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ABSTRACT

This paperdescribegrogressn the assemblyandtestingof a new High SpectralResolutionLidar (HSRL) for long-
term unattendedbsenationsof arctic cloudsandhazes. After a long wait for the delivery of critical componentsas-
semblyis nearly completeand someof the critical componenthave beentested. Most notably, the polarizationbased
transmit-recaie switch operatesuccessfullyAtmosphericdatahasbeenacquiredwith the systemoperatingasa normal
backscattelidar. The geometricoverlapfactorhasbheenmeasure@ndcomparedo resultsfrom anopticalsystenmodel.

1. THE ARCTIC HSRL

The Universityof WisconsinHigh SpectraResolutiorLidar (HSRL) providesverticalpro les of opticaldepth,backscat-
ter cross-sectiormepolarizatiorand backscattephasefunction. All HSRL measurementare absolutelycalibratedby

referenceto molecularscatteringwhich is measuredt eachpointin the lidar pro le(Grund 91, Piironen94). This en-

ablesthe HSRL to measurébackscattecross-sectionandoptical depthswithout prior assumptionsboutthe scattering
propertieof theatmosphereThedepolarizatiorobsenationsallow robustdiscriminationbetweerice andwaterclouds.

Rigorouserrorestimatesanbe computedor all measurements.

This paperdescribesa compactnen HSRL designedor long-termobsenationsof arctic cloudsandhazes.Unlike
thecurrentHSRL whichis housedn a 46 ft semi-trailerandrequirescontinuousattentionfrom a highly trainedoperatoy
the new instrumentis designedo operateunattended It will operateasan Internetappliancewith operationanddata
transfercontrolledremotely

Oneof the mosttroublesomdeaturesof the currentHSRL involves maintainingalignmentof the laserbeamwith
therecever eld of view. Alignmentis sensitie to perturbationsatthe 10 radlevel. In the new design,this problem
is avoided by employing a transceier con guration wherethe transmitterandrecever sharethe same0.4 m diameter
telescopd Fig. 1). In addition,thelargetransmitteraperturdimits boththe pershotenegy densityandthe multi-pulse
averagepower densityto eye-safelevelsat the exit port. A passve polarizationtransmit-receie (T-R) switch consisting
of a polarizationbeamsplitteranda 1/4-wave plateis employed. Our rst critical testwasto measurehe parasiticlight
incidenton the detectorsduring emissionof the laserpulse. The molecularchannelis well protectedby the combined
rejectionof thepolarizationT-R switchandthel Iter attenuationThechannelsithoutthel Iter recevedexcessie
illumination. It wasnecessaryo includecentralbeamblocksin boththe transmittedbeamandin therecevedlight path
in orderto preventillumination of (andto maskre ections from) the centralpart of the telescopesecondarymirror(see
g 1). Without these,transmittedlight incidenton the centerof the telescopesecondaryis re ected directly to the
detectorsPreliminarytestingwith the beamblocksinstalledindicatesthatstraylight is sufciently attenuatedothatthe
atmosphericeturnsareunafected.

Theetalon Iter usedin thecurrentHSRL employsa o w throughN pressurgegulationsystemfor tuningwhichis
not suitablefor unattende@peration.Pressureuning of the etalonin the new systemis accomplishedisinga stepper
motordrivenbellows. Flowing  is notrequired.



Telescope Motor Mike

Receiver subsystem /
N I ! To / From

Atmosphere L: Lens

Molecular Channel M: Mirror
‘ BS: Beamsplitter
2 ‘ P: Polarizing Beamsplitter
< . . .
: Is: Optical isolator
| Combined oSS Polarization | /4, /2: Quater, half wave plate
L2 Chamel ; TPD: Thin film Polarizer
8! e CC: Corner Cube
c . . . .
g 2 P [ ) i ey CPP: Cross Polarization Pickug
g 3 : BB: Central Beam Block
EE : L5 [ /4 wemm
2 Lis : CPP~ BS
gL I o a —
""""""" ‘ E T } Interference Fsield \UZ R M
P57 1 Filter P BS sh :CC_
\ \ R | BB T : 3
M B0t = > |
TPD 1 : : 1
Bs P o L4 i P oar Alighiment Béam [ m—s ;
Fixed Gap Etalon in Variable PO N N F : L9
Pressure Chamber M1 PR A . : Lo
Az D ommm s . mmmls!
Diode Pumped Nd:YAG . e | Reouared L L10: :
Laser \ Expander
532 nm, 4kHz, SLM o | 3 L2 |:| » o
LB D — Lo o Fiber Delay
Glan g Variable [(2DPSD_ I | petedtor | | M
Line |0Cking : ris Dump : Attenuator Beam' Pqinting Transmited o S pectra] ,,,,,
subsystem N\ Monitoring Energy Calibration Pulse
4 R M ”2 """" BN Monitor
. Detector 12 Cell X /M Motori
. otorized - .
—_ 7 Rotator Calibration and
: : M monitoring
"""""""""""""""" ‘ subsystem

Figure 1. Schematiof thenew HSRL. Mirror M2 is mountedon a steppemmotoradjustednount. This alongwith feed-
backfrom the 2-d PositionSensitve Detector(PSDallows computercontrol of the transmittesreceiver alignment.Small
beamblockshave beeninstalledin thetransmittetbeamprior to thethin- Im polarizerandin the recevedbeamprior to
entryinto the recever subsystemThesewererequiredto suppresshe scatteringof straylight from the transmitterinto
therecever. Thedelay ber in the calibrationsubsysteninjectstransmittedight into the recever after the straylight
scatteredrom the transmitterhasdisappearedDuring calibration,the wavelengthof the seedlaseris tunedacrosshe

absorptiorbandandthe pulseinjectedby the ber is usedto determinethe spectrakresponsef the  Iter. LensL7
expandsthe transmittedbeambeyond the appertureof L8. Using only the centralpart beamprovidesa more uniform
enegy densityin thetransmittedoeam.This allows alargertransmittedoower without exceedingeyesafdimits.

Arctic locationsreporta large numberof dayswith very low cloud ceilings. This is a problemfor our narrov eld-

of-view lidar designwhich doesnot collect light from the entire transmitterilluminated areauntil the laserpulseis
km from the lidar. Incompleteoverlap doesnot effect backscattecrosssectionand polarizationmeasurements

becausg¢hesequantitiesarederivedfrom ratiosof signals.However, absolutemeasurementsf the molecularreturnare
requiredto computeoptical depth. The overlapfunction requiredfor this measuremenis obtainedusing a computer
controlledfocus adjustmenibn the telescopesecondarymirror. A calibrationsequenceerformedperiodically during
routineoperationwill obsene themolecularlidar returnwhile scanninghetelescopdocusto mapthe overlapfunction.
Preliminarymeasurementsf the geometricoverlapfunction have beenmadewith the systemoperatingwithout the
cell. Thesecomparewell with resultssimulatedwith a detailedZemaxopticalmodelof the completesystemwhenfocus
andalignmentparameter@n the modelarevariedto provide abest t to the data. However, critical testsof stability and
reproducibilityawait the completionof computercontrolledalignmentsystem.



Transmitter

Averagetransmittedoower 0.6W
Spectralwidth pm
Pulserepetitionrate 4 kHz
Transmittecbeamdivergence rad
Aperture 0.4m

Recever
Aperture 0.4m
Angular eld of view 70 rad
Spectrabandpass 8pm
| Blocking Iter bandwidth 1.8pm
Molecularchanneldetector EG&G GeigermodeAPD
Combinedmolecular/aerosathanneldetector Hamamatsd400PMT
Crossedolarizationchanneldetector EG&G GeigermodeAPD

Table 1: Arctic HSRL Speci®cations

Figure 2. A perspectie drawing of the arctic HSRL without its environmentalenclosure. The telescopas tilted at
from theverticalto minimize speculare ections from orientedice crystals.

A new PCbasedbhotoncountingdatasystemhasbeendesignedor this lidar. It consistsof a mastertiming/control
boardwith threeaccumulatoboards(neeachfor themolecular combinedandcross-polarizatioshannel). They employ
astandard®Cl computerbuss.A Linux driver hasbeenwritten to allow corvenientaccesdy dataacquisitionprograms.
Thetiming boardalsoprovidesanenegy monitorinput which is summedalongwith thelidar pro les. Thelaserusedin
this lidar presentsa signalwith every laserpulsespecifyingwhetherthe laserpulsewas successfullyjockedto the seed
laserwavelength. This indicatorbit is not presentedintil afterthe laserpulse. In orderto preventbadpro les
from beingaddedto the sum,the accumulatoboardbuffers eachpro le in a FIFO memoryprior to summing. If the
seeded-OHKoit is notassertedhepro le andtheassociate@negy monitorreadingarerejected An outputFIFO memory
alsohbuffersthe datatransferto the computer The boardsincludeaninternal counterwhich canaccommodat&0 MHz
countrates. When higher countratesare neededa 1 GHz ECL countercanbe mountedon a daughterboard. Each
accumulatoboardhastwo sumbuffers. The counteroutputcanbedirectedto eitherof thebufferssothatseparatsignals
canberecordedwhenthe lidar transmitsalternatingpolarizationson successie pulses. This featureis not usedon the



arcticHSRL but will beemployedon our existing HSRL.

Min bin width

Max buffer length

Buffer depth

Max accumulatiorinterval

Max countrate(onboardcounter)
Max countrate(ECLcounter)

50ns

8192

16 bits

2048pro les persum
50 MHz

1GHz

Table 2: DataSystemSpeci®cations

Testingof the new systemhasbeenslovedby late delivery of componentsThe datasystemcontrolandaccumulator
cardsjust beendelivered. Thesearerequiredto implementthe computercontrol of the system. Etalontuning, system
alignmentand locking of the laserwavelengthto the  absorptionline all requirefeedbackfrom the dataacquisition
cards.Thistestingcannow begin andtheresultswill be presentedtthelLRC meeting.

Figure 3. Dataacquiredwith molecularchannelAPD detectoonwith thearcticHSRL.The  Iter wasnotinstalledfor
this preliminarysystemalignmenttest. Becauseahe new dataacquisitioncardswereincomplete this datawasacquired

by patchingdetectoroutputsinto the existing HSRL datasystem.
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