
Hybrid Laser Power Converter Architectures for 1064 nm Space Applications
Elijah Sacchitella, Mahan Sahafipourfard, Nikhil Pokharel, Seth Hubbard

t

Teravec Technologies

Dual Use Devices

PV + LPC EAM + LPC

Satellite Momentum Transfer via OCL

Open cavity lasers enable satellite propulsion through photon momentum transfer between 
spacecraft. 

The same optical link delivers high optical power to the receiving spacecraft, motivating dual-
use devices that recover this energy and provide additional functionality such as power 
generation or data communication.

Level I: Constellation 
-Constellation management
-Maneuver planning
-WHEN and WHY links are used

Level II: Multi-Mode Interlinks 
-Radiation pressure driven momentum 
transfer between spacecraft
-Link efficiency, pointing, and alignment
-HOW satellites interact through laser link

Level III:  Multi-Mode Laser Terminal
-Laser power conversion under high-flux 
(~1064 nm)
-Dual-use devices (PV/LPC, EAM/LPC)
-HOW the incoming light is physically used

This work focuses on Level III: enabling dual-use device architectures that convert incident laser power 
into electrical energy or data while coexisting with momentum transfer.

Two dual use architectures are under investigation

1. LPC + EAM
Simultaneous power harvesting and optical data communication
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2. LPC + PV
Harvest electrical power from laser illumination and sunlight

Sun

Power
When not under 
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solar cell

Power

During momentum 
transfer and laser 
illumination bottom 
junction acts as LPC

1.1 µm Incoming Laser
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Use cases

• Device located along the intersatellite laser link
•Laser beam provides power while an integrated EAM 
enables optical data communication on the same link

• Device placed on satellite exterior surfaces
•LPC harvests energy from incident laser illumination while the 
PV generates power from sunlight when the laser link is inactive
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1.0 eV In0.3Ga0.7As (PV-optimized):
Better suited for 3J PV operation, but increased 
thermalization loss at 1064 nm LPC operation
1.1 eV In0.2Ga0.8As (LPC-optimized):
Prior 1064 nm InGaAs LPCs optimize near 
1.05–1.1 eV bandgaps, but less favorable for 
efficient 3J PV integration

Design Concept
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Dow Corning 93-500 PDMS

JSC = 16.35 mA/cm2

VOC = 2.37 V
FF = 80 %
PCE = 22.82 %
Pout = 16.16 mW/cm2 

Mechanically Bonded 2J PV/1.5 um EAM tandem

Kessler-Lewis et al. Journal of Photovoltaics. 2024

EAM performance is limited by area 
dependent capacitance (RC), which 
reduces F3dB and achievable bit rates

Segmenting device area in into smaller 
elements lowers RC , enabling higher F3dB 
and bit rates

GT: 640 C
Pressure: 100 mbarr
V/II: 253

Modeling for 1.1 eV InGaAsP LM to InP

LM achieved but bandgap target is  low
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Data rate
1cm2 : 0.25 Mbps
0.125cm2 : 1 Mbps

Well width influences both the magnitude of the ON/OFF 
ratio and the wavelength at which peak contrast occurs.Device performance is very sensitive to device area

EAM Operation

InxGa1-xAsyP1-y Calibration

Demonstration of PV+ EAM Hybrid Device

GR: 1.943 um/hr
GT Stress: 12 MPa

In0.76Ga0.24As0.54P0.49
Eg: 1.01 eV

InxGa1-xAsyP1-y Calibration

EAM Operation

Upright InGaP/GaAs 2J QE

𝐹𝑡ℎ𝑒𝑟𝑚 =
𝐸𝑝ℎ𝑜𝑡𝑜𝑛 − 𝐸𝑙𝑝𝑐

𝐸𝑝ℎ𝑜𝑡𝑜𝑛

Ftherm : Fraction of absorbed photo energy lost as 
heat due to thermalization (excess energy above Eg)

1.1 eV InGaAs : 5.6%
1.0 eV InGaAs: 14.2% 

In0.3 Ga0.7As is more suitable for dual use device. 
Potential for efficient 3J PV operation (~32% Am0) + suitable LPC 

operation (~31% @ 1W/cm2)

Jsc (Am0)
8.8 mA/cm2

13.2 mA/cm2 

Jsc (1W Laser)
490 mA/cm2

511 mA/cm2 

Modeled QE
*operating as bottom PV junction*

• 10-layer step grade MM
• 0.22% lattice mismatch/step
• 350 nm layer thickness
• V/III: 180
• GT: 580 C
• GR: 1.97 um/hr
• Substrate: (100) GaAs 2° <111>B

In-Situ wafer curvature and surface reflectance

In0.49Ga0.51P
GaAs
In0.2Ga0.8 As

~28% AM0 max

Jsc (1W Laser)
540 mA/cm2

Jsc: 540 mA/cm2 
(Modeled)

Voc: 0.8 V (Estimated)
FF: 80%  (Estimated)
PCE: 34.5% @ 1 W/cm2 
(First order estimate)

Material Choice

Absorber thickness
 3.5 um
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