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1st Generation Starlink Constellation
Altitude 

(km)
Inclination

(deg) Total Planes Sats per Plane Total Sats

550 53 72 22 1584

540 53.2 72 22 1584

570 70 36 20 720

560 97.6 6 58 348

560 97.6 4 43 172

Total 4408

2nd Generation Starlink Constellation
Altitude 

(km)
Inclination

(deg) Total Planes Sats per Plane Total Sats

340 53 48 110 5280

345 46 48 110 5280

350 38 48 110 5280

360 96.9 30 120 3600

525 53 28 120 3360

530 43 28 120 3360

535 33 28 120 3360

604 148 12 12 144

614 115.7 18 18 324

Total 29988
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• Mag 7 target corresponds to ~8U (0.08m2) white cubesat so 

every single component must be considered.

• Hardware mitigation strategies:

• Specular materials can scatter light away from Earth.

• Where above cannot be achieved due to geometry, 

black materials are used to absorb light.
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• SpaceX has switched from using visors to block light to using 
bragg mirrors to scatter light away from Earth.

• Brightness as observed from Earth is lowered as BRDF 
becomes more specular and diffuse tails decrease.

• Intrinsic defects and surface roughness cause diffuse scatter.

• Current Starlink v1.5 satellites use the Gen1 dielectric mirrors 
and Gen2 dielectric mirrors are implemented for Starlink v2.

Gen2Gen1

Dielectric Mirrors

Perfect Reflection During Orbit

Scatter Properties

50x reduction

Visors Mirrors

Sat Over Terminator Sat Near Eclipse
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• Starlink satellites currently being launched have a pigmented solar array that 
reduces scatter to Earth observers.

• Starlink v2 has optimized the solar array architecture such that it can be off-
pointed so diffuse scatter goes away from Earth.
• Plane of solar array is terminator tracking.

• Satellite power generation and network efficiency is reduced significantly.

Initial v1 Inter-Cell 

Material

Darkened v1 Inter-

Cell Material

Sun Tracking

Ideal Power Generation
Brightness Mitigation

Reduced Power Generation

Starlink v1 Mitigation Starlink v2 Mitigation
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• For visible components that do not have a flat surface aligned zenith, black materials are used.
• Using black materials is less efficient for satellite functionality and is brighter than using mirrors.

• SpaceX qualified many components to higher temperatures and added thermal mass to enable 
black material implementation.

• SpaceX developed a low reflectivity black paint to be used for Starlink v2.
• Specular content is reduced by 5 times compared to paint previously used.

• Black materials were utilized for all components exposed nadir including:
• Black tape over harnessing.

• Black plastic for twist capsules and space laser components.

• Black paint for parabolic dishes and exposed metals.

Thermal Considerations Starlink v2 Mirrored Surfaces vs. Black Materials

Black

Dielectric Mirror
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https://www.starlink.com/resources
https://api.starlink.com/public-files/BrightnessMitigationBestPracticesSatelliteOperators.pdf

