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Abgract The free gpace laser communications are of potential applications in the space, the satellite lasercom
terminals have reached a level of high data rate, compact and light construction, and low-power consumption in the
world. This paper reviews the international progresses on the satellite lasercom, discusses the related key
techniques, and gives the suggestions for the design of overall scheme. In the next paper, the test and verification
techniques on the ground for satellite lasercom terminals will be introduced.
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1 - STRWV2

Table 1 Specifications of satdliteto-ground STRV2 lasercom

Parameters

Satellite lasercom terminal

Optical ground- station

Satellite orhit

410 km x 1750 km X 70° ; dant distance 500 2000 km

Communication distance

Satellite-ground 1700 km ;

satellite satellite 1600 km

Directing error of satellite

+0.5° (6 in experiment)

Link data rate

155 Mbit/s 1 Ghit/s

Link duration

4 10 min

Laser diode transmitter system

Polarization multiplexing of 2 channels
4 diodesof |eft (right) circular polarization
each channel

3 telescopes

each: 4 lasercom diodes of left circular
polarization; 4 lasercom diodes of right
circular polarization; 3 beacon diodes of
wavelength unlocking; 1 beacon diode of
wavelength locked; 1 tracking CCD

Data rate 622 Mbit/ s (single) 622 Mbit/ s (single)
1.24 Ghit/ s (multiplexing 2 x) 1.24 Ghit/ s (multiplexing 2 x)
Wavelength 810 nm 810 nm
Power 62.5 mW (single diode, total x4) 31 mW (single diode, total x12)
Beam divergence 80U rad (1/efull width) 40y rad
Transmitting aperture linch 12 inch
Relay beam 5 mm
L aser diode beacon 2 diodes 12 diodes
Wavelength 852 nm 852 nm
Power 65 mW (single diode) 45 mW _(single)
Beam divergence 5004 rad; 15004 rad 400U rad
Transmitting aperture linch 12 inch

Receiver optical system

Double telescope

Snale telescope

Main telescope

Aperture 5.4 inch

2 APD com channds (viewfield 800U rad)

1 atomic filter CCD tracking channd
(acquigtion viewfidd 20 mrad, 70U rad/ pixd ,
288 pixelsx 384 pixds, width 0.02 nm)

Aperture 16 inch

2 APD com com channels (aperture 150
M m, viewfield 200 rad)

1 CCD fine pointing opto-mechanical
channd (viewfield 3 mrad)

Secondary telescope

Aperture 1.5 inch
Interference filter CCD tracking channel
(acquidtion viewfidd 20 mrad, width 4 nm)

3 transmitting telescopes of fine pointing
mechanism with 12 inch aperture
1 CCD pointing channd each (viewfidd 3 mrad)

Receiver senstivity

(three kinds of channel)

Main lasercom

80 nW (194 Mbit/ s, BER10"°)
160 nW (500 Mbit/ s, BER10™*)

Main atomic filter channel

120 pW

Secondary interference filter tracking

100 pW (day)

Viewfield of acquisition

5 mrad X5 mrad x 15 mrad
(scanning 20 mrad in 75 mrad viewfield)

Tracking error

Pointing resolution 6M rad
Total tracking error + 404 rad

Gmbal operrloop pointing accuracy + 2004 rad
fine pointing accuracy of each telescope +20p rad

Servo response

Tracking high-frequency response > 30 Hz
(first resonant frequency of
mechanics must be > 150 Hz)

Rotating angle +70°/ - 50° azimuth =178
+90° elevation - 5°/ +95°
Opto = mechanism Gmbal , two-axis with 50° Gmbal , normal axes
Sze 9.69' x99.5' 5.7 ft x5ft x4 ft
Weight 14.3 kg 317.5 kg (including electronics)
Dissipation (Working) 94.1 W, (stand by) 56.4 W
Electronics Separated lay up Separated lay up
Sze 10'x6"'x6"
Weight 5.35 kg
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1.244 Ghit/ s,622 Mbit/ s,155 Mbit/ s 84

[85 87]

.,\\ 5
> 10000 km,
X >1 Ghit/ s,
24 Mbit/ s, Mbit/ s
Fig.24 OCDHRL F lasercom terminal in the
International Space Station ( _ _ )
(20 ( - ),
985 k ( ) ' ) )
m
K
2
0° ‘K= L*M/Q, L ,
OoCDh , 1550 nm M 0 5 5
’ km? x Mbit/ kg K
200 mWw , 10 cm. , C K > 10
1m
, : 8 ( TSXLCT OPTEL25), K =
1.25W 980 nm \ 200 rad. 1 ( SILEX ),
1SS K< 0.1 ( SILEX-
’ 1 mrad YAG ’ STRVZ2LCT).
SONET , 2.488 Ghit/ s,
25
Table 2 Link ability of five lasercom terminals
Lasercom ESA ESA USA ESA Germany
terminals SIL EX- GEO SIL EX-L EO STRVZLCT OPTHEL-25 TSX-LCT
Max distance of 4.5 4.5 0.17 2.5 7.2
transmisson / X 10* km
Data rate / (Ghit/ s) 0.002 0.05 0.622x2 1 0.5
Weight / kg 160 80 19.7 40 30
Functional Far-di stance Far-di stance Near-di stance Far-di stance Far- di stance
classfication Low DR Low DR Medium RD High DR High DR
Link capacity 0.025 1.27 0.09 x2 15.6 86.4
(1000 km) 2 x (Ghit/ 8)/ kg
Estimation Only low Medium Low High High
RD needed performance performance performance performance

5.1

10M rad
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Fig.25 Scheme for lasercom based on homodyne BPSK modulation
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Table 3 Optical communication modesand optical PAT modes of satellite lasercom terminals
Optical PAT Course/ Course/ Course/ Fine pointing| Fine pointing Course only
mode finecombined finecombined finecombined assembly assembly (OCD mode)
(inc. point ahead | (inc. point ahead | (inc. point ahead only only (inc. point
assembly) assembly) assembly) ahead)
L asercom BPSK High-rate Low-rate BPSK Pulse High- or low-rate
mode and pulse modulation | pulse modulation and modulation | pulse modulation
homodyne and and homodyne and direct and
direct detection direct detection detection direct detection
Posshle High DR High DR Low DR High DR Low DR GEOC-M EO-L EO
inter-satellite GEO-MEO-L EO L EO-L EO GEO-MEO-LEO | GEO-GEO | GEO- GEO
lasercom GEO- GEO GEO- GEO
Possble L EO-ground GEO-ground Satellite-ground
satellite-ground GEO-ground
lasercom
Lasercom OPTEL and SIL EX *ISSERT-OCDHRL F
terminal TSX-LCT * STRV-2(failed)
Remarks Suitable to GEO with Be possble
low angular uncertainty

not to use
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