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Laser GNSS Receiver in LEO

GNSS
SLR array

Doppler shift at 1064 nm, GRACE-FO - Galileo&GPS
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Carrier-phase + Stability <5 x 10" at 1 s
ona contri)nuous- * Linewidth <2 Hz o
wave (CW) laser * With cavity from NPL (LISA mission)
- Up to 1 kW power
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Laser beam steering in LEO

“Sinopta” laser steering terminal for LEO Spatial Light Modulator
steering over 360°/90° steering over 24°
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Link Budget for CW Laser: LEO, Ground, Moon

. GRACE-FO — Ground — Ground —
Link budget parameter Galil Qalil M
Link Budget: alileo alileo oon
I ) 9 Transmitted power of a CW laser 200 W L kW L kW
_ i 2m2
n, = he Gtaocs A R2 ArTa Tc NN |
7, Optical cross section for GNSS (Pearlman, 2008) and 45— 505 10F m? | 45— 80x 106 m? '1400 %108 m?
Moon (Arnold, NASA TN) 300 corner-cubes
Gaussian Beam: _ ,
Radius for the aperture area of the receiving opties A, 0.15m 0.30 m 0.50 m
A
‘9,5 = Gaussian beam divergenee half-angle, 8, 047" 0.23’ 0.14"
7T(.AJ0
) 0 2 Fine pointing error (steering in steps of 0.01"), @ 0.20' 0.20° 0.10°'
g 2+
G,(0) = —€ b (-, transmitter gain 1.1x104 14 %1012 6.3 1042
0
t
Tf Two-way atmospheric transmission (Degnan, 1993), Lo 0 0
. .5 .5
(Matthews 2020)
Tf Two-way cirrus transmission (Degnan, 1993) 1.0 05 ne
n, efficiency of the transmitting optics (Degnan, 1993) 0.9 0.9 0.9
n, efficiency of the receiving optics (Degnan, 1993) 0.9 0.9 0.9
n; is the detector efficiency (photodiode sensitivity, 0.7 _\ 0.7 _\ 0.7 _\
Hamamatsu) see also (Jennrich & Heinzel, 2013), W W W
5072 W
|4 R R
Reeceived laser power from a CW laser 16.5 pW 100.1 ptW (1.5 pW)
Hamamatsu (Japan) confirmed

InGaAs photodiode for all three cases
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CW-Laser for T&F Transfer at 1018 for Optical Clocks

.F_h,

Galileo

* SLR Array Doppler shift at 1064 nm, Wettzell - Galileo&GPS
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ground-to-Galileo or ground-to-ground

[Geometryfree T&F Comparison at 1013}

CW laser with cavity GNSS/CW laser receiver
stability <7x10"%@1s ' 2 x in the focal point of a parabolic mirror @60 cm
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GNSS antenna rotated in space
(like antenna calibration on a robot)

Laser Cavity (NPL&PTB) 2D Antenna Rotation about Pivot point
can provide microwave GNSS
frequency more stable than H-maser
on GNSS (via frequency comb)

With ‘phase clock’ approach for

GPS we introduced in 2004 for

LEOs, we managed to get T&F
transfer down to 1016 level
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CW-Laser Onboard GNSS Satellites

“two-way”’ “one-way”
CWe-laser in LEO, signal reflected from GNSS CW-laser onboard GNSS satellites
2 2
Carrier-phase —|\E i 1 A T272 - A 1 99
on a continuous-wave M the Gi%ocs ArR2 rtate il n. =|E he G, AR AT T nm,mg
(CW) laser

. GRACE- Ground — Ground —

Link budget FO — Caltlen Moan

Galileo
200 W 1 kW 1 kW

Two-way: Transmitted power of a CW laser

One-way: Transmitted power of a CW laser (1 nW received) 20 mW 15 mW 20 mW

We need 1-20 mW laser power transmitted from a GNSS

to guarantee the received power of 1 nW (GRACE-FO) or
200 pW (LISA) with down to 10 cm collecting optics

Workpiece ITO layer removal
2D interferance pattem is '\
LCOS-SLM formed by divergent laser \ Laser: Manufactured by Hamamatsu

Ultra-short pulse laser
MOIL-ps L11590
SHG 515 nm

Grating /Lens amay |
(Diverging laser) \

/ . With SLM, one can split laser
/ :" — Processing area: Hole size: beam into thousands of

I(Zondensing f-ﬂ about 500 holes made 1.5 pm max. in diameter
lens /
Short pulse laser S ae ] ™ 2
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separate laser beams and
steer them independently

Part that is enhanced by interference
only is processed.
(process by wavelength order)
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