . ) I Crimp Gontact
RS Visual Inspectlon Visual Inspectlon Visual Inspection Temperature Cycing 18) TEEEE T 1)
¢ e (25 cycles) Para. 8.36
Raoid Ch F I g2d Para. 8.17.2.1
api ange o
Pre-Series Assembly | Sine Vibration ‘ | Tp tg | | Life-test 500h | Overload T I
emDe"ra ure Bending Corona (6)
ReHabililty Electr|ca| meas Para. 3.30 Para. 8.32
Asbessment Visual Inspectlon Visual Inspectlon E Ic S : :
Vibration {Random RF Power
R,,.,b"my Asesment Ra ndom Endurance 50 Life- test S500h A ) and Sine) Handling (5) 6TVs
i isual Inspection o it e Shielding
Vlbratlon tlmes Effectiveness
T I
P 8.25
. . Electrlcal Thermal Stability - e
Visual Inspection measurements of Insertion Loss Aol e
ara. o. rical Measurements at
Para. 8.35
i Room, High and Low
ESA Validation Endurance 500 Life-test 1000h I I Temperatures
Meca Shock ti (Total 2000h) Temperature Cycling I RF Power Para. 5.20.4
mes (200 cycles) Cycling (6) —
T H Para. 8.17.2.2 Para. .34 Exer
Visual | " Electrical Electrical meas e Inspection
isual Inspection N aT E—— o 7
of Inserfion Loss
| Electrical meas ‘ | Visual Inspection | Visual Inspection Para. 8.35 |4TV5
Radiographic
Inspection
Para. 822
Climatic
3TVs
Seque nce Destructive Physical
Analysis
Visual Inspection Para. 8.38
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CONCLUSIONS

1. TDE: Procurement and Reliability Assessment of High Data Rate Press-Fit cPCl SS connectors, ALTER

TECHNOLOGY SPAIN: :
Existing commercial solution Airmax, Amphenol (China).

New and innovative solution Hyperbits, Performance Interconnect (France).
-Mechanical testing and RF measurements about to start.

2. TDE: Board to Board Interconnections for High Data Rate applications (AXON’ cable)
Prototypes manufactured, electrical characterisation done, data rate values exceed customer needs.

Molded EMs to be manufactured by June 2026, mechanical tests to be performed.

3. ARTES:High Density Modular Electrical Interconnections for High Data Rate Applications (Performance
Interconnect & ALTER TECHNOLOGY FRANCE)

Prototypes manufactured, DC-electrical characterisation and mechanical testing done.
RF measurements to be done, full reliability assessment to be defined and performed.

o Lessons learned already identified in the three activities: assembly process, manufacturing steps, 2
test PCBs procurement. ﬁ@esa




Space Passive Component Days (SPCD)

First announcement: SAVE THE DATE!
6TH SPACE PASSIVE COMPONENT DAYS - SPCD 2026

13-16 October 2026 | ESA/ESTEC
Noordwijk, The Netherlands

www.spcd.space SPACE PASSIVE COMPONENT DAYS
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