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Outline

« HSRL task and the cross-talk suppression required

* Fabry-Pérot Interferometer (FPI) for HSRL channel
o The concept
o FPIl parameters in the scope of application
o Filtering efficiency expected

o Stability issues
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Atmospheric response to laser pumping

Elastic scattering
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Pure rotational Raman spectra of N, and O,
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Molecular and aerosol elastic scattering
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Molecular and aerosol elastic scattering
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Scattering ratio in clouds

355 nm 532 nm 1064 nm
Ice cloud @ 10km 30 370 6,200
B..= 0.2 /km/sr
Droplet cloud @ 5km 180 380 14,600

B,= 0.8 /km/sr
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Suppression required

S=M+K-A < signal in molecular channel

M molecular scattering; A aerosol scattering; K cross-talk
k=K + 6k < estimated cross-talk

m=S-k-A < estimated molecular signal
m=M+4dék-A

ok 1 m-— M /A

Ly i ) L
=% "M [ < cross-talk estimation accuracy

Ak /K (Sm/M=1%)
A/M
K=10" K=102 K=10-3
10 1% 10% —
100 0.1% 1% 10%
1000 0.01% 0.1% 1%
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The concept logic:

1. Fabry-Pérot Interferometers as HSRL filter at 355nm
(possibly also at 532nm and 1064nm)

N

lodine filtering technique at 532nm (alternative to interferometers)

g

Narrow field-of-view receiving telescopes
(to low the beam divergence on interferometer)

Beam expansion (to fit to the receiving field-of-view)
Low laser pulse energy (to conform the eye-safety requirements)
High pulse repetition rate (to increase the number of photons emitted)

N o o A

Fiber optics decoupling telescope and interferometers
(for better mechanical stability)

8. Extra telescopes for depolarization channel
(multimode fibers do not maintain polarization)

9. Extra “near”-range telescope
(to extend the range for extinction measurement)
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Fabry-Pérot Interferometer (FPI)

. PP lens
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Transmission and reflection
1
fr = IR — frR=1-fr
1+ (1—R)? sin“(2mvnd cos 0)

Phase matching criterion: | 2nvnd cos@ =k, k € N
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Interferometer tuning concept

—— Molecular

Backscatter spectra, a.u.

Aerosol

—— FPI transmission
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Transmission for axial divergent beam
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Transmission for off-axial divergent beam

355 nm
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Clear aperture impact 355 nm
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d,=0.2mm; F, /D,=3 d=30mm;n=1




Impact of mirror reflection coefficient
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Effect of mirror roughness ( 52 )
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Effect of mirror sphericity
(a) constant beam diameter, clear aperture completely filled
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Effect of mirror sphericity

(b) varying beam diameter
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Effect of mirror sphericity

(b) varying beam diameter
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Normalized FPI minimum reflection
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FPI minimum reflection (normalized)
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"Fiber-lens-fiber” optical scrambler

Receiver

field-stop

\

S - optical fiber optical fiber

« input fiber scrambles the beam across the fiber aperture
* lens translates the beam angle into the focusing point position
» output fiber scrambles the beam across the fiber aperture
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Filtering efficiency

Reflection efficiency for molecular signal
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Filtering efficiency, 1xFPI

355 nm
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Afyes = 135 MHz

dp: 0.2mm; F, =120 mm; Dpp; =40 mm; F,= 30, n =1



Filtering efficiency, 2xFPI 355 nm
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Filtering efficiency, 3xFPI 355 nm
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Filtering efficiency, summary
A. Reflection coefficient optimized for UV

4 EP) 355 nm 532 nm 1064 nm
R Suppr. | Eff., % R Suppr. | Eff., % R Suppr. | Eff., %
1 0.2 28 0.2 46 23 0.2 80 10
0.35 350 30 0.35 1140 22 0.35 | 5900 7
3 0.44 | 2300 0.44 14500 22 0.44 | 2.4-10° 7
B. Reflection coefficient optimized for each wavelength
4 EP) 355 nm 532 nm 1064 nm
R Suppr. | Eff., % R Suppr. | Eff., % R Suppr. | Eff., %
1 0.2 28 0.26 39 0.47 45
2 0.35 350 30 0.43 650 30 0.63 850 30
3 0.44 | 2300 0.52 5600 0.7 8300
C. Scattering ratio in clouds
80+180 370+880 6,200+14,600
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Polarization-sensitive decoupling

PBC
Ilri]g;):tt _I'.'I'._) 1 I > “aerosocl)rtr?:glecular”
FPI-2 WP PBC I' WP FPI-1
e — S aurosol
chi WP FPI-3
moleoutar (€ < =

PBC — Polarizing Beam splitting Cubes; WP — quarter-Wave Plates
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Stability -
Phase matching criterion — fn-d-cos =nk,k €N

a) Frequency, (f)

o laser frequency instability, foxAf
o Doppler shift
* due to axial wind, fox2f,V/c

* due to aircraft pitch-angle bias, fox2f,V, sin(¢)/c
b) Effective mirror spacing, (n * d )

o thermal expansion of spacers, dyxd,-CTE - T
o temperature of air in the mirrorgap, on~1/T
o pressure of air in the mirror gap, on~ P

c) Incident angle, (60 )

Max-Planck-Institut
fir Meteorologie

@




Sensitivity to frequency bias 3xFPI, 355 nm

Fundamental frequency bias, MHz
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Thermal expansion impact 3xFPI, 355 nm

Temperature bias, K
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Air temperature impact 3xFPI, 355 nm

Air in mirror gap
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Air temperature impact 3xFPI, 355 nm

Air in mirror gap
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Air pressure impact 3xFPI, 355 nm

Air in mirror gap
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Tuning for “1064 & 532 & 355 3xFPI

Air in mirror gap
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Mechanical stability 3xFPI, 355 nm

Incident angle bias, mrad

= 0.00 0.02 0.04 0.06 0.08 0.10
o) ) ] ) ] ) ] ) ] )
N
= 1,001 + 0.06 mrad
=
2 0984
C
O
g 0.96 -
2
o
2 0.94-
7))
=<
8 0.924
)
0
) 0.90 . ! . ! . ! . . .
0.0 2.4 4.8 7.2 9.6 12.0 + 7 um
Pinhole off-axial displacement, um
. Af,ec = 135 MHz; R = 0.44; d = 30 mm
(@) | erenacnet d,= 0.2 mm; F, = 120 mm; Dy, = 40 mm; F,;= 30




Max-Planck-Institut
fir Meteorologie

@




Conceptual optical layout
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FPI alignment control by analyzing interference pattern of He-Ne light

Interference fringe section

16_ 77777777777777777777777777 —_—
o l}ﬁ\ﬁ; R
(X SO U S S UL L, N U SN RN AU S
] | ] I | I#ﬁ\ II 1 | ] I | ] |
T T T R
12""T"’T"i”’1"‘T”Tfﬁl”"E’4?(1"T’"T"T"I"T"’T
mw+ﬁww++dﬁ++l~w++ﬁww+
b ] ] ] | ] | 1 » 1 ] I ] ] |
g&mh¢gm”¢ﬂm”¢JJ”g”mgmL
E o | :41% |
[ NP S | {f __________________
:.f: Y
4———w———1———(———h——‘r-]‘—wl——ﬂ———x———]r———l‘*" ————————————————
‘FH . |
2"’7”7 ”””” ;r“f”':l ”””””” Tihll ”””””” T
1 AJII: I .;

0 50 10[] 15[] QDD 250 300 350 40[] 450 50[] 550 BDD 65[] ?DD 750
Section, pixels

Fringe width ‘ adjust with biases] V# v# I #3

Fringe position ’ v adjust at |385 00 :||

¥ 89.4«4———; fffffffffffffffffffffffffffffff
I |3851?6 o ]
%%¢ m i % me 4w“4h %w$waMWMW MWMWWW%.
=385y ',1||lf'; p]ﬂ,ﬁhﬁﬂjﬂ'f’lﬁ g ﬂ"]u“‘ﬁ ||[h i W /| |[p84384 Sl T H hl
| : i n |l 1 1 ,
‘ |D 238 ‘ ‘ : ——
54.034 54.036 54.038 54.040 L 54.034 54.036 54.038 54.040
Time, sec Time, sec

The standard deviation of fringe position (i.e. fringe radius) was measured to
be about 0.24 pixel that corresponds to mirror spacing instability of 0.2 nm.
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Depolarization channel, principle layout
500 mm

————————————————————————————————————————————————————————————————————————————————————————

70 mm
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Depolarization channel, 3D-model

Field-stop
diaphragm
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Wollaston
prism

Collimating
lens

Optical
fibers

Focusing
lens
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Thank you!
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