
│



• SoW: 8 x 2 LED types to be tested according ECSS-Q-ST-60-13C guidelines

• 6 types pre-defined by ESA

• Different packaging technologies to be evaluated (not only Glob-Top)

• Stability testing required at room and low temperature (-110degC)

• Lunar Regolith Testing

• Low Temperature Vacuum Operating

• Radiation

• Counterparts TBD by Alter

│ │

Kick-off-Meeting held January 2022

Some TBDs at SoW

Evaluate performances of high optical power LEDs 

under the operational conditions for Moon landers 

-> illumination for exploration missions. 



WL 
(nm) 

Part type 1 
(chip info) 

[substrate info] 
{lens info} 

Package 
picture 

Part type 2 
(chip info) 

[substrate info] 
{lens info} 

Package 
picture 

451 

OSRAM 
GD CS8PM1.14 

[ceramic] 
{silicone lens} 

 

USHIO 
EDC450V-1100 

(InGaN) 
[ceramic] 

{silicone resin} 

 

 

595 

OSRAM 
LY H9GP 
(thinfilm) 
[epoxy] 

{silicone lens} 
 

Wurth 
150353YS74500 

(AlInGaP) 

 

OSRAM 
LY H9PP-HZJZ-46-1 

(thinfilm) 

 

CREE 
XPEBPA-L1-R250-00B01 

 

730 

OSRAM 
GF CS8PM2.24 

[ceramic] 
{silicone lens} 

 

Luminus 
SST-10-FR-B130-H730 

 

 

850 

OSRAM 
SFH 4717AS A01 

(double stack emitter) 
{diffuse silicone} 

 
 

Wurth 
15435385A9042 

(InAlGaAs) 

 

 

WL 
(nm) 

Part type 1 
(chip info) 

[substrate info] 
{lens info} 

Package 
picture 

Part type 2 
(chip info) 

[substrate info] 
{lens info} 

Package 
picture 

940 

USHIO 
SMBB940D-1100-02 

(AlGaAs) 
[Silver plated on Cu, PA9T resin] 

{silicone lens} 
 

LUMILEDS 
997-L1I0-094009000 

90deg version 

 

970 

USHIO 
SMBB970D-1100-02 

(AlGaAs) 
[Silver plated on Cu, PA9T resin] 

{silicone lens} 
 

EPIGAP 
EOL-970-195 

[glass laminated epoxy] 

 

270 

OSRAM 
OSRAM_SU CULDN1.VC 

(AlGaN flipchip) 
[ceramic] 

{glass cover} 
 

OPTAN by CRISTAL IS 
3535-DS OP-255-10P-SM 

{Glass lens} 

 

365 

OSRAM LED ENGIN 
LZ1-00UV0R-0000 

[ceramic] 
{glass lens} 

 

Wurth 
15335337AA350 

(AlInGaN) 

 

White 
domain 

OSRAM 
LUW CVBP.CE-5L8L-GMKM- 

8E8G-350-R18-Z 
(UX:3 chip) 
[ceramic] 

{silicone lens}  

Lumileds 
LXZ1-4070 

 

 

 

• Interest in two WL for UV LEDs -> additional WL
• Many interesting options for 595nm -> 2 additional

│ │

Considering: Technologies, same

lot, MOQ, Prices, lead time,

European



Test plan definition and testing preparation
ECSS-Q-ST-60-13C 

│ │



Test plan definition and testing preparation

Extreme test conditions implying:

• Proper heat dissipation

• Easy plug & play characterization

Following mounting recommendations.
❑ 15 different pad types – dry N2 reflow

• Compatible with thermal interfaces of 
specific tests (regolith/thermal vacuum)

• Compatible with mechanical interfaces 
(Shocks, Vibration)

│ │



Test plan definition and testing preparation

Available specs and maximum ratings

Nominal Values (for bias during testing)

Maximum Current (for intermediate characterization)

│ │ Some reject limits



• Task 3: Performance and reliability testing

Manufacturers not providing limits for many parameters

• Maximum drift value agreed with ESA: 10%

• Better than 5% repeatability at test board measurements (Alter)

• Typical 7% accuracy of the manufactures (up to 15% in some cases) -> Discussion 
on compliance with datasheet limits.

Complex  tailoring of Test Methods

Examples: Humidity, Thermal Cycles,

Vacuum operation and Regolith.

Complex initial characterization 

63 pcs x 20 types

From 255 to 970nm + white spectrum
│ │

Non-compliant optical power 451nm type 1



• Task 3: Performance and reliability testing

Benchtop setup overview

As well as cryo version of the setup

Example of Initial Characterization – 451nm Type 1 (63 pcs)

│ │



• Task 3: Performance and reliability testing

• Rejects at Initial Characterization 
(instabilities and failures)

730nm type 2:

Two failures (instability at low 
temperature) persistent at room 
temperature afterwards. Mechanical 
Problems in most of them

Similar problem in I/V curve, probable short-circuited area

365nm type 1

Instable at low temperature,

Degraded at RT char. (63 graphs)

│ │



• Task 3: Performance and reliability testing

• Stability Test at -110degC 

Short term stability demonstrated for all the 18 types

• Stability Test at Room Temperature

│ │



• Task 3: Performance and reliability testing

• 595-1 near to 10% & 595-3 18.70% degradation

1000h 85RH/85degC
Bias conditions specified by JESD22-A101. 

│ │

Two types failed (but remained functional):



• Task 3: Performance and reliability testing

Not as damaging as thermal cycles -160ºC seems not to be so critical

Only one LED of types 595-4 (open-circuit) and 850-1 (degraded) failed after the 

test. 

270 type 2

No drift 

above 10%

60MeV up to

1.2 × 10¹¹ p/cm²
Up to 

100Krad

│ │

Screening prior to further studies, seem to be faulty samples

No drift, 

2 single EVI rejects 



• Task 3: Performance and reliability testing

Types grouped by maximum storage temperature

│ │



• Task 3: Performance and reliability testing

451 type 1

Issues observed after 200 cycles

EVI -> Characterization

Open-circuit

Still functional:

Continues cycles

595 type 2
│ │



• Task 3: Performance and reliability testing

850 nm type 1 SN 48 365 nm type 2 SN 47

Failures summary:

Many open-circuits

12 out of 12 Silicone 

Domed types failed

│ │



• Task 3: Performance and reliability testing

Test setup: Nominal bias 5000 ON/OFF cycles 
@-110deC @p<1E-5mbar ~5 days per type

270 nm type 1: failed, with all samples showing performance below 10%. 

270 nm type 2: 3 samples failed (below 10% Op power), while 7 passed.
595-3 passed (1 drifted sample) and 970-2 passed the test

Slight drift observed in some of 
the types 
(0.2V onto 10 samples in series)

│ │



• Task 3: Performance and reliability testing

EAC-1A Regolith Simulant provided by ESA SACF (Sample Analogue Curation Facility)

Test logic agreed with ESA: E/O char -> Mass measurement -> Mounting –> bias 

check –> regolith preparation –> vacuum -> bias (operation) –> 1min regolith test -> 

final checks

│ │



• Task 3: Performance and reliability testing

Wavelength/
type 

SN 
Initial 
mass 

[g] 

Vacuum level 
(stable) 
[mbar] 

start 
voltage 

[V] 

1st V-fwd 
(5minutes 

stabilization) [V] 

V-fwd after 
the test [V] 

V-fwd after 
5 minutes 

[V] 

Final mass 
[g] 

Deposited 
mass [mg] 

AVG 
Deposited 
mass [mg] 

Vacuum level 
(after measures) 

[mbar] 
 50 1.6945 

0.8 14.91 14.588 14.54 14.494 

1.6964 1.9 

2.58 3.4 

 51 1.6858 1.6886 2.8 

451-1 52 1.6804 1.6837 3.3 
 53 1.6745 1.6767 2.2 
 54 1.6749 1.6776 2.7 
 50 1.6413 

0.8 15.41 14.93 14.85 14.799 

1.646 4.7 

5.84 1.9 

 51 1.6462 1.6542 8 

451-2 52 1.6453 1.6529 7.6 
 53 1.6339 1.6394 5.5 
 54 1.6308 1.6342 3.4 
 50 1.698 

0.81 10.934 10.625 10.605 10.548 

1.7011 3.1 

3.02 1.2 

 51 1.6865 1.6929 6.4 

595-1 52 1.6741 1.6761 2 
 53 1.6697 1.6713 1.6 
 54 1.6762 1.6782 2 
 50 1.6479 

0.85 10.965 10.629 10.6 10.65 

1.6521 4.2 

4.48 2.13 

 51 1.6597 1.6662 6.5 

595-2 52 1.6597 1.6674 7.7 
 53 1.6561 1.6584 2.3 
 54 1.6567 1.6584 1.7 
 50 1.6492 

0.83 10.91 10.551 10.525 10.479 

1.6549 5.7 

5.36 2.3 

 51 1.6563 1.6672 10.9 

595-3 52 1.6585 1.6641 5.6 
 53 1.6531 1.6555 2.4 
 54 1.6479 1.6501 2.2 
 50 1.6638 

0.71 15.16 14.701 14.69 14.571 

1.6643 0.5 

2 1.96 

 51 1.6672 1.668 0.8 

595-4 52 1.6645 1.6678 3.3 
 53 1.6685 1.6719 3.4 
 54 1.6798 1.6818 2 
 50 1.7576 

0.75 9.88 9.6003 9.5687 9.5254 

1.7624 4.8 

4.78 1.45 

 51 1.7446 1.7536 9 

730-1 52 1.7408 1.742 1.2 
 53 1.741 1.7458 4.8 
 54 1.7535 1.7576 4.1 
 50 1.6519 

0.83 10.72 9.7751 9.657 9.533 

1.6573 5.4 

3.8 1.9 

 51 1.6531 1.6544 1.3 

730-2 52 1.6568 1.66 3.2 
 53 1.6557 1.6614 5.7 
 54 1.6602 1.6636 3.4 
 50 1.6893 

0.85 15.23 13.803 13.7232 13.504 

1.69 0.7 

0.36 3.57 

 51 1.7006 1.7008 0.2 

850-1 52 1.7077 1.708 0.3 
 53 1.7087 1.709 0.3 
 54 1.717 1.7173 0.3 
 50 1.6528 

0.758 16 14.122 13.99 13.814 

1.6531 0.3 

1.08 1.58 

 51 1.6544 1.6554 1 

850-2 52 1.6575 1.6595 2 
 53 1.6584 1.6597 1.3 
 54 1.6581 1.6589 0.8 
 50 1.8304 

0.8 7.15 6.9911 6.951 6.914 

1.8371 6.7 

4.58 1.67 

 51 1.8141 1.8176 3.5 

940-1 52 1.8021 1.8094 7.3 
 53 1.8082 1.8111 2.9 
 54 1.8037 1.8062 2.5 
 50 1.6607 

0.76 15.1 13.733 13.61 13.458 

1.6615 0.8 

0.42 2.37 

 51 1.6595 1.6597 0.2 

940-2 52 1.6611 1.6617 0.6 
 53 1.6625 1.6627 0.2 
 54 1.6632 1.6635 0.3 
 50 1.8789 

0.85 8.718 8.5686 8.4688 8.4849 

1.8818 2.9 

3.12 2.07 

 51 1.8558 1.8598 4 

970-1 52 1.8468 1.8504 3.6 
 53 1.8555 1.8584 2.9 
 54 1.8626 1.8648 2.2 
 50 1.6295 

0.755 6.3 6.2301 6.2241 6.2171 

1.6315 2 

2.3 1.24 

 51 1.6223 1.6262 3.9 

970-2 52 1.6231 1.624 0.9 
 53 1.6142 1.6162 2 
 54 1.6157 1.6184 2.7 
 50 1.736 

0.816 14.53 14.1322 14.0445 13.9869 

1.7402 4.2 

3.12 1.72 

 51 1.7235 1.7279 4.4 

WHITE-1 52 1.7147 1.7176 2.9 
 53 1.7182 1.7207 2.5 
 54 1.734 1.7356 1.6 
 52 1.6416 

0.738 14.6 13.9848 13.8172 13.772 

1.6428 1.2 

1.56 1.35 

 53 1.6383 1.6394 1.1 

WHITE-2 54 1.6324 1.6338 1.4 
 55 1.6258 1.6287 2.9 
 56 1.6278 1.629 1.2 
 51 1.6691 0.832 31.4 30.076 30.414 29.971 1.672 2.9 4.02 2.3 

730nm type 1 Initial 730nm type 1 after regolith

Parameters recorded during regolith test and test logic (E/O char not included)

│ │



• Task 3: Performance and reliability testing

270 type 1

365 type 2

IPA cleaning + dry air blowing recovers optical power

│ │



• Task 3: Performance and reliability testing

Example of Test Results dispersion due to 
regolith deposition homogeneity 

Significant dispersion in deposited quantity

270nm type 2 samples comparison

│ │



• Task 3: Performance and reliability testing

Conclusions of regolith test with EAC-1A simulant, 

affected to optical power:

• Optical power is recovered after cleaning.

• Devices were stable in low pressure operation          

(1mbar approx.) during 5 mins.

• Devices were stable in low pressure operation          

(1mbar approx.) during 5 mins with regolith 

deposited (Vfwd).

• No changes could be observed in spectrum.

• No corrosion or permanent damage.

• Homogeneity of the deposition to be improved.

• Other regolith simulant types should be used. 595nm type 3 after cleaning

│ │



• Task 4: Failure modes and conclusions

FAILURE 

SUMMARY
INITIAL HUMIDITY MECH

RAD 

TID

(unbiased)

RAD 

TID

(biased)

RAD 

TNID
CRIOVAC

LOW TEMP 

STORAGE

TEMP 

CYCLES
ESD Regolith CA

63 5 5 2 3 9 10 5 5 5 5 5

RL Wavelength Type

2022901053 270 1 62 5 5 2 9 0 5 5 5 5 3

2022901276 270 2 61 5 5 2 9 7 5 5 5 5

2022901181 365 1 55 5

2022901048 365 2 63 5 5 2 9 5 0 5 5

2022900178 451 1 63 5 5 2 3 9 5 0 5 3

2022901388 451 2 63 5 5 2 3 9 5 0 5 3

2022900390 595 1 63 0 5 2 9 5 1 5 5

2022901175 595 2 63 5 5 2 3 9 5 0 5 5

2022901044 595 3 63 0 5 2 3 9 9 5 5 5 0

2022901046 595 4 63 5 5 2 3 9 4 1 5 5

2022900394 730 1 63 5 5 2 3 9 5 0 5 3

2022901174 730 2 61 5

2022900395 850 1 63 5 5 2 9 4 0 5 3

2022901170 850 2 63 4 5 2 3 9 5 0 5 5

2022900806 940 1 63 5 5 2 3 9 5 1 5 5

2022901050 940 2 63 5 5 2 9 5 0 5 5

2022900807 970 1 63 5 5 2 3 9 5 4 5 5

2022901707 970 2 63 4 5 2 3 9 10 5 5 5 3

2022901047 White 1 63 5 5 2 3 9 5 0 5 5

2022901045 White 2 61 5 5 2 3 9 0 5 4 5 5

FAILURE SUMMARY

Samples

│ │

Temperature 
cycles are critical 
for Silicone Dome 
LEDs (Glob Top).

Extreme test 
conditions were 
applied.

Further test in real mission thermal profile +  real bias operation could PASS Thermal Cycles



•

•

•

•

• ECSS-Q-ST-60-13C

• Additional tests like lunar regolith and vacuum 

cryo testing carried out

• Conclusions on LEDs usage, may be used in 

slightly less demanding conditions

│ │
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