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SpaceWire Connector Issues

= Connector Specification
— SpaceWire connectors have known issues
- Not impedance-matched to the cable
- Handling (mechanical) issues
— Need space-qualified matched impedance connector
- alternative space-qualified connector
— Electrical Issues
- Only a single ground pin
- Inner shield does not pass through bulkhead
- Near-end Crosstalk (NEXT) at the SpaceWire connector
= Cable Specification

— Use of larger gauge cable in non-standard applications or to meet
tight specifications
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Connector Testing

Final Production Tests IR, Continuity - 4 Samples
Visual inspection - 4 Samples
Eye-pattern - 3 Samples
Initial Differential Impedance - 3 Samples
Initial Inpair Skew - 3 Samples
Insertion Loss at 23+2°C- 3 Samples
Return Loss at 23 + 2 °C - 3 Samples
Thermal Cycle, -40 °C to +60°C - 3 Samples
Insertion Loss at 23+2°C - 3 Samples
Return Loss at 23 + 2 °C - 3 Samples
Initial DWYV Insulation Resistance 300 V DC
Vibration (Sine, Parts 1&2, + Random) - 3 Samples
Vibration (Sine, Part 1 only) - 3 Samples
Shock - 3 Samples

Insertion Loss vs. Temperature - 3 Samples
Return Loss vs. Temperature - 3 Samples
Shell to Shell Conductivity - 3 Samples
EMC - 3 Samples (IEC-60966-1)

Eye pattern - 3 Samples
Final Differential Impedance - 3 Samples
In pair skew - 3 Samples
Final Elect. Test - DWV, IR 300V DC - 3 Samples
Final visual Inspection - 3 Samples
DPA - 2 Samples
Post Test Control Cable Assembly - 1 Sample
Manufacture Crimp Sample - 10 Samples

Crimp Tensile Strength - 10 Samples
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Test Flow
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Final Production Tests IR, Continuity

= |[nsulation resistance was tested between each insulated conductor. A test
voltage of 300 VDC was applied for a time period of 1 minute. Requirement:
Measured value shall be: >100MQ

= Continuity was measured out according to QTP GSC-10-82715-00 section
6.2.3 with a Micro-Ohm-Meter. Test temperature: 22°C

Final Production Tests SNO1 SNO02 SNO03 SNO04
Final Physical Inspection |Passed Passed Passed Passed
Mass Measured |Measured |Measured |Measured
Insulation Passed Passed Passed Passed
Continuity Measured |[Measured |Measured |Measured
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Eye-pattern

= The applied input voltage was 540mV

peak to

peak.

= Requirement: Eye height = 200 mV
= Peak to peak jitter = 0.2 * bit time

65Mbit/s

100Mbit/s

200Mbit/s

Jitter pp 3086ps

2000ps

1000ps

400Mbit/s
500ps

Ele Edit Yiew Setup Utiities Help [Triggered

Tewrenix _|5] x|
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Waveform

IM1 100 Drnacly:
IwrmDB M1y
IwrmDB M1y

" || Measurcment

§ HEveH b1 ZXuffy
248.1613mY

PPJi M1 IX

| 130.0000ps
BitR M1 IX

3994267 Mbp:

3

-500. 0y

S00.Opsdcdiv

Im - |100 DmWID.DV

[ain @ Q' [Foots B [F1090n B os38 27.0808

Eye Height [mV] |Jitter pp [ps] Eye Height [mV] |Jitter pp [ps] Eye Height [mV] |Jitter pp [ps] |Eye Height [mV] |Jitter pp [ps]

SN Q001 ) 65Mbit/s B B 100Mbit/s 200Mbit/s B ~ 400Mbit/s -
Pair 2 436 123 401 120 333 120 248 130
Pair 3 443 123 410 80 343 100 269 110
Pair 4 436 123 402 80 332 120 252 130
Pair 5 437 123 402 120 330 120 248 130
SN Q002 65Mbit/s 100Mbit/s 200Mbit/s 400Mbit/s

Pair 2 445 123 412 80 344 100 268 120
Pair 3 435 123 401 120 331 140 245 160
Pair 4 436 123 402 120 330 120 251 160
Pair 5 435 123 401 120 331 120 250 140
SN Q003 65Mbit/s 100Mbit/s 200Mbit/s 400Mbit/s

Pair 2 436 123 399 120 331 100 249 140
Pair 3 437 123 402 80 330 120 248 130
Pair 4 437 123 403 120 332 120 246 140
Pair 5 445 123 413 120 345 100 268 120
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Initial Differential Impedance

= Requirement: 100 £+ 6 Q

SN Q001 |GSC-10-82789-003 |GSC-10-82794-050 |GSC-10-82787-003
Pair 2 99.2 102.2 101.8
Pair 3 99.2 101.9 102.2
Pair 4 101.4 105.4 100
Pair 5 102.7 102.7 98.65
SN Q002 |GSC-10-82789-003 |GSC-10-82794-050 |GSC-10-82787-003
Pair 2 99.5 102.4 100.5
Pair 3 100 102.7 101.9
Pair 4 101.1 102.7 98.4
Pair 5 102.7 105.7 100
SN Q003 |GS-1-8278-003 GSC-10-82794-050 |GSC-10-82787-003
Pair 2 103.5 104.9 101.8
Pair 3 101.3 102.4 102.2
Pair 4 101.6 102.4 100
Pair 5 100.8 102.4 98.7
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Initial In-Pair Skew

= Test was carried out differentially in S21 configuration. Precision baluns and
appropriate a calibration kit was used. A two full port calibration was done.

Centre frequency:
Span frequency:
Mumber of points:
IF-BW:

Sweep timea:
Marker:

CH 1
TOMHz
1MHz
1601
100Hz
15.8s
70MH=z

CH2
323MHz
156MHz

1601

100Hz
15.8s
250MHz / 400MHz

= Requirement: 80ps/m

SN Q001 |70MHz [250MHz [400MHz
Pair 1 0.7 3.6 3.5
Pair 2 1.7 6.6 6.8
Pair 3 1.5 04 24
Pair 4 14.3 6.3 52
Pair 5 19.8 15.1 12.7
SN Q002 |70MHz [250MHz [400MHz
Pair 1 9.3 7.1 7.5
Pair 2 3.2 1.9 1.7
Pair 3 10.3 14.9 6.2
Pair 4 8.5 2.8 4.2
Pair 5 19.8 18.7 14.8
SN Q003 |70MHz [250MHz {400MHz
Pair 1 6.9 5.6 4.8
Pair 2 0.5 3.6 0.5
Pair 3 3.4 12.5 8.7
Pair 4 57 10.5 5
Pair 5 2.8 4.1 25
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Insertion Loss at 23 °C

Test was carried out differentially in a frequency range from 1MHz to
400MHz. Precision baluns and an appropriate calibration kit were used. A
two full port calibration was done on the interface of the used baluns.

Start frequency: 1MHz Stop frequency: 400MHz

Mumber of points: 401 IF-BW: 100Hz

Measurement: 521 Sweep time: bs
SN Q001 33MHz 70MHz 100MHz 400MHz "
Pair 1 094 137 167  -3.41 \ e
Pair 2 -1.34 202 -248 -558 anl sscasamiem
Pair 3 127 19 233 519 N -
Pair 4 -1.34 202 -248 -5.66 20 \ — -] Femee e
Pair 5 -1.35  -2.03 248 57 = D 2
SN Q002 33MHz 70MHz 100MHz 400MHz Cae = ~ —
Pair 1 095 14 1.7 -3.5 8 T [ S -
Pair 2 127 189 -232  -513 3 . k\"‘“:‘“\
Pair 3 -1.36 205 -252 -568 5 S N
Pair 4 -1.34 201 246  -556 L SsENA —
Pair 5 -1.35  -2.03  -248  -5.62 h AL | T
SN Q003 33MHz 70MHz 100MHz 400MHz V| —eme
Pair 1 095 -139 -1.687  -3.44 '
Pair 2 135 -2.03 -249 -563
Pair 3 134 202 -248 -5.7 e I
Pair 4 -1.35 203 249 -563 S
Pair 5 -1.27 -19 -2.33 -5.16 > 1 41 81 121 181 2m 240 230 320 360 400
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Return Loss Measurements at 23 °C

= Test was carried out differentially in a frequency range from 1MHz to
400MHz. Precision baluns and an appropriate calibration kit were used. A
two full port calibration was done on the BNO interface of the used baluns.

Start frequency: TMHz Stop frequency: 400MHz
Mumber of points: 401 IF-BW: 100Hz
Measurement: S Sweep time: bs

o0 urn Logs
SN Q001 [100MHz [200MHz [400MHz S
Pair 1 269 266] 279 . A
Pair 2 213 18] 128 -
Pair 3 205 219 139 someie cin 58
Pair 4 21] 204  -125 e
Pair 5 216 -18.7] -12.1 N R
SN Q002 [100MHz [200MHz [400MHz g ™ A ﬁf s,
Pair 1 237|254 222 : b A / V‘L ' B
Pair 2 20| 211 153 . —Rf LTAR jﬁﬂf IR I BRTAR:
Pair 3 21 -214] 129 i '\“- o ' _
Pair 4 22 186 -12.5 IRy ,f n —_
Pair 5 223 183 -129 U L /\ {V —rar
SN Q003 [100MHz [200MHz [400MHz Wl f\ -
Pair 1 25| 277] 251 \H \[\ \/ { ” :
Pair 2 204 211 13 _.
Pair 3 209  -20.8]  -125 ' V U I | & e
Pair 4 225 17.3[ 123 Frequency W]
Pair 5 204 203 -14.6 o mo me me  aw
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Physical/Mechanical Tests

= Requirement: There shall
be no electrical
interruptions exceeding 1
microsecond. There shall
be no disengagement of
the mated connectors,
evidence of cracking,
breaking or loosening of
parts.

- Resonance Search

- Sine Qualification

- Random Qualification

- Resonance Search

- Shock:

20 - 2000 Hz
Sweep rale:

Frequency range:

Level:

Sweep rate:
Duration:

Frequency range:

Level:

Toltal:
Duration:

20 - 2000 Hz
Sweep rate;

Shape:
Acceleration:
Duration:

Mumber of shocks: 1 per direction (2 per axis) total 6 shocks

0.25¢g
4.0 oct/min
5- 100Hz
5- 213Hz
21,3-100 Hz 2049
2.0 oct/min
1 sweep per axis
20 - 2000 Hz
20 Hz 0.026 ?".ﬂ-lz
50 Hz 0.16 g"Hz
800 Hz 0.16 g'Hz
2000 Hz 0.026 g°MHz
14.1 Qruss

180 sec per axis

0.25¢g
4.0 oct/min

Half-sine
500 g
1ms
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Shell To Shell Conductivity

Applied DC current was 1 ampere. Shell to shell conductivity was tested from
backshell surface to backshell surface across the mated cascade assembly.

Requirement: Measurement shall not exceed 65 mOhm.

9-pin MDM Connector: Backshell. 500T10M09H08

Twinax Interconnect: Backshell. DW 214-09-1-82822-6-0314

00T 10MO9HDE DW 214-09-1-82822-6-0314
SN Q001 47.093 67.037
SN Q002 46.247 HE.334
SN Q003 46.257 57.274
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Electromagnetic Compatibility ( Shielding Effectiveness)

= Shielding effectiveness will be measured in accordance with IEC-60966-1,
Appendix C: Shielding Effectiveness, Transfer Impedance line injection
method.

= EMC at 100 MHz: - 45 dB with respect to the signal

DC Resistance [mohms] EMC at 100MHz
Test A Test B Test A Test B
SN Q001 12.6 13 -101 -48
SN Q002 12.6 12.8 -105 -45
SN Q003 12.6 12.8 -103 -46
! i
A L
’ Para
LU L L] ur e
“ TN T
/f | J| Corsinction:
a | Eoo0-ae73a 00
L1 r f
E | 11 _,_,..---'/ l hl |||'||-|i|ll Lot ma.:
T TR _
i RSN Ll Rocsi3amom
g. _"|-|_‘_‘_‘“\_‘-‘ || wr ROC = 12.5 mChm
2 1T . y —TeztA
E -121 = —TesiB
i i R
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Testing Summary

Visual Inspection Passed Passed Passed
Eye Pattern Measurements Passed Passed Passed
Initial Differential Impedance Passed Passed Passed
Initial In-Pair Skew Passed Passed Passed
Insertion Loss at 23 °C Passed Passed Passed
Return Loss Measurements at 23 °C Passed Passed Passed
Thermal Cycling Performed [Performed |Performed
Insertion Loss at 23 °C after thermal cycling Passed Passed Passed
Return Loss Measurements at 23 °C after thermal cycling Passed Passed Passed
Initial DWV Insulation Resistance Test Passed Passed Passed
Sinusoidal Vibration, Part 1: Low-Level Sweep Passed Passed Passed
Sinusoidal Vibration, Part 2 Passed Passed Passed
Random Vibration Passed Passed Passed
Shock Passed Passed Passed
Insertion Loss versus Temperature Passed Passed Passed
Return Loss versus Temperature Passed Passed Passed
Shell To Shell Conductivity Passed Passed Passed
Electromagnetic Compatibility (EMC) Passed Passed Passed
Eye Pattern Measurements

Final Differential Impedance Passed Passed Passed
In-Pair Skew Passed Passed Passed
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Connector Impedance Comparison
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4-way Twinax Connector

Contacts snap into housing




Near-end Crosstalk (NEXT):

0 o~

N micro- Near End Crosstalk

Construction:

Near End Crosstalk [dB]

pi
20 o N
\\/_.__/ A /\ o V \,x\ f\v_/\F \_/ Sample length (m); 20m
" Zarsa s ”)m’\f i Y
e |
-80
E Matched Z Twinax Connector
100 —— 15-pin High Density / N

N

120 ! | | 1 Hl | LI 1 ‘ ! | o . | i l‘. | Lol T

Frequency [MHz]

30 227 424 621 818 1015 1212 1409 1606 1803 2000

(5,9) Driven; (1,6) Quiet
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Cable Comparison (20m cascade)

= 20m cascade utilizing 5-way Twinax connector
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SpaceWire Cable

Ec’n‘igléaﬁiéfm = Non-standard applications or tight
requirements

Insulating layer

Filler = Increased technical margin

\‘\“‘ Twisted pair
@7

S

Inner shield around
Twisted pair (40 AWG)

Jacket

Conductor 26 AWG
(7 x 34 AWG)

Insulating layer

Filler

28AWG SpaceWire Cable Outer shield (38 AWG)
Outer jacket

= SpaceWire cable specified in 7@
ECSS-E-50-12A Paragraph 5.2 | l\)lll
>\ Il

3

Twisted pair

Inner shield around
Twisted pair (40 AWG)

Jacket

26AWG SpaceWire Cable Outer shield (38 AWG)

Outer jacket
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Eye Pattern at 100 Mbps

Flle Edit Yiew Setup Utiities Help [Triggered | Tekronix |5 #|

@l%l ﬁ.l“ :I'I.l:lc |- teg ModelEiampIe j TﬂglExlemaI Diirect ji"-ﬁﬂ? Dm\f EIEI GSC— 1 0—8263 6—00

[rae =l [preiot =] ] o e o= o] A

W D w/ : 1
| — with standard SpaceWire cable
e ImeDB M1 Wy

{ Joer v T GSC-05-81757-00

153.8645mY
PPJ M1 IZ
1600000ns
BitF M1 EZufy
99.71834Mhps

File Edit Yiew Setup Utlities Help [Triagered | Tektronic |7 x|
él'}@ ﬁl“ :"lElC -Acq ModeISampIe ﬂ TngIExtamaI Direct ji"-m?.ﬂm\n' EIEI
R B D = e
wg oy Wavefun'n

' 11 100 .0rnbdiv

IWrmDB M1 iy
ImeDB M1 !@'

EyeH M1 IZufly

289.6046mY

PRJI M1 ZZf
720.0000ps

BitR M1 IX
99.54015Mbp:

GSC-10-82738-00
with AWG 26 SpaceWire cable
GSC-05-82730-00

v

wv » _ Eyeheight =290/mV,

|M1A |1EIEIUmW|EIUV WQ'Q W
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Eye Pattern at 200 Mbps

File Edt View Setup Utities Help [Triggered [ Tekmonix |4 x|

@l%lﬁcl@lmlc |_Achode|Sample j TrigIExtemaIDirect ji"-sﬁﬂm\" — JLY

[ o =1 ] e s s o = o ] & =
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M1 100.0m i
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oz | BB M1 @|

|

| Y
PPJI M1 IZu
2 040000n

BitR M1 IZaf
199.3722Mbps

,Eye height =30 mV

1.000nzddiy

|M1 A| I1DD.UmW|D.DV W Ql Q_l |1.DDDDDnsl3?.?DDn | 3173 PM 5416404

-496 Om'Y

GSC-10-82738-00

GSC-10-82636-00

with standard SpaceWire cable

GSC-05-81757-00

File Edit “iew Setup Utiiies Help [Triggered
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@l%lﬁl@l:"ﬂ:lc -AchodEISample jTriglExtemalD\rect ji"-S‘l?.Um\" 50%|E|

[ e =1 o] o ] s s e

Woomy

|

with AWG 26 SpaceWire cable
GSC-05-82730-00

Change of wire guage improves performance.

=i | B
Waveform

Imw 100.Orni/liv
ImeDB M1y
i ImeDB [l @'

142 5306V |

IBPRi M1 TEu
880.0000ps

BitR M1 ZIZ
199 6629 Mop:
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Insertion Loss

GSC-10-82636-00

with standard SpaceWire cable

N o
a N _ GSC-05-81757-00
10 '\%
" \‘\ = Insertion Loss [dB/20m]
A4 IR }}\ :Pa” f [M HZ] 70 250 400
S AWG 26 -4.96 -969 -12.71
AWG 28 -7.23 -14.46 -18.81
TN e
I .
GSC-10-82738-00
with AWG 26 SpaceWire cable —
GSC-05-82730-00 )
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Summary

AWG 26 SpaceWire cable has improved technical performance
Twinax connector configurations useful in some applications
Testing indicates good performance of Twinax Connectors
Mass and size should be weighed against technical gains
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