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Typical lidar setup
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Typical lidar setup — modules / blocks
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Typical lidar setup — laser
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Typical lidar setup — emitter and steering optics
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Typical lidar setup —atmosphere

Laser

atmosphere
Rayleigh calibration
Rayleigh
backscatter coefficients
depolarisation ratios

Raman lines in IFF bw

radiosonde data
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Typical lidar setup — telescope

Laser

receiving optics
telescope

focal length, diameter
alignment stability

Newton telescope
90° mirror depolarisation

field of view
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Typical lidar setup — receiver optics

receiving optics

beamsplitters and filters
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Typical lidar setup — polarisation calibrator
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Atmospheric Remote Sensing
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Typical lidar setup — polarising beam splitter

polarising
beam splitter
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Typical lidar setup — detector and optics
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detectors
and optics

PMT
homogeneity of the sensitivity

APD
small diameter

eyepiece
=> telescope imaging

neutral density filters
=> adjust signal level (LICEL)
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Typical lidar setup — data acquisition

data acquisition

- F trigger delay
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max. upper level

| Sl 17| Laser photon counting
max. background
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Laser - divergence
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Laser - divergence

Brilliant t3pecificutions

Repetition rate (Hz) 10 10 SLM* 20
Energy per pulse (mJ) 1064 nm 850 700 700 Measured with a calibrated wattmeter
532 nm 400 290 300
355nm 185/225 135 120/140  Regular/High energy UV option
266 nm 90 60 60
213 nm 16 ** 12
Pointing stability (urad) 1064 nm <50 <30 <50 Measured by SPIRICON LBA-100,
532 nm <50 <50 <50 RMS, on 200 pulses at the focal plane
355 nm <50 <50 <50 of a 2m focus lens
266 nm <30 <50 <50
Divergence (mrad) 1064 nm 0.5 0.5 0.55 Full angle, at 1/¢? of the peak, 85 % of total
ene
Polarization ratio (%) 1064 nm >80 >70 >70 Horizontal polarization

source: http://www.quantel-laser.com
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Laser — divergence - Gaul$
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Laser — divergence - Gaul$
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Laser — divergence - Gaul$
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Laser — divergence - Gaul$
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Laser — pointing stability

Brilliant t3pecificutions

Repetition rate (Hz) 10 10 SLM* 20
Energy per pulse (mJ) 1064 nm 850 700 700 Measured with a calibrated wattmeter
532 nm 400 290 300
355nm 185/225 135 120/140  Regular/High energy UV option
266 nm 90 60 60
213 nm 16 ** 12
Pointing stability (urad) 1064 nm <50 <50 <50 Measured by SPIRICON LBA-100,
532 nm <50 <50 <50 RMS, on 200 pulses at the focal plane
355 nm <50 <50 <50 of a 2m focus lens
266 nm <30 <50 <50
Divergence (mrad) 1064 nm 0.5 0.5 0.55 Full angle, at 1/e? of the peak, 85 % of total
energy
Polarization ratio (%) 1064 nm >80 >70 >70 Horizontal polarization
3 sigma = 0.75 mrad

pointing stability = 0.05 mrad (+ ?)

source: http://www.quantel-laser.com
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Laser - wavelength
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Laser - wavelength

Brilliant t3pecificutions

Repetition rate (Hz) 10 10 SLm* 20
Energy per pulse (mJ) 1064 nm 850 700 700 Measured with a calibrated wattmeter
532 nm 400 290 300
355nm 185/225 135 120/140  Regular/High energy UV option
266 nm 90 60 60
213 nm 16 * 12
Pointing stability (urad) 1064 nm <50 <30 <50 Measured by SPIRICON LBA-100,
532 nm <50 <50 <50 RMS, on 200 pulses at the focal plane
355 nm <50 <50 <50 of a 2m focus lens
266 nm <50 <50 <50
Divergence (mrad) 1064 nm 0.5 0.5 0.55 Full angle, at 1/e? of the peak, 85 % of total
energy
Polarization ratio (%) 1064 nm >80 >70 >70 Horizontal polarization

Question: can we use an interference filter with 0.5 nm bandwidth ? ( =>fwhm ?)

source: http://www.quantel-laser.com
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Laser — wavelengths measured and theory

East European Centre for  Aerosol, Clouds and Tra g

NdYAG laser wavelengths measured
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urce: http://www.meteo.physik.uni-muenchen.de/~stlidar/earlinet_asos/Rayleigh_scattering/Rayleigh_coefficients.pdf
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http://www.meteo.physik.uni-muenchen.de/~stlidar/earlinet_asos/Rayleigh_scattering/Rayleigh_coefficients.pdf

Laser — wavelength

Temperature and its distribution inside the NdYAG rod
=> |laser design
=> environmental temperature
=> cooling stability

Laser gain bandwidth
Two laser lines
Theoretical and measurement uncertainties

The usual lidar laser is not of best quality (high price)
=> consider the worst case, unless verfied else.

Literature and references in =>
Rayleigh coefficients verl.4q.pdf

http://www.meteo.physik.uni-muenchen.de/~stlidar/earlinet_asos/Rayleigh_scattering/Rayleigh_coefficients.pdf
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http://www.meteo.physik.uni-muenchen.de/~stlidar/earlinet_asos/Rayleigh_scattering/Rayleigh_coefficients.pdf

Laser - polarisation
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Laser - polarisation

Brilliant t3pecificutions

Repetition rate (Hz) 10 10 SLm* 20
Energy per pulse (mJ) 1064 nm 850 700 700 Measured with a calibrated wattmeter
532 nm 400 290 300
355nm 185/225 135 120/140  Regular/High energy UV option
266 nm 90 60 60
213 nm 16 ** 12
Pointing stability (urad) 1064 nm <50 <30 <50 Measured by SPIRICON LBA-100,
532 nm <50 <50 <50 RMS, on 200 pulses at the focal plane
355 nm <50 <50 <50 of a 2m focus lens
266 nm <30 <50 <50
Divergence (mrad) 1064 nm 0.5 0.5 0.55 Full angle, at 1/e? of the peak, 85 % of total
energy
Polarization ratio (%) 1064 nm >80 >70 >70 Horizontal polarization

source: http://www.quantel-laser.com
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Laser - polarisation

HEAD INTERLOCK EMISSION INDICATOR

REAR MIRROR
APERTURE POSITION NANO-T

Rl

TELESCOPE LENSES

LASER HEAD

OUTPUT COUPLER

QUARTER
WAVE PLATE

POCKELS
CELL

POLARISER

LAMP HOLDER
ROD HOLDER

LAMP CABLE

LASER OUTPUT LASER SAFETY SHUTTER SAFETY COVER

source: http://www.litronlasers.com/pages/nano_series.html/
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Laser — polarisation — SHG / THG / beam separation

INFORMATION LABEL

HARMONIC GENERATOR
HOUSING

"\ <+— NANO LASER
)

\ HALF WAVE PLATE

FIXING SCREW
355nm/266nm 532nm
BEAM DUMP DICHROIC MIRRORS GENERATION STAGE GENERATION STAGE

source: http://www.litronlasers.com/pages/nano_series.html
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Laser - polarisation

Linear polariser in the resonator should clean the 1064 polarisation,

- but NdYAG rod birefringence can decrease
the DOLP (Degree Of Linear Polarisation) of 1064 nm

- SHG and THG only convert light in certain polarisation planes
=> DOLP of 355 should be very clean
=> DOLP of 532 could be decreased by THG
=> DOLP of the residual 1064 less than original

- Harmonic beam separators can decrease the DOLP

see also: https://en.wikipedia.org/wiki/Second-harmonic_generation
https://www.rp-photonics.com/frequency_doubling.html
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Laser — polarisation — 532 nm Surelite Il, Continuum

Giuseppe d’Amico 2006:
| send the measurement results from Continuum USA.

The measurements were done using a laser Surelite Il - 10Hz with a SHG crystal
of Type | and Il. (so at 532 nm, Giuseppe)

Using both crystals, the energy of the vertical component of polarization was

3 Watts and the energy of the horizontal component was 2 mWatts
corresponding to polarization purity of about 99.93%.

=> DR =0.002 /3 = 0.00067
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Laser — polarisation — POLIS-6 — 355 / 532 nm — measured / theoretical Rayleigh LDR
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Laser polarisation must be cleaner than
deviation of measurements from theory

source: Freudenthaler et al., 27" ILRC 2015, Accuracy of linear depolaristion ratios in clear air ranges measured
with POLIS-6 at 355 and 532 nm. https://epub.ub.uni-muenchen.de/24942/index.html|
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Laser — polarisation - orientation
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Laser — polarisation — orientation

INFORMATION LABEL

HARMONIC GENERATOR
HOUSING

<+— NANO LASER

HALF WAVE PLATE

1~ FIXING SCREW

355nm/266nm 532nm
BEAM DUMP DICHROIC MIRRORS GENERATION STAGE GENERATION STAGE

source: http://www.litronlasers.com/pages/nano_series.html
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Laser — temporal stability

laser

F 4 divergence

== ; )
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Typical lidar setup — emitter and steering optics

Laser

ACTRIS

emitter and
steering optics

wavelength dependence

focal length => divergence

transmission
polarisation
birefringence

alignment
accuracy
stability
alignment control

polarisation
orientation
flatness
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Emitter optics — LINOS 4x beam expander simulation (silica lenses)

ca. 60 mm

— ] L

3D Layout

LINOS BEXP 4x

Volker Freudenthaler

Ludwig-Maximilians-Universitdt Manchen, MIM

OpticStudio 14.2 SP3

Linos_BEXP_4x_532.zmx
Configuration 1 of 1
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Emitter optics - LINOS 4x beam expander parallel input => output angle distribution

Mw 0.532

0BJ: 0.0000 (deg) OBJ: 0.0500 (deg)
\ / @532 nm
2 div. hw < 30 urad
= laser input tilt @
IMA: 0.000 IMA: 0.000

0BJ: 0.5000 (deq)

0.2 mrad

IMA: 0.003 @355 nm
div. hw = 2.4 mrad
Surface: IMA (not shown)
Spot Diagram: Cosine Space
LINOS BEXP 4x Volker Freudenthaler
Ludwig-Maximilians-Universitat Minchen, MIM

Units are d1 rection cosines. Airy Radius: 3.275e-005 OpticStudio 14.2 5P3
Field : 1 2 3
RMS radius : 0.0000047 0.0000080 0.0000662 -
GEO radius : 0.0000080 0.0000207 0.0001384 LInos BLXPAX_532.2mX
Scale bar : 0.0004 Reference : Chief Ray 9

Angular spot diagrams for 0°, 0.05°, and 0.5° tilted input, showing a performance better than the diffraction limit (black circle).
At laser mpuﬂlt&fo .5° (lower plot) already 0.14 mrad distortions (hw).
ACTRIS
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Emitter optics — beam expander with achromats
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Emitter optics — TROPOS beam expander 6.5x (with CaF2 lens ) apochromat

ca. 600 mm

Engelmann, R., et al., The Automated Multiwavelength Raman, Polarization, and Water-Vapor Lidar Polly XT :

The NeXT Generation, AMT, 2016. http://www.atmos-meas-tech.net/9/1767/2016/amt-9-1767-2016.html|
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Focal Shift in um
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TROPOS apochromatic beam expander (CaF2) Ludwig f"ﬁx7m‘}07]1lferl'§}'1rﬂeiu\g,&‘eﬁgh?ﬁ’Mu hen, MIM
. . OpticStudio 15 SP1
Maximum Focal Shift Range: 850.6518 um
Diffraction Limited Range: 1.512E+003 um
Pupil Zone: 0.0000 TN W o TN oo 01

Big problem:
CaF2 and MgF2 lenses
are birefringent

Other problems:

- residual wavelength dependence
- 3 lambda AR-coating

- glass solarisation
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Typical lidar setup — emitter and steering optics

ACTRIS

remind:
F laser divergence < 1 mrad
: A
i .
__I_._ I
| :
"‘-*" % | | ,,l
r ..... £| .......... - Laser
I » :
A
| Mo C M,
I
: . A
| \H_i,ﬁf’/
................. JEH _ _*'._.._Kh.. T )
> > 4 " - 9

emitter and
steering optics

wavelength dependence

focal length => divergence

transmission
polarisation
birefringence

alignment
accuracy
stability
alignment control

polarisation
orientation
flatness
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Kinematic Mirror Mounts Adjustment Accuracy

remind:
laser divergence < 1 mrad

0.5" Resolution: 13 mrad (0.75°) per Rev

1" Resolution: 8 mrad (0.5°) per Rev

2" Resolution: 5 mrad (0.3°) per Rev

/i\ source: http://www.thorlabs.de/search/thorsearch.cfm?search=Kinematic%20Mount
E = Ehs ATR'S ECARS 1* Summer School, Bucharest, 23.05. - 03.06.16, Volker Freudenthaler, Basics of the instrument: optics 41



Low Drift @0.5" Kinematic Mirror Mount — Deflection over Temperature

source: http://www.thorlabs.de/newgrouppage9.cfm?objectgroup _id=3912

Test Data for POLARIS-K05S1 and

POLARIS-K05S2
POLARIS-K05T1 S 30 40
. Temperature I
204 r Yaw -35
— Pitch

(9,) @injesadwa]

Deflection Angle (urad)

&
o

—T T 10
20 40 60 80 100 120 140

Time (Minutes
PER ( )

o
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Linear thermal expansion of aluminium

remind:
laser divergence < 1 mrad

aluminium 23.1 ¥*10°/K

AT =10 K
L =1m

=> AL =0.231 mm

l

[

1m

__
T

\J

¢ => -0.231 mrad

<= -10 K cooler due to air conditioning

oooooooooooooooooooooooooooo , Clouds and Trace gases
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Bending of a square, hollow aluminium beam with 50 mm side and 2 mm walls

50 mm

aluminium beam

1000 mm

> 1 mrad

ECARS 1* Summer School, Bucharest, 23.05. - 03.06.16, Volker Freudenthaler, Basics of the instrument: optics 44



1 mrad

East European Centre for Aerosol, Clouds and Trace gases
Atmospheric Remote Sensing Research InfraStructure
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radians, tanges, sinus
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angle [deg]
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Typical lidar setup — atmosphere - Rayleigh

atmosphere
Rayleigh calibration
: K A
: Rayleigh
| | backscatter coefficients
i | depolarisation ratios
el ﬁ __________ WS Raman lines in IFF bw
radiosonde data
Mo C M,
f .\ -
| b
S— | - =
e 0 M,
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Rayleigh calibration: absolute backscatter coefficient and extinction (slope)

Rayleigh-Fit Maisach 13.01.15 MULIS, normalised Rayleigh signals

10 -
i —— N355xta_Rayl
—— N387xtg_Rayl
N532xpa_Rayl
—— N607xtg_Rayl

N1064xta_Rayl
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2 14
§®;
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=
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c
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| L] | L] I | | L] | I L] L] L] L] I L] L] L] L] I L] L] | L] I | 1 | |
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ms_rf_150113.0pj, --, -- range (km)
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Atmosphere — radiosonde => scattering coefficients

Rayleigh scattering (extinction) cross section
o (2,2)=C, (22

T(z)
and backscatter coefficients
for the Cabannes line () and total (") Rayleigh scattering

C,T . C,T (Z)
BT (z,4) =B (z)i(z)

from atmospheric pressure p and temperature T depending on
height z.

http://www.meteo.physik.uni-muenchen.de/~stlidar/earlinet _asos/Rayleigh_scattering/Rayleigh_coefficients.pdf
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Rayleigh calibration: absolute backscatter coefficient and extinction (slope)

Table of scattering conversion factors and related values (ver. 1.4f)

RS @D ore| C | BT | BS |k, K| o, BT | BCc | 87 | 8C
(air/vacuum) (17 (14)(10)  (18) (18) (20) (22) (17) (18) (18) (15) (16)
[nm] [*1e-8] [K/hPa/m] mﬁ Eﬁﬂgﬁ [1/m] [1/{m*sr)] | [1/(m*sr)] | [*le-2] [*1e-2]
STD air | STD air STD air STD air STD air | STD air | STD air
308 / 308.089 29046.6 | 1.05574 § 3.6506e-5 |4.2886E-6|4.1678E-6)1.01610| 1.04554 | 1.2837E-4 | 1.5080E-5 | 1.4656E-5 | 0.01636 | 0.004158
351/351.100 28602.7 | 1.05307 § 2.0934e-5 |2.4610E-6|2.3949E-6]1.01535| 1.04338 | 7.3611E-5 | 8.6539E-6 | 8.4214E-6 | 0.01559 | 0.003959
354.717 /354,818 | 28572.4 | 1.05290 § 2.0024E-5 |2.3542E-6|2.2912E-6]1.01530| 1.04324 | 7.0414E-5 | 8.2783E-6 | B.0566E-6 | 0.01554 | 0.003946
355/355.101 28570.2 | 1.05288 § 1.9957E-5 |2.3463E-6| 2.2835E-61.01530| 1.04323 | 7.0177E-5 | 8.2506E-6 | 8.0393E-6 | 0.01554 | 0.003946
386.890 /387.000 | 28350.2 | 1.05166 J 1.3942e-5 4.8925E-5
400/ 400.113 28275.2 | 1.05125 § 1.2109E-5 |1.4242E-6|1.3872E-641.01484| 1.04191 | 4.2579E-5 | 5.00810E-6 | 4.8780E-6 | 0.01507 | 0.003825
407,558 / 407,673 | 28235.1 | 1.05105 § 1.1202e-5 3.9389E-5
510.6 / 510.742 27869.4 | 1.04922 § 4.4221E-6 |5.2042E-7|5.0742E-711.01427| 1.04026 | 1.5550E-5 | 1.8300E-6 | 1.7843E-6 | 0.01448 | 0.003673
532 /532.148 27819.9 | 1.04899 § 3.7382E-6 |4.3997E-7|4.2903E-71.01421| 1.04007 | 1.3145E-5 | 1.5471E-6 | 1.5086E-6 | 0.01441 | 0.003656
532.075 /532,223 | 27819.4 | 1.04899 § 3.7361E-6 |4.3971E-7|4.2878E-7)1.01421| 1.04007 | 1.3138E-5 | 1.5462E-6 | 1.5078E-6 | 0.01441 | 0.003656
B607.435 / 607.603 | 27686.3 | 1.04839 | 2.1772e-6 7.6559E-6
710/ 710.196 27570.4 | 1.04790 § 1.1561E-6 |1.3611E-7|1.3280E-7§1.01390| 1.03919 | 4.0655E-6 | 4.7863E-7 |4.66698E-7| 0.01410 | 0.003575
800 / 800.220 27503.8 | 1.04763 | 7.1364E-7 |8.4022E-8| 8.1989E-81.01383| 1.03897 | 2.5094E-6 | 2.9546E-7 | 2.8831E-7 | 0.01402 | 0.003555
1064 [ 1064.292 27397.5 | 1.04721 | 2.2622E-7 |2.6638E-8| 2.5999E-81.01371| 1.03863 | 7.95949E-7 | 9.3670E-8 | 9.1423E-8 | 0.01390 | 0.003524
1064.150 / 1064.442| 27397.4 | 1.04721 | 2.2609E-7 |2.6623E-8|2.5984E-8]1.01371| 1.03863 | 7.9504E-7 | 9.3617E-8 | 9.1371E-8 | 0.01390 | 0.003524

Table 1: Refractive index r’n‘j, King factor (F k) extinction coefficients (@, ), Cabannes |, ﬁm(") and total Rayleigh ﬁ: “TJ' backscatter coefficients, proportionality factors

(xee text above), and Cabannes fém'f) and total Ravleigh (4 MTJ linear depolarisation ratios caclulated with the equations in row two, for STD air conditions where
1013.25 hPa, T = 288.15 K). The refractive indices and the King factors are calculated according to Jomasi et al. (2005) and Ciddor (2002)

with 385 ppmv CO: and (0% RH. Please note that the values in the table of the Tomasi paper were caclulated for slightly different conditions. NdYAG elastic and Raman
wavelenghts (underlined) are for vacuum, calculated from the fundamental air wavelength 106415 nm (1064.442 nm in vacuum) at 300 K rod temperature according to
Kaminskii, { RAMANIG.ods, Laserlinien.ods. Rayleighl vbs ) (This tabel is version 1.4f from Feb, 201 3; some "exact" wavelengths added to version 1.1 and corrected from ver, 1.3;
1.41: wavelengths in air and vacwum). In ovder to enable the comparison of the accuracy of the calculatuions by the readers, more decimal digits are shown than
certified by the accuracy of the model and the assumtions.

mentioned (STD air; p_=

http /4 ﬂcmmeteo .physik.uni-muenchen.de/~stlidar/earlinet_asos/Rayleigh_scattering/Rayleigh_coefficients.pdf
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http://www.meteo.physik.uni-muenchen.de/~stlidar/earlinet_asos/Rayleigh_scattering/Rayleigh_coefficients.pdf

Rayleigh calibration: absolute backscatter coefficient and extinction (slope)
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Rayleigh calibration: quality checks
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Rayleigh calibration: quality checks

file 21-11-2011 - 18123258
rs 11112112_10868

30 ' ' ' ! | ! ! —_— Pro T T avg 33500
T \gnarrir wlfid/ch - TD 1064_1_10 - 434
20 - Rayleigh fit range 1 km

range corrected
signal [a.u.]

3000 - M :
2500 - i ] 0

SoE :
£8% %ggg E - W E
ESS 41000 3 I I — E
R ¥ 5004 1 N A & .
0L < 0 0.2
ZSW - 0.1
320 |
b g i 0.0
bCombined omes | T -0-1
 bDW I
| 1 ||| [ B | I LI | I LJN | I L | I LI | I [ | I LI | -0-2

bS1ext !
bS1
I bCross e
e i Re

bKurt SRARBESRRERRN| B (| i) ) e

|| Import]
bDIffS|Ope Illllllllllllllllllll L] llllllllllllllllllllllllllllllllllllllll

p 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
' bCorrCoeff helght (km)

I bRsem

Eh ZAETRIS
B i 53

ECARS 1* Summer School, Bucharest, 23.05. - 03.06.16, Volker Freudenthaler, Basics of the instrument: optics

. Plet

Inport3

gases




Rayleigh calibration: quality checks
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Typical lidar setup — atmosphere - radiosonde

atmosphere
F Rayleigh calibration
: A
: Rayleigh
| | backscatter coefficients
| | depolarisation ratios
e | N S {] .......... WS Raman lines in IFF bw
radiosonde data
M, C M
I : ‘
I -
‘. ................ - 2 _*] ..... FK'.. M;T._::
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Atmosphere — radiosonde

beta @532 nm [1/km]

rrrrrrrrrrrrrrrrrrrrrrrr

Atmospheric Remote Sensing

0.0016 -

0.0014

0.0012

0.0010

0.0008 —

0.0006 —

0.0004
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0.0000

AACTRIN

osol, Clouds and Trace gases
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N

Molecular backscatter coefficients calculated from different radiosonde data and US STD atmosphere

beta(h) -- USStd

beta(h) -- Muenchen 10868
beta(h) -- Norway 01241
beta(h) -- Sicily 16429

A

N

/

8 1

0 1

height NN

2 14 16 18 20
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Atmosphere - radiosonde

Molecular backscatter coefficients calculated from different radiosonde data 16.07.2012 O0UTC
and US STD atmosphere

0.0016 -
_ beta(h) -- USStd
0.0014 - Istanbul
lzmir
—— Brindisi
0.0012 -
§ 0.0010 - \
é 0.0008 - \\
o\ \\
(4]
{@)
@) 0.0006 -
8
(D)
Q 0.0004 - .\
0.0002 - \\
| \\
0.0000 : ; ; . . ; . . : —
0 2 4 6 8 10 12 14 16 18 20
height NN
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Atmosphere - radiosonde

Molecular backscatter coefficients calculated from different radiosonde data 16.07.2012 O0UTC
and US STD atmosphere

0.0016 -
_ beta(h) -- USStd
0.0014 - Istanbul
lzmir
—— Brindisi
0.0012 -
§ 0.0010 - \
é 0.0008 - \\
o\ \\
(4]
{@)
@) 0.0006 -
8
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Q 0.0004 - .\
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0.0000 : ; ; . . ; . . : —
0 2 4 6 8 10 12 14 16 18 20
height NN
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Atmosphere — radiosonde — how to get?

Radiosonde data:
http://weather.uwyo.edu/upperair/sounding.html

Modell data:
http://rucsoundings.noaa.gov/

EARLINET forum: earlinetforum.imaa.cnr.it
=> topic: QA Rayleigh-fit and radiosonde

http://www.meteo.physik.uni-muenchen.de/~stlidar/earlinet_asos/Rayleigh_scattering/EA-radiosondes.html/
=> Generate soundings from model analysis and forecast
=> Generate soundings from archived model data
=> Archived soundings from radio sondes
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Typical lidar setup — telescope

: K A
! |

__I__ :
5 . M, I,
| |

"-*—? # : f ..,l
| :l ...... | .......... .:., Laser
I ¥
Mo C M,
i AN
| b
2 5 .
‘. ................ i =k ...ﬁ... ..... i',_ M:T._ i
> v 9 " s N

receiving optics
telescope

focal length, diameter
alignment stability

Newton telescope
90° mirror depolarisation

field of view

distance of full overlap
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Typical lidar setup — receiver optics

receiving optics

beamsplitters and filters
- F
: ! focal length of collimator
M ! => optics beam divergence
: - M, I, => optics beam diameter
'-'-*-? - : ..,l
SR E' """"""" || Laser accpetance angles of
beamsplitters and
5 Mo (_j M}g interference filters
! - .
5 R et polarisation problemes
oyl (R (I M diattenuation
................. 2 = ._.._K} T} retardance
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Receiver optics — optics beam

o/ =tana/tanp=f_ /f =100/1000=0.1
Q a =1 mrad =>B = 10 mrad

Telescope B

Image
Focus of focus

eeeeeeeeeeeeeeeeeeeeeeeeeeee , Clouds and Trace gases
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Overlap function, focal spot radial position (oo incident angle) - change with range
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range [km]

Image
Telescope\ PIVI of PM

N

Image
Focus of focus
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Focal spot radial/axial position - change with range

focal plane

telescope

%m
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Focal spot radial/axial position - change with range

behind focal plane

telescope

%m
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Focal spot radial/axial position - change with range

focal plane

telescope

%m
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Focal spot radial/axial position - change with range — tilted laser beam

telescope
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Overlap function — distance of full overlap with and w/o laser tilt

Laser axis parallel to telescope axis
DFO = (2*DTL+ DT) /2 / (RFOV - TFOV) =
= (2*0.2m+0.2m)/2/(0.001 - 0.0005)

il DFO = 600 m

telescope

With optimal laser tilt
Atilt = RFOV — TFOV
DFO = (2*DTL + DT) / (4 * Atilt) =
= (2*0.2m+0.2m) /(4 * 0.0005)

faser DFO =300 m
= = - telescope
L TEO

ull overlap

— RFOV

V. Freudenthaler, "Optimized background suppression in near field lidar telescopes"”, 6th ISTP Int. Symposium on Tropospheric Profiling, 14. - 20. Sept.
2003, Leipzi%gGimany, (2003). URN urn:nbn:de:bvb:19-epub-12957-5, available online: http://epub.ub.uni-muenchen.de/12957/

ACTRIS
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Basic lidar design considerations

Explanations:

www. meteo.physik.uni-muenchen.de/~stlidar/earlinet _asos/raytracing/Basic_design/basic_lidar_design.html|

EXCEL spreadsheet (basic_lidar_design_ver_1.0.xls, Panos Kokkalis)

www. meteo.physik.uni-muenchen.de/~stlidar/earlinet_asos/raytracing/Basic_design/basic_lidar_design_ver 1.0.xls

INPUTS OUTPUTS
Laser Depending only on laser and telescope

Atilt mazx (mrad) 0.560
DF Ciemin (pe) 3 Atilt mna 405.36

DFO {rn) 428.30

TFOY expanded (mrad)
Dlaser expanded (mm
Telescope CURRENT SYSTEM

300.00 FCOL ({mmm) &0.00

1200.00 DCOL (rarm) 16.15

300.00 A (deg) 2.008

3.00 Zll {mim) 52.08

1.50 DI {rrirm) 12.50

L1 {mm 444 .49

ZOBJ {rmm) 392.41
Behind the Diaphragm (FOVD) DOBJ (mirm) 40.000
FOBJ (mmm) 80.00

FEYE (rmrm) 3200

DEYE (mm) 1.849

22 {mm) 112.00

£3 {mm) -17.985

East European Centrefor  Aerosol , Clou
Atmospheric Remote Sensing Rese:

ACTRIS
gases
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Tilted laser beam with tilted slit fov diaphragm

telescope

%m
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http://epub.ub.uni-muenchen.de/12957/

Spatial and angular beam truncation by apertures and coatings

(513 Shasded Mot I o 64 D3ISTE, ¥ = LLEBET]
edwie  Geitewiyr  Pet  Yiwsdow Fa ]

telescope
focus
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Transmission of an interference filter depending on incidence angle

T T T I I T T T T
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CORTING IFFRELBWAAGD?NM ON SURFACE 2 JULEER T RELLER L
INCIDENT MEDIR: AIR SINBENA S I INB RSl R
SUBSTRATE . BK7
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zﬁas ACTRIS
European Centre f
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ZEMAX simulations of interference filters

Introduction, explanations, database
www. meteo phySIk uni-muenchen.de/~stlidar/earlinet _asos/raytracing/IFF/EA-IFFilters.html

387 BW neff @ 400 408 BW neff @ 511 532 BW neff @

IFF2CSS5SCUISMD  0.14 1.48 1.4
IFEJCAA4SCHISMA 014 2.04 16

2 3 FCSEREHISI 20 0.19 2.01 1.8
0.18 .01 1.7
0.18 1.99% 1.7

2.5 [FFPCSS55HISME 0.22 1.97 2.45 FF2CE555HISHE 0.2

0.5 193 %

30 1% 848

Comewiiml 07 oW netf @ os0 710
IFF BW (nm)
0.4

408-1FF2C5555HISM8

1eef 7 ’ . - . : == T || 1.af
B.%al . o=l g \
Z o.8af z 880 \
5 evel 5 oet \
= [
A B.s0l ,E p.sal
f‘._r 8.5a} & o.cof 1
- @.Nef > B.4Bf
i a.30} % ] 3
E =
z .20} d z a.zaf \ -
2.1a} : | o.ief \\\ -
2.00 - = ; | ’ - ook : 3 ' ; g ; "'--4
. 98700 o “BEeD . 99900 2. 00000 Z.50000 5. 02000
WAUELENGTH IN HICRONS INCIDENT ANGLE IM DEGREES
TRANSHISSION V5 HH'-"ELEH:uI-TH TEHHEHIE_;ICH WL HH__‘_GLE
™) g
TR — Ll | T — W OB, BT
INEEEIEHT MEDIR HIE‘ | I‘JLIEEH'll:HEl:lIﬂ HIE
zan ACTRIS . : .
o ot ECARS 1* Summer School, Bucharest, 23.05. - 03.06.16, Volker Freudenthaler, Basics of the instrument: optics 74
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SEMROCK filter simulator

Home | Products | Technical Information | Applications | OEM/Custom | Support & Sales | About Us .
https://www.semrock.com/filters.asp

801 nm edge BrightLine® single-edge dichroic beamsplitter
Part Number: FF801-Di02-25x36 X

Left-click & drag to zoom. Right-click to save, print or reset MyLight — Model Data PD pe

100
r Legend & ASCIl Data

. —— Measured ASCll Dats

20
70 MyLight - View and Model Theoretical Data x

Theoretical Spectrum for Part Number: FF801-Di02

=
= 100 - - ,
2 ! i | Legend & ASCIl Data
50
E 90 :' —— Pol: Avg ASCIl Data
w
E 40 o :' === Pol:P  ASCIl Dsts
= 1 Pol:S  ASGI Dats
I
30 70 H
— 1
@ £ 5o i
8 )
10 @ 50 i
E L}
0 g 40 i
450 550 650 750 850 = A Horizontal Axis
1
Wavelength (nm) 30 X
1
! nm&  cm'O
» Your filter spectrum may differ slightly from the typical spectrum above, butis
Vertical Axis
| Description and Pricing Specifications Technical Inf . A AR o HT@& 00O
500 550 600 650 700 750 800 850 900 950 1000 1050 1100
y i . . i . Wavelength (nm)
801 nm edge BrightLine® single-edge dichroic
) o | Modeling Options
Semrock offers a wide range of polarization-insensi
Plot Wavelength: 500 to 1100 nm Angle of Incidence: 45 deg Cone Half Angle: deg

with very high and flat reflection and transmission b

wideband light sources, laser sources, multiphoton — . — § =
laser beam combining and separating. PEETETITE ] PlotType: Transmission ~ st ot P

4
Part Number size Pricel i tus
FF801-Di02-25x36 292 mm X356 mm £ 14 mm $249  InStock [Rdd to Cart b |
(unmounted)
. 22.0mmx27.0mmx 1.1 mm . g 9
FFB01-Di02-22x27 (unmounted) 5349 2nd Day Ship  |[GEEKCASTE S
. 220 mmx29.0 mmx 1.1 mm . i )
e ‘ (AddtoCart b |
FF801-Di02-22x29 (unmounted) $249 2nd Day Ship
FE801- 32 x 44 x 1.1 mm (comers cut for OFX _
DI02-30%44-EX cube) $591 2nd Day Ship | Add to Cart b |
(unmounted)
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Typical lidar setup — polarisation calibrator

polarisation calibrator

S location
; .M, 1,
! 4 - parameters to determine
w e E‘ .......... .(.:, Laser
1 » ;
) T
1Mo Cl M,
! i /\ -
: b
T L B
1'. ...................... '._MJ" 1
v e L .
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Typical lidar setup — polarising beam splitter

polarising
beam splitter
=
_:. ' acceptance angles
i . M i
: , k - extinction ratio
‘T— 3 - .D .......... .(.: Laser .
i v M _ cleaning
Mol C M,
: .\ .-
: r
'. ................ = 2 _ _'..MT ik
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Typical lidar setup — detector and optics

; F A
! |
__I_._ I
E ! ME IL
: :
'--*-—"' + : ﬁl
:, ..... <E| .......... - L aser
I *
Mo C M,
5 w .
; h 4
s -
8 ] F > - :.i:: ) y
‘. ................ - e ...ﬁ..”-._. _i',_M:T._:;.
> >4 - L5 L \

detectors
and optics

PMT
homogeneity of the sensitivity

APD
small diameter

eyepiece
=> telescope imaging

neutral density filters
=> adjust signal level (LICEL)
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Detectors: Hamamatsu photomultiplier R5600, R7400, R9880 (LICEL)

assembled in many Hamamatsu
photosensor and photocounting
modules like

very small size =>
fastest rise time =>

highest count rate and dynamic range
source: . . e . . .
http://www.hamamatsu.com/us/en/product/category/index.html + relatlvely Insensitive to magnetlc fleldS

used also in LICEL lidar data aquisition

ECARS 1* Summer School, Bucharest, 23.05. - 03.06.16, Volker Freudenthaler, Basics of the instrument: optics 79
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Detectors: Hamamatsu photomultiplier R5600, R7400, R9880 (LICEL)

4
3
2

O 270-300

| 240-270 1

@ 210-240

0O 180-210 - 0

O 150-180 =

| 120-150 B

M 90-120 -1

M 60-90

M 30-60 -2

M 0-30

Fig. 1. Anode spatial uniformity of the Hamamatsu H5783-06
photosensor module measured with a resolution of 200 pm. The

values were normalized to the average of the central part of the
photocathode (2 X 2 mm).

source: V. Simeonov et al., Influence of the Photomultiplier Tube Spatial Uniformity on Lidar Signals, Appl. Opt. 38, 5186-5190 August 1999.

2750
250.0
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Detectors: Hamamatsu PMTs R5600 spatial sensitivity — detector in a focal plane

2750
250.0
2250
2000
1750
150.0
1250
100.0
75.00
a0.00
25.00

Relative
sensitivity (%)
copmpared to

center

source: V. Freudenthaler, Effects of spatially inhomogeneous photomultiplier sensitivity on lidar signals and remedies, ILRC22, 2004
http://www.meteo.physik.uni-muenchen.de/~st212fre/ILRC22/index.html
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http://www.hamamatsu.com/us/en/product/category/index.html

Detectors: Hamamatsu PMTs R5600 spatial sensitivity — detector in a focal plane

Ratio to real signal

horizontal vertical
2.0
rms deviation 150m-1km 25% | rms deviation 150m-1km 14%
- 1.8 -
- 1.6 -
- 1.4 -
- 1.2 -
- 1.0
- 0.8 -
- 0.6 -
1) ] ) L ) ) L) ) l L} )
025 05 0.751I 2.5 5 0.25 0.50.751 25 5
range (km) range (km)

horizontal

vertical

source: V. Freudenthaler, Effects of spatially inhomogeneous photomultiplier sensitivity on lidar signals and remedies, ILRC22, 2004
http://www.meteo.physik.uni-muenchen.de/~st212fre/ILRC22/index.html
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Detectors: Hamamatsu PMTs R5600 spatial sensitivity — detector in a focal plane

Telecover measurements showing differences due to spatial PMT inhomogeneity

> 355 8- 532
— ——top_B N . —top_D N
AL —— Bottom_B |S - ——— Bottom_D | S
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& 64 ||
u 1A
o
3 .
®» 34 i
S
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.
N
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=
.
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>
1+ [ |
1 -
EI | | 1 1 ﬂ "!I | | 1 1
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range range
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http://www.meteo.physik.uni-muenchen.de/~st212fre/ILRC22/index.html

Transmission function, focal spot position on detector - change with lidar range

150 m
Image
Telescope\ PV of PM
¥
L A [

1

Image

Focus of focus
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Transmission function, primary mirror image on detector - change with lidar range

Telescope\ PV

— v

Focus

Image
of PM
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Hamamatsu PMTs R5600 spatial sensitivity — relative signal deviations

1.15

1.10 -

rms deviation (%)
026 all
0.41 150m-1Tkm

0.95 S
0.90 4
0.85 I 1 1 I I 1
0.25 0.50.751 2.5 5
range (km)

source: V. Freudenthaler, Effects of spatially inhomogeneous photomultiplier sensitivity on lidar signals and remedies, ILRC22, 2004
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Q.2273

B, 1637

0. 0PE

DETECTOR IMAGE: INCOHERENT IERADLANCE

MLZZ0K1 -387- 1PC-ZPC-2PC-0PT. M} ARG5S

SAT TUL 1S 2003

OETECTOR 2%, NSCG SURFACE 2i PMT 150 M
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TOTAL POWER + Z,BE6YE-B31 WATTS

150 m

+ Spot does not move

— change of intensity distribution

http://www.meteo.physik.uni-muenchen.de/~st212fre/ILRC22/index.html
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Typical lidar setup — data acquisition

data acquisition

- F trigger delay
o ' analogue

max. upper level

| Sl 17| Laser photon counting
max. background
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Trigger delay
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Trigger delay

Absolute error of the extinction coefficient « from Raman measurements

due to uncertainty r_in the true Zero-range (-bin).
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Trigger delay measurement

!
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Trigger delay measurement

L
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Telecover measurements

Y.
Image
A Telescope\ PV of PI\/I‘
| v
Yy
[ 1]
N
Image
Focus of focus
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Telecover measurements

Laser- Laser-
O beam O

beam
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Signal limits
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Birefringence

CONTROLLING STRESS IN BONDED OPTICS

Andrew Bachmann, Dr. John Arnold and Nicole Langer
DYMAX Corporation, Torrington, Connecticut
October 1, 2001

delamination, birefringence can lead to optical failure. Figure 4, below shows a photograph of birefringence caused
by the adhesive at three stress points. The birefringence radiates out from the stress points from a positioning

adhesive as seen through a polarizer . Figure 5 shows adhesive-caused stress in a doublet boned over the entire lens
surface.

Figure 4. Birefringence as seen
through a polariscope at each ofa
3-point bond for a 1 inch diameter
optic

Figure 5. Lens, as seen througha

polarized film

ECARS 1* Summer School, Bucharest, 23.05. - 03.06.16, Volker Freudenthaler, Basics of the instrument: optics 95

Atmospheric Remote Sensing Researc h InfraStructure



