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Abstract　Theopticalparametricchirpedpulseamplification OPCPA nearthe８００nm wavelengthhasgained
significantpopularityintherecentyears敭ThiscanbeattributedtothedevelopmentoflaboratoryＧscaleNd∶glass
laserswiththeirassociatedsecondharmonicgeneration SHG  thematurenonlinearcrystalgrowthtechnology 
andthecommercializedmodeＧlockedTi∶sapphireoscillator敭Inthisstudy thecharacteristicsofthe８０８Ｇnmcentered
broadbandwidthsignalOPCPAbasedonpotassiumdideuteriumphosphate DKDP crystalsareinvestigated敭The
phasemismatchinDKDPcrystalsfordifferentdeuterationlevelsof０~９９％isstudiedandanumericalsimulationof
thehighenergyopticalparamericamplification OPA processwiththeconsiderationsofabsorptionandseveral
highdeuterationlevelsispresented敭ResultsshowthatthebroadbandbandwidthOPCPAat８０８nmcanbeobtained
whenthedeuterationlevelismorethan９０％敭
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基于DKDP晶体的８０８nm波段光参量放大研究
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摘要　近年来,在８００nm 波段进行光参量啁啾脉冲放大(OPCPA)的实验受到了极大的关注,这得益于大口径高

能钕玻璃激光装置及其倍频技术(SHG)的逐渐成熟,非线性晶体生长技术的发展,以及钛宝石锁模飞秒激光器的

商业化.理论分析了基于氘化磷酸二氢钾(DKDP)的８０８nm波段宽带光参量啁啾脉冲放大现象.具体分析了

DKDP晶体的氘化率从０提高至９９％时的相位失配情况,并且在考虑光吸收情况下,数值模拟了几种高氘化率

DKDP晶体的大能量光参量放大(OPA)过程.结果表明,大于９０％氘化率的DKDP晶体在８００nm波段可实现宽

带OPCPA.
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１　Introduction
　Opticalparametricchirpedpulseamplification OPCPA pumpedbythesecondharmonicgeneration SHG of
Nd∶glasslasersispresentlythemostpromisingmethodtoproduceultraＧintensepulses ＞１０２３ W cm－２ thatcan
beusedtostudyextremerelativisticphenomena １ 敭Owingtothelargeapertureofpotassiumdihydrogenphosphate

０８１９０１Ｇ１



５３ ０８１９０１ ２０１６ 激光与光电子学进展 www敭opticsjournal敭net

 KDP andpotassiumdideuteriumphosphate DKDP  theVulcan１０PWlaserprojectinUKaimstocreatea
sourceof３０Ｇfslaserpulseswitha３００ＧJenergyandtheintensityupto１０２３ W cm－２basedonOPCPA敭Asimilar
project namedPEARLＧ１０ isbeingimplementedinRussiawiththeobjectiveofcreatingasourceof２０Ｇfslaser
pulseswithenergyexceeding２００Jandthemaximumintensityover１０２３W cm－２ ２Ｇ３ 敭Further theLLEinUSAis
developingahighＧenergyopticalparametricamplifierline OPAL pumpedbytheSHGofOMEGAEPwiththe
plannedfocalintensityupto１０２４W cm－２andthepeakpowerupto２００PW ４ 敭FortheabovepetawattＧlevellasers 
the９１０ＧnmcenteredsignalisselectedtobeamplifiedbecauseithasbeenshownthattheDKDPcanoffer１９０Ｇnm
gainbandwidthsaroundthiswavelength ５Ｇ６ 敭Meanwhile manyotherhighＧqualitycrystalssuchastheLBO BBO 
andYCOBhavebeenstudiedforopticalparametricamplification OPA  ７Ｇ１１ 敭WhencomparedwiththeDKDP 
thesethreetypesofnonlinearcrystalshavemuchhighernonlinearcoefficientsandbroadergainbandwidthsinthe
visibleandnearinfraredspectralranges敭
　Therefore weassumeanultraＧintenselaseramplificationchainbasedonOPCPAwhichusesLBO BBO or
YCOBcrystalsasthenonlineargainmedia andan８０８Ｇnmcenteredsignalisselected敭The８０８nmwavelength
correspondstothemaximumspectrumofouroscillator andtherearesomeadvantagestotheOPAusingsignals
near８００nm敭Comparedto９００Ｇnmcenteredsystems the８００Ｇnmcenteredsystemhasamoreconvenientsplitting
ratiobetweensignalandidlerphotonenergy敭Thiscouldleadtoahigherefficiencyinthe８００Ｇnmcenteredsystems敭
Further shorterpulsescanbeobtainedwiththesamewavelengthbandwidthwhenthecentralwavelengthis
shorter敭Meanwhile thecommercialTi∶sapphireoscillatorsareaquitestableandmaturefrontＧendtoprovide
ultraＧbroadband８０８Ｇnmcenteredsignals敭Astretcherwillbeusedaftertheoscillatortobroadenthepulsewidthof
thesignaltonanosecondsanditsenergywillsubsequentlybeamplifiedtohundredsofjoulesbytheOPAchain敭
However inrecentreportsofOPCPAexperiments １２Ｇ１３  thelargestsizesofLBOandYCOBcrystalsusedare
１００mmand６３mm respectively敭Consideringthesubstantiallossofthecompressor thedamagethresholdsof
nonlinearcrystalsandopticalelementfilmlayers thediametersofthemainOPAatthelaststageinsuchultraＧ
intenselaserfacilityneedtobelargerthanseveralhundredmillimeterstosupportultraＧshortpulsesofhundredsof
joules敭Underthiscondition thethreetypesofcrystalsarestillnotyetsuitableforthemainfinalOPA andthe
DKDPbecomesattractivefortheOPAofsuchsystems asitcanbegrowninsizeslargerthan４００mminaperture敭
Consideringthe gratingsizeofthecompressoranditsenergythresholdforthecurrenttechnology of
compression ４  a４５００ＧJoutputenergyofthefinalamplifierwith４００ＧmmDKDPcanbeappropriate andthelaser
pulsepeakpoweraftercompressionwillbe９０PW withapulsewidthof３０fs敭
　OurstudycontainsdetailedanalysisoftheutilizationofDKDPcrystalinOPAcenteredat８０８nm敭First we
analyzetheOPAparametricbandwidthbystudyingthewavevectormismatchinDKDPofdifferentdeuteration
levels敭Then wepresentanumericalsimulationoftypeIOPAbasedonDKDPcrystalandattempttoidentifythe
maximalgainbandwidthbymakingflexibleuseofthezerophasemismatchwavelength ZPMW 敭Inaddition the
absorptionintheinfrared IR regionforDKDPofdifferentdeuterationlevelsisanotherimportantfactorforthe
OPCPAefficiency １４  anditwillbestudiedinthiswork敭Allthetheoreticalanalysisandnumericalsimulations
refertothesignalpulseofcenterwavelengthat８０８nmfromaTi∶sapphireoscillatorandthepumppulseof
５２６敭５nmwavelengthfromtheSHGoftheNd∶glasslaser敭

２　Wavevectorsmismatchanalysisaround８０８nminDKDP

Fig敭１　SchematicsofTypeInoncollinearphaseＧmatchinggeometryinsidethecrystal

　WavevectormatchgeometryissignificantlyimportanttoOPAbecauseitaffectstheenergygainandbandwidth
oftheOPAspectrum敭FortheuniaxialnonlinearcrystalDKDP typeInoncollinearphaseＧmatchinggeometryis
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usedinouranalysis aspresentedinFig敭１敭θisthephaseＧmatchingangleofthepumprelativetotheopticalaxis敭
Thenoncollinearangleαbetweenthepumpwavevectorkpandthesignalwavevectorksiscompensatedbythe
pumpwalkＧoffangleρ敭βisthenoncollinearanglebetweenwavevectorksandidlerwavevectorki敭Thistypeof
phaseＧmatchinggeometryiscalledPoyntingvectorwalkＧoffcompensation whichresultsinlessasymmetryinthe
spatialbeamprofileandabetterstabilitygainduringtheOPCPAprocess １５ 敭
　BasedontheschematicshowninFig敭１andtheconservationofenergyandmomentum thewavevector
mismatchequationsproducedbythecrystalDKDPatdifferentdeuterationlevelsisderivedas
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wherethesubscriptso e p s andistandforordinarylight extraordinarylight pump signal andidler 
respectively敭Drepresentsthedeuterationlevel敭Equation １ considersonlytheparallelpartofthewavevector
mismatch敭Weconsiderthe matchinthesignalvectordirectionandneglectthegroupＧvelocity mismatch
 GVM  ８ 敭Itcanbeseenthattherefractiveindexofeachwavelengthinthecrystalisthekeyvariabletodetermine
thewavevectormismatchΔk敭ForDKDPcrystal accordingtoRef敭 ５  therefractiveindex whichdependson
thewavelengthanddeuterationlevel canbewrittenintheform
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wheren２o,e０．９６,λ( ) andn２o,e０,λ( ) aredefinedas
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Thespecificvaluesofeachcoefficientsarelistedinthefollowingtable．
Table１　Coefficientvalueofequation(４)

Deuteration Polarization A B C F E
D＝０ o ２．２５９２７６ １０．０８９５６２ １．２９４２６２５ １３．００５２２ ４００
D＝０ e ２．１３２６６８ ８．６３７４９４ １．２２８１０４３ ３．２２７９９２４ ４００
D＝０．９６ o ２．２４０９２１ ９．６７６３９３ １．５６２０１５３ ２．２４６９５６４ １２６．９２０６５９
D＝０．９６ e ２．１２６０１９ ８．５７８４０９ １．１９９１３２４ ０．７８４４０４３ １２３．４０３４０７

　Thevalidityofequation ３ hasbeenjustifiedinRef敭 ６ 敭Theirexperimentsshowagoodagreement
withsimulationsthatcontaintherefractiveindexequations ３ and ４ intheircodes敭
　ItshouldbenotedthatwecancalculatethephaseＧmatchingangleθinFig敭１bysolvingequations １ 
and ２  andtheresultisequation ５ 敭ThephaseＧmatchingangleequationthatwillbeusedthroughout
ourstudy敭
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　Thephasemismatchofeachwavelengthisfixedafterthewavevectormismatchhasbeenselected敭
Δφλs( )＝Δkλs( )×L, (６)

whereL constant isthecrystallength andthephasemismatchdiffersonlyfromthesignalwavelength敭
Thegainofcertainwavelengthswillbemuchsmaller droptozeroinasincfunction iftheirphase
mismatchΔφislargerthanπ ８  andneitherpumpdepletionnorinitialidlerbeamisassumedhere敭Wecan
definearegion Δkλ( ) ≤π Ltodescribetheparametricbandwidth undertheconditionthattheperfect
phasematchisachievedatthecenterwavelengthofthesignal敭Theparametricbandwidthcharacteristicsof
differentdeuterationlevelsDKDParepresentedinFig敭２whichshowsthecurvesofwavevectormismatch
againstthesignalwavelengthin３０Ｇmm DKDP ３０Ｇmmlongcrystalcorrespondingtothehighest
conversionefficiency 敭Thezerophase mismatch wavelengthhasbeensetat８０８nm thepump
wavelengthis５２６敭５nm andtheidlerwavelengthis１５１１敭２nm敭ThebluelinesinFigs敭２ a and b are
themismatchcurvesatvariousdeuterationlevelsof１０％~８０％ withnoncollinearanglesof０°and０敭５° 
respectively the０敭５°angleisselectedbecausethedistinctinfluenceofthenoncollinearangleonthe
parametricbandwidthbetweenlowandhighdeuterationlevelscanbeobviouslydistinguished 敭Whether
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thereisanoncollinearangleornot thesewavemismatchlinesvaryabruptlyaround８０８nm resultingin
alargemismatchinanarrowintervalbetween±π L敭Therefore theparametricbandwidthwillbeless
than２０nm敭AccordingtotheFouriertransformlaw theDKDPofdeuterationlevelsunder８０％doesnot
satisfythecompressionbandwidthrequirementsfortensoffemtoseconds fs 敭Nevertheless theresults
areimprovedwhenthedeuterationlevelishigherthan８５％敭Wecalculatethemismatchcurvesat
deuterationlevelsof８５％ ９０％ ９３％ ９６％ and９９％ andtherespectiveresultsareshowninFigs敭２ c 
and d 敭Apparently theintervalbetween±π Lismuchlargerthanthatobtainedatlowdeuteration
levels resultinginalargerparametricbandwidth敭Theresultsalsohighlighttheimportanceofthe
noncollinearangle敭WhencomparingFigs敭２ c and d  wefindthatwhileαincreasesto０敭５° thewave
vectormismatchcurverotatesclockwise centeredat８０８nm敭Thus bycontrollingthenoncollinearangle 
wecanmodulatethemismatch andtherefore thecurvewillbesymmetricatthecenterof８０８nmandthe
mismatchissmallforwavelengthsaround８０８nm敭Bothshortandlongwavelengthsobtainanequivalent
sufficientgainafteramplification whichisbeneficialtothetimewaveformofalinearchirpedsignalpulse
andthelargestgainbandwidth敭

Fig敭２　WavevectormismatchinDKDPcenteredat８０８nm敭 a Deuterationlevelsfrom１０％to８０％ 
noncollinearangleα＝０°  b deuterationlevelsfrom１０％to８０％ noncollinearangleα＝０敭５°  c deuteration

levelsfrom８５％to９９％ noncollinearangleα＝０°  d deuterationlevelsfrom８５％to９９％ noncollinearangleα＝０敭５°

　Actually thebestnoncollinearanglecorrespondstotheextremephaseＧmatchingcurve anditis
determinedbyspecificsituations suchastheamplifiedspectrumsimulationintheOPCPAprocesswhen
theabsorptionintheIRregionandthepumpdepletionareconsidered敭Therefore inordertogaugethe
maximumpossibleamplifiedspectrumbandwidthwiththebestnoncollinearangle weshouldsimulatethe
OPAprocessbysolvingthecoupledwaveequations敭

３　Spectrumamplificationanalysis
　Inmanyparameterdesignsofpetawattlasersystems theenergyofthefinalpulseisontheorderofhundredsof
joules andthepulsewidthcompressedistensoffemtosecondstorealizepetawattpower敭Forexample foran
ultraＧshorthighＧpowerOPCPAlaserwiththefinalpowerof５PW thesignalpulseshouldbeamplifiedto１５０J 
anda３０Ｇfspulsewidthisneeded敭Assumingthatthechirpratioofthecompressoris－２８ps nm a６０Ｇnm
amplifiedbandwidthsignalafterthefinalmainOPAwouldbesuitabletobecompressednear３０fs敭Basedonthe
aboveparametricbandwidthanalysis theOPAbandwidthoflowdeuterationlevelDKDPisclearlyunsatisfied敭
WhereasthebandwidthofhighＧdeuteratedDKDPispossible wenumericallysimulatethe８５％ ９０％ ９５％ and
９９％deuterationlevelsOPAbysolvingthefollowingcoupledwaveequations敭

∂As

∂z ＝－
jωsdeff
nsc

A∗
iApexp－jΔkz( )－asAs, (７)
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∂Ai
∂z ＝－

jωideff
nic

A∗
sApexp－jΔkz( )－aiAi, (８)

∂Ap

∂z ＝－
jωpdeff
npccos２ρ

AsAiexpjΔkz( )－apAp, (９)

whereA s i p isthepulseamplitude ω s i p istheangularfrequency deffrepresentstheeffectivenonlinear
coefficient cisthelightspeed andzisthepropagationdistance敭Thelastitemontherightsidereferstothe
absorptionofDKDP a s i p istheabsorptioncoefficient whichisrelativetodeuterationlevel wavelength and
transmission敭
　Thetransmittancedataofthe９５％deuterationlevelareshowninFig敭３ １４ 敭Signalandidlerbandscorresponding
tothe８０８nmcentralsignalwavelengtharemarkedoutbythedottedlines敭Theidlerwavelengthisintheplunging
areaoftransmittance whichindicatesastrongabsorptionintheDKDPcrystal敭AccordingtoRef敭 １４  the
increasingofdeuterationshiftsthewavelengthofthestrongabsorptionfurthertotheinfrared buttheidlerbandis
stillcoveredintherangefrom１３６２nmto１７２３nm pumpedat５２６敭５nm 敭Todescribethisrelationbetween
absorptionandtransmissionweusethefollowingequation敭

aλ,D( )＝－ lnTλ,D( )[ ]/２L０, (１０)
whereTrepresentsthetransmittanceofL０ １cm thickcrystal敭Asthetransmittancedataisavailableonlyforthe
９５％deuterationlevelDKDPandthetransmittancedifferencebetweenotherhighdeuterationlevels around９０％ 
shouldbeverysmall andweassumethatthedataareuniversallyvalidforallhighdeuteration suchas８５％ 
９０％ ９５％ and９９％敭

Fig敭３　Transmittanceofa１ＧcmthickDKDPcrystalfordifferentdeuterationlevels １４ 

　Equations ７Ｇ９ arethesimplifiedcoupledwaveequationsinwhichthewalkＧoffeffectinthespatialdomainand
theGVMinthetimedomainarenotconsidered敭Assumingthereisnospatialchirp thewalkＧoffeffectmakesno
differenceinthespectrumgainoftheOPAandtheGVMeffectcanbeneglectedfornanosecondpulsesOPA １６ 敭
Somenecessaryparametersfornumericalsimulationareasfollows theeffectivenonlinearcoefficientdeff＝
０敭３９sinθsin２φpm V whereθisthephaseＧmatchingangleandφistheazimuthalanglewhichisequalto４５°敭The
spatialprofilesoftheincidentsignalandpumpareboththetopＧhatshape thetemporalprofilesareboththefourth
superＧGaussianshape A t ＝exp t４ ２τ４０  andtheirfullwidthsathalfmaximum FWHMs are２nsand２敭２
ns respectively敭Certainly theincidentsignalisabroadbandpulsewitha２０ＧfspulsewidthfromtheTi∶sapphire
oscillator thenthesignalpulsewidthisstretcheredto２nsduetothelinearchirp chirprate２８ps nm fromthe
stretcher andthecorrespondingFWHMofthesignalbandwidthis７２nm敭Theintensitiesoftheincident８０８Ｇnm
signalpulseandthe５２６敭５Ｇnmpumppulsearesetasthefollowingcalculation敭ToobtainamultiＧpetawattlaser
pulse e敭g敭 ３０fs １５０J thesignalenergybeforecompressorisabout２５０J ６０％ diffractionefficiencyin
compressor andtheenergybeforethefinalamplificationis２５J敭Theintensityfora１２５mm×１２５mmaperture 
２Ｇnspulsewidthsignalisabout０敭０８GW cm２敭IftheOPAconversionefficiencyis３５％ thepumpenergywould
be７００J andtheintensityfora１２５mm×１２５mmaperture ２敭２Ｇnspulsewidthpumppulseisabout２GW cm２敭
　TheimpactofabsorptionontheOPAconversionefficiencyforthecompletesignalspectruminthe９５％
deuterationlevelDKDPisanalyzedandpresentedinFig敭４敭Theconversionefficiencyisdefinedastheratio
betweentheamplifiedsignalpulseenergyandalloftheincidentpulsesenergy敭Thedottedlineshowsalittledecline
inconversionefficiencyastheabsorptionisconsidered buttheOPAsaturationlengthextendsto３５mm where
thelargestconversionefficiencyreaches５０％敭Itindicatesthatthepumpenergycanbeconvertedtosignalpulse
effectivelyina３５ＧmmlongDKDPcrystal evenifthereisastrongidlerabsorptioninthecrystal敭Asfortheother
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highdeuterationlevelsDKDP theimpactofabsorptionontheOPAisalmostthesame敭Therefore theamplified
spectrumwillbesimulatedina３５ＧmmlongDKDPforfourdeuterationlevelsundertheconsiderationofabsorption敭
　Fig敭５showsthesimulationresultsofamplifiedspectrumbandwidthFWHMatdeuterationlevelsof８５％ 
９０％ ９５％ and９９％敭ThephaseＧmatchingangleθissettoperfectlymatchthesignalcenterwavelength８０８nm
foreachnoncollinearangleanddeuteration敭Therearefourbestnoncollinearanglestomaximizetheamplified
bandwidthFWHMs whichare６２nm ８５％ ０°  ６３nm ９０％ ０敭４４°  ６３nm ９５％ ０敭６２°  and６４nm
 ９９％ ０敭７４° 敭Theseangleshavealreadysatisfiedthe３０Ｇfscompressionbandwidthrequirement敭However the
differenceofthelargestFWHMbetweenthesefourdeuterationlevelsisverysmall whichindicatesthatincreasing
thedeuterationleveltomorethan９０％doesnotsignificantlyimprovethebandwidthinthis８０８ＧnmphaseＧmatching
case evenifthenoncollinearphaseＧmatchinggeometryisused敭ComparedtotheFWHMoftheincidentsignal
bandwidth ７２nm  theFWHMofamplifiedspectrumbandwidthdecreasesforallthefourdeuterationlevels敭
Thisisbecausethephasemismatchofthewavelengthsattheedgeofthespectrumincreasesheavilyandthey
cannotextractenergyfromthepumpefficiently敭Ifthereisamethodtodecreasethephasemismatchofthese
wavelengths thebandwidthoftheamplifiedspectrumcanbeincreased敭Inaddition asthissimulationisspecificto
theenergyamplificationofOPAstage theincidentenergyofthesignalcanbetensofjoules andthetotalsignal
gainafteramplificationisabout１６forallthefourdeuterationcases敭

Fig敭４　Conversionefficiencywithandwithout
absorptionintheOPAprocesswiththe９５％

deuterationlevelDKDP

Fig敭５　FWHMofspectrumbandwidthversusnoncollinear
angleatfourdifferentdeuterationlevels 

ZPMWis８０８nm

　ByinspectingFigs敭２ c and d  weapproximatethephaseＧmatchingcurveofthe９９％deuterationleveltoa
parabolainthevicinityoftheextreme andfordifferentnoncollinearanglesα thecurveshapewouldnotchange
significantly敭ThiskindofphaseＧmatchingcurvewillalwayshavetwointersectionswiththezeromismatchline敭
TherearepossibilitiesthatamuchlargerbandwidthcanbeobtainedwhenweadjusttheZPMWtoashorter
wavelengthwhilethezerophasemismatchisatalongerwavelength andalargerbandwidthcanbeobtained
becausethephasemismatchofthosewavelengthsaroundthetwointersectionsissmall敭However thegainaround
８０８nmwillbegreatlyreducedifthephasemismatchistoobigunderthismatchgeometry敭Therefore taking
advantageofthenoncollinearOPAgeometryisnecessarytomakesomecompensation敭Fig敭６illustratesthe
FWHMofspectrumbandwidthatvariousnoncollinearanglesfordifferentZPMWsof７７８nm ７８８nm and
７９８nm andtheseOPAbandwidthsimulationsarespecifictothe９９％ deuterationlevelDKDP敭Thelargest
FWHMhasreached８０nmwhentheZPMWisadjustedto７７８nmandthenoncollinearangleis０敭７°敭However 
thespectruminFig敭７ a showsthattheenergygainof８０８nmissmall about６ duetothelargephasemismatch
underthisphaseＧmatchingcondition whichwilldeterioratethetemporalprofileoftheoutputsignal敭Therefore 
somebetterphaseＧmatchingsettingsareshowninFigs敭７ b and c  withthetotalgainofsignalabout１５for
bothcases敭ItisnoteworthythattherearesomerestrictionsbroughtbythephaseＧmatchingcure敭First thezero
phasemismatchwavelengthshouldnotbetooshortfromtheincidentsignalspectrumcentralwavelength８０８nm敭
Itisnotpossibletoobtainenoughgainandbroadbandwidthsimultaneously敭Figs敭７ a and d presentthis
contradiction敭Second settingthezerophasemismatchwavelengthlongerthan８０８nmisuselessinthismethod敭
Asfarasweareconcerned wavelengthsbetween７７８nmand７９０nmareallappropriate andfordifferent
wavelengths theadaptivenoncollinearangleshouldchangeaswell敭Themostimportantthingisthatthehigher
deuterationlevelis thebroaderthewavelengthadjustmentrangeis whichisalsothereasonwhyweusethe９９％
deuterationlevelDKDPhere敭
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Fig敭６　FWHMofspectrumbandwidthversusnoncollinearangleafteradjustingtheZPMWsto７７８nm ７８８nm and７９８nm

Fig敭７　AmplifiedsignalspectrawithdifferentnoncollinearanglesafteradjustingtheZPMWs
to７６８nm ７７８nm and７８８nm敭Thedottedblacklineistheincidentsignal

spectrum bluelineistheamplifiedspectrum andtheredlineisthephaseＧmatchingcurve

　Finally wecalculatethecompressionofamplifiedsignalpulseinFigs敭７ a   b  and c 敭Theresultsin
Fig敭８showthatthespectrumoftheFWHMcanfulfillthecompressionnear２０fs敭

Fig敭８　Compressionofamplifiedsignalpulse敭 a InFig敭７ a   b inFig敭７ b   c inFig敭７ c 

４　Conclusion
　AnultraＧintense ultraＧshortlaseramplificationchainbasedonOPCPAisproposedwitha８０８Ｇnmcentered
signalanda５２６敭５ＧnmpumpedfromSHGofNd∶glasslaser敭AconsiderablymatureandstableTi∶sapphirefrontＧ
endoscillatorcanbeusedtoprovideanultraＧbroadband８０８Ｇnmcenteredsignalseed敭TheLBO YCOB orBBO
crystalscanbeusedintheOPCPAwithaperturesmallerthan１００mm敭However astheenergyisincreasedinthe
mainOPA theapertureofthecrystalneedstobeincreasedtopreventdamage limitingthechoiceofavailable
crystals敭Therefore theDKDPisanalyzedbecauseitssizecanbegrowntoseveralhundredmillimeters敭
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　ThenonlinearpropertiesofDKDPcrystalarehighlysensitivetothedegreeofdeuteration敭Fromthestudyofthe
phaseＧmatchingcurves theparametricbandwidthissmallerthan２０nmwhenthedeuterationlevelofDKDPis
inferiorto８５％敭Thiscannotbeusedasthebroadbandwidth８０８ＧnmcenteredOPAnonlinearcrystalinthelast
amplificationstageofpetawattlasersystems敭Theresultsareimprovedwhenthedeuterationlevelishigherthan
８５％ astheparametricbandwidthcanbelargerthan７０nmwhenweadjustthenoncollinearangleaccordingto
Figs敭２ c and d 敭
　Meanwhile theamplifiedsignalspectrumfromthemainOPAisnumericallysimulatedwiththeconsiderationof
absorption敭TheimpactofabsorptionontheconversionefficiencyissmallinourOPAstructure敭Thedecreasein
conversionefficiencycanberecoveredwhenwelengthenthecrystal敭Thewidestamplifiedspectrumbandwidthfor
differentdeuterationlevelsisobtainedwiththebestnoncollinearangleandtheZPMWissetto８０８nm敭Thelargest
bandwidthis６６nmwhenthenoncollinearangleisadjustedto０敭７６°inthe９９％deuteratedlevelDKDP whichis
smallerthanthatoftheincidentsignalspectrum敭Toobtainalargerbandwidth wemovetheZPMWtoashorter
wavelength suchas７７８nmZPMWand７８８nmZPMW敭Thelargestbandwidthhasreached８１nmatthe７７８nm
ZPMWcasewiththenoncollinearangleof０敭６４°敭Forabetteramplifiedspectrumshapethathasenoughenergy
gain the７７８nmZPMWwiththenoncollinearangleof０敭５８°andthe７８８nmZPMWwiththenoncollinearangleof
０敭６６°shouldberecommended敭
　Inconclusion DKDPcrystalofthedeuterationlevelhigherthan９０％canprovidebroadgainbandwidthand
enoughgaintosupportthefinallargeＧapertureopticalparametricchirpedpulseamplificationsystemscenteredat
８０８nm敭
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