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•!> is larger (hau '/', ihc ordert. will lic tmmtcd ;is positive, Ihc secnnd cirdcr öl' hall

llic wnvelenjUh is dillracled in llic virnc diimiuri äs thc iiüiniuul wavcleiiglh aml llius

this lighl is very ollen relerred 10 äs sccond order. In imlcr 1o distinpuish it morc

clcarly froni ihc sixruul dillYauion oriier of thc nominal wavcknglh it will hcrc hc

cullctl sccond harmonjc.

Thc iirsi aspcri drals with ihe icnprnciiy thcorcm. lhai has not hccn widcly

rcL(igni/cd fbr dilhaiiion prannp jpplicuitons in ihc sott x-ray rcyion. U moans thal

dcicclor and souice r, in hc [:xch;iii(;cil in a inc;isiirin^ dcvuiL- and llic df.ioclai

cdlcicuc)' will rcniiiin 1ln- sä tue. Maysiru and M cl1 heil TU n [ S | havc sliown iheorcticaüy

lhai, indc|>etnlciil öl' JIKIUVC pmiili- and couting öl" llic graiin^, (his llicorcm is

gcncrally valid |-ig l illustnilcs this sHualton. Kcccnlly ihe vulidity of this theorein

lor thc staticrcil light Irom plane imrrors was nndcr disuiusion |'4j. Die niosr

succcssful efltcicncy fakulalion pmcctlurcs ul prcscnl, thc integral inclhod and Ihu

dilTcrcntijl mclhod nl tlie cxjitl tk-ticniiiiipticlk: ihcciiy [7|, hoth [iillill ihis iherncm

ii(i lo sevcral dijiitv a f tc r ihc ilci:iin;il poinl | .SJ. Thc lirst aticinpls | 10,1 1 1 lo cakulnlc

Ihc clftLicncy in llic soll \v te^itnc lor pf;ixmg inuidcriL-c \viiti a .sciilar ilicoiy k;itl

lo formulas thai ohvnuish du nut (itnerall)' inclutiu Uns thcorcm l.ukirskii and

Savinov [ M J \\u\u iilrc:id> nhi^rvctl anil nicntiiincd tompsiralilc ellicicntits in hla/c

maxima Tor situations whcrc; thi: rcciprutiiy ilicorcm wcuild hc appliciihlc, hui thcy

cuuld not satislattorily c\pUnn ihis ohscrvation will» ihc ikrivcd fbrmulas,

Rascd on ihc rcciprotily theotcm, Mavstrc and l'ctil |'12| dcrivcü iniuitivcly, with

gcomctrical aignmcnis. thu rollnwiny Ibiniula Tor thc caknlalimi öl ihc cilicicnty in

ihc hlü/c inaxiinuni IMÜC. In ihis umilipuralion ihc (irKt ordci is rellccicd al thc groovc,

cnnsvijuciilly onc wonld txpotl llic cllidcncy in tlic noiivignciung conli^uialiiin {l'ig

la) In he ct|iiiil lu ihc rcHiH-iiiin cocllii'iciu fbr ihc grunvc /(((/>*). whcic 0" is ihc an^lc

of glii/Jn); inciilcnci- tmlo ihc pmovc Intel (scc l'ig 6). In llic rcvcrseil oikntution (l'iu

Ih) liiere is ohvinuilj imcnsiiy lost in ihc valleys öl'thc sawtooth prolilc. 'l lins ihc

nonvigriclting streu is prupuiiiunsil to - — - , so ihai with geomcuical argmncins thc

cllicicncy eaM would he cxpceted lo hc

*'*** ~~ Ä(0 )" - ~. •
ÄAr ' .«H0

H (hc rcciprncity thcurcm is valid, ihc cfliuicridcs in thc two oiicniations ul Hg l

arc idcntkal. Then Ibr hla/.c maximum they can hc cakulatcd wilh ihc lurmulii (12]
, sintf> sind

, .̂  tstttt \f - - - \ 11

wherc ininf --.- 7-, 7 ) is alwuys snwllcr ihan 1. l'hi«. Ibrnmla is in very cood
xunfi .iimli

agrccmctil wilh ihc c>Lact L-akulalions (12|. So ohvionslv, cvcn lor ihe nomi^iitlting

, thc cDicicncy in hb/.c iiiuximuin can hc si^mficanlly stnaller than thc

rcllcciion cocllicii'ni.

1. LXriiRIMl-NTAL

Thc dulii picscnlcd hcrc dcal wilh only onc pdianicier sei lor a |i);inc (irüling whosc

groovc prolilc was hulographieally rccorded and iun-cichctl mto a t|U;irt/ suhstraic

(iiiaiuilaclnrcr ASTKON), Thcsi; paramctcrs. i.e. 121111 lincs'min, hla/c iinglc 1.5° and

gold ooaiing, ;irc rrcqiicntly choscn and in thc soll x-ray repion ihcy urc nsnally uscd

al gra/ing incidencc lo monochrornati/c tlie shoitcsi wiivulcngilis. No diita \vill ilms

hc picscntcd ibr normal incidcncc wlicre thc cxpcctcd L-lliciciKy can slill hc dt n v cd

(Vom universal clliticnty turvcs | II]. Rcporicd licrc will hu rl[!uriicicis lhai havc liecn

incasnrcd al ^ra/ing inddencc Ibr wavclcnglhs hctwci-n I and 2H mit. 1'lic data wcrc

collcctcd in thc classical oiicnlaiiun, i.p. wilh Ihc giuovcs piTpciidicnlar i» ihc plane

öl incidcnce, and wilh ihe neiirly lincarly polan/cd clcnrk veclor /; pcrpcmhculitr lo

this plane. Tim Situation is usually rclcrred lo äs s-polari/ation OT 'IT niodc and il

is llic oiicmaüon always »seil Ibr grating monodirominurs at Synchrotron radiation

soiirccs.

Ihis invcslif-ation was caincil mH al liciintliitc (il at I IASYIA» ivhich is supplicd

with syiii'lmmmi nidiiitiun hy ihc sioragc nng DOIUS | l ' t j - Ihe Instruments, i.e. ihc

lillV-relleaiimiMer [ I.S| and ihc monothroniaioi lUiMHI T Bl:l: l ld,17], arc



dcscribcd in grcal dctail clsuwlicic. lim cxpcrimcnlal dclnils arc givcii iii rcl. [<>~\. l;or

tlic prcsctit diita il shull onl\c mcmioned thut inost of thc expcrimcnls wcrc

pcrfonned hy mtating » dcimor arnuml thc graiing sei 10 a lixcd angle of gra/ing

iiieidcncc. Ihc cloccior t:;m ;ilso follmv ;i spcdfic diil'raUion order in a stau versus

ihe angle öl gta/inp inculcnrc. Thc si/c öl tlic dclcctor apcrmrc was choscit so lliai

ncilhci hcarn hioiidcmiig aller ilic dill'iaciioii nor overlapping öl dillcicm urders havc

lo lic deuonvoluled (Vom thc mcasurcd daüi, Seamd onlcr conlcnt und siniy lijiht in

thc monndiromaiUed lipln niuki1 up al most 2"« öl'thc signal [17], lisually ilic daia

coiild he corrcficd lor thc snny li^hi L'onicnl, so sysiemaiic cirois urc sinallcr tlian

2%. llvncc cnor hars wniikl usually !invc lo he smullcr lhati the plottcrd points ;iiw!

ihus, Ibr ;i clcarcr rcpicscntalion, Uiey arc always omilicJ.

3.1. Till; RlJCirROCITY TIII:ORI:M

'Ihc validity of lliis thcorcm f'nr a j,|iei:ilic Situation, the hla/c niaxiniiim txindiiioii at

A - l« iini, is dcinoiiMriiK-'d in l'ifj 2, \viierc ihe iiiicnsity ilistrihiilion aller dtllr^ciion

ut (hc grating in Ihc lu'ti oricrntalions öl l'ig l is shown. Thc dalii a tc |)loiiL-d \crsns

tlic dcficciioii angle (tj< ' i//} ut ihe grjUtng, so we find thc t wo corrcspniuiing

dilTraction Orders - i.e. thc (irsi ]>ositivc in thc Standard umili^uraiion and the lirst

negative in ihe rcvcrsed onc - ;il thc saine anguliii position. An cllk'icncy öl

appruximLitcly 31.2% wüs nicusurcd in hol h oricnlations.

A sysIciTiatic investig.'ilioii o i this iliuorcin ha s not liecn picsctttcd unti! nuw, ticncc

in l;ig 3 Ihc validily of lliis thcorcm is shown motc gcncrally Ibr thc diflraclion

ellitiEiicies into ihe sccond ordcrs at j-|U tu». Ihe detisivc pariinieler is ilic

dcflcction angle (</> l ^/) m thc praimg, so all valucs measiircil lor l>oth oricntutions

are plottcd versus tlm paranictcr. Wc musl alwiiys tioinparc a positive ordcr wiih a

negative one. 'Ihc lact that coirir^pnndiiin; data can hc iqucscnicc.) vcry well hy a

single curvc supports Ihc validily öl' Lhe rctipiocily theorein. (."üinparahly griod

agrcctncnt was l'ound for all investigatcit wavclciigthü, ivirlnnii any extcplion, for up

lo thc ihird ordcrs.

It is also intcrcsting lu Lcsl lliis theorem with thc /crolh ordci. Ihcsc dala incasurcd

in hnth oricniations äs a liincliun of thc angle öl' gra/in^ ii)cidi:iicc </' arc prcscnled

m I7ig 4 für 2 wuvclcngths. Dcspitc thc Tuet ihm thc h]:i/cd ^niiiiic pruiile is not

sytiinicitical wiih [es]iccl to thc normal ontu Lhe surlatc, Ihc eHu;icin.ii;f agrte vcr)'

well with cach othcr. Olivioiisly ihe rctiprncity ihcorcm is valid lor thc solt K-ray

rügiun (or Lhc paraincicr hivL-stigatcd hcrc. llencc, starting al ihis point, all the olhcr

ilala will orily bc given Tor (hc nonvigiicltiiig conliguralum that is usuaMy clioscn in

hlu/cd grating niounts. Simple gcometricat calciilalions allow corj\trsion of Ihc anwies

lo thc oila-r orientalion.

3.2 IH.AXH MAXIMUM

An inipoiianl conliguratiun Ibr Na/cd gratinps is ilic hla/e in;i^imtnn urientalioii

whcrc Ihe first ilifFracliun ordcr, and conscmientty ull higher hannonics. nie rcflecled

at tlic groovcs. Thc monothromators dcscrihed hy Dirtiii-h an<l Kun/ | !KJ, Ihinlcr

et al fl')| and lark el al [ 16 ] arc espetially dcMguctl lo mitiniiiin ihis bla/e maxiinum

condition wliilc scanning Ihc \vavclenglh.

Ihc lirsi onlcr cflkicncy daUi lor this condition in the slandard oricntutiun arc

picscntcd in l ig 5. In ordcr to lesi the applicahility of fojmiila ||), thcse il.Ha were

dividcd hy thc icllcciiviiy K(ff>') cakulatcd for ihe atiglc a( gm/ing incidtnire <fi" onto

thc gioovcs. Iresncl ci|iiaiions wcic used in tionihinalion iviih ihe iiiniiiiL scaticring

liiciors tahulitlcd hy l lenke cl al [211]. Aller a ftirlher division hy ihe gcuinclrical
sini/> suult

faL'toi rniirf --.-—-,-:--;- l, \\ic. rcsnlts aie plollcd in l-ig (t. If Ibnnula III is valid
.t(fll/l MHfy

all data sliotik) not signilicaiilly dcvialc from unity. Tliis is ohvionsly truc lor Ihc

tlicorcticiil rcsults lluti werc ohiaincd from cakulaiions Willi Ihc «lillcrenlial nicthod

[fi.2l]. l'hi' cxpcriinunliil data Icail to smaller ratios. f -or ^ nm •;, \ 10 nm,
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Hg 7 lo he ri-adicd, ihcn, fiependem on ihc expcnmail. citlicr flux or sccond

harmnnic supprcs.sion tau he npiinii/cd Tor cvcry vvavclcngiti. Uns is fulfillcd in ihc

plane graling innnodiromaiois dcsuihcd by Dicdidi und Kinv, [18] , l'ciciscn und

Haunipärtcl |2.1J, llnma ci al | t1»], and .laik et al j ld | . In o nie r 10 kccp tlic

dirccltons öl tht: incideul and ilic c\ii hcam lixcd, (hcsc modoclmuiiiilors iilways need

al Icasl 2 oplk.il cnmpoiicnts (hat liavc to bc scannet! löget her- The bla/e muxiimun

curvc li in l ig 7, lor examplc, is also a woiking curvc for nnc of diese

inoime:himiiiili>rs j H», 17] (or siinullancniis roialiom n]' ihe giaiing and a prcmirror.

It Icads Ki high llux wilde ihe fccoiul h<irnioiucs ;irc well "iiipprusscd loi A -> A nin.

All t hose tlcsigns lliiH n^c a üxcil tlejtcctkin angle f ;it tlic Drilling and Scan thc

wavclcnglli l'v rmatiiip ji^l lliis srülinE. rcsult in working curvcs iliat inicrscci (hc

angle axis al - ;iiul lln: wavolcnglli axis at ihn luiri/nn wavdenglh Ah -- 2eis\u( -r- ),

whcre d is tlic gratinp consiani. Thc curves a in l:ig 7 rcprcscr» lliis kind nl'working

curvc for a KiM (iwroidai graiing nioiiocliroinalor) (2] witli 0 ~ S". It is inlcrcsting

to noic Iltfii ilic pliolon llux curvcs, cspecially for 1201) lincs/tnm and 18fH> lincs/irnn

gratings [2], agrcc well wilh Hg 7, 'l'liis dcsiyn will Ums hc bricfly discnsscd hcrc.

Tor rliis niDiincliroiiiiUiii conccpt ilie slil widlh liiniied rcsoluiiun for a givcn

wavclength wnrvcn-i «'illi duticiising gronvc density t)n Iht; ollicr liantl, a largc tuniitg

ränge requircs a Mindl froove ilcnsily, so (hat, in ordcr to eilend ilic inning ränge

10 longcr wavtlengUis, rcsuluiton hau to hc saciificed As a toinproiitisc, usiKilly

sevcral gra(in}<s will nc nsed \vith Ihc samc tlellcclion angle. liiSL'iissing tlic working

curvcs a IVoiu l '"ig 7 with Hg 4 rnakcs ihe higgcsl prohlein wiih chis tksign obvious:

all 3 curvcs cross ihc aica vsiih sinall second harmonic supprcs^ion powcr.

Working tiirvc1; wilh opposiic slopt pnhlishcd hy Howclls [2-1J (Vu a spccial plunc

grutirig (tcsign secin 10 leail 10 heiter working ilata. Ihn t Ins dcsign ntünochroniiili/us

in ihe icvcrsc<l oritntalion ainl can llius noi hc discusscd wilh Hg 7. Itownver, ih«

rcnprocity [henri-.ni allows Mnute am! tlctector fi.e. exil slilf lo he cxchanged in this

dcsign, am) ihc conveitcd \vorking curvcs arc vciy siniihir U) ihe I'(5M uun:cs a in

Hg 7. On (he otticr hand, ihis design. äs \vcll us ihe Fl HTIiR inonoclirotnator

[2.1iJ. ovcrtomc ihe limiicd tuning tapability by nsiug additionul L-omponcnis in ihe

instruineni lhal allow tlic n.ic öl didcrein dcili^-iion anglcs al thc graling. Whilc in

ihc lfUIM'l:R sevcral cxchangcahlc prcniirrnrs with ilifltrcin dcflcction anglcs arc

instülled in f'iont of Ihe graling. both insimnicnls usc l'ocusüin^ oll-axis parahuloids

hchind ihc grating. l'igiin: crrors in (his laut asphcncat cornponent do not yct alluw

Ihc ihcorclical rcsoluiioti lo hc achicved whcn thc nitnplctc niirror is illnminiUCil.

Sinall ;iro,is on ihc parahukml ul' ihc I'I.II'I'HK ;ne idc.illy shaped, so by rcducing Ihc

acccptancc öl " this nionochioinainr thc ihcorcikal icsolution liinit can hc rcached »'ilh

signilicant Insirs in pholon llux (26"J.

Turlher cxuinplcs of insirunienls using dillcrcnt ttcltcclinn anglcs are thc 'i(iM design

|2| ahcady iliscu.ssed, thnl is a comhinaiiuii o(' iw» 'KIM inonochromalors, and (hc

HM'U.ST f27], whcre ihc grasshopper dcsign ("2S"] is modilicd so (hat 4 scjiarate

griitings t:;Jn hc uscd wilh dilTcrcnl dcflcction üdgles.

In ordcr lu aehicvc ihe vcry sniall fignrc cirois nccessaiy lor high rcsolnticn, icccnl

dcvclopincnts lead lo dcsigns very sirnilar lo thc KIMs hut nving splicrital grutings

13,41, bctjuisc ihis scll-ftntrating siirfuc« tun bc polished vcry closc to thc ideal shape,

with lignrc crrors öl" Icss t hau l arc sccond, piinr to gmove ctching. Itascd on thcsc

graiings, l vvani lo propnse a ilesign thai uliows hij;li resolut 1011 xvhilc il is optimi/cd

also Tor high llux ovcr a largcr luning ränge and L-an be opijmi/cil Tor good

snpprcssion of higher lunnonics. 'l'hc design idua is prcscnlcd in l;ig H), it combincs

(hc ordcr sorting prcmirror configuration öl Ihe l'l.H'l'lilt {25} sviih the S(iM

(sjiliciita) giaiing tiHituichroinaior) concepl (il can a.s well hc uscd in 'l'(JMs). In this

design dillcrcnt dclleciion anglcs at ihc graling t;in he reali/ed in a cunfiguratinn wilh

Eixcd eiutariLe and exil diiccnon. Mit additionat pkine iimrors (hai will dctcrminc ihc

dellcciinn angle al ihe gialing havc to Ix: plair.d licnvc-cn (hc (wo slits. These slits



havc ümilrtl iravd along Ih r hcnni diicction und in ordcr ly usc a ntnnbcr öl' mirmrs

in conjuntlion with ihi-m wc have 10 usc ihc approprialc nutii nf ciirvaiurc Ibr Um

graiiiigs. These radii dianpi: w i l l i ilic dcllcction angle, so iliis dcsign icquires ;ts inuuy

gratings willi di l lurem mdii ;is mirnirs. Whilc tlic yrouvc ilensily usually is varicd, here

grouvc densi ty :unl Na/c midi1 01 yroove deplh - tan hc ihe same Tor iill gratings

(c.g. 12(Mt fmcs.mm). In .u l i l i tmn lo llic l igmc cnors öl ihc gniling, now ihc figure

crrors of lim pliim: mirrors wil l :ils<i incrtaKc llic si/c ot ihc müiu>cliroi)i;iiic iuugu in

Ihc slit and linier irihiio Ihc resitlving ptuver. In ordor in kccp Hie t tmlr i lnnion of

llicsu a i l t l i i ioni i l inirrois sinall. thc\c lo bc vcry clttsc lo llit e x i l slil, Tlicy um

hc itistülk'd ridicr in Ironl dl ili<: ^raüng 01 bchind it. 1'in high resolmiun, ttic last

cunli^iKiiliun ha s lo In- d.oscn, wliilc, to prolccl tlic sensitive grating surfacc froin

heut lo;id inul couianuriaüoii, oiif woulcl raiher pul tlicin in l'runi D! thc pruüug- l he

im:ral) Icnplli of lliosc niirrurs wnnlit hc cumparalile wiih llic gnuing ilimensioris o r

cven shonci. Su lins t:uiu:rpl i:ould lic icali/cd in a i'Uiitpacl insituinciu. lhal Will

he Ciisy lo operativ

l 'urlhcrinorc. Ihis ilcsi^i) ul lcis unnilici nitc fciiiurc. In casc ihai onc of tlic gf^ i

is usL-d with ihc «Tonfi" inirior li-itding (o a dcllcc-iinn stnplc thal is l^Tgcr tlian (hat

willi ihe "rigln nur ru r , t l ic I D L U S will still lic on tlic Kowland circlc |2'>|. Itui now

ihc uptiiiKil lÜMaiicc cn t i i i i iL-e slit - cxit slit is incrcasctl conipurcil to tlic "right"

ctinihiiiiition. so wi ih tlii: enlrantc slit pnsiüon kcpt, llic »cw tnoiiut-hrotnatic lotus

is lurlliur aw:u IVoin ihr ^Mii i ig . M tlic ongiiiül slil is now upi^iicd or rcniovcil, a

sccond slil c.iii bc insiiillcil al ihc nciv fntus posiiion, a iu l ilius anollicr «xpcriincntal

chainber lielund ihc tirst cnukl alicrnaiivcly bc supplicd willi inonudii «nialk light.

'l Ins woiiKI allow iwo didt-rciii cxptrinicnlal staiions 10 hc pcnnancntly inslallcd aller

lliis insiriimcnt.

A. CONCMISION

-12-

1t is ülimvn, Uial for a dilfraction geling in ihc tlassicsij orifi i tation, ihc rcciprocily

thccirem is valid in Lhc soll x-my rcgion up lo at Icast ihc iliiril difliacuoii ordcr.

(!onsc(|ucntly, dctcctor and sourcc tan he cxchiin^uJ aiul thc i:[Hcienty rcnmins

unchangod. Dascil «in llic validity of tliis thcoium a siinpk kirnnil.i l i> r Ihc calcdlaiion

öl" llic cf]iciciu:y in hla/i: inaxiinum can in iu i l ivc ly lic ilcriml ' I h i s lonnula is in good

agrccincnt wiih ihc cxaci (jaknlaiions, hui n ovcrcsiiinaics ihc dlicicnty of ihc

invcsligalcd graling für ^ > 3 um eonsislently hv aboul .\5"u. 1-or shortcr

Wiivelen^ths, ihe qnali iy o)' llic uppcr cdge of ihc sinvioolti pinfik1 s larts lu adccl llic

cfliciciicy. Ihc murc LI mm-idcal cttgc contrilnitcs lo ihc mial ill i i i iniiii lcd Icngili of

ihc groovcs, ihc innre l l ic cFlicicncy is rcthiLcd ctiniparcd to l l i n t csiimatcd with ihc

simple forinnlii ( l | . lly »sing ihc isocdicicncy ttiixcs dcrivi;il du th is graünj; for Ihc

(irst and sccond dilfractinn Orders, prolikin.'ilic workinj; icgions of s o nie

monochromalor clesigns arc puintcd oui, Tims, a ntw concrpi is prescnicd ihai

cornhincs the S(iM dcsign wiih thc ordcr sonnig nurrors öl" ihn FUIM'ÜK

iiionodirijin.ilor. 'fhis insiruincni will allow hipli resul tumn, \ s ln l c i t L U I I additionally

hc opiimi/cd ovei a biger u'üvdcngth ränge for In^ l i llux .'ind gond higher hannoiiu'

suppression.
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i iciuiu; CAPMONS

l;ig. 1) Angle convcntion lor ihe pinscii! sludy:

(a) Standard coiiligiiriniori

(h) rcversal orinitaiion.

l l i c s i lua i inn \iherc llif rcciprociiy thcorcm should hc valid is sliown.

I;ig. 2) hiicnsily dislr i luiuon öl 'mnnochromatic l ighl \viih witvckngih X - 10 nm aller

dillracliiHi ai ihc praii im in bla/c inaximum Ibr ihe two eoniiguralions shown

in l'"ig 1. Arnuvs pciint lo ihe orders thai shonld l i i l l i l l llic rcciprociiy ihcorcrn,

whik iiiinilicrs indiraie ihe Order numbcrs.

!ric. D (iraiini; eUkicncies e mcasiirctl Tor llic sccond orders vcisus ihu- deÜcclion
b u

anelc (i/> l i />) ai ihe grating Ibr llie nvo coiili^nriiiions of l-'ig 1.

l'ig. 4)

in l-'ig 1:

(;t) sliindard

iMcnfits inoasurci! lor tlit /crnth otders versus thc itngle o('gra/ing

)or l wjivt lungt l is . Small letlcrs rclcr lo llic cri i i l iEi iral inns sliown

and (h) rcvcrscd oricnuition.

l''ig. 5) (iriiiinp cIIiciciiLics rnc;i.siircd Tor ihe firsl pusitive nrdcrs in hla/c maximum

in llic uniul.ml Lnitligiirit t ioit versus wavclcnglh: coinparison öl ihc mcasxircil

valucs with Ihu ta lüi i la l ions using ihc ilifTcrciuial rnclhod |5] »T llic exacl

f>) (iratiny; clliuicncics Ironi l'ig S divided hy lunnulu [ l ( : coinparison hctwccit

thc muastircnicnls uiul t l ic ciilcnlaUüiis für

(u) Ihc Tirsi d i l l r ; i i : l ion oidi;r

(h) llie second l i idiaclmn otiler.

T ig. 7) "tiraliug cllicicncy map" according tu l'ctcrsni |22] fnr Uic gralitig

invcsligalcd: ploi oi ' lhe posiiion öl nummnm i-llkinicy c and öl' ihc two
• l, mal

half [iiiixiiniiin poMtinns ~^~~ againsl wavckngil i . Snwll Ictu-rs iiulicatc

(a) workinp ciirvc Ibr a T(iM inanocnrmniiu« | 2 | wj i l i K" defltclion angle und

graiings with I«(K) lincs.'nini, I2(K) liiicv'imit and H < M ) lmes:nim (kl't 10 riglu).

(V>) hla/c maximum curvc Tor 12(10 lines.'mni aiul Ma/c i ingl^ 1.5°

l'ig. 8) lN(icirifi(:in.y curvc s lot a hla/cd gruiing in llic s i an th i rd t:O!ilipLir;ilion;

Icll: Ibr ihe lirst di l lraulion ordcr

righl: lor ihc sccond liunnonic i.e. thc sctoiul order of ha l l ' ihc wavclcnglh.

Qncstjon inarks indicatt; ütcas whcrc cxpcriiiicniLiI daia !or supporlmg llic Itncs

arc r HI l avuilablc.

l'ig. ^) Diugiani witli lincs öl consluitt stippi^ssion powcr iur thc scaind liannonic

ugainsl wiivclcngili 'l'ht lincs cnclose lliosc MCH* ivhuri: thc cllicieiiL-y Tor llie

seciind liannonic is at käst 10% of ihc inaxi i i in i i i c l f i L i c r i c \l llic lirsl order.

Bars üi dillcrcnl thickncss indicalc in ie rvu l s wlicrc ihc la l io \x Vt"-'« and 50%,

l;ig. 10) Sctiunatk vicw öl' a proposcd rnodilicil splicric^il gnuiii)' iiuinocliroinator:

(i : cxcliangcablc sphcrical gratings wilh i l i l l c r cn t r.'HÜi of curvaturc anü c.g.

idcniiuat groovc Jcnsiiy.

M : niüror conligiiruiion, thal Ibcnscs thu- heani vcr l iua l ly onln llic cntrancc

slil and hori/nnially approxinialcly unio ilir cxii sl i t .

M : additionul iiiirrors, cnahling dillcrcnt angks nl dcllcction lo bc real i/cd
i i

al tlic giiilings (M and M arc rcmovabk: si*U;wavs Ironi Mu: licain (arrows)).

S : cnltuncc slit (movaMc nlong llic bcani).

S ; cxil slil (imuiililc along llic hcam).
'2

l In: conipoiiuriis and dislances arc no[ i lraan lo Male.
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